
KINS/HR-008 

*| ^ it 31 ^ 

^d^l *Pd^4 ^ t > ^ 1 « £3 £ 
f ^ 3 6J*H ^ *<R> ^ 

1990^ 12H 



•iJtH ****(,+* f w 

1̂ * «■ 

«■ J i ^ f - - ^ o j o ^ g ^ £3*> ^ | ^ £ A } nj ^ 3 o j ^ ^ ^ 

199Cd 12^ 31^ 

*> ^ 4 *)■ 7} £ Q # 



3 ^ ^ 

3 T
1 « : a ^ ( *H^*M£€ «)^^4«.j5L^) 

3 ■?■ i « : «|43« ( t ^ W l £ ^ *J)̂ -̂ 3j. aJ-AVaĵ ) 
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SUMMARY 

I. Project Title 

A Study of the International Trend and Comprehensive Enhancement 
Program on the Nuclear Power Plant Safety 

II. Objectives and Importance of the Project 

The objectives of this study are as follows: 
1) Overview of the international trend related to the safety of Nuclear 

Power Plants(NPPs), 
2) Study of the present status of NPP safety in Korea in aspects of design, 

construction and operation, 
3) Suggestion of the comprehensive program to improve NPP safety in 

Korea. 
The results of this study can contribute to improve the safety of existing 

and future NPPs, and to establish the severe accident policy in Korea. 

III. Scope and Contents of the Project 

1. International Trends on the NPP Safety 

International trends are surveyed with primary emphasis on the effects 
of TMI and Chernobyl accidents, the importance of the severe accident 
policy, and the role of the probabilistic safety assessment (PSA) 
methodology. In addition, recent research issues related to the safety of 
operating reactors are reviewed. 

- IV-



2. Present Status of NPP Safety in Korea 

Present status related to the NPP safety in Korea is reviewed in aspects 

of regulation policy, design and construction, weak components and systems, 

NPP operation, accident management, human factors, exchange of 

information, and education of technical staffs. 

3. Comprehensive Enhancement Program for Safety of NPPs 

The approaches to improve the overall NPP safety are considered in 
three aspects. 

1) Bases for improvement of NPP safety including safety culture, 

optimized regulation system, research and development, technical man 

power, emergency plan, international cooperation. 

2) Approaches to improve the safety of existing NPPs: strengthening of the 

safety certification activities, minimization of human error through 

qualification of operators and improvement of work environment, 

periodic safety reassessment of operating NPPs, establishment of a data 

base related to NPP operation, preventive maintenance, provision for 

plant aging and life extension, and design improvement reflecting PSA 

results. 

3) Approaches to achieve the safety of future NPPs: improvement of 

operating margins, man-machine interfaces, supporting systems and 

containment design for advanced light or heavy water reactors; 

innovation of the design features of NSSS and containment system for 

passive reactors. 

IV. Results and Applications 
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- This study results that NPP safety in Korea can be improved. 

- This study can be refered in establishment of severe accident policy in 

Korea. 

- Fundamental principles for the passive reactor in future are suggested. 
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3, 34 51 4** #44#* *s 33, 4J3 *3444 #34 3# 7^* 
34* 4#44 33 *34 433* *4i 4^* #* * 4 4 A # 4b 3 
44-

7. 4 i * 3 - S# 
425.33- S#3 #A 4 * * 3*^2=4 ^ * * 3 3 * * 4 4 3 A # 3 4 

ft4 43 #*4 4 b * 4 3 3 4 °i*4 3 3 * 3*14* 344- 4 # 3 3 * 
3 S # # #4 , LOCA 4 3 3 3 S#, 4 * 3 # 3 51 # 4 3 4 Ml* S # 3 4 
b 4 3 3 4 # 4 * 7l#44 4StA4, *14 4 * * 3 4 * 3 343. 4 4 4 
4 *J3# 7r4OT-

4 # 4 3 S # * 4 4 4 b 3*i22=4 A\*-# 5.^3 3 # J E * *°14 4 * 

4 # 33*1 # * 3 4 4 *4- 4iif2H.3 4 3 ^ 4 3 3 * 3*32=3 *43-£* 

# 4 4 4 4 # * 4 4 * #3Ais. #4 4 # 4 4 #A4, 3 3 3 4 4 # 4 * 4 
4 £ * 3 # # 2E44b 4#A 1#33A3.4b Semiscale, LOFT, TLTA # Z.7] 
4 3«l4 4-5-4 ccTF, SCTF, FIST, OTIS, MIST, ROSA-IV #<>l si4- 3 3 # 

4 b 4Ml* 4*4 # 4 4 * 4 # 4 4 4 b 44 4 * 4 * # 3 4 4 4 * 3 3 

44-

8. 4**144 5! * 3 4 3 44:13 

4**1144* 4ft4b #A # 3 * M * 3 *S 334:3 42E*3* * 

# 4 4 * 3 4 b 34:*, #4, *33#*1 3 3 * 3 4 4 344 4 4 * 4 * * 3 

4 4 * A 3 * # 4 4 4 4 * 3 * 4 * 3=344* 344- 4 # 4 3 #A 3 
# # i b ^r*4 4 # 3 3 4 * 4ft44 *J* 3̂ (Human Error)3 7r#3* 
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4 4 * "11442, 3 4 * 4Hi* *A444 3 4 334 4 * * * 3 4 4 *J* 
3 * *o>344b 344-

* 3 4 3 4 ^ 3 * 3 3 * 3 4 4 b *33*1 A4 3 4 ft*4:3 3 4 * *14 
ft # SiA* A3#4, 42/14 4A34 4 4 4 b * 3 3 A 3 4 4 ^ 214 3 
3 * 4 * * ft # SiA* 4 b 3 * #3A3. *4- *14* * 3 4 3 4 4 ^ 4 
4 b A* # 3 # 4 3 37r 51 ft*4: 3 * 3 4 3 . a l l 4 * 3**4 # 4 
4 3 * 443. 4432. OT- 2£*, 4 # 4 b 4 * 3 S#4*(Artificial 
Intelligence, AI) 71)̂ 4 4 3 *i4* # # 4 4 4 * S# *343ft(Artificial 
Neural Network)4 * * * 4 3*144 4#32. Si4-

9. #442. 4 3 

4 # Ml#3 #M142.4 4 * 33-43 S # 4 S33 # S 4 4 * # 4 # * * 
4371-4A 344#4A3 # 4 A3A4 4 3 4 * 3 4 3 4 2 4 3 3 3 3 3 
* * «11344 4 4 4 # 4 4 ^ 4 4 * 4 4 3 # 3 * 4 * 3##4 3*532. 
Si4- *M14 -̂ 4 3 A S#3 #A 3 4 3 4 NUREG-USO* 4 * 4 3 * 4 * 
* 4^- S14-

- 3 3 3 4 4 4 * A3 * * 3 A 5! 4 3 A 3 37J-. 

- 43A 51 #A42. 4 3 4 Ml* A4*3 #3-
- 43A 37H1 4 * *43A3 #3-

- 3 3 3 4 4 4 * 43A 3 # 3 4 3 ± 4 4 Ml* 34-
- # 3 ft*4:4 4 * S# 3 4 3 4***4: *1*. 
- # 4 # # 4 SI443 PSA 3 4 4 * # 3 . 

2£*. #A 4 ^ 4 3 4 4 * 3 3 4 3 4 4 3 # 3 * 4 4 4 * ft#3 S # 4 
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3*13-2 OT-

- # 4 4 2 43 #3-
- ̂ 3 * * 43. 
- #4: >S3 43 51 ^ 3 4*. 
- S3-#a* 33 3:3-4*. 
- 4tf*4 333 51 #4 AA. 
- 4*3 ^3*3 ft*, 4# 51 a 3 . 
- *442L 43A 51 43A 3# #4-

#A S# 3 4 * # 3 * ft34: 344 4 * 4 3 A *$7\ S#3#4 7r3 3 
4 * 42. 4 3 * #4ftA3.4 #44243 3 3 * *33 ^ 4 4 34 51 1 
#3 37h 3 4 4*3 # 3 # * #*J*rb 3*14. #4. A * #442.4 4 * 
4#3 A#3.43 3tf*4 3334 4 * S#7r 4 # 3 A si4-
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*fl 2 ̂  ^-41 ^ # 

*444b 1970*4 ft 33*3* 44* 44 #* 4*I4A* 44*4 
344 4*OT- ̂ * #* #4*4 4*344 44b 333 *344 34, 
#4 #*44 3ft* ##4 4* 3 * 43*14- ^44 4 3 A 3ft ##4 
4*3 447r Sib 3A #Sft # OT- 444b #4 333 31, *3, 4 
2. 34, A# #3 #344 S33 3=33 444 Sib #43** 43ftA3 
4, A4 S3* 33A3. 443 # Sib ftft* 44424- *4- *1 344 S 
#3 #43*4 4* ft* 51 4** 4 3344 b3443 *4-

l. #-41 3*1 

■̂M13 **i-3 ̂ M^ 44* 3444 ##* 34 #3 #43 3332. 3: 
*3S 3** 4*J«11 A4 *OT- 4b Ml##3 344 43**1 #4 4*3 
333S 34 *i*l *3#A3.#4 A*J44, ###3 #4 4** ZLM!3. 3 
*ft # 44 SiSiS 34A 4S*4- 4# #44b *#344*34#34 
#34b * #4 444 4342. S1A4, 3# 3, 4^4 33 44 51 #* * 
S3 433 471- #3 34* #44 #4 4*4 ^4 ftft32. SI4- 34 # 
4 #344 4*444 ft 4ft** 4*4 34-

1) # 4 3 3 4 Sfe Code & Standard7r 3 4 3 4 # # A 4 , * 4 ijfl 3 3 

51 4#3 4#4 43*1 3A44-
2) #44*3 71*3- 4 44 ##44 3#4b 4#3 4*13* A3, #ft 
4b S#7r 3A44-
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3) #4 44b 34347^1 Sib * * , 3#3#43 434 4*34 44 

-2, 4* 51 #4 344 34 ##44-

4) #4 33 51 S#3 ##A3., S334 333 44 #4*4 4* #* 

* #* 4**i #A34 Si4 OT-

5) 34444 #443 *3 3A ft 34 ^#7r *##44-

6) 34444 #443 *3 3#* 33 2:3* 444b #4 333 4* 

44 4*4 #44*3 3* #4 4^4 *#* *343 #3 443 

43*1 3A44-

7) 3 4 b 4 4 3 4 * 3 3 4 7 r A 3 4 3 4 SiA4, 4 4 4 3 4 4 4 3 # 

4 4 * 3 4 4 3 4 3 4 4 * 4 -

8) 3 4 4 3 3 4 3 4 * 4 4 4 b 3 3 * 4 * 3 3 4 4 f t 2.3*1 4 * * A 

4 4 , 3 4 3 .M.^34 *J*3.£ 4JL, S T L 3 4 * 1 : * 4 -

2. *}41 51 414 

3 4 . 3 4 51 4 4 4 3 * #M1 4 * # # * ^ ^ i ^ ^ ^ s . ^ . ^ g . 0 3 ft 

ft4 ftft* 3 * 43*14 4 3 * 447r4 3 4 4 4**1 4 4 4 ft* 33*1 

4-

i) * * 4 # # 4 # ft 212:4*3 4 4 3 4 # 4 # # * 3 # 3, 4^4 ft * 

S 3 # * 4 4 3 # 3 * #«H 3-A 4 * 4 2 . Si4-

2 ) 3 3 3 S 3 3 51 3 * 4 4 4 # 3 3 f t * 4 4 b # A *#(Criticai 

Component)3 # 3 4 4 4 4 * 4 * S#7l- # # 4 4 -

3) 3 * 3 3 3 3 * # 4 # A 3 # 4 3 3 A 3 . 3 4 3 # 4 4 3 4 * # 3 4 4 
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* 4 4 . 1 # 4 4 * # 51 3A, »JA # 3 # * 4 ^r#4 4 * £4. 
4) #M1 ##47l 714 ft 34 444 34*4 44, 2JE_3 * * * 4 ^ 4 

4 * 3*43 333 ##4 4434 1 # Si4-

5) ft*4: # 3 3 4 ft # 4 A * 3 4 # 4 4 * 4 4 * 4 A 4 A * S 3 4 

# A # A * 4 4 4 b # A 4 4 4 #*fl 4-S-4- $ ^ 4 - 4 4 * 3 347} 

3A4A3., # # 3 4 4 3 4 4 # S 3 4 3 # 4 4 4 4 1 A * A 3 , 4**11 

4 ft 3A71- OT-

6) * A 3 4 4 # * 3*^-3 4 * 3 ^ 4 014 3 ^ 4 nxiji o}^ q ^ 

3 3 * ^ A * 4 A * 4 * ft 3 1 4 * 3.44* 4 * 3 3 S#7l- 3Ml 

##44-
7) * * 4 # # 4 * 4 3 1 , # 4 4 * 4 # 3 4 4 4 2 4 1 # ft 4 3 . ft*4, 

BOP * # 4 Ml* 4 * 4 3 A b A 4 4 3 4 3 A 3 . ft* # # 4 4 -

8) 3 # 4 * A * 4 4 S ^ 3 S3- # 3 4 4 4 # 4 ft7> ft 4 4 4 3 # 4 

4 * 4 * 4 44*1-4. 

3. 44 IN 

# 4 3 3 4 4 3 #4 34 4 ^ 4 3 # 3 # 4 34 4 1 * 4 ^ 4 A3, ^ 
4 3 3 3 4 4 3 4 4 Aft # 3 * 3 # 4 4 ^ 4 4 4 * 4 4 4 4 A si4-

i) 4^-4 -̂*-4- 4J3L* ufl, ̂  4J3,*- $7} 34 ft # ^ # 3 4 3 Aft 

4 3 * 34 4171- #4 4-44-jL H4-. -3-ufl ft*4*4 4 * # 4 * 4 

4 4 4 A sib 3 * 3*ft 4, #^r 3 4 3 Aft* 4 # 4 3 * 34 # 4 

4 #A* 3SS 3A3. * * 3 4 . 
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2) 34, 4# 3ft ft *# #3 #44 3 * 347r 3*44 ft^*4. (3 

4 Aft 34 * 44 3*4 3 * 34 65% 44). 

3) 344 *33 21^34 4334 34 #4 4ft4 4*4* #4 4*A 

3 414 ft 341*4 3 * 344 #4 4*34 OT-

4) 4S444 4444, 4*44 #^3 4:3 33 34 ft #3* 34 #4 

71- ft«4 #4 347V 344b 3*A **4OT- 4:4 33(0ffsite 

Power) ftft* *Ml4A4 4* *A* 3:4434 f ^ oj^n .̂ ^ B ^ 

#ft *3 4#.E. 3*544 4A444 *4-

4. 4J3 **J 3-4 #413 

33 *3/*3 4#* &?] *44 44 Al ft334, 33 4**d989* 

3# *1**: #4 76.2%, 41 64.8%)4 443A3. -*#-44, *4 34 4# 

(1989* A4ft #434 3# 4̂ r: *# 1.44. 4# i-84)A #34 34:4A 

5J4- ^44 34443 #33 4*4 3 * #43*1 OTA #*34-

i) 33 4#3 #33. #4* * 3 * ft 4471- SiA4, 43 3* A * 4 3 

7r# #4 #4 A44 ftb 443*1 1 # Si4-

2) 34 4*. *7|# 7flft #3 #4* S33 4AA4b 344 434 #b 

33 *3 4Ab 4A344 44, 43* 3 * 343 Aft # 3*4 4 

43 34433 ftft ft 3* 3343 4#* 4* #44 34* 333 

* * *33 *4A 4A4 43ft* 444 34-

3) S334 333 4# 433 #*l 347r 434 34S14 #4 43 ̂ r*l 

434 ft*4: *3 3-44 3ft* 4343 ft*4: *3444 # 3 3 * 
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ft* #434- 43 4** 444b 3ft 33- 4*, *A 44 4#, 34 

4*4 51 33 44 4* #4 AE.4 444 44, 4 *4b #4 333 

44*4 44**444-

4) 33 34 ft S3 #34 4* 34443 *147r ##44, *3 #4 ft 

34 #34 4* 33* *3 43, *3 4*4 * * *43A3. 3*44 

^4A OT-

5) 7 1 * 4 3 4 4 4 3 3 4 A * * 3 4 3 4 3 4 Si44, 3 L 4 3 S * 3 4 3 * 

4 4 4 4 # 4 * 4 A S14-

6) 3 3 3 #334(Quality Assurence, QA) #47r 2 .33 , 4 * 3 A 3 . # 3 3 4 

Si4 # 4 4 , # 4 3 4 . 3 4 ft 4 4 4 4 * # 4 3 QA #4*1 # # 4 4 -

7) 3 4 3 # 3 3 4 3 4 A 3 * A * 4 ft, 3 4 3 4 * * # 4 # 4 * # $ 4 

4 3 3 , 4 # 3 3 * #*J4 ^ 4 A OT-

8) 3 4 PSA 3471- 3 3 * 3 3 * 4 3 3 3 4 3 3 4 * A * * * 4 # 4 

3 4 4 4 4 , 3 4 3 3 * 3 4 # 3 pSA4 4 * 33*1 # # 4 4 -

5. *}5L # 4 # 4 

i) 3 4 3 3 * 3 A 3 3 4 A 4 4 # 4 * 3 1 4 # 4 A ft 3 4 3 3 S 3 

34(Safe Shutdown)4 # 3 3 * # A ftAH^., # 4 4 A 4 4 * 3 3 4 3 

4*fl7r # # 4 4 3 4 3 # 4 4 # 3 3 * ft444 3 * 4 -

2) ft*4i 3 4 51 ft#4 ftb 3 3 * 4*44471- ft#444 ftOT- £ * 

4 * 4 * 1 4 # 3 4 4 4 # 3 b 4 A 3 # # 4 4 f t 4 4 # 4 4 , # 4 . # 4 

4 A 4 3 * A371- Af t34 Si4 OT- A ^ 4 *14* # 4 b 4 * # 4 * 
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3 *4b 44A3. ftA3. 4#3S S## #4 4*4 47r* 1 344-

3) 3ft *3 ft 4A 2.344 S#4* ft 3*7r 44:^3 3**1 4#3 

#4*14, 43 33* 4** 444b 343 * 3 * * * 3*44^ * 

*4 #** #4* 71-3 3**43 33*1 3A44-

4) 34 33- *3 3*4 4#4A sib *3 A4A3 S3 43* 333S 

4A 34, ##■ #4* 43 S33 3*7r7r 344 *4-

5) 3 1 3 3 ft # 4 A * 3 4 4 4 * 4 3 * 3 3 4 4 (Emergency Operation 

Procedure)3 7fl3, A 3 ft * 4 7 r 4 4 3 A 3 . 4 * 4 4 4 * i 4 

6) 3 4 3 * 3 34471- ^ 34471- 4 f t 4 b A * ft#4 4 4 3 3 4 4 b 

*4A3. , 4 3 3 * * 4 * 4 * 4 , 3 4 4 4 b 4 3 * # 4 4 A ft 4 * 

3 3 # 4 4 4 A * 4 sib 3 4 4 * * 4 4 b ft** 3 4 4 ftA* 4 4 

* 4 -

6. *J4 A.°J (Human Factor) 

i) 3 * 3 * A 3 4 4 4 3 3 * 3 3 3 4 * ft # # # 3 4 3-43A3. # 4 

4 4 # * * 3 4 * 4 A 4 4 4 3 4 - A 4 J L , *4 |3 A 4 # # 4lA(52:3 

AMI) 4 4 4 b 33- 4 4 : 4 4 3 * 3 A 3 * # 4 * 4 f t 4 * 3 4 * 7 r 3 

4 3 A 3 . # # 4 4 -

2) *3 43 44^4 *#* * * 444, 4* * * 43 44iflA- 3*4 

443 S14ft*l 44**434 Si4-

3) *33 ft 4* 43 #44 44* *!3 3*4 #444 3*3 3*3* 

*J4 4A3. 334A 3*4 4* 4*4 3A44-
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4) 4# 4#44 *333 4* #* ft4 ftS4 #33 34 OT- #444 

b 43* 4 #44 444 344 b344 ft ft#* 4* 3A3. A4 

44, 34 443A3. 4* #*4 # #471- 3ASib 3#4-A3. 43 

333 #433*1 3#344 ft 3A4 OT-

7. JL ^ 

333 * ft 7p* *B*7r #7rft4 4* 3ft #3A3 333 A# #3*1 

##ft 32£3 ft*4 #A, 4#4b 3 * ftft *3(Performance Oriented)3 A 

# 434 # 333 4A4b 3344 A* 43 7flft4 3*J3A si4- A# 

#33 ftft* 444b 4*4 3 * #434 43444 ft 3*14-

i) A# * * *# 43*1 3*44 A* A34 4* ±43 S A#<>I 4^.4 

44 ftA S1A4, ft*4: 44 * 3 3 * A* 3** **J4b4 ft* 4 

34 3A44-

2) 44 31 ft 34 443 43 3*A7r ^-44 21* JL*3 443 AS 

4 34-

3) 4 f t A#(Preventive Maintenance)A4 ^ r * A#(Corrective Maintenance)4 4 

# 4 A SIA4. *3 33* 44 3 3 * A# 44* 4344b 44b 4 

ft44 *4-

4) JL*34JI5L *43 Sib A* 444 4334 Si4 #4AA, 33 34, 

33 ft *3 #44 4*34 * S##44 A#4ft 4ft ft A#34 

44 #44A 4*444 *4-
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8. 3-A 51 4-S4 -s.^ 

i) #43 ft«4 3A3 3ft ft #3, ft7r7r 4*44, #4 33 *3 3 * 

3 3A #4iE7l- ft4 3A *ft 43443 #33 #*A3. S* 3A3 

4#4 * « * OT-

2) jift 2.$; *3 433 4444*14:71- 343A3. ##44, #3 3A71-

3343, #44 #334 *A 3A7r 43344 *31 7r*34 Si4-

3) 3444 4*3 34 4:* #47}- 3A44, *1# 444b 4A3 34A 

4A 3*43 33* *44b 4*3* 44 ft#4 #44 2.34 *A 

44-

4) *3 A4A *4 Aft 34 #3 3341 4* 3A* 34* 3ft*l *1# 

44A S1A4, A4 Ml* #4 343 4 A * * #43A3. 4*444 * 

4A SI4-

9. 4 £ °J4 °<W 

i) 33 4#* .n. ^ ^ 4*43 4#oi J*-** 344A3. 4 #43 4* 

3, #43 S3* 4* 44^ #443 3=3*1 3A44-

2)4ft3 S44A4 ft4 343 43, Aft* 4**1 3* #ft443 #3 

* 344 *344A 4371- 444- 44* #3* #4434 3444, 

S#43 *3 3-3LSL* ft 447h 3344 34 33. 4* A3 #3 4 

3*1 ft« 3 * 4* 43:*34 3 # OT-

3)4*43 3444b 34 *J4443 4*4 3A*J4b 33*1 4*44 
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SiJL, *7>4 A44 A4 ##44 3*3* ^)^r S434 34*1 44 

34 SI4 3*34* 4A4b 34 4A3A3. 44* 3344-

4) 3444b #43A3.43 A*3 344 ft4* Aft 34* 44 #4, 

3** 4#* #4 444 3*343 * 4 * #* *#S4 4A 4*4 

4A4 #4* 43* 71-4A si4- 444 3*S4* 3=344 4* #1 

* *L*]7\ 3A44A #4-

5) * 3 * 3 ft 4 * * 4 | A 4 4 * A * 4 3 3 * A 3 4 * 4 4 # 4 4 * 

A # , 3 4 * 4 3 # 3 * A 3 . * # * A * S 4 * 4 A 4 4 ft#4-

6) 4 # 3 3 * 3 3 * 4 4 * S # ft 3 * 4 * 3 # 3 3 4 4 4 * # * S 

3 4 *4-sj *oj *\±si&. ^4*13 ^ siA°3., 4 4 4 * 3 4 3 4 4 3 

4 4 4 3 A 4 4 . 
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* i 3 # 4 s < ^ ^ ^ < y ^ f ^ «ov<y-

41 1 3 ° J 3 ^ ^51-i- W 71 ̂ V ^ 

333 S3* * * * 314 31-44-33 43443 33* #3 A*, * 
#* *3 ft #4 A#, 34A #3* 4A 34 4*4 34 4A34- 444 
333 S3* 344*3 333 34 ft 4444 34, A 4*4b 33* 
34|3 *34b 43444 34 4A444 *4- A 4 4 4*3. 44* 33 
3 S33* *44A* 44 444b 3* 434 3* 33* #44 44 3 
*4 33 #43, 4*3 4*4 3A44- 444 7l* * 334 *# 334 
4* #433 S33 ftft ftS* b3444 ft4, 4* **ft * Sib 4* 
* 3:344 44 3A* 4*4 44 34 b3443 *4-

i. °13 # 4 4 ̂ 4 

3344 lH4b 4* #4** 43 3444b 3*3 3*4 A #34 
OT- S34, 3* ft«* #4** A44A 434b4 Si44b 43 A 4A 
3A * * * *7>44 **4- *14 3*1 #33 #34 #33 #344 A* 
333 *34 333 3*3 3ft4 * 3 * 4* #A* 344- 44 3* 4 
34 TMI ft 4sjt3443 A\5L*\ 33.03. 4*4 * 41, 334 S3* # 

4, 34, 33, *3 #4 333 47l|3#3 S34 4* 444 A*4 #* 
2:3 43 #34 4*34AA * * S14- 44* 3344 4* #4 *3 * 
SKSafety Culture)3 4ft*l A*J3A 443A3. ** #43 334 344 3 
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* 334 A2.4A si 4-
S3 #4* 3444 333 ##4 #44b A# 4*4 2.34 3334 

333b 3A* 4*#4 :a.#ft * sib 4ft3S 4A* 7r44, 3*7r Si* 
4b 4* #34 4342, 334 4* 34* 344 *334* ftA si* 
#43 #3* ft*4- 44* *3 #43 334 34* 4* ft*** 3#, 
4 33 434, A4JL 4£ #44*3 43 A3. 4*4 b33b 3*1 3*3 
44-
333 S34 333 3*3 #3 ft 3*1* ftft4b 3*43443 S3 

* * j * ZL4- *33 4344 443*4 44* 3ft* *I4*4- 444 *3 
#44 34* 44 3*b 34* S3 #A* 4 3 4 A 33* #4* #44 

43 33* 3*344 *4- #4 3*4 S144 3*3 *ft* 33*14 44 
* 444b 34 4*3A3. ** 33 3*4 4* 4ft* 344b 3* #7r 

3 S3 #43 43* 4* *33S 4ft*14A * * OT-
4J33 S34 3333 *34 Sib 4 4343 33 *34** #A* * 

3 3*0** 434 44 34444 44, Aft 444 344 #3 *4 41* 
434A, J5L* ft 4A** 334 3444, #3* #4 44* 44 4#3A 
3 A444 *4- #4 444 Sl44 #4 #3* 3*, 33 4*3 A34 S 
3* 4344 ££# 4A, 443 444 3*3 *4* 2.344 ftA* 44 
44, 33* * * 4#* 4344 *4b 344-

3#3S S3 #4 343 33* ft44 S#* 343 43 #34 34 3 
ft* ft* 4<g #44*3 **<? 4*4 Si4- 443** A* 434 344 
ft4 4*3 *3 ft #*l 434 S343 333, A4JL ftsii4 7l*3 ft n. 
Ml*4 444 3** ftb #3* 344 *4- 43 *4b 3444 #34A, 
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43-4 * * 34* *444b * 34- A4A 43 *4b 43 4** 4* 

4A 4S*, 2.3*3 3A A # * #4 3ft* #34 47rA* *4-

2. * 3 #41 41.514 4 4 4 -

S3 #4* 3443 4*4 4*b ft4*3 443*4 4*3 3ft4 #3 
* 21^44 444, #7r3S 4344 #344 34 4*J3b 4* 2.4* ft 
*4-. fl-43 *-;&£- 3443 *1#*1 * 3 4 A * *A4A 4* A#4b 4 Si 
A4, 344 4*3 #34 3333 33* *44b 334-

ft44A S#58**l *43 #4 *#*, A -=-* ft_8_* 34 ft 4*3 4 
43 4#, 444, Aft̂  * -̂4 33 ###3 #4 4#* 43 A43. 44 
#JL, #4 33 33A 4#44 3*3 3* **4 * 3344- 4# #4, 
334 4* 443 343 34, 4* #* ft 7p# 33*3 *7HI 4* #4 
#33 344 **44 44 *4 334 ftb #4 4*3 43 ft 33 33 
3 347V A#3A OT- 4 4344 #44** 333 *3#4# **J44 
44 333 *3 A#4 #43 3L#3 #3*14b #4 # i# 334A, 43 
33* 44 4433 A 4 * 4*44 ft 4*14-

7\. 333 S3 A* 

S3 #43 334 #ab 7V# *S 333 S3* *34 *# 333 ftA 
* 33* A*4b 344- A -=-sb 434 331 334 44 343 *3 
A3* *#4b4 344A A 33 ft * 3 * 47r4b 34, 34 7p# #3 
33*1 3344 7V#3A sib4# 34ftA34 ft334- 4#444 #4b 

- 25 -



433- *# 334 4* 33 ft *33 47HI 4*44 OTA * * si4-

^44 TM14 432n3443 #44A ft*J 33*1 344 333 3ft4 *4 

ftl *34 333 S3 AS4A sisi** 34ft 4, 7V# * 334 4* # 

4 #** 34ft ftA4 OT- 4* 444b * * 33 *334 44 33* 

471- 341 * Si£* 4b #44 4*444 *4- 44* 33*43 434 

4 4* 4ft*4 4*44A*4b #44 4444 *4-

i) 43 334 4* 4**3 *33 ft7r4 **ft 443 A*. 

2) *44A4 4* 3*33 334 A4 4* 4* S#. 

3) ft*i tan 4* #43 444 A 4* #3. 

4) 4ft A*3 34-

5) 333 3* 4*4 3* 444 4* 4#3 34-

4- #43 3i#3 #3 

*3 #43 51 443 #Ab 344 *34 4* #43 3i#3 #3* 4* 

3A3. A22.4* 3*14- 4* *#4 443 #443 344 44 #4 #3* 

#*JOT 344A3., 114 4*44 #4 4AA 3I43A3. 4*344 *4-. 

*3#44 ft43A3. 4*34 444b * * 4* #4 334 34344 * 

4- A*, 3# #ft4 * * 4 A *fe #44A4 4* S# 33* #44 33 

4 S344 44, 3:#34A #3* #4* 4* #44*3 4ftA 3#3A 

3 #*34*1: *4- *14 ft4, 443 3433.4 44347rA sib *3 33 

33 S#7r 3*KH 44 *13 347r4 4* #34 43, A3344 *4-

344A S*f #4, 333 334 4* #44*3 *3b ft* 4#4 4 

343 *3*4 334 44* 3ft* #4- 444 33* #43 434* ft 

- 26 -



344 444b 3344 4A3 434 344, #44* 443 33*4 ft 

3*1 *Aft* 3*44-

3. <*^ «3# 51 7l# 7Hft 

443 334 4* S33 S#b 344* 42/13 3*4 4* ft * S3 

4* #3 #43 S3 S#4 33* *4 #334 #4- A44 41 2344 

S#* 44 3*1 1979*3 TMI 4JL4 43^3 4JL7}- 4* -̂413 443 3 

4, # 4 4 A 3 3S, 34, A^JI A}JL 3ft #4 #4 4* #43 S#3 ft 

A3*l 4*3 SiA 343 4 #7r*3 ##S#7r #ft4 #33A si4-

#44-4.3 *#* ji*. 4 -̂4 -̂e- ojzp. s.y sp^ ^x\ 71*4 JE*J4 A 

#1- 3A4 **4 4*A Sib 33*14- 444, ftA3 443S 333 S# 

ft 4* 4ft* 4* 3*4 444 #3*1 3A44- 4* 44 334 34 * 

34 7l# * 334 *3 4A# 44 3A44A ^43b S* *4* 34A 

43 *4-

7\. *# 333 34 **# 4* S# ft 4* 7flft 

*# 333 31 334 4* S#b 43*4 #ft4 #344 #A4, ftA 

3A 4*4 3* S*b 4#3A3. #3344 ft 3A4 s!4-

i) 344*4A3 #4 ft 37l* 4* 43433 4ft : 4ftAftlo'41# 

(ECCS)* 4** #43 33343 31 4*4 34 33 43 *• 

2) # 4 4 A #4* 4* 4 A- S# ft ft3# 43-

3) *ft 3*3. 31 ft 44 3 * #4 A* 4 4* S#. 
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4) 34 *3 371* 4* AA3 A3 ft 3*. 

5) 44 31 ft S33 #4* 4* 444 444: ft 33*3 4A. 

*444b S* 344 **4 *4A3, *3##*l #A4A sib 31 S 

3 4## JE*J, ##4b A44 443 S# 33* 4A4 47Vb A4* 3: 

#3 A3. 3*144 *4-

4- 7}# * 333 *33 4A* 4* S# ft 4* 4ft 

7r* * 333 S33 43 ft #3* 4* S#b *# 333 34 S34 

4* S#4 444 343A3. 43* 3-444. A* ft^«8* *44A7r 4 

* 333 *3 34 #34 *43 #3*1 SiSi**l 4S334 S#4 #ft4 

4A OT- #3 3*344 ft * * ! * * 4*4 34-

i) 34 4*. 

2) 344 43 33 43. 

3) * 3 371-, * 3 34 4 * . 
4) ft*i 2̂ 4 4* ft #3 S3 33 4*. 

5)4**4 S33 34 43-

6) 3 4 3 4 4 * 4 * 4 * * * j ^ . 

4 * * 3 * 3 3 3 4 4 3 * * 3 # 4 4 4 4 4 3 3 3 4 4 * * 3 f t 4 4 

3 A * * 4 * fttl#A3.4 * 1 * 4 A s i * 4 , * 4 4 4 4 4 A ZL ^* -# 4«fl 

4 * A*J4 3 A * 4 4 4 4*14:3 4 A 4 3 # 3 S 3 3 * 71-44 * 4 -

4. 4 ^ *J44 °w % 4-J2. 
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34 7r# # 3 333 3 3 3 * #3444 444 SLb A4 S 3 * 443 
ft*4:* 3ft ft *344 444b, 343A3. * 4, 4 * 3 4 * ft3, 4A 
4 b 3*1 *A* 4444- 4*443 #4 3 3 * 3 4 4 3 3 * * * 4 # 
4*4 3*4S=IAJi3, zi #o>4 4 * S4 ft 33*1 A * * # * 34*14-
444 3 3 4*3 43 ft 333 # 3 * #3*4 SI44 3A* 4 * 343 
ft3 ft 4Ab *ftA4A 3 3 3 4 4 ft 44144-

3 3 4 3*3 44 # 4 #44 * * * 343 4A4 7rft 4#4 A#3b 
# * 4 * 4 * 3 3 * * 3 4 A * 3 4 b 434*14- 444 4 434**1 * 
* * 3 4 * 3=34A ^#44 4 * A 4 * 3*44 ft* ftS* 3*14- 4 * 
S43 3=3* *7M1 ftft44 *1*43 * OT- 4 4 b 34 ft*4:4 # * 4 
A sib #43*3 4 A # * * * ft3*14, 4 * 4 4 b *#S43 ft3*14-
33 #44*4 Ml* 4 A # * 43-34A 3333 244 3444 # 4 4 * 
3 4 3 * ft344A, ft* #o>4 Ml* 3 * 3 * 4ftft * SiA* *J?444 
*4-

* # S 4 * ft344 444b 443 S* ## # 3 4 * 4 * 4ft* # 4 4 
3A44- 343 #4444b 3 4 4 # 4 4*434 * * * 3 4 * #444 
71- 4 4 * 344- 4 4 * * 4 434, 4443 # 3 4 * A 4*444 *4-
*, 444 S###3 # 3 4 * 444b 343 4 * 4*3 A # 4 4 443 
*3A3. tiPr^A 34344 3 * 4#3S #4 # 4 4 S144OT- 44443 
S##**l 4 * 4*3 S###4 4 * 34 OT3, 44443 S#b A * 
4 3 4 3 4 A oH444 # * * 3 * 4 4 3 ^ * * 4A4b 4344 **J3 
.°3. 3.3- 343 ft34 S#7r #44 4 * 4 4 A sib 344- 5L 443 # 
4 * 3 * 4 ^ # * 4*4 4 * 3 3 * ftA si4 ft°°3 4 * 3 * 4 A ft2. 
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3 3 S# 3 4 * 44ft * Sl4b 3*14-
4 4 3 S* *fl * 4 b * 3 4 4 3 3 * 3 4 * 1 # # 4 4 4 *347 r 3 

A3. 4 b A-g- 3 4 * ftft4 4A4A # ft A* 4 * * :5L*43A3.4 *ft 
3 *ft* ft** "§M^ * Si4- ft4 4 * * * * JL*4 4 3 * 3 * 3 4 4 
4 3 3 4 * 3 ft S# **l, A4JI T̂ r* # f * -?43A3 33ft * SiA 
A** * 4 3*3 * 4 3 4 4|*ft * OT-

5. 4ft- Ml*4 4-e] 

3 3 * #43AJL 44 3334 * * 4 3*34 S1AEL3. ftAr*3 * * 3 
3 * 4 4 3 7r*3* # 4 3444 , #7rft43 4 3 4 4 4 S * 3*4 3 * 
4 A 4 7r*3# 334 44ft * b OT- 4ft- 44 £ b 4ft- 4 * * 4 A 4 
«H *sj-4 4 * **A34 *14* 3 4 3 4 A 4 3*4: 3 3 * * 4 4 4 3 * 
4 * * * AA44 4 4 ft A* 22.* # * * # Aft*4-

4ft 3*4 4 4 4 4 4 * # 3 4 * 4 , # 4 3 4 A 4 3 4 4 b # * * A 4 
4 * #71-444 43*14- 3 4 3 TMI 4 A 4 A 3 3 S 3A*ft ft#3 # 4 3 
* #**1 SiSi4b 3 * # 4 3 43*14- 4 4 4 S33 # 3 3 * 4 * 3A3. 
S33 4 4 4 4 4 * 43" 4**1 4 3 3 4 4 *4- 43- 4*4 * 4 * 4 **i' 

34 4 4 4 b H I 4 * 4 3 * 4**4 3 A * 4 -

i) 4 3 1 4 4 b ft*4: # 4 3 * 4 4 3 3 4 * # 4 4 *4ft 4, # * 3 4 
344471- 4 4 4 ft *l#* 3 4 4 A 3 3 3 4 4 4 4 4 4*«floi: *vz\. 

2) ft*4: # 4 3 * 4 4 3 ft4* # 4 4 # 4 3 4, * 3 * AA44 4 * 4 

4 * 34ft * Sib 4 A 3 # # 1 4 * 37V4 # 4 4 4 # 3 3 4 4 *4-
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4 3 3A4ft4 3 4 4 4 4 4 3 4 A 4 # * * ft444 4 4 4 3 3 3 A ft 
4 * 43 v 444* 4 3 4 A 43v4*4 *1* 4 3 4 * 4 4 A # * * 3 S n]$ 
# 3 * 3 4 4 4 * 4 # 3 * 4 3 3 3 # 3 * 3 3 3 S3 344 3ft41 4 
*ft * 4 4 SIAH.3 3ft4 # 3 * * # 4 4 434:34 4 * 4 4 A * *3ft 
3A7r S14-

* 4 b 4 3 4 4 3 # 3 3 4 3 3 3 *413 * * OT- 4 # 3 3*344 
3 4 3 ft4* * * 4*4 *4ft S * i o s 4 4 4 * 34 # 4 4 * 3 3 A si 
b 43-44 A3A3A 34Sib *7 r 4ftAb OTA 21JL34 Si4- 4*4 . 
3 4 **J * S * 4 4 A 4 3 ft4*3ft 4ft7j- 34-4 4 5 * . 3 4 4 # 3 b 
ft4*3*l #414 3 * 3 4 * 4 * 3 *4A4 3*3A3. 4 A , # 4 ft 3 4 
* 3 4 4 4 A l 45. 3_OJL 44ft4- 44 44. 43v44 A*3 3 4 44 
^ JAg- £ ^ 4 oj^. ^-fi-s]^ oj^ ^ ^ o j 7 l ,^£ 7 r*444A #4-

4 * 4 4 4 1 33.4 4 * ft4*3ft3 ^7\7\ **^344 *4-
4 4 3 * 4 3 4 * 4 44 #ft3S 4 A * 4 4 * A # 3 4 4 4 *4- *. 4 

Aft44 344A/I3 4 * 4 # 4 4 2 4 3 4*, A 4 A 43-144 4ft3A 
3 4 444, 4 3 # 4 3 S 3 1 * 7f4A **?! * si A* 4 b 4**1 * 3 

344 *4-

6. -Sj-41 ^ 4 ^ #414 

4J4-33 jgsH 4*4. f . / i4 ^-7r*3 3 4 * 4 3 3 443534- 2.43 

#4 3 4 * # 3 3 4 3 4 * 3 4 * 4 A 4 # 3 * 4 * 43, ^ 4 A 343 

# 4 4 4*4OT- 3 * * #414^3.4 #4 |3444#( IAEA) , 3 4 3 4 4 * 4 
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#/34443(0ECD/NEA) *4 *34SiA, * * 344#3* 44344*33 

4(WANO) *oi /§33 4 OT- ASM ^44 43 4^*4 #4 343 #4 

i7l- 3Si4A* 37V1 * $14. TMI A\ZL^ 44* -3-43 #444 *#3*1 

3S14- * 43 * 443 344 * 3 * 3# 4* A* 4444 3ft* 44 

b *A* 34* 3b4b 434 #3* 44 3 3*14- 4*4 #3*# A 

1* 44* 7I-4* 4*A3 4 A * 344**4:3 *3 #414 4* #4 3 

43 3A3* 3344b 444 3Si4- 44* 3#3 #4444 #4 34 

* #ft4 4A ft.04, <$°JL 013 ̂ 4 ^ 44^ 34 ^3*>4-. *444b 

44 *A 33 *3#3 33ol 3S1A4 0̂ 3 * * * 4*3 43* *344 

**JU, 3* -̂4 444 #** *33 S* 4** 4A444 44* 33*1 

A3., 44* #4 34 *44# 3 4 * 4 A S=* *#3A3. 44 *4ft ft 

A4 OT-

4** #4 344 3 * 3A A# ft ## S#7r 4 3 3 4 4 A « 3 b 4 

# #4**14. 

i) 333 333 371- 4* : ftMl* 4*4 AE3 4#* A4b #434 

A* * * 4#, 4A 4# s.% 3*4 AH, 4A*ft *4, # 4 4 A * 

3AH3 4A, 33 #4 *flft*4. 

2) 444 344 ft* 4* : 34 44* 4*4 * * 3 * 3ft, 4*3 #4 

*A3 #43 S#A4b #413 ##S#4 43344-

3) 344 33 24 *3 : 33 333 43* 44 3A* 414 ft 33 33 

4*3. #3. ***A3.*4 4## 43** ^0}t[. 

4) 344 ft*3 4 * 4 * : 3 4 * ft* -z-ft-3 *444 3 4 * 2^34 4 

5.444 OĴ .E, 7]~± ^^tvcf. ^4cfl **i 3^4. 4*4 i ^ 4 * * 
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34A# 4b 3*1 43344, 4b #4 ft43 4ft 4444 443 * 

7r*44-

5) # 7 r * # A 2UI A]£.i% : =L5L 3 * A\JL$\ 3 4 ft 3f t , 4 4 * 2 U i 4 

4 #43A3. ## 7l#* 4*144*14:* ##*4- 34 44* *44 

4#4A EH-4 4-4* 4-*43A3, ft* * sib 44* 4344*4-

6) -̂*4 *14 #3* 4* #* = 44 4#3 3#3S *A 44* A # 4 

4 ft*4A* *4- 44:* 344*1 #3* ft7l* ft* * Si A* #43 

A3. 3444 *4-

7) 4 4 4 4 * 4 4 , ft*4:2^4 4 * , 4 3 4 4 * : 3 # 3 S #41 3 4 3 

4 f t * 4 4 * 3 4 * 3 * 3A 3 * 4 OT- * 3 4 A 4 * # 4 | 4 # 3 3 

j i * E ^ - 4 4 # 4 b 3 * 4 * 3*1 4 4 4 , 4 # 4 S3*47l- 3 4 3 A 

^ # 4 4 4 # 4 3 A 3 . 4 * 3 4 3 7 r * 4 4 4 A # 4 -
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*il 2 g 7l~* ^ ^ 3 3 £ 3 ^ ^ * ] «0>o> 

3 3 4 4 b 71* * 3 3 3 3 3 3 * * 3 4 b 4 4^7 r 3 b 4ft*4 4 4 
4 b34OT- 4 * 43A3. * 3 4 4 b 7r**S 3 3 3 S 3 3 * # 3 4 4 
4 4 * 3 3 3 * ftS4 4 4 4 * 3 4 A 4 *4-

i. <** 4°J ^ # 4 # 4 

*4i44-4Al **J?4A si* 71*- * * * 4 Ml* * 3 4 3 # # * A I * 

7^3. ##34- 4 4 b 4 3 3 3 * # 4 ft 4 A 4ft3 3#A3. 4 3 4 4 

443A3. * * ^ 4 A sib S3 4 3 #**14, * 4 b # 4 4 3 4 4 * * 3 4 A 

Sib # 4 4 3 ##44-

* 4 4 4 3 7r#- ^ **4 **ft 4 3 ^f.* 34.451* *#A3. 4 A si 
A4, # 4 3 4 3 4 * 4 3 *A* * * A 3 4 A OT- **, *1 4 4 A 34 
#43*1 3 4 4 b °Jft344 # 3 4 4 ft343 # 3 3 4 ft # 4 3 4 , A 4 A 
4 * 13 3A 3 4 4 * #3A#34(Audit)7l- 5JA4, M14 zi 3 4 4 #4*1 
* 3 3 4 SiA«3 *ft3S S33 4 3 ##A3L* * * 4 4 A ft * OT- A 

4A3 ** 4 3 # * * 3 4 4 4 4 4 4 * 3 4 3 4 #**1 4 * 3 4 3 A 4 
4 4 3 4 4 ft 3A3. 3434 , 3*(4*) 4ft ft A*43 3 4 3 ft7r ft 
432.4 4ft3 3 4 * 43ft * Sib 4|Aft 3 4 A 4 3 3 4 4 ft 3*14-

si* # 4 # # * **O>4A Sib #4A3#3 4 * 3 * 3 ft **J34* Aft 
4 4 b * 3 , 4 * 3 3 * * 3 4 4 * ft**l A * 3 4 4 *4-

- 34 -



2. *34S4 *r4 # 4 51 W * 3 4H3* #l> * ] * - A J ^ o^l 

7r# * 333 S3* $344b 7rft *A* A4:* 3* 3*(Human 

Error)* ft44b 3*14 4* 444b #*#3# 4*444 43Sib *3 
ft A* A3* 4A4A *333 44 34* #4 3** #4:444 ft 3 
44-

#*#3 4*3 #3* 33 #44*3 44# 34#*7r 7Br3*4b # 
3* A33A3.4 33Sib ft3 3*7l* #344 S* ft** *4b 34 
4 #*#33 4** 4333 #3 4**1 **344 443, 44 *4ft4 

433 #3 4*4A 33* *44 *4- 343 ft*4:b A*7|- S#3A7r 

ft* 444 3344 SJ4 4*4 *-A#4A4 434 3* 43*1 43 ft* 

44 Si4 ft* 3*444- 444 4**3 ft*4: #44*4 4471- ft-Jiftb 

434 4* 44*1 til 34, 44* *3V* 43Sib * * ft A*A33 4 

A* 434 **4- 444 *#* #-A#4A3 33, #ft3S #4433 * 

3 * * #4 43 #3* 433A3.4 ft*4: #44*4 434 4* 44* 

ftA* 4b 3 * 43Sib * * ft A*A33 4A# 44 3*33 A*44 

ft* OT-

* * * 3 4 3 * 4 * *«i) o]7jo) ^ ^ ^±%i}7] 4 4 4 b 4 * 4 3*1 

*333 S4344 **I344 *4-
i) 431 43* #ft #344 3*3, 343, 4* *#<g3. **, 3*44 
4 4 A333. #3 343 33 #34* 334A, 4*3A 44* 43 
44 433 3ft 4*3 34* 3*4ftAA4 2.334A 443A3. 4 
# 34* 34*4-
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2) 3* #43 A# ft #3 4#* oj-2114- 3*1 4 1 4 4 A JJL#*3 *1*4 

4 4* 4* 34* 344 *4-

- * * , A* ft 433 #3 : *3 A4S*3 A**3 m. 

- 344 3 * 4***^ * * Ji4S*3. 

- 344 3* 4*** : *#3443#4: 3*3. 

- 3* 4*34 = 4 ft34:3 44 A#*3-

3) # 4 3 3 4 3 4 3-A 4 * 3 4 * # # #*ftA3.4 3 i * 3 S 3 4 4 3 4 

# 4 * 4 -

3. 7k# # 4 j * 4 ° v } ^ 4^7 f 4 l i JE*J 

#44 3 3 * 33 ft * 3 47r * 4 4 4 # 3 4 * 333 337 r 4 * 4 4 

4, 3* *34 443 4*4* #343 4ft7r 43* **J4A Si4 ft4-

A44 *347R5ib 33*3) 4*4 34 33 ft A3, 34 A*4, 333 

4ft ft 334 *4, S3 33. Aft4 4#, #3 i£* #4 34* A 4 * * 

433 333 4371-4 3A34 #4444 3 4 3 A OT- 333 ft7r4 *r 

*4, 34 33, 44 34, 4A/Aft, 34 4* *4 3 * 43* *ft3A3. 

*3, #3, 37V4A, ol 4^M. ^ofl *3§^ 3* oj^ , ^4^ nj ol-g* 

#34 44ft 344- 51* *14* S33 434 4 A * ftA3 43v3b *ft 

S3* 4* 343344 ft* A*4 1 544. 

7r* * 3*3 333 434 43* 4*4 34-

i) ft*4: **4 4* 4*3V3 33. 

2) 3343*3 3*4:3 343 4#A34 33ft43 4*s_*44 4*l7r 
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*334 44b 3ft ft7r. 

3) 3433 ft*4:3 3344 434 A 4*1* 434 471-4 4*71-4 4 

* 4*333 33. 

*A 437f ft** ft*i * * iftft *3 34 4*. * * 3ft ft *33 

33, *3 34. 4**3 S33 *4. A3 #3. 34* 34. ft* S3#* 

44 #A3. 4344 3344 33444 *4- 7l# * 333 333 4ft7}-

44 A444 ft 4ft* 4#4A* 4*4 34 

i) 7V* * 3*3 33-44 3*1 2 3 3 A si* **4 333 34 4* # 

34 Aft. 

2) *3 334 *3 4* * * ft3*Jl* 4A*4 4* #34 Aft. 

3) 33 *3 4* ft*4:44 *33* 41 Aft #3A3. **o>3 3*4 *A 

* 4* 4*4ft-

4) JLft^*(Fault Tree) ft 4***(Event Tree) ft3# 4 # * I f - Als l i 4 

3 ft *44A #3. 

5) *334 3334 #3 si* 14 #3 A3.^4 4* #44 Aft-

44* 4371- 4|A* 344 S33 4A4 3444 4* #433 *4 ft 

34 # A** # * Si* 3A3. #*34, 34 #44 333 334 S144 

b *#* 7)m ft 3A4 OT- #, 4ft7r3 #44 ft3* *33 ft34 3 

333 A** *34A 43444 4#* #4 *ft* #4 ft44 *4- *l* 

444b 4*4 3* ft34 #443, *34 ft 443 #* S## #4 * 

43A3. **j!444 ft 344-

4 i*1: 4344 #4434 3344 A^ #*B2i.* * 3 4 A 71-f- * 

333 437J-4 ift« 4ft* 3344 7l# * 333 333 
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# 4 * **o>44 AJi4# 43*4-
4 2*4: * * #41434 3 3 4 3 3 4 * ft 3 3 * # 4 4 4 i*4 A 

J L 4 3 *3L3 ft 3 * 3 * ft7l-*4. 

4 3*4: 4 i, 2*43 3 4 * 3 4 3 4 3 4 33f t # 4 * 3 3 4 4 3 

4 4 * #3*4-

4. 4144 414^4 # ^ 

ft*4: * * 013, # 4 Aftol4- A}JL$\ *oJ^. $q s$7\t\JL, o)M. £$6\] 

# * 4 b 3 * * 3 3 ft34 * A*oi *4 . 4 * 4 * 7rft 4*3*1 A ft* 
3 3 ±±7} 4 3 Aft/4A4 3 3 , 3 4 ft 4 4 4 4 * 3 4 * 4 # 4 A34 
4 4#44A JL3 /4A4 4 * 4 * * # 4 3 4 #4- A 4 4 4**1 43-3*1 
ZL 4 4 4 3 4 Si4 ft* *3*1 SiA 4**01 * 4 4 4 544 ^ 7 l**# ft 
* * * 3 ft3v4 *l*447l- 4 4 * 33*14- 4 4 4 * 4 4 Sib # 4 3 3 A 
3 / 4 A 4 3 * * # 3 4 4 344 « , #*«fl4 444444:4 4 b 43*1 
**o'34*r- *4- 4 4 * 4444*14:3 * # ft #*A3 *1*3 # 4 * 4 A 
4 4 * 4 * * # 3 4 4 * 3 3 ft * 1 * * ftft* 4ft * Si4-

5. 41 HV ^ ^ ^ 4 ^ 

3 4 3 3 3 A * 4 4 b 3 4 3 4 4 3 4ft A*(Preventive Maintenance^ 7] 

7] JZ.344 / J * A*(Corrective Maintenance)4 # 3 * # 2 . 4*o>4Jl Si4- ZLi\ 

4 4 * A * b 3 3 4 * 1 * * * 4 4 4 3 # 3 4 4 4 3 3 3 4 4 4 A * 3ft 
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* 4 4 A 3 . , 4 3 A * 4 1 S 4 3 A*(Predictive Maintenance), * * i A 4 4 * 

#4A*(Conditon Based Maintenance) ft 4 f t # * A f t 4 b 3 3 A * g 3 ~ l ^ 

3 3 i # 3 S 4 # * l A # 3 4 , * lb ft*4: 4 * * $ 7 r * * * ft3*44b 3 4 

* 7J-4* # * 4 4 4 S 3 3 ft * 4 A * 3 4 # 3 4 3 * OT- 4 4 * 3 * 

A * A3 .3^ j4 i f t - 3 4 4 ft 4 f t * 4 * 4 3 4 -

1) * * * A 4#(Critical System)3 # # . 

2) * 3 # A 7)7](Critical Component)3 # # . 

3) 4 f t A * 3 * 33(PM Task Determination). 

4) 4 4 J i ^ 4 4 4 A 3 4 3 ft 3 3 . 

5) 7]7] ^ -g-43 3 A * * 4 A*(Recommanded Maintenance). 

6) Aft 3 3 # 4 -

7) 3 4 A * 4 * 4 3 4 4 b * 4 i t ^ 4 *JM) % 3 * * 3 . 

8) 4 * A * ft 7 r# * * * A A 4 4 * # 4 A * . 

9) 4 * 4 ft (Function Test). 

10) 4 * S^ZL?j$(Support Program). 

11) 4 4 * # 3 4 A f t ft 4 A 4 4 . 

12) Configuration Management 

3 * 3 3 3 4 A * 4 3 4 4 * 4 f t A * * A f t * 7 l# * ft*4:3 3 3 3 

* # 3 4 4 4 4 * # 4 A * b * 4 A 4 4 # * # # 4 A*(Reliability 

Center-ed Maintenance: RCM)ol4o): ^ ol RCM4* oJ-5fl4 A}tyo] i f t 3 4 o j : 

*4-
1) Jift * * ft34 4 * 4 * 4 3 * 4 4 4 b *AA7j- * *-g-4 # 3 . 

2) ft 4 4 4 4 f t A * # 4 3 A 3 -
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3) * * ft 3434 4#* * 4ft A* ft# ft 43 *#3 ##• 

4) 4ft A* #43 434* 4 * 4* A* ft *3 AA4 4* *4 A* 

3 3*1 34-

44 3 * ft3A3, RCM 44* 434A 44 43 7^ nj 3.3 ^<q tfl 

*> 444-44^: ̂ #A3 444 **3 * 3 * 4 # 4 A 4* 4*A3. 4ft 
A*(Preventive Maintenance) 4 1 * 43ft 3*, ft*4:3 3334 343* A 

4 3=343 * Si* 3A3. **34-

6. i^Sj- 5̂  *c l ^ft Ml* *f) 

33 44^- * * 7U4 * 4**1 4ft4 44 A * 4 3 4 3**1 441 * 

Si4- 444 44 4* 4** 4344 3**1 ft* 43*3 3*4* *4ft * 

SiA* 4b 3*1 *A44- *44444A JL4 33 1A43 *334*1 104 

34 3SJAH3., 44 4* 3 3 * 4*4 #41* 3A* 7r*34 Sib 44* 

ftoj-MlJL, 44** 4344 ft 3*14-

*3 333 *3 S3A 343 ft3* #344 3#3A3. i*ftA sib * 

4*14- ft*4:3 *ft S3** 444* 34* *3 ^W 3A44, *1* 44 

ft* 343 *3* 444#3 444 *ft ft7r ft3* #344 *4- *ft 3 

4 ft3* 443 *3 444 i * *34 #* 4ftA3. * 3 * 4*4* *3 

*3 3434 34 4 * #3 4:43*4 44 si* 444 4ft* #4 * 3 * 

4#4b 33 *3 343^3. ##44, A4 34* *3 ft7r* 444b * 

3*3 3434 33*3 343* 33J1344 444 ft* 3 * * A344 

*4-
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i) 3 4 * *A i 3 4 4 4 4 4 4 *4- 4 * 4 ^ 4 * 4 * . *A, ft4 * 

3 3 4 * * 3 4 3 7 r 4 4 3 4 4 * * 4 * *1#44 #3**1 3 * # 4 * 

# 3 ft * S1-AE13. 4 * 4 4 4 b *-4S 3 4 1#(0n-line Monitoring 

System, 0MS)3 ##*l 3A44-

2) 3ft3 A4 ft *4#43 ftft* #344 444 444 33*33 4* 

43471- 4*4 43444 *4-

3) ft 443 A4 ft 34 #* 444 *4 3* #4443 43 33* 4 

444 444b *# ft *3 S3 ft*4r3 444444:471- 3A44-

si* *3 334 443b 4 44* HM)3 44ft 34 444 4 *# 

1 

3 

4 
•a 

1
1 

3 

T 

4 
■3 

4 4 

' 
# 3 * 3 *3f t7 r 

4 
#333* *ftf t7 r 

Y r r 
Y

" h 

Yc=
 , 

4443 34 
i 

*3tW 
h 
4«fl 44 4¥? 

X T -

4 
4444ft 371-

j 
i 

1 

4 
4! 
3 

# 
3 

a 

Aft 1. # 3 371-33 A*2£ 
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3 *34 34* # 3 4 A 4*144*14:4 44 4* ft*4:3 *3 S3* ft A 

#4 4*4 ##444 *4-

333 *3 S3* 333 44 AS* Aft44b S3 A3., 3*3 #3*1 

#44 3 4 A IO* *44b 44 4* #433 33*4 4**1 33344 ft 

3*14-

7. 4fr*4 °x>;33 7̂KPSA)f- #*• ^41 41*! 

4**3 333 ft7rb 3*3 S333 4A# 4*b4 #3444 4*3 

4- 4 371- ft3* 4* 4ft4 4* 33=33 ft* 4l#*4 

i) 2n3# #444 #3*43 * Sib #3 4A7J- S* ft*4:44 ft3ft 4 

* ft 444A. 

2) * 4 4 A ft3 * 4*3 ft*34 3***3*4 *#3b 4*3 3 3 * 

3 S3. 

3) 3*4 44b 3ft-

4* 3ft* 3 * 433*3 #43 i*34, ft *ft4 3 * 33=3 3 * 4 

* , 4*4 44 3#3 43*3* 433*3 3ft #44- 4* 3ft3S #43 

3*b A* ##3 4A4 44 ft*34 4ftA3 44*(bottom line)* * * * 

4. PSA*33 7K* *A* 3 * #3* 433=3 7l*34 A4 444b 34, 

**3*3 443* 434b 3*14- si* PSA* 343 *3**4 4* #ft 

3* 37HA 4*34- 4 T|^^ 4̂ *1 ^ ^ 4 371-444 44, *14 

4* *A3S 4471- 3A44-

4133 ft*±4 444b 44* ft33 4*4 3 A 4 4 ftb4- 444* 

- 42 -



# 3 3*4 4 * PSA3 34A71- ft4 4 * 4 1*4: * 3 3 4 4 * 3 3 3 3 
4ft 3AJL 4 * 4 * 3 * 4 3 3 4 4 ft4 4*44- ABJ4 3 3 3 347 r # 
ft43 4 1 3 AS4 4 * * 3 4 A * Aftft * sib A4 4 * 3ft* 44ft 
* Si4 4 * 4 3 4 3 3 3 4 3 * 4 1 3 3 * 4 A 4 b #4-

PSA ft34 3 4 * 4-s- 4 # 4 4 NUREG-II50A3. ft43 A J Z 4 4 4 **^ 
3 S* 347 r A4***l * A * S#447 r 3AS14- *1 3 4 4 4 zionft* 
4:b 4 * ft*4:4 4A44 A l 40I7I- 44, *14 4 4 * 4A344 4 * 
4 * * *4i444 4 4 ft*4:3 3 4 4 333SiA ZL 3 4 Aft*3* 4 * * 5 
xiô /yr *^A3. 3 1 ftil 3.03. 43*34- 4 1 4 3 PSA3 # 3 4 3 ft 3 
* 4014-4 44.3 ft* 344 # 3 4 3 3*4* A 4 4 4 A4b 34 7l* * 
S 344**4:4 4 * * 3 3*3 #&4A4 * * A * #3* 4 * * 4 3 * 
Si4b 3 * PSA* * 4 43ft * S14 

4 4 * 3*#* A 4 * #7HS # 4 4 4 * 4 3 4 * 4 * 4 3 * Si* 3A 
3. 43*34, A*3S 3 3 4 4 3*3 #A4# # # 4 4 4 * 4 b 7l* * 3 
3 * 3 4 4 * * # 4 ft*4*4 *33*1 4 * 1 3*14-
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41 3 ^ *Hr- A3 W 

3 4 3 3 4 4 * * 4 : * 30* 3 4 4 f t * 4 f t A 3 # 4 * A 3 4 # 4 - 4 3 

4 4 * 3 * 1 4 * 30* * 3 3 # 3 S * 3 3 3 4 A * # 4 A 4 # 3 4 4 3 3 4 

47> 4 # 4 A ft-b 3 * . 4 4 4 4 # 3 4 3 4 4 : ^ * 4 3 * ft**7r3 3**, 

TMI ft 4 * A l 3 * 4 A 4 3 * 3 * 4 * 3 3 3 4 4 * # 3 3 4 4 3 4 * 

# 4 ZL o i^ 7 r OTA ft * OT-

4 4 * 3 4 4 * 3 3 3 4 b 4 3 * ft*4: 3 4 * A 4 4 4 3 3 * 4 4 * 

3 4 Hi * Sib 4 4 * 41#OT. 4 4 : ^ 3 3 * 4 4 4 4 b * * 4 7 r 4 A 3 S3 

A 4 4 ft 1 * * 214 4 3 4 : 3 ft3A3 ^ 4 3 4 # 4 - 4 4 4 3 * 3 S * 

ftft* * 7r4 ftft=A3. 3 * 3 4 # 4 - 4 4 b 3 4 3 3 4 4 f t 4 # * 3 * 

71-44 ftA * * 3 * # 3 4 4 2 4 4 b 43=3 3-**3(Advanced Light-Heavy 

Water Reactor)olJL, 4 * 4 4 * * 4 3 ft 4 7flft4 4 4 3 3 3 4 * #A3.4 

3 3 3 * 3 4 4 4 ftft44A4 4 b *ft 343*14- 4 4 4 b 4 * 7 r 43 

3 4 # 3 * 4 4 4 4 3 4 A 4 3 * 4 - *\ 

1. 4lft=1=] ^•#*JA(Advanced Light or Heavy Water Reactor) 

4 f t 3 3-**37r 4 4 4 3 3 3 A 3 . 4 3 # f t * Si4 4 4 4 * 4 * 4 3 

* # 3 4 * * 4 4 * 4 -

D A * 3 * 4 Si44 3 A 3 ft*4:44*r- * 4 - 4 4 4 * ***1 4 * 3 

4 4 * 1 4 * 3 * . # 4 3 , # 3 3 3 * 3 * A * 3*1 Aft34-

2) 4 * 4 3 S 3 ft*4:4 4 A 4 4 3 4 3 * 1 4 4 * 4 -
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3) 34443 #43*4 AA444 *4 444b *3*7r4 #43 3 
43, 3471-3 433, 33 *#3 *34 #44 A* 4*. A4A * 
44A71- 43 3444 ftb4b Aft*l Aft34-

44* 4*43 4** 3444 44 4ftft 3-#*3 3444 #4 #3 
# *44 ft *#* *3 4*A **, 3*4 413 S14ft3 34. 43 4 
4^4 31 4* #* #4 4A ft3 7r*3* #4 A 3**4 3* ft3** 
f-4 3LA] 3-3*4 i JL3.* 4A3 3 ft* #4 43 4*4 4b- ft*3 A* 
^ 4 4 . 44 MI«II *r 4 444 34A3 4 * 4 34-

7\. **3 **4 *3 4*A #* 
43=3 3-#*3* **3*l 3343 3 A 3 4 4 4 A 4* 34 #3* 

3W44-.E A^ -̂AOV̂ JI4 43* A4 ft#44 44. 4# A* #3*4 ft 
3 4 4 4 A ft*4: 4*3 3* 4#*44b 44* #4 ftA* 34444 * 
4-

a4A 4ftft 3-#*3* ##* * * 4*A* 444. AA 4*3 4# 

oi A#4b 4A 343 33 *A* ft#44 *4- si* A^HJE 44-^ 

447r ft3ft*l tl*l *33*l 2.4ft * Sib *#* 4*4 4** 4|#44 

4 *4- ft34:3 *43* ft3*43 * SiA* 4**14 *# 3 1 4 A #** 

4#A4 #444 *4 



- - ■ M - n - ^ u - ^ oi?V4 ^m. J-iSj- *}■ ^ *}.£*, # 4 

4- -i ii 

1 4 4 * 4 4 * *J«i-^.M^ ti-^i-o. 

3 4 7r* ^ 4 3-3- 4 f t 3 4 * * f t 4 b A*Jo| ^ 

1 4 4 * * 4 3 4 b 2 4 4 - f * 3 * 3*3# 4 f t A 3 . 4 4 4 A 3 . , * # 43* 3 

4 * *f t f t * Si ^ 

b 4 4 3 f t * 4 

3 * OT-

ZL3 2-b Beaver 

Valley ft*4:4 4 

* PSA 3 4 * 4 

4 4 J L s i 4 4 4 

4 71-ft # A 3 

* 3 * 4 * * 7r4 

A * 3 * 4 : 4 4 

Loss of One AC Power 
Train (6.0%) 

Reactor Trip (1.7%) 

SGTR(1.8%) 
Partial Loss of MFW (3.0%) 

Nonisolate Small LOCA (3.5%) 

Safeguards Area Flood (4.1%) 

Service Water Intake 
Structure Flood (5.7%) 

ZL3 2. Beaver Valley 2 A 4 4 PSA44 4 4 * 
Aft * 3 * 4 A 3:71 4 f t 

44(Switchgear) HVAC4 3*3 4 4 , ZL 4 * 0 ] ±$] **(Offsite Power)4 ftftS 

3 A 3 . 4 4 4 A Si4- 4 * # 4 « * ^ 4 4 # 4 43*A3 S 4 4 : 4 4 4 4 f t 
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3 ^ft44 ft*^4*7> -=-#44 ftb 3*, 34 *A3 3*#A3. 344* 
3 Aftoi # * 3 4 H I A ^ ^ ^ ^ ^ . A^g-*!̂ - 3.Z * 3 3 4 4 4 # f t * t i l 

4.2, RCP Seal LOCA2E. ft3*4. 

A4A3. 334*. ^4* 1*. #4A4 4# * 43 4#* 4* 34ft 
A34, 21^441*44 >S4* 4JL3. 34 Aft * * 4 A 4 ft* *44A7> 
ft344 ftA* 4b 3*1 S33 #34 # 3ft* *4-

4 4**4 34 4* 

3**4* 33*4 *#4^*4* 44** 3*3*4 AA4* 3ft* 4 
4*, 4A4 ft4* *3*l 343W!44#A3*4 ft#3Si# 3*b *l# 3 
* #34 4*4b *A* 3 ft* *4- TMI 4A.44 4*A1 4 A 4 *4 ft 
34: 3*4 ft^r* 44* 34 #4 ftft* 3* 3**43 #**14A 4A 

434 444- A44 4*3 4**4* 4*3A3. ^443*34A(LOCA) * 
3 4 4 * 4 A 4 4444 343 3*lA3., # 4 4 A 4 4 * A 4 4 4 4A4 * 
33* #4ftA34 ft43 #3* 3i#3A3. 4*ft * SiA* 3#* 3=34 
44 ft 344-

4**4 34 4*44* *44A4 #4: #ft, ±$ * * * ft Aft *# 
* * *A3 S* 2:4 4** ft44b 3*1 7fft *A44- 44 4* 4*A 
3 * * * * 3**4 34 4#(43, 4* 34, 4* 33* *) 4#, #4: S i 
4(Hydrogen Recombiner) ft* 7fl*. * 4 : *2E 4 * . #A42= 4f t 4 * . 3 * # 

4 #2. 4* **1 24444 *4- *r*4 4**1 4**3 3**4 4** 

3444 444* 34 3** 4*44 444 4**4 344 *4* A4 

34444 4**4 44* ft#4b ft*4 A4444 ft 3*14- 3**4 
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4 4 ft#44b ft4* *3*1 * # 3 4 ftA* * 4 3 Sib 4 4 4 * 3 4 A 

7} * A 4 4 -

2. *}■% 4J42=.(Passive Reactor) 

4 f t 3 3 - # * 3 3 4 4 4 b * 3 4 * A * # 3 4 4 4 4 4 * * 4 # * 4 # 

* * # 3 A 3 . 4 * 4 A , # 3 . 213:4* ft 3 * 4 4 4 3 3 1 4 f t # 3 # 3 4 

4 4 * ftft* ftOT- * * 4 *ft 3 4 3 3 3 * b * # 4 # * 4 # 3 4 * 3 

S 3 A 3 . 7fl*44 A # **3(Inherent Safety)4 4 * **3(Passive Safety)* 

3 4 4 4 **4f tA3 .4 , A ^ 4 # 4 A 4 3 * 4 4 ftb * 3 3 * ftA* 4 4 

A OT. s i * 3 * * 4 3 4 * 3 * 3 3 #213 t f t * # 4 A 7 r ft3444A 

1*4: 3 * 4 * b ft^Br 4 4 * # 4 : 4 * * SiA* * 4 

7\. * * 4 # # 1 * 3 1 

* * 4 # # 1 * ( N S S S ) 3 1 4 4 b *13*44 ft34 3 4 3 * * 3 4 4 3 4 

(Safety Shutdown)44* * 4 | 4 # 4 3 . 3 4 # 3 # 4 3 * * 3 4 4 44(Decay 

Heat Removal)4* # 4 7 r * 3 4 3 4 4 . 

3 4 3 3 3 4 b 3 4 b 3 3 A *fe 4 * * 3 *ft 3 4 3 4 4 4 3*1 * 7\ 

4 3 3 A 3 . ftftft * Si44 ft 3*14 * A * 3 3 * b 4 4 * 4 # A 3 . 3 

4 3 * 3 4 4 4 4 3 , 4 4 * 3 4**1 * 7 r * * 3 * 4 A 4 * * 3 * 3 s i * 

A # * * 3 4 3 4 A * # 4 * # 4 3 # * A 3 . ft* * s i * 4 4 : 3 3 4 * * 

ft*b 3*1 4 * 3 4 4 - 4 4 3 3 4 4 3 4 4 # 3 f t 4 f t * 4 4 * * # 1 # 

3 * 4 A ftft, 3 4 3 3 4 4 A # 3 b 4 * 3 3 * 3 s i * A * * * 3 3 4 
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A #44-
3 4 3 34 * 3 # 4 3 4 4 b ft A # * 4 * 4 4 ftA2E, 4 # 3 3 * 3 

ft 4 S * # 4**A3A 7r*«Jloi: «V4-. ^ A\ZL ft3 3*3 # 4 3 4 4 b 
# 4 4 4 steam Injector * * 4-g-*> s\s. oj.̂ ôjofl S\^t\Jl, 3 4 * 1 4 * 

A3A4 * * 4 4 3 *JA#4# # 4 4 * 4 S * # 4 3 4 4 * 4 4 4 ft 3*1 
4- 4 4 4 b * # # * * 3=3 14*7 r 3A44- *1* #4 , 4A7J- ft344 
4A * 3 3 3 4 3 $ 4 A * *J * * 2nft 14*1 4 * 4 4 4 *4-

*14 3 * 4ft**l A 4 3 * 3*3ft *ft 3 4 3 4 4 4 4 A 4 * 3 3 3 
NSSS4* A l 4 * 3471- i 344 . ZLS]ZL #*4 333*1 NSSS 4 4 4 
s.^4 4«fl 4ji4ii3., 4 3 4 * 4 4 4 A * A 3 . S * 4ftA7r 3 4 4 4 # 4 
* * Si* 3*14-

4- 3**4 34 
4 * 4 3 * * 4 4 3 1 4 4 b 4 A A 34 141* 4447 r 4 * * 4 44 

3 **4Si# 4 4 * 3i#3A3. 1 4 4 4 4 4 A 4 * * * 3 3 3 4 # 4 4 
A * 44 4 4 3A # 4 3 * * # 3 ft34 A I 4 * 4 A Si4- ASJ4 * * 
* # 3 3 * b # * 3*#443 3 4 3 4 # 4 4 OT- 4 4 4 # 4 * 4 * 4 4 
1 4 * * 4 * * 3 4 4 4 4**4 4 4 4 3 4 S * # 4 3 * 144 4 * 3 4 
4-

4- #4 4ft ftft 
# 4 4 4 * *ft 3433 #433 4ft ftft4 43 3344 ftOT- A 4 

4 S3 34371- 4443 * # 344 4*3. 4 4 3 * 7r*34 =tp3, *Hl 
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4 * #43 ftft 334 3#3S #34 4 # * 3A3. #*34- *ft 3 4 3 
4 3344 #444 **JI344 ft S#b 4ft S#4 #4 S#3 ##ft * 
Si4-

33 343b #43 3 4 * **4 4*4 # 4 4*# # * 4 4 7r*ft 
3A3. #*34- 444 #4 #343*3 *-4-S 3*44* ##44 4ft 
43* Aft * # * ftft* 3 3 4 A , 4 # * 4 ^ S#* **I434 4433 
# # S#4 3:#3A3. 3443, *ft 3 4 3 4# 4 3 4 #4 4*4 3 * 
3 3 33*1 7r*ft 3*14 4 * 4 4 4 * *7r3S 43*1 33ft* *#*14-

^ 4 A *ft 3434 4 * #4 S#4 4ft* 4#*4 4 4 4 4 ft 3*1 
4 33 34344b #4 3*33 34 4 ^ * ft*l A*J4A3, #4 #34 
4 b 4 * 4 'ft*' 4*13 3**1 333*14- 444 44 4 * #4 4*3 ft 
3*1 7r** * *4 33344 44, 4b *ft 3 4 3 4ft 4344 # 3ft 
* 43 3 4 4 
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4 4 # £ * 

4*44 333 3334 33* #43 #ft ft 3#, *33 #3* 4* 
ft* * * b34OT- **, 4 S#44 b33 4ft**l 44* 3*** A * 
444 4* 3 * * 444 * S#b 333 333* ft3*444 4* ftft* 
4444 4* 3*14. 444 44* S*b *ASA 4*344 * 4 A # 4 

4*3 33*1 3344 S# #4* #4 # 4 4* 4* #43 44^A4 
A S3* 3*1 43*14*. 4 3 A * * 3 * A4 3=3*43 * Sib 444 ft 
4 

333 333 4A* 444b 343A3. * * * 33* 34, 414, 334 
o> s-kn, 4* *#44 *3444 44, 343 4A4 44* 4A 34 4* 
4 3344 #334 S144 *4- 7r# * 333 3*b *3 43 #** A 
4 344A, S* 3** 34:43 - 0}̂  £*} n] ^ $q±. ,SL*44. ^7} 
33 S33 4ft7|- 4JE3 AS* 3#ftA3. 3344 *4 *# 333 3 * 
b * * 31 *33 #34 #3* ft#44 ft 3*14- # 4 4 A 4 4* 3 * 
34* ftA 4* 4* a^ ĵj.§i-7i 4* *4* JE.444 tj-4, PSA 43* 
*33 371-4* 4#ft 34 0^4. ^4 £^3A ol-fi-tflol: *vci-. ̂  4AI=I 

314 44 PSA* #4 31 ft *3 3*3 43* #34A 4* 3#3A3. 
A3444 *4- 4ftft 3-**3 3444b #4 434*3 344 33* 
*4 *44A3 *3 7r*3* **1A, 44 *r*4 3**4 3* 3=3*A3. 4 
A3 14* 44* 34444 ft 344- *34 *ft 343 3444b A * 
*33 ft 4* 333 * 43334 34 *34b 333* 44* A*J44, 

#33 A3. A4 S34A * * * 33*1 3 A* 44 ft 3*14 
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333 3 3 3 * 3 4 4 *33*3 4 * *A3. #A3b 3*1 4 4 4 4 * 4 
A44 4 * 443 4*. -£- ** #43 34, *3 #4 4 A 3 334, *3 
3 S# ft 4 * 4ft. 34 ft3 #4 3*3344* 3 3 * * 3 * 4 * * 
Si* 3*14- #4 * 4 4 4 3344b 3#3S #4 34 ftS* A*4b 3 
4 4 * *A44-
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( * # A) 

*7fl4 4 an 3 344f t*4 i S 3 3 

(IAEA Draft Report, June 1990) 
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i. ^n °1TT-

3443A3. 444 4 * # 4 4 4 * 43ft* A 4 4 4 4 4 *ft* # 4 4 
371- 4 3 4 4 OT- 4 * * 3 * 3 4 b 43ft 34:4 #*« * Sib 4 # * 
# 4 3 * 3*1 S14 3 4 4 4 4 * * * 4 * b 3 4 4 4 4 * * * 4 * 4 3 
3 4 4 3 3 3 * 4 4 4 3 3 # 554 1988* nfl 73 ~ 103 4*1 4 # 
Hamburg44 4 4 3 Si* "434 ft*4 4 * 4 4 33"3 3 # * Aft* 
Hamburg *S4 34* . *1*4*4: ft*ft* *4:444 4 * 33A3.4 3 4 
43 ** *4kr 443SiA4, * * 3 , 4 4 * 44, *43.3 344 * 3 71-4 
# 4 3 3 4 # 33 *#A3. S44 3*1 Sib 3 3 * # 4 * #554 1987* 9 
-i*Ei 11-H 40)4 9^E,elol- Villach4 444 Bellagio44 7fl3* 4 * 44 
44A 3 4 4 * **4 4 3 3 3 4 34:* 4*ft * Sib 4 4 4 4 4 3 #4 
4 4 3 4*3Si* # 4 4 1988* 6-U 273-303 4014 44-4 2 E * A 4 4 4 
4 3 "44 34: 4 # 3 S3 A*4 4 4 b 34"4b 4 3 3 4 b "344 * 
*4 44 4 A * *A7l- Si4 33 * * 3 , 4 4 * **4 # * #47 r 4 * 3 
4 3 . 3 4 4 * 4*4*4: ft** 34:44b4 * A * 3ft* ftftft * Si4" 
4 b 4 * # * A si4 

#33*1*. #33*1*. * * * 4 # , # 3 3 3 33**1* *4 , 3 4 4 3 4 * 
#71- 7f*34 Ml* 4 4 * A * *A4ft* 334 3 4 S 3 ft*44 ft*34 
4 # 4 43ft* 4 4 b 44 # * 3 447rA* 3*44 ft*4b 4 3 * S3 
4 A S14 3 3 * 4*4*4:4 4 4 *33i4* *ft4b 4 4 * ft#44 ft 
A * 3 4 3 3S*1 4 b 4ft## 3*44 ftA4, 4 * A** 3 3 4 4 4 4 
3 * 3 A€* 34:44b * 3 * 4 * ft#44 ftA4, 3 3 4 3 3 3 3 4 * 
4 4 4 ftb4 

34 443A3 4 4 44043 33*1 * * #44 , 4 4 3 4 3 17% 3 A * 
3 * 4 A OT. 2 4 4 # 3 4 4 * *A33 33 3 A * 34 3 * # 4 ft* 
ftb *Jft*l 3 4 4 * 4 4 4 4 3 ft*3b 3ft*l 4ft4b 34 3 * * 4 4 
34:3b 4 4 S33 ft* 3 3 4 4 4**14 4 4 4 # 34 3*3= # 4 4 

- 56 -



344 ft**l 444b 4*3 344 4ft4b #3 3ft* 33*1 3i43A3. 
A*4A si** * 2UL43 *# A44 A4*A OT-

4444 43* * * *^ #43** 333, *44* 44 ft 4*4 4* 
oi4-. INSAG* *4*4 333 S3 A34 44 *<i* 3*3* A#*JI 

Si4 &AEL3., * 3344* *14 333 334b 4*44 ftb4-
**4 INSAG 43** 33 3334 *44* 444 4* 3*7r*44 

*14* *4b INSAG4 44 3*44 331 7r47r SiA4, 444 44 4* 
33 4**1 * A3L44 4*34- ft44 S#* 4344 333 44 4A 
*, 3443A3. *34ft#44 4ftA*#44 443 444 334 4:4 * 
7M 4* S44 A4- 44* *4* S# #7h *3 343 34, 443 3 
*43 **3 ## #71- #44 43*4 *3 44, #34 4* 433=4 4 
3443, -; ojt£|r 7^/i7i4 44 7r** 22* * * * 4*44 ft 3*14 

444 *4b 343 33 3334 44 344 AJI, 3344 333b 4 
4* 44 #471- 344 4*3 #** 44ft 3A3. *A* 3*7r* ^ 3 
44 4*4 A4 S3 #44 4* 4*4 A434A #4 334 343, 3 
44 ft** A** JL4-.E 42114 #3*4* 434*4 343 S A*oi 1 
3*14 ftft 4*4 * 3 3 4 A ^r#* 4* 3-44 ##* * Sib 344A, 

A 4 * 43* 4# *rb 3*1 4* 3ft* 33 3*14-
*4b 51* 444 331 344**4:, # 3 344 *A* * * 4*4 

#3* *3 #3* #444b 43 A*4 4* 33 43A 44*4 334 
*33* *334 4* 343 4*4 4*3 -E44* * 7r4 *344 A4 
* 344 
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2. fl^^i °Ĵ £̂] q*} 

*3* 33 4ft ft3* #4 #44 4* A * 3 S 4ft 33* 44OT-
A 4 4 *** 4ft4 ft3A3.*4 34 334 #43 #34* 4^# e43 
* #3* 33AA 4*34 #4- 44* 4ft* 4*4 **3b A * A#2. 
34 A 2 * ft*A* *A44 #*4, A 4.0^ %$ ^471- -fi.̂  nj ̂ . ^ 
44 3A34 #4 4**14- ft*4: 4*4ft * 3** 43 *334 4* 
44 #34 4* 4*4OT- 33 333 *A 3 A * 4*4 3*1 A434-

*J) 4-2^*31 ft 4 

^ 4 3 3 3 4 b 4*4 ft* *4A*43 ft3 7l*34 34 # 3 * # * 
*13 ft44 #3*1 A43OT- * 4 A 4 4 * # * * 3 3 * 4 * 4 # # 4 4: 
**lSi4. *lb -£* Idaho44 * 3 * SL-l A\5L, * £#.5L 3 4 * 3 4 3 4 4 
* # * 3 . 34 3ft4 4347F 4ft* 4 A A * 4 A 434OT- 1950*44 
1960*4 ^ 4 4 S # * # 4 * 3 3 4 A * ft4ft # Sib ̂ ^ Sib ft34 
4 * 4471- #34Si4. * ftft 3AA *j4, ^ * *^*v 4 3 ^ 3 3 4 3 4 
A44b 014* ft34 ^r*34 ftS*4 

4*=- ite. .a.?! 

4 4 4 4 b 3 3 4 A 3 3ft* 334 44ft * b OTA **4S=1AEA, 
# 3 4 #71-* #±&]7} *A44b 3**1 344 4 4 4 SlOT- 3 3 3 ft 
A * 4 b 4 # 3 S 3A3.4 3 3 # 4 4 *A4JL ^ 3 433*1 Sib * * * 
4 * b 34 OT- 4 * * * S33 4 A ft34 3 4 3 A * A 3 . * 4 3 3 4 3 
* 3 ft** ft44*4 4 4 * 4 . 44*.fi.3# 3443.03. ft* ft **ft 
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3 3 4 4 4 # 444OT- * 4 3 * #7?3 4ft 4 4 1 4 3 3 4 4 4 4 b 
* A * 4 3 3****1 4 3 * 3 3 3A3. # * 3 4 , *1* A * 4 4 4 * 3 4 
#3A3. 4 4 3 4 Si4- 4:3 ft # # 3 3 A4 3 * 3 3 3 * b 4****1 
*iSiA4, 1970*4 * * 4 * A * 4 3Si4. 4:33 # 1 4 # 3 3 * 3 4 * 3 
RBMK* ±^-s. 4 - A 4 Ml* 3 * 4 * * * 4 4 *33OT- 4 4 * 3 4 # 3 
* 4 * A 3 4 4 ft3* # A 3 4 A * ft4ft * SiOT-

**14 A3, 4 * #7p** 22* 4 A 3 * 4 # * * AAft * Sib # 3 * 
4*A3.4 3 * * * * A # * 3,7) 3 3 * 3 3 * 3 3 4 3 434OT- A * 
* 4 4 A * * 3 4 4 4 * 3 * 3 3 # 3 * 3 * * 4 3 ftA4^oi .̂s_*v s.^ 
3 * 4 3 * * 4 * *4ft * SiA* # 4 4 b * * 4 # 4 4 OT-

#1*4.5141 31 »V ft-A 

£ 4 3 * 3 # 4 ft#* 3 3 3 # 3 4 Si44 4 3 # 3 * 4 A * ftAft * 
S14S, 4 * 3 A3. ft* # 3 3 4:#2S. 4 A * ftAft * si4A #*5S4- 4 
* #* , 4ft 1 4 4 4 3 4 3 3ft4 4 * ftA4*# i f t 4 3 4 * 3 3ft 
A ftAft * S14A 3 4 #4- # * 4 A ftA#A3. ft*4:4 #7 r 3 * * * 4 
b "#43 * 3 3 4 " 3 333OT- # * 4 A * " * 4 4 # 4 A " 3 334Sib4, 
A 4 4 * 3 4 4 # 4 A 4 ft*4: 1 * 4 4 # 4 3 * 3 3 4 3 # * 3 S # 3 * 
33554 4 * 4 4 # 4 3 3 3 3 4 b * 4 4#3SiA, 4 4 b 3 3 ftA3 # 
* * * 4 4 . n 4 4 4 4 4 4 4 3 4 * . A 4 f t* * A 3 A A 4 # 3 4 4 # 
4 

w *H 

# 4 3 *3347l- 3**1* 2.34 3*# 4 4 4 ft3ft * Sib # 3 4 * 4 A 
4 4 * ftA4±r# # ^ 4 4 * 4 b 3 3 4 #71-34 #4- ft*4:7r S 3 4 4 
b 4 3 * * 3 3 4 4 A * 443*#44 4:43 4 * * ft#ft * ft** * a 
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* 34*14 *3 44 Sl44b, #44 *3344 4***1 7Bf* i * # 
A ft 44443 43 4 * 3f t* ftAft * S144 4b 3 4 4 4 4 * 4 * 
3 314#4JL* 343. ft* #33 3 4 4 * 4 A * 3 44 OT-

*47r** l #4 344*A3. 01*4^ 4 ^ 4 4** 4 * 4 3 f t * ft7r4 
4 444*4 *A* **oi 4444 "4**3 *33 37KPSA)"3. 334* 
ft34 2E*J4OT- 4 ft3* #43 *3343 Aft* aft* 4 4* JL*3 

34* *34A A* 4A 34 34 #3 4 *43 Aft 4** ft7r44, 4 
*1ft 4** 34 4A 34 344 4* #*3S 4*4 A * 4 * 4 44* 
4JL4 4* 3ft* 3A3 4*A3. ft7r34. 

PSA3. 343 34b 4* 3444b ftA4, *3 A**l4 3*14 4ftA 
3 4 * 4 4 4 * 4 * * 7r47r Si4- #. *34 4 * ft* 4*4ft*l 1 * 3 
44*4- PSA-3 34b 34 4 * #43 *A34 3 1 4 # 4 A 333 43 
* %2.t\zi si4- 4 * # * 33 * * 3 4 A * 7rft # 3 * 4Ab 43 3 
3 * A f t * 4 A 7 r oj-y ^ J E o j c ^ Apjoi ^ 0 1 4 . £*V ̂ f - * * 4 4 ^ 

44*4 4* *4A * 4**3 3*A 3*3*1 *A44b 3*1 4434 
£43 *A* #ft *4b 333 *44A7j- 43*A4 ft3 7r*34 *4b 

3, A44 4*3 443 4*3 4A3 34b 43*A4 #3 44b 34 Si 
4 4 4 * 1 * * 4** f t s i * 4 * * f t 334 4 * 344, A 4 4 * 4 * 
**1 4*#3A3.iE43Si7l 4**14 

TMI 4 ^ 

1979*4 TMI-2 333 Aft* *44* 4 A * * ft* Jii** *34 33 
3 434A4 343 7r*44 4* 4* #* 434 34b 3*1 44b 43 
434 433 4*3*3 4*33 *A3 si* 43 433 OT- ft* 3=3 
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4 * 3 3 3 * 4 3 4 3 * 3 4 3 3 3 * 4 ft#3SiA A * # 3 3*ftft*l 4 * 
*4 3 * 4 3 ft#3SiA4, 4**4 3 * 3 ftf-3 3 * #*3A3. 444*1 
4 3 * 3 4 4 71-4* # A 3 3 # * 4 4 3 34 4 3 * # 4 * 4 * #A4, 
3 4 * 2 4 3 4 * # 4 3 #*ft 4, 3 4 4 3 447 r ft355*4b 3*4:3 
4 4A3 34 ft4* ft3 4 * 4 3 4 4 4 3#3Sib4. A * 3 * * 4 A 
3 3 4 ft 3 4 3 3 4 3 4 3 3 #**1 7Hr4A S I * 3 * * 4 A 4 4 4 # 
3 3 3 * 4 4 * # 4 4*4Si4- TMI A}ZL °}$. 4 * * 3 S33 # 4 4 4 
* # 3 4 4 4 4*-3Sib4, A 4ft* 4 4 * # 3 3 4 A 4 44 PSA4 3 4 
* 3 7^-34 * * 3A3. * # 4 4 4 3 4 4 «4 4**14 A 4 4 4 * 3 3 
^^\ ft*ft* PSA7r 4#56* 3 A4 4 * 4 * 4 4 * 3 3 * 3 4 3 ft 
4 3 4 4 4 3 * ft4* ft#ft*l 3 * *l*b 4ftft #*1 T M I * 3 3 3 * * 
4 43. **J3Si4 4**14, 4 # 3 P S A 4 4 * 4 4 * 3 : 4 A J I 4 4 A si4 

41^2nlJ 4 * 

1986*3 4*Aft 3 3 45:43 4 3 ^ TMI 4JL4 4 4 # 3 4 # # 4 * 
^4554- 4A *47 r # 4 3 1 * £4*54* 3 4 4 * * A * 3*1 444 , 
4:3 ft 4:3 # 3 3 3*ft* 4 3 4 4 4 3ft* 4 * 4 4**14- *1 4 A * 4 
*4A3. 3*3**1 Sb 3 3 4 4 * * 4 4 A 3 3ft* # 4 * 1957*3 3 4 
3 * * 3 S# 3 4 * 4S44 *OT-

4:3 43 3ft ft A**3 3 3 3A4 4 4 4 b 37J-71- 4 # * * J 3 A si 
4 3 # * 4 4 3*1 4 * A 3 3 4 3 4 b 4:#s 4 A 4 4 * ft3:*4* Sib 
4 * * 4 4 3 4 4 4 OT- ft34Si* 4 A 4 * A * 4 * * * 4 4 1 f t * Si 
b * 4 * # 3 2.44OT- 4 3 , 4 * A » J 4 4 3 3**4 3 4 b 4 4 * 3 # 
A * 4 4 4 4 b 4 A44 44ft 3AOT-

4 A A 3 4 A * 344 TMI4JL/1 3 4 3 * * 7r4 JJL*3 * A 3 * 4 * 
344 *OT- 3!4, # 4 3 3 3 3 3 3 * 3 * * A 4 A * * 4ft34 Sib 
343*1 Sib 4 * * * * A # * 4 b 3 4 4 * 3 4*Aft 3 4 3 4 3 * 3 
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3 4 3 3 3 * * 4 4 # 4 * * 4 * 4 * 3*3*4 3 4 3 4 S1OTS, 4 * A 
ft 4 A 3 3 4 b 3 3 ft 3 3 3 4 3 4 4 *7rft 4 TMIAYZL 3 4 4 #455* 
544 . a 4 4 A 4 * 3**47 r 4*Aft # 3 3 ft*4:4 ft#4 3 4 1 * 
SiSi#4b 4 3 4 OT- 4 :3* 4 4 b 4*Aft 3 4 3 3 3 * 3 3 4 4 ft4 
3 3 3 * 4 Sib4, A 4ft* 4 * * * 3 # 3 3 3 3 4 4 3 4 4 A 4 3 4 
* #7r*3 4 * 4 4 *4 , io* 4 * 4 4 4 ^ * v o ] f = 30J ^ 4 4 ^ 
A>JI *^4 *}* «ojd^oi *3A34 3 * 3 * 4 * ##3*1 OT- 4 * ft 
* b ft*4: ft 3*33 4 * 4 4 * 44 # # 4 4 # 4 3 3*14- 4 4 * ft 
* * 34*1* 3 3 4 *3 3 * 4 S144A ft*4:4 # * * 3L43A3. 213:4 
b #3*1 3 3 3 3 3 3 4 4 7rft * A 4 4 4 4 * 3 # * 4 3 3 INSAG fti 
4 3 3 "344**4:3 4 * * * *3(INSAG-3)"4 4 4 4 3 3 3 4 OT-

* 4 * lJH>7f? 

444 , 3 4 4 4 4 4 4 4 * 4 * 4 * * * 3 3 * 4 * 4 * 3 4 3 S 3 3 4 
* 4 * 55b4. A 4 * * -1. # 3 4 3 54 oj.334 4*v ^ * v 4 ^ a 43. 
3 b 3 4 4 * 4 3 3 4 * 4 # 4 4 4 * 4*44594- 4 4 * 4 3 * #4*1 ft 
4 1 * * # * 4 b 4 4 4 4 b 3 * * # 4 b 4 3 4 4 A Sl4 *4, # 4 3 
# 4 3 4 3 * 4 4 3 3 4 #*l7|- 4 * 4 * 4 4 4 * 4 * * 4 3 * * **4 
*4*l 7r*4A* 44 4 4 # 4 3 3 33A3. 4 4 3 4 OT- 4*4(siide 
ruie)3 AS A3. 4 * * 3OTS * 4 3 3 4 4 43«J* 4 # # 4 3 3 # 4 4 
SOT- 3 4 3 * 4 4 * 4 b # 4 ft3A3.^ 4 3 * 3 3 # 3 * * 4 4 4 * 
4 3 * 7r*4 4594 4 4 4 3 4 4 * 4 * # 3 * # 4 3 # 4 3 * A4 3 4 
4 4 3 4 b 4 A*oi 3 A si4 3 4 4 * 4 * s i* 3 4 1 * 4 01*3 ft^A 
3 * 4 * #355* #3A 7r*44 4 A Si4 4 * * # 1 4 * 4 4 * 3 b * 
3414- * ^ 4 f^-4 # 4 ojoi, ^-t)-* **j| 4 3 3 4 s * ft#44 3 3 3 
5 3 * 4 3 3 **J?* 4 4 f t * Sib * * 4 4 

4 4 3A3 A # 3 * 4 4 - £ 4 3 * 4 3 3 4 4 # 3 * 3*4 4 Si* * Si 
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4b 3* #3* * A3* 44* #4 44 3334b ftb4- A 4** oj 
4 333 3##44 443. 4334 S14 4**14, 44 4*44-3. 333 
*33A 3#* #43 4ft 44 #4*4-

343 333 *J33* 33*33 S3 434 4**33 S3 433 Aft 
* #4 ft*34 33*33 43* 3*33 #4*444 A4 #3444 
4*3* 34*14 4 33* 4*3 #33*444 443* 4A 443*4 
4*3 *43 3443* 4*4b4 4*34- ft*4r #3*14 #43 *33 
47f 4A **M 434 3444 A* 4A 344 4* 33: 4** 434 
**J4b4b 33*33 S3 43* #4 *444 *4 4**3 *3 43 
* 33*33 3344 43 43**1 3b 4A 0^4 ^44^1 43* i*4 
4, fti 343 4**1 A#3Si* 43 Aft 4**14 A 3*4 4* 37J-A 
Aft*4 444 33*33 #3* ftA **3 #*3* A4*4 3A, 4* 
#3S *4* ftA**3 333*14 ftA #* JI*3 3ft* 371-44 34 

4 ft3#* 44* 3*A A33S 33* #4 33*1 3*3*14 *33 Si 
b ftx #3* 44A ft** 4*44 #4 

#4* 3S3A3. 4S#3 4443 4* 4** 4**4- #4* Aftoi 
ft3 ft 7r*3*l Sib 43* 4*4b4b **44, A* *3 #3 4A 34 
* 4#4b4b #*3*1 A4 OT. #43 *3 343 ^r** #4* #4 
*31 * Sib 34b 4* 433 #3* A#44 34 

-a-**} oi*-a44 333 4#* A* ft3 # 4*34, 3*33 #4 #3 
44 4#34 ftb 2.3444 4** **^4A* 3 A * 4 ft 7I-43 *A* 
#43 *334b, 3*4:4 #4* #3* A44b 4344 Afto] 3*^ 
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3*4A # # * AA44 4 * **A3.3 3 4 * ftb4 *1# 3 4 * * ^r* 
ol A#34 ftA* 4 4 4 4 * . * 3 4 A 4 * #*JI* 447 r ft34Si* 3 * 
4 b 4t43 4 * * **lft * Si*4 4 * 3 4 4 *4- 4 4 * 4 # * 4 4 4 b 
33*3* #4437 r * * * *#, # 4 £±7} 4 4 4 4 * * 3*#4 4 4 4 * 
# 4 3 3 33*1 3A44 34- 4 4 * 3*#* # 3 4 * 4 4 * 4 b 4 3 * ^ 
4 3 4 3 3 # 4 4 4 3 * # 4 * 4 * 4 3 4 4 4 4 ft* 4 4 4 4 ft4* ft 
3 3#7 r *14Si4- 4 * S*b 3 * ft 3 * 43A3. 433SiA4, 503 
# 43*3 4 * *ft*l SiSi4 
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3. m$ QW ^ 

3 4 4 4 4 * # A 3 * *4 44OT- 4 b 3 4 4 * 4 * * 3 4 3 * ftft 
4 3 # 4 4 * * 34*14 4 4 * # i f t * 4*Aft 4 A 4 3 4 4 4 * * 4 
3 *#4Sib4, *1 4A* 4 A * 4 * * 4 3 4 4 b 4 * # 3 56A, # 3 4 * 
4 3 4 4 * 3 4 * * 4 # 4455A4, 3 4 A 4 * ft7r7l- **? # 4 4 4:* 
4 4 3 * * # * ftA- 43*55* 3A4A # 3 3 4 4 4 4 * 33*1 *4*J3.4 
OT-

4 * 4 4 3 TMI** 4 A * 4 A * 4 * #4471- ftoj4. ^4,4 3 * * * 
4 4 3 A * # 4 * *J)*S * 3 * A#ft * sisi4 4 * 4 # # 4 4 * 4 4 
b 3 3 4 4 ftOT-

34 4 45043 33*1 # 4 4 4 . 4 4 343=3 4 n%# # # 4 A OT-
3 3 * 1 # *7h3ji SJJL, 10*3 ^ # 4 4 4 4**1 4 * 3 4 4 * 4 4 3 
*A 1 # 3 A OT- * # 4 4 4 * 3 3 4 4 * 4 # A 3*4 4 4 1 # Si* 
* * #471- sib7l-3 4 * # # 3 4 AJ14 44, s i* nf t4* 3*ol ft* 
4***1 334**1 Aftl #***7r* 4S4A4 * 4 *14* 3 * 4 * 3 
4 # 2Ui43 # 3 4 4 

W 4 6*^7fl^) 

43i f t 4 A * 3 3 4A71- ̂ * 3 4 4 * 24]* # 3 * 3 * 4 4 4 * A 
ft 3 3 * 3 4 3 * 3 4 ^ # # # 4 4 4 ftA **, * * 3 3 * ft*4: # 3 
4444 , 114* ft*4:7r 4f t i *A3*1 S 3 * * SiSib43 4 # * 3 3 
4 4 4 * 337f **J *oi4-. 

4 4 * 3 3 3 * # 4 4 A ft4 # 3 * ftb *3 3 3 4 4 4 34, * 3 3 A 

Si4- *14* 3 3 4 4 * ft*4:* # 4 4 4 # # 4 3 4 * 3*4* £ 4 4 b 4 
4 * 4A2E 3 3 * 47f OT- 3 4 ft * 3 33*1 4 3 4 4 4 * 4 # * # 4 
4 4 4b7j-4 4 * 4 1 3 4 A 3 3 * b 3 b INSAG-3* "344*34:3 4 * 
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*333"4 3434 S1A4, *A # 3 * A44S 4*4 3 4 

*J*ft-«4 

*33 * 3 * 4 * 4*43 4*3 # 4 b 3#ft43 # 4 * b 4ft44 ft 
3 3 4 344 #44 S144 *1 * 4 b 4 A 3 4 4 *43A3. #ft4b 3 * 
ft44b A * #33 333 # 3 4 3*J4* 3 4 * 4 413 si* S* 3 * 
3 3 4 3 ft*4: 444 ft34b A * 3 3443, 3 4 * 4 3 4 3*1 ft*4: 
3# 43*1* 34, A * 7r** 4 A 33.4 444 3#ft4 4**1 3*4 
443A3. *334 OT- 4# ft4*AJ34. A * 3*3, **ft, A#3.ft 
ft*4:4b * A 4 A 433 Sib 4****1 #434 S1A4, 4***3 34 
# 4 * 3433*4 ft*« 7r*ftol si* 22* ft43 * 3 * A#ftA34 ft 
34: #43*14*** ftA4b 3*14 34 3**A3. 3*3 44 143 
3 3 * 1 4 4 4 * A#4b 4ft33 * A * #2*01 ft4* 4 4 4 3 /r*4 
b #44 4 * 4*2£ **J*4 3#ft4*3*44 33, * 3 3 b 3 3 * #3* 
3A4 * 4A 7r*3*l *r* OT*7h ft4* 3*4* *ftft 4 3 4 OTA 
*3ft * b OT- A44 333 3334 4 * 3433 ft7Hr 33*1* 34 
43 * OTb 3 * 3444, S 3 * 3ft3*lA 3433 4ftA3. 4 # 4 b 
3*14 3 4 4 * 4 * * A * t 4 4 si44 34 * 3 4 * Si* * OT-

SOT* 

ft* #7H4 344 #44 4 * #7r 4*13 #£7r 3 4 4 4b *333 
3*43 #*4 4 * ft* 3**1 Si4 OT- 4 4 * *3 # i b 44 4444 
443 4 OT- 4#3 3*. 4 # i7 r 333S * 4 3 i*3SiA, 3444 
3 * 4ftA# 3 * 4 4 * *333 * * * #4 3b 4 * 4ftA4 343 * 
33 **4 44 4 * *4 434OT- 4#44b si* 3 3 * 334S 4 * 
4*4 3 * 34 3*A4 #3 3344 3 4 * 3 * 4 A # A # 3 A si4 ft 
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ft # 3 #7H4b, 3 4 4 4 # 3 3 AftA3.*4 ft#3b ft43 * 3 3 ft 
* 2^33 ft^rft # 3 4Aft3 #4 3 * 3 4 * 4 b 3 * * 3 #A3 4 A 
Si4(4» **, 4:433 3 * o.i% 4*1-). 

iNSAG2Ui44b 4 * 3 3 4 4 * 3 4 3 * 3 * 4 4 A 4 * * 3 4 3 7p* 
*ft 3**3 3 4 4 4 4 4 4-4(IO4/RY), 3*3 ftj^L4* *A3.4b 4 A 

4 * * 3 * # 3 3 4 4 3 3(io*/RY)# 4 * 4 A S14- 4 4 3 3 3 * 4 * * 
3 4 4 44, 4 4 4 S # * 4 * 3 1/1001444 *_*4 INSAG4 4 A * 

INSAG3 S 3 3 3 4 4 4 34. * 3 4 b 3 3 * 4 4 4 S # * 4 * 3 #A* 
# # 4 * * Si4b 4 * * 4 4 4 A ft4 

^l- f t^ 

4 4 3 * S3 * £ 4 4 * # 3 4 4 3 4 3 3 1 * Si*7r? *4 2 7}T] 
ftft**l 7l*ft #44.. 3 4 ^ ^*j^oj 71*44, # 4 b 4 * * 3 * 3 3 3 
7} ft3*14 *1## 4 4 3 3 3 4 A 4 

3 4 3 * 3 3 3 4 4 4 33 . * 3 4 b 3A3. # * 4 b 3** 3 3 4 4 4 
# 3 3 * 3 ftft* 4 4 5,000*43. 71**014-. 90*4 * 4 b *] 4 * 4 4. 
10,000 343. 7l**oi % 344.. TM144 *34 434A71- ft344 3 4 
3 3 4 # 4 * *3*# 4 3 4 Si4- TMI 3 4 3 * 3 4 3 * 3 3 3 4 4 4 * 
3 4 4 ftft4b *3*A 7p*44. 4 3 * * # 3 3 * OT- A 4 4 *14* * 
3 * # 4 3 4 * 4 * 3 4 b 3 * # 3 4 *ft 3*14 * 4 b 4 A ft3 4 3 
44 A ft*4:7r * * 4 i * * 4 4 «4 4 * 4 *1 4 A 4 i f t 4 4 4 * 4 b 
4 * 4 3 S3-* 44A4 * 4 4 4 4 3 3 3 4 # * 5,000 3 4 * 71**4 
* *4 # 4 A * #34A7l- ft3* 3*1 34- 4 4 * * INSAG # £ 4 b 4 
* 4 4 * . #44A3.b #A4 *r* #*J444b OT- 47r 4 * * 4 # 4 3 
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S 4A* 3 3 3 4 4 4 « 5*14 si 4 * #&b 4 * ftAA43 ftAftA 
3 4 3 3 3 4 TMI44 4 A £ 4 4 * ft3* 4 3 4 4 * 4 4 *#A3. 3 * 
ft-3^43 *A3*1 A43 4 S1A4, * 4 3 b *14 3 3 * *r* A 4 A ft A 
4 ftOT- 4 4 4 100,000 3 4 3 7f**4 * 3 4 4 3 3*ftA2:44b # 
^ 4 3*4 # 4, 5000*3 3 4 3 7J** * 4 b A 4 * A33 4 1 4 A# 
3 «rb OT- # 3 * 3 * 3 3 3 4*oi o]*j ^ ^ 4 ^ #*ftol *jA4, 
#*4A 2£*4 1 ^ si*4b 334:34b 3*14 

4 4 3 343. 3 4 4 4 * INSAG3 #&4 4 4 4 A * 4 * 3 * * 4 3 * 

OT- 4 # i b 4 * * 4 4 3 3 4 Si44, * 3 *1* # # 4 * 4 * * 4 4 A 

7} ftlft 7r*3* 4 3 OT. 3 3 3 4*AiL* zLftl * 4 4 3 3 #A# 
* 3 5 5 4 A *ftft * OT. *4 A * 3*7 r ft355* 4 b # £ 4 * 3 3 4 
#55** 3 4 * # 4 4 

Aft4* 4 * * 3 * 3 3 371-3*4 *°4* 4 * * Sib4 3 4 A 4 # 4 
7j- 5*3A3. 4*4- PSA^- *i7i- 4 * &3L, 4 * 3 34A# *47j- 4 4 
b * # * 4 ft* 4 4*34-

P S A # * 

ft44 b 3 * 44 3*1, *14 PSA* 333 3333 4 3 * 4*b4 43 
444 4 * 3 4 *1 34 3 3 * Aft* #444 #3*43 * Sib # 3 4 A 4 
3 * 3-34:44 ft3ft 4*. # 4 4 A ft3 * 4*3 ft#34 4 * * * 3 * 
4 # # 3 b *J}#3 33*3 ft4*3, A 4 A 43*4b 3ft #4 4 * 3ft3 
5 4*3 ## 4 # * 4 *1# 3ft* S* 433*3 #434 A344, ft * 
ft4 3 * 33=3 S* 4*. 4*4 44 3#3 43*3* 433*3 3ft #4 
4- 4 * 3ft3S #43 3*b A * #*3 4 A 4 44 ft*34 4ftA3 
4 4 3 * ***4- PSAftftft 7fft * A * 3 * # 3 * 43ft3 7r*34 A 
4 4 4 4 * 34 ft *33*3 4 4 3 * 434b 3*14- PSA* SI* 343 
S3 **4 4 * # 4 4 3 37HIA 4**4-. 4-* o\ 3-o.i. c ^ ^ ^ 3 
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1 371-344 44. 3 * 344 4 * *A3S 447J- 3A44-
4ft3S ft*4i4 4 4 4 * *14* ftftft 4 * 4 * A 4 4 ft*4 44*1-* 

# 3 3*4 4 * PSA3 34A7J- fto^, * * ^ * * 3 4 4 * 3 3 3 3 4ft 
3A3. 4 * 3 * 3 * 4 * 3 4 4 ft4 4**14 A 4 4 3 3 3 347 r # * 4 
* 4ft33 AS4 4 * *34A# Aft* * Sib A4 4 * 3ft* 43ft 
* Si4 4 * 4 , *4ftoj ^ s ^ ift^joj ^ I J I C ^ f̂ cj-. 

PSA ftft4 3 4 * 3-g- 4 # 4 4 NUREG-H50A3. ft43 A J I 4 4 4 # 1 
3 S# 3471- A4***l *A S# 3 3 447* 44OT-

4 S#b 4 # 4 543 3 3 4 4 * 4 3 * P S A * 4 * Aft44, 3 4 3 * 
3 4 3 3 3 4 * A3 ft * SiA* 3 4 3 ftft* 4#4OT- INSAG * £ 4 
3 3 3 3 4 b 4 * 4 3*1 Aft* # si4 

Surry 
Peach Bottom 
Zion 
Sequoyah 
Grand Gulf 

x-M^-^y 

2.3 x 10"7yr 
1.9xlff«/yr 
3.4 x 10 /̂yr 

3 * A 4 

4 3 A * 4 3 # 344 334A 3 3 4 4 334Si4 zion4 4 * 3 4 b 
4 * 3 * 4 A l 4*171- 4*4 , 44 4 4 * 4 A 3 4 4 4 * 4 * * # £ 4 
44 4 4 3*4:4 * 4 334ftA, Zl * 4 A* #3*4** 5xlO*/yr*#A 
A *4:f 3A3. 43*34 4 4 4 A* ft*4:* * 4 4 3*4 4 * INSAG 
4 #&4* ##4*4-

3 # * 4 4 3*1 4 4 3 * 3 * * 4 * 2.34:34 4 * 4 4 4 * 4 3 4 3 
# 3 4 3 3*4* 44 3*44 A4, * 4 b 4 4 3 4 3 3 4 3 33*1 INSAG 
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3 #XA4 104 71-4* A * *3* 4 * * ftA sl4b 3 * 4 4 4 2 4 * 4 
4 4 * 3*#* A 4 * #7r33 #41 4 4 * 4 3 4 * 4 * 4 3 * Si* 3A3. 
4 3 3 4 4ft3S PSA3 # 3 4 3 4 * 4 *1# ft*4:*2E *43A3.^ 
rNSAG*i* # # 4 3 * A si* 3*14- A44 A * 3 S 3344 , INSAG* 

S3 #&# # # 4 4 4 * 4 b A * 4ft ft*4:*3 * 3 3 * 4 * 3 4 4 * 4 
A **4-
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4. *J) 33 . ̂ 7) 

* ^ 3 4443 S334 4 * 3 # * 3 4 * 3 *4b 1*34:3 3334 4 
* 3 * * * 444- 3434 4 3 3 * ##444 34-33*4 443 4 * * 
*jjoj5. *iei * 4 #33 3433 #ft *S4 SiA4, 4b 433 #44 * 
4*4 

»T T ^ I 

433 #43 * * * * 44, #3A^*43 *4* 33, *4*3 #* ft 
#4, 4**1 #434:3 u-2353 *#* Aft4b 433 3#, 4S343 7\ 
* #A3. #334- 4333 3*71- 4*3 33*3 *44b 343. 444 
2.43 #4 4334b 3*44 #44 **43 434 333A3. 43*34 
3* 434b *7r4 ftftoi 7̂ *44. # ^1#* 433* 44*3 33 44 
4b ftft4, 433 444* #4 * * * * 3 * 434A 444 44** 4 
44b ftft 4 4 

A* **3 4ft *S##4 4444 4#7r43, 433 #4 * 3 A 44 
33 A* ft #3 43A4 OT- 44* 3344 A4344 ft 433 #4 
3 *A #3* 33 *3443 4 34* *4#, A4JI * * ^ 34344 ft 
33 4*3 33*3 Aft4*44- *7r3443 * 3 * 4** 4333 ft4 
* #4* *4 **4 44*3 44b 4**14 #34 4*ft * Sib ft4 
* 34* 4#44 ftA* ̂ 34:34 **5444 *4 

4 4- #• 
2̂ " T~ 

*4 -̂4 4* ^ 33* 4*J34 4Jf 3. ^ ^ ^ l̂5i*v t^- #£ 4 
#4344A 444b 54 3* 433* 4ftA7r Si4- 33 33* 4*2.4 
7\ 4444 ft*4*. *4* #*** #3 #3 4**14 4*433 AM% 
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44 4A* JL*4 34*4 4#« * OT- 4 * AH^t *4*3 ft43 
# 4 3 S* 3*14- 3 3 * #4347r 34343, * 4 * #*3 S* #3: 
4#ft* ft4*4 4 * S* 333* 4*3=3 3 A 4 4 4 3 *4:* * si4 
343 4# ftft* 4 4 * A * *4)# 4 3 4 A si4 * 4 * 4*3 4*4 
4 * 4 4 3 4 # * 3443A3. 4 *13*3 *4|7r 34 ftA si4 * 4 * # 
4 33A3*43 ***A 3 * * 4 # * Aft44 3 4 * * * * 3 3A3.* 
4 4ft 4344 ft*34 *## 44b 343 4 * 443 33A3. 4*4 
4, 4**3 3ft44 4A* 33*33 4 * ft#ft* 3 * #7*43 **14 
* # * 443*43 4 * ft* # # * 3*33 Aft 4 *4*3 ft43 *4 
3*4 4 4 3 ft#4b 34*3=4 #3 # 4 3 4 33 3**4 4 * #43 
A 3 * *#*4 4*3A 343 3*43 # 4 3 * 4S44, #*3S ft^r* 
4^- 4344 4A* 4#*1 ft344 ftA* 4b 3*14-

4 4 3 * * 4 3 3 #4 #*4 333 433* 4 # 4 4 #*3S 4#ft* 
*4ft *44-

343.44 333 4*# 4333 ft* 3*3 34ft4 4 4 * 4*4 3 
4. looo MWe-g- 3*3.44 S* 4 3m33 ^r*# 433**1 ft*l **14-
ft#ft*l 44 4*4, 3*4* # * A * 343444 ft*3 ^r*# 4 3 3 * 
343A3. 3 3 * #*4 4 3 4 b 3*1 7r*44-

* 3 * # * * * 3 4 4 * #4 * * 4 3 4 b 4#oi 4*44 #4, %q 
4 3 ftftA 4A44 ft* #444 34 4 * 4 A si4 4ft #71-4 4 3 * 
* * # 3 4**3 # 4 4 4 b ^r*# 4333 444 ftft* 3 4 4 4 3 33 
4 A OT- 3*343 4 4 4 # 3 * 44 #444 7p* *4 S14 4 * # 3 3 
# 3 Sellafield4 Af t±3 Cap de la Hague, Marcoule #*14. ©If- .2.^4 a] 4 

* 4 * 3 4 3 * A 3 . * 4 3 3 4 * 4 * * 4 3 3 4 5% 3 A 4 4 . 
ft 71-4 ft43 4**1 4 4 4 4 3 4 4 4 4 3 ft*34- *1#* 4 * 3 A 3 . 
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3 # * 4 : , *4r-14, =Lft*-85 ZL^JL *i:-129 4 4 . . ^-4oj*j-4 UNSCEAR 4 * 

4b 34 334b A* 4#* 4S37r 4441 3* 4* 3*o_3.*44 
4#ft* ft7>* 4 Si4 444 S#* 4*** #*4 *347r *A #34 
4*44 4*4 #34* **# ft434 3443S 4#ft* 43 ft^Br 
^44 4 Aft 4 4* 44 

4]7l-t W 

^r*# 4334 444 * *44b ft43 4#* A*4 44*3. *#44 
34* A*4b #44 *4 44 A334 34 43#* 3# 4*3*4 44 
44 34 

4** 43371- 44444 ftb #7HI4b 4#* 4S3# 34 A** # 
44 3*4 A** #44 4444, 4443 44*4 ft* ftftA3. 43-34 
4* 43 ftftft *44b 34*i*l 4* 44** 34#34b 4*3A3. 3 
*4 34 #41 ̂  oj- ^« ^ 4 41-SJ4-. 
#7r3S 44* 34 43* ftA si* JZ* #7r#* 44* 443*A^*4 

*ft4b ft^Hf 4#ft*l 4-3*4-3 #44 44 3* 3*1 4 A * #4*4* 
#* S3 44 3* 4 4 4 A si4- ICRP# 34 443* 434 4* *A4ft 
A3., 443* 4A 2:344 434 4* 34 3* *A 4#ft*l 33*33 4 
3 34* 4 #3= *143 #4 4A* 4b 4#* 4S4A si4 

^43, 4:44:, *j# * ft 44b ICRP44 3A* 4*4 io#4 i *144 
4#* 4 4 4 A si4 

ft* #7HI4 **J3 #34* S# 2.43 34 *7r4 44* 44 ft* 
* 4** 333 33 4* si* 444* 333 44* 4#, A * 4 4#ft 
A3. 7p*44b 34 4* * * * 3 A * 44* 4 Si4 444* *3 #£ 
4 341 * Si** 4*4b 4# A<34 33*1 4 * 3 A Si4- 4*3*3 4 
343 3*4 4*4 4* 44* 4* #344 33* #4 * 3 * #34 44 
3#7l- 4#4A si4-
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°J#4) ifltt <** 

4 3 3 # 4 3 * * * ft * * * ##*1 3*4 4 4 b 33ft* * # B4 4 
4 4 4 Sib 3 3 3 34 3 * 3ft 3 4 4 Aft44 # 3 4 4 S14- 4 3 # * 
#71-43 # ft4* 3ft # 4 4 4 4 S # * 44 ft #44 , A 7r432E * * 
*, 4*, 4 # 3 * 4 4 3 3 3 4 * # 4 4 4 3**1 33*3A3.2n#4b 3 4 
* 3=4 4 4 4 * 4 4 
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5. ^4]o | %z\^ S h M Aov4|4l 4lt.> INSAG5] <J^ 

# 4 4 3 3 4 3 4 3 4 4 * 3*3 3 3 * 3 3 3 4 A 3ft4 3 * 3 4 ft 
34: ft 4 4 433. # 4 4 3 3 3 4 * 4 ft4* 3ft4 3 * 3*14 4 * 7\ 
* * 4A4 4 * 3 4 S3-A3. 3 1 4 b 4 3 4 4 * 33*1 #ft# 3*14 

4 * 4 ft4*4 33*33 3ft* 4 * 4 4 OT- 4 * ft 4 * 3*4 A * 3 
* 4 # * * #71-44 3 3 3 3 4 # 3 * 4 * 4 *4-*4 44<sea of 
Radiation)4 *4Sib 3*14- 4 3 * 3 4 4 A3S* 4344- * 4 3 A * A 
# 3 * ft^r* 4 4 4 A#44 SiSiA 3^4 S 3 * * # 3 * # 3 4 3 4 A 

A4524 
* 4 4 3 4 Sib ft4* 3** #71-44 3 * 3 4 34- 4 4 4 * 344 ^S^ 

43*1 34 4**14 4 * 4 3 * 3*4 4 4 # A 3 3*1 444- *lb 4-* 
4 * 3 S #*14 42.4 34 3 * 334:71- *3*4:* 34^14* 33*33 
71-343* #*55* 3 4 4*7r43, 3 4 3 * 4 * 4 * 4 S144A S 3 * 4-
3 4 3 * #*56* #*14 

3 4 * 4 4 4 3 4 3*4 ftb 3ft* A3*1 # 3 * 3*1*. 4 3 * 3*1* 
*4 * * A AAI-3 471- OT- 4 * 4 4 4 3 * ft4*ft* ftb 3*3 S * 
*4A # 3 4 * . 4#* . A 33=3 4*kl- # 3 3 47* £4(4* * 3 A * 4 
44 *rb 4 * * 3 4f t** 4 * 3 * # 4 ^rb 4 * * 4 4 4 24 43*3 ft 
4 * * * A S14). A * # ft4** *J*3A3. S3 * 3 # * *7 r 444 , 3 
*3A3. 4 * * * Sft#* #7*4*4* 3 * 3 344 Si4 *}<$ ft4* 
*3ft*A3A a 4 * 3 4 * 2.44*43 4 # * # 3 4 4 * #7r*44. ft 
4 * ftA 3*71** ft4S 3ft*1 34*4A 4 4 4 A , *ft* 4-333 $ 
34 4 * #43ftA3.*4 3 * 3 S* ft4* 3ft* # * 4 *4 * b # 4 * 
3 * 4 3 4 A Si4 ft ft 334 4 * 3 4 3 3ft*l 3*4ftA3. 4 * 34 4 
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# 4 4 * 4 3 4 # 3 * ftb *ft* 4 * 4 4 4 4 b 34 43*14-

34441 4*> <8« 

* 4 3 #71-4*34: * # 4 *rb 4 3 434 S * *7rA * * ft4*ft* 
A7r *JL ft* 7roj i^i-g 4 4 3 * 4 4 3 3#ftA3. ft* 34*3=4 A * 
4 3 4 i* # * A * * * * * * # 4 4 A#4b * * *3 414 * * A 
3 * 4 * b # 4 ft4*ft4A 4 * 4 * 3 A 4 # 4 3 4 * * * * 4 1 # 4 
4-

A * 344 ft7rft 4. 3 4 3 * 3 4 * 4 4 4 * 1 4 b 34-4 # # A 3 * 
4 4 3 43**1 * 4 4 b 34*ft* 4-333 AS4 4 * 3A4 4 * 4 4 
A ft* 43**1 33*3A3. # 3 4 4 4 33*1* 14, # * A S 1 * # 4 4 # 
#, 2E43 44, * * 3 4 4 b 44371-71- sib 3*3 # # # 3 33* 1 4 3 
3 4 4 3 * 34*3=3 3 4 4 4 A 4 A 4 * 4 4 

4 4 4 34-4A2iL#4 * 4 4 b ft4* 3ftA 4 * 4 4 ft4**l * b 3 
ftl- 3 3 * 4 4A, 371-44 3 4 *7 r4b 3 4 * 3 ft* * 4 # 3 3 4-3 
ft4S4 3 * *Jft3 # 4 3 * 3 3 3 A S 3 4 4 

4^41 4?> <*** 

3 3*3 3 * * A444-. * 3 # £ b ^7\$] ^ 4 * 3 - 4 4 4 4 3 4 $.0.4, 
INSAG s i* # £ # 4 4 * 4 Si4 *1 #&# * # 4 4 b 3 3 * # 3 * * * 
4 3 4 * 43A4 #3*1 1 * ftA* oi ^ i * * 3 3 4 4 ft4. * 7 ^ * 
3*1 4 4 * * # 4 * * 3 * # # 4 4 OTb 3 * 333AJLA * 3 4 A si 
4 33*33 # S 4 * # # 4 4 4 4 4 3334 * * € 3-M- Sib 3 * ft* 
4:71- *J4* 44* , 343A3. * 4 4ft3S ft*4:4 3 3 3 # 4 3 4 b 
4 4 * 4 3 * S # 4 A S14 
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6. nlefl ^ 4 : 4 ! - S ^ T T ^ 8 

43 A* * * ft-34;* 30 4* 34 4*3 4ftA3.*4 3A34 OT-

*334 4* 33*1 #434 44 43* S3#3**l 344 #71-44 «A 
4, Aft4 #0^ 4̂_t ^ i ^ g . * 3 ^ * 4 3 4 A * 3433 344 *i 
Si* 3*14 34 344 ft* *S3 33 *4b 3* 4444 43* ft* 
4: 34* A4 443S 344 #34 Hi * Sib 43* 4#554 3*4 4 
44b 3*471- 4 A3 SiA 44 ft 1** A4 4-S4:* ftft A3. ^44 Si 
4 43* ft*4:4 #3 ft 44b 4*44 b34b 3344 A4 4*7*4 
3#4 3 * SiA* #3« 3*14 

4 4 4 * * 4 4 4 INSAG4 ^JL*Y **1 <+^£ 2&t}7] 4 4 3 A 4 4 S 

34b 33« * OT- INSAG* S3 *#4 4* 34 3 * ftft 4 44 io 
4 43* #3444 44, 343 4*3 4444 344 *j* **44 #34 
44 *4A 4 4 4 A Si4 #444 4* *3 *#* *13 **44 A * 4 4 

4 *4b 3*1 ##3 #ftS 3A3. #*44. *13 4*3 INSAGOI ZL4* 

*3 *#* 3A4b 5*14 444 4# * * 33 #&* ft* 44* A4 
A #71-3 4444 0J3 ̂ -ô i 44 44 44. ftoj*v ̂  ^oHk-̂  O J ^ 
* #3 A34 S344 3*4444 ft 3*14 

4* 4ft#* 43* *34: 344 Aft44*> ft ft 7r4 4*4 4* 
INSAGft 3 4 * 1 4 

*J*ft4* *4tm %$ ■L>^# A^4* 7l*4°J 4^*444 

3#ft4b ft ##4 4A4 44* 4433 ftA *4* 4#4b 34 # 
3*4 3ft« * SiA4. 44* 34 #3*3 34 3*ft4 4ft4 44^ 
*b £4 3#ft4b 4*3 33*4 ft*4 4* 4*3 ft434 4* 34 
3* AA4b 34 43A3.4 #344*1: *4 si* * ft433 3ft*l 4* 
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ft433 3ft* 2:44b 4A4 4 4 4 A 4 * 3 ftA * 4 4 3 4 4 Aft44 
4 * 4 

341 4 * 4 ° J °kg 4 J 4 * ^ 4 * 3 # 4 , # 4 * 4 414, A 4 ^ L # 

4 3 ftA * 4 * 1*34:3 3 1 4ft44 4 * 4 4 Sib ftft4 4 * 3*ft 
4, zrqzL 3 4 4 * 4 4 3 A **A3#44 A * 4 : 3 1 A # 3 4 4 3 4*44 
4 4 4 3 # 3 4 3 *3ft34 3 4 4 * 4 4 4 * 4 

INSAG-3*] "-gĵ Hl 41*- 4 * *-^-34"* TT-JIO-)-4 3 - 4 1 T T 3 4 4 4 

4 * 3*4:4 4 * 4 * 3 4 4 4 4 * A4 7fS4:ftJi 3 3 3 Sib ftftA3. 
* 3 3 3 * 33ft * Sib 3 4 4 # 3 4 4 4 44, 3 3 71-44 3 3 4 4 4 b 
* 3 4 71-3 e 3 3 43** 3 4 4 3 3 3 33**14*. 'S3'4 4ft*l 'ftl' 
4 b 4ftA4 4 * # 3 4 * * 4 4 3 * 3 4 * 3 * 4 3 4 4 4 * 4 3 4 * 
1 4 4 * 4 INSAG-34 A * 33#*l 4 4 4 b 3 * 4*ft * SiA# # 3 * 
4 * 4 4 ft *A7r Si4 

^ 4 1 * # * B ^ 31314: W . 

3 4 *J444#* A*OI ^ * v 4^f. #^-*4* 4*)* -g.^4 4*01-01: 
44 . # 3 A * 4 4 4 1 * * 4 4 4 * 4 A 4 * 4*40): #4. 4 * 4 4 4 
1*3 *7 r 3 ^ 4 440}: *j-4* ̂ o_ 0j.qc|. 4 4 4 3 4 4 4 1 * * 4 4 4 
4 4 * 4 4 3 °J3* 334 4 3 * * s!4 4*44 , 4 44 ft 4 * 3 ^ 
4 4 b # # * *l#4 si* * ft4 4**14 

# * 3 33* * 3 34. 43* * 3 34, 34, 4ft ft A*4 4 * 3 4 4 ft 

- 78 -



343 * * 3 * #444 4* ftft A3 *4*1 ##444 *4 *ftA4A 
341444 4* -̂*- ^ % 4334 **i ^ ft * 3 * 444*4 A* 
4 4b 3* **3*14b 344-

**?i:A* 4*44141 *)#47fl *)41444 OT-. 

AJ*443 *#ft* *7j-4*44 3344 33*3A3. 4*4* *4*14 
A44 *1 ft* 334 333 #444* "3* A4:"4b *4 444 b44 
* 4^* 44OT- ^M-7r4 3#44 34444 *4b 3 * ft*4:4 4* 
4 31 4444 oiTj ^^M. ^ l t - oĵ oi: *>4* S44. 44* # 3 * 
444 #34 4*« * SIA* 3444 44 #34 3*4 ft34 ftA* 4 
44 *4 44 33*1 # #43 4444 #4 *3*1 A#444b 334-
443 ft 33 S#4* 4** 443 A34 ft*4: 344 44 344A 3 
341 4 4ft * SI A* 3 A* * * 4 A 44444 44. si* ft*4:4 4* 
jift 222= ft 3ft #4(FMEA)4 44 34444 *4 

tt*!4M * ^ 4 a * H 4^441 ^ 4 1 4 4 4 * °*34. 

433* 3*44 4* 3# 3** A* 4-^4444 #4. oj.*.^ ^M^. 4 
43 A344 34 4 4 4 A si* 2.44 A 4.0.4 4*}. 3 ^ &T$t] %n~ 
* S144 *4 4* * * * *43A3. 44 33* 34: 4 * #S 4#44 
4 44. S3 4 4* 3:44 A#*14 #3*1 *A44b 3*1 # 3 * 3A3 
**« 3*. 4* 34* #3:4 ft * Sib 434 *3344 #444 *4-

4*4 flj? ^RH JL4444 1>4. 

4*3 *3 # 3 * #7r3. 34* Aft* * si* #43 *3 #3, 4*3 
5 14, 4#*J 33 *4 4 * #4 3 * 3*14 4 * 4 *J43 ft#4 * * 
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£44 44 4*3*1 3A444 *4-
I. 4* *A4 334 4* #33: #44 #4*4 **A: #4 *# #*A 
(4: *J*A4 344. #4 33*4 3* #4: 34:4 #4 3* S3*). 

2. i*4 #344 33 ##*1 *3A* #4 ** 4* 
(4: "JA4 *A *i* 4*4#) 
3. 3* *A4 334 4* #33, A 4 4 #4 *#4 443 Hi* 4* 
(4: 4A«JA, #*4, i»ft4 34 33*4 444b *4 3 4 A »JA, 4*1 
# * ) 

* T ^ 1 ^ E 3 41t>41 A|*-s]* 4 1 * * ̂ 4 3 . 3 ^ 1 ^4 l s | * 
? n J L ^ o^ , * £ f . ^ ^ ofojoj: OT, 

# 4 4 A 4 4 * 34 4 * *4 ftft4 4 * 4 4 4 44, *33 4 A *34 
343 * 3 ft* 4 * 4**1 3 * * Sib *A, *43 *144 444 * * 
* 4 * A * JL4* 4 * #44 3*444 * 4 

4^£4l ii4l 44^rb- 4 J i * 4l4l4£^- ^41444 4--B. 41- ^ 
^JL ?Ji>oi 7j-^sl<44 m. 

oi4* 4 J I * 4 013 4*J;E4 îL** 44 37*71- * 4 A * 4 A 33=01 
3-4:444 *4b # 4 4 3*3A3 4 4 * 3*4 # 4 b # 4 4 A 4 34b 
ft43 #3 ft* 4 * 4*4 A 4 **A3. S34b 4AO14 

*A # ^ # PSA 7J4-4 4it> . g ^ ^ q W # ^ i z ] 4- QJ<4<4 

t>4. 

PSA 344 4 * #4333 4 * * * 4 A * # 3 4 4 4 4 A 3 1 * #14 
4b 3*3 1 4 * 4#4b 44*44 43*4- 444 44 S#3 3 * 3 
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24*4 4 1 * #4 #333 3ft* 34:43 * OT- #4334 4* si 
4* 44 S7rb 43 43*3 ft #*4 #4424 4* 4*4 2.4 344 
4* 41- 4*44 43*4 444 4* 4A * 3*4 4* ft3 71*3 4 
4 ft 4* 4** **44 444* 343 #3 ft* 4* 4*3 314** 
*34*A3.4 #433* 34:43 * Si4 si* 44*j #3* 1** 43 
A 7r4^ 44 %±A)?i ^ 544.. 

tt&fcir 31344 711414 * 4 * 4 A ^ * 4 $#*] jg jg^ * QJJE 

-# ^ 4 1 4 4 4 W-. 

ft-34: 215:* 44 3*4* A* **44 4#A4 A * 4 4 4#4b 3*1 
*A44b *34 #3* #4 143*4 AA44 44 A9!#* 447*4 
***1 4*3 4 OT- A # 447}- *A43 144#A3., 3443 ftx* 
#* 4*44 444* A3! 4**1 4̂ s.# 3*14 

444 3A3 4*3 33 # 3 A A#oi f 344. #£ 3340J ^ ti 

4 4ft#4 44 ft** 344b4 4 4 4 A *i4 *, Aft4* #33 44, 
144 4* 444 4* 34* #A4H. #3, ĴI*V 3***, 0^4 ~_o_*j. 
443 4*3 *44- #433 #34 4* ft*4:4 443* 334b 3A 
34 434 3*4 444 *4 
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7. 7 1 ^ ^41 *^4 l5 ) ^ J t ^ 7})^ 

#4#7r44#b 3#4 3 * 14 ft # * 14 333 4ft 344 4 * 3 

3*3.4 *4 i i4 **ft *^oi # 3 3 3 4 3 4 4 3 37r4 3 * * 3=4A 

Si4 
INSAG* 4 * * * i 4 33014 INSAG4 ** # i ftft 3 4 * #*4 4 

4 ft*4i 3 4 4 4ft4 4 * 3371- * A * 3A3 * * 4 A slA4, 01-444 
* 3 3 * 4 * 4 4 fts*4 4 4 * 4ft## 3*4 3 4 4**1 * # 3 3 3 * 
34 4 3 * 3 * # 4 ft#4 3 4 34S14 # 1 1 3 4 3 2.44 * 3 3 3 3 
4 4 # « 4ft*14 A44 INSAG* 4 * ft-xii 3 4 3ft°i4 4 4 * 44 
4 4 4 ft 7>4 3*43 2 £ £ i*4oJ4. *J4 ;g-^ nj ^-tg ^ o j XJ 
Aft 4ft* * 4 * * # 4 4 4 4^-4 * * 4 * 3 # ft*4i3*4 3 3 * A 
3 ft 7r4 3 4 * i f t4 j i 5J4. o l ^ s*v ^ -o-g.44 ^ >, oji=. ^ ± 

4 4 * A4 AftftS 4ft# * * 4 A SJA4, A* 3 # 3 3 3 3 A4b # 
A4 44-

7f4*43l4 #$± 

# 4 4 33 4 4 * 1 * SiA* 34 3 4 4 # * 4 4 4 3 # 3 3 3 3 # * 
34 3 3 # 4 4 4 4 # 33*1 # 3 3 ft*4:4 4 * # 4 4 4 A * * ZL^ 
4 * 3 4 * ft* 3 # 4 4 3 ftft* 4 * A siA4, * A i^A4A # 4 * * 
4 4 * #7*44 S14JE 4 4 4 3 3 3 1 4ft4 4 * 4 4 # 4 * # * 
l800MWe3 4:*4 3 4 A44JL ft* VVER-1800 7flft44. 4 0 ^ 4s . ^ 
* 0I4 4 4 * 4 3 # 4 4 4 * ft4- Aft±4 35: MOOMWe-g- N4J2.̂ * 
i300MWe# P4 4 3 4 4 *A# 3A3 1991* * 3-3*34 *Sft 4344-

3 * 3 3 4 4 * 4 * # 4 4 * A 3 33 * 3 * # 4 * 4 * 4 * 3 * 4 b 
ftft4 4 4 4 b # 3 4 * 4 4 3 3ft*l 3 3 4 4 OT- 4 4 * 7p# 3 4 * 4 
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ft #3A4 * * * 4 * *4 4b #ftft *33 3A3* 44*4 #4 ft 
4* # 2 * si* *4ft4 71-44* A * #34- * * 3 i 4 3 * SiA* 34 
3 4 44* 34 3 3 * A4 3 4 4 A #3*1 * * 4 * ft* ftft*14 

A * 3 * ft #*ft #71-3 3 1 * 3 * A4:4 3ft* 44b ft* **H 
4 * 34 3 3 * A * 4 A siA4, *lb 3#* 344 4* 4*4 3 # A * 

#3444 4*44 44* 34 3 3 * *ft4 4434 44 4*3 *7r# 
4* ##4b 3Ail fti4A si4 4*1 A3 A3444 434 34 *4 
(Video display unit VDU's)4 #34* #**1 44 Aft44 Si 4 3 A* 43 
4 * 4* 344* *3A3#4 ft*4: 34 344 433 *3 A*4 SJ] 
34 4^-* *7i 4 * S#4* ftft* * * 4 A si4 3 * 3*4:44* 3 * 
# 4 * 4#4b 4^13444 ft*4: 3*44 4*4b **3S 4ft* £ft4 
b 4 3 * 4*oi ift44 OT- 3 * 31b 7p# 4*3 * * * A I *44 
JL SIA4, 7l* 4*4 44 443 4 *44 4 * 3A* *3344 4]#* 
4-

3*3 *7r34 SJ44b 433 #34 #*3 4*4 Al *7r4A sib 
4, *lb 34:4 3*2134 4* **A 4:ft *3** 34:444 4 * 3*14 3 
#4 PWR 3444b 433 #4 *4 34:4 4 4S3 4 * * 3344b 
44 ftft4 % * * *4 #37l# *4(Spectrai Shift)4 3*3* *1*44 444 
A OT- 44* ftft* #4: *4 4*4 4 * *A* 34 :44A OT. 4*4 
3*444 443 4*3 3*3* 4* *# * A * 4*4b4 S144 #34 
#*3 4:4^4 Hi-g-ig 3^33 34 4* 4*# 4*4 f 3*14 44* 
31 3 3 * 3 * 4*# 33 433 3 * 43 LOCA 7r*34 4* 34 A 

43 3A3* 4444 « 3*14- 3* 4* 3*3* 43*A3144*3 3 
#34 4*3 4**34** fti * 344. 3^4 sizewell ^ ^ ^.g. 

4 3*3 3334 3444 44 3 * * A * oi-fi-44 3**4 4*4 *3 
#3 4*4 A=fl** * * #-g-ft * ft* * 3 * fti 1 3*14 

4*A3 3 * 3**4 *3*A3 3**44 *A 4*01 3*34* 3 * ft4 
44 44 4ft* 344 44441** 334 34*1* 3*1 34 44 44 
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3 4444 7PA OT-
A44S. #43 3* ft #*3 3 # 4 A 144b #*#* *1 344 3 

*44 44* #3 #43*4 444 4* #3** ft4 f 344 INSAG 

* 44**3*4 *33 4*4 4 4 * 4 A 3*4 #4 3* A4:4 4** 
#ft*l *4ft 3*14 

ft* 4444 #43 3* 1*34:4 44 333A3 3* 444* 3*4b 
3 * ft #*ft 33* #&3 4b 4ft 344 ##4A si4 43 A* 3 * 
444 3*** 600~800MWe3 34:44 Si4 si* ft* 3*4 S144 4* 
It^^ 4*3 *3 #3* Aft*4 *1# 34b A* 4ft 34 * 1 * ft 
444 * 4 A SIA4, 4^ 3*^-b 3#3A3 4*4A siA4, 1995* 34 
b 334 7r*ft 3A3 43*34 *l# 314 4**4 4ft4b 443 ## 
43 #3* ft34:4 4*4- 3 # A * *7r444 4* S#4*4 #* 44*1 
4 443* ft*4: 44, #3 ft 4*4 3*4 34, 433* A* ft34 3 
A ft3, A4:EL S3334 4* 44A3 A3443 1̂*# *3A3 343 
4 434* 34*4^^8)71- ft*£ 3-4, ft*i 2E4 34, 3A 3*4, ^ 
4A 433* 3*#* A4*4 444 444 #4 4*4* 4443 ##3*4 
4* 4*« 3*14- 3* S#4* 1#* * * *4* 4#4b 4rA344* 
Aftft 344- 3* ft*4: 3144b 43*344* Aft* *33447r 44 
A i4*4 i4# * SiA* 3444, si* * * s*4 A 3 # * *A3 ft 
3* 7f*ftA3 i 4 3 4 3* 1**44b *3 1* 3*4 33=4 3 *34 
4 SI4 

3* 3*3 4ft4b #34 4*33 *3 34 ft 14 4**1 Aft̂  3*1 
4 44* 4ft* 4* 334 3A3* 44ftA34, 33 3*34A 444A 
* 3444 A4ft 3AA4 Sil * * 3*14 si* 44* 3444b *# 
*31#4 A3-A3 3* 4A *4A JL4* 3A7J- *jl *4 51* ji^-i-
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*, 4414*. 43* 4^4*** 4* 343 3A34 SI 4*4. *lb 4 
* 1* i * * 1*3 S 144 A#44 ft4 4#44 *l# 4:ft ft*4:4 
3*b * * 34 * 44:* 33 #S* 4*3S 14* 4344 44 4*3 
* 4 A ftA4 ftl 3134 

INSAG* o>4 4s. ^1 4ft4 4* 34 oji=. q^s. ^ 4 4 #0^. A]. 
ft 34 # i 4 #*4b4 4^* 3344 4* #434 #3* 3*4 347* 
Sib*, 33* *33 334 #7r*44 4**14 A 4 4 434 3*43 *3 
#3* 4* 4ft 3 1 * 4ft4b4 ftft* 4*4 *44Si** 34ft * Si 
4 4**3 34 4ft4 33 7l*ft 3A3 #*44, A4JL 444 44* 
4ft* **4i4 **4b 344 3#*4* 344b 33 **# A4 ftft* 
344 

M ^ 

4*4 3** 343*4 *A4b 3* 31b INSAGOI 44 ft3£4 * * 
4b 3*1 4 3 3 4 4 A 4355* ft* S3 #3#* Aft4b ftftA3 #34 
A OT- 44* ftft* 33 #4 Sib ft*4:44 4444, 33 #47* 4Si 
4A #*4b 3444 3*44A S1A4, 43 4ft 31 *14 Sib 3144 
43 4 * 4 A OT. INSAG* 4344b *3 *A4 344 443 ### 
* Slb4# 3344 4* 34 33* #14 ft*A4, 34:* 44*v *J44 
ft34** INSAG * i * ##43 *44 S14A * * * 3*4 
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8. JL-fr S>3^ 

ft 3-3 3 3 * INSAGA3 4 4 # *A4b # 3 3471- # 3 * * * 4 * 3 
3 * # # 4 3 7r*3*l SI4A 3 * 3 4 4534 4 4 3 3 3 4 44 *ft* 4 
ft* J I 4 4 A si* 3 * 3 1 A # * # * * **3A3 # 4 b *ft# * 3 4 
4 * # 3 4 4 # 4 * *4*S*4- INSAG* A\JL7\ 3 4 * * $ 4 * 33A3 
*3*4b # 3 * 3 3 3 4 * Si* * OTA ftb4 A * 4 # A 4 * 4 *i44 
*33*l* 3 4 4 4 1 3 * 4 S 3 1 4 4 4 * * 4 b 4 * 3 * 4 * 3 4 * 4 
^ 4 4 4 

* 4 b 4 * 4 4 *ft*l S * * 3A3 4 * 3 4ft3 3*4 444 , 4 3 * 
4 4 3 4ft*4 * 4 4 S1A4 3 * # 3 * 3 4 3 3 * 4 A 4 ft 3 * 4 * ft 
* 4 4 * 4 SI* * Si4b 3 * 334*4 , 4 4 4 * * * * 3 4 * 414* 
4 4 * 4ft # 3 3*b ft 3*44 S # * 3 3 4 3 * 4 *A 4ft4b 4 * 
4 # 3 3 3 4 4ft4 3 4 

* 4 b ft*4: 3 4 * 4 * * 4 3 4 3 4 4 * 4 * 4 3 4OT- 4 * 3 # 3 
* * INSAG4 3 4 3*3 4 * j ° p 3 , INSAG* 4 * 4ft4 4 * 3̂ 4 3 4 
* # 4 W£ * Sib4* 4#ft * A 3 * A44 ft*4 

AP-600 

44:ft*l*i:4 4 4 600MWe ft*4i3 4 * 3 AP-600* 2-#A3 7 r * 3 * 
3 3 4 , 3*4 * # # 7 1 - 3 1 4 4 4 # A 3 # 3 3 4 - ft#3 A4(Canned Motor)7r 

* 3 #7 r3 1 4 4 3A* # 4 * 3 4 4 3 3 4 4 3 3 4 4 SI44 *A4 4 4 
3 3 3 3 4 4 * 7r*44 *4- 3 # A * # 4 ftAb 74kw/i34 iookw/i 
*l3**lSi* 4 * 2-*= 4 ^ 3 4 * ^ 7fft 3 ^ 3 4 4 4 4 * 34-

# 4 3 A * # 4 * 4 3*43A3 4 * #7*34* 43A3 S4 A * 3 3 4 
4 A2:4#4 3*4 ftA 22.* ft A* ** 4 * * * 1 * ^ ft£- ^ # 3 3 
4 * 3 S3 # 3 347r 71*44. 44:3*1*4:4 3 4 *3*4b 4 4 4 3 * 
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S 3 4 # * * * 4 4 , * 4 A 4 * A , 3 4 ft 43*1 * 4 4 4 , * * # 4 f t * 
1 1 3 4 4 ftb4- *1 4 * * * 34 : 4 4 4 # 4 * *1#* *ft 3 4 , 4 - 3 * 
#, ZL^ZL 3 4 4 3 A 3 4 * 4 4 4 4 4 3 * 4 * 3 S 4 4 3 * # * * 4 
S 3 * # 4 * A , # * 4 , 4 3 * * 3 A 4 4 OT-

* 3 4 b "4ftft"44A # 4 * b 4 , *lb # 3 * 4 * 3 3 f t * * 3 4 A ft 
# 3 4 # # # # 4 4 4 * * 1 4 3 1 3 4 * 33** 4 3 * 4 # 2 i 4 b * * 4 
3 4 * 4 4 . 7H* 4 * 3 # 3 * # 3 * 4 3 4 3 3 3 4 4 A 3 A 3 4 4 * 4 
* A 3 4 b 4 # * # # 4 b 4 # 4 4 1**14 

SBWR 

SBWR* 600MWe* 7j-oj£-Sj- BWR34 General Electric44 3 4 S # 4 A *i 

4- 7 j * £ £ * 4 * * i - 4 ft4£# BWR4 4 4 4 # A 4 7j-*4* ft A 3 

* 4 3 # A * # 4 3 A * 4 36kw/i3 1 3 4 4 Sl4 
SBWR 3 4 4 Si4 4 3 4 4 * * * # 3 * 4 J L ^ 3 3 * * * * # ^ 4 * 

* A 3 4 4 ftb 3*14 S B W R 4 * #7f3 * 4 3^*4 oj.^ O ^ A ^ 
(Supression Pool)7l- 3 4 3 4 4 * A 4 4 3 4 # * 4 * 37 r 37 r 4 3 # * 4 
3 * 4 3 4 4 S i * 4 # 4 4 4 $ 4 A 3 * 3 * 4 4 * 4 4 * 3 4 * 4 3 4 
# 2 . * s i * 4 * 4 3 ^ 3 1 4 4 * 3 1 4 * 3 * 1 4 4 , 1 4 * # # * # 4 4 
3 4 4 * 4 * 4 1 4 4 3*344 3 3 # 3 3*34 4 * * 4 1 4 4 # * A * 
* 4 - 3 * 3 4 # A 3 3 4 3 4 724* * * * # * 4 £ 4 3 * # 4 1 4 * * 
4 * 4 # # 4 4 * 4 * 3 4 

SIR 

SIR* 320MWe# 37J-334, Combustion Engineering, Rolls Royce, Stone and 
Webster, ZLe]ZL 3 # 3 4 4 # 4 ft#4 3 4 # # 4 * 4 A S1A4, * * # * 
37>3(Safe Integral Reactor)3 47 r *l4 SIR44* Jcft, # 1 4 4 4 4 , # 4 * 
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3 4 , 3 7 r 3 l 4 4 * A * 4 * 4 4 4 3 # 4 4 Af t44 Si4 4 * 4 # * 4 
4 b #47h 7}**4. ^ 3 * iom 3 A 4 **l 4 4 * # 4 4 4 4 4 4 4 * 
4 3 4 - 3 * 4 4 4 ##(Cavity)4 4 4 4 4 3 4 - 3*#7l * 4 3 4 1 # A 
3 4 3 * 4 3 4 * 2 * 3 4 3 3*43 #71-34 4 * 3 4 4 3 A 3 71**4. 
A * 3 #43A7l- * 4 4*4(55 kw/i) 3**3 # 7 1 * 3 4 * * * 7roj£#_o_3 
* 4 3 447* 7 r*4A# 3 4 3 4 - 3 4 - 3 * 4 3 * 3 S 3 4 b 4ft #7*3 
4 * 43*1 $ 4 4 * 4 4ft 1 4 4 3*3 4 A * Si* * OT- 3 3 3*3*14 
# 4 4 4 * 4 4 4 * ft4 4 A * * * # 4 4 # * 3 A 4 OT-

MTHGR 

MHTGR(Modular High-Temperature Gas-cooled Reactor)* General Atomic 4 4 4 
4 S 4 S i A 350MWth, # s ft* #71-3 22*, 4 4 * 3 3 4 * # 1 4 ft33 
# 3 * ft*4- 3 3 3 3 MHTGR ft*i:* * * 4 * 4 4 4 4 4 # 4 * 3 4 
* ftb 4 44 #7 r3 22*4 550MWe*4 4 3 ft*43 #334- 37 r3 4 
* * 4 4 71-0J3 44 4 4 * 4 . 344-** 1**4:4 *#*1 * 3 4 A A 34-
3 4 * * 4 * 3A4 OTA # 3 * 4 

*A * * # 3 4 b A* A3-3 ft7r 4 3 3 , 4*33.51, * 3 2nft#Z:, # 
#3*14 4 * 3 3 144, A*J*3=4 3*4 * 4 Aft34 4 * * 4 4 3ft 
* 4 3 3 ft7i-4 i * ift-A3 444Sib4, *lb 34-3 4 A *^4 *JJ*OJ 

^^k 4* . A*44 3 4 * * 3 4 # 4 * 4 3 * 3 3 A , 3#4, A 4 A 
37I-3 3 3 4 3 #7 r3^-* 144#A34 7|-s 4*4 3 4 4 # 3 A 3 4 4 
3 4 4 4 # * 7J-S4* 3 3 * # 4 4 * 3 4 4 3 A 3 S* ***** * 4 
4 4 # 1 3 * 4 * 4 b 4 * 3 4**14 *l 4 # * 3 3 # 3 3*34 4 A A * 
*4*f* 4 4 4 4 4 3*44-

* * * A 4 # * 4 3 3 * 4 333*1 3*344 ftA34 4 4 * 3 S # * A 
3*4714 # # 4 4 

- 88 -



PRISM 

PRISM(Power Reactor Inherently Safe Module)* General Electric4 4 4 4 S 3 

4 3 # 1 4 4 22* 37>3 4 ft 4 4 - * * PRISM # * * 4 * 4 245MWeS 9 

4 4 # 3 #71-3 2 2 * * 7 1 * * 4 . 4 A * * # 2 . 3 4 3 4 4 4 # # 1 4 3 

#71-371- 4 4 4 * # S A # 4 4 ^ 7 l * ^ 7 l 4 * 4 S 3 4 4 S i 4 3 4 4 # 4 

* 3 4 3 * 4 4 A * # 4 ^ * 4 4 4ft ft*43 4 * 4 4 4i5MWe4 3 4 * 

4 * # 3 * 4 4 3 4 - 3 * 4 * 4 4 . 0 3 . 3 4 4 4 , s * **1 4 4 4 4f t 3 

4 4 4 4 4 4 * 4 

oj|4 -3-3. ^ 4 - 4 4 4 t &$. 3 * i j E 4 ft* * 3 * 4 A 3 3 4 ft* * A 

* * * 3 * 4 3 * 3 * 4 # * 4 - * 7 H S * A S 3 # 3 4 b # # 4 3 3 4 4 * 

4 4 - 3 * 3 # 4 * 4 * 4 4 3 * * 4 3 * 4 3 * 3 3 4 4 4 b # 4 - 3 * 4 

A A 1 4 4 4 # 4 4 * 4 * 3 S 3*4 # 4 ft 4 4 ftft4 4 * 4 A f t 3 4 

PIUS 

PIUS 3 4 * # 4 4 3 * 4 * A 3 t f t * 3 3 * * 3 4 4 b ftft* * # 4 A 

OT- A f t * 3*4 3 * 3 4 3 * 4 1 4 * * # 4 A f t f t A 3 4 , A * 4 3 * 

ft434 * l b * # * *o*"4 1 4 * * 4 A 4 4 * * 4 4 * # 4 3 4 4 * 4 * 

7Br4 ftA34 3 4 3 4 1 4 * b * 3 3 4 4 4 4 * 4 4 . 4 3 4 * * 4 3 

4 * A 3 4 4 4 1 4 * 4 * * 4 : 4 3 * ^ A # # 3 * 1 A f t 4 4 OT-

2000Mwth(ft 600MWe)4 #7i -3# °J*ft * 4 *4*J 4 4 4 ft 2000 ftft44 

3 1 4 * * l i s 4 * 3 A 3 ft434- * 1 * # * 4 3 lOMPaft #71-3 * 

4 * 4 4 3000-4000 m34 4 3 4 J i ^ -4a .3 , 4 * 3 4 3 A 3 * Prestressed * 

3 4 3 3 * * * o i 7 r * 4 4 iiftoi -§-4 4 3 4 # 4 f t A 3 4 A * 4 3 * 3 

3*43 # 4 4 4 4 * 4 b A 3 * 4 1 3 4 

600 MWe ft*4:4 4 * A * 3171- 4 * 4 OT- 4 A # * i : * 4 1 4 4 3 
3 3 # 3 3 4 1 4 4 3 3 * 3**3 , 7 r * 4 , # 4 * 3 4 , ZL?)ZL 1 4 4 ft* 
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b * * * * 3 74* ̂ ^^4^4 .4 -f-7fl4 Interface3 # 3 3 4 Interface* 4 
* 4 ^ 4 ^ 3^-4 J I * 4 14*7 r 3 4 # * 3 3 4 b ftA 4 3 # 3 A 3 4 A 

3 ft 3**3 3**4 4 4 * A * 1 4 * 4 4 3 * 3 *4 3*47K * 4 * * A 
1 4 * 4 4 4 3 4 o^ 2 H 4 ^^01 ^*j,g. 4 ^ J E * 33**3 # 4 * # * 
ft* A 3 3 4 1 4 4 3*14 4 4 * * 4 b 4 4 3 4 4 4 b * 4 4 # * 3 3 
3*43 44 444A4 * * * * A 3 #4*1*4 71*34 *A7r 2=34*, 
A * 1 4 * * 3** ftA43# # 4 4 * 4 A 4 * ftA4*A3 #7^3* 34 
4 4 b 4 * **#7}-**J3A34 333*43 # 4 * 4 4*7 r43, 433*3 
**A 3*#44A 4 # * 4 4 ftA 4 * * # 1 * 4 # 3 * **A ftft* 4 
4**1 $4 4 * 4 #7**44 
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-■HJ-A 

A 4 4 * *4b , 4 3 S 3 * 4 * * 34 3 * * *14 3*ft4b # 4 4 3 * 
A3 4456* 4 * * 4 b co2 3**4 ftib 3437* 4 b 3*14 4 * 
4 4 3344 , S33A3 4 4 4 4 4 4 4 * 34 * * * * * 4 4 * * 4 4 
4 4 * 3*3 #**1 * * 4 A sib 3*1 43*14- A 4 # * 4 * ##*1* 
#4 3 *J* 7M-A3 3 4 4 * 34 3 * 4 3 4 b 34 3*3=4 4 4 4 34 
3 344471- *A44b 3*14 # 3 4 4 4 3 4 2/3* # 3 3 4 3 : * * A 
4 # 3 4 3 * Sb 4 * b *4 4-ojft44 ^401 ^ 1 4 . 4 4 4 4 4 0 ^ 
ft*4:44 3 3 4 b co24 ft* 3 4 3 S 34 3*471- 7I-44* # 4 4 34 
3A7J- * 4 4 4 4 b 4 * 3 3 * * si4 43=3* 4 4 4 A 3 4 4 4 4 4 
* 4 b 4 4 4 4 4 20%* 3444 . 4 ^ 4 4 4 80%> ^ 3 4 4 # 4 4 4 4 
i6%7r 4 3 3 3 * 4 # * ft*i44 3 * 3 4 *l* 3 * 4 3 * 4 3 IftA 4 
3 3 3 * 4*A34 334A3, 44 4*4-b co 2 33#* 

[ 3 x 16 / (84 + 3 x 16) ] x 100 = 36% . 

* 444 4:4(43=34 4 * *ft 44)4 34 4 4 3 3 * 4 * co24 36%* 
4 3 S 3 ft-3444 3 4 3 * 34*14 34 3**1 4 4 3 4 co2 4*4 * 
A # * * 01-44, 4 * *A* **ft* ft * S14 

- 91 -



34 3** ft* 4** 4#**b **. 33* A* 3-4 43 si* ^ * * 
4 44* 43A71- 444^1 4^44 444b 433A3 33=4444 * 
4- 4* ftft* #* 34 3**1* 34 44 333 4ftAb 3 * **4 * 
33 #44 ft* **44 4S*4 A3** #3*1 4ft44, 44 4* * 
444 4* 4ft*4 3434 ^4-*3 43A4 3=3** #*ftA34 #7* 
ft**oi 4 ^ # sit* 4b 301 3J144. 

4A« * si* 34444 4#* (i)43S3 34: *4, (2)43 7^* 4 
44 4#, (3)4*3 #4* ift*4 

°H*1 T?1 

4 3 4 A$XY ^c^g. ^ o j ^ o ^ . ty» ^ - ^ 3 4 3 A A # # * SJA3. * 4 A 

* 4:43 S3* 44 4#3*4 ##444 44, 4*3^3 ##444 * 
4 si* 22* 3 * * * * 44, 43, **4 4#4b 3*4 4241 4*44, 
si* 34 3** 4*4 4A ft 334 4**4 3 * #*4 A2.1* 34 
* 444 #44 **4 

444 344 4* *A A* 4ftA* 444 #4 #4 4* 3**1* **4 
4 ftlft * OT- 444 4ftA* 4A44 444* 34 *4* ;n.4ft * 
A7> *14 444 ^ 4 3 44^ ~s. 01144 #44 *A* *4*14*, 4 
44 *4* 33 3*4 AZ:*4 3*44 433 A* 44*4 44, 4*44 
#334- #3 4444 344 4* A* 4ftA* #44 4 *44 4* A 
* 43A4 ft*14 4* *4 3433 34 3 * * *44 4* 4ftA 4A 
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b * A * 4ftA4 4 * * * 4 *4ft 3 * 4 * 4 * 3*3 * A * 4 4 1 * 
OT-

A7J4tji£ 

A* 4ftA* ft*3A3 ^-34 4 3 33=4 ft*3 # # 3 4 # 3 3ft* 
3 4 * * 4 3 3 3*44 7rftiL3 -T-334- 4 3 3ft* 4 # s i* 4 # * *ft 
4 b 4 A 43A3*4 S3 4#oi 3 4 4 4 * 4 4 b 7p-> *3**l *ib 3 * 
4 4 4 # * ftft 4 A 4 34ft * A sii, 3 3 3 S 3Joj ^ oj^. %*7]. 
4 # # 3 4 4 # 3 4 * 4 ft*4^*43 ft**4 3 4 #**l 4 # 4 b 3 4 
34 * # * 3 4 4 ft4*4 4 * * 3 4#ft 3 * . 433ft * Sib 3 3 4 
3 4 4 4 ^ 3*301 4 ^ i 7 r Si4 A 4 * A * 3ft * 4 b 34 4 * 4ft 
A4 # A * ***14 

4 4 4 444 AJ3.01 o]7joi J ^ I 4*1^ 43.5=4 4 * b 4 b 7rA4 4 
* # 3 33=4 3 3 4 3 * 4 3 3ftA3 # # 4 4 4 * 4 34:43444 4 
# 4 4 * 3:#ftA34 * 3 4 b A#4 3 3 4 4 * ft* 4 * 3 433**14 
ftft*33 4 * 3 4 3 3 * 34 4 * 4ft* A * 4 * ft*44 (3*433 
33=4 4 * # * 3 4ft) #f t444 * 4 

*1444 # 4 3 4 3 # * 444 # 4 3 * * * *l*b 3 # 3 S 4 3 # 1 4 
4 4 4 * 3*4OT. 333A 3 ft* si#4, 444 # 4 4 4 * 33*33 
ftft4 * * # 3A3 43*4* A * *ft, A\ZL, *fto] s*j*4. ZL44, 44 
4 b 33 7r*3*l 4 * 3 4 * # 4 4 A 4 7 r*3* Aft44 ftA Si4- *13 
# # 4 # 4 4 A 4 4 b 43*4 3 * 4 # 4 A *ft s i* 44, *4f t*# 14 
#4, H4JL #7}-3 # 4 4 A #014. 

4 * 4 J I £ . *ft* ^ J L E * $± 43.03 ft*ftA3 44431 *J4 ±% 
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# * 4 3 3 4 3 4 3 , 33*3* * 3 4 3 3 3 4 A 4 3 * 4ft 434-71- *ft 
4 4 4 * 4 A 4 3 * 4ft 437fA4 4 * ft4b 3*1 4 3 4 4 * . ft*3A 
3 * 4 4 A b 33*4 7iaui4.& ft* * 4 * * 4 ftA4Ji *14* 3 A 71-* 
44. 

^S.Q\) 31t* W % W 

##7 r 4 * 44 # 4 * 3*#* 447*4 ^ * 3 A 3 3 3 * 3*#4 4 4 4 
* ft3A3 4 4 i 4, $14. *> 3 ^ 1 4*> 44*v ^*3o] oj^g. 4 * 3 A 
3 b ft* 4*1* * f t * 4 

*14b * 4 3 , ZL4* 3*#4 4 * 3 4 b #3*1 3 3 4 A 3 4 4 4 33*4 
4 * 4 3 3 3 4 b 3*4, 3 3 si* 7rA4 3 * 4ftft * OT- 7r*34 4 
3 ft3A3 #*4 3 4 1 * Si4* *AA4 * 4 b * 3 4 4 A 4 4 4 S 
ft 4 3 b # # 4 4 * # 4 4 34*J4 1*44 3 4 4ftA4 4 * # 3 3 S 
**4 3 4 3 , 4 3 4 4 3 * 4 3 1**1 4 4 4 4 4 43*3ft * A si* 3* 
#4 # # * 3 4 # * 4 *ft* 3*4 *14* # * 3 3 3 4 * 4 4 3 b 3 
4 4 44:* 4 3 A * 3 4 4 4 4 4 # 4 * * * ^ 4 * 4 4 3 4 A , 434:34 
A014 ft*4b 4-0-3 ^ ĉii*v 4*j£4 * 4 4 ^ * 4 

* * 4 4 3 3 3 4ftAb 4471- ft44b 4 * 4 4 4 3 A44 4 * 3A*1 
4- 4 4 4 4 * 4 b 444 3 * 4 4 * 4 3 3 3 4ftA** 4*A7i- * 4 
* 3 3 S 4ftA 3 3 * 3 4 3 4 4 , 4 * 3 3 3343**1 4 4 4 

43JE. *%7\ 

* * 4 4 S* * Sib 4 A 43A4 4 * 3 4 3 4 b 3**1* 7f34 71-3A 
3 34 ft* 4*1* A 4 * A si4 4 * 4 4 *14* A7r 3 4 * 3 4 4 4 4 
3 * # # 4 3 3 3 # * 3 S A* 43A4 4 * # # * * 3 4 * * 4|#ft * 
4 4 4 * **, 3 4 4 4 # 1 3 4 * 24-JE * i *sM-, # 3 ##*14 * 4 
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#4: # 4 *4 A* 3ft4 4 * 33=33 444 , 4 * 3 4***14 co24# 
4 4 * 34 A* 3 4 # 3 * A * 4 A sl4 #4. 

* # * 3 4 4 * 3 * 4 * * 4 b 4 3 A * 3 3 4 4 4 4 4 b , 44 4*, S 
* *A, 4 # 3ft 3 4 4 ft* # 4 4 4 * # 4 3 3A* **ft * Sib 4 
ft 4 3 4 4 * 4 * A<i4 4 3 4 4 4 * 4 4 4 * # 4 4 * # 3 4 4 4 4 
3 3 3 ft*4:4 # 3 ft ft44 Si4 4*1 4 3 S 3 ft*4:4 33**34 4 A 
4 4 A* 3ft 37HI 3A* 4 # - 4 3 A 344 3ft3S ^7}^ 4 4 4 ^ 4 
4 ft4* 47V OT-

4 * * 3 4ftA # 3 * # 3 4 4 3 7r:a 7V*344 3ft* ft7r4*4 **# 
3 4 4 4 4 4 b 1**4:4 4 44 4*4 JE* 3 * 4 4 3*4 i&ft 4*01 
*ft, # 3 4 4 3ft 3443*14 3 4 4 4 * * * 3 S 4 # * 4 # * 4 4ft 
4 4 * 3 #ft 4 * * *14 4ft4b 4ftA# ft7i4b4 #*34- 4 3 3 3 
1*34:4 4 4 371-4 4 4 4 4 4 4 4 b 4 4 * * 3 ftft4 A4 * * * 4 A 
*l*b 7K34 # 3 4 3 344 Si4 4**14 

3*1-40i0l 7J4-

A.F.Fritzscheft # 3 * # 4 3 44 444 4*4 4 * 433*3 4ftA* 3 
7*4OT- #, 43A4 ft*34 # 3 433* ft *3 433*4 A 4 * 3 4 * 
3*14-

&a 4 3 3 - 4 ^ £ 

444 3 * 4 3 4 3 4 3 4**1 4A4 3 4 ftb # 3 4ft 4 ft A* 4 * 
4 3 4 - 4 3 3 3 4 * A # 4 4 * # ftA* Gigawatt-Year ft 1ft 4 f t **ol 
4- (Gigawatt-Year, GWy : ol c+4^- i ^ 4 4 i,000MWe4 * 4 * 3 * * 1 * ft* 

4:4 * 3 * * * 4 ) *ft 3**1 # 3 4 # ft3A3 3 * 4 * # 4 *-* 4 3 
# 3 4 4 4 # 3 4 S , 4 f t A * 44 : 104 *13* *7*ft 3*14 
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4 3 4 4 4 4*4 3*4 4 * 4 ft A * * * 4 A , 34 GWyft 13 4 * 4 
*#oi4. 4^. on- i f -4 # 3 1 4 3 4 3 * 4 # A 4 A* 4**14- 4ft 
ft ft * 4 4 4 4 4 3 * . 4 3 * # 4 4 3 4 3 * A*oi ^±^ TJ^. 0j-4.sE. 
4*4 1 3A3 *4:# * ft* 3*14 3 * 3 4 4 4 4 * 3 4ftA 3:4 ft* 
* * * *447l 4 4 A#4b io*4 i **A34 34:* 4 3 3 3 S 3A3 
# * 3 4 * 4 444 3 * * # 3 3 3 4ft3* 4 4 4 4 4 A 3 4ftA7r * * 
3A3 44OT-

#7*4 4 * * 4 ft* * 4ft ft* 43A* 4 4 4 A sl*4, 4 b 4 3 3 
A* ft 3 3 4 4 4̂ 8.71- 34 4**14 LWR* 4**V 3 3 ^ ^ ^ 3 * 4 3 
4 ft A* GWyft 13 *14*14, 4 3 3 #7r3l*(HTGR4 FBR)* 4 # ft* 
4ftA* 4 4 1 3 4 4 4 # * 4 4 4 4 4 * ft7^ * * 4 4 4 b A 1 4 4 
Sib 3 * 4 4 4 

4ftA##4 4 * * 3 3 S 7V* 4*J<E* 4-1-4 24. 4 * 4 3 3 * 3 * 
ft * 4 * ^ 3 4 # 4 4 4**4- 4 * 444 4 * * * 44 # # 4 3 4 4 
4 * 7)± ±4 3 * 4 3 4 4 433* 43A7V °l4b 4 4 * 3*3A3 4 * 
34 4 * 4 44 *7r44 ft*4 4:4 # 3 3 3 4 3 3 444 4 * 4 4 * 
4ftA* 4 3 S 3 ft # 4 4 4 * 4 44 * * 3 3 * 4 4 1 344- 3 * 4 
* 4 * # 3 4 # 4 4 * 4 ftA* ft7* # 4 GWyft 13 4 4 3 433*A3 # 
*44 , 4 #4 4 4 4 4 * 1 4 A 4 4 J E * 4 4 * 1 4 A 4 4 4 4 4*17\ si* 
* OT- 4 4 3 * 4 # * 4 4 -f4-&- 4# j i4 4 3 ^ 4 * 4 , -7-3 4 # 4 4 
* a f t* 4 f t#344b 43A71- 104 43* *7*ft 3A3 43*34 * 3 4 
4A* 3 * 4 T 3 * #7*44 4 4 * 3 4 3 A 4 ft*4, #71-43 3 * b S 3 
# 4 4 4 3 4 4 **, #, 1*34: **oi # * E 4 4 4 4 * 47}- 3.7) 4*01 
4 44 4 4 A * * 4 ftft #71-3 4 * * LWR1*4 4 4 ft* 4 ftA* A 
3**4 
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ft* 4*4 4* #33* 4ft 4 3 A * #3 ** 4 A 4 43*4 ft* 
4*4 44* 433** 334 A#.S=3 3*3 4 A SI* *** 3*1 44 ** 
**4 71-313*4 #4*4- 4* 4 3 A * ft*3A3 ** 444 4444, 
444 4A4b *4b *4 4433 3#4ft #44 ** 43**1 4b 43 
4 3=4 4 * 34 4 * 4 #7*4 4 * 4 4 * 4 ftA* GWyft 100*4 1 3 A 
4 433*A3 4 3 4 * 4 4 4 4 4 A 4 i ZL ft44 1/10 ~ 1/100 3A3 4 
4 

3 3 * 4 * 01 3 4 4 4 ^ 4 3. ^ ^ ^ - c i n c}o^ 4 * 4 # * 0^4 

* 3 4 # # 4 4 4 44 4**14(3* ft 4). 3 A ft * 4 **ft 3 * 4ftA 
-b GWyft o.i~i 34 433**14 34 4ft ***1 ftA* 3 # * # A 3 * 4 
4 4 3 A * ft*4^.*43 4 4 4 * * * * 4 4 4 4 4 4 A 4 3***14 4 
*4 # 4 4 4 4 4 4 4 # * 3 * *1#4 * # * 3 * b # * 4 4 * 4 4 4 4 
* 3 4 * * 4 4 # * 3A * # 4 4 * 4ftA* 44 44 1004 43*44 
A3 * * 4 3 * * 4 4 4 A 104 °l3*ol 4 3 4 4 7>S7*A4 4 * 43A7V 
33*1 * * 3 * * * 3 * * 4 3434 , #ft*14 4 4 * 3 4 * * ft4* 
A * 4 b 4 * 4ft* 4ftA3 4 * 3 4 4 3 3 4 A 4 * 3 * 4 * 3 4 4 ft 
4. 3 4 4 A 4 * * # * A\JL^ i * 4 4 4 ^ 443.03. 4 4 3 4 Si4-

* 1 * 1 A ^ 3 * *$ 7 j ^ 4 #4*1 - ^ 4 ^ 4 4*v 3 . ^ -0-^-44 # 4 . 

1 * 4 4 A * ft A3 4 # 1 3*14 

4 4 4 4 b 3 3 A * 4ftA* #71-34 3 * * 4 4 4 A * 22.* 7102.4 7}-* 
* # 1 4 3 3 # 4 4 A si4 #7*44 4 * 4 ft A * 7i-ft* #4A4b 4ft 
A ft7i* ^-4**b4, 4 3 4 4 3 4 3 3 4 3 3 3 7j-ji3 *4 # * 4 4 * 
3 4 * 4 4 * * * * 34 ft4 4*44- 4 3 3 3 ft*4:4 4 * 43** # 4 
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3 * 4 -^^^r 4 3 3 * 33* 3 4 3 owy ft 3ft # 3 * 4 * 4 4 # 4 4 
4 * 34*14 43A ft7r4b 4 * 3 3 4 * 4 4 * 4 4 * #43. * 7 r * 3; 
4 4 

# * 4 4 * * 3 3 S 4ft 43A4 4 * 3*#* A # 4*4- 4 4 * 4ftA 
b * # 44**14 ft43 * 3 4 3 # 3 S ft*3 3434 , 1**4: * 3 * # 
* *W4, A * ftA* 34 3 3 4 A#4b 4 3 3 3 4 3 4 4 A *334-

4 * ft**4 4 * 3 4 * #ft* 3:4* ftb 4 * ft* 3ft=A3*4 * * 4 
4 b 4 * 4 3 4 4 4 4 4 4 * 3 4 b 3 3 # 3 4 4 4 4 * 4 # 4 3 # 4 3 
4A ft ft44 Si4 # 4 oy^itt 4ft4b 4#-3ft 3 4 * # 4 3 ft7r4 
4 4 44, 4 4 4 ^ * 7 r 4 44*01 $14. 

34 ft4*4 3 * 3*44 3ft4 4 * 4 3 * 3*43A3 # 4 3*ft*l * 
* * * 4 4 * 4 3 , 4 * 4ft* 3*43 * 4 # 3 4 *4**b 4 4 * 3 3 A 
* 33=4 4 4 4 b * 4 * 471- # 3 3 4 4 3 3 3 3 34:4344 3 3 4 4 
ft*4^*4 ft#4b * # * 3 # 4 4 *1*4#4 3 * 33=4 7rft # 3 4 4 
4 2 4 3 471- Si4 447*4:* oi3>4^i, 3 * 4 * i , * 3 * 4 ftft*33 
4 3 3 ft* # 4 * A4A ft* * # # 4 3 * 4 * ft* 3 # * A * 4 A si 
4 4 * 4 4 * 4 3 * A* 3ft4 4 * 2 4 * 4 * * 3 4 4 # J £ A 4 4 4 

7f*4^i oj^ 3-444:5= n4****l A* 33** ft*3A3 4 4 7 ^ 4 3 4 
* 4 # 3 * 4 3 3*3343 # 4 3 4 4 * 3*4 3 * 3ft ft7r4 4*A3 
S O * Ay$-tyt 3*1 3 4 4 4 * 4 4 **b 3 * 4 3 4 4 A 4 4 3 3 * 4 3 
4 4 

* * 4 4 4 * * A4 * 3 3 S 3*14 447r4^3 S* 4 3 4#ft* ft* 
3A3 4 * ftA4 * ft* 71-3*44 3 ft* 434- 4 4 4 A 4 # 4 3*4 
44 4A3 ft 344 Sib A*4 4 * 433** AA4 # 3 ftA4 3 3 3 
43*3 4 4 # 3 3 * 3 4*ft *A7j- OT- 4ft£ ft7j-7j* 7J.4 o i ^ * ^ 
S34A si* %■£ *33K43)4 4 * # 4 3 * 3344 ftA 3 3 4 3 4 b 
ftftA34, 4 ftft* A*3S 3A3 ft-44 SI4 

4 4 * 71-3* ft4* ftA4 4 * #4433( ICRP)4 3 4 34 3 4 * 4 4 
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4 4 * 4 A S1A4, 22* *7 r44 ft4* ftA # 4 # 3 3 # 4 3 71*4:2. 
Si4- #71-3, # # 4 4 * 3 4 3 * 4ftA ft7r4 4 4 4 A 4 ^ 3 . O _ 3 4 * 
ftft4 S34A OT- A44 4 4 * 4 3 * 7H3ft #44 , 3. ^ 3 £ * 1 
4 3 A 3 * 334 # 3 1 * A , 4 * 1 * A $ 4 * 3 * 3 A ft47*# 3*1 
* A 4 4 4 4 4 3 3 3 4 4 b 4 4 # 4 4 * 33** *4ft 3A3 34 4 
* 4 4 4 4 4 4 4 * 4 3 * # 4 3 3 3 3 433** 1*3 7I-33S 433* 
ft *A3, * 1 3 A 3 * * * 3 4 433*4* 3 3 4 A ! * OT. 

444 4#A3*44 4 4 7 ^ 4 4 * 4 4 # 4 A 3ft* 4 4 # 3 4 3 * 
#ft * 3 4 3 * 4 * 4 4 A 4 4 4 * * 4 #4 ft4*3 3 * . ft* 4 # * 
4 3 4 4 4 3*ft*l * 4 4 b 4-3 ft7*S4 3 3 ft 4 4 # # 4 3 * 3 4 * 4 
444A 4 * 2^*44 Si4- 3 3 3 3 4#ft* * 2U144 * 4 4 A si* # 
4-4 3 * 4 4 A43 ft4* 4 * 4 4 4 # 3 * * ft* 4 4 4 4 3 4 

4 3 3 3 ft*4^*4 ft34b 4 4 * 3 3 4 * * 4 4 4 4 b 4-3 4#ft*l 
4 3 OT- A** # 3 3 *ftA3*4 4 3 3 #, 4*434:, A* 4 # * 4 
44 3 * 4 # 4 7r*4 A * 4 4 * 3 4 4 S* ft 3 4 * # * 3 4 A 4 A 
4 # 3 4 4 * 44Aft * * 4 4-§-*i 43-oj 3.03. #*44 , *lb ±2J- # 
3*4 # 3 ftA2,4 # 4 #A3A ft#34 

34 3*4 4 4 # # 4 4 4 b 3 3 3 3 7rft 4ftA* LWR4 7i-<37h±4 
4 4 4 b # 4 4 4 (GWH ft- 433* o.oi~o.i) 3 * 4 3 * 3 4 * # 4 3 4 b 
ft*3 3 * 4 1004 *13* * 4 ft* 44-4 3 * 4#-3ft= 3 4 4 3 3 3 7\ 
3 4 4 * 3 * 4ftA* GWyft 1034 433*4 **4-

4 3 444 3 * ftft4 * * 4 b 42. 4 3 3*4 3 3 3 447r4t 51* 4 
Aft * * 4ftA* 4 4 1 4 A44 4 # * 4 3 4 * 4 #3*1 4 * 3 # 4 
* LWR4 4 * 4 f t A 447V 1 3 4 4 . HTGR 4 FBR4 ft* 7flftft #7)-3 

4 # * 3 1 4 4 * 3 3 4 4 3 34, 4 * ft* 4 3 A * 4 4 1 3A3 4 # 3 
4 (O.OOl fatalities/GWy o ] % 3 * # 4 #7l-3 4 * 3 LWR, HTGR, FBR* ftS. 

# 4 4 A l * si* # 4 * 444 4 * 4 * 4 i f t 3A7l- OT- # 4 3 * ft
ft 4 4 # 4 34:4 # 3 3 43A4 4 * 7 r 3* * * 4 OT-
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5414uL -f-41 

# 4 4 A * # 4 4 103 43*4 4 3 3 * #ft**b 4 2 3 3 3 3 4 4:#^ 
4Aft3^Kzurich)4 4 4 3 4 3 3 4 4 3 S 7rS ft S#3 43*4 4 * S A 
ft # 4 * # 4 3 4 4 * 3 # * A7r 3 4 * #71-44 # 4 3 444 3 * * 
44 4 * # 4 4 A 4 # 4 3 4^4371- 1969-1986 4 * 4 4 4 A 44 4 Si 
4 4 # 1 4 * * # 3 4 4 b 44, * * 4 3 1 $4 444 3*4 4 * # 4 
4A7r * * 4 b OT4A ft3 *l 7r*ft* A4 * A si4-

3 * # 4 4 Sl44b 4 4 4#4ft * * 4 4 A 4 343*1 S14 3 # * is 
* 4 * * * 4 4 3 A 3 6234 4 # 4 4 * 43**1 ft355A4, 4 3 4 * 19ft 
47i 434ft 44 OT- 3#ft 3 * 3 * 20034 337*7r ft3554 1989* 3* 
*4 *4A 4 # 4 4 4734 4^5) 4 ^ 4 f^.44 4434 4 ^ 1 4:3.71- * 
34OT-

4 4 3 * 4 4 3 * 4 337*4: # * 4 3 * , 634 #3!# 3 # 4 A 4 sisiA, 
A}5L*£ 63~i23ft4 33*1 *34OT. # 4 4 4 * 1987* 7# * ^ 1 * 4 4 4 
ft3* #ft3 1663*1 43** 4 OT- #ft ft 4 # A 4 4 b 3 * ft 337* 
4:* 7H-* S3*44 4 * 4 4 4 7r*44- #4, 34, 3 * ft 7 ^ 4 3 ^ 
EL, **, # 4 43>^# * 1 4 4 ^A\JL ft^jj 7r*3*l Si4- 3*4 3 * is 
* * 3 4 A 5734 4 4 * 4A7r 33564- 4 4 A 4 3 * 53 ~50034 3 3 
4 4 3 * 3 # 10034 337f7i- 4 * * 4 OT- * S 7}± #444.51 3 4 s 
2544 4A71- ft344(433S # 4 ft 4 * 4 4 A 43), 4 3 * 6-4523 
4 71-̂ ejjL ojTj. 100xg4 3 ^ 4 * 4*4OT-

* 4 f t 3 * 1 * 3 4 3 A 3 *ft4 # 1 * 7U4 334OT. * * * * * # 
# 4 3 #*ft 4 4 * 4A71- # 3 3 4 3 * * 1 4 3 4 ft355b 4 * 3 3 4 
4 b 4 * 4 3 4 1969* # 4 1986* 71-014 ft3* 4 4 : * 8*4 # 4 * 1 4 
A7r 4 ft^4 -g-4, 43. A}zi±r # 3 * * 4 3 * ft*A3 #*4Si4. 4 * 
7rji4 4 * 3 ^ 4 ^ 11344 4 25003 4 4 3 4 , 3 * 3 # 337krb 200 
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ft 3A44. 4 * 3 334-*i*# # 4 3 * 4 3 3 3 4 4 * 3 * 3*33S 
#71-4 ft* 4 4 * #71-4*34:44 1*3* *ft* * 4 4 A * 4*Aft A\ZL 

44. 43jnft 7VJL* 3134 4 3 4 * 3342U, ft*4*4 4 * *ft* * 
3 3 3 433*3 7l*34 S1A4 3 * 4 4 4 b A 3 4 * 4 3 4 1 4#ft * b 
OT-

4 3 71-3* 43A *^ ^ 4 ftft4 4s. 3-44oj 4*j£4 4*1 3 4 * 
4ft* 4 # 4 4 b ftb4 *1* 34*1 44 4 4 4 b 34 3 * ftft4 4 * 
337J- * * ZL ftft4 4 * *4 3*ft4 3 3 4 4 b 34 3A44-

# 4 4 #7*4* *4 34 3 * 4 * 4 * 4 A A 4*4 4 * 4ft 4ftA* 
3 3 4:2.7)- 7 l*44 4 4 # 4 4 4 A43 4#(i969*#4 1986*) * * * 
4 4 3 A 3 # 4 4 3 * 34 3 3 3 * # 3200Gwy44. ^ 4 4*1 3^471-
34: 3839ftol*j0tl3 4 ftA* ft 1.2ft 7j-ft/GWy 44. 

3 * 4 * * # 7 ^ 4 4*v # 4 3 * 3 * i240Gwy44. -*-oj*> ̂ .3 4^44-
b 4-3A3444 3ift #44 . 4 4 4 3430J 4^ .5^ 0.0253 7j-*/Gwy3 
4 # 4 4 4 4 i/50 * * 4 4 

43if t 7>JI* 4 3 4 Aft44b 3*1 4 4 4 S1A4A **ft * A si* 
3*14 4*Aft #7f3* 4 4 3 4 * 4 4 4 4 7l*4b #7 r34b 4 * 4 * 
34*14. 4*Aft 3 4 7J-4JE 4^34 4 4 444 * * i **4 $±% 4 
Si4- 4*4 4 A A 3 A\JLM. -o.̂ *> 3.3 ^ 3 ^ £*i ^ 3 ^ ^ 4 4 4 4ft* 
3*1 OT- 4 4 4 3 4 4 3 4 * # 4 3 4 4 4 * 4 A sib # 3 4 4 4 4 44 
***** # 3 3 3 3 3 4 3 A * ft7|-44 4 * # 4 4 4A4b 3*1 * A 4 4 
A44 4 4 * 344 3 * * * A 3 * 4 b # 3 3 3 3371-71- ft3* 47> *i 
4 4 4 4 4ftA ft7l* 4 4 4 b 1**4: #3*14 *3ft34 4 * 3A* 
37J-4* 4 * * 3 4ftA # 3 4 4 4 4 b 3*1 3A44- 4 * * 3 4ftA * 
3 * 4 4 4 4 * # 4 3 4 4 4 * 4 A si* 44 344 # 3 4 44 3 1 3 4 
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OT- A 3471- 4 * 3 4 * 4 4 ##4OT- 33(LWR)443 * 4 4 A 3 S 
* ^W^ 4 * A * 4 3 S 3 4 4 4 # 4 4 4 A * 4, # 3 334-4 # 3 
#7H 3 3 3 * 4 4 A * 3*-34 # 4 4 3 * 3 * * 4 * 4 # 4 Si4 ft 
* ft4 444 3 * * 4 * # 3 4 44 4 10,0004 3A * * * 3A3 4 4 
OT-

3 # b 3*-34 # 4 4 Si4 * A * ^-3 #4 44ft # 4 4 A 4 4 3 * 
4 3 # 3 *44Ab 3 * 4 3 3 * ftb #4-4**4:4 4 A 4 4 4 4 1004 
* * * ^A3 44OT- 3#-34 # 4 4 4^2. 4 4 3 S * #343*7*4 # 
4ftAb #ft 4ftA4 #71-4-34 # 4 4 4 4 10,00043 44OT- 337* 
4: # 4 4 3 * 3 * 4 * 4ftA* 3 * # 4 4 #71-* 3.03 JIOJ4. ^ . g -
1 4 4 3 # 4 4 A 4 4 * 3*43A* *ft* 3 4 3*3=4 #ft 4 A 4 # 4 3 
4 4 4 LWR #71-3**4:4 4 4 37I-3 # 4 4 A * 4 4 A * ft7f 3 4 4 4 
A * , # 4 1 4 4 * *47j-2* #7j-4ft-^4i4 44 1.0004 3AO14. 

44 3 3 4 4 #4, 4 3 3 4 4 4 4 * . 43=3, # 4 A4JL 3 3 * 3 (#4 
43 )* 443*14- 4 * A * 444 * 4 4 b *4 4 3 * * 3 4 3 * 3 4 3 
* 4 4 *44A 4 4ft3S 3*4 3 4 3 4 OT- 4 * 3 3 # 4 4 4 3 3** 
4 b 4ftA4 4 4 4 b ft7r3 4 4 OT-

°>7J3JQJ 4 . ^ 4 g £ 

3 4 4 4 #71-4**1 * 3 3 S 4ftA4 *7r3 *ft* 3 4 3 * # 4 4 4 . 3 
4 b 4 3 4 * 4 4 ftS*A4, 4 * 444 # 4 4 4 ftlft * Sib #7*7rAb 
3 * 4 3 4A34-3 ftft*33 4*44 , 3 4 * 44:3* *4 4 * 4 3 * 
Sib #343-4 3 * * 4 * 4ft #3*443 #1*4 71*44-

10,000 GWy 3 3 4 * #71-3^3 3 * 4 b 4 3 4 4 *33S 3 3 * 43*4 
4 ft*4 # 3 3 4ftA ft7HI 4 3 3 , 4 * owy(e)3 34 3 * 4 3 * * 
33 # 3 * # 4 4 A ft-34 43*34- 3 3 3 3 71-3* # 4 3 ft 4 4 4 * 
71-JLftl # 50** # ft 50,00033 ft 7j-ftA3 4 4 3 ^ OT- 0i £^=. 
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* 4 3 4 4 * 4 4 4 3 4 44 344-S 4*GWy#4* 34 ft*443 3 
4 4 : 4 3 15,000** 7j-§-4£- 0J44. ^ 4 , 50,000ft 7 1 - * * 4 3 3 oj 40J 

4 4 * ft7j-*4 4 0.002% 014, 4 A 4 3 4 3ft* * b S # * 4 4 i5,ooo 
* # 3 4 *3*1 43*4b #4*14 *7 r3 4 b 4 # A S# 3**1 4:3= 4 
# 3 3 * * # 4 3 * 3 3 S 4#-3ft 7r*4 # 4 4 4 4 4 * 3 * 4-«4 
**14, s i* 3 4 3 4:3= 4#ft* *47l- S#3A3 i:#4A si* ft7i-* ^ 
4A4 # 3 ft* #44 , 4*4 4**14 3*4:4 4 * 3*7** # 4 4 S 4 3 
A 4 A # * ft* ^ 4 4 ^ 7f** 4 3 4 * 4 4 *4-
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(*#B) 

* * 4 * * 3 4214 S1443 
4 # # 3 S3 3 ft7>4 4 * * 3 
S3 3 # ^ 4 3 * 4 3 * 4 3 

Guidelines on the Role of 
Probabilistic Safety Assessment and Probabilistic Safety 

Criteria in Nuclear Power Plant Safety 

(IAEA Draft 6, August 1990) 
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1.0 A] ^ -

101. IAEA* 34* ft*** 44* * * * ! * #34 4 * 71*34 3 A * #*1 
b * * * 3*3*4 4b4 * * * 4 * * 4 4**3 *33 37KPSA)4 

#34 4**3 *33 #i(PSC)4 3 3 * *1* #34 44 *A* A4: 
7J- * 4 7^4 * ^ * 41-4 *4 *3 ^ , 4ft£4 # 3 * 4ft* *ft 
##4 3*34 44 *7i4-b 3 3 * ftftA34 A^!#* 3344 #4-

102. oi o>^3 ^5)oi s.q£ pSAoj 4* nj ^ ^ ft:n4ft. # PSC43 #* 
A3 ftjiftb 43*4 4* 4ft* 4#4b4 Si4 * S#3 4ft4 A 
A S33 33*43 **4 #34 S33 ft7r ft #4* 44 PSA ft
ft 4 4^44 7j*4JE* A * * # 3*14 

103. 434b #3 344-, *34- ft #47*4 34 4 * 4 A * 4OT- 4# 
4 434 # 3 * ##A3 44 #44SiA4, Aft* #3#* 4* 34-
4 51 434-4 **J4^4£ ft4 4-§-i ^ oj^. 

104. 4 oy^ ^i^j*- o>^3 4 J 1 4 3 4 ft # 0 3 . ?SA7} ft * s i * 3 * 4 
4* 4#* 4SIA4, PSA # 3 * 4 * 4ft* A44OT- si* 4 43 
*PSC4 #344* 3A444 3**3 *33 4*44 3 3 * 4 * 4 
ft 4#A3 * * * ^*4 

2.0 Sl«-2} £ 3 ^ ^ 7 ^ ^ f -

201. PSAb **44 ^^-1 4, y.04, 0^4 0^44, zi ^4b *ftS4# 
ft44b ftft*14 *lb Aft 7144JL* <g7] 4 * 4ft**A #24 3 3 
#ftft* 4444, #3 si* 4ft * * *ft3 #43 4ftA #34* 4 
#444 4 * 4ft3*lA2E #433 4ft* 44*4. *34 4* PSA 

- 105 -



b A* 4 * 4 # 4 4 4 4 4 4 4 # 3 4 4 , 4 * 4 b PSA 347* 4 A 
37H * Sib PSC4 4 * 3 4 

202. Level-l PSA* Jt:* * 3 * 4 4 ft * ft* 4 A # 4 # * # f t * 4 Level-

1 PSA* 3 4 4 3*3 ft 4 3 * 4 3 4 A A * 4 # 3 4 ftft* 4 4 b 
4:3 3*7** 4ft 3*** 4 4 4 * 71-JL4 *«j 3 4 * i-3 £ 3 3 #4 
ftft* 4 # * 4 

203. Level-2 PSA* ft*4^3*4 3*4* *#*1 4 3 1 ft44b4* 3 4 * 4 , 

3*4* * * 4 3A ft *A* * 3 4 A , ft7>b * * 4 3 4 3 * * 4 4 3 
A3 *3* 4 A # 4 4 3*43 *A34 A * *3* 4 A 4 # 4 ft 34 4 
* ftft 4 4 * * # * 4 # * 4 

204. Level-3 PSA* # # A * ft 7J-SJ4 4 f t A # 37V44, ft#i: # 7 r 4 4 4 

# 4 4 4 b A* 3ft si* 3ft, 44, # 3 , 33= Aft4 3 * 433*3 
3A3 i * 4 b 7>JI ft4 ft * 4 * * 4 # * 3 S 3*43 *AA4 4 * 
3 # # 4#*4-

205. #** 333A3 22.* ft*4:4 *3 2.* 4 7r33 7l-JL3*43 334: 

3 3 3 4 4*4 A 3 * A344 4 * 3 3 * 3 # 3 4 # 4 4 4 3 4 * 4 
3 3 * 3 3 4 4 # 3 * 4*3*4 4 ft 4 4- 4 4 ft* #ftA34 3*7** 
* 3 3 ft** 3*444 4 * 3 * 3 3 ftft* 3A3 44, *l* ftft 4-4 
i 213:444 * 4 b 3 4 4 s i* 3 3 * 3 * 3 3 * 3 A ft3*3A3 ft 
#4:4 3 3 3 * 4 4 4 * * 3 ftft4 4 4 #A4, A*3S 7 r 3* 4 4 
4 44 3 3 3 4 A 3*#*4 3 4 3 4 * 4 * 4 * * # 4 b 4 * ji.014. 
4 # PSA 4ft*4 4 * 3 * # * 3*ft*l 4 * 4 4 #4* . 4 4 3 3*4 
A 4*3*1 ft4ftA4. 4 4 4 4 * 3 3 A#4 4*4Si* 3 3 * 4 4 
3. 4 * ft 4 ^ 4 4 4 * * 4 b 4 # 4 4 4 * 4 PSA4 PSC* * * 3 
3 4 ft 37MI4 3 3 * 3 ftft* A # 4 * 3ft* * 4 
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206. PSA4 3*3 S 33*3 333 #343 4*1 * 44b PSA7r y* ft 
44 £4 43*A3*4 ft3ft * Sib 4A #4** #34b4 Si44 
443* *4A3 44, 4 1 3 4 A A4 3333 7kn3 *A4 34* 
*3*4b 344 PSA4 #71-33 #3* S33 37HI44 #4334 
ft** 3ft4**b 3* 34*1 4***b 344-

207. PSA4 #3 # 3 * *A 4ft AS* #ft4A 4ft* #ft # Sib ftS 
* * 4A4b 3 * Aft44, ft*4: 31, 3 * ft #3 33=4 4* 33 
3oii 3 ftft s 3A ft S#* 4#4b4 *J4. a3A34 1*34:3 S 
33* 4*44 4* *44ft#* ft7r4A 4*4*4 #*3 #4* 4 
#*4(4# *4 443, 343, #2.3 3*4 *34 *3 ft*4 A* 
*). PSA ftft* *#* #3 47* 334 A * * * * 44 3ft3 #34 
* 4#*4 PSC* PSA4 33=3 34** ft7r4b *3^- 4#44, *1 
#* #34 *334 33* 44b 33* 4#44 4* 3 3 4 A #* 
33 4 1 * 33ft* Si4-

208. PSA* 3 3 * 3 # 3 3 3 4 4 4 * 4 * A * * 3 3 3 S # # 4#**b 
3 A 3 ft44 # A 4 , *l 4 3 4 4 b *13 # A # 3 3 * 4 - 4 ^ ft*4:4 
3 * P S A * # 3 4 4 4 * 4 3 4 3 4 3 S 4 # * ft*4: 43* * 3 , S 4 
3 4ftA, 7 r 34 * * 3 , 3 4 3 3 4 * * # 3 * 1 * # 4 4 # 4 3 3 1 4 
4 * 3 3 3 * 3 4 ^ 4 4 3 4 * Af t* 4 4 3 4 * 4 4 4 3 3 3 4 * 
3 ft3i4 4 * PSA4 3 3 * 3 A * 3 3 4 4 4 4 4 b , 3 # # # * 4 
*2£* #014 4 4 4 43*1 4 * 1 * Sib 4 * # 4 * 4 4 A 4 4 S 4 
43*4b ft34 *7j- 4 * * 4 * * 4 b 3*1 3 A 4 4 -

^414- Backfitting4144 PSA4 4"|* 

209. PSAb 1**4:4 * 3 * # * %7}*}a, . 2 3 * # 4 4 4 4 4 4 3 A 3 4 

* 444 34* 44* 34 44 *# ft 4*3 Aft 22J=* #344, 
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444 7rft J:43S 4* #4* ft4 4* 34 ft Backfitting 434 4 
43 7j*444 *4 PSAb 4*3 4ftA 4*44 44 4* * oj-q 
4, 44 344 4*4b4 A * * *JL #44 3*3 #A* *#444 
b 3171-4 *34-44 A4 ft* * # 3 * #4 44 4 # ! * S14 

210. £44 #4*! 34 ft 344 3*3 43**1 ft*4:7r * * *ft 4A4 
3 * 343 33 si* 4*443 * ft4 4*4, PSA43* 1*34: 7j* 
3 £44 44444 *4 

2ii. PSA 344 44 4*3 34 334 33** 33 43 4*4 33444 
*4 PSA #34 ft* * 44b PSA 34**1 3 * 34 *3 # 3 * 
***** 44 ft** 37r**b4 331 * ft4b 3*14 

4-jg**44l44 pSA4 4t* 

212. PSA* 34 4*4* ftb 34* 3*4*4 ft-** 444 #44 4 * 3 
4* 37r444 334*4 A**l 44*1= *4- 343A3 # 4 4 A 4 

3 * 3Ab *1*4 33 43, #3 ^ #3 ft 3# A# 4ft*4 4 
* #34* 4#*4 PSA* A* #3** 7r4A* A * 4 4 4 3 * 2.4 
S3**b4 0J0144 ***4 4** #444:2. JE* ^ 504. PSA4 3 

A* 4* 43*344 #44A7i 4** ^ * 7H4 ft#3* A#4A 

*33 #343* A*4b 4 4*1 * Si4 

PSA4 * 3 # 3 4 4** 

213. PSA4 34b *A* **/A*#4 34* #ftft * ftA4, 33* ft 4 
3* *3 3443 4ft* #b4 4*443 * Si4- 4ft 344 44 4 
* *3 34 4*JE PSA ftft4 71*03 4341 * OT- 4# ft4* 
*A* 71*3* #b 3A3 #33 7fji #oif-̂ - 43 3-3 *4444 
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4*444 *4 

214. PSA 34** #43 34* *44 **b 4* ft *3 3*4** 434b 
4 A * * # 4 2£* PSA *4b 71* * 34* ***4 **b *#** 
43*1*4 A** *2E* 71*1 ^ #4. 

215. PSAb 1**4:44 ft44b 4* 43**1 334 44b *A3* ft7j-4 
*4 A * * # * si4 

216. i 4 43* #413** *44A4 44 3** 441 * Slb4 PSA 3 
44 44 331 * OT-

217. PSA4 A ^ 4 34** 34, A * As. si* * * 344 (34, A* si* 
43*) 3*3 33**1 44b #433 33** 3344 444 *43A3 
A3444 *4 4* ft 4* **4 PSA*4*4 7ff-oi ^g- ^ 4 
*4*A4 *33* 47f 33* A3i4b4 Si44b 4* 3*33 3*7* 
OT-

* ^ *4 3 °i*4144 PSA4 4** 

218. PSA7J- A}JL # o l ^ * ^ - 3 4 b 4 Si 4 3 3 3 * # * 3 4 A ftAH.3 

PSA4 34** **3S 444A71- 33*3 333 *34 44 #34 
43 3A4 *i*4* 3344 44 33444 *4 

219. PSA 34**1 34* #4333 7r*3# ftb #4* #3ft 3*. *3 
3 S#43#* *1* #4**1 33*1 4*4*4 4#* #*44 44 
33444 *4-

220. *#3 S#433 A4:*4 ***4b PSA*4*4 44 JE** * * * 
Si4 *lb 44 3-34:4 PSA 34**1 * * 4 A 3 * 7^44* 7rft- J: 
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43 ft * OT-

221. 7>*44*, PSA* ft-34: 34 ft *34 4* #4434 *33 334 
ft*37i 22.4444 *4 4*44 333 PSC** 33 4344 A * * 

*2£* 7>*i ^ si4. 

222. #4434 33*3 43*1 3A44 444b PSA4 33*1 33444 
4 * 4 A 34*4- 4**1 4*4 44 A* 33* 3 #4kl-ft4 3**1 
#3*444 #443**1 4444 ft** * * * * * #14 1 * Si4-

3.0 PSAS] #5}, # $ ^ *-/V]Sl-

30i. PSA* *A PSA 33*3 4ft* 44* A3444, 3 3 * #3444, 
333 PSC43 3*A 4 A * 4 * ft#3 #4* 44**b4 Si44 ft# 
3 443 #4444 *4 PSA3 34, 3*3*, #444 4* 3*4 34 
4 3 # * IAEA Safety Practices Publication XX-XX-XX, "Guidelines for 

Conducting Probabilistic Safety Assessment of Nuclear Power Plants"47i ft* 

* Si4 3 4 , 4 * 4 ft** Levei-i PSA4 * 3 3 4 

P S A ^ 

302. PSA #33** 1*34:4 34 ft #34 3ft# 4 3 * ftA ft* 7}-**, 
#33 *3#*4 4 3 * 7r* 4ft*. PSA 4ft4 *#* 7rft* ZL^ZL 

#3 343 # 3 * 4* 43*3 #334-

303. PSA3 #34 ft4b #3 ^44 ft#4 33444 *4 
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304. PSA3 4*4 3 * Aft-44 4 * 34b 34 i 4 4 #3444 * 4 3* 
4 333 3 3 * * # * PSA3 3 * A*4b4 *A44-

305. 7I-3 #3 ft 4 * # 3 * 4 1*34: ft3 #3444 * 4 43 ##3 3 
4b 4#3S 333 371- 134 ft#A3 PSA* 4*44 4 * 3 ft3 
± ## .23 443*4 4#* 444 #* 444 PSA* #3 34 Si 4 
4 434 4*3 7KS.4 3 4 A * ft****4 4*443 * Si4 

PSA ftfj-g-

306. PSA* 2n3*3* Si* 34* 4:4 ft** *>4**b 2:443** .H4440J: 
* 4 4* 3:471-3* 44* **3*4 # 4 A J I 4 1 * OT. 

307. ft34:4 *4 A-a* 4ft* 34* 44ft * ftb 4 A # 4 * #344 
444 3 3 * 4ft(7i-* % Aft**)* 4*44 4*444 34- 4 b 
4 A<a* *4433 Aft, #*#3 A3-, 34 ft A*4 3 * 344 S 
#34 *4 4 * *# 4* **A7i- JL4444 * 4 3*A 333 A * 
ft *33 3# A44 3*1 4ftA4 34* 33** 44b 43*4 *ft 
* 3 3 * 4*44 * 4 

308. ft*£4 b4 A ^ * 3 3=4*1*4 A4b 7j-3b 4ft4b 1**4:4 4 * 
sib 444b 3 * * 4*444 *4- 3*4 4* 4*13 3*A344 # 
34b 3 3 * #34 3A44 

309. PSA4 3ft3 34b 4 * ft 4 * **44 4*344 ft* 71-34 #3 
*A4 #33 *1*#*A si* *4A3 i * 3 4 3 * 4 ft4 3**4 
4*3 *#4 3 * 343 #43Ab 4*1 * OT- 43*# #43A 
b 71-34 *#A3 34 44 A ^ 4 ft* ft4 ***4 34 i*44, 
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ft-34: si* *# 3*3 * * , 3*7*4 34 3*4* 7r33*4 3 * * 4 
A 3A* 33=4 1 * Si4 4* #43A* ZL 34**1 333 * 4 A 
44 **1A# #4 34* 44ftA34 44 4444 3 4 

310. ZL44 34 3ft4*rb4 44**1 ftb #4*A4 444b 433*4 * 
#AS4 S14 PSA 34443 44* #4334 ftft* S3444 * 
4 43 *# #4333 *7*4 *_s_ 3 3 * 4*4 3 4 

A ^ 3 4*3 : A « 4 *43*1A *43S 33** 3444 3 3 * 44 
44 **4 
A^4 #33 = A * 7r** 71-JI 444_o_7* #334* A3** *7|*4 
4-

311. #433* PSA4 44 444* 3*1 444 PSA4* *ft* 3 * 44 
4 33*3 #3*1 A*3S 71-3*4 3 3 * *#3 *33* A3*44 
4 * *34#* 4*4b4 *4 PSA* 71** * 4* * 4 * 3 * 0J4 
4A 3ft4**b #44 Si4 444 PSA4 ft*3 **2E ft *AA #3 
* *3ftA34 #4334 343 ftft* ft7|-4b 3*1 PSA44* *A 
4 4 

312. PSA 22.^444 * * 4 3 7l-3#(4* * * 4 * 3 # 4 * ) * 7 ^ * * 
4 3 3 4 4 4 * 4 A 4 4 7 r *3 7 f 3 * * 33*1 3 * 4 4 4 4 4 4 * A 
4 4 * 4 4 * # 3 4 3 4 4 3 4 4 4 * 4 A 4 4 * 3 #3*1 4 * 4 * 
* # * * * 4 * Aoib4 Si4* 3 A * # 3 s i b 3 * 3 3 3 * 4 * A 4 
* #44 44 ***1 433S 7j-3*4 7r3* 7j*4b 3 * *43ft 
*A si4 A44 4b 43A4 444b 44 AS*3 3*43 *A34 
444 44* o6>3̂ . ̂  ^ ojAai, ni-44, ft«|4 -̂34^1 2,^±^A 

4*44 *4 444 *43 343 443 7l-37K*#4 3*4 ftft* 
Aft44 4*3 43 AAiE 7r** 3A44 ft* ft 3*44 *4-

- 112 -



PSA #-44-

313. PSA *7ib #A7r ft ft#44A, #34A, 447*4 4*4. 334 4* 
ol 444 *4- PSA3 44 4*7*#ol #3444 4A #3 A#7K**l 
331 * Si44 *4 

314. jift JUL7-1, ^ JU14, ̂  jui7i4 -fs- *4 i ^ 4 * ft4* ift-44 
30ift4 3A71-344 4*3 4ft*oi ift444 *4 A* #33 4*. 
4*3 ftft, 4*3 31, 7J#* 7>34 71-3, ZLZ)3L 34* 34**1 A 
ft-444 *V4 

315. PSC4 3344 *A* A\ZL #*l** ^44 ^4:2. *4444 *4-

4.0 Zt^tq £3<$ ^-S^l 7fl̂ -

401. PSA4 3ft*l A4 # 4 4 A 44444 44 PSA4 34** 4*3* 
* * * * * A3**b 4**3 *33 # i * 4ftA3 341 * Si4-
PSC4 4* PSA 34*3 ft7rb 333 344-, *34- ft #47r*44 
33* *7r4* 4#44 **b A*4 ftft* 3444b4 *#* 4 3 * 
4#ft * Si4- 444 3##*4 3 * PSC 4 ft* n* 43** ft A * 
3 A * 4 PSC71- *14* 4 ft* 4#*4b 43*1 #44 A*3 4*3 
7M* 3 A 4 4 * ftb4-

402. #**3 333 4*4b ft*3A3 4*344 * * 34*3 *3 *A 
4 343 i * 3 4 A* 34** 4* 4 434 A*3*3*. 4A4 3 * 
*#, A3*3*. 4*3 4 * * * A #* iftft * OT- #33 4*4*3 
34b ## 4*3 #* ft #3* *ft*4 (4* * * , #44- si* 4 
34 43 *33 3443* A*ftft3 4 3 A *4 A4 * * **3 4 
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S|*2£ ± 4 
S4 

A S M #0|7| flfi 
7̂41 egO| Iffi. 

* !*&£ 

4 

4 

4 

ds|4 * # 
34 

^ a | 4 ° S 4141421 
S.B *EW 
4 S E * #o|7| 4*H 
#44X1^ n|tf 

4 S S 4 

in 
§4 * * 

S4 
4 t J £ £ #o|7| fle 
mol^s] jcB|o| 
a # £ | 4 pi* 

HU 1. PSC*| # 2 
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* 4 4 4 33*1 Si* 3 4 4 , * * 4 347** * * 4 * s i* * 4 A 3 
4 4 * 4 * 4 4 4 A 4 4 * * A * ft* 3*14) #3*1 4ft* PSC44 

4 4 7V** ft7r4 * * A 3 i # 3 4*4*oi 3 4 4 oj ty^A] 4 4 o_ 
3 ft 3 3 3 3 * * A 4 4 

PSC4 4141 

403. 4 4 4 * 3 # ftS* 7J-444 3 3 3 4 4*f tS4 4 4 * 4ftA4 * 
* 4 4 3 * PSC4 4 4 * # 4 3 * * J I * 4 . "4 ftA"* 434ft-, 4 3 
3 ftft=, Aft*3* # 4 3*1 4 4 4 4 3 4 * 3 4 4 * * 4 * 3 4 * 4 
4 4 4 3 * 3 4 4 4 4 b Aft 14 4 4 4 3 4 4 4 OT-
- 3 3 H 4 b 4 ft A3 * # 4 4 * * 4 4 4 * 4 3 4 Si4 4 4 4 A 

ft* * 3 * 4*ft * ftl * 4 A # * 4 4 , 3 3 24 34 * * A 3 4ft 
A * ft#4 4 4 3433*1 4 4 4 * 4 
- 3 3 2 4 4 * 4ftA* 34 :44b * 4 3 A 3 3413S A * * * 4 * 
4 4 b A*7K*3 A#iL3 4 4 4 4 3 A *#*1 4 * 3 4 A # 4 b A 4 
4 ft* 4 3 A 4 * * 4 #71-4 4 4 * 4 4*1 4 * * A 4 # 4 3 3 4 4 
b 4 * * 3 A44 4ftA4 *#ft * * 34 :* * 3 4 4 4 4 A # 3 4 
- 3 3 3 4 4 b 4ftA3 * * 4 *#*1 OTA # * 4 4 * 4 ****43 
* SiA4, 4f tA* 4 * # 4 4 4 * * * 3 S A4*1 A # 4 4 ft*4 
* * , S 3 * * * # 4 4 4 4 * . A 4 A 3*7*** * 3 4 3 3 3 4 3 * 
3 A * * 4 4 4 4 * A 4 * 4 * 4 4 4 * 4 
3 3 1. 2,3 # 4 3 1 * 4 4 4 3 4 * 3-A3 3 4 * 4 * 3 * 4 4 * ft 
4 4 . PSA4 3 4 3 S 3 * * 4ftA # 3 4 ft*3A3 # 4 3 3 4 * 3 4 
3 * ftb4 4 * # 3 4 3 * 4 4 4 3 3 * 3 1 4 3 3 3 4 4 A 4 4 4 4 
4 4 , A 4 4 4 * * Aft 14 *f t#A4 ft#3 3 3 A 3 4 4 * 4 4 4 
* #2 :444 * * ft*4i4 4 4 4 3 3 3 * * * 3 3 * 4 * 3 * # 3 
A * 3 4 4 . 44oj. ^ ^oj ^4 .01 4 $ I E * Ajfl. £$±s\ 4ftj£4 
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*#A3 ft*4b 3 * ft*3A3 4 3333 ft 4 4 

404. 4ftA3 3*4 ft 44**3 3 3 * ^s\xr 4ftA4 344 44 *4 
b ft* A47*3*4 ftft*b4 *1* A443** *33, 43, 343 A4: 
#* Aft44, 3 * * *#3 4*3* *4* ft*3A3 71-4, 344 3 
37rftA3 iL34 -̂71-ft 44444 **1 *1*4 3 * Si4 *13 3 3 * 
4*3 333 4#b ftft* 4*33 ft**14, #**1 #7*444 Aft4 
b 4344 

405. # 3*4444 43A4 3*4 ft 44 * * * 44 343 #** 3*4 4 
#4 4*4 3*4* 434 4* 434 3A4 44 3*ft*l 331 * Si 
4 si* 4 33#*4 Si4 434 A*4 343, 433 #A, 4-*ftft 
4 ***4 ft 434 4* S4A4 4* 4*134 #44 4ftA * * * 
334b4 S1443 4*134 S334 

406. ZL3 13 3 3 n3 3 3 4 4 * 4 , 4 * * # A 3 A # 3 ' 4 # ft 4 4 4 

43 1**4:4 4* 31, *3 ft 333 ft7H4 34* 3 3 * *ft*l 
#3337*4 4* #* 4 3 * 4|#*4 

407. 4 4 4 b f t 3 A * 4 ft A 3 3 A 4 3 * 4 4 4 * 3 f t * * * 4 4 * ft 
* 3 S # 4 3 # 3 4 7 * 4 3 * ftb 3 3 4 4 , 4 * # 4 4 * 7 * 4 - # , 4 
S 3 7Vft4fti4 43= 4:43**4 4 * 4 4 * * ( # i 4 ) - 4 4 * *47l-
ft4447*b 3 * * # 3 4 4 - 4 * 4 4 * # # * 4 4 4 4 4 4 f t 4 

408. # 4 3 4 4 4 l # 4 b PSC* 4 * 2.471-3-4 4-f- 51* 4 * 4 4 # ( 4 3 

44 ft * * ) * A 4 * PSA4 4A*1*4 4*44 44* 43 443* 
4 4 ftA* 3ft4 **b 3 * 7M.4 A143 ft#44 # #43A* A 
ft44 34 44* 4*3 214* 44** PSA3 443 Aft444 ft 
* 4 *1**1 Aft4Si* 4 PSA* PSC4 44 #*444 *4 PSA4 4 
#447* Aft44 S14 #* ^ %*yq 43A4 4* 4*3 44**1 
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4* 433 4ft#4 44 A4444 44 si* S3444 *4 

409. 3ft43 *4*A44 4* PSC* ***** #34 3447* 4AA si4 
#A4 ftA7p 1*4 Si* 4, 3*4 ft 44 31A4* 3##3 4*4 3 
3-34- A3 * 3443 34 4*34* A #* 4 i33 *3*?**l44 
*4 309, 3io3* PSA 44 #433 4#* 4*A siA4 444 3ft 
* 4#* #433 #3, **A #3 ft #AA #3*14A 43*4 *l 
* #33 34** PSA 34**1 * #344 443 PSC4 4A# 4 A 

4444 34 A 4 4 4 434 44b 4* 434 #3444 4b44 
44 44* 333 # 3 * OT-

*#JL7j <ŝ 4i 41 »> PSC 

410. # * * 4 3 # 4 4 3 s i * # 3 4 4 4 b 4 f t A * ^ # 4 4 4 4 4 b A 
* ft*i3*4 44*4 444 4*33 4ftA 4** #44 3344 
* 54 3A44- A44 * #44 44 444 S144 433 4 4 * * 
4 4* A2: ft*4: 4*4* 34*1* 3*1 34ft * OT- A* 3*4 
*44*A4 4* #444 334* 3*1 3A44 

411. #^-A* *#44 43 ft 434ftA4 3344 PSC4 3ft*l S14 *1 
* PSC4 4* 4** 3ft3S ft** 33A3 S* #7*3 43*1 4S 
sib * * #4 ft3*3#44 *44b 434 44 3 * 37j# *4 44 
4*4* 34 ft*3S #344 Si4 *1 433 ft7r* 33**3 ft 4* 
* 7̂ ji7i4 *#AV=- **3 34 47134 37>b ICRP4 IAEA4 #JL3 

#4 *A3 #4444 34 44 4 4 4 A ft4 444 S#3 PSC* A} 

A3*#4 **4 #*34 

412. ft7Hj 4 ^ . ^ *ft-4 4oj4ft.^. oi:7i44, oib 4 * 3 4 f t * * 3 3 3 

3 f t 3 3 A 4 4 * 4 - 4343**1 # f t 4 f t 4 * * 4 4 OTb 3*1 3 3 4 
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ZL ftA4, 4*3 4*1* 3ft4*rb4 #333 A44 4334 4# 3 
*4#44b #ft43* 44 33443 PSC* 434ft sib *ft4 4 
S7*ft 44A3 444A 3*44* 4ft * OT- A3 3#ftft* A* 
34 #4 si 4* #7* 3*43** #ft ft 4*4ft PSC* 44 4ft 
44* #ft * ft4 **3A3 ft7l*-3 4#A3 444b non-fatal *4 
*(A* non-fatal #3 )4 A4444 *4- A44 #4* 4ftA 4*4b 
non-fatal 33=4 #* ift4 *4 ift#4 444 °14* 33* 4 43* 
4 A47]- 3A4 OT-

7n°J 4^2E 

413. 4S43A4 4* PSC* 403*44 4* #44 *#4 3#ftft* *1* 
44 33444 *4 344* 33ft 4 4*4 3 * A443***1 3 * 
#4 
- 4 *ft44 4***b 44 **# *4#A34 44 #71-4̂ 4 4*4 
b *4**# 33ft * S1A4, *1A4 ft* 3ft* 3*44 4*4 4* 
* * * 3344 34 
- #*A3*4 444b #43 4ft* 4 *ft44 43**1 *A si* 
434 3 * 3A #01 #71-444 *4 
- A}ZL i*44 01:44b 4ft #* 444 33**344 444b # 4 

34 4* 33*1 3A44 

414. 4 t i 4 3 A 3 4 4 4 # 3 * 4 3 * 3 * 4 4 * 4 * 3 3 f t 4 ft4 ftA4 4 
b 3 f t * ft*l 4 4 4 0 ] ^ ^ ^ ^ AVsm ^^ofl 4 4 3 * * S14 
4 * 4 4 43*1 * 3 4 A 4 # #7H1 4 f t A 3 * 4 4 b 3471- 4 4 oj 
4-

415. 4 3 4 f t 4f tA4 * # * * # ft-34: # 4 4 4 4 10*4 *A7 r * i 3 
3 4 4 4 * 4 - *14* 4ftA 4 * * *f t 7i-*4 * E 4 3 * * 4 . 43-4 
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3*43** 34 43*4 444* 4* 4#* 344* 3*4- 434 
4*3 * * * 33ft 4 4* 71-3*3 4*3 #3 4ftA* 3*44A 
*4 
- 4 3 * #4 3444 4^33 4* si* 3433 £4 43*43*1 ft 
ft4 4$ 444 44*4:2. J14444 *4 
- 4 3 * *ft 3*3*44 q^q oĵ g. JI4*V4. 

- 44#* 4** 71.340144 #4. * ^4 nj ̂ 4 #m zj^zw 

4 *4 
4 4ft * * * 3 43A4 3ftft 3A4 3 * *7M4 *4b 344 
34444 *4 

416. 4123 #4 414344b 4S4 4* AA * * :n4*J!4- 4* 4301 %± 
* A#7Vftoi4* ZL3 *A3 4* *33* Aft44b *44, # 3 * 
*°l*ft 3*7* *7l-ft 4 7V44 4ft£ JL444°> *4b ft*3 #3 
4 ft4 34* 4 A * 3 7̂ 33 ftft* s#4b 447*4 ftft*oi 514. 
#, 343 4ft, #33 4*. 4*4 34 ft 343 *3 #4 OT- 4ft 
4*4* 3344 44 33444 4b ***4 4* #43 #3471-
*}A4, 444 4#* 4* * 43 # 33*1 Sib 33*** 3344 * 
4 4*4 A* 4*4* 33**4 4 * A4*1 4*444 *4 

417. 71-44 435.4 ^-4* PSC* 4 ftft 44b 44 AS** A4444 
*4 34* 344 4* 4* *JA*4 ftA4, 333 4ftA *#* 3 
43 34*4 44 34:34 *1 4#4b 447* 4:2.3 **44 44 4 
33 ftft** 4#**b4 PSA 344 ft#4 A#34 

±$) ft#41 41 #* PSC 

- 119 -



418. ft7r^ 4*3 43= 4:4ft** 433 4ftA44 b * 343 ##A*4 
#344 34* 34* ft*4- 4ft* 33* 33*1 &34b 443 4 
ftA 4*4 333 44* ft #334 3444, 4^ *#4 7 r * 3 * 4 
# 3444 44 4A3 4ft 4:43*** 7r4A* * 4 4 A 4 * A * 4 
*4b 4 #3*1 Sib * * * 4*44 #34 4*4 34 A* 4*4b 
7J-43 4*A 4*43 4#A3 #*ft * ft4 444 4 3# ftft* 
Level-3 PSAA4 o)ej *3ft- ^ * J 1 ft_o_7r *J* Level-2 PSA * 4 A # 3 

4. 447-1 01 4 * 4 * ft*4: 7V44 214 # 3 4 4 3 3 4 4 1**4: S# 
3 #3 #A* A4ft *A7> OT. 

419. 4 :4f t* 4 * 4 * 3 3 4 4 4 4 4 3**3 3 4 3 4 # 3 * # 7 * 3 4 4 4 
4 44 3**3 3434 ftft* 3A7r ftft44**- *4 *4 7j#* vd* 
333 34* A444 44 44 ft#A4 ft## A444 # 4434 
* 334 3*(3A:ft#3A)4 33444 *4 A44 *43* 4ft 
3**4 *34 #*34 

420. ft#4 3 4 3 4 4 f t * # 3 * 4 * * 1 4 * 4 f t 4 4 *14 4 * 4 4 # 4 - 4 

* * 4 * 4 f t * # A f t * 4 

(0 3**3 # 34*, 434 Bq*# 
(ii) ft-34: 4Aft4 4* 4*3 i*3 # ft* ft7l#, 434 A*4A 

ftft 0.1 
(iii) 34JE 4:4 ftS ^443* 7}^±^ ft*ft= 
(iv) 4:44 *#7>41 43 3A4 #ft* *14b ft#ft, 434 * * * 
4:7)143 3£3 # * 4 A 43*13 444 *#* 4:44** 3A3 4b 
ft*ft 
(v) ft*i3*4 #33 4444 S3 3A 43^ #^ * i4b ft* 
ft, 434 3*4434 4*43 43 43-^3 43*433 447V A#l 
3A3 * * * 3**3= 
(vi) 3444 fts*4*. "4* #7*** 34"* 444b ft#ft 
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3 4 3 * 4ft 4:4 3**4 4 * 4ft 3 ft* 3 A 4 # 4 3 # 3 4 * OT-
A44 3 3 # * # 4ft i 4 f t # 4 4 * 4 4 4 * A * 4 ftft* 3 3 4 b 
4 3 4 * A471- # 4 4 4 * 4 44 A*4 44 4 4 #144 #4444 
A * 4 * 4 4 471- # 4 3 4 4 * 443 4 A*7f io*/year4 * A * 3 * 
5S4b 3 * # 4 4 4 4 *4- 4 b 43= 4:4**4 3 3 4 4 * 3*14 4 
4 3 4 4 # 3 * 4 4 34A 44 # # * 3 A 4 # 4 4 3 * # 3 4 3 3 
4 7r*44b 3 * A4 * 4 

3 L 1 (420ft) 

USNRC* 4ftft*4 4 4 1 0 ^ 3 ft43 * 3 3 # i # 445BA4, 4 3 4 
3=3**4 4 * 3 4 4 # 4 4 A si4 #4. ft#ft(Bq*#)4 ^ 4 4 4 4 ftS 
2.44ft* ftb ft*4 A 3 4 3 4 A44A si4-

*_2 (420ft) 

ft#4# * # # * 344 #S3 , ft* Si* Ag- 21A1*4 3*34 4*A3 
4 4 3 # 4 4 4 ft* ft** ftb A * 7^4 ^ *£ 7 r io*/yrA4 3 4 4 * 
4 A 4 4 ft 4. 

S_2 (420ft) 

Aft^4# 3 3 * 4 * 3 3 4 * 4 4 ft#4 # 4 3 3 # s # 4 * 4 34 3 3 
4 2 OT. 3 * 3 ft-34: 3 4 4 4 4*4 ftb 344 # *A* lOtyear* ft 
4 4 b * 3 4 *l* #&* * 3 4 4 4 4 #3*1 4 * 3 4 4 * * 3 * 3 3 * 
3A3 4 * 4 4 4 * * 4 b 3 4 * 4 4 4 * * * 4A#*1 IO7RY3A3 4 4 
*A* ft* 3*1 ft*44 3 4 "4*44 ftb 34"b A43 4 7rA5-4 
44 A*3 °o*3*A3 3 4 4 4 *4(#, 3*#4 # # 4 3 4 * * 4 4 * ft ft 
34: 3 3 4 3 * 3-433 A * A * #). 

421. -3-43 *347l- 3 3 1 4 4 4 4ft 4:43**4 #A 3A* io*/RY7} 4 
4 4 * 4 4ft 4:43*** 3 4 * 4 3 3 ftft* ftb 3A3 3 3 3 4 
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ol pscb 3 4 3 3#ft4 ft 43=3 4ft4 3 4 4 4 4 * 4 4 4 * 4 4 
* 7)-:£34JE. 4 3 t 4 3 4 * 3:23 4 4 4 4 b * 3 4 b 3 * # 4 4 4 
4 *4 . 43- 3 * 4 3 * 3*4** 4 * 4 3 3 3 4 b 3*1 4 * 3 4 4 

2n*J*-ft4l 411* PSC 

422. oi ̂ 4 PSC* 4 43* 4:4ft* 4*44 331 * OT- 444 4* 
47r A4 3*4**44 3334* *1 ##443 *ft* 4*4* *A7r 
OT- A44 *1 **3 4*47* 33444 **b 44 4*7* S14- 34 
3 Aft*3** 4 * *A* 7)-*A34 *lb A* ft # 3 3 ftft* ftb 
4ft 4:3 3**3 4*A4^l-1 # 01-44 4 ^ £4f t** o>44* * 4 
* *A 3 4 3 3 4 * ft444 # 4 3 . # 4 3 #7*4 ft*134 ftft* 
4ft * Sl4 4**14 # 4 3 n * 4 * 4 3 4 # * 7rjL#4A4 3*4 # 
* * 3 * A * 4 3 4 3 2^3*3* 3A4 1*4 # 3 3 * 4 3 3 * * * A 
3 4 3 4 # 3 3 3A4 3 4 b 34 S 3 4 A si4 4 3 4 * 3 4 4 PSC 

b A * * 3 * 3 A 4 ft7l* 4 4 4#44*> * 4 

423. 4 * 47I- 3 * 4 3 4 4 A 3 4 * 4 * 3 3 4 4 *J14A 4 4 4 4 4 4 3 
4 4 4 4 4 b 4 4 * 3*4** 4 # 4 A 4 4 4 4 ftOT- 4 3 3 4 4 # & 
4 b 3 #7*34 4 4 4 # 3 A * * 3 * 3 A 3 A 4 7 * * 4 # 4 4 f t 4 A 

* * * 4 * 3 A * A 4 3 4 : 4 4 b 3 4 3*ft*l 4 3 3 3 S A 3 347* 
3** 3 7 r 4 b 4 * * 4 3 4 3 4 4 # * 3 3 4 3 4 * 3 * 3 4 b 3 * 
* 444A# * 4 4 4 #4-

424. 2n3*3* * A 4 4 4 # A b *l # A 4 4 3**3= 4 4 4 b *ft 7fJl#ol 
ft4 IOJ/RYO!4O> *>4JL 4 * 3 4 Aft*3* 3 A #&4# 4 * * 4 Si 
4 Aft*3*3 334 44 4*3 3A7l- 3*ft*l *444 4*4 4 33 
7} A4l 3A7J- OT. 44444 443 PSA** 2̂ 3*3** 344* 
*143 2:44 3444 OT- 443 4*4* A * 344 331 43 
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44 4* 33**1 7H-444A #A4 443 # i43 4*3*1 A44 

44 *4 

4 * 3 4 1 * 4^*41 4 1 * PSC 

425. #341 A**3* 4*44 4:4ft* 4*4 4*13 31b 3**43 3 
#4 *4 Si4 A44 44 ft*J*4 Aft*3*4 3**4 3*4*4 ft 
3*4** 4 #4 (4 3=4:4 ft* sib A*ftft*)7roi4 * i b 3*3A3 
3*3 * ft4 3**4 3 * A#7rft* 2^3*3** 444* 4A34 . 

3**4 #43 *31#4 3*4 ft 34-3 344 *4 OT- 4* 4*3 
3**4 3*4 44 44* 4 # 4 A 44* 4444 ft*4 

426. #71-44 4*oi4 l***4 4^44 34** 4 £4 7H4 3171- 3 
344b 341 * OT- 4#3# 4#* 2.471-3- (43 4#A ^443* 
34A, 4A3*4) Si* #4(43 4:4333*33A 4*1)4 44 3*4-
A3*3**A* 4*4* #44 44 444 4* #4* 34-3 344 
44 #3 £44ft4 2.3*33 4* A* 4*4 # i * 4 A * 344 
b 3*1 7j*ft * Si4 A* io»44 io44 A3-A4 ft* 1*** PSC 
b *ft4 **3 4*1*4 4* ft** A#7rft#34 ^344 #^4. 

427. 4 3 4 4 * £ * 4 * * * PSC* 3 3 4 * 3 4 4 A * * * * 4 4 b 4 * 
ft*4:44 # 3 3 PSA4 3 4 * 4 3 4 3 * 4 3 * OT- A * ft*4* 
*3Lft#4:4 * 4 - A * ft* 317* *3if t*4^. # 4 # 4 3 4 3 A # 4 
4 4 b 4 * * 4 A * *l ft3Lft34:4 P S A * 4 4 ^ 4 * * OT- A 4 4 
3 4 3 3 * 4 * s i * 1 * * * PSA a . 1 * 01*44 ft7rl * ft4 A 
4 4 A ft#4:4 4 * 3 3 * PSA71- 4 * * # 3 4 -2-444 3 4 3 2.4 
3 4 * * 4 3 4 4 A *34 :4 7 r * 4 # * f-4 7 ^ * 4 4 * ft4* PSAS 

1 * 4 # 4 4 4 4 * 3 f t 3 * 3 A * 4 
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* 4 *44 * 3 4 * * 4 4 44 331 * Si4 
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SUMMARY 

The response to a previous publication, INSAG-3 "Basic Safety Principles for 

Nuclear Power Plants", indicated a need for the concept of Safety Culture to be 

expanded in such a way that its quality in particular cases may be judged. This report 

reacts to the need. 

The concept is first defined. It is then developed to cover the attributes of an 

effective Safety Culture as it applies both to individuals and organizations with concern 

for nuclear safety. There are two general aspects, the working environment set by 

policy and management requirements, and the need for individuals then to benefit and 

act satisfactorily within it. The discussion deals separately with the requirements at 

policy and management levels, and with requirements on individuals. The concept is 

then examined from a different point of view, allowing highlighting of tangible features 

of Safety Culture in different kinds of organizations. 

Finally, an Appendix gives a set of questions against which organizations and 

individuals might be examined. Rather than being a "check list" which could not be 

completely applicable, this is offered as a starting point for self examination to all with 

responsibilities in the field of nuclear safety. 
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1. INTRODUCTION 

Except possibly for what are sometimes called "acts of God", any problems 

arising at a NPP would originate in some way in human error. Conversely, the 

human mind is very effective in detecting and eliminating potential problems, and 

this has important positive impact on safety. For these reasons, individuals carry 

heavy responsibility. They must act in accordance with a "Safety Culture". 

Operating organizations sa well as other organizations with a safety responsibility 

must so develop Safety Culture as to prevent human error and benefit from the 

positive aspects of human action. 

The substance of Safety Culture is the means by which close attention to safety 

is achieved in both organizations and individuals. In its document INSAG-1, 

"Summary Report on the Post-Accident Review Meeting on the Chernobyl 

Reactor", INSAG introduced the term. In its later document, "Basic Safety 

Principles for NPPs", generally referred to in the following by its publication 

number, INSAG-3, Safety Culture was highlighted as a fundamental management 

principle. This present document responds to comments after issuance of 

INSAG-3, proposing that the concept of Safety Culture should be clarified and so 

defined that its quality could be confirmed in specific instances. 

This document gives particular attention to operating organizations, because the 

link between human performance and safety is closest there. Yet the discussion 

extends to Safety Culture in all concerned, because the highest level of safety is 

achieved only when all are dedicated to the common goal. 

Safety of the plant also depends critically on those who previously designed, 
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constructed, and commissioned it. A partial list of others includes the background 

community of science and engineering, the governmental bodies providing 

regulation and those responsible for the underlying research. The term "regulation" 

extends beyond areas normally associated with safety because economic and 

political decisions also exert indirect influence. 

5. INSAG-3 identified particular aspects of Safety Culture. It also dealt with matters 

not so identified but which represent practices important for achievement of the 

required human responses. What follows treats these practices as an essential 

component of Safety Culture. 
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2. DEFINITION AND CHARACTER OF SAFETY CULTURE 

6. Safety Culture is that set of attitudes and qualities in individuals and organizations 

which ensures that, as an overriding priority, nuclear plant safety issues receive 

the attention warranted by their significance. 

7. INSAG-3 stated that Safety Culture refers to the personal dedication and 

accountability of all individuals engaged in activities which have bearing on the 

safety of NPPs. It was further stated to contain as a key element an all-pervading 

safety thinking, which allows an inherently questioning attitude, the prevention of 

complacency, a commitment to excellence, and the fostering of both personal 

accountability and corporate self-regulation in safety matters. 

8. Attributes such as "personal dedication", "safety thinking", "inherently questioning 

attitude" are intangible. Yet it is important to be able to judge the quality of 

Safety Culture. INSAG has addressed this problem by starting from the 

perception that the intangible attributes lead naturally to tangible manifestation that 

can be used as a measure of Safety Culture. 

9. Good practices in themselves, while an essential component of Safety Culture, are 

not sufficient if applied mechanically. There is a requirement to go beyond 

implementation of good practices so that all duties important to safety are carried 

out correctly, with alertness, due thought and full knowledge, sound judgement 

and a proper sense of accountability. 

10. Thus what follows presents the relevant good practices, provides comments on the 

less tangible individual attitudes necessary, and identifies characteristics which may 

be considered as measures of the quality of a Safety Culture. 
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3. UNIVERSAL FEATURES OF SAFETY CULTURE 

11. In all types of activity, for organizations and for individuals at all levels, attention 

to safety involves many elements: 

- Responsibility, through formal delegation, and description of duties and their 

comprehension by individuals. 

- Supervision, including audit and review practices and with readiness to respond 

to individual's questioning attitudes. 

- Competence, conferred by training and instruction of personnel and by their 

self-education. 

- Motivation, through leadership, setting of objectives systems of reward and 

penalty, and through individual's self generated attitudes. 

- Commitment, requiring senior level demonstration of high priority of safety, and 

conviction in individuals to engage in the common goal of safety. 

Safety Culture has two components. The first is the necessary framework set 

within a organization and is the responsibility of the managerial hierarchy. It is 

covered under the heading of "Requirements at the Policy Level" (Section 3.1) 

and "Requirements on Managers" (Section 3.2). The second component is the 

attitude of staff at all levels in responding to and profiting by the framework, 

and is the subject of Section 3.3. Since Safety Culture concerns individual 

performance, and since everyone involved carries safety responsibilities, Section 

3.3 is particular important. 

Fig. 1 is an illustration which relates the test headings to this overall scheme. 

Its purpose is to aid the readers perception of the presentation. 

12. In keeping with the practice of INSAG-3, the discussion is presented not in 

prescriptive form but on the assumption that an effective Safety Culture has been 
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Fig. 1 Illustration of the Presentation of Safety Culture 

achieved. The meaning is that the attributes presented are those which this 

document seeks to promote. 

3.1 Requirements at Policy Level 

13. In any important activity, the manner in which people act is conditioned by 

requirements set at high level. The highest level affecting nuclear plant safety is 

legislative, providing a national basis for Safety Culture. Governments exercise 

their responsibilities to regulate safety of nuclear plants and of other potentially 

hazardous activities in order to protect individuals, the public at large and the 

environment. Registration is backed by the necessary advisory and regulatory 
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bodies, with sufficient staff, funding and powers for their duties, and with the 

freedom to pursue their duties without undue interference. In this way national 

climates are fostered in which attention to safety is a matter of everyday 

importance. Governments also encourage international activities aimed at safety 

improvements and seek to minimize any commercial or political impediments to 

such exchanges. 

14. Within an organization, similar considerations apply. Policies promoted at high 

level create the working environment and condition individual behavior. Safety 

policies and their detailed implementation vary depending on the nature of the 

organization and the activities of staff, but important common features can be 

defined. The following 3.1.1 to 3.1.5 show how such commitment at the policy 

level is declared and supported. 

3.1.1 Statements of Safety Policy 

15. Any organization pursuing activities with a bearing on nuclear plant safety makes 

its responsibilities well known and understood in a policy statement. This 

statement is provided as guidance to staff, declaring the organization's objective 

and the stance of corporate management on the importance of nuclear plant safety. 

Statement by different bodies with differing roles naturally vary in both form and 

content 

16. Operating organizations have full and formal responsibility for the safety of their 

operating nuclear power plants. The basis for development of a satisfactory Safety 

Culture in such an organization is its safety policy statement. This is clear and 

provided to all staff. It declares the commitment to excellent performance in all 

activities important for the safety of nuclear plants. The statement makes it plain 
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that nuclear plant safety has the very highest priority, in critical cases overriding 

the demands of production or project timetables. 

17. A regulatory body has a weightily influence on the safety of nuclear plant under 

its purview and requires an effective Safety Culture pervading the organization and 

its staff. The basis is again laid by a policy statement. This identifies commitment 

to implement the appropriate legislation and to act to promote plant safety, the 

safety of individuals and the public, and the well-being of the environment. 

18. Supporting organizations, which include those responsible for design, manufacture, 

construction and research, influence greatly the safety of nuclear plants. Their 

primary responsibility is for quality of product, whether this is a design or a 

manufactured component, installed equipment, a safety report or software devel

opment, or any other output important to safety. The basis for Safety Culture in 

such an organization is the directive establishing policy and practices to achieve 

quality, thereby to meet the safety objectives of the future operator. 

3.1.2 Management Structures 

19. Implementation of these safety policies and objectives in all the relevant 

organization requires that accountability in safety matters is clear. The detailed way 

this is achieved depends on the role of the organization, but one key common 

requirement is met. Strong lines of authority are established for those matters 

bearing on nuclear plant safety, by means of clear reporting lines and few and 

simple interfaces, supported by definition and documentation of duties. 

19.a In operating organizations the formal responsibility for plant safety lies with the 

operator and the delegated authority with the plant manager. In the contribution 
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organizations, the equivalent requirement is to ensure by structure and definition 

of duties that responsibility for the quality of the product is well defined, whether 

this produce is a design or a manufactured component, a safety report software 

development or any other output important to safety. 

20. Large organizations with important impact on nuclear plant safety provide 

independent internal management units with responsibility for scrutiny of nuclear 

safety activities. In the case of operating organizations these units have the role of 

scrutinizing safety practices at the plant. They report above plant manager level, 

ensuring integration of safety responsibilities into the management chain with a 

prominence matching that of other main functions. Supporting organizations adopt 

similar methods, in pursuit of product quality, with scrutiny through audit and 

review practices and arrangement for reporting to senior level. 

3.1.3. Resources 

21. Adequate resources are dedicated to safety. Sufficient experienced staff are 

available for duties with nuclear plant safety connotations. Staffing levels, 

supplemented as necessary by consultants or contractors, are such that the duties 

can be carried out without undue haste or pressure. Staffing policies ensure that 

competent individuals can advance through the key posts. Training of staff is 

recognized as vital and the necessary resources are devoted to it. Sufficient 

financial resources are provided to ensure that staff in all safety related tasks have 

available to them the necessary equipment, facilities and supporting technical 

infrastructure. Overall, the working environment for such staff is conducive to 

effective performance of duties, and the resources necessary for this are also 

provided. 
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3.1.4. Self Regulation 

22. As a matter of policy, in their continuing search for safety excellence all 

organization concerned institute regular scrutiny of those of their practices which 

contribute to nuclear plant safety. These include independent checking of design 

changes, plant modification and operating practices, periodic review of safety-

related practices such as staff appointment, training, and the procedures for 

profiting from world wide experience. The intent is review of practices by fully 

competent individuals or bodies outside the normal chain of command, bringing 

fresh judgement to bear and making new approaches possible. Such arrangements 

are promoted as natural and helpful aids to the practitioners, and they avoid the 

flavor of a punitive search for shortfalls. 

3.1.5. Commitment 

23. The above activities define the nature of the working environment and require 

corporate level commitment for success. On a personal basis, management staff at 

the most senior level must demonstrate their commitment to safety. This is 

achieved by their attention to regular review of the processes which bear on 

nuclear safety, by their direct interest in the more significant nuclear safety or 

product quality questions as they arise, and by frequent reference to safety and 

quality in their communications to staff. In particular, nuclear plant safety is an 

important agenda item at meetings of Boards of operating organizations. 

3.2.Requirements on Managers 

24. The attitudes of individuals are greatly influenced by their working environment. 

The key to an effective Safety Culture is found in the practices moulding the 
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environment and fostering the attitudes conducive to safety. It is the responsibility 

of managers to institute such practices in accord with their organizations' safety 

policy and objectives. The requirement this places on managers are discussed 

below. Except as specially indicated, the comments offered apply to all 

organizations engaged in activities nuclear safety. 

3.2.1. Definition of Responsibilities 

25. Discharge of individual responsibilities is facilitated by unique and Clear lines of 

authority. The responsibility assigned to individuals is defined and documented, in 

sufficient detail to avoid ambiguity. The collective definitions of authority and 

responsibility of individuals are reviewed to ensure that there are no omissions, 

overlap or problems of shared responsibility. Definitions of responsibility are 

approved by a higher level of authority. Managers ensure that individuals 

understand not only their own responsibilities but also those of their immediate 

colleagues and their management unit, and how these responsibilities complement 

those of other groups. This requirement for careful definition of responsibilities 

applies with special force to operating organizations since they carry the formal 

responsibility for plant safety. The delegated responsibility of the plant manager 

for the safety of his plant. 

26. Since operating organizations carry the formal responsibility for the safety of 

operating plant, they have a further obligation. This is the duty to assure 

themselves, by use of third parties if necessary, that all other organizations whose 

activities affect plant safety discharge their responsibilities satisfactorily. 

3.2.2. Definition and Control of Working Practices 

28. Managers ensure that work on matters related to nuclear safety is carried out in a 
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disciplined manner. While the necessity is obvious in operating organizations, the 

requirements for product quality in supporting organizations call for similar 

attention. The necessary basis is generally a hierarchy of up-to-date documents 

ranging from policy directives to detailed working procedures. These procedures 

are clear and unambiguous and they form an integral series. The documents 

receive formal scrutiny, checking and testing within the organizations quality 

assurance processes, and formal means are adopted for their control. 

29. Managers ensure that tasks are carried out as defined. They institute systems for 

supervision and control, and insist upon orderliness and good housekeeping. 

3.2.3. Qualifications and training 

30. Managers ensure that their staff are fully competent for their duties. Selection and 

appointment procedures establish satisfactory initial qualifications of personnel. Any 

necessary training and periodic retraining are provided. The assessment of 

technical competence is an integral part of training programs. For critical tasks in 

plant operations, judgement of fitness for duties includes physical and psychologi

cal considerations. 

31. Instruction instills more than technical skills or detailed familiarity with procedures 

to be followed rigorously. These essential requirement are supplemented by 

broader training, sufficient to ensure that individuals understand the significance of 

their duties and the consequences of mistakes arising from misconceptions or lack 

of diligence. Without this additional understanding, nuclear safety issues arising 

may not receive the attention they warrant, or wrong actions may be taken, out 

of lack of comprehension of the risks involved. 
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3.2.4. Rewards and Sanctions 

32. Ultimately, satisfactory practice depends on the behavior of individuals, as 

influenced by personal and group motivation and attitudes. Managers provide 

encouragement and praise, and tangible reward for consistent high level perfor

mance in plant safety. Importantly systems of reward do not encourage high plant 

output levels if this threatens safety. At operating plants, incentives are not be 

therefore based on production levels alone but are also be related to safety 

performance. 

33. Errors, when committed, are seen less as a matter for concern than a source of 

experience from which benefit can be derived. Individuals are encouraged to 

identify, report and correct imperfections in their own work, in order to help 

others as well as themselves in averting future problems. When necessary they 

are assisted to improve their subsequent performance. 

34. Nevertheless, for cases of repeated deficiency or gross negligence, managers 

accept their responsibility for taking disciplinary measures, since safety may be 

prejudiced otherwise. There is, however, a delicate balance. The application of 

sanctions is not done in such a way as to encourage the concealment of errors. 

3.2.5. Audit, Review and Comparison 

35. Managerial responsibilities include implementation of a range of monitoring 

practices. The form these take depends on the activities of the organization. 

36. Such arrangements go beyond implementation of quality assurance measures and 

include, for example, regular reviews of training programs, staff appointment 

procedures, working practices, document control and quality assurance systems. In 
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the design, manufacturing and operating organizations, they include scrutiny of the 

means by which design or engineering changes are controlled. In the plant 

operational context, they include scrutiny of changes to operating parameters, 

maintenance requirements, modifications to plant and any non-routine use of the 

plant 

37. By these means the working of safety management systems is checked by internal 

processes. It is good practice to add to this by calling on experts from outside 

the function concerned, or from outside the organization. This ensures availability 

of broadly based views and experience, provides a basis for emulation and 

encourages introduction of good practices adopted elsewhere. 

38. Managers make arrangements to benefit from all sources of relevant experience, 

research, technical developments, operational data and events of safety significance, 

all carefully evaluated in their own contexts. 

3.2.6. Commitment 

39. By all of above means, managers demonstrate and encourage a commitment to 

Safety Culture. The practices identified above structure the environment in which 

people work. The intangible attitude of mind which causes satisfactory perfor

mance by people in groups or as individuals is fostered by demands for orderly 

work, by clarity of understanding of duties, by rewards and any necessary 

penalties, and by the welcoming of external scrutiny. It is managers' task to 

ensure that their staff respond to and profit by this established framework of 

practices and, by their own attitude and example, to ensure that their staff are 

continuously motivated towards high levels of personal performance in their 

duties. 
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3.3 Response of Individuals 

40. Sections 3.1 and 3.2 discussed the means by which the framework is set for an 

effective Safety Culture, and emphasized the responsibility of management. As 

pointed out in the introduction to this section, it is the task of all levels of staff 

to response to and profit from this framework. The question remains : "HOW?". 

To emphasize this key question, what follows is set out in a different style. It is 

expressed in terms most relevant to operating staff since they bear the most direct 

responsibility though, in varying ways, the points apply to all with duties 

important to nuclear safety. 

41 . The response of all those who strive for excellence in matrices affecting nuclear 

safety is characterized by: 

QUESTION ATTITUDE 

plus 

DISCIPLINED AND PRUDENT APPROACH 

plus 

COMMUNICATION 

The result will should be a major contribution to 

SAFETY 
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42. Before beginning any safety related task an individual's QUESTIONING AT

TITUDE raises the questions below. In the case of relatively routine tasks, for 

which he has been fully trained, question and answer will be to a large extent 

automatic. For tasks with a novel content the thought process becomes more 

deliberate. 

What are my responsibilities? 

How do they relate to safety? 

Do I have the necessary knowledge to proceed? 

What are the responsibilities of others? 

What can go wrong? 

What could be the consequences of failure or errors? 

What should be done to avoid failures? 

Are there any unusual circumstances? 

Do I need any assistance? 

What do I do if a failure occurs? 

New and highly unusual tasks which have an important safety content will be the 

subject of written procedures clarifying these matters. 

43. Individuals adopt a DISCIPLINED AND PRUDENT approach. This involves: 

Understanding the work procedure 

Complying with the procedures 

Being alert for unexpected results 

Stopping and thinking if a problem arises 

Seeking help if necessary 
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Devoting attention to orderliness, timeliness and housekeeping 

Proceeding with deliberate care 

Avoiding shortcuts 

45. Individuals recognize that a COMMUNICATIVE approach is essential to safety. 

This involves: 

Obtaining necessary information from others 

Transmitting information to others 

Reporting on, and documenting results of work, both routine and unusual. 

46. A questioning attitude, a disciplined and prudent approach, and necessary 

communication are all aspects of an effective Safety Culture in the individuals. 

The End result should contribute to a high level of safety and generate a personal 

pride in dealing with important tasks in a professional manner. 
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4. TANGIBLE EVIDENCE 

47. The previous section considered Safety Culture as a set of commendable attributes 

of any individual or organization concerned with nuclear plant safety. This general 

treatment needs extending to cover the separate attributes of different organizations. 

Also examples are needed: 

- to show that Safety Culture is a concrete concept essential for safety ; 

- to provide a basis for judging the quality of Safety Culture in specific cases; 

- to provide options for improvements; 

48. This section identifies some broad characteristics of an effective Safety Culture in 

different groups of organizations: governmental, operational and supporting. Its 

objective is to provide insight into the factors which promote the safety of nuclear 

plants, viewed from several standpoints. The Appendix present the same matter in 

a different way by listing detailed questions. This is intend to be used as a 

starting point for self examination with organizations. The list is not exhaustive, 

and can be extended by the reader. 

4.1. GOVERNMENT AND ITS ORGANIZATIONS 

50. The practical approach which governments adopt towards safety in general and 

nuclear safety in particular has a major effect on all organizations involved in 

nuclear safety. The following aspects demonstrate government commitment: 

- Legislation or government policies set broad safety objectives for the use of 

nuclear power, establish the necessary institution and ensure adequate support for 

safe nuclear power development 

- Government assign the responsibilities of such institutions clearly, arrange that 
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conflict of interest or judgement in important safety matters is minimized, and 

ensure in particular that such matters are addressed on their merits, without 

interference or undue pressure from bodies whose responsibility for technical 

aspects of nuclear safety is less direct. 

- Governments provide strong support for regulatory agencies including adequate 

powers, sufficient funds for all activities, and guarantees that the regulatory task 

can be pursued without undue interference. 

- Governments promote and contribute to the international exchange of safety 

related information. 

55. Regulators have considerable discretionary authority in matters of nuclear safety. 

This is conferred by the legislation and the more detailed instruments under which 

they operate, and is manifested in several general ways. 

- The management style of a regulatory agency ensures that common concern for 

safety engenders at all levels an open and cooperative relationship, yet with the 

formality and separateness appropriate for bodies with recognizably different 

accountabilities. 

- Controversial topics are dealt with in an open fashion. An open approach is 

adopted to setting safety objectives so that those that they regulate have an 

opportunity to comment on the intent. 

- Standards are adopted which call for appropriate levels of safety while 

recognizing the inevitable residual risk. By this means fully balanced approach to 

safety provisions is achieved. 

- Regulators recognize that the primary responsibility for safety rests with the 

operating organization and not the regulator. To this purpose, they ensure that 

regulatory requirements are clear but not so prescriptive as to constrain unduly the 

design, construction and operating organizations. 

- In dealing with new problems, while a generally conservative approach may be 
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taken, innovation is not stifled by insistence on adherence only to approaches 

which have been used in the past. Improvements in safety result from a well 

judged combination of innovation and reliance on proven techniques. 

60. Those who regulate economic aspects of nuclear power take into account the fact 

that decisions based on purely economic factors could have negative impact on 

reactor safety. 

4.2. OPERATING ORGANIZATIONS 

4.2.1. At Corporate Policy Level 

61. Safety Culture flows down from action by the senior management of an 

organization. When judging the quality of Safety Culture in an operating 

organization, it is necessary to start at the corporate policy level since it is there 

that attitudes, decisions and method of operation demonstrate the real priority 

given to safety matters. 

62. The primary indication of corporate level commitment to a satisfactory Safety 

Culture is its statement of safety policy and objectives. This is prepared and 

disseminated in such a way that the objectives are understood and made use of 

by all levels of staff. Particularly, reference is made in the statement to the vital 

importance of safety, in critical cases overriding production objectives. 

63. A satisfactory management structure assignment of responsibilities within it and 

allocation of resources, all primary responsibilities of the corporate policy level, 

are compatible with the organization's safety objectives. Aspects of these 

responsibilities are subject to regular corporate level review. As specific examples: 
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BE/ZD SUGGESTION 

- Training is reviewed to ensure it is satisfactory and that the resources devoted 

are adequate. 

- Documentation system are reviewed to ensure that the resources devoted are 

sufficient and allow for instance operating manuals to be routinely and modified 

an necessary in a timely fashion. 

- Staff appointment arrangements are reviewed, in particular to ensure that 

evaluation of attitudes of individuals to safety as part of the process of selection 

and promotion of managers. 

65. Senior management initiates reviews of the safety performance of the organization. 

Such reviews, and the strength of the responses to their findings are important 

pointers to the quality of Safety Culture in the organization. 

4.2.2 Power Plant Level 

66. In the nuclear plant itself safety is immediately at stake, and an effective Safety 

Culture is an essential feature of every day life. Three different areas are 

considered: 

- the environment created by the local management which conditions individuals' 

attitudes; 

- the attitudes of the individuals themselves, in all departments and at all levels 

from the plant manager downwards; 

- the actual safety experience in the plant, which reflects the real priority given to 

safety in the organization. 

4.2.2.1 The Working Environment 
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67. Safety responsibilities and detailed practices at all levels within the plant are 

defined. Particular care is taken in the treatment of special activities, such as tests 

or plant modifications with safety implication. In such cases a systematic 

independent examination is required. Review of documentation and records are 

carried out to ensure that safety requirements have been met. 

68. Training and education ensures that all staff are knowledgeable about potential 

errors which might be committed in their area of activity. Such training is 

developed from a basic understanding of the safety questions involved, includes 

consideration of the possible consequences of such errors, and deals specifically 

with how such errors may be avoided, or corrected if committed. By way of 

specific examples; 

- for control room personnel, simulator re-training takes into account operating 

experience, difficulties they encountered, and the questions they raised by staff. 

- training sessions before a given maintenance activity, using mock-ups or video 

recordings, refreshes the knowledge of the staff and make them directly conscious 

of potential errors. 

BG/ZD SUGGESTION 

68A. The results of safety analyses, includes PSA, are used regularly to examine 

specific issues as they arise, to support decisions, and to provide staff insight 

into the important safety features of the plant and its operation. 

69. Nuclear safety is kept constantly under scrutiny through site inspection and audits, 

visits by senior officers, and plant internal discussions and seminars all devoted 

solely to safety matters. Findings are evaluated and acted upon energetically. 

- 147 -



70. The ease with which staff are able to carry out their duties is subject to review. 

Aspects include the physical features of work locations, suitability of tools and 

equipment, availability of necessary information and, of particular importance, the 

work load of individuals. 

71 . The relationship between the plant management and the regulatory authority and its 

local representatives, is based on the common concern for nuclear safety, but with 

mutual understanding of the different accountabilities. 

4.2.2.2 Individual Attitudes 

72. Attitudes of individuals may be examined in exchange with staff members at 

various levels. Many forms of questions allows judgement of the effectiveness of 

Safety Culture and allows lessons to be derived. By way of illustration: 

- Are procedures strictly followed even when quicker methods are available? 

- Do staff members stop to think when facing an unforeseen situation? 

- Is there concrete and favorable recognition of good safety attitudes, both by 

management and within peer groups? 

73. Managers attitudes are illustrated, and staff attitudes are influenced, by exchanges 

on nuclear safety matters. In particular managers take opportunities to demonstrate 

that they play safety before production. As an example, discussion with staff 

concerned about delays in re-starting the plant for reasons of safety makes visible 

the commitment to safety as a primary objectives. 

74. The presence of managers at the work site provides opportunities for them to 

emphasize directly the importance assigned to safety. 
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75. Development of local practices for improvement of safety is an excellent measure 

of individuals attitudes, since it demonstrates that all staff understand the need for 

use of their experience to improve performance. Specific examples might be in the 

areas of housekeeping and quality of records, or in extension of the practice of 

reporting errors to include those which have no apparent important consequences. 

4.2.2.3. Plant Safety Experience 

76. The principle measure of the quality of Safety Culture is the long term safety 

performance of the plant. The plant performance indicators commonly recog-

nized(plant availability, numbers of unplanned shutdowns, radiation exposure, etc. 

...) provide a measure of the attention to safety in a plant. This is complemented 

by specific safety indicators, such as the number and severity of significant 

events, pending work orders, and duration of unavailability of safety systems. 

The role of such indicators is made clear to staff. 

77. All significant events which have occurred on the site are analyzed in close 

cooperation with the staff involved, to help management and staff to evaluate their 

strengths and weaknesses. 

78. All such experience is reviewed regularly to ensure that the lessons have been 

learned, the necessary corrective actions identified and timely implementation 

pursued. The thoroughness of the reviews and the strength of the corrective 

responses is an important Safety Culture pointer. 

4.3. Supporting Organizations 

79. The important management provisions and individual attitudes which characterize 
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an effective Safety Culture in an operating organization may be adapted to suit all 

supporting organizations, particularly through emphasis on the demand for product 

quality. Certain specific issues relating to research and design organizations are 

identified below. 

80. Research organizations have in place mechanisms for monitoring relevant work 

world-wide which may affect the conclusions of safety analysis. This is reinforced 

by mechanisms for ensuring that such information is brought to the attention of 

those accountable for safety in a timely fashion, and with emphasis worthy of its 

significance. 

81. Those involved in research are alert for any potential misinterpretation or misuse 

of their output 

82. Design organizations may seek the input of external experts to improve their 

performance. By way of examples; 

- when a design organization lacks experience with a new technology, for 

example software design, it mat seek the assistance of experts to supplement 

in-house capability; 

- design reviews which are an important and customary component of the 

in-house processes, may be supplemented by involvement of external expertise. 

83. Design organizations keep up-to-date with the developments in reactor safety 

technology and safety analysis techniques by active participation in national and 

international activities. Formal mechanisms are in place to bring to the attention of 

the responsible operation any new information that might modify or invalidate any 

previous safety analyses. 

- 150 -



APPENDIX 

N.B. B.E. WILL IMPROVE THE SEQUENCE LOGIC 

Safety Culture Indicators 

84. This Appendix seeks to identify questions worthy of examination when the quality 

of Safety Culture in a particular case is being judged. The difficulty of such an 

approach is that the list of questions cannot be complete, nor can a list which is 

at all extensive be applicable to all circumstances. The objective of what follows 

is therefore not to provide a check list for Yes/No answers, but rather to cause 

self examination in individuals and organizations. Given this understanding, the 

list can be extended by the reader. 

85. With this general reservation, the following questions are offered as pointers to 

the quality of Safety Culture. The main intent is to be thought provoking rather 

than prescriptive. 

Al. Government and its Organizations 

86. Government Commitment to Safety 

i) Is the body of legislation satisfactory? 

ii) Are there any undue impediments to necessary amendments to regulations? 

iii) Dose the legislation or government policy statements emphasize safety as a 

prerequisite for the use of nuclear power? 

iv) Have budgets for regulatory agencies kept pace with inflation, with the growth 

of the industry and with other increased demands? 
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v) Are regulatory organizations able to acquire people of adequate competence? 

vi) Dose the government provide adequate funding for necessary safety research? 

Are the research results made available to other countries? 

vii) How free is the exchange of safety information with other countries? 

viii) Dose the country support the IAEA Incident Reporting System, OSART, 

ASSET and other similar international activities? 

ix) Are there any instances of undue interference in technical matters with safety 

relevance? 

87. Performance of Regulatory Agencies 

i) Are regulatory safety objectives annunciated clearly and meaningfully to 

designers and operators so that they are neither too general not too prescriptive? 

Do they permit a proper balance between innovation and reliance on proven 

techniques? 

ii) Are comments on regulatory requirements sought from competent bodies? Have 

these been taken into account frequently enough to encourage future comments? 

iii) Is there a predicable and logical process for dealing with issues which involve 

a consideration of both safety and economic factors? 

iv) What is the record of project delays or loss of production due to lack of 

clarity of regulatory requirement or lack of timely regulatory decisions? 

v) Are regulatory practices generally consistent with the objective of NUSS? 

vi) Is there an education and training programs for regulatory staff? 

vii) Dose the regulatory agency participate actively in international activities? 

viii) Are important reports on safety problems published routinely by the 

regulatory agency? 

ix) Dose the regulatory agency periodically publish a summary review of the 

safety performance of plants? 

x) What is the nature of the relationship with licenses? Is there a proper balance 
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between formality and a direct professional relationship? 

xi) Is there mutual respect between the regulatory staff and the operator based on 

a common level of competence? What proportion of regulatory technical experts 

have practical operating or design experience? 

xii) Is there regular mutual consideration of the licensees experience and problems 

and the impact of regulatory activities on these? 

xiii) To what extent does the regulatory agency rely on the internal safety 

processes of the operating organization? 

xiv) What is the nature and extent of the regulators' presence at the plant? 

A.2 Operating Organization 

88. Corporate Level Safety Policy 

i) Has a safety policy statement been issued? Is it clear? Does the policy express 

the overriding demand for nuclear safety? 

ii) Is it brought to staff attention from time-to-time? 

iii) Is it consistent with the concept of Safety Culture presented in this document? 

iv) Are managers and workers familiar with the safety policy and can staff cite 

examples which illustrate its meaning? 

89. Safety Practices at Corporate Level 

i) Does the corporate board include expertise in nuclear plant safety? 

ii) Do formal meetings at that level include agenda items on safety? 

iii) Do operating staff attend to discuss the safety performance of plant? 

iv) Is there an active nuclear safety review committee which reports its findings at 

corporate level? 

v) Is there a senior manager with nuclear safety as a prime responsibility? How 

is he supported and assisted in his duties? What is his standing compared with 
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heads of other functions? 

BE SUGGESTION (REMOVED FROM PARA, 90) 

vi) Are the resource requirement for the safety function reviewed periodically at 

corporate level? With what results? 

90. Definition of Responsibility 

i) Has the assignment of safety responsibilities been clearly annunciated? 

ii) Has the nuclear safety responsibility of the Plant Manager been clearly stated 

and accepted? 

iii) Are the documents which identify safety responsibilities kept up to date? 

iv) Are the assignment of safety responsibility reviewed periodically? With what 

result? 

91. Training 

i) Does all critical training and re-training culminate in formal assessment and 

approval for duties? What is the success/failure record? What is the proportion of 

operating staff time devoted to training and how does this compare with other 

nuclear plant operators? 

ii) What is the size of the resource devoted to training? How does this compare 

with other nuclear plant operators? 

iii) Do the corporate and plant management level assess the quality of training 

programme? 

iv) Is there a periodic review of the applicability, correctness and results of 

training courses? Does this review take into account operating experience 

feedback? 

v) How frequently are production requirements permitted to interfere with 

scheduled training? 
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vi) Can training staff cites where operating errors have resulted in modifications 

to a training program? 

vii) Do training programmes address Safety Culture? 

viii) Do staff understand the significance of the operating limits of the plant in 

their areas of responsibility? 

ix) Are the staff educated in the safety consequences of the malfunction of plant 

items? 

x) Are staff trained in the special importance of following procedures? Are they 

regularly reminded? Are they trained in the safety basis of the procedures? 

xi) Are training simulator modifications made as soon as the plant is modified? 

xii) For control room operators, do re-training sessions on simulators take into 

account the difficulties that staff have experienced and the questions they raise? 

xiii) For maintenance personal, do training sessions make use of mock-ups and 

videos before a complex maintenance activity? 

Selection of Managers 

i) Does the staff recognize that safety attitude is important in the selection and 

promotion of managers? How is this recognition fostered? 

ii) Do annual performance appraisals include a specific section on safety attitude? 

iii) Can the corporate level identify cases where safety attitude was a significant 

factor in granting or refusing a promotion to the management level? 

Review of Safety Performance 

i) Does senior management receive regular reviews of the safety performance of 

the plant? Does this offer comparison with other nuclear plants? 

ii) Are the results of safety reviews acted on in a timely way? Is there feedback 

to managers on the implementation of lessons learned? Can managers identify the 

changes which resulted from reviews? 
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iii) Are managers aware of how the safety of their plant compares with others in 

the same company? In the country? In the world? 

iv) Do staff routinely read and understand reports on operating experience? 

v) Is there a system of safety performance indicators with a program for their 

improvemenf? 

vi) Are the safety performance indicators understood by staff? 

vii) Are managers aware of which safety performance indicators trends and the 

reasons for the trends? 

viii) What arrangement exist for reporting safety related events at a plant? Is there 

a formal means for evaluating such events and learning the lessons? 

ix) Is there a formal mechanism by which the staff who were involved in a 

significant event are consulted on the final contents of a report? 

x) Is there a full time safety review group which reports directly to the plant 

manager? 

xi) Does the organization have effective links with operators of similar plants? 

xii) Does the organization contribute effectively to international reporting systems? 

xiii) What are the trends for the number of outstanding deficiencies, temporary 

modifications or operating manuals in need of revision? 

94. Highlighting Safety 

i) Does the plant manager hold with his senior staff periodic meeting which are 

devoted solely to safety? Are there opportunities for non-management staff to 

participate in meetings which are devoted to safety? 

ii) Do these meetings cover safety significant items at that plant? At other plants 

in the company? At other plants in the country? At other plants in the world? 

iii) Has consideration been given to requesting an OSART mission or similar 

external review? 

iv) Is there a process by which more junior staff can report safety related 
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concerns directly to the plant manager? Is the process well known? 

v) Is there a system for reporting individual's errors? How is it made known to 

staff? 

vi) Do systems of reward include factors relating to safety performance? 

95. Work Load 

i) Is there a clear policy on limits to overtime worked? To which staff does it 

apply? 

ii) How is overtime controlled, monitored and reported to the plant manager and 

upper management? 

iii) What fraction of the time of the senior person on shift is spent on 

administrative duties? 

96. Plant Management/Regulatory Relationship 

i) Is the relationship frank and open yet adequately formed? 

ii) What is the nature of arrangements for access of regulators to documentation? 

Facilities? Operating staff? 

iii) Are required reports to the regulatory agency made in a timely fashion? 

iv) At what levels are the plant contacts for the regulatory inspectors? 

v) Does the plant manager meet routinely with regulatory staff? 

97. Attitudes of Individuals 

i) Are staff members at various levels interviewed from time to time to identify 

there attitudes to safety? 

ii) Do co-workers look favorably upon those who exhibit a good safety attitude 

by actions such as attention to housekeeping, completeness of entries in log book 

or adherence to procedures? 

iii) are procedures followed strictly even when quicker methods are available? 
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iv) Do staff stop and think when facing an unforeseen situation? 

98. Attitude of Managers 

i) When there is an apparent conflict between safety and cost do managers 

discuss with staff members concerned how the conflict is resolved? 

ii) Are the schedules and content of work for annual shutdowns examined on a 

regular basis by the internal safety review precess? 

iii) When safety considerations introduce a delay in start-up of a plant do 

managers use the occasion to illustrate to staff that safety come first? 

iv) Are staff aware of management commitment to good housekeeping? Are they 

given relevant information such as objectives, expenditures, accomplishments and 

shortcomings? 

99. Local Practices 

i) Has the plant manager instituted any safety-related initiatives which go beyond 

requirements set at the corporate level? 

ii) What mechanism is available to staff to report errors which they made even 

when the errors were immediately corrected or otherwise had no visible effect? 

Do staff make occasional use of the mechanism provided? 

iii) Are records on the performance or maintenance of components and systems 

easily retrievable? Complete? Understandable? Accurate? 

iv) What is the general state of the plant in term of general appearance and 

tidiness, steam and oil leaks, tidiness of logs and records? 

v) What are the arrangements for supervising, reviewing and signing of 

maintenance work carried out by supporting organizations? 

100. Field Supervision by Management 

i) What is the working style of the senior supervisor on shift? Does he seek 
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information? Is he well informed? Does he appear routinely at the areas where 

safety related works is being done? Is he interested in problems or just the 

schedule? 

ii) Do middle managers often do a first hand inspection of the conduct of 

safety-related work for which they are responsible? 

iii) Does the plant manager from time to time inspect the conduct of safety-related 

work? 

iv) Do senior managers visit the plant regularly? Do they give attention to safety 

matters? 

A4. Design Organizations 

102. Safety Analysis Design Codes 

i) What process exist for verification and validation of computer modelling codes. 

Do these involve the relevant researchers? 

ii) Are the safety design codes verified and validated for the specific circum

stances? 

iii) Are the limitations of codes been taken into account explicitly in the design 

review process? 

iv) In which international standard problem exercises have analysts participated to 

test national computer modelling codes? What efforts have been made on a 

bilateral basis to compare work with experts in another country? 

v) What is the formal mechanism for reporting the situation if it is considered 

that the previously reported outputs of a computer model may be invalid? Has 

there been the need to use this route? 

103. Design Review Precess 

i) In which areas has outside expertise been used to supplement in-house 
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capability? How was the competence of the outside experts established? 

ii) Where are the roles and responsibilities of design review teams described? 

iii) Has the design review process been audited by internal QA auditors? 

Regulatory agency? A peer group composed of national or international members? 
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