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FOREWORD 

The Accident Sequence Precursor  Program was i n i t i a t e d  i n  t h e  sp r ing  
of 1979 a t  t he  Nuclear Sa fe ty  Information Center a t  Oak Ridge Nat ional  
Laboratory; J. W. Minarick i s  the a c t i n g  program manager. Th i s  program 
i s  sponsored by the  Div i s ion  of Risk Ana lys i s  of t he  Nuclear Regulatory 
Commission, Off ice  of Nuclear Regulatory Research, w i th  F r e d r i c k  M. 
Manning a s  our t echn ica l  monitor. The b a s i c  concept of t h i s  program i s  t o  
analyze h i s t o r i c a l  nuc lea r  p l an t  event d a t a  f o r  v a r i o u s  acc iden t  t r ends ,  
a s  recommended by t he  "Risk Assessment Review Group" (The Lewis Committee 
Report)  i n  1978. While the major t h r u s t  of t h i s  program has been on "Pre- 
c u r s o r s  t o  P o t e n t i a l  Severe Core Damage" ( see  ORNL/NSIC-182), i n  t h e  f a l l  
of 1981 we were asked t o  undertake a somewhat s i m i l a r  study of p r e c u r s o r s  
t h a t  may be involved i n  accident  sequences l e a d i n g  t o  p re s su re  v e s s e l  
thermal shock (PVTS), so we i n i t i a t e d  t h e  c u r r e n t  study. 

t a s k ,  we were most f o r t u n a t e  t o  f i n d  t h e  author ,  Dr .  Doan L. Phung, be- 
tween assignments. Phung received h i s  B.A. i n  Mathematics from F l o r i d a  
S t a t e  Un ive r s i ty  and h i s  M.S. i n  Physics and M.S. and Ph.D. degrees  i n  
Nuclear Engineering from the Massachusetts I n s t i t u t e  of Technology. He 
spent 10  y e a r s  w i t h  United Engineers and Cons t ruc to r s  analyzing nuc lea r  
p l a n t  s a f e t y  and f o r  the l a s t  7 yea r s  has  been a t  t he  I n s t i t u t e  f o r  Energy 
Analysis  analyzing energy p o l i c i e s .  
p r o j e c t  and was coauthor wi th  N. C. Rasmussen and D. D. Lanning of a 1973 
paper on thermal-hydraul i c  c6nsequences of a hypo the t i ca l  pressurized-  
water r e a c t o r  v e s s e l  rup tu re  (Nuclear Safety, Vol. 14-4, JulJrAugust 
1973). While t h i s  was h i s  f i r s t  work i n  t h e  a r e a  of PVTS, h i s  background 
w e l l  q u a l i f i e s  him f o r  t h i s  study of the PVTS p recu r so r  data .  

A s  i n  any study of t h i s  nature ,  the f i n d i n g s  can be no b e t t e r  than 
t h e  d a t a  base from which they a r e  derived. I n  t h i s  i n s t ance ,  the da t a  
base c o n s i s t s  of a l l  the  Licensee Event Repor t s  (LERs) submitted during 
t h e  pe r iod  1963 through 1981. However, i t  became apparent t h a t  not a l l  
WTS p r e c u r s o r s  were r epor t ed  a s  LERs (because not a l l  v i o l a t e d  Technical 
S p e c i f i c a t i o n s  - t he  requirement f o r  an LER) . Furthermore, cons ide rab le  
judgment i s  involved both i n  i d e n t i f y i n g  and c a t e g o r i z i n g  PVTS precursors .  
Nevertheless ,  t he  author  has not only been ve ry  thorough i n  s e l e c t i n g  and 
c a t e g o r i z i n g  t h e  s e l e c t e d  LERs, he h a s  a l s o  at tempted t o  e s t a b l i s h  the 
l i m i t a t i o n s  of h i s  data  and f i n d i n g s  a t  each po in t .  Th i s  information 
should be of inest imable  value t o  a l l  those i n t e r e s t e d  i n  even t s  of poten- 
t i a l  concern t o  the  WTs issue.  

I n  searching f o r  the most competent a v a i l a b l e  person t o  handle t h i s  

He was a member of t he  WASH-1400 

Wm. B. C o t t r e l l ,  D i rec to r  
Nuclear Operat ions Analysis  Center 
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EXECUTIVE SUMMARY 

PersDect i ve  

The U.S. nuc lea r  i ndus t ry  and the  Nuclear Regulatory Commission (NBC) 
a r e  c u r r e n t l y  (1981-1982) conducting a n  i n t e n s i v e  examination of t h e  capa- 
b i l  i t y  of pressurized-water r e a c t o r  (PWR) p r e s s u r e  v e s s e l s  t o  wi ths t and  
seve re  thermal shocks without compromising t h e i r  i n t e g r i t y .  Many o l d e r  
r e a c t o r  v e s s e l s  were manufactured wi th  h igh  copper con ten t s  i n  welds, have 
accumulated l a r g e  doses of f a s t  neutrons i n  se rv i ce ,  and have c u r r e n t  n i l  
d u c t i l i t y  t r a n s i t i o n  temperatures i n  t h e  200 t o  3000F range. It i s  
thought t h a t  ope ra t iona l  temperature t r a n s i e n t s  s i m i l a r  t o  o r  more severe 
t h a n  t h e  Rancho Seco inc iden t  of March 20, 1978, have the p o t e n t i a l  t o  
cause c e r t a i n  p r e e x i s t e n t  f l aws  i n  the w a l l  of t hese  v e s s e l s  t o  propagate.  
The t h r u s t  of cu r ren t  U.S. examination i s  not  only t o  examine t h i s  poten- 
t i a l  from the  thermal-hydraul i c  and f r a c t u r e  mechanics viewpoint but a1 so 
from the  p r o b a b i l i s t i c  viewpoint : What a r e  the  p r o b a b i l i t y  and conse- 
quences of v e s s e l  f a i l u r e  due t o  a s p e c i f i c  acc iden t  sequence and how can 
such r i s k s  be reduced? 

T h i s  study i s  intended t o  support  t h i s  examination by drawing on t h e  
l i c e n s e e  event r e p o r t s  (LERs) of o p e r a t i n g  U.S. PWRs. The da ta  base i s  
-16,000 PWR LERs s t o r e d  in t he  computerized da ta  bank of t h e  Nuclear 
Sa fe ty  Information Center (NSIC) i n  Oak Ridge f o r  the pe r iod  1963-1981. 
This  data  base covers most r e p o r t a b l e  even t s  a t  U.S. PWRs, sub jec t  t o  t h e  
changes i n  t h e i r  r e p o r t i n g  requirements over the y e a r s ,  and r e p r e s e n t s  
data  f o r  329 r e a c t o r  y e a r s  (RYs)  and 47 PWR u n i t s .  

Framework 

The LER search methodology inc ludes  a l o g i c  approach t h a t  narrows 
down the  da t a  base t o  s p e c i f i c  a r e a s  of i n t e r e s t ,  t he  Boolean combination 
of keywords t h a t  t u r n s  up appropr i a t e  even t s  from the  computer da t a  base,  
and t h e  procurement of o r i g i n a l  r e p o r t s  f o r  d e t a i l e d  analyses .  The LER 
event a n a l y t i c a l  methodology inc ludes  c o n s t r u c t i n g  seven gene ra l i zed  event 
t r e e s  and d e f i n i n g  f i v e  s e v e r i t y  c a t e g o r i e s  of p r e s s u r e  v e s s e l  thermal 
shock (PVTS) f o r  event and p recu r so r  c l a s s i f i c a t i o n .  The check of t he  

PWR LERs and aga ins t  data  of both the NRC and indus t ry .  

b reak  loss-of-coolant acc iden t  (LBLOCA) , small-break loss-of-coolant acci-  
dent (SBLOCA), overfeeding of steam g e n e r a t o r s  [OF/cold feedwater (FW)], 
high steam flow (HSF), independent high-pressure s a f e t y  i n j e c t i o n  (HPSI), 
core f l o o d i n g  o r  independent low-pressure s a f e t y  i n j e c t i o n  (CF/LPSI), and 
e x t e r n a l l y  caused thermal shock even t s  (EX). 

The f i v e  s e v e r i t y  c a t e g o r i e s ,  0-4, a r e  de f ined  on t he  b a s i s  of ther- 
mal shock consequences, from the extremely inconsequent ia l  ( s e v e r i t y  0 )  
t o  t he  h igh ly  s i g n i f i c a n t  ( s e v e r i t y  4 ) .  Several  parameters a r e  used t o  
r ep resen t  thermal shock consequences. They a r e  temperature change, pres- 
sure  change, d u r a t i o n  of the t r a n s i e n t ,  amount of i n j e c t e d  water ,  and 

exhaust iveness"  of the f i n d i n g s  inc ludes  comparison a g a i n s t  10% of a l l  I t  

The seven gene ra l i zed  event sequences l e a d i n g  t o  PVTS include:  large-  



d u r a t i o n  of s a f e t y  i n j e c t i o n  (SI). 
another i n  a complicated manner and a r e  not n e c e s s a r i l y  a l l  a v a i l a b l e  f o r  
any s p e c i f i c  event.  One r eason  f o r  us t o  d i f f e r e n t i a t e  thermal shock se- 
v e r i t y  i n t o  f i v e  c a t e g o r i e s  i s  t o  f a c i l i t a t e  the a n a l y s i s  of even t s  which 
could l e a d  t o  WTS. Another reason i s  t o  conceptual ly  d i f f e r e n t i a t e  
even t s  from p recu r so r s .  Thus, an event w i th  a lower s e v e r i t y  could be 
considered a p recu r so r  t o  an  event of higher s e v e r i t y  i f  both have the 
same i n i t i a t i n g  sequence. 

and 2 can be put i n t o  one group c a l l e d  i n s i g n i f i c a n t . "  Events w i th  
s e v e r i t i e s  3 and 4 can b e , p u t  i n t o  another  group c a l l e d  s i g n i f i c a n t .  

These parameters a r e  r e l a t e d  t o  one 

When a more global  look i s  warranted, events  w i t h  s e v e r i t i e s  0 ,  1, 
II 

I1 11 

Resu l t s :  Number of Events and Freauencies  

In seve ra l  dozen systematic  s ea rches  and subsequent analyses ,  we read 
some 4000 LER a b s t r a c t s ,  s e l e c t e d  some 170 events  f o r  a d d i t i o n a l  readings 
of o r i g i n a l  r e p o r t s ,  and found 99 events  t h a t  correspond t o  our d e f i n i t i o n  
of PVTS events  or precur so r s .  

A l i s t i n g  of t h e  34 s i g n i f i c a n t  even t s  i s  provided i n  Table S . l .  A 
more complete l i s t i n g  and d e s c r i p t i o n  of a l l  99 events  a r e  found i n  Chap. 
4 and Appendixes A and B. 

ing 329 RYs. These do not i nc lude  Shippingport  and Ind ian  Point  1, which 
d i d  not have much information i n  the da t a  base and which we d i d  not  con- 
s i d e r  a s  a c o n t r i b u t o r  t o  any L w s .  

groupings - s i g n i f i c a n t  and i n s i g n i f i c a n t  ( a s  def ined p rev ious ly )  - a r e  
a s  fol lows:  

Forty-seven PWRs were i n  the  data  base from 1963 through 1981, c o v e t  

The number of even t s  and t h e i r  f r equenc ie s  when considered i n  two 

Number of even t s  EventsiRY 

S i gni f i cant 34 0.103 
Ins i gni f i cant 6 5  0.198 

To ta l  99 0.301 
- 

Although numerous and sometimes dramatic,  i t  must be noted t h a t  these 
a c t u a l  events  a r e  r e a l l y  q u i t e  mild i n  comparison wi th  hypo the t i ca l  WTS 
even t s  p o s t u l a t e d  f o r  s a f e t y  a n a l y s i s  and l i c e n s i n g  purposes. I n  addi- 
t i o n ,  the f r a c t u r e  mechanics code OCA-2 was used t o  analyze seve ra l  tran- 
s i e n t  c a s e s  t h a t  bound t h e s e  a c t u a l  WTS even t s . l  In the  most severe 
case,  the v e s s e l  was computed t o  f a i l  when the  RCS temperature drops 
3000F, the RCS p res su re  r e p r e s s u r i z e d  t o  2500 p s i ,  and t h e r e  a r e  preexis- 
t e n t  f l aws  i n  the  l o n g i t u d i n a l  welds w i t h  copper con ten t s  up t o  0.35 w t  %. 
The c r i t i c a l  neutron f luence  i n  t h i s  case was 0.43 x 1019 neutrons/cma. 

Completeness: Cor rec t ion  f o r  Frequencies  

How exhaust ive were our searches of WTS even t s  i n  the da t a  bank? 
How complete is t he  data  bank i n  covering a l l  even t s  t h a t  took ?lace i n  
o p e r a t i n g  r e a c t o r s ?  Do the data  r e a l l y  go back t o  19631 
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Date Reactor Nature of event ATlAt .and/or 
remarks 

101 12/10 
16/31/73 
10/20/73 
121oa116 
121 08 I16 
05 I 281 78 
i 21 14/18 
021 23/80 
04/03 180 

', 01/29/80 
, 01/29/81 

101 01 / I 2  
11 /os/  12 
01 / 04/14 
04/ 171 14 
101 011 1 4  
05 IO1 I75 
06/13/'l5 

09/19/16 

03 I 021 77 

041 161 I1 
07/02/17 
031 20118 

12/21/18 

01 IO5179 
031 14/79 

03/28/19 
09/25/79 
111 101 1 9  

041 23 I 18 

0 2 / 2 6 / 8 0  

101171ao 

09 I14 I81 

Conne c t i cut Yankee 
Ginna 
San Onofre 
Calvert C l i f f s  2 
Calvert C l i f f s  2 
St. Lucie 1 
Oconee 1 
North Anna 1 
North Anna 1 

Arkansas 2 
Robinson 2 

Salem 2 

Surry 1~ 
Robinson 2 
Oconee 2 
Ft .  Calhoun 
Rancho Seco 
Robinson 2 
Oconee 3 

Zion 2 

Crystal  River 3 

Crystal River 3 
Indian Point 2 
Rancho Seco 
Three Mile Island 2 
Arkansas 2 

Rancho Seco 
Millstone 2 

Three Mile Islahd 2 
North Anna 1 
Oconee 3 

Crystal River 3 

Indian Point 2 

hlcGuire 1 

Severitv 3 

Steam dump valve stuck open 
Transmission d i  s t  urbance s; S I  
FW regulating valve caused OF 
FW control d i f f i c u l t i e s  
FW control d i f f i c u l t i e s  
Bypass control valve stuck 
Short c i r c u i t  re la ted  t o  ICs 
False SI 
SI due t o  MS stop valve 
closure 

Steam dukp and bypass valve 
Letdown l i n e  break; pres- 

sur izer  spray leak; SI 
Steam dump valve used t o  
control cooldown 

Severitv 4 

SG leaked 
PORV stuck open 
Excessive auxiliary steam use 
Fw regulating valve stuck open 
Excessive auxiliary steam use 
RCS pump seal  f a i l u r e  
PORV stuck open 

Loss of dc power caused RT 
but not t r i p  of steam-driven 

ICs caused transient upon loss 

FW valves caused OF 
RCS pump seal  f a i l u r e  
Loss of N N I  caused t rans ien t  
Steam re l ie f  valves stuck open 
Steam dump and r e l i e f  valves 

Short i n  ICs caused t rans ien t  
Cold RWST flooded RCS 

Loss of FW and PORV stuck open 
Steam dump valve stuck open 
Overfeeding due t o  turbine 

Loss of NNI caused transient 

Reactor vessel exposed t o  
r iver  water from outside 

Overcool ing during loss-of- 

F!4 PUP 

of power 

stuck open 

bypass valve 

control room t e s t  

43OFI9 min 
8S°F/10 min 
78OFI10 min 
m4O0F/10 min 
r50°F/10 min 
AT - 60°F 
RCS p < 1500 ps i  
42OF115 min 
72OFI15 min 

RCS p - 1350OF 
4500-6000 gal S I  

5 min of S I  

>1000F/h 
SI  f o r  87 min 
>1000F/h 
120°F/19 min 
100°F/h 
132,500 gal l o s t  
RCS T - 480°F, 

p - 720 ps i  
70°F/30 min, S I  

164OFI15 min 

101°F/20 min 
140OFI1.3 b 
3100Fl1 h 
149OFI6 min 
107OFI52 min 

152°F/1 min 
AT - 146OF a t  low 

pressure 
Core melted 
110°F/16 min 
150°F/15 min 

127OFI13 min; SI 

9 f t  under r i v e r  
repressurized RCS 

water f o r  extended 
period 

117OFI20 min 

dc = 
FW = 

ICs = 
MS = 

NNI = 
OF = 

PORV = 
RCS = 

RT = 
RWST = 

SG = 
SI = 

di rec t  current 
f eedw a t e r  
integrated control system 
main steam 
nonnuclear instrumentation 
overfeeding 
power-operated r e l i e f  valve 
rcactor coolant system 
rcactor t r i p  
rec i rcu la t ing  water storage tank 
steam generator 
safety injection 
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The f i r s t  q u e s t i o n  was addressed by checking ou r  f i n d s  a g a i n s t  two 
sepa ra t e  samples each con ta in ing  5% of a l l  PWR LERs. We found t h a t  our 
s i g n i f i c a n t  even t s  may have covered 75% of a l l  such even t s  i n  t h e  LER d a t a  
bank, but t he  i n s i g n i f i c a n t  even t s  may be only 36% r e p r e s e n t a t i v e .  

The second q u e s t i o n  was addressed by checking ou r  f i n d s  a g a i n s t  in- 
d u s t r y ' s  (Oconee p l a n t  and Westinghouse owners group) da t a .  Although the  
d a t a  themselves a r e  incomplete, we found t h a t  our f i n d s  may have covered 
only about 25% of i n s i g n i f i c a n t  and 67% of s i g n i f i c a n t  e v e n t s  t h a t  actu- 
a l l y  took p l ace  a t  YWR power p l a n t s .  The o v e r a l l  r a t i o  i s  about 50%, a 
va lue  remarkable i n  agreement, perhaps f o r t u i t o u s l y  so, wi th  a 1978 Advi- 
sory Committee on Reactor Safeguards (ACRS) o b s e r v a t i o n  of t he  same con- 
t e x t .  = 

f o r  the few e a r l i e r  commercial r e a c t o r s .  Indeed, t he  e a r l i e s t  d a t a  of any 
event i n  our f i n d s  i s  1970. Noting t h a t  1969 i s  the  d a t e  when t h e  NSIC 
d a t a  base s t a r t e d  t o  r eco rd  LERs s y s t e m a t i c a l l y ,  i t  i s  r easonab le  t o  
decide on a c u t o f f  da t e  of 1969. Consequently, the t o t a l  RY va lue  i s  320 
i n s t e a d  of 329. 

t he  l i k e l y  number of WTS-like even t s  and t h e i r  f r e q u e n c i e s  a r e  a s  fo l -  
lows: 

The t h i r d  q u e s t i o n  was r a i s e d  by r e a l i z i n g  t h a t  d a t a  a r e  very sca rce  

Cor rec t ing  f o r  the t h r e e  f a c t o r s  given i n  the  preceding paragraphs,  

Corrected number Corrected 
of e v e n t s  event s / R Y  

S i gni  f i cant  51 0.159 
I n s i g n i f i c a n t  260 0.813 

To ta l  311 0.972 
- 

Catenor i e s  and Causes 

Table S.2 shows the  99 WTS even t s  and p r e c u r s o r s  c a t e g o r i z e d  i n  
t h r e e  groups: modes of r e a c t o r  o p e r a t i o n  j u s t  be fo re  the  event ,  i n i t i -  
a t i n g  sequences of the  event ,  and causes  of i n i t i a t i o n .  

Table S.3 shows the f r e q u e n c i e s  per  RY based on t h e  f i n d s  pe r  se and 
t h e n  c o r r e c t e d  f o r  t h r e e  f a c t o r s  of completeness d i scussed  i n  the  preced- 
ing sec t ion .  The fol lowing d i s c u s s i o n  i s  based upon t h e  c o r r e c t e d  d a t a  
i n  Table S.3. 

About h a l f  of a l l  even t s  occurred when the  r e a c t o r s  were i n  power 
o p e r a t i o n  (Diode l ) ,  and about 84% occur red  when t h e  r e a c t o r  system was 
i n  hot  c o n d i t i o n s  (Modes 1, 2 ,  3 ,  and 4 ) .  

No LBLOCA event took p l ace ,  and SBLOCA accounted f o r  9% of a l l  
events.  About one-fourth of a l l  even t s  were i n i t i a t e d  by FW-steam c i r  
c u i t s ,  e i t h e r  by OF of steam g e n e r a t o r s  (SGs) or by HSF. About h a l f  of 
a l l  even t s  were i n i t i a t e d  by HPSI, due e i t h e r  t o  i n s t r u m e n t a t i o n  and con- 
t r o l s  (I6C) design s e n s i t i v i t y  or t o  spurious s i g n a l s .  I n  terms of se- 
v e r i t y ,  one-third of a l l  SBLOCA even t s  and -40% of a l l  OF/HSF even t s  t end  
t o  be s i g n i f i c a n t  ( S e v e r i t i e s  3 and 4 ) .  On the  o t h e r  hand only 4% of 
HPSI- ini t ia ted WTS even t s  were s i g n i f i c a n t .  

t e s t  e r r o r s ,  and an  a d d i t i o n a l  10% can  be considered a s  s econdar i ly  caused 
Almost one-fourth of a l l  even t s  were caused by operator /maintenance/  
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Table S.2. D i s t r i b u t i o n  of WTS events  and p r e c u r s o r s  
r ega rd ing  modes of r e a c t o r  operat ion,  i n i t i a t i n g  

sequences, and causes  of i n i t i a t i o n  
(1963-1981) 

- I_--__I -- 
Events 

Type of events  I n s i g n i f i c a n t  S i g n i f i c a n t  T o t a l  --- 
0 1 2  3 4 - - 

Modes of r e a c t o r  o v e r a t i o n  

1 - Power 
2 - S t a r t u p  
3 - Hot standby 
4 - Hot shutdown 
5 - Cold shutdown 
6 - Refuel ing 

To ta l  

I n i t i a t i n g  seauences 

LBLOCA 
SB LOCA 
OFICold FW 
HSF 
HPS I 
CFILPSI 
EX 
Others  

To ta l  

Causes of i n i t i a t i o n  

Operator e r r o r  
Ma i n t  enance I t  e s t e r r o r  
Valve f a i l u r e  
Power f a i l u r e  
I & C  design e r r o r 1  

spurious s i g n a l  
Systemlequipment f a i l u r e  
Water hammer 
F i r e 1  1 ightning 

To ta l  

7 
3 
1 
2 
6 
1 

20 
- 

3 
2 

6 
2 

7 

20 
- 

3 
4 
4 

3 

5 
1 

- 
20 

11 
4 
6 
1 
2 
4 

28 
I 

2 

2 
22 
2 

- 
28 

3 
1 
3 
3 
8 

5 
5 

- 
28 

10 
3 
4 

- 
17 

6 
2 
9 

- 
17 

5 
1 

5 

4 

2 

17 
- 

8 
2 
2 

- 
12 

1 
6 
2 
3 

- 
12 

1 
1 
6 
1 
1 

2 

- 
12 

17 
2 
2 
1 

22 

5 
7 
8 
1 

1 

22 

ii 
2 
3 

9 

- 
22 

53 
14 
15 
4 
8 
5 

99 

11 

14 
41 
4 
1 
7 

99 

2i 

- 

12 
7 
21 
11 
15 

25 
6 
2 

99 
- 
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Table S.3. Frequencies  of WTS even t s  and p r e c u r s o r s  
(1963-1981) 

a Corrected f o r  Based on our f i n d s  a 

EventsIRY of total Percent  

compl e tene s s  

Pe r c e n t  Type of frequency 

EventsIRY of total 

Modes of r e a c t o r  oDeration 

1 - Power 
2 - S t a r t u p  
3 - Hot standby 
4 - Hot shutdown 
5 - Cold shutdown 
6 - Refuel ing 

T o t a l  

I n i t i a t i n g  sequences 

LBLOCA 
SB LOCA 
OFICold FW 
HSF 
HPS I 
CF / LPS I 
EX 
Others  

0.161 
0.043 
0.046 
0.012 
0.024 
0.015 

0.301 

0 
0.033 
0.064 
0.043 
0.125 
0.012 
0.003 
0.021 

T o t a l  

Causes of i n i t i a t i o n  

Operator e r r o r  
Maint enancel t e st e r r o r  
Valve f a i l u r e  
Power f a i l u r e  
I & C  des ign  e r r o r 1  

spurious s i g n a l  
Sy s t em I e q ui pm e n t  f a i 1 u r  e 
Water hammer 
F i r e l l i g h t n i n g  

To ta l  

0.301 

0.036 
0.021 
0.064 
0.033 
0.046 

0.076 
0.018 
0.006 

0.301 
-. 

54 
14 
15 

4 
8 
5 

0.467 
0.144 
0.156 
0.042 
0 . loo 
0.063 

48 
1 5  
16 
>4 
1 0  
>6  

100 

0 
11 
22 
14 
41 

4 
1 
7 

100 
- 

1 2  
7 

21 
11 
15 

25 
6 
2 

100 

0.972 

0 
0.091 
0.161 
0.097 
0.481 
0.050 
0.005 
0.087 

0.972 

0.142 
0.080 
0.153 
0.114 
0.156 

0.227 
0.075 
0.025 

0.972 

100 

0 
9 

17 
1 0  
49 

5 
<1 
9 

100 
- 

15 

16 
1 2  
16 

> 23 
8 
3 

a 

100 

a Round-off e r r o r s  i n  event f r e q u e n c i e s  and pe rcen tages  occas iona l ly  
r e s u l t  i n  apparent d i s c r e p a n c i e s  i n  the  t o t a l s .  
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by such e r r o r s .  However, when f u l l y  c o r r e c t e d  f o r  f a c t o r s  of complete- 
ness ,  only 1 out of every 1 5  such e r r o r s  r e s u l t e d  i n  a s i g n i f i c a n t  event.  

of t hese  were s i g n i f i c a n t .  These va lve  f a i l u r e s  inc lude  i tems such a s  
p r e s s u r i z e r  PORVs and steam dump PORVs f a i l i n g  t o  c lose  a f t e r  a s e r v i c e  
demand, and FW r e g u l a t i n g  v a l v e s  opening t o o  wide f o r  a c e r t a i n  r e a c t o r  
power 1 eve1 .. 

Over one-fourth of t he  events  were caused by power f a i l u r e  or design 
inadequacies  i n  the  I & C  system. Another one-fourth were caused by hard- 
ware and system f a i l u r e s  t h a t  have not been ca t egor i zed  a s  v a l v e s  and IbC 
f a i l u r e .  In f a c t ,  when a l l  t h r e e  c a t e g o r i e s  - va lves ,  I & C  power, and sys- 
tems and hardware a r e  considered toge the r ,  they account f o r  two-thirds 
of a l l  WTS even t s  and p recu r so r s ,  al though only 309'0 of these  were s i g -  
n i f  i c a n t .  

Valve f a i l u r e s  accounted f o r  about 20% of a l l  events ,  and one-third 

D i s t r i b u t i o n  of Events Among Vendors and U t i l i t i e s  

Table S.4 shows t h e  number of r e a c t o r s ,  RYs, and WTS-like even t s  f o r  
t he  t h r e e  U.S. PWR vendors. Table S.5 shows f r e q u e n c i e s  of t hese  even t s  
pe r  i n t r i n s i c  RY f o r  each vendor, both uncorrected and c o r r e c t e d  f o r  fac- 
t o r s  of completeness. S imi l a r  data  a r e  given f o r  a r c h i t e c t  s-engineers 
(A-Es) and u t i l i t i e s  i n  Chap. 7 but  a r e  not shown h e r e  due t o  l a c k  of a 

, t r e n d  i n  these  data .  

T a b l e  S.4. D i s t r i b u t i o n  of r e a c t o r s ,  RYs, a n d  W T S  e v e n t s  a n d  
p r e c u r s o r s  among U.S. FVR v e n d o r s  

( 196 3-1 98 1 1 

V e n d o r s  

Number of 
W T S - l i k e  e v e n t s  

R e a c t  o r  s RYs 

Number Pe r c e n t  Number P e r c e n t  
Number P e r  c e n t  

B a b c o c k  & W i l c o x  8 17 52.68 16 20 20 
C o m b u s t i o n  E n g i n e e r i n g  8 17 54.39 17 11 11 

68 69 We s t i n g h o u s e  31 66 222.19 67 

T o t a l  47 100 329.26 100 99 . 100 
I - - - - 

In terms of t he  t o t a l  number of WTS-like events ,  the d i s t r i b u t i o n  
among r e a c t o r  vendors i s  p r e t t y  much the same a s  the  d i s t r i b u t i o n  of RYs 
o r  number of r e a c t o r s .  Combustion Engineering (C-E) r e a c t o r s  tend t o  have 
a lower o v e r a l l  frequency. In terms of s e v e r i t y  of WTS-like events ,  how- 
ever ,  t he  f r e q u e n c i e s  appear t o  be i n  t h e  r a t i o  3:2:1 among Babcock & 
Wilcox (B&W) :C-E:Westinghouse (W) r e a c t o r s .  The only obvious d i f f e r e n c e  
between W and the  o the r  r e a c t o r s  i s  t h a t  t he  former category has t h r e e  t o  



Table S.5. Frequencies of WTS even t s  and p r e c u r s o r s  among 
U.S. PWR vendors ( e v e n t s / i n t r i n s i c  RY)' 

(1963-1981) 

IJnc o r r e  c t e d Corrected f o r  completeness 
Vendors 

I n s i g n i f i c a n t  S i g n i f i c a n t  T o t a l  . I n s i g n i f i c a n t  S i g n i f i c a n t  T o t a l  

W 
W 
CL' 
CL. 

Babcock d Wilcox 0.152 0.228 0.380 0.608 0.342 0.950 

Combustion 0.074 0.129 0.203 0.296 0.194 0.490 

W e  st  inghouse 0.238 0.068 0.306 0.952 0.102 1.054 

Engine e r  i ng 

~~~ ~~~~~~~ ~ 

a I n t r i n s i c  RYs a r e  those i n  Table S.4 f o r  each vendor when uncorrected.  Af t e r  correc-  
t i o n ,  they a r e  the  same f o r  Babcock d Wilcox and Combustion Engineering bu t  decrease t o  
213.19 RYs f o r  Westinghouse. 



f o u r  SGs, each a 

xxi  i i 

tached t o  a hot and a co d r e a c t o r  coolant  system (RCS) 
leg; wh i l e  C-E and B&W r e a c t o r s  have only two SGS, each a t t a c h e d  t o  one 
RCS hot  l e g  and two RCS c o l d  l egs .  I n  a d d i t i o n ,  BLW r e a c t o r s  i n  the  pas t  
appeared t o  have weaknesses i n  t h e  nonnuclear i n s t rumen ta t ion  and in t e -  
g r a t e d  c o n t r o l  systems t h a t  could i n i t i a t e  o r  aggravate WTS-like events.  
These weaknesses appear t o  have been c o r r e c t e d  s i n c e  the Rancho Seco event 
of March 20,. 1978, t he  Three Mile I s l a n d  acc iden t  of March 28, 1979, and 
t h e  Crys t a l  River 3 i nc iden t  of February 26, 1980. 

da ta  base. Rather t han  s tudying t h e  d i s t r i b u t i o n  of the WTS-like even t s  
among them - t he  s t a t i s t i c s  of such study being c e r t a i n l y  poor - we pre- 
sent  mappings of t h e  event on each r e a c t o r  ope ra t ing  h i s t o r y  both i n  terms 
of RYs and i n  r e a l  time. These mappings a r e  shown i n  Figs.  S.l and S.2. 
Note t h a t  each symbol (0, 1, 2, 3, and 4) denotes  an  event i n  terms of i t s  
s e v e r i t y .  Although the symbols can be c l o s e  enough t o  cause confusion, no 
number i s  h ighe r  than 4 except where c l e a r l y  noted (e.g., 14 a r e  2 even t s  
happening w i t h i n  a s h o r t  time - a few months - a p a r t ,  one was of s e v e r i t y  
1, t he  o t h e r  of s e v e r i t y  4). 

There appears  t o  be no time p a t t e r n  t o  t h e  occurrence of WTS even t s  
and p recu r so r s .  An excep t ion  i s  a t  t he  p reope ra t iona l  t e s t i n g  and during 
t h e  f i r s t  y e a r  of o p e r a t i o n  when both systems and personnel a r e  presumably 
s t i l l  t r y i n g  t o  debug problems. Furthermore, t h e r e  appears  t o  be no learn-  
ing e f f e c t  between two r e a c t o r s  on t he  same s i t e  o r  between two s i t e s  op- 
e r a t e d  by the  same u t i l i t y .  Th i s  t e n t a t i v e  conclusion,  however, i s  t o  be 
sub jec t ed  t o  f u r t h e r  s t u d i e s  i n  l i g h t  of Robert ' s  l e a r n i n g  theory.a  

There were 13 r e a c t o r s  w i th  no WTS-like events ,  i nc lud ing  2 by B&W, 
2 by C-E, and 9 by W ( a g a i n  q u i t e  p ropor t iona l  t o  t h e  number of r e a c t o r s  
and RYs of each vendor).  A t  t h i s  po in t ,  we have not been a b l e  t o  deter-  
mine whether the l a c k  of PVTS-like even t s  f o r  t hese  r e a c t o r s  was due t o  a 
good product ,  a good o p e r a t i n g  crew, a d i f f e r e n t  LER r e p o r t i n g  procedure, 
t h e  d e f i c i e n c i e s  of t he  NSIC d a t a  bank, or a l l  of these.  

There a r e  30 d i f f e r e n t  u t i l i t i e s  o p e r a t i n g  t h e  47 PWR r e a c t o r s  in our 

Which Was the  Most Severe PVTS Event? 

Most a n a l y t i c a l  work on WTS has focused on t h e  lllarch 20 event a t  
Rancho Seco a s  the most severe of U.S. experience.  Our reading and cur- 
sory ana lyses  of LERs i n d i c a t e d  t h a t  t he  February 26, 1980, event a t  C r y s -  
t a l  River 3 may be more severe.  While both even t s  were i n i t i a t e d  by a 
s h o r t  i n  t h e  nonnuclear i n s t rumen ta t ion  system, which then f e d  wrong s i g -  
n a l s  t o  t h e  i n t e g r a t e d  c o n t r o l  system, the  Rancho Seco event was b a s i c a l l y  
an OF event ,  whereas the  Crys t a l  River 3 event was b a s i c a l l y  an SBLOCA 
event followed by s u s t a i n e d  SI.  The Rancho Seco event l a s t e d  70 min wi th  
t h e  RCS reach ing  2850F and r e p r e s s u r i z e d  by HPSI t o  2000 p s i .  The Crys t a l  
River 3 event l a s t e d  87 min, with the  RCS reaching 2500F and r e p r e s s u r i z e d  
by €PSI up t o  2400 p s i .  While d e t a i l e d  ana lyses  need t o  be done, i t  i s  
thought t h a t  a r e a s  of t he  p r e s s u r e  v e s s e l  of Crys t a l  River 3 could have 
seen even lower temperatures.  Exact ly  how low such temperatures were 
would depend on t he  n a t u r e  of t he  r e v e r s e  flow and whether or  not t he  vent  
v a l v e s  opened. 
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Items of I n t e r e s t  t o  P r o b a b i l i s t i c  Risk Analvses on PVTS 

The 34 s i g n i f i c a n t  PVTS even t s  were examined t o  answer the  fo l lowing  
que st  ions  : 

1. How long d i d  i t  take the  ope ra to r  t o  become aware of t he  i n i t i a t i o n  of 
t h e  event?  

2. I f  t h e r e  was a PORV s tuck  open, how long d i d  i t  take the  opera tor  t o  
success fu l ly  c lose  i t ?  

3.  Did t h e  RCS main c i r c u l a t i o n  pumps shut  down? 
4. Was t h e r e  r e p r e s s u r i z a t i o n ?  

Table S.6 provides  a summary of our  observat ions.  

T a b l e  S.6. Summary of s y s t e m l o p e r a t o r  a c t i o n s  f o l l o w i n g  
s i g n i f i c a n t  e v e n t  i n i t i a t i o n  

Time t o  o D e r a t o r  n o t i c e l a c t i o n  Number o f  c a s e s  

<5 min 
Between 5 and 10 min 
Between 10 and 15 min 
Between 15 and 30  min 
Not c l e a r  
Knew someth ing  wrong b u t  w a i t e d  u n t i l  

r e a c t o r  shutdown 
T o t a l  

16 

1 
1 
7 
1 

34 

a 

- 

Time t o  c o r r e c t  f o r  v a l v e  f a i l u r e '  

<5 min 
Between 5 and 10 min 
Between 10 and 60 min 
Long 
Not c l e a r  
No s u c c e s s  

3 
1 
2 
1 
1 
1 

T o t a l  9 

- 

R e a c t o r  c o o l a n t  s y s t e m  c i r c u l a t i o n  DUDS c o n d i t i o n  

Shutdown ( a u t o m a t i c ,  manual ,  o r  a l r e a d y  down) 14  
Not s h u t  down 12 
Not c l e a r  8 

T o t a l  34 

R e a c t o r  c o o l a n t  s y s t e m  r e D r e s s u r i z a t i o n  

No 6 
Yes 17 
Not c l e a r  11 

T o t a l  34 

Nine c a s e s  o f  34 s i g n i f i c a n t  e v e n t s  i n v o l v e d  PORV o r  o t h e r  
a 

v a l v e  f a i l u r e s .  
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PRESSURE VESSEL THERMAL SHOCK AT U.S. PRESSURIZED-WATER 
REACTORS: EVENTS AND PRECURSORS, 1963-1981 

Doan L. mung* 

ABSTRACT 

This  r e p o r t  searches f o r  and ana lyzes  even t s  and precur- 
s o r s  t o  even t s  of p re s su re  v e s s e l  thermal shock (IWTS) a t  U.S. 
pressurized-water r e a c t o r s  (PWRs). The d a t a  base inc ludes  
c l o s e  t o  16,000 l i c e n s e e  event r e p o r t s  of 47 PWRs, covering 
329 r e a c t o r  y e a r s  (RYs)  from 1963 through 1981. 

Ninety-nine events  were found i n  h a l f  a s  many computer 
searches.  Or ig ina l  r e p o r t s  and o t h e r  pub l i shed  d a t a  on t hese  
f i n d s  were l o c a t e d  and subsequently analyzed t o  e x t r a c t  infor-  
mation on s e v e r i t y ,  i n i t i a t i o n  sequences, causes,  and frequen- 
c i e s .  

Five c a t e g o r i e s  of s e v e r i t y  were de f ined ,  w i th  c a t e g o r i e s  
0, 1, and 2 being considered i n s i g n i f i c a n t  and c a t e g o r i e s  3 
and 4 being considered s i g n i f i c a n t .  I n  a d d i t i o n ,  an event of 
lower s e v e r i t y  is considered a p recu r so r  t o  a h ighe r  s e v e r i t y  
event  of the  same cause and i n i t i a t i o n  sequence. An exhaus- 
t i v e n e s s  a n a l y s i s  i n d i c a t e d  t h a t  t h e  34 s i g n i f i c a n t  even t s  may 
have covered two-thirds of a l l  such events ,  while  the 65 in- 
s i g n i f i c a n t  even t s  may r ep resen t  only 25% of a l l  such even t s  
t h a t  took p l ace  i n  ope ra t ing  p l a n t s .  

t h e  above f a c t o r s  of completeness were accounted f o r ;  16% of 
a l l  such even t s  were s i g n i f i c a n t .  About 84% occurred when the  
r e a c t o r s  were i n  ho t  condi t ions.  High-pressure s a f e t y  in j ec -  
t i o n ,  by spurious s i g n a l s  o r  by s e n s i t i v i t y  of c o n t r o l  set-  
t i n g ,  was the  sequence f o r  about h a l f  of a l l  even t s  but only 
12% of the s i g n i f i c a n t  ones. Overcooling by the  power con- 
v e r s i o n  c i r c u i t s  was the  sequence f o r  one-fourth, and small- 
break loss-of-coolant acc iden t  was t h e  sequence for 9%. When 
considered i n  terms of causes  of i n i t i a t i o n ,  then two-thirds 
of a l l  even t s  were caused by inadequacies  i n  hardware and 
designs,  one out of f i v e  such even t s  being s i g n i f i c a n t .  One- 
f o u r t h  of a l l  even t s  was caused by operatorlmaintenanceltest 
e r r o r s ,  and 1 out of 25 such e r r o r s  l e d  t o  a s i g n i f i c a n t  
event .  

The breakdown of events  according t o  vendors,  a r c h i t e c t -  
engineers ,  and u t i l i t i e s  was a l s o  provided. The frequency of 
WTS-like even t s  was found t o  be lower f o r  Combustion Engi- 
neer ing r e a c t o r s ,  but t he  f r equenc ie s  of s i g n i f i c a n t  even t s  
from 1969 through 1981 were i n  the  r a t i o  3:2:1 f o r  Babcock & 
Wi1cox:Combustion Engineering:Westinghouse - r e a c t o r s .  Th i r t een  

About one WTS-like event was found t o  occur pe r  RY when 

* I n s t i t u t e  f o r  Energy Analysis,  Oak Ridge Associated U n i v e r s i t i e s .  
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r e a c t o r s  of va r ious  d e s i g n s  and ages were found without  any 
events.  No s i g n i f i c a n t  l e a r n i n g  p a t t e r n  was found between 
units amoag m u l t i u n i t  s i t e s  and between p l a n t s  among u t i l i -  
t i e s  w i t h  more than one p l a n t .  

e s t  t o  p r o b a b i l i s t i c  r i s k  a n a l y s i s  of WTS: time t o  ope ra to r  
r e a c t i o n ,  time t o  s u c c e s s f u l  c l o s u r e  of stuck-open va lves ,  
s t a t u s  of main coolant  r e c i r c u l a t i o n  pumps, and system repres- 
s u r i z a t i o n  frequency. 

Data were a l s o  provided concerning fou r  i tems of i n t e r  

1. SCOPE OF THIS REPORT 

The U.S. Nuclear Regulatory Commission (NRC) and t h e  nuc lea r  i n d u s t r y  
a r e  conducting a n  i n t e n s i v e  examination of p o t e n t i a l  thermal shock even t s  
t h a t  could l e a d  t o  f a i l u r e  of a pressurized-water r e a c t o r  (PWR) ves se l .  
While such f a i l u r e  has  always been a ma t t e r  of prime concern w i t h i n  nu- 
c l e a r  s a f e t y  circles ,1-- l l  t h e  c u r r e n t  i nqu i ry  i s  new i n  i t s  i n t e n s i t y  and 
imp1 i c a  t ion. 5 

Pressu re  v e s s e l  thermal shock (PVTS) i s  the event o r  consequence 
of even t s  during which the r e a c t o r  v e s s e l  i s  exposed t o  an  environment 
( c h i e f l y  the r e a c t o r  c o o l a n t )  t h a t  i s  a t  a temperature q u i t e  d i f f e r e n t  
from t h a t  of t h e  v e s s e l  wal l .  The r a p i d  hea t  t r a n s f e r  t ak ing  p l ace  du r ing  
such an event g ives  r i s e  t o  h i g h  t r a n s i e n t  thermal s t r e s s  - t he  thermal 
shock - w i t h i n  t h e  v e s s e l  metal .  A WTS i s  c o l l o q u i a l l y  c a l l e d  a pres- 
su r i zed  thermal shock (PTS) when t h e  t r a n s i e n t  thermal s t r e s s e s  a r e  ac- 
companied by high r e a c t o r  coo lan t  p r e s s u r e s  such a s  could be caused by 
t he  a c t i o n  of t h e  emergency co re  coo l ing  system (ECCS). 
s i e n t  thermal s t r e s s e s  a r e  combined w i t h  the p re s su re  loads  and w i t h  the  
e f f e c t  of f a s t  neutron f l u e n c e s  on v e s s e l  welds, i t  can be c a l c u l a t e d  
(us ing  f r a c t u r e  mechanids) t h a t  t he  v e s s e l  may f a i l  under c e r t a i n  circum- 
s tance s. 1 8  , 2 1 , 2 4 - - 2 6  

e l e c t r i c i t y  in t he  United S t a t e s ,  w i th  a combined dependable capac i ty  of 
-39,000 MW(e). Some of t hese  r e a c t o r s ,  such a s  McGuire 1 and Sequoyah 1, 
were newly commissioned, while  o t h e r s  such a s  Yankee Rowe, San Onofre, 
and Connecticut Yankee were a l r e a d y  i n  t h e i r  second o r  t h i r d  decade of 
power production. Three of t he  r e a c t o r s  had been shut down permanently: 
Shippingport , ,  I nd ian  Point  1, and Three Mile I s l a n d  2 (which c losed  down 
because of i t s  well-known core-damage accident  of March 28, 1979).  The 
cumulative r e a c t o r  y e a r s  (RYs)  were 364 a s  of December 1981. 

Th i s  r e p o r t  focuses  on t h e  PVTS even t s  and p recu r so r s  i n  the  opera- 
t i n g  experience of 329 RYs of U.S. PWR o p e r a t i o n  ( r eason  f o r  the lower 
number given in Chap. 2 ) .  A s tudy of ope ra t iona l  i n c i d e n t s ,  o r  l i c e n s e e  
event r e p o r t s  (LERs),  i s  important not only t o  avoid mis t akes  of the pas t  
but a l s o  t o  i d e n t i f y  roo t  causes  of p o t e n t i a l l y  more s e r i o u s  acc iden t s .  
Indeed, the technique of p r o b a b i l i s t i c  r i s k  a n a l y s i s  (PRA), which has been 
used i n c r e a s i n g l y  s ince  the advent of t he  Rasmussen Reactor Safety Study 
(WASH-1400) , a 7  would be r a t h e r  hollow without r e a l  i s t i c  acc iden t  sequence 

When these  tran- 

As of 1981, t h e r e  were 49 l a r g e  PWRs t h a t  had produced commercial 
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and cause f r equenc ie s  t h a t  must be ob ta ined  from experience.  Harold 
Lewis' review of WASH-1400 s t rong ly  recommended t h e  study of LERs f o r  
accident  sequence precursors .  T h i s  recommendation was supported by 
the  Advisory Committee on Reactor Safeguards (ACRS) and by the  N R C . 2 * ~ 2 9  

T h i s  study i s  intended t o  a s s i s t  i n  t h e  ongoing examination of WTS 
by NRC and indus t ry .  An attempt w i l l  be made t o  answer the fo l lowing  
ques t ions :  

1. What event sequences may l ead  t o  WTS i n  PWRs? 
2. How many WTS even t s  o r  p recu r so r s  have occurred i n  the  ope ra t ing  

h i s t o r y  of U.S. PWRs? 
3. What i s  the  na tu re  of these even t s  r e g a r d i n g  s e v e r i t y ,  causes,  time of 

occurrence,  and t r e n d s ?  
4. Can these  events  h e l p  answer some c u r r e n t  c o n t r o v e r s i a l  q u e s t i o n s  con- 

ce rn ing  PVTS [e.g., high-pressure s a f e t y  i n j e c t i o n  (HPSI) funct ion,  
r e a c t o r  coolant  pump func t ion ,  warm p r e s t r e s s i n g  c r e d i t ,  and ope ra to r  
a c t  i o n s )  ? 

Although the study of p o t e n t i a l  o r  h y p o t h e t i c a l  WTS even t s  and t h e i r  
p r o b a b i l i t i e s  and consequences i s  of i n t e n s e  i n t e r e s t ,  such a p robab i l i s -  
t i c  a n a l y s i s  would mislead the  f a c t - f i n d i n g  n a t u r e  of the p re sen t  missi,on. 
Therefore ,  we s h a l l  r e f r a i n  from c a l c u l a t i n g  t h e  cumulative p r o b a b i l i t y  of 
r e a c t o r  v e s s e l  f a i l u r e  due t o  the  WTS-like e v e n t s  t h a t  we found. 
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2. DATA BASE 

2.1 U.S. PWR Reactor  Years and Reactor Vessel  Data 

Table 2.1 c o n t a i n s  d a t a  on U.S. PWRs t h a t  a r e  p e r t i n e n t  t o  the  ques- 
t i o n  of PVTS. Forty-s ix  o p e r a t i n g  r e a c t o r s  a r e  l i s t e d  i n  P a r t  1 of the 
t a b l e ,  while  P a r t  2 l i s t s  t h r e e  r e a c t o r s  t h a t  have been permanently shut 
down. For each r e a c t o r ,  t he  owner, the nuc lea r  steam supply system (NSSS) 
vendor, t he  a rch i t ec t - eng inee r  (A-E), t he  cons t ruc to r ,  t he  dependable 
e l e c t r i c a l  capac i ty ,  and t h e  d a t e  of f i r s t  e l e c t r i c a l  gene ra t ion  a r e  
l i s t e d .  Also l i s t e d  i s  information on t h e  r e a c t o r  v e s s e l ,  such a s  manu- 
f a c t u r e r ,  copper content  i n  welds, f l uence  per  e f f e c t i v e  full-power y e a r  
(EFPY), and the  cumulative EFPY a s  of t he  end of 1981. These d a t a  a r e  
necessary t o  determine t h e  s h i f t  i n  t h e  n i l  d u c t i l i t y  t r a n s i t i o n  tempera- 
t u r e  (RTm) of t he  r e a c t o r  v e s s e l  and i t s  c a p a b i l i t y  t o  wi ths t and  a c e r  
t a i n  PVTS a t  a s p e c i f i c  time i n  i t s  o p e r a t i o n a l  l i f e t i m e .  

prime o b j e c t i v e  of t h i s  study - i s  t h e  number of ope ra t ing  RYs. There 
a r e  f o u r  groupings of RYs: 
t r i c i t y ,  those covering only operable  PWRs, those covering t h e  LERs under 
study, and those RYs c o r r e c t e d  f o r  c e r t a i n  d i s c r e p a n c i e s  i n  the  d a t a  base. 
An a n a l y s i s  of Table 2.1 y i e l d s  t h e  fol lowing r e s u l t s :  

A common denominator t o  event  and causelfrequency de te rmina t ion  - a 

those covering a l l  PWRs t h a t  produced e i ec -  

Reactor y e a r s  
RY g r  oup i n g s (up t o  12/81) 

A l l  49 U.S. PWRs t h a t  have produced 363.51 
e l  ec  tr i c i  t p  

Only 46 operable  PWRs 330.46 

46 operable  PWRs and Three Mile 329.26 
I s l a n d  2 t h a t  have LEXs i n  t h e  
d a t a  base s i n c e  1963 

RYs used f o r  frequency c a l c u l a t i o n s  319.78 

Note t h a t  between 1957 (Shippingport  s t a r t e d )  and 1963 [Nuclear 
Sa fe ty  Information Center (NSIC) s t a r t e d 1  t h e r e  was l i t t l e  information 
on LERs i n  the  p u b l i c  domain. Real e f f o r t s  t o  compile LERs began only 
i n  1969. The f o u r t h  group of RYs l i s t e d  i n  the  preceding paragraph i s  
t h e  t h i r d  group l e s s  t he  p e r i o d  from 1963 through 1969. 

2.2 Sources of ODerational Events 

WTS even t s ,  p r e c u r s o r s  t o  PVTS events ,  and/or f a i l u r e  d a t a  could, 
i n  p r i n c i p l e ,  be found from the  fol lowing sources  of r e a c t o r  ope ra t ing  



Table 2.1. U.S. PWR data  per t inent  t o  PVTS 

(As of December 31, 1981) 

U Reactor 

d Reactor pressure vessel' 
React or  years Gross b Date of 

I.-. 1 I * - -  I Architect - maximum 
Fluence EFPY 
per EFPY (through 12/81) 

L I L U L  

engineers/ d ~ ~ T ~ ~ ~ ~ ~ e  e l e c t r i c a l  Percent 
u r r l l r y l  

(1018 neutrons/cm2) generation Manufacturer copper constructors  vendor 

[m(e)l 

Arkansas 1 

Arkansas 2 

Beaver Valley 1 

Calvert C l i f f s  lU 

Calvert C l i f f s  zU 

Cook 1 

Cook 2 

Crystal  River 3 

Davis-Besse 1 

Farley 1 

Farley 2 

Ft. Calhouna 

Ark. P6L 
B 6 W  

Ark. P6L 
C-E 

Duquesne 
W 

Balt. GhE 
C-E 

Flt. GhE 
C-E 

Ind. 6 Mich. Elec. 
W 

Ind. 6 Mich. Elec. 
W 

Fla. PUT. 
B6W 

Toledo Ed. 
B6W 

Ala. P6L 
W 

Ala. P6L 
W 

Omaha Publ. 
C-E 

Bechtel 
Bechtel 

Bechtel 
Bechtel 

S6W 
S6W 

Bechtel 
Bechtel 

Bechtel 
Bechtel 

AEP 
AEP 

AEP 
Jones 

Gilbert 
Jones 

Bechtel 
Bechtel 

Southern Serv. 
Becht e 1 

Southern Serv. 
Becht e 1 

Cibbs et  al .  
Gibbs et  a l .  

883 

897 

860 

860 

860 

1080 

1118 

82 1 

918 

845 

a60 

50 1 

08/01/74 

i2/26/7a 

06/14/ 76 

01/03/75 

12/07/ 76 

021 10/75 

03/22/78 

01/ 30177 

oa/ 281 77  

oa/ i8/77 

05/25/81 

08/25/73 

56W 

C-E 

C-E 

C-E 

C-E 

C-E 

CB6 I 

B6 W 

B 6 W  

C-E 

e 

C-E 

0.31 
0.61 

0.05 
0.04 

0.36 
0.37 

0.30 
0.30 

0.30 
0.23 

0.13 
0.40 

e 

0.31 
0.35 

Forging 
0.24 

0.38 
1.69 

e 

0.35 
0.35 

0.45 

e 

0.25 
1.69 

1.47 

1.47 

0.34 
0.63 

e 

0.55 
0.58 

0.66 

e 

e 

1.72 

7.42 
4.50 

3.02 
1.81 

5.55 
1.93 

7.00 
5.09 

5.07 
4.40 

6.89 
4.73 

3.78 
2.52 

4.92 
2.66 

4.34 
1.81 

4.37 
2.31 

0.61 
0.59 

8.35 
5.24 



Table 2.1 (cont inued)  

d Reactor p re s su re  vessel '  
Date of Reactor yea r s  

electrical Percent  per EPPY ( through 12/81) 

Cross 

Pluence EFPY f i r s t  Architect - maximum 

[ W e ) ]  

U t i l i t y /  engineers1 

(1018 neutrons/cm2) capacity gene ra t ion  cons t ruc t  ore vendor React ora 

Ginma 

thddam Necka 
(Conn. Yankee) 

Indian Pt. 2 

Indian P t .  3 

Kewaunee 

Maine Yankeea 

McGuire 1 

Mil l s tone  2 

North Anna 1 

North Anna 2 

Oconee la  

a Oconee 2 

Oconee 3 

Rochester C6E 
W 

Conn. Yankee Pvr. 
W 

Con. Ed. 
W 

PASNY 
W 

Wfsc. Pub. 
W 

Ile. Yankee 
C-E 

Duke 
W 

NE Nuclear 
C-E 

Va. Elec. 
W 

Va. Elec. 
W 

Duke 
B6W 

Duke 
B6W 

Duke 
BLW 

Gi lbe r t  
Bechtel  

S6W 
S6U- 

UE6C 
WEDCO 

UE6C 
UEDCO 

Pioneer 
Pioneer 

S6W 
S6 W 

Duke . 

Duke 

Bechtel  
Bechtel 

S 6 W  
S6W 

S6W 
S6W 

Duke & Bechtel  
Duke 

Duke 6 Bechtel  
Duke 

Duke 6 Bechtel  
Duke 

490 

58 2 

88 5 

1000- 

54 5 

850 

1181 

89 5 

918 

939 

899 

899 

899 

12/02/69 

081 07 I 6 7  

06/26/73 

04/ 27/76 

04/ 081 7 4 

1 11081 7 2 

06 1 301 8 1 

11/09/75 

04/17/78 

08/25/80 

051 061 7 3 

12/05/ 73 

09/01/74 

B 6 W  

C-E 

C-E 

C-E 

C-E 

C-E 

e 

C-E 

0.25 

0.22 

0.25' . 
p l a t e  

0.24 
p l a t e  

0.20 

0.36 
0.85 

e 

0.37 

Forging 
0.14 

RDM 

RDM Forging 
0.13 

B 6 W  

B 6 W  

B 6 W  

0.31 

Forging 
0.35 

Forging 
0.24 

1.16 

1.09 
1.31 

0.50 

0.56 

1.34 

0.85 

e 

0.56 

.78 

.78 

0.54 

0.61 

0.61 

12.08 
8.40 

14.40 
11.88 

8.52 
4.7 1 

5.68 
2.99 

7.73 
5.94 

9;15 
6.22 

0.51 
0 

6.15 
4.03 

3.71 
2.42 

1.35 
0.99 

8.66 
5.05 

8.07 
4.99 

7.33 
4.86 

\ 



Table 2.1 (cont h u e d )  

~~ 

d Reactor pressure vessel' 
Reactor years. Date of Gross 

Fluence EFPY 
per EFPY (through 12181) 

f i r s t  Architect- maximum 
enginee rs 1 

construct  ora capaci t  y e l e c t r i c a l  ~ n u f a c t u r e r  percent 

generat ion copper (1018 neutrons/cm2) 

U t i l i t y 1  
vendor React oru 

[ W e l l  

Pal isades 

Point Beach 1' 

Point Beach 2' 

P r a i r i e  Is land 

P r a i r i e  Is land 

Rancho Seco 1 

Robinson ZU 

Salem 1 

Salem 2 

San Onofre la 

Sequoyah 1 

St. Lucie 1 

Surry 1 

Consumers 
C-E 

Wisc. Elec. 
W 

Wisc. Elec. 
W 

Northern S ta tes  
W 

Northern S ta tes  
W 

Sacramento Mun. 
BLW 

CaKolirla PLL 
W 

Publ. Sew.  ECG 
W 

Publ. Serv. ELG 
W '  

South Ca. Ed. 
W 

N A  
W 

Fla. P6L 
C-E 

V8. Elec. Pur. 
W 

Bechtel 
Bechtel 

Bechtel 
Bechtel 

Bechtel 
Bechtel 

Fluor Pioneer 
Northern S ta tes  

Fluor Pioneer 
Northern S ta tes  

Bechtel 
Bechtel 

Ebasco 
Ebasco 

Publ. Serv. ELG 
UELC 

Publ. Serv. ELG 
UELC 

Bechtel 
Bechtel 

TVA 
N A  

Ebaaco 
Ebasco 

SL W 
SL W 

675 

519 

519 

534 

531 

917 

700 

1124 

1149 

456 

1163 

822 

81 1 

121 3 11 7 1 

11 /06 /70  

081 021 72 

12 1 041 7 3 

12 /21 /74  

101 131 74 

091 261 70 

121 251 16 

061 031 81 

071 16/67 

071 221 80 

051 071 76 

071 041 7 2 

C-E 

B 6 W  

B6Wf C-E 

SFAC 

SFAC 

B6w 

C-E 

C-E 

e 

C-E 

RDM 

C-E 

B 6 W  

0.25 

0.24 

0.25 

Forging 
0.14 

Forging 
0.19 

0.31 

0.34 

0.24 
p l a t e  

e 

0.19 

e 

0.30 
0.31 

0.18 
0.25 

1.16 

0.91 
1.24 

1.24 

1.34 

1.34 

0.58 
0.66 

1.59 
1.72 

1.16 

e 

1.74 

e 

0.63 

0.34 
1.56 

10.00 
4.75 

11.15 
8.02 

9.42 
7 . 5 3  

8.08 
5.87 

7.03 
5.57 

-I 
7.22 
3.82 

11.27 
7.79 

5.02 
2.41 

0.58 
0.45 

14.46 
9.50 

1.45 
0.74 

5.65 
4.20 

9.49 
4.96 



Table 2.1 (continued) 

React ora 

d Reactor pressure vesselC 
Reactor years Gross b Date of _ _  ._ .  , Architect- maximum _.  

Fluence E F P ~  r irst 
per EFPY (through 12/81) electrical Percent engineers/ U t l l l t Y l  

vendor 

( 1018 neutrons/cm2) copper constructors  capaci ty  generetion Manufacturer 
[MJ(e) 1 

Surry 2 

Three Mile Is. la 

Trojan 

Turkey Pt. 3= 

Turkey Pt. 4a 

Yankee-Rove 

Zion 1 

Zion 2 

Others 

Shippingport 

Indian Point 1 

Three Mile Is. 2 

Va.  Elec. Pvr. S6W 
W S6W 

Met.  Ed. 
BLW 

Port land GE 
W 

Fla. PLL 
W. 

Fla. P6L 
W 

Yankee Atomic 
W 

Corn. Ed. 
W 

Cornm. Ed. 
W 

Duquesnel DOE 
W 

Con. Ed. 
B6 W 

Met .  Ed. 
BLW 

Gilbert 
UECC 

Bechtel 
Bechtel 

Bechtel 
Bechtel 

Bechtel 
Bechtel 

SLW 
scw 
Sargent 6 Lundy 
Corn. Ed. 

Sargent 6 Lundy 
Corn. Ed. 

Subtotal 

S t i W  

Owner 

Burns 6 Roe 

Subtotal 
Total  

811 

840 

1122 

680 

680 

180 

1085 

1085 

37,888 

60 net  

265 net  

906 net  

-. 
1,231 

39,119 

03/10/73 

061 19/74 

12/23/75 

11/02/72 

061 2 1 / 7 3 

11/10/60 

061 281 73 

12/26/73 

12/57 

10162 

04/78 

BLWf UDU 0.31 
0.19 

e e 

CBL I 0.15 
p l a t e  

BhW 0.31 

BhW 0.30 

BhW 0.20 
p l a t e  

B h W  0.31 
0.35 

B h W  0.35 
0.26 

0.34 
1.56 

e 

0.69 

.97 

-97 

0.78 

0.20 
0.63 

0.20 
0.63 

8.81: 
4.78 

4.78 
3.56 

6.03 
3.29 

9.16 
5.85 

8.53 
5.93 

21.14 
14.67 

8.51 
5.04 

8.02 
4.68 

UY 330.46 
EFPY NA 

-20 

12.12 

0.93 

RY 33.05 
EFPY N A  
RY 363.51 



Footnotes f o r  Table 2.1 

%eactors having ra ther  high values of n i l  d u c t i l i t y  t r a n s i t i o n  temperature (RTmT). 

bGross maximu: dependable capaci ty  (GMDC) is  defined a s  t h e  gross electrical  output a t  t h e  terminals  of t h e  turb ine  generator during t h e  

'Where two values a r e  given, t h e  f i r s t  is f o r  longi tudinal  welds, and the second is f o r  c i rcumferent ia l  welds. 

dReactor years are counted from t h e  date of f i r s t  e l e c t r i c  generation through December 31, 1981. 

eInformation not available. 

This value is a function of o r i g i n a l  reference 
temperature (RTmT ), copper content i n  welds, and t o t a l  fluence. 

most r e s t r i c t i v e  weather conditions. Station power need is about 3 0 4 0  MW(e) and is subtracted from GMDC t o  obtain the  net MDC. 

longi tudina l  weld a t  t he  reactor  b e l t l i n e  area, t h e  word "forging" is used. 

obtained by multiplying reactor  years t o  the cumulative capacity fac tor .  

For TMI-1, t h e  RYs are counted up t o  March 29, 1979. 

When there  is no 

Effect ive full-power years (EFPYs) a r e  

Abbreviations: 

SFAC - 
PCL - 
G6E * 
BCU = 
CBhI = 
C-E 9 

w -  
SCU 0 

UEhC 0 

TVA - 
RDM 9 

'AEP 

Creusot Loire 
Power and Light 
Gas and E l e c t r i c  
Babcock C Wilcox 
Chicago Bridge and Iron 
Combustion Engineering 
West inghouse 
Stone and Webster 
American Elec t r ic  Power Service Corp. 
United Engineers and Constructors, Inc. 
Tennessee Valley Authority 
Rotterdamche Droogdok M i j  

Sources: 

1. (Graybook): Liceneed Opemting ReUCtOP8, Status  Summary Report, NUREG-0020, 5(10) (October 1981 and January 1982). 

2. Signi f icant  Milestones, DOE/NE-0030/3/81 (September 1981). 

3. T. E. Murley (NRC), "Pressurized Thermal Shock of Pressure Vessels." material presented t o  t h e  Advisory Committee on Reactor 

U S .  Centmt  S ta t ion  llluctear E l e c t r i c  Gsnsmting hits: 

Safeguards, September 11, 1981. 
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experience:  

1. 
2. 

3. 

4. 

5. 

6. 

Operating r eco rds  of i nd iv idua l  r e a c t o r s .  
Lw data  banks of both the NRC and NSIC. The former bank was s t a r t e d  
a f t e r  t he  s e p a r a t i o n  of NRC from the o l d  Atomic Energy Commission but  
was d i scon t inued  i n  1980 i n  f avor  of the NSIC d a t a  bank, which has  
been i n  continuous o p e r a t i o n  s ince  1963. 
Nuclear P lan t  R e l i a b i l i t y  Data System (NPRDS) and r e l a t e d  t o p i c a l  re- 
p o r t s  i s sued  by the  E l e c t r i c  Power Research I n s t i t u t e  (EPRI), the 
Nuclear Sa fe ty  Analysis  Center (NSAC), and t h e  I n s t i t u t e  of Nuclear 
Power Operat i on  ( I N P O I .  
Spec ia l  t o p i c a l  r e p o r t s  on o p e r a t i o n a l  experience i s sued  by t he  NSIC 
and t h e i r  publ ished v e r s i o n s  i n  the bimonthly j o u r n a l  NucZear Safety. 
NRC Report t o  Congress on Abnormal Occurrences, NUREG-0090 (Ref. 301, 
compiled q u a r t e r l y  s i n c e  1975 a s  a c h a r t e r  requirement of t he  NRC, 
i nc lud ing  t o p i c a l  r e p o r t s  r e l a t e d  t o  the  same sub jec t .  
Spec ia l  PVTS r e p o r t s  by PWR owners' groups and/or  NSSS vendors. 

It should be obvious t h a t  t he  most complete of t hese  sources  of in- 
formation a r e  the r eco rds  of i nd iv idua l  r e a c t o r s ,  but  they a r e  a l s o  t h e  
l e a s t  a c c e s s i b l e .  On t he  o the r  hand, even t s  of s a f e t y  s i g n i f i c a n c e ,  a s  
predetermined by t e c h  specs and/or  o t h e r  r egu la to ry  requirements,  a r e  
s e l e c t e d  from t h e s e  r eco rds  by the  r e a c t o r  Owners and r e p o r t e d  t o  t h e  NRC. 
Copies of t hese  r e p o r t s  a r e  r o u t i n e l y  sent  t o  t h e  NSIC i n  Oak Ridge, 
screened, coded, and e n t e r e d  i n t o  t h e  NSIC d a t a  bank. Thus, t he  NSIC d a t a  
bank r e p r e s e n t s  next t o  the  bes t  da t a  base a v a i l a b l e ,  and t h e  most access- 
i b l  e. 

Our p r i n c i p a l  e f f o r t  i n  t h i s  review has been t o  sea rch  f o r  even t s  
from the  NSIC da ta  bank t h a t  have the c h a r a c t e r i s t i c s  of PVTS de f ined  pre- 
viously.  When a l i s t  of such even t s  has  been e s t a b l i s h e d  and t h e i r  occur- 
r ences  have been analyzed, PVTS even t s  a s  r e p o r t e d  i n  o t h e r  c i t e d  sou rces  
have a l s o  been reviewed, where p o s s i b l e ,  t o  compare w i t h  and complement 
t h e  NSIC data  base. Last  but not l e a s t ,  WTS ana lyses  by the  r e a c t o r  
vendors and by u t i l i t i e s  a r e  a l s o  reviewed t o  compare f i n d i n g s .  

2.3 NSIC Data Bank 

A s  of December 1981, the  NSIC d a t a  bank contained -170,000 e n t r i e s .  
The m a j o r i t y  of e n t r i e s  a r e  r e l a t e d  t o  r e p o r t a b l e  occurrences,  r e g u l a t o r y  
q u e s t i o n s  and answers, s a f e t y  analyses ,  and r e s e a r c h  and development (R6D) 
r e p o r t s  sponsored by the NRC. Some 20% of the e n t r i e s  a r e  nuc lea r  s a fe ty -  
r e l a t e d  r e p o r t s  sponsored by the  Department of Energy (DOE) ,  proceedings 
of t e c h n i c a l  meetings, a b s t r a c t s  of j o u r n a l  a r t i c l e s ,  f o r e i g n  documents, 
and o t h e r  ma t t e r s .  There a r e  -46,000 e n t r i e s  (27%) r e l a t e d  t o  PWRs, and 
15,000 of those a r e  r e p o r t a b l e  events  o r  LERs. Also note t h a t  t he  number 
of LERs - both f o r  PWRs and boiling-water r e a c t o r s  (BWRs) - i n c r e a s e s  
f a s t e r  w i t h  r e spec t  t o  o t h e r  e n t r i e s ,  a s  can be seen i n  a 5% p l o t  of t h e  
number of LERs f o r  PWRs v s  t h e  o v e r a l l  growth of t h e  NSIC data  base (Fig.  
2.1). For example, between NSIC 70,000 and 80,000 ( c i r c a  1973-19741, 
t h e r e  a r e  about 340 L w s  f o r  PWRs (3.4% of the  t o t a l ) ,  whereas between 
NSIC 150,000 and 160,000 ( c i r c a  19801, t h e r e  a r e  about 2,600 LERs f o r  PWRs 
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Fig. 2.1. P l o t  of 5% of PWR LERs a g a i n s t  NSIC access ion  numbers. 

(26%). Several  reasons e x i s t  f o r  t h i s  phenomenon: (1) The number of re- 
a c t o r s  under l i c e n s i n g  i s  diminishing ( t h u s  l i c e n s i n g  q u e s t i o n s  and re- 
sponses a r e  diminished) ,  (2) t h e  number of r e a c t o r s  i n  commercial opera- 
t i o n  i s  inc reas ing ,  and ( 3 )  t h e  r e p o r t i n g  of LERs became more s t r i n g e n t  
a f t e r  the Three Mile I s l a n d  acc iden t .  

c e i p t  a f t e r  prel iminary l o g i c ,  system, and typographical  a n a l y s i s  by t h e  
NSIC s t a f f .  Each en t ry ,  mainly LERs, i s  a s s igned  an  access ion  number, a 
t i t l e  d e s c r i b i n g  t h e  event,  t he  da t e  of occurrence,  the r e p o r t  a v a i l a b i l -  
i t y ,  t h e  a b s t r a c t  of event sequence, t he  main component and system in- 
volved, and a l i s t  of keywords. The keywords a r e  in s t rumen ta l  t o  t h e  re- 
t r i e v a l  of t h e  c i t a t i o n  from the  da t a  bank when t h e  a n a l y s t  has  only an 
idea about t he  sub jec t  m a t t e r  but no p r e c i s e  information on t h e  s p e c i f i c  
event. Over the y e a r s ,  t he  NSIC has  devised, organized, and logged i n  
over 3000 keywords designed t o  cover the sub jec t  ma t t e r  accumulated i n  t h e  
data  bank. Thus, each e n t r y  w i l l  c o n t a i n  a dozen o r  so keywords, which, 
according t o  t h e  LER sc reene r ,  b e s t  r ep resen t  t h e  event r e p o r t  a s  re- 
ceived. Understandably, t hese  keywords cannot t o t a l l y  desc r ibe  the  event s 
a s  they a c t u a l l y  occurred or a s  they might be i n t e r p r e t e d  by another 
ana lys t .  

E n t r i e s  i n  the NSIC da ta  bank a r e  recorded i n  the  o rde r  of t h e i r  re- 
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The LER sea rch  methodology inc ludes  a l o g i c a l  approach t h a t  narrows 
t h e  data  base t o  s p e c i f i c  a r e a s  of i n t e r e s t ,  the  Boolean combination of 
keywords t h a t  t u r n s  up a p p r o p r i a t e  even t s  from the computer data  base,  and 
t h e  procurement of o r i g i n a l  r e p o r t s  f o r  d e t a i l e d  ana lyses .  
a n a l y t i c a l  methodology inc ludes  c o n s t r u c t i n g  seven gene ra l i zed  event  t r e e s  
and d e f i n i n g  f i v e  WTS s e v e r i t y  c a t e g o r i e s  f o r  event and p recu r so r  c l a s s i -  
f i c a t i o n .  The check of the "exhaustiveness" of the f i n d s  i n c l u d e s  compari- 
son of t h i s  l i s t  of even t s  a g a i n s t  10% samples of a l l  PWR LERs i n  the  NSIC 
data  bank and a g a i n s t  i n d u s t r y ' s  publ ished da ta .  

The LER event 

- 

3.1 Logic f o r  PVTS Sequences 

AT. AP 
IN RCS 

Figure 3.1 i l l u s t r a t e s  a l o g i c a l  approach i n  d e f i n i n g  sequences o r  
c l a s s e s  of sequences i n  PWRs t h a t  may l ead  t o  WTS. 

By d e f i n i t i o n ,  WTS i s  the  r e s u l t  of changes of v e s s e l  metal  tempera- 
t u r e  wi th  r e spec t  t o  time, w i th  o r  without  coincident  changes i n  the  pres- 
su re  of t he  r e a c t o r  coolant  system (RCS). Thus, WTS i n  PWR v e s s e l s  could 
only r e s u l t  from temperature t r a n s i e n t s  due t o  changes i n  t h e  environments 
ad jacen t  t o  t h e  i n s i d e  and o u t s i d e  of t he  v e s s e l  wal l .  

The WT§ from o u t s i d e  of the r e a c t o r  v e s s e l  could be caused by the  
f a l l i n g  o f f  of s e c t i o n s  of the metal  i n s u l a t i o n ,  r e s u l t i n g  i n  the asymmet- 
r i c  l o s s  of heat  from the r e a c t o r  v e s s e l .  Or i t  could be caused by the 
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Fig. 3.1. WTS LER sea rch  l o g i c .  
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r e a c t o r  c a v i t y  f lood ing  wi th  cold water  wh i l e  the r e a c t o r  i s  under opera- 
t i o n ,  r e s u l t i n g  i n  asymmetric and poss ib ly  sudden changes i n  h e a t  l o s s  
from the hot v e s s e l .  The l a t t e r  case d i d  indeed occur a t  Ind ian  Point  2 
on October 1 7 ,  1 9 8 0 .  

Thermal shocks from ins ide  the r e a c t o r  v e s s e l  a r e  by f a r  more n u m e r  
ous, more severe,  and of more in t ense  concern. They can be the r e s u l t  of 
the l o s s  of coolant from the RCS, of overcool ing the  r e a c t o r  coolant  by 
t r a n s i e n t s  i n  the feedwater-steam system, o r  of the i n j e c t i o n  of ECCS 
water.  

c a t e g o r i e s :  large-break loss-of-coolant a c c i d e n t s  (LBLOCA) and small- 
b reak  loss-of-coolant a c c i d e n t s  (SBLOCA). An LBLOCA occurs  when a l a r g e  
pipe,  such a s  the co ld  l e g  o r  the hot l e g ,  s u f f e r s  a break, e i t h e r  double- 
ended o r  l o n g i t u d i n a l l y .  This  kind of acc iden t  has  been the  sub jec t  of 
i n t ense  study and design s ince the e a r l y  days of commercial nuc lea r  reac- 
t o r s .  The SBLOCA i s  f a r  more common, however. It occurs  (1) when a small 
pipe,  such a s  an in s t rumen ta t ion  l i n e  o r  the feed-and-bleed l i n e ,  f a i l s ;  
( 2 )  when one of the r e l i e f  valves  f a i l s  t o  c l o s e  fol lowing a s e r v i c e  de- 
mand; ( 3 )  when the s e a l  of the RCS pumps l e a k s ;  o r  ( 4 )  when some SG tubes  
rup tu re .  An LOCA r e s u l t s  i n  the f a s t  drop i n  RCS pres su re  (in a ma t t e r  of 
seconds t o  minutes depending on the s i z e  of t he  break)  and the  concomitant 
drop i n  temperature ( a f t e r  the s a t u r a t i o n  po in t  has  been reached) .  The 
drop i n  p re s su re  a l s o  a c t u a t e s  the ECCS, s p e c i f i c a l l y  the HPSI when the  
RCS drops below -1700 ps ig ,  the core f l o o d i n g  system (CFS) when the RCS 
pres su re  drops below -600 psig,  and the  low-pressure s a f e t y  i n j e c t i o n /  
r e s i d u a l  heat removal (LPSI/RFIR) systems when the  RCS pres su re  drops even 
lower. The ECCS system i n j e c t s  cold water  i n t o  t h e  r e a c t o r  v e s s e l  t o  en- 
sure  t h a t  t he  core i s  covered. 

(Th 5900F, T 550°F, T 570°F, p 2250 p s i g )  i n  a ma t t e r  of sec- 
onds t o  a few minutes by the high flow i n  the  feedwater-steam c i r c u i t s .  
Ry design, the hea t  t r a n s f e r  c o e f f i c i e n t  i n  t h e  SGs i s  very high (capable  
of c h i l l i n g  the  RCS by 100°F i n  -20 s i f  f u l l  FW flow and RCS pumps con- 
t i nued  a f t e r  r e a c t o r  scram). The FW flow r a t e  and temperature and the  
steam flow r a t e  and temperature a r e  c o n t r o l l e d  by a system of f i n e l y  tuned 
r e g u l a t i n g ,  check, and bypass v a l v e s  t o  ensure e f f i c i e n t  power production. 
Thus, any d i s tu rbance  i n  the FW o r  steam c o n d i t i o n s  i s  t r a n s m i t t e d  quickly 
t o  the RCS. I f  e i t h e r  the I;w flow o r  the FW l e v e l  i n  the  SGs i s  below 
normal, o r  i f  the steam flow t o  t h e  t u r b i n e  g e t s  d i s rup ted ,  then the tem- 
p e r a t u r e  and p res su re  of the RCS may inc rease  quickly,  u sua l ly  r e s u l t i n g  
i n  a r e a c t o r  t r i p  and the  occas iona l  opening of r e l i e f  va lves  o r  s a f e t y  
valves .  I f  t he  FW flow o r  l e v e l  i s  too  high, o r  i f  the steam flow i s  too  
high, then the temperature and p r e s s u r e  of t he  RCS may decrease qu ick ly ,  
r e s u l t i n g  in poss ib l e  ECCS a c t u a t i o n  and PVTS. This  a l s o  r e s u l t s  when FW 
flow i s  normal but i t s  i n l e t  temperature i s  t o o  low. 

While the ECCS i s  designed such t h a t  i t  i s  almost always a c t u a t e d  a t  
abnormal cond i t ions  i n  the  RCS o r  i n  the FW-steam c i r c u i t s ,  i t  can a l s o  be 
a c t u a t e d  independently. T h i s  can be e f f e c t e d  manually by the operator ,  
automatical ly  by spurious s i g n a l s ,  o r  by inadve r t en t  pump a c t i o n  o r  va lve  
opening during t e s t i n g  and maintenance. 

Loss  of coolant from the RCS has been convent ional ly  c l a s s e d  i n t o  two 

Reactor coolant could a l s o  be c h i l l e d  below i t s  ope ra t ing  temperature 

C av e 
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3.2 Combining Keywords f o r  LER Searches 

The RECON* computer network was used t o  ge t  access  t o  the  NSIC d a t a  
base,  and over 40 searches  were conducted f o r  PVTS events  and/or  precur- 
s o r s  a t  U.S. PWRs. Keywords were coined t o  r ep resen t  major equipment, 
systems, events ,  and cond i t ions  t h a t  would be involved i n  the  WTS l o g i c a l  
sequences descr ibed  i n  the  preceding sec t ion .  These keywords were next 
compared a g a i n s t  a master NSIC keyword l i s t  t o  ensure  t h e i r  a c c e p t a b i l i t y  
t o  the  computer. 

When one keyword i s  used, the  computer t u r n s  up a l l  e n t r i e s  i n  the  da ta  
bank t h a t  c o n t a i n  the  keyword. For example, when the  word " f a i l u r e "  i s  
used, RECON t u r n s  up 29,604 c i t a t i o n s .  Narrowing down t h e  number of c i t a -  
t i o n s  i s  t h e r e f o r e  important i f  the  reading  i s  t o  be t r a c t a b l e .  The RECON 
network accep t s  Boolean combinations (AND,OR,NOT) of keywords t o  make such 
focus ing  simple. For example, the  keyword "Reactor, PWR" y i e l d s  46,577 
c i t a t i o n s ;  f a i l u r e ,  I' 29,604; " t r a n s i e n t ,  'I 1,262; "thermal t r a n s i e n t ,  
1,182; "pressure t r a n s i e n t ,  1,340; and " ra t e , "  409; however, t he  com- 
b i n a t i o a  (Reactor,  PWR)*(failure)*(transient + thermal t r a n s i e n t  + pres- 
sure  t r a n s i e n t  + flow * r a t e )  y i e l d s  only 1,031 c i t a t i o n s ,  a much more 
manageable number. 

PVTS events  and p recu r so r s  inc lude :  

Table 3.1 i s  a sample of LIB searches  f o r  PVTS events  and precursors .  

II 

II 

Some of t he  keywords and concepts  used i n  va r ious  ways t o  look f o r  

Systems o r  equipment : 

Reactor cool ing  system, main cool ing  system, r e a c t o r  coolan t ,  p re s su re  
v e s s e l ,  r e a c t o r  coolant  pumps, p r e s s u r i z e r ,  valves ,  pump s e a l s ,  feed and 
bleed,  steam genera tors ,  charging pumps, r e s i d u a l  hea t  removal system. 

Feedwater, steam, pumps, va lves ,  aux i l  i a r y  feedwater,  emergency feed- 
water,  dump va lves ,  r egu la t ing  va lves ,  feedwater h e a t e r s ,  condenser, 
flow bypass, tu rb ine .  

Safe ty  i n j  e c t  ion,  r e f u e l  ing water  s to rage  tank, boron i n j  e c t  i o n  tank, 
high p res su re  s a f e t y  i n j e c t i o n ,  low p res su re  s a f e t y  i n j e c t i o n ,  accumu- 
l a t o r s ,  s a f e t y  f e a t u r e  a c t u a t i o n  system. 

Event s : 

Thermal t r a n s i e n t ,  p re s su re  t r a n s i e n t ,  flow t r a n s i e n t ,  s a f e t y  system 
ac tua t ion ,  f a l s e  s igna l ,  spurious s i g n a l ,  l o s s  of power, l o s s  of i n s t ru -  
mentation, i n v e r t e r  f a i l u r e ,  f i r e ,  p ressure  spike,  l i g h t n i n g  s t r i k e ,  re- 
a c t o r  t r i p ,  pump t r i p ,  va lve  f a i l u r e ,  opera tor  e r r o r ,  maintenance e r r o r ,  
t e s t e r r o r  , b 1 ow dow n. 

*RECON i s  a computer network maintained by the DOE i n  Oak Ridge, 
Tennessee. Th i s  network a l lows  access  through remote t e rmina l s  t o  about 
37 information da ta  banks, inc luding  the  NSIC da ta  bank. 
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Table 3.1.  Example of LER sea rches  f o r  PVTS 
even t s  and p r e c u r s o r s  i n  U.S. PWRs 

(February 28, 1982) 

De s c r i p t i o n  of keywords o r  s e t s  of keywords Number of 
c i t a t i o n s  

NSIC da ta  bank 

Reactor, PWR 

Fa i 1 u r  e s 

F a i l u r e s  a t  PWRs 

T r a n s i e n t s  (thermal,  pressure,  r e a c t o r )  a t  PWRs 
Safe ty  i n j e c t i o n  (ECCS, HPSI, LPCI) a t  PWRs 
Main coolant system f a i l u r e s  a t  PWRs 

(RCS, r e a c t o r  coolant ,  leak,  p r e s s u r i z e r ,  blowdown, 
valves ,  scram, spray, shutdown, p re s su re  r e 1  ie f  , 
Pumps 1 

Feedwater-steam system f a i l a r e s  a t  PWRs 
(steam, feedwater, a u x i l i a r y  cooling, emergency 
cool ing,  valves,  p re s su re  r e 1  i e f  , pumps, steam 
generator ,  t u rb ine ,  flow, h e a t e r s )  

Flooding i n  containment of PWRs due t o  pipe,  va lves  

T r a n s i e n t s  i n  PWRs t h a t  r e s u l t e d  i n  s a f e t y  i n j e c t i o n  

T r a n s i e n t s  i n  RCS of PWRs wi th  excessive flow r a t e  or 

T r a n s i e n t s  i n  RCS of PWRs wi th  excessive flow r a t e  o r  

T r a n s i e n t s  i n  f e e d w a t e r s t e a m  c i r c u i t s  w i th  excess ive  

T r a n s i e n t s  i n  f eedwa te r s t eam c i r c u i t s  w i th  excess ive  

coo l ing  

cool ing and accompanied by s a f e t y  i n j e c t  i o n  

flow r a t e  o r  cool ing 

flow r a t e  o r  cool ing and accompanied by s a f e t y  
i n j  e c t  i on  

feedwater-steam c i r c u i t s  and accompanied by s a f e t y  
i n j e c t i o n  

T r a n s i e n t s  i n  RCS t h a t  were caused by t r a n s i e n t s  i n  the 

-170 , 000 

46,577 

29 , 604 

14,856 

682 

819 

6,661 

5,899 

73 

40 

44 7 

28 

529 

37 

50 
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Nature of even t s  : 

Overcool ing, overheat ing,  ove rp res su r i z  ing, dep res su r i z  ing, excess ive  
flow, excess ive  cool ing,  excess ive  heat-up, i nadve r t en t .  

Operating c o n d i t i o n s :  

Power, s t a r t u p ,  hot standby, hot shutdown, co ld  shutdown, co ld  shutdown 
w i t h  r e a c t o r  v e s s e l  head unbolted. 

3.3 Procurement of O r i g i n a l  and Other P e r t i n e n t  ReDorts 

I n  over 40 sea rches  using keywords and t h e i r  combinations a s  de- 
s c r ibed  i n  t h e  preceeding paragraphs,  some 4,000 LER t i t l e s  and most of 
t h e i r  a b s t r a c t s  ( i . e .  , about 25% of the t o t a l  PWR LERs a s  of t he  end of 
1981) were screened and read. Approximately 170 c i t a t i o n s  of i n t e r e s t  
were found. The o r i g i n a l  l i c e n s e e  r e p o r t s  f o r  these c i t a t i o n s  were pro- 
cured f o r  more d e t a i l e d  reading. About one-half of t hese  o r i g i n a l  l i cen -  
see r e p o r t s  were no c l e a r e r  t han  the  NSIC a b s t r a c t s  themselves. About 40% 
had more d e s c r i p t i o n s ,  a l though these  d e s c r i p t i o n s  d i d  not  always shed 
much more l i g h t  on t h e  even t s  t han  d i d  t h e  NSIC a b s t r a c t s .  
q u i t e  d e t a i l e d  and good d e s c r i p t i o n s ,  and i n  s p e c i a l  ca ses ,  such a s  t h e  
Crys t a l  River 3 event of February 26, 1980, the F t .  Calhoun event of 
Apr i l  17, 1974, and the  Robinson 2 event of May 1, 1975, t he  o r i g i n a l  
d e s c r i p t i o n s  and supplementary r e p o r t s  were very informative.  

About 10% had 

3.4 General ized Event T rees  f o r  PVTS-Event Analysis  

Seven gene ra l i zed  event t r e e s  (Fig.  3.2) were cons t ruc t ed  t o  provide 
a framework on which t o  map the  WTS even t s  and/or  p r e c u r s o r s  found i n  t h e  
LER searches.  These event t r e e s  correspond t o  t h e  top-down l o g i c  f o r  WTS 
sequences desc r ibed  e a r l i e r  (Fig.  3.1). I n  Fig. 3.2, a t  each d e c i s i o n  
node, t he  branch down s i g n i f i e s  a "no," while  the o t h e r  branch s i g n i f i e s  a 
yes. No end s t a t e s  of t h e  t r e e s  a r e  marked i n  o r d e r  t o  m a i n t a i n  v i s u a l  

s i m p l i c i t y  and because a d d i t i o n a l  information o u t s i d e  the  context  of t h i s  
r e p o r t  i s  needed. 

way from the  o the r s .  I f  one were t o  specu la t e  on t h e  p r o b a b i l i t y  of t h e  
v a r i o u s  r o u t e s  each event could have taken, then a s p e c i f i c  t r e e  must be 
cons t ruc t ed  f o r  t h a t  event ,  t a k i n g  note  of the v a r i o u s  equipment f u n c t i o n s  
and ope ra to r  i n t e r v e n t i o n .  However, a s  mentioned e a r l i e r ,  t h i s  t a s k  i s  
r a t h e r  t o  determine the f r e q u e n c i e s  of pas t  events .  There i s  m e r i t  i n  
c a t e g o r i z i n g  these  even t s  under a few i n i t i a t i n g  sequences w i t h  simple,  
y e t  s u f f i c i e n t ,  d e t a i l s  t o  y i e l d  u s e f u l  information. 

by a c i r c l e  i n  a s i m i l a r  f a s h i o n  a s  i t  would be r ep resen ted  a t  t he  bottom 
of a simple f a u l t  t r e e .  There a r e  seven sepa ra t e  i n i t i a t o r s :  LBLOCA, 
SBMCA, overfeeding or co ld  feedwater  (OF/cold FW), high steam flow (HSF), 
HPSI, core  f l o o d i n g  and/or  LPSI (CF/LPSI), and e x t e r n a l  f looding o r  in- 
s u l a t i o n  f a l l - o f f  (EX) from the  e x t e r n a l  s i d e  of t he  r e a c t o r  v e s s e l .  

11 11 

Each event occurred under a d i f f e r e n t  circumstance and i n  a d i f f e r e n t  

For each of t he  simple WTS event t r e e s ,  the i n i t i a t o r  i s  r e p r e s e n t e d  
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Fig. 3.2. Generalized event t r e e s  

Id1 

nI 1 I HPSl 1 PORV/RV 1 
TERMINATES CYCLES 

I 
1 

0p-l CORRECTION 

b l  r 
f o r  WTS event mapping: ( a )  large- 

break loss-of-coolant t r e e ,  ( b )  small-break loss-of-coolant t r e e ,  ( c )  o v e r  
feeding/cold FW t r e e ,  ( d )  high steam flow t r e e ,  ( e )  high-pressure s a f e t y  
i n j e c t i o n  t r e e ,  ( f )  core  floodingllow-pressure s a f e t y  i n j e c t i o n  t r e e ,  .and 
( g )  e x t e r n a l  f l ood ing /ex te rna l  i n s u l a t i o n  f a l l -of  f t r e e .  

Equipment and system f u n c t i o n s  fol lowing t h e  sequence i n i t i a t i o n ,  
whether automatic o r  w i th  ope ra to r  i n t e r v e n t i o n ,  a r e  shown i n  the heading 
boxes fol lowing t h e  i n i t i a t o r .  Several  f u n c t i o n s  may have been grouped t o  
s impl i fy  the  event t r e e s .  Fu r the r ,  these f u n c t i o n s  a r e  displayed sequen- 
t i a l l y  i n  the  o rde r  of the time they a r e  normally c a l l e d  i n t o  se rv ice .  
Causes f o r  the i n i t i a t o r  occurrence a r e  l i s t e d - a t  the s t a r t  of t he  event 
t r e e s ,  and t h e  WTS-related consequences a r e  summarized a t  the end of each 
t r e e .  In Appendix A, where each event has  been mapped on one of these 
seven t r e e s ,  a step-by-step summary of t he  event a s  analyzed from the 
o r i g i n a l  l i c e n s e e  r e p o r t  i s  a l s o  provided. A b r i e f  d e s c r i p t i o n  of each 
t r e e  fol lows.  
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The LBLOCA t r e e  a s  r e l a t e d  t o  PVTS i s  very simple, involving only two 
f u n c t i o n s  fol lowing t h e  blowdown: (1) CF by water from the accumulators 
and (2) water r e c i r c u l a t i o n  by the RHR system. The consequences may be 
extremely d r a s t i c  because t h e  r e a c t o r  v e s s e l ,  s t i l l  a t  -550°F by the end 
of t h e  blowdown, i s  suddenly exposed t o  cool ing water a t  -100-200°F f o r  
many minutes af terwards.  

The SBLOCA t r e e  has  f o u r  system func t ions  t h a t  determine the WTS- 
r e l a t e d  consequences: r e a c t o r  t r i p  (RT), FW o r  a u x i l i a r y  feedwater (AFW) 
c o n t r o l ,  HPSI, and CF and/or  high-pressure/low-pressure c r o s s  connect 
(HP/LP connect) .  Causes f o r  SBLOCA include (1) t h e  b reak  of a small l i n e  
(e.g., i n s t rumen ta t ion ) ,  (2) t h e  opening of a va lve  t h a t  subsequently 
f a i l s  t o  c lose  [e.g., p r e s s u r i z e r  power-operated r e l i e f  valve (PORV)I, and 
(3) t h e  f a i l u r e  of a r e a c t o r  coolant  pump s e a l ;  

The OF/cold FW t r e e  has  t h r e e  system f u n c t i o n s  a f f e c t i n g  PVTS-related 
outcomes: RT, FW flow c o r r e c t i o n  o r  SG i s o l a t i o n ,  and HPSI. Causes of 
OF may include high FW pump speed, too l a r g e  an opening of FW flow regu- 
l a t i n g  va lves ,  f a i l u r e  of t h e  FW v a l v e s  t o  c lose  on demand, and h igh  SG 
l e v e l .  Causes of co ld  FW may include sudden f a i l u r e  i n  the  FW h e a t e r  
t r a i n .  

sequences: RT, SG i s o l a t i o n ,  AFW o r  emergency feedwater (EFW) flow, and 
HPSI. Causes f o r  HSF may include the steamline break, t he  f a i l u r e  of a 
t u rb ine  bypass valve,  and t h e  unwanted opening of a steam damp va lve  o r  
r e 1  i e f  valve.  

The HPSI t r e e  has  two system f u n c t i o n s  a f f e c t i n g  PVTS-related conse- 
quences: t e rmina t ion  of HPSI by the ope ra to r  and the  cyc l ing  of t he  pres- 
s u r i z e r  PORV and s a f e t y  v a l v e s  i n  case the former f u n c t i o n  f a i l s .  Any of 
the  previous t r e e s  (ULOCA, SBLOCA, OF/cold FW, o r  HSF) may involve HPSI; 
but  HPSI can a l s o  be caused independently by spurious s i g n a l s ,  ope ra to r  
e r r o r s ,  l i g h t n i n g ,  f i r e ,  o r  maintenance and t e s t  e r r o r s .  

whether the f a u l t  i s  c o r r e c t e d  i n  time. Causes f o r  the f lood ing  of t he  
r e a c t o r  c a v i t y  may include a f l u i d  l i n e  break o r  l e a k  a t  a l o c a t i o n  such 
t h a t  water can be accumulated i n  the  r e a c t o r  v e s s e l  cav i ty .  Causes f o r  
the i n s u l a t i o n  f a l l i n g  o f f  from o u t s i d e  the r e a c t o r  v e s s e l  may include 
f a u l t y  design and/or v i b r a t i o n .  

The HSF t r e e  has  f o u r  system f u n c t i o n s  determining PVTS-related con- 

The EX t r e e  has  only one system f u n c t i o n  a f f e c t i n g  PVTS consequences: 

3.5 PVTS S e v e r i t y  Catenorizat  i on  

So f a r  PVTS even t s  and PVTS p r e c u r s o r s  have been used i n  almost t h e  
same context .  To analyze WTS-related even t s ,  i t  i s  important t o  d i f f e r -  
e n t i a t e  the two c a t e g o r i e s .  

In the  s t r i c t e s t  sense,  a PVTS event should give r i s e  t o  thermal 
s t r e s s e s  l a r g e  enough t o  cha l l enge  the i n t e g r i t y  of the r e a c t o r  v e s s e l .  
However, f r a c t u r e  mechanics i n d i c a t e s  t h a t  the same WTS event may be mi ld  
t o  one v e s s e l  but very severe t o  another  because of d i f f e r e n c e s  between 
t h e  two v e s s e l s  i n  the copper content  i n  the welds, t o t a l  f a s t  neutron 
f l u e n c e s  i n  t h e i r  s e r v i c e  h i s t o r y ,  s i z e s  of flaws, the manner t h a t  pres- 
su re  and temperature change w i t h  r e spec t  t o  time, and l a s t  but not l e a s t ,  
the t o t a l  d u r a t i o n  of time a t  low temperature.  
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Due t o  t h i s  d i f f i c u l t y ,  WTS-like even t s  a r e  de f ined  i n  terms of the 
degree of s e v e r i t y  of t he  occurrences and/or  consequences. Several  param- 
e t e r s  a r e  a v a i l a b l e  f o r  d i f f e r e n t i a t i n g  t h e  degrees  of s e v e r i t y :  change 
i n  temperature (AT) and p res su re  (Ap) of t he  RCS,  d u r a t i o n  over  which such 
changes take p l ace  ( A t ) ,  t he  amount of s a f e t y  i n j e c t i o n  water  (SI 1, and 

parameters a r e  r e l a t e d  t o  one another  but c e r t a i n l y  not i n  a simple man- 
ner .  Fu r the r ,  very seldom a r e  a l l  of them known f o r  a r epor t ed  event.  

In Table 3.2,  s e v e r i t i e s  0-4 have been a r b i t r a r i l y  de f ined  on t h e  
b a s i s  of t hese  parameters. 
very p r e c i s e  but reasonable  based on t he  understanding of PWR thermal 
hydrau l i c s  and hea t  t r a n s f e r  from the v e s s e l  metal  t o  i t s  ad jacen t  envi- 
ronment. Furthermore, judgment was used t o  a s s i g n  an  event t o  a s p e c i f i c  
s e v e r i t y  category when by d e f i n i t i o n  i t  could belong t o  two c a t e g o r i e s  
a t  the same time. 

t he  d u r a t i o n  over which s a f e t y  i n j e c t i o n  (SI) t a k e s  place (SI 1. V These 
t 

I t  , A r b i t r a r i l y "  means an  educated guess - not 

In sum, WTS s e v e r i t y  c a t e g o r i e s  a r e  de f ined  a s  fol lows:  

S e v e r i t v  4 :  Those events  t h a t  have one or s e v e r a l  of t he  fo l lowing  
c h a r a c t e r i s t i c s :  

0 Change i n  RCS temperature 2 10O0F. 
0 Change i n  RCS pres su re  2 1,000 p s i .  
0 Durat ion of RCS t r a n s i e n t s  2 15 min. 
0 Rate of RCS temperature change 2 100°F/h. 
0 SI 2 10,000 gal .  
0 Durat ion of SI 2 15 min. 

S e v e r i t v  3:  Those even t s  t h a t  have one o r  s e v e r a l  of t he  fol lowing 
c h a r a c t e r i s t i c s :  

0 Change i n  RCS temperature between 40°F ( i n c l u s i v e )  and 1000F. 
0 Change i n  RCS p r e s s u r e  between 600 p s i  ( i n c l u s i v e )  and 1,000 p s i .  
0 Durat ion of RCS t r a n s i e n t  between 5 min ( i n c l u s i v e )  and 15 min. 
0 Volume of SI water  between 3,000 ga l  ( i n c l u s i v e )  and 10,000 ga l .  
0 Durat ion of SI between 5 min ( i n c l u s i v e )  and 15 min. 

S e v e r i t v  2:  Those even t s  t h a t  have one o r  s eve ra l  of t h e  fo l lowing  
char  ac  t e r  i s t i c s : 

0 Change i n  RCS temperature between 200F ( i n c l u s i v e )  and 40°F. 
0 Change i n  RCS pres su re  between 200 p s i  ( i n c l u s i v e )  and 600 p s i ,  
0 Durat ion of RCS t r a n s i e n t  between 2 min ( i n c l u s i v e )  and 5 min. 
0 Volume of SI water  between 300 ga l  ( i n c l u s i v e )  and 3,000 ga l .  
0 Durat ion of SI between 2 min ( i n c l u s i v e )  and 5 min. 

S e v e r i t y  1: Those even t s  t h a t  have one o r  s e v e r a l  of t he  fol lowing 
c h a r a c t e r i s t i c s  : 

0 Change i n  RCS temperature <200F. 
0 Change i n  RCS pres su re  <200 p s i .  
0 Durat ion of RCS t r a n s i e n t s  <2 min. 
0 SI volume (300 ga l .  
0 Durat ion of SI <2 min. 



Table 3.2. WTS s e v e r i t y  de f in i t i on '  

Pa same t e r  

Sever i t y  

I n s  i gni  f i cant  S i  gni  f i can t  

0 1 2 3 4 

AT, change i n  RCS 
temperature ,  O F  

A t ,  d u r a t i o n  of 
t r a n s i e n t ,  min 

Ap, change i n  RCS 
p r  e s sur e,  ps  i 

SIv, volume of s a f e t y  
i n j  e c t  ion,  ga l  

SI  , d u r a t i o n  of 
tsafety i n j e c t i o n ,  
min 

Negl igible  (20 

Short (2 

Small (200 

Small (300 

Short (2 

20 L AT ( 40 

2 ( A t  ( 5  

200 L Ap < 600 

300 L SIv < 3,000 

2 SI, < 5 

40 L AT < 100 

5 L Ap < 15 

600 ( Ap < 1,000 

3,000 SIv < 10,000 

5 1. S I t  < 15 

- >loo  

- >15 

- >1,000 

>10,000 - 

- >15 

t4 
0 

1. PVTS s e v e r i t y  i s  def ined h e r e  t o  f a c i l i t a t e  the a n a l y s i s  of WTS events .  
2.  Lower s e v e r i t y  can be considered a p recu r so r  of higher  s e v e r i t y .  
3 .  R e l a t i o n s h i p  between parameters i n  each category o f t en ,  but  not always, ag rees  w i t h  

a 

thermal hydrau l i c s  of the system. 



21 

S e v e r i t v  0: Those even t s  t h a t  have c h a r a c t e r i s t i c s  even l e s s  severe  
than  those of s e v e r i t y  1 but  a r e  noteworthy because the  causes  f o r  i n i t i a -  
t o r s  and lo r  t he  manner i n  which the  events  unfo ld  a r e  noteworthy. 

It i s  noted  t h a t  a drop i n  p re s su re  of t he  RCS down t o  t h e  s a t u r a t i o n  
cond i t ions  (-600°F, 1200 p s i )  does not  c o n s t i t u t e  a WTS, al though an in- 
c r ease  i n  p re s su re  over and above the  ope ra t ing  p r e s s u r e  (-2250 p s i )  does 
have an  adverse e f f e c t  on t h e  ves se l .  We used t h e  change i n  p re s su re  drop 
a s  an  i n d i c a t o r  t o  c a t e g o r i z e  PVTS because such drop o f t e n  r e s u l t s  i n  S I  
andlor  overcool ing. 

l oose ly  cons ider  s e v e r i t y  0 even t s  a s  p recu r so r s  t o  s e v e r i t y  1 events ,  1 
t o  2, 2 t o  3, and 3 t o  4. Fur the r ,  i f  these  events  a r e  t o  be conso l ida t ed  
i n t o  fewer groups, then  " s i g n i f i c a n t  events"  can be de f ined  a s  those 
events  w i t h  s e v e r i t i e s  4 and 3, and " i n s i g n i f i c a n t  events ' '  can be de f ined  
a s  those w i t h  s e v e r i t i e s  2, 1, and 0. 

I n  d e f i n i n g  WTS-like events  a s  i n  t h e  preceding paragraphs,  one may 

Table  3.2 summarizes the  s e v e r i t y  d e f i n i t i o n s .  

3.6 How Bad Are PVTS Events? 

Although our f i n d s  a r e  numerous, i t  must be noted t h a t  t h e  ma jo r i ty  
of t h e  even t s  were very  mild and should only  be considered a s  p recu r so r s  
of WTS events .  Only a few events ,  such a s  occurred  a t  Rancho Seco 
(3/20/78), Oconee 3 (11/10/79), Crys ta l  River  3 (2/26/80), and Ind ian  
Poin t  2 (10/17/80), appear  t o  be s i g n i f i c a n t  from t h e  viewpoint of r e a c t o r  
v e s s e l  i n t e g r i t y .  Such i n t e g r i t y  would be compromised only  when a s e r i e s  
of cond i t ions  a r e  co inc iden t :  severe  WTS event ,  p reex i s t ence  of f laws  
i n  t h e  v e s s e l  wa l l ,  b r i t t l e n e s s  of the  v e s s e l  m a t e r i a l  a t  t h e  f laws  (e.g., 
h igh  copper conten t  and h igh  exposure t o  f a s t  neu t rons ) .  

I n  o rde r  t o  o b t a i n  a f e e l  f o r  t he  s e v e r i t y  of t he  WTS events ,  we 
used t h e  f r a c t u r e  mechanics code OCA-I1 (Ref. 31) t o  s tudy some WTS cases  
bounding t h e  most severe  of our f inds .  These cases  assume the  ex i s t ence  
of a l o n g i t u d i n a l  f law up t o  15% deep i n  t h e  v e s s e l  weld, t he  ex i s t ence  
of 0.35% copper conten t  i n  t h e  weld m a t e r i a l ,  and t h e  occurrence of a 
PVTS, dur ing  which the  RCS temperature  drops i n s t a n t l y  by a s  much a s  3000F 
and t h e  RCS p res su re  could r i s e  a s  high a s  2500 p s i .  
t o  look f o r  t he  c r i t i c a l  f a s t  neut ron  f luence ,  which would e m b r i t t l e  t he  
m a t e r i a l  t o  such an ex ten t  t h a t  t he  f law would propagate  through the  ves- 
s e l  wa l l  under those co inc iden t  condi t ions .  The knowledge of such c r i t i -  
c a l  f a s t  neut ron  f luence  would al low us t o  determine the  time i n  a r e a c t o r  
ope ra t ing  l i f e  when t h e  v e s s e l  can no longer  t o l e r a t e  t he  assumed WTS 
event.  The r e s u l t s  a r e  a s  fo l lows:  

OCA-I1 enab les  us 

Assumed PVTS 
instantaneous 

RCS temper a t  ure 
drop 
( O F )  

200 

3 00 

Assumed 
RCS 

pressure 
( p s i  1 

1500 
2500 
1500 
2500 

C r i t i c a l  f a s t  
neutron fluence 
(nentrons/cma 1 

2.77 x 1019 
1.43 x 1019 
0.62 x 1019 
0.43 1019 
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The m a t e r i a l  copper con ten t  and o p e r a t i o n a l  f a s t  neutron f l u x e s  f o r  
t h e  47 U.S. FVRs a r e  given i n  Table 2.1. As of December 1981, approxi- 
mately s i x  v e s s e l s  had accumulated a f a s t  neu t ron  f luence  h ighe r  than 
1 x 1019 neutrons/cma. While the  copper c o n t e n t s  i n  t h e  Rancho Seco and 
C r y s t a l  River v e s s e l  welds a r e  a s  high a s  0.31%, t he  accumulated f a s t  
f l u e n c e s  a t  t he  time of t h e i r  r e s p e c t i v e  WTS occurrences were much 
sma l l e r  t han  0.4 x 1019 neutrons/cma; t h e r e f o r e ,  t he  v e s s e l s  would no t  
be compromised by these  occurrences even i f  t h e r e  were p r e e x i s t e n t  f laws. 
PVTS e v e n t s  of t he  same magnitude, however, would need t o  be prevented 
a s  t h e  r e a c t o r s  and v e s s e l s  accumulate more s e r v i c e  duty. Reference 32 
proposes a s c reen ing  c r i t e r i o n  whereby r e a c t o r s  must go through a thorough 
e v a l u a t i o n  of t he  v e s s e l  i n t e g r i t y  3 y e a r s  be fo re  the  c r i t i c a l  f a s t  neu- 
t r o n  f luence  i s  a t t a i n e d .  

3.7 Exhaustiveness of Searches 

An ad hoc approach was used t o  determine the  thoroughness of t h e  LER 
sea rch  f o r  PVTS even t s  and p recu r so r s .  F i r s t ,  two samples of PWR LERs, 
each covering 5% of a l l  PWR LERs, were ob ta ined  t o  s c r e e n  f o r  PVTS-like 
even t s  and compare these a g a i n s t  t h e  f i n d s .  Second, t h e  f i n d s  were com- 
pared a g a i n s t  those made known by indus t ry  and o t h e r  pub l i shed  documents. 
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4. RESULTS 

4.1 Summary of Finds,  Coverage Period,  and RYs 

I n  over 40 computer s ea rches  using t h e  methodologies desc r ibed  i n  
Chap. 3, some 4000 L W  a b s t r a c t s  ( i . e .  , -25% of the  t o t a l  PWR LWs) were 
screened and read, and -170 even t s  of i n t e r e s t  were found. Af t e r  t he  
o r i g i n a l  l i c e n s e e  r e p o r t s  of these even t s  were s tudied,  99 were s e l e c t e d  
a s  having WTS c h a r a c t e r i s t i c s .  They can be summarized a s  fol lows:  

S e v e r i t y  Events 

0 20 
1 28 I n s i g n i f i c a n t  : 65 even t s  
2 17 
3 12 S i g n i f i c a n t  : - 34 even t s  
4 22 Tota l  : 99 

Tables  4.1-4.5 l i s t  these  even t s  according t o  t h e i r  s e v e r i t y  cate- 
gory. P e r t i n e n t  information necessary f o r  t h e i r  l o c a t i o n  i n c l u d e s  t h e  
NSIC access ion  number, t he  r e a c t o r  name, the event da t e ,  and t h e  l e t t e r  
da t e  when the  event r e p o r t  was sent .  (The l e t t e r  d a t e  i s  i n  most ca ses  
a l s o  d i f f e r e n t  from the r e p o r t  da t e ,  t he  l a t t e r  being t h e  d a t e  the  r e p o r t  
was compiled by the  r e s p o n s i b l e  person a t  t h e  u t i l i t y . )  Information on 
t hese  even t s  ob ta ined  from the  a u t h o r ' s  reading i s  summarized under 
Apparent Causes" and "PVTS-Re1 a t e d  Consequences. I' II 

Appendix A provides  a summary of t h e  o r i g i n a l  l i c e n s e e  (and o t h e r )  
r e p o r t s ,  a s  w e l l  a s  t he  mapping of each occurrence on one of seven gener- 
a l i z e d  event t r e e s .  Appendix B prov ides  a complete p r i n t o u t  of t he  ab- 
s t r a c t s  f o r  t hese  events,  organized i n  t h e  o rde r  of NSIC access ion  number. 

ope ra t  ion. 
A s  mentioned previously,  t hese  even t s  a r e  based on 329 RYs of FVR 

4.2 I n s i g n i f i c a n t  Events 

About two-thirds (65 out of 99 even t s )  a r e  of s e v e r i t i e s  0, 1, and 2. 
These events  a r e  considered i n s i g n i f i c a n t  because they caused only minor 
PVTS-related consequences: changes i n  RCS temperatures of <40°F, changes 
i n  RCS p r e s s u r e s  of <600 p s i ,  S I  of <3000 g a l ,  o r  t r a n s i e n t  d u r a t i o n  <5 
min. They were de f ined  and sought t o  determine causes  of t h e i r  i n i t i a t i o n  
and the  manner of t h e i r  terminat ion.  Furthermore, we b e l i e v e  t h a t  l e s s  
severe events  should be reviewed f o r ,  o r  could be considered as ,  precur- 
s o r s  t o  more severe ones. 

t h e  ma jo r i ty  of t h i s  p r o j e c t ' s  e f f o r t s .  However, a s  i s  pointed ou t  i n  t h e  
exhaust iveness  a n a l y s i s ,  t he  65 f i n d s  ha rd ly  c o n s t i t u t e  36% of s i m i l a r  
events  i n  the  LER data  base and perhaps 25% of a l l  such events  t h a t  actu- 
a l l y  occurred. The information y i e l d e d  by t hese  i n s i g n i f i c a n t  even t s  must 
t h e r e f o r e  be considered t o  have l a r g e  bands of u n c e r t a i n t i e s .  

The searches f o r  and ana lyses  of t hese  i n s i g n i f i c a n t  even t s  consumed 



Table 4.1. Sever i ty  0 WTS events  
(1963-1981) 

Sever i ty  0 events :  Those events  t h a t  p o t e n t i a l l y  could l e a d  t o  changes 
i n  temperatures and pressure  i n  t h e  RCS o r  i n  the  environment outs ide  
the  r e a c t o r  pressure  v e s s e l ,  but due t o  whatever reason, d i d  not  re- 
s u l t  i n  consequences a s  severe a s  those defined i n  Sever i ty  1. 

NSIC access ion  # Reactor 

(modelpower) Event da te  
L e t t e r  da te  

Apparent cause W E -  r e  1 a t  e d 
consequences 

Cook 1 
(Mode 5 

Salem 2 
(Mode 1 

McGuire 

Cold water surging i n t o  
p r e s  su r  i z  e r  

Beat up of p r e s s u r i z e r  exceeding 
1000 F / h 

#110158 and 
#168503 

011 23 I81 
11 I 06 I81 

#168019 
06/21/81 
07/02/81 

Ew pump t r i p  SI;  BIT decreased t o  below 
20,000 ppm 30%) 

#161692 
051 07/81 
06/04/81 

#161184 
04/29/81 
051 28 181 

#166342 
04/23/81 
05/22/81 

#165816 
03/29/81 
04 I201 81 

#164191 
111 17/80 
03 1021 81 

Operator pushed wrong 
but ton  

Both S I  and charging pumps were 
tagged out ;  no consequences (Mode 6) 

McGuire 1 
(Mode 5 )  

Maintenance e r r o r  False  s igna l  t o  SI; S I  was 
stopped 

Salem 2 
(Mode 210%) 

Valve inadver ten t ly  
ope ne d 

S I  

North Anna 1 
(Mode 5 )  

Operator e r r o r  during 
maintenance 

SI 

Beaver Valley 1 
(Mode 2) 

Operator e r r o r  S I  

#164421 
10/24/19 
01 I29 180 

#159186 
05 1261 80 
061 23 I 8 0  

#156951 
04/26/80 
04/30/80 

Farley 1 
(Mode 4 

Sequoyah 
(Mode 4 

Surry 1 
(Mode 5 )  

Maintenance e r r o r  (re- 
placement of a card)  

None 

Systemloperator e r r o r  1 P r e s s u r i z e r  heat-up r a t e  a t  
151°F/30 min 

1. Gravity flow from RWST 
2. Spurious S I  s i g n a l  
3 .  Accumulator water  r e l e a s e  RCS 

p increased 15 t o  80 p s i g  
4. Wrong jumper causing S I  

RCS pressure  decreased from 2016 
t o  1992 ps ig ;  a r r e s t  i n  2 min. 
no SI 

Maintenance e r r o r  

Connecticut 
Yankee 
(Mode 1/100%) 

Spurious s igna l  caused 
PORV and MOV va lves  t o  
open 

One SG blowdown i so la -  
t i o n  valve f a i l e d  t o  
c lose  

#154451 
02/04/80 
02/12/80 

#153 6 8 3 
11/09/79 
12/01/19 

#150131 
01 I 06 / I9 
011 19/79 

Indian Point 2 
(Mode 1) 

No consequence because redundant 
valve worked 

Calver t  C l i f f s  I 
(Mode 5 )  

PORV f a i l e d  t o  c lose 
during t e s t  a f t e r  
modi f ica t ion  

RCS pressure  dropped from 260 t o  
200 p s i g  
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Table 4.1 (cont inued)  

Re a c t  o r  
(modelpower) 

NSIC access ion  # 
Event da te  
L e t t e r  d a t e  

Apparent cause WTS- re1 a t ed 
consequences 

#1503 94 
0 6 I 03 I I9 
06/28/79 

#148166 
03 I141 I9 
041 12/19 

#1423 81  
011 301 I8 
02/24/78 

#142621 
121 06 I I8 
12/20/18 

#111019 
06/20/16 
08/13/76 

#116240 
01/13/16 
01 I21 I16 

#OS1182 
01/22/14 
041 301 14 

Arkansas 2 
(Mode 3) 

Mills tone 2 
(Mode 5 )  

Salem 1 
(Mode 1122%) 

C o o k  2 
(Mode 1/1O(yk) 

Zion 2 
(Mode 3) 

Oconee '3 
(Mode 1181%) 

Oconee 2 
(Mode 2) 

AFW valve would not  
c lose  

LPSI suc t ion  a i r  
binding 

Operator error' i n  
I matching pump speed 

Faul ty  dra in  valve on 
5-A hea ter ,  c r e a t i n g  
unstable  FW cont ro l  

Water hammer 

I C s  design; spurious 
decrease i n  FW i n  2 s 

RCS pump sea l  f a i l u r e  

No consequence because redundant 
valve worked 

SDC l o s t ;  flow ac tua ted  by op- 
e r a t o r  from RWST; hea t  up t o  
200°F 

RCS pressure dropped t o  2165 
from 2220 p s i a  

RCS Tavg increased 

S I  f o r  15 s 

Power increased 3% during a 
spurious decrease i n  FW 
demand; a t  (0.1 min T 
dropped av g 

No information 



Table 4 .2 .  Severity 1 WTS events 
(1963-1981) 

Severity 1 events: Those events tha t  resu l ted  i n  one or  several of the following: 

1. change i n  i n l e t  temperature of (20°F. 
2 .  duration of the transient ( 2  min, 
3. change i n  primary coolant pressure of (200 ps i ,  
4. duration of SI  ( 2  min, and 
5 .  quantity of injected water (300 gal. 

-___---------__I___ 

Reactor 
(mode/power) 

NSIC accession # 
Event date 
Let te r  date 

Apparent cause PVTS- r e  1 a t  e d 
consequences 

#168144 
07/11/81 
08/10/81 

#168077 
#167124 
05/07/81 
06/09 6 
07/31/81 

#167772 
#166746 
05/28/81 
0 8 / 0 6  6 
07/21/81 

#166854 
061 03 181 
06/30/81 

#1666 86 
03/30/81 
04/28 181 

#16 6 6 48 
lO/l6/80 
06/11/81 
#16 23 94 
10/16/80 
01/12/81 

#166453 
04/23 6 
05/01/81 
061 05 /81 

#16 3551 
01 l o l l 8 1  
011 15 I81 

#16 23 94 
101 16/80 
01/ 12/81 

#161826 
09/03/80 
12/03 180 

#158860 
04/19/80 
04/30/80 

#156952 
04/26/80 
05/22/80 

Cook 2 
(Mode 2 )  

Zion 2 
(Mode 1192%) 

Zion 1 
(Mode 1/1OC%) 

Salem 2 
(Mode 1/20%) 

McGuire 1 
(Mode 5 )  

Crystal River 3 
(Mode 1197%) 

Sequoyah 1 
(Mode 3 )  

North Anna 2 
(Mode 2 )  

Crystal River 3 
(Mode 1197%) 

Zion 2 
(Mode 4 )  

Dav i s-Be s se 
(Mode 6 )  

Surry 1 
(Mode 6 )  

Operator e r ror  i n  using RCS temperature dropped below 
excessive FW flow t o  541°F 
ra i se  SG level 

False SI  s igna ls  due t o  No information 
f a i l ed  inver te r  

False S I  s igna ls  due t o  No information 
f a i l ed  inver te r  

Steam dump following RT S1 t h a t  caused BIT con- 
due t o  high SG level centrat ion t o  v io l a t e  

tech spec 

SI during fue l  loading SI by RRR pump only; no 
due t o  maintenance s igni f icant  amount of 
e r ror  water 

A fuse f a i l ed  while SI: 250 gal; Ap: 40 ps i  
Channel 1 i n  "test" (from 2145 t o  2185 ps ig)  

F i r s t  SI i n  Mode 3, 
caused by high steam 
flow plus low Tavg; 
second S I  i n  Mode 2 
caused by Ap between 
SG 

Overboration and bleed; 
steam dump valve f a i l ed  
t o  close 

Relay f a i lu re  during 
channel t e s t  (fuse 
blown) 

Water hammer following 
RT and AFW s t a r t  

Loss of two buses during 
cold shutdown (Mode 6 )  
f o r  maintenance 

1st  SI: valve cycled, 
l e t t i n g  i n  water from 
RWST. 2nd SI: opera- 
t o r  e r ror  

F i r s t  SI :  2-3 min 
Second SI: no information 

AT ( 20°F 

S I :  250 gal 

S I  f o r  1 min 

AT = 30°F from 140°F 
SI = 3500 gal 

Accumulators pressure 
dropped t o  120 and 300 
psi .  respectively 
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Table 4.2 (continued) 

Reactor 
(mode I power 1 

NSIC accession # 
Event date 
Let te r  date 

PVTS- r e  1 a t  e d 
consequences Apparent cause 

#155451 
021 15/80 
03 1171 80 

#1548 9 0 
01/29/80 
021 121 80 

#154141 
091 061 I9 
121 03 I I9 

#152 98 3 
10/19/79 
111 161 I9 

#149116 
03 I20 I I9 
061 01/79 

#142480 
091141 I8 
12111/18 

#131296 
01/24/18 
03/28/18 

#134324 
011 021 18 
02/03/ 78 

#1231 I8 
12/21/16 
031 111 I7 

#122385 
101 281 16 
021 021 I1 

#120818 
091 241 16 
121 131 16 

#I17634 
061 201 16 
081 211 I6 

#111080 
05/25/16 
081 121 16 

#lo9619 
101 03 I I5 
121 31115 

#lo0433 
121 30114 
031 011 I5 

#089 159 
021 221 14 
02/28/14 

Turkey Point 4 
(Mode 3) 

F!4 control valve stuck; 
MSRV l i f t e d  during hot 
shut down 

Spurious high-pressure 
signal on maintenance; 
PORV opened 

Main steam valve open 
due t o  operator pull- 
ing wrong card from 
control ( a t  1.5% 
power) 

Operator opened cross- 
connect valve ( i n  
Mode 6) 

False SI signal fol- 
lowing RT 

No dras t i c  change of tem- 
perature i n  RCS 

Calvert C l i f f s  1 
(Mode 5 )  

Pressure dropped from 258 t o  
169 p s i s  

Trojan 
(Mode 2) 

SI (no information on dEra- 
t ion)  

Excessive make-up flow i n  
cold shutdown 

Oconee 3 
(Mode 6) 

Zion 1 
(Mode 3) 

SI f o r  2 min 

Zion 1 
(Mode 3) 

False SI s igna ls  due 
t o  water hammer a t  hot 
shutdown 

SI 

SI f o r  about 2-3 min; no 
other informa.tion 

Beaver Valley 1 
(Mode 3) 

Leaky pressurizer 
spray; cold AFW 
caused SI 

False SI s igna ls  due 
t o  No. 4 v i t a l  bus 
f a i l u r e  and operator 
e r ror  

Beaver Valley 1 
(Mode 1) 

No information 

SI f o r  1 min, 30 s Zion 2 
(Mode 1/15%) 

Real T low due t o  
boron inleakage plus 
f a l s e  BSF caused SI 

Operator e r ror  i n  add- 

ayg 

ing chemicals too f a s t  
Trojan 

(Mode 3) 
SI, 100 gal 

Zion 1 
(Mode 1) 

False SI s igna ls  caused 
by water hammer 

SI f o r  2 min 

SI f o r  about 20 s Zion 1 
(Mode 2) 

False S I  signals due t o  
water hammer 

Zion 2 
(Mode 4) 

Water hammer SI f o r  90 s 

Cook 1 
(Mode 1181%) 

SI following reac tor  
and turbine t r i p  due 
t o  spurious signal 

FW control valve closed 
due t o  break of crimp 
come c t or  

900 gal ,  3 min, 
AT = 16°F 

Zion 2 
(Mode 1182%) 

SI f o r  (30 s 

Indian Point 2 
(Mode 6) 

Mode 6; accumulators 
stop valves opened 
during tes t ings  

RCS pressure increased from 
llO°F, 150 psig t o  100°F. 
560 psig 
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Table 4.3. Sever i ty  2 WTS events  
(1963-1981) 

Sever i ty  2 events :  Those events  t h a t  r e s u l t e d  i n  one o r  severa l  of t he  fol lowing:  

1. change i n  i n l e t  temperature of 20  t o  40°F.  
2. dura t ion  of t he  t r a n s i e n t  2 t o  5 min, 
3.  change i n  primary coolant  pressure between 200 and 600  ps i .  
4 .  dura t ion  of S I  between 2 and 5 min, and 
5. quant i ty  of in jec ted  water between 300  and 3000 gal .  

_______-_-I___ ___ I__-- __ 

React o r  
(modelpower) 

NSIC accession # 
Event da te  
L e t t e r  da te  

WTS- r e  1 a t  ed 
consequences Apparent cause 

#167550 
0 1  / 03 I 8 1  
07:15/81 

#164865 
11 1211  1 8  
03 I 2 5 1  8 1  

#16 0915 
101 021  80 
1 0 / 3 1 / 8 0  

#160915 
1 0 1  021 8 0  
1 0 / 3 1 / 8 0  

#153713 
1 2 / 0 2 / 7 9  
01 / 0 2 / 8 0  

#1595 5 3 
06 IO8 I 8 0  
0 7 / 0 8 / 8 0  

#159240 
06 I 0 3  I 8 0  
071 02 / 80  

#158 6 45 
05 I 2 3  I 8 0  
0 6 / 0 4 / 8 0  

#154690 
0 1  / 1 9 / 8 0  
0 2 / 0 6 / 8 0  

#154291 
0 9 1  2 0 l 1 9  
1 2 / 1 9 / 7 9  

#148 0 8 0 
121 021  1 8  
0 2 / 2 8  I 7 9  

#145 3 6 4 
0 4 / 2 9 / 7 8  
0 7 / 2 8 / 1 8  

#143496 
08 I 0 4  I 1 7  
08 I 2 9  /I1 

AT z 400F North Anna 2 F i r e  a f f e c t i n g  feeder  
(Mode 1-Mode 3 )  c a b l e s  

Salem 1 
(Mode 1/100%) 

Recovery from RT caused 
by v i t a l  bus f a i l u r e  

S I  f o r  3 min 

Sequoyah 1 
(Mode 2 )  

Fw flow overfeed due t o  
inadequate sca l ing  of 
flow cont ro l  during 
manual opera t ions  

Same a s  above 

AT < 40°F f o r  a few 
minutes 

Sequoyah 1 
(Mode 1/10%) 

Same a s  above 

Farley 1 
(Mode 1/15) 

Atmospheric dump 
f a i l e d  t o  c lose  

RCS temperature dropped 
t o  531°F f o r  a few minutes; 
opera tor  blocked va lve  

Two main steam pressure  
t r a n s m i t t e r s  f a i l e d  

Salem 1 
(Mode 11100%) 

False  S I  s i g n a l s  
l igh tn ing  

due t o  

due t o  Surry 1 
(Mode 1/100%) 

False  S I  s i g n a l s  Two S I s :  f i r s t  due t o  BSF 
and low TaVB; second due 
t o  f a u l t y  s i g n a l  

l o s s  of v i t a l  bus due 
to  f i r e  

North Anna 1 
(Mode 3 )  

False  S I  s i g n a l s  due 
t o  l o s s  of v i t a l  bus 

S I  f o r  5 min 

Cook 2 
(Mode 2 )  

OF due t o  manual change 
from AbV t o  IV 

AT E 20-3O0F; Ap 'I 3 0  p s i  

Beaver Valley 1 
(Mode 3 )  

Bus f a i l u r e  caused 
f i r s t  S I ;  opera tor  
e r r o r  caused second 
S I  

No information 

n n - 2  
(Mode 1122%) 

Operator e r r o r  pinned 
open FW valve 

SI f o r  2 min 

Davis-Besse 1 
(Mode 2120%) 

FW valves  s tuck open 
due t o  manual t o  
automatic juggl ing  

Pump speed increas ing  
when put from manual 
t o  automatic 

RCS pressure  1620  p s i  

Salem 1 
(Mode 1/14%) 

AT = 36OF; Ap = 66 p s i ;  and 
A t  = 2 min 
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Table 4.3 (cont inued)  

React o r  
(mode /power) 

NSIC accession # 
Event da te  
L e t t e r  da te  

Apparent cause FITS- r e1  a t  ed  
consequences 

#123 7 7 8 Zion 2 Power decreased due t o  RCS temperature decreased t o  
121 21 I77 (Mode 117%) boron inleakage 5400F f o r  90 s 
03/11/77 

#119312 Cook 1 False  s i g n a l s  t o  S I  SI 2 600 ga l ,  4 min 
071 OS/ 76 (Mode 3 )  possibly due t o  master 
09/01/76 relay d r i v e r  card  

#118247 Cook 1 Loss of v i t a l  bus caused SI f o r  4 min. AT = 2030OF 
06/03/76 (Mode l / l O a )  f a l s e  SI s i g n a l s  
091 01/76 

#112149 Cook 1 False  s igna ls  due t o  SI f o r  7 min, 2100 gal ;  
121 13 175 (Mode 1181%) ma i n t  ena nc e AT 22OF 
03/12/76 
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Table 4.4. Severi ty  3 WTS events 
(1963-1981) 

Severi ty  3 events: Those events t h a t  resu l ted  i n  one or  several of the following: 

1. change i n  i n l e t  temperature between 40 and 100OF. 
2. durat ion of the t rans ien t  between 5 and 15 min, 
3. change i n  primary coolant pressure between 600 and 1,000 ps i ,  
4. durat ion of SI  between 5 and 15 min, and 
5 .  quant i ty  of injected water between 3,000 and 10,000 gal. 

Reactor 
(mode /power) 

NSIC accession # 
Event date 
Let te r  date 

Apparent cause WTS-re1 a t  ed 
consequences 

#167625 
04/23/81 
07/21/81 

#164149 
01/29/81 
02/12/81 

#157130 
01 I29 180 
05/13/80 

#157093 
04/03/80 
04 1 16 I 8 0  

#155359 
02/23/80 
03/07/ 80 

#146533 
12/14/78 
05/15/79 

#139563 
05/28/78 
06/28/78 

#120766 
12/08/76 
12/27/76 

#120769 
121 08 I76 
121 271 76 

#087016 
10/20/73 
10/25/73 

#On536 9 
#085370 
#OBI 03 1 
10/31/13 

#0689 3 3 
#OS7478 
10/12/10 
11 I04 1 70 
12/29/71 

Salem 2 
(Mode 3 )  

Robinson 2 
(Mode 2)  

Arkansas 2 
(Mode 3 )  

North Anna 1 
(Mode l / l O C r m )  

North Anna 1 
(Mode 1) 

Oconee 1 
(Mode 1/98%) 

St. Lucie 1 
(Mode 11%) 

Calvert C l i f f s  2 
(Mode 2)  

Calvert C l i f f s  2 
(Mode 1119%) 

San Onofre 
(Mode 1199%) 

Ginna 
(Mode 1110B) 

Come c t i cut 
Yankee (Mode 1 )  

!Xi atmospheric re1 ief 
valve was used f o r  
cont ro l l ing  cooldown 

Pressurizer  spray leak; 
letdown l i n e  break 

Steam dump and bypass 
valves; S I  and pres- 
sur izer  spray did not 
f u l l y  close 

Main steam stop valve 
closed during t e s t  
causing S I  

False signal t o  S I  due 
t o  noise 'trouble- 
shooting 

Short c i r c u i t  re la ted  
t o  ICs; FWIAFW con- 
t ro l ;  FW valves 

Bypass control valve 
f a i l e d  t o  close dux- 
ing t e s t  

FW control and lack of 
operator experience 
caused overfeeding 

Xenon buildup and in- 
a b i l i t y  t o  d i l u t e  
boron caused power t o  
decrease. FW control 
d i f f i c u l t i e s  caused 
RCS temperature t o  drop 

FW regulat ing valves 
caused overfeeding 

Transmission d i  st  urb- 
ances due t o  l o s s  of 
off-s i te  power 

Steam dump valve (1  of 
10) f a i l e d  t o  close 
following c a l l  t o  
act ion 

SI f o r  5 min 

RCS pressure dropped below 
1700 psi .  1 s t  SI: 2-4 
min. 2nd SI: . d u r a t i o n  
not known; 4500-6000 gal 
SI. estimated 

RCS pressure dropped t o  1350 
ps ia  

SI  f o r  4 min, AT/At = 720F/ 
15 min 

ATIAt = 41.2°F/15 min; S I  
of 6600 gal maximum 

RCS dropped t o  below 1500 
p s i  

AT z 60°F 

RCS temperature dropped 
t o  503OF and stayed low 
f o r  about 10  m i p  

RCS temperature dropped 
twice, f i r s t  t o  513OF. 
then t o  below 5160F; 
A t  > 10 min 

ATIAt = 780F/10 min; Ap = 
685 psi ;  p ressur izer  empty 

AT/At = 8S°F/10 min; SI 

RCS temperature dropped 
430F i n  9 min 
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Table 4.5. Severi ty  4 WTS events  
(1963-1981) 

Sever i ty  4 events :  Those events  t h a t  r e s u l t e d  i n  one or  several  of the following: 

1. change i n  i n l e t  temperature of >lOO°F, 
2. dura t ion  of the t r a n s i e n t  >15 min and r a t e  of t r a n s i e n t s  >lOO°F/h, 
3. change i n  primary coolant pressure of more than 1,000 p s i ,  
4. dura t ion  of S I  >15 min. and 
5. quant i ty  of in jec ted  water >10,000 gal .  

Reactor 
(mode/power) 

NSIC access ion  # 
Event da te  
L e t t e r  da te  

Apparent cause WTS- re1 a t  ed 
consequence s 

#169291 
09/14/81 
101 09/81 

#162919 
101 11 180 
10/20/80 

#160846 
02/26/80 
03/25/80 

#153 112 
11/10/19 
11/23 6 
11/30/19 

#153164 
031281 I 9  
10/09/ I 9  

#152151 
09/25/19 
101 09/79 

#149146 
#148014 
12/21 118 
01 1251 I 9  

#I48161 
031141 I 9  
04/13/19 

#148 11 2 
041 11/14 
04/26/14 

#141261 
01/05/79 
011 261 I 9  

#138830 
03/20/18 
03/31/18 

McGuire 1 
(Mode 1120%) 

Indian Point  2 
(Mode 1) 

Crys ta l  River 3 
(Mode 1199%) 

Oconee 3 
(Mode 1199%) 

TMI-2 
(Mode 1199%) 

North Anna 1 
(Mode 1/182) 

Arkansas 2 
(Mode 1 )  

Mil ls tone 2 
(Mode 5 )  

Ft.  Calhoun 
(Mode 1130%) 

Rancho Seco 
(Mode 1/100%) 

Rancho Seco 
(Mode 1/109b)  

Overcooling dur ing  l o s s  AT z 11IOF over about 20 
of cont ro l  room t e s t  min. Repressurizat ion by 
due t o  design and pro- charging pumps 
cedure inadequacies  

A leak i n  f a n  cooler  About 125,000 gal  of r i v e r  
u n i t  flooded r e a c t o r  water i n  r e a c t o r  cavi ty ,  
vessel  c a v i t y  wet t ing pressure v e s s e l  

9 f t  

Loss of NNI caused WRV AT/At = 1210FI13 min; RCS 
and RV t o  open and repressur ized  by S I  t o  
s t i c k  open 2,400 p s i  so l id ;  42,800 gal 

coolant  l o s t  

OF due t o  turb ine  by- ATlAt = 15OOF/15 min; a l l  3 
pass  valve and AFW S I  loops on before OF 

Loss of caused WRV Operator stopped S I  a f t e r  
t o  open and s t i c k  10-12 min; core  damaged 
open; opera tor  shut  
off  S I  

Steam dump va lve  AT/At = 110°F/16 min; 1st 
SI:  5 min; 2nd S I :  13 
min 

Dump va lve  and r e l i e f  ATIAt = 1010FI52 min 
valve f a i l e d  t o  re- 
s e a t  

Cold RWST water  flooded AT 1460F a t  very low 
RCS when LPSI pump pressure 
stopped 

FW regula t ing  valve Overfeeding 12-13 min, 

ATlAt = 120°F/19 min. 
RCS pressure 1620 p s i  

s tuck  opea S I  f o r  15  min, 4500 gal;  

Short  i n  ICs due t o  ATIAt z 152OFIl min 
maintenance e r r o r  

Loss of NNI; OF due t o  AT/At = 310°F/1 h 
f a u l t y  s igna l  and 
operator  e r r o r  
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Table 4.5 (cont inued)  

Reactor 
(mode /power) 

NSIC access ion  # 
Event da te  
L e t t e r  da te  

Apparent cause WTS- r e  1 a t  ed 
consequences 

#131918 
#131919 
#139931 
04/23 I18 
05/08/18 

#126585 
01/02/11 
011 15/11 

#124920 
041 16/11 
041 21 I I1 

#123150 
03 I 021 I 7  
03 1101 I1 

#1208 19 
09/19/16 
121 081 16 

#lo3892 
#lo4941 
#lo498 1 
061 13 / I S  
061 211 15  

#lo3 011 
05/01/15 . 
05/12/15 

#091128 
10/01/14 
10/08,22/14 

#088011 
01 1041 14 
02/11/14 

MI6461 
11/05/12 

#0156 13 
101 01 I12 

Three Mile Five r e l i e f  va lves  ATIAt = 1390FI3 min, 149OFI 
I s land  2 f a i l e d  t o  c lose  f o r  4-6 min; HPSI was enough 
(Mode 1130%) 4 min t o  r e s t o r e  p r e s s u r i z e r  

l e v e l  

Ind ian  Point 2 RCS pump s e a l  f a i l u r e ;  Excessive cooldown (140OF) 
(Mode 212%) charging pumps used t o  f o r  1.3 h; 90,000 gal  i n  

compensate f o r  l o s s  of containment 
RCS coolant 

Crys ta l  River 3 Star tup  FW valves  not  
(Mode 3 )  f u l l y  c losed due t o  

RCS cooldown 101°F/20 min 

cont ro l ;  SGs o v e r f i l l e d  

Crys ta l  River 3 Loss of inver te r  power; RCS cooldown 164OF i n  
(Mode 1/40%) I C s  caused t r a n s i e n t ;  15  min 

atm. steam dump opened 
50% 

Zion 2 Loss of dc brought RT ATIAt = 700Fl30 min; S I  = 
(Mode 1/30%) but not turbine-dr iven 30 min, 10,000 ga l  maximum 

Fw Pump 

Oconee 3 PORVs f a i l e d  t o  c lose F ina l  temperature of RCS = 
(Mode 1115%) due t o  b o r i c  ac id  480OF; pressure  of RCS = 

c r y s t a l  720 p s i  

Robinson 2 RCS pump s e a l  f a i l u r e  132,500 gal  leaked; f i n a l  
(Mode 1/100%) condi t ion  <200°F 

Rancho Seco Excessive use of steam RCS cooldown "excessive" 
(Mode 1115%) by plant  equipment 100°F  i n  1 h r  

following r e a c t o r  t r i p  
a f t e r  l o s s  of condenser 
vacuum 

Oconee 2 Excessive steam use by RCS cooldown 136 t o  140°F 
(Mode 1115%) p l a n t  equipment when SG over a per iod  of 1 h 

a t  95% f i l l e d  and 
r e a c t o r  shutdown 

Robinson 2 FQRV opened and d i d  S I  f o r  8 1  min. 11,400 gal 
(Mode 210%) not c lose  ( e  st imated) 

Sorry 1 
. (Mode 4 )  

SG f a i l e d  t o  containment RCS cooldown i n  excess  of 
due t o  check valve 100°F/h 
bonnet gasket  f a i l u r e  
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The m a j o r i t y  of i n s i g n i f i c a n t  even t s  found and l i s t e d  i n  Tab les  4.1- 
4.5 involved S I  (by f a l s e  s i g n a l s  o r  by o p e r a t o r ,  maintenance, o r  t e s t  
e r r o r s )  and were qu ick ly  recognized by the  ope ra to r ,  c o r r e c t l y  analyzed, 
and r e s e t .  About 20% involved OF and HSF, caused mostly by a s l i g h t  m i s -  
match of FW demand and pump speed or by the  opening of a steam dump o r  
r e l i e f  va lve  a l i t t l e  longer  than  r equ i r ed .  Again, t hese  problems were 
quickly c o r r e c t e d  au tomat i ca l ly  by the system o r  by t he  operator .  S i x  
even t s  took p l ace  during the  p reope ra t iona l  t e s t i n g  of t he  r e a c t o r s .  

4.3 S i a n i f  i c a n t  Events 

Thir ty-four  events  (approximately one-third of t h e  f i n d s )  a r e  of 
s e v e r i t y  3 and 4 ,  or  s i g n i f i c a n t  events .  They a r e  c a l l e d  s i g n i f i c a n t  
because e i t h e r  one of the fol lowing consequences r e s u l t e d :  changes i n  RCS 
temperature >40°F, changes i n  RCS p r e s s u r e  >600 p s i ,  S I  of >3000 g a l ,  or 
t r a n s i e n t  d u r a t i o n  of >5 min. From WTS viewpoint,  two o t h e r  parameters  
a r e  a l s o  s i g n i f i c a n t :  (1) the  time over which the v e s s e l  wa l l  i s  exposed 
t o  temperature change, s ince  the v e s s e l  would not f e e l  i t  i f  t h i s  d u r a t i o n  
i s  s h o r t ;  and (2)  t h e  r a t e  of temperature change (e.g., 1000F/h). 

i n i t i a l l y  in hot  cond i t ions :  25 a t  power, 4 a t  s t a r t u p ,  and 4 a t  hot  
standby (Modes 1-3). Furthermore, the p r o p o r t i o n  of LOCA-caused e v e n t s  
t o  FW o r  steam-caused even t s  i s  -1:4. Sa fe ty  i n j e c t i o n  a s  an  i n i t i a t o r  
t o  these  s i g n i f i c a n t  WTS even t s  was a s  common a s  LOCA i n i t i a t o r s .  The 
even t s  were most severe when one sequence (LOCA, OF, HSF, o r  HPSI) l e d  t o  
t h e  o t h e r s  because of weaknesses i n  system des ign  and/or ope ra to r  e r r o r s  
[e. g. , Rancho Seco (March 20, 1978) and C r y s t a l  River 3 (February 26, 
1980) , t o  be desc r ibed  i n  d e t a i l  i n  the fo l lowing  s e c t i o n ] .  

out of 34 ) .  These include PORVs and r e l i e f  v a l v e s  a t  the p r e s s u r i z e r ,  lT 
r e g u l a t i n g  v a l v e s  a t  the steam gene ra to r s ,  and steam dump and steam r e l i e f  
v a l v e s  i n  the  steam l i n e s .  Also, important causes  a r e  power f a i l u r e ,  sys- 
tem f a i l u r e ,  and o t h e r  inadequacies i n  i n s t r u m e n t a t i o n  and c o n t r o l  ( I & C )  
design (a t o t a l  of 18 out of 34 even t s ) .  Only one event was caused p r i -  
mari ly  by ope ra to r  e r r o r ,  and one w a s  caused by maintenance e r r o r .  

Note t h a t  a l l  34 s i g n i f i c a n t  even t s  occurred when the  r e a c t o r s  were 

The m a j o r i t y  of causes  f o r  s i g n i f i c a n t  even t s  i s  va lve  f a i l u r e  (14 

4.4 Which Was More Severe: Rancho Seco (March 20, 1978) 
or C r v s t a l  River  3 (Februarv 26. 1980) Events? 

Most a n a l y t i c a l  work t o  d a t e  on WTS has  focused on t he  March 20, 
1978, event a t  Rancho Seco a s  the most severe of U.S. experience.18-20 
Our LER ana lyses  i n d i c a t e d  t h a t  the February 26, 1980, event a t  Crys t a l  
River 3 may be more severe than the  Rancho Seco event.  The r ecen t  SG tube 
rup tu re  inc iden t  a t  Ginna (January 25, 1982) may a l s o  be q u i t e  severe from 
the WTS viewpoint but does not f a l l  w i t h i n  the  time pe r iod  of t h i s  re- 
po r t .  Furthermore, the WTS problem f o r  Three Mile I s l a n d  2 i s  considered 
moot. 

The cause f o r  both Rancho Seco and C r y s t a l  River 3 events  was the  
l o s s  of t he  nonnuclear i n s t rumen ta t ion  (NNI) because of s h o r t s  and the  
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f eed ing  of wrong s i g n a l s  t o  t h e  i n t e g r a t e d  c o n t r o l  system (ICs). Both 
even t s  got t he  main FW shut o f f ,  c o n t r o l  rods p u l l e d  t o  103%, SGs d r i e d  
ou t ,  AFW ac tua ted ,  HPSI s t a r t e d ,  r e a c t o r  coolant p r e s s u r e  increased,  and 
p r e s s u r i z e r  v a l v e s  opened. 

The d i f f e r e n c e  i s  a s  fo l lows :  a t  Rancho Seco, the AFW was e f f e c t i v e  
a t  9 min ( a f t e r  i n i t i a t i o n  of i n c i d e n t ) ;  t he  ope ra to r  maintained some FW 
pumps, t he  r e a c t o r  coolant  pumps, and high-pressure i n j e c t i o n  (HPI) u n t i l  
minute 70. The RCS temperature  was a s  low a s  2850F. A t  C r y s t a l  River,  
PORV flow d i d  not g e t  c l o s e d  (by block v a l v e )  u n t i l  about 5 t o  7 min, HPI 
went f u l l  speed f o r  26 min ( a t  -1,100 gpm), and a t  -250 gpm f o r  the f o l -  
lowing 6 1  min ( t o t a l  i n j e c t i o n  of -57,000 ga l  and about 43,000 g a l  of 
RCS water was l a t e r  found i n  containment sump), a l l  fou r  RCS pumps were 
stopped a t  minute 4 ,  and RCS p r e s s u r e  was maintained a t  r e l i e f  va lve  l e v e l  
of 2,300-2,400 p s i  (Table 4 . 6 ) .  

s i t e  ends of t he  &opera t ive  RCS pumps, the T 
t i v e  of t he  temperature seen by the v e s s e l  a t  Crys t a l  River  (Fig.  4.1,  
4 .2,  and 4 . 3 ) .  Furthermore, because the system was s o l i d  f o r  -77 min, and- 

Because the T senso r s  and t h e  HPI nozzles  were l o c a t e d  a t  t he  oppo- 
readings were not indica- 

C 

TEMPERA1 
SENSOR 

ORNL-DWG 82-6059 ETD 

FLOODING YSPRAY T A N K A  

TEMPERATURE 

HP INJECTION NOZZLE 

HP INJECTION NOZZLE 

LE 

Fig. 4 .1 .  Babcock & Wilcox t y p i c a l  r e a c t o r  system l ayou t .  Source: 
Crys t a l  River FSAR, p. 3-3. 
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Table 4.6. Synopsis of event sequences a t  Rancho Seco and Crystal River 3 

~ - _ _ _  ~~-_____________I--_------- 

Characteri s t  i o  Rancho Seco, 
Mar. 20. 1978 

Crystal River 3, 
Feb. 26, 1980 

Time zero 

Reactor condition 

In i t i a t ing  event 

Action of ICs 

RT 

LOCA and BPI 

AW 

Temperature i n  
downcomer 

0425 h 

70% power, T = 582OF 
avg 

Loss of NNI-Y because of short (workman 
changing a bulb); two-thirds of NNI 
were lost;  erroneous signals t o  ICs 

Reduced MFV t o  zero, withdrew rod t o  
1038, opened pressurizer PORV and 
spray, opened turbine control valve, 
s tar ted AFW pumps but did not open 
AFW valves unt i l  9 min 

A t  0425 h, because of high RCS pressure 

Time? RCS pressure 2000 ps i  (makeup 
flow less  l o s s  through rel ief  valves) 

Time? RCS pump on? 
(At 70 min, 3 RCS pumps were kept 
on to "heat" the 285OF RCS water) 

Time? Both SG went dry (even though 
one indicated f u l l )  

9 min: AFW valve opened; operator may 
also have increased FPI pumps; SG 
f i l l e d  with water 

9 min: RCS cooled down rapidly; BPI 
went on (p  < 1600 ps i ) ;  operator used 
€PI t o  maintain RCS pressure 

70 min: NNI-Y power returned 

2850F lowest 

1423:21 h 

98.6% power, T 

Loss of MI-X (may be caused by minor re- 
p a i r  being performed i n  NNI cabinet Y); 
many indications were lo s t ;  many alarms; 
erroneous signals t o  ICs 

= 5790F. Tc = 556.50F 
avg 

Same (with AFW actuated by operator a t  9 min) 

A t  1423:45 h, because of RCS pressure 

FQRV fu l ly  open, stayed open fo r  about 5 t o  
1 min un t i l  operator closed block valve 

3 min: BPI pump star ted when RCS pressure 
(1600 ps i  

4 min: RCS pumps stopped ( a l l  four) 
7 min: SG A went dry, SG B almost d r y  
8 min: SG A rupture matrix act ivated 

9 min: one emergency feedwater pump s t a r t ed  
9 min: one M I T  pump tripped, leaving one 

operating 

10 min: code safety valve opened (2400 ps i )  
13 min: computer l o s t  event information 
unt i l  1511 h; l o s t  i t  again from 1528 t o  
1626 h 

15 min: 
21 min: 
26 min: 
28 min: 
29 min: 
30 min: 

81 min: 
control 
time 

FW t o  SG B was stopped 
NNI-X power returned 
BPI throt t led t o  250 gpm 
SG B rupture matrix activated 
pressure 2300 psig 
letdown reestablished 

terminated HPI; makeup and letdown 
of RCS; completely s o l i d  a t  t h i s  

2107 h, s tar ted RC pumps 1 B  and 1D; RCS 
pressure 2000 psig; T = 420°F ( ? )  pres- 
sur izer  level 235 in.'" 

Could be v e q  low a t  points i n  dorncomer 
from 10 min t o  the end of BPI (Ref. f3 
shows 2500F)  
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ORNL-DWG 82-6060 ETD 

-7 H O T - L E G  PIPE 

COLD-LEG PIPE r 

REACTOR 
VESSEL 

Y DOWNCOMER L HPI I N J E C T I O N  N O Z Z L E  

\ PRESSURIZER 

i; SURGE L I N E  

L S T E A M  G E N E R A T O R  

Fig. 4.2.  Babcock d Wilcox des ign  of t he  vent  v a l v e s  f o r  ho t  
wa te r l co ld  water  mixing i n  t h e  r e c i r c u l a t i o n  mode. Source: Duke Power 
Company, Oconee Nuctear Stat ion Reactor Ve88et he88Urized !l%ermaZ Shock 
Evatuation, DPC-RS-1001 (January  1982) .  

t h e  flow was from BPI nozz le s  t o  t h e  downcomer, through the core,  and out  
t o  the  p r e s s u r i z e r  s a f e t y  va lves ,  then the  ven t s  between the  upper core  
s h i e l d  and the  downcomer may not  have been open throughout the  d u r a t i o n  of 
the  inc iden t .  As a r e s u l t ,  t he  temperature seen by p a r t s  of the  p re s su re  
v e s s e l  a t  Crys ta l  River could have been q u i t e  low. The v e s s e l  was repres-  
su r i zed  t o  2300 ps ig .  

The th ree  r e p o r t s  on o r  r e l a t e d  t o  the  Crys ta l  River events21-23 d i d  
not analyze t h i s  p o s s i b i l i t y .  The except ion  i s  the  Babcock & Wilcox (B&W) 
r e p o r t , 2 3  which con ta ins  one sentence s t a t i n g  t h a t  t he  water  i n  the  down- 
comer may have been a s  co ld  a s  2500F (Ref. 23,  p. 8 2 ) .  

fo rce  on PVTS i n  February 1982, e f f o r t s  have been made a t  LOS Alamos Na- 
t i o n a l  Laboratory (LANL) t o  reana lyze  the Crys ta l  River 3 inc ident  us ing  

Subsequent t o  t h i s  obse rva t ion ,  which we passed on t o  the  NRC t a s k  
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t h e  l R A C  computer code. Some reve r se  flow was observed when SG A went 
dry. Flow through the vent  v a l v e s  was a l s o  observed. The a n a l y s t s ,  how- 
ever ,  po in t ed  out  the g r e a t  u n c e r t a i n t y  concerning s e v e r a l  input parame- 
t e r s  t o  the  code.* 

*It must be noted f o r  the r eco rds  t h a t  we made e x t e n s i v e  i n q u i r i e s  
w i t h  people a t  NRC, LANL, Oak Ridge Nat ional  Laboratory (ORNL), Science 
Applicat ion,  Inc. ,  B&W, Sacramento Municipal U t i l i t y  D i s t r i c t  (SMUD), and 
F l o r i d a  Power Corporat ion (FPC). Except f o r  SMUD, which ignored o u r  t e l e -  
phone and l e t t e r  i n q u i r i e s , .  and FPC, which d i sag reed  w i t h  some d e t a i l s  of 
t he  events ,  a l l  o t h e r  a n a l y s t s  we con tac t ed  expressed t h e  opinion t h a t  t he  
Crys t a l  River 3 event might have been more severe.  
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5 .  EXHAUSTIVENESS ANALYSIS 

. 5.1 Check of Finds Against t he  NSIC Data Bank 

Table 5 . 1  shows t h e  checks of f i n d s  a g a i n s t  those WTS-like even t s  
ob ta inab le  through the reading of 757 LER a b s t r a c t s .  These a b s t r a c t s  
c o n s t i t u t e  5% of a l l  PWR LERs, obtained by p ick ing  t h e  20 th  a b s t r a c t  
s t a r t i n g  from a random a b s t r a c t  numbered 1-10. This  reading y i e l d e d  4 
out of 757 even t s  w i th  WTS c h a r a c t e r i s t i c s .  Two of t hese  events  were 

Table 5.1. WTS events  i n  random LER reading - check 
on exhaust iveness  of f i n d s  

NSIC access ion  # 
of LER r e l a t e d  

t o  PVTS 

Ten ta t ive  

assignment 
Descr ip t ion  seve r i ty  Was i t  found? 

168722 

159553 
147267 

130050 

~~ 

F i r s t  check: 157 LERs (5%) 

SG FIR valve  f a i l s  t o  c lose  0 

SI a c t u a t i o n s  a t  Salem 1 2 
Reactor cooldown r a t e  ex- 4 

RCS T <52SoF a t  Davis- 2 

a t  Oconee 3 

cess ive  a t  Rancho Seco 

a" g 
Besse 1 

Yes 
Pes 

4 of 757 

166228 

160915 

160449 

153713 

152983 

143418 

143274 

141115 

140871 

137918 

103892 

Second check: 756 LERs (5%) 

V i t a l  bus l o s e s  power a t  1 

RCS temperature  below l i m i t  2 

Pressu r i ze r  r e l i e f  valve 0 

A t m  r e l i e f  valve s tuck open 2 

RCS p res su re  exceeded l i m i t  1 

RCS pump s e a l  f a i l s  a t  2 

BCS pump s e a l  f a i l s  a t  3 

RCS temperature below l i m i t  1 

Lightning causes  S I  a t  2 

RCS cooldown excessive a t  4 

RCS cooldown r a t e  excessive 4 

Crys ta l  River 3 

a t  Sequoyah 1 

s tuck  open a t  Pa l i s ades  

a t  Far ley  1 

a t  Oconee 3 

Connecticut Yankee 

Indian  Point  2 

a t  Far ley  1 

Far ley  1 

TMI-2 

a t  Oconee 3 

2 of 4 

Yes 

Yes 

Yes 

Yes 

Yes 

5 of 11 

Combining t h e  two checks : 
15 PVTS-like events  found i n  1513 random PWR LERs, 1% 
7 PVTS-like events  out of 15 events  found i n  t h e  log ica l  

In s ign i f i can t  events ,  4 out of 11, 362 
Sign i f i can t  events ,  3 out of 4. 752 

searches,  47% 
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found by sys temat ic  searches ,  the  r e s u l t s  of which a r e  l i s t e d  i n  Tab les  
4.1-4.5. 

another  5% of t h e  LER a b s t r a c t s  (756 a b s t r a c t s )  were ordered  f o r  a second 
check. This second r ead ing  y i e l d e d  11 FVTS-like events .  Five of t h e s e  
even t s  were found i n  Tables  4.1-4.5. 

Combining t h e  two checks y i e l d s  15 WTS-like even t s  i n  1,513 random 
PWR LERs, o r  1%. The t o t a l  99 f i n d s  among -16,000 PWR LERs amount t o  
only about 0.6%. Three out  of t h e  4 s i g n i f i c a n t  even t s  (75%) but  only 4 
out  of t h e  11 i n s i g n i f i c a n t  even t s  were found by sys t ema t i c  searches.  
Thus, t he  conclus ion  i s  t h a t  t he  65 i n s i g n i f i c a n t  even t s  ( s e v e r i t y  0 ,  1, 
and 2) b a r e l y  a r e  r e p r e s e n t a t i v e ,  and any f r equenc ie s  ob ta ined  f o r  them 
must be used w i t h  utmost care .  On t h e  o the r  hand, t he  75% exhaus t iveness  
of t h e  s i g n i f i c a n t  f i n d i n g s  (34 even t s )  could  be cons idered  adequate.  
Because these  events  a r e  of h igher  i n t e r e s t  t o  c u r r e n t  WTS inves t iga-  
t i o n ,  f r equenc ie s  obta ined  from t h i s  da ta  base may be r e l e v a n t  a f t e r  
c o r r e c t i n g  f o r  t h i s  75% f a c t o r .  

Because the  agreement of f ind ings  a g a i n s t  t h e  "5% check" i s  so low, 

5.2 Check of F inds  Against  I n d u s t r y ' s  Records 

Duke Power Company publ i shed  i n  1982 a r e p o r t  e v a l u a t i n g  t h e  PVTS 
s i t u a t i o n  f o r  the  Oconee Nuclear Power S t a t i o n  (DPC-RS-1001, January  
1982).24 T h i s  r e p o r t  l i s t s  16 o p e r a t i o n a l  WTS-like even t s  i n  t h e  oper- 
a t i n g  h i s t o r y  of Oconee 1, 2, and 3 up t o  May 1981 (Table  5.2). Three 
out  of seven s i g n i f i c a n t  even t s  were found i n  t h e  WSIC da ta  base.  

on June 22, 1982, dur ing  which a l i s t  of e i g h t  W r e a c t o r  WTS even t s  was 
made publ ic .  Table 5.3 shows these  events .  As t he  Ginna event of Janu- 
a ry  25, 1982, i s  ou t s ide  the  scope of t h i s  s tudy (only  up t o  December 
1981), t he  r e a l  number of even t s  t o  be matched a g a i n s t  our f i n d s  i s  7. 
Three of t hese  were found, and two were s i g n i f i c a n t  (ou t  of f i v e ) .  

Combining both  Duke and W da ta  bases ,  i t  i s  p o s s i b l e  t o  a r r i v e  a t  
t he  fo l lowing  c o r r e c t i o n  f a c t o r s  f o r  completeness.  

The Westinghouse (W) Owners Group made a p r e s e n t a t i o n  t o  t h e  NRC 

Th i s  s ea rch  
c o r r e c t e d  

da ta  search  da ta  bank 
I n d u s t r y ' s  Th i s  f o r  LER 

-_____ ___I ------ -- 
S i g n i f i c a n t  even t s  12 6 8 

I n s i g n i f i c a n t  events  11 1 2.8 

Tota l  23 7 10.8 

Poss ib l e  r a t i o  
of a c t u a l  
event s t o  
our  f i n d s  

1.5 
----_I 

4 .O 

2.1 

Thus, i t  i s  p o s s i b l e  t h a t  t he  a c t u a l  number of WTS-like even t s  and 
p r e c u r s o r s  t h a t  occur red  i n  o p e r a t i n g  r e a c t o r s  from 1963 through 1981 i s  
more than  twice the  number we l o c a t e d  i n  t h e  NSIC da ta  bank. Curiously,  
t he  ACRS s t a t e d  i r  1978 t h a t  l i c e n s e e s  appear ing  be fo re  i t  r e p o r t e d  t h a t  
a t  l e a s t  twice a s  many events  a r e  judged worthy of no t ing  i n  t h e i r  p l a n t  
f i l e s  a s  a r e  r e p o r t e d  t o  t h e  hTRC a s  LERs.=g The agreement between t h e s e  
da t a  and such obse rva t ion  i s  probably f o r t u i t o u s .  
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Table 5 . 2 .  WTS e v e n t s  r e p o r t e d  by Duke Power 
Company - check on e x h a u s t i v e n e s s  of f i n d s  

Repor t e d T e n t a t i v e  
event  De s c r i p t  i o n  s e v e r i t y  
d a t e  assignment 

Was i t  
found? 

05 /05 /73  

011 041 14 
01/11/74 

0 9 / 1 0 / 1 4  

091 111 1 4  

03 I Q I I  1 5  
04/30/15 

0 5 / 2 5 / 7 5  

061 13 I15 
01/13/75 

0 8 / 1 4 / 7 6  
12 /14 /78  
I l l  101 I9 

01 /30/8Q 
031 14/00 

05 I 0 4  I81 

ICs upse t  r e s u l t e d  i n  OF of Oconee 1 

BSF demand f o l l o w i n g  RT a t  Oconee 2 
ICs power l o s s ,  OF, and PORV opening a t  

Wrong ICs response t o  f a l s e  t u r b i n e  pres-  

ICs f a i l s  t o  run  back Ew fo l lowing  RT a t  

MFW c o n t r o l  va lve  s t u c k  open a t  Oconee 2 
ICs slow i n  runn ing  back Fw fo l lowing  

ICs response t o  a blown f u s e  caused over- 

PORV f a i l e d  open a t  Oconee 3 
Wrong ICs response t o  t u r b i n e  v a l v e  

OF caused by manual c o n t r o l  a t  Oconee 1 
ICs s h o r t  caused OF of SG a t  Oconee 1 
Loss of ICs and i n s t r u m e n t a t i o n  caused 

ICs over feed ing  SG fo l lowing  RT a t  Oconee 2 
ICs f a i l e d  t o  run  back FYI fo l lowing  RT a t  

S igna l  d r i f t  caus ing  ICs t o  withdraw rods 

(precommercial)  

Oconee 3 

s u r e  s i g n a l  a t  Oconee 2 

Oconee 2 

loss-of- load t e s t  a t  Oconee 3 

c o o l i n g  a t  Oconee 3 

t r a n s i s t o r  f a i l u r e  a t  Oconee 3 

ove rcoo l ing  a t  Oconee 3 

Oconee 3 

a t  Oconee 1 

3 

4 
3 

1 

1 

1 
2 

3 

4 
0 

0 
3 
4 

2 
2 

0 

Ye s 

Yes 
Yes 

Summary: 3 of 16 PVTS-like e v e n t s  found 
3 s i g n i f i c a n t  of I s i g n i f i c a n t  e v e n t s  found 
0 i n s i g n i f i c a n t  of 9 i n s i g n i f i c a n t  e v e n t s  found 

5.3 Check of F inds  Against  Events  of P res su re  
T r a n s i e n t s  a t  Low Temperatures 

Although searches  were d i r e c t e d  toward changes i n  temperatures  o r  
p r e s s u r e s  t h a t  could l e a d  t o  temperature  changes, p re s su re  t r a n s i e n t  
even t s  would be expected t o  occur whi le  t h e  r e a c t o r s  wer:. a t  low tempera- 
t u r e s  ( co ld  shutdown mode). Several  of these  i n c i d e n t s  took p l ace  i n  the  
f i r s t  h a l f  of t h e  1970s, mostly caused by inadequacies  i n  des ign  t o  re- 
l i e v e  t h e  RCS p r e s s u r e  should an  inadve r t en t  e r r o r  (by ope ra to r  or  t e s t  
and maintenance personnel )  r e s u l t  i n  t h e  s t a r t  of a pump o r  t he  c losu re  
of a b l eed  va lve  whi le  t h e  r e a c t o r  was a t  low temperatures  andfor  s o l i d  
condi t ion .  

Since 1977, seve ra l  des ign  f i x e s  have been incorpora ted  t o  ope ra t ing  
r e a c t o r s  (such a s  l a r g e r  r e l i e f  va lves  t h a t  can a l s o  pas s  water  a s  w e l l  
a s  steam). I n c i d e n t s  of p r e s s u r e  shocks whi le  RCS i s  a t  low temperatures  
a r e  expected t o  d r a s t i c a l l y  be reduced i n  number. 

Table 5.4 l i s t s  29 such t r a n s i e n t s  be fo re  1977 a s  r epor t ed  i n  NUREG- 
0258 (Ref. 13). When a simple search f o r  "pressure  t r a n s i e n t  i n  PWRs" 
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Table 5.3. WTS even t s  r e p o r t e d  by the Westinghouse Owners Group 

Report e d 
event Reactor and event d e s c r i p t i o n  
d a t e  ' 

S e v e r i t y  Did we 
assigmhent f i n d  i t ?  

04/28 I72 

111 05/72 

02/26/75 

05/01/ 78 

09/25/79 

101 021 79 

05/23 180 

Robinson 2: preop small  steam l i n e  4 
break; Ti = 530°F, TF = 3200F, 
pF = 2050 p s i ,  A t  = 1 h 

Robinson 2: s t u c k  SG valve; 
= 5500F, TF = 3890F, Ti pF = 1700 p s i ,  A t  = 2 h 

Point  Beach 1: SG tube rup tu re ;  
Ti z 550°F, TF z 430°F, 
pF z 1000 p s i ,  A t  =: 2 h 

Ti = 4500F, TF = 31@F, 
pF = 1000 p s i ,  A t  = 30 min 

North Anna 1: s t u c k  steam dump 
valve;  Ti = 5420F, TF = 4720F, 
pF = 2350 p s i ,  A t  = 15 min 

Robinson 2: RC pump s e a l  f a i l u r e ;  

4 Ye s 

2-4 

4 

4 

P r a i r i e  I s l a n d  1: SG tube rup tu re ;  3-4 
= 528OF, TF = 350°F, 

Ti - 1000 p s i ,  A t  = 1 h 'F 

North Anna 1: spur ious  SI ac tua t ion ;  2 
Ti = 5430F, TF = 5250F, 
pF = 2360 p s i ,  A t  = 15 min 

Ye s 

Ye s 

01/25/82 Ginna: SG tube r u p t u r e  and s t u c k  
PORV; Ti = 5500F, TF = 265OF, 
p~ = 1400 p s i ,  A t  = 45 min 

4 1982 not 
i n  c l  nde d 
i n  our 
study 
scope 

Summary: For events  t o  1981 i n c l u s i v e ,  we found t h r e e  out of seven 
even t s  and two out of fou r  s i g n i f i c a n t  events .  
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T a b l e  5.4. P r e s s u r e  s h o c k  e v e n t s  i n  t h e  e a r l y  1970s 

R e a c t o r  

P r e s  s u r  e 
tr  a n s i  e n t  s 

S e v . e r i t y  Was i t  
a s s i g n m e n t  found?'  D a t e  ( p s i )  

From To 

B e a v e r  V a l l e y  1 

Cook 1 

G i n n a  

I n d i a n  P o i n t  2 

I n d i a n  P o i n t  3 

Oconee 2 

P a l  i s a d e  s 

P o i n t  Beach  2 

P r a i r i e  I s l a n d  1 

P r a i r i e  I s l a n d  2 

S u r r y  1 

S t .  L u c i e  1 

T r o j a n  

Turkey  P o i n t  3 

Z i o n  1 

Z i o n  2 

02/24/76 
03/05/76 
031 131 76 

04/14/76 

1969 

021 161 72 
02/17/72 
031 081 72 
04 / 06 / 12 
05/18/73 
01/23 174 
021221 74 
09/12/76 

091 301 16 

111 15/13 

09/01/74 

12/10/14 
02/28/76 

101 311 13 
011 16/74 

11/27/74 

011 281 13 

08/12/ 75 
061 171 76 

01 1221 I5 
121 03/14 

06/l3/13 
061 031 75 

09/18/75 

400 
400 
42 5 

N. A. 
95 

420 
420 
400 
422 
440 
42 5 
150 
400 

50 

800 

N. A. 
345 
400 

420 
3 95 

N. A. 
450 

210 
43 5 
400 

50 

110 
100 

95 

b 

b 

b 

1000 
1150 
495 

1040 

13 00 

670 
650 
640 
680 
575 
52 5 
56 0 
515 

2250 

1860 

960 

1400 
83 0 

1100 
840 

900 

590 

600 
815 

3326 

800 

1290 
1100 

13 00 

2 
3 
0 

N. A. 
4 

2 
2 
2 
2 
1 
1 
2 
1 

4 

4 

N. A. 
3 
2 

3 
2 

N. A. 
1 

2 
2 

4 

3 

4 
4 

4 

b 

b 

b 

Yes 

Yes 

Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 

Ye s 

Yes 
Yes 

Yes 

Yes 

Yes 

Yes 
Yes 

Yes 

Y e s  

Yes 

Yes 
~ 

a 
Our o r i g i n a l  WTS s e a r c h e s  d i d  n o t  l o c a t e  any  of t h e s e  

o v e r p r e s s u r i z a t i o n - a t - l o w - t e m p e r a t u r e  i n c i d e n t s .  A s i m p l e  s e a r c h  
f o r  " p r e s s u r e  t r a n s i e n t "  i n c i d e n t s  l o c a t e d  a l l  of  t h o s e  marked  
y e s .  

bN.A. = n o t  a v a i l a b l e .  

S o u r c e  s : 

1. Gary  Zech,  Reactor ve880l f ie88We Transient k?POteCtiOn f o r  
h e s s ~ i z e d  Water Reactors, F i n a l  R e p o r t ;  NUREG-0224 (1978). 

2. W. E. V e s e l y  e t  a l . .  The Octavia Computer Code: EWR Reactor 
Pressure Vessels Failure Probabi l i t i es  h e  t o  Operationally 
Caused f ieeeure Transients, NUREG-0258 (1978). 
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was made, 21 even t s  were e a s i l y  found (a  f i n d  r a t i o  of about 7090). We 
f u r t h e r  found f i v e  a d d i t i o n a l  i nc iden t s ,  a l l  q u i t e  minor, betweeIi 1977 
and 1981. This  confirms our e a r l i e r  b e l i e f  t h a t  t h e  problem is p r a c t i -  
c a l l y  solved. Table 5 . 5  l i s t s  these  a d d i t i o n a l  events .  

Table 5 . 5 .  Addi t iona l  p r e s s u r e  shock events ,  1977-1981 

---- - l--_l---- 

NSIC # React or Date Desc r ip t ion  

167707 Surry 1 07/02/81 PORV l i f t e d  due t o  p re s su re  
-- - 

t r a n s i e n t  

165876 North Anna 02/29/81 S I  ac tua ted  a t  North Anna 1 

154890 Calve r t  C l i f f s  1 01/29/80 PORV inadve r t en t ly  opened 

152983 Oconee 3 10/19/79 RCS p res su re  exceeds o p e r a t i n g  
mode limit 

137299 North Anna 1 03/14/78 RCS ove rp res su r i zed  
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6. FREQUENCIES ANALYSIS 

R e a l i s t i c  f r equenc ie s  of occurrence and causes  a r e  important t o  im- 
proving ope ra t ion  and t o  p r o b a b i l i s t i c  a n a l y s e s  of even t s  t h a t  may occur  
a s  an  ex tens ion  of known precursors .  The 99 WTS-like events  and p r e c u r  
s o r s  have been analyzed i n  terms of sequence i n i t i a t o r s ,  primary causes  
(and sometimes secondary causes) ,  and modes of ope ra t ion  be fo re  the  occur- 
rence of t h e  events .  

n i f i c a n t  events ,  frequency de termina t ion  must account f o r  the  f a c t o r s  
d i scussed  e a r l i e r  i n  the  exhaust iveness  a n a l y s i s  of the  f inds .  These 
inc lude  a f a c t o r  of 1.5 f o r  s i g n i f i c a n t  f i n d s ,  4.0 f o r  i n s i g n i f i c a n t  
f i n d s ,  and 320 RY i n s t e a d  of 329 RY a s  common denominator of experience.  

Although our f i n d s  include only 34 s i g n i f i c a n t  events  and 65 ins ig-  

6.1 Modes of Reactor  Opera t ion  

Inasmuch a s  the  core  i s  a hea t  source du r ing  t h e  WTS event ,  i t s  
mode of ope ra t ion  j u s t  before  the inc iden t  i s  important t o  determine the  
f u n c t i o n  of s eve ra l  ope ra t ing  parameters :  r e a c t o r  coolant  pump opera- 
t i o n ,  FW flow, SI, and t h e  degree of mixing i n  t h e  annulus a r e a  of t he  
r e a c t o r  ves se l .  In PWR opera t ion ,  s i x  modes of ope ra t ion  a r e  d i s t i n -  
gu i  shed : 

Mode - Desc r ip t ion  
I_ 

1 Steady- s t a t  e power 
2 Sta r tup  
3 Hot st a ndby 
4 Hot shut down 
5 Cold shut down 
6 Cold shutdown w i t h  p re s su re  

v e s se 1 he a d  un t ens  i one d 
(e.g. , f o r  r e f u e l i n g )  

The breakdown i n t o  modes of o p e r a t i o n  of the  99 events  i s  shown i n  

These da ta  i n d i c a t e  t h a t  about one-half of t he  events  took p lace  when 
Table  6.1. Uncorrected and c o r r e c t e d  f r equenc ie s  a r e  shown i n  Table 6.2. 

t h e  r e a c t o r s  were a t  mode 1, and about 85% of the  events  took p l ace  when 
t h e  RCS was hot .  Furthermore, most of t he  even t s  t h a t  occurred when the  
RCS was co ld  were i n s i g n i f i c a n t  WTS events .  

6.2 I n i t i a t i n n  Sequences 

While i t  i s  r e a l i z e d  t h a t  each event occur red  d i f f e r e n t l y  from the  
r e s t ,  the  99 events  have been broadly c a t e g o r i z e d  i n t o  8 i n i t i a t o r  cate- 
g o r i e s :  7 with event t r e e s  prev ious ly  desc r ibed  (LBLOCA, SBLOCA, OF/cold 
FW, HSF, EPSI, CF/LPSI, and EX) and "others ."  The "others"  category con- 
t a i n s  events  w i th  miscel laneous i n i t i a t o r s .  The f r equenc ie s  of these  
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Table 6.1. D i s t r i b u t i o n  of f i n d s  wi th  r e spec t  
t o  mode of r e a c t o r  o p e r a t i o n  

In s i  gnif i cant  S i  gni  f i cant T o t a l  even t s  even t s  Mode number of 

0 1  2 3 4  even t s  

Hot 

Mode 1 7 11 10 
Mode 2 3 4 3  
Mode 3 1 6 4  
Mode 4 2 1 

- 

- Cold 

Mode 5 6 2 
Mode 6 1 4 - - -  

20 28 17 

8 17 53 
2 2  14 
2 2  15 

1 4 

8 
5 

12 22 99 
- -  - 

Table 6.2. Frequency d i s t r i b u t i o n  of WTS 
even t s  and p r e c u r s o r s  w i t h  r e spec t  t o  

mode of r e a c t o r  o p e r a t i o n  

Corrected f o r  
compl e tene s s Based on f i n d s  

Percent Mode 
Per  cent  Events/RY of t o t a l  Events/RY of total 

- Hot 

Mode 1 0.161 54 0.467 48 
Mode 2 0.043 14 0.144 15 
Mode 3 0.046 15 0.156 16 
Mode 4 0.012 4 0.042 >4 

- Cold 

Mode 5 0.024 8 0 . loo 10 
Mode 6 0.015 5 0.063 >6 

0.301 100 0.972 100 
- - 
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broad c a t e g o r i e s  of i n i t i a t i n g  sequences a r e  important because U. S. PWR 
vendors have a t  t imes i d e n t i f i e d  d i f f e r e n t  sequences a s  more l i m i t i n g  t o  
t h e  r e a c t o r  v e s s e l s  from the viewpoint of thermal shock. 

Table 6.3. The f r equenc ie s  a r e  shown i n  Table 6.4. 

by S I  t h a t  was caused by f a l s e  or  spurious s i g n a l s ;  ope ra to r ,  t e s t ,  or  
maintenance e r r o r s ;  o r  causes not  d i r e c t l y  having r o o t s  i n  t h e  p re s su re  
and/or temperature t r a n s i e n t s  of the h e a t  t r a n s f e r  c i r c u i t s .  

The breakdown of 99 events  i n t o  i n i t i a t i n g  sequences i s  shown i n  

These d a t a  i n d i c a t e  t h a t  about one-half of a l l  even t s  were i n i t i a t e d  

It appears 

a Table 6.3. Distr ibut ion of f inds  with respect 
t o  i n i t i a t i n g  sequences 

Total 
number of 
events 

Insignif icant  Signif icant  
I n i t i a t i n g  events event s 

sequence 
0 1  2 3 4 

IBLOCA 
SBLQCA 3 2  1 5 
OFICold FW 2 0 6 6 7 
HSF 2 2 2 8 
BPSI 6 22 9 3 1 

2 2  
1 

CFILPSI 
EX 
Others 7 (1) (1) (1) - - -  - -  

20 28 17 12 22 

11 
21 
14 
41 
4 
1 

7+(3) 
99 

~~ 

a Where a secondary cause i s  observed, i t  i s  
noted i n  parentheses but not counted i n  the t a l ly .  

Table 6.4. Frequencies of i n i t i a t i n g  sequences 

Corrected f o r  Based on f inds  
I n i t i a t i n g  completeness 

Percent 
of t o t a l  Events/RY of total Percent sequence 

IBLOCA 
SBLOCA 
OFICold FW 
HSF 
HPSI 
CFILPSI 
EX 
Others 

0.033 
0.064 
0.043 
0.125 
0.012 
0.003 
0.021 
0.301 

11 0.091 
22 0.161 
14 0.097 
41 0.481 
4 0.050 
1 0.005 
7 0.087 

100 0.972 
- - 

9 
17 
10 
49 
5 
<1 
9 

100 
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t h a t  r a t i o n a l e s  and I & C  f o r  such S I s  should be r e though t  so t h a t  t h e s e  
ded ica t ed  s a f e t y  systems can be spared unwarranted chal lenges.  

No LBLOCA was found, bu t  t h e r e  were 11 SBLOCAs, o r  -10% of the  
events .  These were mostly caused by PORVs or r e l i e f  v a l v e s  t h a t  f a i l e d  
t o  c l o s e  i n  t h e  p r e s s u r i z e r s  or by f a i l u r e s  of the RCS pump s e a l s .  Ap- 
proximately one-third of t he  SBLOCAs ( a f t e r  c o r r e c t i o n )  c o n s t i t u t e  s i g -  
n i f  i c a n t  WTS events .  

h y d r a u l i c  t r a n s i e n t s  i n  t h e  W-steam c i r c u i t s .  Four out of t e n  of t hese  
( a f t e r  c o r r e c t i o n )  a r e  s i g n i f i c a n t  and break down approximately h a l f  and 
h a l f  between OF of the  SGs and HSF. 

r e s u l t  of ex tens ive  f l o o d i n g  of the r e a c t o r  v e s s e l  c a v i t y  caused by a l e a k  
i n  t h e  containment f a n  c o o l e r  w a t e r l i n e .  This  enabled c o l d  r i v e r  wa te r  t o  
immerse t h e  r e a c t o r  v e s s e l  from the  o u t s i d e  up t o  9 f t .  The consequences 
of t h i s  f l o o d i n g  a r e  s t i l l  under i n v e s t i g a t i o n  by t h e  NRC.33 

a l l  belong t o  s e v e r i t y  0 and a r e  r e l a t e d  t o  m a t t e r s  q u i t e  i n s i g n i f i c a n t  t o  
WTS such a s  t h e  heat-up of RCS above a temperature l i m i t ,  t h e  heat-up of 
t h e  p r e s s u r i z e r  f a s t e r  t han  100°F/h, or t he  f a i l u r e  of one SG blowdown 
v a l v e  (bu t  t h e  redundant va lve  operated a s  designed) .  

About 27% of the  even t s  were t r a n s i e n t s  i n  the  RCS caused by thermal- 

One event ,  a t  Ind ian  Po in t  2 on or b e f o r e  December 17,  1980, was a 

Seven even t s  could n o t  be mapped on a gene ra l i zed  event  t r e e .  They 

6.3 Causes f o r  I n i t i a t o r s  

Seve ra l  causes  have been i d e n t i f i e d  t h a t  were r e s p o n s i b l e  f o r  i n i t i -  
a t i n g  t h e  sequence of events.  Table 6.5 shows a breakdown of the primary 
causes  and number of even t s  a s s o c i a t e d  w i t h  them. Table 6.6 l i s t s  t h e  

a Table 6 .5 .  Distribution of apparent causes t o  the 
PVTS events and precursors 

Sign  i f  i cant 
events Insignificant events Total 

number of 
0 1 2 3 4 events 

Operator error  3 ( 1 )  3 ( 3 )  5 ( 3 )  1(2) ( 3 )  
Maintenance f t e st e r ro r  4 1 1 1 (1) 
Valve f a i l u r e  4 3 6 8 
Power f a i l u r e  3 5 1 2(2 )  
I & C  error /  spurious signal 3 8 ( 5 )  ( 5 )  l(1) 3 
System/ equipment f a i l u r e  5 5(1) 4 2(2) 9(1) 
Water hammer 1 5 
Firef l ightning 2 - - - - - 

20 28 17 12 22 

a Where a secondary cause i s  observed, i t  is noted i n  parentheses but  not 
counted i n  the ta l ly .  
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a Table 6.6. Frequencies of apparent causes  t o  PVTS 
events  and p r e c u r s o r s  

Corrected f o r  
compl e tene s s Based on f i n d s  

Per  cent  Percent  
of t o t a l  EventsIRY of total Event'sIRY 

Operator e r r o r  
Maint enancel t e s t  e r r o r  
Valve f a i l u r e  
Power f a i l u r e  
I & C  e r r o r l s p u r i o u s  s igna l  
Sy s t  emlequipment f a i l u r e  
Water hammer 
F i r e / l i g h t n i n g  

0.036 
0.021 
0.064 
0.033 
0.046 
0.076 
0.018 
0.006 

12(12) 
7(1) 
21 
11(2) 
15 (11) 
25 (4) 
6 
2 

0.142 
0.080 
0.153 
0.114 
0.156 
0.227 
0.075 
0.025 

15 (10) 
8 
16 
12(1) 
16(13) 
23 (3) 
8 
3 - 

0.300 99 0.972 101 

a Where a secondary cause i s  observed, i t  i s  noted i n  parentheses  
but not counted i n  the t a l l y .  

f r equenc ie s .  Where t h e r e  were secondary causes,  these a r e  noted i n  paren- 
t h e s e s  but not  counted i n  t h e  t a l l y .  

Several  n o t e s  must be mentioned i n  t h e  d e f i n i t i o n  of causes. 
Operator e r r o r s  include those committed by t h e  c o n t r o l  room opera- 

t o r s ,  s e n i o r  c o n t r o l  room opera to r s ,  s h i f t  supe rv i so r s ,  andlor  a r e a  op- 
e r a t i n g  s t a f f  i n  d i r e c t  communication w i t h  t h e  c o n t r o l  room. These e r  
r o r s  include inadve r t en t  e r r o r s ,  wrong implementation of procedures,  and 
negligence.  They do no t  include,  however, r e a c t i o n s  t o  in s t rumen ta t ion  
s i g n a l s  t h a t  may t u r n  out  t o  be wrong s i g n a l s  because of f a u l t y  and/or 
inadequate design,  or r e a c t i o n s  t o  unforeseen or un-thought-out events .  
These l a t t e r  a c t i o n s ,  should they be wrong, would be assigned only a sec- 
ondary ope ra to r  e r r o r  s t a t u s  ( i n  p a r e n t h e s e s ) ,  whereas t h e  primary causes  
a r e  e i t h e r  c o n t r o l  e r r o r s  or systemlequipment f a i l u r e s .  

a d d i t i o n  t o  the  o p e r a t o r s  c i t e d  p rev ious ly .  O r d i n a r i l y ,  a cause i s  as- 
signed i n t o  t h i s  category when c e r t a i n  r o u t i n e  maintenances and/or t e s t s  
were i n  progress ,  or when such maintenances and lo r  t e s t s  were being c a r  
r i e d  out while  the system was i n  cold shutdown, and when the  e r r o r  could 
not be c l e a r l y  a t t r i b u t e d  t o  the c o n t r o l  room o p e r a t o r s  and supe rv i so r s .  

t h e i r  f u n c t i o n s  a s  designed (e.g., open on demand but f a i l  t o  c lose  when 
t h e  demand i s  over)  or do not respond t o  c o n t r o l  room d i r e c t i o n .  Valve 
f a i l u r e  a l s o  occurs  when a va lve  does not r e s e a t  properly,  when excessive 
boron c r y s t a l l i z a t i o n  d e t e r i o r a t e s  i t s  f u n c t i o n ,  or when an instrumenta- 
t i o n  l i n e  f a i l s  (e.g. ,  break of a crimp connec to r ) .  

Maintenance andlor  t e s t  e r r o r s  involve personnel o t h e r  than or i n  

Valves cause the i n i t i a t i o n  of a sequence when they do not c a r r y  out 
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Power f a i l u r e  i s  a primary cause when a l o s s  of power causes  abnor- 
mal system behavior,  l ead ing  t o  the  i n i t i a t i o n  of a sequence of events .  
Ord ina r i ly ,  with good I&C design,  such a l o s s  of power should not ad- 
v e r s e l y  a f f e c t  the f u n c t i o n  of t he  systems without a d d i t i o n a l  o p e r a t o r  
e r r o r s .  In t h i s  case power f a i l u r e  should be given a secondary s t a t u s  
a s  i n i t i a t i n g  cause. 

The ILC design i s  a primary cause when spurious and f a u l t y  s i g n a l s  
can i n i t i a t e  an  event sequence, o r  when an upset  (e.g. ,  l o s s  of power, a 
s h o r t ,  l i g h t n i n g ,  o r  f i r e )  c a n  l e a d  t h e  p l a n t  c o n t r o l  system t o  a c t  ab- 
normally, thus i n i t i a t i n g  a n  event sequence o r  misleading t h e  o p e r a t o r s  
i n t o  i n i t i a t i n g  such a sequence. 

A l l  o the r  hardware f a i l u r e s  t h a t  could not be a s s igned  to va lves ,  
I&C, and power f a i l u r e  a r e  c a l l e d  system/equipment f a i l u r e s .  These in- 
clude pump f a i l u r e  t o  reduce speed on demand o r  a s  designed, FW h e a t e r  
t r a i n  malfunct ion,  break of a feed-and-bleed l i n e ,  SG tube l e a k s ,  o r  a 
l e a k  i n  the nonnuclear l i n e  t h a t  could f l o o d  t h e  containment w i t h  r i v e r  
water.  

quent ly  i n  some r e a c t o r s ,  l ead ing  mostly t o  SI. F i r e  and l i g h t n i n g  a r e  
a l s o  l i s t e d  because two c a s e s  were found where these e x t e r n a l  (common) 
causes  i n i t i a t e d  abnormal behavior  of v i t a l  p l a n t  equipment. 

Tables  6.5 and 6.6 g ive  r i s e  to seve ra l  i n t e r e s t i n g  obse rva t ions .  
1. About 15 of a l l  even t s  were caused by operator/maintenance/test 

e r r o r s ,  and an  a d d i t i o n a l  10% can be considered a s  s econdar i ly  caused by 
those e r r o r s .  However, when f u l l y  c o r r e c t e d  f o r ,  only 1 out of 15 such 
e r r o r s  r e s u l t e d  i n  a s i g n i f i c a n t  WTS-like event. Thus, the  common t r e n d  
t o  blame o p e r a t o r s  and lo r  ma in tenance l t e s t  personnel f o r  p o s s i b l e  severe 
WTS even t s  appears  t o  be without  mer i t .  

2.  Valve f a i l u r e s  accounted f o r  16 t o  22% of a l l  WTS-like events ,  
and 40% of these  r e s u l t e d  i n  s i g n i f i c a n t  overcool ing events .  Th i s  can 
be v e r i f i e d  by examining T a b l e s  4.4 and 4.5 where many s e v e r i t y  3 and 4 
even t s  were caused by f a i l u r e s  of va lves  i n  the RCS o r  v a l v e s  i n  t h e  
f eedwater-steam c i r c u i t s .  

3. One-fourth of a l l  WTS-like even t s  were caused by power f a i l u r e  
or inadequacies i n  the  I&C s,ystems. Another 14% can be assigned a s  sec- 
onda r i ly  caused by such f a i l u r e s  and inadequacies.  One out of e i g h t  such 
f a i l u r e s  (when f u l l y  c o r r e c t e d )  r e s u l t e d  i n  a s i g n i f i c a n t  WTS event.  

4 .  One-fourth of a l l  WTS even t s  were caused by system and equipment 
f a i l u r e  (e.g. ,  those hardware f a i l u r e s  t h a t  could not be c l a s s e d  a s  va lve ,  
power, and ILC f a i l u r e s ) .  ' h o  out of t e n  such f a i l u r e s  r e s u l t e d  i n  s i g -  
n i f  i c a n t  WTS events .  

5. I f  va lve  f a i l u r e s ,  power f a i l u r e s ,  system f a i l u r e s ,  hardware 
f a i l u r e s ,  and design inadequacies  a r e  considered toge the r ,  t hen  they ac- 
count f o r  two-thirds of a l l  PVTS-like events .  One out of four  such even t s  
i s  s i g n i f i c a n t .  It i s  thus  obvious t h a t  more a t t e n t i o n  must be given t o  
system and hardware i f  s e r i o u s  f u t u r e  WTS events  a r e  t o  be avoided. Pour 
c l a s s e s  of hardware/system weaknesses a r e  

Water hammer i s  l i s t e d  a s  a s epa ra t e  cause because i t  occurred f r e -  

0 stuck-open PORVs both on t h e  primary and secondary s i d e ,  
0 RCS pump s e a l  f a i l u r e s ,  
0 SG tube f a i l u r e  ( w i l l  be more f r e q u e n t  a s  Ws a g e ) ,  and 
0 d i f f i c u l t i e s  i n  a d j u s t i n g  FW c o n t r o l  v a l u e s  during t r a n s i t i o n  from 

manual t o  automatic  o p e r a t i o n  o r  v i c e  ve r sa .  
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7. TREND ANALYSIS 

With c o r r e c t i o n  f a c t o r s  t o  a d j u s t  f o r  the incompleteness of our f i n d s  
a s  discussed e a r l i e r ,  we can ga in  some p re l imina ry  i n s i g h t s  by i n v e s t i g a t -  
ing the  d i s t r i b u t i o n  of WTS events  and p r e c u r s o r s  w i t h  r e spec t  t o  time, 
owners, nuc lea r  system vendors, and balance-of-plant A-Es. 

7.1 Data Base bv NSSS Vendors, A-Es, and U t i l i t i e s  

Tab le s  7.1 and 7.2 show the 47 PWRs i n  the  data  base d i s t r i b u t e d  ac- 
cording t o  nuclear  system vendors, balance-of-plant A-Es, and owners. 

Table 7.1. Reactors  and RYs by vendors and A-Esa 

Vendor or A-E Percent Number of RY s Percent  r e a c t o r s  (through 1981) 

8 17 52.68 16 
NSSS vendors 

Babcock 6 Wilcox 
Combust i on  Engine e r i ng  8 17 54.39 17 

67 We s t inghous e 
To ta l  47 100 329.26 100 

- 66 222.19 - 31 - 

Archi tect-Engineers 
Bechtel  14 30 109.97 33 
Burns 6 Roe 1 2 0.93 -0 
Eba sco 2 4 16.92 5 
Gibbs 1 2 8.35 3 
G i l b e r t  3 6 21.29 7 
Pioneer (Fluor  Poineer 1 3 6 22.84 7 
Sargent 6 Lundy 2 4 16.53 5 .  
Stone 6 Webster 8 17 73.60 22 
United Engineers 2 4 14.20 4 

14 U t i 1  i t i e s  11 24 44.63 
Tota l  47 99 329.26 100 

- - 
-- 

aRound-off e r r o r s  i n  the percentages occas iona l ly  r e s u l t  i n  apparent 
d i s c r e p a n c i e s  i n  the t o t a l s .  

We note t h a t  W manufactured 30 of 47 operable  PWRs, wi th  222 RYs of 
experience by December 1981. B6W had 9 r e a c t o r s  w i th  53 RYs of experi- 
ence, and C-E had 8 r e a c t o r s  w i th  54 RYs of experience.  

A-E f o r  8 r e a c t o r s  w i th  74 RYs of experience.  
had l e s s  t han  t h r e e  r e a c t o r s  each. U t i l i t i e s  o r  t h e i r  s u b s i d i a r i e s  were 
A-Es f o r  11 r e a c t o r s  w i t h  45 RYs of experience.  

Bechtel  was A-E f o r  14 r e a c t o r s  w i th  110 RYs and Stone 6 Webster was 
The remaining seven A-ES, 
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Table 7.2. Reactors  and RYs by owners 

I 

Owner-oper a t o r  Number of RY s 
r eac t  or  s (1981 1 

Alabama Power & Light  
Arkansas Power & Light  
Bal t imore Gas 61 E l e c t r i c  
Caro l ina  Power & Light  
Commonwealth Edison 

Conne c t  i cu t  Yankee 
Consol idated Edison 
Consumers 
Duke 
Duque sne 

F l o r i d a  Power 61 Light  3 
F l o r i d a  Power Corporat ion 1 
Indiana & Michigan E l e c t r i c  2 

Metropol i tan  Edison 2 
Maine Yankee 1 

New England Nuclear 1 
Northern S t a t e s  2 
Omaha Pub l i c  Power 1 
PASNY 1 
Pub l i c  Serv ice  & Gas 2 

Por t l and  E l e c t r i c  1 
Rochester Gas 61 E l e c t r i c  1 
Sacramento Municipal 1 
Southern C a l i f o r n i a  Edison 1 
Toledo E l e c t r i c  1 

WA 1 
V i r g i n i a  E l e c t r i c  Power 4 
Wisconsin Pub l i c  1 
Wisconsin E l e c t r i c  2 

1 Yankee Atomic 
T o t a l  47 

- 

4.98 
10.44 
12.07 
11.57 
16.53 

14.40 
8.52 
10 .oo 
24.57 
5.55 

23.34 
4.92 
10.67 
9.15 
5.71 

6.15 
15 .ll 
8.35 
5.68 
5.60 

6.03 
12.08 
7.22 
14.46 
4.34 

1.45 
23.36 
7.73 
20.57 
19 .oo 
329.55' 
-- 

'Round-off e r r o r s  r e s u l t  i n  a s l i g h t l y  d i f -  
f e r e n t  t o t a l  from 329.26 RYs. 
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As f a r  a s  u t i l i t i e s  o r  ownersloperators  a r e  concerned, Duke Power, 
F l o r i d a  Power and L igh t ,  and V i r g i n i a  E l e c t r i c  Power had over 23 RYs of 
experience; both Wisconsin E l e c t r i c  and Yankee Atomic had 19-20 RYs. The 
next 9 u t i l i t i e s  had between 10  and 17 RYs of FWR experience each. 

7.2 D i s t r i b u t i o n  of PVTS Events and P recu r so r s  
Among PWR Vendors 

Table 7.3 shows the  d i s t r i b u t i o n  of WTS even t s  and p recu r so r s  among 
FVR vendors. Table 7.4 shows the  f r equenc ie s  of t hese  even t s  per  i n t r i n -  
s i c  RY. 
the  same vendor. 

I n t r i n s i c  RY i s  de f ined  a s  the  RYs accumulated by a l l  r e a c t o r s  of 

T a b l e  7.3. D i s t r i b u t i o n  o f  PVTS e v e n t s  a n d  p r e c u r s o r s  
among PWR v e n d o r s  

V e n d o r s  

I n s i g n i f i c a n t  S i g n i f i c a n t  
e v e n t s  e v e n t s  

T o t a l  

Babcock  & W i l c o x  2 4 2  1 11 20 
C o m b u s t i o n  E n g i n e e r i n g  3 1 4 3  11 
West i n g h o u s e  15 23 15 7 8  68 

T o t a l  20 28 17 12 22 99 
- -  - - - -  

--- -_I-- 

T a b l e  7.4. F r e q u e n c i e s  o f  WTS e v e n t s  a n d  p r e c u r s o r s  
among U. S. PWR v e n d o r s  

a 
( E v e n t s / i n t r i n s i c  RY)  

Babcock C o m b u s t i o n  
6 W i l c o x  E n g i n e e r i n g  West i n g h o u s e  

-------------_I---_ 

B a s e d  on f i n d s  

S i g n i f i c a n t  0.228 0.129 0.068 
I n s  i gni f i c a n t  0.152 0.074 0.238 

T o t a l  0.380 0.203 0.306 
- -- -- 

C o r r e c t e d  f o r  c o m p l e t e n e s s  

S i g n i f i c a n t  
I n s i g n i f i c a n t  

0.342 0.194 0.102 
0.607 0.296 0.952 - --- 

T o t a l  0.949 0.490 1.054 

a 
I n t r i n s i c  r e a c t o r  y e a r s  a r e  (1) u n c o r r e c t e d :  BCW = 52.7 R Y s ,  

C-E = 54.4 R Y s ,  W = 222.2 RYs; (2) c o r r e c t e d :  BCW = 52.7 R Y s .  C-E = 
54.4 R Y s ,  and W = 213.2 R Y s .  



54 

In terms of even t s  found, the r e l a t i v e  numbers by vendors a r e  no t  t o o  
f a r  from t h e i r  c o n t r i b u t i o n s  i n  the  number of r e a c t o r s  and RYs. The ex- 
c e p t i o n  i s  t h a t  C-E r e a c t o r s  had r e l a t i v e l y  fewer events .  I n  term of 
even t s  f o r  i n t r i n s i c  RY a f t e r  c o r r e c t i o n  f o r  completeness of f i n d s ,  the 
o v e r a l l  frequency of C-E WTS even t s  and p r e c u r s o r s  i s  h a l f  a s  high a s  
those of B&W and W r e a c t o r s .  When only s i g n i f i c a n t  e v e n t s  a r e  looked a t ,  
however, t h e  frequency ranks h i g h e s t  w i th  B&W r e a c t o r s ,  followed by C-E's, 
and then  by W's, i n  t h e  r a t i o  3:2:1. 

t h e  most d i s t i n g u i s h i n g  d i f f e r e n c e  between C-E/B&W r e a c t o r s  and W r e a c t o r s  
i s  t h a t  t he  former has  two SGs whereas t h e  l a t t e r  has  t h r e e  t o  fou r  SGs. 
Furthermore, B&W r e a c t o r s  had well-known weaknesses i n  nonnuclear i n s t r u -  
mentat ion and i n t e g r a t e d  c o n t r o l  systems, which may i n i t i a t e  severe tran- 
s i e n t s  due t o  power f a i l u r e  and/or  e l e c t r i c a l  sho r t s .  It must be noted, 
however, t h a t  s ince  the Three Mile I s l a n d  2 acc iden t  and t h e  C r y s t a l  River 
3 i n c i d e n t ,  these weaknesses have been i d e n t i f i e d  and much improved. For 
example, no B&W r e a c t o r  underwent a s i g n i f i c a n t  PVTS event  between t h e  
C r y s t a l  River 3 i n c i d e n t  (February 26, 1980) and the  end of 1981. 

While these r e s u l t s  need t o  be examined i n  more d e t a i l ,  we note  t h a t  

7.3 D i s t r i b u t i o n  of PVTS Events and P r e c u r s o r s  
Among U t i l i t i e s  

A s  t he  47 operable  PWRs belong t o  30 d i f f e r e n t  u t i l i t i e s ,  we found i t  
more u s e f u l  t o  p l o t  the WTS even t s  and p r e c u r s o r s  on t h e  o p e r a t i n g  h i s -  
t o r y  of each r e a c t o r .  Thus, Figs.  7.1 and 7.2 d i s p l a y  the time l i n e  drawn 
f o r  each r e a c t o r  s t a r t i n g  from the d a t e  of f i r s t  commercial o p e r a t i o n  
( r e a c t o r  y e a r  = 0 )  and extending t o  the  end of 1981. On each time l i n e  we 
p l o t t e d  t h e  WTS-like even t s  (denoted by the  degree of s e v e r i t y ,  namely, 
0, 1, 2, 3, and 4 )  i n  o rde r  t o  ga in  a v i s u a l  p e r s p e c t i v e  of t he  time dis-  
t r i b u t i o n  of t he  events  f o r  each r e a c t o r .  

Three obse rva t ions  can be made. 

1. 

2. 

There appears  t o  be no time p a t t e r n  t o  t h e  occurrence of WTS even t s  
and p recu r so r s .  An excep t ion  appears  t o  be a t  t he  p r e o p e r a t i o n a l  
t e s t i n g  and during the  f i r s t  y e a r  of o p e r a t i o n  when both system and 
personnel  a r e  presumably s t i l l  t r y i n g  t o  debug problems. 
There were 13 r e a c t o r s  w i th  no WTS even t s  (Tables  7.5 and 7.6). 
These included two by B&W, two by C-E, and nine by W. T h i s  mix i s  
roughly p ropor t iona l  t o  the  c o n t r i b u t i o n  of each vendor t o  the  t o t a l  
number of r e a c t o r s  and RYs. 

The f u r t h e r  study of t hese  WTS-free r e a c t o r s  would r e v e a l  t e c h n i c a l  
and i n s t i t u t i o n a l  a s p e c t s  t h a t  h e r e t o f o r e  have only been specu la t ed  on. 
For example, why d i d  Three Mile I s l a n d  1 haye no WTS even t s ,  while  Three 
Mile I s l a n d  2 had a t  l e a s t  two WTS even t s  be fo re  the meltdown acc iden t  of 
March 28, 1979? Why d i d  Arkansas 1, a B&W r e a c t o r ,  have no W T S  even t s ,  
while  o the r  B&W r e a c t o r s  had many even t s  and Arkansas 2 ,  a C-E r e a c t o r ,  
had a t  l e a s t  two s i g n i f i c a n t  e v e n t s ?  Was i t  because of t he  h igh  c a l i b e r  
of o p e r a t i n g  crews a t  those r e a c t o r s ,  o r  of d i f f e r e n t  r e p o r t i n g  r equ i r e -  
ments, or of d i f f e r e n t  ways t o  t r e a t  r e p o r t s  by p l a n t  a u t h o r i t i e s ?  
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start of Reactor Year 
Reactor Comm.Oper. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

I 
Arkansas 1 
Arkansas 2 
Beaver Valley 1 
Calvert Cliffs 1 
Calvert Cliffs 2 

Cook 1 
Cook 2 

Crystal River 3 

Davis-Sese 1 

Farley 1 
Farley 2 

Ft. Calhoun 1 
Ginna 
Haddam Neck 

Indian Pt. 2 

Indian Pt. 3 
Kewaunee 

Maine Yankee 

McGuire 1 

Millstone 2 

North Anna 1 

North Anna 2 

Ownee 1 

oconee 2 
Ownee 3 
Palisades 

Point Beach 1 
Point Beach 2 

Prairie Island 1 

Prairie Island 2 

Rancho Seco 1 
Robinson 2 

Salem 1 

Salem 2 

San Onofre 1 
Sequoyah 1 
St. Lucie 1 

Surry 1 

Surry 2 
Three Mile Island 1 

Trojan 

Turkey Pt. 3 

Turkey Pt. 4 
Yankee R o w  1 

Zion 1 

Zion 2 

Shipping Port 

Indian Pt. 1 
Three Mile Island 2 

0801.74 

12-26-78 
06.1476 

01-03-75 
12-07-76 

02-10-75 
03-22.78 

01-30-77 

08-28-77 

081877 
052581 

082573 

12-02-69 
0807-67 

06-26-73 
04-27-76 

04-0874 

11.0872 

0630-81 

11-09-75 

04-17-78 
082580 

0 5 W 7 3  

12-0573 
09-01-74 
12-31-71 

11.0670 

0802-72 

12-04-73 

12-21-74 

10-1374 
0926-70 

12-2576 

WO3-81 

07-16-67 

07.22.80 

0507.76 
07-04-72 

03.1 0-73 
06-19-74 

12-23-75 

11.02-72 

W21-73 
11.10-60 

06-2873 

12-26-73 

12-57 

10-62 

04-78 

c ~~ 

1 0  

t 4  0 14 

4 4 3 
2 0  2 2 

30 

k d l  

- 
(Endl 

F i g .  7 . 1 .  Time l i n e  display by sever i ty  symbols of U.S. PWR PVTS 
events v s  reactor years.  
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Prairie Island 1 
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Zion 2 
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05-06-73 
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06-03-81 

07-16-67 
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12.23-75 
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06-21 -73 
1 1.10-60 
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12.26-73 

12-57 

10-62 

04-78 

-I 
4 332 1 

121 
0 14 4 

I 

*) 1 
(End) 

Fig. 7 . 2 .  Time l i n e  d isplay  by sever i ty  symbols of U.S. F'WR PVTS 
events  v s  r e a l  time. 
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Table 7.5. Reactors  with no WTS events  and precursors  

Vendors and r e a c t o r s  Owners RY s Archi tec t  s- 
Engineers 

Babcock 6 Wilcox 
Arkansas 1 
Tbree Mile I s l a n d  1 

Subtotal  

Arkansas P6L 
Metropol i tan Edison 

Bechtel 
G i l b e r t  

Combustion Engineering 
Maine Yankee 
Pal isade s 

Snbt o t  a1 

Westinghouse 
Far ley  2 
Indian Point 3 
Kewaunee 
Poin t  Beach 1 
Point Beach 2 
P r a i r i e  I s land  1 
P r a i r i e  I s land  2 
Surry 2 
Turkey Point 3 

Sub t o t  a 1 

Tota l  

Maine Yankee 
Consumers 

Alabama P6L 
PASNY 
Wisconsin Publ ic  
Wisconsin E l e c t r i c  
Wisconsin E l e c t r i c  
Northern S t a t e s  
Northern S t a t e s  
Vi rg in ia  E l e c t r i c  
F lor ida  P6L 

S6W 
Bechtel 

Southern 
UE6 C 
Pioneer . '  

Bechtel  
Bechtel 
Fluor Pioneer 
F1 uor Pioneer 
S6W 
Bechtel 

7.42 
4.78 
12.20 
- 

9.15 
10.00 

19.15 

0.61 
5.68 . 
7 .I3 
11.15 
9 A 2  

7.03 
8.81 
9.16 
67.67 

99.02 

8 .as 

- 

Table 7.6. Signi f icant  WTS events  and precursors  by 
owners, vendors, and A-Esa 

Number of 
React o r  Owner Vendor A- E s i g n i f i c a n t  

WTS events  

Arkansas 2 Arkansas P6L C- E Bechtel 2 
Calvert  C l i f f s  2 Bal t imore G6E C- E Bechtel  2 

Ft.  Calhoun 1 Omaha Publ ic  C- E Gibbs 1 
Ginna Rochester G6E W G i l b e r t  1 
Baddam Neck Conn. Yankee Pwr. W SCW 1 
Indian Point 2 Con. Ed. W UECC 2 
McGuire Duke W Du ke 1 
Mills tone 2 NE Nuclear C- E Bechtel 1 

Oconee 1 Duke BLW Duke 1 
Oconee 2 Duke B6W Duke 1 
Oconee 3 Duke BCW Duke 2 
Rancho Seco 1 Sacramento B6W Bechtel 3 
Robinson 2 Carol ina P6L W Ebasco 3 
Salem 2 Publ ic  Serv. 6 Gas W Publ ic  Serv. 6 Gas 1 
San Onofre 1 Southern Cal. Ed. W Bechtel 1 
Surry 1 Virgin ia  Elec. W SSW 1 
St.  Lucie 1 Fla.  P6L C- E Ebasco 1 
Zion 2 Comm. Ed. W S6L 1 

2 Three Mile I s land  2 Met. Ed. B6W Burns 6 Roe 
Tota l  34 

Crys ta l  River 3 Flor ida  Pwr. B6W G i l b e r t  3 

North Anna 1 Virgin ia  Elec. iv S6W 3 

- 

a B6W r e a c t o r s :  12 events  
C-E r e a c t o r s :  7 events  
W r e a c t o r s :  15 events  
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S i m i l a r  q u e s t i o n s  can be r a i s e d  f o r  t h e  o t h e r  r e a c t o r s .  

3 .  The hypo thes i s  t h a t  u t i l i t y  ga ins  more ope ra t ing  exper ience  by having 
many r e a c t o r s  on a s i t e  does no t  appear  t o  be supported by our da ta  
base.  We have c i t e d  above the  c a s e s  w i t h  Arkansas 1 and 2 and Three 
Mile I s l a n d  1 and 2 where t h e  younger r e a c t o r  on t h e  same s i t e  ap- 
peared t o  have more t roub le  i n  o p e r a t i o n  than  t h e  o l d e r  one. Other 
examples inc lude  Ca lve r t  C l i f f s  1 and 2; Cook 1 and 2; Oconee 1, 2 ,  
and 3; Salem 1 and 2; and Zion  1 and 2. Learning exper ience  appears  
t o  e x i s t  a t  Ind ian  Po in t  2 and 3 (a l though they now belong t o  d i f -  
f e r e n t  u t i l i t i e s ) ,  North Anna 1 and 2, and Surry  1 and 2. 

A u t i l i t y  wi th  more than  one s i t e  f o r  PWR p l a n t s  d i d  n o t  n e c e s s a r i l y  
l e a r n  from the  experience of o t h e r  s i t e s  e i t h e r .  Thus, a f t e r  over  20  
yea r s  of experience wi th  the  t h r e e  Oconee r e a c t o r s  (B&W d e s i g n ) ,  Duke 
Power could n o t  avoid  many s t a r t u p  problems w i t h  McGuire (a  W des ign ) ,  
which recorded 4 WTS-like even t s  du r ing  i t s  f i r s t  yea r ,  one of which was 
of s e v e r i t y  4 .  Simi la r ly ,  V i r g i n i a  E l e c t r i c  Power had many WTS-like 
even t s  a t  North Anna 1 and 2 d e s p i t e  i t s  many y e a r s  of experience a t  Sur ry  
1 and 2. 

Our pre l imina ry  hypo thes i s  i s  t h a t  a we l l - t r a ined  crew wi th  c e r t a i n  
degrees  of independence from management p re s su re  may be r e spons ib l e  more 
than  anyth ing  e l s e  f o r  t h e  good c o n s t r u c t i o n  and o p e r a t i o n  of a nuc lea r  
p l a n t .  We probably can po in t  t o  t h e  well-known reco rds  of Po in t  Beach 1 
and 2, P r a i r i e  I s l a n d  1 and 2, and Yankee Rowe. 

7.4 Action of Overator  and Svstems FollowinP I n i t i a t i o n  
of  PVTS-Like Events  

A most important  cons ide ra t ion  fo l lowing  t h e  i n i t i a t i o n  of a WTS- 
l i k e  event  i s  system o r  ope ra to r  ac t ions .  The degree of event  s e v e r i t y  
depends a g r e a t  dea l  on such ac t ions .  There a r e  so many p o s s i b i l i t i e s  and 
y e t  so l i t t l e  experience t h a t  most PRA work on WTS i n e v i t a b l y  has  l a r g e  
bands of u n c e r t a i n t i e s .  The policymaker i s  f aced  w i t h  a d i f f i c u l t  deci-  
s ion :  Should one r e l y  on PRA c a l c u l a t i o n s ,  a l lowing c r e d i t s  f o r  d e t a i l e d  
ope ra to r l sys t em a c t i o n s  or should one s p e c i f y  an upper bound f o r  those 
a c t i o n s  and subsequent ly  make sure  t h a t  a l l  a c t u a l  p o s s i b i l i t i e s  would 
r e s u l t  i n  consequences l e s s  severe  than  those of t he  upper bound? Here we 
should no te  t h a t  i n d u s t r y  r e l i e s  a g r e a t  dea l  on t h e  v e r s a t i l i t y  of t he  
ope ra to r ,  whi le  r e g u l a t o r y  bodies  tend  t o  assume no o p e r a t o r  a c t i o n  u n t i l  
some time a f t e r  event  i n i t i a t i o n .  

have been made t o  e x t r a c t  in format ion  from t h e  34 s i g n i f i c a n t  PVTS even t s  
and p r e c u r s o r s  on t h e  fo l lowing  f o u r  ques t ions :  

With the  p e r s p e c t i v e  desc r ibed  i n  t h e  preceding paragraph,  e f f o r t s  

1. How long d i d  i t  take the  ope ra to r  t o  become aware of t he  i n i t i a t i o n  

2. I f  t h e r e  was a PORV s tuck  open, how long d i d  i t  take  t h e  ope ra to r  t o  

3. Did t h e  RCS main c i r c u l a t i o n  pumps shut  down? 
4. Was t h e r e  r e p r e s s u r i z a t i o n ?  

of a PVTS-like event?  

s u c c e s s f u l l y  c lose  o r  b lock  i t ?  
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Table 7.7 prov ides  a summary of informatioxi r ega rd ing  these  fou r  
q u e s t i o n s  when our 34 s i g n i f i c a n t  even t s  were examined. Table 7.8 i s  a 
d e t a i l e d  l i s t i n g  of the information. 

i s  noted t h a t  the o p e r a t o r s  were aware of an upset  c o n d i t i o n  and took 
c o r r e c t i v e  a c t i o n s  w i t h i n  5 min i n  16 out of 34 cases.  In 24 cases ,  i t  
took them <IO min; i n  25 cases ,  i t  took <15 min; and i n  26 cases ,  i t  took 
(30 min. The information was not c l e a r  on seven cases ,  and i n  one case,  

Regarding t h e  u t i l i t y  of t he  r e a c t o r  o p e r a t o r s  i n  system upse t s ,  i t  

Table 7.7.  Summary of systemloperator  a c t i o n s  fol lowing 
s i g n i f i c a n t  event i n i t i a t i o n  

Time t o  o p e r a t o r  n o t i c e l a c t i o n  

(5 min 
Between 5 and 10 min 
Between 10 and 15 min 
Between 15 and 30 min 
Not c l e a r  
Knew something wrong bu t  wa i t ed  u n t i l  

r e a c t o r  shutdown 
T o t a l  

a Time t o  c o r r e c t  f o r  va lve  f a i l u r e  

(5 min 
Between 5 and 10 min 
Between 10  and 60 min 
Long 
Not c l e a r  
No success  

T o t a l  

Number of c a s e s  

16 
8 
1 
1 
7 
1 

34 
- 

Reactor  coo lan t  system c i r c u l a t i o n  DWURS c o n d i t i o n  

Shutdown (automatic,  manual, o r  a l ready down) 
Not shut down 
Not c l e a r  

14 
12 

8 

Tota l  34 

Reactor coolant  system r e v r e s s u r i z a t i o n  

No 
Ye s 
Not c l e a r  

6 
17 
ii 

T o t a l  34 
- 

a Nine cases  of 34 s i g n i f i c a n t  even t s  involved PORVs. 
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Table 7.8. Listing of systemloperator actions following i n i t i a t i o n  of significant PVTS events 

Time t o  operator Time t o  isolat ion Shutdown RCS Repressurization 
f i r s t  action of fa i led PORV P-PS (by what) Events Sequence 

Severitv 4 
169297 
162919 

160846 
153772 
153164 

152751 
149746 

148767 
148112 
147267 
138830 

137918 

126585 

(148074, 146587) 

(137919, 139931) 

124920 

123150 

09ii2s 
(b96427 1 

088077 
076461 

075613 
I 

167625 

164149 

157130 
157,093 
155359 
146533 

h39563 

120769 
120766 
087016 

085369 

068933 (057478) 
(085370. 087031) 

OF 
EX 

SBLOCA 
OF 
SBLOCA 

BSF 
BSF 

CFILPSI 
OF 
OF 
OF 

ESF 

SBLOCA 

OF 

ESF 

OF 
SBLOCA 

SBLOCA 

BSF 

BSF 
BSF 

BSF 

Bps I 

SBLOCA 

ESF 
BPS I 
EPSI 
mER 
OF 

UlllFRIOF 
OF 
OF 

OF 

BSF 

<7 min 
Observed abnormality 

but waited t i l l  
resctor shutdown 
t o  inspect 

(4 min 
(10 min 
<8 min but wrong 

(10 min 
Less than a few 
minutes 

Not c lear  
(8 min 
(7 min 
Less than a few 

Less than a few 

Less than a few 

act ions 

minutes 

minutes 

minutes 

Less than a few 
minutes 

Not c lear  

(30 min 
Less than a few 

(13 min 
minutes 

<5 min 

Not c lear  
Less than a few 

m inute s 
Not clear  

Less than a few 

<3 min 
minutes 

Not c lear  
(4 min 
<3 min 
Not c lear  
Less than a few 
minutes 

(10 min 
(10 min 
<1 min 

Less than a few 
minutes 

Not c lear  

N / A  
NI A 

(7 m i n  
N/A 
Long 

N I A  
30 min t o  1 h 

NI A 
N/ A 
N I A  
NIA 

(4 min 

N I A  

N I A  

NI A 

N/ A 
Less than a few 

N I A  
minutes 

Less than a few 
m inut e s 

NIA 
Could not 

Not c lear  

Severitv 3 
N/ A 

No Ye s 
No Maintain RCS 

pressure 

Ye s Ye s 
No Yes 
Yes (due t o  No 

Ye s Ye 8 

Not clear  Yes 

N I A  No 
No Ye s 
No Not c lear  
No Yes 

Not clear  Yes (EPSI) 

Yes (due t o  Yes (charging 

vibration) 

pump seal Pump) 
f a i lu re )  

Yes. suto. 

Not c lear  Yes ( a f t e r  a 

Yes, suto. Not c lear  
Not c lear  No 

Yes, due t o  No, 

No Ye s 

Yes, auto. Not c lear  
No No 

Yes. mode 4 Not clear  

Not c l e s r  

long time) 

pump trouble 

Yes, mode 3 

(41 min (pressurizer Yea ( t o  stop 
spray leak) pressurizer 

spray leak;) 
N I A  Not c l e s r  
N I A  No 
N/A No 
N I A  Not clear  
N I A  Not c lear  

N I  A 
N I A  
N I A  

!/A 

No 
No 
Yes, reactor 

Yes, auto 
down 

N I A  Not c lear  

Not c l ea r  

Yea (stopping 
prespuriz e r  
spray leak) 

Not c lear  
Yes ' 

Ye 8 
Not clear  
Not c lear  

Yes 
Yes, a t  pressure 
No 

Not c lear  

Not c lear  



61 

t he  o p e r a t o r s  n o t i c e d  abnormal behavior of the in s t rumen ta t ion  l i n e s  below 
the r e a c t o r  v e s s e l  but decided t h a t  the system was s a f e  t o  operate  u n t i l  
the  scheduled r e a c t o r  shutdown. It was not discovered u n t i l  then t h a t  t he  
r e a c t o r  v e s s e l  was f looded up t o  9 f t  by r i v e r  water  from the outs ide.  

Of the 9 a p p l i c a b l e  cases  when va lves ,  mostly PORVs, f a i l e d ,  the ope- 
r a t o r s  were a b l e  t o  c o r r e c t  f o r  them w i t h i n  5 min f o r  t h r e e  cases ,  10 min 
f o r  fou r  c a s e s  (cumulat ive) ,  and 60 min f o r  s i x  c a s e s  (cumulat ive) .  One 
f a i l u r e  could not  be c o r r e c t e d  f o r ,  one f a i l u r e  took a long time, and t h e  
information f o r  another i s  not c l e a r .  

Normally the c o n t r o l  system is such t h a t  the BCS r e c i r c u l a t i n g  pumps 
au tomat i ca l ly  coast  down upon r e a c t o r  t r i p  and o n s e t  of AFW. These pumps 
can a l s o  be manually overr idden by the ope ra to r  ( i . e . ,  the ope ra to r  can 
maintain a l l  o r  a few of the RCS pumps i n  o p e r a t i o n  o r  can shut a l l  of 
them down). Of the 34 s i g n i f i c a n t  WTS events ,  we observed (1) 14 c a s e s  
w i t h  RCS c i r c u l a t i n g  pumps automatical ly  o r  manually shutdown upon r e a c t o r  
t r i p  o r  remaining i n  shutdown cond i t ion  a t  t he  i n i t i a t i o n  of t he  event; 
(2 )  12 c a s e s  wi th  RCS pumps cont inuing ope ra t ion ;  and ( 3 )  8 cases  t h a t  
were unclear .  

important i n  whether o r  not a c r e d i t  f o r  warm p r e s t r e s s  can be taken i n  
t h e  f r a c t u r e  mechanics a n a l y s i s  of the v e s s e l .  Although the time h i s t o r y  
of such r e p r e s s u r i z a t i o n  i s  e s s e n t i a l ,  we were a b l e  t o  o b t a i n  from the 
data  base only the information on whether o r  not r e p r e s s u r i z a t i o n  ex i s t ed .  
The RCS d i d  ge t  r e p r e s s u r i z e d  i n  17 c a s e s  and d i d  not ge t  r ep res su r i zed  i n  
6 cases ,  while  the information was not c l e a r  i n  the  11 remaining cases.  
With the importance placed oh r e s t o r i n g  system p r e s s u r e  and temperature 
fol lowing a r e l a t i v e l y  minor system upset  (almost a l l  WTS events  and 
p r e c u r s o r s  found i n  t h i s  study a r e  considered minor system u p s e t s ) ,  we 
must assume t h a t  the RCS d id  get  r e p r e s s u r i z e d  i n  the ma jo r i ty  of events  
s e l ec t ed .  

The r e p r e s s u r i z a t i o n  of RCS fol lowing cooldown and p res su re  drop i s  
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Appendix A 

MAPPING OF WTS EVENTS AND PRECURSORS ON 
GENERALJZED EVENT 'IREES 

This appendix contains summaries of WTS events and t h e i r  mapping on 
generalized event t rees  arranged by increasing NSIC access ion numbers. 
The abbreviated NSIC descr ipt ion of these events i s  given i n  Appendix B. 
The r e s u l t s  of t h i s  ana lys i s  are l i s t e d  i n  the t ex t ,  Tables 4.1-4.5. The 
seven generalized event t r e e s  are described i n  Sect .  3 .4 .  
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Reactor 
Trip 

Reac to r :  Connect i c u t  Yankee 
NSIC No.: 051418; 068933 S e v e r i t y  Category :  3 
Event Date:  10 /12/10  Opera t ing  Mode: 1 
L e t t e r  Date:  11 /04/10  Cause Category :  Steam 

121  29/71 c l o s e  

PVTS-Related 
Consequences: 

A FW SG 
Isolation 

dump v a l v e  f a i l e d  t o  
f o l  1 owing a c t u a t i o n .  

cause(s): 

Steam dump v a l v e  
f a i l e d  t o  c l o s e  
f o l l o w i n g  actua- 
t i on .  

Summary of Events : 

1. Mode 1, l O o W  power. 
2 .  Spurious low-flow s i g n a l  caused r e a c t o r  t r i p .  Steam dump v a l v e s  opened; one out of 

3 .  RCS t empera tu re  dropped 43OF i n  9 min. 
4 .  Opera tor  a c t u a t e d  a manual va lve  t o  b lock  t h e  f a i l e d  dump va lve .  

t e n  f a i l e d  t o  c l o s e  due t o  maladjustment of t h e  p o s i t i o n e r  c o i l  s top.  
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A FW HPS' Reactor SG 
Trip Isolation 

Reac to r :  Su r ry  1 
NSIC No.: 075613 
Event Date:  10 /01/72  
L e t t e r  Date:  1 O / l i / 7 2  

PVTS- Related 
Consequences: 

S e v e r i t y  Category: 4 
Opera t ing  Mode : 4 
Cause Category: SG l o s t  w a t e r  and ste'am t o  

conta inment .  

Leak of SG check 
v a l v e  bonnet 
gaske t .  --Ez AT/& ) 100°F/h. 

Summary of Events  : 

1. Mode 4 ,  hot  shutdown. 
2 .  A l e a k  in t h e  SG check v a l v e  bonnet gaske t .  c a u s i n g  a g radua l  d e c r e a s e  i n  t h e  SG 

l e v e l .  The l e a k  caused  a. f low p a t h  from t h e  SG r i n g  back t o  t h e  check  v a l v e .  T h i s  
caused  a wa te r  hammer. 

t a inment .  
High steam flow caused  RCS t o  coo l  down i n  e x c e s s  of  100°F/h. 

3. Water hammer damaged t h e  bonnet g a s k e t  f u r t h e r ,  caus ing  SG wate r  t o  blow down t o  con- 

4 .  
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React o r  : Robinson 2 
NSIC No. : 076461 
Event Date : 11 /05 /72  
L e t t e r  Date:  11/30/72 

S e v e r i t y  Category:  4 
Opera t ing  Mode : 3 
Cause Category: Steam bypass  and dump va lves .  

PVTS-Related 
Consequences: A FW Reactor SG 

Trip Isolation 

MS steam dump and 
bypass  va lves .  

F i r s t  cooldown: 
60°F/5 min. 

cause(s): 

Second: r a p i d  SI 
87 m i t l ,  17,400 ga l  

1 ( e s t i m a t e d ) .  I 

Summary of Events :  

1. k e a c t o r  was brought  down t o  70% power t h e  p rev ious  day f o r  a weekly t u r b i n e  v a l v e  

2. 0103 h, Nov. 5 ,  1972, d i f f i c u l t y  was expe r i enced  i n  t h e  t e s t i n g .  Operator  t r i p p e d  t h e  
t e s t .  

r e a c t o r  manually.  Main steam PORV f a i l e d  open f o r  5 min, r educ ing  RCS t empera tu re  t o  
5090F. (AT = 38OF). B o r a t i o n  took  p l a c e  f o r  2 min. 

3. 0326 h, s t a r t u p  began; T = 547°F and was ma in ta ined  by t h e  main steam PORV and dump 
a" g va lve .  

4. 0333 h , . r e a c t o r  was s u b c r i t i c a l ;  PORV opened but d i d  no t  c l o s e .  After 15  m i n .  there 
was emergency b o r a t i o n  and HPSI went on f o r  1 h 17 min (0506 h ) .  

5 .  T o t a l  AT and t o t a l  amount of HPSI were not  r epor t ed .  Dec i s ion  a t  0430 h t o  b r i n g  
t h e  p l a n t  t o  c o l d  shutdown may r e f l e c t  t h e  f a c t  t h a t  RCS t empera tu re  dropped sub- 
s t a n t  i a1 l y  . 

6. 0900 h, RCS t empera tu re  was 200OF. 
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Reactor 
Trip 

Reactor :  G inna 
NSIC No. : 085369/085370/087031 S e v e r i t y  Category : 3 
Event Date: 10 /31/73  Opera t ing  Mode: Mode 1/1004b 
L e t t e r  Date:  Cause Category:  Inadequate  t r a n s m i s s i o n  capa- 

b i l i t y .  Inadequate  FW shut-  
down c a p a c i t y .  

FW Flow PVTS-Related 
Correction HPSl Consequences: 

n r  1 I 1 

Summary of Events  : 

1. 

2. 
3 .  

4 .  
5 .  
6 .  

7.  
a .  

Mode 1, 1009b power; 114 115 kV out of s e r v i c e  due t o  c o n s t r u c t i o n ;  a u x i l i a r y  power 
provided  from s t a t i o n  swi tchyard  and an  e x t e r n a l  34.5-kV l i n e .  
Second 15 kV t r i p p e d  due t o  a ground f a u l t .  
Power swings caused remain ing  2 t r a n s m i s s i o n  l i n e s  t o  t r i p ;  l o s s  of s t a t i o n  switch-  
yard ,  hence 1 a u x i l i a r y  power source .  The remain ing  a u x i l i a r y  power source  was o v e r  
loaded l e a d i n g  t o  t o t a l  LOOP. 
Turbine  t r i p / r e a c t o r  t r i p .  D iese l  g e n e r a t o r  s t a r t e d .  
AFW s t a r t e d  on low SG l e v e l  and LOOP. RCS t empera tu re  decreased .  
Opera tor  s ecu red  m o t o r d r i v e n  AFW pump from c o n t r o l  room and t u r b i n e - d r i v e n  pump 
l o c a l l y  (due t o  c i r c u i t r y ) .  
SI s t a r t e d  due t o  low RCS p r e s s u r e .  
AT - 85OF/10 min. 
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Reactor FW Flow 
Trip Correction 

Reactor :  San Onofre 1 
NSIC No. : 087016 S e v e r i t y  Category: 3 
Event Date : 101 201 1 3  Opera t ing  Mode: Mode 1 
L e t t e r  Date:  10 /25/13  Cause Category: FW c o n t r o l  valves .  

PVTS-Related 
Consequences: 

Cause(s1: 780F/10 min. 

FW c o n t r o l  
va lves .  

Summary of Events  : 

1. 

2. 

3.  

4. 

5 .  
6 .  
7. 
8. 
9. 

Un i t  was be ing  removed from s e r v i c e  t o  i n v e s t i g a t e  t u r b i n e  problems i n d i c a t e d  by . 
e x c e s s i v e  v i b r a t i o n ;  condenser  s a l t  w a t e r  in - leakage;  SGs were blown down, t r i sod ium 
phosphate  was added t o  m i t i g a t e  s a l t  wa te r ,  bu t  t o  no e f f e c t .  
1 :19  h, t u r b i n e  s t o p  v a l v e  c l o s e d ;  FW c o n t r o l  v a l v e s  a u t o m a t i c a l l y  went t o  80% (T > 
5400F). av 8 

1 :20  h; u n i t  o f f  l i n e ;  T = 5350F and d e c r e a s i n g  r a p i d l y ;  FW on automat ic ;  r e a c t o r  
on au tomat i c ;  e x c i t a t i o n  f i e l d  b r e a k e r  open. 
Reac to r  c o n t r o l  p l a c e d  on manual; CB-2 p u l l e d  t o  i n c r e a s e  T FW c o n t r o l  p l a c e d  i n  
manual. and f low c o n t r o l  v a l v e  c losed .  SG l e v e l  i n c r e a s e d  r a p i d l y ;  p r e s s u r i z e r  l e v e l  

av8  

av g’ 

dec reased  t o  10%. 
Opera to r  c l o s e d  FW b l o c k  v a l v e s .  
1 :21  h, SI i n i t i a t e d ;  r e a c t o r  t r i p p e d ;  l e v e l  h 
1 :29  h, FW pumps secu red ;  v a l v e  c losed .  
1 :35  h, cha rg ing  and letdown f low e s t a b l i s h e d .  
Cold l e g  t empera tu re  dropped from 548 t o  4700F 
p e r a t u r e  94oP. P r e s s u r i z e r  l e v e l  dropped from 

gh i n  a l l  SGs. 

p - 1400 ps ig .  Charging w a t e r  tem- 
20% t o  below surge l i n e .  
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Reactor FW Flow 
Trip Correction HPSl 

React o r  : Oconee 2 
NSIC No. : 088011 
Event Date:  01/04/14 
L e t t e r  Date:  01 /11/14  

PVTS- Related 
Consequences: 

S e v e r i t y  Category: 4 
Opera t ing  Mode: 1 
Cause Category :  High steam use when Sa 

o v e r f i l l e d  and  r e a c t o r  s h u t  
down. 

High steam use 
w h i l e  SGs over- 

r e a c t o r  scram. 

&"/At - 136-1400F/ 
1 h. e 

Summary of Events  : 

1. Mode 1, 15% power. 
2 .  Spur ious  s i g n a l  i n  t h e  230-kV swi t chya rd  b r e a k e r  caused  i s o l a t i o n  of swi t chya rd  and  

3 .  AFW pumps s t a r t e d  and f i l l e d  SGs t o  95% a s  des igned  t o  induce  n a t u r a l  c i r c u l a t i o n  i n  

4 .  Need of steam by a u x i l i a r y  equipment and h i g h  SG l e v e l  caused  e x c e s s i v e  coo ldorn  of 

RCS and FW pumps t r i p .  Reac tor  scrammed. 

RCS . 
RCS ATIAt = 800FI15 min. O v e r a l l  AT of  RCS was 136-14OOP ove r  a p e r i o d  of  1 h. 
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Reactor :  I n d i a n  P o i n t  2 
NSIC No,: 089159 
Event Date: 02/22/14 
L e t t e r  Date:  02/28/74 

CauseW: 

I n a d v e r t e n t  
s i g n a l .  

Summary of Events :  

S e v e r i t y  Category: 1 
Opera t ing  Mode: 6 
Cause Category: I n a d v e r t e n t  s i g n a l  d u r i n g  

maintenance. 

PVTS-Related 

Ap from 150 t o  560 
PSiB. 

1. Mode 6, RER i n  o p e r a t i o n ,  RCS a t  150  p s i g ,  115OF. 
2. T e s t  was be ing  performed i n  PT-Mll (S teaml ine  P r e s s u r e  Analog Channel Function). 
3. An i n a d v e r t e n t  SL s i g n a l  was gene ra t ed ,  causing accumula tor  s t o p  v a l v e s  to open. 

Water flowed i n t o  RCS, caus ing  p r e s s u r e  to i n c r e a s e  from 150 t o  560 ps ig .  
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Reactor FW or AFW C F/ LPS I 
Trip Excessive LP/HP Connect 

React or : Oconee 2 
NSIC No.: 091182 
Event Date: 01/22/14 
Letter Date : 04/30/14 

PVTS-Related 
Consequences: 

Severity Category: 0 
Operating Mode: 2 
Cause Category: BCS pump s e a l  f a i l u r e .  

Summary of Events: 

1 .  Mode 2 ,  routine startup operation. 
2 .  RCS pump 2B2 developed an upper sea l  leakage. 
3 .  No information on LOCA and thermal hydraulics.  
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Reac to r :  Rancho Seco 
NSIC No.: 0964271 091128 
Event Date: 10 /01 /74  
L e t t e r  Date:  10/08.22/14 

S e v e r i t y  Category: 4 
Operat ing Mode: 1 
Cause Category: Excess ive  use of steam w h i l e  

r e a c t o r  was shut  down. 

Isolation 
PVTS- Related 
Consequences: 

cause(s): - I 
Loss of condenser 
vacuum; exces- < 

s i v e  steam use I 
w h i l e  r e a c t o r  
was shutdown. 

- 

m/#/- RCS ATIAt = 1700Fl20 
min. 

Summary of Events  : 

1. 
2.  
3 .  

4 .  

5 .  

6.  

I .  

8 .  

Mode 1, 15% power. 
Condenser vacuum decreased,  and e f f o r t s  t o  r e s t o r e  i t  f a i l e d .  
Condenser bypass  v a l v e s  were c l o s e d  t o  p r o t e c t  condenser.  
dump v a l v e s  were i s o l a t e d  p r e v i o u s l y  f o r  p o s i t i o n e r  adjustments .  Only code r e l i e f  
v a l v e s  were a v a i l a b l e .  Operator  t r i p p e d  r e a c t o r .  
High RCS p r e s s u r e  and t empera tu re  (Ap = 80 p s i ,  AT = 7OF). h igh  steam p r e s s u r e  (1010 
p s i g )  were stemmed Ly t h e  au tomat i c  l i f t i n g  of a code steam r e l i e f  v a l v e  f o r  1 min. 
Continued demand of steam by a u x i l i a r y  loads  caused RCS t o  drop f u r t h e r  t o  1840 p s i g ,  
533OF a t  4.5 min. 
HPSI 1 A  and 1B were s t a r t e d  t o  m a i n t a i n  RCS p r e s s u r e  and p r e s s u r i z e r  l e v e l .  
a u x i l i a r y  b o i l e r  was s t a r t e d  t o  p rov ide  a u x i l i a r y  steam. 
A t  26 min, RCS t empera tu re  was 408OF (AT = 1680F).  A t  40 min, s t a b l e  c o n d i t i o n  was 
achieved,  RCS t empera tu re  was 460°F, p r e s s u r e  was 2155 psig. 
B&W a n a l y s i s  s a y s  t o t a l  AT i s  170°F i n  20 min. 

A l l  s i x  a tmosphe r i c  steam 

An 
Feeding of SG was stopped. 



Reactor :  Z ion  2 
NSIC No. : 100433 
Event Date:  12 /30 /14  
L e t t e r  Date:  03/01/15 

S e v e r i t y  Category :  1 
Opera t ing  Mode: 1182% 
Cause Category: Con t ro l  v a l v e  f a i l e d  d u r i n g  

t e s t .  

Consequences: 

No i n fo rma t ion .  Cause(s1: 

Level c o n t r o l  I - 
v a l v e  f a i l e d  
d u r i n g  t e s t .  

1 

Summary of Events :  

1. 1357 h, Mode 1, 82% power. Level c o n t r o l  v a l v e  f o r  2C SG went c l o s e d  w n i l e  s a f e g u a r d s  

2.  Steam flow mismatch and low SG l e v e l  caused  r e a c t o r  t r i p  (3?$ drop  i n  l e v e l  i n  3(: SO, 

3. Ap between SGs caused  SI .  It was t e r m i n a t e d  i n  <30 s. 

t e s t i n g  was i n  p rogres s .  

8% i n c r e a s e  in l e v e l  i n  o t h e r  t h r e e  SGs).  
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Reactor 
Trip 

Reactor :  Robinson 2 
NSIC No.: 103 07 7 
Event Date:  05/12/75 
L e t t e r  Date:  

FW or AFW CF/LPSI PVTS-Related 
Excessive HPS' LPIHP Connect Consequences: 

S e v e r i t y  Category: 4 
Opera t ing  Mode: Mode 1 / 1 O U %  
Cause Category: RCS pump s e a l  f a i l u r e .  

I 
- 

HPSI, accumulators ,  
RHR; T ( 2000F; p - CauseM: 

Pump s e a l  
f a i l u r e .  

Smamary of Events  : 

1. 

2.  

3 '. 
4 .  

5 .  

6.  
7.  

8 .  

9 .  

Mode 1/1004b power. 
a ted .  Power was reduced t o  36% power; Loop C was i d l e d .  
Rapid shedding of l o a d  caused SG h i g h  l e v e l ,  which l e d  t o  t u r b i n e  t r i p  and r e a c t o r  
t r i p .  
Cool ing t o  3 RCS pumps was l o s t  due t o  f l a s h i n g  i n  pump C s e a l  coo lan t  l i n e .  A l l  
pumps were stopped. 
Loss of coo lan t  through RCS pump C s e a l  caused h i g h  p r e s s u r e  i n  r e a c t o r  cooldown d r a i n  
t a n k  (RCrrr). 
Cool ing t o  RCS pumps was r e s t o r e d  thanks  t o  b lock  va lves .  Pump C was s t a r t e d  w i t h  
i n c r e a s e d  s e a l  flow. 
RCS cooldown was s t a r t e d  u s i n g  condenser  damp. 
Pump C s e a J s  #2 abd #3 f a i l e d .  RCS p r e s s u r e  dropped f a s t .  Pmnp C wes stopped. HPSI 
pumps A, B, and C were s t a r t e d .  P r e s s u r i z e r  l e v e l  s t a b i l i z e d ;  HPSI pump C stopped. 
P r e s s u r i z e r  sp ray  a c t u a t e d  t o  b r i n g  RCS p r e s s u r e  down t o  RER. Accumulators d i scha rged  
and were s topped by i s o l a t i o n  va lves .  
BaB took over .  RCS p r e s s u r e  a t  atm; T ( 2000F; containment t empera tu re  10OoF; 132,500 
g a l  in containment.  I 

RCS pump C had s e a l  problems. Sea l  f low was >6 gpm and f l u c t u -  

Steam dump v a l v e  was used t o  cool  down RCS a l s o .  
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Reactor 
Trip 

Reac to r :  Oconee 3 
NSIC No. : 103892/104941/104981 S e v e r i t y  Category:  4 
Event Date:  06/13/15 Opera t ing  Mode: Mode 1115% 
L e t t e r  Date:  06/21/15 Cause Category:  O p e r a t o r / d e s i g n  e r r o r .  PORV 

s t u c k  open. Continued o p e r a t o r  
e r r o r .  

FW or AFW CFILPSI PVTS-Related 
Excessive HPS' LP/HP Connect Consequences: 

nI 1 I 1 

RCS - 4800F. 720 p s i  
i n  I S  min ( g u e s s ) .  
Cont inned cooldown by 

Operator  e r r o r /  o p e r a t o r  a t  100°F/h.  
d e s i g n  i n  FWIAFW 
c o n t r o l  a t  15% 
power. POW 
s t u c k  open. Op- . - - 
e r a t o r  con t inued  
cooldown. 

Summary of Events :  

1. Mode 1/15% power, on t h e  way t o  shutdown maintenance. 
2.  Not s t a t e d ,  bu t  most l i k e l y  o p e r a t o r  swi t ched  from a u t o  FW c o n t r o l  t o  manual, o r  t o  

AFW manual; r e g u l a t i n g  v a l v e s  may have been c l o s e d  t o o  narrowly,  c a u s i n g  l a c k  of FW 
and RCS p r e s s u r e  i n c r e a s e .  

3. FORV opened but  got s t u c k  open due t o  b o r i c  a c i d  c r y s t a l s .  A s o l e n o i d  o p e r a t o r  
p lunge r  was s t u c k  i n  t h e  open p o s i t i o n .  

4 .  RCS blew down u n t i l  b lock  v a l v e  was a c t u a t e d  t o  i s o l a t e  t h e  PORV. A t  t h a t  t ime ( < 1 5  
min?) RCS T - 4800F. p - 720 p s i .  

5 .  Shutdown con t inued  w i t h  cooldown r a t e  a t  100°F/h.  Assuming t h a t  f i r s t  cooldown t a k i n g  
p l a c e  w e t  1 5  min, t h e  c o o l i n g  r a t e  was -4000F/h. 
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Reactor :  Cook 1 
NSIC No.: 109619 
Event Date: 10/03/15 
L e t t e r  Date: 12/31/15 

S e v e r i t y  Category:  1 
Opera t ing  Mode: 1 
Cause Category:  Spur ious  s i g n a l  c a u s i n g  r e a c t o r  

t r i p .  

Consequences: 

3 min, 900 g a l .  

Spur ious  signal 

Cause(s) : 

c a u s i n g  r e a c t o r  
t r i p  and  auto- 
m a t i c  SI. 

Summary of Events  : 

1. Mode 1. 81% power. 
2. Reactor  p r o t e c t i o n  lights f l a s h e d ;  no cause was l a t e r  found. 
3. Reac tor  and t u r b i n e  t r i p p e d ,  steam l i n e  i s o l a t e d ,  SI on. 
4. A f t e r  a s s u r i n g  t h a t  a l l  c r i t i c a l  p a r a m e t e r s  wera normal, SI was te rmina ted .  
5. 900 g a l ,  3 min of SI; AT = 16OP. 
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Reactor :  Cook 1 
NSIC No.: 112149 
Event Date:  12 /13 /15  
L e t t e r  Date:  03/12/76 

S e v e r i t y  Category :  2 
Opera t ing  Mode: 1, 81% 
Cause Category: T e s t  o p e r a t o r  e r r o r .  

Consequences: 

Cause(s): SI f o r  7 min, 

T e s t  o p e r a t o r  - 2100 
e r r o r .  L 

Summary of Events :  

1. Mode 1, 81% s t e a d y - s t a t e  power. 
2.  Techn ic i an  t e s t e d  a channel  b u t  f a i l e d  t o  inform c o n t r o l  room t o  swi t ch  c o n t r o l  t o  

3 .  Tes t  p rocedure  caused  t h e  steam flow s i g n a l  t o  be removed, hence c a u s i n g  a f a l s e  in- 
standby channel.  

d i c a t i o n  t h a t  steam flow was reduced. T h i s  ‘caused t h e  #2 SG FW r e g u l a t i n g  v a l v e  t o  
c l o s e ,  r e s u l t i n g  i n  r a p i d  dec rease  i n  So l e v e l .  

Turb ine  t r i p  a l s o  caused  h i g h  steam flow v i a  steam dump. 
S I  was a c t u a t e d  due t o  h igh  steam flow, low Tavg. 

f o r e  t e r m i n a t i n g  it. T o t a l  i n j e c t i o n  2100 ga l .  

4 .  Reac tor  t r i p  o c c u r r e d  when SO l e v e l  was a t  25% w h i l e  steam f law was s t i l l  high. 

5 .  
6. Cont ro l  o p e r a t o r  d i d  n o t  b o w  t h e  cause f o r  S I  and a l lowed  it t o  go on f o r  7 min be- 
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old FW 

Reactor: Oconee 3 
NSIC No.: ll6.2,O 
Event Date : 01/13/16 
Letter Date: 01/21/16 

1 

Reactor FW Flow PVTS-Related 
Trip Correction Consequences: 

Severity Category: 0 
Operating Mode: 1 
Cause Category: ICS-caused Ew o s c i l l a t i o n  and 

rod withdrawal. 

Summary of Events: 

1 .  Mode 1 ,  81% power. FW transient  caused reactor power t o  increase t o  103%. 
2 .  Operator put FW i n  manual and corrected the incident.  
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Reactor: Zion 2 
NSIC No.: 117 07 9 
Event Date: 06/20/76 
Letter Date: 08/13/76 

Severity Category: 0 

Cause Category: Waterhammer. 
Operating Mode : 3 

Consequences: 

Cause(s1: 4 7 -  NO information. 

I Waterhammer. 

Summary of Events : 

1. 01:03 h, Mode 1 .  1009b power. Turbine t r i p  caused reactor t r i p .  RCS a t  hot shutdown 

2 .  Waterhammer occurred i n  2C SG, causing high Ap between Ws. 
3 .  SI  cccnrred; operator r e s e t  SI i n  15 s. 

condition. AFW on. 
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Reactor :  Z i o n  2 
NSIC No.: 117080 
Event Date : 05/25/76 
L e t t e r  Date: 08/12/76 

S e v e r i t y  Category:  1 
Opera t ing  Mode: 1 
Cause Category:  Waterhanimer. 

@ r] PVTS-Related 
Terminates Cycles Consequences: 

T Waterhammer. 

Summary of  Events :  

1. 1055 h, Mode 1, 875 MWIW(e) (81%). 2B FW pump t r i p p e d ,  c a u s i n g  r e a c t o r  t r i p .  AFW went 

2. 1129 h, r e a c t o r  i n  Mode 4 .  
3. Waterhammer i n  2C SG, c a u s i n g  Ap between SGs r e s u l t i n g  i n  SI. 
4 .  SI was r e s e t  i n  90 s. 

on a u t o m a t i c a l l y ,  f e e d i n g  about  100 gpm t o  each SG. 
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Reac to r :  Zion 1 
NSIC No. : 111634 
Event Date : 06f 20f 1 6  
L e t t e r  Date:  . 0 8 / 2 1 / 1 6 .  

S e v e r i t y  Category :  1 

Cause Category: Waterhammer. 
Opera t ing  Mode : 2f 2ow 

PORVIRV PVTS-Related 
Terminates Cycles Consequences: 

Cause(s1: None. 

Waterhammer. 

Summary of Events :  

1. 1421 h, Yode 2 ,  20% power. 
2.  Opera tor  a t t empted  t o  p l a c e  f eedwa te t  f low c o n t r o l l e r  from manual t o  au tomat i c .  
3 .  Rapid PW i n c r e a s e  in 1 D  SG caused  a waterhammer. 
4 .  S I  o c c u r r e d  due t o  Ap between SGs. It was r e s e t  i n  20 s. 
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Reac to r :  Cook 1 
NSIC No.: 118247 
Event Date:  06/03/76 
L e t t e r  Date:  09/01/76 

S e v e r i t y  Category:  2 
Opera t ing  Mode: 1 
Cause Category: I n v e r t e r  f a i l u r e .  

Consequences: 

SImax z 3,000 g a l .  

Real Tav p l u s  

Cause(s): 

f a l s e  HS# s i g n a l .  

Sunmary of Events : 

1. Mode 1, 100% power; a l l  au tomat i c ;  a l l  c o n t r o l  rods  i n  excep t  bank D a t  215 s tep .  
2 .  2045 h. i n v e r t e r  CRID-I f o r  v i t a l  bus channel 1 f a i l e d .  Reactor  t r i p  ( each  v i t a l  bus 

3 .  Tavg 
4. F a l s e  h igh  steam flow (due t o  l o s s  of v i t a l  bus)  p l u s  low T caused SI f o r  4 min, 

s u p p l i e s  power t o  t h e  p o s i t i o n  l o g i c  f o r  one of t h e  RCS pump b r e a k e r s ) .  
dropped, 567 t o  547OF. 

av 8 u s i r g  16S°F wate r .  
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Reac to r :  Cook 1 
NSIC No. : 119312 
Event Date:  01/05/16 
L e t t e r  Date:  09/30/16 

S e v e r i t y  Category: 2 

Cause Category: F a u l t y  mas te r  r e l a y  d r i v e r  
Opera t ing  Mode: 3 

ca rd .  

Consequences: 

CauseM: 
Master r e l a y  
d r i v e r  card.  

600 g a l  of SI, 4 min. 

Summary of Events :  

1. Mode 3, hot  standby. 

2. 18:34. SI on sa fegua rd  t r a i n  A; no cause  found excep t  p o s s i b l y  by a f a u l t y  mas te r  

Tavg = 54g°F. p = 2235 p s i g ;  shutdown margin  7.9% Aklk. P re -  
pa red  f o r  power a f t e r  4 d of  ou tage .  

r e l a y  d r i v e r  card.  1 c e n t r i f u g a l  cha rg ing  pump r a n  about 4 min, i n j e c t i n g  600 g a l  of 
16S°F water .  

3. No n o t i c e a b l e  AT i n  h o t  o r  c o l d  l e g s .  
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Reactor FW Flow 
Trip Correction 

Reac to r :  C a l v e r t  C l i f f s  2 
NSIC No.: 120766 S e v e r i t y  Category: 3 

L e t t e r  Date: 12/27/76 Cause Category: FW c o n t r o l .  
Event Date:  12/08/16 Opera t ing  Mode: 2 

PVTS-Related 
Consequences: 

Summary of Events :  

1. Mode 2 ,  be ing  e s c a l a t e d  f o r  power t e s t i n g .  
2. Main t u r b i n e  g e n e r a t o r  was p a r a l l e l e d .  
3. Load was reduced  a t  27 min t o  respond t o  d e c r e a s i n g  T of RCS. 
4. 
5 .  T was r e s t o r e d  t o  >51S0P w i t h i n  10 min. 
6. 

Rapid f e e d i n g  of FW t o  i n c r e a s e d  SG l e v e l  caused  RCS ?vg 

It was de te rmined  t h a t  t h i s  even t  was due t o  ( a )  " s i n g l e  element" mode of SG l e v e l  
c o n t r o l ,  ( b )  s l i g h t  p o s i t i v e  t empera tu re  c o e f f i c i e n t ,  and ( 0 )  l a c k  of  o p e r a t o r  ex- 
p e r i  ence. 

t o  dec rease  t o  503OF. 
av g 

avg 
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Reactor FW Flow 
Trip Correction HPSl 

Ren c t  o r  : C a l r e r t  C l i f f s  2 
N S I C  No. : 120769 S e v e r i t y  Category :  3 

L e t t e r  Date:  12/27/76 Cause Category : Power d e c r e a s e d  which FW d i d  
Event Date :  12/08/16 Opere t i ng Mode : 1 

not  n a t c h ,  

PVTS-Related 
Consequences: 

Cause ( s )  : 

Xenon b u i l d u p  
caused power 
d e c r e a s e  and FW 
mismatch. 

RCS dropped t o  516'F. 

- - 
T T 1 I 
I 

Sumnary of  Events  : 

1. Mode 1, 19% power. Power d e c r e a s e d  due t o  xenon b u i l d u p ,  bu t  d i l u t i o n  of  boron was 

2 .  TeV of RCS d e c r e a s e d  t o  below 10-10 l i m i t .  Steam g e n e r a t o r  l e v e l  a l s o  decreased .  
3 .  
4 .  Feedwater  o v e r f e e d i n g  caused  T t o  d r o p  f u r t h e r  t o  513OF, r e t u r n i n g  t o  51S°F w i t h i n  

5 .  

not p o s s i b l e  due t o  p o s i t i v e  modera tor  c o e f f i c i e n t .  

T u r t i n e  l o a d  w a s  decreased  and T i n c r e a s e d  t o  w i t h i n  l i m i t .  
av g 

av e 
10  min a f t e r  t u r b i n e  l o a d  w a s  decreased .  
A second heavy c y c l e  of o v e r f e e d i n g  caused  t h e  T t o  a g a i n  d e c r e a s e  from 516OF. 

6. Opera tor  manual ly  t r i p p e d  t h e  r e a c t o r .  av g 
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Reac to r :  Z ion  1 
NSIC No.: 120818 
Event Date : 09/25/16  
L e t t e r  Date:  12 /13/16  

S e v e r i t y  Category :  1 

Cause Category :  Waterhammer. 
Opera t ing  Mode : 3 

PORVIRV PVTS-Related 
Terminates Cycles Consequences: 

Summary of Events  : 

1. Reactor  was shut  down fur r e p a i r i n g  hanger on I D  l i n e .  
2 .  1801 €1, feedwater  was in t roduced  i n t o  l i n e  1 D .  A waterhmmer  r e s u l t e d ,  caus ing  h igh  

3. S I  r e s u l t e d .  J t  was r e s e t  i n  2 min. 

I 
Ap between SGs. \ 
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Reactor FW Flow 
Trip Correction 

Reac to r :  Z ion  2 
NSIC No.: 120819 
Event Date:  09/19/16 
L e t t e r  Date:  12/08/16 

PVTS-Related 
Consequences: 

S e v e r i t y  Category: 4 
Opera t ing  Mode: Mode 11309b. 
Cause Category: Opera to r  e r r o r .  FW pump and 

v a l v e s .  

10,000 g a l  S I  w a t e r ,  
maximum. AT - 70°F Cause(s1: 

Switching,  e r r o r  in 30 min. 
r e s u l t i n g ,  i n  l o s s  
of bus. FW pump 
and va lve .  Ope- 
r a t o r  design.  T - - 

Summary of Events :  . 

1. 0032 h, 309b power and i n c r e a s i n g .  
2. 

3. lko RCS pumps t r i p p e d ,  caus ing  r e a c t o r f t u r b i n e  t r i p .  
4 .  

5 .  

A swi t ch ing  e r r o r  occur red  w h i l e  t a k i n g  bus  211 o f f  e q u a l i z i n g  charge .  
ene rg ized .  

Turb ine-dr iven  FW pump d i d  n o t  t r i p ;  bypass  v a l v e  d i d  n o t  c l o s e ;  o v e r f e e d i n g  r e s u l t e d ;  
Ap between SG r e s u l t e d  i n  HPSI. 
Due t o  l o s s  of bus 211, HPSI was a l lowed t o  con t inue  f o r  30 min u n t i l  power was 
r e s t o r e d  and s a f e t y  c o n d i t i o n s  v e r i f i e d .  

Bus 211 de- 

Note: It cou ld  be e s t i m a t e d  t h a t  up t o  10.000 g a l  of S I  w a t e r  was i n j e c t e d ;  AT - 70°F i n  
30 min. This case i s  a b o r d e r l i n e  between C a t e g o r i e s  3 and 4. 
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Reactor :  T r o j a n  
NSIC No.: 1223 85 
Event Date : 101 281 76 
L e t t e r  Date: 02/02/77 

S e v e r i t y  Category: 1 
Opera t ing  Mode: 3 
Cause Category: Chemical a d d i t i o n  t o  SO t oo  

f a s t .  

Consequences: 

Chemical a d d i t i o n  
t o o  f a s t  t o  SG. 

Summary of Events :  

1. 
2. 

3. SI went on adding  100 g a l  of wate r  a t  12% b o r i c  a c i d .  

Reac tor  i n  Mode 3, Tavg ,., 5380F, p - 2235 psig.  
Chemical was be ing  added t o o  f a s t  t o  #4 SG, caus ing  Ap between. SGs because  only  one 
pump was working. 

One RCS pump was i n  o p e r a t i o n .  
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Reac to r :  C r y s t a l  River  3 
NSIC No. : 123 150 
Event Date:  03 /02/11  
L e t t e r  Date:  03 /10/11  

S e v e r i t y  Category :  4 

Cause Category :  Loss of power t o  v i t a l  B bus. 
Opera t ing  Mode: 1 

n r  I I I 1 
PVTS- Related ( HSF ) 1 Reactor Trip 1 Isolation SG 1 AFW I HPSl I Consequences: 

W L  I I I I 

Cause(s): 

Loss of power t o  
v i t a l  B bus. 

RCS cooldown 164OF i n  
1 5  min. - 

Summary of Events : 

1. Mode 1, 40% power. 
2 .  Loss of v i t a l  a c  power bus B (due t o  i n v e r t e r  f a i l u r e )  caused  l o s s  of i n v e r t e r  B v i t a l  

3 .  ICs caused  r e a c t o r  t r i p ,  t u r b i n e  t r i p ,  and a tmosphe r i c  steam dump v a l v e  t o  open 50%. 
4 .  MHV pumps t r i p p e d  due t o  l o s s  of vacuum. AFW pumps f e d  SGs. 
5 .  RCS cooldown r a t e  was 164OF i n  15 min. 

bus. 
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Reac to r :  Z ion  2 
NSIC No.: 123778 
Event Date : 12/21/76  
L e t t e r  Date:  03/11/77 

S e v e r i t y  Category :  1 
Opera t ing  Mode : 1175% 
Cause Category: Cont ro l .  

Consequences: 

Mismatch of s e t  L a - .  ' 

pump and steam 
flow when r e a c t o r  
t r i p s .  

I 

Summary of Events :  

1. Mode 1, 75% power. Monthly t e s t  was performed on t h e  BIT i s o l a t i o n  va lves .  The BIT 
was s t r o k e d  but  f a i l e d  t o  c l o s e ;  o u t l e t  v a l v e  a l s o  leaked.  Hence b o r a t e d  wa te r  en- 
t e r e d  RCS. T dec reased  r a p i d l y  t o  540°F due t o  r e a c t o r  power dec rease .  

2. 0002 h, t h e  r e a c t o r  was t r i p p e d  manually.  S e t p o i n t  of steam flow dropped automati-  
c a l l y  t o  40%, caus ing  normal steam flow t o  be high. T h i s  i n  c o n j u n c t i o n  w i t h  low T 
caused  SI. 

av g 

av g 

3 .  SI was r e s e t  in 90 s. 
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Reactor F'JV Flow HPS, 
Trip Correction 

Reactor :  C r y s t a l  River 3 
NSIC No.: 124920 
Event Date: 04 /16/11  
L e t t e r  Date: 04 /21/11  

PVTS-Related 
Consequences: 

S e v e r i t y  Category :  4 
Opera t ing  Mode: 3 
Cause Category: Con t ro l  of FW s t a r t u p  va lves .  

no t  t o  f u l l y  

Summary of Events :  

1. Mode 3 ,  power 0%. shutdown t e s t  from o u t s i d e  c o n t r o l  room. 
2.  P r e s s u r e  t r a n s m i t t e r  was ou t  of c a l i b r a t i o n ,  caus ing  s t a r t u p  FW v a l v e s  ( W - 3 9  and 40) 

3. 
4 .  RCS cooldown was a t  101OP/20 min. 
5 .  

n o t  t o  c l o s e  f u l l y .  FW pump d i s c h a r g e s  could  n o t  be reduced. 
SGs were o v e r f i l l e d  and d ra ined ;  a tmosphe r i c  steam dump v a l v e s  were opened. 

Procedures  were r e v i s e d  t o  t r i p  t h e  f eedwa te r  pump when a p p r o p r i a t e .  
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Reactor 
l r i p  

Reac to r :  I n d i a n  Po in t  2 
NSIC No. : 126 585 S e v e r i t y  Category :  4 

L e t t e r  Date: 07/22/77 Cause Category: RCS pump s e a l  f a i l u r e .  
Event Date : 071 021 77 Opera t ing  Mode : 2 

FW or AFW C F/ LPSl PVTS- Related 
Excessive HPSl LP/HP Connect Consequences: 

- 1  I I 1 1 

Cause(s): 

Pump s e a l  
f a i  1 or e. 90,000 g a l  of blow- 

down; cooldown r a t e  
exceeded l i m i t  f o r  
1.3 h. 

Summary of Events :  

1. Mode 2, 2% power, be ing  s t a r t e d  up. 
2. RCS pump 23 i n d i c a t e d  s e a l  f a i l u r e ;  p r e s s u r i z e r  l e v e l  decreased .  
3. A second cha rg ing  pump was a c t u a t e d  t o  compensate f o r  t h e  l e v e l  dec rease .  
4. RCS pump 23 and r e a c t o r  were t r i p p e d .  
5 .  Cooldown limits were exceeded by 5OF f o r  1.3 h (e.g. ,  140°F/80 min) i n  e x p e d i t i o u s  

6. 
t r a n s f e r  t o  mode 3. 
T o t a l  l eakage  t o  c o n t a i n a e n t  90.000 g a l ;  maximum l e a k  r a t e  w n s  75 gpm. 
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Reactor  : Beaver Va l l ey  1 
flSIC No.: 134324 
Event Gate:  01 /02/78  
L e t t e r  Date:  02/03/18 

S e v e r i t y  Category:  1 
Opera t ing  Mode: 1 
Cause Category:  Opera tor  e r r o r .  

PORV/RV PVTS-Related 
Terminates Cycles Consequences: 

T Operator  e r r o r .  

Summary of Events  : 

1. 23:45 h, Mode 1. Output f requency  of No. 4 i n v e r t e r  was o s c i l l a t i n g .  Th i s  v i t a l  bus 
was t r a n s f e r r e d  t o  a u x i l i a r y  power supply.  But t h e  t r a n s f e r  was done o u t  of uhase  and 
t h e  supply breaker  t r i p .  No. 4 v i t a l  bus was t h e r e f o r e  deenerg ized .  

t r i p .  
2 .  23:46 h, No. 4 v i t a l  bus was t r a n s f e r r e d  back t o  No. 4 i n v e r t e r .  l % i s  caused  r e a c t o r  

3 .  F a l s e  low-low T and f a l s e  h igh  steam f low caused  SI. 
4. Opera tor  r e s e t  K ~ I .  

av 
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Reac to r :  Beaver Va l l ey  1 
NSIC No.: 137296 
Event Date : 01/24/18 
L e t t e r  Date:  03/28/78 

S e v e r i t y  Category:  1 
Opera t ing  Mode: 3 
Cause Category:  High steam flov;. Cold  Am. 

Leaky p r e s s u r i z e r  spray. 
Opera to r  e r r o r  ( 7 ) .  

Terminates Cycles Consequences: 

High steam f low.  
Leaky p r  e s s u r i  z e r  
sp ray .  

Summary of Events  : 

1. 0348 h, Mode 1. Reactor  t r i p  due t o  t u r b i n e  t r i p .  AFW s t a r t e d  on  low-low SC; l e v e l s .  
2 .  Operator  d i d  n o t  i s o l a t e  steam t o  t h e  MSRs immediately a f t e r  r e a c t o r  t r i p .  C o l d  AW 

3. SI r e s u l t e d .  
and a l e a k y  p r e s s u r i z e r  s p r a y  v a l v e  a l s o  caused RCS t empera tu re  t o  drop. 

(Why do we expect  t h e  o p e r a t o r  t o  i s o l a t e  steam t o  t h e  MSRs r i g h t  a f t e r  r e a c t o r  t r i p ? )  
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A FW Reactor SG 
Trip Isolation 

Reac to r :  Three Mile I s l a n d  2 
NSIC No. : 131918/137919/139931 S e v e r i t y  Category :  4 
Event Date:  04/23/18 Opera t ing  Mode: Mode 1130% 
L e t t e r  Date:  05/08/18 ( r e p o r t  d a t e )  Cause Category :  Main steam r e l i e f  v a l v e s .  

PVTS-Related 
Consequences: 

I I I I 

(from 30% due t o  n o i s e  s p i k e )  
W '  

cause(s): 

2 112 min AT = 119OFI3 min. 
AT = 1490Fl4-6 min. 
HPSI was enough t o  
r e  s t o r e  p r e s s u r i z e r  
l e v e l  w i t h i n  2 min. 

Summary of Events  : 

1. 
2 .  
3 .  
4 .  
5 .  

6 .  

I .  
8 .  

9 .  

1651 h, Mode 1,  30% power, o p e r a t i n g  on 3 RCS pumps (RCP2A n o t  working) .  
Noise sp iked  i n  N18 power range  d e t e c t o r  r e s u l t i n g  i n  r e a c t o r  t r i p  and t u r b i n e  t r i p .  
S I  a c t u a t e d  a t  1652 h. 
Very r a p i d  p r e s s u r e  i n c r e a s e  i n  B SG; r a t h e r  r a p i d  p r e s s u r e  i n c r e a s e  in A SG. 
4 r e l i e f  v a l v e s  on B SG and 1 on A SG l i f t e d .  They d i d  n o t  r e s e a t  u n t i l  2 t o  4 min. 
When a l l  v a l v e s  were r e s e a t e d ,  t h e  SG p r e s s u r e  was between 550 and 600 ps ig .  
Opera tor  cu t  back on FW, shut  down t h e  le tdown i s o l a t i o n  va lve ,  s t a r t e d  a second 
makeup pump, opened h igh-pressure  i n j e c t i o n  v a l v e s  on t h e  s i d e  of t h e  o p e r a t i n g  makeup 
pumps. Feed pump speed  was i n  manual and was n o t  r u n  back  u n t i l  1 min 20 s. 
RCS ATIAt = 119OFI3 min. 
IW i s o l a t e d  a t  2 .5  min.; some r e l i e f  v a l v e s  on B SG r e s e a t e d .  Turb ine  bypass  v a l v e  
c losed .  T o t a l  ATIAt = 134OF. 
1653 h. RCS p r e s s u r e  r ecove red  thanks  t o  SI. 
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Reactor 
Trip 

Reactor :  Rancho Seco 
NSIC No.: 138830 
Event Date:  03/20/78 
L e t t e r  Date:  03/31/78 

FW Flow PVTS-Related 
Correction Consequences: 

& v e r i t y  Category: 4 
Opera t ing  Mode: Mode 1/109b 
Cause Category: Con t ro l ,  o p e r a t o r  e r r o r .  

n r  -l 

Cause ( s ) : 

Loss of NNI. AFW 
overfeed.-  Opera- 595 t o  285OF i n  1 h. 
t o r  e r r o r .  (310°F/h) ;  RCS a t  - - 

1 1 h igh  p r e s s u r e .  

Summary of Events  : 

1. 
2. 

3. 

4 .  
5 .  

6.  

7 .  

8 .  
9 .  

1 0 .  
11. 

Mode 1, 709b power, T = 582OF. 
A t  about 0425 h, w h i l e  changing a l i g h t  b u l b  on t h e  pane l ,  o p e r a t o r  dropped t h e  bu lb  
o n t o  t h e  l i g h t  assembly. Shor t  c i r c u i t .  
P r o t e c t i o n  system f o r  dc power got  a c t u a t e d ,  c u t t i n g  o f f  ac  power t o  a l l  NNI-Y dc 
power s u p p l i e s .  Two-thirds of NNI s i g n a l s  were l o s t  (p ,  T, l e v e l ,  f low, e t c . ) .  
Erroneous s i g n a l s  were provided t o  ICs. 
Due t o  f a u l t y  s i g n a l s ,  ICs reduced FW t o  z e r o ,  withdrew r e a c t o r  c o n t r o l  rods  t o  103%. 
RCS p r e s s u r e  inc reased ;  r e a c t o r  t r i p  a t  0425 h; p r e s s u r i z e r  code s a f e t y  va lve  l i f t e d  
(2500 p s i g ) ;  RCS p r e s s u r e  decayed t o  2000 p s i  i n  9 min. 
AFW s t a r t e d  on l o s s  of Fw but AFW v a l v e  remained c l o s e d  due t o  e r roneous  s i g n a l s  from 
SG l e v e l s .  
Both SG went dry (even SG B i n d i c a t e d  f u l l ) .  AFW v a l v e  opened thanks  t o  l e v e l  of 
SG A. Rapid cooldown s t a r t e d .  Operator  may have a l s o  i n c r e a s e d  t h e  flow of main FW. 
EPSI on when p < 1600 p s i .  
Both SG were f i l l e d .  Operator  d i d  no t  b e l i e v e  T i n d i c a t o r .  Be ma in ta ined  RCS 
p r e s s u r e  w i t h  HPSI, u s i n g  p r e s s u r i z e r  l e v e l  and p r e s s u r e  i n d i c a t i o n s .  
A t  0535 h (70 m i d ,  T = 285OF. 
When power was r e s t o r e d  t o  NNI-Y, o p e r a t o r  used p r e s s u r i z e r  sp ray  t o  reduce RCS 
p r e s s u r e ,  d r a i n e d  SG, kep t  RCS running t o  i n c r e a s e  RCS temperature .  

av g 

av g 

8 V  8 
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Reactor FW Flow 
Trip Correction 

R e s c t o r :  S t .  Lucie  1 
NSIC No.: 13 95 63 
Event Date : 05/30/  I 8  
L e t t e r  Date: 06 /28/78  

PVTS-Related 
Consequences: 

S e v e r i t y  Category:  3 
Opera t ing  Mode : Mode 113% 
Cause Category:  O p e r a t o r / t e s t  e r r o r .  Valve 

d a t a  inadequate .  

Cau se(s) : 

T e s t  e r r o r :  
i n a  dv e r  t e n t  
opening of a FW 
bypass  v a l v e  
under t e s t  . 

1 
I 

Summary of Events :  

1. Mode 1, l o w  power (3%);  feedwater  c o n t r o l  system under t e s t .  
2 .  A 15% lW bypass  c o n t r o l  v a l v e  was i n a d v e r t e n t l y  opened f u l l y ,  c a u s i n g  e x c e s s i v e  f low 

3 .  RCS T dropped t o  514°F. which was 1 F  below a c t i o n  by s p e c i f i c a t i o n .  
4 .  Reac tor  was t r i p p e d  manual ly .  

i n  1 A  SG. 

av g 
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Reactor: Cook 2 
NSIC No.: 142027 
Event Date: 12/06/78 
Letter Date: 12/20/78 

(No event t r e e )  

Severity Category: 0 
Operating Mode: 1 
Cause Category: Feedwater heater and contro l .  

Summary of Events: 

1 .  Mode 1 ,  100% power. 
2 .  Trouble a t  S A  high-pressure heater l e v e l  control .  W control became unstable.  ' ' 

3 .  10% power reduction was performed. While decreasing turbine load, RCS temperature 
exceeded 576OF for 20 min. 

C 
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Reactor FW Flow 
Trip Correction ""I 

Reac to r :  Salem 1 
NSIC No.: 1423 81 
Event Date:  01/30/18 
L e t t e r  Date:  02/24/18 

PVTS-Related 
Consequences: 

S e v e r i t y  Category :  0 
1 

Cause Category: Manual t o  a u t o  t r a n s f e r  caused  
mismatch t o  pump speed  w i t h  
demand. 

Opes a t  i n g  Mode : 

mismatch w i t h  
demand. 

Ap = 55 p s i .  

Summary of Events  : 

1. Mode 1, 22% power. 
2. 0045 h, No. 11 SG f e e d  pump was t r a n s f e r r e d  from manual t o  a u t o ,  b u t  o p e r a t o r  f a i l e d  

3. SG l e v e l  f l u c t u a t e d ;  RCS p r e s s u r e  dropped t o  2165 from 2220 p s i a ,  v i o l a t i n g  t e c h  spec. 
4. Recovery w i t h i n  4 min. 

. .  

t o  match pump speed t o  mas te r  demand. 
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Reactor :  Z ion  1 
NSIC No.: 142480 
Event Date: 09/14/18 
L e t t e r  Date: 12/11/78 

S e v e r i t y  Category:  1 
Opera t ing  Mode: 3 
Cause Category:  Waterhammer. 

@ r l  PVTS-Related 
Terminates Cycles Consequences: 

No obvious 

consequence. 
Cause(s) : 

Waterhammer. 

Summary of Events  : 

1. 0817 h, Mode 1, 63% power. Turbine t r i p  c a u s i n g  r e a c t o r  t r i p .  
2. Three AFW pumps s t a r t e d ,  f e e d i n g  150 gpm t o  each  SG. 
3. 0829 h, waterhammer happened; t h e  o r i g i n  was n o t  known t o  be a t  t h e  feedwater  r i n g s  o r  

4. SI was a c t u a t e d  due t o  h i g h  Ap between SGs. 
in t h e  t u r b i n e  b u i l d i n g .  
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Reac to r :  Cook 2 
NSIC No. : 142621 
Event Date:  1 2 / 0 6 / 1 8  
L e t t e r  Date:  1 2 / 2 0 / 7 8  

(No everit t r e e )  

Summary of Events  : 

S e v e r i t y  Category:  0 
Oper a t  i ng Mode : 1 
Cause Category:  FW l e v e l  c o n t r o l .  

1. Mode 1, 100% power. 
2 .  T roub le  a t  5-A high-pressure h e a t e r  l e v e l  c o n t r o l .  FW c o n t r o l  became u n s t a b l e .  
3 .  10% power r e d u c t i o n  was performed. While d e c r e a s i n g  t u r b i n e  l o a d ,  RCS t empera tu re  

exceeded 516OF f o r  20 min. 
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Reactor 
Trip 

Reactor :  Salem 1 
NSIC No.: 143496 
Event Date: 08/04/18 
L e t t e r  Date: 08/29/78 

1 

FW Flow PVTS- Related 
Correction "" Consequences: 

S e v e r i t y  Category:  2 
Opera t ing  Mode: Mode 1114% 
Cause Category:  FW pump i n c r e a s e d  speed when 

put on automat ic .  

Causeh): 

speed when put  on 
a u t  0 .  

pump i n c r e a s e d  1 

AT - 519-543 = 360F. 

p s i .  A t  - 2 min. 
*p - 2250-2184 = 66 

Summary of Events  : 

1. 0205 h. Mode 1, 14% power, o p e r a t o r  put  No. 12 SG f e e d  pump i n t o  au tomat ic .  
2. h p  speed i n c r e a s e d  r a p i d l y ,  d e c r e a s i n g  RCS T t o  543OF. 
3. AT - 5190F - 543OF = 360F. T h i s  i s  t h e  f o u r t h  occurrence  of t h i s  type ,  (See 

11-3 6 I 03 L, 11-51 1 03 L, 11-6 01 03 L. 

av g 
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Reactor FW Flow 
Cold FW Trip Correction 

Reac to r :  Davis-Besse 1 
NSIC No.: 1453 64 
Event 'Da te :  04/29/78 
L e t t e r  Date:  07/28/78 

PVTS-Related 
Consequences: 

S e v e r i t y  Category :  2 
Opera t ing  Mode: Mode 1120% 
Cause Category: Opera tor  e r r o r .  FW v a l v e  

opened t o o  wide.  

Cause ( s ) : 

Opera tor  e r r o r  
when system on 3 
pumps o u t  of 4 .  

RCS p ,.. 1620 Psigo 
BpSI - 2 min, one 
pump. 

Summary of Events  : 

1. Uni t  i n  p r o c e s s  of  s h u t t i n g  down f o r  maintenance; 20% power. 
2. Opera tor  t r a n s f e r r e d  t h e  s e n s i t i v e  FW c o n t r o l  from f low c o n t r o l  t o  l e v e l  c o n t r o l  for 

3. 
SG #l, caus ing  s t a r t u p  v a l v e  t o  open t o o  wide. 
RCS p r e s s u r e  dropped t o  1620 p s i g ;  HPSI was s t a r t e d ,  b u t  on ly  one pump worked ( t h e  
o t h e r  was t aken  o u t  of s e r v i c e  f o r  maintenance. EPSI was s h u t  o f f  in 9 min; pumped 
on ly  2 min. 
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Reactor 
Trip 

Reactor  : Oconee 1 
NSIC No.: 146533 S e v e r i t y  Category:  3 

L e t t e r  Date: 01 /15/19  Cause Category:  ICs f u n c t i o n  upon s h o r t  i n  a 
Event Date: 1 2 / 1 4 / 1 8  Opera t ing  Mode: 1 

l i n e ;  FW va lves .  

HPSI FW Flow 
Correction 

Cause(s1: 

ICs f u n c t i o n  due 
t o  s h o r t .  FW 
va lves .  

I I 

PVTS-Related 
Consequences: 

SG b o i l e d  dry,  then  
o v e r f i l l e d .  Ap - 
700-800 p s i .  

Summary of Events :  

1. 
2. 

3. 

4 .  

5 .  
6.  
I .  

8. 
9.  

1 0 .  

Mode 1, 98% power; T s t a t a l a r m  was e r r a t i c .  
Doting an  i n v e s t i g a t i o n ,  a s h o r t  occu r red  on t h e  power cord  f e e d i n g  ICs T re- 
corder .  An er roneous  T drop of 13OF r e s u l t e d .  av 
ICs withdrew c o n t r o l  r o d  40 m a i n t a i n  Tavg. Reac tor  t r i p  on h igh  p, h igh  T a t  

Both main FW pumps t r i p p e d  on h igh  d i scha rge  p r e s s u r e .  AFW pumps s t a r t e d  t h e n  
s topped  when main FW pumps r e s e t  and r e s t a r t e d .  
16 :38  h, SG B l e v e l  dropped from 110 t o  6 in.  SG A l e v e l  dropped from 110 t o  0 in. 
AFW pumps s t a r t e d  t o  f e e d  SO B. 
16:41 h, l e v e l  i n  SG A r e t u r n e d  t o  normal, Sa B t o  3 5  in. ,  t hen  t o  0 again .  Th i s  was 
p o s s i b l y  due to m a l f u n c t i o n  of feedwater  v a l v e s .  
16:49 h, SG B was r e f i l l e d  up t o  AFW header.  RCS dropped t o  1500 p s i .  
HPSI occurred .  
P o s t i n c i d e n t  a n a l y s i s  i n d i c a t e d  t h i s  was due t o  FW v a l v e s  i n a b i l i t y  t o  m a i n t a i n  cor- 
r e c t  PPI flaw. 

av B 
avg 

16:36 h. av B 
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Reactor FW Flow 
Trip Correction ""I 

Reactor :  Rancho Seco 
NSIC No.: 141261 
Event Date: 01/05/19 
L e t t e r  Date: 01/19,26/19 

PVTS- Related 
Consequences: 

S e v e r i t y  Category:  4 
Opera t ing  Mode : 1 
Cause Category:  Maintenance e r r o r .  

Summary of Events  : 

1. 
2. 

3. 
4. 

5 .  

6. 
I. 
8. 
9. 

Mode 1, 100% power, T = 582OF. 
A t e c h n i c i a n  per forming  a m o d i f i c a t i o n  i n  t h e  ICS al lowed a w i r e  connected t o  a t e r -  
minal  i n  t h e  ICs panel  t o  swing f r e e ;  225 V CD power supply was shor ted .  
ICs AC supply  b r e a k e r s  were t r i p p e d  a u t o m a t i c a l l y  a s  designed.  
Loss  of ICs l o g i c  r a n  feedwater  v a l v e s  back t o  50% p o s i t i o n ;  BCS p r e s s u r e  i n c r e a s e d  
t o  2355 p s i g .  
Reac tor  t r i p  a t  0.16 s. FW now i s  t o o  l a r g e  f o r  t h e  power; RCS p r e s s u r e  dropped t o  
1900 psig in IO s. 
2 min 53 S. RCS p r e s s u r e  dropped t o  1600 p s i g .  HPSI was a c t u a t e d .  
5 min, FW cont inued ,  augmented f u r t h e r  by AFW. T o t a l  flow 2.2 x lo6 l b l h .  
I min, b o t h  main FW pumps were t r i p p e d  by o p e r a t o r ;  o n l y  AFW remained. 
RCS tempera ture  dropped t o  430OF. (AT = 152OF.I 

av g 
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Rector  
Trip 

Reactor :  Three Mile I s l a n d  2 
NSIC No. : 1480 80 S e v e r i t y  Category:  2 
Event Date: 12/02/78 Opera t ing  Mode: Mode 1122% 
L e t t e r  Date: 02/28/79 Cause Category:  Opera tor  e r r o r .  

FW Flow PVTS-Related 
Correction HPSl Consequences: 

n r  I I 1 

RCS ( 1700 psi. Cause ( s ) : 

FW r e g u l a t i n g  
v a l v e  p inned  open + 

due t o  ins t rument  
and o p e r a t o r  
e r r o r .  1 

HPSI f o r  2.5 min. 

- - 

I 

Summary of Events  : 

1. Mode 1, 22% power, T = 5840F ( h i g h e r  than  normal due t o  Fw h e a t e r s  be ing  p l a c e d  i n  

2. 
3. S t a r t u p  v a l v e  a t  80% open; r e g u l a t i n g  v a l v e  f u l l y  open but  Ap i n d i c a t e d  0. Opera tor  

4. Rapid RCS cooldown. 
5. Opera tor  s topped  le tdown f low,  s t a r t e d  a second makeup pump, reduced Fw pump speed, 

av g s e r v i c e ) .  
Opera tor  switched f r?  s t a r t u p  t o  r e g u l a t i n g  FW valves .  

i n c r e a s e d  FW pump speed. 
Reac tor  t r i p  on low RCS p r e s s u r e ;  HPSI went on (2.5 min).  

and c l o s e d  main FW b l o c k  v a l v e s .  
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Reactor 
Trip 

Reactor :  F o r t  Calhoun 1 
NSIC No. : 148112 S e v e r i t y  Category:  4 
Event Date:  04/17/74 Opera t ing  Mode: Mode 1f9OW 
L e t t e r  Date:  06/26/15 Cause Category: FW v a l v e  s t u c k  open. 

FW Flow PVTS-Related 
Correction Consequences: 

n r  I I I 

g a l .  RCS 544 t o  
4500F i n  19 min 

Summary of Even t s :  

1. 

2 .  

3 .  

4 .  

5 .  

6 .  
7 .  

8 .  

9 .  
10.  

11. 

A t  18:50 h, an FW r e g u l a t i n g  c o n t r o l  va lve  f a i l e d  open ( l a t e r  found due t o  a f r a c -  
t u r e d  a i r  l i n e  t o  t h e  upper s i d e  of v a l v e  a c t u a t o r ) ;  l e v e l  i n  same SG was h i g h  (RA 
a). 
Operator  cannot c l o s e  t h e  v a l v e  from c o n t r o l  room. Local o p e r a t o r  c l o s e d  i t  manu- 
a l l y ,  bu t  only p a r t i a l l y .  
RC-2A feed f low dropped t o  z e r o  ( b e l i e v e d  due t o  c l o s u r e  of check v a l v e  and Ap - 
200 p s i ) .  No p r e s s u r e  drop a c r o s s  RC-2B, bu t  f eed f low f l u c t u a t e d  2 2  x 10' lb /h .  
T i n c r e a s e d  t o  544 from 5340F; power dropped t o  75%. Opera to r  opened t u r b i n e  con- 
t r o l  va lve  t o  c o n t r o l  Tc (18:58 h ) .  
Seeing BC2A l e v e l  dec reased ,  o p e r a t o r  opened FW va lve .  but  t h i s  was no t  enough; 
r e a c t o r  t r i p  on low SG l e v e l .  
P r e s s u r e  in p r e s s u r i z e r  dropped; FW t o  R C Z B  reduced a u t o m a t i c a l l y  by va lve .  
FW t o  R C 2 A  cont inued.  Opera to r  c o u l d n ' t  c l o s e  i s o l a t i o n  v a l v e  from c o n t r o l  room; 
on-si te  o p e r a t o r  c l o s e d  i t  p a r t  way. 
19:17 h, RCS t empera tu re  - 450OF. p r e s s u r e  - 1550 p s i ;  CIAS a c t u a t e d ;  FW flow reduced 
t o  0.9  x lo6 l b / h  12  min a f t e r  r e a c t o r  t r i p .  
25 min a f t e r  r e a c t o r  t r i p ,  o p e r a t o r  shut  o f f  FW pump. 
19:25 h ( 3 5  min) ,  SI was stopped. It can  be e s t i m a t e d  t h a t  SI  w a t e r  was 4500 g a l  
maximum. 
I n s p e c t i o n  i n d i c a t e d  l eakage  i n  RC2A v a l v e  g a s k e t s  and s e a l s  of RCS pumps. Compo- 
nent c o o l i n g  wa te r  was l o s t  f o r  45 min. 

C 
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Reac to r :  Mi l l s tone  2 
NSIC No.: 148766 
Event Date:  03 /14 /19  
L e t t e r  Date:  04/12/19 

S e v e r i t y  Category :  0 
Opera t ing  Mode : 5 
Cause Category: RCS f l o o d i n g  a c t u a t i o n .  

Cause(s): 

Flooding  RCS fo l -  
lowing l i s t  of 
LPSI. 

PVTS-Related 

Summary of Events  : 

1. Mode 5 .  SG pr imary  s i d e  manways open. RCS on shutdown coo l ing  w i t h  RCS l e v e l  a t  h o t  

2 .  h e  t o  LPSI s u c t i o n  a i r  b ind ing ,  shutdown c o o l i n g  was l o s t .  P a r t i a l  flow was accom- 
RCS h e a t i n g  t o  208OF, r e s u l t i n g  i n  e n t r y  

l e g  c e n t e r  l i n e .  

p l i s h e d  by flow d r i p  of t h e  RCS from RWST. 
t o  Mode 4 .  

shut .  
3 .  Compliance w i t h  a l l  Mode 4 t e c h  specs  was v e r i f i e d ,  and conta inment  purge v a l v e s  r e r e  
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R e a c t o r :  M i l l s t o n e  2 
NSIC No.: 148767 
Event Date : 03/14/19 
L e t t e r  Date:  04/13/19 

S e v e r i t y  Category:  4 
O p e r a t i n g  Mode: 5 
Cause Category:  Opera tor  e r r o r .  

PVTS-Related 

em Temperatures  were Cause(s1: 

Operotor e r r o r .  I a s  l o w  a s  70°F a t  
v e r y  l o w  p r e s s u r e  
(approximate ly  
a tmospher ic ) .  

Summary of Events  : 

1. The r e a c t o r  was i n  c o l d  shutdown (Mode 5 ) ,  a t  a tmospher ic  p r e s s u r e .  An LPSI pump 

2 .  Operator  added water  t o  t h e  RCS from t h e  RWST, making t h e  RCS tempera ture  swing from 
tr ippe  d. 

200 t o  700F and t h e n  to 1760F. T h i s  exceeded t h e  t e c h  spec cooldown l i m i t .  
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Reac to r :  Z ion  1 
NSIC No.: 149716 
Event Date: 03/02/79 
L e t t e r  Date:  06/01/79 

S e v e r i t y  Category:  1 

Cause Category:  S e t p o i a t  and  steam f low 
Opera t ing  Mode: 1/100% 

conf 1 i c t  s : 

PORVIRV PVTS-Related 
Terminates Cycles Consequences: 

Cause(s) : S I  f o r  about  2 mia. 

S e t p o i n t  and  
steam f low 
c o n f l i c t .  

Summary of Event s : 

1. 0820 h, Mode 1, f u l l  power. 
2. Low steam p r e s s u r e  b i s t a b l e s  t r i p p e d  f o r  I M  s u r v e i l l a n c e .  1B Ew pump dropped o f f  due 

t o  c i r c u i t  ma l func t ion .  
3. 0821 h, I D  SG i n d i c a t e d  low l e v e l ,  h igh  FW flow. These s i g n a l s  caused r e a c t o r  t r i p .  
4 .  Steam f low s e t p o i n t  a u t o m a t i c a l l y  dropped t o  40%. b u t  a c t u a l  flow remained h igh  f o r  a 

5. 0823 h, SI s topped  by ope ra to r .  
6. 0853 h, 5 waterhammers due t o  AFW inf low.  Some containment  i s o l a t i o n  v a l v e s  d i d  no t  

wh i l e .  T h i s  h i g h  steam f low i n  t h e  f a c e  of low s e t p o i n t  caused  HPSI. 

c l o s e  . 
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HPS, AFW Reactor SG 
Trip Isolation 

Reac to r :  Arkansas 2 
NSIC No.: 149146/148014/146581 S e v e r i t y  Category: 4 
Event Date: 1 2 / 2 1 / 1 8  Opera t ing  Mode: Mode 1 
L e t t e r  Date: 01 /25/19  Cause Category: S tuck  open steam r e l i e f  v a l v e .  

PVTS-Related 
Consequences: 

cause(s): Mainsteam r e T - 7 7  

va lve .  

B 
I%/’////////////////////////////////////// ATlAt = 10I0P /52  min. 1 ~ - :ln,1 knformation. 

Heatup - 100°F/30 

T 

Sumnary of Events :  

1. Mode 1 (no i n f o r m a t i o n  on power). 
2 .  During a main t u r b i n e  r o l l ,  t he  main steam dump v a l v e  f a i l e d  t o  open. Main steam 

3. RCS ATJAt = 1010Fl52 min. 
4 .  A f t e r  more t h a n  1 h, t h e  r e l i e f  v a l v e  was r e s e a t e d  and  RCS T was r e p o r t e d  t o  54S°F 

5 .  No i n f o r m a t i o n  on SI. 

r e l i e f  v a l v e  l i f t e d ,  b u t  f a i l e d  t o  r e s e a t .  

av 8 w i t h i n  30 min. 
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Reac to r :  Arkansas 2 
NSIC No.: 1503 94 
Event Date: 0 6 / 0 3 / 1 9  
L e t t e r  Date: 0 6 / 2 0 / 1 9  

S e v e r i t y  Category: 0 
Opera t ing  Mode: 3 
Cause Category: 

(No even t  t r e e )  

Slrmmary of Events  : 

1. Mode 3 .  Epw c o n t r o l  v a l v e  from an e l e c t r i c  EFW pump t o  t h e  B SG would not respond t o  
MS i s o l a t i o n  v a l v e  s i g n a l  and would n o t  s t r o k e  shut .  A redundant  v a l v e  o p e r a t e d  a s  
r e q u i r e d .  
It was found o u t  l a t e r  t h a t  t h e  c o s t  and t r i p p e r  ba r  was o u t  of ad jus tment .  2 .  
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Reac to r :  Calver  t C1 i f  f s 1 
NSIC No, i 150131 
Event Date : 011 06 /19  
L e t t e r  Date: 01 /19/79  

S e v e r i t y  Category :  0 
Opera t ing  Mode: 5 
Cause Category :  Valve f a i l u r e .  

(No e v e n t  t r e e )  

Swnraary of Events  : 

1. Reactor  i n  Mode 5 ,  RCS a t  260 p s i .  
2 .  0920 h, o p e r a t o r  t e s t e d  PORV a f t e r  m o d i f i c a t i o n  d u r i n g  outage .  RC-402-ERC f a i l e d  t o  

f u l l y  c l o s e  a f t e r  l i f t i n g .  RCS p r e s s u r e  dec reased  from 260 t o  220 p s i a .  The 
redundant  v a l v e  o p e r a t e d  a s  r e q u i r e d .  

3 .  15:40 h, t h e  ERV was a d j u s t e d ,  t e s t e d ,  and pu t  back  t o  s e r v i c e .  
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HPSl AFW Reactor SG 
Trip Isolation 

Reactor :  North Anna 1 
NSIC No. : 152751 
Event Date: 09/25/79 
L e t t e r  Date : 10109179 

PVTS- Related 
Consequences: 

S e v e r i t y  Category:  4 
Opera t ing  Mode: Mode 1178% 
Cause Category:  Steam dump v a l v e  f a i l e d  t o  

open . 

(by t u r b i n e  t r i p )  RCS pumps s topped 

Steam dump v a l v e  
f a i l e d  t o  r e s e a t .  I 
I I I 

L I 

S I  5 min w i t h  2 pumps 
+ 13 min w i t h  1 pump. 
RCS r e p r e s s u r i z e d  t o  
2335 p s i .  ATIAt = 
1000Fl16 min. 

Summary of Events  : 

1. 

2. 
3.  

4 .  

5 .  

6. 

0544 h, Mode 1. 78% power. A tube  r u p t u r e  i n s i d e  t h e  5B d r a i n  c o o l e r  caused t h e  , 

c o o l e r  dump v a l v e  t o  c y c l e .  
0609 h. t u r b i n e  t r i p  due t o  h i g h  l e v e l  i n  t h e  5B feedwater  h e a t e r ;  r e a c t o r  t r i p p e d .  
MS dump v a l v e  opened t o  reduce  RCS tempera ture  t o  547OF but  f a i l e d  t o  c l o s e  when t h a t  
p o i n t  was reached.  Opera tor  l a t e r  i s o l a t e d  i t  by c l o s i n g  t h e  MS t r i p  v a l v e s .  
Due t o  h i g h  steam f low,  BCS t empera ture  and p r e s s u r e  decreased  ( l a t e r  found t o  be 
lOOOF in 16 min). SI was a c t u a t e d  a t  0614 h. 
RCS pumps were manually t r i p p e d  by o p e r a t o r .  RCS p r e s s u r e  began t o  i n o r e a s e .  One 
of two S I  pumps was secured  a t  0619 h. A t  0600 h, PORV of t h e  p r e s s u r i z e r  began 
t o  c y c l e  a t  m a i n t a i n e d  p r e s s u r e  a t  2335 p s i g  un t i l  normal feed  and b l e e d  was es tab-  
l i s h e d .  
Fol lowing t h e  above event ,  cont inued  o p e r a t i o n  of an SI pump and t h e  r o u t i n g  of 
le tdown coolant  and t h e  m i s s i n g  of a f l a n g e  i n  t h e  noble  gas  v e n t  l i n e  caused 
r a d i o a c t i v e  g a s  t o  be r e l e a s e d  t o  t h e  a u x i l i a r y  b u i l d i n g .  
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Reactor  : Oconee 3 
NSIC No.: 152983 
Event Date:  10/19/19 
L e t t e r  Date:  11/16/19 

S e v e r i t y  Category :  1 
Opera t ing  Mode: 6 
Cause Category: T e s t i n g  e r r o r .  

Consequences: 

Ap = 360 p s i .  Cause(s): = T e s t i n g  e r r o r .  

Summary of Events  : 

1. 1800 h, Mode 5, 308 p i g ,  200OF. 
2. During t e s t  of motor of t he  HPI cross-connect i s o l a t i o n  v a l v e  ( t o  RCS l o o p  A), t h e  

3. Makeup flow was i n j e c t e d  t o  RCS, i n c r e a s i n g  t h e  p r e s s u r e  t o  360 p s i g  i n  <1 min. 
4 .  Ons i t e  o p e r a t o r  r e o l o s e d  t h e  v a l v e  manually.  

v a l v e  was i n a d v e r t e n t l y  opened. 
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Reactor 

Reac to r :  Three Mile I s l a n d  2 
NSIC No. : 153164 S e v e r i t y  Category :  4 
Event Date:  03 /28/19  Opera t ing  Mode: Mode 1199% 
L e t t e r  Date: 03 /28 /79  Cause Category : Valves lde  s i gn lope r  a t o r .  

CF/ LPSl PVTS- Related 
Excessive LP/HP Connect Consequences: 

FW or AFW 
n r  1 i 

Cause(s): 

WBV s t u c k  open. 
Opera tor  e r r o r s .  ///A 
Design e r r o r s .  Core m e l t  due t o  l a c k  

of coo l ing  wa te r .  

due t o  inadequacy of 
design.  

- R a d i o a c t i v i t y  r e l e a s e  

Summary of Events  : 

1. Mode 1, 99% power. 
2 .  A condensa te  pump t r i p  l e d  t o  EW pump t r i p s ,  t u r b i n e  t r i p ,  and r e a c t o r  t r i p .  
3 .  
4 .  AFW was b locked  by t h r e e  improper ly  c l o s e d  AFW va lves .  They were manually opened 

5 .  EPSI went on a t  low RCS p r e s s u r e .  But a t  10-12 min, o p e r a t o r  t h r o t t l e d  HPSI due t o  

6 .  

RCS p r e s s u r e  caused  PORV t o  open.,  It was s t u c k  open. 

8 min a f t e r  t u r b i n e  t r i p .  

e r roneous  l e v e l  i n d i c a t i o n s  i n  p r e s s u r i z e r .  
Core m e l t  and r a d i o a c t i v i t y  l e a k e d  t o  t h e  a u x i l i a r y  b u i l d i n g  due t o  inadequacy of 
de s ign.  
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Reactor: Indian Point 2 
NSIC N o . :  153683 . Severity Category: 0 

Letter Date: 12/01/19 Cause Category: Valve f a i l u r e .  
Event Date: 11/09/79 Operating Mode: 1 

(No event t r e e )  

Summary of Events : 

1 .  Mode 1 .  
2 .  Blowdown from No. 2 4  SG was being terminated, but the i s o l a t i o n  v a l v e  PCV-1217 would 

3 .  The redundant va lve  operated a s  required. 
not c l o s e .  
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Reactor 
Trip 

Reactor :  F a r l e y  1 
risIc NO. : 153713 
Event Date: 12/02/79 
L e t t e r  Date: 01/02/80 

PVTS-Related 
""I Consequences: 

AFW SG 
Isolation 

S e v e r i t y  Category:  2 
Opera t ing  Mode: 112, 1% power 
Cause Category:  Atmospheric steam dump valve.  

Cause(s): 

Atmospheric s t  e m  
dump v a l v e  f a i l e d  
open. 

RCS temper a t  u r  e 

f o r  a s h o r t  time. 

dropped to  5310F 

Summary of Events :  

1. Mode 1, 1% power, t r a n s i t i o n  t o  Mode 2 with  secondary s i d e  steam l o a d  be ing  secured .  
2. Atmospheric steam dump v a l v e  f a i l e d  t o  c l o s e  due t o  a broken p o s i t i o n i n g  arm. 
3. RCS tempera ture  dropped t o  531°F (below t h e  10-10 l e v e l  of 5410F). 
4. Opera tor  immediately i s o l a t e d  t h e  dump v a l v e  and RCS tempera ture  r o s e  a g a i n  t o  above 

541OF. 
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Reactor 
Trip 

Reactor :  Oconee 3 
NSIC No. : 153772 
Event Date: 11110/79 
L e t t e r  Date:  11123,30/19 

FW Flow PVTS-Related 
Correction ""I Consequences: 

S e v e r i t y  Category :  4 
Opera t ing  Mode: Mode 119% 
Cause Category: ICs; o p e r a t o r  e r r o r ;  s t u c k  

bypass  v a l v e .  

n r  I 1 I 

Cause(s): 
Contro l  ( I C s ) .  
Opera tor  e r r o r .  A l l  3 HPSI P ~ P S  

,Bypass  v a l v e  worked b e f o r e  over- 
f e e d i n g  and e x c e s s i v e  
steam flow. 51O0F, 
2200 p s i  t o ? ,  1700 
p s i  due t o  AFW and 
HPSI. From ?F t o  
4200F due t o  o v e r  
f e e d i n g  and e x c e s s i v e  
steam flow. 

s t u c k  open a t  
50%. 

Summary of Events  : 

1. 

2.  
3.  

4 .  
5 .  

6.  

7 .  

8 .  

9 .  

10.  

A t  15:16 h, r e a c t o r  a t  99% power, s p u r i o u s  l o w  condenser  h o t w e l l  l e v e l  t r i p p e d  hot- 
w e l l  pumps, condensa te  b o o s t e r  pumps, r e s u l t i n g  i n  low FW f low and r e a c t o r  runback  a t  
75%. 
Reac tor  t r i p  due t o  h i g h  RCS p r e s s u r e .  
15:16 h + 20 s. power t o  I C s  l o s t  due t o  blown f u s e s  i n  K I  i n v e r t e r .  Auto t r a n s f e r  
t o  r e g u l a t e d  AC supply  f a i l e d .  
15:16 h + 2.5 min, manual t r a n s f e r  t o  r e g u l a t e d  AC supply.  
Due t o  I C s  power l o s s ,  bo th  FW pump t r i p p e d ,  and a number of i n d i c a t o r s  of pr imary  
and secondary  c o n d i t i o n s  were l o s t .  AFW s t a r t e d  by steam-driven and motor-driven 
pumps; RCS wide-range p r e s s u r e  i n d i c a t o r  worked. 
HPSI C was s t a r t e d  manually;  HPSI A had been o p e r a t i n g  b e f o r e  t r a n s i e n t .  HPSI B had 
been s t a r t e d  a u t o m a t i c a l l y  due t o  l o w  RCS pump s e a l  flow. 
When ICs power was r e s t o r e d ,  RCS p r e s s u r e  was 1700 p s i ;  p r e s s u r i z e r  l e v e l  20 i n .  and 
i n c r e a s i n g .  
15:16 h + 1 0  min BWP and CBP were r e s t a r t e d ;  l e v e l  i n  SG B i n c r e a s e d  a b r u p t l y ;  RCS 
cooldown from 532 t o  4200F. 
Turb ine  bypass  v a l v e  opened a t  SO%, was c l o s e d  manually b u t  remained open f o r  t h e  
next  20 min. 
18:OO h, ho t  shutdown c o n d i t i o n  e s t a b l i s h e d ;  normal cooldown fo l lowed.  
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Reac to r :  Beaver Va l l ey  1, F i r s t  S I  
NSIC No.: 154291 S e v e r i t y  Category:  2 

L e t t e r  Date: 12/19/19 Cause Category:  Inve r  t a r  f a i l u r e .  
Event Date: 09120119 Opera t ing  Mode: ? 

nI I 1 I t 

PVTS- Related 
Consequences: 

Trip 1 Isolation SG 1 AFW I HPSl 1 
I I I .  I 

(Event 1) 
Cause(s): 

Condenser steam 
dump opened due 
t o  i n v e r t e r  
f a i l u r e .  

Summary of Events  : 

Event 1 Bigh Steam Flow 

1. 0502 h, No.'4 v i t a l  bus i n v e r t e r  f a i l e d .  T h i s  bus was a u t o m a t i c a l l y  t r a n s f e r r e d  t o  

2. Condenser steam dump v a l v e  opened. T h i s  l e d  t o  h i g h  steam f low,  low steam p r e s s u r e .  
3. Reactor  t r i p p e d .  S I  was a c t u a t e d .  
4 .  Operator  v e r i f i e d  t h a t  S I  was i n a d v e r t e n t  and r e s e t  i t .  ( T h i s  was t w e l f t h  o p e r a t i o n a l  

SI, second p r e o p e r a t i o n a l  SI). 

a u x i l  i a r y  power supply.  
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Reac to r :  Beaver Va l l ey  1, Second S I  
NSIC No.: 154291 S e v e r i t y  Category: 2 

L e t t e r  Date:  12/19/19 Cause Category :  Opera to r  e r r o r .  
Event Date : 09/20/19 Opera t ing  Mode: 3 

Consequences: 

CauseM: No consequence. 
Ina  dv e r  t e n t  
s i g n a l s  due t o  
o p e r a t o r  e r r o r .  

Summary of Events  : 

Event 2 Spur ious  SI 

1. P l a n t  was i n  Mode 3 ,  RCS tempera ture  .. 543OF. 
2. 1108 h, v i t a l  bus #4 i n v e r t e r  was t r a n s f e r r e d  from i ts  a u x i l i a r y  power t o  t h e  

3 .  High steam flow s i g n a l  p l u s  low-low tempera tu re  s i g n a l  caused  SI. 
i n v e r t e r .  But t h i s  i n v e r t e r  was n o t  o p e r a b l e  ( o p e r a t o r  e r r o r ! ) .  
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Reactor: Connecticut Yankee 
NSIC No. : 154451 Sever i ty  Category: 0 

Letter Date: 02/12/80 Cause Category: Spurious s i g n a l .  
Event Date: 02/04/80 Operating Mode : 1 

- 1  1 I I I 
PVTS-Related 
Consequences: SG 1 AFW 1 HPSl 1 ( HSF ) 1 REFr I Isolation 

W '  I 1 I I 

MOV s . 

Ap = 2016 - 1992, 
= 24 p s i .  

Summary of  Events: 

. 1. Reactor a t  Mode 1 ,  10m power. 
2 .  Spurious s igna l s  opened PORV and MOVs. 
3 .  Operator arrested  incident i n  2 min. RCS pressure dropped from 2016 t o  1992 p s i g .  
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Reactor FW Flow 
Cold FW Trip Correction 

Reactor :  Cook 2 
NSIC No. : 154690 
Event Date : 011 191 80 
L e t t e r  Date: 02l06180 

PVTS- R elated 
Consequences: 

S e v e r i t y  Category:  2 
O p e r a t i n g  Mode : Mode lflok 
Cause Category:  FW pump c o n t r o l  manually upon 

changeover  from AFW. 

Cause(s): 

Change from AFW 
t o  FW on s t a r t u p .  AT .., 40F. 

Ap - 80 p s i .  

I I 

Summary of Events  : 

1. Reactor  a t  104b power and i n c r e a s i n g .  
2.  Change AFW t o  FW manual ly;  t o  r e c o v e r  a n  SG l e v e l ,  t o o  much feedwater  was f e d  i n a d v e t  

3. RCS T d e c r e a s e d  t o  539OF (perhaps  from 570°F), t o  2170 p s i g  (perhaps  from 2250 p s i g ) .  
4. Reactor  t r i p  and t u r b i n e  t r i p .  

t e n t l y .  
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Reactor :  T r o j a n  
NSIC No.: 154141 
Event Date:  09/06/19 
L e t t e r  Date: 12/03/19 

S e v e r i t y  Category:  1 
Opera t ing  Mode : 211.5% 
Cause Category:  F a u l t y  procedures .  

Consequences: 

Cause(s1: .................................. No consequence. = F a u l t y  procedure.  

Summary of Events :  

'1. Reactor  be ing  s t a r t e d  up (Mode 2 ) .  1.5% power. 
2. While t r o u b l e s h o o t i n g ' a  t u r b i n e  g e n e r a t o r  c o n t r o l  c i r c u i t ,  the backup a c c e l e r a t i o n  

3. Main steam c o n t r o l  v a l v e  went wide open. 
4 .  High steam flow. low steam p r e s s u r e  caused  SI. 

a m p l i f i e r  c a r d  was p u l l e d  o u t  of t h e  r a c k  due t o  f a u l t y  G.E. procedure.  
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SBLOCA Reactor 
Trip 

Reac to r :  C a l v e r t  C l i f f s  1 
NSIC No.: 154890 
Event Date:  01/29/w) 
L e t t e r  Date: 02/12/80 

FW or AFW CF/LPSI PVTS-Related 
Excessive HPSl LPIHP Connect Consequences: 

S e v e r i t y  Category:  1 
Opera t ing  Mode: 5 
Cause Category:  Maintenance e r r o r .  

Summary of Even t s  : 

1. 11:45 h, Mode 5 ,  258 p s i a .  A t e c h n i c i a n  conducted maintenance of p r e s s u r e  t r a n s m i t t e r  
PT-103-1 when t h e  bonnet  was unscrewed. A s p u r i o u s  h igh -p res su re  s i g n a l  r e s u l t e d .  

2. The RCS was a t  t h a t  t ime be ing  used t o  f l u s h  t h e  co re ;  PORV opened. 
3. Opera to r  s t a r t e d  a l l  cha rg ing  pumps, t u rned  on a l l  p r e s s u r i z e r  h e a t e r s  and s topped  t h e  

4.  RCS p r e s s u r e  dropped t o  169 p s i a  a t  11:48 h when PORV w a s  shu t  by going t o  o v e r r i d e .  
5 .  Throughout t h e  i n c i d e n t .  t he  shutdown c o o l i n g  of 6000 gpm remained i n  o p e r a t i o n .  

two o p e r a t i n g  RCS pumps. 
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R e a c t o r :  North Anna 1 
NSIC No.: 1553 59 
Event Date:  02/23/80 
L e t t e r  Date:  03/07/80 

S e v e r i t y  Category:  3 
Opera t ing  Mode: 1 
Cause Category:  Operator  e r r o r .  

Consequences: 

3 SI pumps f o r  3 min. 
1 SI pump f o r  another  
12 min. Maximum 6600 
g a l ;  AT - 41.2OF. 

Cause (s ) : 

Summary of Events  : 

1. 19:12 h, Mode 1. Metal n o i s e  was d e t e c t e d  i n  steam g e n e r a t o r s .  
2. Operator  opened n o n r e t u r n  v a l v e  NRCMSlOlC t o  allow Westinghouse t o  c o l l e c t  no i se  

3 .  As t h e  same v a l v e s  in o t b e r  SGs were c losed ,  Ap e x i s t e d  between SGs, rnd t h i s  caused 

4. 19:15 h, SI s i g n a l s  were r e s e t ,  2 SI pumps were secured.  The remaining SI p m ~  con- 

da t a .  

SI a s  designed.  

t i n u e d  f o r  15 min. AT i n  c o l d  l e g  B was 41.2OF. P r e s s u r i z e r  l e v e l  i nc reased  frnm IC 
to 59%. 

5. Our a n a l y s i s  i n d i c a t e d  t h a t  up t o  6600 g a l  of SI wate r  was i n j e c t e d .  
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HPSl AFW Reactor SG 
Trip Isolation 

Reac to r :  Turkey P o i n t  4 
NSIC No.: 155451 S e v e r i t y  Category :  1 
Event Date: 02 /15/80  Opera t ing  Mode: Mode 4 
L e t t e r  Date:  03/17/80 Cause Category :  MS r e l i e f  v a l v e  ( 1 )  s t u c k  open 

f o r  a s h o r t  t ime. 

PVTS-Related 
Consequences: 

cause(s): 

MS r e 1  i e f  v a l v e  
s t u c k  open. 

No SI;  system t aken  
t o  c o l d  shutdown. 
Re1 i e f  v a l v e  
r e s e n t e d .  

- 
1 

Summary of Events  : 

1. Reactor  a t  h o t  shutdown. The 4C steam g e n e r a t o r  feedwater  c o n t r o l  v a l v e  was b e i n g  

2 .  A r a p i d  change in steam gene ra to r  l e v e l  occu r red .  
3 .  Main steam r e l i e f  v a l v e  RV-1410 l i f t e d  and  d i d  n o t  f u l l y  r e s e a t  due t o  b i n d i n g  between 

4 .  S t e p s  were t aken  t o  b r i n g  t h e  r e a c t o r  t o  c o l d  shutdown. During t h i s  pe r iod ,  mainte- 

t e s t e d .  

t h e  l i f t i n g  gear  and t h e  r e l e a s e  nut.  

nance pe r sonne l  r e s e n t e d  t h e  va lve .  
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R e a c t o r :  Surry 1 
NSIC No.: 156951 
Event Date:  04/26/80 
L e t t e r  Date: 04/30/80 

S e v e r i t y  Category:  0 

Cause Category:  
Opera t ing  Mode: 5 

Opera tor  e r r o r  and f a u l t y  
r e l a y .  

Cause(s): 

SI l o c k e d  i n  due 
t o  o p e r a t o r  e r r o r  
and f a u l t y  r e l a y .  

PVTS-Related 

4 SI when RCS a t  , 

a tmospher ic  p r e s s u r e .  

Summary of Events:  

1. Cold shutdown w i t h  w a t e r  i n  RCS p a r t i a l l y  dra ined .  Containment not  i s o l a t e d .  
2. Valve was cycled.  
3. G r a v i t y  flow from RWST happened. 
4.  On Apr. 30, 1980,  a t  0218 h, e l e c t r i c i a n  worked on r e l a y  racks ;  s p u r i o u s  SI i n  t r a i n  A 

5. 0511 h, water  from RWST was gravi ty- f lowing  i n t o  RCS through BIT because of t h e  
happened and could  n o t  be s topped.  

opening of a MOV due t o  "locked-in" s a f e t y  i n j e c t i o n  s i g n a l .  
power. 

accumul a t o r s .  

Stopped by c u t t i n g  o f f  

6. 0920 h. c o n t r o l  room o p e r a t o r  r e s t o r e d  power t o  t h e  MOV. Rapid f l o o d i n g  by 

B accumulator  p r e s s u r e  600 p s i  -120  p s i .  
A accumulator  p r e s s u r e  600 p s i  -380 p s i .  
RCS p r e s s u r e  i n c r e a s e d  atmosphere - 80 ps ig .  

7 .  1007 h. e f f o r t s  t o  c l o s e  MOV on A accumulator  caused  v a l v e  t o  p a r t i a l l y  open and S I  
a g a i n  i n t o  RCS. 
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Reac to r :  Su r ry  1 
NSIC No.: 156952 
Event Date: 04 /26/80  - 04/30/80 
L e t t e r  Date:  05/22/80 

S e v e r i t y  Category :  1 
Opera t ing  Mode: 6 
Cause Category: SI s i g n a l  g o t  "locked in." 

PVTS-Related 

Cause(s) : None. 

Locked-in SI s ig -  
n a l  p l u s  v a r i o u s  
main tenance  mea- 
su res .  

Summary of Events :  

A p r i l  26  
1. Mode 5 wi th  RCS system p a r t i a l l y  d ra ined .  
2 .  Valve was cycled,  a l lowing  wa te r  from RWST t o  f low by g r a v i t y  i n t o  RCS, i n c r e a s i n g  RCS 

boron c o n c e n t r a t i o n  from 2567 t o  3217 ppm. 

A p r i l  30 
1. 0218  h, an e l e c t r i c i a n  working i n  t h e  r e l a y  r a c k s  caused  a t r a i n  A SI s i g n a l .  T h i s  

2 .  0511 h, i t  was d i scove red  t h a t  t he  RWST was g r a v i t p d r a i n i n g  t o  t h e  RCS v i a  t h e  BIT 

3 .  RCS boron c o n c e n t r a t i o n  was d i l u t e d  from 3090 t o  2926 ppm. 

s i g n a l  would n o t  r e s e t .  

due t o  a v a l v e  locked  open. 

A w i l  20 
1. 0920 h, accumulator motor o p e r a t e d  v a l v e s  were checked. 
2 .  Power was a c t u a t e d  t o  t h e  v a l v e s  w h i l e  SI s i g n a l  was s t i l l  locked  in .  
3 .  Water from A@ accumula to r s  e n t e r e d  RCS. RCS p r e s s u r e  i n c r e a s e d  from atmosphere t o  

80 p s i .  

A u r i l  30 
1. 10:07  h, an 

accumulator 
2 .  MOV opened, 

e l e c t r i c i a n  i n s t a l l e d  a jumper i n  t h e  MOV power supply  b r e a k e r  of t h e  A 
MOV . 
caus ing  ano the r  d i s c h a r g e  of t h e  accumula tor  wa te r  t o  t h e  RCS. 
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Reactor  : North Anna 1 
NSIC No.: 157093 
Event Date:  04/03/80 
L e t t e r  Date : 041161 80 

S e v e r i t y  Category: 3 
Opera t ing  Mode: 1 
Cause Category :  Main steam t r i p  va lve .  

PO RVIR V PVTS-Related 
Terminates Cycles Consequences: 

SI f o r  10 min, up 
t o  10.000 g a l .  
12OF/15 min i n  ho t  
l e g .  Maybe more 
t h a n  100OF/15 min 
i n  annulus .  

f a i l e d  c losed .  

Cause(s): 

Summary of Events : 

1. 23:14 h, Mode 1, 100% power. A p e r i o d i c  p a r t - s t r o k e  t e s t i n g  of main steam t r i p  v a l v e  

2 .  Eigh steam flow p u l l e d  down v a l v e  d i s c  t h e n  t r i p p e d  v a l v e  c l o s e d  due t o  r e d u c t i o n  i n  
lV-MS-1O1A was performed. 

a i r  c y l i n d e r  p r e s s u r e .  A p a r t i a l  des ign  e r r o r  i n  t h e  v a l v e  c o n t r o l  c i r c u i t  was be- 
l i eved  r e s p o n s i b l  e. 

3 .  E igh  steam flow and low steam l i n e  p r e s s u r e  caused  SI. This  went on f o r  1 0  min. Tem-. 
p e r a t n r e  dropped 72OF i n  h o t  l e g  d u r i n g  t h e  f i r s t  1 5  min. 

4 .  We analyzed  t h a t  up t o  10,000 g a l  of SI wate r  may have been i n j e c t e d ,  and t h a t  tem- 
p e r a t u r e  i n  annulus  may have dropped more than  100°F d u r i n g  t h e  f i r s t  1 5  min. Reac tor  
t r i p  was assumed. 
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Reac to r :  Arkansas  2 
NSIC No.: 157130 
Event Date:  01/29/80 
L e t t e r  Date:  ' 05/13/80 

S e v e r i t y  Category: 3 

Cause Category :  MS dump v a l v e  f a i l e d  open. 
Opera t ing  Mode : 3 

P r e s s u r i z e r  sp ray  f a i l e d  open. 

nr 1 1 I 1 

PVTS-Related 
Consequences: I SG I AFW I HPSl I Isolation ( HSF ) I Reactor Trip 

I 1 - 
(on t u r b i n e  t r i p )  

W '  

cause(s): 

Steam dump v a l v e  
d i d  n o t  f u l l y  
c l o s e  on demand. 

T(CS - 1350 psis HPSI. 
P r e s s u r i z e r  sp ray  AT - 

T T - 77OF. 
I I 

Summary of Events  : 

1. During a 100% t u r b i n e  t r i p  t e s t ,  r e a c t o r  t r i p p e d  a s  designed; p r e s s u r i z e r  s p r a y  
(2CV-4651) opened b u t  d i d  n o t  f u l l y  c l o s e  on demand; steam dump and  bypass  v a l v e  
(2CV-0301) opened b u t  d i d  n o t  f u l l y  c l o s e  on demand. 

2 .  RCS p r e s s u r e  dropped t o  1350 p s i a  (Ap = 900 p s i ) ;  t h e r e  was on ly  57OF s a t u r a t i o n  
margin (AT - 77OF). 
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Reactor  : North Anna 1 
NSIC No.: 158645 S e v e r i t y  Category: 2 

L e t t e r  Date:  06/04/80 Cause Category: Loss of v i t a l  bus. 
Event Date: 05/23/80 Opera t ing  Mode: 3 

Consequences: 

Loss of v i t a l  
bus. 

Summary of Events :  

1. 0415 h, ho t  standby. Loss of v i t a l  bus 1-111 due t o  s t a r t  of RCS pump when o t h e r s  
were a l s o  running ,  caus ing  a l o s s  of  v o l t a g e  and r e j e c t i o n  of 1J d i e s e l ;  2 f u s e s  were 
blown. 

2 .  A l l  t h r e e  RCS pumps were t r i p p e d  due t o  au tomat i c  l o s s  of  c o o l i n g  wa te r ;  a f a l s e  low- 
low T s i g n a l  was a l s o  p r e s e n t .  

3. High steam flow (due t o  l o s s  of power t o  FW flow/steam flow compara tor )  + low-low T 
r e s u l t e d  i n  SI ( s i x t h  occur rence ) .  

4. S I  was t e rmina ted  a t  0151 h ( a f t e r  5 m i d .  

av g 
av B 
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Reactor :  Davis-Besse 1 
NSIC No. : 158860 
Event Date:  04/19/80 
L e t t e r  Date:  04130180 

S e v e r i t y  Category:  1 
O p e r a t i n g  Mode: 6 
Cause Category:  Spur ious  e s s e n t i a l  bus opening 

w h i l e  a n o t h e r  bus was i n  main- 
tenance.  

PVTS-Related 
Terminates Consequences: 

Cause(s1: RHR pumps 3500 g a l  

Two e s s e n t i a l  
i n t o  RCS. 

b u s e s  opened, 1 
by maintenance 
and 1 s p u r i o u s l y .  

Summary of Events  : 

1. Reactor  i n  Mode 6 ( c o l d  shutdown, low p r e s s u r e ) ,  RCS p a r t l y  d r a i n e d .  
2 .  1400 h. two e s s e n t i a l  b u s e s  were opened, one due t o  maintenance,  and one p o s s i b l y  due 

3 .  S I  was a c t u a t e d .  HPSI pumps were racked  out  by procedures  a t  t h i s  mode. RHR pump #1 
t o  c o n s t r u c t i o n  v i b r a t i o n .  

was o u t  f o r  maintenance.  RHR pump #2 was o p e r a t i n g .  SFAS caused RFIR pump #2 t o  be 
t r a n s f e r r e d  t o  t h e  emergency sump, which was f e d  by BWST. 

4 .  Approximately 3500 g a l  were i n j e c t e d  i n t o  RCS. 
5 .  1402 h, RHR pump #2 was shut  down. 
6 .  RCS tempera ture  r o s e  from 140 t o  170°F d u r i n g  t h e  2 h 30  min shutdown of RHR #2 l o o p  

t o  d r a i n  out  a i r  and r e f i l l  i t  w i t h  water .  
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1 

HPS, PVTS-Related 
Consequences: AFW Reactor SG 

Reac to r :  Sequoyah 1 
NSIC No.: 1 592 1 91 16040 5 S e v e r i t y  Category :  1 
Event Date: 06/23/80 Opera t ing  Mode: Not r e p o r t e d .  
L e t t e r  Date : 01/31/ 80 Cause Category :  " Inadve r t en t .  'I 

Cause (s) : 
Not r e p o r t e d .  

No in fo rma t ion .  No 
consequence be s i d e s  

c 
T T low l e v e l  of RWST. 
I I 

Summary of Events : 

1. Very ske tchy  r e p o r t ,  
2 .  Low-low T and h i g h  steam f l o w  i n  two l o o p s  b rough t  about  " inadve r t en t "  SI. (Why 

3. Level  i n  RWST was l o w  b e f o r e  the  event .  Because o f  SI,  t h e  l e v e l  of RWST was below 

av 
inactver tent!) 

t e c h  spec. Level was r e e s t a b l i s h e d  i n  about  50 min. 
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Reactor: Salem 1 
NSIC No.: 159553 
Event Date: 06/08/80 
Letter Date: 07/08/so 

Severity Category: 2 
Operating Mode: 1 
Cause Category: Lightning. 

Cause(s): 

Lightning caused - 
Ap between SGs. 1 

Summary of Events : 

1. 0844 h, 1009b power. 
2. 
3 .  7 MS pressure transmitter transient;  2 f a i l e d .  
4 .  Reactor t r i p .  
5 .  Ap > 100 p s i  between SG ( f a l s e  s i g n a l s )  SI.  
6 .  0848 h, S I  terminated ( 4  m i d .  

Lightning struck south penetration area. 

PVTS-Related 
Consequences: 

SI f o r  4 min. 
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Reactor: Sequoyah 1 
NSIC No.: 159786 
Event Date : 051261 80 
Letter Date: 06/23/80 

(No event t r e e )  

Summary of Events: 

Severity Category: 0 

Cause Category: Control l o g i c  and system. 
Operating Mode: 4 

1. Mode 4 ,  in recovery from an SI.  
2 .  Pressurizer temperature heatup l5lOF i n  30 min because co ld  S I  surged i n t o  

pres suriz  ex. 

I 
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SBLOCA Reactor FW or AFW CF/LpSI 
Trip Excessive HPSl LP/HP Connect 

Reactor :  C r y s t a l  River  3 
NSIC No.: 160846 
Event Date: 02/26/80 
L e t t e r  Date: 03/25/80 

PVTS-Related 
Consequences: 

S e v e r i t y  Category:  4 
Opera t ing  Mode: Mode 1198.6% 
Cause Category:  Loss of NNI;  wrong s i g n a l s  t o  

ICs; PORV f a i l e d  open; o p e r a t o r  
e r r o r .  

Loss of  NNI. ICs 
f e d  wrong s i g n a l .  
PORV d i d  n o t  
c l  ose. 

p a r t  f l o w  f o r  60 min; 
42,800 g a l  on f l o o r ;  
RCS r e p r e s s u r i z e d  t o  
2400 p s i  w i t h  RWST 
water .  Temperature 

* i n  annulus  c o u l d  be 

1 
- E,/// 

Summary of Events :  

1. 

2. 

3. 

4. 

5 .  

6. 
7. 

I n i t i a l  c o n d i t i o n s :  Mode 1198.6%; p = 2157 p s i ,  p r e s s u r i z e r  l e v e l  202 i n . ;  T = 

599-6OOOF; Tc = 556-5570F; T 
letdown f low 48 gpm. SG A l e v e l  67%; p = 911 p s i g ;  f low = 5 x 106#/h. SG B l e v e l  
65%; p = 909 p s i g ;  flow = 5 x 106#/h. 
1423 h. l o s s  of 24 V DC NNI-X power supply.  F a l s e  s i g n a l s  t o  ICs; FW v a l v e s  c l o s e d ,  
rod withdrawn t o  103%. p r e s s u r i z e r  spray  went on. 
Reactor  t r i p  on h i g h  RC p r e s s u r e ;  PORV opened and f a i l e d  t o  c l o s e  1427 h. SG A b o i l e d  
dry ;  so d i d  B b u t  s i g n a l  d i d  n o t  show. AlV went on but  v a l v e  d i d  n o t  open u n t i l  
9 min. 
1426 h, HPSI r e p r e s s u r i z e d  system s o l i d ;  code s a f e t y  v a l v e s  opened and c y c l e d  below 
s e t  p r e s s u r e .  
1523 h, Tc = 4700F(?). 
i n d i c a t e d  t h a t  i t  could  be a s  l o w  a s  600F. F u l l  HPSI f low f o r  32 min. P a r t i a l  HPSI 
f low u n t i l  minute  84 when le tdown f low e s t a b l i s h e d .  
2107 h, RC pump resumed. 
42,800 g a l  i n  containment  sump. 

h 
= 579-5800F. RC f low = 73 x 106#/h each loop;  

av g 

Temperature i n  annulus  was around 250°F, b u t  our  a n a l y s i s  
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Reactor FW Flow 
Trip Correction HPSl 

Reac to r :  Sequoyah 1 
NSIC No.: 160915, #1 
Event Date: 10/02/80 
L e t t e r  Date:  10/31/80 

PVTS-Related 
Consequences: 

S e v e r i t y  Category:  2 

Cause Category:  Inadequate  s c a l i n g  of PW flow 
Operat ing Mode: 2 

dur ing  manual ope ra t ion .  

ing of FW f l m  
dur ing  manual 
t r a n s f e r  from 
AFW t o  m. RCS temper a t  o r  e 

dropped t o  584OF 
(AT (I 4O0F). 

Summary of Events : 

1. Mode 2, 5% power. 
2 .  While manually t r a n s f e r r i n g  from AFW t o  MFW d u r i n g  power a scens ion  t e s t ,  ove r feed ing  

o c c u r r e d  due t o  i nadequa te  s c a l i n g  and improper v e n t i n g  of FW flow t r a n s m i t t e r .  
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Reactor FW Flow 
Trip Correction HPS' . 

Reactor :  Sequoyah 1 
NSIC No.: 160915, #2 
Event Date:  10/05/80 
L e t t e r  Date:  10/31/80 

PVTS-Related 
Consequences: -- 

S e v e r i t y  Category: 2 

Cause Category: Inadequa te  s c a l i n g  of FW flow 
Opera t ing  Mode: 11 10% 

d u r i n g  manual ope ra t ion .  

Inadequate  flow 
c o n t r o l  d u r i n g  
manual o p e r a t  ion.  

Cause ( s ) : 

f&%////A A t  RCS dropped t o  
540°F. 

Summary of Events :  

1. Mode 1, 10% power. 
2. Overfeeding  w h i l e  on manual l e v e l  c o n t r o l  and t e s t i n g  t h e  steam d r i v e n  AEpl pump. RCS 

t empera tu re  dec reased  t o  540.3OF (AT :: 34OF). 
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Reactor :  i i o h  2 
NSIC No.: 161826 
Event Date: 09/03/80 
L e t t e r  Date: 12 /03/80  

S e v e r i t y  Catkgory:  1 
Opera t ing  Mode: 4 ( h o t  shutdown).  
Cause Category:  W aterhammer . 

Consequences: 

Waterhammer f o l -  
lowing FTV pump 
f a i l u r e  and AEV 
pump s t a r t i n g .  

Summary of Events  : 

1. 0519 h, 2B FW pump f a i l e d ,  c a u s i n g  low l e v e l  i n  2C SG, r e s u l t i n g  i n  r e a c t o r  t r i p .  
2 .  A l l  t h r e e  AFW pumps s t a r t e d  and f e d  water  t o  SG a t  about  260 gpm p e r  SG. 
3. 0535 h, waterhammer o c c u r r e d  i n  2B feedwater  l i n e ,  c a u s i n g  p r e s s u r e  s p i k e s  i n  2B 

4 .  SI was a c t u a t e d  due t o  Ap between SGs. S I  f o r  about  1 min. 
and 2D loops.  



144 

Reac to r :  C r y s t a l  River  3 
NSIC No.: 1623 94 
Event Date:  10/16/80 
L e t t e r  Date:  01/12/81 

S e v e r i t y  Category:  1 

Cause Category:  Relay f a i l u r e  d u r i n g  channel  
Opera t ing  Mode: 1 

t e s t .  

Consequences: 
W '  I I 

Cause(s) : v- S I  = 250 g a l .  
Relay f a i l u r e  due 
t o  blown fuse .  

Summary of Events : 

1. Fuse blown. Relay f a i l u r e  d u r i n g  channel t e s t .  
2 .  Reactor  was a t  Mode I, 97% power. 
3 .  S I  of 250 g a l .  
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Reactor :  I n d i a n  Poin t  2 
NSIC No.: 162919 
Event Date : Before  10/17/80 
L e t t e r  Date:  10/20/80 

S e v e r i t y  Category:  4 
Opera t ing  Mode : 1 
Cause Cat e gory : Flood from o u t s i d e  due t o  a f a n  

w a t e r 1  ine  leak .  

Cause(s): Cold r i v e r  water  
f l o o d e d  r e a c t o r  ves- 
s e l  c a v i t y  w e t t i n g  9 
f t  of r e a c t o r  v e s s e l .  
Some i n s t r u m e n t a t  i o n  

Leak i n  w a t e r l i n e  
of cont a inment 
f a n  c o o l e r .  

l i n e s  a f f e c t e d .  

Summary of Event s : 

1. On Oct. 1 7 ,  1980, t h e  r e a c t o r  was shut  down t o  r e p a i r  some r e a c t o r  i n s t r u m e n t a t i o n  
l i n e s .  Workers e n t e r i n g  containment  d i s c o v e r e d  t h a t  t h e  r e a c t o r  c a v i t y  had been 
f looded .  

2 .  It was determined l a t e r  t h a t  t h e  w a t e r l i n e  of a f a n  c o o l e r  u n i t  (used t o  coo1 t h e  a i r  
i n s i d e  r e a c t o r  conta inment )  had r e s u l t e d  i n  t h e  undetec ted  f lood .  
was i n  t h e  containment ,  and about  9 f t  of t h e  r e a c t o r  v e s s e l  was under c o l d  r i v e r  
water .  

About 125,000 gal  

3. T h i s  i n c i d e n t  i s  s t i l l  under i n v e s t i g a t i o n  ( a s  of A p r i l  1982). 
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Reactor FW Flow 
Trip Correction HPS1 

Reac to r :  North Anna 2 
NSIC No.: 163551 S e v e r i t y  Category:  1 

L e t t e r  Date:  06/05/81 Cause Category:  Opera to r  e r r o r .  
Event Date:  01/01/81 Opera t ing  Mode : 2 

PVTS- R elated 
Consequences: 

both i n c i d e n t s .  

AT - 20°F i n  b o t h  
i n c i d e n t s  ( t h e  second 
b e i n g  BSF). 

Summary of Even t s  : 

F i r s t  i n c i d e n t  
1. Mode 2 ,  2% power. 
2 .  CVCS c o n t r o l  t a n k  was ove rbora t ed  and le tdown was i n  excess .  T dropped below av g 

5410F. 
( b )  withdrawing rods ,  and ( c )  d i l u t i n g  RCS boron. 

T h i s  went on f o r  about  10 min and was r ecove red  by ( a )  s e c u r i n g  SG blowdown, 

Second i n c i d e n t  
1. 

2. 

Opera to r  opened a condenser  steam dump. Wben ove r ,  he should 
s t e a d ,  he opened one t u rn .  T dropped a g a i n  t o  below 541°F 
Recovery was done by withdrawing rods .  

av g 

c l o s e  one t u r n .  In- 
f o r  about 3 min. 
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Reactor: Farley 1 
NSIC No.: 163421 
Event Date: 10/24/79 
Letter Date: 01/21/80 

Severity Categozy: 0 
Operating Mode: 4 
Cause Category: Faulty control card. 

PORVIRV PVTSRelated 
Terminates Cycles Consequences: 

None. 

due t o  f a u l t y  

Cause (s ) : 

card. 

Summary of Events: 

1.  14:27 h, Mode 4 .  
2 .  S I  was actuated on the A train.  Trouble shooting pointed t o  the replacement of 

Universal Card A416. 
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SBLOCA Reactor FW or AFW CF/LPSI 
Trip Excessive LP/HP Connect 

Reactor :  Robinson 2 
NSIC No.: 164149 
Event Date : 01/29/81 
L e t t e r  Date : 02/12/81  

PVTS-Related 
Consequences: 

S e v e r i t y  Category:  3 
Opera t ing  Mode: 2 
Cause Category:  SG governor  v a l v e / p r e s s u r i z  e r  

spray  . 

Summary of Events  : 

1. 
2 .  

3 .  

4 .  
5 .  

6 .  

7 .  

8 .  
9 .  

Reactor  b e i n g  brought  t o  h o t  s tandby (Mode 3 )  f o r  t u r b i n e  E-H system r e p a i r .  
0624 h, g e n e r a t o r  ou tput  b r e a k e r s  were opened. A governor v a l v e  s p i k e d  open, ap- 
p a r e n t l y  due t o  t h e  E-E o i l  l e a k  problem. 
High steam f low and RCS T < 543OF caused  t h e  B s a f e g u a r d  t r a i n  t o  a c c u r a t e  SI .  
T r a i n  A was subsequent ly  engaged a t  0625 h. 
S I  was r e s e t  a t  0627 h ( t o t a l  2 min of SI). 
A letdown d r a i n  v a l v e  appeared t o  have v i b r a t e d  open d u r i n g  p r e v i o u s  o p e r a t i o n ,  and 
t h e  p i p e  cap,  which s e r v e s  a s  a p r e s s u r e  boundary, was blown open f o l l o w i n g  S I .  A 
l e a k  i n  t h e  le tdown l i n e  i n  t h e  o r d e r  of 100  gpm was apparent  ( found o u t  l a t e r ) .  
0635 h, RCS p r e s s u r e  d e c r e a s e d  a s  containment  p r e s s u r e  and dewpoint found t o  be s t i l l  
l e a k i n g  a t  5-7 gpm. Containment sump i n d i c a t e d  3000 g a l .  
P r e s s u r e  c o n t i n u e d  t o  d e c r e a s e  due t o  l e a k y  p r e s s u r i z e r  spray.  SI was a u t o m a t i c a l l y  
a c t u a t e d .  RCS pumps were s topped t o  s t o p  t h e  l e a k .  RCS p r e s s u r e  t u r n e d  around and 
i n c r e a s e d .  
"Normal Control ' '  of RCS p r e s s u r e  e s t a b l i s h e d .  
A t o t a l  of 4500-6000 g a l  was found i n  containment  sump. 

av g 
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Reac to r :  Beaver V a l l e y  1 
NSIC No.: 16 47 91 
Event Date: 11 /17/80  
L e t t e r  Date:  Q3 /02 /8 l  

S e v e r i t y  Category: 0 
Opera t ing  Mode! 2 
Cause Category: Equipment ma l func t ion ;  o p e r a t o r  

e r r o r .  

PORVIRV PVTS-Related 
Consequences: 

Equipment 
mal func t ion .  
Opera tor  e r r o r .  

Summary of Events : 

1. Normal s t a r t u p .  A low p r e s s u r e  steam l i n e  b i s t a b l e  i n t e r m i t t e n t l y  t r i p p e d  and r e s e t  

2 .  S t a t i o n  s u p e r v i s o r  and o p e r a t o r  t r i e d  t o  t r i p  t h e  b i s t a b l e  a t  t h e  p rocess  r a c k s ,  b u t  

3. SI occurred .  

( l a t e r  found o u t  a s  due t o  a ma l func t ion ing  s i g n a l  conve r t e r  c a r d ) .  

they o p e r a t e d  t h e  wrong channel .  (BS-BdS-484 i n s t e a d  of  BS-MS-485). 

. '. ' *  
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Reac to r :  Salem 1 
NSIC No.: 16 486 5 
Event Date:  11/21/78 
L e t t e r  Date:  03/25/78 

S e v e r i t y  Category :  2 
Opera t ing  Mode: 1 
Cause Category:  I n v e r t e r  f a i l u r e .  

Consequences: 

Cause(s) : 

Summary of Events  : 

1. 
2. 

3. 
4. 
5. 
6. 
I .  

8. 
9. 

Mode 1, 100% power. 
0445 h, l o s s  of  1B v i t a l  bus due t o  ou tpu t  t r ans fo rmer  and two r e g u l a t i n g  r e a c t o r  
f a i l u r e s  i n  supply i n v e r t e r .  
RCS low flow; r e a c t o r  t r i p ;  T -543OF. 
Nos. 12 and 13, AF pumps d i d  n o t  s t a r t ;  SG l e v e l  low. 
0502 h, recovery  from r e a c t o r  t r i p .  High steam f low t l o w  T caused  S I  f o r  3 min. 
1B d i e s e l ,  No. 11 cha rg ing  pump and  No. 12 RHR pumps f a i l e d  t o  s t a r t .  
S I  r e s e t .  0630 h, No. 11 RHR pump cou ld  n o t  be r e s t a r t e d  because b reake r  would n o t  
c l o s e :  i n v e r t e r  had  f a i l e d .  1100 h, 1B d i e s e l  o p e r a t i o n a l .  
1315 h, s t a r t e d  cooldown. 
2100 h, ho t  shutdown, Mode 4. 2240 h, RHR was i n i t i a t e d .  

av B 

avg 
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Reactor :  North Anna 1 
NSIC No.: 165876 
Event Date: 03/29/81 
L e t t e r  Date: 04/20/81 

S e v e r i t y  Category:  0 

Cause Category: Maintenance and o p e r a t o r  e r r o r .  
Opera t ing  Mode: 5 

@ PVTS-Related 
Terminates Cycles Consequences: 

Appears t o  have h igh  
AP o p e r a t o r  e r r o r .  

Summary of Events:  

1. Mode 5.  
2 .  Dnring t e s t i n g  of t r a i n  B s o l i d  s t a t e  p r o t e c t i o n  system, o p e r a t o r  unblocked l o w  pres-  

3 .  This p l u s  l o w  T a c t u a t e d  SI. 
4. RCS WRV l i f t e d  t o  r e l i e v e  RCS p r e s s u r e .  
5 .  SI was stopped. 

s u r i z e r  s i g n a l .  

av 8 
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Reactor: Salem 2 
NSIC No.: 166342 
Event bate: 04 / i3 /81  
Letter Date: 05/22/01 

Cause(s1: 

Severity Category: 0 
Operating Mode: 2 
Cause Category: Operator error. 

@ r / P O R V I R Y I  PVTS-Related 
Terminates Cycles Consequences: 

Operator inadver- 1 - 
tent opening of I 
steam valves .  

Summary of Events: 

1. 0330 h, Mode 2 and cool ing down. 
2 .  

3 .  This plus low T caused SI .  

Inadvertent opening of valve 24 MS 10 causing alarm "24 SG steam pressure 100 p s i  
1 m . "  

av B 

, . .  
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Reac to r :  Sequoyah 1 
NSIC No.: 166453 
Event Date:  04/23; 05 /01/81  
L e t t e r  Date: 06/05/81 

S e v e r i t y  Category: 1 
Opera t ing  Mode: 1st SI, Mode 3 .  
Cause Category: 2nd SI, Mode 2.  Tes t  and 

o p e r a t o r  e r r o r .  

Consequences: 

consequences.  

t e s t .  Procedure  

Cause(s1 : 

e r r o r  f o l l o w i n g  
g e n e r a t o r  t r i p  
t e s t .  

Summary of Events  : 

A m i 1  23,  1981 
1. Mode 3 ,  p = 2234 p s i g ,  TaYP = 539.8OP. -. b 
2. During t u r b i n e  overspeed  t e s t ,  h igh  steam flow, low T caused  SI. 
3. S I  f o r  2 t o  3 min. 

Map. 1, 1981 
1. Mode 2 ,  2220 p s i g ,  T 5 500OF. 
2. A f t e r  g e n e r a t o r  t r i p  t e s t ,  two r e a c t o r  coo lan t  pumps were r e t u r n e d  t o  s e r v i c e  simul- 

3 .  S I  w a s ' a c t u a t e d  by 2 Ap s i g n a l s  between W s ;  i t  was t e r m i n a t e d  qu ick ly .  

av 8 

av B 

t a n e o u s l y ,  caus ing  Ap between t h e  steam g e n e r a t o r s .  
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Reactor :  C r y s t a l  River 3 
NSIC No.: 166648 S e v e r i t y  Category: 1 
Event Date:  10/16/80 Opera t ing  Mode: Mode 1/91% 
L e t t e r  Date: 06/11 /81  Cause Category: Fuse f a i l e d  w h i l e  one channel  

was under t e s t .  

Consequences: 

250 g a l  SI. Ap .. 
40 p s i .  A f u s e  f a i l e d  

w h i l e  a channel 

Cause(s): 

was i n  t e s t .  

Summary of Events  : 

1. Mode 1. 97% power. 
2 .  Channel 1 was i n  t e s t ;  a f u s e  i n  channel  2 f a i l e d  due t o  f a i l e d  r e l a y .  
3. lbo ou t  of t h r e e  s i g n a l s  caused  SI. 
4 .  250 g a l  of SI; RCS p r e s s u r e  i n c r e a s e d  from 2145 t o  2185 psig.  
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React o r  : McGuire 1 
NSIC No.: 166686 
Event Date: 03/30/81 
L e t t e r  Date: 04/28/81 

S e v e r i t y  Category:  1 

Cause Category:  Maintenance and communication 
Opera t ing  Mode: 5 

e r r o r .  

PVTS-Related 

Causeh) : 2 SI. 

Communication 
d u r i n g  
maintenance . 

Summary of Events : 

1. 1500 h, Mode 5 .  i n i t i a l  f u e l  loading .  
2. Technic ians  working i n  l o g i c  c a b i n e t ,  l e f t  work a r e a  w i t h o u t  proper  notes ;  s u p e r v i s o r  

came t o  a r e a ,  r e s e t  swi tches  w i t h o u t  i n q u i r i n g ;  ESF s i g n a l  was a c t u a t e d ;  some RHR 
water  was i n j e c t e d .  
A second SI was a c t u a t e d  when a t e c h n i c i a n  and a n  o p e r a t o r  a t tempted  t o  unlock t h e  
feedwater  i s o l a t i o n  va lves .  

3 .  
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Reactor :  Z ion  1 
NSIC No.: 1667461 167772 S e v e r i t y  Category:  1 

L e t t e r  Date:  o a / o 6 / a l .  07/31/81 Cause Category:  I n v e r t e r  f a i l u r e .  
Event Date: 05/28/81 q e r  a t i ng Mode : 1199%. 

Consequences: 

CaUSe(S): No d a t a ,  bu t  probably 
I n v e r t e r  f a i l u r e .  I - ' no consequenoes. 

1 

Summary of Events :  

1. Mode 1, 99% power. 
2. I n v e r t e r  114  f a i l e d  (due t o  SOLA t r ans fo rmer  s h o r t e d  t o  ground).  
3. Reaotor t r i p .  
4 .  SI due t o  h igh  steam flow and Ap. 
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1 

HPS, PVTS-Related 
Consequences: A FW Reactor SG 

Reactor :  Salem 2 
NSIC No.: 166854 
Event Date:  06 /03/81  
L e t t e r  Date:  06/30/81 

S e v e r i t y  Category: 1 

Cause Category: Steam dump v a l v e  opened 
f o l l o w i n g  t u r b i n e  t r i p .  

Opera t ing  Mode: 1120% 

cau$e(s): 

f o l  lowing t u r b i n e  
t r i p .  

HPSI a c t u a t e d  due t o  
h igh  steam flow, low 

Tavg' 
No i n f o  on AT. 

Smmary of Events :  

1. 0440 h, Mode 1, 20% power. 
2.  A h igh  l e v e l  i n  No. 22 SG caused  a t u r b i n e  t r i p  and r e a c t o r  t r i p .  
3. The steam dump opened, c a u s i n g  h i g h  steam f low,  low RCS TaV ; HPSI was a c t u a t e d .  
4. No i n fo rma t ion  on d u r a t i o n ,  q u a n t i t y  of SI, nor AT, Ap of RtS. The only i n fo rma t ion  

was t h a t  t h e  boron c o n c e n t r a t i o n  i n  boron  i n j e c t i o n  t a n k  dropped t o  below 20,000 ppm 
(from t h e  normal 20,00W22,500 ppm). 
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. 

Reactor :  Z ion  2 
NSIC No. : 167124, 168077 S e v e r i t y  Category:  1 
Event Date : 051 071 81  Opera t ing  Mode: 11 92% 
L e t t e r  Date:  06/29/81 Cause Category : I n v e r t e r  f a i l u r e  

071 311 8 1  

PORVIRV PVTS-Related 
Terminates Cycles Consequences: 

No d a t a .  Only €PSI 
nozzle  usage f a c t o r  

maximum 1 .00 .  
I n v e r t  e r f a i  1 u r  e. t o t a l l e d  0.16 out  of 

Causeb): 

Summary of Events  : 

1. Mode 1, 92% power. 
2 .  I n v e r t e r  213 f a i l e d  and s l a v e  t r a n s f o r m e r  burned up due t o  m a s t e r  i n v e r t e r  SOLA t r a n s -  

former shor ted .  
3 .  One FW pump t r i p p e d  due t o  speed c o n t r o l .  Reac tor  t r i p p e d .  
4 .  Loss of i n v e r t e r  a l s o  caused PI-526A and 536A t o  f a i l  low. FW f low now became h igh .  

The two c o i n c i d e n t  s i g n a l s  caused HPSI. 
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React o r  : North Anna 2 
NSIC No.: 167 550 
Event Date: 07 /03/81  
L e t t e r  Date: 07/15/81 

S e v e r i t y  Category :  2 
Opera t ing  Mode: 3 
Cause Category :  F i r e  caus ing  s p u r i o u s  s i g n a l .  

Consequences: 

Spur ious  s i g n a l  
due t o  f i r e .  

Summary of Events :  

1. 0723 h, Mode 3; a spu r ious  s i g n a l  occu r red  (low T and h i g h  steam flow) due t o  
. v o l t a g e  t r a n s i e n t .  
2 .  The spur ious  s i g n a l  was due t o  a f i r e  t h a t  a f f e c t e d  f e e d e r  c a b l e s  from 1 C  r e s e r v e  

s t a t i o n  s e r v i c e  t r a n s f  ormer. 
3. 0148 h, RCS t empera tu re  = 5380F. 

av g 



160 

Reac to r :  Salem 2 
NSIC No.: 167625 
Event Date: 04/23/81 
L e t t e r  Date:  07/21/81 

S e v e r i t y  Category: 3 
Opera t ing  Mode: 3 
Cause Category: Opera to r /  system e r r o r .  

PORVIRV PVTS-Related 
Consequences: 

Atmospheric 
r e 1  i e f  valve.  

Summary of Events :  

1. Mode 3, 0% power, c o o l i n g  down t o  Mode 5 f o r  r e p a i r i n g  a n  u n i s o l a b l e  l e a k  i n  t h e  CVCS 

2 .  SG atmosphere r e l i e f  v a l v e  was be ing  used  t o  c o n t r o l  cooldown r a t e .  
3 .  I n t e r a c t i o n  between c o n t r o l  and s e t p o i n t s  caused  #24 SG t o  have p r e s s u r e  d i f f e r e n t  

4. S I  o c c u r r e d  f o r  about  5 min. 

cha rg ing  l i ne .  

from o t h e r  steam g e n e r a t o r s  by more t h a n  100 p s i .  
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Reactor :  McGuire 1 
NSIC No.: 167692 
Event Date : 051071 81 
L e t t e r  Date: 06/04/81 

Cause(s): 

Operator  p l u s  
maintenance 
e r r o r .  

S e v e r i t y  Category: 0 
Operat ing Mode: 6 
Cause Category: Operator  p l u s  maintenance 

e r r o r .  

PVTS-Related 
Terminates Consequences: 

None. 

Summary of Event 8 : 

1. 
2 .  
3. 

Mode 6 ,  p r i o r  t o  i n i t i a l  c r i t i c a l i t y .  
I n a d v e r t e n t  SI was i n i t i a t e d  due t o  o p e r a t o r  pushing wrong b u t t o n  d u r i n g  t e s t .  
Both S I  and cha rg ing  pumps were tagged o u t ,  hence no volume of wate r  was t r a n s f e r r e d .  
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Reac to r :  McGuPre 1 

Event DF.te : 04/29/81 
L e t t e r  Date : 05/28/81 

NSIC No.: 167784 S e v e r i t y  Category:  0 

Cause Category : Maintenance e r r o r .  
Opera t ing  Mode: 5 

Consequences: 

NO in fo rma t ion .  
F a l s e  s i g n a l  due 

Cause(s): 

t o  improper 
b l o c k s  d u r i n g  
m o d i f i c a t i o n .  

Summary of Events  : 

1. Mode 5 ,  c o l d  shutdown. 
2 .  During m o d i f i c a t i o n  work on t r a i n  A l o g i c  c a b i n e t s ,  some b l o c k s  were c l e a r e d  wi thou t  

3. S I  o c c u r r e d  but  immediately secured.  
r e b l o c k  b e f o r e  r e t u r n i n g  t o  s e r v i c e .  T h i s  was i n  v i o l a t i o n  of procedure.  
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Reactor: Salem 2 
NSIC No. : 
Event Date: 06/27/81 
Letter Date: 01/21/81 

16 807 9 Severity Category: 0 
Operating Mode: 1 
Cause Category: FW pump t r i p .  

Consequences: 

BIT decreased t o  
below 20,000 ppm. 

EPI pump t r i p .  

Cause(s1: 

Summary of Events: 

1 .  Mode 1 ,  30% power, 260 MW(e). 
2 .  0403 h, FW pump on No. 22 SG tripped, causing low-low l e v e l .  
3 .  0408 h, reactor tripped. 
4 .  
5 .  

Low Tavg and high steam flow caused SI.  
Boron Injec t ion ' tank  concentration decreased t o  below 20,000 gpm. 
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Reac to r :  Cook 1 
NSIC No. : 168503; 170158 
Event Date:  07 /23/81  
L e t t e r  Date : 11 /06 /81  

(No even t  t r e e )  

S e v e r i t y  Category :  0 
Opera t ing  Mode: 5 
Cause Category : P r e s  s u r  i z  e r  hea tup  exce s s i v e .  

Summary of Events : 

1. Mode 5 ,  RCS i n  p r o c e s s  of f i l l i n g  and v e n t i n g ;  RCS t empera tu re  zz 175OF. p = 100 p s i  

2 .  P r e s s u r i z e r  l e v e l  was low due t o  wa te r  s u r g i n g  i n t o  t h e  a i r  space i n  t h e  SG tubes ,  

3. P r e s s u r i z e r  hea tup  exceeded 100°F/h,  a g a i n s t  t e c h  spec. Report  s t a t e d  t h a t  t h i s  was 

i n c r e a s i n g  t o  325 p s i .  

t h e n  c o l d  wa te r  (175OF) su rged  back i n t o  SG; c o n t a c t i n g  400°F me ta l .  

on ly  an apparent  hea tup ,  because d u r i n g  p r e o p e r a t i n g  t e s t i n g ,  t h e  maximum hea tap  r a t e  
achieved  w i t h  a l l  h e a t e r s  i n  s e r v i c e  was 67.5OF/h. 
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Reactor FW Flow PVTS-Related 

Cook 2 
16 81 44 Severity Category: 1 

081 101 81 Cause Category: Operator 
07/11/81 Operating Mode: 2 

Reactor: 
NSIC No.: 
Event Date: 
Letter Date: error. 

AT - 20°F. 

Cause(s 1 : 

Operator error. 

Summary of Events: 

Mode 2 ( s t a r t u p ) .  
An e x c e s s i v e  f eedtra te  was used t o  r a i s e  the l e v e l  of the SG. 
below tech spec minimum of 5410F desp i te  operator's  attempt t o  
withdraw control .rods.  
AT c 20OF. 

1. 
2 .  RCS temperature dropped 

reduce f e e 4  r a t e  and t o  

3 .  
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Reactor FW Flow 
Trip Correction HPSl 

Reactor :  McGnire 1 
NSIC No.: 169297 
Event Date: 09/14/81 
L e t t e r  Date: 10/09/81 

PVTS- R elated 
Consequences: 

S e v e r i t y  Category:  4 

Cause Cat e gory : Design and p r o c e d u r e  
O p e r a t i n g  Mode: 11 20% 

inadequacy . 

cause(s1: 

I n a b i l i t y  t o  
t h r o t t l e  AFW AT z 117OF, A t  z 20 
a f t e r  RT due - - min. Repre s sur i z  ed. 
t o  d e s i g n  
i na dequa cy. 

Summary of Events :  

1. 
2. 

3. 

4. 

5. 

6. 
7. 

)jl 
8. 
9. 

Mode 1, 20% power. 
01:12 h, performance of t h e  l o s s  of c o p r o l  room t e s t .  One group of o p e r a t o r s  l e f t  
t h e  c o n t r o l  room t o  man t h e  r e a c t o r  t r i p  c i r c u i t  b r e a k e r  ( i n  room next  TO c o n t r o l  
room); a n o t h e r  group l e f t  t o  man t h e  a u x i l i a r y  shutdown panel  and t h e  AFW pump con- 
t r o l  p a n e l s  ( l o c a t e d  i n  t h e  pump room s e v e r a l  f l o o r s  below t h e  c o n t r o l  room). 
01:13:19 h, o p e r a t o r  manual ly  t r i p p e d  t h e  r e a c t o r  from t h e  R I  b r e a k e r s .  Almost im- 
m e d i a t e l y  a f t e r w a r d s ,  Tavg ( 5640F. MFW i s o l a t i o n  v a l v e s  c l o s e d ,  SG l e v e l  s e t p o i n t  
dropped t o  1-10 l e v e l ,  and a l l  t h r e e  AFW pumps s t a r t e d .  
A N  pumped a t  t h e  maximum r a t e  because  t h r o t t l e  v a l v e s  had been f u l l y  opened and can- 
n o t  be t h r o t t l e d  by t h e  o p e r a t o r s .  During t h e  n e x t  s e v e r a l  minutes ,  SG f i l l e d  rap- 
i d l y ,  T f e l l ,  p r e s s u r e  l e v e l  f e l l ,  and RCS p r e s s u r e  drop.ped. 
01:20:26 h, o p e r a t o r  s t a r t e d  t h e  second c e n t r i f u g a l  c h a r g i n g  pump t o  r e c o v e r  p r e s s u r i -  
z e r  l e v e l  and p r e s s u r e .  When RCS p r e s s u r e  was below 1955 p s i g ,  o p e r a t o r s  b locked  SI .  
Both c h a r g i n g  pumps were running .  Minimum RCS p r e s s u r e  was about  1900 p s i g .  
01:21:06 h. p r e s s u r e  l e v e l  d e c r e a s e d  t o  z e r o .  
01:30:14 h, p r e s s u r e  l e v e l  recovered;  when RCS p r e s s u r e  was above 1955 p s i g ,  S I  b l o c k  
was c l e a r e d .  JAW SG p r e s s u r e  a c t u a t e d  S I .  The MS i s o l a t i o n  c l o s e d  due t o  S I  t o  h e l p  
s team h e a t  removal.  
01:33:40 h. S I  was r e s e t  on b o t h  t r a i n s .  
Recovery proceeded  smoothly with a minor SI r e i n i t i a t i o n  on T r a i n  A. 
"dur ing  t h e  hour  f o l l o w i n g  r e a c t o r  t r i p . "  
t h e n  AT zz 20 min. 

av 8 

O p e r a t o r s  t r i p p e d  t h e  f o u r  RCS pumps. 

AT = 116.80F 
I f  01:33:40 h i s  t a k e n  a s  t h e  " f i n a l  time," 
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Appendix B 

NSIC ABSTRACTS OF PVTS EVWfS AND PRECURSORS 

This appendix con ta ins  p r i n t o u t s  of c i t a t i o n s  obtained from the  NSIC 
data  bank i n  searches f o r  WTS events  and precursors .  The a b s t r a c t s  a r e  
arranged by increas ing  access ion  numbers. Each c i t a t i o n  has  a t i t l e ,  t he  
involved r eac to r ,  an a b s t r a c t ,  the  place of o r i g i n a l  r epor t  a v a i l a b i l i t y ,  
and a l i s t i n g  of keywords. 

It i s  noted t h a t  an event  may be repor ted  i n  severa l  c i t a t i o n s .  
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57478 10-0 1 I l / l e / e a  

PLANT TRIP AND REACTOR COOLDOWN 
CONNECTICUT YANKEE A T O M I C  POWER COMPANY 
DOCKET 50213-82 + .  3 PAGES, LETTER - CONNECTICUT YANKEE ATOMIC POWER 

COMPANY TO DIVISION OF REACTOR LICENSING (AEC) - NOVEMBER 4, 1970, 
TYPE--PWR, MFG--WEST., AE--STONE + WEBSTER 

VALVES. WHEN COOLANT TEMPERATURE STARTED TO DECREASE, ONE OF TEN DUMP 
VALVES FAILED TO CLOSE, AND SYSTEM TEMPERATURE DECREASED 43 F I N  9 MIN 
BEFORE A MANUAL VALVE TO THE DUMP VALVE HEADER WAS CLOSED. ANALYSIS O f  

A SPURIOUS LOW-FLOW SIGNAL CAUSED A PLANT TRIP WHICH OPENED STEAM-DUMP 

THE COOLOOWN INDICATED NO HARM TO THE REACTOR VESSEL ON SYSTEM 
BOUNDARIES. COMPONENTS WHICH CAUSED THE SPURIOUS FLOW SIGNAL WERE 
REPLACED TO PREVENT A RECCURANCE. THE VALVE FAILURE WAS TRACED TO 
POSITION C O I L  STOP, WHICH WAS READJUSTED AND LOCKED I N  POSITION. 

OF COMMERCE, SPRINGFIELD, V A .  22161 
AVAILABILITY - NATIONAL TECHNICAL INFORMATION SERVICE, U. S. DEPARTMENT 

FAILURE, EQUIPMENT + REACTOR, PWR + CONNECTICUT YANKEE (PWR) + 
CONTAINMENT INTEGRITY + STRESS ANALYSIS + FAILURE, lNSTRUMENT + 
INSTRUMENT, FLOW + SCRAM, SPURIOUS + OPERATING EXPERIENCE + THERMAL 
TRANSIENT + VALVES + FAILURE + PSCDRi 

c/ ACCESSION NUMBER 75613 10-0 1 I I I 1 e m  

GASKET FAILURE I N  STEAM LINE A T  SURRY 1 
VIRGINIA ELECTRIC AND POWER COMPANY 
DOCKET 50280-87 + .  6 PAGES, LETTER - VIRGINIA ELECTRIC AND POWER COMPANY 

TO DIRECTORATE OF LICENSING I A E C )  - OCTOBER 1 1 ,  1972, DOCKET 50-260, 
TYPE--PWR, MFG--WEST., AE--STONE + WEBSTER 

ON OCT. I ,  1972, THE GASKET ON A 14-IN. SWING CHECK VALVE BONNET FAILED 
FROM A WATER HAMMER. THE FAILURE CAUSED A HIGH COOLDOWN RATE (100 F/HR) 
AND A POSITIVE CONTAINMENT PRESSURE. THE REACTOR WAS A T  HOT SHUTDOWN 
CONDITIONS. SAFETY INJECTION WAS INITIATED. PRIOR TO THE INCIDENT, 
THERE WAS A LEAK I N  1HE CHECK-VALVE-BONNET GASKET, CAUSING A GRADUAL 
DECREASE I N  THE STEAM-GENERATOR LEVEL. THE LEAK CAUSED A FLOW PATH FROM 
THE STEAM GENERATOR RING BACK TO THE CHECK VALVE. THIS I S  BELIEVED TO 
HAVE CAUSED A SEVERE HAMMER. THE FLANGE WAS RAISED 318 INCH; PART OF 
GASKET WAS MISSING. 

AVAILABILITY - NATIONAL TECHNICAL INFORMATION SERVICE, U. S. DEPARTMENT 
OF COMMERCE, SPRINGFIELD, V A .  22161 

FAILURE + HYDRAULIC EFFECT + REACTOR, PWR + INCIDENT, EQUIPMENT + SEAL + 
DAMAGE + MAIN COOLING SYSTEM + SURRY 1 (PWR) + LEAK + PRESSURE TRANSlENT 
+ VALVE, CHECK + THERMAL TRANSIENT + TRANSIENT + PIPES AND PIPE FITTINGS 
+ PSCDR 
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J ACCESSION NUMBER 68933 10-0 1 1 1  / 18/82 

STRESS DURING COOL DOWN A T  CONNECTICUT YANKEE 
CONNECTICUT YANKEE A T O M I C  POWER COMPANY, WETHERSFIELD. CONNECTICUT 
DOCKET-50213-126 + .  4 PAGES, LETTER - CONNECTICUT YANKEE ATOMIC POWER 

COMPANY TO DIVISION OF REACTOR LICENSING (AEC) - DECEMBER 29, 1971. 
DOCKET 50-213; TYPE--PWR. MFG--WEST., AE--STONE + WEBSTER 

1970, WERE ANALYZED. THE TRANSIENT PRODUCED NO THERMAL STRESS WHICH 
EXCEEDED LIMITS FOR PRIMARY OR PRIMARY-AND-SECONDAR,Y STRESS. THE 
TRANSIENT I S  A POSSIBLE SOURCE OF A FATIGUE CRACK. THEREFORE, 12 
CRITICAL AREAS WERE ANALYZED. THE PRESSURIZER COOLDOWN WAS EQUIVALENT 
TO 68.5 F/HR (WAS DESIGNED FOR 70  F/HR).  

AVAILABILITY - NATIONAL TECHNICAL INFORMATION SERVICE. U. S. DEPARTMENT 
OF COMMERCE, SPRINGFIELD, V A .  22161 

STRESSES GENERATED DURING THE REACTOR COOLANT SYSTEM COOLDOWN ON OCT.  12, 

REACTOR, PWR + THERMAL MECHANICAL EFFECT + CONNECTICUT YANKEE (PWR) + 
STRESS ANALYSIS + PRESSURIZER + STRUCTURAL INTEGRITY + MAIN COOLING 
SYSTEM + THERMAL TRANSIENT + PRESSURE VESSELS + FAILURE 

/ ACCESS I ON NUMBER 76461 10-0 1 1 I /  18/82 

TWO RELIEF VALVES MALFUNCTION A T  ROBINSON 2 
CAROLINA POWER AND LIGHT COMPANY 
3 PAGES, LETTER TO DIRECTORATE OF LICENSING (AEC), NOV. 30. 1972, DOCKET 

POWER LEVEL WAS 70%. AND WEEKLY TURBINE VALVE TESTING WAS BEING 
50-261, TYPE--PWR, MFG--WEST., AE--EBASCO 

PERFORMED. DIFFICULTIES WITH TESTING OCCURRED AND A FAST REDUCTION I N  
ELECTRICAL LOAD FROM 520 MWE TO 150 OCCURRED. OPERATOR TRIPPEO REACTOR 
BECAUSE OF TRANSIENT. STEAM DUMPING WAS I N  EFFECT BUT PRESSURE RELIEF 
VALVE. RV-1 MALFUNCTIONED AND STAYED OPEN 5 MIN. PRIMARY TEMP. REDUCED 
TO 509 F .  UPON RESTART A T  0333 HR, RELIEF VALVE RV-2 OPENED AND WOULD 
NOT CLOSE. SAFETY INJECTION LATER ACTUATED AND SI VALVE-867A D I D  NOT 
OPEN. TORQUE SWiTCH WAS RESET. RV-2  INNER VALVE AND GUIDE BUSHING 
WERE BADLY SCARRED. RV-1, -2, AND -3 WERE THEN POLISHED. VENDOR 
CONSULTED FOR MODIFICATIONS TO PREVENT SCARRING. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D .  C .  
20555. (OB CENTSIPAGE -- MINIMUM CHARGE 92.00)  

FAILURE + REACTOR, PWR + REACTOR TRANSIENT + STEAM + SAFETY INJECTION + 
FAILURE, INSTRUMENT + INSTRUMENT, SWITCH + PRESSURE RELIEF + REACTOR 
POWER + ROBINSON 2 (PWR) + DAMAGE + PRESSURE TRANSIENT + OPERATING 
EXPERIENCE + TRANSIENT + VALVES + ACTUATION + PSCDR 
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ACCESS I ON NUMBER 85369 10-0 1 1 1 / 18/82 

EXCESSIVE COOLDOWN RATE A T  GINNA FOLLOWING LOSS OF OFF-SITE POWER ( A 0  
73-9 1 

ROCHESTER GAS AND ELECTR I c CORPORAT I ON 
4 PAGES, LETTER WITH ATTACHMENT TO DIRECTORATE OF LICENSING ( A E C ) ,  

0C;OBER 31. 1973. DOCKET 50-2Lt4. TYPE--PWR. MFG--WEST.. AE--GILBERT 
ASSOC . 

DURING A PERIOD WHEN 2 OF THE 4 115-KV TRANSMISSION LINES FROM THE 
STATION WERE OUT OF SERVICE AND THE SYSTEM DEMAND WAS LIGHT COMPARED 
WITH THE GENERATOR OUTPUT, INSTABILITY OF THE TRANSMISSION SYSTEM 
DEVELOPED CAUSING LOSS OF ALL OFF-SITE POWER. A REACTOR TRIP THEN 
OCCURRED. A LO-LO STEAM-GENERATOR-LEVEL SIGNAL STARTED BOTH FEEDWATER 
PUMPS. THE RAPID ADDITION OF AMBIENT TEMPERATURE CAUSED AN 85 F DROP I N  
THE REACTOR-COOLANT COLD LEG I N  10 MIN. SAFETY INJECTION WAS INITIATED. 

OPERATION UNLESS ALL 4 TRANSMISSION LINES ARE FUNCTIONING. 
NO DAMAGE CCCURRED. PROCEDURES WERE CHANGED TO PREVENT FULL-POWER 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON. D. C .  
20555. (08 CENTSIPAGE -- MINIMUM CHARGE $2.001 

FAILURE + REACTOR, PWR + PROCEDURES AND MANUALS + SCRAM, REAL + SAFETY 
INJECTION + INSTABILITY + FAILURE, ADMINISTRATIVE CONTROL + MAIN COOLING 
SYSTEM + OFF SITE + GINNA (PWR) + THERMAL TRANSIENT + POWER TRANSMISSION 
+ PSCDR 

10-0 1 1 1  118182 J ACCESSION NUMBER 85370 

MALFUNCTION OF S I  PUMP SUCTION TRANSFER FROM LOSS OF POWER A T  GINNA ( A 0  

ROCHESTER GAS AND ELECTRIC COMPANY 
4 PAGES, LETTER WITH ATTACHMENT TO DIRECTORATE OF LICENSING (AEC), 

73-10) 

OCTOBER 31, 1973, DOCKET 50-2Lt4, TYPE--PWR. MFG--WEST., AE--GILBERT 
ASSOC . 

SAFETY INJECTION ( S I )  OCCURRED FROM LOW PRESSURE AND LOW LEVEL I N  THE 
PRESSURE VESSEL FOLLOWING A REACTOR TRIP FROM LOSS OF OFFSITE POWER 
(A0-73-9).  THE S I  PUMP SUCTION TRANSFERRED FROM THE BORIC ACID STORAGE 
TANKS TO THE REFUELING WATER STORAGE TANK PREMATURELY. FAILURE RESULTED 
FROM LOSS OF POWER TO INSTRUMENT BUS 1 A .  THIS LOSS GENERATED A FALSE 
SIGNAL. THE LOSS OF POWER FOR 38  SECONDS IS THOUGHT TO BE FROM AN 
OPERATOR ERROR SINCE NO MALFUNCTION WAS FOUND. ALL INSTRUMENT BUS 
PANEL DOORS WILL BE LOCKED TO PREVENT RECURRENCE. 

20555. ( 0 8  CENTSIPAGE -- MINIMUM CHARGE $2.00) 
AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET. WASHINGTON. D .  C .  

CONTROL SYSTEM + FAILURE + FAILURE, OPERATOR ERROR + REACTOR, PWR + 
SCRAM, REAL + ELECTRIC POWER + SAFETY INJECTION + SHUTDOWN SYSTEM, 
SECONDARY + EMERGENCY COOLING SYSTEM + GINNA (PWR) + PSCDA + PSCDR 



172 

:' ACCESSION NUMBER 87016 1 1  11-01 1 031 221 03 

SAFETY INJECTION INITIATION AT SAN ONOFRE 1 FROM RAPID COOLDOWN OF THE 
SYSTEM 

SOUTHERN CALIFORNIA EDISON COMPANY, CALIFORNIA 
7 PAGES, LETTER WITH ATTACHMENT TO DIRECTORATE OF REGULATORY REGULATION 

(AEC), OCTOBER 22, 1973, DOCKET 50-206, TYPE--PWR, MFG--WEST., 
A€--BECHTEL 

THE UNIT WAS BEING REMOVED FROM SERVICE TO INVESTIGATE TURBINE PROBLEMS 
WHICH WERE INDICATED BY EXCESSIVE VIBRATION OF A BEARING AND BY 
CONDENSER SALT WATER LEAKAGE. A SAFETY INJECTION REACTOR TRIP OCCURRED 
SHORTLY AFTER TRIPPING OF THE TURBINE. UNDER THE OPERATING CONDITIONS 
WITH THE FEEOWATER VALVES ON AUTOMATIC, THE VALVES OPENED WHEN THE 
TURBINE WAS TRIPPED CAUSING RAPID FILLING OF THE STEAM GENERATORS. 
CAUSED A RAPID COOLDOWN OF THE REACTOR COOLANT SYSTEM AND ACTUATION OF 
SAFETY INJECTION. ALL SYSTEMS FUNCTIONED PROPERLY DURING THE EVENT. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, 0. C .  

THIS 

20555, (oa CENTSIPAGE -- MINIMUM CHARGE sa.oo) 

CONTROL SYSTEM + FAILURE + REACTOR, PWR + SCRAM, REAL + SAFETY INJECTION 
+ SAN ONOFRE 1 + MAIN COOLING 
SYSTEM + STEAM 
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J ACCESSION NUMBER 87031 10-0 1 11 /18 /82  

EXCESSIVE COOLDOWN RATE AND MALFUNCTION OF SAFETY INJECTION A T  GINNA ( A 0  

ROCHESTER GAS AND ELECTRIC CORPORATIONS 
4 PAGES, LETTER TO DIRECTORATE OF REGULATORY OPERATIONS, REGION 1 (AEC), 

LOSS OF OUTSIDE POWER CAUSED A REACTOR TRIP. DISTURBANCES ON THE 

73-9 AND -10) 

OCTOBER 23,  1973, DOCKET 50-244, TYPE--PWR. MFG--WEST., AE--GILBERT 
ASSOC . 
INSTRUMENT BUSES GENERATED A LOW-LOW STEAM GENERATOR LEVEL CONDITION I N  
BOTH STEAM UENERATORS WHICH AUTOMATICALLY STARTED THE STEAM DRIVEN 
AUXILIARY FEEDWATER PUMP. THIS INJECTED COLD WATER INTO THE STEAM 
GENERATORS AND CAUSED A RAPID COOLDOWN OF THE REACTOR COOLANT SYSTEM 
WHICH EXCEEDED THE L I M I T .  THE RAPID COOLDOWN RESULTED I N  A SAFETY 
INJECTION SIGNAL. THE SAFETY INJECTION PUMPS SUCTION SWITCHED FROM THE 
BORIC ACID STORAGE TANK TO THE REFUELING WATER STORAGE TANK PREMATURELY. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
AN INVESTIGATION OF ALL THESE PROBLEMS I S  I N  PROGRESS. 

20555, ( 0 8  CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + ELECTRlC POWER + SAFETY INJECTION + INSTRUMENT 
CALIBRATION + RATE + OFF SITE + COOLING + GINNA (PWR) + COOLANT LEVEL 
TRANSIENT + PSCDR 

J ACCESSION NUMBER 88077 10-0 1 1 I /  18/82 

REACTOR COOLANT SYSTEM COOLDOWN RATE EXCEEDS L IMITS A T  OCONEE 2 

DUKE POWER COMPANY 
4 PAGES, LETTER WITH ATTACHMENT TO DIRECTORATE OF LICENSING (AEC). 

WHEN A. SPURIOUS SIGNAL I N  THE 230KV SWITCHYARD CIRCUIT BREAKER FAILURE 

(A0-270/74-1) 

JANUARY 17, 1974, DOCKET 50-270, TYPE--PWR, MFG--B+W, AE--DUKE 

RELAY CIRCUITRY RESULTED I N  THE ISOLATION OF THE SWITCHYARD. THE 
REACTOR SCRAMMED FROM 75% POWER. THE SCRAM TRIPPED THE FEEDWATER 
PUMPS. THE EMERGENCY FEEDWATER PUMPS STARTED AND FILLED THE STEAM 
GENERATORS TO THE 95% LEVEL AS DESIGNED. THIS HIGH WATER LEVEL PLUS 
NORMAL REQUIRED STEAM RESULTED I N  A COOLDOWN RATE OF 140 F PER HOUR I N  
ONE LOOP AND 135.5 F PER HOUR I N  ANOTHER WHICH EXCEEDS THE 100 F PER 
HOUR L IMIT .  REDUCTION I N  WATER LEVEL SET POINT IS BEING STUDIED. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D .  C .  
20555, ( 0 8  CENTS/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + SCRAM, REAL + FAILURE, DESIGN ERROR + MAIN 
COOLING SYSTEM + STEAM GENERATOR +, SET POINT + THERMAL TRANSIENT + 
OCONEE 2 (PWR) 
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10-0 1 11 / 18 /82  J ACCESSION NUMBER 89159 

INADVERTENT SAFETY INJECTION SIGNAL AT INDIAN POINT 2 
CONSOLIDATED EDISON COMPANY 
2 PAGES, LETTER TO DIRECTORATE OF LICENSING (AEC), MARCH 5, 1974, DOCKET 

50-247, TYPE--PWR, MFG--WEST., AE--UNITD ENGR 
CAUSE - MAINTENANCE ERROR. DURING STEAM LINE PRESSURE ANALOG TESTING, AN 

INADVERTENT SAFETY INJECTION SIGNAL WAS GENERATED WHICH CAUSED THE 
ACCUMULATOR DISCHARGE STOP VALVES TO OPEN. THE REACTOR WAS I N  THE COLD 
SHUTDOWN CONDITION. WHEN THE VALVES OPENED, THE SYSTEM WAS I N  THE SOLlD 
MODE AND PRESSURE ROSE TO 560 PSIG WHICH EXCEEDED THE 500 PSI L I M I T  FOR 
THE SYSTEM TEMPERATURE. THE TRIP OCCURRED WHEN A BISTABLE WAS PLACED I N  
THE TRIP POSITION ACCORDING TO TEST PROCEDURES. A T  THlS TIME 2 OTHER 
BISTABLES WERE TRIPPED, ONE OF WHICH HAD NOT BEEN RESET AFTER TESTING. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555, (08 CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + SAFETY INJECTION + INSTRUMENT, SWITCH + TEST, 
SYSTEM OPERABILITY + FAILURE, MAINTENANCE ERROR + INDIAN POINT 2 (PWR) + 
MAIN COOLING SYSTEM + PRESSURE TRANSlENT + ELECTRONIC FUNCTION UNITS 

ACCESSION NUMBER 91182 10-0 1 11/18/82 

ADDlTlONAL 1NFORMATION ON COOLANT PUMP SEAL FAILURE A T  OCONEE 2 
DUKE POWER COMPANY 
4 PAGES, LETTER TO DIRECTORATE OF LICENSING (AEC),  APRIL 30, 1974, DOCKET 

50-270, TYPE--PUR, MFG--B+W, AE--DUKE 
CAUSE - EXCESS UPPER SEAL LEAKAGE. FAILURE OF A REACTOR COOLANT PUMP 

SEAL, REPORTED EARLIER, RESULTED WHEN THE UPPER SEAL LEAKAGE, COMBINED 
WITH THE SEAL STAGING FLOW, EXCEEDED THE CAPACITY OF THE PUMP HEAT 
EXCHANGERS. THE RESULTING THERMAL SHOCK FRACTURED THE ROTATING 
SEALRINGS AND OTHER COMPONENTS. MODIFICATIONS WERE MADE TO INCREASE THE 
CAPACITY OF THE HEqZ EXCHANGER SYSTEM AND TO MONITOR SEAL LEAKAGE AND 
THE SEAL TEMPERATURE. ALSO, MODIFICATlONS WERE MADE TO ASSURE THAT THE 
IMPELLER CAP SCREW I S  HELD I N  POSITION BY THE ADDITION OF ANOTHER SPIRAL 
PIN.  

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET. WASHINGTON, D. C .  
20555, (08 CENTSIPAGE -- MlNIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + THERMAL MECHANICAL EFFECT + MODIFICATION + 
FAILURE. DESIGN ERROR + SEAL + MAIN COOLING SYSTEM + LEAK RATE + SYSTEM 
CAPACITY + THERMAL TRANSIENT + OCONEE 2 (PWR) + PUMPS + HEAT EXCHANGERS 



175 

ACCESSION NUMBER 96427 10-0 1 11 /18 /82  

MAXIMUM COOLDOWN RATE EXCEEDED A T  RANCHO SECO 
SACRAMENTO MUNICIPAL UTILITY DISTRICT, CALIFORNIA 
5 PAGES. LETTER WITH ABNORMAL OCCURRENCE REPORT 74-6 TO DIRECTORATE OF 

LICENSING (AEC), OCT. 22. 1974. DOCKET 50-312, TYPE--PWR, MFG--B+W, 
AE--8ECHTEL 

OPERATOR NOTICED THAT THE MAIN CONDENSER VACUUM WAS DECREASING. WHEN 
EFFORTS TO RESTORE THE VACUUM FAILED, THE CONDENSER BYPASS VALVE WAS 
CLOSED AND THE REACTOR WAS TRIPPED. A T  THIS TIME THE ATMOSPHERIC 
RELIEF VALVES WERE ISOLATED. THE TRANSIENT WAS CONTROLLED BY THE 
SECONDARY SIDE PRESSURE RELIEF VALVES. AUXILIARY LOADS BEING SUPPLIED 
BY THE MAIN STEAM CAUSED EXCESSIVE COOLDOWN SINCE THERE WAS SO LITTLE 
DECAY HEAT AVAILABLE BECAUSE OF LOW OPERATING-TIME. THE AUXILIARY 
BOILER WAS STARTED TO RESTORE STABLE CONDITIONS. 

20555, (08 CENTS/PAGE -- MINIMUM CHARGE 82.00) 

CAUSE - PROCEDURE DEFICIENCY. DURING OPERATION A T  15% POWER, THE 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON. D.  C .  

FAILURE + REACTOR, PWR + PROCEDURES AND MANUALS + SCRAM, REAL + REACTOR 
STARTUP EXPERIENCE + FAILURE, ADMINISTRATIVE CONTROL + LEAK + CONDENSER 
+ PRESSURE TRANSIENT + RANCHO SECO (PWR) + THERMAL TRANSIENT + PRESSURE 
RELIEF + VALVES + COOLING SYSTEM, SECONDARY + PSCDR 

ACCESSION NUMBER 97128 10-01 11/18/82 

COOLDOWN RATE EXCEEDS LIMITS A T  RANCHO SECO 
SACRAMENTO MUNICIPAL UTILITY DISTRICT, CALIFORNIA 
1 PAGE, LETTER TO DIRECTORATE OF REGULATORY OPERATIONS (AEC), REGION V ,  

CAUSE - LIFTING OF RELIEF VALVE. FOLLOWING A LOSS OF CONDENSER VACUUM 
OCTOBER 8, 1974, DOCKET 50-312. TYPE--PWR, MFG--B+W, AE--BECHTEL 

AND THE SHUTTING OF THE TURBINE BYPASS VALVES, THE OPERATOR TRIPPED THE 
REACTOR FROM 15% POWER. I N  THE ENSUING TRANSIENT, A MAIN STEAM RELIEF 
VALVE LIFTED AND BLEW DOWN FOR 5 MINUTES, RESULTING I N  A RAPID COOLDOWN 
AND A DECREASE I N  PRESSURIZER LEVEL. HIGH PRESSURE INJECTION WAS 
INITIATED MANUALLY WHICH CONTRIBUTED ADDITIONALLY TO THE COOLDOWN. OVER 
A I-HR PERIOD, THE ACTUAL SYSTEM TEMPERATURE CHANGED ABOUT 110 F.  THIS 
EXCEEDS THE 100 F L I M I T .  

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C. 
20555, (08 CENTSIPAGE -- MINIMUM CHARGE 82.00) 

FAILURE, EQUIPMENT + FAILURE + REACTOR, PWR + PRESSURE RELIEF + BLOWDOWN 
+ RANCHO SECO (PWR) + THERMAL TRANSIENT + VALVES + COOLING SYSTEM, 
SECONDARY + ACTUATION + PSCDR 
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J ACCESSION NUMBER 100433 10-0 1 11 118182 

SAFETY INJECTION OCCURS A T  ZION 2 
COMMONWEALTH EDISON COMPANY, ILL INOIS 
1 PAGE, LETTER TO AEC DIRECTORATE OF REGULATORY OPERATIONS, REGION 3, 
MARCH 7, 1975, DOCKET 50-309, TYPE--PWR, MFG--WEST.. AE--SGT R LUNOY 

CAUSE - BROKEN CONNECTOR ON RELAY. THE LEVEL CONTROL VALVE FOR A STEAM 
GENERATOR CLOSED DURING SAFEGUARDS TESTING. THE REACTOR TRIPPED FROM 
STEAM FLOWIFEED FLOW MISMATCH WITH LOW LEVEL. THE VALVE CLOSED AS 'A 
RESULT OF A BROKEN CRIMP CONNECTOR ON A RELAY. THE PRESSURE 
OSCILLATIONS THAT OCCURRED I N  THE STEAM GENERATOR AS THE FEED RING WAS 
BEING COVERED ACTUATED SAFETY INJECTION. THE SAFETY INJECTION WAS 
TERMINATED WITHIN 30 SECONDS WHEN ANALYZED AS INADVERTANT. DURING 
NORMAL TRIPS, THE FEED RINGS ARE NOT UNCOVERED. VIBRATION CAUSED THE 
BROKEN CONNECTOR TO SEPARATE FROM THE RELAY. A V A L :  PDR 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555. (08 CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + SCRAM, REAL + SAFETY INJECTION + FAILURE, 
INSTRUMENT + VIBRATION + STEAM GENERATOR + PRESSURE TRANSIENT + ZION 2 
(PWR) + CABLES AND CONNECTORS + RELAYS + FEEDWATER + TRANSIENT 

/ ACCESS ION NUMBER 103077 10-0 1 

I REACTOR COOLANT PUMP SEAL SYSTEM FAILS A T  ROBINSON 2 

11/18/82 

CAROLINA POWER 8 LIGHT COMPANY 
8 PAGES, LETTER WITH A 0  75-9 TO NRC DIR. OF REGULATORY OPERATIONS, REGION 
2. MAY 12. ,1975. DOCKET 50-261. TYPE--PWR. MFG--WEST.. AE--EBASCO 

CAUSE - NOT STATED. THE PLANT HAD JUST REACHED FULL POWER EARLY IN THE 
MORNING FOLLOWING i A MAINTENANCE OUTAGE. THAT EVENING REACTOR COOLANT 
PUMP C SEAL LEAKOFF OSCILLATED FULL RANGE SEVERAL TIMES AND STABILIZED 
A T  A FLOW ABOVE 6 GPM. A LOAD REDUCTION OF 10XIMIN WAS STARTED TO IDLE 
THE PUMP./ A REACTOR TRIP OCCURRED. THE PUMP WAS LATER RESTARTED TO AID 
I N  COOLDOWN. BOTH OTHER SEALS FAILED A T  THIS TIME. FAILURE CAUSED 
OVERHEATPNG OF THE PUMP SHAFT AND SEAL HOUSING. THESE WILL BE REPLACED. 

PROPERiOPERATION OF SAFEGUARDS EQUIPMENT AND ACTIONS TAKEN BY THE 
OPERATORS PREVENTED MOR! EXTENSIVE DAMAGE AFTER THE SEAL FAILURE. ALL 
SYSTEMS FUNCTIONED AS DESIGNED. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D .  C .  
20555, (08 CENTS/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE, COMPONENT + FAILURE + REACTOR, PWR + REACTOR COOLANT + SAFETY 
INJECTION + INCIDENT + SEAL + ROBINSON 2 (PWR) + MAIN COOLING SYSTEM + 
LEAK + PRESSURE TRANSIENT + OPERATOR ACTION + REACTOR SHUTDOWN + PUMPS + 
PSCDA + PSCDR 
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J ACCESSION NUMBER 103892 10-0 1 1 1 1  18/82 

REACTOR COOLANT SYSTEM COOLDOWN RATE EXCESSIVE A T  OCONEE 3 
DUKE POWER COMPANY, N.C. 
2 PAGES, LETTER WITH AOR 75-7 TO U.S. NRC. REGION 2, JUNE 27, 1975. 

DOCKET 50-287. TYPE--PWR. MFG--BLW. AE--DUKE 
CAUSE - OPERATOR ERROR. DURING A ROUTIbiE SHUTDOWN FOR MAINTENANCE, A 

MINOR SYSTEM TRANSIENT OCCURRED WHICH RESULTED I N  OPENING A 
POWER-ACTUATED PRESSURIZER RELIEF VALVE WITH REACTOR POWER AT 15%. THE 
VALVE REMAINED OPEN AND THE RC SYSTEM DEPRESSURIZATION CONTINUED UNTIL 
THE ISOLATION VALVE WAS CLOSED. THE SHUTDOWN CONTINUED WITH A CCOLDOWN 
RATE OF 100 F/HR. HOWEVER, WHEN THE I N I T I A L  DROP I N  TEMPERATURE FROM 
DEPRESSURIZATION WAS INCLUDED THE RATE EXCEEDED THE 100 F/HR L I M I T  BY 1 
F/HR. BORIC ACID CRYSTAL BUILDUP ON THE CONNECTING P I N  OF THE LEVER ARM 
OF THE PILOT VALVE CAUSED THE VALVE TO REMAIN OPEN. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555, (08 CENTSIPAGE -- MINIMUM CHARGE $2.001 

FAILURE + FAILURE, OPERATOR ERROR + REACTOR, PWR + PRESSURE RELIEF + 
BLOWDOWN + MAIN COOLING SYSTEM + RATE + PRESSURE TRANSIENT + COOLING + 
OCONEE 3 (PWR) + VALVES + ACTUATION + PSCDA + PSCDR 

ADDITIONAL INFORMATION ON EXCESSIVE COOLDOWN RATE A T  OCONEE 3 
DUKE POWER CO. ,  CHARLOTTE, N.C. 
3 PAGES, LETTER TO NRC, REGION 2, AUG. 8, 19'75, DOCKET 50-287, TYPE--PWR, 

CAUSE - RELIEF VALVE MALFUNCTION. REACTOR POWER WAS BEING REDUCED FROM 
MFG--B&W, AE--DUKE 

100% TO 15%' BY THE INTEGRATED CONTROL SYSTEM FOR A MAINTENANCE 
SHUTDOWN. WHEN 15% WAS REACHED, UNIT LOAD DEMAND WAS 65 MWE AND POWER 
GENERATION WAS 115 MWE. THIS DIFFERENCE EXISTED BECAUSE THE REACTOR 
WAS OPERATING A T  ITS LOWER L IMIT  OF 15% AND COULD NOT FOLLOW LOAD 
DEMAND. A TRANSIENT OCCURRED THAT TRIPPED THE REACTOR. DURING THE 
TRANSIENT, A RELIEF VALVE OPENED AND FAILED TO CLOSE. THIS TRANSIENT 
WAS TERMINATED BY CLOSING THE ISOLATION VALVE. COOLDOWN RATE WAS 101 
F/HR DURING THE FIRST HOUR. THE RELIEF VALVE FAILED BECAUSE OF HEAT 
EXPANSION, BORIC ACID CRYTAL BUILDUP ON THE VALVE LEVER, AND BENDING OF 
THE SOLENOID SPRING BRACKET. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555, (OB CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + REACTOR TRANSIENT + SCRAM, REAL + STEAM + 
REACTOR CONTROL + PRESSURE RELIEF + FAILURE, MAINTENANCE ERROR + 
BLOWDOWN + THERMAL TRANSIENT + COOLING SYSTEM, SECONDARY + OCONEE 3 
(PWR) + VALVES + ACTUATION + PSCDR 
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@ ACCESSION NUMBER 104981 10-0 1 11 /1B/B2 

HIGH PRESSURE SERVICE WATER PUMP FAILS TO START A T  PEACH BOTTOM 2 
PHILADELPHIA ELECTRIC COMPANY 
2 PGS, LTR TO NRC DIV. OF REACTOR LICENSING. AUG. 8, 1975, DOCKET 50-277, 

CAUSE - BREAKER CELL SWITCH SUPPORT BENT. WHILE TESTING THE HIGH 
TYPE--BWR. MFG--G.E., AE--BECHTEL 

PRESSURE SERVICE WATER SYSTEM WITH THE REACTOR AT 55% POWER, PUMP 2 A  
FAILED TO START. THE BREAKER CELL SWITCH SUPPORT WAS BENT. THIS 
APPARENTLY OCCURRED DURING OPERATOR QUALIFICATION TESTS I N  WHICH THE 
BREAKER WAS RACKED OUT AND IN.  THE PUMP WAS NOT RUN AFTER THE BREAKER 
WAS RETURNED TO SERVICE BECAUSE NO WORK WAS ASSOCIATED WITH THIS TEST. 
THE SUPPORT WAS STRAIGHTENED AND THE PUMP TESTED SUCCESSFULLY. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555. ( 0 8  CENTSIPAGE -- MINIMUM CHARGE 82.00) 

REACTOR, BWR + FAILURE + FAILURE. OPERATOR ERROR + TESTING + TEST, SYSTEM 
OPERABILITY + DAMAGE + AUXILIARY COOLING + PEACH BOTTOM 2 (BWR) + 
BREAKER + PUMPS 

J ACCESS I ON NUMBER 1 096 19 10-01 11/18/82 
P 

SAFETY INJECTION ACTUATION OCCURS A T  COOK 1 
INDIANA 8 MICHIGAN POWER CO.. BRIDGMAN, M I  
3 PGS, LTR WISPECIAL RPT S I -03  TO NRC OFFICE OF I 8 E. REGION 1 1 1 ,  DEC. 

CAUSE - UNKNOWN. WHILE OPERATING A T  81% POWER WITH SYSTEM CONTROLS I N  
31, 1975. DOCKET 50-315. TYPE--PWR, MFG--WEST.. AE--UTILITY 

AUTOMATIC AND FUNCTIONING PROPERLY, ALL REACTOR PROTECTION SYSTEM STATUS 
LIGHTS FLASHED ON AND OFF SEVERAL TIMES. ON THE SECOND OR THIRD CYCLE 
REACTOR/TURBINE TRlP AND SAFETY INJECTION WITH STEAM LINE ISOLATION WAS 
VERIFIED. AFTER ASSURING THAT ALL CRITICAL PARAMETERS WERE NORMAL, 
SAFETY INJECTION WAS TERMINATED AFTER 900 GALLONS WERE INJECTED I N  3 
MINUTES. THOROUGH CHECKING OF POWER SUPPLlES AND TESTING OF THE RPS DID 
NOT REVEAL ANY ABNORMALITIES. NO EVIDENCE OF DAMAGE WAS FOUND. THIS I S  
THE 3RD INADVERTENT ACTUATION OF THE SAFETY INJECTION SYSTEM. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, 0. C .  
20555, ( 0 8  CENTSIPAGE -- MINIMUM CHARGE 82.00) 

FAILURE + ACCIDENT, LOSS OF POWER + REACTOR, PWR + SAFETY INJECTION + 
SCRAM, SPURIOUS + COOK 1 (PWR) + THERMAL TRANSIENT + PSCDR 
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10-0 1 1 1 / 18/82 J ACCESSION NUMBER 112149 

SPECIAL REPORT ON SAFETY INJECTION A T  COOK 1 
INDIANA & MICHIGAN POWER CO. ,  BRIDGMAN. M I  
3 PGS, LTR W/RI-09 TO NRC OFFICE OF I 8 E, REGION 1 1 1 ,  MARCH 12, 1976, 

CAUSE - FAILURE TO FOLLOW PROCEDURES. DURING SURVEILLANCE TESTING WITH ' 
DOCKET 50-315, TYPE--PWR, MFG--WEST., AE--UTILITY 

THE REACTOR A T  81% POWER, THE TECHNICIAN FAILED TO NOTIFY THE CONTROL 
ROOM OPERATOR TO HAVE THE CONTROLLING CHANNEL CHANGED FROM THE ONE TO BE 
TESTED TO THE STANDBY CHANNEL. TESTING OF THE STEAM FLOW SIGNAL THEN 
RESULTED I N  A REACTOR-TURBINE TRIP AND IN IT IAT ION OF SAFETY INJECTION. 
THE CAUSE OF SAFETY INJECTION ACTUATION WAS NOT IYMEDIATELY APPARENT TO 
THE OPERATOR AND THE SYSTEM WAS ALLOWED TO OPERATE FOR 7 MINUTES PRIOR 
TO TERMINATION. THERE WAS NO EVIDENCE OF ANY MECHANICAL DAMAGE OR 
ABNORMAL PIPING MOVEMENT. 

, 
AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON. D .  C. 

20555, (08 CENTS/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + PROCEDURES AND MANUALS + SCRAM, REAL + SAFETY 
INJECTION + TEST, SYSTEM OPERABILITY + FAILURE, MAINTENANCE ERROR + COOK 
1 (PWR) + REACTOR SHUTDOWN + THERMAL TRANSIENT + COMMUNICATION 

J ACCESSION NUMBER 1162LtO 10-0 1 1 I /  18/82 

POWER INCREASES ABOVE POWER LEVEL CUTOFF A T  OCONEE 3 
DUKE POWER CO. ,  CHARLOTTE, NC 
3 PGS, L T R  W/R0-287/76-9 TO U.S. NRC, REGION 1 1 ,  JULY 27, 1976, DOCKET 

CAUSE - FEEDWATER TRANSIENT. THE REACTOR WAS OPERATING AT 81% FULL POWER 
UNTIL XENON CONDITIONS COULD ALLOW OPERATION ABOVE THE 82.5% POWER LEVEL 
CUTOFF. DURING THIS TIME, A FEEDWATER TRANSIENT CAUSED A POWER INCREASE 
OF 3%. THUS EXCEEDING THE CUTOFF L I M I T  BY 1.5%. THE FEEDWATER TRANSIENT 
RESULTED FROM A SPURIOUS 80% DECREASE I N  FEEDWATER DEMAND FOR 2 SECONDS. 

INCREASE I N  FEEDWATER FLOW AND LOWERING OF THE AVERAGE REACTOR 
TEMPERATURE. THE OPERATOR PROMPTLY PLACED FEEDWATER CONTROLS I N  MANUAL 
AND DECREASED FLOW TO LOWER POWER BELOW THE CUTOFF LEVEL. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, 0. C .  

50-287, TYPE--PWR, MFG--B&W, AE--DUKE 

THIS INDUCED AN OSCILLATION I N  THE FEEDWATER SYSTEM RESULTING I N  AN 

20555. ( 0 8  CENTS/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + XENON + REACTOR POWER + OPERATOR ACTION + 
TRANSIENT + FAILURE. INHERENT + COOLING SYSTEM, SECONDARY + COOLANT 
LEVEL TRANSIENT + FEEDWATER + OCONEE 3 (PWR) 
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J ACCESSION NUMBER 117079 10-0 1 1 1  /18/82 

SAFETY INJECTION OCCURS A T  ZION 2 
COMMONWEALTH EDISON C O . ,  ZION, 1L 
i! PGS, LTR W/RPT TO NRC DIRECTORATE OF REGULATORY OPERATIONS, REGION 1 1 1 ,  

AUG. 13. 1976, DOCKET 50-30’i, TYPE--PWR, MFG--WEST.. AE--SGT & LUNDY 

FLANNED TURBINE TRIP FROM 100% POWER. THEN, WITH THE UNIT I N  HOT 
SHUTDOWN, A SAFETY INJECTION OCCURRED DUE TO HIGH STEAMLINE DELTA P ON 2 
LOOPS. THE SHOCK OF A WATER HAMMER I N  A THIRD LOOP CAUSED THE 2 
STEAMLINE TRANSMITTERS TO SPIKE HIGH. EXPERIMENTS HAVE SHOWN THAT A 
SHOCK WILL CAUSE THIS. SAFETY INJECTION PROCEEDED FOR ABOUT 15 SECONDS. 

NO DAMAGE OCCURRED. AUXILIARY FEEDWATER FLOW WILL BE LIMITED TO 50 GPM 
PER STEAM GENERATOR WHERE POSSIBLE. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, 0. C .  

CAUSE - STEAM GENERATOR WATER HAMMER. ON 6-10-76. UNIT 2 EXPERIENCED A 

20555, (08 CENTSIPAGE -- MINIMUM CHARGE 82 .00 )  

FAILURE + HYDRAULIC EFFECT + REACTOR, PWR + SAFETY INJECTION + 
INSTRUMENT, SWITCH + INSTRUMENT, ABNORMAL INDICATION + STEAM GENERATOR + 
FLOW + ZION 2 (PWR) + AUXILIARY + COOLING SYSTEM, SECONDARY + FEEDWATER 
+ SENSORS, PRESSURE + TRANSIENT 

o/ ACCESSION NUMBER 117080 10-0 1 11/18/82 

SAFETY INJECTION OCCURS A T  ZION 2 
COMMONWEALTH EDISON C O . ,  ZION, I L  
2 PGS, L T R  W/RPT TO NRC DIRECTORATE OF REGULATORY OPERATIONS, REGION 1 1 1 ,  

AUG. 12, 1976, DOCKET 50-309, TYPE--PWR, MFG--WEST., AE--SGT & LUNDY 
CAUSE - WATER HAMMER I N  STEAM GENERATOR. ON 5-25-76, UNIT 2 WAS 

OPERATING A T  2760 MWT WHEN’A REACTOR TRIP OCCURRED DUE TO FEEDWATER PUMP 

GPM PER STEAM GENERATOR. ABOUT 30 MINUTES LATER WITH THE UNIT I N  HOT 
SHUTDOWN. A SAFETY INJECTION OCCURRED DUE TO HIGH STEAM LINE DELTA P ON 

STEAMLINE TRANSMITTERS,TO GIVE A FALSE READING BY SPIKING HIFH. SAFETY 
INJECTION PROCEEDED FOR 90 SECONDS. AUXILIARY FEEDWATER FLOW WILL BE 
LIMITED TO 50 GPM WHEN POSSIBLE. 

28 TRIP. FOLLOWING T I ~ E  TRIP, AUXILIARY FEEDWATER WAS BEING ADDED A T  i o 0  

2 LOOPS. THE SHOCK OF A WATER HAMMER ON A THIRD LOOP CAUSED THE-2 * 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON. D. c .  
20555, (08 CENTS/PAGE -- MINIMUM CHARGE $2.00)  

FAILURE + HYDRAULIC EFFECT + REACTOR, PWR + SAFETY INJECTION + 
INSTRUMENT, SWITCH + INSTRUMENT, ABNORMAL INDICATION + STEAM GENERATOR + 
FLOW + ZION 2 (PWR) + AUXILIARY + COOLING SYSTEM, SECONDARY + FEEDWATER 
+ SENSORS, PRESSURE 
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ACCESS I ON NUMBER 1 17639 10-0 1 11 I w e 2  

SAFETY INJECTION OCCURS A T  ZION 1 
COMMONWEALTH EDISON CO. .  ZION, 1L 
2 PGS, LTR WIRPT TO NRC DIRECTORATE OF REGULATORY OPERATIONS, REGION I l l ,  

AUG. 27. 1976, DOCKET 50-295, TYPE--PWR, MFG--WEST., AE--SGT R LUNDY 
CAUSE - HYDRAULIC TRANSIENT. DURING A STARTUP WITH THE REACTOR A T  20% 

POWER, WHILE ATTEMPTING TO PLACE THE FEEDWATER FLOW CONTROLLERS I N  
AUTOMATIC, A SAFETY INJECTION OCCURRED DUE TO HIGH STEAMLINE DELTA P ON 
2 LOOPS. A RAPID FEEDWATER FLOW INCREASE ON STEAM GENERATOR 10 EITHER 
OF ITSELF CAUSED A MECHANICAL SHOCK TO STEAMLINE PRESSURE TRANSMITTERS 
1B AND 10 OR CAUSED A HYDRAULIC TRANSIENT I N  SG I D  WITH SUBSEQUENT 
MECHANICAL SHOCK TO THE SAME TRANSMITTERS. THE SHOCK CAUSED THE 
TRANSMITTERS TO SPIKE HIGH RESULTING I N  AN INDICATED HIGH DELTA P ON THE 
OTHER 2 TRANSMITTERS INITIATING SAFETY INJECTION. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555, (08 CENTSIPAGE -- MINIMUM CHARGE 82.00) 

FAILURE + HYDRAULIC EFFECT + REACTOR, PWR + SAFETY INJECTION + STEAM 
GENERATOR + PRESSURE TRANSIENT + ZION 1 (PWR) + REACTOR SHUTDOWN + 
FEEDWATER + SENSORS, PRESSURE + TRANSIENT 

I/ ACCESSION NUMBER 118297 10-0 1 i11181e2 
I 

REACTOR SCRAMS AND SAFETY INJECTION OCCURS A T  COOK 1 
INDIANA & MICHIGAN POWER C O . ,  BRIDGMAN, M I  
3 PGS, L T R  WISPECIAL RPT. S I -05  TO NRC OFFICE OF I R E, REGION 1 1 1 .  SEPT. 

1 ,  1976. DOCKET 50-315. TYPE--PUR, MFG--WEST., AE--UTILITY 
CAUSE - LOSS OF A V I T A L  BUS CHANNEL. WHILE OPERATING A T  100% POWER I N  

THE AUTOMATIC MODE OF CONTROL, A REACTOR TRIP OCCURRED DUE TO FAILURE OF 
THE INVERTER FOR V I T A L  BUS CHANNEL I. WHEN THE CHANNEL WAS LOST, THE 
RPS RECEIVED A REACTOR COOLANT PUMP BREAKER OPEN INDICATION WHICH 
RESULTED I N  THE REACTOR TRIP. A SAFETY INJECTION ACTUATION OF 
SAFEGUARDS TRAIN B AND STEAM LINE ISOLATION RESULTED FROM A FALSE 
INDICATION OF HIGH STEAM LINE FLOW ON 1 CHANNEL WITH A VERY MQMENTARY 
DROP I N  TAVG TO THE LOW-LOW VALUE. SAFETY INJECTION WAS TERMINATE9 I N  
ABOUT 9 MINUTES. NO DAMAGE OCCUHRED. 

AVAlLABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C.  
20555, (08 CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE, EQUIPMENT + FAILURE + REACTOR, PWR + SCRAM, REAL + SAFETY 
INJECTION + ELECTRIC POWER, V I T A L  + COOK 1 (PWR) + REACTOR SHUTDOWN + 
TRANSIENT + GENERATORS 
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J ACCESSION NUMBER 119312 10-0 1 1 1  / 18/82 

SPECIAL REPORT ON SAFETY INJECTION ACTUATION A T  COOK 1 
INDIANA & MICHIGAN POWER C O . ,  BIRDGMAN, M I  
3 PGS, L T R  HISPECIAL RPT. SI-06 TO NRC OFFICE OF I 8 E,  REGION 1 1 1 .  SEPT. 

30, 1976, DOCKET 50-315, TYPE--PWR, MFG--WEST., AE--UTILITY 
CAUSE - UNKNOWN. WHILE PREPARING FOR A STARTUP AND WITH THE REACTOR I N  

HOT STANDBY, A SAFETY INJECTION ACTUATION OCCURRED ON SAFEGUARDS TRAIN A 
FOR NO APPARENT REASON. NO STATUS, LIGHTS WERE RECEIVED AND NO REACTOR 
T R I P  OCCURRED. I T  WAS FELT THAT THE PROBLEM WAS ASSOCIATED WITH THE 
MASTER RELAY DRIVER CARD. THIS CARD WAS REPLACED. ABOUT 600 GALLONS OF 
BORATED WATER A T  165 F INITIALLY WERE INJECTED INTO THE SYSTEM. THIS I S  
THE SIXTH INADVERTANT ACTUATION OF THE SAFETY INJECTION SYSTEM. 
CONSERVATIVELY I T  CONSTITUTES 1/50 OF ALLOWABLE THERMAL CYCLES. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C.  
20555. (OB CENTSIPAGE -- MlNlMUM CHARGE $2.00)  

FAILURE + REACTOR, PWR + SAFETY INJECTION + MAIN COOLING SYSTEM + COOK 1 
(PWR) + THERMAL TRANSIENT + ELECTRONIC FUNCTION UNITS + PSCDR 

J ACCESSION NUMBER 120766 10-0 1 1 1  / 18/62 

REACTOR COOLANT SYSTEM TEMPERATURE DECREASES A T  CALVERT CL I FFS 2 
BALTIMORE GAS &,ELECTRIC C O . .  BALTIMORE. MD 
3 PGS, LTR W/LER 76-10/3L TO NRC OFFICE OF I & E, REGION I ,  DEC. 27, 

1976, DOCKET 50-318, TYPE--PWR, MFG--COMB., AE--BECHTEL 
CAUSE - LACK OF OPERATOR EXPERIENCE. DURING ESCALATION TO POWER TESTING, 

THE MAIN TURBINE GENERATOR WAS PARALLELED. TWENTY-SEVEN MINUTES LATER 
LOAD WAS REDUCED I N  RESPONSE TO DECREASING REACTOR COOLANT SYSTEM 
7EMPERATURE. RAPID FEEDING OF THE STEAM GENERATORS TO COMPENSATE FOR 
LEVEL SHRINK CAUSED T AVG TO DECREASE TO 503 F .  T AVG WAS RESTORED TO 
GREATER THAN 5i5 F WITHIN IO MINUTES. LACK OF OPERATOR EXPERIENCE WITH 
A SLIGHTLY POSITIVE TEMPERATURE COEFFICIENT AND THE SINGLE ELEMENT MODE 
OF STEAM GENERATOR CONTROL CONTRIBUTED TO THIS EVENT. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555, (08 CENTSIPAGE -- FEINIMUM CHARGE $2.00) 

CALVERT CLIFFS 2 (PWR) + REACTOR, PWR + REACTOR STARTUP EXPERIENCE + 
FAILURE + THERMAL TRANSIENT + MAIN COOLING SYSTEM + FAILURE. OPERATOR 
ERROR + CONTROL + STEAM GENERATOR 
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1 1 1  18/82 

REACTOR COOLANT SYSTEM DROPS BELOW L I M I T  A T  CALVERT CLIFFS 2 
BALTIMORE GAS R ELECTRIC C O . ,  BALTIMORE, MD 
3 PGS, L T R  W/LER 76-1113L TO NRC OFFICE OF 1 R E,  REGION I, DEC. 27, 

1976, DOCKET 50-318, TYPE--PWR, MFG--COMB., AE--BECHTEL 
CAUSE - PLANT CONTROL A T  LOW POWER. WITH THE REACTOR A T  19% POWER, CORE 

POWER WAS DECREASING, DUE TO XENON BUILDIN AND COMPENSATING BORON 
DILUTIONS WERE BEING MADE TO STABILIZE POWER. A T  THIS TIME A,POSITIVE 
MODERATOR TEMPERATURE COEFFICIENT EXISTED CAUSING CONTROL BY DILUTION TO 
BE DIFFICULT TO PREDICT. OVER A PERIOD OF TIME THE DILUTIONS WERE NOT 
SUFFICIENT AND T AVG AND STEAM GENERATOR LEVEL DECREASED. STEAM 
GENERATOR FEEDING WAS MADE TOO FAST DECREASING T AVG BELOW THE L I M I T .  
TURBINE LOAD WAS DECREASED AND T AVG RETURNED TO WITHIN L IMITS.  A 
SECOND HEAVY FEEDING CAUSED T AVG TO DROP AGAIN. THE OPERATOR SCRAMMED 
THE REACTOR. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D .  C .  
20555, ( 0 8  CENTSIPAGE -- MINIMUM CHARGE $2.00) 

CALVERT CLIFFS 2 (PWR) + REACTOR, PWR + REACTOR STARTUP EXPERIENCE + 
FAILURE + THERMAL TRANSIENT + MAIN COOLING SYSTEM + COFJTROL + STEAM 
GENERATOR + FAILURE, OPERATOR ERROR + REACTOR SHUTDOWN + SCRAM, REAL + 
REACTOR CONTROL 

/ ACCESS I ON NUMBER 1208 18 10-0 1 1 1  /18/82 

SAFETY INJECTION OCCURS A T  ZION 1 
COMMONWEALTH EDlSON C O . ,  ZION, I L  
2 PGS, L T R  W/RPT TO NRC DIRECTORATE OF REGULATORY OPERATIONS, REGION 1 1 1 .  

DEC. 13, 1976, DOCKET 50-295, TYPE--PWR, MFG--WEST., AE--SGT R LUNDY 
CAUSE - WATER HAMMER. ON 9/25/76 WHEN 8 HANGERS ON FEEDWATER PIPE ID 

WERE FOUND BROKEN, THE UNIT WAS BROUGHT TO HOT SHUTDOWN. THE NEXT DAY 
WHILE ATTEMPTING TO UNISOLATE THE FEEDWATER LINE TO BRING THE UNIT TO 
COLD SHUTDOWN, A WATER HAMMER OCCURRED WHEN COOL WATER ENTERED THE HOT 
FEEDWATER LINE. THE WATER HAMMER CAUSED 2 PRESSURE TRANSMITTERS TO 
SPIKE HIGH RESULTING I N  A SAFETY INJECTION INITIATION. AFTER 2 MINUTES, 
WHEN ASSURED OF STABLE PLANT PARAMETERS, THE OPERATOR TERMINATED THE 
INJECTION. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555, (OB CENTSIPAGE -- MINIMUM CHARGE $2.00) 

ZION 1 (PWR) + REACTOR, PWR + FAILURE + SAFETY INJECTION + HYDRAULIC 
EFFECT + PRESSURE TRANSIENT + FEEDWATER + TRANSIENT 
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ACCESSION NUMBER 120819 10-01 11 / 18/82 

J 

SAFETY INJECTION OCCURS A T  ZION 2 
COMMONWEALTH EDISON C O . ,  ZION, I L  
2 PGS. LTR W/RPT TO NRC DIRECTORATE OF REGULATORY OPERATIONS, REGION 1 1 1 .  

DEC. 8, 1976, DOCKET 50-304, TYPE--PWR. MFG--WEST., AE--SGT 8 LUNDY 
CAUSE - SWITCHING ERROR. ON 9/19/76 WHILE OPERATING A T  30% POWER, A 

SWITCHING ERROR OCCURRED WHILE TAKING BATTERY 211 OFF EQUALIZING CHARGE 
RESULTING I N  BUS 211 BEING DE-ENERGIZED. THIS CAUSED 2 REACTOR COOLANT 
PUMPS TO TRIP RESULTING I N  A REACTOR TRIP/TURBINE TRIP. DUE TO THE LOSS 
OF BUS 211, THE TURBINE DRIVEN FEEDWATER PUMP DID NOT TRIP. .THE RAPID 
ADDITION OF FEEDWATER CAUSED A PRESSURE DROP I N  2 STEAM GENERATORS AND A 
SAFETY INJECTION. THIS COULD NOT BE VERIFIED FROM FIRST OUT 
ANNUNCIATORS SINCE THEY ARE FED FROM BUS 211. WHEN POWER WAS RESTORED 
TO BUS 211 30 MINUTES LATER, I ?  WAS DETERMINED THAT AN S I  INCIDENT HAD 
NOT OCCURRED. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C.  
20555, (08 CENTSIPAGE -- MINIMUM CHARGE $2.00) 

ZION 2 (PWR) + REACTOR, PWR + FAILURE + SAFETY INJECTION + PRESSURE 
TRANSIENT + SCRAM, REAL + FAILURE, OPERATOR ERROR + FEEDWATER + 
TRANSIENT + PSCDR 

ACCESSION NUMBER 122385 10-0 1 1 1 / 18/82 

SPECIAL REPORT ON SAFETY INJECTION ACTUAT.ION A T  TROJAN 
PORTLAND GENERAL ELECTRIC, PORTLAND, OR 
2 PGS, LTR W/RPT TO NRC REGION V .  FEE. 2, 1977, DOCKET 50-344. TYPE--PWR, 

DATE OF EVENT - 102876. POWER LEVEL - 0%. CAUSE - OPERATOR ERROR. 
MFG--WEST.. AE--8ECHTEL 

SAFETY INJECTION OCCURRED AS A RESULT OF ADDING CHEMICAL TOO FAST TO 
STEAM GENERATOR 4 WITH ONLY ONE REACTOR COOLANT PUMP OPERATING. THE 
RAPID ADDITION CAUSED A LOW STEAM LINE PRESSURE I N  SG4 WITH RESPECT TO 
SGS 2 AND 3.  SAFETY INJECTION IS INITIATED A T  A LOW STEAM LINE PRESSURE 
SET POINT OF 100 PSI I N  ONE SG WlTH RESPECT TO ANY 2 OF THE REMAINING 3 
SGS. ALL PLANT ECCS FEATURES PERFORMED THEIR SAFETY FUNCTIONS AS 
DESIGNED EXCEPT FOR 2 VALVES (REPORTED ON 1 1 / 1 1 / 7 6 ) .  THE OPERATOR 
CONTROLLING FEEDWATER FLOW DURING THE ADDITION MADE AN ERROR. HE WAS 
REPRIMANDED. 

AVAILABILlTY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C.  
20555. (08 CENTSIPAGE -- MINIMUM CHARGE $2.00)  

TROJAN (PWR) + REACTOR, PWR + FAILURE + SAFETY INJECTION + PRESSURE 
TRANSIENT + STEAM GENERATOR + RATE + ADDITIVE + FAILURE, OPERATOR ERROR 
+ FEEDWATER + TRANSIENT + PSCDR 



ACCESSION NUMBER 123150 10-0 1 11 /18/82 

EXCESS COOLDOWN RATE RESULTS FROM LOSS OF ICs POWER AT CRYSTAL RIVER 3 
FLORIDA POWER CORP., ST. PETERSBURG, FL 
3 PGS, L T R  W/LER 77-20 TO NRC OFFICE OF I R E. REGION 1 1 ,  MARCH 10, 1977, 

DATE OF EVENT - 030277. POWER LEVEL - 40%. CAUSE - INVERTER OUTPUT 

J 
DOCKET 50-302, TYPE--PWR, MFG--BRW, A€--GILBERT ASSOC. 

DIODE FAILS. DURING NORMAL OPERATION, LOSS O f  AC INVERTER B WAS CAUSED 
BY LOSS OF V I T A L  AC BUS E. THIS CAUSED A REACTOR TRIP, TURBINE TRIP, 
AND THE ATMOSPHERIC STEAM DUMP VALVES TO OPEN 50%. THE COOLDOWN RATE 
WAS ABOUT 164 F I N  15 MINUTES. AN OUTPUT DIODE FAILED I N  AC INVERTER B 
CAUSING THE CHAIN OF EVENTS. THE DIODE WAS RENEWED AND THE INVERTER 
RESTORED TO OPERATING CONDITION. THE RCS REMAINED ACCEPTABLE. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555, (OB CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + CRYSTAL RIVER 3 (PWR) + THERMAL TRANSIENT + 
ELECTRIC POWER + SCRAM, REAL + REACTOR SHUTDOWN + MAIN COOLING SYSTEM + 
FAILURE, COMPONENT + GENERATORS + SOLID STATE DEVICE + FAILURE, INHERENT 
+ PRESSURE RELIEF + REACTOR STARTUP aPER1ENCE + PSCDA + PSCDR . 

ACCESSION NUMBER 123778 10-0 1 1 1 118182 

SAFETY INJECTION OCCURS A T  ZION 2 
COMMONWEALTH EDISON C O . ,  ZION, I L  
2 PGS, LTR W/RPT TO NRC DIRECTORATE OF REGULATORY OPERATIONS, REGION 1 1 1 ,  

DATE OF EVENT - 122177. POWER LEVEL - 75%. CAUSE - LEAKING VALVES. 
MARCH 1 1 ,  1977, DOCKET 50-304, TYPE--PWR, MFG--WEST., AE--SGT R LUNDY 

WHILE OPERATING A T  75% POWER DURING TESTING THE B I T  ISOLATION VALVES,- 
B I T  INLET VALVE 2MOV-SI8803A WAS STROKED OPEN BUT FAILED TO CLOSE. THIS 
FAILURE ALONG WiTH THE B I T  OUTLET VALVES 2MOV-SI8801A AND/OR B LEAKING 
THROUGH CAUSED BORATION OF THE REACTOR COOLANT SYSTEM CAUSING POWER TO 
DECREASE AND HENCE TAVG TO DECREASE. THE REACTOR WAS TRIPPED MANUALLY 
DUE TO TAVG DECREASING RAPIDLY. A SAFETY INJECTION FOLLOWED DUE TO HIGH 
STEAM FLOW AND LO-LO TAVG. THE CAUSE WAS DUE TO THE HIGH STEAM FLOW SET 
POINT BEING AUTOMATICALLY RESET TO 40% ON A REACTOR TRIP. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET. WASHINGTON. D. C. 
20555, (08 CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + ZION 2 (PWR) + SAFETY INJECTION + FAILURE. 
EQUIPMENT + VALVES + LEAK + CHEMICAL SHIM + TEST, SYSTEM OPERABILITY + 
SCRAM, REAL + REACTOR SHUTDOWN + THERMAL TRANSIENT + FAILURE, INHERENT + 
CONTAINMENT ISOLATION 
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/ ACCESS I ON NUMBER 124920 10-0 1 1 I / 18/82 

EXCESS 1 VE COOLDOWN RATE EXPER I ENCED DUR 1 NG TEST 1 NG A T  CRYSTAL R I VER 3 
FLORIDA POWER CORP., ST. PETERSBbRG 
4 PPS, LTR W/LER 77-29 TO NRC, OFFICE OF I 8 E,  REGION 1 1 .  APRIL 21. 1977, 

DOCKET 50-302. TYPE--PWR. MFG--BRW. AE--GILBERT ASSOC. 
DATE OF EVENT - 041677. POkER LEVEL - O X .  CAUSE - HIGH LEVEL I N  STEAM 

GENERATORS. DURING A TEST OF SHUTDOWN FROM OUTSIDE THE CONTROL ROOM, AN 
EXCESSIVE COOLDOWN RATE OF ;lo1 F I N  20 MINUTES WAS EXPERIENCED. THIS 
WAS PRIMARILY CAUSED BY OVERFILLING OF THE STEAM GENERATORS. THE 
OVERFILLING WAS DUE TO AN OUT-OF-CALIBRATION PRESSURE TRANSMITTER NOT 
CAUSING STARTUP FEEDWATER VALVES FWV-39 AND -40 TO FULLY CLOSE. THE 
TRANSMITTER WAS CALIBRATED. PROCEDURES WERE REVISED TO TRIP THE FEED 
PUMP WHEN APPROPRIATE. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON. D. C .  
20555, (08 CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + CRYSTAL RIVER 3 (PWR) + THERMAL TRANSIENT + MAIN 
COOLING SYSTEM + TESTING + FAILURE, INSTRUMENT + INSTRUMENT CALIBRATION 
+ SYSTEM CAPACITY + FAILURE, INHERENT + STEAM GENERATOR + PSCDA + PSCDR 

J ACCESSION NUMBER 126585 10-0 1 1 1  /18/82 

REACTOR COOLANT PUMP SEAL PACKAGE FAILS A T  INDIAN POINT 2 
CONSOLiDATED EDISON CO. OF NEW YORK, INC.. NEW YORK, NY 
3 PGS, L T R  W/RO-77-2-14(A) TO NRC OFFICE OF I & E, REGION 1 .  JULY 15, 
1977, DOCKET 50-247, TYPE--PWR, MFG--WEST., AE--UERC 

DATE OF EVENT - 070277. POWER LEVEL - 2%. CAUSE - NOT YET DETERMINED. 
DURING A REACTOR STARTUP, ALARMS INDICATED A FAILURE OF THE SEAL PACKAGE 
OF REACTOR COOLANT PUMP 23. A SECOND CHARGING PUMP WAS PLACED I N  
SERVICE TO COMPENSATE FOR THE RESULTANT DECREASE I N  PRESSURIZER LEVEL. 
THE PUMP WAS TRIPPED AND THE REACTOR WAS SHUT DOWN. COOLDOWN L IMITS 
WERE EXCEEDED BY 5 F FOR 1 . 3  HOURS. T O T A L  LEAKAGE TO CONTAlNMENT ABOUT 
90000 GALLONS WITH A MAXIMUM LEAK RATE OF 75 GPM. REPAIRS ARE I N  
PROGRESS. THE EXTENT OF DAMAGE TO THE PUMP IS NOT KNOWN A T  THIS TIME. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D.  C .  
20555, (08 CENTSIPAGE -- MINIMUM CHARGE 82.00) 

FAILURE + INDIAN POINT 2 (PWR) + SEAL + PUMPS + MAIN COOLING SYSTEM + 
LEAK + FAILURE, COMPONENT + REACTOR SHUTDOWN + THERMAL TRANSIENT + 
REACTOR, PWR + PSCDR 



J ACCESSION NUMBER 134324 10-0 1 1 I /  18/82  

V I T A L  BUS DE-ENERGIZED RESULTING I N  REACTOR TRIP AND SAFETY INJECTION A T  

DUQUESNE LIGHT CO. ,  PITTSBURGH, PA 
3 PGS. LTR W/LER 78-2103L TO U.S. NRC. REGION 1 ,  FEE. 3, 1978, DOCKET 

DATE OF EVENT - 010278. POWER LEVEL - 100%. CAUSE - INVERTER 

BEAVER VALLEY 1 

50-334, TYPE--PWR, MFG--WEST., AE--STONE R WEBSTER 

MALFUNCTION. SHE OUTPUT FREQUENCY O f  INVERTER 4 WAS DISCOVERED 
OSCILLATING. V I T A L  BUS Lt WAS TRANSFERRED TO THE AUXILIARY SUPPLY BUT 
THE TRANSFER WAS DONE OUT OF PHASE AND THE SUPPLY BREAKER TRIPPED. LOSS 
OF V I T A L  BUS 4 CAUSED HIGH STEAM FLOW TRIPS ON 3 STEAM LINES. WHEN BUS 
Lt WAS RETURNED TO THE INVERTER, A VOLTAGE SURGE CAUSED FALSE LOW LOW 
TAVG SIGNAL WHICH RESULTED I N  A REACTOR TRIP AND SAFETY INJECTION. THIS 
TRANSIENT RESULTED I N  CONDENSER CONDENSATE AND STEAM GENERATOR CATION 
CONDUCTIVITIES EXCEEDING THE LIMITS. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555. ( 0 8  CENTS/PAGE -- MINIMUM CHARGE $2.00) 

REACTOR, PWR + BEAVER VALLEY 1 (PWR) + SCRAM, REAL + SAFETY INJECTION + 
ELECTRIC POWER + ELECTRIC POWER, V I T A L  + COOLANT QUALITY + COOLING 
SYSTEM, SECONDARY + TRANSIENT + FAILURE, EQUIPMENT + FAILURE, INHERENT + 
ON SITE + ELECTRIC POWER, V I T A L  + FAILURE 

/ ACCESSION NUMBER 137296 1 1  11-01 1 031 07/83 

LOW PRESSURIZER PRESSURE AND LEVEL CAUSES SAFETY INJECTION A T  BEAVER 

DUQUESNE LIGHT C O . ,  PITTSBURGH, PA 
3 PGS, LTR W/LER 78-011/99X TO NRC DIRECTOR OF REGULATION, REGION I ,  

VALLEY 1 

MARCH 28, 1978, DOCKET 50-334, TYPE--PWR. MFG--WEST., AE--STONE & WERSTER 

0348 HOURS, DURING NORMAL OPERATION, A REACTOR TRIP OCCURRED DUE TO A 
TURBINE TRIP. THE AUXILIARY FEEDWATER PUMPS AUTO STARTED ON LOW-LOW 
STEAM GENERATOR LEVEL. A T  0351 HOURS, A SAFETY INJECTION OCCURRED AS A 
RESULT OF LOW PRESSURIZER PRESSURE AND LEVEL. THE PRlMARY CAUSE OF THE 
SI WAS FAILURE OF THE OPERATOR TO ISOLATE STEAM TO THE MSRS 1MMEDIATELY 
AFTER THE REACTOR TRIP. SECOPIOARY CAUSES WERE INTRODUCTION OF COLD 
AUXILIARY FEEDWATER AND A LEAKING PRESSURIZER SPRAY VALVE. THE OPERATOR 
INVOLVED WAS REPRIMANDED. THE PRESSURIZER SPRAY VALVE WlLL BE REPLACED. 

AVAILABILITY NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON. D. C .  

DATE OF EVENT - 012478. POWER LEVEL - 0%. CAUSE - OPERATOR ERROR. A T  

AUTOMATIC MSR ISOLATION WILL BE IMPLEMENTED. 

20555, (OB CENTSIPAGE -- MINIMUM CHARGE $2 .00 )  

FAILURE + REACTOR, PWR + BEAVER VALLEY 1 (PWR) + SAFETY INJECTION + 
FAILURE, OPERATOR ERROR + OPERATOR ACTION + TFANSIENT + LICENSED OPERATOR 
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/ACCESS 1 ON NUMBER 1 379 18 10-0 1 11/18/82 

REACTOR COOLDOWN RATE EXCEEDS L I M I T  A T  THREE MILE ISLAND 2 
METROPOLITAN EDISON C O . ,  READING, PA 
5 PGS, LTR W/LER 78-33/1T TO NRC OFFICE OF I R E, REGION I, MAY 8 ,  1978, 

DATE OF EVENT - 092378. POWER LEVEL - 30%. CAUSE - RELIEF VALVES FAIL 
. DOCKET 50-320, TYPE--PWR, MFG--BRW, AE--BURNS R ROE 

TO RESEAT CORRECTLY. THE REACTOR TRIPPED FROM 30% R.T.P. FOLLOWING THE 
TRIP, THE REACTOR COOLANT SYSTEM RAPIDLY COOLED DOWN AND DEPRESSURIZED. 
DURING THE DEPRESSURIZATION, SAFETY INJECTION WAS INITIATED. DURING THE 
TRANSIENT, RCS AND PRESSURIZER COOLDOWN RATES WERE EXCEEDED AND 
PRESSURIZER VOLUME WAS BELOW TECHNICAL SPECIFICATION L IMITS.  THE CORE 
REMAINED COVERED A T  ALL TIMES AND NO RELEASE OF RADIOACTIVE MATERIAL I 

RESULTED. THE MAIN STEAM RELIEF VALVES DID NOT RESE9T A T  THE CORRECT 
PRESSURE, THE FEEDWATER SYSTEM RESPONSE WAS SLOW SINCE THE I N I T I A L  
INTEGRATED CONTROL SYSTEM TESTING WAS STILL I N  PROGRESS. NO CAUSE FOR 
EXCESSIVE BLOWDOWN WAS DISCOVERED. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C. 
20555, (OB CENTSIPAGE -- MINIMUM CHARGE 8 2 . 0 0 )  

FAILURE + REACTOR, PWR + THREE MILE ISLAND 2 (PWR) + REACTOR STARTUP 
EXPERIENCE + REACTOR TRANSIENT + THERMAL TRANSIENT + MAIN COOLING SYSTEM 
+ SYSTEM CAPACITY + PRESSURIZER + BLOWDOWN + VALVES + PRESSURE RELIEF + 
FAILURE, EQUIPMENT + FAILURE, INSTALLATION ERROR + SAFETY INJECTION + 
RATE + COOLING + ACTUATION + PSCDA + PSCDR 

ACCESSION NUMBER 137919 10-0 1 1 1  118182 

ISLAND 2 
METROPOLITAN EDISON C O . ,  READING, PA 
3 PGS, LTR W/LER 78-391lT TO NRC OFFICE OF 1 R E, REGION I ,  MAY 8, 1978, 

DATE-OF EVENT - 042Lt78. POWER LEVEL - 30%. CAUSE - DESIGN DEFICIENCY. 
DOCKET 50-320, TYPE--PWR, MFG--B&W, AE--BURNS R ROE 

A REACTOR TRIP OCCURRED CPIJSING SEVERAL MAIN STEAM RELIEF VALVES TO 
L I F T .  DUE TO INADEQUATE DESIGN, SEVERAL STEEL LINERS USED TO PROTECT 
THE BELLOWS I N  THE DISCHARGE PIPING WERE EJECTED. THIS EVENT WAS ON THE 
SECONDARY SIDE OF THE PLANT’. AN INADEQUATE DESIGN ALLOWED THE USE OF 
BELLOWS LINERS QUALIFIED FOR 180 F/SEC. STEAM VELOCITY I N  A LOCATION 
WHERE VELOCITIES UP TO 950 FISEC. COULD BE EXPERIENCED. THE 
UNDER-DESIGNED BELLOWS LINERS ARE BEING REPLACED BY LINERS OF AN 
APPROPRIATE DESIGN. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, 0. c .  
20555, (OB CENTS/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PKR + THREE MILE ISLAND 2 (PWR) + REACTOR STARTUP 
EXPERIENCE + STEEL LINER + VALVES + COOLING SYSTEM, SECONDARY + FAILURE, 
COMPONENT + FAILURE, DESIGN ERROR + DISCHARGE + PRESSURE RELIEF + 
ACTUAT ION 
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/ ACCESS 1 ON NUMBER 1 38830 10-0 1 1 1 / 18/82 

REACTOR COOLDOWN RATE EXCEEDS L I M I T  FOLLOWING TRIP AT RANCHO SECO 
SACRAMENTO MUNICIPAL UTILITY DISTRICT, SACRAMENTO, CA 
6 PGS, LTR W/RO 78-1 TO NRC DIRECTOR OF REGULATORY OPERATIONS, REGION V ,  

DATE OF EVENT - 032078. POWER LEVEL 70%. CAUSE - OPERATOR ERROR. AN 
- *  OPERATOR CHANGING A LIGHTBULB I N  A BACKLIGHTED PUSHBUTTON I N  THE CONTROL 

ROOM, SHORTED OUT DC POWER TO THE PLANT NON-NUCLEAR INSTRUMENTATION. 
'. LOSS OF ABOUT 2 / 3  OF THE TEMPERATURE, PRESSURE, FLOW AND LEVEL SIGNALS 

RESULTED I N  A REACTOR TRIP AND SUBSEQUENT RCS COOLDOWN A T  300 F/HR. THE 
LOSS OF NNI CAUSED INVALID SYSTEMS TO BE DISPLAYED I N  THE CONTROL ROOM 
AND USED AS INPUTS TO THE ICs. FOLLOWING THE REACTOR TRIP, LACK OF RCS 
TEMPERATURE INDICATION RESULTED I N  RAPID COOLDOWN BECAUSE OPERATORS 
ALLOWED AUXILIARY FEEDWATER TO RUN UNTIL NNI WAS RESTORED. 

MARCH 31, 1978, DOCKET 50-312, TYPE--PWR, MFG--BBW, AE--BECHTEL 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555 (OB CENTS/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + RANCHO SECO (PWR) + RATE + COOLING + MAIN 
COOLING SYSTEM + FAILURE, OPERATOR ERROR + LICENSED OPERATOR + REACTOR 
SHUTDOWN + ELECTRIC POWER + INSTRUMENTS, MISC. + CONTROL SYSTEM + 
INDICATORS + TEMPERATURE + PSCDA + PSCDR 

J ACCESS I ON NUMBER 139563 10-0 1 1 1 I 1em2 

REACTOR COOLANT SYSTEM AVERAGE TEMPERATURE DROPS BELOW L I M I T  A T  ST. LUCIE 

FLORIDA POWER 8, LIGHT CO.,  M I A M I ,  FL 
2 PGS, LTR W/RO 335-78-19 TO NRC OFFICE OF I 8 E. REGION 1 1 ,  JUNE 28, 

DATE OF EVENT - 053078. POWER LEVEL - 3%. CAUSE - FEEDWATER CONTROL 
SYSTEM DEFICIENCY. DURING A SPECIAL LOW POWER (ABOUT 3%) FEEDWATER 
CONTROL SYSTEM TEST, A 15% FEEDWATER BYPASS CONTROL VALVE INADVERTENTLY 
OPENED FULLY CAUSING EXCESSlVE COOLING OF 1A STEAM GENERATOR. REACTOR 
COOLANT SYSTEM AVERAGE TEMPERATURE DROPPED SLIGHTLY BELOW 515 F (ABOUT I 
F). THE REACTOR WAS TRIPPED MANUALLY WHEN THIS OCCURRED. A VENDOR 
PROPOSED MODIFICATION OF THE 15% FEEDWATER CONTROL SYSTEM WAS 
TEMPORARILY INSTALLED ON THE A LOOP FOR FEASIBILITY TESTING ( T O  IMPROVE 
STABILITY OF THE AUTOMATIC MODE). GAIN SETTINGS BASED ON ANALYTICAL 
RESULTS PROVED TO BE UNREALISTIC AND CAUSED THE BYPASS VALVE TO OPEN. 

1 

1978, DOCKET 50-335, TYPE--PWR. MFG--COMB., AE--EBASCO 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555 ( 0 8  CENTS/PAGE -- MINIMUM CHARGE $2.00)  

FAILURE + REACTOR, PWR + ST. LUCIE 1 (PWR) + TEMPERATURE + MAIN COOLING 
SYSTEM + THERMAL TRANSIENT + FEEDWATER + COOLING SYSTEM, SECONDARY + 

' CONTROL SYSTEM + MODIFICATION + FAILURE, INSTRUMENT + SET POINT + SCRAM, 
REAL + REACTOR SHUTDOWN + FAILURE, DESIGN ERROR + PSCDR 
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d ACCESSION NUMBER 139931 10-0 1 1 1 / 1 8 / 8 2  

SPECIAL REPORT ON SAFETY INJECTION ACTUATION A T  THREE MILE ISLAND 2 
METROPOLITAN EDISON CO.. READING, PA 
5 PGS, LTR W/RPT TO NRC OFFICE OF 1 R E, REGION I ,  JULY 24, 1978. DOCKET 

50-320. TYPE--PWR, MFG--BRW. AE--BURNS R ROE 
ON 4-23-78. UNIT 2 EXPERIENCED A REACTOR TRIP WHILE AT 30% POWER. FOUR 

OF THE SIX MAIN STEAM RELlEF VALVES LIFTED ON THE B STEAM GENERATOR. 
ONE MAIN STEAM RELIEF VALVE ON THE A STEAM GENERATOR LIFTED. THE 4 B 
SIDE MAIN STEAM SAFETY VALVES AND THE 1 A SIDE VALVE FAILED TO PROPERLY 
RESEAT. THE SAFETY VALVES FAILING TO RESEAT A T  THE PROPER PRESSURE 
COUPLED WITH OVERFEEDING THE STEAM GENERATORS CAUSED A RAPID 
DEPRESSURIZATION AND COOLDOWN OF THE REACTOR COOLANT SYSTEM. THE 
REACTOR COOLANT TEMPERATURE VARIED FROM 583 DEG F TO 464 DEG F I N  3 
MINUTES. SAFETY INJECTION OCCURRED. THIS INJECTED NAOH INTO THE 
REACTOR COOLANT SYSTEM THROUGH THE HIGH PRESSURE INJECTION LINES. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555 ( 0 8  CENTSIPAGE -- MINIMUM CHARGE $2.00)  

THREE MILE ISLAND 2 (PWR) + REACTOR, PWR + REACTOR STARTUP EXPERIENCE + 
SAFETY INJECTION + PRESSURE TRANSIENT + THERMAL TRANSIENT + CONTROL + 
FEEDWATER + COOLING SYSTEM, SECONDARY + FAILURE, EQUIPMENT + FAILURE, 
MAINTENANCE ERROR + SODIUM + HYDROXIDE + FAILURE + PRESSURE RELIEF + 
‘JALVES + PSCDR 

J ACCESSION NUMBER 142387 10-0 1 11 / 1 8 / 8 2  

INSURGE OF FEEDWATER CAUSES DECREASE I N  PRESSURIZER PRESSURE A T  SALEM 1 
PUBLIC SERVICE ELECTRIC 8 GAS CO. ,  NEWARK, NJ 
4 PGS, LTR W/RO 78-06/03L TO NRC OFFICE OF I (L E, REGION I ,  FEE. 24, 

1978, DOCKET 50-272, TYPE--PWR, MFG--WEST., AE--PSERG 
DATE OF EVENT - 013078. POWER LEVEL - 22%. CAUSE - OPERATOR ERROR. 

TRANSFER OF NO. 11 SGFP TO AUTOMATIC CAUSED SUDDEN INCREASE I N  S/G 
LEVELS. THE INSURGE OF FEEDWATER CAUSED TAVE REDUCTION AND PRESSURIZER 
PRESSURE REDUCTION. PRESSURIZER PRESSURE DECREASED TO 2165 PSIA WHICH 
IS LESS THAN THE 2220 PSIA ALLOWED BY TECH SPEC. PRESSURIZER HEATERS 
RECOVERED THE PRESSURE I N  4 MINUTES. THE CAUSE WAS PERSONNEL ERROR I N  
THAT THE OPERATOR FAILED TO MATCH THE MASTER DEMAND TO THE PUMP SPEED 
PRIOR TO PLACING THE MASTER CONTROLLER TO AUTOMATIC. THE OPERATOR WAS 
REINSTRUCTED BY THE SHIFT SUPERVISOR. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON. D. C .  
20555 (08 CENTS/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + SALEM 1 (PWR) + PRESSURE, INTERNAL + PRESSURIZER 
+ MAIN COOLING SYSTEM + FEEDWATER + FLOW + RATE + CONTROL SYSTEM + 
COOLING SYSTEM, SECONDARY + FAILURE. OPERATOR ERROR + LICENSED OPERATOR 
+ TRANSIENT 
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1 1  / 1 8 / 8 2  ACCESSION NUMBER 1 4 2 4 8 0  10 -0  1 

INADVERTANT SAFETY I N J E C T I O N  OCCURS AT Z I O N  1 
COMMONWEALTH EDISON CO., Z ION,  IL 
9 PGS, L T R  WIRO 50-295178-95 TO NRC DIRECTORATE OF REGULATORY OPERATIONS, 

REGION 1 1 1 .  DEC. 1 1 .  1 9 7 8 .  DOCKET 50-295, TYPE--PUR, MFG--WEST., AE--SGT 
R LUNDY 

PRESSURE S IGNAL.  12 MINUTES AFTER A REACTOR T R I P ,  AN INADVERTANT SAFETY 
I N J E C T I O N  OCCURRED 'ROM A FALSE DELTA STEAM PRESSURE S I G N A L .  THE FALSE 
S IGNAL WAS GENERATED FROM THE SHOCK OF A FEED WATER HAMMER. THE WATER 
HAMMER OCCURRED PRIOR TO RECOVERING THE FEED R I N G  W I T H  A MODERATE FLOW. 

A V A I L A B I L I T Y  - NRC P U B L I C  DOCUMENT ROOM, 1 7 1 7  H STREET, WASHINGTON, D .  C .  

DATE OF EVENT - 0 9 1 4 7 8 .  POWER LEVEL - 0%. CAUSE - FALSE DELTA STEAM 

20555 ( 0 8  CENTS/PAGE -- MINIMUM CHARGE 82.00)  

F A I L U R E  + REACTOR, PUR + Z I O N  1 (PWR) + SAFETY I N J E C T I O N  + PRESSURE PULSE 
+ HYDRAULIC EFFECT + FEEDWATER + COOLING SYSTEM, SECONDARY + TRANSIENT 

' ACCESSION NUMBER 1 9 2 6 2 7  i 0-0 1 1 1  / 1 8 / 8 2  

UNSTABLE FEEDWATER CONTROL OCCURS AT COOK 2 
I N D I A N A  R MICHIGAN POWER CO.,  BRIDGMAN. M I  
2 PGS, L T R  W/RO 78-095103L-0 TO NRC O F F I C E  OF I R E. REGION 1 1 1 ,  DEC. 20, 

DATE OF EVENT - i20678. POWER L E V E L  - 100%. CAUSE - FAULTY HEATER D R A I N  
1 9 7 8 ,  DOCKET 5 0 - 3 1 6 ,  TYPE--PWR, MFG--WEST., A E - - U T I L I T Y  

VALVE. TROUBLE DEVELOPED W I T H  5-A H I G H  PRESSURE HEATER LEVEL CONTROL. 
THE FEEDWATER CONTROL TO THE STEAM GENERATORS BECAME UNSTABLE. AN 
EMERGENCY LOAD REDUCTION OF 1 0 %  WAS PERFORMED. WHILE DECREASING THE 
TURBINE LOAD, THE REACTOR COOLANT AVERAGE TEMPERATURE EXCEEDED 576.2 F 
FOR 20 MINUTES. THE CAUSE WAS A FAULTY D R A I N  VALVE ON 5 -A  HEATER, 
CREATlNG UNSTABLE FEEDWATER CONTROL AND TURBINE LOAD. TURBINE LOAD WAS 
LOWERED RAPIDLY CAUSING THE TEMPERATURE TRANSIENT OF THE REACTOR 
COOLANT. THE TRANSIENT WAS NOTED AND DEALT W I T H  B Y  THE REACTOR 
OPERATOR, B R I N G I N G  I T  6ACK I N T O  NORMAL RANGE W I T H I N  THE T I M E  L I M I T  OF 
THE ACTION STATEMENT. THE D R A I N  VALVES HAVE BEEN REPAIRED. 

A V A I L A B I L I T Y  - NRC P U B L I C  DOCUMENT ROOM, 1717 H STREET, WASHINGTON. D. C .  
20555 ( 0 8  CENTS/PAGE -- MINIMUM CHARGE 82.00) 

F A I L U R E  + REACTOR, PUR + COOK 2 (PUR) + FLOW + CONTROL 4- FEEDWATER + 
COOLING SYSTEM, SECONDARY + FAILURE.  EQUIPMENT + VALVES + TEMPERATURE + 
M A I N  COOLING SYSTEM + TRANSIENT 
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J ACCESS I ON NUMBER 143496 10-0 1 1 1  / 18/82 

PRESSURIZER PRESSURE DROPS BELOW L I M I T  A T  SALEM 1 
PUBLIC SERVICE ELECTRIC 8 GAS CO.,  NEWARK, NJ 
5 PGS. LTR W/RO 77-61/03L TO NRC OFFICE OF I IL E, REGION I .  AUG. 29. 

1977. DOCKET 50-272, TYPE--PWR. MFG--WEST., AE--PSERG 
DATE OF EVENT - 080477. POWER LEVEL - 14%. CAUSE - INCREASED FEED WATER 

FLOW. DURING MODE 1 OPERATION, NO. 12 S/G FEED PUMP CONTROL WAS PLACED 
I N  AUTOMATIC. PUMP SPEED INCREASED RAPIDLY RESULTING I N  DECREASED TAVE. 
PRESSURIZER PRESSURE DECREASED TO 2184 PSIA THEN RETURNED TO 2250 PSIA. 
NO FURTHER CORRECTIVE ACTION WAS REQUIRED. THIS IS THE 4TH OCCURRENCE 

OF THIS TYPE. RAPID REDUCTION I N  TAVE CAUSED BY INCREASED FEED WATER 
FLOW FROM NO. 12 S/G FEED PUMP CAUSED RCS PRESSURE TO DECREASE TO 2184 
PSIA. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555 (OB CENTSIPAGE -- MINIMUM CHARGE 82.00) 

FAILURE + REACTOR, PWR + SALEM 1 (PWR) + PRESSURE, INTERNAL + COOLING 
SYSTEM, SECONDARY + FLOW + TRANSIENT + FEEDWATER + FAILURE, EQUIPMENT + 
FAILURE, INHERENT + PRESSURIZER 

ACCESSION NUMBER 145369 10-0 1 11/18/82 

SAFETY INJECTION ACTUATION OCCURS AT DAVIS-BESSE 1 
TOLEDO EDISON CO. ,  TOLEDO, OH 
4 PGS, L T R  W/RO 78-066 TO NRC OFFICE OF I R E. REGION 111 ,  JULY 28. 1978. 

DOCKET 50-396, TYPE--PWR. MFG--B&W, AE--BECHTEL 
DATE OF EVENT - 042978. POWER LEVEL - 20%. CAUSE - FEEDWATER VALVES 

OPENED. DURING A TRANSIENT WHILE THE UNIT WAS SHUTTING DOWN AND WAS 
OPERATING AT 20% REACTOR POWER, REACTOR COOLANT SYSTEM PRESSURE DROPPED 
TO ABOUT 1620 PSIG AND SAFETY FEATURES ACTUATION SYSTEM CHANNELS 1 AND 3 
TRIPPED ON RCS LOW PRESSURE. THE CAUSE OF THIS HIGH PRESSURE INJECTION 
ACTUATION WAS A LOW REACTOR COOLANT SYSTEM PRESSURE TRIP RESULTING FROM 
THE OPENING OF FEEDWATER VALVES. THE CAUSE OF THE FEEDWATER VALVES 
OPENING WAS DUE BOTH TO THE SENSITIVITY OF THE FEEDWATER SYSTEM WHILE 
REPETITIVELY TRANSFERRING FROM FLOW CONTROL TO LEVEL CONTROL OF STEAM 
GENERATOR LEVEL AND IMPROPER OPERATOR RESPONSE TO THE TRANSIENT. 

AVAILABILITY - NRC PUBLIC, DOCUMENT ROOM, 1717 H STREET. WASHINGTON, D. C. 
20555 ( 0 8  CENTSIPAGE -- MINIMUM CHARGE $2.00)  

FAILURE + REACTOR, PWR + DAVIS-BESSE 1 (PWR) + SAFETY INJECTION + 

EQUIPMENT + RESPONSE TIME + LICENSED OPERATOR + COOLING SYSTEM, 
PRESSURE TRANSIENT + VALVES + FEEDWATER + OPERATOR ACTION + FAILURE, 

SECONDARY + TRANSIENT 
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/ACCESS I ON NUMBER 146533 ' 10-0 1 11 118182 

FEEDWATER TRANSIENT FOLLOWING SCRAM ACTUATES HPI A T  OCONEE 1 
DUKE POWER CO. 
LTR W/LER 78-027 TO U.S. NRC, REGION 2 .  JAN 15. 1979, DOCKET 50-269, 

TYPE--PWR,MFG--B+W, AE--DUKE CONTROL--023398 
DATE OF EVENT - 121478. POWER LEVEL - 0981. CAUSE - IMPROPER VALVE 

OPERATION. ON DECEMBER 13, 1978. THE TAVE STATALARM BEGAN TO ACT 
ERRATICALLY AND AN INVESTIGATION WAS INITIATED. DURING INVESTIGATION, ON 
12/14 /78  POWER CORD SUPPLYING TAVE RECORDER SHORTED CAUSING AN APPARENT 
(NOT REAL) DROP I N  TAVE OF 13 F .  AS ICs ATTEMPTED TO CORRECT TAVE UNIT 
TRIPPED ON HIGH PRESSUREITEMPERATURE. FEEDWATER TRANSIENTS DURING 
COOLDOWN ALLOWED THE B OTSG TO GO DRY. WHEN I T  WAS REFILLED I T  CAUSED 
RCS PRESSURE TO DROP BELOW 1500 PSI WHICH ACTUATED THE HPI SYSTEH. THE 
CAUSE OF THE TAVE CORD SHORT HAS NOT BEEN IDENTIFIED. THE FEEDWATER 
TRANSIENTS WERE PROBABLY CAUSED BY IMPROPER VALVE OPERATION. THE POWER 
SUPPLY CORD WAS REPLACED. 

20555, (OB#/PAGE -- MINIMUM CHARGE $2.00)  
AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON D.C. 

FAILURE + REACTOR, PWR + OCONEE 1 (PWR) + REACTOR SHUTDOWN*+ TRANSIENT + 
FEEDWATER + COOLING SYSTEM, SECONDARY + STEAM GENERATOR + DRY + HPSI + 
SCRAM, REAL + RECORDERS + FAULT + CONTROL SYSTEM + PRESSURE TRANSIENT + 
VALVES + FAILURE, EQUIPMENT + FAILURE, SEQUENTIAL + FAILURE, LATENT + 
FAILURE, DESIGN ERROR + REACTOR CONTROL + PSCDR 

1 1 1  18/82  ACCESS I ON NUMBER 1 't65B7 10-0 1 

RCS COOLDOWN RATE EXCEEDS I - I M I T  A T  ARKANSAS NUCLEAR 2 
ARKANSAS POWER AND LIGHT CO. 
LTR W/LER 78-030 TO U.S. NRC, REGION 't, JAN 25, 1979. DOCKET 50-366, 

TYPE--PWR, MFG--COMB.AE--8ECH CONTROL--023488 
DATE OF EVENT - 122778. POWER LEVEL - 008%. CAUSE - STEAM RELIEF VALVE 

FAILS TO RESEAT. DURING MAIN TURBINE ROLL, MAIN STEAM RELIEF VALVES 
2PSV1053 LIFTED, DUE TO STEAM DUMP VALVE FAILURES, AND FkILED TO RESEAT, 
CAUSING EXCESSIVE RCS COOLDOWN (SEE ALSO LER 50-368176-29). THE REACTOR 
WAS MANUALLY TRIPPED AT 1 DEG F .  BELOW THE 525 DEG F. TAVE THE RELIEF 
VALVE RESEATED AFTER > 1 HOUR OF BLOWDOWN. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHlNGTON D.C. 
20555, (08c/PAGE -- MINIMUM CHARGE $2.00)  

FAYLURE + REACTOR, PWR + ARKANSAS NUCLEAR 2 (PWR) + REACTOR SHUTDOWN + 
RATE + MAIN COOLING SYSTEM + VALVES + TEMPERATURE + REACTOR STARTUP 
EXPERIENCE + REACTOR STARTUP + THERMAL TRANSIENT + PSCDR 
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J ACCESSION NUMBER 1Q7267 10-0 1 11 / 18 /82  

REACTOR COOLDOWN RATE EXCEEDS L I M I T  AT RANCHO SECO 
SACRAMENTO MUNICIPAL UTIL .  DISTRICT 
LTR W/LER 79-001 TO U.S .  NRC, REGION 5. JAN 19. 1979. DOCKET 50-312, 

TYPE--PWR, MFG--B+W, AE--BECH 20NTROL--025159 
DATE OF EVENT - 010579. POWER LEVEL - 100%. CAUSE - MAINTENANCE ERROR. A 

TECHNICIAN PERFORMING A MODIFICATION TO THE ICs SHORTED THE DC POWER 
SUPPLIES TO THE ICs WHICH TRIPPED THE AC POWER SUPPLIES. THE RESULTANT 
LCSS OF ICs CAUSED A REACTOR TRIP, AND I N  CONJUNCTION WITH LOSS OF SFAS 
INDICATING LIGHTS, A SUBSEQUENT RCS COOLDOWN A T  120 DEGREES PER HOUR. 
THIS RATE EXCEEDED LIMITS ESTABLISHED I N  T.S. FIGURE 3 .1 .2 -2 .  THE 
REACTOR VENDOR ANALYZED THE TRANSIENT AND SANCTIONED A RETURN TO POWER 
WITHOUT IMPOSING ADDITIONAL RESTRICTIONS. LOSS OF ICs RESULTED I N  THE 
REACTOR TRIP. DISTRICT ENGINEERS ARE EVALUATING LONG TERM PROJECTS TO 
PREVENT RECURRENCE. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON D.C. 
20555, (O8@/PAGE -- MINIMUM CHARGE 82.00)  

FAILURE + REACTOR. PWR + RANCHO SECO (PWR) + REACTOR SHUTDOWN + THERMAL 
TRANSIENT + RATE + MAIN COOLING SYSTEM + SCRAM, REAL + FAILURE, 
MAINTENANCE ERROR + MAINTENANCE PERSONNEL + ELECTRIC POWER + CONTROL 
SYSTEM + INSTRUMENTS, MISC. + PSCDR 

J ACCESSION NUMBER 1W074 10-0 1 11 /18 /82  

MAIN STEAM RELIEF VALVE FAILS TO RESEAT A T  ARKANSAS NUCLEAR 2 
ARKANSAS POWER AND LIGHT CO. 
LTR W/LER 78-030 TO U.S. NRC. REGION 4. JAN 25, 1979. DOCKET 50-368, 

DATE OF EVENT - 122778. POWER LEVEL - 008%. CAUSE - STEAM DUMP VALVE 
TYPE--PWR, MFG--COMB, AE--BECH CONTROL--023534 

FAILURES. MODE 1 OPERATION, DURING MAIN TURBINE ROLL. MAIN STEAM RELIEF 
VALVES 2PSV1053 LIFTEP DUE TO STEAM DUMP VALVE FAILURES AND FAILED TO 
RESEAT, CAUSING EXCESSIVE RCS COOLDOWN (SEE ALSO LER 50-368178-291. THE 
REACTOR WAS MANUALLY TRIPPED AT 1 DEG. F .  BELOW THE 525 DEG. F .  TAVE AS 
REQUIRED BY T.S. 3 . 1 . 1 . 5 .  NO SIMILAR OCCURRENCES. REPORTABLE PER T.S. 
6 . 9 . 1 . 9 ( 8 ) .  THE RELIEF VALVE RESEATED AFTER > 1  HOUR OF BLOWDOWN. THE 
REACTOR WAS MANUALLY TRIPPED AN0 BROUGHT TO MODE 3 CONDITIONS AS 
REQUIRED BY ACTION STATEMENT T.S. 3 .1 .1 .5 .  

20555, [08t/PAGE -- MINIMUM CHARGE 82.00) 
AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON D.C. 

FAILURE + REACTOR, PWR + ARKANSAS NUCLEAR 2 (PWR) + REACTOR SHUTDOWN + 
VALVES + PRESSURE RELIEF + STEAM + THERMAL TRANSIENT + RATE + MAIN 
COOLlNG SYSTEM + BLOWDOWN + FAILURE, EQUIPMENT + FAILURE, INHERENT + 
COOLING SYSTEM, SECONDARY + ACTUATION + PSCDR 
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J ACCESSION NUMBER 148080 10-0 1 11 118182 

REACTOR TRIPS DUE TO OVERFEEDING STEAM GENERATOR A T  THREE MILE ISLAND 2 
METROPOL I TAN ED I SON co . 
LTR W/LER 78-069 TO U.S. NRC. REGION 1, FEB 28. 1979, DOCKET 50-320, 

TYPE--PWR. MFG--B+W. AE--B+R CONTROL--023543 
DATE OF EVENT - 120278. POWER LEVEL - 022X. CAUSE - DEFECTIVE PROCEDURES. 

WHILE I N  MODE 1 ON DECEMBER 2, 1978. WHILE SWITCHING FROM THE STARTUP TO 
THE MAIN FEEDWATER REGULATING VALVES, A REACTOR TRIP OCCURRED FOLLOWED 
BY SAFETY INJECTION ACTUATION DUE TO OVERFEEDING THE STEAM GENERATORS.' 
SINCE SAFETY FEATURE SYSTEMS FUNCTIONED AS DESIGNED. THIS EVENT DID NOT 
AFFECT THE HEALTH AND SAFETY OF THE PUBLIC. THIS EVENT OCCURRED DUE TO 
THE MAIN FEEDWATER REGULATING VALVE BEING PINNED OPEN. PROCEDURES HAVE 
BEEN REVISED TO PRECLUDE REOCCURRENCES. 

20555. (OBt/PAGE -- MINIMUM CHARGE $2.00)  
AVAILABILITY - NRC PUBLIC DOCUMENT ROOM. 1717 H STREET, WASHINGTON D.C. 

FAILURE + REACTOR, PWR + THREE MILE ISLAND 2 (PWR) + REACTOR SHUTDOWN + 
REACTOR STARTUP EXPERIENCE + SCRAM, REAL + STEAM GENERATOR + TRANSIENT + 
FEEDWATER + CONTROL + VALVES + COOLING SYSTEM, SECONDARY + FAILURE, 
EQUIPMENT + FAILURE, ADMINISTRATIVE CONTROL + PROCEDURES AND MANUALS + 
SAFETY INJECTION 

J ACCESSION NUMBER 148112 10-0 1 11 118182 

REACTOR COOLANT PUMP SEALS FAIL  DURING A TRANSIENT AT FT.  CALHOUN 1 
OMAHA PUBLIC POWER DISTRICT, NE 
9 PGS. LTR W / O I  74A-49 TO NRC DIVISION OF REACTOR LICENSING, JUNE 26, 

DATE OF EVENT - 041774. POWER LEVEL - OX. CAUSE - ISOLATION OF 
1975. DOCKET 50-285. TYPE--PWR, MFG--COMB., AE--GIBES R H I L L  

COMPONENT COOLING WATER. WHILE OPERATING AT 9 O X  POWER, FEEDWATER 
CONTROL VALVE TO SG 2 A  FAILED OPEN. WHEN MANUAL CONTROL PANEL CONTROL 
COULD NOT BE GAINED, LOCAL MANUAL CONTROL WAS INITIATED. VALVE CONTROL 
WAS LOST DUE TO FAILURE OF AN A I R  LINE TO THE VALVE OPERATOR. DURING 
THE RESULTING TRANSIENT, THE REACTOR SCRAMMED AND ECCS WAS INITIATED BY 
LOW PRESSURIZER LEVEL AND PRESSURE. THIS ISOLATED COMPONENT COOLING 
FLOW TO RCS PUMP SEALS AND CRDM'S. THE PUMPS WERE RUNNING. SEALS ON 2 
PUMPS FAILED. MAIN FEEDWATER CHECK VALVE FW-162 GASKET FAILED. ALL 
PUMP SEALS AND THE VALVE GASKET WERE REPLACED. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM. 1717 H STREET, WASHINGTON. D. C.  
20555 (08 CENTS/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR. PWR + FT. CALHOUN 1 (PWR) + SEAL + PUMPS + MAIN 
COOLING SYSTEM + DAMAGE + SAFETY INJECTION + TRANSIENT + THERMAL 
TRANSIENT + PRESSURE TRANSIENT + FAILURE, EQUIPMENT + VALVES + FEEDWATER 
+ COOLING SYSTEM, SECONDARY + FAILURE, INHERENT + REACTOR SHUTDOWN + 
PSCDR 
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-,a - ACCESSION NUMBER 14,8766 10-01 11 118182 

SHUTDOWN COOLING FLOW LOST A T  MILLSTONE 2 
NORTHEAST NUCLEAR ENERGY CO. 
LTR W/LER 79-008 TO U.S. NRC, REGION 1 .  APR 12, 

DATE OF EVENT - 031479. POWER LEVEL - 000%. CAUSE - DEFECTIVE PROCEDURES. 

1979, DOCKET 50-336. 
TYPE--PUR, MFG--COMB, AE--BECH CONTROL--025576 

WHILE STEAM GENERATOR (SG) EDDY CURRENT TESTING WAS I N  PROGRESS AND 
WITH RCS ON SHUTDOWN COOLING (SDC) WITH RCS LEVEL AT HOT LEG CENTER 
LINE, A LOSS OF SDC WAS EXPERIENCED DUE TO LPSI SUCTION A I R  BINDING. 
RECOVERY WAS ACCOMPLISHED BY FLOODUP OF THE RCS FROM THE RWST. PRIOR TO 
RESTORING FULL SDC FLOW, RCS TEMPERATURE REACHED 208 DEGREES F, 
RESULTING I N  ENTRY TO MODE 4. RCS TEMPERATURE WAS SUBSEQUENTLY LOWERED 
TO 120 DEGREES F .  LPSI SUCTION LOOP SEAL PRIME WAS LOST DURING I N I T I A L  
RCS DRAINDOWN. PARTIAL FLOW RESTORED ON RCS FLOODUP FROM RWST AND FULL 
FLOW RESTORED BY VACUUM PRIMING SUCTION LOOP SEAL. 

20555, (OBc/PAGE -- MINIMUM CHARGE 82.001 

b5 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON D.C. 

FAILURE + REACTOR, PWR + MILLSTONE 2 (PUR) + FLOW + SHUTDOWN COOLING 
SYSTEM + TEMPERATURE + MAIN COOLING SYSTEM + PUMPS + AIR + FAILURE, 
EQUIPMENT + FAILURE. ADMINISTRATIVE CONTROL + PROCEDURES AND MANUALS + 
FLOW BLOCKAGE + REFUELING + LPCI 

/ ACCESSION NUMBER 148767 10-0 1 11/18/82 

REACTOR COOLANT SYSTEM COOLDOWN RATE EXCEEDS L I M I T  AT MILLSTONE 2 
NORTHEAST NUCLEAR ENERGY CO. 
LTR W/LER 79-009 TO U.S. NRC. REGION 1. APR 13. 1979, DOCKET 50-336, 

DATE OF EVENT - 031479. POWER LEVEL - 000%. CAUSE - COLD RWST WATER 
TYPE--PWR, MFG--COMB, AE--BECH CONTROL--025577 

ADDED. WHILE REESTABLISHING SHUTDOWN COOLINGS COOLDOWN L I M I T  OF T.S. 
3 .9 .9 .1  WAS EXCEEDED. ANALYSIS PER ASME I 1 1  APPENDIX G AND 10 CFR 50. 
APPENDIX G INDICATED NO DOWNGRADE OF FRACTURE TOUGHNESS DESIGN BASIS 
LIMITATION. THIS WAS CAUSED BY ADDITION OF COLD RWST WATER TO LPSI PUMP 
SUCTION. COOLDOWN TERMINATED WHEN SDC WAS REESTABLISHED AND SUCTION 
FROM RWST SECURED (REFERENCE LER 79-08/3L-O). 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON D.C. 
20555. (OBc/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PUR + MILLSTONE 2 (PUR) + THERMAL TRANSIENT + MAIN 
COOLING SYSTEM + FLOW + SHUTDOWN COOLING SYSTEM + REFUELING + PRESSURE 
VESSELS 
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INADVERTENT SAFETY: INJECTION INITIATED A T  ZION 1 
COMMONWEALTH EDISON CO. 
LTR WILER 79-012 TO U.S. NRC, REGION 3. JUN 01. 1979. DOCKET 50-295, 

DATE OF EVENT - 030279. POWER LEVEL - 1OOX. CAUSE - TRIPPING STEAM 
TYPE--PWR, MFG--WEST, AE--S+L CONTROL--025967 

PRESSURE BISTABLES. DURING NORMAL POWER OPERATIONS. A SAFETY INJECTION 
( R  A CONSEQUENT WATERHAMMER) WAS INITIATED DUE TO A H I  STEAM FLOW SIGNAL 
COINCIDENT WITH THE LOW STEAM PRESSURE BISTABLES WHICH WERE TRIPPED FOR 
SURVEILLANCE TESTING. VISUAL INSPECTIONS INDICATED NO STRUCTURAL DAMAGE 
OCCURRED I N  THE CONTAIhMENT OR REACTOR COOLANT SYSTEM AS A RESULT OF THE 
SAFETY INJECTION. THE HEALTH AND SAFETY OF THE PUBLIC WERE NOT 
AFFECTED. THE SI OCCURRED BECAUSE THE STEAM PRESSURE BISTABLES WERE 
TRIPPED. H I  STEAM FLOW SIGNAL OCCURRED WHEN THE SETPOINT IMMEDIATELY 
DROPPED TO 40X DURING AN INADVERTENT REACTOR TRIP AND ACTUAL STEAM FLOWS 
REMAINED ABOVE THIS DUE TO THE NORMAL DELAY I N  CLOSING THE GOVERNOR 
VALVES. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON D.C. 
20555, (OB#/PAGE -- MINIMUM CHARGE 82.00)  

FAILURE + REACTOR, PWR + ZION 1 (PWR) + REACTOR SHUTDOWN + TRANSIENT + 
SAFETY INJECTION + HYDRAULIC EFFECT + PIPES AND PIPE FITTINGS + STEAM + 
SENSORS, PRESSURE + ELECTRONIC FUNCTION UNITS + TESTING + FAILURE, 
SEQUENTIAL + FAILURE, INHERENT 

/ ACCESSION NUMBER 149746 10-0 1 11/18 /82  

REACTOR COOLANT TEMPERATURE DROP EXCEEDS L I M I T  AT ARKANSAS NUCLEAR 2 

2 PGS. LTR W/LER 78-29 TO NRC OFFICE OF I R E. REGION I V ,  JAN. 25. 1979. 

DATE OF EVENT - 122778. POWER LEVEL - 015X. CAUSE - STEAM RELIEF VALVE 

ARKANSAS POWER a LIGHT co., LITTLE ROCK, AR 

DOCKET 50-368. TYPE--PWR, MFG--COMB.. AE--BECHTEL 

FAILED TO RESEAT. MODE 1 OPERATION, DURING MAIN TURBINE ROLL, MAIN 
STEAM RELIEF VALVE 2PSV1053 LIFTED, DUE TO STEAM DUMP VALVE FAILURES 
(REFERENCE LER 50-368/78-30).  AND FAILED TO RESEAT. CAUSING THE RCS 
TEMPERATURE TO DROP 107 F WITHIN 52 MINUTES. EXCEEDING 100 F/HR. L I M I T  
FOR AN APPROXIMATE 10 MINUTE PERIOD. THE RELIEF VALVE RESEATE'D AFTER > 
1 HOUR OF BLOWDOWN. RCS TAVE WAS RESTORED TO 545 F WITHIN 30 MINUTES. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C. 
20555 (08 CENTS/PAGE -- MINIMUM CHARGE 92.00) 

FAILURE + REACTOR, PWR + ARKANSAS NUCLEAR 2 (PWR) + REACTOR STARTUP 
EXPERIENCE + THERMAL TRANSIENT + MAIN COOLING SYSTEM + VALVES + PRESSURE 
RELIEF + COOLING SYSTEM, SECONDARY + BLOWDOWN + FAILURE, EQUIPMENT + 
FAILURE, INHERENT + ACTUATION + CMASP + PSCDR 
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J ACCESSION NUMBER 150399 10-0 1 11 / 18 /82  

EMERGENCY FEEDWATER FLOW CONTROL VALVE FAILS TO CLOSE AT ARKANSAS NUCLEAR 

ARKANSAS POWER AND LIGHT CO. 
LTR WILER 79-090 TO U.S. NRC. REGION 4, JUN 27, 1979. DOCKET 50-368. 

DATE OF EVENT - 060379. POWER LEVEL - 000%. CAUSE - TRIPPER BAR OUT OF 

2 

TYPE--PWR. MFG--COMB. AE--BECH CONTROL--026248 

ADJUSTMENT. DURING MODE 3 OPERATION, EMERGENCY FEEDWATER FLOW CONTROL 
VALVE FROM THE ELECTRIC DRIVEN EFW PUMP, 2P7B. TO THE "B" STEAM 
GENERATOR, 2CV-1036-1, WOULD NOT STROKE SHUT, OR RESPOND TO A MAIN STEAM 
ISOLATION SIGNAL. THE REDUNDANT VALVE, 2CV-1075-1, WAS STROKED SHUT AND 
VERIFIED OPERABLE IMMEDIATELY. THIS OCCURRENCE I S  SIMILAR TO 
50-368/79-036. THE C O I L  AND TRIPPER BAR WAS OUT OF ADJUSTMENT. THE 
VALVE WAS REPAIRED AND SUCCESSFULLY TESTED. AN EFW VALVE ACTUATOR 
CHECKOUT WAS COMPLETED. ON 6/5/79. EACH EFW VALVE WAS STROKED 20 TIMES. 

20555. (OBe/PAGE -- MINIMUM CHARGE $2.00) 
AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON D.C. 

FAILURE + REACTOR, PWR + ARKANSAS NUCLEAR 2 (PWR) + VALVES + FEEDWATER + 
AUXILIARY + COOLING SYSTEM, SECONDARY + CONTROL + FLOW + FAILURE, 
EQUIPMENT + FAILURE, INHERENT + VALVE OPERATORS + REACTOR STARTUP 
EXPERIENCE + PSCDR 

/ ACCESSION NUMBER 150731 10-0 1 11 /18 /82  

RCS POWER OPERATED RELIEF VALVE FAILS TO FULLY CLOSE AFTER L IFTING A T  

BALTIMORE GAS & ELECTRIC CO. 
LTR W/LER 79-020 TO U.S. NRC. REGION 1, JUL 19, 1979, DOCKET 50-317, 

TYPE--PWR, MFG--COMB. AE--BECH CONTROL--026395 
DATE OF EVENT - 070679. POWER LEVEL - 000%. CAUSE - PILOT VALVE OUT OF 

ADJUSTMENT. WHILE PERFORMING A POST MODIFICATION TEST ON THE REACTOR 
COOLANT SYSTEM POWER OPERATED RELIEF VALVES, RC-402-ERV FAILED TO FULLY 
CLOSE AFTER LIFTING. THE VALVE WAS ISOLATED AND PLACED OUT OF SERVICE. 
THE REDUNDANT POWER OPERATED RELIEF REMAINED OPERABLE DURING THE EVENT. 
RCS PRESSURE DECREASED FROM 260 TO 220 PSIA DURING THIS EVENT. BOTH 
PRESSURIZER POWER OPERATED RELIEF VALVES WERE DISASSEMBLED & MODIFIED 
DURING RECENT REFUELlNG OUTAGE. SINCE I T  WAS NOT POSSIBLE TO STROKE 
TEST THESE VALVES WITHOUT REACTOR COOLANT SYSTEM PRESSURIZED, TEST WAS 
PERFORMED A T  EARLIEST OPPORTUNITY DURING UNIT STARTUP. PILOT VALVE 
STROKE WAS ADJUSTED. 

20555. (OBt/PAGE -- MINIMUM CHARGE $2.00) 

CALVERT CLIFFS 1 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 ti STREET, WASHINGTON D.C. 

FAILURE + REACTOR, PWR + CALVERT CLIFFS 1 (PWR) + VALVES + PRESSURE 
RELIEF + MAIN COOLING SYSTEM + PRESSURIZER + TEST, SYSTEM OPERABILITY + 
REACTOR STARTUP + PRESSURE TRANSIENT + BLOWDOWN + FAILURE, EQUIPMENT + 
FAILURE, INHERENT + ACTUATION + PSCDR 
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ACCESSION NUMBER 152751 10-0 1 11/18/82 J 
UNPLANNED GASEOUS RADIATION RELEASE FOLLOWS SAFETY IYJECTION ACTUATION A T  

VIRGINIA ELECTRIC 8 POWER CO. 
LTR W/LER 79-128 TO U.S. NRC. REGION 2. OCT 09, 1979. DOCKET 50-338. 

DATE OF EVENT - 092579. POWER LEVEL - 078X. CAUSE - STEAM DUMP VALVE 

NORTH ANNA 1 

TYPE--PWR, MFG--WEST, AE--S+W CONTROL--027116 

STUCK OPEN. A T  061’t A SAFETY INJECTION OCCURRED DUE TO A LOW 
PRESSURIZER LEVEL COINCIDENT WITH LOW PRESSURIZER PRESSURE. FOLLOWING 
THE EVENT A RADIATION RELEASE OCCURRED WHICH WAS LESS THAN 0.05% OF THE 
INSTANTANEOUS RELEASE RATE. BOUNDARY RADIATION DETECTORS SHOWED ONLY 
BACKGROUND RADIOACTIVITY. THE CAUSE OF THE SI WAS STEAM DUMP VALVE 
TCV-l408G STUCK OPEN FOLLOWING A REACTOR TRIP, WHICH DEPRESSURIZED THE 
REACTOR COOLANT SYSTEM. CORRECTIVE ACTIONS WERE TO RETURN THE PLANT TO 
STABLE CONDlTIONS BY THE CONTROL ROOM OPERATORS AND LATER INITIATE A 
PLANT COOLDOWN TO THE COLD SHUTDOWN MODE OF OPERATION. 

20555, (08t/PAGE -- MINIMUM CHARGE $2.00) 
AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON D.C. 

FAILURE + REACTOR, PWR + NORTH ANNA 1 (PWR) + REACTOR SHUTDOWN + AIRBORNE 
RELEASE + SAFETY INJECTION + ACTUATION + PRESSURE TRANSIENT + VALVES + 
STEAM + PRESSURE, INTERNAL + CONTROL + COOLING SYSTEM, SECONDARY + 
FAILURE, EQUIPMENT + FAILURE, INHERENT + EASP 

J ACCESSION NUMBER 152983 10-0 1 11 / 1 8 / 8 2  

RCS PRESSURE EXCEEDS OPERATING MODE L I M I T  AT  OCONEE 3 
DUKE POWER CO. 
LTR W/LER 79-011 TO U.S. NRC, REGION 2. NOV 16, 1979. DOCKET 50-287, 

DATE OF EVENT - 101979. POWER LEVEL - 000%. CAUSE - LICENSED OPERATOR 
TYPE--PWR. MFG--B+W, AE--DUKE CONTROL--027368 

ERROR. WHILE OCONEE 3 WAS SUSPENDED I N  A HEATUP MODE I N  ORDER TO TAKE 
L P I  SYSTEM OUT OF SERVICE FOR MAINTENANCE, VALVE 3HP-’t10 INADVERTENTLY 
OPENED FULLY, ALLOWING RCS PRESSURE TO REACH A MAXIMUM OF 360 PSIG FOR 
LESS THAN 1 MIN. TECH SPECS L I M I T  RCS PRESSURE TO 350 PSIG WITH L P I  
SYSTEM OUT OF SERVICE. 3HP-’t10 I S  THE HPI CROSS-CONNECT ISOLATION VALVE 
TO RCS LOOP A .  ATTEMPT WAS MADE TO TEST VALVE 3HP-410 WITHOUT FIRST 
ISOLATING I T .  VALVE MOTOR WAS MISWIRED, SO WHEN ATTEMPT WAS MADE TO 
CLOSE I T .  I T  OPENED FULLY. WIRING ERROR WAS CORRECTED AND VALVE WAS 
TESTED SUCCESSFULLY. APPROPRIATE PERSONNEL HAVE BEEN COUNSELED. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHlNGTON D.C. 
20555, (OBq/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + OCONEE 3 (PWR) + FAILURE, EQUIPMENT + FAILURE, 
OPERATOR ERROR + LICENSED OPERATOR + VALVE OPERATORS + HPSI + PRESSURE 
TRANSIENT + TESTING + MAIN COOLING SYSTEM + VALVES + PRESSURE. INTERNAL 
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/ACCESS I ON NUMBER 153 164 ' 10-01 11 118182 

CORE DAMAGE AND RADIOACTIVITY RELEASE OCCURS AT THREE MILE ISLAND 2 
METROPOLITAN EDISON CO. 
LTR W/LER 79-012 TO U.S. NRC. REGION 1, MAR 29. 1979, DOCKET 50-320. 

DATE OF EVENT - 032879. POWER LEVEL - 099%. CAUSE - LICENSED OPERATOR 
TYPE--PWR, MFG--B+W, AE--B+R CONTROL--027456 

ERROR. BEGINNING ABOUT 0400, AN ACCIDENT OCCURRED CAUSING CORE DAMAGE 
AND RADIOACTIVE RELEASE. LOST FEEDWATER; TURBINE TRIPPED; PRESSURIZER 
RELIEF VALVE OPENED; REACTOR TRIPPED. AUX FEEDWATER VALVES WERE CLOSED 
B MIN. PORV STAYED OPEN; RCS PRESSURE DECREASED; ECCS STARTED, WAS THEN 
THROTTLED ON RISING PRESSURIZER LEVEL. AT 1TO 2 HR RCS PUMPS TURNED 
OFF. OPEN PORV ALLOWED RC DRAIN TANK TO OPEN TO REACTOR BLDG. SUMP. 
SUMP PUMPED TO AUX BLDG.; RADIOACTIVITY RELEASED. SEVERAL MAIN FACTORS 
INCLUDING PERSONNEL ERROR, DESIGN DEFICIENCIES, COMPONENT FAILURE. 
VALVES VALVED OUT. PORV FAILED TO CLOSE. INCORRECT PRESSURIZER LEVEL 
INDICATION. RADIOACTIVITY LEAKS FROM LETDOWN SYSTEM TO AUX BLDG. 
TRIPPlNG RCS PUMPS LED TO FUEL DAMAGE. SEVERAL LICENSEE/NRC/VENDOR 
ACTIONS UNDERWAY. PRESIDENTIAL COMMISSION AND OTHER STUDY GROUPS 
APPOINTED. 

20555. (08t/PAGE -- MINIMUM CHARGE $2.00) 
AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON D.C. 

FAILURE + REACTOR, PWR + THREE MILE ISLAND 2 (PWR) + REACTOR SHUTDOWN + 
INCIDENT + FUEL MELTDOWN + FUEL CLAD INTERACTION + ACCIDENT, LOSS OF 
COOLANT + OPERATOR ACTION + HPSI + AIRBORNE RELEASE + THERMAL TRANSIENT 
+ FEEDWATER + AUXILIARY + VALVES + COOLING SYSTEM, SECONDARY + PRESSURE 
RELIEF + MAIN COOLING SYSTEM + PRESSURE TRANSIENT + FAILURE, EQUIPMENT + 
FAILURE, OPERATOR ERROR + LICENSED OPERATOR + FAILURE, MAINTENANCE ERROR 
+ SENSORS, LEVEL + PRESSURIZER + METAL WATER REACTION + ACClDENT + PSCDA 
+ PSCDR 

ACCESSlON NUMBER 153683 @. 10-0 1 1 1  / 18/82 

STEAM GENERATOR BLOWDOWN ISOLATION VALVE FAILS A T  INDIAN POINT 2 
CONSOLIDATED EDISON CO. 
LTR W/LER 79-023 TO U.S. NRC. REGION 1 .  DEC 07, 1979. DOCKET 50-247. 

TYPE--PWR, MFG--WEST. AE--UEC CONTROL--027660 
DATE OF EVENT - 110979. POWER LEVEL - 100%. CAUSE - DISLODGED CLOSURE 

SPRING BEARING PLATE. WHILE TERMINATING BLOWDOWN FROM NO. 24 STEAM 
GENERATOR, ONE OF TWO SERIES ISOLATION VALVES, PCV-1217. 1N THE BLOWDOWN 
LINE WOULD NOT CLOSE. THE REDUNDANT VALVE FUNCTIONED AS REQUIRED. THE 
AFFECTED VALVE WAS MANUALLY CLOSED AND CLAMPED I N  POSITION. THE VALVE 
OPERATOR CLOSURE SPRING BEARING PLATE, FOR A 2-INCH, C.S.. MASONEILAN 
A I R  OPERATED VALVE, NO. 38-20561 AB, BECAME DISLODGED. THE BEARING 
PLATE WAS RESTORED TO ITS PROPER POSITION, THE ASSOCIATED AIR SOLENOID 
VALVE WAS CLEANED AND ITS C O I L  REPLACED. THE VALVE WAS THEN RETESTED 
SATISFACTORILY. 

20555, (08tlPAGE -- MINIMUM CHARGE $2.00) 
AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H 

FAILURE + REACTOR, PWR + INDIAN POINT 2 (PWRI + 
FAILURE, INHERENT + VALVES + STEAM GENERATOR + 
ISOLATION + VALVE OPERATORS 

STREET, WASHINGTON D.C. 

FAILURE, EQUIPMENT + 
BLOWDOWN + CONTAINMENT 
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I/ ACCESSION NUMBER 1 5 3 7 1 3  1 0 - 0  1 1 1  / 1 8 / 8 2  

ATMOSPHERIC R E L I E F  VALVE F A I L S  OPEN AT FARLEY I 
ALABAMA POWER CO.,  BIRMINGHAM, AL  
2 PGS, L T R  W/LER 7 9 - 0 6 1  TO NRC O F F I C E  OF I R E. REGION 1 1 .  JAN.  2 ,  1 9 8 0 ,  

DOCKET 50-348, TYPE--PWR. MFG--WEST.. AE--BECH R SSI 
DATE OF EVENT - 1 2 0 2 7 9 .  POWER LEVEL - 0 0 1 % .  CAUSE - BROKEN P O S I T I O N I N G  

ARM. WHILE CONDUCTING A MODE CHANGE FROM MODE 1 TO 2 AND SECURING THE 
SECONDARY STEAM LOADS, THE C ATMOSPHERIC R E L I E F  VALVE F A I L E D  OPEN 
CAUSfNG A REDUCTION I N  RCS TO 5 3 1 F .  TECH. SPEC. REQUIRES RCS LOWEST 
OPERATING LOOP TO BE 5 L t l F  OR GREATER. C ATMOSPHERIC R E L I E F  VALVE F A I L E D  
OPEN DUE TO A BROKEN P O S I T I O N l N G  ARM. IMMEDIATE CORRECTIVE ACTION WAS 
TO MANUALLY ISOLATE C ATMOSPHERIC R E L I E F  VALVE WHICH ALLOWED RCS T ( A V G )  
TO BE RESTORED ABOVE 5 4 l F .  THE P O S I T I O N I N G  ARM WAS REPLACED AND THE C 
ATMOSPHERIC R E L I E F  VALVE WAS RETURNED TO SERVICE.  

A V A I L A B I L I T Y  - NRC P U B L I C  DOCUMENT ROOM, 1 7 1 7  H STREET, WASHINGTON, D. C. 
20555 (08 CENTSIPAGE -- MINIMUM CHARGE $2.00) 

F A I L U R E  + REACTOR, PWR + FARLEY 1 (PWR) + VALVES + PRESSURE R E L I E F  + 
COOLING SYSTEM, SECONDARY + THERMAL TRANSIENT + F A I L U R E .  EQUIPMENT + 
F A I L U R E ,  INHERENT + EASP 

/ACCESS 1 ON NUMBER 1 5 3 7 7 2  1 0 - 0 1  . 1 1  /18/82 

COOLDOWN RATE L I M I T  EXCEEDED FOLLOWING LOSS OF I C s  POWER AT OCONEE 3 
DUKE POWER CO. 
L T R  W/LER 7 9 - 0 1 3  TO U.S. NRC, REGION 2, NOV 30, 1 9 7 9 .  DOCKET 50-287. 

TYPE--PWR, MFG--8+W. AE--DUKE. CONTROL--027697 
DATE OF EVENT - 1 1 1 0 7 9 .  POWER LEVEL - 099%. CAUSE - TRANSFER SWITCH 

F A I L U R E .  THE RCS COOLDOWN RATE L I M I T  WAS EXCEEDED AFTER POWER TO THE 
I C s  WAS LOST FOR ABOUT TWO AND ONE-HALF MINUTES. NO ES ACTUATION 
SETPOINTS WERE REACHED, AND ADEQUATE RCS INVENTORY WAS MAINTAINED.  NO 
DAMAGE WAS INCURRED. LOSS OF I C s  POWER RESULTED FROM BLOWN FUSES I N  
NORMAL INVERTER ( K I )  8 F A I L U R E  OF TRANSFER SWITCH TO TRANSFER 
AUTOMATICALLY TO REGULATED AC POWER. WHEN I C s  POWER WAS RESTORED, 
EXCESSIVE FEEDWATER FLOW CAUSkD A R A P I D  RCS COOLDOWN. A REDUNDANT 
TRANSFER SWITCH HAS BEEN INST’ALLED. R PERSONNEL HAVE BEEN INSTRUCTED I N  
ORDER TO RESPOND PROPERLY TO LOSS OF I C s  PWR. 

20555. ( 0 8 u / P A G E  -- MINIMUM CHARGE $2.00) 
A V A I L A B l L l T Y  - NRC P U B L I C  DOCUMENT ROOM, 1 7 1 7  H STREET, WASHINGTON D.C. 

F A I L U R E  + REACTOR. PWR + OCONEE 3 (PWR) + REACTOR SHUTDOWN + F A I L U R E ,  
EQUIPMENT + F A I L U R E ,  INHERENT + E L E C T R I C  POWER. V I T A L  + REACTOR 
TRANSIENT + THERMAL TRANSIENT + M A I N  COOLING SYSTEM + COOLING + RATE + 
E L E C T R l C  POWER + ON S I T E  + F A I L U R E ,  SEQUENTlAL + INSTRUMENT, PROTECTIVE 
+ INSTRUMENT, SWITCH + PSCDR 
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J ACCESS 1 ON NUMBER 15429 1 10-0 1 11/1B/B2 

V I T A L  BUS INVERTER FAILURE RESULTS I N  REACTOR TRIPS AND SAFETY INJECTION 

DUQUESNE LIGHT CO. 
LTR W/LER 79-039 TO U.S. NRC. REGION 1. DEC 19, 1979, DOCKET 50-334. 

TYPE--PWR, MFG--WEST, AE--S+W CONTROL--028012 
DATE OF EVENT - 092079. POWER LEVEL - 099%. CAUSE - ELECTRICAL. THE NO. 

4 V I T A L  BUS INVERTER FAILED. WHEN THE INVERTER FAILED, THE REACTOR 
TRIPPED AND. A HIGH STEAM FLOW SAFETY INJECTION ACTUATION OCCURRED. ALL 
SI SYSTEMS FUNCTIONED NORMALLY. THE OPERATORS VERIFIED THE SAFETY 
INJECTION WAS INADVERTENT AND RESTORED THE PLANT TO NORMAL SHUTDOWN 
CONDITIONS. SAFETY INJECTIONS TO DATE: 12 OPERATIONAL, 2 
PREOPERATIONAL. INCIDENT RESULTED FROM A FAILURE OF THE #4 V I T A L  BUS 
INVERTER R THE SUBSEQUENT TRANSFER (SECONDS LATER) OF THE V I T A L  BUS TO 
ITS  AUXILIARY POWER SUPPLY. THIS ACTION RESULTED I N  A HIGH STEAM FLOW 
DUE TO OPENING OF CONDENSER STEAM DUMP VALVES. THE INVERTER WAS 
REPAIRED AND THE TRIP OPEN SIGNAL TO THE STEAM DUMPS DEFEATED TO PREVENT 
RECURRENCE. 

20555. (OBaIPAGE -- MINIMUM CHARGE $2.00) 

A T  BEAVER VALLEY 1 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON D.C. 

FAILURE + REACTOR, PUR + BEAVER VALLEY 1 (PWR) + REACTOR SHUTDOWN + 
GENERATORS + ELECTRIC POWER,+ ELECTRIC POWER, V I T A L  + SCRAM, REAL + 
SAFETY INJECTION + ACTUATlON + FAILURE, EQUIPMENT + FAILURE, INHERENT + 
TRANSIENT + EASP 

J ACCESS I ON NUMBER 1 5 W 5  1 10-0 1 11 /1B/B2 

PRESSURIZER PRESSURE RELIEF VALVE OPENS FOR ABOUT TWO MINUTES A T  

CONNECTICUT YANKEE ATOMIC POWER CO.. EAST HAMPTON. C T  
2 PGS, L T R  W/LER 80-OLtl3L TO NRC OFFICE OF I R E. REGION I. FEE. 12. 

1980. DOCKET 50-213, TYPE--PWR. MFG -WEST. AE--SRW 
DATE OF EVENT - 020480. POWER LEVEL - 1 O O X .  CAUSE - PROBABLY A SPURIOUS 

SIGNAL. WHILE OPERATING A T  STEADY STATE FULL POWER, POWER OPERATED 
PRESSURIZER RELIEF VALVE 570 AND ITS ISOLATION VALVE M O V - 5 6 9  OPENED. 
REACTOR COOLANT SYSTEM PRESSURE WAS REDUCED TO 1992 PSIG (FROM 2016 
PSIG) BEFORE MANUAL ISOLATION TERMINATED THE TRANSIENT. PRESSURE 
RETURNED TO NORMAL I N  ABOUT 2 MINUTES. THIS EVENT HAS OCCURRED BEFORE. 
THE CAUSE APPEARS TO BE A SPURIOUS SIGNAL FROM PRESSURIZE PRESSURE 
CONTROL CHANNEL ONE. THE SIGNAL DID NOT STAY I N  AND THOROUGH 
INVESTIGATION AND TESTING HAVE FOUND NOTHING. THE CHANNEL AND VALVE 
CONTROLS HAVE BEEN PLACED I N  NORMAL OPERATING MODE. 

20555 (08 CENTSIPAGE -- MINIMUM CHARGE $2.00) 

CONNECTICUT YANKEE 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  

FAILURE + REACTOR. PWR + CONNECTICUT YANKEE (PWR) + VALVES + PRESSURE 
RELIEF + MAIN COOLING SYSTEM + PRESSURE TRANSIENT + ACTUATION + FAILURE, 
EQU I PMENT 
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/ ACCESSION NUMBER 154690 
1 

10-0 1 1 1 / 18 /82  

EXCESSIVE FEEDWATER FLOW TO STEAM GENERATOR RESULTS I N  REACTOR TRIP A T  

INDIANA 8 MICHIGAN ELECTRIC C O . ,  BRIDGMAN. M I  
2 PGS, LTR W/LER 80-001/03L-O TO NRC OFFICE OF I 8 E. REGION 111. FEE. 6, 

DATE OF EVENT - 011980. POWER LEVEL - 010%. CAUSE - LICENSED OPERATOR 

COOK 2 

1980,DOCKET 50-316. TYPE--PUR, MFG--WEST, AE--UTILITY 

ERROR. WHILE PERFORMING A NORMAL UNIT START-UP AND WITH THE REACTOR 
POWER LEVEL ABOUT 10%. THE OPERATORS WERE CHANGING FEEDWATER FROM 
AUXILIARY FEED TO NORMAL FEED. THE STEAM GENERATORS WERE INADVERTENTLY 
FED TOO MUCH FEEDWATER FLOW. THIS RESULTED I N  A DROP I N  TCAVE) 
TEMPERATURE TO 539F AND A PRESSURIZER PRESSURE OF 2170 PSIG WHICH 
CULMINATED WITH A REACTOR AND TURBINE TRIP. SIMILAR OCCURRENCES INCLUDE 
79-165 AND 79-147. DURING THIS PHASE I N  THE UNIT START-UP, STEAM 
GENERATOR LEVELS ARE CONTROLLED MANUALLY. TO RECOVER A, LOW STEAM 
GENERATOR LEVEL, THE STEAM GENERATOR WAS OVER-FED CAUSING AN INCREASE I N  
THE LEVEL TO THE HIGH LEVEL TRIP POINT. THE EXCESSIVE AMOUNT OF COLD 
WATER RESULTED I N  THE DECREASE I N  REACTOR COOLANT SYSTEM T(AVE1 AND 
PRESSURE. 

205Lt5(8 CENTSIPAGE -- MINIMUM CHARGE 8 2 )  
AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON. D.C. 

FAILURE + REACTOR, PUR + COOK 2 (PUR) + RATE + FLOW + FEEDWATER + COOLING 
SYSTEM, SECONDARY + STEAM GENERATOR + THERMAL TRANSIENT + SCRAM, REAL + 
REACTOR SHUTDOWN + REACTOR STARTUP 

/ ACCESSION NUMBER 154747 10-0 1 11 / 18 /82  

INADVERTENT ACTUATION OF SAFETY INJECTION OCCURS A T  TROJAN 
PORTLAND GENERAL ELECTRIC C O . ,  RAINIER. OR 
2 PGS. LTR WISPECIAL RPT. TO U.S. NRC. REGION V .  DEC. 3, 1979. DOCKET 

50-344. TYPE--PWR. MFG--WEST. AE--BECH 
DATE OF EVENT - 090679. POWER LEVEL - 002%. CAUSE - FAULTY PROCEDURE. 

AN INADVERTENT ACTUATION OF THE ECCS SAFETY INJECTION OCCURRED WHILE 
TROUBLESHOOTING A TURBINE GENERATOR CONTROL CIRCUIT. DURING THE 
RECOVERY FROM A PLANT TRIP WHILE TROUBLESHOOTING THE EHC SYSTEM 
ELECTRONICS, A REACTOR TRIP AND SAFETY INJECTION OCCURRED. THE BACKUP 
ACCELERATlON AMPLIFIER CARD WAS PULLED OUT OF THE RACK CAUSING THE MAIN 
STEAM CONTROL VALVES TO GO WIDE OPEN WHICH RESULTED I N  A HIGH STEAM 
FLOWILOW STEAM PRESSURE SAFETY INJECTION. THE APPARENT CAUSE I S  A 
FAULTY PROCEDURE. THE I & C  TECHNICIAN WAS FOLLOWING THE GE 
TROUBLESHOOTING PROCEDURE STEP BY STEP WHEN THE EVENT OCCURRED. GE HAS 
CHANGED THE PROCEDURE TO PREVENT THIS FROM RECURRING. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C.  
20555 (OB CENTSIPAGE -- MINIMUM CHARGE 82.00)  

FAILURE + REACTOR, PWR + TROJAN (PUR) + SAFETY INJECTION + ACTUATION + 
INADVERTENT + TESTING + PROCEDURES AND MANUALS + FAILURE, ADMINISTRATIVE 
CONTROL + EASP + PSCDR 
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L C C E S S  I ON NUMBER 154890 10-0 1 1 1.1 18/82  

PORV INADVERTENTLY OPENS A T  CALVERT CLIFFS 1 
BALTIMORE GAS & ELECTRIC CO. 
LTR W/LER 80-007 T O  U.S. NRC. REGION 1, FEE 12, 1980. DOCKET 50-317, 

DATE OF EVENT - 012980. POWER LEVEL - 000%. CAUSE - SPURIOUS SIGNAL 
FROM PRESSURE TRANSMITTER. A T  APPROXIMATELY 1145 WHILE CONDUCTING A 
CORE FLUSH WITH THE REACTOR COOLANT SYSTEM (RCS) AT 258 PSIA, RELIEF 
VALVE (PORV) RC-404-ERV OPENED. THE OPERATOR STARTED A L L  CHARGING 
PUMPS, TURNED ON ALL PRESSURIZER HEATERS AND STOPPED THE TWO OPERATING 
REACTOR COOLANT PUMPS. THE OPERATOR SHUT THE PORV BY GOING TO OVERRIDE. 

RCS PRESSURE HAD DECREASED TO 169 PSIA A T  1148 WHEN THE PORV WAS SHUT. 
SHUTDOWN COOLING WITH A FLOW OF 6000 GPM REMAINED IN OPERATION DURING 
THE EVENT. THIS I S  NOT A REPETITIVE OCCURRENCE. THE APPARENT CAUSE WAS 
A SPURIOUS HIGH PRESSURE SIGNAL FROM TRANSNITTER PT-103-1. AT THE 
REPORTED TIME OF THE EVENT, A TECHNICIAN WAS CONDUCTING A REVIEW OF 
INSTRUMENTS INSTALLED I N  THE CONTAINMENT BUILDING. THE CHECK REQUIRED 
REMOVING THE COVER OF PT-103-1 TO VISUALLY VERIFY INTERNAL COMPONENTS. 
THE TRANSMITTER WAS JOLTED WHEN THE COVER WAS UNSCREWED. 

TYPE--PWR. MFG--COMB, AE--BECH 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, Q. C.  
20555 (08 CENTS/PAGE -- MINIMUM CHARGE 82.00) 

FAILURE + REACTOR, PWR + CALVERT CLIFFS 1 (PWR) + FAILURE, EQUIPMENT + 
VALVE OPERATORS + MAIN COOLING SYSTEM + PRESSURE RELIEF + SENSORS, 
PRESSURE + INSTRUMENT, SWITCH + VALVES + ACTUATION + PRESSURE TRANSIENT 
+ PRESSURIZER + FAILURE + REACTOR, PWR + CALVERT CLIFFS 1 (PWR) + 
FAILURE, INHERENT 

J ACCESS 1 ON NUMBER 155359 10-0 1 ’ 11 /18 /82  

EMERGENCY CORE COOLING SYSTEM ACTUATED AT NORTH ANNA 1 
VIRGINIA ELECTRIC & POWER CO. 
LTR W/LER 80-028 TO U.S. NRC. REGION 2 .  MAR 7, 1980. DOCKET 50-338, - 

TYPE--PWR, MFG--WEST, AE--SLW 
DATE OF EVENT - 022380. POWER LEVEL - O O O X .  CAUSE - TESTING FOR LOOSE 

PARTS. AN ACUTATION OF THE EMERGENCY CORE COOLING SYSTEM OCCURRED DUE 
TO A HlGH STEAMLINE DIFFERENfIAL PRESSURE. THIS WAS AN INADVERTENT 
ACTUATION (EQUIPMENT PERFORMED THE INTENDED INJECTION FUNCTION) AND THE 
TRANSIENT WAS NOT SEVERE. THE CAUSE OF THE HIGH STEAMLINE DIFFERENTIAL 
PRESSURE AND SUBSEQUENT S I  WAS VALVE NRV-MSlOlC BEING OPENED WHILE 
NRV-MSlOlA AND B REMAINED CLOSED AND STEAM FLOW EXISTED. THE REASON 
NRV-MSlOlC WAS OPENED WAS TO ALLOW NON-RETURN VALVE NOISE DATA TO BE 
OBTAINED I N  CONNECTION WITH PREVIOUSLY DETECTED LOOSE PARTS INDICATIONS. 

CORRECTIVE ACTION WAS TO RETURN THE PLANT TO STABLE CONDITIONS BY THE 
CONTROL ROOM OPERATORS. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. c .  
20555 (08 CENTS/PAGE -- MINIMUM CHARGE 82.00) 

FAILURE + REACTOR, PWR + NORTH ANNA 1 (PWR) + SAFETY INJECTION + 
ACTUATION + PRESSURE DROP + COOLING SYSTEM, SECONDARY + TESTING + 
FAILURE, OPERATOR ERROR + LICENSED OPERATOR + TRANSIENT + VALVES + €ASP 



( -4  J ACCESSION NUMBER 155451 10-0 1 11/18 /82  

MAIN STEAM SAFETY VALVE LIFTS AND FAILS TO RESEAT AT TURKEY POINT 4 
FLORIDA POWER R LIGHT CO. 
LTR WILER 80-003 TO U.S. NRC, REGION 2, MAR 17, iseo, DOCKET 50-251. 

DATE OF EVENTS - 021580. POWER LEVEL - 000%. CAUSE - BINDING IN LIFTING 
TYPE--PWR, MFG--WEST. AE--BECH 

GEAR. A T  HOT SHUTDOWN WHILE TESTING THE 4C STEAM GENERATOR (S/G) 
FEEDWATER CONTROL VALVE, A RAPID CHANGE I N  STEAM GENERATOR LEVEL 
RESULTED I N  LIFTING RV-1410 (THE LOW SETPOINT VALVE OF THE FOUR MAIN 
STEAM SAFETY, VALVES ON THE 4C SIG HEADER). 
RESEAT, AND STEPS WERE INITIATED TO BRING THE UNIT TO COLD SHUTDOWN. 
DURING THIS PERIOD, MAINTENANCE PERSONNEL RESEATED THE VALVE. 
OPERABILITY OF THE TWELVE MAIN STEAM SAFETY VALVES IS REQUIRED BY TS. 
THE ROOT CAUSE OF THE PROBLEM WAS BINDING BETWEEN THE LIFTING GEAR AND 
THE RELEASE NUT. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  

THE VALVE DID  NOT FULLY 

THE VALVE WAS TESTED AND FOUND TO RELIEVE AT THE 
PROPER SETPOINT, 1805 PSI. 

20555 (oe CENTSIPAGE -- MINIMUM CHARGE ~ 2 . 0 0 )  

FAILURE + REACTOR, PWR + TURKEY POINT + (PWR) + BLOWDOWN + STEAM 
GENERATOR + PRESSURE RELIEF + VALVES + COOLING SYSTEM, SECONDARY + 
THERMAL TRANSIENT + ACTUATION + OBSTRUCTION 

ACCESS 1 ON NUMBER 15695 1 

INADVERTENT ECCS ACTUATION W 

10-0 1 

THOUT CONTA NMENT INTEGR 

1 1  / 19/82 

TY AT SURRY 1 
VIRGINIA ELECTRIC R POWER co. 
LTR WILER 80-024 TO U.S. NRC. REGION 2, MAY 22, 1980, DOCKET 50-280, 

TYPE--PWR. MFG--WEST, AE--SRW - 

CAUSING AFD TO GO OUT OF THE BAND. POWER WAS REDUCED TO LESS THAN 50% 
AS REQUIRED BY T.S. POWER REDUCTION TOOK MORE THAN THIRTY (30) MINUTES 

FAILURE + REACTOR, PWR + SURRY 1 (PWR) + FAILURE, OPERATOR ERROR + 
FAILURE. EQUIPMENT + NONLICENSED OPERATOR + ACTUATION + CONTAINMENT 
INTEGRITY + DILUTION + POISON, SOLUBLE + INSPECTION + SAFETY INJECTION + 
MAINTENANCE AND REPAIR + FAILURE. MAINTENANCE ERROR + MAINTENANCE 
PERSONNEL 

. :  
.,:.,.,:’ 
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6 ACCESSION NUMBER 1 5 6 9 5 2  1 0 - 0  1 1 1  / 1 6 / 8 2  

A X I A L  F L U X  DIFFERENCE EXCEEDS L I M I T  AT  SURRY 1 
V I R G I N I A  E L E C T R I C  8 POWER CO. 
L T R  W/LER 80-026 TO U . S .  NRC, REGION 2, MAY 22, 1 9 8 0 ,  DOCKET 50-280, 

TYPE--PWR, MFG--WEST, AE--S&W 
DATE OF EVENT - 0 5 1 2 m  POWER L E V E L  - 080%. LXUCF - BORON A O O l T l n N  

DURING MAINTENANCL W I T H  -THE U N I T  AT COLD SHUTDOWN AND P A R T I A L L Y  DRAINED 
EMERGENCY CORE COOLING SYSTEM ( E C C S ) ,  WATER FLOWED TO'THE REACTOR 
WITHOUT CONTAINMENT INTEGRITY.  THE PRIMARY SYSTEM BORON CONCENTRATION 
WAS I N I T I A L L Y  3 2 1 7  PPM AND WAS CHANGED TO 2567 PPM, T H I S  IS FAR ABOVE 
THE 820 PPM REQUIRED FOR COLD SHUTDOWN AT T H I S  STAGE IN  CORE LIFE. THE 
F l R S T  SEGMENT OF T H I S  EVENT OCCURRED BECAUSE PROCEDURES D I D  NOT 
PRECAUTION AGAINST GRAVITY FLOW FROM THE RWST TO THE CORE DURING VALVE 
CYCLING. THE SUBSEQUENT SEGMENTS OF T H I S  EVENT STEMMED FROM AN 
INADVERTENT ACTUATION OF SAFETY I N J E C T I O N  B Y  E L E C T R I C I A N S  PERFORMING 
MAINTENANCE I N  THE RELAY RACKS RESULTING FROM IEB 79-25. 

A V A I L A B I L I T Y  - NRC P U B L I C  DOCUMENT ROOM, 1 7 1 7  H STREET. WASHINGTON, 0. C. 
20555 (08 CENTSIPAGE -- MINIMUM CHARGE $2.00) 

F A I L U R E  + REACTOR, PUR + SURRY 1 (PWR) + F A I L U R E ,  OPERATOR ERROR + POWER 
D I S T R I B U T I O N  + F L U X  D I S T R I B U T I O N  + POISON, SOLUBLE + L I C E N S E D  OPERATOR + 
CORE + HOT CHANNEL + D I L U T I O N  + M A I N  COOLING SYSTEM 

J ACCESSION NUMBER 1 5 7 0 9 3  1 0 - 0  1 1 1  I 1 8 1 8 2  

ECCS ACTUATED INADVERTENTLY AT NORTH ANNA 1 
V I R G I N I A  E L E C T R I C  8 POWER CO. 
L T R  W/LER 80-037 TO U.S. NRC. REGION 2, APR 1 6 ,  1 9 8 0 ,  DOCKET 50-338, 

TYPE--PWR, MFG--WEST. AE--S&W 
DATE OF EVENT - 040380. POWER L E V E L  - 100%. CAUSE - M A I N  STEAM T R I P  

VALVE CLOSED. AT 2 3 1 Q .  ACTUATION OF THE EMERGENCY CORE COOLING SYSTEM 
WAS I N I T I A T E D  ON HIGH STEAM LINE FLOW COINCIDENT W I T H  LOW STEAM LINE 
PRESSURE DUE TO FULL CLOSURE OF M A I N  STEAM T R I P  VALVE TV-MS-1O1A DURING 
P E R I O D I C  PART-STROKE E X E R C I S I N G  OF THE VALVE. T H I S  WAS AN INADVERTENT 
ACTUATION (EQUIPMENT PERFORMED THE INTENDED I N J E C T I O N  FUNCTION)  AND THE 
TRANSIENT WAS NOT SEVERE. I T  IS B E L I E V E D  THAT THE HIGH STEAM FLOW, 
RESULTING FROM PERFORMING THE P A R T I A L  CLOSURE TEST AT  FULL FLOW 
CONDITIONS. ACTED TO PULL THE VALVE D I S C  DOWN AND THEN THE SMALL 
REDUCTION I N  A I R  CYL INDER PRESSURE CAUSED THE T R I P  VALVE TO CLOSE. 
CORRECTIVE ACTION WAS FOR THE CONTROL ROOM OPERATORS TO PERFORM THE 
APPLICABLE EMERGENCY PROCEDURE AND RETURN THE PLANT TO STABLE 
CONDIT IONS.  

A V A I L A B I L I T Y  - NRC P U B L I C  DOCUMENT ROOM, 1 7 1 7  H STREET, WASHINGTON, D .  C .  
20555 (OB CENTSIPAGE -- MINIMUM CHARGE $2.00) 

F A I L U R E  +, REACTOR, PWR + NORTH ANNA 1 (PWR) + F A I L U R E ,  EQUIPMENT + 
F A I L U R E ,  INHERENT + TESTING + EMERGENCY COOLlNG SYSTEM + ACTUATION + 
COOLING SYSTEM, SECONDARY + STEAM + FLOW + PRESSURE TRANSIENT + VALVES + 
SAFETY I N J E C T I O N  + INADVERTENT + SCRAM. REAL + REACTOR SHUTDOWN 
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J ACCESSION NUMBER 157130 10-0 1 11 /18 /82  

ECCS ACTUATES DUE TO PRESSURE EXCURSION AT ARKANSAS NUCLEAR 2 
ARKANSAS POWER AND LIGHT CO. 
LTR WILER 80-015 TO U.S. NRC, REGION 4, MAY 13. 1980. DOCKET 50-368, 

TYPE--PWR, MFG--COMB. AE--BECt-I 
DATE OF EVENT - 012980. POWER LEVEL - 000%. CAUSE - VALVES NOT FULLY 

CLOSED. DURING THE RECOVERY FROM A PLANNED UNIT TRANSIENT PER POWER 
ESCALATION 100% TURBINE TRIP TEST, THE RCS DEPRESSURIZED TO A MINIMUM OF 
1350 PSIA (SATURATION MARGIN = 57 F ) .  E S SUBSYSTEM, SAFETY INJECTION 

ENGINEERING 
EVALUATION DETERMINED THAT 1 CYCLE OF THE 160 ALLOWABLE SAFETY INJECTION 
NOZZLE THERMAL CYCLES WAS EXPERIENCED DURING THE TRANSIENT. THE RCS 
PRESSURE EXCURSION WAS LARGER THAN NORMAL AFTER A TURBINE TRIP DUE TO 
PRESSURIZER SPRAY VALVE 2CV-4651 AND STEAM DUMP R BYPASS VALVE 2CV-0301 
NOT FULLY RECLOSING ON DEMAND. THE SPRAY VALVE OPERATOR AND THE DUMP 
VALVES ARE BEING MODIFIED FOR INCREASED RELIABILITY. 

20555 (OB CENTS/PAGE -- MINIMUM CHARGE 92.00)  

ACTUATION SbGNAL (SIAS)  ACTIVATED A T  174 r PSIA PER DESIGN. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C. 

FAILURE + REACTOR, PWR + ARKANSAS NUCLEAR 2 (PWR) + REACTOR STARTUP 
EXPERIENCE + PRESSURIZER + VALVES + SAFETY INJECTION + VALVE OPERATORS + 
MODIFICATION + SPRAY + FAILURE, INHERENT + EASP + PRESSURE TRANSIENT + 
MAIN COOLING SYSTEM + ACTUATION 

/ACCgION NUMBER 158645 ~ 11 / 18/82 10-0 1 

EMERGENCY CORE COOLING SYSTEM ACTUATED AT NORTH ANNA 1 
VIRGINIA ELECTRIC R POWER CO. 
LTR WILER 80-047 TO U.S. NRC, REGION 2, JUN 4, 1980, DOCKET 50-338, 

DATE OF EVENT - 052380. POWER LEVEL - 000%. CAUSE - LOSS OF VITAL BUS. 
A T  0146, WITH THE UNIT A T  HOT STANDBY, ACTUATION OF THE EMERGENCY CORE 
COOLING SYSTEM WAS INITIATED ON HIGH STEAM LINE FLOW SIGNAL COINCIDENT 

PERFORMED THE INTENDED INJECTION FUNCTION) AND THE REACTOR WAS ALREADY 
SHUTDOWN. THE HIGH STEAM FLOW SIGNAL RESULTED FROM A LOSS OF VITAL BUS 
1-111. THE LO-LO T-AVE SIGNAL RESULTED FROM THE TRIPPING OF A L L  THREE 
REACTOR COOLANT PUMPS WHICH WAS REQUIRED DUE TO THE LOSS OF V I T A L  BUS 
1 - 1 1 1 .  CORRECTIVE ACTION WAS FOR THE CONTROL ROOM OPERATORS TO PERFORM 
THE APPLICABLE EMERGENCY PROCEDURE AND RETURN THE PLANT TO STABLE 
CONDITIONS. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOF, 1717 H STREET, WASHINGTON, D .  C .  

TYPE--PWR, MFG--WEST, AE--SRW 

' WITH LO-LO T-AVE. THIS WAS AN INADVERTENT ACTUATION (EQUIPMENT 

20555 (08 CENTSIPAGE -- MINIMUM CHARGE 92.00) 

FAILURE + REACTOR, PWR + NORTH ANNA 1 (PWRI + FAILURE, EQUIPMENT + 
FAILURE, INHERENT + ENGINEERED SAFETY FEATURE + SAFETY INJECTION + 
ACTUATION + ELECTRIC POWER + ELECTRIC POWER, V I T A L  + CONTROL + MAIN 
COOLING SYSTEM + PUMPS + GENERATORS + EASP 



20 8 

A C C E S S  I ON NUMBER 158860 10-0 1 111  18/82 

DECAY HEAT FLOW LOST A T  DAVIS-BESSE I 
TOLEDO EDISON CO. 
LTR W/LER 80-029 TO U.S. NRC. REGION 3, APR 30, 1980. DOCKET 50-346, 

TYPE--PM, MFG--BBW. AE--BECH 
DATE OF EVENT - 041980. POWER LEVEL - 000%. CAUSE - BREAKER OPENS DUE 

TO HIGH VIBRATION. BREAKER HBBF2 WAS OPENED BY A GROUND FAULT RELAY 
WHICH PROBABLY ACTUATED FROM MECHANICAL VIBRATION DUE TO CONSTRUCTION 
PERSONNEL I N  THE ROOM. TWO ESSENTIAL BUSES WERE LOST DUE TO THE 
ELECTRICAL LINEUP FOR MAINTENANCE. SAFETY FEATURES ACTUATION RESULTED. 
THE DECAY HEAT PUMP HAD TO BE SHUTDOWN TO STOP THE INJECTION. A I R  I N  
THE PIPING DELAYED THE PUMP RESTART. REACTOR COOLANT TEMPERATURE ROSE 
ABOVE THE 140F SPECIFICATION. THE DECAY HEAT PUMP WAS VENTED AND 
RESTARTED A T  A MAXIMUM REACTOR COOLANT SYSTEM TEMPERATURE OF 170F. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555 ( 0 8  CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PUR + DAVIS-BESSE 1 (PUR) + REFUELING + SAFETY 
INJECTION + FAILURE, EQUIPMENT + FAILURE, INHERENT + ACTUATION + 
ELECTRIC POWER + BREAKER + VIBRATION + SHUTDOWN COOLING SYSTEM + FLOW + 
PUMPS + EASP + THERMAL TRANSIENT 

0 ACCESSION NUMBER 159219 10-0 1 1 I / 18/82 

LOW BORON CONCENTRATION I N  INJECTION TANK A T  SEQUOYAH 1 
TENNESSEE VALLEY AUTHORITY 
LTR W/LER 80-112 TO U.S. NRC, REGION 2, JUL 31. 1980, DOCKET 50-327, 

TYPE--PUR, MFG--WEST. AE--TVA 
,uz DATE OF EVENT - 062380. POWER LEVEL - 000%. CAUSE - INADVERTENT SAFETY 

lo$' && INJECTION. INADVERTENT SI CAUSED THE BORON INJECTION TANK TO FALL BELOW). 
THE REQU I RED BORON CONCENTRAT I ON. WHEN CONTENTS OF B I T WERE PUMPED I N T O ~  
THE REACTCR COOLANT SYSTEM, BORATED WATER FROM THE RUST WAS PUMPED I N  BY 
CHARGING PUMPS. THE BORIC A C I b  TRANSFER PUMPS WERE REALIGNED TO 
RECIRCULATE THROUGH THE B I T  FROM BORIC ACID STORAGE TANK TO RESTORE 
CONCENTRATION. 

c083 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555 ( 0 8  CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PUR + SEQUOYAH 1 (PUR) + REACTOR STARTUP EXPERIENCE + 
SAFETY INJECTION + ACTUATION + POISON. SOLUBLE .+ EMERGENCY COOLING 
SYSTEM + CONCENTRATION + FAILURE, EQUIPMENT + FAILURE, OPERATOR ERROR + 
LICENSED OPERATOR 



20 9 

c> ACCESSION NUMBER 159240 10-0 1 1 1  / 18/82 

SAFETY INJECTION INITIATION OCCURS A T  SURRY 1 
VIRGINIA ELECTRIC 8 POWER CO. 
LTR W/LER 80-029 TO U.S. NRC, REGION 2. JUL 2. 1980. DOCKET 50-280, 

TYPE--PWR. MFG--WEST. AE--SRW 
DATE OF EVENT - 060380. POWER LEVEL - 100%. CAUSE - FIRE I N  V I T A L  BUS. 

V I T A L  BUS I V  SOLA FAILED TO INITIATE AN AUTOMATIC TURBINE RUNBACK. THE 
REACTOR TRIPPED ON STEAM GENERATOR L O  LEVEL WITH FEED WATER MISMATCH. v- A 

SECOND SAFETY INJECTION WAS INITIATED DUE TO AN UNSUCCESSFUL CROSS 
CONNECT ATTEMPT TO REENERGIZE V I T A L  BUS I V  I N  WHICH V I T A L  BUS 11 WAS 

4 03 

V I T A L  BUS WAS RE-ENERGIZED AND THE TRANSFORMER REPLACED. 
AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C.  

20555 ( 0 8  CENTSIPAGE -- MINIMUM CHARGE $2.00)  

FAILURE + REACTOR, PWR + SURRY 1 (PWR) + ACTUATION + SAFETY INJECTION + 
REACTOR SHUTDOWN + EMERGENCY COOLING SYSTEM + FAILURE, EQUIPMENT + 
FAILURE, INHERENT + TRANSFORMERS + ELECTRIC POWER + FIRE + CABLES.AND 
CONNECTORS + ELECTRICAL CONDUCTION 

I/ ACCESS I ON NUMBER 159553 10-0 1 
\ 

1 1  / 18 /82  

SAFETY INJECTION ACTUATES AT SALEM 1 
PUBLIC SERVICE ELECTRIC R GAS CO. 
LTR W/LER 80-031 TO U.S. NRC. REGION 1, JUL 8, 1980, COCKET 50-272, 

TYPE--PWR, MFG--WEST, AE--PSERG 
DATE OF EVENT - 060880. POWER LEVEL - 100%. 

CONTAINMENT PENETRATION. DURING A LIGHTNING STORM, THE SOUTH 
PENETRATION AREA WAS HIT  A T  0844 HOURS RESULTING I N  A SEVERE TRANSIENT 
ON 7 MAIN STEAM PRESSURE TRANSMITTERS CAUSING 2 TO FAIL. A SAFETY 
INJECTION OCCURRED FOR FOUR MINUTES. PREVIOUS OCCURRENCES: 77-50101T. 
A TRANSIENT ON MAIN STEAM LINE PRESSURE TRANSMITTERS WAS CAUSED BY 
LIGHTNING STRIKING THE SOUTH PENETRATION AREA. THE TRANSMITTERS WERE 
REPLACED I N  KIND AND ARE TO BE ANALYZED TO DETERMINE THE CAUSE OF THEIR 
FAILURE. SUITABLE SURGE PROTECTION IS BEING INVESTIGATED AND THE 
RESULTS REPORTED I N  A FOLLOW-UP REPORT. 

CAUSE - LIGHTNING H I T  

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON. D. C.  
20555 (08 CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + SALEM 1 (PWR) + REACTOR SHUTDOWN + SAFETY 
INJECTION + ACTUATION + FAILURE, INSTRUMENT + LIGHTNING + STEAM + 
SENSORS, PRESSURE + REACTOR PROTECTION SYSTEM + INSTRUMENT, PROTECTIVE + 
FAILURE, COMMON MODE + CONTAINMENT PENETRATION 
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/ACCESS 1 ON NUMBER 159786 10-0 1 11 / 18/82 

MAXIMUM PRESSURIZER HEATUP RATE EXCEEDED A T  SEQUOYAH 1 
TENNESSEE VALLEY AUTHORITY 
LTR W/LER 80-082 TO U.S. NRC. REGION 2. JUN 23. 1980. DOCKET 50-327, 

DATE OF EVENT - 052680. POWER LEVEL - 000%. CAUSE - LICENSED OPERATOR 
TYPE--PWR. MFG--WEST. AE--TVA 

ERROR. THE PRESSURIZER HEATUP RATE EXCEEDED THE MAXIMUM HEATUP RATE OF 
100 F I N  ANY ONE HOUR PERIOD DURlNG THE RECOVERY PHASE OF A SAFETY 
INJECTION. TEMPERATURE CHANGED AT A RATE OF 151 F I N  30 MINUTES. THE 
SAFETY INJECTION CAUSED AN INSURGE INTO THE PRESSURIZER CAUSING THE 
TEMPERATURE TO DROP. DURING THE RECOVERY THE LEVEL WAS RESTORED TO 
NORMAL CAUSING THE COOLER WATER TO BE DISPLACED OUT AND THE TEMPERATURE 
TO INCREASE. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D .  C .  
20555 ( 0 8  CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + SEQUOYAH 1 (PWR) + REACTOR STARTUP EXPERIENCE + 
PRESSURIZER + TEMPERATURE + SAFETY INJECTION + FAILURE, EQUIPMENT + 
FAILURE, OPERATOR ERROR + LICENSED OPERATOR + THERMAL TRANSIENT 

L C C E S S  I ON NUMBER 160905 10-0 1 11 /18 /82  

SAFETY INJECTION OCCURS A T  SEQUOYAH 1 
TENNESSEE VALLEY AUTHORITY 
LTR W/LER 80-009s TO U.S. NRC. REGION 2. SEP 17. 1980. DOCKET 50-327. 

DATE OF EVENT - 062380. POWER LEVEL - 000%. CAUSE - OPERATOR OPENED ALL 

(LO-LO TAVE) TO 538F. THE OPERATOR OPENED A L L  FOUR MSIV 'S WHICH BROUGHT 

TYPE--PWR. MFG--WEST. AE--TVA 

FOUR MSIV'S. THE REACTOR COOLANT SYSTEM TEMPERATURE FELL BELOW 591F 

I N  THE H I  STEAM FLOW SIGNAL. APPROXIMATELY 590 GALLONS OF BORATED WATER 
WAS INJECTED INTO THE RCS AT 19OF. THE SAFETY INJECTION WAS TERMINATED, 
TWO MlNUTES AFTER THE SI SIGNAL WAS ACTIVATED. AND THE REACTOR COOLANT 
SYSTEM WAS RESTORED TO PRE-INITIATION CONDITIONS. OPERATIONS PERSONNEL 
HAVE BEEN CAUTIONED TO MORE CAREFULLY OBSERVE PLANT CONDITIONS THAT 
COULD LEAD TO A SAFETY INJECTION DURING AENORMAL PLANT OPERATIONS. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 17:7 H STREET, WASHINGTON, 0. C. 
20555 (08 CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + SEQUOYAH 1 (PWR) + SAFETY INJECTION + ACTUATION 
+ EMERGENCY COOLING SYSTEM + FAILURE, OPERATOR ERROR + VALVES + LICENSED 
OPERATOR + STEAM + REACTOR STARTUP EXPERIENCE + THERMAL TRANSIENT + 
THERMAL CONSIDERATION 



21 1 

'ACCESS I ON NUMBER 1608Q6 10-0 1 11 /18 /82  

UPDATE REPORT ON FEE. 26, 1980 TRANSIENT AT CRYSTAL RIVER 3 
FLORIDA POWER CORPORATION 
L T R  W/LER 80-10-01T-1 TO U.S. NRC. REGION 2. MAR 25. 1980. DOCKET 50-302, 

DATE OF EVENT - 022680. POWER LEVEL - 1003. CAUSE - LOSS OF 29 VDC 
TYPE--PWR. MFG--BIW. AE--GIL 

NON-NUCLEAR INSTRUMENT POWER SUPPLY. THE 24 VDC NON-NUCLEAR 
INSTRUMENTATION " X "  POWER SUPPLY WAS LOST DUE TO A FAILURE OF A BUFFER 
CARD. THIS CAUSED THE EVENTS TO OCCUR: PORV OPENED AND LATCHED AT A 
RCS PRESSURE BELOW ITS SETPOINT, INTEGRATED CONTROL SYSTEM (ICs) 
RECEIVED ERRONEOUS SIGNALS AND DEMANDED 103X FULL POWER, FEEDWATER FLOW 
WAS RUN BACK AND STEAM FLOW INCREASED. THIS CAUSED REACTOR TO TRIP ON 
HIGH PRESSURE. THE PORV OPENING CAUSED RAPID DEPRESSURIZATION AND ESFAS 
WAS ACTUATED WITH 2 HPI PUMPS STARTING. STEAM GENERATOR BOILED DRY DUE 
TO LOW FEEDWATER FLOW. FOLLOWING INSTRUMENTATION WAS LOST: CONTAINMENT 
ATMOSPHERE RADIATION MONITORING SYSTEM. REMOTE SHUTDOWN INSTRUMENTATION 
SUCH AS MAKEUP TANK LEVEL, PRESSURIZER LEVEL, RCS LOOP A AND B T(SUB H I ,  
POST ACCIDENT MONITORING INSTRUMENTATION SUCH AS PRESSURIZER LEVEL LT-1, 
-2 9 -3. RCS FLOW AND OTSG " A "  OUTLET PRESSURE, FW FLOW " A "  8 " 8 " .  CORE 
COVERAGE WAS MAINTAINED, NO FUEL DAMAGE OCCURRED AND RCS PRESSURE 
REMAINED WITHIN ALLOWABLE LIMITS, AND NO APPRECIABLE RADIATION WAS 
RELEASED TO ENVIRONMENT. PLANT WAS STABILIZED AND PLACED I N  COLD 
SHUTDOWN. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, 0. C. 
20555 ( 0 5  CENTS/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + CRYSTAL RIVER 3 (PWR) + INCIDENT + SAFETY 
INJECTION + INSTRUMENT. NON-NUCLEAR + ACTUATION + STEAM GENERATOR + 
REACTOR CONTROL + UPDATE + REACTOR SHUTDOWN + CIRCULATION, NATURAL + 
PRESSURE RELIEF + VALVES + FEEDWATER + FLOW + PRESSURIZER + COOLING 
SYSTEM, SECONDARY + MAIN COOLING SYSTEM + SCRAM, REAL + TRANSIENT + 
ACCIDENT, LOSS OF POWER + ON SITE + SOLID STATE DEVICE + FAILURE, 
INSTRUMENT + ELECTRIC POWER + FAILURE. EQUIPMENT + FAILURE, SEQUENTIAL + 
FAILURE, COMMON MODE + REACTOR PROTECTION SYSTEM 

/ ACCESSION NUMBER 160915 10-0 1 1 1 /18 /82  

REACTOR COOLANT TEMPERATURE FALLS BELOW L I M I T  AT SEQUOYAH 1 
TENNESSEE VALLEY AUTHORITY 
LTR W/LER 80-162 TO U.S. NRC. REGION 2, OCT 31, 1980, DOCKET 50-327, 

DATE OF EVENT - 100280. POWER LEVEL - 005X. CAUSE - OVER FEEDING WATER 
TO STEAM GENERATORS. THE REACTOR COOLANT SYSTEM AVERAGEaTEMPERATURE 
DECREASED BELOW T.S. L I M I T  OF 541 DEGREES F .  OVER FEEDING WATER TO THE 
STEAM GENERATORS CAUSED THE RCS TEMPERATURE TO DECREASE BELOW L I M I T .  
FEEDWATER FLOW WAS DECREASED ALLOWING THE RCS TEMPERATURE TO INCREASE 
ABOVE THE LQWER L I M I T  WITHIN A FEW MINUTES ON BOTH OCCASIONS. 

TYPE--PWR. MFG--WEST, AE--TVA 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHTNGTON. 0. C.  
20555 ( 0 5  CENTS/PAGE -- MINIMUM CHARGE $2.00)  

FAILURE + REACTOR, PWR + SEQUOYAH 1 (PWR) + MAIN COOLING SYSTEM + REACTOR 
COOLANT + TEMPERATURE + HEAT EXCHANGERS + STEAM GENERATOR + WATER + 
FAILURE, EQUIPMENT + FAILURE, DESIGN ERROR + REACTOR STARTUP EXPERIENCE 
+ THERMAL TRANSIENT + FEEDWATER + COOLING SYSTEM, SECONDARY 
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10-0 1 11 /18 /82  
,, 

ACCESSION NUMBER 161826 

INADVERTENT SAFETY INJECTION OCCURS A T  ZION 2 
COMMONWEALTH EDISON CO. 
LTR WILER 80-026 TO U.S. NRC, REGION 3. DEC 2. 1980. DOCKET 50-304, 

DATE OF EVENT - 090380. POWER LEVEL - 000%. CAUSE - PRESSURE 
TYPE--PWR, MFG--WEST, A€--SILL. DCS N0.--8012150093 

TRANSMITTER SPIKE DUE TO WATER HAMMER. FOLLOWING A REACTOR TRIP AN' 
INADVERTANT SAFETY INJECTION OCCURRED WHEN SECONDARY SIDE LOOPS 2 A  AND' 
2 C  SENSED A FALSE HIGH PRESSURE DIFFERENTIAL SIGNAL. VISUAL INSPECTIONS 
INDICATED NO STRUCTURAL DAMAGE I N  THE CONTAINMENT OR REACTOR COOLAN,T 
SYSTEM. THE FALSE SIGNAL WAS INITIATED BY A WATER HAMMER I N  THE 28 FW 
LINE. THE RESULTING SHOCK CAUSED 28 AND 20 STEAM LINE PRESSURE 
TRANSMITTERS TO SPIKE HIGH. MODIFICATIONS ARE CURRENTLY UNDERWAY TO 
INSTALL "J" TUBES I N  THE FEEDWATER RINGS OF THE STEAM GENERATORS. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D.  C .  
20555 ( 0 5  CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PUR + ZION 2 (PUR) + FAILURE, INSTRUMENT + FAILURE, 
DESIGN ERROR + MODIFICATION + SENSORS, PRESSURE + COOLING SYSTEM. 
SECONDARY + STEAM + IMPACT SHOCK + WATER + SAFETY INJECTION + ACTUATION 
+ HYDRAULIC EFFECT + PRESSURE PULSE + CONDENSATION + OSCILLATION 

t 4  0 ACCESSION NUMBER 162394 # I h k  10-01 1 1  118182 

INADVERTENT SAFETY INJECTION ACTUATION A T  CRYSTAL RIVER 3 

L T R  W/LER 80-003s TO U.S. NRC. REGION 2. JAN 12. 1981, DOCKET 50-302, 

DATE OF EVENT - 101680. POWER LEVEL - 097%. CAUSE - RELAY FAILURE-- 

FLORIDA POWER CORPORATION / 

TYPE--PWR. MFG--BLW. A€--GIL. DCS NO.--8101210512 

DURING CHANNEL TEST. DURING NORMAL OPERATION CHANNEL 1 PRESSURE MODULE - 
WAS I N  "TEST GIVING A 1 OF 3 CONDITION FOR A ROUTINE SURVEILLANCE TEST. 
A FUSE I N  CHANNEL RB2 BLEW,,, GIVING THE 2 OF 3 CONDITION REQUIRED FOR 
ACTUATION OF ES CHANNEL "8". MAKEUP PUMP IB'OPERATED FOR LESS THAN A 
MINUTE WITH SUCTION VALVES CLOSED BEFORE I T  WAS SHUT DOWN. THE 
TRANSIENT CAUSED APPROXIMATELY 250 GALLONS OF WATER FROM THE BORATED 
WATER STORAGE TANK TO BE INJECTED INTO THE REACTOR COOLANT SYSTEM WITH 
AN ATTENDANT PRESSURE INCREASE FROM 2145 TO 2185 PSIG. THE CAUSE IS A 
FAILED RELAY (6323DI2)  I N  ENGINEERING SAFEGUARDS CABINET 58. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D.  C. 
20555 ( 0 5  CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PUR + CRYSTAL RIVER 3 (PUR) + FAILURE, INSTRUMENT + 
FAILURE, INHERENT + TESTING + SAFETY INJECTION + ACTUATION + RELAYS 

A. 
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NRC STAFF PROPOSES TO FINE CONSOLIDATED EDISON $210,000 
U.S. NUCLEAR REGULATORY COMMISSION 
NRC NEWS RELEASE 80-22Li +.  1 PG, FOR WEEK ENDING DEC. 16, 1980 
ON OCTOBER 20 CONSOLIDATED EDISON REPORTED TO NRC THAT LEAKS I N  A FAN 

COOLER UNIT HAD RESULTED I N  THE FLOODING OF THE REACTOR VESSEL P I T  AND 
CONTAINMENT FLOOR WITH ABOUT 100,000 GALLONS OF RIVER WATER. THE LOWER 
PART OF THE HOT REACTOR VESSEL WAS WETTED WITH COLD RIVER WATER. THE 
FAN COOLERS ARE USED TO COOL THE AIR INSIDE THE CONTAINMENT BUILDING. 
THE WATER WAS DISCOVERED BY WORKERS WHO ENTERED THE CONTAINMENT BUILDINQ 
ON OCTOBER 17 FOLLOWING A SHUTDOWN OF THE PLANT. 

AVAILABILITY - NRC, OFFICE OF PUBLIC AFFAIRS, WASHINGTON, D.C. 20555 

AGENCY, NRC + INDIAN POINT 2 (PWR) + REACTOR, PWR + ECONOMICS + LEAK + 
CONTAINMENT + FLOOD + PRESSURE VESSELS + REFUELING 

ACCESSION NUMBER 163421 1 1  11-01 2 

SAFETY INJECTION ACTUATION A T  FARLEY 1 
ALABAMA POWER CO. 
LTR WILER 80-000s TO U.S. NRC, REGION 2. JAN 21. 1980. DOCKET 50-348. 

DATE OF EVENT - 102q79. POWER LEVEL - NA. CAUSE - FAULTY L O G I C  CARD. 
TYPE--PWR, MFG--WEST. AE--BECH. DCS N0.--8001290Lt57 

WHILE THE PLANT WAS I N  MODE L t ,  THE A TRAIN SI (SAFETY INJECTION) BLOCKED 
LIGHT WENT OFF AND A SI ACTUATED ON A TRAIN. THE SHIFT FOREMAN VERIFIED 
THAT PLANT PARAMETERS DID NOT WARRANT A SI AND TERMINATED THE S I .  SINCE 
THE EXACT CAUSE OF THE SPURIOUS SI COULD NOT BE DETERMINED, THE MOST 
SUSPECT ELEMENT IN'THE CHAIN WAS REPLACED, P I 0  UNIVERSAL CARD A L t l 6 .  
THERE HAVE BEEN A TOTAL OF SEVEN ( 7 )  INADVERTENT SAFETY INJECTIONS ( I N  
ALL MODES) TO DATE. 

AVAILABILITY - NRC PUBLlC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, 0. C .  
20555 (05  CENTSIPAGE -- MINIMUM CHARGE $2 .00 )  

FAILURE + REACTOR, PWR + FARLEY 1 (PWR) + EMERGENCY COOLING SYSTEM + 
SAFETY INJECTION + ACTUATION + FAILURE, INSTRUMENT + FAILURE, INHERENT + .  
ELECTRONIC FUNCTION UNITS 
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1 1  / 1 8 / 8 2  ACCESSION NUMBER 1 6 3 5 5 1  10-0 1 

REACTOR COOLANT TEMPERATURE BELOW L I M I T  TWICE AT NORTH ANNA 2 
V I R G I N I A  E L E C T R I C  R POWER CO. 
L T R  WILER 81-001 TO U.S. NRC. REGION 2. J A N  15, 1981, DOCKET 50-339. 

DATE OF EVENT - 0 1 0 1 8 1 .  POWER L E V E L  - 002%. CAUSE - OVERBORATION OF 

Q 
TYPE--PWR, MFG--WEST. AE--SRW, DCS N O . - - 8 1 0 1 2 3 0 5 9 3  

VOLUME CONTROL TANK. THE AVERAGE REACTOR COOLANT SYSTEM TEMPERATURE WAS 
L E S S  THAN 5 4 1 F  ON TWO OCCASIONS. HOWEVER, ON EACH OCCASION, THE 
TEMPERATURE WAS RESTORED TO W I T H I N  I T S  L I M I T S  W I T H I N  1 5  MINUTES.  THE 
F I R S T  EVENT OCCURRED AS A RESULT OF THE VOLUME CONTROL TANK ( V C T )  B E I N G  
INADVERTENTLY OVERBORATED WHILE EXCESS LETDOWN WAS I N  SERVICE,  AND P R I O R  
TO I N I T I A T I N G  NORMAL LETDOWN. THE SECOND EVENT‘ OCCURRED AS A RESULT OF 
OVERCOOLING THE PRIMARY W I T H  THE CONDENSER STEAM DUMPS. TEMPERATURE WAS 
RESTORED BY SECURING STEAM GENERATOR BLOWDOWN. WITHDRAWING RODS AND 
D I L U T I N G  THE RCS. 

A V A I L A B I L I T Y  - NRC P U B L I C  DOCUMENT ROOM, 1 7 1 7  H STREET, WASHINGTON, D. C. 
20555 (05 CENTSIPAGE -- MINIMUM CHARGE $2.00) 

F A I L U R E  + REACTOR, PWR + NORTH ANNA 2 (PWR) + REACTOR COOLANT + 
TEMPERATURE + POISON, SOLUBLE + CONCENTRATION + STORAGE CONTAINER + 
ACCUMULATORS + M A I N  COOLING SYSTEM + F A I L U R E ,  EQUIPMENT + F A I L U R E ,  
A D M I N I S T R A T I V E  CONTROL + PROCEDURES AND MANUALS + HEAT TRANSFER + 
CONDENSER + BLOWDOWN 

ACCESSION NUMBER 1 6 4 1 4 9  1 0 - 0  1 1 1  118182 

LETDOWN P I P I N G  LEAKS AT ROBINSON 2 
CAROLINA POWER & L I G H T  CO. 
L T R  WILER 8 1 - 0 0 5  TO U.S. NRC. REGION 2, FEB 1 2 .  1 9 8 1 .  DOCKET 5 0 - 2 6 1 ,  

DATE OF EVENT - 0 1 2 9 8 1 .  POWER L E V E L  - 000%. CAUSE - PIPE CAP BLOWN OFF 
TYPE--PWR, MFG--WEST, AE--EBASCO, DCS N0 . - -8102180 ’ tB6  

AND VALVE OPENED B Y  SI. A SPURIOUS SAFEGUARDS ACTUATION AND REACTOR 
T R I P  WERE RECEIVED RESULTING FROM A H I G H  STEAM FLOW S P I K E  CAUSED B Y  

RCS PRESSURE BEGAN DECREASING W I T H  CONTAINMENT PRESSURE AND DEW P O I N T  
INCREASING. UPON CONTAINMENT ENTRY FOLLOWING LETDOWN I S O L A T I O N  A 
LETDOWN L I N E  D R A I N  VALVE (CVCS-200E) WAS FOUND P A R T I A L L Y  OPENED AND 
L E A K I N G  THROUGH W I T H  I T S  PIPE END-CAP M I S S I N G .  CAUSE IS THE VALVE 
V I B R A T I N G  OPEN AND THE PIPE CAP, WHICH WAS SERVING AS A PRESSURE 
BOUNDARY. F A I L I N G  TO HOLD AT SOMETIME FOLLOWING THE F I R S T  SI. 
APPROXIMATELY 4500-6000 GALLONS OF WATER LEAKED TO THE CONTAINMENT SUMP 
DURING THE EVENT. LETDOWN WAS SECURED. THE VALVE WAS SECURED I N  THE 
CLOSED P O S I T I O N  AND A NEW CAP WAS INSTALLED.  

TURBINE GOVERNOR VALVEIE-H  O I L  PROBLEMS. LETDOWN FLOW WAS RESTORED. 

A V A I L A B I L I T Y  - NRC P U B L I C  DOCUMENT ROOM, 1 7 1 7  H STREET, WASHINGTON, D. C .  
20555 (05 CENTSIPAGE -- MINIMUM CHARGE $ 2 . 0 0 1  

F A I L U R E  + REACTOR, PWR + ROBINSON 2 (PWR) + SAFETY I N J E C T I O N  + ACTUATION 
+ LEAK + PIPES AND P I P E  F I T T I N G S  + V I B R A T I O N  + F A I L U R E ,  EQUIPMENT + 
FA’ ILURE. INHERENT t EMERGENCY COOLING SYSTEM + VALVES + M A I N  COOLING 
SYSTEM 
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1 1 / 18 /82  ACCESSION NUMBER 169791 10-01 

UPDATE ON SAFETY INJECTION ACTUATION A T  BEAVER VALLEY 1 
DUQUESNE LIGHT CO. 
LTR W/LER 80-094R TO U.S. NRC, REGION 1. MAR 2, 1981, 

TYPE--PWR, MFG--WEST, AE--SRW. DCS NO.--8103170508 
DATE OF EVENT - 111780. POWER LEVEL - 000%. CAUSE - LICENSED OPERATOR 

ERROR. THE STATION OPERATING SUPERVISOR (SOS) WAS NOTIFIED OF A STEAM 
LINE LOW PRESSURE-BISTABLE (BS-MS-485) INTERMITTENTLY TRIPPING AND 
RESETTING. WHEN THE SOS ACCOMPANIED THE OPERATOR,TO THE PROCESS RACKS 
TO TRlP THE BISTABLE, THEY OPERATED THE WRONG CHANNEL (BS-MS-lt84). 
SAFETY INJECTIONS TO DATE: 15 OPERATIONAL AND 2 PRE-OPERATIONAL. THE 

DOCKET 50-334, 

SOS DID NOT LOOK AT,,THE STATUS PANEL HIMSELF, BUT TOOK THE WORD OF 
ANOTHER PERSON INVOLVED I N  PLANT OPERATIONS. THE REQUIRED READING 
INCIDENT REPORT DISTRIBUTION I S  BEING USED TO INDICATE THE NEED TO 
RECHECK IMPORTANT EVOLUTIONS SUCH AS TRIPPING BISTABLES. A 
MALFUNCTIONING SIGNAL CONVERTER CARD WAS THE CAUSE FOR FLUTTERING 
BISTABLE (BS-MS-qE5). 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, 0. C .  
20555 ( 0 5  CENTSIPAGE -- MINIMUM CHARGE 82.00)  

FAILURE + REACTOR, PWR + BEAVER VALLEY 1 (PWR) + FAILURE, INSTRUMENT + 
UPDATE + FAILURE, EQUIPMENT + FAILURE, OPERATOR ERROR + LICENSED 
OPERATOR + SAFETY INJECTION + ACTUATION + REACTOR SHUTDOWN + SCRAM. REAL 
+ IDENTIFICATION 

0 ACCESSION NUMBER 16r865 10-0 1 i i / i w e 2  

UPDATE REPORT ON V I T A L  INSTRUMENT BUS FAILURE A T  SALEM 1 
PUBLIC SERVICE ELECTRIC 8t GAS CO. 
LTR WILER 78-073R TO U.S. NRC. REGION 1. MAR 25. 1981. DOCKET 50-272. 

DATE OF EVENT - 112778. POWER LEVEL - 100%. CAUSE - SUPPLY INVERTER 
TYPE--PWR. MFG--WEST. AE--PSERG. DCS N0.--8109020’t81 

FAILURE. DURING NORMAL OPERATION, LOSS OF 1B V I T A L  INSTRUMENT BUS 
DE-ENERGIZED “RCP BREAKER OPEN” RELAY 1N SSPS INITIATING A REACTOR TRIP. 

SEVEN MINUTES LATER, A SAFETY INJECTION OCCURRED AND 1B DIESEL, NO. 11 
CHARGING PUMP AND NO. 12 RHR PUMP FAILED TO START. THIS I S  THE THIRD 
OCCURRENCE OF THIS TYPE (78-51 AND 78-57). THE CAUSE OF THE BUS FAILURE 
WAS DUE TO FAILURE OF THE OUTPUT TRANSFORMER I N  THE SUPPLY INVERTER. 
THE TRANSFORMER AND REGULATING RESISTORS WERE REPLACED. FAILURE OF 
EQUIPMENT TO START ON SEC INITIATION WAS DUE TO LOSS OF THE BUS AND I S  

D NORM FOR THIS OCCURRENCE. NO. 13 AUXILIARY FEED PUMP 
OVERSPEED T R I P  $SET LATCH WAS ADJUSTED FOR MORE RELIABLE LATCHING. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C.  
20555 ( 0 5  CENTSIPAGE -- MINIMUM CHARGE 82.00)  

FAILURE + REACTOR, PWR + SALEM 1 (PWR) + ENGINEERED SAFETY FEATURE + 
REACTOR SHUTDOWN + SCRAM, REAL + SAFETY INJECTION + ACTUATION + ON SITE 
+ ELECTRIC POWER + GENERATORS + FAILURE, EQUIPMENT + FAILURE, INHERENT + 
UPDATE 
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'ACCESS I ON NUMBER 165876 10-0 1 11 / 18/82 

SAFETY INJECTION ACTUATED A T  NORTH ANNA 1 
VIRGINIA ELECTRIC R POWER CO. 
L T R  W/LER 81-018 TO U.S. NRC, REGION 2, APR 20, 1981, DOCKET 50-338, 

DATE OF EVENT - 032981. POWER LEVEL - 000%. CAUSE - LICENSED OPERATOR 
TYPE--PWR. MFG--WEST, AE--S&W, DCS NO.--B1042Lt0565 

ERROR. BOTH POWER OPERATED RELIEF VALVES LIFTED I N  ORDER TO MITIGATE A 
REACTOR COOLANT SYSTEM PRESSURE TRANSIENT CAUSED BY AN INADVERTENT 
SAFETY INJECTION WHILE OPERATING I N  SOLID PLANT CONDITIONS. THE CAUSE 
WAS AN INADVERTENT UNBLOCKING OF THE LOW PRESSURIZER PRESSURE SAFETY 
INJECTION SIGNAL DURING TRAIN B SOLID STATE PROTECTION TESTING. THE 
BORON INJECTION TANK DISCHARGE WAS STOPPED, THE SAFETY INJECTION SIGNAL 
WAS RESET, AND RCS PRESSURE WAS REDUCED BELOW PORV SETPOINT. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, 0. C .  
20555 (05 CENTSIPAGE -- MINIMUM CHARGE 82.00)  

FAILURE + REACTOR, PWR + NORTH ANNA 1 (PWRI + FAILURE, INSTRUMENT + 
FAILURE, EQUIPMENT + FAILURE, OPERATOR ERROR + LICENSED OPERATOR + 
TESTING + SAFETY INJECTION + ACTUATION + PRESSURIZER + SENSORS, PRESSURE 
+ PRESSURE RELIEF + VALVES + PRESSURE TRANSIENT + EASP 

0 ACCESSION NUMBER 1663Q2 10-0 1 11/18/82 

INADVERTENT SAFETY INJECTION DILUTES B I T  A T  SALEM 2 

LTR W/LER 81-009 TO U.S. NRC. REGION 1 .  MAY 22. 1981. DO KET 50-311, 

DATE OF EVENT - 092381. POWER LEVEL - 000%. CAUSE - INADVERT -F'VALVE 

PUBLIC SERVICE ELECTRIC 8 GAS CO. I 

h) TYPE--PWR, MFG--WEST, AE--PSE&G, DCS N0.--810602040 

OFENING. DURING COOLOOWN OPERATION, VALVE 2QM-SIO OPENED, CAUSING ALARM 
"24 S/G STM. PRESS. 100 PSI L O "  TO IN IT IATE SAFETY INJECTION. 
INVESTIGATION OF VALVE 2'4MS10 COULD FIND NO APPARENT REASON FOR ITS  
OPENING. THE INADVERTENT OPENING OF VALVE 2'4MS10 CAUSED THE BORON 
CONCENTRATION TO DROP BELOW THE MINIMUM OF 20,000 PPM I N  THE BORON 
INJECTION TANK. THE BORON INJECTION TANK WAS BORATED. PREVIOUS SIMILAR 
OCCURRENCES: 77-01. 77-26, 77-29. 78-0'4. 78-74 (ON UNIT 1 )  AND 80-31 
(ON UNIT 2 ) .  

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM. 1717 H STREET, WASHINGTON, D. C .  
20555 ( 0 5  CENTS/PAGE -- MINIMUM CHARGE 82 .00 )  

FAILURE + REACTOR, PWR + SALEM 2 (PWR) + EMERGENCY COOLING SYSTEM + 
SAFETY INJECTION + ACTUATION + VALVES + POISON, SOLUBLE + CONCENTRATION 
+ STORAGE CONTAINER + FAILURE, EQUIPMENT + FAILURE, INHERENT + REACTOR 
STARTUP EXPERIENCE + DILUTION + COOLING SYSTEM, SECONDARY + STEAM 
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0 ACCESSION NUMBER 166453 10-0 1 11 /18 /82  

TWO INADVERTENT SAFETY INJECTION ACTUATIONS A T  SEQUOYAH 1 
TENNESSEE VALLEY AUTHORITY 
LTR W/LER 81-002s TO U.S. NRC, REGION 2, JUN 5, 1981. DOCKET 50-327. 

DATE OF EVENT - 042381. POWER LEVEL - NA. CAUSE - PROCEDURAL 
TYPE--PWR, MFG--WEST, AE--TVA, DCS NO.--810609041 

DEFICIENCY. ON APRIL 23, 1981, DURING A MAIN TURBINE OVERSPEED TEST, AN 
INADVERTENT SAFETY INJECTION OCCURRED. THE SIGNAL WHICH BROUGHT I N  THE 
SAFETY INJECTION WAS FROM A COMBINATION OF HIGH STEAMLINE FLOW 
COINCIDENT WITH LOW-LOW TAVE. THIS S I  CAUSED THE CENTRIFUGAL CHARGING 
PUMPS TO PUMP WATER THROUGH THE B I T  (17OF1 INTO THE RCS (539.8F) FOR 
ABOUT 2-3 MINUTES. ON MAY 1 .  1981 DURING GENERATOR TRIP TEST RECOVERY, 
AN INADVERTENT SI OCCURRED. I T  WAS BROUGHT I N  BY THE RECEPTION OF TWO 
HIGH STEAMLINE DIFFERENTIAL PRESSURE SIGNALS. THIS S I  CAUSED THE 
CENTRIFUGAL CHARGING PUMPS TO PUMP WATER THROUGH THE B I T  (170F) INTO THE 
RCS (500F) AND EVENTUALLY BROUGHT I N  WATER FROM THE RWST. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555 ( 0 5  CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + SEQUOYAH 1 (PWR) + TESTING + EMERGENCY COOLING 
SYSTEM + SAFETY INJECTION + ACTUATION + FAILURE, EQUIPMENT + FAILURE, 

REACTOR STARTUP EXPERIENCE + PROCEDURES AND MANUALS 
ADMINISTRATIVE CONTROL + PIPES AND PIPE FITTINGS + NOZZLE + FATIGUE + 

1'1Y 18/82 

UPDATE ON ECCS ACTUATION A T  CRYSTAL RIVER 3, 

LTR W/LER 80-003SR TO U.S. NRC..REGION 2. JUN 1 1 ,  1981, DOCKET 50-302. 

DATE OF EVENT - 101680. POWER LEVEL - 097%. CAUSE - RELAY FAILURE. 

FLORIDA POWER CORPORATION J Z Y I L t  w1 

TYPE--PWR. MFG--BLW, AE--GIL. DCS NO.--8106170137 

CHANNEL 1 PRESSUR$ MODULE WAS IN i i ~ ~ ~ ~ i i  GIVING A 1 OF 3 CONDITION FOR A 
ROUTINE SURVEILLANCE TEST. A FUSE I N  CAANNEL RB2 FAILED, GIVING THE 2 
OUT OF 3 CONDITION REQUIRED FOR ACTUATION CF ES CHANNEL "B". MAKEUP 18 
OPERATED FOR LESS THAN ONE MINUTE W I T H  SUCTION VALVES CLOSED BEFORE I T  
WAS SHUT DOWN. OTHER AUTOMATIC ACTIONS WERE MANUALLY OVERRIDDEN UNTIL 
THE ES "B" ACTUATION CONDITION COULD BE CLEARED BY TAKING CHANNEL 1 
PRESSURE MODULE OUT OF THE "TEST" MODE. THE TRANSIENT CAUSED 
APPROXIMATELY 250 GALLONS OF WATER FROM THE BORATED WATER STORAGE TANK 
TO BE INJECTED INTO THE REACTOR COOLANT SYSTEM WITH AN ATTENDANT 
PRESSURE INCREASE FROM 2145 TO 2185 PSIG. THE FLOWPATH WAS THROUGH 
MUV-25 AND MUV-26. THE CAUSE IS A FAILED RELAY (6373DI2)  I N  ENGINEERING 
SAFEGUARC.'!; CABINET 58. THE RELAY WAS A CLARKE 5UK8-33-76 RELAY. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM. 1717 H STREET, WASHINGTON, D. C .  
20555 ( 0 5  CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + CRYSTAL RIVER 3 (PWR) + EMERGENCY COOLING SYSTEM 
. + ACTUATION + UPDATE + TESTING + RELAYS + FUSE + FAILURE, EGUIPMENT + 

FAILURE, INHERENT + SAFETY INJECTION 
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0 ACCESSION NUMBER 166686 10-0 1 11 /18 /82  

SAFETY INJECTION ACTUATED TWICE AT MCGUIRE 1 
DUKE POWER CO. 
LTR W/LER 81-037 TO U.S. NRC, REGION 2, APR 28, 1981, DOCKET 50-369, 

DATE OF EVENT - 033081. POWER LEVEL - OOOX.  CAUSE - MAINTENANCE 
TYPE--PUR, MFG--WEST, AE--DUKE, DCS N0.--81062903W 

PERSONNEL ERROR. DURING MAINTENANCE WORK ON THE SOLID STATE PROTECTION 
SYSTEM CABINETS. AN INADVERTENT SAFETY lNJECTlON WAS INITIATED. THE 
SAFETY INJECTION PUMP AND THE CENTRIFUGAL CHARGlNG PUMP BREAKERS HAD 
BEEN DISCONNECTED AND THE RHR SYSTEM WAS ALIGNED I N  THE NORMAL SHUTDOWN 
COOLING MODE. NO SIGNIFICANT VOLUME OF WATER WAS ADDED TO THE RCS. 
TECHNICIANS WORKING ON THE SOLID STATE PROTECTION SYSTEM CABINET PLACED 
THE "INPUT ERROR INHIBIT"  SWITCH I N  THE " I N H I B I T "  POSITION AND THE MODE 
SELECTOR SWITCH I N  THE "TEST" POSITION. BEFORE COMPLETING THE WORK THEY 
LEFT THE AREA AND THEIR SUPERVISOR, ASSUMING THE WORK WAS DONE, RETURNED 
THE SWITCHES TO THEIR NORMAL POSITIONS. THIS ACTUATED THE SI SYSTEM. 
PERSONNEL WERE RETRAINED AND PROCEDURES WERE REWRITTEN TO PRECLUDE SUCH 
OCCURRENCES FROM HAPPENING AGAIN. 

AVAlLABILlTY - NGC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555 ( 0 5  CENTS/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PUR + MCGUIRE 1 (PUR) + REACTOR STARTUP EXPERIENCE + 
EMERGENCY COOLING SYSTEM + SAFETY INJECTION + ACTUATION + FAILURE, 

ENGINEERED SAFETY FEATURE + MAINTENANCE AND REPAlR 
EQUIPMENT + FAILURE, MAINTENANCE ERROR + MAINTENANCE PERSONNEL + 

INSTRUMENT INVERTER FAILURE CAUSES REACTOR TRIP A T  ZION 1 
COHMONWEALTH EDISON CO. 
L T R  WILER 81-022 TO U.S. NdC, REQlON 3. JUN 26. 1981, DOCKET 50-295, 

TYPE--PUR. MFG--WEST. AE--SBL,'pCS N0.--8107080234 
DATE OF EVENT - 052881. POWER LEVEL - 098%. CAUSE - INVERTER SHORTED 

OUT. lNSTRUMENT INVERTER i l h  FAILED CONCURRENT WITH PERFORMANCE OF 
INSTRUMENT FUNCTIONALS, REQUIRING REACTOR PROTECTION BISTABLES TO BE 
TRIPPED. WHICH RESULTED I N  A REACTOR TRIP. THE TRIP GENERATED A HIGH 
STEAM FLOW SIGNAL WHICH CONCURRENT WITH THE INVERTER FAILURE YIELDED A 
SAFETY INJECTION. THE PRIMARY WINDING OF THE MASTER SOLA OUTPUT 
TRANSFORMER WAS DETERMlNED TO BE SHORTED. THE TRANSFORMER WAS SENT TO 
THE MANUFACTURER FOR FAILURE ANALYSIS AND A TASK FORCE FORMED TO FURTHER 
1NVESTIGATE THE PROBLEM WITH INPUT FROM THE VENDOR. 

AVAILABlLlTY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555 (05 CENTS/PAGE -- MINIMUM CHARGE $2.00)  

FAILURE + REACTOR, PUR + ZION 1 (PUR) + ELECTRIC POWER + REACTOR SHUTDOWN 
+ TESTING + FAILURE. EQUIPMENT + FAILURE, INHERENT + SCRAM, SPURIOUS + 
SAFETY INJECTION + ACTUATION + EASP + GENERATOR, MOTOR 



21 9 

[] ACCESSION NUMBER 166854 10-0 1 

V 
B I T  CONCENTRATION FALLS BELOW L I M I T  AT  SALEM 2 
PUBLIC SERVICE ELECTRlC R GAS CO. 
LTR WILER 81-032 TO U.S. NRC, REGION 1, JUN 30, 1981, DOCKET 50-311, 

DATE OF EVENT - 060381. POWER LEVEL - 020%. CAUSE - DILUTION DUE TO 
TYPE--PUR, MFG---WEST, AE--PSERG, DCS N0.--8107130243 

SAFETY INJECTION. A HIGH LCVEL I N  NO. 22 STEAM GENERATOR RESULTED I N  A 
TURBlNE TRIP. REACTOR TRIP AND SAFETY INJECTION, BORON INJECTION TANK 
CONCENTRATION DECREASED TO LESS THAN 20,000 PPM OF BORON. PREVIOUS 
SIMILAR OCCURRENCE: 81-09. THE SAFETY INJECTION CAUSED DILUTION OF THE 
BORON INJECTION TANK. THE TANK WAS BORATED UNTIL CONCENTRATION WAS 
WITHIN THE ALLOWABLE L IMITS.  

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555 ( 0 5  CENTSIPAGE -- MINIMUM CHARGE 52.00)  

FAILURE + REACTOR, PWR + SALEM 2 [PWR) + REACTOR SHUTDOWN + SAFETY 
INJECTION + ACTUATION + EMERGENCY COOLING SYSTEM + STORAGE CONTAINER + 
POISON, SOLUBLE + CONCENTRATION + FAILURE, EQUIPMENT + FAILURE. INHERENT 
+ DILUTION + REACTOR STARTUP EXPERIENCE 

0 ACCESSION NUMBER 167124 10-0 1 

UPDATE ON SAFETY INJECTION ACTUATION A T  ZION 2 

11/18/82 

COMMONWEALTH ED I SON Co . ~ ~ 

LTR W/LER 81-008R TO U.S. NRC, REGION 3, JUN 29, 1981, DOCKET 50-304, 
TYPE--PUR. MFG--WEST. AE--SRL. DCS NO.--8107280217 

DATE OF EVENT - 050mi .  POWER.LEVEL - 092%. CAUSE - MASTER INVERTER 
SHORTED OUT. UNIT TWO TRIPPED AND SAFETY INJECTED DUE TO THE LOSS OF 
INVERTER 213. LOSS OF 213 CAUSED ONE FEEDWATER PUMP TO TRIP DUE TO 
SPEED CONTROL. A L L  SAFETY EQUIPMENT PERFORMED I T 5  INTENDED FUNCTION. 
THE MASTER INVERTER OUTPUT SOLA TRANSFORMER SHORTED TO GROUND WHICH 
TRIPPED THE INVERTER AND CAUSED THE SLAVE TRANSFORMER TO BURN UP. THE 
STATlON I S  TRENDING THE PERFORMANCE OF THE SOLA TRANSFORMER AND HAS 
FORMED A TASK FORCE TO EVALUATE POSSIBLE GENERIC PROBLEMS. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555 ( 0 5  CENTSIPAGE -- MINIMUM CHARGE 82.00) 

FAILURE + REACTOR, PUR + ZION 2 (PWR) + UPDATE + REACTOR SHUTDOWN + 
SCRAM, REAL + SAFETY INJECTION + ACTUATION + INVERTER + GENERATOR, MOTOR 
+ FAILURE, EQUIPMENT + FAILURE. INHERENT + ELECTRIC POWER, V I T A L  + 
TRANSFORMER5 
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/ACCESS 1 ON NUMBER 167550 10-0 1 11 /18 /82  

SPURIOUS SAFETY INJECTION ACTUATION AT NORTH ANNA 2 
VIRGINIA ELECTRIC R POWER CO. 
LTR WILER 81-055 TO U.S. NRC, REGION 2 .  JUL 15. 1981. DOCKET 50-339, 

DATE OF EVENT - 070381. POWER LEVEL - 018%. CAUSE - TRANSFORMER FIRE. 
TYPE--PWR, MFG--WEST, AE--SRW. DCS NO.--8107280592 

A REACTOR TRIP OCCURRED DUE TO A FAULT I N  B PHASE MAIN TRANSFORMER. THE 
FAULT CAUSED A FIRE WHICH AFFECTED FEEDER CABLES FROM 1C RESERVE STATION 
SERVICE TRANSFORMER RESULTING I N  A LOSS OF POWER TO 2J EMERGENCY BUS. .A 
VOLTAGE TRANSIENT WHICH AFFECTED V I T A L  BUSSES 2-111 AND 2 - I V  CAUSED A 
SPURIOUS ACTUATION OF ECCS. THE CAUSE OF THE O I L  R€LEASE AND FIRE FROM 
THE TRANSFORMER AND THE CAUSE OF THE VOLTAGE TRANSIENT THROUGH THE V I T A L  
BUS INVERTERS 2-11 I AND 2 - I V  ARE UNDER INVESTIGATION. THE SAFETY 
INJECTION WAS CAUSED BY LOW RCS TEMPERATURE FOLLOWING THE REACTOR TRIP 
AND SPURIOUS HIGH STEAM LINE FLOW SIGNAL FROM THE BISTABLE TRIPS. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C. 
20555 ( 0 5  CENTS/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + NORTH ANNA 2 (PWR) + TRANSFORMERS + FIRE + 
ELECTRIC POWER + TRANSIENT + REACTOR SHUTDOWN + SAFETY INJECTION + 
ACTUATION + FAILURE, EQUIPMENT + FAILURE, INHERENT + OFF SITE + EASP 

/ ACCESS I ON NUMBER 167625 10-0 1 11 / 18 /82  

INADVERTENT SAFETY INJECTION ACTUATION OCCURS A T  SALEM 2 
PUBLIC SERVICE ELECTRIC R GAS CO. 
LTR W/LER 81-095 TO U.S. NRC, REGION 1. JUL 21. 1981. DOCKET 50-311. 

DATE OF EVENT - 092381. POWER LEVEL - 000%. CAUSE - OPERATOR SET STEAM 
TYPE--PWR, MFG--WEST, AE--PSERG, DCS NO.--8107290131 

GENERATOR VALVE SET POINT LOW. AN INADVERTENT SAFETY INJECTION OCCURRED 
DURING UNIT COOLDOWN TO MODE 5. THE AUTOMATIC SET POINT FOR VALVE 
2LtMSlO WAS DECREASED TOO LOW AND THE CONTROLLER RESPONDED BY OPENING 
29MS10, DECREASING 24 STEAM GENERATOR PRESSURE BELOW 100 PSI INITIATING 
A SAFETY INJECTION. THE CAUSE I S  PERSONNEL ERROR. THE AUTOMATIC 

SAFEGUARD EQUIPMENT FUNCTIONED AS DESIGNED. THIS I S  THE FIRST SAFETY 
INJECTION FOR UNIT 2. PERSONNEL WERE COUNSELED ON REQUIREMENTS TO 
FOLLOW PROCEDURES WHEN MSlO'S ARE USED TO CONTROL COOLDOWN I N  ORDER TO 
PREVENT INADVERTENT SI'S ON STEAM GENERATOR DIFFERENTIAL PRESSURE. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  

SET-POINT FOR 24MS10 WAS DECREASED TOO LOW. DURING THIS INITIATION ALL 

20555 ( 0 5  CENTS/PAGE -- MINIMUM CHARGE $2.00)  

FAILURE + REACTOR, PWR + SALEM 2 (PWR) + SAFETY INJECTION + EMERGENCY 
COOLING SYSTEM + VALVES + SET POINT + FAILURE, EQUIPMENT + FAILURE, 
OPERATOR ERROR + LICENSED OPERATOR + REACTOR STARTUP EXPERIENCE + STEAM 
GENERATOR + CALIBRATION + €ASP + ACTUATION + PRESSURE RELIEF 
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ACCESSION NUMBER 167692 10-0 1 11 i 18/82 

INADVERTENT SAFETY INJECTION ACTUATION AT MCGUIRE 1 
DUKE POWER CO. 
L T R  W/LER 81-078 TO U.S. NRC. REGION 2, JUN 4, 1981. DOCKET 50-369. 

TYPE--PWR. MFG--WEST. AE--DUKE. DCS NO.--BlOBO30249 
DATE OF EVENT - 050781. POWER LEVEL - O O O X .  CAUSE-- OPERATOR OEPRESSED 

INCORRECT SWITCH. AN INADVERTENT SAFETY INJECTION WAS INITIATED ON 
TRAIN B WHEN THE WRONG BUTTON ON THE CONTROL BOARD WAS PUSHED. DURING 
VALVE TIMING TESTS THE RESET PUSHBUTTON ON THE 'PRESSURIZER SAFETY 
INJECTION TRAIN B '  WAS INADVERTENTLY DEPRESSED INSTEAD OF THE 'SAFETY 
INJECTION RESET TRAIN 1B' BUTTON. THE WRONG PUSHBUTTON WAS DEPRESSED 
UNBLOCKING THE PRESSURIZER LOW PRESSURE SIGNAL. A DIFFERENT METHOD WILL 
BE USED TO RESET THE VALVE TIMING COMPUTER PROGRAM WITHOUT DEPRESSING 
THE SAFETY INJECTION RESET SWITCH. A SLIDING COVER WILL BE PLACED OVER 
THESE PUSHBUTTONS. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, 0. C.  
20555 ( 0 5  CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + MCGUIRE 1 (PWR) + EMERGENCY COOLING SYSTEM + 
SAFETY INJECTION + ACTUATION + TESTING + FAILURE, INSTRUMENT + 
INSTRUMENT. SWITCH + FAILURE. OPERATOR ERROR + LICENSED OPERATOR + 
MODIFICATION + REACTOR STARTUP EXPERIENCE 

10-0 1 1 I /18/82 

REACTOR SCRAMMED AND SAFETY INJECTION ACTUATED AT ZION 1 
COMMONWEALTH EDlSON CO. 
LTR W/LER 81-029 TO U.S. NRC, REGION 3, JUL 31, 1981, DOCKET 50-295, 

DATE OF EVENT - 052881. POWER LEVEL - 099X. CAUSE - SOLA TRANSFORMER 
TYPE--PWR, MFG--WEST. AE--SLL, DCS N0.--8108110488 

SHORTED. INVERTER 114 FAILED CONCURRENT WITH PERFORMANCE OF INSTRUMENT 
FUNCTIONALS, REQUIRING REACTOR PROTECTION BISTABLES TO BE TRIPPED, WHICH 
RESULTED I N  A REACTOR TRIP. THE TRIP GENERATED A HIGH STEAM FLOW SIGNAL 
WHICH CONCURRENT WITH THE INVERTER FAILURE YIEL-DED A SAFETY INJECTION. 
PREVIOUS LER: 50-304/81-8. THE PRIMARY WINDING OF THE MASTER SOLA 
TRANSFORMER SHORTED TO GROUND WHICH TRlPPED THE INVERTER AND CAUSED THE 
SLAVE TRANSFORMER TO BURN Up. THE CORRECTIVE ACTION WILL BE TO MINIMIZE 
CIRCULATING CURRENT I N  THE INVERTER. A PERIODIC SURVEILLANCE HAS BEEN 
WRlTTEN TO CHECK THE CIRCULATING CURRENT AND ADJUST AS NECESSARY BY 
TUNING THE OUTPUT CAPACITANCE. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C .  
20555 (05 CENTS/PAGE -- MINIMUM CHARGE 92.00) 

FAILURE + REACTOR, PWR + ZION 1 (PWR) + INVERTER + GENERATOR, MOTOR + 
REACTOR SHUTDOWN + TRANSFORMERS + ELECTRIC POWER + TESTING + FAILURE. 
EQUIPMENT + FAILURE. INHERENT + SAFETY INJECTION + ACTUATION + SCRAM, 
SPUR 1 OUS 
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0 ACCESSION NUMBER 167784 10-0 1 11/18/8E 

INADVERTENT SAFETY INJECTION ACTUATION OCCURS AT MCGUIRE 1 
DUKE POWER CO. 
LTR W/LER 81-074 TO U.S. NRC. REGION 2, MAY 28, 1981, DOCKET 50-369, 

DATE OF EVENT - 042981. POWER LEVEL - 000%. CAUSE - OPERATOR ERROR 
TYPE--PWR, MFG--WEST, AE--DUKE, DCS N0.--8107310360 

DURING MODIFICATIONS. AN INADVERTENT SAFETY INJECTION WAS INITIATED ON 
TRAIN A WHEN THE TRAIN A SOLID STATE PROTECTION SYSTEM CABINETS WERE 
RETURNED TO SERVICE WITHOUT BLOCKING THE SAFETY INJECTION SIGNALS. 
DURING MODIFlCATlON WORK, CERTAIN SAFETY INJECTION fERMISSlVE BLOCKS 
WERE CLEARED FROM THE,SOLID STATE PROTECTION SYSTEM TRAIN A LOGIC.  
THE. SYSTEM WAS RETURNED TO SERVICE SAFETY INJECTION WAS INITIATED. THE 
SAFETY INJECTION WAS TERMINATED AND NEW PROCEDURES WERE WRITTEN TO KEEP 
THIS INCIDENT FROM OCCURRING AGAIN. 

AVAlLABlLlTY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C.  

WHEN 

20555 (05 CENTS/PAGE -- MlNIMUM CHARGE 82.00) 

FAILURE + REACTOR, PWR + MCGUIRE 1 (PWR) + REACTOR STARTUP EXPERIENCE + 
EMERGENCY COOLING SYSTEM + SAFETY INJECTION + ACTUATION + FAILURE, 
INSTRUMENT + INSTRUMENT, PROTECTIVE + FAILURE, OPERATOR ERROR + 
NONLICENSED OPERATOR 

6 ACCESSION NUMBER 168077 10-0 1 1 1  /18/82 

SAFETY INJECTION ACTUATES AT ZION 2 
COMMONWEALTH EDlSON CO. 
LTR W/LER 81-015 TO U.S. NRC, REGION 3. JUL 31, 1981, DOCKET 50-304, 

TYPE--PWR, MFG--WEST. AE--S&L, DCS N0.--8108100322 
DATE OF EVENT - 050781. POWER LEVEL - 092%. CAUSE - INVERTER FAILURE. 

UNIT 2 SAFETY INJECTED DUE TO LOSS OF INVERTER 213 THAT CAUSED PI-526A 
AND 5 3 6 A  TO FAIL  LOW, WHICH W I T H  HIGH.STEAM FLOW HADE UP SAFEGUARDS 
LOGIC.  A L L  SAFETY EQUIPMENT PERFORMED ITS FUNCTION. THE USAGE FACTOR 
ON THE INJECTION NOZZLES I S  .03125. ADDED TO PREVIOUS USAGE FACTOR GIVES 
.15879. THE TOTAL LIFETlME OF THE INJECTION NOZZLES I S  A 1.0 USAGE 
FACTOR. THE MASTER INVERTER OUTPUT SOLA TRANSFORMER SHORTED TO GROUND 
WHICH TRIPPED THE INVERTER AND CAUSED THE SLAVE TRANSFORMER TO BURN UP. 
THE CORRECTIVE ACTION WILL BE TO MINIMIZE ClRCULATING CURRENT I N  THE 
INVERTER. A PERIODIC SURVEILLANCE HAS BEEN WRITTEN TO CHECK THE 
CIRCULATING CURRENT AND ADJUST AS NECESSARY BY TUNING THE OUTPUT 
CAPACITANCE. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, 0. C.  
20555 ( 0 5  CENTSIPAGE -- MINlMUM CHARGE $2.00) 

FAILURE + REACTOR. PWR + ZION t (PWR) + EMERGENCY COOLING SYSTEM + SAFETY 
lNJECTION + ACTUATION + GENERATOR, MOTOR + lNVERTER + ELECTRIC POWER + 
FAILURE, EQUIPMENT + FAILURE, lNHERENT + TRANSFORMERS + REACTOR SHUTDOWN 
+ SCRAM, REAL 
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ACCESSION NUMBER 168079 0 10-0 1 11 /18 /82  

SAFETY INJECTION ACTUATES A T  ShLEM 2 
PUBLIC SERVICE ELECTRIC R GAS k0. 
LTR W/LER 81-051 TO U.S. NRC, REGION 1, JUL 27. 1981, DOCKET 50-311, 

TYPE--PWR, MFG--WEST, AE--PSERG, DCS NO.--8108060216 
DATE OF EVENT - 062781. POWER LEVEL - 030%. CAUSE - STEAM GENERATOR 

FUEL PUMP TRIP. NO. 22 STEAM GENERATOR FEED PUMP TRIPPED, CAUSING A 
REACTOR TRIP AND SAFETY INJECTION. THE BORON INJECTION TANK 
CONCENTRATION DECREASED TO LESS THAN 20.000 PPM OF BORON. SIMILAR 
OCCURRENCES:' 81-09 AND 81-32. THE SAFETY INJECTION CAUSED DILUTION OF 
THE BORON INJECTION TANK. THE TANK WAS BORATED UNTIL THE CONCENTRATION 
WAS WITHIN THE ALLOWABLE LIMITS. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C. 
20555 ( 0 5  CENTSIPAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + SALEM 2 (PWR) + REACTOR STARTUP EXPERIENCE + 
STEAM GENERATOR + COOLING SYSTEM, SECONDARY + FEEDWATER + PUMPS + 
REACTOR SHUTDOWN + EMERGENCY COOLING SYSTEM + SAFETY INJECTION + 
ACTUATION + CONCENTRATION + FAILURE, EQUIPMENT + FAILURE, INHERENT + 
POISON, SOLUBLE + STORAGE CONTAINER + DlLUTlON + SCRAM, REAL 

0 ACCESSION NUMBER 168199 10-0 1 I 1  /18/82 

AVERAGE RCS TEMPERATURE FALLS BELOW L I M I T  AT  COOK 2 
INDIANA R MICHIGAN ELEC. CO. 
LTR W/LER 81-031 TO U.S. NRC. REGION 3. AUG 10. 1981. DOCKET 50-316. 
-TYPE-:PWR, MFG--WEST. AE--UTILITY, DCS NO.--8108190265 
DATE OF EVENT - 071181. POWER LEVEL - 003%. CAUSE - EXCESSIVE FEEDWATER 

FLOW TO STEAM GENERATOR. DURING A STARTUP WITH THE REACTOR CRITICAL, 
TAVG DECREASED BELOW 591 DEGREES. TAVG WAS INCREASED ABOVE 591 WITHIN 
APPROXIMATELY 1 MlN. PREVIOUS SIMILAR EVENTS INCLUDE 31518LO-18, 
316178-10. 316178-092. 316178-053, AND 316178-032. WHILE ATTEMPTING TO 
RAISE STEAM GENERATOR LEVELS TO PROGRAM LEVEL AN EXCESSIVE FEED RATE WAS 
USED. THIS I N  EFFECT CREATED A LARGER HEAT SINK FOR THE RCS THEREBY 
LOWERING ITS TEMPERATURE. THE FEED RATE WAS REDUCED AND CONTROL RODS 
WITHDRAWN TO STOP THE TEMPERATURE DECREASE BUT THIS DID NOT PREVENT 
REACHING THE T.S. MINIMUM. A L L  LICENSE OPERATORS WILL BE REQUIRED TO 
REVIEW THIS REPORT. 

AVAILABILITY - NRC PUBLlC DOCUMENT ROOM, 1717 H STREET, WASHINGTON, D. C. 
20555 ( 0 5  CENTSIPAGE -- MINIMUM CHARGE 82.00) 

FAILURE + REACTOR, PWR + COOK 2 (PWR) + WAIN COOLING SYSTEM + TEMPERATURE 
+ REACTOR COOLANT + STEAM GENERATOR + FEEDWATER + FLOW + RATE + FAILURE, 
EQUIPMENT + FAILURE, OPERATOR ERROR + LICENSED OPERATOR + EFFECT 
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ACCESSION NUMBER 168503 10-0 1 1 1  / 18/82 

PRESSURIZER HEATUP RATE EXCEEDS L I M I T  AT  COOK 1 
INDIANA 8 MICHIGAN ELEC. CO. 
LTR W/LER 81-029 TO U.S. NRC, REGION 3. AUG 2'i. 1981, DOCKET 50-315, 

DATE OF EVENT - 072381. POWER LEVEL - OOOX. CAUSE - OPERATOR ERROR. 
TYPE--PWR, MFG--WEST. A€--UTILITY, DCS NO.--8109030251 

WHILE FILLING AND VENTING THE RCS AN APPARENT PRESSURIZER HEATUP 
TRANSIENT OCCURRED I N  EXCESS OF THE MAXIMUM 100 F/HR. ALLOWABLE TECH. 
SPEC. HEATUP RATES. DURING THE TRANSIENT THE RCS AVERAGE TEMPERATURE 
WAS 175 F AND THE PRESSURE WAS BEING INCREASED FROM 100 PSIG TO 325 PSIG 
FOR RUNNING OF THE REACTOR COOLANT PUMPS. THE TRANSIENT OCCURRED DURING 
A RECOVERY OF A LOW PRESSURIZER LEVEL. RELATIVELY COOL WATER (175 F )  
WAS SURGING INTO THE PRESSURIZER FROM THE REACTOR COOLANT LOOP WHERE I T  
CONTACTED THE HOT PRESSURIZER METAL ('io0 F ) .  THIS CAUSED AN INCREASE I N  
THE PRESSURIZER LIQUID TEMPERATURE OF APPROXIMATELY 130 F OVER A I-HOUR 
PERIOD. THIS INCREASE WAS NOT A TRUE INDICATION OF CHANGES I N  THE 
PRESSURIZER METAL TEMPERATURE. HAD PRESSURIZER METAL TEMPERATURE 
INDICATION BEEN AVAILABLE, A DECREASE I N  METAL TEMPERATURE WOULD HAVE 
BEEN INDICATED. THE APPARENT EXCESSIVE HEATUP RATE WAS I N  REALITY A 
COOLDOWN OF THE PRESSURIZER AND THE HEATUP L I M I T  WAS NOT VIOLATED. TO 
PREVENT RECURRENCE THE RATE A T  WHICH THE PRESSURIZER PRESSURE IS 
INCREASED MUST BE KEPT TO WITHIN THE CAPABILITY OF THE CHARGING PUMP TO 
MAINTAIN THE PRESSURIZER PROGRAMMED LEVEL. A L L  LICENSED OPERATORS WILL 
BE REQUIRED TO REVIEW THIS EVENT. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET. WASHINGTON, 0. C .  
20555 (05  CENTS/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PWR + COOK 1 (PWR) + MAIN COOLING SYSTEM + PRESSURIZER 
+ THERMAL TRANSIENT + HEAT TRANSFER + RATE + FAILURE, EQUIPMENT + 
FAILURE, OPERATOR ERROR + LICENSED OPERATOR 

J ACCESSION NUMBER 169297 10-0 1 11/18/82 

SAFETY INJECTION ACTUATES DUE TO FAST COOLDOWN RATE AT MCGUIRE 1 
DUKE POWER CO. 
LTR W/LER 81-151 TO U.S. NRC. REGION 2, OCT 9, 1981, DOCKET 50-369, 

TYPE--PWR, MFG--WEST. AE--DUKE, DCS N0.--8110200580 
DATE OF EVENT - 091Lt81. POWER LEVEL - 020%. CAUSE - DESIGN. PERSONNEL 

AND PROCEDURAL ERRORS. ,DURING THE PERFORMANCE OF THE'LOSS OF CONTROL 
ROOM TEST, OPERATORS HAD TROUBLE CONTROLLING THE AUXILIARY FEEDWATER 
SYSTEM. AN EXCESSIVE AMOUNT OF FEEDWATER WAS PUMPED INTO THE STEAM 
GENERATORS CAUSING AN ABNORMALLY FAST COOLDOWN RATE AND A SAFETY 
INJECTION ACTUATION. THE TRANSIENT WAS THE RESULT OF A COMBINATION OF 
DESIGN DEFICIENCY AND PERSONNEL ERRORS DURING THE TEST. PROCEDURAL 
DEFICIENCIES ALSO CONTRIBUTED TO THE SEVERITY OF THE COOLDOWN TRANSIENT. 

VARIOUS PROCEDURES WERE REVISED AND DUKE POWER CO. IS DEVELOPING PLANS 
TO MODIFY THE AUXILIARY SHUTDOWN PANELS. A REVIEW BY WESTINGHOUSE 
CONCLUDED THAT NO SIGNIFICANT DAMAGE RESULTED FROM THE TRANSIENT. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM, 1717 H STREET, WASHINGTON. D. C.  
20555 ( 0 5  CENTSIPAGE -- MINIMUM CHARGE 8 2 . 0 0 )  

FAILURE t REACTOR, PWR + MCGUIRE 1 (PWR) + TESTING + CONTROL PANELIROOM + 
FEEDWATER + AUXILIARY + SAFETY INJECTION f ACTUATION + THERMAL TRANSIENT 
+ FAILURE, EQUIPMENT + FAILURE, DESIGN ERROR + REACTOR SHUTDOWN + 
MODIFICATION + PROCEDURES AND MANUALS + FAILURE. OPERATOR ERROR + 
FAILURE, ADMINISTRATIVE CONTROL + STEAM GENERATOR 



I/ ACCESSION NUMBER 170158 
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10-0 1 11 /18 /82  

UPDATE ON PRESSURIZER HEATUP TRANSIENT A T  COOK 1 
lNDlANA R MICHIGAN ELEC. CO. 
LTR WILER 81-029R1 TO U.S. NRC, REGION 3, NOV 6, 1981, DOCKET 50-315, 

DATE OF EVENT - 072381. POWER LEVEL - 0001. CAUSE - LICENSED OPERATOR 
TYPE--PUR, MFG--WEST, AE--UTILITY. DCS N0.- -8111190Wl 

ERROR. WHILE I N  THE PROCESS OF FILLING AND VENTING RCS AN APPARENT 
PRESSURIZER HEATUP TRANSIENT OCCURRED I N  EXCESS OF THE MAXIMUM 100 F/HR 
ALLOWABLE HEATUP RATES. DURING THE TRANSlENT THE RCS AVERAGE 
TEMPERATURE WAS APPROXIMATELY 175 F AND THE PRESSURE WAS BEING INCREASED 
FROM 100 PSIG TO 325 PSIG FOR RUNNING OF THE REACTOR COOLANT PUMPS. THE 
TRANSIENT OCCURRED DURING A RECOVERY OF A LOW PRESSURIZER LEVEL. 
RELATIVELY COOL WATER (175) WAS SURGING INTO THE PRESSURIZER FROM THE 
REACTOR COOLANT LOOP WHERE I T  CONTACTED THE HOT PRESSURIZER METAL WHICH 
WAS A T  APPROXIMATELY 400 F .  THIS CAUSED AN INCREASE I N  THE PRESSURIZER 
LIQUID TEMPERATURE OF APPROXIMATELY 130 OVER A 1-HOUR PERIOD. TO 
PREVENT RECURRENCE THE RATE AT WHICH THE PRESSURIZER PRESSURE IS 
INCREASED MUST BE KEPT TO WITHIN THE CAPABILITY OF THE CHARGING PUMP TO 
MAINTAIN THE PRESSURIZER PROGRAMMED LEVEL. A L L  LICENSED OPERATORS WILL 
BE REQUIRED TO REVIEW THIS EVENT TO AVOID I T  BEING REPEATED I N  THE 
FUTURE. 

AVAILABILITY - NRC PUBLIC DOCUMENT ROOM. 1717 H STREET, WASHINGTON. D. C.  
20555 ( 0 5  CENTS/PAGE -- MINIMUM CHARGE $2.00) 

FAILURE + REACTOR, PUR + COOK 1 (PUR) + UPDATE + MAIN COOLING SYSTEM + 
PRESSURIZER + THERMAL TRANSIENT + FAILURE. EQUIPMENT + FAILURE, OPERATOR 
ERROR + LICENSED OPERATOR 
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