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The R15¢ Fission Gas Project has provided experimental data
on fission gas release from high-burnup water reactor fuel. The
data are well-characterized with respect to pre-irradiation meas-
urement, irradiation and postg-irradiation examination, thus enabling
their use in fuel performance code validation. .

The experimental data were obtained with 12 Zircaloy clad U0
pellet fuel pins, irradiated in a test assembly to an average of -
32,000 MWD/tU. Most of the fuel pins were submitted to short-term

- reirradiations at increased power levels (“bump testing”) in a test

reactor, in order to simvlate postulated power Llncreases late in

. life. The bump tests covered a range of bump terminal levels of
320-462 W/cm (pedk pellet), mostly with a hold time of 24 h. Exten-

sive hot-cell examinations were performed of base-icrradiated and
bump-tested fuel pins.

The fission gas release resulting from the bump testing was
1n the range 0-16%, increasing with peak pellet levels abecve 400 W/cm.
Locat fission gas releases were determined from retained gas measure-~
ments on pellet size samples. Release of fission product cesium as a
function of local bump terminal level resembled the local fission
gas release. The gas release measurements were corroborated by ex-—
tensive ceramographic examinations and pore size analysis.

BACKGROUND

There is a recognized need for experimental data on fission gas re-
lease from water reactor fuel exposed to burnups well in excess of 20,000
MWD/tU. Such data are needed for fuel irradiated under "steady-state™ con-
ditions and alsc for fuel 2xposed to power increases late in life, since
fairly moderate power increases after the accumulation of significant burn-~

up can result in important fission gas releases.

The RISy Fission Gas Project was designed to expand the existing data
base in these areas and at the same time provide insight into the changes in
the fuel that accompany burnup accumulation and fission gas release.

The Project objective was to provide experimental data on fission gas
release from high-burnup water reactor fuel; the data should be sufficiently
well-characterized with respect to pre-irradiation measurement, irradiation

and post~irradiation examination to enable their use in fuel performance
code validacion.

The Project was organized as a joint international project with spon-
sorship from a number of organizations in the USA and Europe. The Project
was executed by RIS@g. A Project Committee with representatives of the spon-
sors supervised the proaress of the work and assisted RIS$ in the execution
of its tasks. The sponsoring organizations are listed in the below table.

Organizations Sponsoring the RISY Fission Gas Project

Britisi, Huclear Fuels Ltd. (U.K.}

Department of Eneryy (USA)

Elkraft (Denmark)

Elsam (Denmark)

Exxon Huclear Company (USA)

General Electric Company {(USA)

Inspectorate of Nuclear Inatallations {Denmark)
Institutt for Energiteknikk (MNorway)
Rheinisch-Westfdlisches Elektrizitidtswerk (F. R. Geomany)
Swedish Nuclear Power Inspecrorate (Sweden)
United Kingdom Atomic Energy Authority (U.K.)
Hestinghouse (USA)

R1SY National Laboratocy {Deamari}

The project period was 1980-81. According to the Project Agreement,
there are restrictions on the full public disclosure of project information.
With the resulting limitations, the present paperc will outline the experci-
mental investigations and indicate some of the observations.

TEST FUEL AND BASE IRRADIATION

The results were obtained with 12 Zircaloy clad U0, pellet fuel pins.
Most of the 89 cm long pins had pellet densities in the range 93-95% TD.
The cladding was cold-worked and stress~-relieved Zircaloy.

Du-ing the base irradiation in the OECD Halden Reactor {Norway), the
fuel pins were part of a Danish test fuel assembly. The assembly average
burnup was 32,000 MWD/tU, with a corresponding peak pellet value of 44,000
MUD/tU. The assembly power history is shown ta Figure 1. The pinr averaye
heat load was generally decreasing from 320 to 180 W/em, with a sghort period
at 390 W/cm in the beginning of the lrradiation ‘period.

BUMP TESTING

Most of the 12 fuel pins were submitted to short-term reirradiations
at increased power levels, so-called “bump testing”, in the DR 3 test reac-
tor at RISY. A total of 11 tests were carried out with 9 pins; rebumping of
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two of the piny was feasible because the fission gas content could be ase
sessed non-destructively by the RISY plenwnr spectrometry tcchnlque‘. Simi-
larly, the fission gas content prior to bumping was measured for all plas.

The bump testing was performed in water-cooled facilitles at a coolant
pressure of 70 atn 2, At low power, there were ao restrictions on the power
increase rate, above 250 W/cm {peak pellet) the approach to bump teriminal
level (BIL) was excecuted in steps of approximately 20 W/cm every 4 h, thus
giving an average increase rate of S5 W/cmeh (peak pellet).

The testy covered a range of peak pelliet HILs of 320-462 W/cm. The
hold time was 24 h, exceépt for oue test at 72 h.
HOT-CELL EXAMINATLIONS

tlon-destructive cxémina:ion {(HDE) after base-irradiation and after
bump testing was cacried out as follows:

NDE Technique OCbhservation

Local, relative power and bunrcup
Dianeter changes
Claddiag inteyrity

hxfal gamna scanning
Profilometry
Eddy~current testing and
visual examination
Heutron radiogrcaphy
Plenum spectrometry

Fuel structure, fuel column integricy
Fission ¢gas content

Destructive examinations (DE) of basc-irradiated and bump tested fuel
pins ifncluded the following examinations:

DE Techalque Observation

Puncturinc Fission gas analysis of whole pin
9 9 Y

Fissfon yas conteat af pellet size
samples

Retained gas measurement

Electron wmicroprobe analysis Diametral Xe and Cs distribution

Micro gamma scanaing Diametral Zr-Ys and Cs~137 discribucion

Ceramoyraphy with quantitative Fuel struccure, especlolly pore size
image analysis distribution and grain size

Burnup and heavy isotope Burnup; basis for cale. of flssion gas
analysis generated

The above hot-cell examinations were performed at RIS#H, except for
electron microprobe analysis which was carried out at the European Insti—
tute for Transuranfium Eleme2nts at Karlscuhe (F.R. Germany) .

The hot-cell examinations wers very extensive as illustrated by
Flgure 2 which shows the locations of the destructively examined samples.

OBSERVATIONS

Well-characterized expecimental duta on fisslon yas releasa at high
burnup were gencerated according to the Project objective. Some of the ex—
perimental observations are listed below:

1. The integral plo flsslon gas release resulting from the bump testiny
was In the range 0-16%. These bump releases were cloge to zero at 8TL less
than 400 W/cm (peak pellet) and they Lncreased with OUTL above 400 W/cm.

2. The axial power shape during the bump testing differed fram the base
irradiation shape because the DR 3 reactor has a smaller core height than
the Halden Reactar. As a result, <cach bump test was io fact a whole series
of experiments with a range of DYLS. This was exploited by means of re-
tained gas measurements on pellet slee Samples. The results are illustrated
in Figure 3.

3. The diametral micro yamma scannlng gave information on the local dis-
tribution of Zr-95. This showed that the radial power profile late ia the
base irradiation was flat except for an cuter rim Significantly less than
4% of the pellet radius. The power profile during bump testing is expected
to be siwmilar.

4. The dlametral Cs~137 scans showed various deyrees of dupletion in the
hotter, ceantral pellet part, depeading on the local BTL, Loucal Cs releases

could be calculated from these scans. The local fission gas and ¢s releases
Scemed to correlate with local BTL in « simbilar manner.

5. Extensive ceramographic examinations of base irradiated and bump
tested fuel samples as well as unirradiated archive pellets were carcied
out, and pore structures were evaluated by quantitative image analysis. The
results of these sxaminacions further characterized and supported the Eis-—
sion gas release observations and gave information regyarding swelling at
high buraup.

FURTHER DEVELOPHMENTS

The most important test parameter in the RISY Fission Gas Projuct was
the terminal power level in the bump tests, with a constant hold time of 24
hours in almost all of the¢ tests, There iy, however, interest in data on
the flgsion guas release of high~burnup fuel as o function of hold time and
there are very few data available.




i

On thils background, preparavions are being made for a new RISP project
Lo study che transient fission gas release at high burnup. This project
will be internstionally sponsored similar to the previous project. The well-
characterized high-burnup test fuel will come partly €rom another Danish
Halden assembly and partly from a BWR or PWR power reactor. The fuel will
be refabricated in the RIS hot-cells into shorter test pins, wmost of which
will be provided with pressure transducers. These test plns will thea be
subjected to typical power transients in the DR 3 reactor and the changes
in the internal pin pressure will be monitored continuously. There will
also be the possibility of testing short, unopened, high-burnup fuel seg~
ments. After the transient testing, the fuel will be examined in detail in
the hot-cells.
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Figure 1. Assembly power for IFA 148
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Figure 2. Location of samples for destructive exams
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Figure 3. Xet+Kr retention ia bump tested fuel pin




