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SUMMARY

This report lists (in Table 1) the conditions
for calculations of the core inventory for a
PWR and BWR. The calculations have been
performed using the computer code ORIGEN 2.
The amount (grams), the total radiocactivity
(bequerels), the thermal power (watts), the
radioactivity from the o-decay (bequerels),
and the neutron emission (neutrons/sec) from
the core after the last burnup have been
determined.

All the parameters have been calculated as a
function of the burnup and the natural decay,
the latter over a time period of 0 - 1.0EQ7
years. The calculations have been performed
for 68 heavy nuclides, 60 daughter nuclides,
to the heavy nuclides with atomic numbers
under 92, 852 fission products and 7 light
nuclides.

The most important results are listed in
Tables 4 - 11, which also are the basis of
Figures 1 - 8.

Tables 2 - 3 contain the activity
(bequerels), per unit mass of nuclear fuel,
of the most important nuclides as a function
of the decay time for the PWR and BWR
conditions considered.
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1 INTRODUCTION

At the request of SKBF/KBS the values of
different parameters (see chapter 3) have been
calculated for a core inventory normalized to a
unit mass (1 ton) of nuclear fuel for a PWR and
a BWR. The Ringhals 3 reactor has been .
considered as the reference for the PWR, and the

Forsmark 1 reactor is the reference for the BWR

type.

2 CALCULATION CONDITIONS

Four different cases have been studied for each
type of reactor (see Tables la and 1b).
Furthermore, the values of the parameters in the
spent fuel have been investigated as a function
of time after the removal of fuel from the

reactor and for the subsequent 107 years.

All calculations have been performed by the most
recent updated version of the American computer
code ORIGEN 2 /1 -4/ for 60 daughter nuclides to
the heavy nuclides with atomic numbers under

92, 68 heavy nuclides, 852 fission products and
7 light nuclides. In Table 1 the input variables

for the calculations are listed.

The input parameter values for the PWR

38.5 W/G 38.5 W/G 38.5 W/G 38.5 W/G
33 GWD/TU 38 GWD/TU 38 GWD/TU 45 GWD/TU

3.2 % 3.2 % 3.6 % 3.2 %
0.029 ¢ 0.029 ¢ 0.032 & *) 0.029 ¢
96.771 % 96.771 % 96.368 % 96.771 %
285.71 4 246.75 d 246.75 @ 246.75 4
79.53 d 118.49 d 118.49 4 118.49 g
285.71 d 246.75 d 246.75 4 246.75 d
79.53 d 118.49 4 118.49 4 118.49 d
285.71 d 246.75 d 246.75 @ 246.75 d
- 118.49 d 118.49 4 118.49 d
- 246.75 d 246.75 @ 246.75 d
- - - 118.49 d
- - - 181.82 4
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Table 1 b The input parameter values for the BWR
Specific power 22.0 W/G 22.0 W/G 22.0 W/G 22.0 W/G
Total burnup © 28 GWD/TU 33 GWD/TU 38 GWD/TU 38 GWD/TU
Enrichment U-235 2.8 % 2.8 % 2.8 % 3.2 % *)

U-234 0.0254 % 0.0254 % 0.0254 & 0.029 %

U-238 97.175 & 97.175 % 97.175 & 96.771 %
Burnup 1 318.18 4 300.00 4 300.00 4 300.00 d
Decay = 1 47.06 4 65.24 4 65.24 d 65.24 d
Burnup 2 318.18 a4 300.00 4 300.00 a 300.00 4
Decay 2 47.06 d 65.24 d 65.24 4 65.24 d
Burnup 3 318.18 d 300.00 d 300.00 g 300.00 4
Decay 3 47.06 4 65.24 d 65.24 g 65.24 &
Burnup 4 318.18 d 300.00 4 300.00 g 300.00 @
Decay 4 - 65.24 d 65.24 g 65.24 @
Burnup 5 - 300.00 d 300.00 g 300.00 a
Decay 5 - - 65.24 g 65.24 g
Burnup 6 - - 227.27 g 227.27 g

*
) This figure has been obtained by a proportional increase of U-234
in relation to the increase of U-235 based on the natural abundance
of both the nuclides, 0.0055 % (U-234) and 0.72 % (U-235)

The decay time steps (years) after the last
burnup were taken to be:

1, 2, 3, 4, 5,6, 7, 8, 9, 10, 12, 14, 16, 18,
20, 22, 24, 26, 28, 30, 35, 40, 60, 100, 300,

1l 000, 3 000, 10 000, 30 OO0, 100 00O, 300 00O,

10%, 107.

3 RESULTS

The results have been given in groups separated
into nuclides and elements, and also as the sum
of the different groups. All results are reported

in data lists.

The most important parameters regarding the
waste in this report have been considered as

follows.

1) The radiocactivity expressed in
bequerels/TU of the most important
nuclides for the BWR and PWR conditions
considered.

PWR: Tables 2a, 2b
BWR: Tables 3a, 3b.

NW22 ASG
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2) The total radioactivity exXpressed in
bequerels.
PWR: Table 4, Figure 1
BWR: Table 8, Figure 5

3) The contribution to the radioactivity.
from the o~decay expressed in
begquerels.

PWR: Table 5, Figure 2
BWR: Table 9, Figure 6.

4) The thermal power expressed in watts.
PWR: Table 6, Figure 3
BWR: Table 10, Figure 7

5) The total neutron emission exXpressed in
neutrons/sec.
PWR: Table 7, Figure 4
BWR: Table 11, Figure 8.

4 FURTHER INFORMATION

Besides the results in this report other results
obtainable from the complete data lists

mentioned above are worth describing.

a) The concentration in grams is given for

all nuclides.

b) The photon emission after the last
burnup is described in 18 energy groups
/2/.

c) Other nuclide specific data can be

taken from reference /2/.

d) The neutron emission mentioned above
refers to two kinds of emission, namely

spontaneous fission and (e, n) reactions.
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5 DISCUSSION

Burnup

The inventory of a specific fission product in a
core can be shown to be proportional to the
expression

(1 - &Py - oAt

where X is the decay constant of the nuclide, T
is the burnup time, and t is the total time
including time for service etc. The nuclides of
interest here have a half-life considerably

higher than the burnup time T, which means that
-t

AT is very small, and also it (e ~v 1),
-AT (M‘)2
1-e =1-1+2T - o ~ AT

The activity is directly proportional to AT,

which is confirmed in Figure 10 (BWR).

In the case of a PWR (Figure 9) the fission
product behaviour is not the same. It seems that
the activity for most of the nuclides, except

Tc 99, at higher burnup increases more quickly
than is to be expected from a linear
relationship with T. One of the explanations to
this discrepancy could be that a different
neutron cross section library was used for the
45 Gwd/TU case, because the cross section is
dependent on the burnup. The inventory of
fissionable transuraniums is therefore different
for that case, and since the peaks of the
fission yield curves for these transuraniums

are located at different mass numbers the
inventory can have an influence on the

distribution of the fission products.
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The numerical values on which Figures 9 and 10

are based are listed in Table 12.

Concerning the actinides: it is more difficult
to explain the shapes of the curves because
there are several factors which influence their

composition.

Buildup and decay

Figures 11 and 12 show the buildup and decay
during storage for the most important nuclides,
from a long term safety point of view. One can
observe, after about 104 years, how Pu 241 and
Am 241 follow the curve of Cm 245, which is the
precursor of them. Another interesting feature
is the curves within the time interval 105 -
lO6 years. The decay chain U 234 - Th 230 -

Ra 226 with their daughters reaches its maximum
here. Another decay chain is U 233 - Th 229 -
Ac 225 and so on. It is known that the internal
dose conversion factor (ingestiocon) for Np 237
/13/ is very high (see Table 13), and ought in
particular to be considered in the long term.
Among the fission products, Tc 99 seems to be of
special interest over the same time period.
Considering the timescale >106 years, Cs 135
and I 129 are still active, and U 238 and its

daughters reach equilibrium successively.
The maximum values of the activity and the time
interval for those values are listed in Table 13

for the most important actinides.

Uncertainty

In order to obtain information regarding the
uncertainty in the calculations of the core

inventory, it is necessary to refer to a
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comparison made using another computer code, or
to measurements. It is convenient in this
context to refer to the work of Etemad and
Ekberg /14/.

In their report ORIGEN 2 results for some
important actinides are compared to results of
calculations made with the more accurate

cell code CASMO /15/, for a PWR-case similar to
the one studied here. In the present study,
however, the ORIGEN 2 code has been used in
slightly different way than by Etemad and

Ekberg. The differences are:

1. Decay steps have been included in the
calculations to simulate the yearly

maintenance periods.

2. Shorter irradiation steps were used in

the calculations by Etemad and Ekberg.

In Table 14 a comparison is made between the
results of the two ORIGEN 2-calculations and the
CASMO-calculation. Some differences can be seen
between the two ORIGEN 2 calculations. The main
cause of these are the use of different time
steps in the calculations /16/. The neutron
cross sections are namely burnup dependent. This
is most clearly visible in the calculated
amounts of Pu 240 and Pu 241, where more

accurate results are obtained with the shorter

time steps.

For short-lived nuclides, like Cm-242 and
nuclides that are daughters to short-lived
nuclides, like Am-241, the decay steps are also

of importance.
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From Table 14 it can be seen that the maximum
difference between the ORIGEN 2 calculations
presented in this report and CASMO calculations

is 35 % for any particular heavy nuclide.

The accuracy of the CASMO code for the
prediction of Pu and other heavy nuclides has
been verified previously through comparison with

the experimental data /18/.

Since the ORIGEN 2 code is an updated version of
the old ORIGEN, Q-values and fission yield data
are more consistent with the experimental data.
The thermal power for example in this work is in
general 10-15 % lower than the values obtained
by the old ORIGEN /17, Table 4/.
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TABRLE 2A.

NUCLIDE 40Y

H 2
BE 10O
C 14
SE 79
KR €1
KR 85
RE 27
SR 90
Y Q0
IR 932
NE 92M
NB 94
TS 99
FPLNO7
AGLOZ
AG10ZM
CD113M
INLLS
SNIZIM
TE1ZZ2
SRIZS
TE125M
SN1Z6
SH124
SR1Z2&4M
Ii1z9
CS1324
Co120
cs137
BA137M
LA1ZE
CE142
N[1144
PML147
SM147
SMi4z
SM149
SMLI51
EULS2
Gri1sz2
EU1S4
EU1ISS
HO1466M
T™171

2.5E+12
1.2E+0S
4, 3E+04
1.7E+10
Z.1E+04
2.2E+12
8.9E+05
1.1E+15
1.1E+15
7.4E+10
GoZE+LO
&L 3E+0S
S.6E+11
5. 2E+09
1.0E+05
1.1E+04&
4,.1E+11
S.&6E-01
S5.2E+09
1.2E-01
2. 6E+10
& 3E+OR
Z.4E+10
4, QE+07
Z.4E410
1.3E+0%
1.0E+10
1.4E+10
1.7E+1S
1.6E+15
4.1E+00
1.1E+06
6.7E+01
1.2E+11
1.9E+0%
2. 2E400
3.3E-02
1.0E+13
3.4E+10
2.0E~02
2. 0E+13
1.1E+12
1.5E+08&
2.9E+01

FISSIONPRCDUCTS

100Y

S.5E+10
1.2Z2E+05
4,2E+04&
1.7E+10
2. 1E+04
S.9E+11
8. YE+0S
2.7E+14
2.7E+14
7.4E+10
7.0E+10
&.ZEXOL
S.6E+11
. 2E+09
7.0E+04
C.1E+05
2.3E+10
5.6E~-01
2. 2E+0QF
1.2E-01
7.SE+0Q3Z
1.7E+03
3.4E+10
4,.8E+09
2.4E+10
1.3E+0%9
1.7E+01
1.4E+10
4.4E+14
4.1E+14
4.1E+00
1.1E+04A
&.7E+0O1L
1.46E+04
1. 9E4+05
2. 3E+00
3.3E-02
&L.7E+LZ
1.6E+09
2.1E-02
1.4E+11
2. 6E+0C
1.4E+08
1.1E-0Q

IN PWR-FUEL.
38 GWL/TONUC(Z.2%) BGR/TONU.

1 O00Y

Y.6E-12
1.2E+05
4. 4E+0&
1.7E+10
2. 1E+04
2.1E-14
€. 9E+05
1.3E+05
1.3E+05
7.4E+10
7.0E+10
5. YE+Q6
S.6E+11
. 2E+409%
S.2E+02Z
S.E+03
5.9E-09
S.6E-O1
S.SE+03
1.2E-01
Q.

Q.

S.4E+10
4, 8E+0%
Z.4E+10
1.3E+07
0.

1.4E+10
4.1E+0%
3. 7E+05
4, 1E+00
1. 1E+06
6.7E+01
0.

1.9E4+0%
2.3E400
3.3E-02
&.3ZE+09
1.9E-11
2.1E-02
0.

0.

8.5E+07
0,

10 000Y

0.
1,.2E+405
1.5E+06
1.6E+10
2. 1E+04
0.
8. 9E+05
.
0.
7.4E+10
7.0E+10
4.4E+0&
S.Z2E+11
5. ZE+09
2.9E-19
Z.8E-182
Q.
S.&6E~-01
Q.
1.2E-01
Q.
0.
2.1E+10
4,.4E+0%
3.1E+10
1.3E+0%
Q.
1.4E+10
0.
0.
4, 1E+00
1. 1E+04
&.7E+01
0.
1.9E+05
2.3E+00
3.3E-02
Q.
0.
2.1E-02
Q.
0.
4.8E+0S
Q.

100 000Y
Q.
1.2E+405
2.8E+01
5.9E+0%
1.4E+04
Q.

. 9E+05
0.

0.
7.0E+10
&.7E+10
z2.0E+05
4,1E+11
5.2E+09
0.

0.

0.
S5.46E-01
0.
1.2E-01
Q.

0.
1.7E+10
Z.4E+09
1.7E+10
1.3E+0%
0.
1.4E+10
0.

0.

4. 1E+00
1.1E+04
&.7E4OL
0.
1.9E+0S
2. 3E+Q0
3.3E-02
0.

Q.
2.1E-02
0.

0.
1.36E~-17
Q.

1My

0.
&.1E+04
0.
4. 1E+05
7. 8E+02

8. 9E+0S

Q.
4,8E+10
4,4E+10
¢.ZE-0%
Z2.1E+10
4, QE+0%
0.
0.
0.
S.&E-0O1
0.
1.2E-01
0.
0.
3.3E+07
4,4E+04
3. 3E+07
1.3E+09
0.
1.1E+10
0.
0.
4. 1E+00
1.1E+04&
&, 7E+01
0.
1.9E+0%
2. 3E+00
3.3E-02
0.
0.
2. 1E-02
0.
Q.
0.
0.

10MyY

0.
1.4E+03
0.
0.
Y.6E-11
0.
S.9E+05
0.
0.
8.1E+08g
7. SE+0Z
0.
4.1E-02
1.9E+09
0.
Q.
0.
5.6E-01
0.
1.2E-01
Q.
Q.
0.
0.
0.
g.5E+08
O.
7. 0E+08
Q.
0.
4. 1E+00
1.1E+064
&6.7E+01
0.
1.9E+05
2.3E+00
. 3E-02
0.
0.
2.1E-02
Q.
Q.
0.
0.
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38 GWL/TONU

NUCLIDE 40V

TLZ207
TL20g
TL20%
PBZ20O%
PRZ10
PEZ211
FERZ21Z2
FRZ214
BI1Z10
BIZz11
RI212
BIz1Z
BIZ14
POZI0
POZ211
PQO212
PO213
PO214
FO2Z1S
PO216
FO218
AT217
RNZ1%
RNZ20
RN2ZZ
FrRz21
FRZ2Z
RAZZ3
RAZZ4
RAZZS
RAZ24
RAZZZ
AC225
ACZ27
ACZ228
TH227

THZ22=

THZ232
THz24
FAZ2Z1
FPAZZ3
FAZZ4M
PAZ324
uz3z
uz23z
uzz4
uzzs
Uz3é
Uzze
NP232&
NP237
NF23%
FLI236
PUZZY
PU240
PiI241
PU242
AMZ41
AMZ43

7. QOE+0S
2.8E+08
3. 0E+02
1.4E+04
5. 2E+04
7. QE+0QS
7  BE+0OS
1.6E+05
S.2E+04
7. OE+0S
7. 2E+0OC
1.4E+04
1.6E+05
S.2E+04
2. 0E+03
5. Z2E+0L
1.4E+04
1.46E+0S
7. 0E+0S
7. BE+0OT
1.46E+05
1.4E+04
7. 0E+05
7. SE+0QL
1.&6E+05
1.4E+04
S.6E+0OZ
7. QE+05
7. 8E+0%
1.4E+04
1.6E+05
1.6E+01
1.4E+04
7. 0E+05
1.46E+01
7 . CE+QS
7. 8E+03
1.4E+404
1.8E+07
5. 2E+08
2. 1E+01
1.2E+10
1.1E+04
1.46E+10
1.2E+10
1,5E+07
7 . BE+03
2. 1E+04
5.2E+10
D.2E+083
1.0E+10
1.2E+10
4. 1E+0%
1.6E+10
1.2E+12
1.1E+06
1.1E+13
1.4E+13
9.3E+14
1.1E+11
1.8E+14
1.2E+12

100Y

1.4E+0¢&
1.6E+08
?.3E+02
4.,4E+04
S.6E+OS
1.4E+0¢&
4.,4E+0%
1.0E+0¢6
S.6E+0D
1.4E+06
4, 4E+08
4.4E+04
1. 0E+06
S 6E+0S
4.1E+03
2.38E+08
4,1E+04
1.0E+0&
1.4E+0¢
4.,4E+03
1.0E+04&
4,4E+04
1.4E+04
4.4E+032
1.0E+04&
4.4E+04
2. 0E+04
1.4E+06
4, 4E+0%
4,4E+04
1.0E+06
4,4E+01
4.,4E+04
1.4E+06
4,4E+01
1.4E+04
4, 4E+03
4,4E+04
4,8E+07
. 2E+408
4.8E+01
1.2E+10
1.8E+0&
1.9E+10
1.2E+10
1.5E+07
4. 4E+0%
7.4E+0&
&.7E+10
. 2E4+02
1.0E+10
1.2E+10
4,.1E+05
1.9E+10
1.2E+12
3.7E+04
1.1E+13
1.4E+13
S5.2E+13
1.1E+11
1.9E+14
1.2E+12

1 000y

1.1E+07
4,1E+04
1.2E+05
S.9E+04
1.2E+08
1.1E+07
1. 1E+05

. ZE+0S
1.3E+02
1.1E+07
1.1E4+05
S.9E+04
1.3E+02

. ZE+OE
3.3E+04
7.4E+04
S.7E+06
1.ZE+08
1.1E+07
1. 1E+05
1.3E+02
5. 9E+04
1.1E+07
1.1E+05
1.3E+0&
S.?E+04
1,4E+05
1.1E407
1.1E+0S
S.9E+0&
1.3E+03
4,8E+02
5. 2E+06&
1.1E+07
4, 8E+02
1.1E+07
1.1E+05
S.9E+06
7.4E+08
S.2E+08
4,8E+02
1.2E+10
1.1E+07
4,.38E+10
1.2E+10
1.5E+07
1.1E+05
1.5E+08
8.9E+10
5. 2E+08
1.0E+10
1.2E+10
4,1E+05
4,8E+10
1.1E+12
3.7E+04
1.1E+13
1.3E+13
1.2E+10
1.1E+11
4.4E+12
1.1E+12

10 000Y

1.1E+02
1.5E+04
1.7E407
8. 1E+02
S.9E+09
1.1E+408
4.1E+04
. FE+OY
S.9E+0QY
1.1E+08
4.1E+04
€. 1E+08
S.9E+09
S.9E+09
3. 0E+03
2.7E+04
7.8E+02
S.9E+09
1.1E+02
4. 1E+04
S5.9E+09
2. 1E+08
1.1E+08&
4.1E+04
5. 2E+0%
g.1E+08
1.SE+04
1.1E+02
4.1E+04
8. 1E+08
5.9E+09
S.6E+03
8.1E+082
1.1E+4+02
5. 6E+03
1.1E+08
4,1E+04
#.1E+08
7. 4E+09
S.9E+08
5.6E+03
1.2E+10
1. 1E4+08
S.6E+10
1.2E+10
1.5E+07
S.6E+04
2.3E+09
8.5SE+10
5. 9E+08
1.3+10
1.2E+10
4. 1E+05
S.6E+10
4.8E+11
3.6E+04
8.1E+12
4,.8E+12
S.9E+09
1.0E+11
S.9E+09
4.68E+11

CONTENT OF HEAVY NUCLIDES IN PWR-FUEL
(2.2%) BR/TONLU.

100 000Y

7. 0E+02
Z.1E+04
4,1E+08
1.8E+10
4,.4E+10
7. 0E+0%
8.5E+04
4.4E+10
4,4E+10
7. 0E+03
€.SE+04
1.8E+10
4.4E+10
4.4E+10
2.0E+04
S, 6E+04
1.8E+10
4,.4E+10
7. 0E+02
2.%5E+04
4.4E+10
1.8E+10
7 . OE+0OZG
€.SE+04
4.4E+10Q
1.8E+10
1.0E+07
7. 0E+08
82.5E+04
1.8E+10
4.4E+10
&.7E+04
1.8E+10
7. 0E+03
&.7E4+04
7.0E+0QZ
8.5E+04
1.8E+10
4. 4E+10
8. 9E+08
é&.7E+04
1.2E+10
7. 0E+08
S.6E+10
1.2E+10
1.5E+07
2.1E+04
2.0E+10
7.0E+10
8.9E+0¢&
1.4E+10
1.2E+10
2.3E+05
S.6E+10
1.0E+08
2.1E+04
&.3E+11
3.5E+08
3. 7E+06
8.9E+10
3.7E+06
1.0E+08

1My

e.7E+082
Z.4E+05
©.6E+0Q2
4. 4E+10
1.2E+10
€. 9E+08C
6. 7E+OS
1.8E+10
1.8E+10
8.9E+03
&.7E+05
4.4E+10
1.8E+10
1.8E+10
2. 0E+04
4. 4E+0%
4.4E+10
1.8E+10
€.9E+08
LH.TEHOS
1.8E+10
4.4E+10
8.9E+03
&.TEHOS
1.8E+10
4.4E+10
1.2E+07
8.7E+02
&.7E+0S
4. 4E+10
1.8E+10
&.7E4+05
4.4E+10
8. 9E+02
&.7E+0S
8.9E+0&
&.TEHOS
4,.4E+10
1.8E+10
8.E+08
&.7E+05
1.2E+10
8. 9E+0&
4.1E+10
1.2E+10
1.3E+07
9.3E+01
4,.4E+10
1.6E+10
8. E+0S
1.3E+10
1.2E+10
1.0E+03
4,.1E+10
1.0E+04
. 3E+01
1.0E+04
3.4E+04
0.

1,8E+10
0.

1.0E+04

10MY

2.9E+0¥¢
2.1E+0&
4.,8E+07
2.00+0%
1. 2E+10
8.9E+0¢
S.9E+06
1.2E+10
1.2E+10
8.9E+08
5. 9E+04
2.2E+09
1.2E+10
1.2E+10
2.5E+04
3. 7E+04&
2. 2E+09
1.2E+10
€.9E+08
S.9E+046
1.2E+10
2. ZE+0Y
2.9e+08
S5.9E+06
1.2E+10
2. 3E+09
1.2E+07
2.9E+08
S.9E+06
2. 3E+09
1.2E+10
S.9E406
2. 2E+09
£.9E+08
S5.9E+06
8.7E+083
5. 9E+Q6
2. 3E+Q9
1.2E+10
g8.9E+08
5.9E+04
1.2E+10
8.9E+0%
2. 3E+09
1.2E+10
1.5E+07
0.

2.3E+0%
1.2E+10
8.9E+08
1.0E+10
1.2E+10
Q.

2.3E+09
6.7E+03
0.

&.7E+03
Z.1E+04
0.

1.8E+03
0.

&L T7EHQZ



TARLE

3A.

FISSIONPRODUCTS

IN BWR-FUEL

32 GWD/TONU(Z.8%) BQ/TONLU

NUCLIDE 40Y

H
RE

c
SE
KR
KR
RE
SR

Y
ZR
NE
NE
TC

3
10
14
79
81
85
87
S0
S0
gt
9 3M
94
4

PD10O7
AG108
AG10EM
Con11zm
IN11S
SN1Z21M
TE122
Sh1252
TE125M
SN12&
SB124
SB1z6M
1129
C5134
C&135
C=137
EAL1Z7M
LAL13S
CE142
NI144
FM147
SM147
SEM143
EM149
SM151

EU1

=~
e

GDla..'.t_
EIIL54
EU1SS
HO166M
TM171

Z2.1E+12
1.1E+05
4, 4E+0Q4
1.5E+10
1.9E+04
Z2.3E+1Z
7. 4E+05
9.46E+14
Y.6E+14
&W3E+LO
S5.6E+10
5. 46E+06&
4,.8E+11
4. 8E+0%
9. ZE+04
1.0E+06
2.1E+11
4.8E-01
4.4E+09
8.1E-0Z
1.9E+10
4,8E+0%
Z2.8E+10
4.1E+09
2.8E+10
1.2E+409
7. 4E4+0%7
1.8E+10
1.5E+15
1.4E+15
S.7E+00
1.0E+04
S5.9E+01
1.0E+11
1.8E+0%
2 1E+QO0

«4E-02
9.6E+1L
4.4E+10
2.7E-02
1.6E+13
©.23E+11
1.1E+08
1.4E+01

100Y

7.0E+10
1.1E+05
2.7E+04
1.5E+10
1.9E+04
4.8E+11
7.4E+0%
2.3E+14
Z.3E+14
&.2E+10
&.RE+10
S.6E+06
4.8E+11
4,8E+0%
&.7E+04
7.4E+05
1.8E+10
4,.8E-01
2. 0E+02
g.1E-02
S.9E+032
1. 4E+03
Z.8E+10
4,.1E+09
Z.8E+10
1.2ZE+09
1.3E+01
1.8E+10
3.7E+14
3.5E+14
2. 7E+QO
1.0E+064
. 9E+01
1.4E+04
1.8E+05
Z. 1E+00
2.4E-0Z2
S5.9E+172
Z2.1E+09
2. 8E-02
1.3E+11
2. 1E+02
1.1E+08
5.46E-09

1 000Y

8.1E-12
1.1E+05
1.2E+04
1.4E+10
1.9E+04
2.6E-14
7. 4E+05S
1.1E+05
1.1E+05
&.ZE+10
&H.3E+10
S.6E+06
4.8E+11
4, SE+0OY
4, 8E+02
S5.6E+03
4.,2E-09
4.8E-01
7.4E+03
8.1E-02
0.

Q.
Z2.8E+10
4. 1E+09%
2.8E+10
1.2E+09
0.

1 SE+10
. DE+OS
- SE+OS
3. 7E+00
1.0E+04
S.2E+01
0.
1.8E+05
2. 1E+00
2.4E-02
5.2E+0%
Z.46E-11
2.8E-02
0.

Q.

&L 3E+OQ7
0.

".Of.'.

3

10 000Y

0.
1.1E+05
Z2.4E+01
1.3E+10
1.8E+04
Q.
7. AE+0OS
0.
Q.
&.3E+10
&.3E+10
4,1E+06
4,.8E+11
4, BE+07
«ZE-19
2.6E-132
Q.
4.8E-01
0.
g.1E-02
Q.
Q.
2.6E+10
4, 1E+09
2. 6E+10
1.2E+0%
0.
1.8E+10
Q.
0.
2. 7E+00
1.0E+06
5.9E+01
0.
1.8E+05S
2. 1E+00
2.4E-02
0.
0.
2.8E-0Z
0.
0.
2. 5E+05
0.

100 CQOOY 1MY

0.
1.0E+05S
0.
S.2E+09
1.3E+04
0.
7. 4E+05
0.
0.
&L.ZE+LO
S5.9E+10
1.9E+05
3.SE+11
4,.CE+QY
0.
0.
Q.
4,.8E-01
0.
€. 1E-02
Q.
Q.
1.4E+10
2.0E+09
1.4E+10
1.2E+0%2
0.
1.7E+10
Q.
0.
3. 7E+0Q
1.0E+06
S.9E+01
0.
1.8E+4+05
2. 1E+00
2.4E-0Z
0.
0.
2.8E-02
Q.
0.
?.2E-12
0.

0.
7.0E+04
0.
3. 4E+05
7. 0E+0Z
0.
7.4E+0%
0.
0.
4. 1E+10
4.1E+10
8.5E~09Y
1.9E+10
4,1E+09
Q.
0.
0.
4,.8E-01
0.
8. 1E~-0Z
Q.
0.
2.8E+07
3.7E+06&
2.8E+07
1. 1E+0%
0.
1.3E+10
0.
0.
3.7E400
1.0E+06
S.9E+01
0.
1.8E+0%
2. 1E400
2.4E-02
0.
0.
2.8E-02
Q.
0.
0.
0.

10MY

Q.
1.4E+032
0.
0.
2.5E-11
0.
7. 4E+05
O.
0.
7. 0E+0E
4. TE+OS

i O

6E 032
1 LE+0Q9
0.
0.
0.
4,2E-01
0.
&.1E-02
Q.
Q.
Q.
0.
Q.
7.4E+08
0.
. 9E+0E
0.
0.
3, 7E+00
1.0E+064
5. 9E+01
0.
1.8E+05
Z. LE+00
2.4E-02
0.
Q.
2.8E-02
Q.
Q.
0.
0.



TABLE Z=E.

NUCLIDE

TL207
TL20E
TL20%
PEZ20%
FB210O
PE211
PR212
PEZ14
RIzZ10
EIZi1
BIZ1Z
BIZ1Z
Bl1z14
FPOZ10
POz11
POZLZ
POzZ13
Fz14
FO215
FO216
FOzZig
AT217
RNZ19
RNZ2Z20
RNzz2
FR221
FR222
RAZ 3
RAZZ4
RAZZ2S
RAZ2646
rRazze
AL"”
227
ACL”*
TH227
THZZ28
TH2Z
TH2320
THZ=1
THZ3Z
THZZ24
PAZZ1
PAZZZ
FPAZZ4M
FPAZ34
23z
1233
Lzz4
uz3s
uz3é
uz3s
NF 234
NP237
NPZZY
PU234
FUZ2?
PUZ40
PLIZ41
PU242
aMz41
AMz43

33 GWD/TIONU

40Y

7. 8E+05
1.9E+08
2. 7E+02
1.2E+04
4,8E+04
7. 8E+05
S. 2B+08
1.4E+05
4. SE+04
7. 8E4+05
5. 2E+03
1.2E+04
1.4E+05
4.2E+04
L 1E+03Z
3.3E+08
1.2E+04
1.4E+05
7.8E+03
S.2E+08
1.4E+05
1.2E+04
7. B3E+0T
5. 2E+08
1.4E+05
1.2E+04
1.0E+04
7 . BE+0S
5. 2E+08
1.2E+04
1.4E+05
1.4E+01
1.2E+04
7« BE+OS
1.4E+01
7.4E+05
S.ZE+0QE
1.2E+04
1.4E+07
4, 8E+08
1.2E+01
1.2E+10
1.2E+06
1.3E+10
1.ZE+10
1.5E+07
4, SE+02
2. SE+Q4
4.4E+10
4,8E+083
8.35E+0QY
1.2E+10
2. 6E+0S
1.3E+10
1.0E+12
5. 6E+05
1.0E+132
1.3E+13
2.5E+14
9.6E+10
1.7E+14
1.0E+12

100Y

1.5E+04
1.0E+03
7.8E+02
R.6E+04
4.8E4+05
1.SE+04
2. 8E+0¢
2. 9E+05
4. 8E+05
1.SE+04
2.2E+03
J.6E+04
8.9E+05
4,8E+05
4, 1E+03
1.9E+0&
2.6E4+04
8. 9E+05
1.5E+04
2.8E+02
g.7E+05
3.SE+04
1.SE+064
Z2.8E+08
3. 2E+05
Z2.6E+04
2. 0E+04
1.5E+04&
2.8E+03
3.6E+04
8. 9E+05
4, 1E+01
2. 6E+04
1.5E+04
4.1E+01
1.4E+04
2. SE+08
Z.6E+04
4.4E+Q7
4. CE+0&
4,4E+01
1.2E+10
1.8E+04
1.4E+10
1.2E+10
1.3E+07
2.8E+08
b.IE+0E
S.9E+10
4,8E+0%
8.5E+0%
1.2E+10
2.6E+05
1.6E+10
1.0E+12
2.3E+04
1.0E+13
1.3E+13
4,8E+13
9. &E+10
1.8E+14
1.0E+12

1 000y

1.1E+07
Z.464E+04
1.1E+05
S.Z2E+04
1.1E+02
1.1E+07
7.4E+04
1.1E+08
1.1E+02
1.1E+07
7.4E+04
S.2E+06
1.1E402
1.1E+03
2. 1E+04
4,.8E+04
5. 2E+06
1.1E+08
1.1E+07
7.4E+04
1.1E+08
5. 2E+04
1.1E+407
7.4E+04
1.1E+02
S.2ZE+04
1.9E+05
1.1E+07
7.4E+04
5.2BE+04
1.1E+0%
4 4E+0Z
-_ - J.E"‘O/‘
1.1E+07
4.4E+02
1.1E+07
7.4E+04
S.2E+04
&.SE+Q2
4,.8E+08
4.,4E+02
1.2E+10
1.1E+407
4.4E+10
1.2E+10
1.5E+07
7.0E+04
1.4E+0C
7.8E+10
4, SE+03
g.9E+0%
1.2E+10
2.35E+05
4,4E+10
Y.6E+1Y
Z2.3E+04
9.6E+12
1.1E+13
8.9E+09
@.6E+10
4.1E+173
Y.6E+11

10 QO0Y

1.0E+08
9.6E+02
1.&6E+07
7. 4E+03
S.2E4+0%
1.0E+03
2.46E+04
S.2E+0%
S.2E+09
1.0E+0S
2. 6E+04
7.4E+08
5.ZE+0%
5. 2E+0%
2.8E+05
1.7E+04
7. OE+08
S. 2E+09
1.0E+03
2.6E+04
5.2E+09
7.4E+02
1.0E+02
2. 46E+04
S5.Z2E+09
7. 4E+0Q¢&
1.4E+04
1.0E+08
2. 6E+04
7. 4E+08
S.2E+09
4,8E+03
7. 4E+03
1.0E+0E
4. 8E+032
1.0E+03
Z2.46E+04
7.4E+02
&.7E+QY
5. 6E+08
4,8E+03
1.2E+10
1.0E+08
S.2Z2E+10
1.2E+10
1.5E+407

. 1E+04
2. 1E+09
7.4E+10
S.6E+02
1.1E+10
1.2E+10
Z.4E+05S
S.2E+10
4,1E+11
2.1E+04
S.1E+12
4.4E+12
4. 4E+09
9.3E+10
4.4E+0Q9
4,1E+11

CONTENT OF HEAVY NUCLIDES IN BWR-FLUEL
2.8%) BR/TONU

100 0Q0Y 1MY

&.7E+OS
2.5E+04
3. 6E+08
1.7E+10
4.1E+10
b.7E+0S
7.0E+04
4.1E+10
4.1E+10
&.7E+08
7.0E+04
1.7E+10
4.1E+10
4.1E+10
1.9E+04
4. 4E+04
1.6E+10
4.1E+10
b TE+OS
7.0E+04
4.1E+10
1.7E+10
b.TE+0OS
7.0E+04
4.1E+10
1.7E+10
9.3E+06
&.7E+0S
7.0E+04
1.7E+10
4.1E+10
5.9E+04
1.7E+10
&.TE+O&
5.9E+04
6.7E+08
7.0E+04
1.7E+10
4.1E+10
€. 1E+0S
5.9E+04
1.2E+10
&.7E+08
5.2E+10
1.2E+10
1.SE+07
1.3E+04
1.8E+10
S.9E+10
8. 1E+08
1.2E+10
1.2E+10
1.4E+05
S.2E+10
g.SE+07
1.3E+04
5.9E+11
3. 2E+0%
2.8E+06
7.8E+10
2.8E+06
8.5SE+07

g.5E+08
2. 1E4+05
&.9E+08
4,.1E+10
1.7E+10
8.5E+02
S.9E+0S
1.7E+10
1.7E+10
8. 0E+08
S.YE+05
4,1E+10
1.7E+10
1.7E+10
2.8E+0Q4
3. 7E4+05
4.1E+10
1.7E+10
2.5E+02
S.9E+0G
1.7E+10
4.1E+10
8.5SE+02
5. 9E+05%
1.7E+10
4.1E+10
1.1E+07
.5SE+0%
. YE+0OS
4,.1E+10
1.7E+10
5.9E+05
4,1E+10
g.5E+08
5. 9E+05
8.5E+082
5. 9E+0S
4.1E+10
1.7E+10
&.5E+08
5. 9E+0S
1.2Z2E+10
8.5E+08
3.7E+10
1.2E+10
1.5E+07
S5.6E+01
4.1E+10
1.6E+10
8.5E+08
1.2E+10
1.2E+10
&.3E+02
3.7E+10
6. 3E+03
S.&6E+01
&.3E+03
2.1E+04
0.

1.6E+10
Q.

&.3E+03

10MY

. oE+0g
1.9E+06
4., 4E+0Q7
2.1E+09
1.2E+10
2.5E+02
S.2E+04
1.2E+10
1.2E+10
g.5E+08
S. Z2E+06
2. 1E4+09
1.2E+10
1.2E+10
« SE+OL
;.UE+0¢
2.0E+09
1.2E+10
. SE+0OE
G.2E+0Q64
1.2E+10
2., 1E+09
8.5SE+08
S.2E+404
1.2E+10
2. 1E+09
1. 1E+07
8.5E+08
5.2E+06&
2.1E+09
1.2E+10
S5.2E+06
Z. 09
&.5E+08
S.2ZE+04
€. 1E+08
S.2E+06
2. 1E+0Q9
1.2E+10
8.5E+08
S.Z2E4+04
1.2E+10
8.5E+08
2.1E+0%
1.2E+10
1.5E+07
0.
2. 1E+09
1.2E+10
&.SE+O8
&.9E+09
1.2E+10
0.
2. 1E+0%
4.1E+03
0.
4.1E+03
2.0E+04
Q.
1.46E+03
0.
4,.1E+4+0G



TAELE 4. THE TOTAL RALDICACTIVITY(BEGUERELS)

REACTORTYPE PWR

SPECIFIC POWER 38.5 (W/G)
TIME BURN-UF (ENRICHMENT)
YEARS GWD/TU (%)

I3(2.2) 38(2.2) 38(3.6) 45(2.2)
0. 7.9E+18 8. 1E+1¢ 7.9E+18& £.4E+18
1.0E+00 8.9E+16 Y. 0E+164 8.9E+16 Y.6E+16

. 2.0E+00 S.0E+14 S5.2E+14 S.1E+14 S.8E+16

2.0E+00 3.4E+16 3. 6E+16 3.6E+16 4.1E+16
4. 0E+Q0O 2.6E+14 2.8E+14 2.8E+14 S.3E+1&
S 0E+Q0 2.2E+14 2.4E+14 2.4E+16 2.8E+16
& OE+QO 1.9E+16 2.1E+16 2.1E+16 2.5E+16
7 . OE+00 1.8E+16 2.0E+16 2.0E+14& 2.3E+16
8.0E+00 1.7E+14 1.9E+16& 1.9E+1¢& 2.2E+16
¥.0E+00 1.6E+16 1.2E+16 1.8E+14 2 1E+16
1.0E+01 1.5E+14 1.7E+14 1.7E+14 Z2.0E+164
1.2E+01 1.4E+16 1.6E+16 1.6E+16 1.8E+14
1.4E+01 1.5E+1¢& 1.SE+16& 1.5E+14 1.7E+14
1. 46E+01 1.2E+14 1.4E+16 1.4E+1¢& 1.6E+1&
1.8E+01 1. 1E+14 1.3E+16 1.3E+1¢4 1.5E+146
2.0E+01 1.1E+1é 1.2E+1¢& 1.2E+14 1.4E+16
2. 2E+01 1.0E+16 1 1E+164 1.1E+16 1.3E+16
2.4E+01 Y. ELE+LS 1.1E+14 1.1E+14 1.3E+1¢4
2., 6E+01 9. 1E+135 1.0E+1& 1.0E+14 1.2E+14
2.8E+01 8.6E+15 9. 6E+1S F.6E+1S 1.1E+16
3.0E+01 8.1E+15 . 1E+1S Y. 1E+15 1.1E+16
3.5E+01 7.1E+15 7.9E+15 8.0E+15 9.3E+15
4.0E+01 &L.2E+15 7.0E+135 7.0E+15 &.2E+15
&, 0E+01 2.8E+15 4,2E+15 4.3E+15 SL.O0E+1IS
1.0E402 1.5E+15 1.7E+15 1.7E+15 2.0E+15
3.0E+02 1.7E+14 1.9E+14 1.9E+14 2.4E+14
1.0E+03 6. 6E+13 7.2E+13 6.9E+12 S&.8E+13
3. 0E+0Z 2.4E+13 2.5E+13 2.4E+13 3.0E+13
1.0E+04 1.5E+173 1.5E+13 1.5E+13 1.2E+13
3.0E+04 &.SE+LZ &.8E+12 &.T7E+1Z g.1E+12
1.0E+05S 2.0E+12 2.2E+12 2.2E412 Z2.6E+12
3. 0E+0D 1.3E+12 1.5E+12 1.5E+12 1.8E+12
1. 0E+04 8.1E+11 8.9E+11 8.8E+11 1.1E+12
1.0E+07 2.1E+11 Z2.1E+11 2.1E+11 2.2E+11



TABLE % THE RADIOACTIVITY FROM THE ALFADECAY (BREGUERELS)

REACTORTYFE PWR

SPECIFIC POWER 38.% (W/6G)
TIME BURN-UP (ENRICHMENT)
YEARE GWL/TU (4)

IR(2.2) 32z 2) 38(3.6) 4%(32.2)
0. 2.0E+14 2.2E+14 2.6E+14 &L.0E+14
1. 0E+00 2.1E+14 3.3E+14 2.8E+14 L.Z2E+14
2. 0E+00 2.2E+14 2.4E+14 2.8E+14 &.2E+14
2. 0E+0Q0 2.2E+14 Z.4E+14 Z2.9E+14 &L.Z2E+14
4.0E+00 2.3E+14 3.4E+14 2.9E+14 £.10+414
S5.0E+00 2.3E+14 2.4E+14 Z2.9E+14 4. 1E+14
& OE+QO 2.4E+14 2.5E+14 3.0E+14 &.1E+14
7. 0E+QO Z2.4E+14 2.5E+14 Z.0E+14 &.0E+14
8.0E+00 2.84E+14 Z.5E+14 3.0E+14 4. 0E+14
¥.0E+00 2.5E+14 3.5E+14 3.0E+14 &.0E+14
1.0E+01 Z2.5E+14 3.5E+14 3.1E+14 S.7E+14
1.2E+01 2.5E+14 3.5E+14 S.1E+14 S.9E+14
1.4E+01 Z.6E+14 3.5E+14 3.1E+14 S.8E+14
1.6E+01 Z2.6E+14 3.5E+14 2.1E+14 S.7E+14
1.8E+01 2.7E+14 2.5E+14 2.2E+14 S.6E+14
2.0E+01 2.7E+14 Z.5E+14 3.2E+14 S5.4E+14
2. 2E+01 2.7E+14 3.59E+14 3.2E+14 S.5E+14
Z2.4E+01 2.7E+14 3.5E+14 3.2E+14 S.4E+14
2.6E+01 2.7E+14 3.5E+14 3.2E+14 Si.4E+14
2.8E+01 2.7E+14 Z.0E+14 Z.2E+14 S5.3E+14
3.0E+01 Z2.8E+14 3.5E+14 3.2E+14 S.2E+14
3.5E+01 2.8E+14 Z.SE+14 2.2E+14 S.1E+14
4.0E+01 2.8E+14 3.4E+14 2.1E+14 4.9E+14
6. 0E+01 2.7E+14 3.2E+14 3.0E+14 4,40+14
1.0E+0Z Z2.4E+14 Z.8E+14 Z.7E+14 3.7E+14
3. 0E+0Z 1.6E+14 1.8E+14 1.7E+14 2.2E+14
1.0E+02 &.5E+13 7.0E+13 L.TE+13 £, 5FE+13
2. OE+Q3 2.2E+13 2.3E+13 2.3E+13 2.8E+13
1.0E+04 1.3E+12 1.4E+12 1.4E+13 1.7E+13
3.0E+04 5.5E+12 S.7E+12 S.6E+12 4L.8E+12
1.0E+05 Y.4E+11 1.0E+12 9.9E+11 1.2E+12
3.0E+0S 3.2E+11 3.7E+11 3.6E+11 4.46E+11
1.0E+06 2.1E+11 2.3E+11 2.2E+11 2.7E+11
1.0E+07 &.5E+10 &.6E+10 6. 6E+10 6.8+10



TABLE 6. THE THERMAL POWER(WATTS)

REACTORTYPE FWR

SPECIFIC POWER 38.95 (W/0G)
TIME BURN-UP (ENRICHMENT)
YEARS GWD/TU L)

3. 2) 38(3.2) 28(3.6) 45(3.2)
0. 2.1E+04 2.2E+04& 2.2E+06 2.2E+04
1.0E+00 9.SE+0Z 9.9E+03 9.6E+03 1.1E+04
2.0E+00 5.0E+03 S.4E+03 S.ZE+03 &L 3E+03
3.0E+00 3. 2E+02 2.5E+02 3.4E+02 4.2E+072
4. 0E+00 Z2.2E+03 2. 6E+03 2.3E+032 2.2E+0Z
5. 0E+QO 1.8E+0Z 2. 1E+0Z 2. 0E+02 2.6E+03
6.0E+00 1.5E+03 1.8E+0%= 1.7E+03 2. UC+03
7. 0E+00 1.3E+03 1. 4E+03Z 1. 6E+03 Z2.1E+03
&. OE+00 1.2E403 1.5E403 1.4E+03 1.9E+03
. 0E+00 1.2E+03 1.4E+03 1.4E+03 1.800+403
1.0E+01 1. 1E+03 1.3E+03 1.3E+03 1.7E403
1.2E+01 1.1E+0Z 1.2E+0% 1.2E+03 1.6E+03
1.4E+01 1.0E+03 1.2E+02 1.2E+03 1.5E+03
1.4E+01 9. 6E+0Z 1.1E+0Z 1.1E+03 1.5E+03
1.8E+01 . 2E+02 1.1E+03 1.1E403 1.4E+03
Z2.0E+01 2.9E+02 1.0E+03 1.0E+03 1.3E+03
Z2.2E+01 g.6E+02 1.0E+073 @.8E+02 1.3E+02
2.48E+01 8.3E+02 5.7E+02 9.5E+02 1.2E+403
2.6E+01 €.0E+02 ¢.4E+02 9.2E+02 1.2E+03
2.8E+01 7.7E+02 @.0E+02 &.9E+02 1.2E+03
3.0E+01 7. SE+0Z 8.7E+02 8.46E+02 1. 1E+03
2.5E+01 &L PE+OZ 8. 1E+02 7. 9E+02 1.0E+03Z
4.0E+01 &.4EHOL 7.4E+02 7.3E+02 S.4E+02
6.0E+01 4.8E+02 S.6E+02 5.4E+402 7.1E4+02
1.0E+02 3. 1E+02 3. 6E+02 F.SE+02 4.5E+02
3.0E+02 1.4E+02 1. 6E+02 1.5E+02 2. 0E+02
1.0E+03 S5.7E+01 6. 1E401 5. ¥E+01 7.59E+01
3. 0E+03 1.9E+01 2.0E+01 1.9E+01 Z2.4E+01
1.0E+04 1.1E+01 1.2E+01 1.1E+01 1.4E+01
Z.0E+04 4,7E+00 5. 0E+0Q0 4.8E+Q0 S.9E+00
1.0E+05 1.0E+00 1.1E+0Q0 1.1E+00 1.4E+00
3. 0E+0S 6.4E-01 7.2E-01 7.2E-01 ¢.0E-01
1.0E+0& 4.4E-01 4.8E-01 4.7E-01 S.3E-01
i.0E+07 1.2E-01 1.2E-01 1.2E-01 1.2E-01



TABLE 7.

TIME
YEARS

0.

1.0E+00
2.0E+00
2. 0E+00
4. 0E+Q0Q
5. 0E+00
6. 0E+Q0O
7. 0E+00Q
&.0E+00
?.0E+00
1.0E+01
1. 2E+01
1.4E+01
1.4E+01
1.8E+01
2.0E+01
2.2E+01
2.4E+01
2.6E+01
2.8E+01
3. 0E+01
3.5E+01
4.0E+01
6. 0E+01
1.0E+02
R.0E+OZ
1.0E+03
3. 0E+0=
1.0E+04
3.0E+04
1.0E+05
3.0E+05
1.0E+406
1.0E+07

THE TOTAL NEUTRON EMISSION(NEUTRONS/SEC)

REACTORTYFE
SPECIFIC POWER

3I3(3.2)

1.Z2E+09
5.0E+08
3.5E4+03
2. 1E+08
2. 9E+08
2.8E+08
2. 7E+08
2. 6E+08
2.SE+08
2.4E+08
2.3E+08
2.2Z2E+02
2. 0E+02
1.9E+02
1.7E+08
1.46E+03
1.SE+08
1.4E+082
1.3E+08
1.2E+0S
1.2E+02
9.7E+07
2. 2E+07
4,.SE+07
1.8E+07
&.2E+04
4., 9E+06
3. 1E4+046
2. 0E+0Q6
1.3E+06
1.6E+06
1.9E+06
1.4E+06
1.6E+0S

FWR

BURN-UF
GWD/TU

38(3.2)

1.9E+09
&.9E+08
46.5E+08
5.9E+08
5.6E+02
5. 3E+02
5. 1E+08
S5.0E+03
4.8E+08
4. 6E+02
4.4E+08
4.1E+02
3.8E+03
3. 6E+0OT
3. 3E+0E
3. 1E+08
2.9E+0%
2.7E+08
2.5E+02
2.3E+08
2.2E+08
1.SE+08
1.SE+03
7. PE+07
2.8E+07
1.1E+07
6.8E+04
4. 6E+064
2.7E4+064
1.7E+40&
1.9E+06
2.2E+04
1.5E+046
1.7E+05

28.5 (W/5)

(ENRICHMENT)

(4)
38(3.6)

1.6E+09
4. FEHOE
4.8E+03
4. 3E+02
4.0E+0%2
3.9E4+02
R.7E+0E
3. 6E+03
Z.5E+02
R.3E+OS
3. 2E+02
2. 0E+O2
2. 8E+02
2. 6E+02
2.4E+02
2.2E+03
2.1E408
2. 0E+08
1.8E+03
1.7E+08
1.6E+408
1.3E+03
1. 1E+08
S.%E+07
2.2E+07
. 2E+06
5.7E+04
3.7E+04
2.3E+046
1.5E+0&
1.8E+064
2. 1E+046
1.5E+04
1.7E+05

45(32.2)

3. 2E+0Y
1.2E+09
1.4E+0%
1.2E+0%
1.2E+0%
1.2E+09
1.2E+0%
1.1E+0%
1.1E+0%
1.0E+0%
1.0E+09
<. 3E+08
L. 7E4+08
. 0E+08
7.SE+08
&L PEHOR
&, 4E+08
&L OE+08
5. 6E+08
5. 2E+08
4,2E+08
4,0E+08
Z.4E+08
1.7E408
5.5E+07
1.2E+07
1.3E+07
“. 1E+06
4.7E+06
Z.3E+06
2. 6E+06
2. 9E4+06
1.9E+04
1.9E+05S



TABLE &. THE TOQTAL RADIOCACTIVITY(BEQUERELS)

REACTORTYFE BWR

SFECIFIC POWER 22.0 (W/G)
TIME BURN-LIFP (ENRICHMENT)
YEARS GWo/ T (%)

28(2.8) 33(2.8) 38(2.8) 28(3.2)
0. 4,4LE+18 4,7E+18 4,8E+1¢8 4,8E+1E
1.0E+00 &.ZE+LL 6.7E+14 7.0E+14 L.FE+LA
2.0E+00 2.7E+16 4.0E+1& 4.3E+16 4.3E+1¢&
3. 0E+00 2.4E+14 2.9E+16 2.2E+16 2. 2E+1¢4
4. 0E+00 2.1E+16 2.3E+14 2.6E+16 Z. 6E+14
S.O0E+00 1.8E+16 2.0E+14 2.2E+14 2.2E+14
&. OE+Q0 1.4E+16 1.8E+1¢& 2.0E+14 2.0E+16
7.0E+00 1.5E+14 1.7E+16 1.9E+14A 1.9E+16
&. 0E+0Q 1.4E+1¢6 1.6E+14 1.8E+16 1.8E+1¢6
¢. QE+00O 1.3E+16 1.5E+14 1.7E+164 1.7E+16
1.0E+01 1.3E+164 1.5E+14 1.6E+14 1.6E+14
1.2E+01 1.2E+16& 1.4E+1& 1.5E+16 1.5E+16
1.4E+01 1.1E+16 1.2E+14 1.4E+14 1.4E+16
1.6E+01 1.0E+16 1.2E+14 1.3E+164 1.3E+14
1.8E+01 F.7E+15 1.1E+1& 1.2E+14 1.2E+16
2. 0E+01 P.1E+1S 1.0E+16 1.2E+16 1.2E+14
2.2E+01 8.6E+15 .IE+1S 1.1E+14 1.1E+16
2.4E+01 8.1E+15 9. 3E+15 1.0E+14 1.0E+16
2.6E+01 7.7E+135 8.8E+15 Y.PE+1T ¥.9E+15
2.8E+01 7.3E+15 8.3E+15 F.3E+15 Y.4E+15
S.0E+01 6. PE+1S 7.9E+15 8.8E+135 £.9E+1S
3.5E+01 6. 0E+15 &.9E+15 7.7E+15 7.8E+15
4.0E+01 S.3E+15 &.0E+15S &.BE+1S 6. 8E+15
& OE+O1L S3.2E+15 S.7E+1S 4.1E+15 4.,1E+15
1.0E+02 1.3E+15 1.5E+15 1.7E+15 1.7E+15
3. 0E+02 1.4E+14 1.8E+14 2.0E+14 1.9E+14
1.0E+03 &L.1E+173 &.T7E+13 7.2E+13 &.YE+13
S.0E+03 2.2E+12 2.3E+13 2.5E+13 2.4E+13
1.0E+04 1.3E+13 1.4E+13 1.5E+13 1.5E+13
3.0E+04 6.0E+12 & 4E+12 &.8E+L2 &L.GEXL2
1.0E+05 1.8E+12 2.0E+12 2.2E+12 2.2E+12
3.0E+05 1.2E+12 1.4E+12 1.5E+12 1.5E+12
1.0E+06 7.3E+11 8.2E+11 B.9E+11 8.9E+11
1.0E+07 2.1E+11 2.1E+11 2.1E+11 2. 1E+11



THE RADIOACTIVITY FRIOM THE ALFADECAY (BEQUERELS)

TABLE %.

REACTORTYFE BWR

SPECIFIC POWER 22.0 (W/G)
TIME BLURN~-LIF (ENRICHMENT)
YEARS GWLh/TU (%)

28(z2.8) 33(z2.8) 38(2.8) 22(3.2)
0. 1.SE+14 2.6E+14 4.2E+14 Z.4E+14
1.0E+00 1.7E+14 2.8E+14 4,.3E+14 3.46E+14
2. 0E+Q0 1.7E+14 2. CE+14 4.4E+14 Z.6E+14
2. 0E+00 1.2E+14 2.9E+14 4.4E+14 2.7E+14
4, 0E+QO0 1.83E+14 2. 9E+14 4.4E+14 Z.7E+14
5. 0E+00 1.9E+14 2. 9E+14 4,.2E+14 Z.7E+14
6. QE+00 1.9E+14 Z2.9E+14 4,3E+14 Z.7E+14
7 . QE+QO 2. 0E+14 Z.0E+14 .ZE+14 Z.7E+14
8. 0E+00 2. 0E+14 3.0E+14 4,.3E+14 Z.7E+14
2. 0E+0O0 Z.0E+14 2. 0E+14 4,.3E+14 Z.7E+14
1.0E+01 Z.1E+14 3.0E+14 4,32E+14 Z.7E+14
1.2E+01 2.1E+14 . 0E+14 4,.3E+14 Z.7E+14
1.4E+01 2.2E+14 3.1E+14 4.2E+14 . 7E+14
1.4E+C1 2.2E+14 3.1E+14 4.7E+14 Z.7E+14
1.23E+01 2.2E+14 2. 1E+14 4.2E+14 S.7E+14
Z2.0E+Q1 2. 2E+14 2.1E+14 4,.1E+14 Z.7E+14
2. 2E+01 2.2E+14 2. 1E+14 4,.1E+14 Z.7E+14
2.4E+01 2. 3E+14 3.1E+14 4,1E+14 2.7E+14
2.6E+01 Z2.4E+14 2.1E+14 4.0E+14 Z.4AE+14
2.SE+01 2.4E+14 3.1E+14 4,0E+14 Z.4E+14
3.0E+01 Z.4E+14 3.1E+14 3.9E+14 3.6E+14
2.5E+01 2.4E+14 Z.1E+14 Z.YE+14 Z.SE+14
4.0E+01 Z.4E+14 . 1E+14 Z.E8E+14 Z.5E+14
&.0E+01 2.4E+14 Z2.9E+14 2.4E+14 Z.2E+14
1.0E+02 2.2E+14 2.6E+14 Z.0E+14 Z.EE+14
ZLOE+QZ 1.SE+14 1.7E+14 1.86+14 1.7E+14
1.0E+03 S5.9E+1Z 6. 5E+13 &LH.9E+13 L.TE+LT
3.0E+03 2.0E+12 2.2E+13 2. 3E+13 2. 2E+13
1.0E+04 1.2E+12 1.2E+13 1.4E+12 1.3E+13
3.0E+04 S.2E+12 S.4E+12 S.4E+12 S.S5E+12
1.0E+0% S.7E+11 P.4E+11 1.0E+12 ¢.9E+11
3.0E+05 2.8E+11 3.3E+11 3.8E+11 3.8E+11
1.0E+06 1.9E+11 2.1E+11 2.3E+11 2.3E+11
1.0E+07 6.3E+10 &.4E+10 6.A4E+10O &.SE+10



TABLE 10. THE THERMAL POWER(WATTEZ)

REACTORTYFE BWR

SPECIFIC POWER 22.0 (W/G)
TIME BURN-UF (ENRICHMENT)
YEARS GWL/TU (L)

28(2.8) 3z(2.8) I8 (2.8) 38(3F.2)
0. 1.2E+06& 1.3E+04 1.3E+04 1.3E+0&
1.0E+0Q0 6.3E+03 7.1E+03 7.7E+0%= 7. 4E+073
2. 0E+DQ 23.5E+03 4.0E+0Z 4.5E+03 4.4E+03

- 3. 0E+00 2.3E+03 Z2.7E+03 3.1E+032 3.0E+0%2

4.0E+00 1.7E+0Z 2. 0E+03 Z2.8E+03 2. 3E+02
S O0E+00 1.4E+4+03 1. 7E+03 2.0E+03 1.9E+03=
&L QE+0O 1.2E+03 1.5E+02 1.7E+032 1.7E+03
7. 0E+00 1. 1E+03 1.3E+03 1.46E+03 1.5E+03
&. 0E+00 1.0E+03 1.2E4+0%Z 1.5E+0% 1.4E+02
9. 0E+00 Y. 6E+OZ 1.2E+0E 1.4E+0Z 1.4E+03
1.0E+01 9. 3E+02 1.1E+03 1.4E+03 1.3E+03
1.2E+01 8.7E+02 1.1E+03 1.3E+03 1.2E+03
1.4E+01 8. 3E+02 1.0E+0= 1.2E+40% 1.2E+0%
1.46E+01 8.0E+02 9. 7E+02 1. 2E+0Z 1.1E+0%=
1.8E+01 7.7E+02 ¥.ZE+OZ 1.1E+03 1.1E+032
2. 0E+C1 7.4E+02 2.0E+02 1.1E+03Z 1.0E+0Z
Z2.2E+01 7. 2E402 8. 6E+02 1.0E+03 1.0E+03
Z.4E+01 &.FEHOZ 8.4E+02 9. YE+OZ “.7E+02
2.6E+01 L. 7E402 5. 1E+02 Y. 6E+O2 ¥.3E+02
2.8E+01 & SE+OZ 7.8E+02 9. 2E+02 Y. 0E+02
. 0E+01 & SE+OZ 7.6E+02 &.9E+02 8.7E+02
3. 5E+01 S.8E+02 7.0E+02 8.2E+02 &. OE+0Z2
4,0E+01 S.4E+02 6. SE+OZ 7.6E+02 7. 4E+02
4.0E+0] 4.1E+02 4.9E+02 S.7E+02 Si. 6E+0O2
1.0E+Q2 2. 7E+02 3. Z2E+0O2 Z.7E+02 T.6E+O2
S.0E+OZ 1.3E+02 1.SE+02 1.46E+0Z 1. 4E+02
1.0E+0Z 5.2E+01 S5.7E+01 40 1E+01L 5.9E+01
Z.0E+0Z 1.7E+01 1.8E+01 1.9E+01 1.9E+01
1.0E+04 1.0E+01 1.1E+01 1.2E+01 1.1E+01
T, OE+04 4, SE+QO 4. &E+0Q0 4.8E+00 4.7E+00
1.0E+05 v.5E-01 1.0E+00 1.1E+0Q0 1. 1E+00
3. 0E+0S S.6E-01 6.5E-01 7.4E-01 7.4E-01
1.0E+Qs4 3.9E-01 4.4E-01 4.8E-01 4.8E-01
1.0E+07 1.2E-01 1.2E-01 1.2E-01 1.2E-01



TABLE 11.

TIME
YEARS

Q.

1.0E+00
2. 0E+00
3.0E+00
4, 0E+00Q
S5.0E+00
6. 0E+00
7. QE+0O
8.0E+00
. 0E+Q0
1.0E+01
1.2E+01
1.4E+0Q1
1.6E+01
1.8E+01
Z.0E+01
2. 2E+01
2.4E+Q1
2. 6E+01
2.8E+01
2. 0E+01
2.5E+01
4.0E+01
&L QE+D]
1.0E+02
2. 0E+02
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Table 12

1983-02-10

The activity (Begquerels)
as a function of the burnup for the storage

safety of some important nuclides for a PWR and

one year after unloading

BWR
PWR (38.5 w/g) Burnup (Gwd/TU) (3.2 %)
Nuclide 33 38 45
Tc 99 4.86E11 5.45E11 6.18E11
I 129 1.17E9 1.35E9 1.64E9
Cs 135 1.76E10 1.46E10 1.90E10
Pu 239 1.08E13 1.08E13 1.25E13
Np 237 1.16E10 1.39E10 1.79E10
Ra 226 1195 1715 2050
BWR (24.0 w/qg) Burnup (Gwd/TU) (2.8 %)
Nuclide 28 33 38
Tc 99 4,19E11 4.84E11 5.45E11
I 129 9.92ES8 1.18E9 1.36E9
Cs 135 1.53E10 1.80E10 2.07E10
Pu 239 1.03E13 1.04E13 1.04E13
Np 237 9.15E9 1.14E10 1.35E10
Ra 226 1931 2406 2878

NW22 ASG




Table 13

The maximum values of the activity and corresponding time interval
for the most important actinides for a PWR and BWR. As further ‘

information the dose conversion factors for ingestion are given.

Reactor PWR (38.5 w/g 3.2%) BWR (24.0 w/g 2.8%) Time Dose
of conversion
Nuclide Burnup (Gwd/TU) Burnup Gwd/TU) ;Ziiﬁum ii;ggiion 113/
33 38 45 28 33 38 (Sv/Bq)
U-234 7.6E10 8.8E10 1.1E11 7.7E10 | 6.5E10| 9.0E10 1.0E3 7.1E-8
Th-230 4.5E10 5.1E10 6.3E10 4.5E10 | 3.9E10| 5.2E10 3.0E5 1.5E-7
Ra-226 4.5E10 5.1E10 6.3E10 4.5E10 | 3.4E10| 5.2E10 3.0E5 3.1E-7
Np-237 5.1E10 5.7E10 7.2E10 5.2E10 | 4.6E10 | 5.7E10 1.0E4 1.1E-5
U-233 4.0E10 4.4E10 5.6E10 4.0E10 | 3.5E10| 4.4E10 1.0E6 7.2E-8
Th-229 4.0E10 4.4E10 5.6E10 4.0E10 | 3.5E10| 4.4E10 1.0E6 9.4E-7

gY¢ AINAILIDYINI MIASANLS
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Table 14 The contents of heavy nuclides at time
of discharge as calculated by ORIGEN 2
and CASMO.
Burnup level = 33 000 MWd4/TU.

PWR Content of heavy nuclides (gram/TU)
ORIGEN 2 ORIGEN 2 CASMO

Nuclide {(Edlund) (Etemad/Ekberg)(Etemad/Ekberg)
38.5 w/g; 38.3 w/g; 38.3 w/g;
857.14 A4 861.62 d 861.62 d

U 2352 8158 7958 8318

Reduction

U 235 23842 24042 23682

U 238%) 944458 944100 943200

Reduction

U 238a) 23600 23900 24800

pu 238°) 133.4 126.9 127.4

pu 239°) | 4593 4938 5528

pu 240%) | 1567 2308 2338

pu 241°) | 1515 1224 1338

Pu 242a) 563.8 453.5 545.5

Am 241°) 38.1 28.2 32.3

am 2432 104.9 86.0 96. 4

cm 242°) 17.4 11.9 13.0

cm 244€) 27.9 24.1 25.6

a) The amount of this nuclide is
unaffected during the shut down between
the burnup periods, since possible
parent and the nuclide itself have long
half-lives in relation to the lenght of
the shut down.

b) The amount of this nuclide increases

c)

during the shut down since its parents
have short half-lives in relation to

the shut

down.

The amount of this nuclide decreases
during the shut down, which means that
the half-life is short in relation to
the duration of the shut down.
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The activity as a function of the burnup for some important nuclides

in the nuclear fuel of a PWR.
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Fig 10. The activity as a function of the burnup for some important nuclides
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