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ABSTRACT

The release of fissicn gases from fuel pellets at high burnup is
reviewed with regard to the required safety analysis in reactor
licensing. A correction function developed by the Nuclear Regu-
latory Commission is described, and related information on fission
gas release is summarized. A discussion of the present regulatory
position is also given. The report thus serves as a guide for the

analysis of high burnup cas release in licensing situations.



I. INTRODUCTIOW

Fission gas release from fuel pellets during irradiation is of
considerable importance in assessing the long-term behavior of nuclear
fuels. At high burnup the composition and pressure of the rod fill
gases may be significantly altered, thus affecting heat transfer in
the rod. The gas pressure in the rod also determines, in part, the
stress applied to the cladding. For these reasons, fission gas pro-
duction and release from the fuel must be accurately known throughout

the lifetime of the fuel rod.

A number of gas release models are used in licensing (1) by U.S.
commercial LWR fuel vendors. With the exception of a recently sub-
mitted Westinghouse fuel performance code (2), these models currently
have little or no burnup dependence in tﬁ; prediéted release rate for
fission gases. This situation exists in light of an obvious b rnup
enhancement in LMFBR fuels and comments from the research community
that there is growing evidence for an increased rate of fission gas
release, particularly above 30,000 MWd/t. This apparent discrepancy
was recognized by the NRC, and it has been thought that increasing
release rates might be perceived empirically as constant release rates

because of decreases in fuel temperatures with burnup.

The NRC formally approved models proposed by the industry in the
past based primarily on two considerations: (1) the industry models
agreed well enough with the best available fission gas release data,

which were taken at low burnup, and (2) an NRC-funded study (3)



2o

concluded, among other things, that there was no bui. nup dependence

at high temperatures. It should be noted, nowever, tliat the high-
temperature data analyzed by Beyer and Hann in that study came from
low-burnup fuel; most of the fuel (34 out of 45 rods) had burnups of
less than 4,000 MWd/t, only 3 rods exceeded 10,000 MWd/t, and none
exceeded 20,060 Mwd/t. Burnuﬁ enhanced gas release at low temperatures
(<1250°C) was considered in the Beyer and Hann study. It was thought
that burnup enhancement at higher temperatures probably occured beyond

the range of LWR burnups (27,500 - 33,000 MwWd/t).

Serious discussion in the industry concerning burnup dependence
took place within an American Nuclear Society standards subcommittee,
‘lesignated the ANS-5.4 Working Group, which was charte}eq to investigate
fuel plenum fission gas activity. The activities.of this group h;ve
been presented in a recent status report (4). The NRC as well as major
U.S. nuclear fuel suppliers are represented on thi§ committee. As a
participant, Westinghouse Electric Corporation (5) stated that there
existed a strong burnup dependence that was not accomodated by the
preliminary ANS fission gas release model (6,7). While this conclu-
sion was initially based by Westinghouse on Saxton data, which were
later criticized by Ritzman (8) as being inconclusive, the burnup
decendence is supported by recent Westinghouse data (3) from Zorita
as well as other experimental data to be discussed later in this report.
After receiving a request for model and design basis changes in 1976
from Westinghouse, the NRC concluded that the deficiency was generic

and began to form a licensing approach to the problem,



IT. LICENSING ACTIONS

Mounting evidence of burnup enhancement forced the NRC starf
to reconsider its previous approach to fission gas release at high
burnup. In the absence of an acceptable method for describing this
affect, the NRF and consultants at Battelle Pacific Northwest Labora-
tories (PNL) ééveloped a correction method to evaluate the safety
implications of the release enhancement. The burnup correction
was based on the only large source of high-burnup non-proprietary
4at: available at the time. Those data were LMFER mixed-cxide (MOX)
fuel data from EBR-I1. No essential differences in gas release had -
been propesad for MOX and U0-2 fuels (10,11), and this conclusicn had
also appeared in the GESMO report (12). In addition, Westinghouse (5)
con*irmed tne umiform application of a single fission gas release model

to Soth nigh-burnup UO-2 and MOX data, including that frum EBR-II.

Since the EBR-II data had not been released, it was decided to
begin the analysis with a correlation ré&uced from those data by Dutt
et 21. (13) {and later revised by Dutt and Raker {14)). These EBR-II
data have since teen released, at NRC request, and are included in

Appendix A. Revisions to these data are given in Appendix B.

From the Dutt corr2lation a correction method was developed as
s function of two variables, F(T) and Bu. F(T) is the uncorrected gas
ralease fraction predicted with any existing fission gas release model,
and Su is the burnup. It was intended that the correction method could
se used as a simple correction applied to almost any existing empirical

gas release modei.
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In November of 1976, the NRC staff prepared a letter to the in-
dustry that included the high-burnup correction function for fission
gas release. Later the same year this letter was sent to each licensed
utility andAto all U, S. fuel suppliers. The recipients were informed
that the NRC had reason to believe the plant safety analyses underpre-
dicted fissiom gas release at high burnups. In addition, the fol1owing.
calculations were requested with results to be reported to the NRC within
30 days.

1) Each utility or vendar was to temporarily alter the fission gas release
model in its fuel performance code such that release predictions were
increased for exposures greater than 20,000 MWd/t according to the NRC
correction.

2) .The fuel vendors were to select several operating b1ants in the U. S.
whose safety analyses would be most affected by an increase in gas
release. Calculated data for peak-burnup gas release, rod pressure,
fuel temperature, etc. with and without the gas release ccrrection
wer2 to be supplied to the NRC.

3) The impact (if any) of thegé larger éas rsleases on LOCA and other

safety analyses was also to be described.

Responses from the vendors are summarized in Table 1. In light of the
vendor responses and in view of increasing experimental evidencea in

support of enhanced gas release, the NRC staff took the position that

all vendors must improve their fission gas release models to include

burnup effects. Furthermore, until such time that improved models could

be approved by the NRC, the fission gas release correction method derived by

NRC would be utilized in safety analyses to account for the enhanced releases.



Table 1. Fuel Vendor Responses on Enhanced Fission Gas Release.

i

SUPPLIER

' EXCESSIVE ROD PRESSURE

LOCA EFFECTS

BABCOCK & WILCOX
COMBUSTION ENGINEERING
EXXON (BWR)

EXXON (PWR)

GENERAL ATOMIC
GENERAL ELECTRIC

WESTINGHOUSE

NONE
NONE
NONE
NONE
NONE
NONE

NEW ROD PRESSURE CRITERION

>20°F PCT
NONE
<329F PCT
NONE
<119FPCT
<859F PCT

NONE
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11I. DFRIVATION OF THE NRC CORRELATION

The approach that was taken in deriving the correction function
was, effectively, to separate the variables in the Dutt and Baker (14)
correlation (see Fig. 1) and to utilize that burnup dependence alone
for LWR fuels abgve 20,000 MWd/t. It is assumed that current LWR models

are adequate in the low burnup range (below 20,000 MWd/t).

To accomplish this separation of variables, a change was first made
in the Dutt and Baker correlation so that it became a function of re-
lease fraction F(T) at a fixed burnup (20,000 MWd/t) rather than a
function of local power. In each case the correlation also remains a

function of local burnup, Bu. The basic form of the new function is

F'(Bu,T) = F(T) + [1 - r-j(r)]v. (1)

where Y is an enhancement factor to be derived from the Dutt and Baker
correlation. An arbitrary but convenient functicnal form was se]ecfed
for the enhancement factor:

1 - exp[A(3u-20,000)] " (2)
1 + (B/F(T)) exp[C(Bu-Z0,000)]

where A, B, and C are empirically derived cocefficients and Bu is 1ocal
burnup in megawatt days per metric ton of uranium (MWd/t). Non-linear
regression techniques were used to fit €qs. (1) and (2) to the Dutt and

3aker correlation.
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Release fraction and local burnup values were obtained by inspec-
tion of Fig. 1, which is taken from the Dutt and Baker report. In this
manner, a number of values for Y, the burnup enhancement factor, were
obtained for various local pcwers and burnups. These values are given
in Table 2. The coefficients in Eq. (2) were then chosen by a least-
squares method tg closely approximate the Dutt and Baker correlation.

That is, values of the constants A, 8, and C were selected to minimize

the summation

r =3 (¥, ;(caleulated) - Yi'j(expetimeptal)lz. (3)
i

where i = 7, 10, 12 kW/ft and j§ = 20, 30, 40, 50, 60 MWd/t.

The resulting correction function is

, 1 - exp[-0.0000436(3u~20,000)] |
F'(3u,T) = F(T) + [1-F(D)] T5(0.685/7(T)) exp[-0. 0001107 (Bu-20,000)] \*)

Equation 4 is thus a reformulation of the Dutt and Baker correla-
tion in the burnup range 20,000 to 60,000 MWd/t. This function simply
replicates the shape of the Dutt and Baker curves, and the closeness
of the approximation can be seen by comparing the dashed and soiid

curves in Fig. 2.

[t was next assumed that LWR and LMFBR fuels that have the same release
fraction F(T) at 20,000 MWd/t will have the same release fraction F'(Bu,T)
above 20,000 MWd/t provided their respective temperatures do not change

(3pplication of this method when tamperatures change is described in Section IV).



Table 2. Summary of Data from Dutt-Baker Curves.
BURNUP (MWd/t) 7TkW/it 10 KW/t 12kW/t

RELEASE ENHANCEMENT RELEASE ENHANCEMENT | RELEASE ENHANCEMENT

FRACTION FACTOR.,Y FRACTION FACTOR,Y FRACTION FACTOR.Y
20,000 0.129 0.000 0.354 0.000 0.440 0.000
30,000 0.250 0.139 0.486 0.204 0.588 0.264
40,000 C.447 0.365 . 0.630 0.427 0.745 0.645
50,000 0.680 0.633 0.745 0.626 0.840 0.714
60,000 0.830 0.805 0.860 0.783 0.8556 0.813
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Therefore F(T) is interpreted as the fission gas release fractioq
calculated with an existing LWR (i.e., low burnup) release model.

In this manner Eq. (4) becomes applicable to LWR fuel, and F'(Bu,T)

is the relezse fraction corrected for high burnup release enhancement.

If the boundary condition,

(Bu~20,000) = 0 for Bu < 20,000 MWd/t, (5)

is imoosed, £q. (4) is inherently well behaved. The corrected gas
release always approaches the uncorrected release at 20,000 Mwd/t,
and the corrected release never exczeds the physical limitation of
100% release. The method was chosen because of its simplicity and

ease of application to existing LWR gas release models.
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IV. APPLICATION OF THE NRC CORRELATION

It is assumed that current fission gas models are adequate for
burnups to 20,000 MWd/t. To apply the correction for a burnup interval
starting at 20,000 MWd/t, the local release fraction F(T) is first
calculated with an uncorrected fission jas release model. If the
release fraction F(T) were 0.30, for example, 2 curve, which starts
at 20% release at a burnup of 20,000 MWd/t and continues to any re-
quirea higher burnup, would be generated by means of the correction
function. The corrected release values would be taken from this curve °
for the duration of the burnup interval for which the temperatures are
considered constant. The correction function thus produces a family
of such curves as Ehown in Fig. 3, and all of these curves have the

shape of the Dutt and Baker curves.

If fuel temperatures change above 20,000 MWd/t, because of either
a power change or other cause, a new F(T) would be calculated with the
existing uncorrectad model. Then a different curve in Fig. 3, based
on a new F(T), would be followed for the burnup interval of the new
fuel temperature to obtain releases at the new temperature. If the gas
release model in an existing code already has a (weak) burnup dependence,
the burnup variable in that submodel (only) would be artificially set to
20,000 MWd/t in order to calculate F(T) for burnup intervals above 20,000
MWd/t. In other words, the burnup dependence i3 superseded abcve 20,000

MWd/t by the correction method; it is not suppiemented.

As an examole of applying the correction to a fission gas release mocei
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that includes a burnup (or time) dependence, suppose the original

mode]l was of the form

F=k /T exp(-Q/RT),

woere F is the r;Tease fraction; k, Q, and R are constants; t is
time; and T is temperature. For burnups less than 20,000 MWd/t,
the gas release fraction is calculated by Eq. (6) as it stands.
The local burnup in each node is also calculated tc determine the
time at which the burnup is 20,000 MWd/t in that node. This may
be denoted as time t;3. For burnups greater than 20,000 MWd/t,

fission gas release is given by

where Y(F,,,Bu)is the correction function given in E£q. (2) and

Fao = k /&, exp(-Q/RT).

Although there remains an implicit dependence on burnup through the
temperature variable T, F;5 is now independent of any e: jlicit depen-
dence on time or burnup. F,; must, of course, be recalculated each

time the local temperatures are changed. Since the Dutt and Baker

(6)

(73

(8)

correlation, from which the correction function Y was derived, accounts

for temperature variations, this implicit dependence on burnup should
not be removed. The correction method is relatively easy to apoly in

this manner and requires very little modification to most existing

gas release models.
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The approximation afforded by the correction function is dependent
on obtaining an accurate release fraction at 20,000 MWd/t. Cverpre-
dictions at 20,000 MWd/t would of course be propagated by this method,
and such errors would be conservative. On the other hand, underpre-
dictions at 20,000 MWd/t could lead to important nonconservative errors
at high burnub. Therefore, a minimum gas release fraction should be

assumed as discussed below.

Several sources (15,16) of low temperature (i.e., athermal)
release data indicate very low releases on the order of 0.2% at burnups
as high as 20,000 MWd/t. The accuracy of these data is unclear, however,
hecause of uncertainties in (a) measurement techniques for very small
releases, (b) fuel density effects, and (c) measurement temperature
effects. While relative uncertainties are large, the absolute uncer-
tainties are not, and we, tﬁ;refore. believe low temperature releases .
are closely and conservatively approximated by an assumed value of 1%;
releases of less than 1% at 20,000 MWd/t are not currently justified

in safety analyses.

ceveral additional observations are relevant. (1) Our experience
with some vendor models programmed into GAPCON (18) has given near-zero
values of F(T) and erratic (and unrelizble) release values at high burn-
ups. (2) The difference between 0.1% and 1% release on fuel performance

analysis at 20,700 MWd/t is not significant.

In view ** the above discussion, a minimun value of 1% should be
assumed as a conservative measure of F(T), the uncorrected prediction of
fission oas release at 20,000 MWd/t. This limit can be implemented Dy

simple programming logic.



Y. SUPPORTING EVIDENCE

Figure 4 shows Westinghouse fission gas release data (39) froﬁ the
Zorita (Spain) LWR. Individual rod t’1e-averaged power ranged from
3.3 to 9.4 kW/ft in these commercial U0-2 fuels. These data clearly
show the burnup enhancement and the general trend is predicted well by
the NRC correction factor. The approximation afforded by the correctfon'
function is of course dependent on obtaining an accurate release fraction
at 20,000 MWd/t, here set at the lower limit of 1%. Any errors or conser-
vatisms present in F(T) will be prcpagated at higner burnups. It appears
from these data that F'(Bu,T) might increase too rapidly at very high
burnups, but such an error would be conservative. It should be emphasized
that the NRC correction function was not derived from these data so that
this is an independent ;heck. decause of the variation in linear heat
generation rate (LHGR) for the Westinghouse data, the burnup dependence
tends to become obscured by the LHGR dependence. We have noted (17) that

a proprietary constant-power subset of these data eliminates the problem.

Figure 5 shows low temperature data from AERE (15). These low temp-
erature U0-2 data of Bellamy and Rich were reported for small diameter
fuel rods clad in stainless steel. Fission gas releases were measured
at burnups up to 48,000 MWd/t. For comparison with the high burnup correc-
tion method, F(T) was again set at the lower limit of 1%. Although the
NRC correction is somewhat conservative for this exceptionally high
density material (8% T.0. in this case), the fit is still reasonable.
This good fit may be somewhat fortuitous, however, since low tamperature
releases are produced by a different mechanism (recoil) than high tempera-

ture releases (thermally activated migration) responsible for the LMF3R
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(Dutt and Baker) correlation and of primary interest in LWR safety
analysis. B8oth mechanisms, however, should be enhanced by high-
burnup microstructural changes even though their geometric dependence
might be different. A geometric difference may exist because one
mechanism is a surface-related mechanism and the other is a volume-

related mechanism.

Ex;erimentally measured fission gas release from German PWR fuel
rods (18) is shown in Figure 6. The data were obtained from both
pressurized and unpressurized Zircaloy-clad fuel rods irradiated in
the Kraftwerk Union reactor at Obrigheim. The NRC cc:relation is shown
in this figure with the fraction F(T) at 20,00" MWd/t set at the lower
limit of 1%. At 30,000 MWd/t, these results show a range of fission ,
gas releases that ‘are approxim;ted, raEher than bounded, bj the NRC

.
correlation.

Figure 7 shows early Babcock & Qilccx data from a paper by Baroch
and Rigdon (20). For comparison with the high burnup correction method,
F(T) was set equal to the B&W estimate of gas release fraction at 20,000
MWd/t. Because of uncertainties in the power levels reported on these
UD-2 test pins, these data are not considered well characterized. In
spite of the questionable results, the NRC correction function predicts

the trend well.

Figures 8 and 9 show European LMFBR data (21), and it is apparent
that the MRC correction reproduces the high burnup trend reasonadbly well.

In aach case, the value of F(T) is based on the author's estimate of gas
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release fraction at 20,000 MWd/t. Again it should be emphasized that
these data were not included in the derivation of the correction method
and thus serve as an independent check. Questions regarding the relevance

of LMFBR data will be discussad in the next section.

Several siate—of-the-art theoretical models predict a strong burn-
up dependence of gas're1ease. Although we have not reviewed these
models carefully, beth GRASS (22,23) and the British mode]l of Hargreaves
and Collins (24) are based on grain-boundary gas-bubble saturation.

In sampla calculations, Hargreaves and Collins predict saturation in

the 10,000 to 30,000 MWd/t range, whereas GRASS did not predict satur-
ation (and hence would not indicate enhanced release) for H. B. Robinson
fuels at 28,C0C MHd/g. The onset of saturation and enhanced release in
these models depends on the accumulated quantity of gas apd thus on the
early life release rate. The NRC correction method is in qualitative
agreement with these theories except that the correction method has a
fixed (20,000 MWd/t) threshold corresranding to saturation. This is a
limitation of the correction method that is acknowledged, and this limit-

ation could only be remedied by substantial developmental effort.
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VI. DISCUSSION

Several comments have been made critizing the NRC high burnup

'correcticn method described above. These comments will be dis-

cussed below in a question-and-answer format.

Ql.

Al.

Is 1t inappropriate to "correct" a fuel design model by simply

modifying one portion of the model?

In a thermal performance code it is true that the various fuel
behavior models are interrelated. But it is also true that in almost
all cases the models for fission gas release are developed empiri-
cally outside of a thermal performance code. Some adjustments may

be made to other parts of the code to improve overall agreement

with data, but this calibration is done in the low burnup range
(<20,000 MWd/t) since few high-burnup data are available (the new
Westinghouse cods PAD-3.3 (2) is a possible exception to this state-
ment since it appears to utilize high-burnup Saxton data). In all
cases except PAD-3.3, which has a strong burnup dependence, it is
assumea that release rates at high burnup are the same as at low
burnup; or, in the case of the Combustion Engineering code FATES (25)
and the earlier Westinghouse coce PAD-3.1, that the weak burnup
dependence exhibited at low burnup is continued at high-burnups.
These assumptions are incorrect, and it is more correct to assume
that gas release is enhanced in the manner we have suggested. In
general, this will have no effect cn code calibration since that

was accomplisned in the unaltered low durnup range.
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A2.

Q3.

Al.
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Is there any double penalty taken because of implicit temperature

effects in the EBR-II (Dutt and Baker) data?

Some measure of double penalty is taken because of our implicit
assumption ghat constant power corresponds to cﬁnstant temperature

at high exposures in EBR-II fuel. This effect, however, is probably
unimportant. This point was raised because some fuels (in BWRs)
experiencé a marked decrease in gap conductance with burnup as a

result of heiium dilution in the gap. The E3R-II plenum volume was
about 10 times the B8WR fuel plenum volume per unit of fuel. Therefore,

gas dilution effects in the E3R-II rods was reduced.

Does the correction function overpredict LWR release because it was

derived from LMFBR fuels which run hotter?

No, it does not. In the Dutt and Baker figure (Fig. 1), each curve
has been identified by the LMFBR linear heat rating, and it is well
kncwn that, for example, a 7 kW/ft LMFBR fuel will cperate at higher
temperatures than a 7 kW/ft LWR fuel. But in transforming the Dutt
and Baker correlation to a correction function F'(B8u,T), nc equiva-
lence of heat ratings was assumed. An LWR case that foliows the

7kW/ ft LMFBR curve (above 20,000 MWd/t) will undoubtedly be operating
at a higher power -- a power that would give a 13% release at

20,000 MWd/t as calculatad by a vendor's existing model.

Are there errors in the correction functicn that result from errors

in GAPCON or the BSeyer-Hann gas release model?
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No. The correctica function {35 entirely empirical and neither GAPCON
nor the Beyer-Hann model was used in its derivation. Determination of

coefficients was accomplished with a standard regression procedure.

Does the correction function grossly overpredict low temperature

releases?

Possibly, but probably not. Scme low temperature'fission gas release
data show reasonable agreement with the correction function(see Figs.

5 and 6). However, it has been pointed out that the 4.B8. Robinson data
at 28,000 Mwd/t (16) ;how no enhancement with burnup. The H.B. Robinson
releases were small (<1%), and in such cases the corrected value would

be no more than 3.5% at 33,000 MWd/t. While such a correction is large
on a relative basis (i.e., 3.5 times the uncorrected value), an overpred-
iction of several percent 1n.gas release is a small absolute error. West
house also has critically stated that we would overpredict small releases
by 5 times (24), but they failed to acknowledge that their new proposed
model does the same. Such overpredictions are explainable in terms of
the proposed mechanism for enhancement, viz., grain-boundary saturation.
This mechanism predicts that a greater burnup would be required for

lower temperature fuels in order to produce saturation and its resultant
release enhancement. This level of detail is not present in the Dutt and
Raker model (nor in our correction function) because low temperature data
were not readily available at the time this function was developed. The
industry may wish to address this shortcoming in future modeling work.
For the nresent, however, the error is small, conservative, and procbably
unimportant since it is usually the hot rod (not a Tow-temperature rod)

that is analyzed in the safety analysis.
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Does the use of mixed-oxide (MOX) data lead to overprediction of

gas release?

We concluded in GESMO that MOX and U0-2 releases were not signifi-
cantly different. Statements by Westinghouse (5) support that
conclusion.. It has been suggested that local temperatures are
high in MOX fissile particulates, but calculations (5) show
insignificant temperature rises on the order of 11°F. It has

also been suggested (27) that local exposures are high in MOX

fuel particulates and that this exagge:ates the burnup enhancement.
This hypothesis, however, depends on particle size and fuel enrich-
ment and would not predict a significant effect for 20-25 w/o0 Pu0-2

£3R-I1 fuels. The hypothesis has also been challenged because fuel

 particulates are homogenized in high-temperature regions, which

dominate gas release.

what are the implications of the poor agreement with Saxton high-burnup

data of some GAPCON predictions (28) using the NRC burnup correct1on?

The failure of GAPCON predictions to match the Saxton data when the NRC
high-burnup fission gas correction was aoplied was not a failure of the
correction function. The exercise indicated that (a) the unpressurized,
small-plenum (~30% smaller than commercial rods per unit of éuel)

Sax*on rod temperatures are very sensitive to small changes in the fuel
behavior models (including gas release) and therefore provide a poor
axample for this comparison, and (b) that GAPCON is not well verified

for high-burnup work. This latter point is illustrated by the larce
(~3C0°F) changes in fuel temperature that result from small model changes
at moderate burnups (17,000 MWd/t). The Saxton data have also been

rritirizad recantlv bv Ritzman (8).
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VII. SUMMARY

A high burnup enhancement of fission gas release has been recog-
nized in the range of LWR fuel burnups, and licensing actions have
been taken to include this effect in plant safety analyses. These
acticns 1nc1uged the development by NRC of a method for correcting
existing models, which do not describe releases adequately at high

burnup.

The NRC correction method was developed because no other method
was available and a safety assessment was required. The method was
derived in an apprcximate manner from LMFBR data. No claim was made
for great accuracy in the correction method and several specific
shortcoming; are noted; however the correction method produces surpris-
ingly good agreement with most of the available high burnup gas releasé
data. Dlerivation of the correction method, its application, and evidence.

that supports its validity have been discussed in detail.

Further refinements in gas release modeling are indicated and that
burden of development lies with the commercial segment of the industry.
To assist in this effort, several sources of unpublished data, which
were made available to the NRC during its safety assessment, have been

included as appendicies to this report.
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Hanford Engineering —
Pevelopment Laboratory +O B0 1970 AENCAND, wh 99387

June 21, 1977
7752741

Director, FFTF Project Office (5)

U. S. Energy Research and
Development Administraticn

Richland, Washington 99352

TRANSMITTAL OF FISSION GAS RELEASE DATA FOR LMF3R MIXED OXIDE FUEL
PINS IRRADIATED IN ESR-II

References (1) Telecon, D. §. Dutt (HEDL) with M. Mendonca (US/NRC),
"Request for Fission Gas Release Data Used in SIEX
Correlation,” February 28, 1977.

(2) Personal Communication, C. M. Cox.(HEDL) with E. C.
Norman (ERDA/RDD-HQ), May 9, 1977. o

Ry copy of this letter, we are transmitting a tabulation of the sub-
ject information and comparison to SIEX predictions (Table 1). Fig-

ures 1 and 2 and Table 2 are included to assist in the evaluation of
the "quality of fit" as requested in Reference 1 and concurred with

in Reference 2. This table contains information on fuel conditions

(restructuring etc.) necessary for interpretation of the results.

(e b

C. M. Cox, Manager
tsm

Enclosures:
Table | - Data Used for the Correlation of SIEX
Table 2 - Summary of the Analysis of Variance for the SIEX Fission
Gas Release Correlation
Figure 1 - Power-3urnup Range of Data Used in the Fission Gas Release
Correlation
Fioure 2 - Predicted-vs Measured Fission Gas Release

W 4 P memems Pawsionmaent | 3harstary lor e USERBA




Director, FFTFPO
Page 2

June 21, 1977
77524N

ERDA/RDOD-HQ - Assistant Director, Technology
Chief, Fuel Systems Branch
E. €. Norman

ERDA/FFTFPO - J. J. Krupar

US/NRC - R. 0. Meyer
M. Mendonca
J. Vogelwede
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- FIGURE 1

GAS RELEARSE DATA-BURNUP VS. POWER
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FIGURE 2

RELEASE-MEASURED VS. PREDIC
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TABLE 2

ANALYSIS OF VARIANCE TABLE FOR FISSION GAS RELEASE RESIDUALS

SUM OF DEGREES OF MEAN EXPECTED MEAN
SOURCE SQUARES FREEDOM SQUARE SQUARE
Between Assamblies 3345 18 185.8 c§~+3.76 c:
Witnin Assemblies 5345 58 §7.2 ci
TOTAL 8680 73 119.0

From the Expected Mean Squares:
_ Within Assembly Standard Deviation, cl, is » - - 9.86%
Between Assembly Standard Deviation, e°, is- + - 4.86%

Total Standard Deviation « ¢ ¢ o ¢ ¢ o o o o o «10.91%
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CORRECTIONS FOR LMFBR GAS RELEASE DATA



CORRECTIONS FOR LMFBR GAS RELEASE DATA
-

The following corrections should be made to the gas r~2lease data
given in Tab!e 1 of the Appendix A:
PNL-3-23, 27 and 33 should have predicted percent

releases of 6.74, 6.4 and 5.92, respectively;

PNL-3-27 should have a burnup of 27.6 MWd/KG instead of
42.93 MWd/XG.



APPENDIX C

KERNKRAFTWERK JUNION CBRIGHEIM GAS RELEASE DATA
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SENR .. by QRO

Thema,Anad Measured Fission Gas Release Dat~_
from .craftwerk Union Fuel Rods

rt describes the results of fission gas release
s perforned by Kraftwerk Union. The
results presented have been obtained from tke Obrigheinm
ressurized water reactor and refer to standard fuel rods,
high-power experimental rods and fuel rods from a cycling
experiment., All fuel rods had Zircaloy claddings.

fuel rods with standard fuel have been irradiated durin
to four reactor cycles. Fuel rods from the first core

inpressurized (fuel assembly 83, 104 and 120) whereas
pins were prepressurized.

N % s |

high-power rods from the fuel assembly 247{

uel (ox“e“Lmental fuel with smaller grain
gher enrichment).

Also the fuel rods of the cycling experiment (see table) had
non-standard fuel with a higher enrichment, With the excep-

tion of the fuel rods 7

V- Via e

/=22 and 8-22 all rods were prepressu-

measuring method: The fuel rods were
the upper gas plenum inside an
The overflowing gas was pumped out and
at N.T.P. was calculated from the system
bsequently a gas sample was taken for mass
actrometic a:alysis. The detection efficiencies of th

- —

St ndt B
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B e anes Measured Pission Jas Release Data oo
from k.aftwerk Union Fuel Rods

Tn the following table the measured fission gas release
data is shown including data characterizing the power
history. q' is the LEGR averaged over the pln length and
the i:radiation;time. q]'.::‘:l is the maximum local LEGR having
cccurred at the specified average burnup of the fuel rod. The
value q]'_’::fl has not been calculated for all fuel rods.

™e data characterizing the power history is based on
in-core instrumentation measurements and neutron-physics
caleculations. Forthe calculation of the fractioral fission
gas release the figsion gas produced is calculated on the
basis of an energygeneration of 200 MeV per f£ission and a
yield of 30 noble gas atoms per 100 fissioms.
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APPENDIX D
AEC MEMORANDUM FROM STODDART TO TEDESCO



UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON, . C, 20343

APR 1 6 1974

Robert Tedesco, Assistant Director for Containment Safety, L
THRU: V. Benaroya, Chief, Effluent Treatment Systems Branch, L ‘€$>

NOBLE GAS RELEASE FRM MIXED OXIDE FUEL

On March 22, 1974, I actended a meeting held at East-lWest Towers to
discuss the ETSB input to the draft Generic Eavironmental Statement
on the Use of Mixed Oxide Fuels (GESMO). A list of attendees is
enclosed.

Max Freshley of BNWL expressed concerm that the gaseous source term

for GISMO was too low with respect to our calculated releases of

noble gases. Accordiag to information from Combustion Engineering,
mixed oxide fuels release substantially more noble gases than are
released frem uranium oxide fuels because of increased temperature
related diffusion of gases held in cthe fuel matrix. Mr. Freshley

made refarence to experizental work performed by Carroll and Sisman

at Oak Ridge Nationmal Laboratory, showing increased release rates for
mixed oxide fue.s. Based on this work, the noble gas release rate from
mixed oxide fuel specimens would be approximately an order of magnitude
higher than that expected from ccmparable uranium oxide fuels.

r. Freshley also statad that his own earlier work in this area showed
essentially no difference in noble gas releases between uranium oxide

and mixed oxide fuels, but that he was no longer convinced of the validicy
cf his own werk.

We reviewed the report by Carroll and Sisman, ORNL, published in Nuclear
Technology, Vol. II, August 1571, and finda that the data contained in
this report have no direct relevance to Mr. Freshley's positiom in chat
the burnup paramecers and gaseous fractional releases are substantially
lower than those used in our calculations of the GESMO source term.
However, the temperatures of the fuel were in the same general range
(800 to 1100°C, as anticipated for GESMO. Carroll and Sisman reported
Xr-88 fraccional release rates on the order of 1074 at 0.237% burnup

and "about one order of magnitude' greatar at higher burnups; these
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correspond to fractional release rates on the crder of 0.01% and

0.1% ("Fractional release rate" is the ratio of release rate to

birth rate). As expected, releases were largely temperature dependent.
Carroll and Sisman also stated that the observed rates were about an
order of magnitude higher than those expacted frcm comparable speci-
mens of uranium oxide.

We talculated the release of ncble gases for the GESMO source term

on rhe assumprion that the escape rates for noble gases would be
essentially the same for mixed oxide fuels as have been ch:erved for
uranium oxide fuels. This assumption was based on operatiag datz from
plants using mixed oxide fuels. It is expected that the temperi:. .as
of mixed oxide fuels will essentially be the same as present gec:-::iom
uranium oxide fuels, A review of the literature concerning noble ;as
releases confirms this assumption.

A. Olsen, in CRNL-4901l, Part 5 (Fast Breeder Reactor Cxide Fuels
Development, 1973) presented data on the percentage of Kr-85 released
for a wide range of burnups for uranium oxide and mixed oxide fuels.
[a the range of burnups and lirear heat rates which are anticipated
for GESMO, integrated fractional releases were as follows:

% Burnup Peak Linear Heat Fissicn Gas
Fuel Tvoe (Avz. % FIMA)* Rate (kw/ft) " Release % Kr-85
Oxide 3.8 16.4 30
Oxide 4.4 25.9 47
Oxide 4.9 21.6 44
Oxide 4.0 17.9 41
Mixed Oxide 6.2 18 31
Oxide 5.8 17.0 47
Mixed Oxide 5.0 20.6 44
Mixed 4.1 13.4 38

*FIMA: Fissions per Initial Actinide Metal atom

J. Hoffman and D. Coplin, in GEAP-43596, "The Release of Fission Gases

from Uranium Dioxide Pellet Fuel Operated at High Temperatures', General
Eleceric Co., Atomic Power Equipment Department, San Jose, .(1964), report-
ing on uranium oxide fission gas release studies, report that in the range
of 8009 to 1400°C (volumetric averac: temperature), most of the observed
fractional releases were in the range of 2% to 20%, with no data showing
releases greacer than 507. Further:ure, the level of burnup appeared

to have no effect on the fractional noble gas release.
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J. Rallin and D. McClintock, reporting im "Interim Postirradiation
Examination of SAXTCN Pu0,-UQ; Fuel Rods", Trans. Am. Nucl, Soc.,
Vol. 10, No. 1 (1967), showed that approximately 2% of the available
Kr and Xe gas was released from pelletized mixed oxide fuel at a
peak burnup of 6,100 MWD/ Tonne.

Mr. Freshley, in BNWL-366, "The Irradiation Sehavior of UQ2-PuQy Fuels
in PRTR" (1967), reports on the fractional ncble gas release, in per-
centage of Xe+Xr release versus volumetric average fuel temperature,
for mixed oxide fuel with burnups ranging from 100 to 5,000 MWD/tonne.
In the temperature range from 800° co 1400°C, the data were withia

a range of 157 to 30%. M. Freshley also reported data in the range
from 1400 to 2200°C, with fractional releases increasing to 90% at
2200°c¢.,

The Carroll and Sisman data show fractional release rates for Xr-88,

while the measurements raported in the other cited references are

given in terms of integrated fractional releases of either Kr-85

or total nobla gases. The assumption of Carroll and Sisman, i.e.,

" noble gas fractional release rates for mixed oxide fuels will bde

on the order of a factor of tem higher than for uranium oxide fuels,
if valid, should show a corresponiing increase in the integrated
f:actional release of noble gases from mixed oxide fuels. The cited

data demomstrate that this is not the case.

The Olsen data show no significant difference in the quantity of noble
gas released in either uranium oxide or mixed oxide fuels at burnups
and temperatures applicable to GESMO. Statistically, Olsen's data
show that slightly more noble gas is released from uranium fuel thaa
from mixed oxide fuel; this corresponds to the slightly higher fission
product yield for noble gases calculated for uranium oxide fuel.

A comparison of HofZzan and Coplin's data for uranium oxide fuels
with that of Freshley for mixed oxide fuels shows close correlation
in the 800 to 1400°C temperature range. The data of Rollin and
McClintock for mixed oxide fuel is within the same order of magnitude
but the fuel temperatures were not specified.

In summary, all of the cited data, with the exception of that of Carroll
and Sisman, show that the observed fracticnal release of noble gases,
within the range of anticipated operating temperatures for GESMC, will
be on the order of 2% to 30% for both uranium oxide fuels and mixed
oxide fuels and that the fraction released is temperature dependent.

Wwe have found no iaformation in the literature to substantiate any
difference ia noble gas fractional releases between mixad oxide fuels
and uranium oxide fuels.
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Based on our evaluaticon of available data, we conclude that there
are no information available at preseut that warrants a change in
our gaseous source term as presented in our memorandum of 1/28/74.
We will continue our review of ongoing programs and literature

publications in this area.

Enclosure:
List of attendzes

ee: A.
W.
g
S
W.
D.
H.
D.
D.
v‘
K.
B.
Je
Je
,
R.
J'
Ao
W.
G.
L.
Je
Je
¥.

Giambusso
McDonald
Hendrie
Hanauar
Lowenburg
Skovholt
Deaton
Ross
Ziemann
Stello
Black
Grimes
Kasctner
Glynn
denaroya
Odegaarden
Austin
Clark
Thempson
Kligfield
Rubenstein
Shea
Collins
Stoddart

/. /‘-.(}([Mb‘

P. [8toddart
Effluent Treatment Systems Branch
Directorate of Licensing



ATTENDANCE LIST
GESMO SOURCE TERM DISCUSSION

March 22, 1974

Azc BNAL

R. Odegaarden R. Widrig

J. Austin 5. Goldsaith
A. Clark : M. Jreshley
W. Thompson J. Burnum

G. Xligfield
K. Black

L. Rubenstein
J. Shea

P. Stoddare



