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FOREWJRO

This is the fourteenth quarterly report on the Advanced Plutonium

Fuels Program at the Los Alamos Scientific Laboratory.

Studies on Fast Reactor Metallic Fuels, formerly reported as Pro-

ject 461 in this series of documents, have been discontinued except for

phase-out effort. Any results from the final work will be described

under Project 467, a new work category covering all irradiation experi-

ments [chiefly those concerned with (U,PU)C fuels].

Most of the investigations discussed here are of the continuing

type. Results and conclusions described may therefore be changed or

augmented as the work cent inues. Published reference to results cited

in this repor~ should not be made without obtaining explicit permission

to do so from the person in charge of the work.
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I. INTRODUCTION

PROJECT 401

EXAMINATION OF FAST REACTOR FUELS

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

J. A. Leary
C. F. Metz

This project is directed toward the examination and

comfJarison of the effects of neutron irradiation on

LMFBR Program fuel materials. Unirradiated and ir-

radiated materials will be examined as requested by the

Fuels and Materials Branch of DRDT. Capabilities are

established for provfding conventional pre - irradiation

and post-irradiation examinations. Additional capabili-

ties include less conventional properties measurements

which are needed to provide a sound basis for steady-

state operation of fast reactor fuel elements, and for

safety anal ysis under transient conditions.

Analytical chemistry methods that have been modi-

fied and mechanized for hot cell manipulators will con-

tinue to be applied to the characterization of irradiated

fuels. The shielded electron microprobe and emission

spectrographic facilities will be used in macro and micro

examinations of various fuels and clads. In addition, new

capabilities will be developed with emphasis on gamma

scanning and analyses to assess spatial distribution of

fuel and fission products.

High temperature properties of unirradiated

LMFBR fuel materials are now being determined by Con-

tractor in an associated project (ident. no. 07463).

Equipment designs and interpretive experience gained in

this project are being extended to provide unique capabil-

ities such as differential thermal analysis, melting point

determination, high temperature dilatometry, and high

temperature heat content and heat of fusion for use on ir-

radiated materials.

H. EQUIPMENT DEVEK)PMENT

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

System for Metallography Cells

Argon atmosphere was provided throughout this

Quarter to the two metallography boxes and the “blister”

where the metallograph is located. Difficulty was en-

countered initially with the recirculating system when

the solenoid values, as supplied by the manufacturer,

failed during operation. It was necessary to maintain

the inert atmosphere by discontinuing the recirculating

system and using Ar from high pressure cylinders on a

once-through basis. The approximate average concen-

trations which were maintained in the containment boxes

during this period under these conditions are tabulated

below.

TABLE 401-[

02 ANU MOIST.USE IMPURITIES IN INERT ATMOSPHERE OF CONTAINMENT B3XES

Apa of 0.01in.H20b bps of0.09h n20”

&ss& ~~ Hzot PD. 92am g2-

Crhding ha 2s0 20 2000 4od

PoliLIhingbox 260 20 2600 40d

MettlbgrcphB1l.ter < moo 160 3000 40d

a
bP - P...mr. ~f.r.tiftib@+Jee.Iraid.ofthaconfaloment bcx md theoell.

b
2%8 Ar flowrazaatfbi.premumdllferenfialw“ 20 cm

c The Ar flowratau Ibispremur. dlff.recdltlw“ 40 &.

d
Thinml.. 1.pr.btglyI@ M fbem.kfum tamlformay havebeenpolsomd by
tieIm2cgenc.
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These results demonstrate how sensitive the leak rates

are to variations in pressure differential.

The defective solenoid valves were replaced and

other improvements in the system were incorporated.

Corrosion products found in the system indicate that the

Freon TF used in the ultrasonic cleaners may be decom-

posing in the radiation environment or within the regen-

erant beds. Efforts will be made to find a suitable sol-

vent as a substitute.

Performance tests on the purifier for the metal-

lography cells revealed that one of the regenerate beda

for removing 02 has been poisoned and will probably

have to be replaced. The chemicals for removing H20

were apparently unaffected.

System for Disassembly Cell

The Ar atmosphere in the containment box used for

disassembly of the fuel pins has been maintained gener-

ally at - 25 ppm 02 and - 10 ppm H20 using a 50 cfh

flow rate and at a pressure differential of nearly 0.0 in.

of HOO (and slightly positive on some occasions).

Performance tests on the recirculating systems

are currently in progress for evaluating the efficiency

and capacity of the chemical beds.

General Observations

Much valuable experience has been gained during

this period in maintaining inert atmospheres within hot

cell containment boxes. Based on this experience the

following conclusions were arrived at in support of the

projected programs:

1. Since the leak rates are very sensitive to

pressure differential, it is advisable to develop

and install equipment for precisely controlling

the differentiaf.

2. A sealed manipulator, such as the CRL Model

L, would be beneficial since one of the high

suspect leak areas is the plastic booting used

on the manipulators for preventing the in-leak-

age of air and to keep the manipulators from

becoming contaminated.

3. The use of an auxiliary Ar system, as mentioned

in the preceding Quarterly Report (LA-4307-

MS), will bc a valuable addition to the present

inert gas capability. The design of the high pressure

tank system for supplying Ar gas to the containment

boxes has been completed. It is anticipated that the in-

stallation will be completed by February 15, 1970.

B. In-Cell Equipment

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

1. Metallography

The new equipment installed in the inert atmosphere

boxes for metallography has functioned quite satisfactorily.

Improved results have been obtained in the grinding-pol-

ishing, photography, alpha, and beta-gamma auto radio-

graphy operations with this equipment. The devices for

material transfers between boxes and in and out of boxes

have been particularly effective.

A plastic container to fit the 7 in. alpha transfer

system has been designed and the first samples received

for trial. Preliminary tests appear very promising.

These units will save many man-hours in the disposition

of Pu-c ontaminated wastes from the metallograph and

disassembly cells.

2. DTA

A new remotely-adjustable mirror mount for the

optical path from the furnace to the pyrometer was built

and installed. Calibrations of the equipment are being

completed prior to testing irradiated material. Methods

are being explored for an economical way to fabricate

tungsten crucibles in the event it is necessary to heat

the crucibles in a sealed container.

3. Heat Content

Additional work was done on the drop calorimeter

in an effort to determine the reasons for inconsistent

calibration values. The apparent heat content of an

empty tungsten capsule at 1515°C was determined to lx’

9.5 kcal/mole with a reference temperature of 25°C.

4. Fission Gas System

During this Quarter, two failures were tmcountc$red

in the bellows portion of the puncturing device. Thc~ cause

of the failures was a combination of normal wear on tlw

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



A thrust bearing has been incorporated into the puncturing following sections. -

device to obviate any rccurrcncc of this difficulty.

5. Shipping Cask

The 1-1 L2 in. diameter holes in the gussets in the

b:we of cask DOT SP 5885 were filled and welded to pre-

c[ucfe their use as potential tic-downs or lifting holes.

There arc now three types of inserts available for

the shipping of irradiated capsules. The diameters and

nun)bers of 40-in. long capsules which can be handled

are as follows:

TABLE 401-If

INSERTS FOR SHIPPING CASK

No. of Diam. of

Insert No. &apsules Capsule, in.

1 19 0.37

~ 6 1.13

3 7 0.75

Experience gained on the 5 shipments made thus

far indicate a few minor changes which should be incorpo-

rated into the design. Approval will be obtained from the

Department of Transportation prior to making these modi-

fications.

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

This area which houses four hot cells is being

altered to provide space and equipment for the non-de-

structive examination of fast reactor fuel elements. It

is anticipated that the equipment to examine fuel elements

at a rate of 150 per year will be operational on July 1,

1970.

A set of preliminary drawings was submitted to

the AEC (A f..0 Office) for approval on November 21, 1969.

Bids have been requested on a l-ton, 3-ton, and 25-ton

hoist for the facility.

All of the equipment was removed from Room 401

at DP West to give the contractor unrestricted use of the

area during modification. The manipulators were re-

moved and stored at the Wing 9 Facility to protect them

from the dust which would be produced during any chip-

ping and drilling operations. Progress made on some of

the major equipment requirements is listed in the

A. Unloading and Handling Equipment

The height of the hook for the 25-ton hoist has been

increased from 10 ft to 12 ft to accommodate vertical

shipping casks.

Precise locations for the additional holes to be

added to the cell faces, ceilings, and walls are being

determined well in advance of requests for the final

drawings.

The Engineering Department is preparing designs

on the: corridor hridge crane; cask cart and rails;

bridge system for manipulator hoisti and other support

equipment.

B. Gamma Scanning

Modifications, to reflect the latest requirements,

are being made to both the Ge-Li detector shield and to

tbe shield support.

Design of the scanning mechanism is nearly com-

pleted. Procurement of the commercially-available com-

ponents has already been initiated, with the longest lead

time required for the ball screws.

C. Profilometry

The electro-optical unit for this system has arrived.

A few problems have been encountered during the unit

check out, which should be corrected by the manufacturer

before the end of February. It is expected to use es-

sentially the same design for the scanning mechanism as

is planned for the gamma scanner.

A Kollmorgen modular periscope, previously pur-

chased for another program, will function as part of the

optical relay system.

D. Gas Sampling System

All of the commercial equipment necessary for

sampling the cover gas from the capsules has been order-

ed and received. The sampling system, in which a drill

is used to penetrate the cladding, will be employed for

sampling the cover gas in the capsules. It is tentatively

planned to obtain fission gas samples from all of the pins

by using the sampling apparatus in the inert atmosphere

disassembly cell at the Wing 9 Facility.

E. Other Operations

The removal of capsule cladding and Na will be done

3



according to approved safety practices. Tests are cur- the method was 0.07 to 0.08 percent for a single deter-

rently in progress to develop methods of separ sting the mination of either U or Pu in samples of this type. An

pin from the capsule in such a way that there is no ex- irradiated mixed-oxide pellet having undergone about

posure of a Na-coated pin to the air (such an exposure 1 percent burnup was dissolved for testhg the method on

would have a decided effect on the condition of the pin

cladding). Under consideration are heated oil bath tech-

niques, or awyiliary inert gas systems in which the Na

is removed by heating and dissolution.

Disposition of active wastes will be carried out

using techniques and equipment similar to those employed

in the Wing 9 Facility.

Construction has already started on the two mov-

able tables to be used within the cells.

Procurement of equipment for the macro-photography

of the capsufes and pins is continuing.

[V. METHODS OF ANALYSIS

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

solutions having higher beta-gamma radioactivity levels.

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

Locating anomalies and areas of interest for further

analyses in irradiated fuel elements is an important use

of gross gamma scanntng provided the results are ob -

tained quickly to avoid delays in destructive sampling of

the fuel capsule. To ensure the required speed, a simple

gross gamma scanning system was assembled to comple-

ment the complex system for detailed gamma scanning.

This simple system uses the scanning mechanism, slit,

and lithium-drifted germanium detector of the detailed

gamma scanner for accurate resolution of scan position

and reliable measurements. An amplifier, single channel

Controlled-potential couIometric titrations of U analyzer set to accept all gamma energies above a pre-

and Pu, as part of the chemical characterization of ir- set background, a scaler timer, and a printer complete

radiated mfxed oxide or carbide fuels, was found pre- the system. Testing of the gross gamma scanner is tn

viously to be satisfactory for determining Pu in the pres- progress. Present schedufes f.ndtcate that use of the

ence of U. Results for U in the presence of Pu showed gross gamma scanner will not interfere significantly with

a small positive bias of O. 3 to 0.4 relative Percent if planned operations of the system for detailed gamma

electrical calibration of the equipment was used. In the scanning although some components are common to each

measurement of Pu, the current was integrated for the scanner.

coulometric oxidation of Pu(III) to Pu(IV) at a Pt electrode. V. REQUESTS FROM DRDT

A Hg working electrode was used in the titration of U in

which the current was integrated as U(VI) was coulomet-

r ically reduced to U(IV) following a preliminary reduc -

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

tion of more-easily reduced impurities. Various modi- Battelle Northwest Laboratory

fications in the titration cell during repeated titrations of From each of the pins BNW-1-9, -11, and PNL-l -

U showed that the cause for the positive bias when elec- 15, 17, 19, two tube burst test specimens were prepared

trical calibration was used was retention of a small quan- and packaged in an inert atmosphere in Swagelok fittings

tity of solution in a minute pocket around the Pt wire that provided by BNWL personnel. These specimens togethc’r

made electrical contact with the Hg electrode through the with two fuel samples from PNL- 1-19 were shipped to

wall of the titration cup. Replacement of this Pt wire BNWL on October 30.

contact with a contact inserted through the cell cover Table 401-I.U lists the nletallographic work conl-

eliminated the positive bias. pleted this Quarter on one transverse section (fuel and

The method was tested further by successfully clad) from each of the pins listed. Samples were prc-

analyzing an irradiated oxide pellet having low beta and pared and examined in an inert (Ar) atmosphere.

gamma activity lcwcls. The relative precision (1 o) of

●

b
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Pi,,

PNL-l -15

PNL-1-lG

PNL-I -17

PNL-l -18

PNL-1-19

LN4W-1-9

BNW-1-11

PNL-X-1

PNL-X-3

PNL-X-4

PNL-X-6

PNL-X-7

TABLE 401-IR

?6ETALIL)URAPN1C EXAMINATION OF BNWL MATERIALS

Memmbotos

x
x
x
x
x
x
x

u Aute-
;adlomvhy

x
x
x
x
x
x
x

w Aut.a-
ruU0m8@g

x
x
x
x

x
x
x

optical
MetAuoKcadLy

x
x x
x
x x
x
x
x

x x x x x
x x x x x
x x x x x
x x x x x
x x x x x

Electron microprobe examinations were completed

on a cross section from each of two fuel pins, PNL-1-17

and BNW-1-11.

Data reports were forwarded to the Sponsor as

different phases of the work were completed.

United Nuclear Corporation

Work was started again on 3 UNC pins which had

been taken through the profilometry when operations were

curtailed in favor of higher priority specimens. The

following tests were performed on UNC-87, -89, and -9ft

1.

2.

3.

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

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

Density tests by immersion were run on 3 pel-
let fr~ments f~om UNC-89.

On October 29, 3 capsules, UNC-81, -82, and -83

were received from the E BR-11. The following operations

were performed on these capsule=

1.

2.

3.

4.

5.

6.

7.

In

Visual inspection and photography.

Measurements for contamination and radiation.

Temperature measurements.

Radiography.

Micrometer measurements.

Gamma scannfng.

Sampling of cover gas (UNC-81 only).

Table 401-IV is listed the metsllographic work

completed this Quarter. These samples were also

TABLZ 401-IV

METALK13RAPlUC EXAMINATION OF WC MATERIAL

m Au40- P-yAuto- Opud

PILI*clJon Tvm mcrork.~ rsd102rlily● radlozrmht 41eWlafmtiv

UNC-87-1 Nb dhk

UNC-87-2 ,, “

UliC-87-A Fwl+cmd

UNC-87-D ‘0 “

UNC-87-& ,, “

mic-87-I “ *,

u?+c-6’/-c1-1 Plenum Clad

UNC-69-1

USC-89-2

UNC-694

UNC-89+

UNC-894

UNC-69-H

UNC-69-M

USC-89-R

UNC-90-1

UNC-90-Z

UNC-90-2

UNC-904

UNC-90-C

UNC-90-N

UNC-90-M

UNC-90-R

Nb diti

!! 00

,, u

,, ,!

Fuel+ CM
,, ,,
,, ,,
,! U

Nb dldu

,, ,,

,, ,!

u .

Fuel+ CM

,, !,

,, !!

,, ,.

x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x

x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x

x

processed fnm inert atmosphere (Ar).

Eleven iron, flux-monitor wires from capsties

UNC-87 , -89, and -90 were dissolved in-cell, and ali-

quots were taken for radiochemical determinations of

absolute counting rates.

Electron microprobe examination was started on a

cross section of pin UNC-87. A silver stripe was painted

remotely from the edge of the mount to the edge of the

sptx imen to provide the necessary conductive path. Here-

tofore, a carbon coating had been evaporated on the sur-

face of the mount and specimen to provide conductivity.

Either method has been shown to produce satisfactmy re-

sults .

Cask DOT SP-5885 was provided to Douglas-United

Nuclear for shipping some irradiated (U, Pu)C experi-

mental assemblies from the Hanford area to ANL-f.llinois.

These were originally destined to be examined at I.ASL,

but since the fuel was Na-bonded, DRDT directed that

they be shipped to ANL.

Data reports were forwarded to the sponsor as

usual when phases of the work were completed.

Westinghouse (WARD~

Processing of gamma scanning data for three

5



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

Aninsert for the LASLshipping cask was designed

and fabricated for transferring these three WARD cap-

sulesto ANL-Illinois. Itwasalso decided by DRDTto

examine these Na-bonded fuel pins at ANL.

Atomics International

An additional 4 replicas from the(W-U)C specimens

were sent to AI for evaluation. This completes the six

specimens which DRDT authorized LASL to prepare.

Thegamma scan data analysis on the monitoring wires

was completed and the report forwarded to AI. Assuming

the 3 samples sent to Idaho Nuclear for burnup analysis

are satisfactory, LASL has completed its commitments

in regard to this experiment.

Nuclear Materials and Equipment Company

Three NUMEC capsuIcs were received from the

E BR-11 on October 29. Two of these capsules were to

be shipped to NUMEC at a later date, and one (NUMEC

B-II) was to be examined at LASL. After receipt of

two capsufes at Quehanna, NUMEC was to forward three

pins (partially examined) to LASL. One of these three

pins was for examination at BNWL d some future date,

and the remaining two would be examined at IASL as

scheduled by DRDT.

The following non-destructive tests were completed

on the NUMEC B-n capsule:

1.

2.

3.

4.

5.

rj.

Visual inspection.

Contamination, radiation and temperature
measurements.

Radiography.

Micrometer measurements.

Center point of lxdancc.

Photography.

Additional examinations will be carried out after

discussions arc held with NUMliC persomel and approval

is received from DRDT for the proposed work.

LASL (K-Division)

Experiment OWRftX 13 was rcccived from the OWR.

A radiation reading of 15 rhm on this unit indicated that

thti examination would have to be carried out in a hot cell

when it could bc scheduled into the program.

VI. EXAMINATION OF UNIRRADfATED FUELS
(J. A. Leary, M. W. Shupe, E. A. Hakkila,
R. T. Phelps, G. R. Waterbury, K. A. Johnson)

Westinghouse Advanced Reactor Division

Metallography and electron microprobe analyses

were completed on mixed carbide pellets, S-6,-X-6, and

on one pellet each from batches 549, 539, and 536.

VII . PAPERS PRESENTED

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

.
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PROJECT 462

SODIUMTECHNOLOGY

Person in Charge: D. B. Hall
Principal Investigator: J. C. Biery

I.

ture

INTRODUCTION

For the successful operation of high tempera-

sodium systems contemplated for use in fast,

central station reactor concepts, impurities in the

sodium must be monitored and controlled. Nonradio-

active impurities such as oxygen must be maintained

ar low concentration levels to limit corrosion proc-

esses. To control the levels of these impurities,

a knowledge of their behavior and interactions in

sodium must be developed.

The sodium technology program at LASL has pro-

jects directed toward acquiring information about

and designing equipment for the control and moni-

toring of impuritieswith precipitationprocesses.

Also, equipment is being designed to sample sodium

cover gas at operating temperatureswith a quadru-

ple mass spectrometer. The current LASL projects

are summarized below.

A. Study and Design of PrecipitationDevices

1. Study of PluggingMeter Kinetics

B. Sampling and AnaIysis

1. Development of a High Temperature Quadru-
ple Mass Spectrometerfor Cover Gas
Analysis

2. Total Carbon Analysis Development

The following projects are being phased out because

of funding reductions and will be reported here as

the final data are generated and analyzed.

c. Phaseout Programs

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

2. Study of Gas Diffusion Through Metals

3. Study of Soluble Getters in Sodium

4. Study of Sodium Leaks

5. Development of Remotely Operated Distilla-
tion Sampler for EBR-11

6. Analysis of Dynamic Cold Trap Performance

II. STUDY AND DESIGN OF PRECIPITATIONDEVICES

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

1. General

Plugging meters have been used on sodium sys-

tems for many years. They are relatively simple to

design, install, and operate; however, the meaning

of the data obtained from these instrumentshas not

always been clear, and, as a result, the value of

the instrumenthas sometimes been questioned in the

past. Previouslyreported LASL workl indicates,

however, that the plugging meter is a valuable in-

strument and that it can be used with confidence.

The three areas of investigationindicated below

are continuing in order to better understand and

use the meter.

(a)

(b)

(c)

Characterization of the plugging indica-
tor’s dynamic behavior with type of
impurity.

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

Development of a prototype plugging indi-
cator system inco~orating the research
results of (a) and (b).

2. Current Results

The plugging meter research program at LASL is

being conducted in two loops; Plugging Indicator

Lobp No. 1 (PIL-1), formerly named Analytical Loop

No. 2, and Plugging Indicator Loop No. 2 (PIL-2),

formerly named Cold Trap Loop. The characteristics

of the two loops are summarized in the previous

quarterly report.z
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a. Research in Plugging Indicator Loop No. 1 -
(PIL-1)

(1) PIL-1 Operation

After nearly one month of isot~ermal

operation at 3SO”C with a saturation temperatureof

190”C, as indicatedby the “oscillating!!plugging

meter, cold trapping was begun on October 22, 1969.

By November 7, 1969, the system was being cold

trapped at 120”C. Cold trapping at 120”C has con-

tinued to the present time to remove impurities in

preparationfor the first single impurityplugging

indicatorruns using oxygen.

When cold trapping was begun, the helium

cover gas was flushed several times to bring the

impurity levels below -3 ppm (H2, 02 + Ar, N2, CH4).

Presently, about 16 ppm H2 and 1 to 2 ppm N2 are

the only observed impurities.

(2) History of Impuritiesin Cover Gas of
PIL-1

The history of impurities in the cover

gas are summarized in Table 462-I. These data,

when combined with oxygen distillationresults

reported previously,2give considerable information

about the behavior of the impurities in the sodium.

QY.&!l-

No oxygen has been detected in the cover gas;

however, the vacuum distillationresults showed the

apparent oxygen level in the sodium to start at 10

ppm by weight on July 3, 1969, and decrease to 4.8

ppm by weight by July 30, 1969. The 4.8 ppm by

weight correlated well with the 190-19S”C satura-

tion temperature indicatedby the “oscillating”

plugging indicator. (The Rutkauskas3 oxygen volu-

bility curve gives an oxygen saturation concentra-

tion of 4.6 to 5.9 ppm by weight for 190-195°C

saturation temperature.) The initial high “oxygen”

concentrationimplied that the sodium contained an

impurity that did not decompose in the vacuum dis-

tillationprocess and that this impurity disappeared

as of July 30, 1969. When cold trapping in the

110-120”Crange was initiated, the oxygen concen-

tration by vacuum distillationdropped below 1.0

ppm by weight.

Ilydrogcn

The partial pressure of hydrogen remained con-

stant from June 25, 1969, through October 21, 1969,

at which time cold trapping was initiated. The

average hydrogen concentrationover this period was

42 ppm by volume which correspondswell with the

expected 36 to 50 ppm by volume for saturated NaH

solutions at 190-195”C.4 Thus, the vacuum distilla-

tion results and the hydrogen partial pressure indi-

cate that at least two impurities,Na20 and NaH,

were saturated at the saturation temperatureshown

by the “oscillating”plugging meter.

Also, since the H2 partial pressure remained

constant up to October 21, 1969, the excess !Ioxygen!t

concentrationindicatedby vactmm distillation

could not be due to N&. The “excess‘poxygen de-

creased about August 1, 1969, with the NsH concen-

tration remaining constant.

When cold trapping was initiated, the H2 con-

centrationdropped to a level that was undetectable.

At lSO”C the partial pressure should be approxi-

mately 2 ppm by volume and at 120°C, 0.25 ppm by

volume.” Thus, most of the NsH appeared to be re-

moved in the cold trap. However, after running for

a month some H2 (-10 ppm by volume) appeared in the

cover gas. This increasemay imply that NaH may be

deposited above the sodium meniscus in the bulk

hold tank and is unavailable for removal in the

cold trap.

Methane

The methane concentrationremained in the 1S

to 37 ppm by volume range until August 4, 1969, at

which time the second cover gas flush was effective

in reducing the concentrationto 3 ppm by volume.

This drop corresponds closely to the decrease”in

excess “oxygen’!concentrationby vacuum distilla-

tion. Thus, the compound that did not deccmpose in

vacuum distillationmay well be carbon bearing.

The ratio of CHh in the cover gas to excess ‘Ioxygen’t

in the sodium was approximately7:1 in ppm by vol-

ume CHQ/ppm by weight “oxygen.” If the carbon com-

pound were Na2C2, the ratio would be 4.S:1 ppm by

volume CilQ/ppmby weight carbon in sodium as Na~C,.
.-

When cold trapping started, tilemethane con-

centration dropped to zero and was undetectable for

the next two months. Two possibilitiesmight ex-

pIain the decrease: (1) The carbon-bearingcompound

is prccipitable; (2) Since hydrogen is ncccssary

to produce CIlqfrom a compound such as Na,Ca, the
. .

production of C114stopped when the concentrationof

Nat{decreased to near zero with the initiationof

the cold trapping.
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Table 462-I

Summary of Cover Gas Impurities Concentrations in PIL-1

.

“

DatL?

(19(A)

()/19-(1/24

0/25-7/14

7/14-7/15

7/16

7/17-7/28

7/29-8/4

s/4

8/’l-8/ll

8/12-9/S

9/11

‘3/12-10/20

10/20

10/21-11/3

11/3-12/29

.

Average Impurity
Concentration
PPm by volume

112
—

72

4?

40

40

38

32

49

51

0

9

c1{~
—

23

36

14

23

37

2.4

2.8

6.0

0

0

4

11*

o

s’

20

1.4*

1.7

ll#o*

1.1*

2.S*

No. of

&!!!IL@

4

7

1

4

5

6

13

10

3

17

Bulk Sodium
Temp. - “C

165

225

22s

250

300

300

350

350

350

350

Saturation
Temp. - “c Operation

190-195

190-195

Flushed cover gas

190-195

190-195

190-195

190-195

190-195

190-195

150-160

-120

Flushed cover gas

Flushed cover gas

Flushed cover gas

Cold trapping - 150”C

Cold trapping - 106-125”C
Flushed gas space five
times in the time period.

““Concentrationsteadily increased after each flushing of the cover gas.

Nitrogen

The nitrogen concentrationdid not correlate

with sodium temperatureor cold trapping tempera-

turee. The concentrationdropped to near zero with

each cover gas flushing and slowly increasedwith

time. This behavior implied that a very small leak

existed or some N2 diffusion through the stainless

steel was occurring.

Conclusions

TWO impurities,Na20 and NsH were saturated in

the sodium at 190-195”C. Both were removed by cold

trapping. Also, the sodium contained a carbon-

bearing compound that may have been responsible for

producing “high-oxygen”vacuum distillationresults.

Methane, which indicated the existence of the car-

bon compound,disappeared when cold trapping was

initiated.

(3) Plugging Meter Operation Ouring Cold
Trapping

As cold trapping proceeded, the nature of

the plugging indicator oscillationschanged dramat-

ically. At 190”C saturation temperature,the flow

oscillationswere well developed and varied from

0.07 to 0.14 gpm. When the cold trap was run at

150”C, the flow oscillation amplitude decreased

considerablyand varied between 0.105 and 0.113 gpm.

At a cold trap temperatureof 115”C, further damp-

ing occurred with the flow varying between 0.105

and 0.110 gpm.

Some qualitative observationscan be made from

the data at the 190”C saturation temperature and

the two cold trap temperaturesof 150 and 120”C:

(1) The kinetic behavior at the 190”C saturation

temperature indicated,at least qualitatively,that

only one impurity was precipitating. (2) With a

cold trap temperatureof 150”C, the flow trace indi-

cated that possibly two impuritieswere precipita-

ting on the orifice - one with a saturation tempera-

ture in the 160-170”C range and a second one in the

I1O-125”Crange. The minima in flow consistently

indicated the second impurity while the maxima

indicated the first. A change in slope during pre-

cipitation also indicated the possibility of a

lower saturation temperature impurity. Also, the

rates of precipitationwere much slower than the

rates of dissolution. Mass transfer coefficient
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analysis will indicatewhether the different rates

are a result of a changing mechanism or alterna-

tively of the lower concentrationdriving force

available below the lower saturation temperature.

(3] At the 115°C cold trap temperature,again only

one impurity was found; its saturation temperature

was in the 115-125°Crange. Again, the dissolution

rate was faster than the precipitationrate.

(4) Notifications to PIL-1

Two stacked Powerstatunits have been re-

conditionedand installed to replace the single

units which supplied power for the automatically

and manually controlled bulk tank heaters. The new

stacked units nearly double the available heater

power and allow operation of the loop at 400”C

which was not previouslypossible.

The resistivity”meterside loop was re-

moved and replaced with a removable orifice plugging

indicator loop. The new plugging indicatorwill be

used to collect precipitatedmaterial for analysis

and to test different orifice designs. The new

side loop will not be operationaluntil trace heater

installationand insulationis completed.

The same solids addition device that was

used successfullyon Analytical Loop No. 1 will be

used on PIL-1. An additionalcomponent is required,

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

retain the solids addition basket assembly for

retrieval. This component was fabricated and in-

stalled and is now ready for operation.

(5) Preparation for Na20 Addition to Loop

After cleanup of the loop, oxygen is to be

added as Na.O to start a series of plugging indica-.
tor runs witha known source of oxygen. The Na:YO

will be added through the solids addition mechanism

which has now been assembled and installed in the

main tank of the loop.

A source of solid Na:O was obtained and

analyzed to determine its composition. Seven sam-

ples of the material were dissolved in water and

titrated. The titratcxlsolution was then anaIyzcd

spectrophotornctrically for Na+. Both analyses indi-

cated that the material is a hctcrogcncousmixture

ut’metallic sodium and Na70 (10% sodium and 90%

Na,O).

and the

IJC ]OW.

!o

Sodium carbonate

results indicate

The material is

was not dctcctwl (<0.500),

the NaOllconcentrationto

of sufficientquality to hc

used as a hydrogen-freesource of oxygen for future

plugging meter experiments in PI1.-l.

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

(1) Plugging IndicatorRuns

Several interestingplugging indicator

runs were performed on the loop during the reporting

period. These are summarized below.

Run 10369

The plugging meter orifice temperaturewas in-

creased sufficientlyabove the indicated 190”C satu-

ration temperatureto allow the plug that was pres-

ent to partially dissolve. The temperaturewas

then dropped to 181”C. The flow maintained a steady

value for 10 rein,and then decreased at a constant

rate. The period of constant flow is most probably

explainedby a two-impuritysystem in which one of

the species (impurity 1) is precipitatingand the

other (impurity2) is dissolving at equal rates.

When the dissolving impurity (No. 2) is sufficiently

covered with the precipitatingimpurity (No. 1), the

dissolutionstops and flow decreases. After an

extended period (.-1h) of steady precipitation,the

temperaturewas dropped to 160”C. An increase in

the rate of precipitationwas noted. This change

could have been due to an increase in driving force

for precipitationof impurity No. 1 or to the initi-

ation of precipitationof impurity No. 2.

To help clarify the possible two-impurity

behaviorj data from this run were analyzed with the

aid of the computer program, PLUGIN, and the results

are summarized in Table 462-II. The primary impur-

ity was assumed to be oxygen with a saturation tenl-

pcraturc of 190”C. It should be noted that the

rate constant (k) is lower than the values usually

found for oxygen and that”thc rate constant in-

crcascd significantlywhen the orifice temperature

was dropped to 160”C. This behavior is not consis-

tent with the concept of a single impurity since L

should bc relatively indcpcrdcntof driving force.

Therefore, at Icast two impuritiesarc indicated,

impurity No. 1 having a saturation tcmpcraturcal)ovc

lt31°C,and impurity No. 2 having a saturation tem-

perature bctwccn 160 and 181”C. These dat:~ were not

reanalyzed using the lower estimated saturation tt.nl-

pcraturc.



Table 462-II

Mass Transfer Coefficients for Run 10369

Orifice
Temperature, “C

181

181

181

160

160

160

160

Rate Constant (k)

(g O/(ppm-h-cm2)

7.7 x 10-4

5.0 x 10-4

7.2 X 10-4

20.7 X 10-4

20.0 x 10-4

13.3 x 10-4

21.6 X 10-Q

Run 101369

The impurities in the cold trap were dissolved

off, and, as a result, the saturation temperature

indicatedby the oscillatingplugging meter in-

creased to -206”C. Maintaining the orifice at 207°C

resulted in a ~ slow dissolution of the plug on

the orifice. (Presumably,impurity No. 1 Was dis-

solving.) Then, the temperaturewas dropped to

160”C to deposit the lower saturation temperature

impurity (No. 2) on the orifice. After an extended

period of precipitation,the temperaturewas raised

back to 207”C. The flow increasedas impurityNo.

2 dissolved until the original flow was established

at which point the dissolution stopped. This be-

havior indicated that very little of impurity No. 1

was deposited in this time span while the second

impuritywas precipitatingand dissolving.

To determine the saturation temperatureof im-

purity No. 2, a constant temperaturerun similar to

the above was made at an orifice temperatureof

175”C. The curves were analyzed with PLUGIN, and

the saturation temperature in the program was varied

until the same rate constant was obtained for the

two constant temperatureprecipitationruns (160

and 175°C orifice temperatures). This technique

representsa useful procedure for analyzingplug-

ging indicatorresponses with multiple impurities.

The results are presented in Table 462-III and indi-

cate that the saturation temperaturefor impurity

No. 2 was about 186°C. The impurity assumed in

the calculationwas oxygen. (NOTE: The use of

another volubility curve such as that of NsH would

have changed the n~erical results because of the

differing slopes of the curves; however, qualita-

tively the result would have been similar.)

Table 462-III

Mass Transfer Coefficient Variation with Changes
in the Estimated Saturation Temperature of the

Lower Temperature Impurity - Run 101369

Assumed
Saturation k(160°C k(175°C
Temperature precipitation) precipitation)

180 4,5 x 10-3 7.75 x

185 3.25 X 10-3 3.58 X

186 3.05 x 10-3 3.13 x

190 2.45 X 10-3 2.15 X

Run 111369

The impurities in the loop were removed

cold trapping to a saturation temperatureof

The plugging indicator worked satisfactorily

the cleanup and indicated a final saturation

ature in the 105-1100C range.

~()--!

10-3

10-3

10-3

by

105”C.

during

temper-

The flow through the cold trap was valved off

and the system flow was established through the

overflow line in the expansion tank to dissolve any

impuritiespresent on the walls above the normal

gas/liquid interface level. After two days of

operation (with the sodium temperatureat 150”c)

very little increase in the saturation temperature

was noted.

Run 111869

The plug was lost from the orifice during a

maintenance shutdown and several days were required

to re-establishthe impurity on the orifice due to

the extremely low saturation temperature. On

November 18, 1969, a plug was established and a

saturation temperatureof 120”C was indicated. The

sodium had been pumped through the expansion tank

overflow line for two days at over 300”C sodium

temperature. Thus, at 300”C the rate of dissolu-

tion of impuritiesfrom the walls of the gas space

was approximatelyequal to the deposition rate in

the cold trap.

The heat input was then increased to raise the

system temperatureup to 450”c. The plugging indi-

cator operated in the automatic mode and indicated

the varying saturation temperaturesof the system.

The concentrationof the impurities increased over-

night to a level above the range of the plugging

indicator at the power settings used. By increasing

the heat input to the plugging indicator, a satura-

tion temperatureof .--380”Cwas obtained. Tab1e
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462-IV shows the buildup of impurity with time for

the system operated in an expansion tank overflow

cont”iguration at 450”C. At this temperature the

cold trap was continuously in operation, and it

could not remove the impurities as fast as they were

being dissolved by the 4S0°C sodium from the walls

of the expansion tank.

This increase in concentrationwith liquid

overflow from the expansion tank is definite proof

of the existence of impuritieson the walls of the

tank in the gas phase. The presence of such depos-

its can lead to ambiguous results when oxygen is

added to or removed from the system and an oxygen

balance is attempted.

Table 462-IV

SaturationTemperatureVersus Time for PIL-2 with
System Temperature of 450”C and Sodium Overflowing

from the Expansion Tank

Saturation
Date Time Temperature - “c

11/18/69 1600 126

1

1

1700

1800

1900

2000

2100

2300

2400

/19/69 1000

1900

/20/69 0200

117

122

126

130

126

143

149

363

355

376-380,

Hun 121569

The system was cleaned up with the water-

coulcd cold trap, but the existing pIug on the plug-

ging indicatororifice was lost due to a momentary

stopping of the main system flow. By careful ad- “

justmcnt of the plugging indicatorcooling and

heating rates, the bare orifice was run at -1OO”C

for three days and a plug was finally formed. A

saturation temperatureof 107”C was indicated.

‘Illissaturation temperaturewas maintained for two

weeks with no change. This was the first time at

LASL that it had been possible to form an impurity

plug on a bare orifice when the saturation tempera-

ture of the impurity was below 120”C.

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

During the report period, the plugging

indicatorhas again been demonstratedto be an

effective instrumentfor following transientsOf im-

purity concentrationsin sodium systems. Under

certain conditions, it can bc used to detect multi-

ple impurities,and stable oscillatorybehavior has

been demonstrated for saturation temperaturesfrom

380 to 105”C. Also, a new plug was formed on a

bare orifice with a saturation temperatureof I07”C.

It has been shown that impuritiescan

deposi~ on the walls of the gas phase region of a

sodium system. These impuritiescan complicate the

interpretationof cold trap rate data and oxygen

addition studies. These impuritiescan be washed

from the walls with flowing sodium and subsequently

be removed from the system by cold trapping.

III. SAMPLING ANO ANALYSIS

A. Development of a High TemperatureQuadruple
Mass Spectrometer for Cover Gas Analysis
(J. P. 8rainard, C. R. Winkelman) ‘

1. Genera1

The purpose of this research is to develop a

method for continuous on-line analysis of high tem-

perature (up to 6SO”C) cover gas in an I.JIFBR.The

analyzer must be capable of detecting impurities

such as nitrogen,oxygen, hydrogen, carbon dioxide,

methane, and fission products in the cover gas with

a sensitivityvarying from the part-per-million

range to the percent range. A response time af

about 1 min is necessary if the analytical data are

to serveas an error signal for activating dcviccs

for continuous control of coVer gas composition.

A quadruple mass spectrometerwas obtained in

order to meet”the above requirements. It is believ-

ed that reasonably representativesampling can IN

accomplishedby transportingthe sample gas in so-

dium loop containment materials and at sodium loop

temperaturesuntil it has passed through the spec-

trometer for analysis.

2. Current Results

The analyzer design is complete and the f:lllri-

cation of parts is schcdulcc!for completion in

January, 1970. A rncchanicalbe,amchopper has lwcn

ordered, and the manufacturerhas verified that the

beam chopper can meet the high tLWlpCrttUrC OIIL! IIigh

vacuum specifications. A layout drawing II:IS lw~w

complctcd to show the volume available for locating



and mounting the beam chopper. A lock-in amplifier

for use with the signal generated by the chopped

beam has been ordered. A paper on the gas analyzer

is being written; it will include informationon

the response time and sensitivitywhich can be ex-

pected with this analyzer.

The machining of sphericaldies needed for the

gas analyzer fabricationhas produced a new produc-

tion technique for generating surfaces with cylin-

drical symmetry. A draft of a paper on this work

has been completed.

B. Analysis Development
(K. S. Bergstresser)

1. General

The low temperaturecombustion technique for

analysis of total carbon of sodium is being refined.

By using a high sensitivitygas chromatographyfor

quantitativemeasurement of the carbon dioxide pro-

duced, it is hoped that carbon concentrationsin

the 1- to 10-ppm range can be determined.

2. Current Results

Recent investigationwas concerned primarily

with separationof trace amounts of carbon dioxide

from the products of combustion of sodium in oxygen

at relatively low temperatures.s A bubbler tube

was used to remove carbon dioxide from an acidified

solution of the sodium oxide by sweeping with a

stream of helium in the form of fine bubbles. This

gas was then partially dried over anhydrous

Mg(C104)2 and transferredto the gas chromatography

for measurement. A valving system and auxiliary

chromatographiccolumn were installed to complete

the removal of moisture from the helium carrier gas.

The entire system was put into operation, and vari-

ous methods for transfer of the oxidized sodium

samples to the bubbler tube were tested. Operating

experienceindicated that the system was too com-

plex for routine analyses. For this reason, inves-

tigationwas started of an alternate method in

which acid was added directly to the nickel chamber

used for combustion of the sodium, and aliquots of

only the gas phase were withdrawn for measurements

of carbon dioxide content.

N . PROJSCTS BEING PHASED OUT

Status of programs which are being phased out

because of funding cuts are discussed below. Results

obtained during the orderly conclusion of these

tasks will appear here until the work has terminated.

A. Study of Carbon Transport in Thermal Convection

L!3?E
(J. C. Biery, J. R. Phillips)

1. Genera 1

Studies have indicated that the use of carbon

beds may be useful in the gettering of 137CS in

sodium systems. Carbon, however, is slightly solu-

ble in sodium and can carburize austenitic stain-

less steels and refractory metals. Therefore, the

purpose of this study is to determine the condi-

tions, if any, under which carbon mass transfer

rates are sufficiently low to allow the use of car-

bon beds in a sodium system.

The carbon transfer rates from carbon rods are

being studied in thermal convection loops. The

Type 304 stainless steel loop itself is serving as

the carbon sink.

2. Current Results

As of December 31, 1969, 7,324 h of run time

have been accumulated on the thermal harp. A sum-

mary of the times at various temperatures is pre-

sented in Table 462-V.

Table 462-V

Temperature - Time Summary - Thermal Convection Harp

No. of Hours Temperature - ‘C
Hot Leg Cold Leg

336 485 455

1608 520 480

5020 510 450

360 330 130

This experimentwill be continued until 8,000

h of run time are accumulated. The loop will be

destructivelyexamined to determine the extent of

the carbon mass transfer.

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

1. General

Very little quantitative information is availa-

ble on the diffusion of gases in reactor system con-

tainment materials, although the phenomenon has

been observed in several high temperature, liquid-

metal-cooled systems. Diffusion of nitrogen through

stainless steel in such systems may be misinterpre-

ted as evidence of an air leak in the plumbing. If

quantitative informationon diffusion were availa-

ble, the expected rate of nitrogen influx could be

estimated,and the existence of small hard-to-find
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leaks might be substantiatedor dismissedby com-

paring the expected and observed rates of nitrogen

accunntlationin the system.

‘1“. Current Results

Nitrogen permeation through stainless steel

experimentshave been run with the temperaturesat

278, 433, 545, 620, 715, and 780°C for periods of

about five days each. No significantnitrogen per-

meation has been observed; the effective sensitivi-

ty of the instrument is such that a flow of about

10-6 Torr-cm3/sec-cm2could have been detected.

Using the permeationvalue of nitrogen through iron

at 780”C, a flow of 10-2 Torr-cm3/sec-cm2is calcu-

lated for the diffusion cell; the time to reach

equilibrium is a few minutes. Either nitrogen per-

meation through stainless steel is much less than

through iron (by a factor greater than 10,000) or

the light oxide coating formed on the diffusion cell

when it was inadvertentIyexposed to air while at

temperatureis a very good barrier to N2 diffusion.

A new diffusion cell has been installed in the

experiment. This cell is similar to the last cell;

i.e., stainless steel tubing l/8-in. o.d., 4-roil

wall, and 40 in. long. The experimentswill now be

repeated.

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

1. General

For large sodium-cooledreactor systems, it

may be desirable to use soluble getters for control

cf oxygen and other dissolved impurities in lieu of

the more conventionalhot and cold trapping tech-

niques. The soluble getters of interest occur in

the sodium coolant either naturally, as an impurity

[calcium),or are produced during reactor operation

(as with magnesium]. The techniquesfor the con-

trolled additions of these getters, maintenance of

fixed getter levels, and the selective removal of

depleted getter metals and other impuritiesfrom

dynamic scdium systems must be developed if their

usefulness is to be evaluated. The significant

chemical reactions occurring in a sodium system

containing t.hcscsoluble getters must be understood

und controlled. lllismode of purity control has

the potential for effectively controllingnot only

oxygen, but also carbon, hydrogen, nitrogen, and

possible metallic impurities.

2. Current Results

All experimentalwork has been terminated,and

a final report is in preparation. A summary of the

results obtained from the project were presented in

the previous quarterly.2

D. Study of Sodium Leaks
(J. P. 8rainard)

1. General

The correlation of sodium leak development

with measured helium leak rates observed during

acceptance testing provides informationon the de-

gree of component integritywhich must be attained

for safe, long-tern sodium plant operation. No

firm criteria now exist that establish acceptable

levels of leak-tightnessfor various situations.

This study uses fabricated stainless steel

leaks and leaks that occur naturally in stainless

steel bar stock. Selected samples having a range

of helium leak rates are incor orated into smallP
sodium systems (cells)which are held at a predeter-

mined temperatureuntil sodium leakage occurs.

From these observationsit may be possible to estab-

lish, for mass spectrometeracceptance tests on

sodium system components, the maximum tolerable he-

lium rate which is consistentwith adequate long-

term containmentof sodium by that component.

An interestingside effect from this work has

been observationof the elusivenessof what are

considered to be large leaks (10-5 to 10-6 atm cm3/

see). Normal fabricationcontaminantssuch as

grease, water and some solvents can completelymask

leaks of this size and invalidatea leak test, un-

less proper pretreatmentof the component is per-

formed; and in some cases this can invol~refiring

of the component in a hydrogen atmosphere. lt”

meaningful helium leak tests arc to be perfoxmed on

14iF8Rcomponents, procedures must be developed for

treating and handling of the part prior to leak

test.

2. Current Results

Cells 1, 2, and 3 remain leak tight aft~.r

14,750 h at 400”C. Cell 4 (400°C) has shout the

same leak rate (2 x 10-2 cm3 of sodium per day) as

reported last quarter; the rate is increuing

slightly. The leak rate of Cell 8 (650”C)has dc-

crcased by nearly a factor of 100, and thcr~.was no

loss of nitrogen gas in the reaction chamhcr as

reported last quarter. It may ht.that a reaction
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between the steel and nitrogen has formed a plug in

the leak.

E. Development of a Remotely Operated Distillation
Sampler for EBR-11
(E. O. Swickard, J. R. Phillips)

1. General

The original objective of the project was to

produce three remotely-operateddistillation sam-

plers: one as a prototype, one for installationon

the EBR-11 primary loop, and one for installation

on the EBR-11 secondary. Because of program funding

reductions, the objective has been curtailed to the

production of the prototype unit only.

The sampler is an engineering loop veision of

a laboratorymodel in use on Sodium Analytical Loop

No. 1 and Plugging Indicator Loop No. 2 at LASL.

Samples are taken from a continuouslyflowing by-

pass stream. The sampler is fabricated from Type

304 stainless steel, and energy for sodium evapora-

tion is supplied by induction heating.

2. Current Results

Preparations are being made to test the inter-

nal RF coil in a mocku”pof the remote sampler on

Analytical Loop No. 1. The envelope around the

coil will contain a window to allow observation of

the sodium ionizationand arcing that might occur

around the RF coil. The parts required for the

mockup are nearly completed.

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

1. Genera1

In sodium coolant systems for future IJiFBR’s

it will be necessary to use cold traps for removal

and control of oxygen and other contaminants. These

cold traps should be designed to handle adequately

the impurity loads and to maintain the impurity

concentrationlevel below some specifiedupper

limit. For economic reasons, cold traps must be as

small and simple as possible, while still satisfy-

ing the design requirements.

Knowledge of the mechanism of impurity deposi-

tion in cold traps is necessary to reach the opti-

mum design for a given sodium coolant system. The

rate of mass transfer of impurity species to cold

trap surfaces must be measured and the effect of

various flow patterns, surface conditions,and

temperatureon the mass transfer rates must be

determined. The purpose of this study is to deter-

mine the effect of the above variables on the mass

transfer coefficient for removal of oxygen from so-

dium systems. Knowledge of the mechanisms involved

and the mass transfer coefficients will allow cal-

culation of the rate of oxygen removal and the lo-

cation of deposited oxides in the cold trap for any

given system size and cold trap geometry. Proposed

cold trap designs could be evaluated in terms of

total oxide capacity and expected system cleanup

rates.

Cold trap tests are being conducted with a 60-

gal sodium system which has analytical capabilities

including a vacuum distillationsampler, a plugging

indicator,and two UNC oxygen meters. The cold

trap tests consist of measurement of the rates of

change of oxygen concentrationin the system. Vari-

ous cold trapping conditions of temperature and

flow rates are tested to determine the effect of

these variables on the oxygen removal rates. When

the rate of change of oxygen concentration,the

cold trap temperaturesand the deposition surface

area is known an overall mass transfer coefficient

can be calculated.

2. Current Results

Cold trap research in the Cold Trap Loop was

terminated in October, 1969, after finishing a

series of runs with the packed trap; the data have

not been analyzed. An attempt to drain the trap

and pull the removable core was made. The attempt

failed because of sodium leakage through an isola-

tion valve. As a result, the impurity deposits on

the trap were dissolved off and lost. The loop is

now being used in the plugging indicator studies.

Flushing of the gas space in the loop produced

a large increase in impurity concentrationin the

loop. These deposits representedan impurity source

that has not been taken into considerationin the

cold trap calculations. Steady state runs at low

cold trap temperatureshave shown the influx of im-

purities from this source to be very small and

probably not significant in the calculations of

mass transfer coefficients. However, for similar

type research where impurity balances are made,

attempts should be made to remove deposits that

accumulate above the gas-liquid interface.
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PROJECT 463

CERAMIC PLUTONIUM FUEL MATERIALS

Person in Charge: R. D. Baker

Principal Investigator: J. A. Leary

I. INTRODUCTION

The principal goals of this project are to prepare

pure, well characterized plutonium fuel materials, and

to determine their high temperature properties. Pro-

perties of interest are (1) thermal stability, (2) thermal

expansion, (3) thermal conductivity, (4) phase relation-

ships by differential thermal analysis, (5) structure

and phase relationships by X-ray diffraction, high

temperature X-ray diffraction, neutron diffraction and

high-temperature neutron diffraction, (6) density, (7)

hardness and its temperature dependence, (8) compati-

bility, including electron microprobe analysis, (9)

compressive creep (deformation) .

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

To meet the material needs of the physical property

measurement program, a number of different carbide

compositions were synthesized and fabricated into use-

ful forms for testing. For E. M. F. measurements a

1.22 dia x O. 61 cm PuCO. ~ annuluses were sintered and

characterized. For hot hardness and heat capacity

determinations, cylinders of Pu2~ measuring 2.45 dia

x O. 92 cm and 1.22 dia x O. 92 cm were sf.ntered and

characterized. Compressive creep specimens mea-

suring 1.22 dia x 1.10 cm were sintered from

(UO. &’u&2) Ci .0 powder.

The results from a cursory investigation on the

effectiveness of nickel as a sintering aid for (U, Pu) C

were reported previously, * except for identifying the

chemistry of the metallic-appearing grain boundary

precipitate. Microprobe analysis of the precipitate in-

dicated that two phases were present containing pre-

dominantly plutonium and nickel with small amounts of

uranium and little, if any, carbon. Uncorrected X-ray

data indicated w/o compositions of 47 Pu -34 Ni - 12 U

and 60 Pu - 21 Ni - 12 U for these phases.

II(. PROPERTIES

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

Additional differential thermal analysis measure-

ments have been made on Pu-C compositions. Results

of Ta determination on Pu-C samples melted in car-

burized Ta containers are also reported. DTA observa-

tions of meltfng of U~ and UC+-25% Pu& have been

made to obtain baseline data for comparison with

future observations of irradiated U02-25% PU02. ,

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

sitions in the range PuCi. 52- PuC2. ~0have been investi-

gated by DTA. All samples exhibited thermal arrests

at 1660 + 10°C. Liquidus temperatures were deter-

mined by heating the samples to selected temperatures,

*Quarterly Report on the Advanced Plutonium Fuel
Program, July 1 to Sept. 30, 1969, Report LA-4307-MS,
p 20.
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quenching and examining visually to determine the extent

of melting. The resultsare listedin Table463-L These

valuesare infsiragreementwiththecurrentlyacceptsd

phase diagram of the Pu-C system.

Table 463- I

LIQUIDUS TEMPERATURES OF Pu-C SAMPLES

Composition Liquidus, ‘c

Puc~ . ~ ~60 * 10
PLIC1.58 2065 + 10
PUC* . ,* 2140 + 20
PUG” . ~ 2305520

The validity of liquidus temperatures determined in

this way is dependent on the degree of dissolution of tbe

carburized Ta containers. Results of analysis of some

Pu-C samples forTa aftermeltingare giveninTable

4G3-IL It appears that the concentrations of Ta in these

samples are sufficiently low that liquidus temperatures

would not be affected significantly, with the possible

exception of the PuC1. ~ sample. A possible explana-

tion of this high Ta concentration is that a chip of Ta

could have inadvertently been included in the sample.

Table 463-H

Ta CONCENTRATIONS fN Pu-C SAMPLES
AFTER MELTING

Composition Ta Cone ’n, w/o

Puc~. @ 5.5
Pllcl . ~~ O. 6
PUC* .9* < 0.02
Puc~ .45 0.6
Puc~ . ~~ 0.3

MeltiM Behavior of Oxides: Samples of U02 and

U~-25% Pu~ have been melted in open W crucibles

umlcr 0.5 atrn Ar. These experimentsgave base-line

data for comparison with similar cxpcrimcnts in the

Wtng 9 hol CCIIS in which DTA of irrmliatcd U~-25%

PuQ is being dcmc. U% was obscrvod to hdvc a

solidus tcmpcraturc of 2830° and a liquidus of 2845°.

The solidus of UQ-25’1, PU02 was 2675° and the liquidus

was 2775°.

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

The cfmrsctcrizatkm of plutonium ceramics by X- RLY

powder diffraction camera lcchniquca lx]s been included

in other sections of this report. Studies of self-

irradiation damage in plutonium compounds have been
●

continued on a minimum-effort basis, i. e. , samples

are examined at approximately 6 month intervals to

observe changes in lattice dimensions, quality of

diffractionpatterns, etc. , with the following obse rva-

tions.

oxides: PU02 enriched with 3. ’75% ‘*Pu showed no

deterioration in pattern quality over a 6-year period.

The lattice dimension has been constant ( saturated) for

some ttme. Several reflections of unknown originhave

been observed on the films for several years. Similar

reflections have occasionally been observed on patterns

of routine samples of =~Pu02. Efforts to identi& the

source of the reflections have not been successful as

yet.

Carbides: The lattice dimensions of both the two-

phase PuC-Pu2& samples and the sample which was

originally single phase (with the composition PuCo. !313)

have been constantfor some time. A second phase has

grown into the latter sample characterized by weak,

diffuse reflections at positions corresponding to those

of PU2~. Additional reflections of Unkno!im origin have

appeared on films of this same material which could not

bc attributed to either Pu metal or P~C2. l.n particular,

one reflection with an interplanar spacing of 3. 02A 113s

increased in intensitysignificantly on fifms of both the

“single phase” ( PuC@ *6) and two-ph~se [ PuC-Pu& )

samples ira approximately two years. No furtbcr

deterioration in the quality of the patterns hm been ob-

served.

in an earlier report, an equation was developed to

express radiation damage in Pu~ w a function of timl’

and temperature. TMS equ:)tion. in turn. NNS used 10

calcula tc thcrnml annealing curves for llt(>. in thc~sc$

equations, the lattice expansion was thv physicvd

property by which radiation damage NWS measured.

Good agreement with ccq.mrirncntnt results was ol.Mc~r\L,d

over the temperature rcngc studied (75-675’’1<) . This

indicated that the observed l:LttiCC L’spansion of PuOJ

could bc attributed to two opposing first orcfer pro(,~$ss(w,

tic displaccmcmt of atoms to intc.rstiti:ti sltrs l~y s(.lf-



irradiation, and the thermal diffusion of defects (pro-

bably inters titi.al atoms) to randomly positioned sinks.

Extrapolation to higher temperatures, however, was

not successful, presumably because of the Increased

complexity of the atmcaling process. Attempts are

currently underway to extend the applicable temperature

range in order to more adequately describe the

annealing behavior of radiation damaged PuC$.

3. High Temperature X-ray Diffraction

(J. L. Green, K. Walters)

Investigation of the high temperature crystallograph-

ic properties of m ateri.als associated with the carbon-

rich fields of the U-PU-C phase diagram is continuing.

Phase identification and thermal expansion data for the

carbon-rich plutonium carbides have been reported

previously. Studies of the mixed uranium-plutonium

carbides were begun using material bsving an overall

composition of (UO. ~5Pu&35) ~. ~. For this particular

composition, thermal expansion data has been reported

for the bcc sesquicarbide and for the fcc dicarbide.

The details of phase identification for this mixed car-

bide have proven to be somewhat more complex than

previous investigations have indicated; it is in this area

that present studies are being carried out.

Several extraneous, low intensity reflections have

been repeatedly observed at low angles throughout the

temperature range of stability of (UO. ~5Pu0.s J ~~, i. e.,

at temperatures below 1740°C. WO and occasionally

three of these peaks have been present in almost every

room temperature pattern recorded. Further, these

lines were found to be stable toward annealing. It is

often difficult to identify a phase from such an abbrevia-

ted line list; however, it has been possible to demon-

strate that this pattern is due to the body centered

tetragonal modification of the dicarbide. It was found

that moderately rapid cooling from the fcc dicarbide

phase field allowed significant amounts of the bet di-

carbide to be quenched in. Patterns from these

samples were complete enough to positively identi~ the

quenched phase and to establish a correspondence

between the three unidentified lines and the three lowest

angle reflections in the bet pattern.

At higher temperatures, 1600°C < T < 1740°C, the

situation was somewhat different. TWO unidentified,

low intensity reflections have been repeatedly observed

in this temperature region. The relative positions of

these peaks are clearly not consistent with the hct

pattern. Instead, they lie rather precisely on reflection

positions predicted by extrapolation of high temperatu rc

lattice parameter data for the face centered cubic modi-

fication of tbe dicarbide. In addition, there is no ob-

served tendency for the sesquicarbide phase to decom-

pose or for the extraneous lines to increase in intensity,

i. e., both phases appear to be stable at these tempera-

tures.

III order to correlate these observations, the

positions of all the low intensity peaka were determined

as a function of temperature from 25°C to 1800°C. The

interplanar spacings corresponding to the bet refl ec-

tions expanded smoothly as a function of temperature up

to 1500°C. At that temperature, the bet reflections

disappeared and the “fee” reflections appeared. On

further heating, the interplanar spacings for these re-

flections joined smoothly with the high temperature data

for the fcc dicarbide. This is regarded as sufficient to

identi~ this phase as fcc dicarbide. Further study of

the bet-fcc dicarbide transition at 1550°C indicates that

the transformation is reasonably rapid and that it is

reversible. Comparisons of peak heights for the fcc

phases immediately above and below 1740°C indicate

that approximately 8% of the dicarbide remains stable at

the lower temperature.

At present, the only reasonable interpretation of

these observations appears to be that two tbret+phase

fields exist at this composition which have not previously

been reported. Between 1740°C and 1550°C the phases

observed are the body centered cubic sesquicarbide,

graphite and a small amount of the face centered cubic

dicarbide. The field beginning at 1550°C and having an

undefined lower boundary contains the sesquicarbide,

graphite and a small amount of the body centered tet-

rsgonal modification of the dicarbide.

4. Thermodynamic Properties of Plutonium Com-
pounds by Electromotive Force Techniques
(G. M. Campbell)

19



The development of a galvanostatic method to mea-

sure equilibrium potentials has made it possible to use

iaotype electrodes in fused LiC1-KCl eutectic. This has

had the unexpected result of extending the cell life of

Pu containing compounds almost indefinitely. The

reason for this unexpected increase in stability is now

known to result from an equilibrium involving both P~ +

(dissolved) and PU4+( dissolved). Cells containing pure

Pu metal cannot reach a true equilibrium because PU4+

is reduced at the pure Pu electrode and oxidized at the

Pu-compound electrode resulting in a net transfer of

Pu from cathode to anode. Initial studies involving a

PuN electrode and a pure Pu electrode were successful

because cell life times were limited to 200 h or less, N2

reacts with Pu to form PuN, and because the mixed po-

tential involving PU4+ is not much different from the

potential expected with the single ion PU3+ present.

However Pu compounds which have stabilities differing

significantly from PuN result in large displacement

from the single ion potential.

III order to make thermodynamic calculations from

the rest potentials it is necessary to have thermodyna-

mic information about tie P~ ‘- Pu’+ equilibrium. When

equilibrated with a PuN electrode this equilibrium is of

the form

PuN(S) +3pl14+
(X2, dissolved) =

4PU3’ + 1/2 N2
(xl, dissolved)

(1)

Since the thermodynamic properties of PuN are known,

the free energy change involved in the reaction

+ 3 pu’+ .4 PU3+
‘u(i) (X2, dissolved) (xi, dissolved) ’11)

can be determined from the galvanostaticaUy deter-

mined emf of the cell containing isotype PuN electrodes.

The results of this reveal that PuC13 and PuC14 form

ideal solutions in LiC1-KCl at mole fractions near O. 01

and at temperatures between 910 and 1050°K. The rest

potentials of the cell

Pu( j) I p@3(x* ) , Puclf%) ~ LiC1-KCl IN2, PuN (III)

and the calculated cmf for the cell (where xt = xi + X2)

“u(l) IPuC13(xt), PuClfxO St), LiC1-KCl\ W (Iv)

are given in Table 463-III. With a free energy of for-

mation for PuN at these temperatures of

A~;PuN)
= -72,950 + 23.0 T cal/mole (v)

a point by point calculation of the free energy change in

reaction II results in

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

for the temperature range 910 to 1048°K. The initial

concentrationofPuC13inthis~eriment was O.O1OG1

mole fraction.By transpirationmeasurements Benz
(1)

foundforthistemperaturerange

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

for the reaction

PUC13 + 1/2 C12 = PUC14
(s) ( 13)

(VIII)

Assuming an ideal solution, by combining eq VI and VII

the free energy of formation of PuC13 (dissolved) is

AGOT = -228, 150 + 52.3 T cal/mole (Ix)

and for PuC14 (dissolved)

AG~ = -190,450 + 24.0 T cal/mole (x)

~md(2)
estimates for pure PUC13(s)

AG~ = -228,500 + 51.7 T cal/mole (XI)

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

ture (776 -832°K) PuC13 (dissolved) was found to be

AGOT= -224, 000 + 46 T cal/mole (XII)

These results tndicate strongly that the activity

coefficients of both PuC13 and PuCIJ in an equilibrium

Table 463- M

PotentialsFROM CELL IllAND CELL IV

ErnfCdl UI!’)
v

0.7443
0.7428
0.7359
0.7329
0.7299
0.7208
0.7167
0.7083
0.7091
0.6992
0.69?.4
0.7011
0.7104
0.7158
0.7224
0.7215
0.7392
O.728G
0.7336
0.7399
0.7493

918.4
920.G
940.8
941.7
953.3
976.8
992.2
10U3.7
1015.1
1031.0
1048.2
1027.6
1008.0
997.6
976.9
979.0
959.‘1
9G2.5
946.7
931.1
908.5

N2 Pressure,
atm

0.7681
0.7679
0.7763
0.7716
0.7730
0.7703
0.7726
0.7742
0.7708
0.7741
0.7755
0.7774
0.7734
0.7737
0.7784
0.7707
0.7741
0.7079
0.7667
0.7038
0.7670

Emf CCU IVCdculstcd,
v

0.7939
0.7939
0.7837
0.7726
0.7730
0.7U0
0.7G19
0.7512
0.7s59
0.7331
0.7241
0.7394
0.7s35
0.7G.K3
0.7G81
0.7672
0.7772
0.7781
0.7813
0.7900
0.8037

.

.

(1)CorrectedforthermalEmf



Table 463-IV

POTENTIALS FROM CELL XIII

Rest Potential, Temp. , Single Ion Potential,
v ‘K v

0.3368 1015.7 0.2168
0.3413 991.9 0.2186
0.3495 955.7 0.2232
0.3457 972.9 0.2212
0.3539 937.8 0.2259
0.3530 952.7 0.2273
0.3459 958.6 0.2189
0.3498 949.1 0.2224
0.3499 942.9 0.2215
0.3528 923.8 0.2220
0.3493 945.2 0.2211
0.3476 961.1 0.2216
0.3438 977.8 0.2195
0.3460 967.5 0.2206
0.3419 986.9 0.2186
0.3442 976.6 0.2198
0.3406 996.1 0.2185
0.3362 1008.3 0.2147
0.3356 1003.5 0,2131
0.3398 986.9 0.2156
0.3465 970.6 0.2218
0.3417 969.4 0.2152
0.3481 934.9 0.2177
0.3542 917.3 0.2227

mixture at these temperatures in LiC1-KCl eutectic are

very nearly unity.

Studies of the cell

PU(L) I puc13(xi ) ~PUC14(X2) , LiC1-KCl IPu2~ + C ( XHl)

were also made over the temperature interval 917 -

1016°K. The results are given in Table 463-IV. The

initial concentration of PuC13 was O. 00279. A least

squares analysis of the rest potentials results tn

E = 0.5349-0.0001960 T V . (XIV)

A point by point calculation taking tntn account the

change in concentrations due to disproportionation

results in

‘( Pu& )
= 0.30339-0.00008683 T V (xv)

‘here‘( Pu2q ) iS tie Shgle ion potential. This gives

A&T . -42, 000 + 12.0 T cal/mole (XVI)

for the free energy of formation of Pu2~. This is in

reasonable agreement with the extrapolated free energy

values found by vapor pressure measurements (4, 5) but

differs in slope of free energy versus temperature.

A paper which presents the theoretical approach and

method of calculation for these systems haa been

prepared for publication,

5. Mass Spectrometric Studies of the Vaporization “
of Pu Compounds

(R. A. Kent) .

A. Calibration of Magnetic Mass Spectrometer

The optical windows of the new RM6-K mag-

netic mass spectrometerhave been calibratedforuse

with an optical pyrometer. In addition, a series of

vaporization experiments have been perform ed with a

gold standard sample. The purpose of these experi-

ments was to calibrate the instrument for vaporization

experiments and to become familiar with the operation

of the unit. These experiments were performed with

the instrument in an “off the shelfl’ condition and the

results indicate that we can use this unit to satisfactorily

perform the types of experiments planned when the unit

was purchased. However, as a result of these caIi–

bration experiments, certain modifications are planned

which will both extend the range and increase the

precisionof themeasurements.

A sample consisting of 0.5 g Au wire (99. 999 per-

centpure) obtained from the NBS was contained in a

graphite cup in a Mo Knudsen cell and effused over che

range 1329- 1698°K. The ion current of the 1‘7Au+

signal was monitored as a function of temperature in the

usual manner. The resultant least-squares equation is

logiO (IT) = (21.317*) - 18041A 177/T°K. (1)

At 1553°K, loglo PAu(atm) = -5.876.
(6)

The value

obtainedforlog10(IT)atthesame temperatureis

9.719. Thus, from therelationshipP = K (IT),one

obtainsK = 3.75 x 10-16atm/amp deg K. and eq (1)

becomes

logioPAu(atM) = 5.891- 18041/TOK. (2)

Equation (2) yields for the heat and entropy of

vaporization at 1533°K the values 82.55 3s O. 81 kcal/mole

and 26.96 & O. 53 eu, respectively. Published the~o-

dynamic functions for Au(t)(7) and Au(g)(a) were

emdwed to reduce these values to 298°K. The second

law values obtained are AH; ~~~= 87.9 + 0.8 kcal/mole

and AS~298 = 31.9+ 0.5 eu. The third law heat of

vaporization is calculated to be 87.7 + 0.3 kcal/mole.

The values listed for the NBS standard gold reference
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Pt*

Al
A2
A3
A4
A5
A6
A7
A8
A9
A 10
A 11
A 12
A 13
A 14
A 15
A 16
A 17
A 18
B1
B2
B3
B4
B5
B6
137
Btl
B9
B 10
B 11
B 12
B 13
B 14
B 15
B 16
B 17
B 16
B 19
B 20
B 21
B 22
B 23
cl
C2
C3
C4
C5
C6
C7
C8
C9
c 10
c 11
c 12

Table 463-V

VAPOR PRESSURE DATA FOR GOLD

T~mp. ,
K

1567
1623
1592
1588
1350
1376
1504
1526
1553
1533
1520
1520
1513
1513
1507
1507
1506
1378
1468
1514
1583
1611
1592
1561
1557
1530
1608
1616
1638
1638
1638
1575
1641
1645
1665
1698
1692
1626
1582
1583
1526
1515
1541
1529
1504
1472
1472
1501
1457
1421
1421
1389
1329

PAu(atm)

(x 108)

2.29
6.11
3.94
3.40
0.0357
0.0661
0.652
1.00
1.72
1.28
0.918
0.918
0.809
0.832
0.738
0.738
0.667
0.0698
0.420
0.805
3.24
5.06
3.75
2.19
2.14
1.20
4.99
5.28
7.53
7.50
9.14
3.33
9.53

10.2
11.3
17.3
14.4

5.89
3.35
3.22
1.21
1.03
1.46
1.18
0.840
0.509
0.496
0.820
0.342
0.137
0.129
0.0791
0.0244

AH; ~~~

kcal/mole

87.87
87.65
87.47
87.73
87.57
87.48
88.30
88.22
88.02
87.86
88.15
88.15
88.15
88.07
88.10
88.10
88.35
87.45
87.60
88.22
87.62
87.65
87.62
87.83
87.55
87.89
87.54
87.76
87.73
87.75
87.10
87.11
87.12
87.11
87.75
87.94
88.27
87.92
87.46
87.64
87.65
87.54
87.88
87.88
87.55
87.26
87.34
87.45
87.58
88.12
88.28
87.76
87.27

Av = 87.74 *0.34

31Da~ for rus B and C were normalized for changes in

multiplier gain from that for run A.
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material are AH; 298= 87.7 kcal/mole and AS: Z38=

31.8 eu. The vapor pressure data for the reaction

Au(l) = Au(g), together with the third law heat values,

are listed in Table 463-V.

B. Planned Modifications

1.

2.

3.

4.

5.

6.

7.

c-

The 10-stsge electron multiplier with a gain of

about 3 x 104 will be replaced with a recently

purchased 16-stage unit having a gain of about

106.

A new shutter slit will be installed to provide

for sharper peak profiles.

The ion source exit slit will be enlarged to

increase sensitivity.

The Hitachi ion gauges will be replaced with

standard Bayard-Alpert gauges.

The Giessler discharge tubes used during pre-

liminary pumping will be replaced witi stan-

dard U.S. thermocouple gauges.

The ion source is being modified to allow RPD

measurements.

The enclosure assembly which will allow us

to operate with plutonium-containing samples,

is being designed.

Other

A series of Pu-C samples have been prepared.

These samples have tbe following stoichiometries:

PuCi. ~~, PuCi. 52, PuCi. ~, PuCi. 78, and PuC2. ~O.

Experiments using these samples will be performed in

the new mass spectrometer.

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

The vacuum isoperibal drop calorimeter dcscribcd

in the lc.et report has been used for the determin:~tion of

the high temperature heat content of AI.Q snd PU02.

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

A12Q along with the results of P.B. Kzntor et al. ,
[9)

( 10)
A. E. Ogard and J.A. Lewy , and A. C. Maclocci.

(11)

The present rcaulk can bc &\Tressed by the equation

HT-H2W - -10.2 ti+2.600x l&2 T+l.439Xl(f6~
+7. 091x 102/T, kcal/molt! .

over the temperature range 1350 to 232001<, where T is

in ‘K. TMS equation was obtained by a computer least

squares fitting of the data with the rcstrictiona that

.
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Figure 463-1. High Temperature Heat Content ofA12Q

HT-H238= Oat T=2980K andthat Cp(298) = 18.44

cal/mole/deg. These new results are from 2-4% lower

than previous results in the range 1350 -2265°K. In

both sets of experiments the sample and the calorimeter

were the same except Ar was used in the calorimeter

in the earlier set and vacuum in the last set of experi-

ments. This change in atmosphere in the calorimeter

greatly affects the method of heat leak of the calorim-

eter, the constancy of the cooling rate of the calorim-

eter and the calibration factor of the calorimeter. A

more detailed report of these resul te is in preparation.

These results point out that high temperature heat

contents are accurate to about+ l% and that heat

capacities obtained by differentiation of the heat content

determined by a computer least squares fit of the data

with the restrictions that HT-Hz98 = O at T = 298°K Snd

CP(298) = 16.4 csl/mole/deg. These results are lower

than expected from an extrapolation of the results of .
0 ~ ~rwer ad H ~avage( 12) but consistent with tie

. .

difference between results obtained in an inert gas

filled calorimeter versus a vacuum calorimeter.

The beat of fusion of Pu02 can be estimated from

the difference of heat content of molten PU02 and an

extrapolation of the heat content equation to the melting

point. A value of 18 kcal/mole is calculated for the

heat of fusion of PU02. An X-ray radiograph of the

sample after heating to 2715°K showed that the PU02

had been molten.

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

equation are estimated to be no better than* 5% in A. Electrical Resistivity

accuracy. These limits of accuracy must be kept in Wiring of the electrical equipment for electri-

mind when high temperature heat contents and heat cal resistivity measurements of samples outside a

capacities are used in other calculations. glove box at room temperature is complete. Resis tivity

The heat of fusion of Alz@ of 24 kcal/mole mea- measurements have been made on a number of standard

sured from Fig. 463-1 is lower than the 28,3 kcal/mole materials at room temperature ( 23° to 25°C ). The

reported by P. B. Kantor et al. samples were right circular cylinders varying from 1/4

The high temperature heat content of PuQ has been inch to 1/2 inch in diameter and 1/2 inch to 2 inches

determined ~om 1500 to 2715°K in the vacuum isoperibol long. A jig for holding samples in this size range was

drop calor” deter. The results shown in Fig. 463-2 also constructed. The results of the resistivity mea-

1can be expre sed by the equation surements are ahown in Table 463-VI.

{
IiT-H2g8 = 4.947+1.531x l~2T+2.644x 10-6T2 ,

+43. 61/T, kcal/mole

4for the temp rature range 1500-2400°K. Above 2400°K

Table 463-VI
ROOM TEMPERATURE ELECTRICAL RESLSTIVITY

Material
I.nconel 702

Resistivity ,psacm
124

‘1
defect forma on or some other phenomena causea a Alloy A-286 95

Armco Iron
positive devi tion from the equation. This equation was

10.6
Tumgsten 5.7
Molybdenum 5.6

23
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The high temperature furnace for electrical

resiativity measurements has been delayed. Delivery

is not expected until March 1970.

B. Thermal Di.ffusivf@

Preliminary tests on the Korad K-2 laser system

were carried out to examine the pulse shape and dura-

tion, and the energy output of the laser. The pulse

duration of approximately 1/2 m sec is short enough

to be considered instantaneous for most materials; thus

no correction for pulse duration will be required. The

energy output as a function of capacitance and voltage

was also determined. During these testa the energy

output (at constant capacitance and voltsge) decreased

by approximately 40%. Subsequent disassembly of the

laser head indicated that the sIuminum flash lamp re-

flector was coated, reducing its reflectivity. Some

scale was also found in the laser head cooling water

system. A new pump and filter have been ordered for

the cooling water system.

Preliminary measurements of the thermal diffu-

sivity of Armco Iron, alloy A-286, and type 304 stain-

less steel have been made at room temperature. The

resulta are shown in Table 463-VII. The measurements

were made with a temporary sample holder, and a ther-

mocouple was used to detect the temperature change.

Table 463-VII

ROOM TEMPERATURE THERMAL DIFFUSIVITY

Material Thermal Diffusivity, cm2/sec

Armco Iron(a) 0.194 to 0.223
304 Stainless Steel 0.0385 to 0.0395

Alloy A-286 0.0322 to 0.0337

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

Performance tests were run on the Centorr high

temperature furnace in Suncook, N. H. At that time the

power supply AC ripple was slightly above specification,

but the manufacturer subsequently modified the power

supply to meet the specification. The unit bas been

shipped.

C. Thermal Conductivity

Thermal conductivity values were calculated from

the thermal diffusivity measurements of ANL - 75%

dense and MLM - 91% dense Uo. SPUO.2C. These values

were compared with thermal conductivity values .

calculated from the previously reported equation

based on LASL dati.

KP= (0.0394+2.53x l~5T) (l:~~lp)

where K ~ = Thermal Conductivity of Porous Material

T = Temperature, ‘c

P = Pore Fraction

The correlation from ANL - 75% dense material was

extremely close, varying * 6% over the temperature

range 400-1000°C. Over the same temperature range

values calculated from the MLM - 91% dense diffusivi~

measurements were 20-42% lower than values calcu-

lated from the above equation. tis decrease may be

attributed to the presence of significant quantities of

sesquicarbide and oxide which were present in the MLM

5Pecimens.

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

Hot hardness testa were conducted on various

uranium-plutonium carbide compositions, us tng an

apparatua described previously. Hardness indenta-

tions were made with a diamond or sapphire indentor

at temperatures up to 1000° C in vacuum. The common

load was 200 g. After the indentations had been made

and the specimen cooled, it was transferred out of the

glovebox to a stsndard Leitz hardness tester where the

indentations were then measured.

Hot hardness curves for some of the carbide

compositions whf ch have been tested to date are shown

in Figure 463-3. All of the curves are for sintercd

material. Curves 5 and 6 for UC and curve 7 for
(13 ) and

U& ~5Pu3. ~SC were taken from the literature

are shown for comparison. Each data point for curves

1-4 represents the mean value of a minimum of 5

readings.

Curve 1 shows the hot hardness behavior of a PuC

specimen containing about 10 v/o Pti2~. As shown,

up to about 500° C, this material had a hardness conl-

parable to the mixed carbides, and was in fi~ct harder

than the literature values for UC or UO.~5Pu0. ~SC, but

above 5000C the hardness dropped rapidly.

The hot hardness behavior of a hypostoichiornctric
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specimen of PuC containing some PU3C2 has also been

determined but is not shown in this figure. This

material had a diamond pyramid hardness of about 270

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

That some solid solution strengthening is obtained

from the addition of PuC to UC is evident from a cozn-

parison of the curves for UC with those of the mixed

carbides. The highest hardness values at high temp-era-

tures were obtained for specimen 2 which contained

about a 1:1 mole ratio of Pu to U.

The hot hardness bebavior of PuN, UN,
(14) ad

(13)
UO.TPUP3N are shown in Fig. 483-4. At low

temperatures the nitrides are considerably softer than

the carbides. Comparing PuN with PuC, however, at

temperatures above 800°C PuN is harder than PuC. It

can be seen from this figure that a strengthening or

hardening effect is obtained from alloying UN with PuN,

since the PuN-UN solidsolutionisharder thaneither

component alone. Futurework will include the further

investigation of the effects of stoichiometry and U/Pu
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ratio on the hot hardness of the monocarbides as well

as measurements of the hot hardness of compounds

which have not been tested heretofore such as the ses-

quicarbides.

l-v. ANALYTICAL CHEMISTRY

1. Determination of O? in Refracto ry Oxides,
Carbides, and Nitrides
(M. E. smith and J. E. Wilson)

Modifications are being investigated to improve

the analyses of ceramic-type materials for 02 because

of the great effects caused by this element on the

properties of refractory oxides, carbides, and nitrides.

One modification is the use of a microwave excited

emissive detector system to measure the 02 evolved as

CO from the sample as it is inductively heated to 2000°C

in a graphite crucible. A known fraction of the CO is

swept by Ar through a microwave-excited discharge

cell which is monitored photometrically, and the 02

concentration is calculated from the time-integrated

signal from the photometer. Fifteen analyses each of

U301J and Zr~, used as stand-in materials for oxide

fuels, showed that the relative standard deviation (la )

of the method was 1. 8%, and the average bias was 1ess

than 0.25 relative percent. This precision is better

than the 10 relative percent of the capillary trap-micro-
(15)

manometric meae urement of 02, but not as good as

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

Small changes in several operating conditions were

tried to improve the precision of the analyses. Varia-

tions in the fraction of CO pawed through the excitation

cell, and in the wall temperature, discharge background,

and exit gas pressure of the excitation cell did not

improve the reproducibility of the measurements

significantly. Additionofgraphitepowder tothesample

crucibleofferedpromise ofimprovingtheprecision,

and additionaltestsofthischangewere started.

A secondmodificationbeinginvestigatedwas sub-

stitutionofimpulseheatingforinductionheatingof the

sample. IntheimpulseheaterfabricatedatLASL, the

sample ina coveredgraphitecruciblewas rapidly

heatedtoa temperaturebetween3000°C and 3400°C by

a largedirectcurrentofshortduration.The Qin the

sample was evolved as CO, trapped on Si02 gel cooled

with liquid N2, and thenmeasured on a gas chromat~

graph. The gas chromatographicmeasurements were

reproduciblewithtn4 relativepercent. hitialtestaof

thecompleteapparatusby analyzingfourprepared

U308-TaC mtxtures, each weightng about 5 mg, indi-

cated that the estimated relative standard devtation of

the method was about 10 percent. Refinements in the

operations, especially in transferring the collected CO

to the gas chromatography, were being tested to improve

the precision.

v.

[1)

(2)

(3)

(4)

(5)

(6)
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PROJECT 464

STUDIES OF Na-BONDED (U,PU)C INFBR FUELS

Person in Charge: D. B. Hall
Principal Investigator:R. H. Perkins

I. INTRODUCTION

The use of a sodium bond between (U,PU)C fuel

and the clad in an LMFBR fuel element is being in-

vestigated at LASL. The high thermal conductivi-

ties of both the fuel and the sodium bond should

permit the fuel elements to operate at high linear

heat ratings. Space originally occupied by the so-

dium bond is available to acconunodatefuel swelling

during burnup.

An object of concern in the utilization of

carbide fuel is its compatibilitywith cladding ma-

terials. The mechanism and kinetics of carbon .

transfer through a sodium bond to Type 316 stain-

less steel and to refractorymetal claddings are

being investigated. The effects of significant

fuel and sodium variables (such as oxygen content)

on this carbon transfer are being studied,

The performance limitationsof the sodium bond

under high-heat-fluxconditions are being deter-

mined both in-pile and out-of-pile. The effects of

defects in the sodium bond, and the resultant per-

turbation in heat transfer, are being studied uti-

lizing a central high-heat-fluxheater.

Another part of the program is concernedwith

the behavior of defected fuel elements in high ve-

locity sodium. These studies are concerned princi-

pally with the “washout!!of fuel from the defected

element and the movement of this fuel in the sodium

system. The determinationof the volubility of u-

ranium and plutonium in sodium is necessary to set

uPPer limits on the loss of fuel to the sodi~

coolant.

High purity single-phase (U. ~PuO ~)C is the. .
principal fuel used in these investigations. Fuel

loading and testing are done under carefully con-

trolled conditions. Informationobtained in this

program, together with irradiationperformance data

(Project467), will be used to evaluate sodium-

bonded (U,PU)C fuel for LMFBR application.

II. SYNTHESIS AND FABRICATIONOF FUEL PELLETS
(R. Honnell, S. McClanahan, R. Walker,
G. Moore, C. Baker)

A. General

Standardized procedures for producing single-

phase monocarbide pellets of known composition and

dimensions have been developed. These pellets will

be utilized in EBR-11 irradiation experiments and

compatibilitytesting. Basic process steps are:

1. Multiple arc melting of a 60-g mixture of
235

U, Pu, and C using a graphite electrode.

2. Solution treatment of the arc melted ingot

for 24-h at 1600”C.

3. Crushing and grinding of the ingot in a WC

vibratory mill, followed by screening of

the resulting powder to a particle size

range < 62 p.—

4. Eliminationof higher carbides by reaction

with H2 at B50°C.

5. Cold compaction at 10 tsi into pellets

without the use of binders or sintering

aids.

6. Sintering the pellets in Ar at 1800”C for

8 h followed by heat treatment for 2 h at

1400”C.

7. Characterizationof the pellets by linear

dimensioning,weighing, x-ray diffraction

analysis, chemical analysis for U, Pu, C,

N, O, and trace impurities, radiography for
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determinationof possible internal cracks,

and isotopic analysis of uranium and plu-

tonium.

B. Current Results

Characterizationresults from randomly sampled

pellets representingnine (U,PU)C lots prepared

using the above process are listed in Tables 464-I

to 464-IV. Metallographic results indicate that

all of the pellets are single phase except those

from lot HNL 8-62-1 which contain a grain boundary

phase estimated at less than 0.5 v/o. The chemis-

try of this minor phase was not established,but

in appearance it is identical to a plutonium-rich

phase containingvarying amounts of silicon, iron,

and tungsten identified in similar (U,PU)C pellets.

Approximately 75 pellets with a nominal com-
. .

posltlon ‘f (“Oo8pu0.2)c~ o have been fabricated.
from uranium-233 and are being characterized. Me-

tallographic results show that these pellets con-

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

Again, this grain boundary phase is similar in ap-

pearance to that seen previously in other (U,PU)C

pellets. This is probably a plutonium-siliconcom-

bination, since the silicon content of the U-233

metal used in alloying was three to four times that

of the U-235 normally used. Microprobe analysis is

pending.

To minimize chipping during fuel pin loading,

pellets are being pressed with top and bottom die

punches machined to leave a 45° chamfer on the pel-

let ends. Although this technique readily produces

a chamfer on the sintered pellets, it also appar-

ently increases the probability of end capping,

i.e., a concave microcrack across the pellet edge

penetrating to a depth of 200 to 400 microns. Of

the 60 chamfered pellets prepared, 24 have failed

to pass inspection because of end caps. This is a

higher number of rejections than would be expected

from the same number of nonchamferedpellets.

Table 464-I

CHEMICAL COMPOSITIONAND PROPERTIESOF (U,PU)C LOTS

Lot Number

HNL 8-8-1

HNL 8-8-2

HNL 8-10-1

HNL 8-10-2

HNL 8-16-1

HNL 8-16-2

HNL 8-18-1

HNL 8-18-2

lINL8-62-1

Lot Number

HNL 8-8-1

IINL8-8-2

HNL-8-1O-1

HNL 8-10-2

HWL 8-16-1

l{NL8-16-2

HNL 8-18-1

HNL 8-18-2

lINL8-62-1

Nominal, w/o
u Pu c——

75.9 19.25

75.9 19.28

75.8 19.31

75.9 19.27

76.1 19.13

75.8 19.30

75.8 19.30

75.9 19.29

74.9 20.2

0

240,510,460”

760,510,360

290,870,1100

410,360,510

280,430,660

590,830

370,380,400

320,350,640

420,340,360

4.84

4.84

4.84

4.84

4.79

4.84

4.84

4.84

4.84

Analyzed, w/o
u Pu c’—.

76.4

76.6

76.3

76.4

76.9

75.6

76.5

76.4

75.3

18.39

18.36

18.74

18.21

18.26

“18.73

18.75

18.47

19.67

-
4.72

4.66

4.71

4.71

4.64

4.72

4.73

4.6’3

4.65

Table 464-II

1MPURIT%CONTENTSOF PELLETS (ppm BY WEIGHT)

N—

310

330

280

720

270

270

305

340

225

Zn Na Si—— —
** 40

** 45

** 25

** 35

** 70

● 2 35
** 45
** 50

20 * *

Ca V Cr— — —
* 5*

5 5, 1s

* 5,*

* 5. *

* 5*

* 5. 20
* 5 15
* 5 ’25
* **

Fe Cu——
35 *

110 10

70 10

45 5

65 10

95 15

90 20

110 20

15 ●

ImmersionDensity
(g/cm3)

Mo—
*

*

*

10

10

10

10
*

25

12.95

12.72

12.95

13.11

13.13

12.94

12.78

12.98

12.76

w

25

10

*

*

*

●

*

10

10

Ni—
●

*

●

●

10

10

10

10
●

*
Below detectable limits.

**
Three values for each lot.
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Table 464-III

ISOTOPIC ANALYSES OF (U, PU)C PELLETS

Lot Number

IINL8-8-1

HNL 8-8-2

HNL 8-10-1

HNL 8-10-2

HNL 8-16-1

HNL 8-16-2

HNL 8-18-1

HNL 8-18-2

HNL 8-62-1

Pu, w/o u, w/o
238 239 240 241 242 244 233 234 235 236 238— .— —. ——

< 0.022

< 0.022

< 0.4

< 0.06

< 0.07

< 0.010—

< 0.08

< 0.018

< 2.0

94.45

94.44

94.46

94.42

94.44

94.45

94.43

94.44

94.27

5.25

5.26

5.24

5.28

5.26

5.25

5.26

5.26

5.38

0.281

0.282

0.281

0.286

0.283

0.281

0.283

0.282

0.331

Table 464-IV

LATTICE PARAMETERSOF (U,PU)C LOTS (~)

Lot Number
a
o

HNL 8-8-1 4.9617

HNL 8-8-2 4.9622

HNL 8-10-1 4.9633

HNL 8-10-2 4.9631

HNL 8-16-1 4.9634

HNL 8-16-2 4.9642

HNL 8-18-1 4.9636

HNL 8-18-2 4.9634

HNL 8-62-1 4.9626

III. LOADING FACILITY FOR TEST CAPSULES

0.015

0.014

0.015

0.015

0.015

0.015

0.024

0.016”

0.017

(D. N. Dunning, J. O. Barrier,J. A. Bridge)

A. General

A prerequisiteto a compatibilityprogram in-

volving (U,PU)C and sodium is a satisfactorycapsule

loading and bonding facility. There is little point

to obtaining well-characterizedmaterials for test-

ing,if these materials are subject to contamination

by impuritiesbefore they are placed in test. So-

dium and (U,PU)C are sufficientlyreactive that all

operationsmust be performed either in vacuum or in

a high quality inert atmosphere. The loading fa-

cility for handling these materials has been con-

structed and is operational. The facility consists

of inert-atmospheregloveboxes equipped with inert-

gas cleanup systems to provide an environment for

handling fuel pellets and bonding sodium with a

minimum of contamination.

B, Current Results

During this reporting period, EBR-11 irradia-

tion test capsules K-43 and K-44 containing95%

dense (U,PU)Cpellets were loaded and bonded. A

< 0.0005 < 0.0005 0.940 92.75 0.241 6.07

II II 0.926 91.22 0.236 7.62

!1 !1 0.942 92.42 0.240 5.88

1! I, 0.944 93.0 0.241 5.81

1, 11 0.860 85.07 0.221 13.85

!! II 0.930 91.80 0.240 7.03

t, t, 0.940 92.77 0.241 6.05

,! II 0.94s 92.98 0.240 5.83

II ,, 0.936 92.07 0.237 6.76

modified bonding procedure appears to be satisfac-

tory; problems with sodium bonding and pellet chip-

ping in previous EBR-11 irradiation test capsules

were not encountered in these capsules. This new

bonding procedure, which will be used on all future

irradiation test capsules, is:

1.

2.

3.

4.

Place the loaded and

centrifuge and heat,

temperaturegradient

fuel stack (150”C at

the top).

sealed capsule in the

impressing an axial

along the 14-1/2-in.

the bottom and 280”C at

Cool to room temperaturewhile spinning at

150 rpm.

Heat the capsule to 600”C for 1 h and then

cool to room temperature. Maintain a tem-

perature gradient during heating and cooling

so that the sodium melts from the top down

and freezes from the bottom up.

Repeat Steps 1 and 2.

The sensitivity of the eddy-current tests for

sodium bond defects is such that a 0.020-in. defect

can be detected. Capsules K-43 and K-44 had no de-

tectable defects in the sodium bonds in either the

inner fuel pins or the outer capsules. These cap-

sules are now ready for shipment to EBR-11.

Approximately75 capsules for out-of-pile com-

patibility testing and OWR (Omega West Reactor) ex-

periments were loaded and bonded during this quar-

ter.

Iv. CARBIDE FUEL COMPATIBILITYSTUDIES
(F. B. Litton, H. A. O’Brien, L. A. Geoffrion)

A. General

The objectives of this program are to study the

interactionsamong single-phasemixed uranium-plu-
tonium carbide, a sodium bond, and potential
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cladding materials, i.e., to investigatethe tech-

nology related to sodium-bondedfuel elements.

There are two approaches to the experimentalwork.

The primary approach is to determine the reactions

occurringbetween single-phase (U~ ~Puo ~)C and po-
. .

tential cladding materials, using Type 316 stain-

less steel and a high strength vanadium-basealloy

as the first and second choices of claddingmate-

rial, respectively. (The experimentalwork on high

strength vanadium-basealloys is being de-empha-

sized.) The secondary approach is to study the

mechanism of carbon transport through sodium, the

effect of impuritiessuch as oxygen, and the car-

burizing potential of fuel in contact with sodium

and cladding materials.

Capsules containing sodium-bonded,single-

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

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

h, High purity, thoroughly-characterizedsodium is

used for the studies. Fuels of known composition

are used in the tests. Most of the testing is per-

formed on single-phase (U,PU)C fuel in which the

Pu/U ratio is maintained at 0.20, but some experi-

ments are being carried out on material containing

a second phase (eithermetallic or carbon-rich).

Of particular interest is mixed carbide fuel con-

taining--10 v/o sesquicarbide. Other experiments

employ stoichiometricand hyperstoichiometricUC to

determine the effect of plutonium addition on the

behavior of carbide fuel.

B, Current Results

1. CompatibilityStudies with Mixed Carbide Fuels

Experimentsare in progress to study the com-

patibility of sodium-bonded (a) single-phase mixed

carbide fuel and (b) monocarbide plus - 10 v/o ses-

quicarbide fuel with Type 316 stainless steel and

V-15Cr-5Ti alloy capsules. A 4000-h, 750°C-testof

these two fuel types in Type 316 stainless steel

capsules has been completed and preliminary infor-

mation has been obtained from the examinationof

one capsule of the three that were tested with each

fue1.

The LASL-preparedsingle-phasemonocarbide

fuel has a nominal compositionof

‘“0.796i0.001pu0.204f0.001)c0.97i0.01

o
0.006:0.003N0.005f0.001H<0.001‘

correspondingto 75.3 k 0.4 w/o U, 19.57 ? 0.18 WIO

Pu, and 4.70 i 0.06 w/o C. The average chemical

compositionis based upon the analyses of 39 samples

selected on a statisticalbasis. The average a-

mounts of trace impurities are shown in Table 464-V.

All pellets were x-ray radiographedand found to be

free of any detectable cracks and chips. By x-ray

analysis the material was found to be single-phase

monocarbidewith a lattice dimension of 4.965 ?

0.001 i. The density is 89.8 i 1.5% as determined

by immersion and 89.0 t 1.5% as determinedby di-

mensional measurement. Metallographicexamination

showed a single-phasemonocarbide microstructure.

The grain size is generally < 55 and > 2 microns. A

few inclusionswere observed in some specimens;

these are present to < 0.5 v/o as determinedby

point counting methods. The inclusions typically

contain one or more of the following elements: Si,

Fe, Ni, Cu, or W. In approximately50% of the

metallographicspecimens examined, microcracks- 20

pm wide were observed. These microcracks appear as

a necklace of interconnectedporosity of short

length, and are below the limit of detectabilityby

radiographicexamination. Although electron micro-

probe examinationshowed the pellets to be homo-

geneous on a macro- and intergranularscale, some

heterogeneityin uranium and plutonium was observed

Table 464-V

SPECTROCHEMICALANALYSIS OF Uo 8PU0 zC PELLETS
. .

Element

Li

Be

B

Na

Mg

Al

Si

P

Ca

Ti

v

Cr

Mn

Fe

co

J?P!!!-
<1

<1

<1

<2

<5

~ 10

57 i 43

< 50

<5

< 50

<5

< 10

3

55 t 32

<5

Element

Ni

Cu

Zn

Sr

Zr

Nb

Mo

Cd

Sr

Ba

Ta

w

Pb

Ri

_2P?!_
19 f 17

40 * 21

< 10

< 5

< 100

< 50

< 12

< 10

<2

< 10

<1000

19 2 18

<2

< ~

Note: Concentrationof tantalum on a spot-check

basis was < 25 ppm.
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Table 464-VI

CHARACTERIZATIONOF FUEL PELLETS RSCEIVED
FROMUNITED NUCLEARCORPORATION

Carbon, w/o 4.79 * 0.05*

Oxygen, ppm 3710 * 50

Nitrogen, ppm 240 f 20

Equivalent carbon content**, w/o 5.09

Plutonium, w/o 14.09 t 0.06

Lattice dimensions,as determined
by x-ray diffraction, A 8.108 * 0.002

Amount of (U,PU)2C3, as determined lo
by metallography, v/o***

Average pellet density, g/cm3 13.15 f 0.04

Average pellet diameter, in. 0.231 f 0.001

*l%e variability shown was calculated at one
standard deviation.

**The Sm of C + 12/16 O + 12/14 N.

***The mount of phases was determinedby point
count and x-ray diffractionmethods.

on an intragranular scale. No quantitative cor-

relation between x-ray intensities and element con-

centration could be made, but the intensitiesvar-

ied by 10 to 20% for plutonium and by 20 to 30% for

uranium.

The fuel pellets containing (U,PU)C plus -- 10

v/o (U,PU)2C3were processed by United Nuclear Cor-

poration t: its specification No. 16325 (issued

Sept. 29, 1965, Rev. 3, Aug. 21, 1967). A charac-

terizationof the pellets is shown in Table 464-VI.

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

Autoradiography (UnitedNuclear Corporation)

and electron microprobe analyses @A.SL)both indi-

cated homogeneity of microstructure. However, me-

tallographicexamination of a randomly selected pel-

let showed that the material consists of three

phases; a monocarbide matrj.x,the sesquicarbideas

the principal second phase, and trace emunts of an

acicular phase (tentativelyidentified es the di-

carbide). It should be pointed out that trace a-

mounts of dicarbide are permitted under specifica-

tion No. 16325. The localized acicular precipitate

is shown in Fig. 464-1. The pellets had been sur-

face ground at UNC to remove 0.006 in. from their

diameter. They were degreased, degassed, and pack-

aged under helium in stainless steel tubes with

welded end-closureplugs. At the LASL, shipping

tubes were opened, and the pellets were stored until

encapsulationunder purified helium.

For compatibilitytests, three pellets and

- 1 g of high purity sodium (< 10 ppm oxygen, < 10

ppm carbon) were loaded in 0.3-in.-o.d.by 0.280-

in.-i.d. by 3-in.-longType 316 stainless steel and

V-15Cr-5Ti alloy capsules. Capsules were tested in

triplicateby heating at 750”C in forced-convection,

zirconium-gettered,Type 321 stainless steel sodium

loops. After compatibilitytesting, the sodium

bond was vacuum-distilledfrom the capsules at

500”C.

The examination of capsules heated for 4000 h

at 750”C is in process. The metallographic study

of one of the Type 316 stainless steel capsules

containing each carbide type has been completed and

results indicate that small amounts of carbon were

transferred from both single-phasepellets and from

those containing.-10 v/o of sesquicarbide. Rela-

tively more carbon was absorbed by the Type 316

stainless steel cladding from the UNC pellets (- 10

v/o sesquicarbide)than from the single-phasepel-

lets. However, it is unlikely that the amount of

carbon absorbed from either of the two pellet types

was sufficient to affect drastically the physical

properties of the cladding material.

The metallographicstructure of the Type 316

stainless steel capsule containing UNC pellets

showed sigma phase precipitation in areas not af-

fected by carbon pickup. (The absorption of carbon

and the subsequentprecipitation Of Cr23C6-type

carbides removes chromium from the matrix, thus
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reducing the tendency for sigma formation.) Fig-

ure 464-2 shows this sigma formation near the bot-

tom closure weld. Negligible carbide precipitation

occurred in this region. The typical structure

along the capsule wall is shown in Fig. 464-3. In

this region, carbide precipitationthroughout the

wall was observed. Some sigma phase was also pres-

ent; the amount increased toward the outside wall

of the capsule. A localizedsurface film, shown in.-
Fig. 464-4, was observed only at the bottom of the

capsule where the pellet was in contact with the

stainless steel. This region showed general car-

bide precipitationand an insignificantamount of

sigma formation.

Carburizationof the Type 316 stainless steel

capsule containingsingle-phasepellets occurred

~n> in localized regions along the wall at the

junction between pellets. Two carburized regions,

approximatelyl/4 in. from the bottom and from each

other (correspondingto pellet height), were ob-

served. One carburized region is shown in Fig.

464-5. The region showed general carbide precipi-

tation accompaniedby a reduction of sigma forma-

tion. A typical structure of the capsule wall away

from the localized carburizedregions is shown in

Fig. 464-6. Sigma phase was uniformly distributed

in the grain boundaries. Carbide precipitationoc-

curred intragranularilyin this region.

Examination of the single-phasefuel pellets

revealed some intergranularattack; this is shown

in Fig. 464-7. The peIIets containing- 10 v/o

(U,PU)2C3were attacked more extensively in regions

generally associatedwith the presence of trace a-

mounts of the acicular phase. This attack is sh6wn

in Fig. 464-8. It is significantthat no sodium—

attack on the sesquicarbidephase in these pellets

was observed. Figure 464-9 shows this unattached

sesquicarbidephase at the surface of a UNC pellet.

These preliminary data indicate that carbon

absorptionby the clad occurs from both types of

fuc1. Examinationof the four additional capsuIes

is in progress to test further the validity of

these preliminary results. Previous tests (4000 h

at 750”C) had indicated that no reaction occurred

bctwccn sodium-bonded,single-phase,mixed-carbide

fuel and Type 316 stainless steel capsules (LA-

4073-MS, Jan. 9, 1969).

To determine the effect of oxygen content on

compatibilityof fuel containing sesquicarbidewith

cladding alloys, material containing- 10 v/o

(lJ,pu)2C3was prepared at LASL. The LASL material

contains 5.32-S.58 w/o C, 87-650 ppm N, and 350-

850 ppm O. (Materialpreparedby UNC contains 4.8

w/o C, 240 ppm N, and 3700 ppm O.) These pellets

were loaded into Type 316 stainless steel and vana-

dium alloy capsules, and the capsules have been

placed in test at 750”c. -

2. CompatibilityTests with Uranium Carbide Fuels

The experimentalprogram to study the reaction

‘f ‘odi’’’bondeded“I.07
with Type 316 stainless

steel was continued during this period. The struc-

ture of the carbide source consisted of a matrix of

uranium monocarbide containing excess carbon as the

sesquicarbidephase and trace amounts of the di-

carbide phase. The program entails heating the

carbide in Type 316 stainless steel capsules with

sodium (- 5 g) and a Type 316L stainless steel tab

for 500 and 1000 h at 450, 550, 650, and 750”C.

The data obtained to date are summarized in

Table 464-VII. Localized carburizationof the cap-

sule wall was observed metallographicallyonly in

the 1000-h, 550”C-test. This was in a region ad-

joining the UC1 07 carbon source. Although metal-

lographic examinationdid not show carburizationof

the other Type 316 stainless steel capsules, chem-

ical analyses of the Type 316L test tabs indicated

minor amounts of carbon pickup occurred in several

cases. All the UCl 07 carbon sources showed de-

pletion of the dicarbide phase at the surface ex-

cept in the capsule heated for 500 h at 450”C.

The dicarbide phase at the sodium contact sur-

face appears to be the primary source of carbon for

transport to the stainless steel. However, it is

known that oxygen in sodium may result in carbon

transport from single-phasemonocarbide material.

Although care is taken in the experimentalproce-

dure to minimize oxygen contamination,significant

amounts of oxygen may have been present in some

of the capsules, leading to transport of carbon

from the fuel; but, neither the monocarbide nor the

sesquicarbidephase was attacked to a significant

extent under these experimentalconditions.

The compatibilityof sodium-bondedUC1 43 with

Type 316 stainless steel and V-15Cr-5Ti alloy cap-

sules is being determined at 750”C in 1000- and

400U-h tests. The as-received ingots were crushed

.
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DATA ON THE
WITH

Capsule
No.

1679

1[,s!)(3)

1857

18S4

lsss~q~

1858

1s59

1S56

‘l)Original

Test Time
(h)

Soo

500

5[)0

Soo

1000

1000

1000

1000

Temp
(“c

450

Sso

650

750

450

5s0

6S0

7s0

Table 464-VII

REACTION OF SODIUM-BONDEDUC1 07
TYPE 316 STAINLESS STEEL “

Carbon Content (ppm)
Type 316L

Tab(l) Sodium(’)

225 100

140 50

90 40

240

350

S70

60

110

120

Source
Depth of

Decarburization Area

(microns) (cm’)

ni1 0.98

carbon content of test tab 175 ppm.
(3)

Capsule leaked during test.
(2)

Carbon content of as-receivedsodium- 15 ppm.
(4)

Test in progress.

to -1/4 in. + 10 mesh under an argon atmosphere and

vacuum heat-treated for 100 h at 1350”C. The heat-

treated microstructureconsisted of a matrix of u-

ranium sesquicarbidecontainingmonocarbide as the

second phase. The capsules were loaded and compat-

ibility tests were started during this period.

3. Studies of Carbon Transport in Sodium

The experimentalprogram on the carburization

of Type 316L stainless steel in static sodium by an

iron-O.87%carbon alloy source was concluded. The

rate-controllingstep in the carburizingprocess

was the diffusion of carbon in ferrite in the

source. A report covering these studies is being

written.

4. Volubility of Uranium, Plutonium, and Mixed
Carbides in Sodium

A delayed neutron counting procedure is to be
235U 239PU

used to determine the volubility of , >

and uranium and plutonium from mixed carbides in

sodium as a function of temperature. In these

tests, it is planned to heat pellets of the three

materials with - 100 g sodium for 100 to 1000 h in

Ta-10W alloy crucibles. The
235

U and the mixed

carbide pellets will be tested at 4S0, 600, and

750”c, while the
239

Pu will be tested at only the

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

ples of sodium will be trepanned in triplicate from

the crucible, and the uranium and/or plutonium will

be chemically separated and irradiated at ORNL.

21s 1.36

38S 1.33

1.59

720 1.40

283 1.08

867 1.67

The test is designed to measure uranium and pluto-

nium volubility in the parts-per-billionrange.

Experimentswere run with the test apparatus

to determine the time required to cool and freeze

the sodium after test. These measurements showed

that 20.5 min were required to cool the sodium from

750 to 100”C, and that 6.25 min were required to

freeze the sodium. Experiments are in progress to

improve the apparatus and techniquesso the sodium

can be chilled at a more rapid rate.

v. SODIUM-BONDHEAT TRANSFER STUDIES
(K. L. Meier)

A. General

The purpose of this project is to evaluate the

effects of fuel-pin defects on heat transfer prop-

erties of the sodium bond. Such defects could a-

rise in a number of ways. For example, a void in

the sodium bond could:

1.

2.

3.

4.

of

Be present before insertion in the reac-

tor.

Come from dewetting of the pellet due to

change in composition as fission products

are formed.

Form from a hot spot on the pellet and

consequent local vaporization of the so-

dium, and/or

Be produced from desorbed or fission-prod-

uct gases.

these, probably the most serious defect
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would be presence of fission gas bubbles in the

bond region.

One method of obtaining the high heat fluxes

necessary for !Idefectanalysistt conSiStS Of uti-

lizing a central, high-heat-fluxheater. This meth-

od is being utilized at LASL in sodium-bondheat

transfer studies.

B. Current Results

Much of the apparatus for out-of-piletesting

of sodium bonds utilizing a central, high-heat-flux

heater has been fabricatedand tested. The com-

pleted portions include:

1. Graphite rod heater with boron nitride in-

sulation.

-.. UC cylinder.

3. Sodium test loop.

The outer structure of the thermal scanner,

which measures the temperatureof the “fuel pin”

with 40 rotating thermocouples,consists of three

subassemblies. Subassemblies200 (thermocouple

rotor] and 300 [insidegas seal and sodium tube)

have been fabricated. Constructionof subassembly

500 (outer shell and outside gas seal) is 90% com-

plete. The completed parts, including slip rings,

motor, mounts, and gears, were assembled. A preset

indexer to drive the motor was obtained and con-

nected to the motor. Satisfactoryoperationwas ob-

tained; however, the torque of the motor was barely

adequate to drive its assembly. The chief source

of friction is the O-rings in the gas seal. Rather

than modify the gas seal, it was decided to install

a motor with greater torque. The mount was modi-

fied to accommodate the new motor.

lhc mounts which hold the 40 thermocouples

were attached to the rotor, and onc of the thermo-

couples was connected to a mount. Operation was

satisfactory. The connector plate was attached to

the rotor and 80 slip-ringwires were attached.

Wiring for the 40 thermocoupleswas completed from

the analog to digital converter through the cable

to the connector at the thermal scanner end.

A gas distribution panel was designed and

fabricationis 50% complete. This panel distri-

butes nitrogen to the three coolant passages and

helium to the heater and thermal scanner. The

panel also contains a vacuum circuit to evacuate

the thermal scanner. Fabricationof the stanti for

the thermal scanner was complctcd, and setup of in-

strumentationand recorders was begun. Assembly of

the heater, cladding, UC cylinder, and the sodium

bond has started. This complete assembly will be

tested with a heat flux of 106 Btu/h-ft2 prior to

use in the thermal scanner.

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

A. General

.

.

.. .
Specific analytical techniqueshave been de-

veloped and evaluated to cope with the problems en-

countered in the investigationof fuel/clad com-

patibility. The results of many of these special

analyses are given in several sections of the re-

port in Project 464. A brief summary of some of

the techniques,and the problems to which they were

applied, is given below.

B. Current Results

Spectroanalysisof Sodium

h increase in the contaminantconcentration

levels in the bonding sodium of fuel elements is

one important indicationof interactionor corro-

sion. A reliable spectrochemicalmethod, developed

previously for measuring contaminantsin nonradio-

active sodium, was found to be less reliable for

analyses of sodium from irradiated fuel elements

because of impurities introduced inadvertentlydur-

ing the remote manipulation operations’. Further

tests of this method were made to determine condi-

tions that would minimize contaminationfrom the hot

cell equipment. Before starting the tests, the

Solution Processing Cell, which was suspected as the

most likely source of contaminantsbecause of cor-

roded metal parts, was carefully cleaned twice, and

stainless st~e-1-equipmentthat contacted samples

directly was replaced by tantalum or lucite pieces.

Readily available pure NaCl, rather than less pure

elemental sodium, served as the test material. The

samples were dissolved in DOWANOL EB and IIC1,and

the solutions evaporated to dryness in a closed

system with provision for absorption of acid fumes.

In the Weighing Cell and the Spectrochemical&l-

ysis Cell, the NaCl residue was mixed with an equal

weight of’graphite containing 100 ppm of germanium

for an internal standard, and a 10-mg electrode

portion was arced. Spectra for samples and stan-

dards were recorded on S.A.-3 photographicpl~tes

by use of a 3.4-meter Ebert-mountingspectrograph,

and results were evaluated by visual comparison or
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hy photometry.

Analyses of five separate samples of NaCl

showed that Al, Cr, (h, Fc, and Si impuritieswere

still ohscrved but at much lower concentrationthan

in the initial tests. The impuritiesappeared ran-

domly in perhaps one out of four spectra. A series

of tests made out-of-cell indicated that the major

source was spot impurities in the electrodeswhich

were enhanced by the NaC1. Steps planned to reduce

the effect of spot impurities include increasing

the sample size and electrode crater depth, pre-

hurning the electrodes, and using a denser grade of

graphite.

VII. PUBLICATIONS

F. B. Litton and A. E. Morris, “Carburization
of Type 316L Stainless Steel in Static So-
dium,” submitted for publication in J. Nucl.
Mater.
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REACTOR PHYSICS

Person in Char’ge: D. B. Hall
Principal Investigator: G. H. Best
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I. INTRODUCTION

Basic to the evaluation of varioua fast breeder

concepts and proposals are the analytical tech-

niques and physical data used in the analyaea. Va–

lid compariaonabetween different concepts and pro-

posals depend on minimization of differences in

results due to methods of analyses. To this end,

the Los Alamos Scientific Laboratory ia cooperating

with other AEC laboratoriesand contractorsin the

developmentof evaluated cross-sectiondata and

associatedprocessing codes. In addition, the

Laboratory is working on the development and main–

tenance of digital computer programs pertinent to

the nuclear analysis of fast breeder concepts. The

Laboratory is alao adapting, modifying, and evalu–

sting modular programming systems for comprehensive

nuclear analysis. Finally, the Laboratory is eval-

uating the performance characteristics of various

fast breeder reactor concepts.

II. CROSS-SECTION PROCUREMENT, EVALUATION, AND
TESTING (M. E. Battat, D. J. Dudr.iak, R. J.
LaBauve, R. E. SeamOn)

A. General

Accurate predictions of reactor design param–

eters, such as critical mass, material worths, and

spectral response, require the development and

maintenance of up–to-date basic microscopic nuclear

data files. To meet this end, a national coopera-

tive program is in progress to prepare an evaluated

nuclear data file (ENDF/B). The large amount Of

experimental data which is becoming available, to–

gethc!r with theoretical data, makes the maintenance

of ENDF/B a continuing task. In addition, a large

effort is needed in evaluating and testing the

microscopic data prior to use in reactor

calculations.

B. Data Testing

At ita September

Formats Subcommittee

1969 meeting, the Codes and

of the Cross Section Evalua-

tion Working Group (CSSWG) tentatively adopted a

new format for storage of photon production data.

The acceptance of the new format was contingent

upon the submission of a detailed format and proce-

dures document to supersede LA-3801, as well as on

commitments by other laboratories to revise the

CHECKER and PLOTFB codes. The Los Alamos Scienti-

fic Laboratory undertook the task of retranslating

photon production data for sodium, magnesium, chlo-

rine, potassium, and calcium into the new format,

as well as rewriting of the LAPH and PHOX codes.

A new version of LA-3801 has been drafted to

define the new format and procedures in detail.

The new format ia logically equivalent to the old

but is restructured into new file numbers; it had

not yet been carefully documented at the time of

the Codes and Formats Subcommittee meeting. The

revision of LA-3801 contains the equivalent of a

Procedures Manual, with a section for procedures

being included in each ENDF/B photon production

data file, aa well as in each photon interaction

data file. The draft is presently being reviewed

within LASL. The document will next be sent to

contributors at other laboratories for review prior

to issuance as a format report. The sodium datal

presently in the ENDF/B Data File in the original

photon production data format haa been translated

to the revised format. These translated data will

be included in an appendix of the report aa a

sample caae.
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All of the photon production cross-section data

that have, been translated into the original ENDF/B

format (viz., sodium, magneaiuoz, chlorine, potas-

sium, and calcium) have been received from the Uni-

versity of Virginia (UVa) and checked for complete-
,

ness. Also, listings of PHOX runs~ on the data are

being reviewed. These “physics” checks on the pho-

ton data will be used to correct the data files,

where necessary, although a preliminary examination

shows no serious errors. All of the data have been

checked for format syntax errors with the CHECKER

code.

The final draft of a UVa report describing the

data review and a “physics” testing code for ENDF/B

photon production data has been reviewed and sub-

mitted to the Defense Atomic Support Agency (DASA) ,

the funding agency, for publication approval.

c. Processing Codes

1. FLANGEII and GLEN. Work on a code to gener-

ate multigroup-multitable (MULTAB) cross sections

from ENDF/B thermal data ia continuing. The GLEN

code has been linked to the FLANGEII code, and

ENDF/B thermal data for H2 bound in H20 is being

used for checking of results. The FLANGEII code is

used for generating fine-group cross sections, in-

cluding an inelastic scattering kernel for the

ENDF/B material being processed. GLEN is used for

generating an infinite-medium spectrum used in col-

lapsing to broad-group cross sections, which the

code outputs in the DTF-IV format.

FLANGEII also makes a very accurate calculation

of the total ineLastic cross sections directly from

the S(ti,6) data on the ENDF/B tape. As an option

in the code, these total cross sections can be used

to normalize the scattering kernels output by the

code.

In GLEN, the total cross sections are obtained

by integration of the scattering kernels provided

by FLANGEII. Aa a check, these are compared with

the results from FLANGEII in Figs. 465-1 and 465-2

for the P. and PI scattering components, respec-

tively. These figures indicate the following:

a. Unnormalized kernels cannot be used in GLEN.
(This is unfortunate in that considerable

machine time is required for the FLANGEII
integrations. )

.

0.001 0.01 0.1 1.0
Energy fn eV

P
b

a - GLEN integration,unnotm.allzedkernel
b - GLEN Integration, normalizedkernel
c - FLANGEII integration,S(a,B)

a

a

/
b

“- I I

Fig. 465-1. H20 total inelaatic cross section, PO component.
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a - GLEN integration,unnormal%zcdkernel
b - GLEN incegratfom, normalizedkernel

>0— c - FLANGEII integration, S(a,8)
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Fig. 465-2. H20 total inelastic cross section, PI component.

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

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

It is felt that a finer-energy mesh could be used

to improve b and c.

Further tests of these cross sections wiLl be

made by using them in the DTF-IV code to calculate

a H,O-z” U (300:1) system.

2. PHOX . A preliminary review of the PHOX

code has been made to estimate the effort required

to revise it, in order to accept the revised photon

production data format.

‘3. Utility Codes . LASSO and other utility

codes written for translating data to the revised

format have been placed on an UPDATE tape for the

CDC-6600 computer. The utility codes do simple

tasks, such as sequence number checking and

resequencing.

The CHECKER, LUTE, LATEX, FIXLUTE, and FIXUKTP

codes have been received on tape from UVa and have

been placed on an UPDATE tape. The CHECKER code

was compiled from the UPDATE tape and debugged on

the CDC 6600. It has been used to check the format

sYntax of the sodium data. This version of CHECKER

had been extended at Brookhaven National Laboratory

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

check the photon production data and was further

modified at Wa to accept MT = 110. Both LUTE and

LATEX have now been documented in UVa Report No.

NE-3383-102-694, which will be distributed by BNL

to the ENDF/B distribution list under the document

number ENDF-128. FIXLUTE is a code written at UVa

to check normalization of photon secondary angular

and energy distributions, renormalize to unity, and

produce a corrected ENDF/B tape. FIXUKTP is a code,

also written at Wa, to correct data which is in

the United Kingdom Atomic Energy Authority (UKAEA)

format. It is analogous to the ENDF/B code CRECT.

D. ShieldingMethods

Revisions have been made in the LAPH code t,} in-

corporate DTF-IV input routines and new subroutines

that combine the photon production matrices in each

zone with the appropriate densities, as specified

by the zone composition in DTF-IV format. PhoLun

production and photon energy production matrices
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and source vectors sre now calculated within the

same pasa through the code. The numerical integra-

tions over the neutron fine groups are performed

with the trapezoidal rule, using the same energy

mesh as that used in specifying the cross-section

data in File 3 of the ENDF/B tape. The subroutine

that reconstructs the photon cascadea from transi-

tion probability arrays has been rewritten to save

core and to eliminate the calculation of those quan–

tities that are energy independent at each energy

of the neutron integration mesh. The code checks

that the values of ~ , the effective average energy
g

for each gamma group, are such that E < ~g– gZEg+ls

where E and E are the boudaries of a particu-
g g+l

lar gamma group. If this condition is not met, an

input error warning is printed, and the incorrect

value fa replaced by the value of the energy at the

midpoint of the interval. The code has been re-

structured in an overlay arrangement to incorporate

these changea. In OVERLAY (1,0) , the input is read

in DTF-IV format, and a binary tape for use aa in-

put to OVERLAY (2,0) is prepared; in OVERLAY (2,0),

the photon production and photon energy production

matrices for each material in each zone are calcu-

lated; in OVERLAY (3,0), the mat rices are combined,

and the photon source and energy source vectors

are calculated for each mesh interval. The output

options are being modified to agree with those spec-

ified in a recent revision of “the LAPH Input In-

structions. An LA report2 documenting the code

will be published within the next two months, and

an abstract of the code hss been submitted to Nu-—

clear Science and Engineering. A problem similar

to the sample problem to be used for the code docu-

mentation has been run; it required about 5.6 min

of central processor time, 8.4 min of peripheral

processor time, and about 140,0008 core locations.

III. REACTOR ANALYSIS METHODS AND CONCEPT
EVALUATION

A. General

A continuing taak in fast reactor analysis and

evaluation is the improvementof computer programs

and the developmentof new computationalmethods.

In addition to new methods, advances are constantly

being made in computer technologywhich make pos-

sible the extension of existing calculational

techniques.

B. Preparation and Maintenance of Code Packagea

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

T. J. Hirona, G. C. Hopkins). The DAC1 code3 and

a two-dimensional version of the same code, DAC2,

are included in the set of codes adopted by the de

facto Committee nn Computer Code Coordination.

This committee consists of repreaentatives from

several laboratories selected by the AEC to study

the problems of adapting reactor codes to various

types of computers and the problems of interfacing

reactor codes from different organizations in linked

calculations. A tentative schedule covering the

current and next fiscal years has been prepared for

adapting DACI and DAC2 to the standard specifica-

tions to be formulated by the committee.

2. Modular Programming Systems (F, McGirt).

The modification of the Knolls Atomic Power Labora-
4

tory (l(APL)DATATRAN System for use at LASL is

nearly complete. This has resulted in a modular

programming systems (LAMPS) that provides the basic

featurea of DATATRAN on our machines.

Since most of the work with LAMPS has been

directed toward making the system operational at

IASL, only a few of the many featurea of LAMFS have

been employed. Free-standing codes have been linked

using LAMIS with very little modification of these
6

codes . Geometry-processing modules from the KAPL

iterative transport package have been compiled and

added to the system. Modules that generate crosa-

section sets from ENDF/B data tapes are being ob-

tained from KAPL.

A reduced field length version of LAMPS fa

available to users of the LASL remote teminal

systems. Due to a shortage of permanent disk files,

a magnetic tape containing absolute overlays of the

system programs must be assigned for each LAMPS job.

The feasibility of using components of the

Argonne modular system7 (ARC) on LASL computers is

being investigated. Instead of trying to load the

complete modular system as with DATATRAN, the one-

dlmensional transport theory standard path PTR.ID is

being used. One of two possible approaches in

loading PTRID will be tried. The first possibility

is to uae the PTRID standard path as a structured

overlay system. The second is to use only the com-

putational module NUCO03 of PTRID and supply the

input and output requirements, using LAMPS data
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lists. A choice of method will be made after con-

sultation with Argonne and after more extensive

examination of the ARC system.

Free-standing codes, written in FORTRAN IV

either at LASL or other installations , may now be

run, using LANPS data lists to handle input and

output . In addition, most DATATRAN modules can be

used directly in the system. These provide the

basis for a powerful computational capability for

reactor developmental work. If it provea possible

to include ARC modules without extensive reprogram-

ming, the computational capability can be easily

further enhanced.

3. Burnup Code (T. J. Hirons). The burnup–

refueling code,a PHENIX, is being modified to allow

the option of performing an entire fuel-cycle anal-

ysia in one run. This complete analysis begins

with the clean reactor and proceeds through the

approach to equilibrium. The number of burnup in-

tervals required to reach equilibrium is a direct

function of the particular fractional-batch

refueling scheme.

An abatract of PHENIX has been accepted for

publication in Nuclear Science and Engineering.

4. Diffusion Code Development (J. C. Vigil).

Programming, compiling, and testing of the ~-

Qimensional Qiffusion ~heory code (3DDT) have been

completed. This code is an extension to three
9

apace dimensions of the 2DB code. til of the 2DB

features were retained in 3DDT, except that the

geometry options are X-Y-Z and R-6-Z. Briefly,

some of the features are:

. Multigt-oup calculations of keff or criti-
cality searches on reactor composition, reac-
tor dimensions, or time absorption (a) by
meana of either the regular or the adjoint
flux equations,

. Computation of material burnup,

o Restriction to downscattering,

. Variable dimensioning for maximum use of
available fast memory,

o Group rebalancingand successive overrelaxa-
tion with line inversion,

. Searches on compositions or dimensions with
values of a or keff as parametric eigen-
values (i.e., user selected), and

Both Extended Core Storage (ECS) and disk stor-

age are utilized in 3DDT. In general, fOur-

dimensional arrays [e.g., $(x,y,z,E)] are stored on

disk; three-dimensional arrays [e.g., $(x,Y,z) for

a particular energy group] are stored in ECS; and

two-dimensional arrays [e.g., $(x,y) for a particu-

lar group and axial mesh point] are stored in the

fast central memory. Thus, central memory storage

requirements are insensitive to the number of ener-

SY grOups and the number of axial mesh points.

The variable dimensioned arrays in central

memory require Ncm core storage locationa where

N = 17xIMxJM + ITLxMT -t 15xML + 2xJMxKN + 4xM01
cm

+ 3xIGM + 4xIZM -1-2x(IP+JP+KP)

+ 2X(IM+JM+XM) + 4XMLXIZM+ 2xMAx(1M,JM)

+ T06X(IM+JM+KM+IZ+JZ+KZ) . (1)

ECS (Necs ) and disk (Ndk) storage requirements are

N = 10XIMXJMXKM + IMXJMXM06
ecs

+ IGMx(JMxKM+IMxKM+IMxJM) (2)

‘dk
= 6xIMxJMxKMxIGM + ITLxMTxIGM . (3)

In Eqs. 1 through 3,

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

from cards,
MO1 = number of mixture specifications,
IGM = number of energy groups,
IP=IM+l,
JP=JM+l,
KP=KJ4+1,
IZM = number of material zones,
12 = number of radial (X) zones to be modified

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

fied (delta option),
M06 = number of R-El (or X-Y) planes with unique

zone numbers, and
T06 = 1 for delta calculations, = O otherwise.

For a fairly large problem in which IM=JM-KN=MtJb-

IZ=JZ=KZ=30, IGM=16, ITL=12, MT=1OO, ML=20, N01=200,

IZM=80, and T06=1, the storage requirements for the

.

.

variable arrays are:

. DTF-IV input format.
10
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N= 28,574
cm

N= 340,200ecs

‘dk
= 2,611,200.

These requirements are well within the capacities

of our CDC-6600 computing equipment.

Calculations with 3DDT in R-O-Z and X-Y-Z geom-

etries were compared with corresponding two-

dimensional calculations with the 2DB code. The

results of various test problems are described

below.

a. ~o-Group, R-e-Z Test Problems. The

first series of 3DDT calculations consisted of two-

group keff (both regular and adjoint), alpha, con-

centration, and delta computations of a two-region

cylindrical reactor in R-8–Z geometry. For these

test problems, material compositions were constant

in the Eldirection, and, thus, the reactor could be

represented exactly in an R-Z calculation. The

core region was a solid vertical cylinderwith ra-

dius = 85.88 cm and height = 99.06 cm. A reflector

medium surrounded the core axially (27.4-cm-thick

top and bottom) and radially (20.8-cm thick). Com-

positions of the core and reflector regions are

given in Table 465-I.

TABLE 465-I

CONPOSITIONSOF CORE AND REFLECTOR REGIONS

R-13-Z Test Problems

Atom Density

Units of 1024fcm3
Nuclide e Reflector

AL
-4

1.22 x 10-7
-4

1.34 x lo_7
B 0.92 X 10-2 1.29 X 10
c 7.87 x 10_5 7.97 x 10::
Fe 3.91 x lo_8 4.50 x 10
234U 7.05 x 10-6
235u 7.41 x 10
238u 4.58 X 10-7

Because of symmetry, only the upper half of the

reactor was represented in both the 2DB and 3DDT

calculations, and a reflective boundary condition

was applied to the bottom boundary. In addition,

only a 15° sector of the fldimension was repre-

sented in the R-El-Z calculation. Periodic and re-

flective boundary conditions on the 9 boundaries

are equivalent in this configuration and, thus,

should give the same results. This was indeed

found to be the case.

All common input data (mesh intervals, cross

sections, convergenceparameters, initial flux

guess, etc.) for the R–Z and R–8-Z calculations

were identical. The meshes contained 21 intervals

radially, 15 axially, and 5 in the 0 direction.

Thus, the R-fJ-Z problem contained five times more

mesh points than the R-Z problem. Initial flux

guesses were computed internally in the codes from

cosine distributionsin the radial and axial direc-

tions and a flat distribution in the 8 direction.

Convergence criteria typical of actual production

runs were used in all the calculations. These cri-

teria were: lambda or total fission source conver-

gence criterion = 0.0001, pointwise flux conver-

gence criterion = 0.001, and eigenvalue search

convergence criterion = 0.001.

The first calculation for the two-groupR-f3-Z

test configurationwas a regular keff computation,

followed automaticallyby a burnup interval of

30 days at 3 MWT total power and a computationof

the keff for the depleted inventory. Results of

the two- and three-dimensionalcalculationsare

shown in Table 465-11. In absolute magnitude, the

TABLE 465-11

REGULAR keff CALCULATIONS
WITH 30-DAY BUHNUP AT 3 MWT

Two-Group, R-O-Z Problem

2DB 3DDT

Initial keff 1.0557 1.0553
Final keff 1.0502 1.0499
Reactivity change

&
Ak/k) -0.0052 -0.0051

23 depletion (g) 112.8 112,8
Breeding ratio 0.0045 0.0045
Computation time

(see) 15.3 83.2

3DDT12DB

0.9996
0.9997

0.98
1.000
1.000

5.4

initial and final keff ‘s both agreed within 0.0004,

and the reactivity changes due to burnup agreed

within 0.0001. The amounts of 235U depleted were

in complete agreement, as were the breeding ratios

(the core contained small amounts of 234U and 238U),

Both before and after depletion, group fluxes from

2DB and 3DDT were in agreement within 0.2% at all

mesh points. (At most mesh points, the disagree-

ment was only 0.1%.) The computing time, defined

as central processor (CP) time exclusive of cOmpila–

tion time, was 5.4 times longer for the 3DDT calcu–

lation than for the 2DB calculation.
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The 3DDT calculation of Table 465-II was per-

formed with reflective boundary conditions at the

13boundaries. With periodic boundary conditions,

exact ly the same resul ta were obtained, except that

the computing time was 95 sec instead of 83 sec.

This result was expected, since the algorithm for

performing line inversion* is more complicated for

periodic than for reflective boundary conditions.

The next calculation for the two-group R-O-Z

configuration was an adjoint keff calculation. Re–

suits, which are shown in Table 465-III, were simi-

lar to those obtained for the regular problem

TASLE 465-111

TWO-CROSP , R-8-Z CALCULATIONS

2DS 3DDT

tijohc keff

keff 1.0557 1.0553

COmput lng t Lme (aec ) 13.9 78.3

NDha Search

Alpha (see-l) 116.3 115.7

ZP!w@!!

0.9996
5.6

0.995

Prompt neutron -4
generation rime (see) 4.79 x 10 .4.78 x 10‘4 0.998

Computing time (see) 17.6 113 6.4

Concencrat ion Search .

Ei8envalue 0.8461 0.8415 1.002
Computingtfme(see) 16.8 98.7 5.9

(Table 465-II) . For both 3DDT and 2DB, the keff

computed in the adjoint problem agreed with the

k~ff computed in the regular problem. Note that

the computing time for 3DDT was 5.6 times longer

than that for 2DB. Adjoint group fluxes from 3DDT

and 2DB typically agreed within 0.1%, and the

maximum disagreement was 0.3%.

Eigenvalue searches on time absorption (alpha),

critical uranium composition (concentration), and

critical core dimensions (delta) were also per-

formed for the two-group R-El-Z configuration. Re–

suits of the alpha calculations are also shown in

Table 465-III, where it is seen that the 2DB and

3DDT values for alpha agreed within 0.5%. Since

a = (keff - 1)/L, where L is the PromPt neutrOn gen-

eration time, the disagreement in a is consistent

with the disagreement in keff. That is, the ratio

a(3DDT/a(2DB) differs by only 0.2% from the ratio

.

Since keff and a were obtained from separate

calculations, the prompt neutron generation time

could be derived from ~ = (k - 1)/a. As seen in
eff

Table 465-III, values of ~ derived from 2DB and

3DDT calculations agree within 0.2%. For the alpha

calculation, the computing time with 3DDT was 6.4

times longer t’lanwith 2DB, and group fluxes typi-

cally agreed within 0.1%. (Maximum disagreement

was 0.2%.)

Results of the concentration search calcula-

tions are shown in Table 465-III. The eigenvalue

in this case is the factor by which all the uranium

atom densities in the core must be multiplied to

yield a critical system. As seen in Table 465-111,

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

is in a direction consistent with the disagreement

in keff. The computing time with 3DDT waa 5.9

times longer than with 2DB. Group fluxes typically

agreed within 0.1%, and the maximum disagreement

was 0.4Z.

Resulta of

rized in Table

were made. In

the delta calculations are summa-

465-IV. Threeseparate calculation

the firat, the core height was held

TABLE 465-Iv

CRITICAL DLMSNSIONS SSARCH CALCULATIONS

‘3Wo-Group,R-O-Z Problem

2DB 3DDT ~
Search on:

Core radius (core height held constant at 99.06 cm)

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

Core height (core radius held constant at 85.88 cm)

Eigenvalue - 0.1519 - 0.1508 0.993
Critical height (cm) 84.02 84.12 1.001
Computing time (see) 17.2 138 8.0

Both height and radius

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

constant, and a search was made on the core radius.

In the second, the core radius was held constant,

and the core height was varied to achieve a criti-

cal system. Finally, both the core radius and

[keff(3DDT) - 11/[keff(2DN - l]. height were varied by the same factor

*Simultaneoussolution of
lying on the same line by
back-substitution.
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fluxes for mesh points
Gaussian elimination and

criticality in the third calculation.

calculations, the adjusted dimension,

to achieve

In the delta

say L, is

.

.



given in terms of the initial dimension, LO, by

L = LO(l - EV) where EV is the eigenvalue given in

Table 465-IV. Critical core dimensions computed

with the 2DB and 3DDT codes agree within 0.1% or

better. Group fluxes typically agreed within 0.2%

with a maximum disagreementof 0.4%. Computing

times with 3DDT ranged from 6.2 to 8.0 times

longer than with 2DB.

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

of 3DDT calculationsconsisted of two– and three-

group regular keff computationsof a two-regionpar-

allelepipedsin X-Y-Z geometry. For these calcula–

tions, material compositionswere homogeneous in

the Z direction. Furthermore,the top and bottom

boundaries in the X-Y-Z calculationwere reflected

to simulate an infinite height. Thus, the configu–

ration could be representedexactly in an X-Y calcu-

lation with 2DB. In the X-Y plane, the reactor con-

sisted of a square (150 x 150 cm) core region, sur-

rounded by 25 cm of reflectoron all four sides. A

height of 20 cm was used in the X-Y-Z problem. Com-

positions of the core and reflector regions were

the same as those in Table 465-1, except that the

uranium atom densities were reduced to 0.4 of those

in Table 465-I.

Because of symmetry, only one quadrant of the

X-Y cross section was representedin the calcula-

tions, and reflectiveboundary conditionswere ap-

plied to the left and front boundaries. As in the

previous calculations,all common input data for

the X-Y and X-Y-Z calculationswere identical. The

meshes contained 21 intervals in the X direction,

20 in the Y direction, and 5 in the Z direction.

Thus, the X-Y-Z problem contained five times more

mesh points than the X-Y problem. Convergencecri-

teria were the same as those specified for the

R-e-Z problems.

Results of the X-Y-Z calculationsare summa-

rized in Table 465-v. For the two-group calcula–

tions, the keff‘s computed with 3DDT and 2DB agreed

within 0.09%, group fluxes typicallywere in agree-

ment within 0.3% with a maximum disagreementof

0.6%, and the computing time was 6.1 times longer

with 3DDT. Since a two–group calculationdoes not

test completely that portion of the code that com-

putes downscattersources, a three-groupcomputa-

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

TAELE 465-V

REGULARkeff CALCULATIONS

X-Y-Z Problem

li?o-EnergyGroups

‘eff
Computingtime (see)

Three-EnerzvGroups

‘eff
Computingtime (aec)

computed with 3DDT and

2DB 3DDT

1.0084 1.0075
15.1 91.4

1.0138 1.0126
17.5 124

2QE!U2D

0.9991
6.1

0.9988
7.1

2DB agreed within 0.12%,

group fluxes typically agreed within 0.4% (maximum

disagreementwas l%), and the 3DDT computing time

was 7.1 times longer.

Results of all the test calculationsindicate

that the 3DDT code is performing satisfactorily.

In general, the ratio of 3DDT to 2DB computing time

was approximatelythe same as the mesh point ratio.

Extrapolatingfrom the test problems, it is esti-

mated that a six-group 3DDT problem, containing

30 x 30 x 30 mesh points, would require about 60

min of computing time on the cDC-6600 computer.

This time is about the same as that required for a

six-group S problem containing 30 x 30 mesh points.
4

On the CDC–7600 computer,which is purported to be

four times faster than the CDC-6600, even larger

problems should be practicable.

Future work on 3DDT is contemplatedin the fol-

lowing areas (not necessarily listed in order of

priority):

1.

2.

3.

4.

5.

6.

7.

Incorporationof internal boundary conditions
(principallyfor control-rodproblems),

Incorporationof a spherical (R-fk$) geometry
option (presentversion has X-Y-Z and RJ3-Z
options),

Incorporationof a subroutine to compute neu-
tron balance by zone (presentversion computes
only the overall neutron balance),

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

Incorporationof a subroutine to compute acti–
vities by zone and material,

Incorporationof
ing by xenon and

Extension of the
(presentveraion
tering).

a subroutine to compute poison-
samarium, and

code to allow upscattering
ia restricted to downscat-
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c. Fast Reactor Design Analysis

1. Fuel-CycleAnalysis (T. J. Hirons). A COm-

plete fuel-cycleanalysis has been performed on a
11

recent advanced LMFBR design. l%is reactor has a

core H/D of 0.44, an increase of a factor of 2.5
12

over the pancake design analyzed previously. The
8two-dimensionaldiffusion-burnup-refuelingcode

PHENIX was used for the analysis. Several reactor

characteristicsat the midpoint of the equilibrium

cycle were tabulated and comparedwith those given

in the design report. Values for the core fissile

loading, breeding ratio, and core conversion ratio

agreed very closely with the design values, while

the burnups were 15 to 20% higher than the speci–

fied 112,200 MWd/Te.

The mass balances from the above-mentionedanal-

ysis were processed through LAFF and the Los ~lamos

Reactor ~conomics Qode (LAREC). LAFF takes the

charges and discharge from the fuel-cycleanalysis,

along with the appropriate load history, and pre-

pares a set of masa balances for input to IAREC.

LAREC then performs the complete economic analysis

for the given reactor system and calculates a

power cost in mills/kWh.

Additional parametric studies will be performed

on this reactor; quantities to be varied include

the length of the burnup time step, the load

history, and the capital costs.

2. Space-EnergyCollapsing Scheme Applicable

to Fast Reactor Fuel-CycleAnalysis (R. E. Alcouffe,

T. J. Hirons). The space-energycollapsing scheme

applicable to faat reactor fuel-cycleanalysis de–
13

scribed in the previous quarterly report is being

prepared as an article for Nuclear Science and

Engineering. The fuel-cycle analysis discussed in

the previous section was performed using eight-

group cross sections obtained from a 49-group

fundamental-modecollapsing spectrum, i.e., ENDF/B
2.

data processed directly from MC into broad-group

constants. In this fuel-cycle analysis, separate

cross-sectionsets for the core and blanket regions

were used. To compare the effects of two-

dimensionalversus fundamental-modecollapsing

spectra on this advanced system, a 49–fine–group

reference calculationwas performed using ENDF/B

cross-sectiondata processed by MCz but with no “

broad-groupcollapsing. For the clean reactor,

errors in the eight-groupcalculation for keff and

breeding ratio were +0.6 and -1.5%, respectively.

These errors are slightly less than those obtained

from the analysis of the pancake mixed-oxide

design,
12

which has an overall softer spectrum.

The 49:group two-dimensionalspectrum will be used

to collapse the cross sections and leakage coeffi-

cients to eight- and four-broad-groupstructures;

complete fuel-cycleanalyses will then be performed

using these strictures.

D. ComputationalTechniques for Repetitively
Pulsed Reactors (G. C. tfopkins)

Work has been completed on the calculational

methods for repetitivelypulsed reactor systems.

Both linear and nonlinear forms of reactivitywere

included in the study that will be detailed in an

LA report.

Iv,

1.

2.

3.

4.

5.

6.

CURRENT PUBLICATIONS

Thomas J. Hirons and R. Douglas O’Dell, “Cal-
culationalModels for Fast Reactor Fuel-Cycle
Analysis,” submitted to Nuclear Applications.

Morris E. Battat, Robert J. Seamen, and Raphael
J. LaBauve, “Comparisonof Several Versions of
the MC2 Code,” presented at “MultigroupCross
Section PreparationsSeminar, Oak Ridge,
Tennessee, October 1 and 2, 1969. Published in
Proceedings.

R. Douglas O’Dell and Thomas J. Hirons, “PHENIX,
Burnup-RefuelingCode,” submitted to Nuclear
Science and Engineerin~.

Thomas J. Hirons, R. Douglas O’Dell, and Ray-
mond E. Alcouffe, “Spectral Effects on Calcu-
lated Fuel-Cycle Parameters in L?.rgeFast
Breeders,” presented at ANS 1969 Winter Meeting,
November 30 to December 4, 1969, San Francisco,
California. Published in Proceedings.

George C. Hopkins, “CalculationalMethods for
RepetitivelyPulsed Reactors,” presented at
ANS 1969 Winter Meeting, November 30 to
December 4, 1969, San Francisco, California.
Published in Proceedings.

Barry K. Barnes, t?.Mort Sanders, and Dale M.
Helm, “Analysis of Fuel-ElementSections by
Two-DimensionalGamma Scanning,” presented at
ANS 1969 Winter Meeting, November 30 to
December 4, 1969, San Francisco, California.
Publiehed in Proceedings.

.
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PROJECT 467

.

FUEL IRRADIATIONEXPERIMENTS

Person in Charge: D. B. Hall
Principal Investigators:R. H. Perkins

J. C. Clifford

r. INTRODUCTION

The goal of this

radiationbehavior of

program is to examine the ir-

advanced fuels for LMFBRs.

At present, the fuel concepts under study are so-

dium-bondedmixed carbides and metals. However,

because of the decreasing interest in metals as

LMFBR fuels, metal fuel work has been reduced and

will be terminated by the end of the fi$cal year.

Carbide investigations center around the ir-

radiation performance of high purity, single-phase

‘U0.8PU0.2) C produced and characterized at the Los

Alamos Scientific Laboratory (Project 463). So-

dium-bonded, mixed-carbide pins are being irradi-

ated in the EBR-11 reactor at heat ratings of in-

terest for fast reactor application. The experi-

ments are designed to examine the degree of fuel

swelling, gas release, fuel-sodium-clad interac-

tion, and the migration of fissionable material and

fission products as a function of burnup and fuel

density. Thermal flux irradiations of LASL-pro-

duced carbides also are included to augment deter-

mination of the effects of high burnup on fuel-

bond-clad compatibility.

11. EBR-11 IRRADIATION TESTING
[J. O. Barrier)

A. General

The purpose of the EBK-11 irradiations is to

evaluate candidate fuel/sodium/clad fuel element

systems for the LMFBRprogram. In the reference

design, fuel pellets of single-phase (U,PU)C are

separated by a sodium bond from a cladding of Type

310

ii rc
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stainless steel. Three series of experiments

planned and approval-in-principle has been re-

ceived from the AEC.

The capsules are

following conditions:

Condition

to be irradiated under the

Series 1 Series 2 Series 3

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Lineal power, kW/fc . ..30 -45 a. 30

Fuelcomposition ‘U0.8PU0.2) ‘ 233C single-phase, sintered

Fueluranium
23SU

u 235U

Fueldensity 90% 95t 95%

Smeardensity 80$ 80% 80$

Cladsize 0.300-in.id. x O.010-in.wall

Cladtype 316SS 316 SS 316 SS

Max cladtemp,“F 12s0 127S 12s0

Max fuel center-
line temp. “F 2130 2ss0 2100

Bumup 3 a/o to 8 a/o

The capsules are doubly contained.

B. Current Results

Two capsules from Series I, designated K-428

and K-36B are assembled in EBR-11 subassembly X070.

They will be inserted in the reactor for Run 39B in

mid-January 1970.

Three capsules from Series 1, designated K-37B,

K-38B, and K-39B, and two capsules from Series 3,

designated K-43 and K-44, are available for irradi-

ation. They will be inserted when EBR-11 project

personnel have reviewed the “data package,”

The data package for the Series 1 and 3 irra-

diations is almost complete. The results of tem-

perature calculations for capsules with assumed so-

dium bond discontinuities must be obtained to com-

plete the data package.



111. THEMAL IRRADIATIONS OF SODIUM-BONDEDMIXED
CARBIDES
(J. C. Clifford, R. L. Cubitt, D. C. Kirk-
patrick]

A. General

Mixed carbides, sodium-bonded to Type 316

stainless steel cladding, are being irradiated in

the LASL Omega West Reactor (OWR), a 6 MWMTR-type

facility. The purpose of the experiments is to de-

termine whether fuel, clad, and sodium remain mutu-

ally compatible as burnups of interest in the

LMFBRprogram are approached. While fast-spectrum

irradiations are preferred in order to produce the

power densities and radial temperature gradients

anticipated in LMFBRs, thermal irradiations appear

acceptable in this instance because the fuel re-

gions of prime interest (those in contact with so-

dium) for compatibility studies can be maintained

at realistic temperatures.

Experiments are conducted in instrumented en-

vironmental cells installed semi-permanently in the

OWR. The principal features of these cells are:

(1) a heat removal and temperature control system

consisting of a natural convection sodium 100P,

electrical heaters, and a variable conductivity

heat leak, and (2) a sweep gas system for the rapid

detection of leaking fuel capsules.

B. Current Results

A second environmental cell, fabricated during

the previous quarter, was installed in the OWR.

A dummy experiment, containing stainless steel in

lieu of fuel, was operated in the cell for two

weeks to ensure that control and alarm circuitry

were functioningand to measure the heat generated

by gamma photon absorption in cell components.

OWREX-14, a sodium-bonded (U. ~Puo 2)C experi-. .
ment, was inserted in the new cell early in Decem-

ber and has operated satisfactorily since that

time. The experiment consists of two Type 316

stainless steel capsules, each Z.S-in. long and

0.300-in. diam with O.010-in.-thick walls. Each

capsule contains three pellets of 95% theoretical

density, single-phase mixed carbide, a stainless

steel insulator pellet to separate the fuel from

the lower closure weld, and approximately 1/3 g Na.
235U

The uranium in the fuel is fully enriched in .

The capsules are stacked end on end at the

axial center of a 0.600-in.-diam stainless steel

secondary container. The annular volume between

capsules and secondary is filled with sodium, and

capsules are centered in the secondary by thin stain-

less steel disks at the top and base of each capsule.

The experiment contains eight thermocouples for mon-

itoring temperatures of the fuel capsules and sec-

ondary sodium.

Based on measurements of the electrical power

required to maintain the experiment at a fixed tem-

perature with and without nuclear heat, the fuel

capsules are estimated to generate 3 kW of fission

heat at reactor operating power. Using computed

integral power and radial power distribution, and

normalizing the former to the measured power gener-

ation, the resulting specific power at the fuel

surface is 670 W/g of fuel and the average is 168

w/g . Fuel pellet surfaces are operating in the

range 600-700”C. At the end of December, the exper-

iment had reachedM 20% of a planned skin burnup

of 4 a/o.

Assembly of OWREX-15, a duplicate of the car-

bide experiment just described, has been completed

and the experiment will be inserted in the OWRin

mid-January. This experiment will occupy the cell

vacated recently after the termination of a U-Pu-Zr

experiment (Section IV). OWREX-15 is planned for

operation to 8 afo skin burnup, requiring .- 110 days

of reactor operation.

Iv, THERMALIRRADIATIONS OF SODIUM-BONDEDU-Pu-Zr
(J. C. Clifford, R. L. Cubitt, D. C. Kirk-
patrick)

A. General

Thermal irradiations are conducted to evaluate

the behavior of U-Pu-Zr alloys produced by LASL.

Irradiations are conducted at the Omega West Reactor

in an environmental cell in which temperature

changes accompanying reactor power level changes

are minimized with electrical heat and with a var-

iable conductivity heat leak. Using this cell, it

is possible to minimize thermal cycling of the fuel

through phase transformations that affect its swell-

ing behavior.

Complementary to the irradiations is an out-of-

pile investigation of the compatibility of LASL-

produced U-Pu-Zr alloys with ~pe 316 stainless

steel and with a vanadium alloy. Of prime interest

is the effect of zirconium and oxygen content of

the fuel on reactions between fuel and stainless

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

1. IrradiationExperiments

The most recent metal fuel experiment,OWREX-

13, failed prematurely and has been removed from

the reactor. The experimenthas been radiographed

and shows evidence of significant fuel relocation

in all three fuel capsules. Destructive examina-

tion of this experiment and of the previous U-Pu-Zr

failure will be accomplished as the hot cell sched-

ule permits. In view of the rapidity of the fail-

ures, the decline of interest in metals as LMFBR

fuels, and the recent decrease in OWR power level,

additional metal fueI experiments are unlikely.

The environmental cell used for the metal fuel ir-

radiations will be used for irradiation of mixed

carbides (Section III) beginning in mid-January.

2. Compatibility Experiments

Procedures have been established, equipment is

available, and materials are on hand for a limited

number of compatibility tests employing LASL-pro-

duced U-Pu-Zr alloys and stainless steel. Assembly

of fuel and stainless steel specimens into presses

has been started. Testing will be completed by the

end of the fiscal year.

5(I



PROJECT 501

STANDARDS , QUALITY CONTROL, AND INSPECTION O F PRODUCTS

Person in Charge: R. D. Baker
Principal Investigator: C. F. Metz

1. INTRODUCTION

A major factor in the development of a successful

reactor fuel is a high degree of technical competence for

doing the required chemical analysis and related measure-

ments necessary to characterize thoroughly the raw ma-

terials, the manufactured fuel, and the irradiated fuel.

This project is identified with the mixed oxide fuel de-

velopment phase of the LMFBR/FFTF Program.

This project is directed toward (1) developing an

analytical chemistry and measurements program, there-

by ensuring high quality and uniformity of raw materials,

(2) establishing and conducting a statistically designed

quality control program of chemical analyses and other

measurements that can be used to assure continuing ade-

quate analytical competence of the fuel producers dining

the fuel fabrication stage, and (3) doing correlated chem-

icaf analyses and related measurements on irradiated

fuel as a means of studying fuel behavior during core life;

specifically involved wilf be burnup studies correlated

with microprobe and metallography studies, gas release

studies as related to cladding corrosion, and gas retention

studies as related to porosity, particle size, and other

properties of the fuel.

II. FFTF ANA LYTICA L CHEMISTRY PROGRAM

The remainder of the data for Phase fl of the ana-

lytical program, as outlined in LASL Document CMB-l-

870, was received from some participants who had not

finished their work previously due to operational prob-

lems. Statistical analyses are betng completed, and a

final report describing Phase 11results is in preparation.

m. INVESTIGATION OF METHODS

An important part of the analytical chemistry pro-

gram is the investigation and improvement of analytical

methods, or development of new methods. The folloW-

ing were investigated:

1. Determination of F in Sintered (U, PU)02
(T. K. Marshall)

Trace concentrations of F, which may signifi-

cantly affect corrosion rates of stainless steel cladding

materials, are measured reliably with a fluoride ion

specific electrode following pyrohydrolytic separation

from the sintered oxides. Results obtained for 1 to 10 pg

of F added to l-g portions of U O~ a, used as a stand-in

for (U, PU)02, show that recovery of fluoride is 97 per-

cent and the relative precision (1 u) is 4 percent for a

single determination.

Testff of the method was completed by making

repeated measurements of 1 to 9 pg of F added as a so-

lution of KF to l-g portions of (U, PU)02. The (U, pu)O ~

used in preparing these samples was freed of traces of

fluoride by a pyrohydrolysis treatment before addition of

tbe KF. Results for the repeated analyses showed an

aver age recovery of 104 percent of the F- and relative

standard deviations (1 u) of 5 percent for a single mea-

surement of 2 to 9 pg of F- and 6 percent for 1 pg of F-.

The reliability of the method was considered adequate for

the small quantities determined.

2. 0 M Ratios in Sintered U Pu
({C. Swanson, T. K. &&s~~, G. R.
Waterbury)

The O/M atom ratio is an important chemical

property that is included in the tentative FFTF fuel
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specifications.Quantitativemeasurement ofthispro-

pertyby thermogravimetricmethods isunder investiga-

tion. fnone proposedmethod,(l)thesaxnpleisoxidized

inairat750°C and thenreducedinHe-6x H2 at700°C

tothestoichiometricdioxide.The O/M ratioiscalcu-

latedfrom theinitialand finalweights. Previouswork

showed thata reductiontemperatureof 1000°C was re-

quiredtoobtainan oxideproductthatwas essentially

stoichiornetric(0/M of 2. 001). The effects of various

reduction temperatures on the compositions of the final

oxides were determined by repeatedly analyzing 3:1

mixtures of U02 and PU02, prepared from very high

purity metals (> 99. 99s pure ). The O/M ratios of the

oxides produced were:

Reduction O/M Ratio
Temperature , ‘c of Product

700 2.016

8U0 2.011

900 2.005

1000 2.001

Itxtrapolation of a plot of these data indicated that

st.oichiometry should be attained at 1015°C.

The effects of other procedural changes also were

determined. In each case oxides prepared from pure

metals were used as samples. In the original proposed

method, oxidation of the sample was accomplished by re-

moving the furnace end cap to allow air to back diffuse

ontu the sample heated to 750°C. It was found that sam-

ples were oxidized adequately and easily by leaving the

iurnace end cap off as the furnace was being heated from

room temperature up to the 1000”C reduction temperature.

The Icngth of the reduction period at 1000°C was

10UINIto bc critical. Hypcrstoichiometric oxides reduced

in lIe-6(% H2 at 1000°C for 2, 4, 5, and 6 hours had O/M

ratios of 2.006, 2.002, 2.002, and 2.000 respectively.

Previous work showed that additional time, up to 18 h,

at 1O(10”C did not cause further reduction of the oxide.

A reduction period of 6 h was selected as optimum.

I)ecrcasing the flow of reducing gas from 2 l/rein

to 1 .t/min did not affect the results. The final O/M

ratios of 12 prepared mixed oxides averaged 2.001 with a

standard deviation (10 ) of O. 002 when the flow rate was

1 l/reincuringthe6 h reductionat 1000°C.

The effectson themethod ofseveraladded impuri-

ties,including,C, Fe, A1203, Al, CaO, and Na2~4,

are beinginvestigated.

Plotsofsample weightversustemperatureobtained

forsmall U02 samples by an automaticmicrothermo-

gravimetricanalysisapparatusshowed alsothatO/M

ratiosnear 2.000were obtainedat 1000°C indry He-G%

‘2”
Some scatterinthedatawas attributedtodiffer-

ences inthecompositionsoftheinitialsmall UOo samples.

Cyclingofone LK)2sample throughoxidationsand reduc-

tionstoproduceseveralthermograms was startedto

determinethecause ofthepoor reproducibility.

Inanotherproposedthermogravimetricmethod,
(2)

thesample isreactedat800”C withAr-8x 112containing

4 mm partial pressure of H20 to form the stoichiometric

dioxide. These conditions produced hyperstoichiometric

oxides from unsintered U02, PU02, or a UO, -PU02

mixture, prepared from the pure metals; the O/M ratios

were between 2.016 and 2.019. At a reaction temperature

of 1000°C, the O/M ratio of the 3:1 U02PU02 mixture

was reduced to 2.008, and cooling the sample in dry Ar

from reaction temperature (lOOO°C) to room temperature

for weighing reduced the average O/M ratio to 2.006. At

the present time an induction heater is being used to study

the effects on the O/M ratio of reduction temperatures be-

tween 10OO°C and 1250°C.

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

The internal pressures developed in sealed re-

actor fuel capsules are dependent to a significant extent

on the quantities of gases, including H20 vapor, evolved

from tbe fuel at operating temperatures. To determine

the amount of gases obtained from sintered mixed-oxide

pellets, the H20 released at 800°C was measured sepa-

rately from the other gases evolved at 1600°C. In the

method for measuring H20, the sintered mixed-oxide

pellet was heated in a fused-silica furnace tube at SOO°C,

and the evolved H20 was swept by Ar to a moisture nmli-

tor. integration of the monitor signal gave a qu.ant itat ive

measure of the H20. Reliable determinations of R.,0

were made on several pellets and the apparatus func t ionud
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reliably. Investigation was continued with the goal of

making minor improvements in the operations and equip-

ment.

It was found during periodic calibrations of the

apparatus that the useful life of the sensor cell in the

moisture monitor was extended by maintaining a small

positive gas pressure in the cell. As the positive pres-

sure did not adversely affect the measurements, this

change in operation has been followed.

A new calibration method is being tried to

avoid the adsorption difficulties associated with injec -

tions of water. A stainless steel tube filled with CUO and

heated to 5500C was installed between the fused-silica

furnace and the moisture monitor. Measured quantities

of H2 injected into the apparatus are oxidized to water by

the CUOand measured by the moistuxe monitor. The

method is promising, and a series of H2 injections are in

progress to test this calibration of the apparatus.

Determination of gases other than H20 is accom-

plished by a vacuum extraction technique in which a fuel

pellet is heated inductively in a W crucible to 1600°C.

The gases evolved are pumped from the furnace through

a M%(C104) ~ desiccant ad collected by a Toeppler Pu.mP.

The total volume of gas under standard conditions is cal-

culated from the measured volume, temperature, and

pressure of the gas. Initial tests of the method were

satisfactory, but changes in the construction of the first

analysis apparatus seemed advisable to ensure trouble-

free operation. A new type of induction furnace was de-

signed and fabricated to eliminate diffusion leaks and pro-

vide higher temperatures. An all-stainless-steel vacuum

manifold, which was nearly impervious to Hg vapor, was

being constructed. When these components are completed

and tested, work will be resumed on the determination of

evolved gases.

4. Spectrochemical Analysis of UO and PuO
(W. M. Myers, C. J. Marten, 8.-~er,
“andR. T: Phelps)

Control of the impurity elements in sintered

(U, PU)02 depends on the purity of the starting U02 and

Pu02, and requires ref.iable spectrochemical analyses of

these raw materials. Impurity analysis of PU02 was

started by preparing PuO~ standards containing the ele -

ments whose maximum concentration levels have been

specified in the fuel. Two sets of the standards were

required because two methods of analysis were needed

in order to have adequate detection sensitivity fo all

specified impurities.

In one method, 22 impurity elements (Ag, Al,

B, 13a, Be, Bi, Ca, Cd, Cr, Cu, Fe, Li, Mg, Mn, Na,

Ni, P, Pb, Si, Sn, Sr and Zn) are determined by a car-

rier-distillation technique. The electrode charge con-

tains 4% Ga203 to serve as the carrier and 500 ppm of

Co as an internal standard. Although this method is

used for routine analysis of I% for 12 elements, further

investigation is required to evaluate its use for determi

ning 22 elements.

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

are determined, also by a carrier-distillation technique

but with 50’%Agcl added to the electrode charge to serve

as the carrier. The AgCl contains some PdC12 to serve

as an internal standard. The 50-ng electrode charge is

arced in an Oz atmosphere, and the characteristic spectra

obtained using a higb-dispersion spectrograph are photo-

graphed. The relative precision (1 u) is 20% in determining

the six elements in the nominal concentration range of 10

to 500 ppm. The detection limits are Co-2 ppm, Mo-3,

Nb-10, Ti-5, V-1 and W-5. These data show that the

method is satisfactory for the determination of these ele-

ments in PuO
2“

Further evaluation of the method for analysis

of 22 elements in PUGz and studies of methods to analyze

U02 are planned.

5. Measurement of N2 in (U, PU)02
(G. C. Swanson)

One of the impurity elements in FFTF fuels for

which a specification exists is N2. Analysis for this im–

purity generally involves a tedious dissolution of the sam-

ple under conditions that allow neither loss nor pick-up of

N. One advantage of a LECO Nitrox-6 Analyzer is that

solid samples are analyzed. The sample is heated induc-

tively in a C crucible to 1900 to 2100°C to liberate N2

which is measured in a simple gas chromatography system.

Under these conditions, the O in the oxide sample forms
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large quantities of Co which interfere in the measure-

ment of No. A heated tube containing CUO to oxidize the

CO and an Ascarite trap for C02 were installed immedi-

ately before the gas chro matographic column. This

s,ystem removes essentially all of the CO and permits

sensitive determinations of N
2.

Calibration of the appar stus using prepared

samples of U02 containing known amounts of added U N
23

was started. Some clifficulties in obtaining reproducible

recoveries of N from these standards were traced to the

heating cycle. A slower initial heating rate proved bene-

ficial, and calibration was resumed.
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