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SUMMARY

I. Project Title

An Assessment of Hypothetical Severe Accident Risks for KSNP and PHWR
Plants

II. Objective and Importance of the Project

The information for the safety of nuclear power plants should be open to the
public and enhancement of the democratic and transparent decision making
should be made in order to increase the public acceptance of nuclear power
plants. The objective of this study is to estimate and compare the risks
resulting from the severe accidents of PWR(Pressurized Light Water Reactor)

and PHWR (Pressurized Heavy Water Reactor) plants.

III. Scope and Contents of the Project

The risks resulting from hypothetical severe accidents of the typical
1,000MWe KSNP(Korea Standard Nuclear Plant) and the typical 600MWe
CANDU(PHWR) plant were estimated and compared. The risk measures
considered in this comparison study are early and cancer fatality risks. The
results are presented as CCDF(Complementary Cumulative Distribution
Function) curves considering the occurrence frequency of each STC(Source
Term Category). Also, the results were compared with the risks of foreign
nuclear power plants and risks of various power plants such as coal, oil,

LNG, and hydro power systems.

IV. Result of Project

The early and cancer fatality risks of a PHWR plant are lower than those of
a KSNP plant in spite of the fact the total population of the PHWR site are
larger than that of the PWR plant. This is attributed to the fact that the

amount of radioactive materials that released to the atmosphere resulting from



the postulated severe accidents of a PHWR plant is smaller than that of a
PWR plant. And, the dominant initiating event of the STC that shows
maximum early and cancer fatality risk is SGTR(Steam Generator Tube
Rupture) for both plants. Therefore, the appropriate actions must be taken to
reduce the occurrence probability and the amounts of radioactive materials
released to the environment in order to protect the public for both PWR and
PHWR plants.

From the aspects of the release frequency of radioactive materials and
fatalities, the results of this study presented as CCDF curves show similar
results of the Reactor Safety Study(WASH-1400). But, from the respect of
occurrence frequency of severe accidents that cause fatalities, the nuclear
power system shows the frequency of 1/100 ~ 1/1000 comparing with the
fossil fuel systems(coal, LNG, oil) that cause many fatalities during the
mining and transport stage and hydro plants that causes large fatalities due

to dam failure.

V. Proposal to Applications

The results of this study can be used for the enhancement of public
acceptance of nuclear power plants by comparing with risks of other power
plants. Also, they can be used as basic data for the estimation of public
acceptance if they are combined with the environmental impacts of other

fuels.
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3E 3 &% 3457 2 A 15719 =41 = (1/2)

Rl w71 (Sec) PWR(Bq) PHWR(Bq)
Co-58 6.16E+06 472E+13 9.36E+12
Co-60 1.66E+08 6.40E+14 6.50E+14
Kr-85 3.39E+08 5.02E+16 8.49E+15
Kr-8om 1.61E+04 3. 715E+17 6.28E+17
Kr-87 4.56E+03 6.65E+17 1.16E+18
Kr-88 1.01E+04 9.23E+17 1.65E+18
Rb-86 1.61E+06 1.40E+16 2.14E+15
Sr-89 4.49E+06 1.18E+18 2.36E+18
Sr-90 8.87E+08 443E+17 6.56E+16
Sr-91 3A41E+04 1.69E+18 2.86E+18
Sr-92 9.76E+03 1.98E+18 3.20E+18
Y-90 2.31E+05 4.71E+17 1 A6E+16
Y-91 5.08E+06 1.69E+18 3.18E+18
Y-92 1.27E+04 1.99E+18 3.22E+18
Y-93 3.64E+04 2.52E+18 3.88E+18
Zr-95 5.66E+06 3.09E+18 448E+18
Zr-97 6.05E+04 3.46E+18 4.74E+18
Nb-95 3.03E+06 3.08E+18 4A7TE+18
Mo-99 2.38E+05 4.00E+18 5.22E+18
Tc-99m 2.17TE+04 3.50E+18 457E+18
Ru-103 3.42E+06 4.25E+18 4.86E+18
Ru-105 1.60E+04 3.45E+18 3. 74E+18
Ru-106 3.19E+07 247TE+18 8.86E+17
Rh-105 1.28E+05 3.12E+18 2.60E+18
Sb-127 3.28E+05 3.00E+17 3.01E+17
Sb-129 1.56E+04 8.10E+17 1.03E+18
Te-127 3.37E+04 2.99E+17 3.33E+17
Te-127 9.42E+06 4.14E+16 3.07E+16
Te-129 4.20E+03 8.10E+17 1.01E+18
Te-129 2.89E+06 1.20E+17 1.52E+17
Te-131 1.08E+05 3ATE+17 4.66E+17
Te-132 2.81E+05 3.20E+18 419E+18
[-131 6.95E+05 2.31E+18 2.99E+18
[-132 8.23E+03 3.26E+18 4.30E+18
1-133 7149E+04 4.38E+18 5.88E+18
[-134 3.16E+03 A TIE+18 6.33E+18
[-135 2.37TE+04 4.15E+18 5.49E+18




#3831 3457 B A4 157]9] =T (2/2)

WA s d A R 71 (Sec) PWR(Bq) PHWR(Bq)
Xe-133 4.57E+05 4.42E+18 5.74E+18
Xe-135 3.30E+04 8.58E+17 2.61E+17
Cs-134 6.50E+07 1.67E+18 8.79E+16
Cs-136 1.12E+06 3.66E+17 1.56E+16
Cs-137 9.50E+08 9.05E+17 9.75E+16
Ba-139 4.99E+03 3.76E+18 5.05E+18
Ba-140 1.11E+06 3.09E+18 491E+18
La-140 1.45E+05 4.02E+18 5.12E+18
La-141 1.42E+04 3.37E+18 4.66E+18
La-142 5.72E+03 3.19E+18 4.34E+18
Ce-141 2.81E+06 3.38E+18 472E+18
Ce-143 1.19E+05 3.98E+18 4.20E+18
Ce-144 2.46E+07 2.59E+18 2.01E+18
Pr-143 1.17E+06 2.90E+18 410E+18
Nd-147 9.50E+05 1.44E+18 1.85E+18
Np-239 2.03E+05 0.84E+19 8.35E+19
Pu-238 2.81E+09 4.64E+16 2.36E+14
Pu-239 1 10E+11 8.45E+14 5.44E+14
Pu-240 2.13E+11 1.62E+15 8.56E+14
Pu-241 4.61E+08 0.34E+17 1.11E+17
Am-241 1.37E+10 0.65E+14 3.25E+13
Cm-242 1.41E+07 3.70E+17 8.79E+15
Cm-244 5.71E+08 2.44E+17 1.10E+14

1.00E+20

1.00E+19

1.00E+18

1.00E+17

I @ PWR(Ba)
L PHWR(Ba)

1.00E+16
1.00E+15 |
1.00E+14
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¥ 4 =7 3457]9 WA Y WET EA

A uj ARl Z=7]ARA AG1E I P AR &

No. (/)
Core melt stopped before Reactor 5

1 Large LOCA Vessel failure 4.87x10
Reactor Vessel failed, Containment 5

2 Loss of Feedwater do not failed 1.44x10
3 Loss of Feedwater Early Containment failure, Leak 1.71x10°7
4 Small LOCA Early Containment failure, Rupture 5.39x10°®
6 Small LOCA Late Containment failure, Leak 1.71x10°°
7 N/A Late Containment failure, Leak 6.57x10"7
8 Station Blackout Late Containment failure, Leak 1.60x10°°
Late Containment failure, Leak, -8

10 Small LOCA Rupture 8.58x%10
Late Containment failure, Leak, -9

11 N/A Rupture 2.19x10
. Late Containment failure, Leak, -7

12 Station Blackout Rupture 7.87x10
13 Loss of Feedwater Basemat Melt-throough 1.22x10°°
14 Loss of Feedwater Alpha mode failure 3.22x10°®
15 Large LOCA Containment failure before RV failure| 6.05x10°"
16 Large LOCA Isolation Failure 1.18x10°®
17 Large LOCA Isolation Failure 1.97x10°®
18 V-sequence V-sequence (Bypass) 1.20x10™*
19 SGTR Steam Generator Tube Rupture 1.43x10°°

(Bypass)

- 13 -




STC Eolaha
AW A 27)A1 AgAE v G M)
No. (/)
1 No Severe Core No Containment Failure 2.652x10°°
Damage :
2 Small LOCA No Containment Failure 5.228x10°
3 Small LOCA Late Containment Failure 4.928x10™"
Loss of Service . . -7
4 Water Late Containment Failure 1.363x10
5 Small LOCA Very Late Containment Failure 4.865x10™"
Total Loss of End . _ 4
6 ) ) Very Late Containment Failure | 3.006x10
Shield Cooling
7 Dual Control Containment Isolation Failure 3.563x10®
Computer Failure :
Multiple SGTR Containment Bypass 6.853x10 "
9 Multiple SGTR Containment Bypass 1.063x10°7
1.00E-03
1.00E-04 |
1.00E-05 {{{ ] -~
1.00E-06 ] T - i _
1.00e-07 | [{ [] _ - ] a
1.00E-08
1.00E-09
1.00E-10
Q
\@é
¥ 5

- 14 -




SENE]

1

k)
p4

-

120 A= <l

S
LS

-
=

1 2}

<l

-

e 6072 & vk

7F Al MACCS2 FZ=of A

2 97je) 1%

3

e

WA 9]

il

il

o

ol &

-
1

3

hy:

—_
fi%e)

6ol LreRd wish gt

2
ol

=
=

4

o

9/]

=
A=

st== 971 1

S

p—

oM &8 7l

s

22|
ol

i)

o

6. MACCS2 m =04 &

-
It

>
&
o|D
T.,
< | E
o ) S|~
mﬂrrbs M.ID;N
EoKBRbardaNuya
3 2R NN Nav RN oy Jaa
J;OWMI:S; 3
~ Ol ¢ S| O
£y & z| O
=0 2
o 5| Z
a=) g
N
<
—
M RG] .
4 |82|3lE|2E|=|3|8
212le|E|5|5|2 gle
o |s|:5|2|'E|E|E|&|2|2
-GS 82 S| 2|5 8|
9 C%&M%CB
G =3
Z,
S
Z.
—
il
1




Ce

Ba

STC-3

7.1x101

1.4x10°*

STC-4

4.1x10*

4.1x10"

STC-6

43x10*

1.0x10°°

STC-8

9.7x10°°

2.4x107°

STC-10

8.0x10*

1.9x10°

STC-12

9.8x10°°

25x10°

STC-13

55x10°°

1.7x10°

STC-14

5.9x10°

1.9x10°°

STC-16

2.6x10°

1.4x10*

STC-17

1.1x10°°

6.3x10°

STC-18

4.3x10°

1.4x107°

STC-19

“7.1x1071

1.4x10°*

T8 W4 1579 P W

Xe/Kr

I

Cs

Te Sr

Ce

Ba

STC-2

1.2x10*

7.2x10°°

7.2x10°°

0.0 [29x10°

3.8x107°

0.0

1.3x10°°

STC-3

1.0

7.7x10°

85x10°

5.2x10°(2.6x10*

1.2x10°

47x10°°

25x10°°

1.3x10

STC-4

9.9x10 !

4.3x10°

4.0x10°°

2.0x10%|2.4x10*

4.0x10 "

3.7x10°

2.0x107°

1.2x101

STC-5

9.9x10!

6.4x10°

5.7x107°

4.1x10?(3.0x10*

1.6x10 "

5.3x10°°

2.8x10°

1.4x10*

STC-6

7.1x10"

75x10°

7.0x107°

3.3x10%/6.0x10*

1.2x10°"

1.0x10°

5.3x107°

2.8x104

STC-7

8.1x10!

5.0x10 2

5.0x10 2

2.9x10°%|3.2x10*

9.0x10°

5.4x10°

2.5x107°

1.7x10*

STC-8

9.6x10 "

1.2x10°*

1.3x10°*

4.2x10°(2.7x10™*

5.3x10 7

4.0x10°

2.1x107°

1.3x10*

STC-9

46x10"

4.9x10°°

4.9x10 2

3.6x10 %|5.4x10°°

7.8x107°

0.0

0.0

2.6x107°
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7 2 44 37
E5 (m/sec) e 02§ (%) HE 2§ (%)
1.0 o]&} 2,654 30.3 1,208 138
1.0 ~ 20 3,376 385 2,059 235
20 ~ 30 1,351 15.4 2,114 24.1
30 ~ 40 703 8.0 1,498 17.1
40 ~ 50 376 43 884 10.1
50 ~ 6.0 185 2.1 507 5.8
6.0 o4 115 1.3 1,698 194
2y 8,760 100.0 8,760 100.0
4t 1.87 m/sec 2.86 m/sec
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1L =3 2 EA A g e B
=7 5 44 FA
o 718 =
N & | WEE%) | e & | 9E&8(%)
Extremely Unstable(A) 2,069 23.6 879 10.0
Moderately Unstable(B) 338 3.9 299 3.4
Slightly Unstable(C) 370 4.2 285 3.3
Neutral(D) 2,409 275 2,031 23.2
Slightly Stable(E) 1,654 18.9 3,074 40.8
Moderately Stable(F) 945 10.8 1,253 14.3
Extremely Stable(G) 975 11.1 439 5.0
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