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ABSTRACT 

This report  summarizes the operating experience scram data compiled 
from 35 operating. U. S. 1 ight  water reactors (LWRs) to  identify the princi.pa1 
components/systems re1 ated to  reactor scrams. The data base u t i l  i zed t o  identify 
the scram causes is  devel oped from an EPRI -uti  1 i ty sponsored survey conducted 
by SAI coupled with recent data from the USNRC Gray Books. 

The reactor population considered in t h i s  evaluation i s  l imited to  
23 PWRs and 12 BWRs because of the limited scope of the program. The population 
includes a1 1 the U.S. NSSS vendors. I t  i s  judged that  t h i s  population accurately 

characterizes the component-related scrams i n  LWRs over the f i r s t  10 years of 
plant operati on. 

Based upon t h i s  LWR population, the scram transient  data is  categorized 

according to  principal component and contributing causes. The principal compo- 
nents are ranked according t o  frequency f o r  both BWRs and PWRs. In addi t ion, .  
an investigation i s  conducted into the time dependence of the overall scram - 

incidence rate  and the scram incidence r a t e  f o r  individual components. 

Having established the ranking of the principal componen.ts./systems 
leading to  scrams, several potential f ixes  a re  presented which cou.ld reduce the 
incidence of LWR scrams. Because the data does not include a detai led analysis 

of 'the root cause of each scram, the suggested design f ixes  a r e  general in 

nature. Only a detailed root cause investigation of each incident could uncover 
the basic contributing fac tors  to  each scram and potential methods of preventing 

' these .causes. 



1.0 INTRODUCTION 

1.1 Objectives 

The Reactor Safety study(') (WASH-1400) as well as  subsequent 

studies ( 2 , 3 , 4 )  have shown tha t  a substantial portion of the public r i sk  from 
. the operation of nuclear power plants i s  associated with the potential inabi l i ty  

to  cool ,the core following plant t ransients  tha t  require a rapid reactor 
shutdown. Therefore a decrease i n  the number of these t ransients  would 
reduce the total  calculated pub1 i c  r i sk .  WASH-1400 a1 so shows tha t  w i t h  
the possible exception of low frequency common mode fa i lure  i n i t i a t o r s ,  
the magnitude of possible consequences (radioactive re1 eases) i s  not extremely 
sensitive to the i n i t i a t i n g  t ransient .  In other words, the contribution of 
each type of plant t rans ien t  to  overall public r i sk  i s  d i rec t ly  proportional 

to i t s  frequency of occurrence. Hence, a large potential for  public r i sk  
reduction l i e s  i n  minimizing those plant t ransients  that  most frequently 
require reactor shutdown. 

A number of reports '5 y6 '7 '8 )  have identi  f ied component f a i l  ures, 
miscalibration, instrument d r i f t ,  improper repair ,  o r  human e r ro r  related 

to  a specific component as the principal causes of plant trip. Generally 
speaking, each of the reports has focused i n  detai l  on a par t icular  c l a s s  
of in i t i a to r s  for  reactor shutdown. 

, This study i s  conducted in two parts.  F i r s t ,  the present report  will 

address those t ransients  involving scram. These scram transients  a re  referred 

to  as anticipated t ransients  since they a r e  considered i n  plant design; however, 
they require an immediate and f u l l  plant shutdown scram. A second report  

deal s. with t ransients  involving "control 1 ed" shutdown, which a1 so requires 
removal of decay heat. The objectives of t h i s  f i r s t  comprehensive study a r e  to: 

(1) identify and rank, according t o  frequency and plant age, the 
his tor ical  causes of reactor scrams, par t icular ly those re1 ated , 

t o  component f a i  1 ures, human er ror ,  or faul ty  procedures, and 



( 2 )  suggest modifications i n  hardware or procedures which will 
reduce the number of component-related plant t r i p s .  

1.2 Outline of t h i s  Study 

Two a1 ternate methods f o r  calculating the frequency of t ransients  

that  lead to  a reactor t r i p  are:  

(1) Develop a detai led plant model and calculate  the frequency 
of t ransients  using analytical techniques such as  f a u l t  t r e e  

j analysis o r  other methods from r e l i a b i l i t y  theory. 

(2) Combine his tor ical  data w i t h  engineering judgement t o  calculate  
the frequency of t rans ien ts .  

The second approach has been used in the current analysis since i t  i s  gener- 
a l l y  accepted that  operating experience data i s  the "best" available pre- 
diction of future operation. 

1 Several potential sources of data for  t h i s  study were evaluated. 
Based on th i s  evaluation, i t  was decided tha t  a careful analysis u t i l i z ing  
a representative sample of operating plants was more l ike ly  to  yield mean- 
ingful resul ts  than a l e s s  thorough study tha t  attempted t o  include a l l  
nuclear units. The data base f o r  this'approach was constructid by combining 
information compiled fo r  an EPRI-SAI ATWS study(') w i t h  NRC Gray Book (10) 

l i s t ings .  T h i s  approach w i l l  ident i fy ,  on a generic basis ,  the systems 
or  components that  a re  most frequently responsible f o r  reactor scrams. A 

portion of th i s  study was then devoted to  investigating whether variations 
i n  scram causes e x i s t  between uni t s  of similar designs; or  whether the prin- 
cipal causes of scram a r e  plant  specif ic .  

1.3 Report Organization 

A brief description of each potential data source i s  presented i n  

Section 2. Results of. the analysis  t o  identify the generic causes of plant 
t r i p s  are shown in Section 3.  In addition, trends in component or  system 



f a i l u r e  r a t e s  w i t h  p lan t  design and plant  age a r e  a l s o  given i n  Section 3.  
Section 4 examines several Babcock and Wilcox p lan t s  f o r  va r ia t ions  i n  the  

causes of t h e i r  t r an s i en t s .  Component'as well a s  procedural improvements 
a r e  proposed i n  Section 5. 



2.0 DATA SOURCES 

Data needed t o  determine t h e  r o o t  cause o f  p l a n t  t r a n s i e n t s  t h a t  

even tua l l y  lead t o  r e a c t o r  scram may be obta ined from several  sources. 

These sources are: 

ATWS-SAI/EPRI Nuclear P lan t  Trans ient  Event Data Base (7 )  

Nuclear Regulatory Commission (NRC)-Licensee Event Reports (LER) 

Oak Ridge-Nuclear Safe ty  In format ion  Center (NSIC) 

"Nuclear _ Power Re1 i a b i l  i t y  Data System" (NPRDS) 

Nuclear Regulatory Commission "Operat ing U n i t s  Sta tus  Reports" 

(OUSR) Gray Boo ks-NUREG-0020 (10) 

Edison E l e c t r i c  1 n s t i  tutetEE1), "Equipment A v a i l a b i l  i ty  Data 

Sys tern" (11) 

. FEED-SAI Nuclear P l a n t  A v a i l a b i l i t y  Data Base (9) 

Vendors, u t i l  i t i e s ,  and i n d u s t r y  sources 

Review o f  e x i s t i n g  techn ica l  l i t e r a t u r e  

The f i r s t  p a r t  of t h i s  . sec t i on  b r i e f l y  describes t h e  major a t t r i b u t e s  o f  

each o f  these data sources. 

2.1 Evaluat ion of t h e  Data Sources 

Since none o f  these p o t e n t i a l  data sources were designed s p e c i f i c a l l y  

t o  p i n p o i n t  the  component causes of p l a n t  t rans ien ts ,  i t  i s  necessary t o  

evaluate each source f o r  i t s  a p p l i c a b i l i t y  t o  t h e  present  p r o j e c t .  The 

c r i t e r i a  o f  eva luat ion  are: 

a )  Completeness: Th is  r e f e r s  t o  the  r e l a t i v e  f r a c t i o n  o f  events 

conta ined i n  t h e  data base compared w i t h  t h e  

t o t a l  number o f  events which ' a c t u a l  l y  occurred 
' a t  each p l a n t  i n  t h e  data base f o r  each year 

i n c l  uded. 



b )  Accuracy: In some cases the data recorded in data f i l e s  

are incorrectly labeled or categorized and 
therefore bias the resul t s  unless each entry 
can be verif ied.  

c )  Level of &tail: The level of de ta i l  reported in each data entry 
varies considerably from plant to  plant and source 
to  source. The s ignif icant  features of the data 

we are interested i n  a re  the plant, the data, 
the component involved i f  applicable, and the 

f a i lu re  mode. I t  may also prove important to  
define the power level from which the transient 
occurred. 

Descriptions of Availabl e Data Sources 

2.2.1 SAI-EPRI ATWS Nuclear Plant Transient Event Data Base 

Selected u t i l i t i e s  were asked by EPRI t o  provide data concerning 
t ransients  experienced a t  the i r  plants. Based on the i n i t i a l  response, 
an expanded, continuing data collection e f f o r t  was in i t i a t ed  w i t h  cooper- 
ating u t i l i t i e s .  For each experienced t ransient  the following information 
was requested: 

1. Date of the scram 

2. A brief description of the scram sequence including the 
component fa i lure  type and f a i l u r e  mode 

3.  the plant mode and power level a t  the time of the scram 

4. The reactor s tatus  following the scram 

5. The type of scram 

The data were collected d i rec t ly  from the u t i l i t i e s  on forms such 
as shown i n  Table 2.1.. Direct communication was established with each 
plant to  c l a r i fy  the understanding of data items when necessary. These 
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data were used to  c lass i fy  and establ ish the frequency of broad categories 

of t ransients .  

Table 2.1. 

EX4hIPLE O F  B A S I C  DATA I N  EPRI TRANSIENT DATA BASE 

, . 
PLANT 

PRIOR TO SCRAM 

POWER 

S t a r t u p  
1 / 1 7 / 7 5  

1 2 5  
1 / 2 8 / 7 5  

127 I Run 1 3161 1 Shutdown 1 96 h o u r s  1 STI-27 I T r i p p e d  f o r  f u l l  l o a d  r e j e c t i o n  
2/11/75 scram.  I 

RATED POlJER 3293 MW(t1 EFFECTIVE IN-SERVICE DATE 8/28/74  

I I I I I I 

128 Ihn . 3293 ' Shutdown Uqnual  Shutdown due t o  f i r e  i n  c a b l e  t r a y s .  
. 

3/22/75 

REACTOR 
STATUS 

AFTER 
SCPA'I 

HO t 
S t a n d b y  

Shutdown 

Hot 
S t a n d b y  

H o t  
S t a n d b y  

H o t  
S t a n d b y  

Run 

These data a re  compiled to  s.upport an EPR1.-SAI stlidy on the frequency 

2173 

of anticipated t ransients  in nuclear reactors. They have been described by 
the NRC i n  NUREG-0460 ('2) as 

TIYE 
(1IR) 

1 0  h o u r s  

96 h o u r s  

9 h o u r s  

1 0  h o u r s  

1 0  h o u r s  

" the most extensive data on plant t ransients  available t o  the 
s t a f f  (providing) the best basis for  estimating the frequencym 
of anticipated t ransients  in nuclear power plants" 

As with any of the appl icabl e data sources , the reactor population 
a s  i t  ex is t s  today can on.ly suppor.t..a 1 imited s e t  of conclusions. Thirty- 

five of the nearly 70 operating l i g h t  water reactors a r e  presently i n  the 
EPRI-SAI data base. These include twenty-three (23) pressurized water 

TYPE OP SCRAM 

Rod Sequence  B 

IRY H i - H i  

H i - H i  F l u x  

T u r b i n e  t r i p  

R e a c t o r  low 
w a t e r  l e v e l  

BRIEF bBSCRIPTIO:4 OP SCRRY SEQUENCE- 
INCLUDE TIE ACTUAL INITIATOR OF 
THE SEQUENCE 

Scrammed m a n u a l l y  when c h a n g i n g  t o  
r o d  s e q u e n c e  '8'. 

R e l i e f  v a l v e  o p e n i n g  (PCV1-4) , 

c a u s i n g  emergency shutdown. 

The r e a c t o r  scrammed on  h i g h  f l u x  
when p r e s s u r e  s p i k e d  d u r i n g  a 
p e r i o d  when work was b e i n g  d o n e  on  
t h e  EHC. 

The  r e a c t o r  scrammed d u e  t o  a 
t u r b i n e  t r i p  which  was c a u s e d  by a '  . 
f a l s e  h i g h  w a t e r  l e v e l  s i g n a l  f r o =  
a f a u l t y  c i r c u i t  c a r d  i n  t h e  mois-  
t u r e  s e p a r a t o r  t r i p  l o g i c .  

C o n d e n s a t e  b o o s t  pumps t r i p p e d  on  
low s u c t i o n  p r e s s u r e  c a u s e d  by a 
problem w i t h  t h e  c o n d e n s a t e  deminer-  
a l i z e r .  



reactors and twelve (12) boiling water reactors.  Tables 2.2 and 2.3 give 
the fo l l  owing data for  each reactor.  

(1) name, 

(2) nuclear steam supply system vendor, 
(3 )  turbine - generator vendor, 

(4) u t i l i t y  operating the plant,  

(5) thermal ouput of the plant,  and 
(6) i n i t i a l  date of commercial operation. 

I t  i s  readily evident from these tables  tha t  the reactors i n  this 
data base encompass a var iety of designs and ages. The data a re  concen- 
trated i n  plants between three and ten years old. Only 1/7 of the plants 
are  more than ten years old. Therefore, the population i s  heavily biased 
toward young plants. There i s  a l so  a strong negative correlation between 
years of operating experience and plant s ize.  The oldest plants a r e  a l so  
the smallest plants. ,These trends are  i l l u s t r a t ed  in Figure 2.1. 

Since most of the current generation of plants have been custom 

designed to  u t i l i t y  specif icat ions,  i t  is  possible that  not a l l '  of the 
operating experience from these plants will  be direct ly  applicable t o  the 

larger ,  more standardized designs currently under construction. This 

suggests that  caution m u s t  be applied i n  extrapolating the r e su l t s  of any 
analysis to  other plant populations or extending operating experience 
beyond the in i t i a l  ten years of plant operation. 

2.2.2 Licensee Event Reports (LER) 

The NRC has computerized some of the abnormal occurence reports 

(AOR) and the licensee event reports (LER) so tha t  they can be sorted by 
predetermined classif icat ions.  Since nei ther  SCRAM'nor SHUTDOWN is one of 

the key words, a l l  the LER data m u s t  be searched by hand to  i so la t e  the plant 

t r ip s .  Furthermore, the completeness of the data i s  suspect because plants 



Table 2.2. PWRs i n  the EPRI-SAI Scram Data Base 

Date o f  
Reactor Turbine Power Commerci a1 

Uni t Name Vendor Vendor U t i l i t y  (MWT) Opera ti on 
Arkansas 1 B&W W Arkansas Power & L i g h t  2584 1 2/74 

Ca lver t  C l i f f s  1 C E GE Bal t imore Gas & E l e c t r i c  2570 5/75 

Ft.  Calhoun CE GE Omaha Pub l i c  Power D i s t r i c t  1500 9/73 
R.E. Ginna B&W W Rochester Gas & E l e c t r i c  1520 3/70 

Haddam Neck W W Connecticut Yankee 1825 11 68 
Ind ian Pt. 1 B&W W Consol ida ted Edison 615 10/62 
Ind ian Pt. 2 W W Consol i da ted  Edison 2758 8/73 
Kewaunee W W ~i sconsin Pub1 i c  Service Corp. 1721 6/74 
Maine Yankee CE W Maine Yankee 2440 12/72 
M i l  1 stone 2 C E GE Northeast U t i l i t i e s  2560 12/75 
Oconee 1 B&W GE Duke Power Co. 2568 12/73 
Oconee 2 B&W G E Duke Power Co. 2568 9/74 
Oconee 3 B&W GE Duke Power Co. 2568 . 12/74 
Pal i sades CE W Consumer Power Co. 2472 1/72 
P t .  Beach 1 W W W i  sconsin E l e c t r i c  Power Co. 1518 12/70 
P t .  Beach 2 W W Wisconsin Michigan Power Co. 1518 8/72 

H.B. Robinson W W Carol ina Power & L i g h t  Co. 2300 3/71 
San Onofre W W Southern C a l i f o r n i a  Edison Co. 1347 1/68 
Surry 1 W W V i r g i n i a  E l e c t r i c  Power Co. 2441 12/73 

Surry 2 W W V i r g i n i a  E l e c t r i c  Power Co. 244 1 5/73 

Three M i l e  I s l a n d  1 B&W G E Metropol i tan  Edi son Co. 2535 9/ 74 
Tro jan  W G E Por t land General E l e c t r i c  3423 5/76 
Yankee Rowe W W Yankee Atomic E l e c t r i c  Co. 600 1/61 



Table 2.3. BWRs i n  t he  EPRI-SAI Scram data Base 

Date o f  
,Reactor Turb ine Power Commerci a1 

U n i t  Name ' Vendor Vendor U t i l i t y  (MWT ) Operat ion 
Browns Fe r r y  1 G E GE Tennessee Val 1 ey A u t h o r i t y  3293 11/72 

Browns Fer ry  2 - GE . GE Tennessee Va l ley  A u t h o r i t y  3293 10/73 
Brunswick 2 G E GE C a r o l i n a P o w e r & L i g h t C o .  2436 11/75 

Cooper S t a t i o n  G E W NebraskaPubl icPowerDistr ic t  2381 7/ 74 
Duane Arno ld  G E GE Iowa E l e c t r i c  L i g h t  & Power Co. 1543 2/75 
Hatch 1 G E GE Georgia Power Co. 2436 1/76 
Humboldt Bay 3 G E GE P a c i f i c  Gas & E l e c t r i c  Co. 210 8/63 

M i l l s t o n e  1 G E GE Northeast  U t i l  i t i e s  2011 12/70 
Mont ice l  1 o GE . GE Northern States Powe,r Co. 1670 2/71 
Nine M i l e  Pt. G E GE Niagra Mohawk Power Co. 1850 10/69 

Oyster Creek G E GE Jersey Cent ra l  Power & L i g h t  1930 12/69 

Vermont Yankee G E GE Vermont Yankee Nuclear Power 1593 11/72 
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Figure 2.1. Comparison of Years of Operating 
Experience as  a Function of Plant 
Design Electrical Rating 



were not required to  report  a l l  scrams unt i l  1978. Therefore, LERs can 

only provide .background information f o r  events which are  known from other 

sources. The LER data f i l e ,  by i t s e l f , .  cannot be r e l i ed  on t o  provide an 

adequate assessment of causes of plant t r i p s .  The complete~computerized 

LER f i l e  was searched during t h i s  study, the resu l t s  were compiled, and 

the events cross checked to  determine i f  additional information beyond 

tha t  discussed in Section 2.2.1 could be obtained. There was l e s s  than 

. l% additional information which was added by t h i s  review process. 

2.2.3 Oak Ridge-Nuclear Safety Information Center (NSIC) 

The data available from NSIC i s  based upon Licensee Event Reports 

(LER) , Abnormal Occurrence Reports, and other avai 1 able data from u t i l  i t i e s  

and the NRC. Therefore, the level of d e t a i l ,  accuracy, and completeness i s  

s imilar  to  that  discussed above fo r  LER.  I t  i s  interest ing to  note tha t  

while some of the data a r e  redundant, there i s  a portion of the data which 

i s  unique to  each f i l e .  In addition, the NSIC data contain nearly 10,000 

events which can be sorted by "SCRAM (REAL)" and "SCRAM (SPURIOUS)" f o r  

PWR and BWR populations, and by data. This sorting makes the job of 

comparison with other data sources much easier .  However, these key words 

were not added to the system until  1976. 

Because of the s imi lar i ty  between LER information and the NSIC f i l e ,  

and because of the lack of a b i l i t y  to  search on "SCRAMS" prior  to  1976, 

the NSIC f i l e  was not used extensively. 

2.2.4 Nuclear Power Re1 iab i l  i t y  Data System (MPRDS) 

The data available i n  NPRDS a r e  only fo r  safety-related equipment. 

Therefore the plant t ransients  due t o  non-safety related equipment a re  not 

necessarily included. In addition, since NPRDS did not become operational 

until  1974-75 and as yet  only a few plants a re  reporting operational events 

and f a i lu res  into the system, the amount of useful data i s  qui te  1 imited. 



I t  i s  important to  note tha t  there has been no attempt to  codify the oper- 
ating data pr ior  to  each p lan t ' s  i n i t i a l  reporting date.  Therefore, vir tu-  
a l l y  a l l  data a re  from 1975 and l a t e r  and only for  the few plants which are  

participating. 

I f  a large percentage o f .p l an t s  par t ic ipate  in t h i s  system and accum- 

ulate  a s ignif icant  number of years of operating experience, the system 

will become qui te  useful i n  the safety evaluation of nuclear power plants. 

1 2.2.5 Operating Units Status Reports (OUSR) Gray Books - NUREG-0020 

The "Gray Books" were f i r s t  pub1 ished in May 1974. They contain 

information on both safety-related incidents and events affect ing plant 

availabil  i ty.  In general , the Gray Books are  meant to  contain a nearly 

complete compilation of .the scrams which have occurred a t  each plant and the 

data of occurrence. However, SAI's experience with t h i s  source i s  t ha t  the 

accuracy of the data may be marginal due to  the lack of ver if icat ion of the 

event descriptions. In addition, there i s  a small percentage of the events 

(-10%) which a re  incorrectly reported or not reported a t  a l l .  Also, the 

level of detai l  i s  severely lacking in a large portion of the reported scram: 

so tha t  the .related component and the f a i l u r e  mode would be impossible to  
ident i fy.  The completen$ss of t h i s  source i s  adequate, subject t o  the above 

problems, since the hig'hest frequency scram inciden.ts a re  reported; .however., 

only data from 1974 through the present a re  available.  On the whole, the Gr 
Books 0 f f e r . a  source of data to  augment other sources, .especially since 1978 

when the format was s l igh t ly  changed, and the level of de ta i l  and accuracy 

ap,pear to  have improved significantly, .  In f a c t ,  t h i s  may be the only source 

of very recent data since other data f i l e s  have a backlog.which will not be 

.factored into the data system when the search of the f i l e  i s  made. 



2.2.6 Edison Electr ic  Ins t i tu t e  

The.EEI data system covers steam, internal combustion, and hydro- 
e l e c t r i c  plants. I t  contains information about availabil  i t y ,  capacity fac tor ,  
and other r e l i a b i l i t y  measurements. I t  a lso contains descriptive infor- 

mation on units and major components and reports of u n i t  outages. A recent 
EPRI study ( I 3 )  draws the following conclusions about the EEI data base: 

(1) I t  has a large number of omissions and inaccuracies. 

(2) The cause codes fo r  outage do not allow fo r  enough de ta i l  
to  accurately determine the cause of scram. 

(3) , Comparisons of EEI data w i t h  the NRC Gray Books do not 
show much overlap. 

2.3 Assessment of Plant Transient Data Base 

The principal conclusions from our evaluation of these data sources 
are:  

(1) S t a t i s t i c a l l y  s igni f icant  resu l t s  may not be possible because 

of 1 imi ted data. 

(2) The majority of the data a re  representative o f  the ear ly years 
of the present product l ines .  

( 3 )  Due to differences in reporting practices,  there i s  a consid- 
erable var iat ion between reports from di f ferent  plants. 

4 Differences i n  the objectives,  time of i n i t i a t i o n ,  and the . 

reporting f0rma.t lead t o  differences in the content between 
data sources. 

Even though several hundred reactor-years of operation have been 
recorded, the fac t  t ha t  approximately ten scrams occur per reactor-year 

implies that  only a few thousand scrams have'occured. Since these scrams 
are.spread over a diverse s e t  of systems and reactor designs, the number of 



scrams a t t r i b u t e d  t o  a  p a r t i c u l a r  component i s  general l y  1  ow. Therefore, 

w i t h  the  except ion o f  t he  most f requen t  t rans ien ts  i t  i s  d i f f  i c u l  t t o  

i so la te ,  w i t h  h i g h  conf idence, t he  component o r  system and t h e  r o o t  cause 

u l t i m a t e l y  respons ib le  f o r  the  scram. I n  add i t i on ,  the  evol  u ' t ion  o f  r e a c t o r  

designs has been such t h a t  the  present  product  1  ines  have o n l y  been i n  

ex is tence f o r  a  few years. Since these p l a n t s  a re  a l s o  the  most numerous,, 

the m a j o r i t y  o f  t h e  a v a i l a b l e  data i s  appl i c a b l e  t o  the  i n f a n t  mor ta l  i t y  

p o r t i o n -  o f  t he  f a i l u r e  r a t e  curve  f o r  t he  present  generat ion of p l a n t s .  

Another major problem 1  i e s  i n  t he  v a r i a b i l  i t y  o f  data f rom p l a n t  t o  

p lan t .  I n  some cases, s i g n i f i c a n t  d i f f e r e n c e s  i n  repo r ted  performance 

between s i m i l a r  p l a n t s  can be t raced  t o  design o r  ope ra t i ng  d i f f e r e n c e s .  

I n  many instances, t he  v a r i a t i o n  i n  repo r ted  performance i s  s imp ly  due t o  

m i s i n t e r p r e t a t i o n s  o r  e r r o r s  on the  p a r t  o f  the r e p o r t i n g  o rgan iza t i on .  It 

i s  a  noteworthy f a c t  t h a t  some o rgan iza t i ons  a re  c o n s i s t e n t l y  more' d i l  i g e n t  

than others i n  compil i n g  and d isseminat ing  in fo rmat ion  o f  h i g h  qua1 i ty. 

To a1 1  e v i a t e  some o f  the .  problems discussed abov,e, i t  i s  judged t h a t  

a  ca re fu l  a n a l y s i s  u t i l i z i n g  a l i m i t e d  b u t  rep resen ta t i ve  sample o f  p l a n t s  

i s  more 1  i k e l y  t o  y i e l  d  meaningful  r e s u l  t s  than a  1  ess thorough study i n c o r -  

po ra t i ng  the  e n t i r e  popu la t i on  o f  ope ra t i ng  un i t s .  Since t h e  EPRI-SA.1 ATWS 

data base was developed s p e c i f i c a l l y  t o  i n v e s t i g a t e  r e a c t o r  scrams and i s  

complete f o r  t he  p l a n t s  considered, i t  was se lec ted  as t h e  bas i c  source of 

data f o r  the  study. Supplementary data a r e  being . taken f rom the  NRC Gray 

. Books. I n  f a c t ,  t he  m a j o r i t y  o f  the  data f o r  1.977-1978 a r e  prov ided by t h e  

Gray Books. i 



3.0 CAUSES OF :REACTOR SCRAMS 

3.1 Analysis of the Data 

- The present .study of the selected data involves the following four 
tasks : 

(1) Identify the root cause of each scram. 

( 2 )  Attr ibute  the root cause of each scram to  one c lass  
of components, plant system, or human error .  

( 3 )  Pr io r i t i ze  the components leading t o  scram by f r e -  
quency. 

(4)  Analyze the number of scrams within each system as a 
function of plant age and calendar year. 

The remainder of t h i s  subsection discusses how each of these items was handled. 

The f i r s t  task.consists of identifying the root cause of each scram 
by carefully examining the t ex t  t ha t  describes the plant conditions leading 
t o  the scram. In some cases the descriptions were ambiguous and' engineering 
judgment was u t i l i zed  t o  infer  a reason fo r  ' the  scram. In the development 
of th i s  analysis and reduction of avai lable  data,  a l l  the scrams related to  
a component were defined as  being a t t r ibuted  t o  tha t  component, whether i t  

was a component f a i l u r e ,  malfunction o r  spurious operation. 

Whenever possible, contributors ( t o  the root cause) such as  human 
error  or -  faul ty  maintenance have also been ident i f ied.  For example, i n  some 
cases human error  i s  the root cause, while in other cases human e r ro r  may 
contribute t o  the cause. In order t o  fur ther  c l a r i f y  the d is t inc t ion  between 

, a root cause and a contributor,  consider the Venn diagram in Figure 3.1. Each 

rectangular region corresponds t o  one cause f o r  scram. In t h i s  f igure,  ten 

causes for  scram have been used for  i l l u s t r a t i o n .  Let us suppose tha t  

Region 1 represents human e r ro r ,  while the other nine regions correspond to  
various components or systems. The area of each of these ten regions is  



proportional t o  the r e l a t i v e  frequency with which t he  corresponding system 
o r  component causes the  scram. The area ,  A ,  enclosed by the dashed l i n e s  
represents a contr ibutor  t o  scram. In t h i s  i l l u s t r a t i o n  the  region A 

represents human e r r o r  a s  a contributing cause t o  scram. Hence area A 
includes a l l  of region 1 because when human e r r o r . i s  a basic cause of scram, 
i t  must a l so  be a con t r ibu tor .  As shown in  t he  f i gu re ,  area A a l s o  overlaps 
several component areas .  Again the  amount of overlapped area i s  proportional 
t o  the frequency of human e r r o r  a s  a .contr i .but ing cause t o  each of the com- 

ponent-related scrams. 

*Region 1 represents  human e r r o r  as  the roo t  cause t o  the  scram. 
Area A represents  human e r r o r  as  a contr ibutor  t o  the  scram. 

Figure 3.1 Human Error a s  a Root Cause 
and a Contributor t o  Scram 



After the primary cause of .each scram has been ident i f ied ,  the causes 

a re  grouped into classes such a s  a- par t icu lar  plant system, a c lass  of com- 

&, pon,ents, o r  human error .  The def in i t ion  of these classes  posed a ' d i f f i c u l t  

problem. If  a very detailed c l a s s i f i ca t ion  scheme i s  used, the number of 

scrqms at t r ibuted t o  each class  will  l ike ly  be quite small, and the s t a t i s t i c a l  

fluctuations may dominate. On the, other hand, def ini t ions which encompass a 

large variety of components will tend to  lose valuable d e t a i l s  of the informa- 

tion. Although the c lass i f ica t ion  scheme used in t h i s  study i s  somewhat a rb i -  

t ra ry ,  i t  does attempt to  s t r i k e  a compromise between these two extremes. 

The f i r s t  c lass i f ica t ion  recognizes the f a c t  t ha t  design differences 

between boi 1 ing water reactors' (BWRs ) and pressurized water reactors (PWRs) 

may lead t o  d is t inc t ly  d i f fe rent  causes f o r  reactor scram. Thus the c l a s s i f i -  

cation scheme for  the BWR d i f f e r s  from tha t  of the PWR. However, within the 

BWR and PWR c lass ,  detailed design differences such a s . s i z e  or plant safety 

requirements are  ignored. In other  words, the major r e su l t s  a re  intended to  
be representative of a generic PWR o r  BWR. Variation in the cause of scrams 

within a given class  of reactors was assessed by examining the bounding problem 

of nearly identical units (Babcock and Wilcox PWR) ins ta l led  a t  d i f fe rent  

s i t e s  (see Section 4 ) .  

In addition t o  determining the re la t ive  contribution o'f each system 

t o  the to ta l  number of scrams, i t  i s  a l so  useful t o  know the time-dependence 

of the re la t ive  contributions of each system. Analysis based on plant age as 

well as calendar year have been performed. The r e su l t s  of these analyses can 

be expressed symbolically by the function f i  ( t  , T o )  The subscript i  indicates 

the i th s ~ s t e m ,  while the variable To represents the date when the plant began 

commerci a1 operation. Thus f i  ( t  ,To) i s  the average scram r a t e  a t t r ibuted  to  
t h the i -system. In rea l i ty ,  large variat ions may e x i s t  between the f i  of d i f -  

ferent  plants due to pl ant-speci f i c  items such as s i t i n g ,  maintenance schedules, 

operator t ra ining,  and specif ic  component vendors and/or grades of components 

used. 

Figure 3 shows as a function of time a hypothetical f i ( t , T o )  function. 

The "bathtub" shape of t h i s  curve i s  typical of component f a i l u r e  ra tes  as  a 

function of age ( t - T o )  Eary i n  the l i fe t ime of a system or  component, there 



i s  a large number of f a i lu res  due t o  fau l ty  operations or manufacturing 

defects such as  poor e lec t r ica l  insulat ion,  weak par t s ,  bad assembly, and 

poor f i t s .  During the middle period of equipment operation, an equilibrium 
stage i s  reached in which fewer fa i lures  take place because the "bugsu have 

been worked out of the system and few parts  a re  wearing out. In general , 
they seem t o  occur when the environmental s t resses  exceed,the design strengths 

of the part  or equipment, or when preventive maintenance a c t i v i t i e s  adversely 

a f f ec t  t h e i r  operation. Since i t  i s  d i f f i c u l t  t o  predict  the environmental- 

s t r e s s  amp1 i tudes or  the part  strengths as deterministic functions of time, 

these middle-li'fe f a i lu res  a re  often called random fa i lu res .  As the item 
reaches old age, things begin t o  deter iorate ,  and many fa i lu res  occur. This 
f a i l u r e  .region i s  qui te  naturally called the wearout region. 

J 
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Figure 3.1 Typical Failure Rate Curve 



When o n l y  one p l a n t  i s  involved,  i t  makes no d i f f e rence  whether the  

data are p l o t t e d  as a  f u n c t i o n  o f  p l a n t  age o r  calendar t ime,  because one i s  

s imply a l i n e a r  t r a n s l a t i o n  o f  t h e  o the r  by an amount To. On the o the r  hand, 

i f  several p l a n t s  w i t h  d i f f e r e n t  T  a re  involved,  i t  i s  g e n e r a l l y  more meaning- 
0  

f u l  t o  normalize t h e  data as a  f u n c t i o n  o f  p l a n t  age r a t h e r  than calendar t ime 

t o  d i sp lay  any apparent e f f e c t s . c o n s i s t e n t l y .  . . 

3.2 Summary of Scram Populat ion 

The data  f o r  t h i s  r e p o r t  a re  taken from a popu la t i on  of t h i r t y - f i v e  

LWRs, a l l  of which d i f f e r  apprec iab ly  i n  s ize ,  design, and age. Appendix A 

provides a  graph ica l  ' d i s p l a y  o f  t he  number o f  scrams per opera t i ng  year  as a  

func t ion  of p l a n t  age, w i t h  the  frequency ad jus ted t o  r e f l e c t  p l a n t  a v a i l a b i l  it) 

The t o t a l  number of scrams considered i n  t h i s  ana lys i s  i s  1918, d i s t r i b u t e d  

among the  t h i r t y - f i v e  LWRs. Because o f  t h e  wide d i v e r s i t y  i n  t h e  p lan ts ,  it. 

i s  important  t o  app ly  t h e  data  c a r e f u l l y ,  recogn iz ing  t h a t  they  . represent  a  : 

l i m i t e d  sample o f  custom-designed p l a n t s  which have.been t r e a t e d  as a  homo- 

geneous quan t i t y .  Therefore, whi l e  we have 'chosen t o  c a l l  our  popu la t i on  

"homogeneous" by n e g l e c t i n g  the  e f f e c t s  o f  s i z e  and d e t a i l e d  design features. 

The ana lys i s  performed here i s  based upon data  f rom t h e  i n i t i a l  

seven years o f  p l a n t  operat ion '  ( l e s s  than o n e - f i f t h  o f  t h e  p r o j e c t e d  p l a n t  

l i f e . )  
. .  

I n  o rde r  t o  p rov ide  a  perspect ive  on t h i  s  popu la t i on  o f  r e a c t o r s  

and the scrams which occur, F igure  '3.2 g r a p h i c a l l y  d i sp lays  -a1 1 t h e  data of 

Appendix A f o r  t h e  PWRs , BWRs , and a1 1  LWRs, averaged . together .  The h i  stogram 

i n  Figure 3.2 was const ruc ted by t a k i n g  t h e  t o t a l  number o f  scrams a t  each 

reac to r  age and d i v i d i n g  by t h e  t o t a l  years  those reac to rs  were a v a i l a b l e  t o  

scram. For the  ith p l a n t  dur ing  the  jth year  o f  c o ~ ~ ~ ~ n e r c i a l  operat ion,  l e t  

si and ai be t h e  number o f  scrams and t h e  avai l a b i l  ity r e s p e c t i v e l y .  Then 
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Figure 3 . 2  Summary of LWR Scram Frequency 
(Scrams per Available Reactor Year) 
As a Function o'f Plant Age 

(Note: Frequency i s  calculated based upon the time the plant 
was available t o  .operate, not upon the to ta l  calendar year . )  



i s  t h e  he igh t  o f  t he  jth bar.  Th is  v a r i a b l e  normal i zes  the  number o f  scrams 

t o  the  amount o f  t i m e d u r i n g  which a  scram was poss ib le .  This e l im ina tes  

f l u c t u a t i o n s  i n  t h e  number of scrarns due t o  l ong  downtimes such as occurred 

a t  Browns Fer ry  1 and .2, San Onof re, I n d i a n  P o i n t  1, and Humbol d t  Bay. The 

histograms i n  Appendi'x A  a r e  obta ined .by p l o t t i n g  

where Ni i s  t he  number o f  years t h e  ith p l a n t  has been i n  commercial opera- 

t i o n ,  and the  symbols sij and aij have t h e  same meaning as i n  Equation (3.1). 

One way t o  summarize t h e  data c o l l e c t e d  on p l a n t  t rans ien ts  f o r  an 

overview i s  t o  c a l c u l a t e  the  frequency o f  p l a n t  t r i p s  per  reac to r  year. Th is  

type o f  comparison w i l l  y i e l d  an es t imate  o f  t he  number o f  demands per  year  

imposed on a  " t y p i c a l "  p l a n t  f o r  decay heat  removal opera t ion .  It i s  approp- 

r i a t e  t o  i d e n t i f y  a  value f o r  scram frequency f o r  a l l  p l a n t  years represented 

and, i n  add i t i on ,  f o r  a l l  p l a n t  years minus t h e  i n i t i a l  two years. Th is  i s  

an attempt t o  est imate t h e  expected p l a n t  t r i p  frequency t y p i c a l ,  o f  a  "mature" 

p l a n t .  The p l a n t  t r i p  data a r e  d isp layed i n  Table 3.1 .; 



Table 3.1 Comparison of Scram Frequency Based Upon the  
EPRI Data Fi l e  f o r  Scrams from A1 1 Power Level s 

(Note:-'These frequency es t imates  do not con- 
s ider  the  plant  a v a i l a b i l i t y  during t h e  year.  ) 

For a . reactor which i s  beyond i t s  f i r s t  refuel ing,  the  di f ference 

i n  scram frequency, when one considers only the  calendar ' t ime f o r  which the 

p lan t  i s  ava i lab le  t o  operate,  i s  as  follows: 

Case A . Case B 
(Use ava i l ab l e  calendar time - 

(Use t o t a l  calendar year)  - 72% ava i l ab l e )  

5.6 7.8 

. . 

Total No. of Plant 
Trips per Year 
(Includes a1 1 Years) 

No. of Plant  Trips 
per Year in  a Mature 
Plant  ( includes a l l  
years.  past the  i n i -  
t i a l  two years )  

- 
Frequency (Tri  ps/Year) 

PWR 

8 . 3  

5.6 

BWR 

8.6 

5.6 

LWR 

8.4 



Before proceeding t o  the  p resen ta t i on  o f  these data, t he  reader 

I - 
i s  reminded t h a t  any conclusions drawn f rom these data  must recognize t h a t  

they  a r e  based on opera t i ng  experience and t h a t  h i s t o r i c a l  t rends may n o t  

be s u i t a b l e  f o r  p r e d i c t i n g  f u t u r e  scram ra tes .  Items such as 

1  ) bas i c  design d i f f e rences  

2 )  increase ( o r  decreases) i n  t h e  frequency of sur-  

v e i l l a n c e  o r  maintenance on safety systems 

3)  improvements i n  opera tor  o r  maintenance procedures . 

w i l l  have s i g n i f i c a n t  impact on t h e  scram r a t e s .  

It i s  judged t h a t  t he  areas suggested i n  t h i s  r e p o r t  where reduct ions  

i n  t h e  number o f  scrams can be achieved are  a p p l i c a b l e  t o  t h e  c u r r e n t  populat ion 

o f  p l a n t s  and t o  those t o  be const ruc ted i n  t h e  near f u t u r e .  However, t h e  data 

are  n o t  necessar i l y  applic.able t o '  p l a n t  ope ra t i on  beyond ' t e n  years ( i  e .  , from 

t e n  t o  f o r t y  o f  p l a n t  opera t ion) .  

3.3 Ranking o f  'Pr inc ipa l  Causes o f  Scram,s 

The p r i n c i p a l  o b j e c t i v e .  o f  t h i s  s tudy i s  t h e  i d e n t i f i c a t i o n  o f  the  

component causes o f  scrams coupled w i t h  suggest ions o f  p o t e n t i a l  f i x e s  which 

cou ld  be app l i ed  t o  reduce the  frequency 'of t h e  major c o n t r i b u t o r s .  The pur- 
4 

pose o f  t h i s  s e c t i o n  i s  t o  present  t h e  scram data f rbm t h e  35 LWRsand rank 
. .  . . . 

t h e  p r i n c i p a l  causes o f  scrams by r e l a t e d  component. As discussed i n  Sec- 

t i o n  3.1, t h e  ana lys i s  i s  d i v ided  g e n e r i c a l l y  i n t o  BWRs and PWRs. It must be 

noted t h a t  t he  component f a i l u r e  cause ' i s  u n c e r t a i n  f o r m a n y  scrams, as the  
" 

r o o t  cause, o f  scram i s  unknown o r  ambiguously described. Therefore, t he re  i s  

some p o t e n t i a l  v a r i a t i o n  i n  t h e  r a n k i n g s ' i n  Table 3.1 i f  b e t t e r  r e p o r t i n g  

were ava i l ab le .  The number o f  com~onent  f a i l u r e s  i s  based on eva luat ions  of 

each of t he  i n d i v i d u a l  r e p o r t s ( 7 )  from the  u t i l i t i e s  associated w i t h  each 

o f  t h e  p l a n t s  o r  f rom the NRC Gray Books. (10)  
. . . . 

. . 



3.3.1 Ranking o f  the Pr inc ipa l  Causes of.Scrams i n  PWRs 
I 

The scram data f o r  PWRs i s  summarized i n  Table 3.2 by system and 

I by component w i t h i n  each system. Each scram i s  presented i n  the calendar 

I year i n  which i t  occurred., 'This t ab l e  o f  scram data provides the best  one- 

I page synopsis of t he  PWR causes of scram. Based upon t h i s  t ab l e  and some 

I add i t i ona l  in format ion,  the causes o f  PWR scram can be ranked t o  demonstrate 

I where the  major problem areas may be. F igure  3.3 i s  one such method o f  ranking 

I these causes. Figure 3.3 i s  a  histogram i n d i c a t i n g  t h e  s p e c i f i c  components 

I t h a t  have been d i r e c t l y  invo lved i n  causing PWR scrams. However, there  a re  

I o ther  ways o f  d i sp l ay i ng  the data t h a t  may add another perspect ive t o  the 

causes o f  PWR scrams. 

I n  Figure 3.3, each o f  the scrams i s  a t t r i b u t e d  (as near l y  as can be) 

I t o  the  s p e c i f i c  component most c l ose l y . i nvo l ved  i n  causing the reac to r  scram. 

If, on t h e  o ther  hand, a1 1  generic components a re  1  umped together (e.g. , pumps, 

values, ins t rumentat ion and con t ro l ) ,  one f i n d s  a  s l i g h t l y  d i f f e r e n t  order ing 

- o f  components as shown i n  :Table 3.3. Here, a l l  p l a n t  con t ro l  and instrumen- 

t a t i o n  has been placed i n  a  s i ng l e  category, and t h i s  category becomes the 

dominant con t r i bu to r  t o  reac to r  scrams. I n  add i t i on ,  there. i s  a  l a r g e  f rac-  

t i o n  o f  scrams caused by disturbances i n  the p l a n t  e l e c t r i c a l  system. As the 

category i s  t r ea ted  here, the e l e c t r i c a l  problems can be e i t h e r  .outside the 

p l a n t  ( o f f - s i  t e  power) o r  problems on major e l e c t r i c a l  buses o r  l o c a l  component 

e l e c t r i c a l  problems (e.g., breakers). 

Previous e f f o r t s  have not i d e n t i f i e d  the top  two i tems. as major con- 

tri butors  t o  p l a n t  outages. Therefore, these prob l  ems can be character ized 

i n  general as shor t -dura t ion outages bu t  o f  a  f requent  nature  and lead ing t o  

r eac to r  scrams. . 

Notably absent from Table 3.3 a re  those scrams r e l a t e d  

d i r e c t l y  o r  i n d i r e c t l y  t o  human e r r o r  o r  f a u l t y  procedures (e.g., t e s t  o r  

maintenance). One o f  the p r i n c i p a l  f i nd i ngs  of t h i s  ana lys is  i s  t h a t  wh i le  

a  s p e c i f i c  component i s  invo lved i n  v i r t u a l l y  a l l  o f  t he  scrams, the re  i s  a  

l a r g e  percentage o f  the repor ted scrams which are  i n  some way a t t r i b u t a b l e  t o  



T a b l e  3.2 

CAUSES O F  SCRAMS IN PRESSURIZED WATER REACTORS BY SYSTEMS AND COMPONENTS 

*From 1963-1969, AC power as a cause o f  scram was n o t  f u r t h e r  broken down. 
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SYSTEM AND CWONEK~ 

I- TURBINE-GENERATOR SET 

Turbine Overspeed 
Turbine Valve 
Turbine Mechanical 
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Other 

TOTAL 
11. FEEOWATER/CONDENSATE SYSTEM 
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TOTAL 
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Table 3.3 Summary of Generic Component 
. . Causes f o r  PWR Scrams 

Rank Component Type # Fai lures  % of PWR Scrams 

1 Control & I n s t r .  400 32 

2 E lec t r i ca l  186 15 

3 Va 1 ves 140 11 

4 Pumps 126 10 

5 C R D  8 6 7 
6 Turbi ne 68. 5 

7 Genera t o r  40 3 

' a human e r r o r  o r  f a u l t y  procedure. For PWRs, the  number of scrams t h a t  can 

be re la ted t o  human e r r o r  o r  f au l t y  procedures i s  approximately 13%. This 
places human e r r o r  a s  one of the  top t h r ee  contr ibutors  t o  scrams. In addi t ion,  
i t  i s  f e l t  t h a t  even t h i s  es t imate  may be understated, s ince  some u t i l i t i e s  

a re  not e x p l i c i t  i n  t h e i r  i den t i f i c a t i on  of scrams r e l a t ed  t o  operator  e r ro r .  

While the category of human e r r o r  o r  f a u l t y  procedure pervades a l l  components, 

there appears t o  be a strong re la t ionsh ip  between I&C and human e r r o r s  t h a t  
lead t o  scram. Therefore, the  principal  component c l a s s i f i c a t i o n  i n  which the 

human e r ro r s  show up a s  a con t r ibu t ing  cause i s  in the  I&C-related area .  

3.3.2 Ranking of the- .Pr incipal  Causes of Scrams i n  BWRs 

The format f o r  the  BWR data i s  s imi la r  t o  t h a t  presented f o r  PWRs i n  

Section 3.3.1. The BWR scram data  i s  summarized in  Table 3.4 by system, and 

by component w i t h i n  each system. The data a r e  presented by calendar year .  

Table 3.4 provides t he  best  one-page summary of the BWR scram data  and t h e i r  

causes. Knowing t h i s  information, t he  causes of BWR scram can be ranked t o  

highlight  the  pr incipal  problem areas .  Figure 3.4 i s  a graphical d isplay 

ranking the  major causes of BWR scrams. 



T a b l e  3.4 

CAUSES OF SCRAMS I N  BOILING WATER REACTORS BY'SYSTEMS AND COMPONENTS 

SYSTEM AND COMPONENT 

TURBINE-GENERATOR SET 

Turbine'Overspeed . 
T h r o t t l e  Valves 

Control  
Bypass 
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Other 

Turbine Mechanical 
b i s t u r e  Separator Drain Tank 
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TOTAL 
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As in  the case of PWRs, instrumentation and control i s  a1 so the 

most,frequent contributor t o  scram in BWRs. However, i t s  re la t ive  contribu- 

t ion i s  considerably greater  (32 vs 20 percent). If a l l  generic components 

a re  1 umped together (e .  g . ,  pumps, valves, instrumentation and control ) , a 

s l igh t ly  d i f fe rent  ranking i s  obtained. The fract ion of valve- and pump- 

related scrams i s  somewhat greater in BWRs than in PWRs. On the other 

hand, the percentage of the e lec t r ica l  fa i lures  leading t o  scram i s  l e s s  f o r  

BWRs .than PWRs. 

~ab le - .3 .5  Rankings of Principal BUR Scrams 
by Generic Component Type 

3.3.3 Results and Conclusions 

The average number of scrams per year in  a mature LWR i s  approxi- 

mately f ive.  PWRs and BWRs have nearly the same overall average frequency of ' 

scrams. The major component f a i lu re  causes of scram can be at t r ibuted to  . . 

control and instrumentation f a i l  ures (-2042%) . Other s ignif icant  component 
causes include e l ec t r i ca l  component f a i lu res ,  valve f a i lu res ,  pump f a i lu res ,  

AC e lectr ical  probl ems, control rod drive probl ems, turbine and generator 

fa i  1 ures . 

The following items summarize the scram data presented in the section: 
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' 1 )  Control and instrumentation in general i s  the 
major cause of scram i n  'both BWRs and PWRs. The 
fa i lure  modes and causes associated w i t h  these ' 

fa i lures  have not been reported for  the most part .  

2 )  Turbine valve problems a r e  a major cause of scram 
in BWRs. Many of these scrams take place during 
test ing of the valves. 

3 )  Reactor t r i p  due to  reactor  instrument fa i lures  
i s  a major cause of scram i n  both PWRs and BWRs. 

4 )  AC power component f a i lu res  a re  a major cause of 
scram in both PWRs and BWRs. These components 
range from switchyard f a i lu res  and loss  of off-  
s i t e  power t o  open breakers. and indi vidual motor 
control center f a i  1 ures. 

5) MSIV closures a re  a major cause of BWR scrams and 
a s ignif icant  cause of PWR scrams. Solenoid valve 
fa i lures  and a i r  supply leakages a re  leading causes 
of MSIV closures. 

6) CRD problems are  a major cause of PWR scrams and a 
s ignif icant  cause of BWR scrams. Seal leakage and 
control rod drops are  the  leading f a i lu re  modes of 
C R D  problems. 

7 )  Feedwater pump fa i lu res  a re  a major cause of both 
BWR and PWR scrams. Both feedwater and condensate 
booster pumps are  l i ke ly  to  f a i l ,  causing scram in 
BWRs. For the most pa r t ,  f a i lu re  modes and causes 
of feedwater pump f a i l u r e  were not reported. 

8 )  Steam generator control f a i l u r e  a t  low power level 
i s  a major cause of scram in PWRs. The cause of 

low or  high steam generator t r i p  has generally not 
been reported. 



9) Human e r r o r  has no t  been reported t o  be a major 

cause o f  scram i n  both BWRs and PWRs. However, care- 

f u l  review o f  the scram data, de ta i led  inves t iga t ion ,  

and some engineering judgment ind ica te  i t  t o  be a 

major cause, (see Section 3.4). 

10) Reporting o f  scrams has been incomplete and genera l ly  

does no t  lend i t s e l f  t o  the prec ise determinat ion o f  

the  r oo t  cause of scrams. 

3.4 Trend o f  Scrams as a  Function o f  P lant  Age 

The overal.1 t rend o f  scrams as a  funct ion o f  p l an t  age (see Figure 

3.2) i s  a  useful  piece o f  informat ion.  However, these may be unique var ia t ions 

o f  the scram r a t e  f o r  i nd iv idua l  p lants  o r  f o r  d i f f e r e n t  systems w i t h i n  the 

p lan t .  Appendix A gives a  graphical  summary o f  the scram r a t e  by p lan t  f o r  

each PWR and BWR i n  our sample populat ion.  The fol ' lowing discussion i s  aimed 

a t  determining whether breakdowns by system o r  component w i l l  i nd i ca te  d i f -  

ferences i n  trends; t h a t  i s ,  

a)  Are there ea r l y  wearout phenomena occurr ing i n  

some systems : 
. . 

b)  ' I s  there a  learn ing curve associated w i t h  c e r t a i n  

sys terns? 

c )  I s  there a  constant scram r a t e  associated w i t h  

each system? 

Before proceeding, one note o f  caut ion invo lved i n  descr ib ing events as a  

funct ion o f  p lan t  age i s ,  f o r  example, the po ten t i a l  f o r  i d e n t i f y i n g  a  com- 

ponent f a i l u r e  as occurr ing i n  the  f i f t e e n t h  year o f  p l a n t  operation, when 

i n  fac t  the  component had been replaced i n  the four teenth,year .  I n  t h i s  

example, the component f a i l u r e  a c t u a l l y  occurs dur ing the f i r s t  year o f  component 

operat ion ( i  .e., " i n f an t  mortal i t y " ) .  This i s  indeed a hazard i n  thds approach, . 

s ince the data are inadequate t o  i d e n t i f y  such replacements. However, the 

ne t  resu l t 'wou ld  be t o  overestimate the random f a i l u r e  r a t e  o f  a  component 

and t o  underestimate the i n f a n t  m o r t a l i t y .  I n  addi t ion,  since the ava i lab le  

data e f f e c t i v e l y  cover on ly  about e i g h t  years o f  p l a n t  operation, there are 



. r e l a t i v e l y  few i 'nstances o f  major replacements t h a t  cause subsequent prob- 

I lems unless i t  i s  a case o f  a chron ic  problem o f  a c e r t a i n  p l a n t .  The purpose 

o f  t h i s  type o f  ana lys i s  i s  t o  uncover any s t r i k i n g  t rends t h a t  might be a t t r i b  

u t e d t o :  

a )  Systematic t rends i n  a l l  p l a n t s  f o r  a l l  components 

b) T r a i n i n g  o f  personnel : t h i s  may be c r u c i a l  t o  the  

cause o f  " i n f a n t  . m o r t a l i t y "  i f  inexper ience i s  a 

r o o t  cause o f  these e a r l y  p l a n t  component f a i  1 ures. 

3.4.1 Trends i n  Scrams f o r  PWRs 

~ The t o t a l  scram r a t e  determined f o r  an "average" PWR as a f u n c t i o n  

of p l a n t  age i s  g iven i n  F igure  3.6. Note t h a t  t he  p l a n t  a v a i l a b i l i t y  has n o t  
I been fac to red  i n t o  t h i s  f i g u r e .  The i n t e n t  o f  t h i s  f i g u r e  i s  t o  present  t h e  
I average t r e n d  o f  t he  PWR pbpu la t i on  sampled i n  t h i s  r e p o r t .  Th is  o v e r a l l  t rend  

then serves as a base l ine  t o  compare t h e  t rends t h a t  a r e  developed f o r  i n d i -  
I 

v i dua l  system o r  component types. 

F igure  3.7 shows t h e  s p e c i f i c  t rends o f  scrams r e l a t e d  t o  major 

systems as a f u n c t i o n  o f  p l a n t  age. The f o l l o w i n g  d i scuss ion  p o i n t s  ou t  t h e  

nature  o f  these t rends and t h e  assumptions used t o  c o n s t r u c t  t h e  f i gu res .  

Steam Generator Level Contro l  : One o f  t h e  d i f f i c u l t  tasks  invo lved 

i n  opera t i ng  a PWR i s  t h e  proper c o n t r o l  o f  t h e  steam generator 

l e v e l  t o  avo id  t h e  f o l l o w i n g :  

a)  Low water l e v e l s  which may lead  t o  excessive fube 

d r y o u t  and unacceptable s t resses on t h e  tubes 

b )  High water l e v e l s  which may l e a d  t o  mo is tu re  

car ryover  i n t o  the  t u r b i n e  

Therefore a balance must be maintained airlong: 

1 )  Power generated i n  the  core  

2 )  Steam f l o w  o u t  o f  t h e  steam generator  t o  t h e  

t u r b i n e  

3) Feedwater f l o w  i n t o  the  steam genera tor  
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Operating experience indicates tha t  whether automatic control 

systems are  used or  whether operator control of steam generator 

level i s  employed, tha t  maintaining level i s  extremely sensi-  

t i v e  t o  perturbations in  the system. In Figure 3.7, we have 

lumped a l l  perturbations together into one category to  deter- 

mine i f  there i s  a learning curve associated w i t h  steam genera- 

t o r  level control. Indeed, i t  appears t h a t  a f t e r  approximately 

three years of comnercial operation, the control of steam gen- 

e ra tor  level within specifications has been mastered, and a, 

s igni f icant  reduction in the average incidence of steam generator 

level c o n t r ~ l  has been accompl ished.  his problem'therefore 

appears to  be one tha t  i s  encountered ear ly in plant operation 

and not one of a long-term nature. 

A detailed investigation into the scrams caused by steam gen- 

e ra tor  level control uncovered the f a c t  t h a t  a s igni f icant  . 

fract ion of the scrams resulted from loss  of proper level during 

low-power operation* with the level in manual control This 

indicates tha t  human er ror  or  faul ty  procedures may be t o  blame. 

-) 
a AC Electr ic  Power (Transmission and Distribution) : Electrical 

power i s  essent ial  f o r  plant operation. Operating experience 

indicates tha t  even small disturbances i n  power can r e su l t  in 

reactor scram. This category has included in  i t .  both: 

a )  Loss of o f f s i t e  power cases'which 1:ead t o  :a scram 

b)  Disturbances on the plant AC buses which. cause 

loss of one or more components required f o r  plant 

operation 

Figure 3.7 shows tha t  again the i n i t i a l  year of commercial 

operation has a re la t ive ly  high incidence of scrams related 

t o  t h i s  system. Subsequent t u  the i n i t i a l  years,  i t  appears 

tha t  there i s  a r e l a t ive ly  constant value, indicating tha t  

* Low-power operation can be dliri ng star.tup, .a control led shutdown, or 
tes t ing .  



e lec t r ica l  power-re1 ated incidents a re  a persis tent  problem 

potentially throughout plant 1 i f e .  The limited data in the 
years 12 through 15 indicate a d ras t i c  increase in the scram 

ra t e .  related t o  e lec t r ica l  power; however, because of the 
small plant sample in these years,  t h i s  e f f ec t  should be used 
only to  indicate an area which may require future monitoring 

t o  establ ish clear ly i f  t h i s  i s  a potential long-term problem 
for  the "average" plant. The nature of the problem with AC 

power supply varies from plant.  t o  plant,  b u t  the following 
are  i  tems tha t  appear most often: 

1)  LOSS of o f f s i t e  power or  s igni f icant  disturbance 
on the grid 

2) Human er ror  in switching AC buses or  in maintaining 
. an e lec t r ica l  bus 

3 )  Electrical breaker f a i l u r e  , 

Instrumentation and Control (I&C) : Virtually every major 
piece of equipment required f o r  plant operation-has both 
monitoring instrumentation and control c i r cu i t ry1 .  The 
scram protection for  nuclear plants i s  designed such that  
loss  of indication on instrumention om c r i t i c a l  equipment 
will lead t o  a scram. Given the ubiquitous nature o'f instru- 

mentation and control,  i t  i s  not surprising to  see in Figure 
3 . 7  t ha t  problems with I&C are  a major contributor to  scrams. 
As we have noted before, the i n i t i a l  year of operation, has 
the largest  number of scrams related t o  I&C problems. How- 
ever, i t  i s ; q u i t e  important t o  note t h a t  the "constant" 
level of I&C-related scrams reached a f t e r  the second year of 

operation i s  s ignif icant ly hi,gher than the scram ra tes  asso- 

ciated w i t h  other "systems". 

Control Rod Drive Mechanisms: PWR control rod drive mech- 

anisms as  used in t h i s  analysis  include the mechanical 

portions 'of the mechanisms plus the lo'gic and power c i r -  
cu i t ry  required 'for t h e i r  operation. There i s  a large 



number of CRDMs used in a typical PWR. A1 though the 

r e l i a b i l i t y  of each CRDM i s  qui te  high, the large popula- 

t ion makes the probabili ty of some fa i lu re  re la t ive ly  high. 

Since the CRDMs are f a i l - sa fe ,  the principal mode of f a i lu re  

i s  t o  drop a control element assembly (CEA) into the core. 
There are some instances of stuck CEAs or CEAs out of l i ne ;  

however, these a re  much less  frequent. The trend shown in 

Figure 3.7 indicates a steady reduction in  the number of 

CRDM-related scrams over the f i r s t  eight years of plant 

operation; however, .in !the years t o  follow, there a re  indi- 

cations tha t  the frequency of f a i lu res  may be increasing. 

However, because of the exceedingly small data sample, these 

indications can only serve as a signal to  closely monitor 

CRDM performance as  the plants progress in age. 

Turbi ne-Related Problems: Previous in analyzing 

nuclear power plant data indicate t h a t  turbines can be a 

major cause of plant outages; however, these a re  generally 

planned manual shutdowns. In t h i s  report ,  the emphasis i s  

on those component f a i lu res  leading to  a scram. Figure 3 .7  

shows tha t  turbi ne-re1 ated problems are  one principal source 

of scrams ear ly in plant l i f e .  Most of these scrams are  due 

to  turbine control problems ( i  .e. , electrohydraul i c  control 
system fa i lu res ,  turbine stop valve malfunctions). A small 

number a re  related t o  turbine beari rigs, 1 ubricati  on, e t c .  

Pumps: A generic summary of pumps for  PWRs i s  a l so  presented. 

Surprisingly, the incidence of scrams related d i r ec t ly  to  

pumps i s  r e l a t ive ly .  small. . 

0 Valves: A s imilar  PWR generic summary fo r  valves a l so  indi- 

cates tha t  the contriibuti,on : to scrams from valve malfunc- 

t ions i s  noteworthy but not an overwhelming contributor.  

I t  appears tha t  valves a re  a lingering problem. Sandia ( 7 )  

has found t h a t  a majority of the reportable incidents from 

nuclear power plants as contained in the N S I C ' ~ )  data base 



a r e  r e l a t e d  t o  valves. However, i n  the  case o f  scrams, 

valves a r e  important ,  but '  n o t  the  c h i e f  c o n t r i b u t o r .  

Human ~ r r o r :  An at tempt h a s  been made i n  t h i s  ana lys i s  t o  

i d e n t i f y  those scram events which a r e  r e l a t e d  t o  a  human 

e r r o r  o r  f a u l t y  procedure*. Caution must be exerc ised i n  

these cases, s ince some u t i l i t i e s  a re  no t  e x p l i c i t  i n  t h e i r  

r e p o r t i n g  o f  human i n t e r a c t i o n  w i t h  components which may 

have l e d  t o  scrams. Therefore, i t  i s  judged t h a t  t he  scrams 

a t t r i b u t e d  t o  human e r r o r  may be understated i n  t h e i r  ana lys is ;  

however, i t  i s  f e l t  t h a t  t h e  t r e n d  would remain approximately 

the  same. F igu re  3.7 g ives  t h e  t r e n d  o f  scrams r e l a t e d  t o  

instances o f  human e r r o r  o r  f a u l t y  procedures. Note t h a t  

t h e  i n i t i a l  two years o f  commercial ope ra t i on  uncover a  

s u b s t a n t i a l  number of such e r r o r s .  Once t h e  management and 

opera t i ng  crew l e a r n  the  p l a n t ,  t he re  i s  a  marked reduc t ion  

i n  t h e  inc idence o f  human e r r o r s  causing scrams; however, i t  

appears t h a t  t h e r e  i s  always some constant  l e v e l  o f  scram 

inc idence caused by human e r r o r  throughout t h e  p l a n t  l i f e  

( a t  l e a s t  t h e  f i f t e e n  years o f  data inc luded i n  t h i s  a n a l y s i s ) .  

3.4.2 Trends i n  Scrams f o r  BWRs 

The scram r a t e  determined f o r  an "average" BWR as a  f u n c t i o n  o f  p l a n t  

age i s  g iven i n  F igure  3.8.. Th is  w i  11 serve as t h e  base l ine  comparison f o r  

t h e  t rends o f  i n d i v i d u a l  systems p l o t t e d  i n  F igure  3.9. As i n  t h e  case f o r  

PWRs, i t  i s  a l s o  u s e f u l  t o  consider  t h e  v a r i a t i o h  i n  scram r a t e  f o r  d i f f e r e n t  

systems f o r  t h e  "average" BWR. F igure  3.9 shows the  t r e n d  o f  scrams r e l a t e d  ' 

t o  major systems as a  f u n c t i o n  o f  p l a n t  age. The f o l l o w i n g  d iscuss ion def ines  

t h e  assumptions used i n  t h i s  comparison and the  na tu re  o f  t h e  dominant t rends.  

*As discussed i n  Sec t ion  3.1, a l l  scrams t h a t  human e r r o r  o r  f a u l t y  
procedures i d e n t i f i e d  as a  c o n t r i b u t i n g  cause a re  inc luded i n  t h i s  
assessment o f  the  t rend.  



Figure 3.8. Average Frequency of Scram Events 
f o r  BWR Plants  as  a Funct'ion of 
Time From Ini  t i  a1 Commercial 
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Instrumentation and Control (I&C): As in the case of PWRs, 

I&C-rel.ated scrams a re  the major contributor fo r  the popula- 

t ion considered in  t h i s  evaluation. B u t  the contribution 

. of I&C to BWR scrams i s  only about one-half of tha t  deter- 

mined for  PWRs. ( I f  one were t o  determine a constant equi-' 
librium scram r a t e  associated with I&C, the BWR ra te  would 

be higher than the PWR r a t e  [1.4 for  BWRs versus 1.0 fo r  

PWRs.]) I t  must be careful ly  noted tha t  there i s  v i r t u a l . 1 ~  
no data fo r  BWRs beyond eight  years,  and therefore we should 

concentrate on the data fo r  the i n i t i a l  eight years of opera- 

t ion.  Because the plant  sample i s  re la t ive ly  small, one 
expects a cer ta in  amount of f luctuat ion in the data.' After 

the f i r s t  year of commercial operation, I&C i s  responsible 

f o r  approximately 1.4 scrams/plant year. This represents 

the highejt  r a t e  of scrams'for any systern a f t e r  the f i r s t  

year of operation. (Note t h a t  a1 1 I&C have, been included in 

th i s  assessment, while in Table 3.7 the reactor I&C has been 
separated out from the Balance of Plant contribution.) 

Turbine: I t  i s  interest ing t o  note t h a t  previous work(6) has 
established tha t  Westinghouse turbines have-his tor ical ly  a much 

higher accumulated outage time than G E  turbines*. However, in 

the case of scrams, BWRs ( G E  turbines) have actually been asso- 
ciated with a higher frequency of scrams than PWRs. The 

BWR scram r a t e  (assume zero slope) i s  approximately -9 scrams 

per plant year versus . 3  t o  .4 fo r  PWRs. Therefore, there 

i s  a higher frequency of short-duration outages caused by 

fa i  lures associated wi t h  the turbine,  general l y  the turbine 
control system, in BWRs versus PWRs. However, the problems 

tha t  lead t o  scram a re  basically control problems, whereas 

*There i s  an approximate correlation between PWRs and Westioghouse turbines; 
and there i s  a one-to-one correlat ion between BWRs and G E  turbines. 



t he  l onger -du ra t i on  outages(6) i n  t u r b i n e s  genera l l y  have 

been r e l a t e d  t o  f a i l u r e s  o f . t h e  t u r b i n e  b lad ing.  This 

i n d i c a t e s  t h a t  BWR t u r b i n e  c o n t r o l  may be more s e n s i t i v e  

than PWR c o n t r o l .  

8 AC E l e c t r i c a l  Power: As noted i n  the  PWR comparisons, 

p e r s i s t e n t  problems e x i s t  w i t h  t h e  e l e c t r i c a l  d i s t r i b u t i o n  

system both  i n s i d e  and ou ts ide  t h e  p l a n t .  The i n - p l a n t  

problems i n v o l v e  f a i l u r e s  o f  breakers, buses, cab le  con- ' 

nectors,  and f a u l t s  i n  the  generator.  The e x t r a - p l a n t  

problems  hat are  encountered a r e  due t o  a wide v a r i e t y  

o f  problems, i n c l  udi ng : 

a)  Weather 

b)  Disturbances on t h e  g r i d  

c )  Transformer f a i l u r e s  

There i s  v i r t u a l l y  a constant  l e v e l  o f  scrams per  p l a n t  

year  o f  approximately one per  p l a n t  yea r  based - upon t h e  

12 p l a n t  BWR data base experience. The PWR expdrience 

i n d i c a t e s  a value o f  approximately . 7  per  p l a n t  yea r  

b u t  s i m i l a r .  i n  t rend  t o  the  BWRs because o f  i t s  constancy 

and pers is tence throughout p l a n t  l i f e .  

8 Feedwater System: I n  BWR opera t ion ;  a very  impor tant  

system (as i n  a PWR) i s  the  feedwater system ( f o r  PWRs 

see Steam Generator Level Cont ro l  ) . There i s  a wide ' 

d i v e r s i t y  o f  f a i l u r e s  w i t h i n  t h i s  system which can l e a d  

t o  a scram. The p r i n c i p a l  mode o f  f a i l u r e  i s  a f a i l u r e  

o f  t h e  feedwater c o n t r o l  o r  i nstrumenta ti on .. However, 

approximately 50% o f  the  scram f a i l u r e s  a r e  shared by 

the  feedwater r e g u l a t i n g  va lve  ma l func t i on  o r  feedwater 

pump problems. Fo l lowing t h e  i n - i t i a l  year  o f  c o m e r c i a l  

operat ion,  i t  appears t h a t  a constant  f a i l u r e  r a t e  o f  
\ 

approximately .7 scrams per  year i s  found f o r  t h e  

"average" BWR. 



Condenser: A relat i 'vely small contributor to  the overall 

scram incidence i s  caused by the condenser. Included in 
t h i s  plot are f a i lu res  to  maintain adequate vacuum due t o  

a )  Failure of c irculat ing water system 

b)  Failure of steam jet. a i r  e jectors  

e Human Errors or  Faulty Procedures: The reported incidence 

of scrams related* t o  human errors  or fau l ty  procedures in 

the BWR sample.population indicates a very high scram ra t e  

during the i n i t i a l  year following commercial operation. The 

scram ra t e  i s  higher than tha t  found for  PWRs (4 .8  scrams per 

plant year fo r  BWRs versus 3.2 scrams per plant year for  PWRs). 

The 50%-higher scram r a t e  may be due to  an inherent d i f f i cu l ty  

in operating a BWR plant. However, a detai led review of the 

data suggests tha t  a large fraction of the human er rors  i s  due 

t o  carelessness of mai ntenance personnel , coup1 ed wi t h  poor 

design layout of crucial  reactor instrumentation and control 

systems. The proper layout and mounting of the instrumentation 

cabinets would substanti a1 l y  reduce scrams caused, by care1 ess- 

ness of maintenance personnel. 

Pumps and Valves: A generic grouping of a l l  pumps and valves 

involved i n  plant scrams i s  also given. The most notable por- 

t ions of these curves are:  

a )  The re la t ive ly  high incidence of scrams 
induced during the f i r s t  year of commercial 

opera ti  on 

b )  The constant leve ls  attained in the second 

through eighth years of plant operation 

*As discussed in Section 3.1, a l l  scrams which have human e r r o r  or faul ty  . 
procedures ident i f ied as  a contributing cause are  included in t h i s  assess- 
ment of the trend. 



4.0 PLANT SPECIFIC PROBLEMS LEADING TO SCRAM 

This chapter d i  scusses p l a n t  s p e c i f i c  problems 1  eading t o  scram. 

F i r s t ,  several p l a n t s  o f  s i m i l a r  design (B&W) were lumped together  and 

compared w i t h  a  more general popu la t ion .  Next, a  group o f  " s i s t e r "  B&W 

p l a n t s  were compared t o  t h e  t o t a l  B&W popu la t ion .  F i n a l l y ,  a  rev iew o f  

some i n d i v i d u a l  p l a n t s  was made t o  determine whether l a r g e  ' dev ia t i ons  f rom 

the  "average" p l a n t  were occu r ing  i n  s p e c i f i c  p lan ts .  

4 .1  Evaluat ion o f  P lan ts  o f  S i m i l a r  Design 

Up t o  t h i s  p o i n t  i n  t h i s  r e p o r t ,  t he  focus o f  our  i n v e s t i g a t i o n  has 

been on gener ic  PWR and BWR p l a n t s .  There has been no o t h e r  at tempt a t  ,>$ 

i d e n t i f y i n g  p l a n t  s p e c i f i c  problems. The quest ion  then a r i s e s  as t o  whether 

any s p e c i f i c  areas o f  p o t e n t i a l  concern can be i d e n t i f i e d  i f  a  s e t  o f  p l a n t s  

of s i m i l a r  design are  broken o u t  f rom the  o v e r a l l  popu la t ion .  The group of 

p l a n t s  chosen here f o r  rev iew a r e  t h e  Babcock and Wilcox PWR p l a n t s  w i t h  

r a t i n g s  of 2772 MWt. These p l a n t s  a r e  the  f o l l o w i n g :  . t 

AS' the  " c o n t r o l  popu la t ion" ,  cons ider  t he  o the r  B&W p l a n t s .  which a re  opera t ing .  

-We s h a l l  use the o t h e r  ,B&W p l a n t s  t o  p rov ide  a  base l ine  o f  comparison w i t h  

the  above p1ants.i These base l i ne  p l a n t s  are: 

P lan t  

a) Three M i l e  I s l a n d  2 

b)  Davis Besse 

c )  Rancho Seco 

Date o f  
I n i t i a l  C r i t i c a l i t y  

3/78 

9/77 

9/74 

Thermal Design 
Rat ing  (MWt) 

2772 

2772 

2772 



Plant Date of - Thermal Design 
I n i t i a l  C r i t i c a l i t y  Rating (MWt) 

a )  Oconee 1 4/73 2568 
b) Oconee . 2  l i / 7 3  2568 
c )  Oconee 3 9/74 2568 
d )  Three Mile Island 1 6/74 2535 . 
e )  Arkansas 1 8/74 2 584 
f )  Crystal River 3 1/77 2452 

The data presented here covers the  time from i n i t i a l  c r i t i c a l i t y  
through 1978. In some cases the  time between i n i t i a l  p lant  c r i t i c a l i t y  and 

commercial power operation can be nearly one year .  For a l l  plants there  i s '  

some valuable data which can be obtained which wi l l  be indicat ive  of fu tu re  
plant  operation.  Note t h a t  the  assessment i n  Chapter 3 indicates  t h a t  the  

i n i t i a l  year  of commercial operation has a s i g n i f i c a n t l y  l a rge r  number of 

scrams than subsequent This a l s o  holds t r ue  f o r  d e  time between 

i n i t i a l  c r i t i c a l i t y  and the  beginning of commercial operation. 'For the  

determination of generic plant  r . isk,  t h i s  i n i t i a l  time of t e s t i ng  may not be 

of general i n t e r e s t .  However, on a plant  s p e c i f i c  bas'is, the  i n i t i a l  p lant  

operation prior.  t o  commercial operation can provide valuable information on 

an individual. p l an t ' s  operation and may provide an e a r l y  warning system a s  t o  

the  poss ible  causes of future ,scrams o r  component f a i l u r e s .  

1 Figure 4.1 i s  a graphical summary of t he  t o t a l  numbe,r of scrams a t  the  

operating B&W plants.  The appl icable  data i s  provided i n  Appendix B. In 

general the re  a re  no deviations from the  conclusions one would reach based 

upon the  generic "average" plant  ana lys i s  performed in .Chapter  3. There i s  

a cha rac t e r i s t i c a l l y  large  number of scrams ea r ly  i n  p lan t  l i f e ,  and a 

rapid fa1 1 o f f  t o  an approximately constant  l eve l .  (The Oconee plants  a r e  

the  exception t o  t h i s  rule .  There i s  no la rge  peak during i n t i a l  p lant  

s t a r t up .  ) Therefore, on a whole p lan t  bas i s ,  the re  a r e  no indicat ions  
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Figure 4.1. Total Number of Scrams a t  the Operating BW Reactors 
as  a Function of Plant Age From In i t ia l  Cr i t ica l i ty  



of any unusual problems a t  any one s i t e .  However, l e t  us carry the inves- 
tigation to  another level of detai l .  

Figures 4.2 and 4.3 are  summaries of the scrams related to  two particu- 

l a r  systems for  t h e  population of B&W plants. This type of investigation 
i s  the i n i t i a l  stage of a methodology t o  identify i f  chronic problems exis t  

a t  one s i t e .  Note tha t  i t  is very important that  the investigation not be 

carried out by each reactor i n  a "vacuum". That i s ,  each reactor p l a n t  
m u s t  know what the average o r  anticipated number of scrams related t o  a given 

system or component is. Otherwise there is no benchmark to  determine i f  the 

plant performance i s  unusually good or bad. 

From Figure 4.2, i t  can be seen that  both Oconee 1, the f i r s t  of the 

B&W plants to  come on line, and Crystal River 3 experienced greater than 

average problems w i t h  Control Rod Drive Mechanisms. However, the other 

plants have avoided the same problem- area. 

From Figure 4 .3  a much more dramatic item is found. By comparing the 

l a t e s t  B&W design (2772 MWt) versus the other ear l ier  design for feedwater 

related scrams, a rather s t r i k i n g  result  surfaces. The six plants which make 

up the "older" B&W design indicate no particular problem associated w i t h  the 

feedwater system. There are some in i t i a l  problems in year one, b u t  nothing 

surprising for  TMI-I, the Oconee plants, Arkansas 1, or Crystal River 3.* 

However, two of the three plants of the 2772 M W t  vintage have a much different 

profile of feedwater related problems. TMI-2 and Davis Besse both have 

extremely high incidences of scrams related directly to the feedwater system. 

~h ' is  rather crude review of the plant operating history points out that  i n  
these two plants a particular system has been the cause of a chronic problem 

and will probably continue t o  lead to  scrams unless there i s  a design f ix .  
From the limited data available, i t  appears that  the specific problem 

* 
Note that there are  some increased scrams i n  the fourth and f i f t h  years. 

This may correspond to  control system changes, technical specification 
changes, or be due only t o  s t a t i s t i c a l  fluctuations. 
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Figure 4.2. Comparison of the  Number of Scrams Related t o  Control Rod 
Drive Problems Versus the Time of Operation f o r  B&k' Plants 



FEEDWATER RELATED SCRAMS 
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Figure 4.3. Comparison o f  the Number o f  Feedwater Related Scrams 
by P lan t  Versus the Time of Operation f o r  B&W Plants 



associa ted 'wi th  these plants  l i e s  in  the  Integrated Control Sy'stem (ICS) 

which monitors a wide var ie ty  of p lant  parameters and attempts t o  maintain 

proper feedwater flow t o  the  once through steam generators (OTSG). Note 

. t h a t  Rancho Seco (which i s  of the  'same design except i t  came on 1 ine much 

sooner than TMI-2 o r  Davis Besse) has not experienced a s imi la r  rash of 
feedwater re la ted  problems. This could be due t o  the  f a c t  t h a t  i t  does 

not have the  "advanced" ICS in s t a l l ed .  Further discussion of the  ICS i s  

provided in  Chapter 5 ,  "Design Fixes". Appendix B summarizes the  data f o r  

these plants .  

Some addit ional  information gleaned from the  operating experience 
data f o r  B&W plants  ind ica tes  the  following: 

I f  a l l  the  incidents  of scram which a r e  re la ted  t o  

human intervention* through t e s t i ng ,  maintenance, o r  

operator e r r o r  a r e  compared with the t o t a l ,  these  

represent approximately 27% of a l l  scrams a t  B&W p lan t s ,  
\ 

' o r  a  frequency of 1.67 per reactor year. This 5s ap- 

proximately double the  human re la ted  scrams determined - 
i n  Chapter 3 f o r  a l l  PWR's, whi'ch represents approxi- 

mately 13% of a l l  PWR scrams based upon the  data 

evaluated. 

(2 )  Turbine re la ted  incidents  account f o r  17% df a l l  

scram incidents  a t  B&W plants o r  an average frequency 

of one (1 )  scram per reactor  year.  I f  the  f i r s t  year  

i s  excluded, the  frequency i n  B&W plants  i s  approxi- 

mately .5 per reac tor  year  compared with .4 per reactor  

year  f o r  a l l  PWR's. 

* 
Note t h a t  these  incidents  may be included elsewhere when they a r e  
re la ted  t o  a spec i f i c  component. 



(3 )  Ins t rumenta t ion  and Cont ro l  r e l a t e d  i n c i d e n t s  are  a  

major cause of scram i n  B&W p l a n t s  as they  a r e  i n  o the r  

PWRs. B&W p l a n t  experience i n d i c a t e s  t h a t  n e a r l y  25% o f  

a l l  scrams are  r e l a t e d  t o  an I & C  component. Th is  compares 

w i t h  approximate ly  32% o f  a l l  scrams i n  t h e  PWR data evalu-  

a t i o n  i n  Chapter 3. 

(4 )  As seen i n  Chapter 3, AC power r e l a t e d  problems represent  

a  p e r s i s t e n t  source o f  scrams i n  bo th  PWRs and BWRs. The 

B&W p l a n t  data i n d i c a t e s  t h a t  approximate ly  5% o f  a l l  t he  

repo r ted  scrams a r e  r e l a t e d  t o  AC power t ransmiss ion  o r  

d i s t r i b u t i o n .  Th i s  compares w i t h  approx iamte ly  15% o f  a l l  

repor ted  scrams i n  our  PWR popu la t i on  e v a l u a t i o n  i n  

Chapter 3. 

I t  should be noted t h a t  t h i s  r e p o r t  has focused on those events which 

have l e d  t o  scrams; however, t h e r e  i s  a d d i t i o n a l  i n f o r m a t i o n  which can be 

gleaned f rom a  rev iew o f  c r i t i c a l  r e a c t o r  shutdowns caused by equipment prob- 

lems. One notab le  area where t h i s  has been i d e n t i f i e d  i s  i n  B&W p l a n t s  

where t h e r e  has been a  h i g h  inc idence o f  p r e s s u r i z e r  re1  i e f  va l ve  leakage 

r e q u i r i n g  p l a n t  shutdown. These events, w h i l e  they  do n o t  l e a d  d i r e c t l y  t o  

a  r e a c t o r  scram, do have apprec iab le  sa fe ty  s i g n i f i c a n c e  because they can 

have a  l a r g e  e f f e c t  on the  course o f  an acc iden t  once i t '  i s  i n i t i a t e d  by o the r  

component f a i l u r e s .  I n  o t h e r  words, opera t ing  exper ience can be a p p l i e d  t o  

de te rm ine , the  p r i n c i p a l  causes o f  t r a n s i e n t  i n i t i a t o r s ,  and i t  can be used 

t o  i d e n t i f y  impor tan t  i ssues  i n  t he  accident  scenar ios which a r e  pos tu la ted  

f o r  LWR acc idents .  These t o p i c s  w i l l  be discussed more f u l l y  i n  Volume 2 

of t h i s  s tudy  which deals w i t h  components l e a d i n g  t o  shutdowns. 

4.2 Eva1 u a t i o n  o f  S ing le  P lan ts  w i t h  P e r s i s t e n t  Problems 

A l o o k  a t  s p e c i f i c  p l a n t s  i n d i c a t e s  t h a t  many t imes the re  may be one 

o r  more troublesome problems which cont inue.  t o  plague a  g iven p l a n t .  The 

apparent  reason f o r  t he  c o n t i n u i n g  problem appears t o  be t h a t  desp i te  being 



i d e n t i f i e d ' ,  i t  i s  never complete ly  corrected,  b u t  r a t h e r  a r e p a i r  i s  performed 

which a l lows the p l a n t  t o  cont inue t o  operate w h i l e  t he  r o o t  cause o f  t he  
, 

problem i s  never adequately addressed. Two such examples a re  c i t e d  here. 
However, a t  many of t h e  p l a n t s  the re  a r e  c h a r a c t e , r i s t i c  problems which 

p e r s i s t  f o r  an extended t ime u n t i l  t he  r o o t  cause i s  f i n a l l y  e l im ina ted.  

F i r s t ,  a t  M i  11 stone 1 (BWR) , the re  occurred a s e r i e s  o f  t u r b i n e  t r i p  

scrams r e l a t e d  t o  l e v e l  on t h e  mois ture  separator  d r a i n  tank. The scram 

frequency was 2.13 per  r e a c t o r  year .  There were very  few s i m i l a r  occur- 

rences a t  o t h e r  f a c i l i t i e s ,  i n d i c a t i n g  t h a t  t h i s  problem was p l a n t  s p e c i f i c  

due t o  an anomaly o c c u r r i n g  a t  M i l l s t o n e  1. Th is  i s  t h e  case o f  a problem 

i n  the secondary p l a n t ,  ou ts ide  containment, l ead ing  t o  a ch ron i c  problem and 

causing a s i g n i f i c a n t  number o f .  scrams (approximate ly  22% o f  a l l  scrams a t  

M i l l s t o n e  I ) .  

A second p l a n t  s p e c i f i c  problem which can be,noted as l e a d i n g  t o  a 

s i g n i f i c a n t  number o f  scrams a t  one p l a n t  i s  t h e  d i f f i c u l t y ,  w i t h  t h e  D.C. 

ins t rumenta t ion  power bus a t  H.B. Robinson. As can be noted f rom Appendix A, 

the  H.B. Robinson p l a n t  has an unusua l ly  h igh  number o f  scrams per  p l a n t  year .  

Approximately 10% o f  these are due d i r e c t l y  t o  problems w i t h  the  inst rumenta-  

t i o n  bus; t h i s  i s  a frequency o f  n e a r l y  1.4 pe r  year ;  Th is  f r a c t i o n  i s  

s i g n i f i c a n t l y  h ighe r  than those a t t r i b u t e d  t o  the  "average p lan tu * .  There- 

fore a major b e n e f i t  f rom a p l a n t  s p e c i f i c  ana lys i s  i s  t h a t  i t  would p o i n t  

up occurrences which a re  f a r  outside o f  what the  " s t a t e - o f - t h e - a r t "  seems 

t o  d i c t a t e ,  and the re fo re  areas which cou ld  be s i g n i f i c a n t l y  improved o r  

upgraded. 

* 
Note t h a t  I n d i a n  P o i n t  1 a l s o  experienced a l a r g e  percentage o f  instrumen- 
t a t i o n  r e l a t e d  scrams. 



5.0 DESIGN FIXES 

'The preceding sect ions  have i den t i f i ed  and ranked, according t o  f r e -  

quency, plant  t rans ien t s  t h a t  lead t o  reac tor  scram. In many cases ,  i t  may 

be possible t o  introduce e i t h e r  physical o r  adminis t ra t ive  modifications t h a t  

can s ign i f ican t ly  reduce the  frequency o r  consequences of these plant  t rans ien t  

Several such design f i x e s  a r e  suggested in t h i s  sect ion.  Both generic (BWR 

versus PWR) a s  well a s  p lant-specif ic  t r ans i en t s  a r e  addressed. 

The r e s u l t s  of the  data evaluation on t he  root  cause contr ibutors  

t o  reactor scrams presented in Chapters 3 and 4 i nd i ca t e  t h a t  a l a rge  var ie ty  

of systems contr ibute  t o  reactor  scrams. Within each of these systems there  . 

a r e  a large  number of component types which may be the  cause of these  scrams. 

In addit ion,  there  may be a var ie ty  of types of components and/or vendors 

supplying them. In o ther  words, there i s  a l a rge  number of components of 

diverse type whose f a i l u r e  o r  malfunction can lead t o  scram. There a r e  not 

j u s t  a few major component contr ibutors  t o  the  scram frequency, but 'a large  

number of components, each represent ing 1 e s s  than a few percent contr ibut ion,  

While recognizing t ha t  no,component i s  a dominant contr ibutor  t o  

plant  scrams, t h i s  section focuses on poss ible  design f i x e s  o r  o ther  methods 

of reducing the  number of scrams of those components which lead t o  the most 

frequent scrams. The most spec i f i c  f i x e s  wi l l  be f o r  those f o r  which a deta i lc  

root  cause analysis  e x i s t s ;  however, the re  a r e  very few instances where a 
deta i led f a i l u r e  analysis  was performed by the  u t i l i t y  t o  determine the  contr i -  

butors to  the scram. From our analysis  of the  time dependence of the  scrams, 
i t  i s  found t h a t  there  a r e  some c lasses  of scrams which may appear t o  have a 

small overall frequency but which will  a c tua l l y  tend t o  ddm-inate t he  scram 

frequency in  the  l a t e r  years  of operation. The e l e c t r i c a l  power system appear 
a s  a dominant contr ibutor  t o  the cause of scrams a f t e r  the  f i r s t  few years ,  

even though the  level  of scrams remains nearly constant .  



Even though the complete elimination of a l l  p lant  t r ans i en t s  i s  

the continuing goal of both vendors and u t i l i t i e s ,  i t  i s  nevertheless qu i te  

unl i  kely t h a t  t h i s  wil l  ever be accompl ished. A '  more real  i s t i c  objective 

would be t o  reduce the frequency of t r ans i en t s  a s  much a s  poss ible  and t o  

design measures to  mit igate  the  consequences of those t r ans i en t s  t h a t  wil l  

inevitably occur. For example,, human e r rors  and random f a i l u r e s  can be 

reduced by b e t t e r  t r a in ing  and qua l i t y  assurance, but  they wi l l  not be t o t a l l y  

el imi na ted,  

5.2 Instrumentation and Control 

There a r e  four  aspects  of the  I&C re la ted  scrams which need t o  be 
del ineated. 

(1) F i r s t ,  there  a r e  the  component f a i l u r e s .  

(2 )  Secondly\, the re  i s  poor design of the  method of packaging 
the I&C components and t h e i r  in terfaces .  

( 3 )  Thirdly,  t he r e  i s  a high frequency of instrument d r i f t  
problems 1 eading t o  scram due t o  improper se tpo in t .  

1 

(4 )  Final ly ,  the re  i s  the  human in te rac t ion  wi th- the* I&C sys- 
tem during t e s t  and maintenance operations.  

Each of these  w i  11 be di scussed separate ly  : 

a .  Component Fai lures :  Each I&C component in a nuclear p lant  should 
be of high qua l i ty  and chosen using low f a i l u r e  r a t e  a s  one of 

. the, c r i t e r i a .  Increases in the  redundancy of non-safety released 
I&C should be a principal  area of invest igat ion.  The cos t  of the  
I&C component i s  probably negl ig ib le  r e l a t i v e  t o  i t s  potential  
impact upon p lan t  s a f e ty  and ava i l ab i l i t y .  

b. Packaging of I&C Equipment: Many of the  instances of I'&C 
f a i l u r e s  involve actuat ion of scram s igna l s  due t o  bumpins. . - 
of cabinets by maintenance workers, condensation of moisture 
on e lec t ron ic  equipment, d i r t  or  dust  i n  r e lays ,  o r  high tem- 
peratures  in the log ic  components. I f  the  adverse environmental 
condit ion which may e x i s t  ins ide  a nuclear p lant  a r e  duly con- 
s idered ' in the  design of the  I&C cabinets ,  then a number of these 
incidents  could be prevented. In addition., the  placement of 
the  I&C cabinets  could be 'important. . A control1 ed access.  room 
which a l s o  has p rec i se  spec i f ica t ions  on 'the envii-onmental 
condit ions would reduce a substant ia l  f r ac t i on  of the  I&C 
fa i  1 ures by 1 imi t i ng  the  number of personnel who have access,  
and providing precise  environmental condit ions f o r  the  equipment. 



c. Setpoint  Dr i f t :  Reactor scram due t o  instrument d r i f t  can 
be reduced by a  more careful  monitoring of the  se tpo in t s .  
I t  i s  suggested t h a t  the  se tpo in t s  on components whose 
f a i l u r e  may lead t o  scram be continuously and automat ical ly .  
monitored. These readings can be fed in to  a  computer system 
which compares them t o  the  design values. Any noticeable 
d r i f t  from the  desi red value would then b,e annunciated t o  
the operator. This system can be ins ta l l ed  w i t h  a  r e l a t i ve ly  
small cost .  

d. Human Interact ion During Test and Maintenance: While t e s t i ng ,  
maintaining o r  c a l i b r a t i ng  I&C equipment, the re  a r e  a  number 
of instances where spurious s ignals  on the  remaining channels 
lead t o  plant  scrams. Two methods of changing the . I&C system 
may 1 ead- t o  a  reduction in  these types of p!ant scrams: 

(1) F i r s t ,  i s o l a t e  each of the  channels from the  other  scram 
channels. This i so la t ion  should be both physical and 
e l e c t r i c a l  so  t ha t :  ' ( a )  j a r r ing  the  one channel wil l  
not caus.e a  t r i p  signal  from another channe'l ; plus,  (b) 
i so l a t i on  of e l  e c t r i c a l  . s ignals  so t h a t  disturbances on 
the  tes ted channel do not a f f e c t  the  other scram 
channel s .  

Secondly, a  change in  the  design theory. of the  scram 
channeq s  t o  require  addi t ional  channel s  t o  ac tua te  t o  
cause a  scram. This may be a  3-out-of-6 logic  f o r  PWRs. 
This would allow taking one channel out  of se'rvice and 
s t i l l  providing 2-out-of-5 logic .  This accomp'lishes the  
r e s u l t  of reducing the  number of scrams which may be 
caused by per turbat ions  on a  s ing le  channel which again 
have a  high frequency of occurrence during t e s t  and 
maintenance. 

AC E lec t r i ca l  Power 

This f a i l u r e  c l a s s i f i c a t i o n  is  a  major contr ibutor  t o  the  frequency 

of scrams in a  mature plant .  The types of f a i l u r e s  included a r e  l o s s  of off- 

s i t e  power, AC power bus f a i l u r e s ,  and e l ec t r i c a l  disturbances i n  t he  AC trans- 
mission and d i s t r ibu t ion  system. We shal l  t r e a t  each i  tem separately.  

a. Loss of Offsi t e  Power: I t  seems prudent t o  have a t  l e a s t  
two transmission l i n e s  from o f f s i t e  sources t o  supply t o  the  . .  - 
plant  i f  needed. Ideal ly  these would be from two separated 
gr ids  (e .  g.,  a t  'San' Onofre there  a r e  connections t o  both 
San Diego Gas and E lec t r i c  and. t o  Southern Ca.1 i fo rn ia  Edi'son 
gr ids ) .  In add i t ion ,  s ince  weather (e .g . ,  snow, s l e e t ,  l i g h t -  
ning, hurricane) may cause a  s i gn i f i c an t  f r ac t i on  of the l o s s  
of o f f s i  t e  power i n i t i a t o r s ,  a method' of reducing the  influence 



of the environment on the transmission l ines  and on the 
i n-pl ant el ec t r ica l  systems woul d be benef i ci a1 . Typi cal 
examples of these f ixes  would be: 

(1) Putting transmission 1 ines underground 

(2) Prov.ide more ef fec t ive  methods of directing 1 ightning 
away from e lec t r ica l  equipment (e.g. , transformers, 
transmission 1 ines) 

(3) Reduce power during severe weather conditions (e.  g. , 
hurricane, tornado) t o  minimize the impact of scram 
i f  i t  occurs 

b. Electrical Disturbances on the Plant AC Distribution System: 
A more s table  power supply system should be provided which 
will' damp f luctuat ions before they can cause scram on the 
reactor. 

c. , Breaker Failure: The use of more expensive breakers with 
1 ower fa i  1 ure r a t e s  .could reduce the incidents of 'such 
fai lures .  A1 ternat ively,  a redesign of the  c i rcu i t ry  which 
would provide breakers i n  para1 1 e l .  This c i r cu i t  arrangement 
would require f a i l u r e  of both breakers before disabling the 
AC power system. The tradeoff,  of course, i s  tha t  both 
breakers must then operate correct ly  to  protect plant equip- 
ment. For nonsafety-re1 ated equi pment, t h i s  would resul t in 
component damage but may not have any plant safety)impl i ca t i  on. 

Several examples of loss  of AC power a r e  included to provide background 

informati on. 

Cooper 9/27/75 Scrammed from a turbine t r i p  caused by reactor 
high water level.  Trip followed a loss  of a 
c r i t i c a l  4160 V bus which supplies the FWCS. 
The b u s  was l o s t  due t o  a faulty relay. 

Nine Mile Point 11/17/73 With one 115 kV 1 ine marked up, a re!ay on the, 
other 115 kV l i n e  was bumped causing a loss  of 
a l l  o f f s i t e  power. : 

Brunswick 2 5/30/75 The s i t e  suffered a loss  of o f f s i t e  power due 
t o  f a i l u r e  of a 230 kV breaker. The plant  
scrammed due t o  MSIV closure caused by low 
condenser vacuum. 

Oyster Creek 12/29/72 Closure of main stop valves caused scram follow- 
ing loss  of generator f i e l d  due to  opening of 
24 kV potential  transformer cabinet. 

Hatch 1 2/14/75 ' Air was l o s t  t o  the inboard MSIVs due to  
inadvertent opening of c i r c u i t  breakers. 



~. 5.4 Steam Generator Level Con t ro l  

I n  PWRs, i ns t rumen ta t i on  and c o n t r o l  r e l a t e d  t o  steam generator l e v e l  
I 

i s  a  lead ing  cause o f  r e a c t o r  t r i p .  A l a r g e  f r a c t i o n  (12%) i s  due t o  steam 

feed/ f l o w  feed mismatch i n  t he  steam generators du r ing  s ta r tup ,  shutdown o r  

1  ow power opera ti on. Two poss i  b l  e '  f i x e s  a r e  : 

(1) Develop o r  improve the  c o n t r o l  system so t h a t  the ,  steam 
generators can be b e t t e r  c o n t r o l l e d  a t  low steaming 
ra tes ,  and 

(2)  Upgrade opera tor  t r a i n i n g  so , t h a t  t h e  occurrence o f  f l o w  
misma'tches o r  abnormal f l u i d  1  eve1 s  d u r i n g  manual opera- 
t i o n  i s  minimized. 

I n  t he  d iscussion o f  p l a n t  s p e c i f i c  problems, one a d d i t i o n a l  area 

which was uncovered as a  p o t e n t i a l  area o f  i n v e s t i g a t i o n  was the  apparent 

s e n s i t i v i t y  o f  t he  i n t e g r a t e d  c o n t r o l  system (ICS) on Babcock and Wilcox p lan ts .  

Th is  sec t i on  discusses t h e  complex i ty  i n v o l v e d  i n  such an automat ic  system. 

The purpose o f  p resent ing  a  d e t a i l e d  d i scuss ion  o f  t h i s  system i s  t o  h i g h l i g h t  

t he  complexi ty  invo lved i n  a  system o f  t h i s  na ture .  Th is  complexi ty ,  when 

combined w i t h  a  secondary system such as i n  B&W PWRs, may l e a d  t o  u n r e l i a b l e  

operat ion.  I t  may -be prudent  t o  reduce the  complex i ty  o f  t h e  system, add 

redundancy t o  t h e  sensors and c o n t r o l  c i r c u i t s ,  and overdesign the  r e a c t o r  

components t o  a l l o w  l a r g e r  t o le rance  bands f o r  acceptable operat ion.  

The i n t e g r a t e d  c o n t r o l  system (ICS) p r o v i  des t h e  proper  coordi  n a t i o n  

o f  the  r e a c t o r ,  steam generator  feedwater c o n t r o l  , and t u r b i n e  under a1 1  

opera t ing  condit ions. Proper c o o r d i n a t i o n  c o n s i s t s  o f  producing the  b e s t  

l o a d  response t o  the  u n i t  l o a d  demand w h i l e  recogn iz ing  t h e  c a p a b i l i t i e s  and 

1 i m i  t a t i o n s  o f  t he  reac tor ,  steam generator,  feedwater system, and tu rb ine .  

When any s i n g l e  f or ti on o f  the  ~ l a n t  i s  a t  an ope ra t i ng  l i m i t  o r  a  c o n t r o l  

sec t i on  i s  on manual, t he  i n t e g r a t e d  c o n t r o l  system design uses the  l i m i t e d  



o r  manual section a s  a load,reference.  The in tegrated control system maintains 
constant  average reac tor  coolant temperature between 15 and 100% rated power 

and constant steam pressure a t  a l l  loads. Opt imum u n i t  performance i s  main- 
tained by 1 imi t ing  steam pressure var ia t ions ;  by 1 imi t ing  the imbalance between 

the  steam generator, turbine ,  and the  reac tor ;  and by l imi t ing  the  to ta l  un i t  
load demand upon l o s s  of capabi l i ty  of the  steam generator feed system, the 
reactor ,  o r  the turbine  generator. The control system provides l imi t ing act ions  
t o  ensure proper re1 a t i  onships between the  generated 1 oad, turbine valves, 
feedwater flow, and reac tor  power. The normal response of the reactor  coolant 
system and the feedwater system to . increas ing  and decreasing power transi 'ents 
i s  l imited by the in tegrated control system a s  indicated i n  Figures 5.1 and 5.2. 

The basic function of the ICS i s  matching megawatt generation t o  un i t  
load demand. This i s  accomplished by coordinating the  steam flow t o  t he  turbine 
w i t h  the  r a t e  of steam generation. To perform .this function e f f i c i e n t l y ,  the 

following basic reactor/stearn generator requiriments a r e  s a t i s f i e d .  

a.  The ra,$ios. of feedwater flow and heat  input  t o  the steam 
generator a r e  balanced as  required t o  obtain the  desired 
steam condi t i  ons. , 

b. Heat input and feedwater flow a r e  control led:  

(1) To compensate f o r  changes i n  f l u i d  and energy inventory 
requirements a t  each load 

(2)  To compensate f o r  temporary devia t ions  . i n  feedwater 
temperature resul ti ng from 1 oad change, feedwater 
heating system upsets, or  f i n a l  steam pressure changes 

The in tegrated master has been designed t o  receive the megawatt demand 
signal  from the  u n i t .  load demand subsystem and convert  this signal i n to  a 
demand f o r  the  feedwater, turbine;  and reac tor  con t ro l .  

Control of the  steam generator is  based on matching feedwater flow 
t o  the  feedwater demand produced in  the  in tegrated master control .  However, 

l o s s  of feedwater f o r  a few seconds can r e s u l t  i n  boi l ing dry the steam generators 
and reactor  scram. The basic control ac t ions  f o r  pa r a l l e l  steam generator 
operation are :  

5-6 
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a. Megawatt demand converted t o  feedwater demand 

b. Total feedwater flow demand s p l i t  in to  feedwater flow demand 
f o r  each steam generator 

c. Feedwater demand compared t o  feedwater flow f o r  each steam 
generator. The resul  t a n t  e r r o r  s ignals  posit ion t he  feed- 
water flow control  s t o  match feedwater flow t o  feedwater ' 
demand f o r  each steam generator. 

The codclusion from a review of the  data i s  t h a t  most steam generator level  

control systems a r e  s i gn i f i c an t l y  l e s s  than 100% re1 iab le ,  and the more sophis- 
t i ca ted  and complex these systems, the  more d i f f i cu l  t i e s  appear. 

5.5 MSIV Malfunction 

Closure of Main Steam Isola t ion Valves (MSIVs) i n  BWRs have caused 
a re la t ive ly  high percentage of the  reactor  scrams. Several of these  were 
caused by .loss of ins:trument a i r  t o  the  solenoid operated valves ( p i l o t  

valves). As an example, Quad C i t i e s  1 had two such f a i l u r e s  i n  1973: one 
i n  which the p i l o t  valve had an a i r  leak and the  o ther  involving a broken 

a i r  1 ine. Air leaks  have been traced t o  foreign material i n  the  a i r .  These 

small pa r t i c les  cause scoring of the  valve sea l s  resu l t ing  in  leakage. Fai lure  
of a i r  1 ines have been found t o  be due t o  corrosion. F i l t r a t i o n  a n d  adequate 
maintenance of instrument a i r  usually wil l  protect  agains t  foreign mater ia l .  
The change t o  pi 1 o t  valves with improved seal design would ;&era1 l y f  accommodat 

some foreign pa r t i c l e s ;  however, i n  the  case of some of these solenoid-operated 

valves, s l i ve r s  of metal from manufacturing were found t o  have caused 1 eakage. 

Adequate inspection p r io r  t o  i n s t a l l a t i o n  would catch these potent ia l  leakers .  

Another cause of MSIV-related outages in BWRs i s  jamming of the  

p i l o t  valves during survei l lance t es t ing .  For example, on Hatch 1 (2/14/75) 
the  t e s t  shop was performing a t e s t  t h a t  ca l l ed  f o r  10% closure  of each MSIV. 

One MSIV had closed and would not open subsequently. Two o ther  MSIVs d r i f t e d  

closed causing a scram. The cause of the  f i r s t  MSIV f a i l u r e  t o  open was a 

jammed solenoid operated va,lve ( t he  d r i f t  was not explained). In another 

instance, a forced outage occurred a t  Mil 1 stone 1 (11/15/74) when during a t e s t  

of the  MSIVs, one f a i l e d  t o  close.  Foreign material was found on the  a i r  

s l i d e  valve (solenoid operated valve).  The underlying causes of these  outages 
I - 

a r e  essen t ia l ly  the  same a s  those associated w i t h  instrument a i r  leakages: 
foreign material s .  The 1 ong-term cor rec t ive  action should include: cleaning 

up the a i r ,  changing the  p i l o t  valves ( t o  those w i t h  vi ton s e a l s ) ,  and more 

~ careful inspection of these  p i l o t  valves p r io r  t o  i n s t a l l a t i on .  



Human Er ro rs  o r  F a u l t y  Procedures 

As d i  scussed i n  Sect ion  3 and 4, human e r r o r s  and f a u l  t y  procedures 

together  account f o r  a s i g n i f i c a n t  f r a c t i o n  of t he  repor ted  scrams. Some 
\ 

examples o f  these human e r r o r s  a r e  i nc luded  here f o r  reference: 

P l  a n t  Date D e s c r i p t i o n  o f  Event Leading t o  Scram 

Yankee Rowe 3/77 Prevent ive  maintenance work on v i t a l  bus motor 
genera tor  s e t  r e s u l t e d  i n  low vo l tage  on bus 
and f a 1  se scram s igna l  on pressure 1 ow 1 eve1 . 

San Onofre 5/77 T r i p  channel had n o t  been r e s e t  p r i o r  t o  t e s t i n g  
another  channel du r ing  r o u t i n e  t e s t i n g  o f  power 
range nuc lea r  ins t rumenta t ion .  

Oconee 1 12/77 Feedwater va l ve  was c losed due t o  personnel e r ro r .  

Oconee 1 5/77 Turbine shaf t  o i l  pump was t r i p p e d  by t e c h n i c i a n  
e r r o r .  

C a l v e r t  C l i f f s  1 6/77 . Whi le maintenance on #12 steam generator  
feed pumps, a drop i n  o i l  pressure caused a pump 
tri p. 

) 

Brunswick 2 5/77 . Mechanic e r r o r  w h i l e  c lean ing  EHC o i l  s t r a i n e r s  
caused low EHC o i l  pressure and r e a c t o r  scram. 

Duane A r n o l d ,  11/77 While v a l v i n g  i n  n i t r o g e n  supply t o . o n e  MSIV caused 
low n i t r o g e n  pressure t o  another MSIV which began 
d r i f t i n g  shut  causing a scram. 

Hatch 1 10/77 Personnel f a i  1  ed t o  f o l l o w  procedure c o r r e c t l y .  

Hatch 1 5/77 E r r o r  i n  manufac turer 's  manual l e d  t,o scram. 

M o n t i c e l l  o  6/78 Mode swi t c h  i n a d v e r t e n t l y  placed i n  shutdown. 

Po'int Beach 1 1/78 "B" l o o p  MSIV .was n o t  completely l a t c h e d  a f t e r  
a t e s t .  

Ca1 v e r t  C l  i f f s  11/78 Operat ional  e r r o r  w h i l e  bypassing t h e  condensate 
fi 1 t e r  system caused a low steam generator  l e v e l .  

9/76 . Haddam Neck No. 3 r e a c t o r  c o o l a n t  pump shutdown due t o  
opera t o r  e r r o r .  

Brunswick 2 2/76 Dur ing  w i r i n g  change on d i s t r i b u t i o n  panel,  
cab le  disconnected f rom a v i t a l  breaker  by mistake. 



Brunswick 2 8/ 76 While c lean ing  the  c i r c u l a t i n g  water  i n t a k e  pumps, 
a  p l u g  blew o u t  o f  the  s t r a i n e r  causing a  l o s s  o f  
1  ube water .  

Hatch 8/76 While p l a c i n g  t h e  r e a c t o r  p r o t e c t i o n  system bus 
on A1 t e r n a t e  "A" i n  p repa ra t i on  f o r  de-energi z i ng  
600 V bus l C ,  opera tor  p laced t r a n s f e r  sw i tch  
i n  wrong p o s i t i o n .  

The above e r ro rs  a re  t y p i c a l  examples o f  t he  types o f  problems which 

a r i s e  i n  the  i n t e r f a c e  between man and machine. Some observat ions were consis-  

t e n t l y  made by the  iltil i t i e s .  (14)  Among these were: 

1. The r a p i d  turnover  of personnel,  brought  about i n  p a r t  by expan- 
s ion  i n  t h e  f o s s i l s  area and s ta f f  t r a n s f e r  f rom t h e  f o s s i l  t o  
nuc lear  areas, has resu l  t e d  i n  u n d e r s t a f f i n g  f o s s i l  p l a n t s  w i t h  
1  ess experienced personnel . 

2. Turnover has r e s u l t e d  i n  t he  need f o r  ex tens ive  t r a i n i n g  programs 
which a re  very c o s t l y .  . Employees show l e s s  i n t e r e s t  now than i n  
the  pas t  i n  vo lun ta ry  on- the- job t r a i n i n g  o f  the  bas i c  s k i l l s .  
New employees a re  f r e q u e n t l y  compl e t e l y  inexper ienced ( recen t  
h igh  school graduates) and must be f u l l y  t r a i n e d  i n  minimum time. 

3 . .  The ded ica t i on  o f  the  newer employees t o  t h e i r  j obs  i s  be1 ieved 
much l e s s  than the  prev ious  genera t ion  o f  workers. 

4. The shortage o f  experienced, s k i l l e d  personnel r e s u l t s  i n  exces- 
s i v e  over t ime f o r  the  exper ienced employees, w i t h  accompanying 
f a t i g u e  and, perhaps, an increase i n  t he  l i k e l i h o o d  o f  e r r o r .  

5. The ope ra to r ' s  tasks and responsi  b i l  i t i e s  have become more complex. 
The opera tor  i s  f r e q u e n t l y  overloa,ded, even t o  the  e x t e n t  t h a t  he 
has too  much t o  moni tor .  

6. I n  general,  the hardware system i s  s u f f e r i n g  f rom inadequate rou-  
t j n e  and post-maintenance i nspec t i ons .  Abnormal i t ies  a re  n e i t h e r  
recognized a t  an e a r l y  s tage no r  a r e  they repor ted .  

7. Vendors'are n o t  p r o v i d i n g  adequate ope ra t i on  and maintenance 
documentation w i t h  the  equipment ' they del  i ver. 

8. The competence o f  c o n t r a c t  maintenance crews i s  h i g h l y  va r i ab le .  

9. The aus tere  f i n a n c i a l  atmosphere r e q u i r e s  ex tens ive  documentation 
o f  any problem and the  proposed s o l u t i o n  be fo re  funds can be ex- 
pended. I t  has n o t  been p o s s i b l e  * to document personnel e r r o r s  
s u f f i c i e n t l y  t o  date t o  j u s t i f y  major  e f f o r t s  t o  reduce them. 



10. The possibil  i t y  of a more e f f e c t i v e  personnel se lect ion system 
was often mentioned, but because of the  complications brought 
about by union agreements, government requirements, lack of high- 
l y  j u s t i f i a b l e  and r e l i ab l e  s e l ec t i on  t oo l s ,  and the  d i f f i c u l t y  of 
obtaining dedicated funds f o r  such a program, most u t i l i t i e s  a r e  
pessimistic regarding i t s  successful implementation. 

11. Among most of the  l a rge r  u t i l  i  t e s ,  the re  i s  a growing recognition 
of the  need t o  consider personnel e f f e c t s  on re1 iabi?  i t y .  H'owever, 
there appears t o  be 1 i  t t l  e  understanding of the required methodo- 
log ies  to  iden t i fy  and solve t h e i r  personnel problems. 

As no ted ' in  Section 4 ,  there  i s  approximately an exponential learning 

curve associated with these types of e r r o r s ,  characterized by the drop in  human 

e r r o r  r a t e  leading t o  scrallis over the i n i t i a l  two years  of commercial operation. 

I t  should be evident from these "learning curve" trends t ha t  the  problem can 

- be substan t i  a1 l y  reduced i f '  the operators receive addi t i  onal preparation and 

t r a in ing  p r io r  t o  operation of a nuclear power p lan t .  Figure 5.3 i s  a summary 

of a typical  operator t ra in ing  schedule. I t  i s  apparent from the  t ra in ing  summary 

t h a t  only supervisors and engineers receive concentrated preparation o r  i  nstruc- 

t ion  i n  the  plant  operation. The operators ,  e l e c t r i c i a n s ,  and mechanics -- 
t he  people who ac tua l ly  perform the operation,  t e s t i n g  and maintenance -- receive 

l e s s  than 5 months of maintenance-only t r a in ing ,  and t h i s  during the  busies t  

time f o r  the  plant ,  j u s t  p r i o r  t o  an i n i t i a l  fuel  load. In con t r a s t  t o  t h i s ,  

the  U.S. Navy, which t r a i n s  operators f o r  nuclear power submarines, requires  

a l l  personnel t o  a t tend 6 months of reactory theory school and 6 months of 

t r a in ing  on a prototype reactor .  Then there  i s ,  i n  add i t ion ,  a t r i a l  period 

on the  submarine where the  operator must qua l i fy  f o r  operation of the  submarine. 

Thorough operator t ra in ing  is  essent ia l  t o  t he  minimization of pl an t  t r ans ien t s .  

The benef i ts  t o  be gained from b e t t e r  operator preparation a r e  not  
only i n  the  reduction i n  t r ans i en t  i n i t i a t o r s ,  but a l s o  in  t he  improvement in 

operator  response t o  high s t r e s s  conditions. I t  i  s  well recognized t ha t  operator 
e r r o r  can be qu i te  high under condit ions of s t r e s s .  However, a  well- trained 
and informed operator wi 11 reac t*  i n  a  more pos i t ive  and know1 edgeable fashion 

than an operator who does not thoroughly understand the  system operation. 



POI lTK lN  

PLANT SUPERINTENDENT 
ASSISTANT SUPERINTENDENT 

TECHNICAL SUPELVISOR 
NUCLEAR E l lG l l lEER 

TECHNICAL ASSISTANTS 
HEALTH PHYS ClST 

RADlATlOn MONITORS 
CHELIICAL ENGINEER 

LABORATORY TECHNICIANS 
ELECTRICAL  ENGINEER 

INSTRUMENT ENGINEER 

OPERATIONS SUPELVISOR 
SHIFT SUPERVPSORS 

SENIOR CONTROL OPERATORS 
COUTROL OPERATO-RS 

AUXILIARY OPERATORS 

EQUIPMENT ATTENDENTS 

YAIN~EN.AI~CE SUPERVISOR 
MECHANICAL FOREMAN 

MECHANICS 

ASSISTANTS 
WELDER 

ELECTRICAL  FOREMAN 
ELECTRICIANS 
ASSISTANTS 

INSTRUhlENT FOREMAN 
TECHNICIANS 

ASSISTANTS 

YONYHS PRIOR 1 0  IN IT IAL  FUEL  LOADING 

I PRE.SITE TRAINING I 

- I 10 13 14 15 16 

) OlSCREnON -, 10 1 12 13 I 4  I S  16 

--- I O F  CUSTOMER 10 13 I4 I! 16 

- 

I. BASIC NUCLEAR COURSE 5. OPERATOR TRAINING 9. COKTROL 8 INSTRUMENTATION TRAINING 13. RAOlATlON PROTECTION INOOCTRINATIONS 

2. BASIC RAOIATIOII PROTECTION 6. FUEL'MANACEIAENT COURSE 10. MAINTENANCE TRAINING . ONSITE DURING 
BY STATION HEALTH PHYSICIST 

3. FAMILIARIZATION -OPERATING REACTOR I .  RADIATION PROTECTION TRAINING CONSTRUCTION.ERECTION AN0 lN$TALLAT loN ' 14, PREOPERATlONAL TESTING OF EQUIPMENT 
O F  EQUIPMENT 

4. TECHNOLOGY COURSE 8. RADIOCHEMISTRY TRAINING 11. ON-THE-JOB IS. CHECKOUT O F  OPERATING PROCEDURES 

12. PREPARATION O F  MAINTENANCE MANUALS 16. IN IT IAL  FUEL  LOADING 8 STARTUP TESTING 
AN0 OPERATING PROCEDURES 

TYPICAL  TRAINING SCHEDULE 

Flgurc 5.3 



I t  i s  recommended t h a t  operators and maintenance personnel a l l  undergo 

a t r a i  fii ng program, i ncl udi ng basic  reactor,  system theory. Thi s program woul d 

be best  administered by a centra l  industry school. In addi t ion,  actual  on-the- 

job t ra ining o r  simulator t ra in ing  i s  essen t ia l .  

5.7 Reducti on i n  Frequency of Recurring Transi'en t s  

Examination of t he  scram data base shows t h a t  in many plants  the  

same component i s  responsible f o r  several scrams which occur within a sho r t  

period of time. As an example, consider Table 5.1 which presents the  causes 

and dates f o r  se lected scrams a t  the  Palisades plant .  Table 5.2 shows t he  

dates f o r  shutdowns a t  Browns Ferry 1 and Browns Ferry 2\due t o  o i l  leaks i n  

the  electro-hydraul i c  system. A1 though the  guil ty  componbnt may be d i f f e r en t ,  
a pattern of several scrams occurring in a shor t  time due t o  the  same cause 

appears a t  many o ther  u n i t s .  Thus, i t  i s  suggested t h a t  following a scram, a 

thorough invest igat ion f o r  the  root  cause be undertaken and the  problem 

corrected before the  p lan t  i s  brought back t o  f u l l  power. 

Other p lan t s  with unique problems include H. B. Robinson. For 

example, the instrument bus a t  H.  B .  Robinson has l ed  t o  a s i gn i f i c an t l y  

higher scram incidence than any other  p l a n t . i n  our sample. This ind ica tes  

t h a t  the solution t o  this problem has a high benef i t  f o r  H .  B .  Ro.binson, but 

may not be of i n t e r e s t  t o  o ther  plants.  Similar ly ,  the  ava i lab le  data f o r  

TMI-2 and Davis Besse i nd i ca t e  an unusually high r a t e  of problems with feed- 

water operation and c o n t r o l .  Again, a s i gn i f i c an t  reduction i n  the individual 

p lant ,  r i sk  may be obtained by focusing e f f o r t s  on the  improvement of t he  ICS 

f o r  these plant  types. 

5.8 Common Cause Problems 
s 

I In t h i s  subsection,  consider two scenarios f o r  events,  which, while 
rare*, do occur and can have profound e f fec t s  on plant  safe ty .  The f i r s t  

I event i s  a 1 oss of DC power; the  second deals with a f i r e .  

- 

*Since these events a r e  r a r e ,  they do not show up  i n  the  analyses included 
here which focuses primarily on high frequency events. 



Table 5.1 

EXAMPLES OF SCRAMS AT THE PALISADES PLANT 
WHICH OCCUR FOR THE SAME REASON 

(1 )  Low Steam Generator Level  T r i p  Due t o  Unstable 
Feedwa t e r  Cont ro l  Sys tern 

1/11/'1972 i / i z / i 9 7 2  7/6/1972 

(2 )  CRDM Seal Leakage 

(3)  Feedwater Pump T r i p  

(4 )  Low Steam Generator Water Level  

FOTE: Th i s  i s  a summary o f  p e r s i s t e n t  problems o c c u r r i n g  
a t  one p lant . .  There a r e  ba rs  connect ing events 
which cause a r e a c t o r  scram w i t h i n  20 days. 



Table 5.2 

DATES OF SCRAM DUE TO ELECTRO-HYDRAULIC 
CONTROL PROBLEMS IN BROWNS FERRY 1 AND 2 

9/30/76 , Pressure Regul a t o r  
Startup Test 

10/13/76 Ma1 func t i  on 

Browns Ferry 1 

.6/ 2/ 74 Oil Leak 

I 
1/20/77 Oil Leak 

1/27/77 Malfunction 

2/12/77 Oil Leak 

2/25/77 Oil Leak 

6/6/77 Ma1 function 

Browns Ferry 2 

9/18] 74 Controls 

9/14/76 Pressure Regulator 
Star tup Test 

12/10/76 Oil Leak 

6/11/77 Oil Leak 

~ NOTE: This i s  a summary of pe r s i s t en t  problems occurring a t  one plant .  
I There are  bars connecting events which cause a reactor  scram w i t h i n  
! 20 days. 



1. Loss of DC Power: While a r e a c t o r  was opera t ing  a t  85% power 
(615 MWe), a 50 hp DC emergency o i l  pump, which i s  powered. by 
one o f - t w o  se ts  of b a t t e r y  banks was s t a r t e d  f o r  a r o u t i n e  :I 

weekly, 2-hour t e s t  run. The pump was inadver ten t l y  n o t  stopped 
as planned and 4.4 hours l a t e r ,  t he  ' s t a t i o n  b a t t e r y  was so 
depleted t h a t  t h e  r e a c t o r  t r i p p e d  on low DC vol tage t o  t h e  t r i p  
coils of the  t r i p  breakers. Turbine t r i p  occurred, and t h e  s top 
valves closed, b u t  t h e  emergency breakers ( # 1  and 2) cou ld  n o t  
c lose because of low DC vo l tage.  Breakers #3 and 4 c losed as 
designed. Diesel  Generator A s tar ted ,  b u t  the  E - 1  emergency 
bus could n o t  c lose  e i t h e r  because o f  low DC power. The l o s s  
o f  s ta r tup  transformer buses 1 and 2 caused l o s s  o f  t h e  AC 
tu rb ine  o i l  pump. The emergency DC o i l  pu'mp was a l ready i n -  
operable because o f  t h e  depleted ba t te ry .  As t h e  t u r b i n e  slowed 
down, the shaf t  o i l  pump became i n e f f e c t i v e ;  thus, l u b r i c a t i o n  
f a i l e d .  The t u r b i n e  stopped i n  17 minutes w i t h  bear ing  se izure  
ins tead o f  t he  usual 1.. 25 hours. . The p l a n t  comp.uter f a i l e d  
and there were.many erroneous v i s u a l  i n d i c a t i o n s 1  One charging 
pump was s t a r t e d  immediately t o  re-establ  i sh seal and chargi.ng- 
wate,r f low.  The f a i  1 u re  o f  inst rument  power actuated t h e  
safety i n j e c t i o n  system. About 3 minutes a f t e r  t he  t u r b i n e  
stopped, the  b a t t e r y  bus t i e  between B a t t e r y  A and B was c losed 
manually, thus supp ly ing  bo th  buses and a l l o w i n g  t h e  breaker 
between the  d i e s e l  generator  and the  E-1  bus t o  close. The 
operator  proceeded t o  c l o s e  t h e  s t a r t u p  t ransformer breakers 
and res to re  normal operat ion,  b u t  t h e  t u r b i n e  bear ings had seized. 

a. Perspect ive on the  Loss o f  DC Power Event 

The on ly  damage as a r e s u l t  o f  t h i s  event was t o  the  t u r b i n e  
bearings, w i t h  r e s u l  t i n g  p l a n t  outage f o r  repa i r .  A1 though 
the  i n i t i a t i n g  event  t h a t  caused l o s s  o f  DC bus was n o t  
an t i c ipa ted ,  t h e  l o s s  o f  a DC bus had been a n t i c i p a t e d  i n  
the  p l a n t  design s ince necessary equipment would go i n t o  
f a i l  sa fe  con f igu ra t i ons  i n  the  eventual i t y  o f  i t s  occurrence. 
The i n i t i a t o r  f o r  t h e  event was human e r ro r ,  b u t  c o r r e c t  
operator  performance was impor tant  i n  m i t i g a t i n g  the  event. 
I f  the  DC b a t t e r y  t i e  cou ld  have been c losed a few minutes 
sooner, even t h e  damage t o  the  t u r b i n e  bearings might  have 
been avoided. 

To assure t h a t  t h i s  event  cou ld  n o t  recur :  (1) opera t ing  
procedures and t r a i n i n g  were changed. to i nsu re  aga ins t  
1 onger-than-pl anned t e s t s ;  (2) 1 ow vo l tage alarms were 
i n s t a l l e d  on t h e  DC bus. N o t i f i c a t i o n s  were sent  through- 
ou t  the  i ndus t ry .  

b. Conclusions t o  t h e  Loss o f  DC Power Event 

(1 )  The i n i t i a t o r  f o r  t h i s  DC power f a i l u r e  was human e r r o r  
combined w i t h  a design, de f ic iency ,  b u t  c o r r e c t  opera tor  
performance c o n t r i b u t e d  g r e a t l y  t o  m i  ti g a t i n g  the  event. 



(2) Steps were taken to  prevent the recurrence a t  the 
original plant-  and throughout the indu'stry. 

(3 )  A common cause f a i l u r e  analysis of the DC system 
would have uncovered t h i s  event before i t  occurred. 

(4)  Because of redundancy, only a par t ia l  fa i lure  occurred 
as a r e su l t  of the f a i l u r e , o f  t h i s  DC bus. 

(5) The f a i l u r e  was detected and corrected by plant 
personnel. 

Fire: A f i r e  occurred a t  a three-uni t nuclear power plant during 
construction of the t h i r d  uni t  and during operation of Units 1 
and 2. The igni t ion source was a candle used to  t e s t  fo r  a i r  leaks 
in ,  the el ectt-ical cable penetrations between the cab1 e spreading 
room and the reactor buildings. The candle flame was drawn in to  
the penetration and ignited the polyurethane' foam cabl e-sealant. 
This f i r e  fed by the d ra f t  caused by the lower pressure in .the , 

reactor building ignited 'the wiring insulation, which burned 
hori.zonta1 ly  and vert ical  ly  f o r  severa l  hours. I t  burned cabl es 
in a1 1 ten trays' within the penetration, damaging 2000 cabl es. 
Because of the f i r e ,  normally used shutdown cooling components 
f o r  Unit 1 were inoperable f o r  several hours.' Other instal led 
equipment was used to  provide the shutdown cool ing of Unit 1; no 
s ignif icant  problems were encountered with the shutdown cooling 
of Unit 2. 

a. Perspectives on the Fire 

One important system tha t  functioned'during the f i r e  was 
the reactor protection system f o r  both reactors. The 
reactors were s h u t  down soon a f t e r  the f i r e  becarne'known. 
Even i f  t h i s  were not the case and had the f i r e  progressed 
to  the s.hutdown control wires, t h i s  would have caused 
reactor shutdown because of the f a i l s a f e  design of the 
reactor' protection system. 

In Unit 1, problems arose providing shutdown heat removal 
following the f i r e ,  because the sources o'f power fo r  the 
equipment normally used were not availcvble, so other ins ta l led  
equipment was used. Unit 2 had no such d i f f icu l t ies .  If 
th is  ins ta l led  equipment had f a i l ed  in removing the residual 
heat, a t  l e a s t  three other systems (Control Rod Drive pump 
on Unit 2, Backup Control Rod Drive pump, Standby Liquid 
Control pumps, and RCIC with auxi l l ia ry  plant boiler steam 
supply) were in readiness a s  backup and other means could 
have been u t i l ized  i f  the functioning and planned backups 
had fa i led .  

The time f o r  the accident t o  develop was not instantaneous; 
i t took p1 ace over many hours, during which time-emergency 



procedures and contingency pl anning were ins t i tu ted .  
The time span was s igni f icant  in controll ing and 
amel iorating the accident. 

b. Conclusions Derived from the Study of This Fire  as a 
Common Cause Failure 

(1) As a resu l t  of t h i s  f i r e  and a s  a r e su l t  of changes 
in regulations, procedures and general awareness, 
the probability tha t  an accident of th i s  type will 
recur i s  low. 

( 2 )  The accident sequence was not instantaneous but 
extended over su f f i c i en t  time t o  mobilize emergency 
resources more than adequate to  mitigate ' the 
situation. 
- .  

(3 )  The f a i l  safe design o f .  the reactor protection system 
would.have shutdown the reactors even i f  control 
of the scram system had been 1 ost .  ' 

(4)  While a human e r ro r  i n i t i a t e d  the accident, human 
performance and the defense-in-depth design were 
instrumental in mitigating the accident. 

The design f i x  associated with these types of events i s  one requiring 

an extensive plant specific analysis of the a s -bu i l t . p l an t  t o  ensure tha t  

there . a re  methods of precl uding sing1 e events 1 eadi ng to  a cascade of f a i l  ures 

which could lead to  core me1 t. Common cause f a i lu res  a re  a potential concern 
in the industry i f  there i s  no overview analysis method used by the u t i l i t y  

or designer to  cross-check his plant to  ensure the re .  i s '  not a coupling of 

f a i l  ures together. 

5.9 Fl ow-Induced Vi brati on/Loose Parts Monitoring 

There a re ,  i  n addi t i  on to  those scram causes which show u p  in the 

operating experience, some problems which may a r i s e  in the future and lead to  

addi tional , ;spurious plant transients.  Currently, NRC i  s  consi dering implemen- 

ta t ion of instrumentation associated with a loose parts monitoring system. Thic 

would be a system (possibly a s e t  of accelerometers) attached t o  a component 

(e .g . ,  steam generator) which would' detect deviat ions from a base1 ine trace. 
From these deviations i t  would be inferred tha t  there may be loose parts in 

the prima'i-y system. There a re  t w o  d i f fe rent  approaches to  th i s  problem: 



1. The loose par t s  monitoring system i t s e l f  must be made more 
re1 iable  so t h a t  s igna l s  from the system are  meaningful 
and do not resul t i n  spurious plant .  scrams o r  shutdowns. 
This will requi.re being able  t o  discriminate aga ins t  o ther  
background noise. This appears t o  be an, area requiring 
extensi ve 1 aboratory and hardware devel opment. 

Secondly, the  primary and secondary loops of nuclear Power 
plants  a r e  subjected t o  very high flow ra tes .  These high 
flow r a t e s  may have adverse e f f e c t s  on core components, 
instrumentation, o r  o ther  i tems ins ide  these c i rcui  t s .  A 
method of ca lcu la t ing  the  onset  of f l  ow-induced vibrat ion 
and a workable s e t  of c r i  t e r i a  t o  precl ude f l  ow-induced 
vibrat ion a r e  important aspects of the problem which requires  
increased a t t en t i on  t o  avoid fu tu r e  problems l i k e  those en- 
countered i n  BWR 1 ocal . power range moni t o r s  . and B&W reac tor  
in te rna l  s .  

5.10. Recommended Actions Which Can be Appl ied Generally by All U t i l i t i e s  

... \ 

The f o l l  owing .,actions a r e  rec-ommended f o r  reactor  operators o r  groups 
of operators of  s im i l a r  p lants :  

1. Package I&C equipment i n  a manner to:  

(a) Preclude accidental  j a r r ing  of the  equipment 

(b)  Minimi ze the  impact of adverse envi ronmental condit ions.  

2. Es tab l  i s h  g r ea t e r  redundancy of scram c i r cu i t ry .  

3. Cont inuously  monitor se tpo in t s  of a l l  instrumentation with a 
mirni.cmpu.ter. ,,and. pri  n t  .,out .a..warni,n,g of :any deviation.  . . % .  . ..,,.... .,,,.,.. , .,... .l. ..*, . .. 

, . 
(: ,; , , I 3  '8, 4.1 Upgrade.  a1 1 el ec.trioa/l breakers.  ; 

ll 
. . 

I: 
I 

I / I :  8 I '  ; 

I I 5. Improve 1 i ghtni ng a r i e s t o r s  . 

6. Sirmpl $fy feedwater control  systems. 

7. Per-form a r o o t  cause ana lys i s  on each scram which occurs a t  
e a c h  p l a n t  t o  determine the  major and s ign i f i c an t  causes of 
scram and t o  de f in i t i ve ly  c l a s s  the  human element regarding 
sc ram,  

8. Prov i  ds more operating t ra in ing  f o r  off-normal condi t i  ons 
w i t n  ~ e r h i z p s  ex t ra  personnel during s t a r t up  and. shutdown. 
T h e s e  f i x e s  reduce the  number of scrams due t o  steam 
g e n E r ~ t o r  7 eve1 t r i p s  and feedwater f l  ow-to-steam flow 
rnirlatzh. 

9. L i r - : ~  ... L zn-i i n e  t e s t i n g  t o  l e s s  than t ha t  current ly  scheduled. 
Fewzr zn-1. i n e  t e s t s  woul d general l y  mean fewer scrams. 
A1 l z=mi t i v . e ly ,  add s u f f i c i e n t  redundancy in  instrumentation 
t o  z z f r r t a 7 n  2-of-3 o r  2-of-4 log ic  during t e s t i ng .  , 
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10. ~ a i  ntenance errors ,  mi scal i brat i  ons, and errors  during 
test ing can be minimized by extensive checking of pro- 
cedures and work performed by management as  well as 
other workers. This may require practicing the procedure 
0.n a simulator, mockup, or  classroom run-through. 

11. Reduce the incidence of repeated scrams from single root 
cause. Repeated scrams have indicated several probl ems 
tha t  each need corrective action: improper recording 
of scrams, insuff ic ient  examination of scram causes, 
improper maintenance and repair ,  improper procedures and 
management f a i  1 ure. 

The corrective action to  preclude these repeated scrams 
should include: 

0 Standardized recording procedures and proper u t i l i za -  
tion of a recognized standard scram reporting sheet. 

\ 
a Standardized scram investigation to  assuredroot cause 

determination such tha t  proper corrective action can 
be employed. 

0 Raise standards f o r  maintenance of equipment. Par- 
t icu lar ly ,  have management i n  a new plant inform a l l  
maintenance personnel of the importance of the care 
that  i s  necessary to  assure against  spurious scram 
due to  bumping equipment. Several scrams of t h i s  
nature have occurred and they usually happen in p lan t .  
infancy. Moreover, proper management procedures 
concerning immediate repai r and restoration of equip- 
ment i s  essent ial .  A t  no time should a reactor be , 

without suf f ic ien t  management to  assure proper correc- 
t ive  action. 

Assuring proper procedures must s t a r t  wi t h '  an i nves- 
t igation of plant management with effect ive action 
to  el imi nate repeated f a i l  ures. I 

Establ ish bet ter  c r i t e r i a  f o r  management performance. A 
f a i lu re  modes and ef fec ts  analysis  (FMEA) of the manage- 
ment would be a useful tool in determining management 
f a i lu re  causes and proposing ef fec t ive  corrective action. 
Rather than focusing on success or  f a i l u r e  of one person 
whenever a ser ies  of 0utage.s has created a low plant 
avail abil i ty , the FMEA coul d sel  ect i  vely f ind the manage- 
ment problems most 1 i kely t o  have correlation with. the % 

outages. However, in order f o r  the FMEA to  be useful, 
the investigation must include the fol low-up imp1 ementation 
of necessary corrective actions.  

In the case of repeated f a i lu res :  generally, the root 
cause has not been found; management has not followed 
u p  on investigation until  a f t e r  several scrams; the 



operator  w r i t i n g  up the  r e p o r t  has been on h i s  own 
w i t h  a rubber stamp backup concerning review; cor rec-  
t i v e  a c t i o n  has been minimal and, i n  some cases, 
t o t a l  l y  disregarded. To e l  im ina te  these f a i l  ures : 
implement proper  management procedures t o  assure r o o t  
cause determinat ion i m e d i a t e l y ,  f o l  1  owup r e p o r t i n g  
must i nc lude  a c t i v e  management p a r t i c i p a t i o n  a t  t he  

- operat ion, maintenance, and o v e r a l l  p l a n t  1 eve1 . 



CONCLUSIONS 

The Reactor Sa fe ty  study(') (WASH-1400) and subsequent s tud ies  (2,3,4) 

have shown t h a t  a  s u b s t a n t i a l  p o r t i o n  o f  t h e  p u b l i c  r i s k  from the  opera t ton  

of nuc lear  power p.1ants i s  associated w i t h  the  p o t e n t i a l  i n a b i l i t y  t o  cool  

t h e  core f o l l o w i n g  p l a n t  t r a n s i e n t s  t h a t  r e q u i r e  r a p i d  r e a c t o r  shutdown. 

Therefore a  decrease i n  the  number o f  these t r a n s i e n t s  would reduce the  

t o t a l  c a l c u l a t e d  pub1 i c  r i s k .  

This  r e p o r t  -evaluates a  l a r g e  sample o f  t h e  accumulated r e a c t o r  
' 

ope ra t i ng  experience t o  determine the  components which l e a d  t o  r e a c t o r  

scrams. A sample popu la t i on  o f  35 l i g h t  water  reac to rs  (LWRs) i s  used t o  

cha rac te r i ze  the  general popu la t i on  over  a  p e r i o d  o f  15 years. A  s imple 

rank ing  scheme i s  used t o  d i s p l a y  those components which a re  the  most 

f requent  c o n t r i b u t o r s  t o  r e a c t o r  scrams f o r  PWRs and BWRs (see.F igures  

6.1 and 6.2). 

I n  a d d i t i o n  t o  the  rank ing  scheme used t o  h i g h l i g h t  t he  p r i n c i p a l  

component causes o f  scram, an eva lua t i on  . o f  t h e  t ime  dependence o f  these 

component c o n t r i b u t o r s .  i s  a l s o  presented. F igu re  6.3 g ives  the  r e s u l t s  of 

t he  v a r i a t i o n  o f  scrams i n  PWRs as a  f u n c t i o n  o f  p l a n t  age. 

The p r i n c i p a l  conclus ions which can be reached f rom the  d e t a i l e d  

ana lys i s  of t he  scram data  are: 

(1 )  The c h i e f  component type l ead ing  t o  r e a c t o r  scrams can be 

i d e n t i f i e d  as i ns t rumen ta t i on  and c o n t r o l .  (Note.: a l l  i n -  

s t rumenta t ion  and c o n t r o l  i tems have been summed together .  ) 

However, i n  t he  I & C  category the re  i s  a  s t r o n g  c o r r e l a t i o n  

between human e r r o r ,  f a u l t y  rnai ntenance procedures, and 

t e s t i n g  e r r o r s  1  eading t o  scrams. 
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( 2 )  Electrical transmission and dis t r ibut ion re1 ated i.nci dents 

have a  nearly equal e f fec t  on the frequency of scrams in 

nuclear plants investigated over t h e i r  e n t i r e  l i f e ,  not 

jus t  during i n i t i a l  s tar tup.  These components rank second 

to  I&C as the leading cause of scrams in PWRs (-15%), while 

they are f i f t h  in BWRs (-7%). 

( 3 )  Turbine control incidents which are  related to  scrams 

represent a  s igni f icant  fraction of the scrams in BWRs 

(- 6 %),. ' In PWPs there are  fewer turbine related scrams 
than in BWRs. .-.' \ 

I 

. . _., . .  (4). -The. number of components in a  nuclear power plant. required.. 

for  proper plant operation i s  so large ( i  . e . ,  high parts 

count) t ha t  while the re1 iabi l i t y  of each component can be 

quite high, the aggregate r e l i a b i l i t y ' o f  the "system" of 

combined components may be s ignif icant ly lower. Simply 
stated: 

. . 

The overall system unre l iab i l i ty  i s  a  con- 

bination of unre l iab i l i t ies  from a  wide and 

diverse s e t  of components. 

(5)  There i s  a  charac ter i s t ic  overall trend of scram transient  

frequency as a  function of plant age. The trend f i t s  an 
exponential function very close'ly. A s imilar  phenomena i s  

a1 so exhibited i f  individual component re1 ated scrams are  

plotted as a  function of age. This exponential function 

indicates tha t  the i n i t i a l  two years of plant operation are  

atypical from the, po,ints of view which make t h i s  period of 
time a  hilgh ri'sk p.erirod: 

(a )  There are. a  large number of scram occurrences 

during the i n i t i a l  reactor operation. 



(b )  The ope ra t i ng  personnel may n o t  be complete ly  

fami l  i a r  w i t h  the  s u b t l e  opera t ing  p e c u l i a r i t i e s  

o f  the  p l a n t ,  and may i n  a d d i t i o n  be u n f a m i l i a r  

w i t h  procedures t o  cope w i t h  'unusual acc ident  

scenarios which may develop. 

( 6 )  P lan t  s p e c i f i c  da ta  compared w i t h  "average" p l a n t  data i s  

extremely use fu l  i n  h igh1 i g h t i n g  p a r t i c u l a r  problem areas 

i n  a  given p l a n t  where s u b s t a n t i a l  reduc t ions  i n  scram 

frequency cou ld  be obta ined i f  proper  design o r  procedure 

changes were implemented. This  conclus ion is,emphasized 
I 

by a  d e t a i l e d  example f o r  B&W reac to rs  and t h e i r  i n t e g r a t e d  

con t rp l  system. 

( 7 )  .Because o f  t h e  h igh  inc idence o f  scrams r e l a t e d  t o  human 

e r r o r s  o r  f a u l t y  procedures, i t  appears f r u i t f u l  f o r  each 

p l a n t  t o  focus . increased a t t e n t i o n  on the f o l l o w i n g  areas: 

(a )  Personnel t r a i n i n g  i nc lud ing :  

a Simula tor  t r a i n i n g  

Care i n  hand1 i n g  s e n s i t i v e  e l e c t r o n i c  
equipment 

a I n s t r u c t i o n  on keeping the  c o n t r o l  room 
informed o f  a l l  maintenance 

(b)  Procedural rev iew 

( c )  A d m i n i s t r a t i o n  

(d )  Mai ntenance methods. 

A  cau t i on  which must be mentioned i n  the  ana lys i s  o f  t he  scram data i s  

the  quest ion  o f  e x t r a p o l a t i o n  t o  end o f  l i f e  t rends.  Since we are  dea l i ng  w i t h  

a  very young popu la t i on  o f  p l a n t s  ( t h e  c u r r e n t  data can on l y  support  conclus ions 



over the  i n i t i a l  7 t o  10 years  of plant  operat ion) ,  extrapolat ion of the  

data beyond 10 years i s  nearly impossible. Therefore g r ea t  care  must be 

exercised i n  the appl icat ion of the data t o  end of 1  i f e  operation o r  long- 

term operation of nuclear power plants.  Another potent ia l .  appl icat ion of 

t he  data i s  t o  fu tu re  plants .  Again the population sample we have used i s  

one of custom designed plants  of an older  vintage than t h a t  typical  of 

f u tu r e  designed plants  and, therefore  again, caution must be exercised so 

t h a t  po ten t ia l ly  new problems a r e  not overlooked. 
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APPENDIX A 

SUMMARY OF THE EFFECTIVE SCRAM FREQUENCY* 

AS A FUNCTION OF PLANT AGE FOR ALL 

PWRs AND BWRs INCLUDED I N  THE SAMPLE POPULATION 

* 
E f f e c t i v e  scram frequency i s  de f i ned  i n  Sec t i on  3. It accounts o n l y  f o r  t h e  
t ime f o r  which a p l a n t  i s  a c t u a l l y  a v a i l a b l e .  Th i s  i s  a method o f  no rma l i z i ng  
ou t  o f . t h e  da ta  l o n g  d u r a t i o n  outages i n  g i ven  years.  
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APPENDIX B 

SUMMARY OF'THE DATA TO INVESTIGATE 

PLANT SPECIFIC PROBLEMS 

LEADING TO REACTOR SCRAM FOR B&W PLANTS 

Th i s  appendix summarizes t h e  availab1.e o p e r a t i n g  exper ience  da ta  on 

r e a c t o r  scrams f o r  t h e  o p e r a t i n g  B&W p lan t s :  as d iscussed i n ' c h a p t e r  4.1. 



CRYSTAL R I V E R  3 

3-77 1 Auto 

3-77 1' Auto 

Manual 

Manual 

10-77 1 Auto 

9-77 Auto 

12-77 

DESCRIPTION 

Auto 

1- 78 

2-78 

9-78 

9-78 

F a i l e d  CRD Motor 

Auto 

Manual 

Manual 

Manual 

Survei  1 1-ance Procedure Problem (Mai n t .  /Test)  

power Flow Cal i b r a t i o n  Problem (Maint .  /Test)  

Loss o f  CRD Programmer Power 

- - - 

Loss o f  Pow.er t o  Cont ro l  Rod Group du r ing  
Survei  11 ance Test  (Mai n t .  /Test)  

Loss o f  Power t o  one Contro l  Rod Group 
d u r i n g  Tes t ing  (Maint . /Test)  

Dur ing Surve i l l ance  Test  - Power Flow T r i p  
(Mai n t .  /Test)  

Loss o f  A I n v e r t o r / ' A 8  V i t a l  Bus 
High R.C. Pressure t r i p p e d  Reactor 

Power Range Imbal ance t r i p p e d  Reactor 

Loss o f  Feedwater Cont ro l  w h i l e  i n  Manual: 
Reactor t r i p p e d  on High Pressure 

Cont ro l  Rod Group 5 Props due t o  Cont ro l  
Hardware Problem 

Power  l low Mismatch: , Operator E r r o r  

Loose Parts  i n  Steam Generator 
( 2  Burnable Poison Rods) 

1 Seat Leakage on Main Steam Safe ty  Valve 

1 ~ e ~ l  ace Main Steam Dra in  Valve 



RANCHO SECO . 

,-. , r 

DATE 

11-74 

11-74 

12-74 

12-74 

12-74 

12-74 

12-74 

12-74 

2- 75 

2-75 

2-75 

2-75 

3- 75 

3- 75 

3-- 7 5 

3-75 

4-75 

4-75. 

(continued) 

B-3 

SCRAM 

Auto 

Auto 

Auto 

Auto - 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 
. . 

Auto 

Manual 

Auto 

Auto 

DESCRIPTION 

In tegrated Control System Tuning f o r  Turbine of 
Mainfeed Pump "B". Resul ted. i n  Reactor Trip.  

Loss of " J" ' Inver te r  

Human Error: Tripped Turbine during Instru- 
ment Check 

Power'Failure i n  Control Rod Drives 

Power Fa i lu re  i n  Control Rod Drives 

Fa i lu re  of Vital  Power Bus "C" 

Fa i lu re  of Vital  Power Bus "C" 

Operator Error: Tripped Elec t r i ca l  Bus during 
Transfer  t o  A1 t e rna t e  Power Source 

Spurious Overspeed Protection Trip (Turbine) 

Transient  Testing:  Slow Integrated Control 
System (ICS) Response f o r  Feedwater Runback 

Test:  ' High .Flux Imbalance 

Test:  High Flux Imbalance 

Design Transient  (Power Imbalance  rip) 

Power Imbalance Tr ip  

Design Transient  (Power Imbalance Tr ip)  

Turbine Bearing Inspection 

T r i p  occurred due t o  Steaming Down on OTSG 
from 100" t o  30" which caused RCS Pressure -.. -..- 
t o  Increase 

Reactor Tr ip  on High Pressure due t o  Loss of 
"B" Inver te r  Power 

3 



RANCHO SECO, cont inued 

DATE 

4-75 

6-75 

3-76 

10-76 

10-76 

11-76 

1-77 

3-77 

7-77 

1-78 

3- 78 

3- 78 

9- 78 

12-78 

L 

SCRAM 

Auto 

Auto 

Auto 

, 

Auto 

Manual 

Auto 

Auto 

Manual 

Auto 

Auto 

Auto 

Auto . 

Auto 

Auto " 

DESCRIPTION 

Reactor Tr ipped on Power Imbalance 
\ 

Operator E r r o r :  I & C  Technic ian a d j u s t i n g  
Turbine. Governor Valve caused l nadve r tan t  
T r i  p 

TURBINE BLADE PROBLEM 

CRDM Power Supply Problem 

SURVEILLANCE TUBE MODIFICATION 

Main Feed Pump T r i p .  Repairs made t o  Hydrau l ic  
Contro l  System o f  Feed Pump 

Test Scheduled ~ u r b i n e  Tes t  

Turb ine ~ r i ~  when P lac ing  Scot System i n  
Serv ice 

Human E r r o r :  .Caused Loss o f  Main Feedwater 
Causing High Pressure T r i p  o f  Reactor 

100% Turbine T r i p  Test  

Dropped Cont ro l  Rod Dur ing Maintenance on 
CRD Programmer 

~ u r b i n e  T r i p  due t o  Turb ine O i l  R e l i e f  Valve 
L i f t e d .  Reactor Tr ipped on High Pressure 

1nstrumentati.on Shor t  C i r c u i t  

EHC System Plugged . 

~ u r b i  n e  ~ r i ' ~ ~ e d  d u r i n g  Maintenance on 
Autostop Block 

Feed "pumps Tr ipped .on Overspeed causing 
' 

Reactor T r i p  on-High Pressure 



THREE MILE ISLAND-2 

DATE 

, 3-78 

4-78 

4- 78 

4-78 

9- 78 

9-78 

10- 78 

11-78 

.11-78 

12-78 

12-78 

/ 

12-78 

12-78 

. 

SCRAM 

Auto 

. 
Auto 

Auto 

Auto - 

Manual 

Auto 

Auto 

Auto 

Auto 

Auto . 

Auto 

Auto I 

Auto 

. 

DESCRIPTION 

Loss.of  Power Mon i to r  on Reactor Coo1,ant Pump 
1A caused RPS t o  Be l i eve  t h a t  no Pumps were 
Running. i n  one Loop. 

Power t o  Flow Noise Spike l e d  t o  T r i p  

Nonespike on Power Range Channel 
. . 

Loss of Power Man-itor on Reactor Coolant Pump 
1 A  caused RPS t o  Be l i eve  t h a t  no Pumps were 
Running i n  one Loop. 

Loss of Motor D r i ven  Feed Pump 

Contro l  Problems w i t h  Feedwater Pump 1A 

Turbine Tr ipped due t o  Feedwater 'pump Problem. 
. Reactor Tr ipped on Low Pressure due t o  over-.  

compen'sa'ti'ng .for. t h e  Turbine T r i p .  

Loss o f  Power t o  Feedwater System Condensate 
Pol i sh i  ng Val ves 

Condensate Bcios t e r  Pump Tr ipped ,' thereby t r i p -  
p i n g  the  Feedwater Pumps 

Loss 'o f  Feedwater Flow w h i l e  S h i f t i n g  Feedwater 
Pump Turbine 1A f rom A u x i l i a r y  t o  Main Steam. 

Condensate Valve I n a d v e r t e n t l y  Pos i t ioned t o  
F u l l  Open P o s i t i o n .  Human Er ro r .  

Feedwater Stopped t o  OTSGB due t o  c l o s u r e  of 
Valve 

Feedwater Pump 1B F a i l u r e  Causes Turbine T r i p  
and Scram. 



DAVIS BESSE-1 

DATE SCRAM I DESCRIPTION 

Auto 

Auto 

Manual 

Manual 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Reactor  ripped due t o  DepressurizatiQn of the 
t he  Reactor Coolant System. The Depressuriza- 
t i on  was caused During Recovery from a Feed- 
water Control System Trip.  . 
Integrated Control System Increased Reactor 
Power following an. Erroneous Load Demand In- 
crease  Signal. Reactor Tripped on Overpower. 

Turbine Tr ip  Test 

Turbine Tr ip  Test 

Low Reactor Coolant System Pressure 

Low Reactor Coolant System Pressure caused 
during Recovery of Plant  from Loss of Main 
Feedwater Pump 1. 

A Human Error led t o  a Feedwater System Pres- 
sure  Osc i l l a t ion  which I n i t i a t e d  an Automatic 
Tr ip  Signal .  The Response of t he  Control 
System f o r  Two Auxiliary Feed Pumps was 
Incorrect .  

Feedwater system Pressure Osci 11 a t i  on which 
I n i t i a t e d  an Automatic Tr ip  Signal .  

.Reactor Protection System Tripped due t o  Com- 
ponent Malfunction (High Temp. Spike of RCS) 

Reactor Coolant System High Pressure 

Reactor Coolant System Low Pressure.  Operator 
Error during Cali brat ion Testing.  

Reactor ~ i r b i n e  Trip Test ( T P  800.14) Scheduled 

Reactor Coolant System Low Pressure.  RCS Flow 
Transmitter  Failed,  causing Feedwater Flow t o  
Increase t o  Steam Generators Leading t o  Lower 
Primary System Pressure.' 

(continued) 

B-6 



2 

DESCRIPTION 

Low ~l e ~ t r o h ~ d r a ' u i i c  Control (EHC) Pr,essure 
of Turbine Control caused Trip.  

Fuse i n  Reactor Cool ant  Pump Cabinet ~ l e w  and 
Tripped Reactor. Cool ant  Pump 1-2,. Reacto'r 
Tripped on Power Flow Mismatch. 

. . 
< 

, 

8 :  . 

. . . , 

' 

DATE 

10-78 

11-78 

- ,  
) .  i I 

SCRAM 

Auto 

Auto 

. 
3 i. 

* : .  . . . 

. , 



OCONEE- 1 

I DESCRIPTION I 
Control Rod S t a to r  

Control ,Drive S ta to r  

Control Rod Drive 

Control Rod Drive 

Control Rod Drive 

Control Rod Drive S ta to r  

Pressur izer  Spray Valve 

Steam Leak on Turbine ~nst rumentat ion Valve 

Faul t  in the  Integrated Control System Delta 
C(S1C) Instrumentation 

Spurious Pressure/Temperature Trip 

Integrated Control System Malfunction 

Tr ip  During Transient  

Low Turbine Control Oil Pressure led t o  
Turbine Trip 

High Reactor Coolant Pressure While in  Manual 
Control 

S t a t o r  Cooling Switch Failed 

(continued) 



OCONEE-1,  continued 

DATE DESCRIPTION 

Test: Turbine Valves \ . 

, 

, 

Power/Fl ow Imbal ance ' During ~ e s t a r t  . . I 

SCRAM 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto . . 

, Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Protective Relay on Generator Causes 
Unit Trip 

Reactor  rip due t o  High Reactor Cool.ant 
System Pressure 

Fai 1 ure of Reactor Coolant system Flow 
Indi ca to r  . '  

Test: Human Error: Steam Heaper Pressure 
Transmitter Valved O u t  

~ a i n t e n a n c e :  Reactor Trip during .Integrated 
Control System Maintenance 

.Control Rod Drive Malfunction I 
Test: Control .Rod Drive Power Supply Mal- 
function During Test 

Test: Con,trol Rod. Drive Power Supply Ma1 - 
function During Scheduled Test 

Fai 1 ure i n  ~ n t e g r a t e d  Control System Feedwater 
Control Module Ci rcu i t ry  

Reheater Drain Valve Failed t o  Open. Reheater 
High Level Trip 

Test: During Emergency Feedwater Pump Test ,  
l o s t  Condenser Vacuum d,ue t o  Failed Valve 

Maintenance: Turbine Shaft  Oi 1 Pump  rip 
caused by Technician Error 

Turbine Trip 

Loss of "A" Feedwater Rump I 
I 

(continued) 



O C O N E E - 1 ,  continued 

, DATE 

12-77 

3-78 

3-78 

6-78 

8-78 

9-78 

11-78. 

12-78 

12-78 

12-78 

SCRAM 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

DESCRIPTION 

Personnel Error: Feedwater Valve Closed 
causing Unit Trip 

During Shutdown Procedure Switch t o  Auxil i.ary 
Power was not made soon enough. . Personnel 
Error. 

Calibration Error. Caused Control System t o  
give Trip Signal when Control Switched t o  
Automatic 

Emergency Pump Valve on "B" Moisture Separator 
Drain Tank f a i l ed  t o  Function Properly causing 
High Level' Trip 

Test:  Malfunction in  Trip Mechanism while 
Performing t e s t  

MSIV "A" Failed Closed. Reactor Tripped on 
Overpower? 

Power/Flow Mismatch 

Short in  TAvg Transmitter Caused High Pressure 
2x Trip 

Loss of Condenser. Vacuum caused Power/Flow 
Imbalance 

Calibration:  Power Imbalance perceived by 
RPS 

< 



t 

DATE 

4-75 

4-75 

5-75 

7-75 

7-75 

10-75 

1-76 

4-76 

7-76 

9-76 

11-76 

4-77 

4-77 

10- 77 

12-77 

4-78 

8-78 . . 

11- 78 

SCRAM 

Auto 

Auto 

Auto 

Auto - 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Manual 

Auto 

Auto 

Auto 

DESCRIPTION 

A l i gn ing .  Deminera l izer  Valves l e d  t o  T rans ien t  
and T r i p  (Human E r r o r ? )  

, 

U n i t  T r ipped w h i l e  Operat ing Swi tch Gear . 

Turb ine  By-Pass Valve C i r c u i t r y  

100% Turb ine  T r i p  Test  -- 
1 

Turb ine  Tr ipped on Momemtary l o s ' r '  o f  DC 
Power t o  EHC 

.Power/Fl ow Imbal ance 

Loss o f  DC Cont ro l  Power t o  Turb ine Con t ro l s  

Power/Fl ow Imbal ance 

Spurious Turb ine T r i p  

Maintenance: Reactor T r i p  Dur ing  Maintenance 
on Power/Load Imbalance Runback C i r c u i t  

Test :  Turb ine  Tr ipped dur' ing, Turb ine ,.Thrust 
Bear ing Wear: Detec to r  Tes t i ng  

Momentary Loss o f  125 V DC Power t o  t h e  
~ u r b ' i  ne Con t ro l  Sys tem 

Spurious . Power/Fl ow T r i p  

I n d i c a t e d  Loss o f  DC Power t o  EHC System 
caused T r i p  

Test:  Manual T r i p  Test 
. . 

Test :  Whi le  P lac ing  RCP BA 1 on,.Reactor 
T r i  pped, Motor  Cont ro l  Center Breaker Tr ipped, 
Loss o f  Power t o  EHC System Pumps 

Swing i n  Feedwater System caused Power/Fl ow 
1mbal i n c e  T r i p p i n g  Reactor 

Swing i n  FeedwaterSystemcausedUnit  R e a c t o r T r i p  
< 



DATE 

5-75 

8-75 

8-75 

8-75 

7-76 

9-76 

12-76 

3-77 

11-77 

1-78 

5- 78 

8-78 

8- 78 

8-78 

10-78 

10-78 

SCRAM 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

DESCRIPTION 

Loss of Condesor Vacuur \ 

' Failed Control Rod Drive Power Supply 

Loss of Main Feedwater Pump 

Test  

Reactor Tripped during Shutdown 

Test:  Speed Amp1 i f i e r  C i rcu i t  Failued during 
a Scheduled Turbine Trip Test 

Control Rod Drive Power Supply Relay Fai lure  

Control Rod Dropped during Scheduled Rod 
Movement Test 

Emergency Feedwater Pump Trip 

- IP: Control Rod Drive Fuse Failure 

Valve 2HD-28 Failed Closed during Moisture 
Separator Reheater Drain Test - 
Operator Error: Power Flow Imbalance Fol- 
lowing Tripping of 2B2 RCP 

Low Pressure i n  Reactor Coolant System due t o  
Pressur izer  Spray Val ve Ma1 function when 
placed in  Auto 

Integrated Control System Increased Feedwater 
Flow, Reactor Cool an t  System 1 ow Pressure 
caused Trip Signal 

Air Supply Leak caused 2 Feedwater Valves t o  
Cl ose,  Reactor Tri pped 

Feedwater Pump 2B Tripped causing a Reactor 
Tr ip  (Pump Control Problem) 



DATE SCRAM 

Manual 

Auto 

Manual 

Auto . 

Manual 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

T H R E E  MILE ISLAND-1 

DESCRIPTION 

Thermal, Over1 oad Trip on Air Compressor 

"B" Side Steam System By-Pass Valve Opened 

Scheduled Test Procedure: Cooldown from 
Outside Control Room 

,S ta t ion  Blackout 

Reactor Tr ip  Test 

Faulty Relays on Generator caused Generator 
Trip.  Reactor Tripped on Low Pressure 

Osc i l l a t ion  on Secondary Plant  Feed System 
caused the Reactor t o  Trip on Pressure-Temp. 

Human Error: Technician removed TAvg Signal 
from Integrated Control System which taused 
the Reactor t o  Trip 

Power/Fl ow Imbalance 

Test:  Generator Trip Test.  Reactor Tripped 
on High Pressure 

Turbine Trip on High Vibration in  #11 Bearing. 
Operator Placed Feedwater Demand i n  Manual. 
Reactor Tripped on Variable Ternp./Pressure. 

Erroneous Signal Tripped Turbine ( i  .e. , Errone- 
ous Loss of DC Power Signal t o  EHC). Reactor 
Tripped 4 seconds 1a t e r . on  High Pressure. 

Turbine Trip.  ' Mechanical Fai 1 ure in  the  Level 
Trip.Device f o r  the  "B" Moisture Separator 
(High Moisture) 

fu rb ine  ~l ectrohydraul i c Control 1 e r  caused 
Erroneous Signal Leading t o  Turbine Runback. 
Reactor Tripped on High Pressure. 

. . (conti  nued) 

' B-13 



f 

DATE SCRAM DESCRIPTION . 

6-75 Auto Dropped 1 Control Rod Group due t o  E l e c t r i c a l  
Fau l t  

5- 76 Auto In t eg ra t ed  Control System Received I n c o r r e c t  
Input ;  began Pu l l i ng  Control Rods u n t i l  

11-77 

6-78 

L 

Auto 

Auto 

Core Power Exceeded -Tr ip  Point  

Fai 1 ure of  In t eg ra t ed  Control System Module 
Signal  Converter  caused Reactor Power t o  
Increase  t o  103%. Power/Flow Tr ip .  

Dropped 3 Control Rods due t o  Shorted Diode 
i n  DC Power Supply. , 



ARKANSAS- 1 

(cont inued)  

B-15 

DATE 

10-74 

10-74 

11-74 

11-74 

11-74 ' 

11-74 

12- 74 

12-74 

12-74 

1-75 

2-75 

5-75 

5-75 

6- 7 5 

6- 75 

L 

SCRAM 

Auto 

Auto 

Auto - 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

DESCRIPTION 

Main Feedwater'Pump "B" Tr ipped f o r  U~known 
Reason, causing High Pressur izer  Level,  Thereby 
T r i p p i n g  the  Reactor 

Main Feedwater Pump "A"  Tr ipped due t o  High 
V i b r a t i o n  causing High Pressur izer  Level;  
Thereby T r i p p i n g  the  Reactor 

Momentary I n t e r r u p t i o n  o f  S t a t i o n  Power 

High Power I n d i c a t i o n  du r ing  Power Esca la t i on  
T e s t i  n_g 

Reactor Coolant Pump Under Power Relays F a i l e d  
t o  Open F a l s e l y  I n d i c a t i n g  Low Reactor Coolant 
Flow 

Power Esca la t i on  Tes t i ng  : Surge o f  Reactor 
Coolant Flow when Adding a Four th  Pump 

High Pressure and Temperature i n  Reactor 
Cool an t  System 

Test: Manual T r i p  o f  ~ u r b i n e l ~ e n e r a t o r  from' 
100% Power caused Reactor T r i p  

- - - 

Generator T r i p  

Loss o f  O f f s i t e  Power due t o  Windstorm 

Power/Fl ow Imbalance 

Power/Fl ow Imbal ance 

F a i l e d  Cold Leg RTD Connector caused Power/ 
Flow Imbal snce S igna l  and T r i p  

Dropped Cont ro l  Rod Group, due t o  Switch 
F a i l u r e .  Reactor Tr ipped on Low Pressure 

- 



ARKANSAS-1, continued 

DATE 

7-75 , 

12-75 

12-75 

1-76 

2-76 

7-76 

9- 76 

11-76 

12-76 

4- 77 

11-77 

6-78 

10- 78 

12-78 

. 
L 

SCRAM 

Auto 

Auto 

Auto : 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Manual 

Manual 

Auto 

Auto , , 

Auto 

. 

DESCRIPTION 

Personnel Error: Bumped Inservice Instrumen- 
t a t i on .  ICS Reacted t o  Fa i l se  Indication t o  
Increase Temperature, which resu l t ed  i n  
Reactor Tri p 

Lightning   ti ke caused Voltage Fl uctuati.on 
and CRDM Tr ip  

CRDM Ratchet Trip 

Ratchet Tr ip  

Failed CRD Transfer Switch Dropped one Group 

False Indication of High Reactor Coolant 
System Pressure due t o  Fai lure  of one Nuclear 
Instrumentation Channel 

Turbine ~ r i ~ ~ e d " o n  Bearing Vibration A1 arm 

Main Feedwater Pump Control Malfunction 
caused Reactor Trip 

Par t i a l  Loss of Cont'rol System 'Power caused 
Automatic Control System Actions which re- 
sul ted i n  Reactor Trip on High Pressure 

Fa1 s e  Hotwell Level. Indication 

Reactor Building Cooling Fan Fai lure  Shutdown 
per Tech. Specs. 

Operator Error: - Test: During Emergency Diesel 
Generator Survei 11 ance 

Loss of RCS Loop. A Flow t o  ICS Feedwater Flow 
Signal 

Main Turbine Governor Val ve. LVDT Fai 1 ure 

, . 
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