RECEIVED bt 1+ QG

FFTF FSAR REFERENCE DOCUMENT
SECTION NO. REFERENCE NO.

241.3 R-D-6 M Asm

/ Suppli. 12.2

ConrE~- Il -
g 1918

HEDL-SA-737

DOCUMENT NUMBER

INFLUENCE OF BURNUP

FOR UO,-Pu0, FUEL

ON HEAT-RATING-TO-MELTING

NOTICE

Energy, nor any of their employees, nor any

This report was prepared as an account o
sponsored by the United States Government. Neither the
United States nor the United States Department of

contractors, sub or their employees, makes
any warranty, express or implied, or assumes any legal
liability or ibility for the It

f work

of their

infringe privately owned rights.

or usefulness of any information, apparatus, preduct or
process disclosed, or represents that its use would not

Hanford Engineering Development Laboratory

Operated by the .
. A Subsidiary of
Westinghouse Westinghouse Electric

Hanford Company Corporation

for the United States
Energy Research and
Bevelopment Administration
Contract No. £{45-1)2176

‘

DISTRIBUTION OF THIS DOCUMENT Ig UNLIMITED



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.



HEOL "SA -39

INFLUENCE OF BURNUP ON HEAT-RATING-TO-MELTING FOR UO,-PuQ, FUEL

R. D. Leggett, R. B. Baker, D. S. Dutt, and S. A. Chastain

This paper summarizes the results of an irradiation test (HEDL-P-20)
conducted to evaluate the influence of burnup on the linear heat rating to
incipient fuel melting, Q&, for 75% U02-25% PuO2 fuel. The very short term
irradiation was conducted in Row 1 of the EBR-II to simulate 115% of FTR full
power using an irradiation history similar to that used for the HEDL-P-19
test.(]) Prototypic FTR fuel pins (0.230 in. 0.D., type 316, 20% CH stain-
less steel) were included that were pre-irradiated to 0% BU, 0.3% BU, 0.7%
BU, and 1% BU at a simulated 100% FTR power. One 0.250 in. 0.D. pin
(PNL-2-5) clad with type 304 stainless steel was also included that was
preirradiated to ~ 7% BU. Fuel-cladding diametral gap sizes were varied from
3.5 to 7.5 mils (the FTR range) by centerless grinding the pellets to
different diameters, helium and 80 He + 20 Xe fill gases were used, and
as-built fuel microstructure was also a test variable. The preirradiation
of the 0.230 in. 0.D. pins was done in Row 3 of the EBR-II for one reactor
cycle and one-half reactor cycle, respectively.

Table I provides a summary of the resuits of the test. All seven of
the 0.230 in. O.Dl, "fresh", pins had extensive fuel melting, but fuel
melting was indicated in only one of the preirradiated pins. This pin
was fabricated with a 3.5 mil gap and preirradiated to ~ 0.3% BU. Similar
pins preirradiated to 0.7% BU and 1% BU showed no melting. The high burnup
PNL-2-5 pin (0.250 in. 0.D.) also had fuel melting, but this is believed
to be due to the 20% higher heat generation rate in this larger pin, rather

than to a reduction in thermal performance at very high burnup.



TABLE I

RESULTS OF THE HEDL-P-20
HEAT-RATING-TO-MELTING TEST

Pre- |
Irradiation
Burnup, | Total

20% Xe-8C% He

Pure He Pin Fill Gas Pin Fill Gas

At.% | Pins 3.5% 5.5% 7.5% Mixed* Other* 7.5*% Comments

0 7 -- 1 2%* 1 2%k 1 A1l pins had fuel
melting

0.3 5 1 1 1 1 -- 1 Only the 3.5 mil
gap pin had fuel
melting

6.7 3 1 1 1 -- -- -~ No fuel melting

1 3 1 1 1 -- -- -~ No fuel melting

7 1 - -- -- -- 1 - PML-2-5 (0.250 in.

0.D., € mil gap)
had fuel melting
*As-built, fuel-cladding, diametral, gap size--mils
**One pin contained fuel with spherical porosity

***p-19 spare pins, 7.2 and 8 mil gap



The marked improvement in Q& with burnup is illustrated by Figure 1.
The arrows above the neutron radiographs show the axial extents of fuel
melting, and the curves depict the axial power profiles for the P-20 and
P-19 tests. The flatter profile for P-20 was caused by changing the
reflector in EBR-II from uranium to stainless steel and by employing a
special core loading for this test.(z)

The HEDL-P-20 test has shown that, by the time 0.3% BU is reached,
the heat rating to melting, Q&, is at least 19 kW ft in a prototypic FTR
fuel pin, which is an improvement of about 20% relative to zero burnup
fue].(]) This improvement comes about by the very rapid closure of the
fuel-cladding gap(3) which e]iminates the dependence of Qé on as-built

;M

gap size. For "fresh" fue increasing the size of the diametral gap

beyond 5 mils results in a sharp reduction in Q&. Since viable fabrication
processes require gap sizes larger than 5 mils, it has been necessary to
allow for this reduction in Q& in the thermal design of fast reactor fuel
pins. Now, after a short incubation period (< 0.3% BU), not only can thermal
ratings be increased by 20% but the restrictive (and expensive) limits on

the maximum fabricated gap size can be relaxed.

. e e
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136 Oxide Fuels

a. Rod F9D-10. Coprecipitated UO,-PuO, fuel
irradiated to a burnup of 8.0at.% at a peak linear
power of 8.9 kW/it.

b. Rod F9D-15. Physically mixed UO;-PuO, fuel
irradiated to a burnup of 7.9at.% at a peak linear
power of 8.7 kW/it.

Fig. 1. Microstructural comparison of coprecipitated and physically mixed UO,-PuO; fuel at 8 at.% burnup.

TABLE |

Fabrication Porometers and Irradiation Conditions
for Fuel Rods F?D-10 ond F?D-15

FABRICATION PARAMETERS Rod F9D-10 Rod FSD-15
Fuel rod diameter (in.) 0.25 0.25
Cladding thickness (in.) 0.015 0.015
Cladding alloy Type 316 SS Type 316 SS
Fuel compositicn UOZ-ZSPUOZ UOZ-ZSPu02
Fuel fabricaton process Coprecipitated | Physically Mixed
Fuel form Solid pellets Solid pellets
Fuel O/M 1.98 1.98
Fuel pellet density (%7D) 91.9 91.5
Smeared density (%TD) 88.0 86.3
Fuel/cladding diametral gap (in.x 10'3) 4.0-7.7 5.1-7.9

OPERATING CONDITIONS®
Peak linear power (kw/ft) 8.9 8.7
Peak burnup (at.%) 8.0 7.9
Peak fast fluence, Ex0.1 Mev(10%°n/cn?) 0.48 0.47
Peak cladding temperature (°F) 905 888

9Based on fission rates given in "Guide for Irradiotion Experiments in EBR-11" modified by

o factor of 0.91 as currently recommended by the EBR-11 Project.

These initial data and observations indicate that copre-
cipitated and physically mixed (U,Pu)O, fuel exhibit simi-
lar behavior at nominal operating conditions planned for
near-term U.S. reactors.

4. Influence of Burnup on Heat-Rating-to-
Melting for UO,-PuQO, Fuel, R. D. Leggelt,
R. B. Baker, D. S. Dutt, S. A. Chastain (West-
inghouse -Hanford)

This paper summarizes the results of an irradiation
test (HEDL-P-20) conducted to evaluate the influence of

burnup cn the linear heat rating to incipient fuel melting,
Qfn, for 75% U0,-25% PuO, fuel. The very short term
irradiation was conducted in Row 1 of EBR-II to simulate
115% of FTR full power using an irradiation history simi-
lar to that used for the HEDL-P-19 test.! Prototypic FTR
fuel pins (0.230-in. o.d., Type 316, 20% CW stainless
steel) were included that were preirradiated to 0, 0.3,
0.7, and 1% BU at a simulated 100% FTR power. One
0.250-in.-0.d. pin (PNL-2-5) clad with Type 304 stainless
steel that was preirradiated to ~7% BU was also in-
cluded. Fuel/cladding diametral gap sizes were varied
from 3.5 to 7.5 mil (the FTR range) by centerless grind-
ing the pellets to different diameters, helium and 80 He +
20 Xe fill gases were used, and as-built fuel microstruc-
ture was also a test variable. The preirradiation of the
0.230-in.-o.d. pins was done in Row 3 of the EBR~II for
one reactor cycle and one-half reactor cycle, respec-
tively.

Table I provides a summary of the results of the tesl.
All seven of the 0.230-in.-o0.d. ‘““fresh’’ pins had extensive
fuel melting, but fuel melting was indicated in only one of
the preirradiated pins. This pin was fabricated with a
3.5-mil gap and preirradiated to ~0.3% BU. Similar pins
preirradiated to 0.7 and 1% BU showed no melting. The
high burnup PNL-2-5 pin (0.250-in. o.d.) also had fuel
melting, but this is believed to be due to the 20% higher
heat generation rate in this larger pin, rather thantoa
reduction in thermal performance at very high burnup.

The marked improvement in Qfy with burnup is illus-
trated by Fig. 1. The arrows above the neutron radio-
graphs show the axial extents of fuel melting, and the
curves depict the axial power profiles for the P-20 and
P-19 tests. The flatter profile for P-20 was caused by
changing the reflector in EBR-II from uranium to stain-
less steel and by employing a special core loading for
this test.?

The HEDL-P-20 test has shown that by the time 0.3%
BU is reached, the heat-rating-lo-melting, Qm, is at
least 19-kW ft in a prototypic FTR fuel pin, which is an
improvement of about 20% relative to zero-burnup fuel.’
This improvement comes about by the very rapid closure
of the fuel/cladding gap® which eliminates the dependence
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TABLE I
Results of the HEDL-P-20 Heat-Rating-to-Melting Test

Preirradiation Pure He Pin Fill Gas 20% Xe-80% He
Burnup Total - Pin Fill Gas
(at.%) Pins | 3.5 | 5.58 | 7.5% | Mixed® | Other? 7.5% Comments
7 - 1 2b 1 2¢ 1 All pins had fuel melting

0.3 5 1 1 1 1 = 1 Only the 3.5-mil-gap pin had
fuel melting

0.7 3 1 1 1 = & - No fuel melting

1 3 1 1 1 - - = No fuel melting

7 1 = = - - 1 & PNL-2-5 (0.250~in. o.d., 6-mil
gap) had fuel melting

aAs-built, fuel/cladding diametral gap size (mil).
bone pin contained fuel with spherical porosity.

cp-19 spare pins, 7.2- and 8-mil gap.
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Fig. 1. Increased power capability with burnup for mixed-oxide fuel.
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