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Sensit ivi t ies of the risk parameters, emergency safety system unavail- 

abi 1 i t  ies, accident sequence probabi 1 i t i  es, re1 ease category probabi 1 i t i  es and 

core melt probability were investigated fo r  changes in the human error rates 

w i t h i n  the general method01 ogi cal framework of the Reactor Safety 

fo r  a Pressurized Water Reactor (PWR). Impact of individual human errors were 

assessed both i n  terms of the i r  structural importance t o  core me1 t and re1 i -  

abi 1 i ty  importance on core me1 t probabi 1 i ty. 

The - Human - Error - Sensitivity - Assessment of a YR (HESAP) computer code 

was written fo r  the purpose of th i s  study. The code employed point estimate 

approach and ignored the  smoothing technique applied i n  RSS. (1) I t  computed 

the point estimates fo r  the system unavailabilities from the median values of 

the  component fa i lure  rates and proceeded i n  terms of point values t o  obtain 

m e  point estimates fo r  the accident sequence probabi 1 i t i e s ,  core me1 t prob- 

abi 1 i ty , and re1 ease category probabi 1 i t  i es. The sensi t ivi ty measure used was 

the ra t io  of the top event probability before and a f te r  the perturbation of 

the  constituent events. 

As shown i n  Figure 1, core me1 t probabi 1 i ty per reactor year shows sig- 

nificant increase with the increase in the human error rates, b u t  does not 

show similar decrease w i t h  the decrease in the human error rates due t o  the 

dominance of the hardware failures. When the  Minimum Human Error Rate 

(M.H.E.R.) used i s  increased t o  10-3, the base case human error rates s t a r t  

*This work was performed under the 
t ' n m m i e c i n n  

DISCLAIMER 

warranty, expnu or implied. or a r w m  any Isgel liability or rerpomibility for the ~curacv. 
completmer., or urefulnera of any information, apparetur, pmdusi. or procen dl~ lo led.  or 
represents m a  its ure wum MI infrirm ~(ivately owned riphtr Referme herein to any w l f i c  
commercial prcducf, procera, or sarvice by trade mms, tradsmsrt, manufscturer, of otherwi*, does 
m t  wtessarily mnnitute w imply its +remI. rsmmrmdation, or fsvwiw by the United 
State t0wnment  or any agancy thereof. The view and opinions of authors e x p r d  herein do not 

auspices OU~@C~ ear Regulatory 

I 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



* .  6 ' I  

d m i  nat ing t h e  hardware f a i l u r e  rates con t r i  but ing t o  the same everrt ,and%t$e 
d' 

core melt  p robab i l i t y  shows much more sens i t i v i t y .  By measuring the  'iinp&tt o f  

d i f f e r e n t  generic classes o f  human errors it was observed t h a t  t e s t  and 

maintenance type o f  e r ro rs  are more important than operator er rors i n  the  

determination o f  core melt  probabi l i ty ;  so are pre-accident er rors compared t o  

post accident errors, omission type o f  e r ro rs  compared t o  commission type o f  

e r ro rs  and a l l  non contro l  room errors together compared t o  a l l  contro l  room 

errors. 

Figure 2 shows t h a t  the  human errors have more impact on the  high con- 

sequence side. Re1 ease Categories (RC) 1, 3, and 4, as defined i n  RSS, show 

much la rge r  s e n s i t i v i t i e s  compared t o  t h a t  o f  Categories 5, 6, and 7. It i s  

a1 so observed tha t  Release Category 7 dominates a t  a1 1 points i n  i t s  c o n t r i  bu- 

t i o n  t o  core melt p robab i l i t y ,  but w i th  reduced r e l a t i v e  cont r ibu t ion  a t  high- 

e r  human e r r o r  rates. 

A qua l i t a t i ve  analysis o f  the  s t ruc tura l  importance o f  the ind iv idua l  

human errors was performed. S t ruc tu ra l l y  important human errors were ranked 

according t o  t h e i r  r e l i a b i l i t y  importance on core melt  probabi l i ty ,  as shown 

i n  Table 1. The r e l i a b i l i t y  importance o f  a  human e r r o r  w i th  respect t o  core 

melt  probabil i t y  i s  the  difference i n  the  expected values o f  core melt prob- 

a b i l i t y  given tha t  the human e r r o r  i n  question d i d  occur and d i d  not occur. 

I n  conclusion, i t  could be said t h a t  t h e  opportunity f o r  reduction i n  

core melt p robab i l i t y  by reducing the human e r ro r  ra tes without Simultaneous 

reduct ion of hardware f a i l u r e  rates i s  1 imited. But core melt p robab i l i t y  

I shows s ign i f i can t  increase due t o  the increase i n  the  human e r ro r  rates. More 
I 

important ly most o f  the  domi nant accident sequences show s ignf  i c i  ant increase 

i n  t h e i r  p robab i l i t i es  and many o f  the emergency safety systems show large 



s e n s i t i v i t y  to '  human errors. Th is  e f f o r t  now a1 lows t he  eva lua t ion  o f  new 

e r r o r  r a t e  data along w i t h  proposed changes i n  t h e  ma'n machine in te r face .  
I 

1. "Reactor Safety Study, An Assessment o f  Accident Risks i n  U.S. Commercial 
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- DIVIDED BY HUMAN ERROR MULTIPLIED BY - 
RATES 

Fig.  1. Changes i n  c o r e  mel t  p r o b a b i l i t y  due t o  changes i n  a l l  t h e  
human e r r o r  r a t e s .  





TABLE 1 

RANKING OF INDIVIDUAL HUMAN ERRORS FROM RSS 

I N  TERMS OF RELIABILITY IMPORTANCE TO CORE MELT PROBABILITY 

RANK - DESCRIPTION OF THE HUMAN ERROR 

1 Repe t i t i ve  human 'e r ro rs  on th ree  sets o f  . . log ic .  t r a i  n  
comparator, o r  b i s t a b l e  amp1 i f i e r s  t h a t  feed t h e  
Reactor P ro tec t  i on System 

? . .  . 

2 NO p a i r s  o f  manual .valves i nadve r t en t l y  1  e f t  c l  osed 
a f t e r  pump t e s t  i n  A u x i l i a r y  Feedwater System 

3 Six NO manual valves i ns i de  containment which a l l ow 
f l  ow t o  steam generator i ,nadver tent ly  1  e f t  c l  osed 

4  Valves i n  chargi'ng pump coo l ing  seal t o  in termedia te  
seal heat exchanger c losed by operator ,  NO 

5 Charging purnp se rv i ce .  water d i  scharge va lve 1-SW-129 
closed by operator, NO 

6 Manual va lve  CS-25 i n  Low Pressure I n j e c t i o n  System 
i n  closed p o s i t i o n  

RELIABILITY 
IMPORTANCE 

7 Common mode m i  scal i b r a t i o n  o f  comparators i n  Safety : 
I n j e c t i o n  Contro l  System 

. . 1.34 E-3 

8 A1 1  8 heat exchanger a i r  vent l e f t  c losed i n  Containment 
Heat Removal S y s t q  1.30 E-3 

9 High boron concent ra t ion not detected due t o  sampling 
e r r o r  . i n  ba tch i  ng tank 1.30 E-3 

10 Bor i c  a c i d  concent ra t ion evaporat ion i n  b o r i c  ac i d  
tank not  detected 1.30 E-3 

NO: normally open. 
NC: normal ly  closed. 




