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Table 2-2. Estimated t o t a l  manpower for  PRAs 
of various leve ls  

Function 
Manpower estimate (man-months) 
Level 1 Level 2 Level 3 

Analysis 5 1-89 75-288 80-298 
Reporting 11-22 1 9-38 23-43 
Assurance of 

technical  qua l i ty  7-1 2 10-20 11-21 
Management 14-19 19-2 1 21-24 

Total  83-1 42 123-367 135-386 

2.40101 Level 1 PRA 

Task 1, i n i t i a l  information collection,  begins on deciding to perform 
the  PRA. It i s  important t h a t  the  analysis team have available a substan- 
t i a l  mount of information on beginning the analysis t o  avoid delays and 
misinformation. The information-collection task is  an a c t i v i t y  t h a t  con- 
t inues  throughout the  PRL, and as t he  analysis proceeds, more infonnation 
w i l l  be needed regatding spec i f ic  aspects of plant design and operation. 
For the i n i t i a l  accumulation of information, however, it is estimated t h a t  
1 t o  2 man-months w i l l  be needed. 

The development of plant modela and par t icular  analyses germane t o  t h i s  
development may proceed in paral le l .  Event-tree development (subtask 2a) 
and system modeling (subtask 2b) use much of the  same information. The 
models a re  generally separate, although some insight6 from each development 
may influence the  other. In  par t icular ,  the  developaent of event t r e e s  
helps t o  c lear ly  define the events t o  be modeled i n  system modeling. 'Itre 
e f f o r t  required for  event-tree development and the  development of models 
representing a l l  systems included i n  the  analysis is  estimated to be 29 to 
38 manlpontha. 

The development of plant  models is supported by an analysis  of human 
r e l i a b i l i t y  and operating procedures (subtask 2c) and the development of 
a data base (subtask 2d) fo r  aasessing component r e l i a b i l i t i e s  and 
init iat ing-event frequencies. Both a c t i v i t i e s  a r e  perfomed i n  pa ra l l e l  
with t he  W e 1  development. This ensures t h a t  human er rors  are  incorporated 
i n t o  the models. The data-base-development subtask a s s i s t s  i n  es tabl ishing 
the appropriate leve l  of d e t a i l  fo r  t he  models and provides data f o r  
accident-sequence quantification.  The human-factors analyst  a s s i s t i ng  In 
the analysis of human r e l i a b i l i t y  and procedures is estimated t o  need 2 t o  
6 man-monthat the  development of a data base, 5 t o  6 man-months. 

The accident-sequence quantification (subtask 2e) integrates  the  plant 
models and data to quantify accident sequences. This subtask follows the 
plant-modeling e f f o r t  and the developant  of the  data base. Considerabler 
i t e r a t i on  can be expected during this act ivi ty .  The manpower needed t o  
complete th is  task is estimated to be 9 t o  12 man-months. 



I f  an external  events analys is  is included, it proceeds concurrently 
I/ with t h e  development of p lan t  models and uses information contained 

there in .  The system analys is  is completed before t h e  quan t i f i ca t ion  of 
accident  sequences to  permit t h e  inclusion of i t s  r e s u l t s  i n  t h e  accident- 
sequence analyeis .  Manpwer needs depend on the  number and t h e  type of 
external  events considered. I f  seismic, f i r e ,  and f lood analyses are 
performed, it i s  estimated t h a t  14 t o  18 man-months w i l l  be needed f o r  t h i s  
task.  

An uncer ta in ty  ana lys i s  is performed i n  a l e v e l  1 PRA. The manpower 
needs depend on the  depth of t h i s  analysis ,  but 3 to  4 man-months i a  a 
representa t ive  f igure.  An addi t ional  e f f o r t  of 2 t o  3 man-months i s  esti- 
mated f o r  t h e  development and in te rp re ta t ion  of r e s u l t s .  

The above t a s k s  c o n s t i t u t e  a PRA of l e v e l  1. Their performance is 
estimated t o  require  51 to  89 man-months. In addi t ion  t o  these  t echn ica l  
tasks ,  however, the  PRA requires  program management, assurance of technical  
qua l i ty ,  and repor t  preparation. Program management i s  est imated t o  requ i re  
an add i t iona l  person working f u l l  t i m e ;  t h e  team responsible f o r  ensuring 
technical  q u a l i t y  is assumed to need 7 t o  12 man-months. Report prepara t ion 
f o r  a l e v e l  1 PRA is estimated t o  require  11 t o  22 add i t iona l  man-months 
(see Section 2.4.3). Given a representa t ive  schedule (see Section 2.4.2.2), 
t h e  t o t a l  manpower needed t o  perform, review, and publish a l e v e l  1 PRA is 
est imated t o  be 83 to 142 man-months. 

w 2.4.1.2 Level 2 PRA 

Wo add i t iona l  t a s k s  are performed i n  a l e v e l  2 PRAr t h e  ana lys i s  of 
t h e  physical  processes of accidents  and the analys is  of radionuclide re- 
l eases  t o  t h e  environment. These t a sks  general ly require  people with sub- 
s t a n t i a l l y  d i f f e r e n t  backgrounds and exper t i se  from those involved in the  
l e v e l  1 PRA. 

Same ana lys i s  of physical  accident  processes is required e a r l y  i n  t h e  
PRA e f f o r t  t o  support t h e  a c t i v i t i e s  of t a sk  2 r e l a t e d  to  event-tree devel- 
opment and system modeling. This is  a comparatively small e f f o r t  t h a t  is  
required i n  a l e v e l  1 a s  w e l l  a s  a l eve l  2 PRA. After  t h e  i d e n t i f i c a t i o n  
of s p e c i f i c  system sequences i n  subtask 2b, t h e  progression of accident  
sequences mst be analyzed i n  order t o  be ab le  to est imate t h e i r  radiologi- 
c a l  consequences. Because of t h e  l a rge  rider of system sequences iden t i -  
f i e d ,  it is not  p r a c t i c a l  to analyze the  physical  processes of every 
sequence. Either  t h e  sequences must be ranked i n  importance through quanti-  
f i c a t i o n ,  or they must be grouped according t o  s imi lar  behavior, with only 
representa t ive  sequences analyzed. In e i t h e r  case, t h e  ana lys i s  of accident  
processes should not  be completed before subtask 2e, t h e  quan t i f i ca t ion  of 
accident  sequences, s ince  sane i t e r a t i o n  may be required a s  the  dominant 
con t r ibu to r s  t o  r i s k  become apparent. The other  major e f f o r t  required i n  
t h e  physical-processes t a sk  is the  developaent and quan t i f i ca t ion  of t h e  
containment event tree, which describes t h e  d i f f e r e n t  poss ib le  pathways f o r  
t h e  re lease  of radionuclides frau containment f o r  an accident  sequence. 

w 
The amount of e f f o r t  required f o r  t h e  ana lys i s  of accident  processes 

can vary s u b s t a n t i a l l y  (15 t o  137 man-months), depending on t h e  expected use 



of the PRA and the amount of previous experience in the analysis of a par- 
ticular plant design. The state of the art of physical-process analysis is 
not at the point where specific computer codes can be used in the analysis 
without extensive checking and evaluation. The analysis of physical proc- 
esses, particularly in relation to the likelihood and the time of contain- 
ment failure, can, however, appreciably affect the overall risk. The high 
end of the estimate range is characteristic of the effort required in the 
Zion probabilistic risk assessment (Commonwealth Edison Company, 1981) with- 
out accounting for extensive model development. (Such model development, if 
required, may require as much as 20 to 25 man-months.) 

The analysis of radionuclide release and transport (subtask 3b) depends 
on and follows the analysis of physical processes. 'Ihe final product of 
this task is the assignment of accident sequences to release categories that 
describe the timing and quantity of radionuclide releases from the contain- 
ment. The manpower needed for this analysis is estimated to be 5 to 20 man- 
months . 

If external events are included in the analysis, it will be necessary 
to perform an analysis of the containment under the conditions of each type 
of external event. Such analyses are estimated to require 3 to 4 additional 
man-months. 

The development and interpretation of results may take 2 to 4 man- 
months if a good correlation to previously published containment event 
tree(s) is obtained or if a qualitative statement is sufficient. If a 
detailed containment event tree is developed, up to 30 man-months should be 
allocated for development and quantification. 

Additional uncertainty analysis is performed in a level 2 PRA, reflect- 
ing the additional modeling involved. Uncertainty analysis follows subtasks 
3a and 3b, and is estimated to take 2 to 8 manmonths more than it does in a 
level 1 PRA. 

The performance of a level 2 PRA is estimated to require an additional 
24 to 199 man-months of technical work beyond a level 1 PRA. Additional 
program management, assurance of technical quality, and reporting reqgire- 
ments are estimated to entail another 16 to 26 manmonths. Thus, the total 
manpower for performing, reviewing, and publishing a level 2 PRA is esti- 
mated to be 123 to 367 man-months. 

2.4.1.3 Level 3 PRA 

A level 3 PRA includes an analysis of the environmental transport and 
consequences of radionuclide releases for each accident sequence (task 4). 
The collection of meteorological, topographic (if pertinent), and demw 
graphic data occurs coqcurrently with the radionuclide release and transport 
analysis. This ensures that the analysis can be performed immediately after 
the identification of release categories. 'Ihe manpower for the analysis is 
estimated to be 3 to 4 manmonths, with an additional 1 to 2 man-months 
needed should external events be considered, and 2 to 4 man-months for the 
uncertainty analysis and the development of results. 


