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Abstract

An efficient procedure of evaluating the fuel cladding failures occurring in the normal operations
of typical PWR’s has been investigated through the analysis of fission product(FP) activities in
the reactot coolant using an analytical model, FIPREL code. Performed by this code is an extens-
ive study on the sensivities of FP activities to such physical parameters as enrichment, burnup,
and operation temperature of failed fuel rod as well as the effective failure size quantified in terms
of the magnitude of gap release coefficient. The results of study are generally in agreement with
those by PROFIP method. In the presence of tramp uranium the portion of activities released from
failed rod is separated by an iterative calculation based on the activity ratios of fission nuclides
chemically more stable than iodines. Obtained are the linear power density and the number of
failed rods, the effective failure size, and the mass of tramp uranium. The operation experiences
of 4 cycles of Kori Unit 1 are analyzed and the results show that the model is highly reliable for
the survey and evaluation of fuel rod conditions during reactor operations.
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1. Introduction

The improved techniques in fuel rod design
and fabrication have significantly reduced the
risk of rod failures caused by internal aggress-
ions originating from manufacturing defects,
pellet-cladding interactions and/or fatigues of
cladding material. But the integrity of cladding
can be always perilled by certain external aggr
essions of already identified effect like the baffle-
jetting, or of yet unknown. So it is necessary
to survey and evaluate the conditions of fuel
rods during reactor operations to assess their
integrity as well as to identify the anormalies
of system causing rod failures.

The fission products, particularly the volatile
species, escaping in large quantity from fuel
are accumulated in the gap between fuel and
cladding, and also leak to the coolant through
defected areas to be dispersed in the system.
The evaluation of cladding failures from fission
product(FP) activities in the reactor coolant
thus requires a good understanding of their
behaviors not only in the fuel but also in the

coolant system.

The release mechanisms from fuel to gap®-

are defined in rigorous mathematical equations
while the gap-to-coolant release is not well
understood physically. This is why the design
methods of construction companies like Westin-
ghouse® rely on the simple assumption that
the FP concentration in the gap is in equilibr-
ium with that in the fuel and then calculate
the release fraction directly from the production
rates multiplied by the escape rate coefficient
(v;) and the defect level. Because v; is assumed
to be constant over the variations of dominant
parameters, the claculated defect level is an
effective one with respect to the importance of

radiological consequences and does not represent -

the real conditions of fuel rod.

Another difficulty in the estimation of defect
level arises from the presence of tramp uranium
whose recoil sources contribute to the observed
activities. Recently Aoki® has proposed a model
based on the graphic display of v;, defect level,

and mass of tramp uranium as the function of

iodine ratios(I-131/1-133, I-133/1-135). This

model is actually an extension of the jodine
correction method of Westinghouse.®

An improved model® capable of localizing
the failed assembly and estimating the operation
temperatute, the effective failure size, and the
number of failed rods has been proposed by
CEA in France. This model is based on the
results of sensitivity studies, by PROFIP code,®
of activity ratios to the dominant parameters
like burnups, fuel temperature, and effective
failure size. Though some remarkable results
have been reported, it seems that the precision
of the model depends inevitably on the exper-
iences of selecting certain key coefficients.

Domestically the knowledges in this field are
not well established and there is no valuable
caleulational tool. So it has been decided to
apply the improved model of CEA to Kori Unit
1 reactor to confirm its adequacy for the eval-

tion as well as to acquire the . experiences

eded. To this end a computer code called

PREL has been developed by adopting the

ain features of PROFIP and also a new met-
hod is incorporated for the evaluation of tramp
uranium source. In this method the activity
ratios of more chemically stable nuclides than
iodines are considered to determine the contri-
bution of tramp uranium.

It is noted that the present study constitutes
the first step to the final goals covering the
establishment of more realistic operational lim-
its for coolant activity and the quantification
of safety margins to limiting radiological con-
sequences of postulated accidents. Accordingly
the objectives of this study are set wup as
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follows; »

1) Verification of FIPREL code against the
experiénceé of .commercial reactors

2) Better understanding of FP behaviors in
the reactor system R

3) Confirmation of the reliability of the prop
osed model ‘

2. Description and Verification of
FIPREL Computer Code

2.1 Source Terms of Fission Products

The production rate of a nuclide by fission-
depends on several parameters such as enrich-
ment and burnups of fuel, neutron flux distrib-
ution, and geometry of fuel rod. Only the
complicated neutronic codes can claculate the
precise values of source terms. Accordingly for
FIPREL code the results of LEOPARD-K® are
least-square fitted to obtain quickly the mass of
fissile atoms and their fission cross sections at

a given step without losing the accuracy.

2.2 Modeling of Fission Product Releases
and Behaviors in the Coolant System.

Under normal operating conditions the release
of FPs from fuel is assumed to be governed by
3 modes, namely, recoil, ejection, and temper-

ature-activated migration (diffusion);

. R® 1 pS
v FR— _1 pS
Recoil Ff= B L o
RE  vEN;
j i o FLE— i i
Ejection ---Ff= 3 -
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Where Fi=Release Fraction of Nuclide i by
One of the 3 Modes

Ri=Release Rate of Nuclide i by-One

of the 3 Modes (# /sec)
B;=Production Rate of Nuclide i (£/
sec)
p=Mean Recoil Length of a Fission
Fragment (cm)
V=Fuel Volume (cm?)
v=Volume of Fuel Ejected by a Fis-
sion Fragment (cm?)
F=Fission Rate (# /sec)
N;=Concentration of Nuclide i (#/
cm?®)
A;=Decay Constant of Nuclide i
Jfp=Diffusion Fraction of Nuclide ¢
vi=Release Coefficient (sec™?)
=ype E/RT
vo=Proportionality Constant (sec™!)
E=Activation Energy (cal/mole)
R=Gas Constant (cal/mole °K)
The fission nuclides released from fuel decay to
other nuclides, and/or are deposited on the
inner surface of cladding, and/or leak to the
coolant through the defected area. The leakage
rate is simply assmed to be proportional to the

concentration in the gap;
R,'=l)gNig

where R,=Release Rate (# /cm? sec)
ve==Gap Release Coeflicient (sec™!)

Né¢=Concentration of Nuclide { in the
Gap (# /cm?®)
The mass balance equation of nuclide 7 in the
gap is written as follows;

. S
-idz\tri;R{— e+ (itaip) (1+“iT)]Nf

where N;=N?+N¢
Né¢=Concentration of Nuclide ¢ Deposit

ed on the Inner Surface of Clad-
ding (% /cm?)
S

—ar SN

vV

a;=Deposit Coefficient (cm)
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S=Surface Area (cm?)
V=Gap Volume (cm?)
¢=Neutron Flux in the Gap (¥/
cm?sec)
o;=Absorption Cross Section of Nuc-
lide i (cm?)
R{=RF-+RF+R?

The radioactive FPs contribute to the activity
measured and are purified as the coolant circul-
ates. The purification system and related func-
tions modelled in FIPREL code include demin-
eralizers, partition of gaseous species into gas
and liquid phase in the pressuriser and the
volume control tank of CVCS, leakage of prim
ary coolant, and boron dilution accompanying
makeup water injection. The mass balance
equation in the coolant system is expressed as
follows; '

dNy
_(%7_=ng§1_ {Ai+P;+opIN;

where  N¢=Concentration of Nuclide 7 in

the Coolant (# /cm?)
pi:%fl; . |
L.s=Effective Letdown Flow Rate
Contributing to Purification (g/
sec)
M=Total Coolant Mass (g)
Bi=Purification Coefficient of Nuc-
lide ¢
¢=Neutron Flux in the Coolant
(# /cm? sec)

2.3 Verification of FIPREL Code

The general capability of the code is verified
against the experiences of Fessenheim 1,a PWR
of 900 MWe in France, in which during cycle
2 two fuel rods with defected cladding were
known to exist. The calculation is carried out
with gap release coefficients equal to 10~¢ st
and 107® s7!; these values correspond to the 2
small failure sizes defined in veference 4 and in
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Fig. 1. Coolant Activity Calculated vs. Measured
for Cycle 2 of Fessenheim 1

sectien 1,2, Figure 1 shows the results of

 calculation for'® I and®®® I activities in the

coolant along with the measured values. The
good agreement between the calculated and the
average of measured values assures the accept-
ability for subsequent analysis of Kori Unit 1,
which in turn will demonstrate further qualifi-
cation of the code.

3. Evaluation of Fuel Cladding Failures

3.1 Localization of Failed Rod

The assembly with failed rods is characterized
by its proper nuclear design parameters such as
the enrichment, the burnups, and the linear
power density. The sensivity studies by FIPREL
code reveal that the activity ratio of 1*Cs to
¥Cs in the gap has a strong dependence on
the burnups of fuel and is affected little by the
variation of linear power density. This fact is
in correspondance with the result published in
reference 4, Figure 2 shows the cesium ratio
calculated for varying enrichments and burnups
of typical 14X 14 fuels.

- ‘The ‘cesium isotopes are usually not observed
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Table 1. Burnups of Defected Fuel Assembly Predected versus Observed and Failure States

Cycle 2 3 4
Date 12/08 26/08 16/12 30/01 09/06 17/04 12/02 07/04
1980 1980 1980 1981 1981 1982 1983 1983
Cs—134
Cs—137 0. 349 0.433 0. 559 0.559 0. 848 1.03 0.711 0. 567
MWD \?
(—m—) 4, 300 5, 100 6, 400 6, 400 9, 500 11, 200 8, 000 6, 500
(—%3)° 4,700 | 5150 | 6,100 | 6,800 | 10,500 | 10,500 | 7,500 | 6.600
Failure Guill. Guill. Severe Severe Grid guill. Guill. PCI
States Break Break Flatt. Flatt. Break Break Break
Note A. ( %yg )szurnups ‘of Failed Assembly Predicted from Cesium Ratio Observed
B. ( %I;’(IJ) )0 =Assembly Average Burnups Observed to be the Nearest to That Predicted at the

Given Date

=)
S

Activity Ratio

{Cs-134/Cs-137)

0.6
0.4
02
Burnups|MWD /MTU)
0.0 2000 4000 6000 8@0 10000 12?00 14000 16000

Fig. 2. Activity Ratio of 3¢Cs to ¥'Cs Calculated
for Increasing Burnups in Typical 14x14
Fuels.

in normal conditions while a large spiking
release occurs in transients like reactor trip or
rapid power level change. So it is logically
thought that the cesium ratio observed at the
moment of reactor trip subsequent to steady
operations of long period is of the same value
that has existed in the gap just before the tra-
nsient. The localization of failed rod is thus
accomplished by comparing the observed cesium
ratio with those calculated. This argument is
verified against the experiences of Kori Unit ],

which is summarized in Table 1. Taking mea-

surement uncertainties into account the corresp
ondance between the design and the calculated

burnups of failed assembly is well acceptable.

3.2 Effective Failure Size and Defect Level

Since the FIPREL code
the real physical process occurring in the FP

does not represent

release through the defected area of cladding,
the failure size must be expressed effectively
with respect to the quantity of FP activity rele
ased. As noted in section II.2 the leakage of
FPs from gap to coolant is determined by the
magnitude of gap release coefficient (v,). It is
thus this value that quantifies the effective
failure size.

The systematic sensitivity study of activity
ratios to this parameter has been carried out
using FIPREL. It is found out that the Kr-87
to Xe-135 and the Kr-85m to Kr-87 ratio are
most appropriate for the determination of effe-
ctive failure size because they are strongly dep
endent on this parameter but little affected by
the other ones like burnups or operation temper-
ature of fuel. It is also observed that the effective
failure size corresponding to a certain activity
ratio belongs to one of the characteristic groups
107* 571, and 1072 s7¢
in growing magnitude. This implies that all the

represented by 107¢ 571,
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Fig. 3. Activity Ratios of Krypten for Varying
Fuel Temperature and Magnitude of
Failure Size in Typical 14x14 Rods.
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Fig. 4. Activity Raties of Krypton Measured for
Cycle 1 Kori Unit 1.

types of failures under steady-state conditions can
be divided into 3 characteristic groups, turning
out to be in accordance with Reference 4. Figure
3 shows the activity ratios of above-mentioned
nuclides for the 3 values of v, and varying fuel
temperatures in typical 14x 14 fuels. The eval-
uation of failure size is thus accomplished by
comparing the observed ratio with this figure.
Shown in Figure 4 is the evolution of activity
ratios during cycle 1 at Kori Unit 1. The cor-
responding failure size is of 1072 571, the largest
among the 3 groups. In fact an assembly with
2 guillotine-breaked fuel rods was found by the
end-of-cycle fuel examination.

Once the effective failure size is determined
in such a way the operation temperature of
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LoglActivity Ratie)
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L 5. . 6
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' L2 3

Fig. 5. Activity Ratios of Xenon and Jedine Me-
asured for Cycle 1 Kori Unit 1.
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Fig. 6. ‘Activity Ratios of Xenon Versus Fuel
Center Line Temperature for Typical 14
x 14 Fuels.

failed rod is discovered by considering the acti-
vity ratios of nuclides showing strong depende-
nce on it. Instead of using only one ratio, nam

" ely, Xe-133/Xe-135 as in Reference 4, it is

decided to introduce the Xe-135/Xe~133m acco-
rding to the results of senmsitivity study by
FIPREL. This brings the advantageous effect
of lessening the uncertainty caused by the fluc-

tuation of observed activities. Shown in Figure
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Table 2. Evaluations of Failed Fuel Rods for Cycle 1 at Kori Unit 1 (Failure Size (y,)=107%71,

Te=1,150°C)
Defect Level=0. 03%

M_ c. M_ c_ XeM- | XeC- XeM- XeC- Kr¥-| Kr¢-
Date |m-131re-131) N [mesgre-isy N[ XEs [ Kool N | A K| N | R m | N
19/03 1.41] 1.80] 7.8/ 5.60, 6.48 8.6 3.37] 3.87 8.7 1.16 1.44 81| 2.15 2.57, 8.4
1979 | E—2| E-3 E-2 E-3 E-1 E—2 E-1] E-2 E—2 E-3
26/03 | L27 , | 7.1 584 , | 9.0 244 , | 6.3 9.3 , | 65 L& , | 7.1
1979 E-2 E-2 E-1 E-2 E-2
02/04 | L22 , | 6.8 605 , | 93 394 , i 102 Ld2f , | 9.9 250 , | 97
1979 E-2 E—2 E-1 E-1 E-2
09/04 | 143 , | 7.9 671 , | 10.4 350 , | 9.0 Lsof , | 10.4 279 , | 10.9
1979 E-2 E-2 E-1 E-1 E-2
N4 7.41+0.5 9.3%0.7 8.6+1.4 8.7+1.5 9.0:1.4

Note A¥=Measured Activity (uCi/cc), A= Activity Calculated for Failed Rod(uCi/cc)

N=Number of Failed Rods Calculated
5 is the evolution of these ratios during cycle
1 at Kori Unit 1. This is compared with the
the

center-line temperature of failed rod is less than

calculated ones in Figure 6 to find that

1,200°C. To this temperature correspond a
linear power density of about 180w/cm and a
relative power level of about 0.8. This low
power density or level can be most probably
found in the peripheral fuel assemblies,namely,
in zone 3 for cycle 1 at Kori Unit 1. In fact
all of the assemblies with failed fuel rods det-
ected by the end-of-cycle test belong to the
outer zone.

Finally the number of failed rods is decided
by dividing the observed activity by the calcu-
lated for one failed rod with pre-determined
failure size and operation temperature. The so-
called defect level is then calculated based on
the number and the linear power density of the
failed rod. Presented in Table 2 is the result
of calculation for cycle 1 of Kori Unit 1. The
number of failed rods is of 9 and the defect
level is of 0.03%, a low level compared with
the realistic 0.129% adopted by ANS 18.1. @
The number of failed assembly discharged dur-
ing reload is of 10 but the exact number of
failed rods is not known. Nevertheless the cale
ulated number seems to be a reasonable value

taking the number of discharged assemblies into

account.

3.3 Determination of Tramp Uranium

Source

The loss of UQ, pellets through the severely
damaged cladding is accompanied by an augm-
entation of coolant activity. The so-called tramp
uranium means the kind of fuel whose fission
fragments can reach the coolant directly by
their recoil energies, thus making the activity

a composite one;
A¥=AD+ A¥

Where AY=Activity Observed of Isotope i

AP?=Activity of Isotope i Released
from Failed Fuel Rods
AF=Activity of Isotope i Recoiled
from Tramp Uranium
To find A? another equation for isotope j of
same nuclide is set up and the activity ratios

between these 2 isotopes are used to eliminate

the unknowns:

RP=AP/A?
RE=AF/AF
AM—AM.RP
then Af:< (RR—jRD) )

The RF is easily calculated by FIPREL because
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it is not affected by the variation of tramp

uranium mass. To calculate the RP the impo-

rtant parameters such as enrichment, burnups,
and failure size as well as operation temperat-
ure of fuel must be known. But the activity
ratios of volatile species are so insensitive to

the variation of enrichiment and burnups of
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Fig. 8. Activity Ratios of Xenon and Iodine Me-
agured for Cycle 2 Kori Unit 1.

failed rod that their effects can be neglected.

The failure size can be determined by compar-

ing the observed activity ratio with R¥ and R?

Table 3. Evaluations of Failed Fuel Rods for Cycle 2 at Kori Unit 1.
(Failure Size (v,)=1072 s—1, Te=1370°C)

Defect Level=0.03%

Date XeM-133|  Xe-135 Xer-135| Xe-135| N | Xe-133m| XeP-133m| XeC-133m| N
10/09 1.16 4.03 1.57 2.70 5.8 2.37 1.72 2.74 6.2
1980 E+0 | E-1 | E-1| E-2 B=o | E-2 | E-3

17/09 1.33 4.59 1.80 " 6.7 2.91 2.23 B 8.1
1980 E+o | E-1| E-1 E-2 | E-2

02/10 1.26 4.79 1.55 ” 5.7 2.87 1.42 B 5.2
1980 Evo | ES | B £l | Es

15/10 1.87 5.81 2.78 " 10.3 2.87 171 Y 6.3
1980 o | E-1 | E—1 £-2 | E-2

05/11 1.46 5.16 1.94 . 7.2 2,18 1.02 . 3.7
1980 Eio | E-1 | E-i B2 | E-2

19/11 173 5. 89 2.38 . 8.8 2.65 1.38 Y 5.0
1980 Ero | E-1 | E-1 g2 | EZ2

05/12 1.59 5.75 2.07 " 7.7 3.39 2,44 . a9
1980 Ero | E<1 | E=1 : E=3 | B2 '
10/12 1.29 6.59 9.67 . 3.6 2.90 1.46 . 5.3
1980 E+0 | E-1 | E-1 E-2 | E-2

Nzto 7.031.9 6.141.6

Note AM=Measured Activity (uCi/cc), A®=Activity Calculated for 1 Failed Rod (uCi/cc),

AP = Activity

Released from Defected Fuel Rod (uCi/cc), N=Number of Failed Rods
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Table 4. Evaluations of Failed Fuel Rods for Cycle 3 at Kori Unit 1
(Failure Size (v5)=10"2%s—1, T¢=1370°C)
Defect Level=0.13%

Date | 1"-131 ] 1M-133 [ P-133 | I-133 | N XeM—135]XeM—133m] XeP-133m| Xe€-133m| N
03/12 2,26 119 3.24 151 218 147 8. 40 5. 89 2.74| 215
1981 E-1| E+o E—-1 E-2 E+0 E—3  E—2  E-3

07/01 2.67 1.26| 4211 28.3  1.28 9.81 8.53 P 31.1
1982 E-1 E+o E-1 E+0 E—2 E—2

21/01 2.50| 127 373 24.71  1.33 9. 44 7.79 " 28.4
1982 E—1 E+0 E-1 E+0 E—3  E-2

11/02 2.81) 1.34 4.46] 20.5| L4l 9.61 7.76 p 28.3
1982 E-1| E+o E-1 E+0 E—2 E-2

25/02 2730 L3 41z # 27.3  1.65 1.06 8.21 p 29.9
1982 E-1| E+o| E-1 E+0 E—1 E=2

05/03 272 L24| 449 » 20.7  1.50 1.13 9.73 1 35.5
1982 E-1| E+0| E-1 E+0 E—1 E—2

18/03 262l 131 397 » 2.3 1.45 9.75 7.80 P 28.5
1982 E—1 E+0 E-1 E+0 E—2 E—2

08/04 2.50| 1.35| 3.49 o« 23.1  1.26 7.96 6. 08 " 22.2
1982 E—1 E+0 E-1 E+0 E—2 E-2

Nto 26.3+2.8 28.2+4.3

Note AM=Measured Activity (uCi/cc), AP=Activity Released from Defected Fuel Rods (uCi/cc), AC Activity
Calculated for 1 Defected Fuel Rod (Ci/cc), N=Number of Failed Rods

Table 5. Evaluations of Failed Fuel Rods for Cycle 4 at Kori Unit 1
(Failure Size (vg)=107%57%, Tc=1370°C)
Defect Level 0. 03/

Date { XeM-133 | Xeh-135 | XeP- 135 1 X135 | N ] Xet-133m| Xev—133m[ Xec-133m| N
11/11 1.61 8.32 1.17 2.70 4.3 4.00 2.30 2.74 8.4
1982 Ero | ES1| E-1| E-2 E-2 | E-2 | E-3
26/11 1.53 7.46 1.28 1 4.7 3.68 2.19 ” 8.0
1982 Ero | E-1 E-1 E-2 | E-2
15/12 2.26 9.69 2.38 p 8.8 3.50 1.10 ” 40
1982 Efo | E-1 | E-1 E—2 | E-2
30/12 1.76 8.37 1.55 " 5.8 3.26 1.28 4 4.7
1982 E+o | ES1 | E-1 Elo | E-o
06/01 2,47 1.08 2.50 P 9.3 3.80 1.09 ” 4.0
1982 E+0 | E+0 | E—1 E—2 | E-3
20/01 2.09 9.97 1.83 ” 6.8 3.60 1.13 4 4.1
1983 F+o | E-1 | E-1 E—2 | E-2
10/02 1.26 6. 66 8.62 " 3.2 2.60 1.02 " 3.7
1983 Ef0 | E-1 E-2 E-2 | E-2
17/03 1.66 8.02 1.41 " 5.2 3.90 9,98 p 8.3
1983 E+0 | E-1 fo) -2 | E-2
N+o 6.0+2.0 5.742.0

Note AM=Measured Activity (uCi/cc), AP=Activity Released from Defected Fuel Rods(uCi/cc), A®=Activity
Calculated for 1 Failed Rod (uCi/cc), N=Number of Failed Rods

calculated for 3 representative failure sizes (see ides are combined to calculate the number of
section 3. 2). failed rods in an iterative manner as illustrated
Since the operation temperature is left still in figure 7, Usually one or two iterations are

unknown, additional one or two pairs of nucl- sufficient to get the corresponding number bet-
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ween each pair of nuclides if the approximate
position of the assembly with failed rods is
already known based on available cesium ratio
data. Actually 3 pairs of nuclides including Xe-
133/Xe-135, Xe-135/Xe-133m,and 1-131/1-133
are utilized. This algorithm is more reliable
than Aoki’s method because it takes into acco-
unt explicitly the effect of fuel temperature on
the activity ratio and also is primarily based
on those species chemically more stable than
iodines.

The experiences of 4 cycles of Kori Unit 1
are analysed with this method. Shown in figure
8 is the evolution of activity ratios observed
during cycle 2. The analysis reveals that the
number of failed rods is between 6 and 7 as
explained in Table 3 and the mass of tramp
uranium is of 100g. The effective failure size
is of 1072 57!, the largest size among the 3
representatives, and the linear power density
corresponding to the estimated fuel temperature
is equal to about 220w/cm. The end-of-cycle
examination finds 6 assemblies damaged not to
be reused and that the one with most severely
damaged rods have operated at average linear
power density ranging from 218w/cm to 220w/
cm. Refer to Tables 4 and 5 for cycles 3 and
4, respectively.

4. Conclusion

The general capability of FIPREL, and ana-
lytical model developed in this study, has been
verified against the experiences of commercial
reactors with failed fuel rods whose conditions
are well known. An improved method for the
separation of tramp uranium source ' from the
measured activity is proposed to calculate the
correct defect level. It has been found that the
FIPREL code along with the separation method
bedomes a very efficient tool for the evaluation
of fuel rod failures when combined with the

following procedures:

1) The cesium ratio observed at reactor trip
is a representative parameter of burnup chara-
cteristics of failed fuel rod. So it is used to
localize the assembly with failed rods.

2) The two activity ratios such as Kr-87/Xe-
135 and Kr-85m/Kr-87 are sensitive only to
the variation of effective failure size. So they
are used to determine the failure size.

3) The xenon ratios such as Xe-133/Xe-135
and Xe-135/Xe-133m are very sensitive to the
variation of fuel temperature. So they are used
to determine the operation temperature or the
linear power denmsity of failed rod.

4) In the presence of tramp wuranium the
operation temperature of failed fuel rod can not
be known by the above method. So an iterative
caleulation for this variable is done based on
multiple pairs of chemically stable nuclides to
determine the number of failed rod.

The results produced by these procedures are
in good agreement with the operation experie-
nces of Kori Unit 1. So it is concluded that
the present model is highly acceptable' for the
survey and evaluation of fuel rod conditions
during normal operations of typical PWRs. But
fqrther studies, especially for the transient beh
avior of FPs, are still required and the results
of the present study make the beginning to
attain the final goals including the establishm-
ent of more persuasive operational limits for
coolant activity and the quantification of safety
margins to limiting radiological consequences
of design-basis accidents,

References

1. B. Matzke, “Gas Release Mechanisms in UQO,-A
Critical Review”, Radiat. Eff., 53, 219 (1980).

2. “Source Term Data for Westinghouse Pressurized
Water Reactors”, WCAP-8253 Rev. 1 (Jun.

1974).
8. T. Aoki, “Evaluation of Fuel Performance in



Evaluation of Fuel Cladding Failures...H.J. Moon and S.K. Chae 179

Reactor (PWR), (IID)”, Japanese Nuclear Society,
24(12), 29 (1982).

. R. Beraha et al.,“Fuel Survey in the Light Water
Reactors Based on the Activity of the Fission
Products”, Nucl. Tech., 49, 426 (Aug. 1980).

. P. Belsu and C. Leuthrot, “Rejets des produits
de Fission d’un combustible PWR défectueux”,
Note Technique de CEN-Cadarache/CEA, SEN/
ECC/79-004 (May. 1979).

6. J. H.Baik, “LEOPARD-K:A Spectrum-Dependent

Non-Spatial Depletion Code, User's Manual,
KAERI/449/RR-182/80, Korea Advanced Energy
Research Institute (1980)

. “Specific Activity of Radioactive Materials in the

Principal Fluid Streams of Light-Water-Cooled
Nuclear Power Plants”, American National Stan-
dard Source Term Specification, WN237-1976
(ANS-18. 1).



