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ABSTRACT 

Operator Action Event Trees f o r  t rans ien t  and LOCA i n i t i a t ed  accident 
sequences a t  the Zion 1 PWR have been developed and documented. These t rees  

1 ogi cal ly  and systematically portray the ro le  of the op.erator throughout the 

progression of the  accident. The documentation includes a delineation of the 
required operator response and the key symptoms exhibited by the plant a t  each 

s t a t e  of the t ree .  These operator action event t r ees  were based on the best- 

estimate computer analyses performed by EG&G Idaho, Inc. and Los Alamos National 

Laboratory under the NRC Severe Accident Sequence Anal ysi s (SASA) Program. 



SUMMARY 

The p r imary  p roduc t  of t h i s  work i s  a  se t  o f  docurn~nted Operator  A c t i o n  

Event Trees (OAETs) f o r  t r a n s i e n t ,  LOCA and steam genera tor  tuSe r u p t u r e  i n i t i a t e d  

a c c i d e n t  sequences a t  t h e  Z ion  1 Pressu r i zed  Water Reactor .  These OAETs l o g i c a l l y  

d e p i c t  t h e  r o l e  o f  t h e  o p e r a t o r  th roughout  t h e  progress ion o f  a  wide v a r i e t y  o f  

i m p o r t a n t  m u l t i p l e  f a i l u r e  a c c i d e n t  sequences. A t  each s t a t e  i n  the  OAETs, t h e  

r e q u i r e d  opera to r  a c t i o n s  and key symptoms e x h i b i t e d  by the  p l a n t  a r e  del  i nea ted .  

These documented OAETs can p r o v i d e  t h e  i n f o r m a t i o n  founda t ion  upon which a  broad 

spectrum o f  ana lyses re1 a t e d  t o  opera t o r  performance under a c c i d e n t  c o n d i t i o n s  can 

be based. 

The methods used t o r  deve lop ing  and documenting t h e  OAETs a r e  desc r ibed  

i n  S e c t i o n  2. These methods have been developed and r e f i n e d  as p a r t  o f  t h e  NRC 

P l a n t  S ta tus  M o n i t o r i n g  (PSM) Program. 

The documented OAETs a r e  presented i n  Sec t i on  3. These t r e e s  arid t h e  

s u p p o r t i n g  i nformat i  on concern ing p l a n t  response a r e  based on t h e  bes t -es t ima te  

thermal  - hyd rau l  i c ana lyses ava i  1  a b l e  t o  d a t e  f r o m  t h e  NRC Severe Acc ident  Sequence 

A n a l y s i s  (SASA) Program. The LOCA analyses and s t a t i o n  b l a c k o u t  analyses were 

based on work performed b y  EG&G Idaho, Inc .  u t i l i z i n g  t h e  RELAP4/M007 code. 

A d d i t i o n a l  t r a n s i e n t  sequence ana lyses were based on work performed b y  Los Alamos 

N a t i o n a l  Labora to ry  u t i l i z i n g  t h e  TRAC-PD2 code. 

S e c t i o n  4 summarizes some of t h e  major r~ tnrnmendat ions  f o r  a d d i t i o n a l  

SASA computer runs.  These a d d i t i o n a l  analyses a r e  r e q u i r e d  t o  a l l o w  unambiguous 

a c c i d e n t  s i g n a t u r e s  and d i a g n o s t i c  a l g o r i t h m s  t o  be generated f r o m  t h e  OAETs. 
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Sect ion 1 

INTRODUCTION AND BACKGROUND 

I n  the aftermath of Three M i l e  Is land,  considerable a t t en t i on  has 

been focused on the r o l e  of the reac tor  operator i n  ensuring p lan t  safety.  

Numerous programs have since been i n i t i a t e d  by diverse por t ions o f  the nuclear 

indus t ry  t o  inves t iga te ,  analyze, and improve the operator 's  a b i l i t y  t o  

e f f i c i e n t l y  respond t o  accident condi t ions.  These e f fo r ts  have involved a 

wide spectrum o f  a c t i v i t i e s  ranging from the  design of ind iv idua l  con t ro l  room 

components o r  the fo rmat t ing  o f  emergency procedures based on "ergonomic 

p r i nc ip les "  t o  i n i t i a l  e f f o r t s  t o  produce a t o t a l l y  computerized disturbance 

analys is  system. 

I n  add i t i on  t o  these many and var ied  a c t i v i t i e s ,  the Nuclear 

Regulatory Commission (NRC) has undertaken two separate bu t  re la ted  research 

programs -- the P lan t  Status Moni tor ing (PSM) Program and the Severe Accident 

Sequence Analysis (SASA) Program. These programs are based on the premise t h a t  

any e f f i cac ious  changes t o  present design and operat ion must be constructed as 

a f i r m  foundat ion cons is t ing  o f :  

1) An e x p l i c i t  i d e n t i f i c a t i o n  o f  po ten t i a l  accident 
sequences and the  p l a n t  s tates comprising these 
sequences. 

2 A ca re fu l  de l i nea t i on  o f  the act ions required of 
the operator a t  each p l a n t  s ta te .  

3)  A thorough understanding o f  t he  p l a n t  physical 
response t o  postu lated acc ident  condit ions. 

The PSM Program has p r i m a r i l y  addressed the f i , r s t  two elements of 

t h i s  foundation. As reported i n  L i g h t  Water Reactor Status Monitor ing During 

Accident Condit ions [I] (NUREGICR-1440), the  PSM Program has developed e f fec t i ve  

~r~ethods for systemat ica l ly  i nves t i ga t i ng  the  operator 's  r o l e  i n  preventing o r  

m i t i g a t i n g  the e f f e c t s  o f  accidents. The cornerstone o f  these methods i s  the  

Operator Ac t ion  Event Tree (OAET) which l o g i c a l l y  d isp lays the r o l e  of the 

operator throughout t he  progression o f  the accident and can thereby provide 



t h e  framework f o r  a wide v a r i e t y  of analyses r e l a t e d  t o  t he  performance o f  

ope ra to r  ac t ions .  A d e t a i l e d  d iscuss ion o f  t he  methodology f o r  cons t ruc t i ng  

and documenting operator  a c t i o n  event t r ees  i s  presented i n  Sect ion 2. 

I n  NUREG/CR-1440, i t  was noted t h a t  the  e f f e c t i v e  a p p l i c a t i o n  o f  

t h e  OAET methodology requ i red  the  a v a i l a b i l i t y  o f  best -est imate thermal 

hydrau l  i c analyses o f  mu1 ti p l  e f a i  1 u r e  acc iden t  sequences. The pr imary goal 

of t h e  SASA Program i s  t o  generate these best -est imate computer analyses of 

t h e  response of bo th  pressur ized water r eac to r s  (PWRs) and b o i l i n g  water  

r e a c t o r s  (BWRs) t o  r i s k  s i g n i f i c a n t  acc iden t  sequences. Thus, t h e  SASA Program 

w . i l l  provlde subs tan t i a l  i n fo rmat ion  r e l a t e d  t o  t h e  t h i r d  element o f  t he  

foundat ion discussed above. Over t he  l a s t  year ,  the  SASA Program has concen- 

t r a t e d  on PWR acc iden t  sequences and has generated cons iderable i nformat i  on 

concern ing t he  response o f  the Westinghouse Zion 1 p l a n t  t o  a v a r i e t y  of 

t rans ien t - induced  and loss -o f -coo lan t  acc idents .  Th is  work has p r i m a r i l y  bcen 

performed a t  EG&G Idaho, Inc .  us ing  the  RELAP 4/MOD7 code, [2,3,4,5,6] the  LoS 

A1 amos Nat iona l  Laboratory u t i  1 i z i  ng the  TRAC-PD2 code. [7], and Sandia ~ a t i o n a l  

Labo ra to r i es  us ing  the  MARCH computer code [8]. 

I t  i s  t he  o b j e c t i v e  o f  t he  work repor ted  here t o  combine t he  e x i s t i n g  

products  o f  t h e  PSM and SASA Programs -- the  OAET methodology and t he  Z ion 

bes t -es t imate  analyses -- i n t n  8 s e t  o f  documented OAETs f o r  a wide s e l e e t i u r ~  

o f  impor tan t  PWR acc iden t  cond i t ions .  These documented t r e e s  can then be used 

as t h e  foundat ion  f o r  a v a r i e t y  o f  analyses r e l a t e d  t o  improving t he  ope ra to r ' s  

a b i l i t y  t o  respond t o  acc idents  a t  p l an t s  s i m i l a r  t o  Z ion  1 o r  t o  eva luate 

and/or v a l i d a t e  the  resu l  t s  o f  such analyses which have a1 ready been completed. 

I n  a d d i t i o n  t o  t he  s p e c i f i c  goal o f  producing a s e t  o f  operator  

a c t i o n  event  t r ees  f o r  a p a r t i c u l a r  PWR, t h i s  work has t he  more general ob- 

j e c t i v e  of demonstrat ing how d e t a i l e d  i nformat i  nn concerning the r e a l  i s t i c  

thermal hydraul  i c  response of p l a n t s  t o  r i s k  s i g n i f i c a n t  acc iden t  sequences 

can be sys tema t i ca l l y  presented i n  a form which can be r e a d i l y  i n t e g r a t e d  

i n t o  human f a c t o r s  engineer ing analyses. I n  o rde r  t o  p r a c t i c a l l y  ob ta i n  the 



p o t e n t i a l l y  s i g n i f i c a n t  b e n e f i t s  a f f o r d e d  by the  var ious human f a c t o r s  

d i s c i p l i n e s ,  t he re  must be a  s t rong  i n t e r a c t o n  between the  human f a c t o r s  

ana l ys t s  and t h e  p l a n t  the rma l -hydrau l i c  ana lys ts .  The r o l e  o f  t he  opera to r  

under acc iden t  cond i t i ons  can be e f f e c t i v e l y  i nves t i ga ted  on ly  i f  t h e  p l a n t  

phys ica l  response under these cond i t i ons  i s  known, the i n f o rma t i on  f l o w i n g  t o  

t he  opera to r  v i a  t he  p l a n t  i ns t r umen ta t i on  i s  i d e n t i f i e d ,  the e f f e c t  of 

pos tu l a ted  operator  responses t o  these cond i t i ons  i s  determined, and the  

necessary d iagnos is  and response s t r a t e g i e s  a r e  charted. The work r epo r t ed  

here i s  a  s i g n i f i c a n t  f i r s t  s tep  i n  p r o v i d i n g  t h i s  necessary l i n k  between the  

, p l a n t  response ana l ys t  and t he  human f a c t o r s  ana lys t .  



Sect ion 2 

METHODOLOGY FOR CONSTRUCTION OF OPERATOR ACTION EVENT TREES 

The goal of t h e  OAET cons t ruc t i on  process i s  t o  produce a c l e a r  
l o g i c a l  rep resen ta t ion  o f  t h e  ope ra to r ' s  r o l e  throughout the acc ident  sequence 

and t o  document t h i s  model by c l e a r l y  d e f i n i n g  t he  f o l l o w i n g  in fo rmat ion :  

( 1 )  The key s t a t e s  ( w i t h  respect  t o ' o p e r a t o r  response) 
t o  which t h e  p l a n t  cou ld  evo lve g iven a 
p a r t i c u l a r  i n i t i a t i n g  event. 

( 2 )  The pos tu la ted  events which can produce each s t a t e  
(e.g., steam qenerator tube r l ~ p t , ~ ~ r ~ ) .  

( 3 )  The phys ica l  p l a n t  response t o  these events i n  terms 
o f  symptoms which t he  opera to r  can use t o  diagnose 
the ex is tence  o f  each s ta te .  

( 4 )  The a p p r o p r i a t e  opera to r  a r t i o n s  a t  each s ta te .  

The s t a r t i n g  p o i n t  i n  t he  OAET cons t ruc t i on  process i s  a f u n c t i o n a l  

event t r e e  which dep i c t s  t h e  complete s e t  o f  c r i t i c a l  sa fe t y  func t ions  which 

must be performed i n  response t o  t he  se lected i n i t i a t i n g  event and l o g i c a l l y  

develops t h e  p o t e n t i a l  success and f a i l u r e  s t a tes  which can evo lve f rom t h i s  

i n i t i a t o r .  A s imple exampie o f  such a f u n c t i o n a l  event t r e e  i s  presented i n  

F i gu re  2.1. 

The p l a n t  safe ty  systems designed t o  per form each o f  t he  c r i t i c a l  

s a f e t y  func t ions  a re  then i d e n t i f i e d  and a system event t r e e  i s  produced. 

These t r ees  l o g i c a l l y  develop t h e  success and f a i l u r e s  pathways i n  terms o f  

t h e  success o r  f a i l u r e  of i n d i v i d u a l  systems and a re  used t o  i d e n t i f y  t h e  r i s k  

s i g n i f i c a n t  mu1 t i  p l  e f a i  1 u re  acc ident  cond i t i ons  w i t h  which t h e  opera to r  may 

be conf ronted.  I n  many cases i t  i s  poss ib l e  t o  u t i l i m  a v a i l a b l e  system event 

t r e e s  which were developed as p a r t  of a p r o b a b i l i 5 t . i ~  r i s k  assessment ( the  

OAETs presented i n  NUREG/CR-1440 were based on system event t r ees  developed 

i n  t h e  Reactor Safety  Study [g ] ) .  An example o f  a system event t r e e  i s  

presented i n  F igure  2.2. 



These system event trees are  then transformed into operator action event 
trees. The events in each sequence which involve operator action are identified 

and in some cases broken down into additional events in order to separate out,and 

high1 i  g h t  individual operator tasks. I n  addition, the sequences are expanded 
(by adding event headings in the t ree)  to include operator actions which could 

be performed in response to the postulated failure events. The result i s  a 
model which logically displays the role of the operator throughout the progres- 
sion of the accident. Figure 2.3 presents a simple i l lustrative operator action 
event tree. Note that the key plant states (with respect t o  operator action) 
are individually enumerated in Figure 2.3. 

Once a preliminary version of the OAET has been developed and the key 

s tates  have been identified, the next group of tasks i s  concerned with providing 

a detailed evaluation and description of each s tate  in the tree. The format that 

i s  used for this  documentation process i s  presented in Figure 2.4. 

As noted above and il lustrated in Figure 2.4, the ultimate goal of the 

documentation i s  to  clearly define for each state:  

a The Postulated Event 

The fai lure  events which produce each key s tate  
enumerated in the OAET are delineated and their  
,i~npl .iza,Lio~,~ t o  ,the maintenance of the cl-i t ical  
safety functions i s  described. 

a The Required Operator Response 

Emergency procedures, guidelines, and other 
relevant documents are used to describe the 
appropriate operator actions a t  each state.  

a The Key Symptoms Exhibited By'The Plant 

Best-estimate computer analyses supplemented 
by the FSAR and other available documents are 
used to describe the physical plant response 
a t  each s ta te  in terms of measurable plant 
parameters. 



I t  i s  o f t e n  the  case t h a t  the  f a i r l y  s t r a i gh t f o rwa rd  OAET cons t ruc t ion  

documentat ion process descr ibed above cannot, i n  ac tua l  p rac t i ce ,  be c a r r i e d  ou t  

i n  a  s imp le  step-by-step manner. Th is  w i l l  u s u a l l y  be caused by a  p re l im ina ry  

OAET s t r u c t u r e  which does n o t  a l l o w  a  p rec i se  d e f i n i t i o n  o f  operator  response o r  

key symptoms f o r  each key s t a t e .  For example, an OAET heading labe led  "LOCA" 

i s  obv ious l y  inadequate because t h e  appropr ia te  opera to r  response and the  symptoms 

e x h i b i t e d  by t h e  p l a n t  w i l l  be c l e a r l y  d i f f e r e n t  depending upon t he  s i z e  and 

l o c a t i o n  of t h e  break. O f t en  t he  adequacy o f  t he  OAET s t r u c t u r e  w i l l  n o t  be 

apparent  u n t i l  a  d e t a i l e d  examinat ion o f  opera to r  ac t i ons  and p l a n t  response i s  

c a r r i e d  o u t  as p a r t  o f  the  OAET documentation process. For t h i s  reason, i t  i s  

impo r tan t  t h a t  the OAET construction/documentation process be performed i n  an 

i t e r a t i v e  manner w i t h  a l t e r a t i o n s  made, as necessary, t o  the  OAET s t r u c t u r e  as 

t h e  documentation proceeds. 

The documentation format  presented i n  F igure  2.4 i s  designed t o  

f a c i l i t a t e  t h i s  i t e r a t i v e  process. As the  ana l ys t  endeavors t o  document each key 

s t a t e ,  he i s  d i r e c t e d  t o  e x p l i c i t l y  i d e n t i f y  any aspects o f  t he  requ i red  operator  

a c t i o n s  o r  a n t i c i p a t e d  p l a n t  response which cou ld  a f f e c t  t h e  e x i s t i n g  OAET 

s t r u c t u r e .  For  example, i n  a t tempt ing  t o  document a  s t a t e  descr ibed as "LOCA," 

t h e  a n a l y s t  would e x p l i c i t l y  i d e n t i f y  t h e  d i f f e r e n t  symptoms assoc ia ted w i t h  

breaks o f  d i f f e r e n t  s i z e  o r  l o c a t i o n .  The s e t  o f  OAETs can then be a1 t e red  so 

t h a t  i t  i s  poss ib le  t o  clear1.y de f i ne  t h e  appropr ia te  ac t i ons  and symptoms f o r  

each s ta te .  

I n  add i t i on ,  the  a n a l y s t  i s  c a l l e d  upon t o  de l i nea te  any major uncer- 

t a i n t i e s  i n  t h e  documented in format ion.  Th is  task  i s  in tended t o  n o t  on ly  p rov ide  

a  measure o f  t h e  accuracy o f  t h e  r e s u l t s  b u t  t o  guide t he  ana l ys t  i n  i d e n t i f y i n g  

key symptoms i n d i c a t i v e  of each s ta te .  I f  t h e r e  i s  s i g n i f i c a n t  unce r ta i n t y  con- 

ce rn ing  t h e  behavior o f  a  p a r t i c u l a r  parameter due t o  l a c k  o f  a v a i l a b l e  i n f o r -  

mat ion  o r  due t o  p a r t i c u l a r  aspects o f  the  codes, t he  response o f  these parameters 

should n o t . b e  r e l i e d  upon as a  key symptom. Add i t i ona l  analyses a re  requ i red  t o  

d e f i n e  t h e  symptom response t h a t  i s  r ep resen ta t i ve  o f  t h i s  s ta te .  Th is  eva lua t i on  

may determine t h a t  a d d i t i o n a l  symptoms a r e  requ i red  t o  adequately descr ibe a  

p a r t i c u l a r  s t a t e .  



Thus, the  OAET cons t ruc t i on  and documentation process, w h i l e  s t r a i g h t -  

forward i n  concept, must be c a r e f u l l y  c a r r i e d  ou t  t o  ensure t h a t  t he  bas ic  goals  

descr ibed a t  the  beginning o f  t h i s  sec t i on  a r e  achieved. I t  i s  c r u c i a l  t h a t  t h e  

event headings and the  t r e e  l o g i c  a l lows  a c l e a r  d e f i n i t i o n  of t h e  opera to r  a c t i o n s  

and p l a n t  phys ica l  response a t  each s ta te .  The i t e r a t i v e  approach u t i l i z i n g  t h e  

documentation format descr ibed above and i l l u s t r a t e d  i n  F igure  2.4 should a l l o w  

these goals t o  be achieved. 



F igu re  2 . 1  Example o f  Func t i ona l  Event Tree 
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NOTES: 

(1) Inc ludes Reactor Core 
I s o l a t i o n  Cool ing 
System, High Pressure 
Coolant I n j e c t i o n  
System, Feedwater System 

( 2 )  Inc ludes Core Spray 
I n j e c t i o n  System, Low 
Pressure Coolant 
I n j e c t i o n  System, 
Condensate Pumps 
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Low Pressure Cool a n t  
Reci r c u l  a ton System; 
Requires High Pressure 
Serv ice Water System. 

EMERGENCY 
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Figure 2.2 Example o f  System Event Tree 
( f o r  small LOCA i n  a BWR) 
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F igu re  2.3 E x m p l  3 of Operator A c t i o n  Event. T-ee 
( f o r  s n a l l  LOCA coupled w i t h  ECCS f a i l u r e  i n  a BUR) 
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Postu la ted Sequence of Events 

B r i e f  desc r i p t i on  o f  the  f a i l u r e  events which 
produced t h i s  s t a t e  and t h e i r  imp1 i c a t i o n  t o  
maintenance o f  c r i t i c a l  sa fe t y  func t ions .  

Requi red Operator Response 

B r i e f  desc r i p t i on  o f  t he  appropr ia te  operator  
response t o  t h i s  s t a t e .  Th is  inc ludes  v e r i f i c a t i o n ,  
conf i rmat ion, d iagnos t i c  and a c t i o n  i tems. D i f -  
f e r e n t i a t e  between preplanned ac t ions ,  r equ i red  
act ions,  delay ac t ion ,  " c r e a t i v e "  act ions,  e t c .  

Key Symptoms . 

I d e n t i f i c a t i o n  and d e s c r i p t i o n  o f  the major symptoms 
exh ib i t ed  by the p l a n t  a t  t h i s  s t a t e .  Track t he  
parameters i d e n t i f i e d  f o r  p recursor  s ta tes  and 
i d e n t i f y  symptoms o f  new events assoc ia ted w i t h  
t h i s  s ta te .  L i s t  behavior  o f  parameters assoc ia ted 
w i t h  c r i t i c a l  f unc t i ons  f i r s t .  

Unce r ta i n t i es  and S e n s i t i v i t i e s  

Describe key aspects o f  Response and/or Symptoms 
which a re  uncer ta in  o r  s e n s i t i v e  t o  v a r i a t i o n s  
i n  i n p u t  assumptions. Descr ibe p o t e n t i a l  impact 
o f  these u n c e r t a i n t i e s  on OAET documentation. 

Po ten t i  a1 Substates 

I d e n t i f y  any p o t e n t i a l  impact o f  knowledge gained 
i n  Response/Symptoms/Uncertainties on t h e  
s t r u c t u r e  o f  the  o r i g i n a l  O A E f .  

Add i t i ona l  Convnents 

Mention anyth ing t h a t  does n o t  f i t  above categor ies,  
could a f f e c t  acc iden t  s igna tu re  development, o r  
should be r e i t e r a t e d  because o f  i t s  importance. 

F igure 2.4 Format For Documenting OAETs 



Sect ion  3 

OPERATOR ACTION EVENT TREES 

Presented i n  t h i s  s e c t i o n  a re  t he  operator  a c t i o n  event t r ees  (OAETs) 

which have been developed f o r  a  s e l e c t i o n  o f  p o t e n t i a l  acc ident  sequences a t  

t h e  Westinghouse Z ion  1 PWR. These OAETs were developed i n  accordance w i t h  the 

methodology descr ibed i n  Sec t ion  2 and a re  based upon the  best -est imate computer 

analyses performed and documented t o  da te  by  EG&G Idaho, Inc .  and Los Alamos 

Na t i ona l  Laboratory  (LANL) under t he  NRC Severe Accident Sequence Analys is  (SASA) 

Program. 

The OAETs presented i n  t h i s  r e p o r t  address t he  r o l e  o f  the  operator  i n  

h i s  a t tempt  t o  p reven t  co re  damage and do n o t  e x p l i c i t l y  address h i s  r o l e  sub- 

sequent t o  co re  damage. Thus, w h i l e  t h e  symptoms i n d i c a t i v e  o f  operator  success 

o r  f a i l u r e  i n  p reven t ing  co re  damage a re  documented, t he  ac t ions  requ i red  a f t e r  

co re  damage has occurred a re  n o t  addressed. 

The acc iden t  cond i t i ons  addressed by these OAETs can be grouped i n t o  

two very  general  categor ies:  

1) Those i n i t i a t e d  by  a break o f  t he  pr imary coo lan t  
system, and 

2 Those i n i t i a t e d  by f a u l t s  o r  f a i l u r e  ( o the r  than 
coo lan t  system breaks) which r e q u i r e  r eac to r  t r i p .  

The f i r s t  category  o f  accidents,  r e f e r r e d  t o  as 1  oss-of -cool a n t  acc idents  (LOCAs) 

a r e  addressed i n  Sec t ion  3.1. The second category,  which i s  comprised of 

" t r a n s i e n t "  i n i t i a t e d  events, i s  addressed i n  Sec t ion  3.2. I t  should be noted 

t h a t  t h i s  l a t t e r  category  a1 so inc ludes  t r a n s i e n t  i n i t i a t e d  sequences which 

subsequently r e s u l t  i n  breaches o f  t h e  p r imary  coo lan t  boundary. 

The OAETs presented i n  t h i s  s e c t i o n  address a  wide spectrum o f  poten- 

t i a l  acc iden t  cond i t i ons  i n c l u d i n g  t r a n s i e n t  and loss -o f -coo lan t  i n i t i a t i n g  

events coupled w i t h  t he  subsequent f a i l u r e  o f  p3ant sa fe t y  systems. I d e a l l y ,  



a package o f  OAETs should address a complete s e t  of the r i s k  s i g n i f i c a n t  acc iden t  

sequences f o r  a  p a r t i c u l a r  p l an t .  Un fo r tuna te ly ,  n e i t h e r  the  p l a n t  s p e c i f i c  r i s k  

assessment nor t he  requ i red  best -est imate analyses were a v a i l a b l e  t o  support  such 

a complete package. Nonetheless, t h e  p a r t i c u l a r  acc ident  sequences which a re  

encompassed by t he  OAETs presented here represen t  many of the  impor tan t  sequences 

f o r  a  l a r g e  PWR l i k e  Z ion 1 and these documented models can p rov ide  cons iderab le  

in format ion r e l a t i v e  t o  the  goals o u t l i n e d  i n ' S e c t i o n  1. I n  Sect ion 4 a  recommended 

s t r a tegy  f o r  producing a complete se t  o f  OAETs f o r  t he  Z ion p l a n t  i s  ou t l i ned .  



3.1 LOSS OF COOLANT ACCIDENT CONDITIONS 

The opera to r  a c t i o n  event t r e e  and suppor t ing  documentation presented 

i n  t h i s  s e c t i o n  address t he  ope ra to r ' s  r o l e  i n  responding t o  l o s s  o f  coo lan t  

acc i den t s  (LOCAs). The SASA program has performed some ana lys is  o f  smal l  break 

LOCAs. These analyses were performed by EG&G us ing  t he  RELAP4/MOD7 computer 

program. Due t o  t h e  u n a v a i l a b i l i t y  o f  a r i s k  assessment f o r  a Z ion type  p l a n t  

a t  t h e  t ime  those runs were made, these analyses were performed f o r  t he  r i s k  

s i g n i f i c a n t  sequences as determined by t h e  Reactor Safety  Stud.y (WASH-1400). 

They are:  

Small break w i t h  a f a i l u r e  o f  h i gh  pressure i n j e c t i o n  

e Small break w i t h  a f a i l u r e  o f . r e c i r c u l a t i o n  

The Reactor Sa fe ty  Study a l s o  determined t h a t  a smal l  break fo l lowed by a f a i l u r e  

of t h e  containment spray i n j e c t i o n  system was a s i g n i f i c a n t  sequence f o r  t he  Sur ry  

p l a n t  design. However analyses performed by Sandia [lo] have shown t h a t  t h i s  

combinat ion o f  events i s  n o t  a co re  damage sequence f o r  Zion. The Z ion con ta in -  

ment des ign has f i v e  a i r  f a n  coo le rs  i n  a d d i t i o n  t o  a containment spray system. 

'The t'an coo le rs ,  which would be actuated f o l l o w i n g  a smal l  LOCA, p rov ide  

adequate hea t  removal t o  avo id  t h e  problems of e leva ted  sump water temperature 

and pump c a v i t a t i o n  which were pos tu l a ted  t o  cause f a i l u r e  o f  h igh  pressure 

r e c i r c u l a t j o n  i n  t h e  Sur ry  p l a n t .  

RELAP analyses f o r  t he  above two cases [4,  5) were performed f o r  two 

s i z e s  o f  smal l  co l d  l e g  breaks: 1.5 and 4.0 i n c h  diameter.  liowever, t he  runs 

which. assumed the f a i l u r e  o f  h i g h  pressure i n j e c t i o n  d i d  assume opera t ion  o f  t he  

cha rg i ng  pumps. Hence, these cases a re  n o t  r ep resen ta t i ve  o f  a t o t a l  f a i l u r e  o f  

i n j e c t i o n  f l o w .  Some a d d i t i o n a l  analyses [6] were performed t o  i n v e s t i g a t e  t he  

f e a s i  b i  1 i ty o f  .some proposed acc iden t  mi ti g a t i  on ac t ions .  These more recen t  

runs  assumed a f a i l u r e  o f  bo th  charg ing and safety  i n j e c t i o n  pump f low.  However, 

because ope ra to r  a c t i o n  was taken a f t e r  10 minutes i n  these runs, t he  system 

response f o r  a t o t a l  l o s s  o f  i n j e c t i o n  f l o w  i s  o n l y  a v a i l a b l e  f o r  t h i s  i n i t i a l  

pe r iod .  The mi t i g a t i o n  ac t i ons  which were analyzed i nvo l ved  depressur i z ing  t he  

p r imary  system us ing  e i t h e r  t h e  atmospher ic dump va lves  o r  t h e  PORVs and us ing  



t h e  low pressure i n j e c t i o n  system. For these i n v e s t i g a t i o n s ,  c o l d  l e g  breaks o f  

1.0 and 2.0 inches were considered. These RELAP small break analyses formed the  

i n f o rma t i on  base upon which the  smal l  break LOCA operator  a c t i o n  event t r e e  was 

const ructed.  Th is  model i s  descr ibed i n  d e t a i l  i n  Sect ion 3.1.1. 

Sect ion 3.1.2 addresses a  steam generator tube r u p t u r e  event.  Th is  

spec ia l  type o f  small break has severa l  d i s t i n c t l y  d i f f e r e n t  symptoms and requ i r es  

some unique operator  ac t ions .  Hence t h i s  event has been considered separate ly .  

Because of an absence o f  SASA generated best -est imate c a l c u l a t i o n s ~ f o r  the  p l a n t  

response t o  a  steam generator tube rup tu re ,  t h i s  OAET was based i n  p a r t  on in forma-  

t i o n  desc r i b i ng  ac tua l  steam generator  tube rup tu re  occurrences. [14,151 There- 

fore,  t he  impor tan t  operator  ac t i ons  and symptoms which a l l o w  the  operator  t o  

diagnose t h a t  a  steam generator tube rup tu re  has occurred and respond t o  the  event  

a re  more gener ic  i n  na tu re  than t h e  SB LOCA d iscuss ion  which deals w i t h  the Z.ion 

p l a n t  design. 

F i n a l l y  Sect ion 3.1.3 discusses o ther  types o f  LOCAs and r e l a t e d  events.  

However, best -est imate c a l c u l a t i o n s  o f  t he  p l a n t  response t o  these events have 

n o t  been performed i n  the  SASA program. Th i s  u n a v a i l a b i l i t y  o f  p l a n t  response 

i n f o rma t i on  f o r  these events p r e c l  udes t h e  devel opment o f  d e t a i  1  ed OAETs. Hence, 

the  I r a  r%e la t ionsh ip  t o  the  small h r ~ a k  OAET i s  summarized and t he  key operator  

a c t i o n s  i n  responding t o  these events a re  noted. 



3.1.1 Small Break Loss o f  Coolant Accidents 

A l o s s  o f  coo lan t  acc iden t  (LOCA) i s  de f ined  as any event dur ing  which 

r e a c t o r  coo lan t  escapes due t o  l o s s  o f  i n t e g r i t y  of the pr imary coo lant  system. 

A LOCA can occur a t  any t ime (power operat ion,  cooldown, heatup, co l d  shutdown) 

and can be e i t h e r  an i n i t i a t i n g  event o r  a  r e s u l t  of another acc ident .  Usual ly ,  

LOCA' s  r e l ease  reac to r  coo lan t  t o  the containment environment. However, the re  

a r e  some LOCA's which can re l ease  reac to r  coo lan t  t o  the  secondary p l a n t  (steam 

genera to r  tube leaks )  o r  t o  t he  a u x i l i a r y  b u i l d i n g  ( ~ c h  as i n t e r f a c i n g  LOCAs 

which produce breaks i n  t he  r es i dua l  heat  removal system). 

LOCAs d i r e c t l y  impact one o f  the  c r i t i c a l  sa fe t y  func t ions  which must 

be performed: t h a t  i s ,  t o  p rov ide  adequate pr imary coo lan t  inven to ry  t o  remove 

hea t  from t h e  r e a c t o r  core.  The l oss  o f  r e a c t o r  coo lan t  reduces the  p l a n t ' s  

ab i  1  i ty t o  t r a n s p o r t  t he  c o r e ' s  heat t o  t he  steam generators. I f  the  l o s t  

r e a c t o r  coo lan t  i s  n o t  replaced, core cool i n g  w i l l  be l o s t ,  and f u e l  damage may 

occur .  To prevent  such as acc iden t  f rom occu r r r i ng ,  PWRs a re  designed w i t h  

severa l  systems t o  r ep lace  coo lan t  should a  LOCA occur. These cons i s t  o f  a  High 

Pressure I n j e c t i o n  System (HPIS), a  Low Pressure I n j e c t i o n  System (LPIS), and 

Accumulators, 

Th i s  s e c t i o n  addresses t h e  p l a n t  response t n  a m a l l  break LOCA and 

descr ibes t h e  opera to r  ac t i ons  r equ i r ed  t o  b r i n g  t he  p l a n t  t o  a  s tab le ,  safe  

shutdown cond i t i on .  As t r e a t e d  i n  t h i s  ana lys is ,  a  small break i s  def ined t o  be 

a breach i n  t h e  p r imary  coo lan t  system such t h a t  t h e  r e s u l t i n g  break f l ow  exceeds 

t h e  makeup capabi 1  i ty  o f  t he  Chemical and Volume Contro l  System (CVCS) , b u t  does 

n o t  r a p l d l y  depressur ize t he  r e a c t o r  t o  a  l e v e l  where t h e  LPIS can be i n i t i a t e d .  

Th i s  assessment a l s o  cons iders  t h e  f a i l u r e  o f  va r ious  p l a n t  s a f e t y  systems t o  

perform t h e i  r in tended s a f e t y  f u n c t i o n  and descr ibes t he  appropr ia te  operator  

responses t o  these condi  t i o n s .  The OAET f n r  small breaks i s  presented i n  Figlrre 

3.1. The key p l a n t  s t a t e s  a r e  numbered and descr ibed i n  d e t a i l  i n  the remainder 

o f  t h i s  sec t ion .  Each s t a t e  i s  addressed separa te ly  us ing  t he  format presented 

i n  F i gu re  2.4. 



STATE: S-1 

Th is  s t a t e  represents t he  smal l  break l oss  of coo lan t  acc ident  (SB ' 

LOCA) i n i t i a t i n g  event w i t h  successful  ope ra t i  on of t he  sa fe t y  i n j e c t i o n  system. 

For t h i s  eva lua t ion  a  smal l  break i s  de f ined  t o  be a breach i n  the  pr imary 

system such t h a t  t he  r e s u l t i n g  break f l ow  exceeds the  makeup c a p a b i l i t i e s  o f  the 

CVCS, bu t  does no t  r a p i d l y  depressur ize t h e  system t o  a  l e v e l  where the  low 

pressure i n j e c t i o n  system can be actuated.  Th i s  l a t t e r  l i m i t  def ines the 

minimum break s i z e  f o r  a  l a r g e  LOCA. 

Among t he  automat ic responses which would occur subsequent t o  a  SB 

LOCA are  a  r eac to r  t r i p ,  a  r eac to r  coo1,ant pump t r i p , *  ac tua t ion  o f  the a u x i l i a r y  

feedwater system, containment i s o l a t i o n  and ac tua t i on  o f  t he  f an  coolers,  and 

i n i t i a t i o n  of h igh  pressure s a f e t y  i n j e c t i o n  (HPI) .  Some o f  these key automat ic 

responses a re  noted i n  t he  second event t r e e  heading (F igure  3.1). Th is  s t a t e  

o f  the  OAET assumes t h a t  each o f  these automat ic  responses i s  successful .  Hence, 

t he  r eac to r  power i s  reduced t o  decay heat  generat ion and heat removal i s  

a v a i l a b l e  through t h e  steam generators.  Pr imary coo lan t  i s  be ing discharged 

i n t o  containment and t h e  HPIS i s  p r o v i d i n g  makeup t o  t h e  r eac to r  coo lan t  system. 

REQUIRED OPERATOR'RESPONSE: 

The uper.dl;or's i n i t i a l  rcsponscs a r e  t o  diagnose t h e  t r a n s i e n t  as a 

small break i n s i d e  containment and v e r i f y  t h a t  t h e  appropr ia te  automatic 

responses have occurred. Depending on t h e  break s i z e  and l oca t i on ,  t he  operator  

may recognize t h a t  t h e  LOCA has occurred be fo re  r e a c t o r  t r i p .  I n  o ther  cases, 

t he  t r i p  and t h e  assoc ia ted automat ic ac t i ons  may a l e r t  t he  operator  t o  t h e  

ex is tence of a  problem. For these s i t u a t i o n s  t h e  opera to r  would be diagnosing 

the  acc iden t  du r i ng  and a f t e r  v e r i f i c a t i o n  o f  t h e  automat ic sa fe t y  system 

response. The key symptoms which would a l l o w  t h e  operator  t o  recognize and 

con f i rm the  presence o f  a  small break a re  addressed i n  t h e  f o l l o w i n g  sect ion.  

The key innnediate opera to r  ac t ions  a re  summarized i n  t he  f o l l o w i n g  1 i s t :  

V e r i f y  t h a t  an automat ic r e a c t o r  t r i p  has occurred. 
I f  no t ,  manually scram t h e  reac to r .  

*The c r i t e r i a  f o r  automat ic RCP t r i p  a re  HPIS a c t u a t i o n  and an RCS pressure l e s s  than 
a p l an t - spec i f  i c  value. Recause the  break s izes  analyzed i n  the SASA program a1 1 
r e s u l t e d  i n  RCP t r i p ,  i t  was assumed t h a t  t h i s  occurred au tomat i ca l l y  jn  developing 
t h i s  OAET. 

17 



V e r i f y  t h a t  t he  a u x i l i a r y  feedwater system has 
actuated and t h a t  the  water  l e v e l  i n  t h e  steam 
generators  i s  be ing  res to red  o r  mainta ined a t  
the proper  l e v e l .  Manually i n i t i a t e  and c o n t r o l  
auxi  1  i a r y  feedwater i f  necessary. 

V e r i f y  a c t u a t i o n  o f  the'HPIS and rea l ignment  o f  
the charg ing purnps f o r  s a f e t y  i n j e c t i o n  whet) t he  
r eac to r  pressure drops t o  t he  sa fe ty  i n j e c t i o n  
s e t t i n g .  Ensure t h a t  the  letdown l i n e  i n  t he  
CVCS i s  i s o l a t e d .  I f  necessary manually i n i t i a t e  
s a f e t y  i n j e c t i o n .  

e V e r i f y  containment i s o l a t i o n ,  ac tua t i on  o f  t he  f an  
c o o l  ers , and the  con ta l  nment sprdy systems when 
(and i f )  t h e  containment environment reaches t h e  
se t  p o i n t s  f o r  these ac t i ons .  Manually perform 
these f unc t i ons  i f  necessary. 

V e r i f y  t h a t  t h e  r e a c t o r  coo lan t  pumps have t r i p p e d  
au toma t i ca l l y .  Manual ly t r i p  t h e  pumps i f  necessary. 

Ver i  f.y t h a t  t h e r e  i s  e l e c t r i c a l  power supply  t o  the  
emergency AC bus. 

A f t e r  these i m e d i a t e  ac t i ons ,  t h e  ope ra to r ' s  p r imary  o b j e c t i v e  i s  

t o  ensure adequate co re  c o o l i n g  du r i ng  t h e  i n j e c t i o n  phase. The HPIS should 

perfo.rm t h i s  f u n c t i o n  au toma t i ca l l y .  However, t h e  opera to r  should mon i to r  

p r ima ry  temperature and pressure t o  ensure an adequate subcool ing margin. I t  

may be  necessary f o r  t h e  opera to r  t o  c o n t r o l  i n j e c t i o n  f l o w  and a u x i l i a r y  feed- 

wa te r  f l o w  t o  reach s t a b l e  cond i t i ons .  

A f t e r  t h e  opera to r  has ensured t h a t  t he  HPIS i s  f u n c t i o n i n g  p tope r l y  

and t h e  co re  i s  be ing  cooled, t he  nex t  key a c t i o n  i s  t o  determine i f  t he  break 

can be . i so l a ted .  A1 though t he re  a re  1  i m i  t e d  l o c a t i o n s  where a  break cou ld  be 

i s o l a t e d ,  t h i s  a c t i o n  i s  impor tan t  as i t  cou ld  te rm ina te  t he  t r a n s i e n t  qu i ck l y ,  

and a v o i d  t h e  p o s s i b i l i t y  o f  a  se r ious  acc i den t  i f  equipment f a i  1s i n  responding 

t o  t h e  LOCA. Two examples o f  breaks which m igh t  be i s o l a t e d  a r e  a  small break 

i n  t h e  CVCS letdown l i n e  and a  stuck-open PORV. Th i s  a c t i o n  i s  e s s e n t i a l l y  an 

ex tens ion  o f  t h e  i n i t i a l  d iagnos is  i n  which t h e  opera to r  conf i rmed t he  presence 

o f  a smal l  break LUCA. The opera to r  should a t tempt  t o  determine t he  l o c a t i o n  o f  

t h e  break and then i s o l a t e  i t  if poss ib le .  For some breaks t h i s  may be r e l a t i v e l y  



simple. An example i s  a PORV which f a i l s  t o  c l ose  when the r e a c t o r  pressure drops 

below i t s  c l osu re  s e t t i n g .  L i k e  t he  small break i n s i d e  containment, t h i s  i n i t i a t o r  

w i l l  decrease the reac to r  pressure.  However, containment cond i t i ons  w i l l  remain 

unchanged. The stuck-open valve w i l l  be ev i den t  from the PORV p o s i t i o n  i n d i c a t i o n ,  

d ischarge 1 i n e  f low and temperature, and an inc reas ing  pressure and water l e v e l  i n  

the p ressu r i ze r  re1 i e f  tank (PRT). P ressur i ze r  l e v e l  i ns t rumenta t ion  w i l l  a1 so 

i n d i c a t e  a r i s i n g  water l e v e l  as water f l a shes  t o  steam and coo lan t  i s  drawn up i n t o  

t he  p ressur i ze r .  The operator  can i s o l a t e  t h i s  break by c l o s i n g  t he  PORV o r  t h e  b l ock  

va lve  which i s  downstream o f  t he  PORV. 

It may a l s o  be poss ib le  t o  i s o l a t e  some breaks i n  the  RCS p ip i ng .  The Z ion 

design i s  equipped w i t h  s top valves i n  the h o t  and c o l d  l egs  o f  each coo lan t  loop .  

These can be used t o  i s o l a t e  p a r t  o f  each loop .  I f  the  operator  i s  a b l e  t o  l o c a t e  

an RCS p i p i n g  break, i t  may be poss ib le  t o  i s o l a t e  i t  by c l o s i n g  the  va lves i n  t h e  

a f f e c t e d  1 oop. 

KEY SYMPTOMS : 

Small break LOCAs can be d i f f i c u l ' t  t o  i d e n t i f y .  This sec t i on  discusses 

t he  key symptoms assoc ia ted w i t h  these acc idents  and descr ibes how the  opera to r  

can d i s t i n g u i s h  a small break i n s i d e  containment f r om  o the r  events which r e q u i r e  

d i f f e r e n t  opera to r  response. 

The immediate response t o  a SB LOCA i s  a decrease i n  pr imary system pressure  

as f l u i d  i s  discharged through the  break. There w i l l  be a concurrent  increase i n  

conta inreer~ l  pressure, tempcrature, humid i t y  , and r a d i o a c t i v i t y .  The discharge o f  

pr imary coo lan t  w i l l  a l s o  even tua l l y  increase the  water l e v e l  i n  the  containment sump. 

T,he r a t e  a t  which these parameters change depends on the  break s i z e  and l o c a t i o n .  

Larger  breaks w i l l  o f  course produce more r a p i d  changes. S i m i l a r l y ,  f o r  a g iven  

break s ize ,  vapor space breaks w i l l  cause a more r a p i d  i n i t i a l  depressur i za t ion  than 

a 1 i q u i d  break. These e f f e c t s  as we l l  as o the r  f a c t o r s  which impact the  system 

resporlse a re  addressed i n  the  f o l l  owing sec t i on  on u n c e r t a i n t i e s  and s e n s i t i v i t i e s .  

To i l l u s t r a t e  the response o f  t he  fundamental parameters, t h e  r e s u l t s  o f  

an a n a l y s i s  o f  a small c o l d  l e g  break f o r  t he  Zion p l a n t  w i l l  be discussed. Th i s  

a n a l y s i s  assumed no operator  a c t i o n  i n  responding t o  t h i s  event. F igure  3.2 shows 

the reactor.  pressure response f o r  a small c o l d  l e g  break o f  0.0381 m (1.5 inches)  



diameter.  A r e a c t o r  t r i p  s igna l  i s  generated a t  90 seconds. Immediately a f t e r  the  

scram, t h e  pr imary pressure r educ t i on  acce le ra tes  due t o  the reduced heat generat ion 

i n  the  r e a c t o r  core.  The sa fe t y  i n j e c t i o n  s igna l  i s  generated a t  93 seconds and . 

bo th  t h e  charg ing  pumps and t h e  HPI pumps a re  i n i t i a t e d  a t  98 seconds. As the pr imary 

system pressure decreases, the break f l o w  i s  reduced wh i l e  the HPI f l o w  s t e a d i l y  

increases.  A t  326 seconds, the  i n j e c t i o n  f l o w  exceeds the break f l o w  and the reac to r  

pressure begins t o  l e v e l  o f f .  Th is  e q u i l i b r i u m  l e v e l  (% 7300 kPa o r  1060 p s i  f o r  

t he  1 . 5  i n c h  break)  i s  mainta ined f o r  about 4 hours u n t i l  t he  RWST i s  depleted.* 

Even though t h i s  break i s  r e l a t i v e l y  smal l ,  t he  energy l o s s  w i t h  t h e  

break f l o w  i s  adequate t o  remove t h e  core decay heat.  As a r e s u l t ,  the  steam 

genera to r  secondary s i d e  temperature exceeds t h e  pr imary coo lan t  temperature 

r e l a t i v e l y  soon (1050 seconds) and t he  steam' generators begin a c t i n g  as heat  

sources. From t h i s  p o i n t ,  t h e  steam generator  temperature (F igure  3.3) and 

pressure (F i gu re  3.2) decay s low ly .  Th is  ana l ys i s  assumed t h a t  t he  AFWS suc- 

cess fu l  l y  mai n t a i  ns normal secondary water  l e v e l  i n  the  steam generators.  

The containment pressure response i s  g iven i n  F igure 3.4. Even f o r  

t h i s  r e l a t i v e l y  smal l  break t he  containment pressure responds qu i ck l y .  The 

containment pressure increases s t e a d i l y  u n t i  1 t he  f a n  coolers  a re  actuated ( a t  

2YU seconds). These a r e  more than adequate t o  remove t he  energy added t o  

containment f rom the  coo lan t .  Hence t he  containment spray system i s  n o t  

r e q u i r e d  t o  m i  t i g a t e  t h e  pressure t r a n s i e n t .  

I n  summary, t h e  i n i t i a l  key symptoms o f  a SB LOCA i n s i d e  containment are:  

Reactor pressure:  I n i t i a l l y  decreasing, s t a b i l i z i n g  
a t  a pressure where break f l o w  equals sa fe t y  i n j e c t i o n  
f l o w  a f t e r  HPI i n i t i a t i o n .  

Containment temperature and pressure:  I n i t i a l l y  
i nc reas ing ,  then decreasing a f t e r  f a n  coo le r  o r  
f a n  c o o l e r  and containment spray ac tua t ion .  

Containment sump water  l e v e l  , humidi t y  , and a c t i v i t y :  
Increas ing.  

* The a n a l y s i s  presented i n  F i gu re  3.2 i s  f o r  a sequence i n  which r e c i r c u l a t i o n  
i s  assumed t o  f a i l  ; hence, t h e  r educ t i on  i n  pressure a t  15000 seconds. Th i s  
behav io r  w i l l  be discussed i n  S ta te  9. 
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a HPIS Flow: A f t e r  t he  pressure drops below the 
safety i n j e c t i o n  i n i t i a t i o n  s e t  po in t ,  adequate 
f l o w  i s  provided i n  t h e  l i n e s  lead ing  t o  the 
r eac to r  co l d  legs.  Th i s  symptom must be inc luded 
t o  d i s t i n g u i s h  between s ta tes  w i t h  inadequate 
SI f l ow  o r  HPIS f a i l u r e .  (See S ta te  S-14). 

The r a t e  a t  which these changes occur and the, t ime a t  which t he  safeguards 

systems a re  actuated depend on many parameters. These s e n s i t i v i t i e s  a re  

addressed i n  t he  f o l l ow ing  sect ion.  

Despi te t h e  f a c t  t h a t  these a re  ve ry  d i s t i n c t  changes i n  key p l a n t  

parameters, t h e  operator  may have d i f f i c u l t y  i n  diagnosing a small break i n s i d e  

containment. Th is  i s  because some o ther  events have a s i m i l a r  s e t  o f  symptoms. 

For exampl-e, steam generator tube ruptures,  main steam l i n e  breaks, and stuck- 

open PORVs a l l  r e s u l t  i n  a decrease o f  r eac to r  pressure. Hence i t  i s  necessary 

f o r  t he  r eac to r  operator  t o  con f i rm each o f  t h e  above symptoms so t h a t  t he  most 

e f fec t i ve  a c t i o n  can be taken t o  b r i n g  t he  p l a n t  t o  a safe cond i t i on .  The 

remainder o f  t h i s  sec t i on  addresses these s i m i l a r  events. The purpose of t h i s  

d iscuss ion  i s  t o  spec i fy ,  t h e  key symptoms which d i s t i n g u i s h  these events from 

smal l  LOCAs. 

The ke.y parameter which d i s t i ngu i shes  a small break i n s i d e  containment 

f rom o the r  events i s  containment a c t i v i t y .  The discharge. o f  pr imary coo'lant 

i n t o  the  containment enclosure should be detected by a t  l e a s t  one o f  t h e  area 

r a d i a t i o n  moni tors ,  How soon t h i s  alarm occurs wi 11 depend on the  break s ize ,  

t h e  l o c a t i o n  o f  t h e  break w i t h  respect  t o  t he  de tec to r  l oca t i on ,  and t he  pr imary 

coo lan t  a c t i v i t y .  Th is  l a t t e r  f a c t o r  w i l l  depend on the  system clean1 iness and the 

number o f  f u e l  f a i l u r e s  (which occurred dur ing  normal operat ion)  i n  t he  core, as w e l l  

as the  normal coo lan t  a c t i v i t y .  Containment a c t i v i t y  i s  a key symptom which d i s t i n -  

guishes a pr imary system break f rom a main steam 1 i n e  break i n s i d e  containment. Both 

acc idents  w i l l  e leva te  containment temperature, humid i ty ,  and pressure, and sump 

water l e v e l .  L ikewise bo th  events w i l l  cause a r eac to r  pressure reduc t ion .  However, 

because t he  steam 1 i n e  break re leases secondary f l u i d ,  the r a d i a t i o n  moni tors  should 

n o t  respond. Steam l i n e  breaks can a l s o  be d i s t i ngu i shed  by a drop i n  turb in t?-  

generator  ou tpu t  and steam generator s ide  pressure and water l e v e l  * reduct ions.  
..-..,-- 

*Water l e v e l  may recover  i f  the  automat ic c o n t r o l  system increases feed f low t o  
compensate f o r  the  1 eakage. 
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Ne i t he r  steam generator  tube rup tu res ,  i n t e r f a c i n g  system LOCAs ou t -  

s i d e  containment,  n o r  ove rcoo l i ng  t r a n s i e n t s  w i l l  a f f e c t  cond i t i ons  i n  con ta in -  

ment. Hence, t he  presence o f  any o f  t h e  containment symptoms r u l e s  o u t  these 

events  as p o t e n t i a l  i n i t i a t o r s .  S i m i l a r l y ,  a  stuck-open p ressu r i ze r  r e l i e f  va lve  

w i l l  n o t  i n i t i a l l y  a f f e c t  containment, because the  pr imary coo lan t  i s  discharged 

i n t o  a  r e l i e f  tank. The absence o f  containment response coupled w i t h  PORV va lve  

p o s i t i o n ,  d ischarge l i n e  f l o w  and t m p e r s t u r e  i n d i c a t i o n  w i l l  con f i rm t h a t  t he  

"break"  i s  a  stuck-open va lve.  I f  the  opera to r  i s  unsuccessful i n  i s o l a t i n g  t h i s  

break,  then t h e  capac i t y  o f  t h e  r e1  i e f  tank w i  11 be exceeded. The r u p t u r e  d i s c  

would blow and coo lan t  would then be re leased t o  containment. I n  t h i s  case t he  

system response i s  i d e n t i c a l  t o  o t h e r  smal l  LOCAs. 

UNCERTAINTIES AND SENSITIVITIES: 

The p l a n t  response t o  smal l  break l o s s  o f  coo lan t  acc idents  (SB LOCAs) 

and thus  t h e  symptoms t h e  ope ra to r  observes can vary  s i g n i f i c a n t l y  depending on 

severa l  v a r i a b l e s .  The most impor tan t  f a c t o r s  t h a t  a f f e c t  system response are:  

a break s i z e  and l o c a t i o n  

a response o f  h i g h  pressure i n j e c t i o n  and volume 
c o n t r o l  systems 

a heat removal through t h e  steam generators  

The numerous poss ib l e  i n t e r a c t i o n s  and combinations o f  these va r i ab l es  r e s u l t  

i n  a  wide range o f  symptom behav ior  f o r  key p l a n t  parameters. Th is  sec t i on  w i l l  

address t h e  impact o f  these parameters on t h e  general  response t o  smal l  break 

LOCAs. Thus t h e  s e n s i t i v i t y  of t h e  symptom responses descr ibed i n  t h e  prev ious 

s e c t i o n  t o  those key f a c t o r s  can be determined. Th i s  w i l l  a l s o  p rov i de  an 

es t ima te  o f  t h e  v a r i a b i l i t y  of t h e  acc iden t  s i g n a t u r e  f o r  small break LOCAs. 



The s i z e  and l o c a t i o n  o f  t he  RCS breach determine the  i n i t i a l  

depressur i za t ion  t r a n s i e n t  and t he  i n v e n t o r y  d e p l e t i o n  r a t e  i n  t he  pr imary 

system. These fac to rs  a l so  i n f l u e n c e  t he  response of t h e  key containment 

parameters which the operator  must use t o  diagnose t he  event.  Breaks i n  the  

RCS can encompass a  l a r g e  range o f  i n ven to r y  l oss :  from r o u t i n e  leakage t o  

hypo the t i ca l  double - ended g u i l l o t i n e  rup tu res  of main coo lan t  p ipes.  Several 

d i s t i n c t  groupings can be developed which c l a s s i f y  t h i s  c o l l e c t i o n  o f  breaks by  

t he  e f f e c t  on r eac to r  pressure and t h e  response of p l a n t  emergency core  c o o l i n g  

systems. The e n t i r e  spectrum o f  RCS breaks can be broken down i n t o  t h e  

f o l l ow ing  general categor ies :  

1) S l i g h t  RCS depressur i za t ion ;  adequate makeup prov ided 
by charg ing system. Th is  c o n d i t i o n  represents  t he  lower  
end o f  t he  spectrum. I t  inc ludes  normal RCS leakage 
and s l i g h t l y  l a r g e r  f l o w  ra tes .  Th i s  does n o t  c o n s t i t u t e  
a  break as considered i n  t h i s  ana lys is ,  as no r e a c t o r  
t r i p  o r  sa fe t y  i n j e c t i o n  s i gna l  i s  generated. 

2  1 RCS repressur i zes  a f t e r  sa fe t y  i n j e c t i o n .  Ac tua t i on  o f  
bo th  charg ing pumps and t h e  HPI pumps prov ides 
i nven to r y  i n  excess o f  t h e  break f low. Above t he  HPI 
pump s h u t o f f  head, t h e  charg ing pump f l o w  (bo th  pumps 
a t  maximum capac i t y )  s t i l l  exceeds t he  break f low.  

3  1 RCS pressure e q u i l i b r a t e s  above accumulator s e t  po in t s .  
The response i s  s i m i l a r  t o  t h a t  i l l u s t r a t e d  i n  F igure  
3.2. 

4 RCS depressur izes be1 ow t h e  accumul a t o r  s e t  p o i n t s  (600 
p s i )  bu t  above LPI pump s h u t o f f  heat  (170 p s i ) .  For 
t h i s  smal l  range of break s izes,  accumulator i n j e c t i o n  
supplements HPI. 

5 1 RCS depressur izes below LPI  pump s h u t o f f  head. For 
these breaks t he  LPIS prov ides makeup. These breaks 
c o n s t i t u t e  l a r g e  LOCAs and a re  cons idered separa te ly .  

As noted above, c l a s s i f i c a t i o n s  (1) and ( 5 )  a re  not small LQCAs. An example o f  

t h e  p l a n t  response f o r  t h e  t h i r d  category i s  descr ibed i n  t h e  prev ious key 

symptoms sect ion.  Hence t h i s  d iscuss ion  w i l l  address t he  remain ing two cases. 

There i s  a  smal l  range o f  break s izes  i n  which t h e  leakage exceeds 

t h e  capac i t y  o f  a  s i n g l e  charg ing pump, b u t  i s  l e s s  than t h a t  o f  bo th  charg ing 



pumps. Dur ing  normal operat ion,  on l y  one charg ing pump i s  i n  se rv ice .  Hence i f  

a break of t h i s  t ype  were t o  occur,  t h e  pr imary system would g radua l l y  depres- 

s u r i z e  - more s l ow l y  than i n  F igure  3.2. Even tua l l y  a r eac to r  t r i p  and sa fe ty  

i n j e c t i o n  s i gna l  would occur. Th is  would r e a l i g n  t he  charging system t o  take 

suc t i on  from the  boron i n j e c t i o n  tank, and ac tua te  the  standby charging pump as 

w e l l  as t h e  two sa fe t y  i n j e c t i o n  pumps. Th is  immediate increase i n  coo lan t  

i n j e c t i o n  would more than o f f s e t  the break f l ow .  The pr imary system pressure 

t r a n s i e n t  would t u r n  around and pressure would r i s e  above the  S I  pump shutoff 

head. A t  t h i s  p o i n t ,  makeup i s  reduced, b u t  i s  s t i l l  more than adequate t o  

o f f s e t  t h e  break f l o w  as bo th  charg ing pumps a r e  operat ing. Event.~.lally the  

pressure w i l l  e q u i l i b r a t e  a t  some p o i n t  above the  S I  shutof f '  head. T t  i s  

poss ib l e  t h a t  the  system cou ld  repressur ize  t o .  the  PORV s e t  po in t . *  If t h i s  

were t o  occur t he  operator  would need t o  take  a c t i o n  t o  con t ro l  charging pump 

f l o w  t o  avo id  coo lan t  re lease  through the PORV. Add i t iona l  d iscuss ion o f  t h i s  

opera to r  a c t i o n  i s  prov ided i n  the  f o l l o w i n g  sec t i on  on p o t e n t i a l  substates. 

The behavior t r e n d  of t he  symptoms f o r  breaks which depressur ize below 

t h e  accumulator i s  s i m i l a r  t o  t h a t  descr ibed p rev ious l y  except the  changes occur 

more r a p i d l y .  Th is  w i l l  be i l l u s t r a t e d  by p resen t ing  r e s u l t s  from a 0.10 m 

(4 i nch )  c o l d  l e g  break f o r  t h e  Z ion p l a n t .  Th is  ana lys is  used t h e  same model 

and assumptions as t he  1.5 i n c h  break analys is .  Hence,the e f f e c t  o f  increased 

break s i z e  can be r e a d i l y  observed. F igure  3.5 i l l u s t r a t e s  the pr imary system 

pressure response f o r  a 4 i n c h  c o l d  l e g  break. The scram occurs a t  12.8 seconds 

and h igh  pressure i n j e c t i o n  en te rs  t he  core a t  19.1 seconds. The pressure 

reaches t h e  accumulator s e t  p o i n t  i n  790 seconds. The r a p i d  decrease i n  

pressure accompanying accumulator i n j e c t i o n  shown i n  F igure 3.5 would no t  be 

expected. The RELAP4lMOD 7 'code used t o  perform these analyses i s  an e q u i l i b r i u m  

code. Hence, when subcooled accumulator water en te rs  t he  steam f i l l e d  c o l d  leg ,  

t h e  two phase m ix tu re  i s  assumed t o  be saturated.  I n  fo rc ina  t h i s  ca l cu la t i on ,  

steam condensat ion r e s u l t s  i n  a sharp pressure reduc t ion .  Other analyses [13] 

i n d i c a t e  t h a t  accumulator i n j e c t i o n  w i l l  i n i t i a l l y  decrease pressure, b u t  as t he  

water  en te r s  t he  core, t h e  system w i l l  repressur ize  t o  s h u t o f f  accumulator f l ow.  

* Analyses o f  such breaks have n o t  been performed f o r  t he  Z ion p l a n t  i n  t he  SASA 
program. However t h i s  response i s  p red ic ted  f o r  s i m i l a r l y  designed p lan ts .  [13] 
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Depending on t he  break s ize,  accumulator i n j e c t i o n  may occur i n t e r m i t t a n t l y  as 

t h e  pressure o s c i l l a t e s  around t he  600 p s i  s e t  p o i n t .  Hence, t he  pressure 

t r a n s i e n t  shown i n  F igure  3.5 i s  probably n o t  represen ta t i ve  beyond t he  accumu- 

l a t o r  i n j e c t i o n  se t  po in t .  

As expected, t h e  containment pressur izes much f a s t e r  f o r  a l a r g e r  break. 

For a 4 i n c h  break, t he  fan coo le rs  a re  i n s u f f i c i e n t  t o  remove the  energy re leased 

through t h e  break. The containment spray system i s  requ i red  t o  m i t i g a t e  t he  

containment pressure t r a n s i e n t .  As i l l u s t r a t e d  i n  F igure  3.6, containment spray 

i s  i n i t i a t e d  a t  520 seconds and immediately reduces pressure. A f t e r  $45 minutes,  

t he  r a t e  a t  which energy i s  released i n t o  containment i s  s i g n i f i c a n t l y  reduced. 

These analyses i n d i c a t e  t h a t  containment spray i s  no longer  needed a t  t h i s  t ime. 

The f an  coo le rs  a re  now adequate t o  l i m i t  containment pressure. The t e rm ina t i on  

of containment spray reduces t h e  RWST dep le t i on  r a t e .  Th is  a c t i o n  cou ld  be 

impor tan t  a t  a l a t e r  t ime. 

The h o t  1 eg f 1 u i  d and steam generator secondary temperatures behave 

s i m i l a r l y  t o  t he  1.5 i n c h  break (See F igure 3.7). The ho t  l e g  temperature 

dec l ines  r a p i d l y  a t  f i r s t  w h i l e  t he  secondary temperature r i s e s  a f t e r  steam 

generator i s o l a t i o n .  A f t e r  the  f i r s t  minute, bo th  temperatures dec l i ne  s l ow l y  

w i t h  t he  secondary temperature exceeding t h e  p r imary  a t  390 seconds. Thus, t h e  

steam generators become heat sources f o r  t he  remainder o f  t he  t r ans ien t .  

These prev ious r e s u l t s  assume bo th  HPI and AFW respond as designed. 

I f  t h e i r  perfo,rmance i s  degraded then t h e  response o f  t h e  key parameters would 

be a l t e red .  I f  t h e  i n j e c t i o n  f l p w  i s  reduced, t h e  pressure a t  which t he  

pr imary system s t a b i l i z e s  would be d i f f e r e n t .  As an example, F igure 3.8 

i l l u s t r a t e s  t he  pr imary system pressure t r a n s i e n t  f o r  a 1.5 i n c h  co ld  l e g  break. 

Th i s  ana l ys i s  i s  i d e n t i c a l  t o  t h a t  i l l u s t r a t e d  i n  F igure  3.2 except t h a t  i t  i s  

assumed t h a t  t h e  S I  pumps f a i l  and t h a t  o n l y  the  charg ing pumps a re  operat ing.  

I n  t h i s  case, t h e  p r imary  system pressure s t a b i l i z e s  a t  a h igher  l e v e l  - Q, 1100 

ps ia  compared t o  Q, 890 ps i .  Furthermore, heat removal through the steam 

generators occurs f o r  a longer  per iod.  I t  i s  70 minutes be fo re  the  secondaries 

begin  t o  a c t  as heat sources. 



From the  r e s u l t s  a v a i l a b l e  a t  t h i s  t,ime, i t  i s  a l s o  obvious t h a t  the  

a v a i l a b i l i t y  and e f f ec t i veness  o f  heat  removal through the  steam generators can 

a f f ec t  t h e  acc ident  s igna tu re .  The impact i s  g rea te r  f o r  the  sma l le r  breaks 

which remove l e s s  heat  and depressur ize more s low ly .  However, best  est imate 

analyses o f  degraded AFWS performance have n o t  been performed. Hence, i t  i s  

n o t  p o s s i b l e  t o  p rov ide  s p e c i f i c  examples o f  p l a n t  response f o r  these cond i t ions .  

The impor tant  p o i n t  o f  the var ious  u n c e r t a i n t i e s  and s e n s i t i v i t i e s  

addressed i n  t h i s  s e c t i o n  i s  how these f a c t o r s  a f fec t  t he  acc ident  s ignature.  

Do they  produce such a wide range o f  responses t h a t  the  operator  may be unable 

t o  i d e n t i f y  t he  p l a n t  s t a t e  and take t he  appropr ia te  ac t ions?  I n  general, t he  

f a c t o r s  discussed i n  t h i s  s e c t i o n  on ly  a f f e c t  t he  t i m i n g  o f  the  c e r t a i n  events 

and t h e  r a t e  a t  which va r i ous  parameters change. I n  a l l  small breaks, the pr imary 

pressure response i s  charac te r i zed  by an i n i t i a l  decrease which accelerates a f t e r  

r e a c t o r  t r i p  and even tga l l y  s t a b i l i z e s  a t  some l e v e l  where t he  i n j e c t i o n  f low 

equals  t h e  break f low.  For l a r g e r  breaks, t he  depressur iza t ion  r a t e  i s  g rea te r  

and t h e  e q u i l i b r i u m  pressure lower,  than f o r  sma l le r  breaks. I n  f a c t  f o r  breaks 

j u s t  i n  excess o f  t h e  CVCS capac i ty  t he  system may even repressur ize  and the  

e q u i l i b r i u m  pressure cou ld  be above t h e  HPI pump s h u t o f f  head. S i m i l a r l y ,  t he  

containment temperature, pressure, humid i t y  , a c t i v i t y  , and sump l e v e l  wi  11 

inc rease  more r a p i d l y  f o r  l a r g e r  breaks. Thus, the  l a r g e r  breaks g i v e  the 

ope ra to r  l e s s  t ime t o  diagnose and respond t o  t he  event.  However, t he  symptoms 

a r e  more pronounced, t h e r e f o r e  d iagnosis  should be much eas ie r .  

The key d i f f e r e n c e s  i n  p l a n t  response which do n o t  occur i n  a l l  small 

breaks a r e  summarized be1 ow : 

. a Accumulator i n j e c t i o n :  Occurs o n l y  i f  break i s  l a r g e  
enough t o  depressur ize pr imary system t o  600 p s i .  

Containtnent. spray a c t ~ r a t i n n :  Only actuated f o r  l a r g e r  
breaks. Fan coo le rs  adequate f o r  sma l le r  ones. 

a Primary system rep ressu r i za t i on  above H P I  pump s h u t o f f  
head: Only f o r  breaks a t  t he  lower. end o f  t h e  small 
break spectrum. 



These occurrences do n o t  a f f e c t  t he  o p e r a t o r ' s  c a p a b i l i t y  t o  diagnose a  small 

break and respond e f f ec t i ve l y  t o  t he  event.  

POTENTIAL SUBSTATES: 

A p o t e n t i a l  substate mentioned i n  t h e  prev ious sec t i on  which cou ld  

a f f ec t  t h e  operator  response i s  t he  r e p r e s s u r i z a t i o n  of t he  pr imary system a f t e r  

safe ty  i n j e c t i o n  i s  i n i t i a t e d .  As discussed i n  t h e  prev ious sec t ion ,  t h i s  would 

o n l y  occur f o r  a  very  small range o f  break s i zes  - those which j u s t  exceed t h e  

capac i t y  o f  t h e  CVCS. I f  t he  system repressur i zes  above t h e  normal opera t ing  

pressure,  a  PORV o r  sa fe t y  valve* cou ld  open and f l u i d  be released through t h i s  

va lve.  Th is  would n o t  immediately impact co re  c o o l a b i l i t y ,  as t he  pr imary system 

i s  s o l i d .  However, a  continuous re lease  o f  f l u i d  through t he  PORVs cou ld  p o s s i b l y  

c rea te  some problems as t he  operator  b r i n g s  t he  p l a n t  t o  a  c o l d  shutdown cond i t i on .  

As an example, because t he  water l eak i ng  through t h e  PORV en te rs  a  d ischarge 

tank, t he  volume o f  water  i n  t he  sump w i l l  be reduced. Th is  may compl icate  t h e  

t r a n s i t i o n  t o  r e c i r c u l a t i o n  when t h e  RWST i s  deple ted.  The operator  can n o t  

t ake  suc t i on  f rom the  sump u n t i l  t he re  i s  s u f f i c i e n t  head t o  avo id  c a v i t a t i o n .  

I t  i s  unce r t a i n  i f  t h e  volume o f  t he  d ischarge  tank  w i  11' prevent  reaching adequate 

sump l e v e l  be fo re  t h e  RWST dra ins .  For  o the r ,  s i m i l a r  p l a n t  designs, t h e  volume 

o f  t h e  d ischarge tank should no t  prec lude reach ing  adequate NPSH. However, t h e  

opera to r  would have l e s s  t ime t o  complete t h e  t r a n s i t i o n  f rom i n j e c t i o n  t o  

r e c i r c u l a t i o n  and s t i l l  ma in ta in  a  cont inuous supply o f  coo lan t  t o  t he  core.  

Since these breaks have nnt. heen analyzed f o r  the Zion p l a n t ,  i t  i s  

unce r t a i n  i f  rep ressu r i za t i on  t o  t h e  PORV s e t t i n g  w i l l  occur.  However, analyses 
a 

f o r  s i m i l a r  p l a n t  designs have p red i c t ed  t h i s  occurrence. Hence, t h i s  c o n d i t i o n  

i s  noted as a  poss ib le  substate.  

The opera to r  a c t i o n  f o r  t h i s  c o n d i t i o n  i s  t o  t h r o t t l e  o r  te rm ina te  

h i gh  pressure i n j e c t i o n  t n  avo id  PORV ac tua t i on .  T h i s  a c t i o n  avoids a n '  

* Many p l a n t s  have c losed t he  b lock  va lves  downstream o f  t he  PORVs because o f  
leakage. I f  a l l  PORVs were i so l a ted ,  a  s a f e t y  va l ve  would open. 



unnecessary discharge of coolant from the primary system. Before altering the 

HPIS flow, the operator must ensure that adequate cooling i s  being provided to 

the core. This can be accomplished, by ensuring adequate subcooling of the hot 

leg coolant, adequate inventory, and provisions for continued heat removal and 

makeup. The NRC has established a minimum of 50°F subcooling as an acceptable 

HPI termination cr i te r ia .  Other vendors have praposed alternate means of 

assuring adequate core cool i ng.  For example, the Westi nghouse HPI termination 

c r i t e r i a  require a l l  of the following: 

RCS pressure greater than 2000 psia and increasing 
( t o  ensure adequate subcool I ng) 

Pressurizer level greater than 50% ( to  ensure 
adequate inventor-y, given the above pressure 
condition) 

RCS subcooling greater than a plant specific 
value. 

Availability of steam generators as a heat sink. 

If the operator terminates HPIS, conditions must be closely monitored 

to see i f  leakage out the break requires HPIS actuation. I t  i s  possible that 

intermittent HPI operation may be required. 



STATE: S-2 

A t  t h i s  s t a t e  the  opera to r  has success fu l l y  i s o l a t e d  t he  break and the 

l oss  o f  r eac to r  coo lant  has been terminated. High pressure coo lan t  i n j e c t i o n  i s  

r e s t o r i n g  pr imary inventory .  The a u x i l i a r y  feedwater system i s  a v a i l a b l e  and i s  

now removing decay heat f rom t h e  pr imary system. 

REQUIRED OPERATOR RESPONSE: 

Once t he  operator  has ensured t h a t  t he  pr imary system i nven to r y  has 

been rep len ished and t h a t  t he re  i s  adequate subcooling, t he  h i gh  pressure 

i n j e c t i o n  system should be terminated. Th is  w i l l  avo id  ' f i l l i n g  t he  system 

completely w i t h  water and rep ressu r i z i ng  t h e  system beyond t he  normal opera t ing  

pressure. HPI te rm ina t ion  i s  addressed i n  more d e t a i l  under t he  P o t e n t i a l  

Substates sec t i on  o f  s t a t e  S-1. 

The nex t  o b j e c t i v e  i s  t o  b r i n g  t h e  p l a n t  t o  a  safe, c o l d  shutdown 

cond i t i on .  The operator  should ensure t h a t  t h e  AFWS i s  f unc t i on i ng  c o r r e c t l y  

and t h a t  adequate l e v e l  i s  be ing mainta ined i n  t h e  steam generators. Since l e v e l  

has been res to red  i n  t he  p ressur i ze r ,  t he  primary pressure can be s t a b i l i z e d  

us ing  t h e  p ressur i ze r  heaters  and sprays. A1 though t he  reac to r  has been t r i pped ,  

t he  opera to r  should ensure adequate shutdown margin f o r  co l d  shutdown and bora te  

i f  necessary. The i n j e c t i o n  o f  water f rom t h e  boron i n j e c t i o n  tank may have 

a1 ready s a t i s f i e d  t h i s  c r i t e r i o n .  

The p re fe r red  method f o r  p l a n t  cooldown would be t o  r e s t a r t  one o r  

more reac to r  coo lan t  pumps, and .foil ow the  normal p l a n t  shutdown procedures. 

When t he  pressure drops below 400 p s i  and t he  h o t  l e g  temperature i s  l e s s  than 

350°F, the  opera t o r  shoul d  , t r ans fe r  t o  t he  r es i dua l  heat  removal system (RHRS) 

f o r  long- term cool ing.  If i t  i s  n o t  poss ib l e  t o  r e s t a r t  a  r e a c t o r  coo lan t  

pump, t h e  system must be depressur ized us ing  na tu ra l  c i r c u l a t i o n .  I n  e i t h e r  

mode, care must be taken t o  mainta in  an adequate subcool ing margin. I t ' i s  

p a r t i c u l a r l y  impor tant  t h a t  t he  depressur i za t ion  be gradual under na tu ra l  c i r -  

c u l a t i o n  cond i t i ons .  Even i f  adequate subcool ing i s  i nd i ca ted  i n  t h e  h o t  leg ,  

t he re  i s  the  p o t e n t i a l  f o r  l o c a l  h o t  spots (e.g., upper head reg ion ) .  Voiding 

cou ld  occur a t  these l o c a t i o n s  if the  system i s  depressur ized t oo  r a p i d l y .  



KEY SYMPTOMS : 

A f t e r  t h e  break has been i s o l a t e d ,  r e a c t o r  pressure w i l l  begin t o  increase. 

Pr imary system i nven to r y  w i  11 be recover ing and evcntual  l y  1 eve1 w i l l  be r es to red  

i n  t h e  p ressu r i ze r .  P r i o r  t o  i s o l a t i o n ,  the  steam generators  may have been a c t i n g  

as hea t  sources t o  the  pr imary coo lan t .  However, du r ing  t he  cooldown process, 

t h e  steam generators  w i l l  be dumping steam t o  t he  condenser o r  t o  t he  atmosphere 

t o  remove decay heat .  Hence, t . h ~  secondary s i de  temperature w i l l  dccrcsse be1 ow 

t h e  Rot l e g  temperature. Secondary s ide  water l e v e l  w i l l  be mainta ined by 

a u x i l i a r y  feedwater.  

A f t e r  t h e  re lease  of coo lan t  i n t o  containment has been terminated, t h e  

conta inment  temperature and pressure w i l l  be decreasing a t  an even f a s t e r  r a t e  as 

a r e s u l t  o f  cont inued ope ra t i on  o f  the  a i r  f a n  coo le r s  and/or t he  containment 

spray.  

Subsequent t o  HPIS te rmina t ion ,  successful p l a n t  coo l  down w i  11 be 

i n d i c a t e d  by a gradual  decl  i n e  i n  pr imary and secondary temperatures and 

pressure.  

UNCERTAINTIES AND SENSITIVITIES: 

I f  t he  opera to r  f a i l s  t o  te rm ina te  HPI be fo re  a PORV opens, then 

e f f e c t i v e l y  a break has reoccurred. However, now the  system i s  water s o l i d  and 

t he re .  i s  no immediate t h r e a t  t o  core c o o l a b i l  i t y .  The opera to r  should recognize 

t h i s  occurrence q u i c k l y .  I n  t h i s  case, he should te rm ina te  HPIS and c l ose  the  

PORV ( o r  i t s  b lock  va' lve).  If t h i s  a c t i o n  i s  n o t  performed, then t he  break has 

been " r es to red "  and t h e  system behav ior  i s  represented by s t a t e  S-5. 

The o ther  u n c e r t a i n t y  i s  the  a v a i l a b i l i t y  o f  the  r e a c t o r  coo lan t  pumps. 

I f  these can n o t  be r e s t a r t e d ,  then t h e  system must be cooled down by n a t u r a l  

c i r c u l a t i o n .  This does n o t  a f f e c t  t he  s t r u c t u r e  o f  t he  OAET, o r  change t h e  



o p e r a t o r ' s  o b j e c t i v e  t o  cooldown and depressur i ze  t h e  p l a n t .  O f  course, t h e  

s p e c i f i c  tasks  which must be performed a r e  d i f f e r e n t  and t h e  o p e r a t o r  must 

e x e r c i s e  c a u t i o n  t o  m a i n t a i n  n a t u r a l  c i r c u l a t i o n  and a v o i d  v o i d i n g  i n  t h e  

p r imary  system. 

POTENTIAL SUBSTATES: 

Depending on t h e  s e v e r i t y  of  t h e  break,  and t h e  o p e r a t o r ' s  under- 

s tand ing  o f  t h e  p l a n t  s t a t e  a f t e r  t h e  break has been i s o l a t e d ,  t h e  o p e r a t o r  

may e l e c t  t o  r e t u r n  t h e  p l a n t  t o  f u l l  power o p e r a t i o n ,  r a t h e r  than proceed t o  

c o l d  shutdown. 



STATE: S-3 

A t  t h i s  s t a t e ,  t he  operator  has brought the  p l a n t  t o  a  s tab le ,  c o l d  

shutdown cond i t i on .  The break has been i s o l a t e d  and HPI has success fu l l y  

r e s t o r e d  p r imary  system i nven to r y .  The opera to r  has cooled and depressur ized 

t h e  r e a c t o r  and p laced t h e  RHRS i n  se rv ice .  The RHRS i s  opera t ing  e f f e c t i v e l y  

t o  remove decay heat.  

REQUIRED OPERATOR RESPONSE: 

Mdni t o r  KHKS ope ra t i on  t o  ensure a con t i nua t i on  of long-term decay, 

hea t  removal. Perform t h e  necessary r e p a i r s  and o the r  a c t i v i t i e s  so the p l a n t  

can be re tu rned  t o  ope ra t i on  as soon as poss ib le .  

KEY SYMPTOMS: 

The pr imary.system i s  a t  c o l d  shutdown cond i t i ons .  (pressure <400 ps i ,  

c o o l a n t  temperature %140°F). Heat i s  be ing removed through t he  RHR heat 

exchangers by  component c o o l i n g  water. Hence, t he re  i s  an increase i n  secondary 

s i d e  water  temperature across the  RHR heat exchangers. 



STATE: S-4 

Th i s  s t a t e  represents the  case where long-term coo l i ng  w i t h  the 'RHRS 

can n o t  be estab l ished.  The operator  has successfu l ly  i s o l a t e d  the  small break 

which i n i t i a t e d  t he  t r a n s i e n t  and the  r e a c t o r  i s  shutdown. The pr imary system 

inven to ry  has been res to red  and heat removal i s  being accomplished through t h e  

steam generators.  Once the pr imary system depressur izes below 400 ps i  and the 

coo lan t  temperature i s  l e s s  than 300°F, t h e  RHRS should be actuated. 

A1 though an u n l i k e l y  occurrence, t h i s  s t a t e  represents the  case where 

the opera to r  can n o t  t r a n s f e r  t o  RHRS opera t ion .  Th is  cou ld  r e s u l t  from component 

f a i l u r e s  which d i sab le  t he  RHRS o r  u n a v a i l a b i l i t y  a t t r i b u t a b l e  t o  t he  i n i t i a t i n g  

event. (i.e,., t he  LOCA a f f e c t s  use o f  RHRS). 

REQUIRED'OPERATOR RESPONSE: 

The p re fe r red  course o f  a c t i o n  i s  t o  ma in ta in  t he  p l a n t  i n  a  ho t  shut-  

down c o n d i t i o n  w h i l e  r e p a i r i n g  t h e  f a i l u r e s  t h a t  r e s u l t e d  i n  t he  RHRS unava i l -  

a b i l i t y .  Th is  r equ i r es  t h a t  t h e  AFWS be a v a i l a b l e  f o r  cont inued heat removal. 

If the opera to r  i s  ab le  t o  use t he  steam dump system, t h e  AFWS can be operated 

e s s e n t i a l l y  i n d e f i n i t e l y .  I f  steam i s  be ing discharged t o  t he  atmosphere, the  

condensate s torage tank i nven to r y  w i l l  g radua l l y  become depleted. I f  AFWS 

opera t ion  i s  r equ i r ed  f o r  an extended pe r i od  (more than %5 hours), the  operator  

must make p rov i s i ons  t o  r e f i l l  t h e  tank. Demineral ized water i s  p re fe r red ,  as 

t h i s  would avo id  i n t r o d u c t i o n  o f  i m p u r i t i e s  i n t o  t he  condensate system. However, 

the  q u a n t i t y  o f  demineral ized water  i s  l i m i t e d .  Hence, t he  p l a n t  i s  designed so 

t h a t  t he  se r v i ce  water  system can be used f o r  t h i s  purpose. Operator a c t i o n  i s  

requ i red  t o  a l i g n  t h e  se r v i ce  water  system t o  r e f i l l  t h e  condensate tank. 

KEY SYMPTOMS : 

The p l a n t  i s  i n  a  ho t  shutdown cond i t i on .  The pr imary pressure and 

temperature a re  s tab le ,  and r e l a t i v e l y  c l ose  t o  the  RHRS t r a n s i t i o n  l e v e l s  (400 



p s i  and 350°F) .*  Steam generator  water  l e v e l  i s  s t ab le  and secondary pressure 

i s  c o n t r o l l e d  t o  ma in ta i n  t he  des i red  pr imary cond i t i ons .  Water l e v e l  i n  the 

condensate s torage tank i s  decreasing, un less steam i s  be ing dumped t o  the  

condenser. I n  t h i s  case, t he  condensate s torage tank l e v e l  i s  r e l a t i v e l y  s t ab le .  

UNCERTAINTIES AND SENSITIVITIES: 

The l e n g t h  o f  t ime be fo re  RHRS can be res to red  depends on the  cause 

o f  i t s  u n a v a i l a b i l i t y .  Some r e p a i r  ac t i ons  may be performed r a t h e r  q u i c k l y  

w h i l e  o the rs  cou ld  t ake  days. Cons iderat ion o f  s p e c i f i c  f a i l u r e  modes and the  

necessary r e p a i r  ac t i ons  i s  beyond t h e  scope of t h i s  i n v e s t i g a t i o n .  

POTENTIAL SUBSTATES: 

I f  the  AFWS f a i l s  du r i ng  t h i s  extended per iod,  a c t i o n  would be requ i red  

t o  p rov i de  RCS heat  removal. Assuming t h e  RHRS can n o t  be repai red,  t h e  operator  

c o u l d  r e s t a r t  a  condensate pump and p rov i de  water  f rom t h e  condenser ho twe l l .  I f  

t h i s  can n o t  be accomplished, t he  pr imary system pressure and temperature would 

g r a d u a l l y  increase. Even tua l l y  the  system would r ep ressu r i ze  t o  the PORV s e t t i n g .  

A t  t h i s  p o i n t ,  the  opera to r  would have t o  e s t a b l i s h  a  feed-and-bleed mode o f  

hea t  removal. Th is  system s t a t e  i s  addressed i n  d e t a i l  i n  Sect ion 3.2. 

ADDITIONAL COMMENTS: 

Th i s  path o f  t he  smal l  break OAET represents  t h e  p l a n t  s t a t e  when t he  

normal long- term c o o l i n g  mode can n o t  be immediately es tab l i shed .  Hence, t he  

p l a n t  can n o t  be brought  t o  t h e  s tab le  end s t a t e  o f  c o l d  shutdown u n t i l  a f t e r  

t h e  RHRS i s  repa i red .  S ta te  S-4 i s  n o t  necessa r i l y  a  co re  damage s ta te ,  even 

i f  c o n d i t i o n s  d e t e r i o r a t e  t o  a  feed-and-bleed cond i t i on .  Th is  s t a t e  has been 

i n c l u d e d  t o  recognize t h e  p o t e n t i a l  d i f f i c u l t i e s  i n  t h e  p l a n t  cooldown process. 

* E f f e c t i v e  heat  t r a n s f e r  through t h e  steam generators  can n o t  be mainta ined 
below approx imate ly  350°F and 125 p s i .  



STATE: S-5 

A small break i n  t h e  pr imary coo lan t  system has occurred. The r e a c t o r  

has scrammed and t he  HPIS has actuated t o  r e s t o r e  the  f l u i d  l o s t  through t he  

break. The opera to r  has been unable t o  i s o l a t e  t he  break and thus coo lan t  

cont inues t o  leak  i n t o  containment. The p r imary  pressure i s  r e l a t i v e l y  s t a b l e  a t  

a t  a  l e v e l  determined by the  HPIS f low,  break f l ow ,  and steam generator  heat  

removal . 

REQUIRED OPERATOR RESPONSE: 

Wi th  successfu l  ECCS i n j e c t i o n ,  t h e  ope ra to r ' s  nex t  o b j e c t i v e  i s  t o  

depressur ize and cooldown t he  p l an t .  Th is  a c t i o n  should o n l y  be taken a f t e r  

t he  p l a n t  i s  i n  a  s t a b l e  cond i t i on .  Furthermore, t he  opera to r  should ensure 

t h a t  t h e r e  i s  adequate shutdown margin f o r  c o l d  cond i t i ons . *  Th is  a c t i o n  i s  

accompl shed by  decreasing t he  secondary s i d e  pressure.  I f  t he  main condenser 

i s  a v a i l a b l e ,  t h e  opera to r  should dump steam through t h e  t u r b i n e  bypass l i n e .  

Otherwise, steam can be vented d i r e c t l y  t o  t h e  atmosphere through t he  steam 

genera to r  r e l i e f  va lves.  Th i s  depressur i za t ion  should be gradual t o  ensure 

t h a t  t h e r e  i s  adequate subcool ing margin i n  t h e  pr imary system, and t o  avo id  

thermal s t resses assoc ia ted w i t h  excessive cooldown ra tes .  

The opera to r  must a l s o  mon i to r  t h e  RUST l e v e l  and prepare t o  t r a n s f e r  

t o  r e c i r c u l a t i o n  be fo re  the  inven to ry  i s  depleted. Th is  a c t i o n  cou ld  be requ i r ed  

i n  as l i t t l e  as a h a l f  an hour i f  t he  oont.ainment sprays are operat inq.  Depending 

on t h e  s t a b i l i t y  o f  t h e  r eac to r  system, t r a n s f e r  t o  r e c i r c u l a t i o n  may occur 

be fo re  o r  d u r i n g  t h e  p l a n t  cooldown ac t i ons  mentioned above. I n  t h e  r e c i r c u l a t i o n  

mode o f  operat ion,  water  i s  drawn from t h e  containment sump by the  RHRS pumps 

and d e l i v e r e d  t o  a  s u c t i o n  header f o r  t h e  h i g h  head S I  and charg ing pumps. Th i s  

header rep laces t h e  RWST as t he  water source f o r  t h e  HPIS. The S I  and charg ing  

pumps con t inue  t o  operate  and d e l i v e r  coo lan t  t o  t h e  c o l d  legs  o f  t he  RCS. 

Transfer t o  r e c i r c u l a t i o n  requ i res  t he  f o l l o w i n g  major  acti 'ons: 

* It i s  l i k e l y  t h a t  t h e  HPIS has i n j e c t e d  enough water  from the  BIT t o  s a t i s f y  
t h i s  c r i t e r i o n .  



1) Provide component cooling water to the RHR heat 
exchangers (should occur automatically on 1 ow 
RWST level alarm) 

2 Open sump recirculation valves (should occur 
automati cal ly)  

3 Isolate the low head RHR pumps from the RWST 

4 Open valves which allow low head R H R  pumps t o  
supply the suction header for the high head 
SI and charging pumps 

5 > Close va lves in suction 'I ines from RWST t o  the 
high head ST and  charging plrmpz , a f t . ~ r  azz~rri ng 
adequate coolant i s  being provided by the RHR 
pumps. 

KEY SYMPTOMS : 

This s ta te  i s  essentially a continuation of s ta te  S-1 u p  until the 

time when recirculation i s  required. The discussion for that s ta te  addresses 

the symptoms and their  associated uncertainties and sensit ivit ies in more detail .  

A brief summary i s  provided here. 

The reactor pressure i s  relatively stable a t  a level deterimined by the 

break flow, HPIS injection, and secondary heat removal. The reactor coolant 
temperature and pressure are decreasing. The water 'leve'l in the steam generators 

i s  being maintained by the AFW pumps. The secondary pressure i s  relatively stable. 

Steam i s  being dumped to the condenser or released through the relief valves to 

the atmosphere. 

The containment temperature and pressure are decreasing as a result  of 

a i r  fan cooler and perhaps containment spray operation. The water level in the 

containment sump i s  increasing steadi iy. I t  the containment spray i s  actuated, 

the sump will f i l l  quickly. Similarly, the RWST will drain much faster i f  

containment spray pumps are drawing from th is  source. The RWST could be depleted 

in less  than 45 minutes. 



UNCERTAINTIES AND SENSITIVITIES: 

The opera to r  has a l i m i t e d  t ime t o  perform the  t r a n s i t i o n  f rom 

i n j e c t i o n  t o  r e c i r c u l a t i o n  o f  the  sump water.  Th is  i s  espec ia l l y  t r u e  f o r  the  

l a r g e r  breaks where t he  containment spray pumps a re  running. I n  such cases, 

the  t ime t o  complete t h e  t r a n s i t i o n  t o  r e c i r c u l a t i o n  be fo re  t he  RWST empties i s  

on t h e  o rde r  o f  a  few minutes. Hence, r e l a t i v e l y  qu ick  ac t i on  may be requ i r ed  

t o  ensure t h a t  coo lan t  f l ow  t o  the  c o l d  l egs  cont inues w i t hou t  i n t e r r u p t i o n .  

One f a c t o r  which must be considered i n  t r a n s f e r r i n g  t o  r e c i r c u l a t i o n  i s  t he  need 

f o r  adequate NPSH f o r  t he  low head RHRS pumps. Th is  requ i res  t h a t  the  containment 

water  l e v e l  reach a c e r t a i n  e l eva t i on  before t h e  sump l i n e  suc t ion  valves open. 

Hence, t h e  p l a n t  must be designed such t h a t  when t h e  RUST low l e v e l  a larm occurs, 

t h e  minimum containment sump c r i t e r i o n  appears t o  be s a t i s f i e d  f o r  a l l  LOCAs. 

However, i n  t he  case o f  t h e  stuck-open r e l i e f  va lve,  i t  i s  uncer ta in  i f  t he re  

w i l l  be adequate sump water l e v e l  a t  t he  RWST low l e v e l  se t  po in t .  (See d iscuss ion  

under P o t e n t i a l  Substates S-1). Th is  i s  because some o f  the  pr imary coo lan t  

re leased through t h e  stuck-open va lve  w i l l  be conta ined i n  the  PORV discharge 

tank. Th i s  w i l l  de lay t h e  t ime requ i r ed  t o  f i l l  t h e  sump t o  an adequate he igh t ,  

and consequently reduce t h e  t ime the  opera to r  has a v a i l a b l e  t o  t r a n s f e r  from 

i n j e c t i o n  t o  r e c i r c u l a t i o n  operat ion.  



STATE: S-6 

A t  t h i s  s t a te ,  t he  opera to r  has successfu l ly  t r a n s f e r r e d  from emer- 

gency c o o l a n t  i n j e c t i o n  w i t h  t h e  h i gh  head safety  i n j e c t i o n  and charg ing pumps 

t o  r e c i r c u l a t i o n  o f  the sump water  us ing  these same pumps. Th is  mode o f  

o p e r a t i  on i s  f r e q u e n t l y  designated as h i gh  pressure r e c i r c u l a t i o n  (HPR) . The 

p l a n t  i s  i n  a  quasi-steady s t a t e  c o n d i t i o n  where t h e  coo lan t  l eak i ng  ou t  t he  

break i s  pumped through the  RHR heat exchangers t o  remove t he  decay heat,  and 

r e c y c l e d  back i n t o  t he  reac to r .  

ACQUIRED OPERATOR RESPONSE: 

The opera to r  should con t inue  t o  cooldown and depressur ize the  primar.y 

system, as descr ibed i n  the  ac t i ons  f o r  S t a t e  S-5. When t h e  pr imary system 

pressure  drops below 400 p s i ,  r e c i r c u l a t i o n  can be accomplished us ing the  RHRS 

pumps alone. Th is  r equ i r es  opera to r  a c t i o n  t o  i s o l a t e  the  RHRS pumps from the  

h i g h  head pump suc t i on  header. 

KEY SYMPTOMS : 

A t  t h i s  s t a t e  the  r eac to r  pressure and coo lan t  temperature i s  s t ab le  

o r  g r a d u a l l y  decreasing, depending on whether o r  n o t  t h e  operator  has i n i t i a t e d  

p l a n t  cooldown. Dur ing HPR operat ion,  both the  RHR and h i gh  head i n j e c t i o n  pumps 

a r e  used t o  d e l i v e r  sump water t o  the  c o l d  legs.  

The water l e v e l  i n  t he  containment sump i s  now s t a b i l i z e d  by t h e  

t r a n s f e r  t o  r e c i r c u l a t i o n .  The RHR heat  exchangers a re  removing heat from the  

sump wate r  as r e f l e c t e d  by a  temperature r i s e  i n  t h e  component coo l i ng  water 

across t h e  hea t  exchangers and a r educ t i on  i n  sump water  temperature t h a t  i s  

I n j e c t e d  I n t o  t h e  core. 

The containment pressure i s  near t h a t  of normal opera t ion  and t he  

temperature i s  no t  excessive.  Humid i ty  and r a d i a t i o n  l e v e l s  a re  high. The 

l a t t e r  depends on t h e  f u e l  burnup and number of fue l  f a i l u r e s  p r i o r  to ,  and as 

a consequence o f  t h e  LOCA. 



ADDITIONAL COMMENTS: 

After a  period of approximately one day, i t  i s  recommended tha t  the 

operator t ransfer  t o  hot leg recirculat ion to  avoid boron precipitat ion and 

accumulation of residue in the reactor core. This requires the operator to  

change valve positions so that  the sump water i s  injected in to  the primary hot 

legs ra ther  than the cold legs. Failure to  perform th i s  action will not impact 

core coolabi l i ty  i n  the short term ( i . e . ,  f i r s t  several days, i f  a t  a l l ) .  
Hence, t h i s  action has not been ident i f ied  in the OAET.  



STATE: 5-7 

Th i s  s t a t e  represents a  c o n d i t i o n  where a small break LOCA has occurred, 

a l l  p l a n t  systems have responded as designed, and the  operator  has performed t h e  

necessary ac t i ons  c o r r e c t l y .  The HPIS was actuated and e f f e c t i v e l y  prov ided 

s h o r t  term makeup and s t a b i l i z e d  pr imary cond i t i ons .  When the  RWST depleted, 

t he  ope ra to r  success fu l l y  r ea l i gned  the  system f o r  r e c i r c u l a t i o n  operat ion.  A 

cont inuous f l o w  o f  coo lan t  has been prov ided t o  t h e  reac to r .  The sump water  i s  

be ing  cooled by the  RHR heat  exchangers. Throughout these e a r l y  phases, t h e  

opera to r  has success fu l l y  depressur ized t h e  pr imary system. R e c i r c u l a t i o n  i s  

now prov ided  by the RHR pumps. The p l a n t  i s  a t  a  s tab le ,  c o l d  shutdown cond i t i on .  

REQUIRED OPERATOR RESPONSE: 

The opera to r  must cont inue t o  mon i to r  RHRS opera t ion  t o  ensure t h a t  

long- term c o o l i n g  i s  maintained. Since o n l y  one t r a i n  i s  r equ i r ed  f o r  e f f e c t i v e  

heat  removal, the opera to r  has a "backup t r a i n "  a v a i l a b l e  should a  f a i l u r e  

d i s a b l e  t h e  opera t ing  components o r  maintenance be requi red.  Post -acc ident  

i n v e s t i g a t i o n ,  clean-up, and r e p a i r  a c t i v i t i e s  can be i n i t i a t e d .  

KEY SYMPTOMS: 

The r e a c t o r  pressure i s  s t a b l e  and l ess  than 400 p s i .  The pr imary 

system c o o l a n t  temperature i s  s t ab le  a t  approximately 140°F. Heat removal 

through t h e  steam generators has been terminated. The containment cond i t i ons  

a re  t h e  same as descr ibed f o r  s t a t e  S-6. 



STATE: S-8 

The events leading to this  s ta te  include a small break in the reactor 
coolant system followed by successful high pressure injec.tion. The operator 

has successfully tranferred t o  recirculation when the RUST emptied. This s ta te  
represents the case where the operator i s  unable to bring the plant to  a cold 

shutdown condition. This could occur i f  the operator can n o t  or does n o t  cool- 
down and depressurize the primary system., and subsequently establish recirculation 

with the RHRS pumps. This plant condition does not necessarily produce a core 
damage condition as long as HPRS operation is'maintained. 

This plant s ta te  could also result  from a fai lure  of the HPRS a f te r  

i t  has operated for some t.ime. In this  case, the operator actions and key 

symptom responses are similar t o  those described in State S-9. 

REQUIRED OPERATOR RESPONSE: 

The particular operator response a t  this  s ta te  will depend on what 

fai lure  mode has prevented or interrupted the cooldown process. In a l l  cases, 

the general objective i s  the same; that ' is ,  to  repair or restore the failed 

equipment and to subsequently cool down and depressurize the system. The 

inabili ty to  depressurize the. primary system may. be caused by a loss or 

severe degradation o f  heat r~mnval capabi 1 i t y  through the  steam qenerators and 

the inabili ty to lower secondary pressure, thus reducing the primary pressure. 
In this  case, the repair or restoration of the failed. equipment associated with 

the steam generaturs wuul d Le requil-ed. 

This s ta te  could also arise from a fai lure  of the RHR heat exchangers 

to remove heat. Even though the steam generators are available, these compo- 

nents are required to bring the plant to a stable cold shutdown condition. 

Should the RHR heat exchangers fa i l  to remove heat, perhaps due to a loss of 

cnmpnnent cooling water f low, the operator must diagnose this failure and 

restore th is  function. During this  time, the operator must ensure that the HPRS 

continues to  supply water t o  the core. This will maintain adequate primary 

inventory. Furthermore, continued recirculation of the sump water will provide 



some heat removal capability in the short term. This i s  due t o  the relatively 

large heat capacity of the cooler sump water and containment structure. 

Finally, as noted above, this  plant s ta te  could result  from a fai lure  

of the HPRS a f te r  i t  has operated for some time. This occurrence would be 

similar to the system response described in State S-9. Operator actions for 

th i s  condition are described in that s ta te  description. 

K E Y  SYMPTOMS: 

The reactor pressure and primary coolant temperatures are above the 

values where the low head pumps can operate alone (400 psi ,  350°F). If a l l  

form of heat removal has been los t ,  these parameters will be slowly increasing. 

The sump water level will remain stable unless HPRS flow ceases. I n  this  case, 

the water level will increase slowly as coolant continues to 1 eak out the break. 

Sump water temperature will also gradually increase. The containment temperature 

and pressure are reduced from the values which were attained in the f i r s t  several 

minutes a f t e r  the break occurred, b u t  may begin to  r i se  slowly once core heat 

removal i s  l o s t .  Air fan cooler operation or containment spray operation could 

counteract these trends. 



STATE: S-9 

This s ta te  represents the fai lure  t o  establish emergency coolant 

recirculation af te r  a small break LOCA. Up to th is  point in the O A E T ,  a l l  of 

the plant 's  automatic responses, including HPIS operation, have functioned 

successfully. Although the operator was unable to  isolate the break, the system 

i s  in a relatively stable condition with the injection flow compensating for the 

fluid leaking o u t  the break. As the inventory in the RWST becomes depleted, the 

operator must realign the SI system to recirculate water from the containment 

sump in order to maintain primary system inventory. This s ta te  assumes that 

recirculation i s  not established. 

REQUIRED OPERATOR RESPONSE: 

Without a continuous supply of makeup to the core, the primary system 
inventory will decrease leading t o  core uncovery and eventually fuel damage. The 

time between loss of HPRS and core damage depends on the reactor pressure, break 

size and location, and the coolant volume remaining when HPRS failed.  This period 

could be as short as %10 minutes for breaks a t  the upper end of the small break 

spectrum. Hence, i t  i s  important that the operator recognize immediately that 

recirculation has failed. The symptoms that are characteristic of th is  condition 

which the operator can use to perform th i s  diagnosis are described in the following 

section. 

The potential operator actions to restore coolant flow to the core 

are limited and depend on when and how the HPRS fai led.  These options will be 

discussed briefly in this  section. 

One action which will restore coolant makeup and buy time to repair 

the faulted components i s  t a  return to  the injection mode of operation.* This 

would require that  the operator realign the valves to  take suction from the 

* Examples of some fai lure  modes where this  action might be employed are fai lure  
of the RHR pumps to deliver water to the high head pump suction headers, sump 
suction valve problems, or inadequate sump water 1 eve1 . 



RWST and immediately take a c t i o n  t o  supply a d d i t i o n a l  water  t o  the  RWST. I f  the  

RWST i s  n o t  complete ly  drained, t h e  opera to r  should terminate a1 1  o the r  demands . 

on t h i s  wa te r  source u n t i l  makeup t o  t he  tank i s  es tab l i shed .  As an example, 

t he  containment spray pumps may be opera t ing .  Temporar i ly  i n t e r r u p t i n g  conta in-  

ment spray* would p rov ide  a  s i g n i f i c a n t  a d d i t i o n a l  q u a n t i t y  o f  water f o r  core 

i n j e c t i o n  w h i l e  the  opera to r  i s  t ak i ng  t h e  ac t i ons  necessary t o  p rov ide  water t o  

t h e  RWST. I f  t he  opera to r  i s  successful  i n  r e s t o r i n g  i n j e c t i o n ,  and supply ing 

adequate wa te r  t o  t he  RWST, core damage can a t  l e a s t  be t empo ra r i l y  avoided. 

There i s  a  l i m i  t as t o  how l ong  t h i s  mode o f  opera t ion  can be main- 

ta ined .  Even tua l l y  t h e  water  l e v e l  i n  containment w i l l  r i s e  and may submerge 

(and f a i l )  c r i t i c a l  c i r c u i t s  o r  components, thus r e s u l t i n g  i n  a  l o s s  of i n j e c t i o n  

f l ow .  I n  a d d i t i o n ,  r i s i n g  water l e v e l  may produce excessive loads on the  con ta in -  

ment s t r u c t u r e  lead ing  t o  a  l o s s  o f  containment i n t e g r i t y  and the  re lease o f  

r a d i o a c t i v i t y  t o  t he  ou ts ide  environment. Thus, i n j e c t i o n  can no t  be cont inued 

i n d e f i n i t e l y .  However, t h i s  a c t i o n  cou ld  buy subs tan t i a l  t ime  i n  which t o  

r e p a i r  t h e  f a i l u r e s  which d isab led  o r  prevented r e c i r c u l a t i o n .  

I f  t h e  f a i l u r e  o f  t h e  HPRS r e s u l t s  f rom problems w i t h  the  SI and 

charg ing  pumps, t he  opera to r  can depressur ize t he  pr imary system and u t i l i z e  

t h e  RHR pumps i n  t h e  1  ow pressure r e c i r c u l a t i o n  mode (LPRS) . The operator  can 

reduce pressure by opening t h e  atmospheric dump va lves (as discussed i n  S ta te  

S-18) o r  through t h e  PORVs ( see S ta te  S-22). Wi th  t he  pressure below 400 ps i ,  

t h e  RHR pumps can t ake  water f rom the  sump and t r a n s p o r t  i t  through t he  heat 

exchangers d i r e c t l y  t o  t h e  c o l d  legs.  The h i gh  head pumps a re  no longer  

r equ i r ed  t o  ma in ta i n  pr imary system inven to ry .  

R e c i r c u l a t i o n  f a i l u r e  can a lso  r e s u l t  f rom a  f a i l u r e  t o  adequately 

coo l  t h e  sump water  be fo re  r e t u r n i n g  i t  t o  t h e  core.  I f  the  RHR heat exchangers 

f a i l  t o  coo l  t h e  sump water, t he  water temperature w i l l  beg in  t o  Increase and 

* As shown i n  F igure  3.6, containment cond i t i ons  a re  near-normal by t h i s  t ime. 
Hence., t h e  containment spray pumps cou ld  be terminated f o r  several  minutes 
be fo re  a  s i g n i f i c a n t  pressure r i s e  would occur.  



could  reach sa tu ra t i on  cond i t i ons .  C a v i t a t i o n  could f a i l  the  RHR pumps as they . 

at tempt t o  t r anspo r t  the two phase mix tu re .  Th is  f a i l u r e  mode would occur a f t e r  

the ECCS has been rea l igned  f o r  r e c i r c u l a t i o n  and operated i n  t h i s  con f i gu ra t i on  

f o r  some per iod .  F a i l u r e  o f  the RHR heat exchangers would be i n d i c a t e d  by increases 

i n  the sump water temperature, the  temperature i n  the  heat exchanger discharge 

l i n e s ,  and the  reac to r  coo lan t  temperature i n  con junc t ion  w i t h  v e r i f i c a t i o n  o f  

adequate f low t o  the co ld  legs.  Once these t rends a re  i d e n t i f i e d ,  the operator  

should a t tempt  t o  r es to re  heat removal through a t  l e a s t  one o f  the  RHR heat 

exchangers, before RHR pump f a i l u r e  terminates r e c i r c u l a t i o n  f l ow.  Th is  w i l l  

l i k e l y  i nvo l ve  r e p a i r  o f  some f a u l t  i n  the component coo l i ng  water system o r  

one of i t s  suppor t ing systems. I f  t h i s  can n o t  be accomplished, the  operator  

w i l l  have t o  r e -es tab l i sh  the  steam generator as t he  pr imary heat s ink .  Th is  

w i l l  r e q u i r e  an adequate supply o f  water i n  the  CST (see State  S-4). 

KEY SYMPTOMS : 

The key symptoms associated w i t h  a  f a i l u r e  o f  ECCS r e c i r c u l a t i o n  w i l l  

depend t o  some ex ten t  on the  f a i l u r e  mode. I f  r e c i r c u l a t i o n  was n o t  es tab l i shed  

a f t e r  a  successful  pe r i od  o f  HPIS operat ion,  the  i n t e r r u p t i o n  o f  coo lan t  f low 

would be r e f l e c t e d  by decreasing pr imary system inven to ry  - decreasing reac to r  

vessel l e v e l  and p ressur i ze r  l e v e l  ( i f  i t  had recovered).  I n  a d d i t i o n  the sump 

water l e v e l  would cont inue t o  r i s e ,  r a t h e r  than l e v e l i n g  o f f  as would be expected 

a f t e r  a  t r a n s i t i o n  t o  r e c i r c u l a t i o n .  Reactor pressure w i  11 decrease upon the 

l o s s  of coo lan t  f l o w  and pr imary coo lan t  temperature w i l l  begin t o  r i s e  s lowly .  

F igure 3.2 shows the  pr imary pressure t r a n s i e n t  f o r  a  1.5 i nch  break. I n  t h i s  

ana lys is ,  HPIS f l o w  was terminated when t he  RWST emptied a t  15050 seconds. The 

pressure f e l l  below the  accumulator ac tua t i on  s e t t i n g . *  Accumulator i n j e c t i o n  

t empo ra r i l y  counteracted the inven to ry  l oss  and temperature r i s e .  However, a f t e r  

t he  accumulator inven to ry  has been re1 eased, core temperatures begin t o  r i  se 

again. Secondary s ide  pressure and temperature w i l l  a l s o  increase a f t e r  r e c i r -  

c u l a t i o n  f l o w  has been terminated. 

*The RELAP4 code does no t  p r e d i c t  a1 1  of t he  consequences of accumulator i n j e c t i o n  
c o r r e c t l y .  I n  p a r t i c u l a r  the  code overp red ic ts  the  depressur i za t ion  assoc ia ted 
w i t h  accumulator i n j e c t i o n .  Because i t  i s  an e q u i l i b r i u m  code, any volume 
con ta in ing  a  two phase mix tu re  i s  fo rced  t o  sa tu ra t i on  cond i t i ons .  Hence, t he  
i n j e c t i o n  o f  subcooled accumulator f l u i d  i n t o  t he  p a r t i a l l y  s t e a m - f i l l e d  c o l d  
l e g  r e s u l t e d  i n  a  condensation of the steam and the  sharp pressure r educ t i on  
shown in Ficj1~t-e 3.2. 



I f  t he  heat  removal through t h e  RHR heat exchangers i s  l o s t ,  the re  may 

n o t  be any immediate impact on pr imary system i nven to r y  (un less t he re  a re  gross 

tube  f a i l u r e s  i n  t h e  heat exchangers). Coolant w i l l  s t i  11 be t ranspor ted  t o  t h e  

c o l d  l egs .  However, the  temperature of t h i s  water  w i  11 r i s e  s t e a d i l y .  Th is  

i n  t u r n ,  w i l l  cause the  pr imary coo lan t  temperatures t o  increase g radua l l y .  The 

sump wate r  temperature w i l l  a l s o  increase due t o  t he  h i ghe r  entha lpy o f  t he  break 

f low. However, because o f  the  l a r g e  volume o f  water  i n  the  sump, t he  temperature 

r i s e  w i l l  l a g  behind t he  l o s s  o f  heat removal. Because f l o w  i s  s t i l l  a v a i l a b l e ,  

t h e  p r ima ry  system pressure w i l l  n o t  drop. I n  f a c t  i t  may inc rease  s l i g h t l y  as 

warmer wa te r  i s  be ing  in t roduced  i n t n  t he  cnre.  Other symptnm~ t h a t  woi~ld r e f l e c t  

a t a i  l u r e  o f  t he  HPRS heat  removal f u n c t i o n  cou ld  inc lude ,  secondary s i de  temper- 

a t u r e  changes across t h e  RHR heat exchangers and a decrease i n  component c o o l i n g  

wa te r  f l o w  t o  these components. 

I f  the opera to r  does n o t  r e s t o r e  t he  heat  removal f u n c t i o n  o f  t h e  HPRS, 

then  t he  RHR pumps could  f a i l  when t he  sump wate r  reaches sa tu ra t i on .  A t  t h i s  

p o i n t  makeup i s  l o s t  and the  vessel  i n v e n t o r y  and pressure would decrease as 

descr ibed  p r e v i o u s l y  f o r  a  f a i l u r e  o f  r e c i  r c u l  a t i  on f l ow .  

UNCERTAINTIES AND SENSITIVITIES: - 

Bes t  es t imate  analyses f o r  t he  case where t he  HPRS heat removal f u n c t i o n  

f a i l s  have n o t  been performed. Hence, t h e  p r imary  system pressure and temperature 

response a re  uncer ta in .  Furthermore, t he  l e n g t h  o f  t ime  a v a i l a b l e  be fo re  pump 

c a v i  t a t i  on i s unknown. 

.. The c a p a b i l i t y  t o  p rov ide  makeup t o  t h e  RWST i s  unknown. The demin- 

e r a l i z e d  wa te r  system probably  has i n s u f f i c i e n t  c a p a b i l i t y  t o  keep w i t h  t h e  

ECCS pump demands. I t  i s  unknown whether o r  n o t  t he re  a re  o the r  systems which 

t h e  ope ra to r  cou ld  use t o  r e f i l l  t h e  RWST w i t h i n  t he  t ime  c o n s t r a i n t s  o f  t he  

acc iden t .  



STATE: S-10 

, 
A smal l  break i n  the  pr imary coo lan t  system has occurred. The p l a n t  

has been shutdown and sa fe ty  i n j e c t i o n  success fu l l y  rep len ished  RCS inven to ry .  

However, t he  t r a n s i t i o n  t o  r e c i r c u l a t i o n  ope ra t i on  was unsuccessful , r e s u l t i n g  

i n  a  l o s s  o f  makeup ( o r  a  l oss  o f  heat  removal through the  RHR heat exchangers). 

A t  t h i s  s t a t e ,  i t  i s  assumed t h a t  t h e  opera to r  recognized the  f a i l u r e  of HPRS 

and was successfu l  i n  i n i t i a t i n g  o r  r e s t o r i n g  r e c i r c u l a t i o n  c o o l i n g  be fo re  co re  

damage occurred. 

REQUIRED OPERATOR RESPONSE: 

The opera to r  ac t ions  a f t e r  r e c i r c u l a t i o n  has been res to red  a re  s imi  1  a r  

t o  those a t  S ta te  S-6. The system should b,e depressur ized and the  temperature 

reduced. When t h e  pressure drops be1 ow 400 p s i  , r e c i r c u l a t i o n  should be 

es tab l i shed  us ing  on ly  the  RHR pumps. The opera to r  would i s o l a t e  these low head 

pumps f rom t h e  h i gh  head pump suc t i on  headers and i n j e c t  d i r e c t l y  f rom the  RHR 

pumps i n t o  the  pr imary system. 

'KEY SYMPTOMS: 

Res to ra t i on  o f  r e c i r c u l a t i o n  f l o w  and/or c o o l i n g  has s t a b i l i z e d  r e a c t o r  

pressure, temperature, and inven to ry .  The va lues o f  these parameters w i l l  depend 

on t h e .  f a i l u r e  mode o f  the HPRS, t he  d u r a t i o n  o f  t h e  f a i l u r e ,  and t he  opera to r  

ac t i ons  t o  r e s t o r e  t h e  system. They may be g r e a t e r  o r  l e s s  than those of S t a t e  

S-6. However, t he  general behav ior  as descr ibed i n  t h a t  s t a t e  appl les tu ths's 
. c o n d i t i o n  as we1 1  . 

ADDITIONAL COMMENTS: 
. . 

One of t he  p o t e n t i a l  opera to r  a c t i o n s  i n  r e s t o r i n g  r e c i r c u l a t i o n  i s  

t o  depressur ize t h e  system and e s t a b l i s h  r e c i r c u l a t i o n  w i t h  t h e  low head purr~ps. 

Th is  a c t i o n  m igh t  be taken i f  some f a u l t  prec luded use o f  , the h i gh  head pumps. 

(See d iscuss ion  o f  opera to r  ac t i ons  f o r  S t a t e  S-9). If t h i s  a c t i o n  i s  taken, 

then S ta te  S-10 i s  e f f e c t i v e l y  bypassed and t h e  p l a n t  i s  a t  S ta te  S-11. 



STATE: S-11 

Th i s  s t a t e  i s  almost i d e n t i c a l  t o  S ta te  S-7. The p l a n t  has been 

depressur ized and t h e  coo lan t  temperature i s  approaching t h a t  o f  a  c o l d  shutdown 

c o n d i t i o n  (%400°F). The RHR pumps a re  c i r c u l a t i n g  sump water through t he  RHR 

heat  exchangers and i n t o  t h e  p r imary  system. The t r a n s i e n t  has been terminated 

a1 thuugh coo lan t  cont inues t o  leak  out  t h e  break. The on l y  d i f f e rence  i n  the 

sequence o f  events l ead ing  t o  t h i s  s t a t e  and S t a t e  S-7 i s  t h a t  the  operator  had 

t o  t ake  a c t i o n  t o  r e p a i r  o r  r e s t o r e  r e c i r c u l a t i o n  coo l i ng  a f t e r  i t  f a i l e d  p r i o r  

t o  S t a t e  S-11. Th is  d i f f e r e n c e  has no e f f e c t  on t he  key symptoms once adeql lat .~ 

long- term c o o l i n g  i s  es tab l i shed  and t h e  system pressure and temperature are a t  

c o l d  shutdown cond i t i ons .  I t  would o n l y  impact opera to r  a c t i o n  if the  f a u l t  

t h a t  produced S ta te  S-9, cou ld  somehow a f f e c t  h i s  u t i l i z a t i o n  of the  RHR f o r  

cont inued heat  removal. For example, a  component f a i l u r e  may have d isab led one 

t r a i n  o f  t he  RHRS. I n  t h i s  case, t he  opera to r  would n o t  have a backup t r a i n  
avaSlable u n t i l  r e p a i r s  cou ld  be made. 

REQUIRED'OPERATOR RESPONSE: 

See S ta te  S-7. 

'KEY SYMPTOMS: 

See S ta te  S-7. 



STATE: S-12 

This  s t a t e  i s  e s s e n t i a l l y  the  same as S ta te  S-8. The key symptoms 

and operator  ac t ions  presented i n  the  documentation f o r  S ta te  S-8 a re  app l i cab le  

t o  t h i s  p l a n t  c o n d i t i o n  as we l l .  It i s  wor th  n o t i n g  t h a t  S ta te  S-9 i n  which 

HPRS f a i l e d  i s  a  precursor t o  t h i s  s ta te .  Hence, f a i l u r e s  which resu l t ed  i n  

t h i s  i n i t i a l  f a i l u r e  o f  HPRS may reoccur o r  somehow impact the  events which 

produce the  subsequent i n a b i l i t y  t o  e s t a b l i s h  o r  ma in ta in  long-term coo l ing  

which i s  represented by S ta te  S-12. 

STATE: S-13 

This  s t a t e  o f  t he  OAET represents  a  con t i nua t i on  o f  S ta te  S-9. A 

small LOCA has occurred and the automatic ESF systems responded as designed t o  

accommodate the accident.  This inc ludes successful  opera t ion  o f  the HPIS. The 

operator  was unable t o  i s o l a t e  t he  break, b u t  t he  system i s  i n  a  r e l a t i v e l y  

s tab le  c o n d i t i o n  w i t h  the i n j e c t i o n  f l ow  r e s t o r i n g  the coo lan t  l o s t  through t he  

break. Before t he  RWST inven to ry  becomes depleted, the  operator  at tempts t o  

e s t a b l i s h  r e c i r c u l a t i o n  cool ing.  S ta te  S-9 assumes t h a t  r e c i r c u l a t i o n  was n o t  

es tab l i shed  o r  t h a t  t h i s  mode o f  opera t ion  f a i l e d  a f t e r  having been opera t ing  

f o r  some t ime. Th is  s t a t e  assumes t h a t  t h e  opera to r  was unsuccessful i n  

r e p a i r i n g  the f a u l t s  t h a t  d isab led  r e c i r c u l a t i o n  cool  i n g  , o r  i n  p rov id ing  an 

a l t e r n a t e  means o f  r e s t o r i n g  coo lan t  t o  t he  pr imary system. Hence, t he re  i s  a  

continuous l o s s  o f  pr imary system i nven to ry  which r e s u l t s  i n  core uncovery and 

.eventual f u e l  damage. 

REQUIRED 0PERATOR.RESPONSE: 

The operator  should cont inue at tempts t o  r e s t o r e  coo l i ng  , even though 

core damage i s  occurr ing.  I f  successful , t h i s  w i l l  minimize rad ionuc l ide  

release. The operator  should a l so  v e r i f y  containment i s o l a t i o n  and ensure oper- 

a t i o n  o f  containment spray t o  m i t i g a t e  t h e  consequences o f  fue l  damage. The 

admini s t r a t i v e ,  emergency and evacuat ion procedures should be imp1 emented as 

appropr ia te  f o r  a  core  damage event. 



KEY SYMPTOMS: 

The t r e n d s  desc r ibed  i n  S t a t e  S-9 c o n t i n u e .  Reactor  vesse l  wa te r  

l e v e l  i s  decreas ing.  Fuel  temperatures  i n c r e a s e  a f t e r  c o r e  uncovery.  Fuel 

f a i l u r e s  and m e l t i n g  r e l e a s e  l a r g e  q u a n t i t i e s  o f  f i s s i o n  products .  These a r e  

t r a n s p o r t e d  th rough  t h e  break,  t hus  e l e v a t i n g  conta inment  r a d i a t i o n  l e v e l s  f a r  

beyond those  a s s o c i a t e d  w i t h  t h e . l o s s  o f  c o o l a n t .  Containment temperature  and 

p r e s s u r e  a r e  r e l a t i v e l y  s t a b l e  as l o n g  as t h e  conta inment  s p r a y s . a r e  o p e r a t i n g .  



STATE: S-14 

Th is  s t a t e  represents t he  p l a n t  c o n d i t i o n  f o l l o w i n g  a  smal l  break LOCA 

w i t h  a  f a i l u r e  of HPIS. The o ther  automat ic p l a n t  responses a r e  assumed t o  be 

successfu l .  Hence, t h e  r eac to r  has t r i pped ,  aux i  1  i a r y  feedwater has been 

i n i t i a t e d ,  t h e  containment has been i s o l a t e d  and t h e  containment f a n  coo le rs  a r e  

opera t ing .  However, t h e  h igh  head s a f e t y  i n j e c t i o n  pumps and t h e  charg ing pumps 

f a i l  t o  p rov i de  s u f f i c i e n t  f l o w  t o  ma in ta in  p r imary  system. inven to ry .  

REQUIRED OPERATOR RESPONSE: 

The opera to r  must immediately diagnose t h e  occurrence o f  a small LOCA 

and v e r i f y  t h a t  t h e  appropr ia te  automat ic responses have occurred. As p a r t  o f  

t h i s  v e r i f i c a t i o n ,  t h e  opera to r  must recognize t h a t  HPIS has f a i l e d .  The key 

symptoms which t he  opera to r  can use t o  determine t h a t  a  smal l  break has occurred 

and HPI f l o w  i s  inadequate a re  discussed i n  t he  f o l l o w i n g  sec t ion .  The impor tan t  

immediate ac t i ons  a r e  summarized below: 

V e r i f y  t h a t  an automat ic r e a c t o r  t r i p  has occurred. 
If no t ,  manually scram t h e  reac to r .  

V e r i f y t h a t t h e a u x i l i a r y f e e d w a t e r s y s t e m h a s a c t u a t e d  
and t h a t  t he  water  l e v e l  i n  t h e  steam generators i s  
be ing  res to red  o r  maintained a t  t h e  proper  l e v e l .  
Manual ly i n i t i a t e  and c o n t r o l  a u x i l i a r y  feedwater i f  
necessary. 

V e r i f y  containment i s o l a t i o n ,  a c t u a t i o n  o f  t h e  f a n  
cnn le rs ,  and t he  containment spray systems when 
(and i f )  t h e  containment environment reaches t he  
se tpo i  n t s  f o r  these systems. Manually per form 
these f unc t i ons  i f  necessary. 

V e r i f y  t h a t  t h e r e  i s  e l e c t r i c a l  power supply  t o  the  
emergency AC bus. 

e V e r i f y  t h a t  t he  r eac to r  coo lan t  pumps have t r i p p e d  
au toma t i ca l l y .  Manually t r i p  t h e  pumps i f  necessary. 

e V e r i f y  ac tua t i on  of t he  HPIS and rea l ignment  o f  the  
charg ing  pumps f o r  sa fe t y  i n j e c t i o n  when t h e  reac to r  
pressure drops t o  t he  safety  i n j e c t i o n  s e t t i n g .  Ensure 
t h a t  t h e  l e t  down l i n e  i n  t h e  CVCS i s  i s o l a t e d .  If 
necessary manual ly i n i t i a t e  s a f e t y  i n j e c t i o n .  



Th i s  p l a n t  s t a t e  assumes t h a t  the  operator  i s  unable t o  actuate HPIS from the 

c o n t r o l  room. Because core uncovery w i l l  occur i n  a  r e l a t i v e l y  shor t  t ime the 

opera to r  may n o t  have t ime t o  perform any r e p a i r s  l o c a l l y  on components o f  the 

HPIS. Only if the f a u l t  i s  r e a d i l y  i d e n t i f i e d ,  should the  operator  at tempt t o  

r e s t o r e  HPI by per forming l o c a l  r e p a i r s  o r  changing the  p o s i t i o n s  o f  manual valves.  

Dur ing the i n i t i a l  d iagnos is  of the event, the  operator  may d iscover  t ha t  

the  break can be i s o l a t e d .  Al though there  a re  on ly  a  l i m i t e d  number o f  l o ca t i ons  

where a break could  be i s o l a t e d ,  t h i s  a c t i o n  has been inc luded  i n  the OAET because 

o f  i t s  importance i n  responding t o  the event. I s o l a t i o n  e f f e c t i v e l y  terminates 

the  event  q u i c k l y ,  and i n  t h i s  case, avoids The need t o  take urrrdrr~ll i d r a  bdukup 

measures t o  accommodate the  l o s s  of H P I S  and prevent  core damage. Examples o f  

breaks t h a t  can be i s o l a t e d  i nc l ude  a stuck-open PORV and a r up tu re  i n  the letdown 

l i n e  o f  t h e  CVCS. Furthermore, t he  Zion design has loop  i s o l a t i o n  valves which 

cou ld  be used t o  i s o l a t e  some RCS p i p i n g  breaks if the operator  i s  ab le  t o  l o c a t e  

t he  rup tu re .  I f  the  opera to r  does no t  i s o l a t e  the  break, ac t i ons  t o  respond t o  

t he  l o s s  o f  i n j e c t i o n  f l o w  a re  discussed i n  the  d e s c r i p t i o n  o f  Sta te  S-18. 

KEY SYMPTOMS : 

The symptoms which t h e  opera to r  can use t o  v e r i f y  t h a t  a  smal l  LOCA 

has occur red  have been discussed i n  d e t a i l  i n  S ta te  S-1. However, i n  S ta te  

S-1, t h e  HPIS i s  assumed t o  operate  and rep len i sh  t he  i nven to r y  which has been 

l o s t  o u t  t h e  break. I n  t h i s  s t a te ,  t h e  HPIS i s  assumed t o  f a i l  o r  supply 

i n s u f f i c i e n t  coo lan t  f l o w  t o  prevent  co re  damage. As w i l l  be ev ident  f rom t h e  

f o l l o w i n g  d iscuss ion,  severa l  key parameters e x h i b i t  s i m i l a r  behavior bo th  w i t h  

and w i t h o u t  HPI f low.  Hence, t he re  i s  t h e  p o t e n t i a l  f o r  e r r o r  i n  diagnosing 

whether o r  n o t  t h e r e  i s  adequate makeup t o  t h e  core. Th is  sec t i on  descr ibes t h e  

symptoms assoc ia ted  w i t h  a  smal l  break w i t h  a  f a i l u r e  o f  HPIS and addresses 

how t h i s  s t a t e  can be  d i s t i ngu i shed  f rom S ta te  S-1. 

The i n i t i a l  p l a n t  response t o  a smal l  break i s  i d e n t i c a l  t o  t h a t  

desc r ibed  i n  S ta te  S-1. The pr imary pressure decreases as f l u i d  i s  l o s t  

th rough  t h e  break. A t  t h e  same t ime, containment pressure, temperature, humid i t y  , 
and r a d i a t i o n  l e v e l s  increase. The water l e v e l  i n  t h e  sump w i l l  begin t o  r i s e .  



The r a t e  a t  which these parameters va ry  depends on the  break s i ze  and l oca t i on .  

I n  t h i s  s t a t e  i t  i s  assumed t h a t  bo th  t h e  charg ing pumps and t he  sa fe ty  i n j e c t i o n  

pumps f a i l  t o  operate, once the pressure drops below the  sa fe ty  i n j e c t i o n  s igna l  

s e t  p o i n t  (1830 ps i a ) .  Beyond t h i s  p o i n t  t he  pr imary system pressure t r a n s i e n t  

i s  s t r o n g l y  dependent on the break s ize.  F igure 3.9 i l l u s t r a t e s  t he  pressure 

response f o r  a  2" diameter co l d  l e g  break. I n  t h i s  case, the  break s i z e  i s  no t  

l a r g e  enough t o  remove a l l  o f  the  decay heat.  Some heat removal i s  performed 

by t he  steam generators e a r l y  i n  the  t r a n s i e n t .  Under t he  cond i t i ons  present 

a t  t h i s  s t a te ,  a  p ressu r i za t i on  o f  t he  secondaries t o  t he  r e l i e f  va lve  s e t  p o i n t  

occurs and r e a c t o r  pressure s t a b i l i z e s .  Th is  i n i t i a l  s t a b i l i z a t i o n  i s  very  

s i m i l a r  t o  t h e  behav ior  when HPIS i s  assumed t o  operate. Th is  can be seen by 

comparing F igure  3.2 (1.5 i n c h  c o l d  l e g  break w i t h  HPIS successful ; primary 

pressure i n i t i a l l y  s t a b i l i z i n g  a t  Q 890 p s i )  t o  F igure 3.9 ( 2  inch  co ld  l e g  

break w i t h  HPIS f a i l u r e ;  pr imary pressure i n i t i a l l y  s t a b l i z i n g  a t  1100 p s i )  .* 
However, f o r  these p a r t i c u l a r  examples, t h e  steam generator pressure responses 

e x h i b i t  a  d i f f e r e n t  behavior.  When HPIS f a i l s ,  t h e  secondaries repressur ize,  

as t he  steam generators a re  removing some decay heat. I f  sa fe t y  i n j e c t i o n  i s  

successful , then  t h e  a d d i t i o n  o f  c o l d  water dominates, and the  steam generator 

pressure s l ow l y  d,ecays. It i s  uncer ta in  i f  t h i s  d i f f e r e n c e  i s  adequate t o  

d i s t i n g u i s h  between HPIS success and f a i l u r e  f o r  a l l  smal l  breaks. For example, 

t h i s  d i f f e r e n c e  may n o t  occur f o r  breaks a t  t h e  upper end o f  the  small break 

spectrum. Beyond some po in t ,  t h e  break s i z e  may be s u f f i c i e n t  t o  remove the  core  

decay heat.  Thus t he  steam generators may n o t  repressur ize,  even though HPI 

has f a i  1 ed. Hence, a d d i t i o n a l  i n f o rma t i  on i s  r equ i r ed  t o  f u l l y  understand the  

secondary system responses f o r  small breaks w i t h  f a i  1  u r e  o f  HPIS. 

Pr imary system inven to ry  i s  t he  fundamental parameter which should be 

used t o  determine whether o r  n o t  HPIS i s  successfu l .  Adequate makeup would bes t  

be i n d i c a t e d  by r e a c t o r  vessel water l e v e l .  As l ong  as t h e  core remains submerged, 

then t he re  i s  assurance o f  adequate inven to ry .  However, analyses have shown t h a t  

vessel  l e v e l  may f l u c t u a t e  subs tan t ia l  ly, even w i t h  HPIS operat ion,  depending on 

* Th is  comparison shows t h a t  f o r  a  g iven s i z e  break, t he  pr imary system depres- 
su r i zes  t o  a lower  l e v e l  if HPIS operates. However, t h i s  in fo rmat ion  i s  n o t  
o f  use t o  t h e  opera to r  i n  determin ing whether o r  no t  HPIS i s  e f f e c t i v e .  



break s i z e  and l oca t i on .  I n  t he  e a r l y  p a r t  o f  the acc ident ,  i t  may n o t  be poss ib le  

t o  determine i f  H P I S  i s  successful  s imply by mon i to r ing  vessel water l e v e l .  Hence 

w i t h o u t  an e f f e c t i v e  measure of pr imary system inven to ry ,  the  operator  must r e l y  

on mon i t o r i ng  the  performance o f  t he  sa fe t y  i n j e c t i o n  system. The most d i r e c t  

parameter which w i l l  i n d i c a t e  t h e  success o r  f a i l u r e  o f  HPIS i s  t he  f l o w  i n  the  

i n j e c t i o n  l i n e s  l ead ing  t o  t h e  c o l d  legs. Based on t he  bes t  a v a i l a b l e  small 

LOCA analyses, i t  appears t h a t  t h i s  in fo rmat ion  i s  r equ i red  by t h e  opera to r  t o  

unambiguously d i s t i n g u i s h  between a  s t a t e  where sa fe t y  i n j e c t i o n  f l o w  i s  

adequate (S-1) and a  s t a t e  where i t  i s  no t  (S-14). 

The response o f  t h e  containment parameters i s  no t  a i q n i f i c a n t l  v af fected 

by t h e  f a i l u r e  o f  t h e  H P I S .  Hence, t he  behavior descr ibed f o r  t he  S ta te  S - 1  i s  

a p p l i c a b l e  t o  t h i s  s t a t e  as w e l l .  

UNCERTAINTIES AND SENSITIVITIES: 

The l ack  o f  documented ana lys is  f o r  t h i s  pos tu la ted  c o n d i t i o n  - i .e . ,  

smal l  break fo l lowed by a f a i l u r e  o f  a l l  i n j e c t i o n  f l o w  - r e s t r i c t s  t he  a b i l i t y  

t o  d e f i n e  adequate acc iden t  s ignatures.  Analyses c u r r e n t l y  e x i s t  f o r  on l y  t he  

f i r s t  10 minutes f o r  a  1 i n .  and a  2 in .  c o l d  l e g  break. I n  t h e  sma l le r  break, 

t h e  r e a c t o r  pressure has no t  even begun t o  s t a b i l i z e  a t  10 minutes. 

Another area t h a t  i s  uncer ta in  i s  t h e  response o f  t h e  secondary s i de  

pressure f o r  breaks l a r g e r  than 2". It needs t o  be determined i f  secondary 

r e p r e s s u r i z a t i o n  w i l l  occur f o r  a l l  small breaks w i t h  i n s u f f i c i e n t  i n j e c t i o n  f low.  



STATES: 5-15 THROUGH S-17 

These th ree  s ta tes  a re  analogous t o  States S-2 through S-4. They repre -  

sen t  t h e  p l a n t  s ta tes  a f t e r  the  opera to r  has success fu l l y  i s o l a t e d  t he  break and 

thus t h e  pr imary inven to ry  loss  has been stopped. The opera to r  ac t ions  requ i red  

t o  b r i n g  t h e  p l a n t  t o  a  safe  co l d  shutdown c o n d i t i o n  a r e  descr ibed i n  these sec- 

t i o n s .  The on l y  d i f f e r e n c e  between S ta te  S-15 and S-2 i s  t h a t  t h e  pr imary inven- 

t o r y  i n  t h e  former s t a t e  may be l ess  when t h e  break i s  i s o l a t e d .  Th is  i s  because 

o f  HPI f a i l u r e  p r i o r  t o  S ta te  S-15. Hence, t h e r e  may be a  need t o  p rov ide  more 

makeup t o  r e s t o r e  t he  pr imary coo lan t  mass t o  i t s  normal l e v e l .  Furthermore, 

t h e  f a u l t  which d isab led  HPIS may a l s o  a f f e c t  t h e  a b i l i t y  t o  use t he  charging 

pumps f o r  makeup. However, w i t h  t h e  system i s o l a t e d ,  t h e  opera to r  has t ime t o  

r e p a i r  t h i s  cond i t i on .  Furthermore, t h e  Z ion p l a n t  has a  t h i r d  p o s i t i v e  d i s -  

placement c.harging pump which i s  n o t  used i n  t h e  S I  mode. Th is  pump should be 

a v a i l a b l e  t o  r e s t o r e  water l e v e l  a f t e r  break i s o l a t i o n .  

These d i f f e rences  do no t  a f f e c t  t he  p a r t i c u l a r  opera to r  ac t ions  o r  

s i g n i f i c a n t l y  a l t e r  t h e  p l a n t  symptoms which t he  opera to r  u t i l i z e s  t o  diagnose 

t h e  p l a n t  s t a t e  and take  the  necessary ac t ions .  Hence, t h e  d iscuss ions f o r  

States S-2 through S-4 a re  v a l i d  f o r  States S-15 through S-17. 



STATE: S-18 

A t  t h i s  s t a t e ,  a  smal l  break has occurred and HPIS has f a i l e d  t o  pro- 

v i d e  c o o l a n t  t o  t h e  core. The opera to r  has been unable t o  i s o l a t e  t he  break; 

hence, t h e  pr imary coo lan t  i nven to r y  i s  be ing depleted. 

REQUIRED OPERATOR RESPONSE: 

A f t e r  the  opera to r  recognizes t h a t  HPIS has f a i l e d ,  he must q u i c k l y *  

f i n d  a  way t o  p rov ide  coo lan t  t o  t . h ~  core  t o  prevent  co re  damage. Thc on l y  

systems which could  perform t h i s  f u n c t i o n  a r e  t he  accumulators and t h e  low 

p ressure  i n j e c t i o n  system (LPIS). However t o  u t i l i z e  e i t h e r  system the  reac to r  

p ressure  must be reduced. The accumulators i n j e c t .  water when t he  pressure drops 

below 600 p s i  and t h e  LPIS requ i res  t h a t  pressure be reduced below 200 p s i  t o  

de l  i v e r  adequate f l ow.  

The opera to r  can reduce pressure by opening t he  atmospheric dump va lves 

(ADV's) assoc ia ted  w i t h  each steam generator  secondary. Th is  w i l l  d r ama t i ca l l y  

inc rease  t h e  heat removal r a t e  f rom t h e  pr imary,  thereby lower ing  t he  reac to r  

pressure.  A u x i l i a r y  feedwater must be mainta ined t o  t he  steam generators du r i ng  

th ' is  a c t i o n  t o  f a c i l i t a t e  heat removal. The operator  should ensure t h a t  the  LPIS 

i s  p r o p e r l y  a l igned  and t h a t  the  pumps a re  operat ing,  so t h a t  coo lan t  w i l l  be r e a d i l y  

a v a i l a b l e  once t h e  pressure i s  red~rced. After  the  pressure has been reduced, 

adequate makeup t o  t h e  core should be v e r i f i e d .  

KEY SYMPTOMS : 

Th i s  s t a t e  i s  a  con t i nua t i on  o f  S t a t e  S-14. Thus, t he  symptoms 

descr ibed f o r  t h i s  s t a t e  a re  app l i cab le  t o  S t a t e  S-18. 

* The t ime a v a i l a b l e  t o  perform t h e  ac t i ons  descr ibed i n  t h i s  sec t i on  o r  t he  
backup a c t i o n  descr ibed i n  S ta te  S-22 depends on the break s ize .  For a  2 i n c h  
break, t h e  co re  w i l l  beg in  t o  uncover i n  30 minutes. However, f o r  a  1 i n c h  break 
t h e  opera to r  has 2 hours be fo re  t h e  f u e l  becomes exposed. 



ADDITIONAL COMMENTS: 

I t  i s  important that the operator open the ADVs on a l l  steam generators. 

Otherwise the primary system may not depressurize sufficiently t o  i n i t i a t e  LPIS. 

Steam generators with closed ADVs act as heat sources to the primary and thus 

counteract the reactor pressure loss. Even i f  LPIS i s  successfully actuated, 

there may be problems in maintaining coolant flow, as the system could repres- 
surize above the L P I  pump shutoff head. Hence i t  i s  necessary to depressurize 

through a l l  four steam generators to  ensure adequate system pressure reduction 

for continuous LPIS operation. 



STATE: S-19 

This  s t a t e  represen ts  t he  p l a n t  c o n d i t i o n  d u r i n g  a  smal l  break LOCA 

fo l lowed by a  f a i l u r e  o f  HPIS. The opera to r  has recognized t he  f a i l u r e  o f  h i gh  

p ressu re  i n j e c t i o n .  To supply  makeup t o  t he  core,  he has success fu l l y  depres- 

s u r i z e d  t he  r e a c t o r  by  opening t h e  ADVs and actuated t h e  LPIS. LPIS opera t ion  

has r e s t o r e d  vessel water  1  eve1 and prevented s i g n i f i c a n t  f u e l  damage. 

REQUIRED OPERATOR RESPONSE: 

The ope ra to r  should moni to r  LPIS ope ra t i on  t o  ensure a  con t i nua t i on  

o f  e f f e c t i v e  heat removal. The water l e v e l  i n  t h e  RWST w i l l  decrease as t he  

low pressure pumps draw on t h i s  source. Even tua l l y  t h e  opera to r  must sw i tch  

t o  t h e  r e c i r c u l a t i o n  mode t o  ensure cont inued f l o w  o f  coo lan t  t o  t h e  core. The 

o p e r a t o r  must r e a l i g n  t h e  LPIS t o  take  suc t i on  f rom t h e  containment sump and 

d e l i v e r  wa te r  through t h e  RHR heat  exchangers and i n t o  t h e  c o l d  legs .  The 

o p e r a t o r  must ensure t h a t  t h e  component c o o l i n g  water system i s  ope ra t i ng  t o  

remove heat  through t h e  RHR heat exchanger. 

KEY SYMPTOMS: 

The opening o f  t h e  atmospheric dump valves causes a r a p i d  depressur iza-  

t i o n  i n  t h e  steam generators  and the pr imary system. Th is  i s  i l l u s t r a t e d  i n  

F i gu re  3.10 f o r  a  1 i n c h  c o l d  l e g  break. The opera to r  i s  assumed t o  have opened 

a l l  ADVs 10 minutes a f t e r  t h e  break occurs i n  t h i s  ana lys is .  When t h e  pressure 

drops t o  600 p s i  (345 seconds a f t e r  t he  ADVs have opened i n  F igur2  3.10) t he  

accumulators begin  t o  i n j e c t  water  i n t o  t he  core.  The accumulator l e v e l s  

decrease s tead i  l y  u n t i  1  t h e i  r i nven to r y  i s deple ted.  ' The primar,y and sec0ndar.y 

c o o l a n t  temperatures f o l l o w  t he  pressure t r a n s i e n t  as i l l u s t r a t e d  i n  F igure  3.11. 



Opening the ADV's will resul t  in f lashing of the secondary coolant in 

the steam generators. This will 1 ikely lead t o  swelling of the water level ( a s  

indicated by the level instrumentation) as the two phase mixture r i s e s  within the 

steam generator. Although water level may appear to increase, the actual inventory 

i s  being depleted by dumping of the steam. After the secondary side has blown 

down, auxil iary feedwater operation will restore inventory and steam generator 

water level will r i s e .  

Containment temperature and pressure are  being controlled by the fan 

coolers and/or the containment spray system. The water level in the sump i s  

gradual ly increasing. 

Until the LPIS actuates, the RWST level remains unchanged unless con- 

tainment spray i s  operating. LPIS operation causes the RWST level t o  drop (o r  

decrease a t  a f a s t e r  r a t e  i f  containment spray i s  running). 



STATE: S-20 

A t  t h i s  s t a t e ,  long- term coo l i ng  has been success fu l l y  estab l ished.  

Water i s  be ing  r e c i r c u l a t e d  from t h e  containment sump back i n t o  t h e  pr imary 

system. The RHR heat exchangers a re  removing t he  core decay heat. A t  t h i s  

s t a t e  t h e  r equ i r ed  opera to r  response and key symptoms a re  i d e n t i c a l  t o  S ta te  

S-7, a l t hough  t h e  sequence o f  events which produced S ta te  S-20 a re  d i f f e r e n t .  

These events a r e  l i s t e d  below: 

small break LOCA which i s  n o t  i s o l a t e d  

HPIS f a i l s  

opera to r  depressur izes through AUVs and p rov ide  
makeup w i t h  LPIS 

r e c i r c u l a t i o n  i s  success fu l l y  estab l ished.  

REOUIRED OPERATOR RESPONSE: 

See S ta te  S-7. 

KFY SYMPTOMS: 

See S t a t e  5-7. 



STATE: S-21 

The sequence o f  events l ead ing  t o  t h i s  s t a t e  i s  i n i t i a t e d  by a .sma l l  

break i n  t he  r e a c t o r  coo lant  system. However, the HPIS f a i l s  t o  i n j e c t  water t o  

compensate f o r  t h e  f l u i d  l o s t  ou t  t h e  break. Hence, t he  opera to r  has depres- 

su r i zed  t h e  r e a c t o r  us ing t he  ADV1s and successfu l ly  provided coo lan t  w.ith t he  

LPIS. A t  t h i s  s t a t e  i t  i s  assumed t h a t  t he  t r a n s i t i o n  t o  r e c i r c u l a t i o n  was 

~ n s ~ ~ ~ e s s f ~ l  o r  t h a t  r e c i  r c i l a t i o n  f a i  1  ed a f t e r  having operated f o r  some per iod.  

REQUIRED OPERATOR RESPONSE: 

The opera to r  must at tempt t o  r e p a i r  t he  f a i l u r e s  which caused t h e  

u n a v a i l a b i l i t y  o f  r e c i r c u l a t i o n  coo l ing .  The s p e c i f i c  ac t i ons  w i l l  depend upon 

t he  f a i l u r e s  t h a t  d isab led  the  LPRS. I f  t h e  opera to r  was unable t o  a l i g n  t he  

LPIS f o r  r e c i r c u l a t i o n ,  then t he re  i s  a  l i m i t e d  t ime  a v a i l a b l e  t o  perform 

repa i r s .  The opera to r  could at tempt t o  buy t ime by con t i nu i ng  t h e  i n j e c t i o n  

mode o f  operat ion.  Th is  would r e q u i r e  t h a t  t h e  opera to r  r e a l i g n  t h e  LPIS t o  

take  suc t i on  f rom t h e  RWST. The opera to r  must a l s o  take  immediate a c t i o n  t o  

supply a d d i t i o n a l  water t o  t h e  RWST. I f  t h e  RWST i s  n o t  complete ly  drained, 

t he  opera to r  should terminate a l l  demands on t h i s  source u n t i l  makeup t o  t h e  

tank i s  estab l ished.  I f  t he  opera to r  i s  successfu l  i n  r e s t o r i n g  i n j e c t i o n ,  and 

supply ing adequate water t o  t h e  RWST, co re  damage can a t  l e a s t  be temporar i l y  

a v n i r t ~ r l .  

There i s  a  l i m i t  as t o  how l ong  t h i s  mode o f  opera t ion  can be maintained. 

Even tua l l y  t h e  water  l e v e l  i n  containment w i l l  r i s e  and may submerge (and f a i l )  

c r i t i c a l  c i r c u i t s  o r  components, thus r e s u l t i n g  i n  a  l o s s  o f  i n j e c t i o n  f l ow.  

I n  add i t i on ,  r i s i n g  water l e v e l  may produce excessive loads on t he  containment 

s t r u c t u r e  l ead ing  t o  a  l oss  o f  containment i n t e g r i t y  and t h e  re lease  o f  r ad io -  

a c t i v i t y  t o  t h e  ou t s i de  environment. Thus, i n j e c t i o n  can n o t  be cont inued 

i n d e f i n i t e l y .  However, t h i s  a c t i o n  should buy subs tan t i a l  t ime  i n  which t o  

r e p a i r  t h e  f a i l u r e s  which d isab led o r  prevented r e c i r c u l a t i o n .  



Recirculation f a i l u r e  can also resu l t  from a f a i l u r e  to  adequately cool 

the sump water before returning i t  t o  the core. I f  the R H R  heat exchangers f a i l  to  
cool the sump water, the water temperature will begin to  increase and could reach 

sa tu ra t ion  conditions. Cavitation could f a i l  the R H R  pumps as they attempt t o  trans- 
por t  the two phase mixture. This fa i lu re  mode would occur a f t e r  the ECCS has been 

realigned f o r  recirculat ion and operated i n  t h i s  configuration fo r  some period. 
Fai lure  of the R H R  heat exchangers would be indicated by increases in the sump 

water temperature, the temperature i n  the heat exchanger discharge l ines ,  and the 

reactor  coolant temperature, in conjunction w i t h  ver i f ica t ion of adequate flow to  

the cold legs .  Once these trends are ident i f ied ,  the operator should attempt t o  

r e s t o r e  heat removal through a t  l eas t  one of the R H R  heat exchangers before RHR 

pump f a i l u r e  terminates recirculat ion flow. This will l ike ly  involve repair of 
some f a u l t  in the component cooling water system or one of i t s  supporting systems. 

If t h i s  can not be accomplished, the operator will have to  re-establish the steam 

generators as  the primary heat sink. This will require the use of AFW. Hence, the 

operator must ensure adequate inventory in the CST (see Sta te  S-4). 

KEY SYMPTOMS : 

Opening of the ADV's has reduced the primary and secondary pressures 

t o  l e s s  than 2UO psia. The primary and secondary coolant temperatures have 

decreased duri ng the bl owdown as we1 1. During the depressuri zat i  on, the accumu- 

l a t o r s  have d,ischarged t h e i r  inventory in to  the primary. Hence these tanks 

a r e  empty. Injection w i t h  the low head RHR pumps has restored vessel inventory 

and the  RWST i s  close to  empty. The containment conditions a re  as described in 

S-19. The sump water level should be suf f i c ien t  f o r  t r ans i t ion  t o  recirculat ion.  

'. Analyses have not been performed t o  address the case where recircula- 
t ion  f a i l s  subsequent t o  depressurization and successful LPIS injection.  Hence, 
the  immediate response i s  somewhat uncertain. The accident signature will 

depend somewhat on how recirculat ion f a i l s .  If flow i s  l o s t ,  the primary inventory 

would begin t o  decrease. This would be reflected by a decrease in pressurizer 

level  , followed l a t e r  by a draining of the reactor vessel. Other d i r ec t  indica- 

t ions  of a loss  of recirculat ion flow would be a gradual increase in sump water 

level and an absence of coolant flow in the RHR system. Sump water level would 

be expected t o  s t ab i l i z e  a f t e r  recirculat ion i s  established. Shortly a f t e r  the 

loss  of flow, reactor pressure and temperatuye*,would begi,n t o  r i s e  slowly. , .  , 



I f  a  l o s s  of heat removal occurs t h e  response would be d i f f e r e n t .  

The immediate syniptoms would be a  l ack  o f  sump wate r  temperature reduc t ion  across 

t h e  RHR heat exchangers. Some symptoms would be present  on t h e  secondary s i d e  

o f  these components, t h e  most 1  i k e l y  be ing  an absence of component coo l i ng  water  

f l ow .  Because t he  RHR pumps a re  s t i l l  opera t ing ,  t h e  pr imary system i nven to r y  

and sump water  l e v e l  would be s t a b i l i z e d .  However, t he  water  temperature o f  

t h e  r e c i  r c u l a t i o n  f l ow  would increase very  s low ly .  Th is  would g radua l l y  cause 

the  r e a c t o r  coo lan t  temperature t o  increase. The increased break f l o w  temperature 

would g radua l l y  a f f e c t  the  sump water  temperature. Even tua l l y  i f  heat removal 

i s  n o t  res to red ,  the  sump water cou ld  reach s a t u r a t i o n  and RHR pump c a v i t a t i o n  

cou ld  occur.  

UNCERTAINTIES AND SENSITIVITIES: 

There a re  several  u n c e r t a i n t i e s  w i t h  respec t  t o  t he  opera to r  ac t ions  

descr ibed by t h i s  s t a te .  These w i l l  be noted b r i e f l y  i n  t h i s  sec t ion .  

The c a p a b i l i t y  t o  p rov ide  makeup t o  t h e  RWST i s  unknown. The demin- 

e r a l i z e d  water  system probably has i n s u f f i c i e n t  capac i t y  t o  keep up w i t h  t he  

LPIS pump demands. It i s  unknown whether o r  n o t  t h e r e  a r e  o t h e r  systems which 

t h e  opera to r  cou ld  use t o  r e f i l l  t h e  RWST w i t h i n  t h e  t ime  c o n s t r a i n t s  o f  t h e  

acc iden t .  

As noted e a r l i e r ,  best -est imate c a l c u l a t i o n s  have n o t  been performed 

f o r  t h i s  f a i  1  u re  cond i t i on .  Hence, t h e  pr imary pressure and temperature response 

i s  uncer ta in .  One area which i s  h i g h l y  u n c e r t a i n  i s  t he  system response fo r  a  

l o s s  o f  t h e  RHR heat removal c a p a b i l i t y .  For  example, cou ld  s u f f i c i e n t  heat 

: be removed through t h e  steam generators  t o  s u b s t a n t i a l l y  de lay  o r  avo id  pump 

c a v i t a t i o n  as a  r e s u l t  o f  s a t u r a t i o n  cond i t i ons  i n  t h e  sump? 



STATE: S-22 

A t  t h i s  s t a t e ,  a  smal l  break LOCA has occurred,  b u t  the  HPIS has f a i l e d .  

The break has n o t  been i s o l a t e d  so the  p r imary  system i n v e n t o r y  cont inues t o  de-' 

crease.  The o n l y  o p t i o n  a v a i l a b l e  t o  p r e v e n t  co re  damage i s  t o  depressur ize  the 

system and a t tempt  t o  use the low pressure i n j e c t i o n  system. The opera to r  e i t h e r  

does n o t  o r  can n o t  depressur i ze  the  system by opening t h e  atmospheric dump valves.  

Hence, t h e  system p ressure  remains e leva ted  and i n v e n t o r y  cont inues t o  be discharged 

th rough  t h e  break.  

If a t  a l l  p o s s i b l e ,  t h e  opera to r  must a t tempt  t o  c o r r e c t  t h e  c o n d i t i o n  

t h a t  p rec ludes  dumping steam through t h e  ADV's. I n  o rde r  t o  buy t ime  t o  per form 

any necessary r e p a i r s ,  t h e  opera to r  can p r e v e n t  fue l  ove rhea t ing  by r e - e s t a b l i s h i n g  

f o r c e d  c o n v e c t i o n  i n  the  core.  T h i s  r e q u i r e s  s t a r t i n g  t h e  RCP's t o  increase the  

f l o w  o f  w a t e r  and steam through t h e  core.  T h i s  w i l l  p reven t  an increase i n  f u e l  

temperatures  which would f o l l o w  co re  uncovery i f  f o r c e d  c o o l a n t  f l o w  were n o t  

a v a i l a b l e .  

I f  t h i s  a c t i o n  i s  n o t  successfu l ,  t h e  opera to r  has one remain ing o p t i o n  

f o r  d e p r e s s u r i z i n g  t h e  p r imary  system. The PORV's l o c a t e d  on t h e  p r e s s u r i z e r  can 

be opened t o  d i r e c t l y  reduce p r imary  system pressure (as opposed t o  an acce le ra ted  

coo ldown through the  steam genera to rs ) .  T h i s  a c t i o n  e f f e c t i v e l y  increases t h e  

s i z e  o f  t h e  break.  Because t h e  d ischarge through t h e  PORV a l s o  increases t h e  

p r i m a r y  system c o o l a n t  d e p l e t i o n  r a t e ,  i t  i s  e s s e n t i a l  t h a t  t h e  opera to r  ensure 

t h a t  t h e  LPIS i s  ready f o r  o p e r a t i o n  when t h e  system drops below % 200 p s i .  

S ince t h e  co re  may become p a r t i a l l y  uncovered d u r i n g  t h e  blowdown, a n y . s i g n i f i c a n t  

d e l a y  i n  p r o v i d i n g  c o o l a n t  c o u l d  r e s u l t  i n  f u e l  damage. 

I f  t h e  opera to r  s u c c e s s f u l l y  depressur izes through t h e  PORVS, he must 

c l o s e l y  m o n i t o r  the system pressure and LPIS performance. I t  i s  p o s s i b l e  t h a t  the  

system c o u l d  r e p r e s s u r i z e  above t h e  LPIS pump s h u t o f f  head and thus  te rm ina te  

i n j e c t i o n  f l o w . *  I n  t h i s  case, t h e  o p e r a t o r  must con t inue  t o  ven t  steam through 

*The reason f o r  t h i s  i s  t h a t  p r imary  s i d e  v o i d i n g  i n  t h e  steam generators  w i t h  
t h e  c l o s e d  ADVs e f f e c t i v e l y  decouples these loops f rom the  core.  However, 
once t h e  accumulators and LPIS i n j e c t  c o o l a n t  i n t o  t h e  system, these secondary 
l o o p s  w i l l  recaouple and a c t  as hea t  -sources t o  t h e  p r imary  system. 



t h e  PORVs t o  a t tempt  t o  reduce r e a c t o r  p ressu re  and thus  r e s t o r e  i n j e c t i o n  f l o w .  

I f  p o s s i b l e ,  t h e  secondary s i d e  pressure  shou ld  be reduced (a1 though t h i s .  a c t i o n  

i s  assumed t o  be unsuccessful  a t  t h i s  s ta te ,  t h e  o p e r a t o r  now has bought some 

a d d i t i o n a l  t i n i e  which m igh t  be u t i l i z e d  f o r  r e p a i r s ) .  

KEY SYMPTOMS : 

T h i s  s t a t e  i s  a  c o n t i n u a t i o n  o f  t h e  p l a n t  c o n d i t i o n s  which e x i s t e d  a t  

S ta tes  S-14 and S-18. The d i s c u s s i o n  p r o v i d e d  f o r  S t a t e  S-14 i s  a p p l i c a b l e  t o  

t h i s  s t a t e  as w e l l .  

UNCERTAINTIES AND SENSITIVITIES:. 

The p r imary  r e p r e s s u r i z a t i o n  f o , l l o w i n g  LPIS i n j e c t i o n  which i s  d iscussed 

under "Required Operator  Response" has n o t  been analyze'd. Some s i m p l i f i e d  c a l -  

c u l a t i o n s  have been performed which i n d i c a t e  t h a t  once t h e  system rep ressu r i zes ,  

t h e  o p e r a t o r  may n o t  be a b l e  t o  reduce p ressu re  below t h e  LPIS pump shu to f f  head 

b e f o r e  c o r e  damage occurs  u s i n g  o n l y  t h e  PORVs. Never the less ,  t h i s  a c t i o n  i s  

t h e  o n l y  a v a i l a b l e  o p t i o n  and must a t  l e a s t  be at tempted.  Of course,  t h e  

d e s i r e d  a c t i o n  would be t o  reduce secondary s i d e  p ressu re  which would te rm ina te  

t h e  r e p r e s s u r i z a t i o n .  

As no ted  under "Required Operator  Resonse," t h e  opera torsnay be a b l e  

t o  buy t i m e  t o  make r e p a t r s  by r e s t a r t i n g  t h e  RCP's. There a r e  some u n c e r t a i n t i e s  

assoc ia ted  w i t h  t h i s  a c t i o n .  Some ques t ions  which need t o  be addressed i n c l u d e :  

How l o n g  can t h e  pumps opera te  i n  t h i s  mode? 
Opera t i on  o f  t h e  pumps w i l l  a c c e l e r a t e  t h e  
l o s s  of p r imary  coo lan t .  

How e f f e c t i v e  i s  t h i s  a c t i o n  i n  reduc ing  RCS pressure? 

Can t h e  RCP's con t inue  t o  opera te  when t h e  c o o l a n t  has 
a s l g n l f i c a n t  v o i d  f r a c t i o n ?  



:. :. 
; STATE: S-23 

A t  t h i s  s t a t e ,  a  smal l  break LOCA has occurred, b u t  HPIS has f a i l e d .  

The ope ra to r  was n o t  a b l e  t o  i s o l a t e  t h e  break, b u t  was successfu l  i n  lower ing  

t h e  p r imary  system pressure and p r o v i d i n g  coo lan t  t o  t h e  co re  w i t h  t he  LPIS. 

The dep ressu r i za t i on  was achieved by opening t h e  PORVs on t h e  p ressur i ze r .  The 

system pressure i s  reduced and LPIS has res to red  pr imary system inven to ry .  

REQUIRED OPERATOR RESPONSE: 

The opera to r  ac t i ons  f o r  t h i s  s t a t e  a re  s i m i l a r  t o  those f o r  S ta te  S-19. 

The ope ra to r  should mon i to r  LPIS opera t ion  t o  ensure a  con t i nua t i on  o f  e f f e c t i v e  

hea t  removal. As noted i n  S ta te  S-22, t h i s  may r e q u i r e  cont inued ven t ing  through 

t h e  PORVs o r  a d d i t i o n a l  a t tempts  t o  depressur ize t h e  steam generators.  The 

wa te r  l e v e l  i n  t he  RWST w i l l  decrease as t h e  low pressure pumps draw on t h i s  source. 

Even tua l l y  t h e  opera to r  must sw i t ch  t o  t h e  r e c i r c u l a t i o n  mode t o  ensure cont inued 

f l o w  o f  coo lan t  t o  t h e  core. The opera to r  must r e a l i g n  t h e  LPIS t o  t ake  suc t i on  

f r om  t h e  containment sump and d e l i v e r  water  through t h e  RHR heat  exchangers and 

i n t o  t h e  c o l d  legs.  The ope ra to r  must ensure t h a t  t h e  component c o o l i n g  water  

system i s  ope ra t i ng  t o  remove heat  through t h e  RHR heat exchanger. The o n l y  

d i f f e r e n c e  between t h i s  s t a t e  and S ta te  S-19 i s  t h a t  t h e  t ime  when t h e  operator  

must t r a n s f e r  t o  r e c i r c u l a t i o n  ope ra t i on  may occur  more q u i c k l y  because t he  

PORV opening has c rea ted  a  more r a p i d  l o s s  o f  pr imary system inven to ry .  

KEY SYMPTOMS : 

The opening of t he  pressur ize ' r  r e l i e f  va lves causes a  r a p i d  decrease 

i n  p r imary  system pressure.  However un l  i ke S ta te  S-19, t he  steam generator 

secondary s i de  pressure remains e levated,  and t he  water 1  eve1 r e l a t i v e l y  constant  

(un less  t he  operator  i s  ab le  t o  depressur i ze ) .  

I n i t i a l l y  the  f l u i d  re leased through the  PORV's en te r s  a  discharge tank. 

However, t h i s  volume w i l l  fill and p ressu r i ze  r e l a t i v e l y  q u i c k l y .  The rup tu re  

d i s k  w i l l  open re l eas ing  coo lan t  t o  the containment. Th is  water w i l l  c o l l e c t  

i n  t h e  sump a long w i t h  the  coo lan t  re leased o u t  the  break. 



Successful LPIS  operation will be indicated by increasing vessel water 

level ,*  decreasing RWST level ,  a n d  adequate flow in the injection l ines .  

The containment temperature a n d  pressure are  being maintained by the 

fan coolers and/or the containment spray. There may be a brief period of r i s ing 

pressure and temperature a f t e r  the rupture disk on the PORV discharge tank bursts .  

This transient  should be turned around by the containment ESFs. 

UNCERTAINTIES A N D  SENSITIVITIES: 

Repressurization of the primary system may occur a f t e r  the LPIS and 

accumulators begin t o  in ject  coolant (see discussion in State S-22). If t h i s  

occurs, the LPIS pumps may cease to provide flow. This condition has not been 

analyzed; hence i t  i s  not possible t o  estimate the duration of repressurization, 

or i t s  consequences. I t  i s  quite possible tha t  the operator will be unable t o  

keep the primary pressure below the LPIS shutoff head without depressurizing 

the secondaries. I n  any case, i t  appears that  some pressure osci l la t ions  could 

be expected because of the large amount of stored energy in the steam generators. 

If t h i s  condition persisted,  there may be complications in transferring t o  

recirculat ion operation. 

*Core uncovery i s  expected for  t h i s  s t a te .  



STATES: 5-24 AND S-25 

These s t a t e s  a r e  t h e  same as S ta tes  S-20 and S-21. 



STATE: S-26 

A t  th is  s ta te ,  a small LOCA has occurred, HPIS has fai led,  and  the 

operator has failed to provide any means of inventory replenishment. I t  i s  

assumed that the operator either could not, or did n o t  attempt to depressurize 

the reactor and use the LPIS. The core will uncover and fuel damage will occur. 

REQUIRED OPERATOR RESPONSE: 

The operator should verify that the containment i s  completely isolated 

and ensure the availability of the containment spray system to mitigate the 

consequences of fission product release fol 1 owing core damage. The admini s t r a t i  ve, 

emergency, and evacuation procedures should be implemented as appropriate for a 
core damage event. 

K E Y  SYMPTOMS : 

A t  th is  s ta te ,  the reactor and secondary pressures are above the 

accumulator set  point. The core i s  uncovered and fuel temperatures are increasing. 

Fuel failures and me1 ting release large quantities of fission products. This 

results in a sharp increase i n  containment act ivi ty .  Containment water level 

continues to r i se  as a result of the break flow and containment spray operation. 

Containment temperature and PrPsslirP are relative1 y stab1 e a s  long as contain- 

ment spray i s  operating. 
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Figure 3 . 7  Primary Hot Leg and Secondary Coolant 
T ~ r n p ~ r a t ~ ~ r e s  f o r  a 4.0 Inch  Cold Leg 
Break with Fa i l u r e  o f  HPRS 
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Figure 3 . 9  Primary and Secondary Pressure Response 

fo r  a 2 Inch Cold Leg Break w i t h  Failure 
of All ECCS Injection. 
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Figure 3.10 Primary and Secondary Pressure Response 
f o r  a 1 Inch Cold Leg Break with Failure 
O f  A1 l ECCS Injection;  Operator Opens 
All A D V ' s  a t  10 Minutes. 
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3.1.2. Steam Genera tor  Tube Rupture 

Several  i n c i d e n t s  have o c c u r r e d  i n  PWR's i n  wh ich  t h e  i n t e g r i t y  o f  t h e  

p r i m a r y  c o o l a n t  system has been b roken  th rough  r u p t u r e s  o r  l e a k s  i n  steam 

g e n e r a t o r  tubes.  l lnder most c i rcumstances t h e  l e a k s  a r e  smal l  and t h e  i n v e n t o r y  

makeup can be e a s i l y  handled by t h e  CVCS. However, f o r  l a r g e r  r u p t u r e s ,  opera-  

t i o n  of t h e  ECCS and o p e r a t o r  a c t i o n  a r e  r e q u i r e d  t o  p r e v e n t  c o r e  damage and 

m i n i m i z e  r a d i o n u c l i d e  r e l e a s e  t o  t h e  atmosphere. A  steam g e n e r a t o r  t u b e  r u p t u r e  

r e s u l t s  i n  some un ique c h a r a c t e r i s t i c s  wh ich  d i f f e r e n t i a t e  t h e  t r a n s i e n t  f r o m  

o t h e r  smal l  b reaks .  One v e r y  i m p o r t a n t  f e a t u r e  i s  t h e  t r a n s f e r  o f  mass f rom t h e  

r e a c t o r  c o o l a n t  system t o  t h e  steam genera to r .  T h i s  r e s u l t s  i n  a  p a t h  f o r  

r e l e a s e  of r a d i o a c t i v i t y  t o  t h e  env i ronment  and t h u s  p r e s e n t s  t h e  o p e r a t o r  w i t h  

an i m p o r t a n t  a d d i t i o n a l  concern a t  t h e  i n i t i a t i o n  o f  t h e  even t .  Fur thermore,  

expe r ience  has shown t h a t  t h e  p l a n t  response d u r i n g  a  steam g e n e r a t o r  t ube  

r u p t u r e  event  may g i v e  t h e  o p e r a t o r  ambiguous i n f o r m a t i o n  r e g a r d i n g  t h e  appro-  

p r i a t e  c o r r e c t i v e  a c t i o n s  t h a t  shou ld  be performed. 

T h i s  s e c t i o n  d iscusses t h e  system response and key o p e r a t o r  a c t i o n s  

f o r  steam genera to r  t ube  r u p t u r e s .  As cons ide red  i n  t h i s  s e c t i o n  a  r u p t u r e  i s  

de f i ned  t o  be a  break  such t h a t  t h e  t r a n s f e r  o f  mass f r o m  t h e  r e a c t o r  c o o l a n t  

system t o  t h e  steam g e n e r a t o r  secondary s i d e '  i s  g r e a t e r  t h a n  t h e  makeup capa- 

b i l i t y  of t h e  C V C S .  Because b e s t - e s t i m a t e  ana lyses  f o r  t h e s e  t ypes  o f  even ts  

. a r e  n o t  a v a i l a b l e ,  i t  i s  n o t  p o s s i b l e  t o  i l l u s t r a t e  t h e  response o f  key p l a n t  

parameters g r a p h i c a l l y  as was performed f o r  t h e  sma l l  LOCA ( S e c t i o n  3.1.1.).  

However, some i n f o r m a t i o n  i s  a v a i l a b l e  d e s c r i b i n g  i n c i d e n t s  a t  P r a i r i e  I s 1  and , 

U n i t  1, S u r r y  l l n i t  2 ,  P o i n t  Beach U n i t  1 [14] and Ginna [15], wh ich  has been 

f a c t o r e d  i n t o  t h e  development o f  t h e  OAET f o r  steam g e n e r a t o r  tube rup tu res .  

The OAET i s  g i v e n  i n  F i g u r e  3.13 and t h e  key p l a n t  s t a t e s  a r e  desc r i bed  t h e  

f o l l o w i n g  s e c t i o n s .  Because t h i s  OAET was based i n  p a r t  on expe r ience  w i t h  t ube  

r u p t u r e s ,  t h e  accompanying d e s c r i p t i o n  i s  somewhat more g e n e r i c  i n  n a t u r e  than  

t h e  p r e v i o u s  s e c t i o n  on smal l  breaks.  The f o r m a t  i s  t h e  same as u t i l i z e d  f o r  

the  sma l l  b reak  LOCA OAET i n  S e c t i o n  3.1.1, 



STATE: SGTR-1 

S t a t e  1 r e p r e s e n t s  t h e  p l a n t  s t a t u s  immedia te ly  a f t e r  t h e  occur rence 

of a  steam genera to r  t ube  r u p t u r e  (SGTR) and t h e  i n i t i a l  au tomat i c  p l a n t  r e -  

sponses. Fo r  t h i s  e v a l u a t i o n ,  a  SGTR i s  assumed t o  be a  break  i n  t h e  pr imary  

boundary o f  t h e  SG such t h a t  t h e  r e s u l t i n g  t r a n s f e r  o f  c o o l a n t  f r om t h e  pr imary  

t o  t h e  secondary system exceeds t h e  makeup c a p a b i l i t i e s  of t h e  C V C S .  The s i z e  

of t h e  b reak  and t h e  c h a r g i n g  pump response determine t h e  r a t e  o f  p r i m a r y  system 

d e p r e s s u r i z a t i o n ,  and t h e r e f o r e  how r a p i d l y  t h e  subsequent au tomat i c  responses 

occu r .  The i m p o r t a n t  au tomat i c  responses subsequent t o  a  SGTR a r e  s r e a c t o r  

t r i p  f o l l o w e d  q u i c k l y  by  a  s a f e t y  i n j e c t i o n  a c t u a t i o n  s i g n a l .  A s a f e t y  i n j e c t i o n  

s i g n a l  r e s u l t s  i n  a  conta inment  i s o l a t i o n  s i g n a l  and t h e  subsequent t r i p p i n g  o f  

t h e  main feedwater  pumps. The a u x i l i a r y  feedwater  system i s  a c t u a t e d  au tomat i -  

c a l l y  t o  m a i n t a i n  steam g e n e r a t o r  i n v e n t o r y .  The d i e s e l  gene ra to rs  a r e  a l s o  

a u t o m a t i c a l l y  s t a r t e d  as a  p r e c a u t i o n  a g a i n s t  a  l o s s  o f  o f f s i t e  e l e c t r i c a l  

power. Some o f  these key au tomat i c  responses a r e  no ted  i n  t h e  second even t  t r e e  

head ing  ( F i g u r e  3 .13) .  T h i s  s t a t e  o f  t h e  OAET assumes t h a t  each of these 

a u t o m a t i c  p l a n t  responses i s  success fu l .  Hence, a t  t h i s  s t a t e  t h e  r e a c t o r  power 

i s  reduced t o  decay h e a t  g e n e r a t i o n  and h e a t  removal i s  o c c u r r i n g  th rough  t h e  

steam g e n e r a t o r s .  The HPIS has i n i t i a t e d  o p e r a t i o n  t o  c o u n t e r a c t  t h e  l o s s  o f  

p r i m a r y  c o o l a n t  and t h e  r e a c t o r  d e p r e s s u r i z a t i o n .  

REQUIRED OPERATOR RESPONSE: 

The o p e r a t o r ' s  i n i t i a l  responses a r e  t o  v e r i f y  t h a t  t h e  a p p r o p r i a t e  

a u t o m a t i c  responses have occur red,  and t o  d iagnose t h e  even t  as a  SGTR. Sub- 

sequent  t o  t h i s  s e t  o f  a c t i o n s ,  t h e  o p e r a t o r  shou ld  de termine wh ich  steam 

g e n e r a t o r  c o n t a i n s  t h e  break  and a t temp t  t o  i s o l a t e  i t .  

Depending on t h e  s i z e  o f  t h e  tube  r u p t u r e ,  t h e  o p e r a t o r  may recogn ize  

t h a t  a  SGTR has o c c u r r e d  b e f o r e  t h e  r e a c t o r  t r i p s .  I n  o t h e r  s i t u a t i o n s ,  t h e  

t r i p  and t h e  a s s o c i a t e d  au tomat i c  a c t i o n s  may a l e r t  t h e  o p e r a t o r  t o  t h e  e x i s t -  

ence o f  an abnormal event .  F o r  such cases, t h e  o p e r a t o r s  wou ld  be a t t e m p t i n g  t o  

d iagnose t h e  event  w h i l e  v e r i f y i n g  au tomat i c  s a f e t y  system response. The key 

symptoms wh ich  t h e  o p e r a t o r  shou ld  observe t o  c o n f i r m  t h e  presence o f  a  SGTR a r e  

addressed i n  t h e  f o l l o w i n g  s e c t i o n  on "Key Symptoms". The i m p o r t a n t  immediate 

o p e r a t o r  a c t i o n s  a r e  summarized i n  t h e  f o l l o w i n g  l i s t :  



V e r i f y  t h a t  an automat ic  t r i p  has occur red.  I f  n o t ,  manua l ly  
scram t h e  r e a c t o r .  

0 V e r i f y  t h a t  t h e  AFWS has ac tua ted  and t h a t  t h e  water  l e v e l  i n  t h e  
steam genera to rs  i s  b e i n g  r e s t o r e d  o r  ma in ta ined  a t  t h e  p rope r  
l e v e l .  Manua l ly  i n i t i a t e  and c o n t r o l  a u x i l i a r y  feedwater  i f  
necessary.  

0 V e r i f y  a c t u a t i o n  of t h e  HPIS and rea l i gnmen t  o f  t h e  cha rg ing  
pumps f o r  s a f e t y  i n j e c t i o n  when t h e  r e a c t o r  p ressu re  drops  t o  t h e  
s a f e t y  i n j e c t i o n  s e t p o i n t .  Ensure t h a t  t h e  letdown l i n e  i n  t h e  
CVCS i s  i s o l a t e d .  [ I f  t h e  d e p r e s s u r i z a t i o n  i s  slow, t h e  o p e r a t o r  
may a c t u a t e  t h e  standby c h a r g i n g  pump o r  manua l ly  i n i t i a t e  s a f e t y  
i n j e c t i o n  b e f o r e  t h e  t r i p  s e t t i n g  i s  ach ieved i n  an a t temp t  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 ] .  

V e r i f y  conta inment  i s o l a t i o n ,  e l e c t r i c a l  power supp ly  t o  t h e  
emergency AC bus, and o p e r a t i o n  o f  t h e  s e r v i c e  wa te r  and com- 
ponent c o o l i n g  w a t e r  pumps. 

These v e r i f i c a t i o n  a c t i o n s  a r e  t h e  a p p r o p r i a t e  responses t o  t h e  i n i t i a l  symptoms 

f o r  a l l  s i z e s  o f  SGTR's. They r e q u i r e  no immediate d i a g n o s i s  o f  t h e  event .  * 
A f t e r  t h e  o p e r a t o r  has ensured t h a t  t h e  HPIS i s  f u n c t i o n i n g  p r o p e r l y  and t h a t  

p r i m a r y  system i n v e n t o r y  i s  b e i n g  rep len i shed ,  t h e  n e x t  key a c t i o n  i s  t o  d iag -  

nose t h e  even t  as a  SGTR and i d e n t i f y  t h e  steam genera to r  w i t h  t h e  tube  f a i -  

l u r e ( ~ )  ( i . e .  t h e  f a u l t e d  SG). 

Once a SGTR has been conf i rmed,  t h e  o p e r a t o r  must immedia te ly  de termine 

wh ich  SG c o n t a i n s  t h e  f a i l u r e  so t h a t  i t  can be i s o l a t e d .  T h i s  a c t i o n  i s  

necessary t o  1  i m i  t t h e  r e l e a s e  o f  r a d i o a c t i v i t y  t o  t h e  envi ronment.  I s o l a t i o n  

i s  accompl ished by  c l o s i n g  t h e  main steam i s o l a t i o n  v a l v e  (MSIV) and t h e  bypass 

v a l v e  a s s o c i a t e d  w i t h  t h e  r u p t u r e d  SG, and t e r m i n a t i n g  AFW t o  t h a t  SG. I f  t h e  

f a u l t e d  SG i s  i n  a l o o p  t h a t  s u p p l i e s  steam t o  t h e  t u r b i n e  d r i v e n  AFW pump, t h e  

o p e r a t o r  shou ld  i s o l a t e  t h e  steam supp ly  v a l v e  i n  t h e  l i n e  f r o m  t h e  f a u l t e d  SG 

t o  t h e  t u r b i n e  d r i v e n  AFW pump. These a c t i o n s  p r e v e n t  t h e  SG f r o m  depress- 

u r i z i n g  th rough  t h e  steam dump system, and thus  m in im izes  t h e  i n v e n t o r y  l o s s  

from t h e  p r i m a r y  c o o l a n t  system and t h e  r e l e a s e  o f  r a d i o a c t i v i t y  o u t s i d e  con- 

t a inmen t .  

* 
F o r  some v e r y  smal l  SGTR's, t h e  RCS may r e p r e s s u r i z e  f o l l o w i n g  HPIS a c t u a t i o n .  

F o r  t hese  cases, t h e  o p e r a t o r  may have t o  t h r o t t l e  o r  t e r m i n a t e  sa fe t y  i n j e c t i o n  
t o  a v o i d  open ing a  PORV (See d i s c u s s i o n  i n  t h e  f o l l o w i n g  "Key Symptoms and 
P o t e n t i a l  Suhsta tes"  sec, t ions) .  



KEY SYMPTOMS: 

The immediate response t o  a  SGTR even t  i s  a  decrease i n  r e a c t o r  p res -  

s u r e  and p r e s s u r i z e r  l e v e l  as p r imary  c o o l a n t  i s  d i scha rged  i n t o  t h e  secondary 

s i d e  o f  t h e  f a u l t e d  SG. The r a t e  o f  p r e s s u r e  decay depends on t h e  s i z e  o f  t h e  

t u b e  f a i l u r e  and t h e  response o f  t h e  C V C S .  Charg ing  pump f l ow  r a t e  shou ld  

i n c r e a s e  as t h e  au tomat i c  CVCS c o n t r o l  system a t t e m p t s  t o  m a i n t a i n  p r e s s u r i z e r  

l e v e l .  F o l l o w i n g  t h e  r e a c t o r  t r i p  t h e  p r e s s u r e  drops  much f a s t e r  due t o  t h e  

sudden decrease i n  h e a t  g e n e r a t i o n .  

Another  key  symptom which  t h e  o p e r a t o r  must use t o  d iagnose t h i s  event  

i s  a  h i g h  l e v e l  o f  r a d i a t i o n  i n  t h e  condenser a i r  e j e c t o r .  T h i s  i n f o r m a t i o n ,  

c o u p l e d  w i t h  t h e  absence o f  any change i n  conta inment  c o n d i t i o n s  (e.g. tempera- 

t u r e ,  p ressu re ,  and h u m i d i t y ) ,  w i l l  d i s t i n g u i s h  a  SGTR f rom a  LOCA i n s i d e  
* 

con ta inmen t .  O the r  r a d i a t i o n  m o n i t o r s  i n  t h e  secondary c o o l a n t  system may a l s o  * * 
respond t o  a  SGTR. R a d i a t i o n  m o n i t o r s  i n  t h e  steam l i n e  and t h e  steam gener-  

a t o r  blowdown l i n e  a s s o c i a t e d  w i t h  t h e  f a u l t e d  SG would a l s o  respond t o  a  SGTR. 

Another  i m p o r t a n t  i n i t i a l  symptom o f  a  l a r g e  SGTR even t  would be a  

steam f l o w - t o - f e e d  f l o w  mismatch f o r  t h e  SG w i t h  t h e  r u p t u r e .  The feedwater  

c o n t r o l  sys tem sens ing  an i n c r e a s i n g  w a t e r  l e v e l  (due t o  i n - l e a k a g e )  w i l l  reduce 

f e e d  f l o w  t o  t h e  f a u l t e d  SG. T h i s  wou ld  l i k e l y  produce an a l a r m  p r i o r  t o  

r e a c t o r  t r l p .  

The p r e s s u r i z e r  wa te r  l e v e l  w i l l  d rop  as t h e  b reak  f l o w  exceeds t h e  

c h a r g i n g  f l o w .  A f t e r  r e a c t o r  t r i p ,  t h e  r e d u c t i o n  i n  l e v e l  w i l l  c o n t i n u e  as t h e  

p r i m a r y  c o o l a n t  s h r i n k s  d u r i n g  cooldown. For  t h e  s i z e  o f  r u p t u r e s  cons ide red  i n  

t h i s  a n a l y s i s ,  t h e  p r e s s u r i z e r  w i l l  1  i k e l y  d r a i n  b e f o r e  s a f e t y  i n j e c t i o n  f l o w  

exceeds t h e  break f l o w .  

Safe ty  i n j e c t i o n  may be i n i t i a t e d  manua l l y  ( i f  t h e  d e p r e s s u r i z a t i o n  

t r a n s i e n t  i s  s low),  o r  a u t o m a t i c a l l y  when t h e  l o w  p r e s s u r i z e r  p ressu re  s e t  p o i n t  

* 
SGTR even ts  w i l l  e x h i b i t  many c h a r a c t e r i s t i c  responses t h a t  a r e  s i m i l a r  t o  

s m a l l  LOCA's. S t a t e  S-1 o f  S e c t i o n  3.1.1 addresses how t h e  o p e r a t o r  can d i s t i n -  
g u i s h  between t h e  two events .  

* *Th is  i n s t r u m e n t a t i o n  i s  n o t  a v a i l a b l e  on a l l  p l a n t s .  



i s  reached s h o r t l y  a f t e r  t r i p .  Th i s  r e s u l t s  i n  a c t u a t i o n  o f  t h e  HPIS pumps and 

rea l i gnmen t  o f  t h e  cha rg ing  pumps t o  t a k e  s u c t i o n  f rom t h e  RWST. The symptoms 

wh ich  c h a r a c t e r i z e  s a f e t y  i n j e c t i o n  o p e r a t i o n  a r e  f l o w  i n  t h e  i n j e c t i o n  l i n e s ,  
* 

i n c r e a s i n g  pump d i scharge  pressures ,  and a  dec reas ing  RWST l e v e l  . 

Opera t i on  o f  t h e  HPIS w i l l  t end  t o  c o u n t e r a c t  t h e  RCS d e p r e s s u r i z a t i o n  

r e s u l t i n g  from t h e  l o s s  o f  c o o l a n t  t h rough  t h e  SGTR. As t h e  r e a c t o r  p ressu re  

decreases,  s a f e t y  i n j e c t i o n  f l o w  inc reases  w h i l e  t h e  break f l o w  decreases. 

E v e n t u a l l y  an e q u i l i b r i u m  p ressu re  i s  reached where t h e  break f l o w  i s  a p p r o x i -  

m a t e l y  equal  t o  t h e  i n j e c t i o n  f l o w .  T h i s  e q u i l i b r i u m  p ressu re  i s  determined 

p r i m a r i l y  by  t h e  HPIS des ign  (e.g. number o f  pumps and t h e i r  head-f low cha r -  

a c t e r i s t i c s ) ,  t h e  response o f  t h e  HPIS (e.g. a l l  pumps may n o t  opera te  a t  

maximum c a p a c i t y ) ,  and t h e  break s i z e .  I f  t h e  break i s  sma l l ,  t h e  p r imary  

system c o u l d  even r e p r e s s u r i z e .  T h i s  would occur  when t h e  break s i z e  r e s u l t s  i n  

a  l e a k  f l o w  which  exceeds t h e  c a p a c i t y  o f  a  s i n g l e  cha rg ing  pump, b u t  i s  l e s s  

than  t h e  maximum c a p a c i t y  o f  b o t h  cha rg ing  pumps ( o r  t h e  cha rg ing  pumps 'and S I  

pumps f o r  p l a n t s  w i t h  h i g h  head S I  pumps). A f t e r  t h e  s a f e t y  i n j e c t i o n  s i g n a l ,  

c o o l a n t  i n j e c t i o n  more than  o f f s e t s  t h e  break f l o w .  The p r imary  p ressu re  

t r a n s i e n t  would t u r n  around and p ressu re  would b e g i n  t o  r i s e .  I t  i s  p o s s i b l e  

t h a t  t h e  system p ressu re  may n o t  e q u i l i b r a t e  below t h e  p r e s s u r i z e r  PORV s e t  

p o i n t .  Hence, r e l e a s e  th rough  t h e  PORV c o u l d  occur,  i f  t h e  o p e r a t o r  takes no 

a c t i o n  t o  reduce o r  t e r m i n a t e  S I  f low. 

The secondary s i d e  p ressu re  w i l l  i n c r e a s e  r a p i d l y  f o l l o w i n g  t h e  

r e a c t o r  t r i p  as c l o s u r e  o f  t h e  t u r b i n e  s t o p  v a l v e  t e m p o r a r i l y  h a l t s  t h e  f l o w  o f  

steam f r o m  t h e  SG1s. The dump va lves  w i l l  t hen  open a d m i t t i n g  steam t o  t h e  

condenser. The p ressu re  w i l l  b e g i n  t o  decay g r a d u a l l y  as t h e  automat ic  c o n t r o l  

.. system f u n c t i o n s  t o  reduce system temperatures.  Depending on t h e  re1  a t i  ve 

t i m i n g  o f  events ,  t h e  break s i z e ,  and t h e  v a r i a b i l i t y  i n  o p e r a t i n g  c o n d i t i o n s ,  

t h e  SG r e l i e f  va l ves  may open b r i e f l y  a f t e r  r e a c t o r  t r i p  t o  l i m i t  t h e  p ressu re  

r i s e  i n  t h e  SG1s. Pressure  i n  t h e  f a u l t e d  SG may be h i g h e r  than  t h a t  o f  t h e  

o t h e r  SG's. However, t h i s  d i f f e r e n c e  depends on t h e  break s i z e  and t h e  response 

o f  t h e  AFWS. 

* 
Reactor  p ressu re  may n o t  be a  r e l i a b l e  i n d i c a t o r  o f  adequate sa fe ty  i n j e c t i o n  

f l o w .  See d i s c u s s i o n  i n  Key Symptoms s c c t i o n  o f  S t a t c  5-14 f o r  smal l  b reak 
LOCA. 



A f t e r  t he  main feedwater  pumps a r e  t r i p p e d ,  wa te r  l e v e l  i n  t h e  SG's 

beg ins  t o  decrease u n t i l  AFW f l o w  i s  supp l i ed .  AFWS o p e r a t i o n  w i l l  e v e n t u a l l y  

r e t u r n  t h e  wa te r  l e v e l  i n  t h e  i n t a c t  SG's t o  t h e i r  normal o p e r a t i n g  range. Water 

l e v e l  i n  t h e  SG w i t h  t h e  tube  r u p t u r e  may be somewhat h i g h e r  than the  o t h e r  

t h r e e  SG's as a  r e s u l t  o f  leakage f rom t h e  p r imary  system. T h i s  d i f f e r e n c e  may 

n o t  be immedia te ly  obse rvab le  i f  t h e  AFW f l ow  t o  t h e  SG's i s  n o t  balanced and 

t h e  break f l o w  i s  r e l a t i v e l y  s m a l l .  Hencc, i t  may n o t  always be poss ib le ,  t o  

r e a d i l y  i d e n t i f y  t h e  f a u l t e d  SG by comparing secondary s i d e  wa te r  l e v e l s .  

However, i f  t h e  symptoms d i scussed  below do n o t  y i e l d  p o s i t i v e  i d e n t i f i c a t i o n  o f  

t h e  f a u l t e d  SG, t h e  o p e r a t o r  can success i ve l y  i s o l a t e  each SG and m o n i t o r  water  

l e v e l .  The SG w i t h  t h e  tube  r u p t u r e  w i l l  show a  r i s i n g  wa te r  l e v e l  w i t h  steam 

and f e e d  f l o w  i s o l a t e d .  

The f a u l t e d  SG can be i d e n t i f i e d  by e i t h e r  h i g h  r a d i a t i o n  i n  t h e  steam 

l i n e  l e a v i n g  t h e  f a u l t e d  u n i t  o r  h i g h  r a d i a t i o n  i n  t h e  f a u l t e d  SG blowdown l i n e .  

These parameters would o f  course remain unchanged i n  t h e  i n t a c t  SG's, t hus  t h e  

f a i l e d  SG can be d i s t i n g u i s h e d .  S ince t h e  SG blowdown l i n e s  a r e  i s o l a t e d  by a  

S I  s i g n a l ,  t h e  o p e r a t o r  w i l l  have t o  reopen t h e  necessary va l ves  f o r  each SG 

s e q u e n t i a l l y  u n t i l  t h e  f a u l t e d  SG i s  d iscovered.  

UNCERTAINTIES AND SENSITIVITIES: 

The p l a n t  response can v a r y  s i g n i f i c a n t l y  depending on t h e  s i z e  o f  t h e  

SGTR. The genera l  c o n s i d e r a t i o n s  r e l a t i v e  t o  t h e  e f f e c t  o f  break s i z e  d iscussed 

i n  s t a t e  S-1 o f  t h e  smal l  LOCA OAET a r e  a p p l i c a b l e  t o  a  SGTR event  as w e l l .  

POTENTIAL SUBSTATES: 

One p o t e n t i a l  s u b s t a t e  which c o u l d  a f f e c t  t h e  o p e r a t o r  response i s  t h e  

r e p r e s s u r i z a t i o n  o f  t h e  p r i m a r y  system a f t e r  s a f e t y  i n j e c t i o n  i s  i n i t i a t e d .  As 

d i scussed  p r e v i o u s l y ,  t h i s  wou ld  o n l y  occur  f o r  a  ve ry  smal l  range o f  tube 

r u p t u r e  s i z e s  - those which j u s t  exceed t h e  c a p a c i t y  o f  t h e  CVCS. I f  t h e  system * 
r e p r e s s u r i z e s  above t h e  normal o p e r a t i n g  pressure ,  a  PORV o r  s a f e t y  v a l v e  cou ld  

* 
Many p l a n t s  have c l o s e d  t h e  b l o c k  va l ves  downstream o f  t h e  PORV's because of 

leakage.  I f  a l l  PORV's were i s o l a t e d ,  a  sa fe ty  v a l v e  would open. 



open and f l u i d  would be re leased  th rough t h i s  va l ve .  S ince these breaks have 

n o t  been ana lyzed f o r  t h e  Z ion  p l a n t ,  i t  i s  u n c e r t a i n  i f  r e p r e s s u r i z a t i o n  t o  t h e  

PORV s e t t i n g  c o u l d  occur.  However, ana lyses  f o r  s i m i l a r  p l a n t  des igns  have 

p r e d i c t e d  t h i s  occurrence.  Hence, t h i s  c o n d i t i o n  i s  no ted as a  p o s s i b l e  sub- 

s t a t e .  

The o p e r a t o r  a c t i o n  f o r  t h i s  c o n d i t i o n  i s  t o  t h r o t t l e  o r  t e r m i n a t e  

h i g h  p ressu re  i n j e c t i o n  t o  a v o i d  PORV a c t u a t i o n .  T h i s  a c t i o n  avo ids  an unneces- 

s a r y  d i scha rge  o f  c o o l a n t  f r om t h e  p r imary  system. Before  a l t e r i n g  t h e  HPIS 

f l o w ,  t h e  o p e r a t o r  must ensure t h a t  adequate c o o l i n g  i s  b e i n g  p r o v i d e d  t o  t h e  

core .  T h i s  can be accompl ished be ensu r ing  adequate subcool i n g  o f  t h e  h o t  l e g  

c o o l a n t ,  adequate i n v e n t o r y ,  and p r o v i s i o n s  f o r  con t i nued  h e a t  removal and 

makeup. I f  t h e  o p e r a t o r  t e rm ina tes  HPIS, c o n d i t i o n s  must be c l o s e l y  mon i to red  

t o  see i f  con t i nued  leakage th rough t h e  tube  r u p t u r e  r e q u i r e s  t h e  HPIS t o  be 

r e a c t i v a t e d .  The o p e r a t o r  may want t o  r e s e t  S I ,  i f  p r e s s u r i z e r  l e v e l  and system 

p ressu re  have been r e s t o r e d .  I t  i s  p o s s i b l e  t h a t  i n t e r m i t t e n t  H P I  o p e r a t i o n  may 

be r e q u i r e d .  



STATE: SGTR-2 

A t  t h i s  t i m e  t h e  o p e r a t o r  has s u c c e s s f u l l y  d iagnosed t h e  event  as a  

SGTR and i d e n t i f i e d  t h e  SG w i t h  t h e  r u p t u r e .  The f a u l t e d  SG has been i s o l a t e d  

by  c l o s i n g  i t s  M S I V  and t e r m i n a t i n g  i t s  supp ly  o f  AFW. The steam supp ly  t o  t h e  

t u r b i n e  d r i v e n  AFWP f rom t h e  f a u l t e d  SG has been te rm ina ted ,  thus  ha1 t i n g  t h e  

r e l e a s e  o f  r a d i o a c t i v i t y  t o  t h e  environment.  The r e a c t o r  has t r i p p e d  and t h e  

HPIS i s  s u p p l y i n g  makeup t o  t h e  p r imary  system. The au tomat i c  steam dump system 

s h o u l d  a c t i v a t e  and b e g i n  a  gradua l  cool-down o f  t h e  p l a n t  by  dumping steam f rom 

t h e  i n t a c t  SG's t o  t h e  condenser. I t  t o r  some reason t h e  condenser I s  u n a v a l l -  

a b l e ,  steam w i l l  be r e l e a s e d  th rough  t h e  ADV's once t h e  p ressu re  reaches t h e i r  

a c t u a t i o n  s e t t i n g .  Secondary p ressu re  w i l l  then o s c i l l a t e  around t h i s  l e v e l  as 

t h e  v a l v e s  a u t o m a t i c a l l y  open and r e c l o s e .  

REQUIRED OPERATOR RESPONSE: 

The p r i m a r y  o b j e c t i v e  o f  t h e  o p e r a t o r  a t  t h i s  p l a n t  s t a t e  i s  t o  

t e r m i n a t e  t h e  d i scha rge  o f  p r i m a r y  c o o l a n t  th rough t h e  tube  r u p t u r e  by  l o w e r i n g  

t h e  RCS p r e s s u r e  below t h e  p ressu re  i n  t h e  f a u l t e d  SG. Once t h e  l o s s  o f  c o o l a n t  

has been te rm ina ted ,  t h e  o p e r a t o r  can r e s t o r e  i n v e n t o r y  and br1fig The p l a n t  t u  a 

s a f e  c o l d  shutdown c o n d i t i o n .  

A1 though t h e  f a u l t e d  SG has been i s o l a t e d  on t h e  secondary s ide ,  

p r i m a r y  f l u i d  w i l l  c o n t i n u e  t o  l e a k  th rough  t h e  tube  r u p t u r e  as l o n g  as t h e  RCS 

p r e s s u r e  i s  g r e a t e r  t han  t h e  secondary s i d e  pressure .  I n  a d d i t i o n  t o  d e p l e t i n g  

RCS i n v e n t o r y ,  con t inued  leakage c o u l d  r e s u l t  i n  1 i f t i n g  o f  t h e  SG AUV o r  s a f e t y  

v a l v e s ;  t h u s  r e - e s t a b l i s h i n g  a  p a t h  f o r  r e l e a s e  o f  r a d i o a c t i v i t y  t o  t h e  env i ron -  

ment. The o p e r a t o r  can h a l t  t h e  break f l o w  by  l o w e r i n g  t h e  RCS pressure  below 

t h a t  of t he  f a u l t e d  SG secondary s i d e  pressure ,  t hus  e l i m i n a t i n g  t h e  d r i v i n g  

f o r c e  f o r  c o o l a n t  d i scha rge .  T h i s  d e p r e s s u r i z a t i o n  must be performed c a r e f u l l y  

t o  a v o i d  c r e a t i n g  s a t u r a t i o n  c o n d i t i o n s  i n  t h e  RCS, and r i s k i n g  e x t e n s i v e  

v o i d i n g  and p o t e n t i a l  f u e l  damage i n  t h e  r e a c t o r  core .  T h i s  can be accomplished 

by  f i r s t  c o o l i n g  t h e  RCS u s i n g  t h e  i n t a c t  SG's, and then  d e p r e s s u r i z i n g  t h e  

system. 



The steam dump system i s  presumably o p e r a t i n g  a u t o m a t i c a l l y  t o  reduce 

system pressures  and temperatures i n  accordance w i t h  t h e  normal procedure f o r  a  

p o s t - t r i p  shutdown. Because t h i s  process i s  a  s low one, t h e  o p e r a t o r  shou ld  

manual ly  c o n t r o l  t h e  d ischarge o f  steam t o  t h e  condenser f o r  a  f a s t e r  cooldown. 

The cooldown r a t e  u s i n g  t h i s  approach w i l l  be l i m i t e d  by t h e  need t o  a v o i d  

excess i ve  thermal  s t resses  o f  t h e  RCS s t r u c t u r e s  and t h e  need t o  m a i n t a i n  con- 

denser vacuum. The opera to r  shou ld  c o o l  t h e  R C S  t o  a  temperature  such t h a t  

subcoo l i ng  i s  ensured when t h e  p ressu re  i s  reduced below t h a t  o f  t h e  r u p t u r e d  

steam genera to r .  

I f  f o r  some reason t h e  steam dump i s  u n a v a i l a b l e ,  o r  t h e  cooldown r a t e  

i s  n o t  as r a p i d  as des i red ,  t h e  o p e r a t o r  can ven t  t h rough  t h e  ADV's i n  t h e  

i n t a c t  SG's. These va lves  may open a u t o m a t i c a l l y  a f t e r  t u r b i n e  t r i p  as secon- 

da ry  p ressu re  r i s e s  a f t e r  s top  v a l v e  c l o s u r e .  I f  t h e  steam dump system i s  n o t  

a v a i l a b l e ,  t hese  va l ves  w i l l  c y c l e  about  t h e i r  s e t p o i n t s  t o  remove h e a t  t r a n s -  

f e r r e d  f rom t h e  RCS. To enhance t h e  RCS cooldown, t h e  o p e r a t o r  must manual ly  

h o l d  t h e  ADV's open so they  do n o t  r e c l o s e  when t h e  SG p r e s s u r e  drops t o  t h e  

r e c l o s u r e  s e t p o i n t .  The o p e r a t o r  shou ld  ensure  adequate w a t e r  l e v e l  i s  b e i n g  * 
p r o v i d e d  by  t h e  AFWS . Manual c o n t r o l  f o r  AFW f l o w  and t h e  steam r e l e a s e  r a t e  

may be r e q u i r e d  t o  ensure a  u n i f o r m  cooldown th rough  t h e  i n t a c t  l o o p s  and t o  

m a i n t a i n  SG wa te r  l e v e l  i n  t h e  p roper  range. As no ted  p r e v i o u s l y ,  t h e  o p e r a t o r  

shou ld  c o o l  t h e  RCS t o  a  temperature  such t h a t  subcoo l i ng  i s  ensured when 'the 

p r i m a r y  i s  dep ressu r i zed  below t h e  p ressu re  i n  t h e  f a u l t e d  SG. 

KEY SYMPTOMS: 

Successfu l  i s o l a t i o n  o f  t h e  f a u l t e d  SG shou ld  be r e f l e c t e d  by  a  

gradua l  decrease i n  t h e  r a d i a t i o n  l e v e l  i n  t h e  condenser a i r  e j e c t o r  1  i nes ,  and 

t h e  blowdown 1  i n e  o f  t h e  f a u l t e d  SG. The p ressu re  i n  t h e  f a u l t e d  SG w i l l  be i n -  

c r e a s i n g  as leakage con t inues  i n t o  t h e  g e n e r a t o r .  The r a t e  o f  i n c r e a s e  o f  t h e  

p ressu re  and wa te r  l e v e l  i n  t h e  f a u l t e d  SG w i l l  depend on t h e  break s i z e  and 

p ressu re  d i f f e r e n c e  between t h e  RCS and f a u l t e d  SG secondary. 

* 
Rapid dumping o f  steam f rom t h e  SG's can cause f l a s h i n g  and s w e l l i n g  i n  t h e  SG. 

T h i s  would c r e a t e  wa te r  l e v e l  read inqs t h a t  a r e  n o t  a  t r u e  r e p r e s e n t a t i o n  o f  t h e  
SG l i q u i d  i n v e n t o r y .  The o p e r a t o r  must be c a r e f u l  n o t  t o  t q r m i n a t e  AFW f l o w  on 
t h i s  m i s l e a d i n g  i n f o r m a t i o n .  
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I f  t h e  steam dump system i s  a v a i l a b l e ,  t h e  pressure  and temperature in, 

t h e  i n t a c t  SG's w i l l  g r a d u a l l y  decrease as steam i s  re leased t o  t h e  condenser. 

As t h e  secondary s i d e  i s  depressur ized,  t h e  p r imary  c o o l a n t  temperature w i l l  

g r a d u a l l y  decease, f o l l o w i n g  t h e  secondary temperature t r a n s i e n t  i n  t h e  i n t a c t  * 
SG's. If t h e  condenser i s  n o t  a v a i l a b l e  as a  heat  s i n k ,  t h e  pressure  i n  t h e  

secondar ies  w i l l  o s c i l l a t e  around t h e  ADV automat ic  s e t  p o i n t s .  

Severa l  f a c t o r s  i n t e r a c t  t o  determine t h e  p r imary  pressure  behav ior  

and s i g n i f i c a n t l y  d i f f e r e n t  responses c o u l d  be observed f o l l o w i n g  a  SGTR event .  

The p r i m a r y  p ressu re  response w i l l  depend on t h e  break s i z e ,  t h e  pressure  i n  t h e  

secondar ies ,  and t h e  H P I S  response. A f t e r  t h e  i n i t i a l  d e p r e s s u r i z a t i o n  f o l -  

l o w i n g  t h e  SGTR and r e a c t o r  t r i p ,  t h e  RCS pressure  should tend t o  s t a b i l i z e  

about  a  v a l u e  where t h e  S I  f l o w  equals t h e  break f l o w .  For smal l  SGTR's t h i s  

c o u l d  mean t h a t  t h e  RCS would r e p r e s s u r i z e  f o l l o w i n g  HPIS a c t u a t i o n  (see S t a t e  

SGTR- 1 ) . 

POTENTIAL SUESTATES: 

A p o t e n t i a l  subs ta te  a t  t h i s  p l a n t  c o n d i t i o n ,  and u n t i l  such t imes as 

t h e  o p e r a t o r  s u c c e s s f u l l y  reduces t h e  RCS pressure  t o  t e r m i n a t e  t h e  l eak ,  i s  t h e  

p o s s i b i l i t y  o f  opening an AUV o r  s a f e t y  v a l v e  i n  t h e  f a u l t e d  SG. T h i s  cou ld  

occu r  because the  f a u l t e d  SG has been i s o l a t e d ,  y e t  p r imary  c o o l a n t  i s  s t i l l  

b e i n g  d i scha rged  th rough  t h e  break.  T h i s  would i nc rease  t h e  pressure  i n  t h e  

f a u l t e d  SG, perhaps t o  t h e  re1  i e f  v a l v e  s e t p o i n t s .  Whether o r  n o t  these pres-  

sures  a r e  reached depends on seve ra l  f a c t o r s  i n c l u d i n g  t h e  break s i z e ,  RCS 

pressure ,  t h e  cooldown r a t e  th rough  t h e  i n t a c t  secondar ies,  and t h e  c o n d i t i o n s  

(e.g.  temperature,  p ressu re  and water  l e v e l )  i n  t h e  f a u l t e d  SG p r i o r  t o  i s o -  

l a t i o n .  The o n l y  o p e r a t o r  a c t i o n  t o  p reven t  r e l i e f  v a l v e  opening i n  t h e  f a u l t e d  

SG, o r  l i m i t  t h e  r e l e a s e  th rough  these va l ves ,  i s  t o  a c c e l e r a t e  t h e  RCS cooldown 

and d e p r e s s u r i z a t i o n  as desc r ibed  i n  s t a t e s  SGTR-2 and 3. 

* 
I f  t h e  RCP's have t r i p p e d ,  t h e  p r imary  temperature  t r a n s i e n t  w i l l  l a g  beh ind 

t h e  secondary s ide .  Furthermore,  h o t  l e g  temperature i n  t h e  l oop  w i t h  t h e  
f a u l t e d  SG may remain h i g h e r  than  those i n  t h e  o t h e r  l oops  because n a t u r a l  
c i r c u l a t i o n  w i l l  n o t  be s i g n i f i c a n t .  



I f  these r e l i e f  va lves  do open, t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  t hey  may 

f a i l  t o  r e s e a t '  once t h e  SG secondary p ressu re  drops below t h e  v a l v e  c l o s u r e  

s e t t i n g .  Should t h i s  occur ,  t h e  f a u l t e d  SG w i l l  be c o n t i n u o u s l y  r e l e a s i n g  r a -  

d i o a c t i v i t y  t o  t h e  envi ronment.  Fur thermore,  t h e  f a u l t e d  SG w i l l  beg in  t o  

dep ressu r i ze ,  thus making i t  much more d i f f i c u l t  t o  s t o p  t h e  l eak  by p r imary  

system d e p r e s s u r i z a t i o n .  The r e d u c t i o n  i n  f a u l t e d  SG p ressu re  w i l l  a l s o  i n -  

c rease t h e  l i k e l i h o o d  o f  v o i d i n g  i n  th'e RCS d u r i n g  t h e  cooldown and depress-  

u r i z a t i o n  phase. 

A s tuck  open r e l i e f  v a l v e  would be i n d i c a t e d  by a  f a l l i n g  p ressu re  i n  

t h e  SG beyond t h e  v a l v e  r e c l o s u r e  s e t t i n g .  Valve p o s i t i o n  i n d i c a t i o n  c o u l d  a l s o  

i n f o r m  t h e  o p e r a t o r  o f  a  stuck-open v a l v e " ,  as would o b s e r v a t i o n  o f  steam 

r e l e a s e  f rom t h e  p l a n t  y a r d  and perhaps t h e  s i t e  boundary r a d i a t i o n  a larm. SG 

w a t e r  l e v e l  may n o t  be a  re1  i a b l e  i n d i c a t i o n  o f  t h e  s tuck  open v a l v e  as f l a s h i n g  

c o u l d  c r e a t e  s w e l l i n g  i n  t h e  SG. 

Once t h e  presence o f  a  stuck-open v a l v e  i s  conf i rmed,  t h e  o p e r a t o r  shou ld  

c l o s e  t h e  b l o c k  v a l v e  assoc ia ted  w i t h  t h e  ADV. ( T h i s  i s  a  manual va l ve ,  r e -  

q u i r i n g  an o p e r a t o r  t o  go t o  t h e  v a l v e  l o c a t i o n . )  I f  a  s a f e t y  v a l v e  i s  l e a k i n g  

t h e r e  i s  no a c t i o n  t h e  o p e r a t o r  can t a k e  t o  t e r m i n a t e  t h e  d i scha rge  o f  c o o l a n t  

t o  t h e  envi ronment.  I n s t e a d  t h e  o p e r a t o r  shou ld  proceed w i t h  t h e  p r i m a r y  

d e p r e s s u r i z a t i o n  as r a p i d l y  as p o s s i b l e  ( b u t  n o t  so r a p i d l y  as t o  cause f u e l  

f a i l u r e ,  and thus  i nc rease  t h e  r a d i a t i o n  r e l e a s e ) .  

* 
Va lve  p o s i t i o n  i s  n o t  always r e l i a b l e .  The l i m i t  s w i t c h  c o u l d  i n d i c a t e  v a l v e  

c l o s u r e  when i n  f a c t  t h e  v a l v e  d i d  n o t  r e s e a t  p r o p e r l y  o r  t h e r e  was some s e a t  
damage. 
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STATE: SGTR-3 

A t  t h i s  s t a t e  t h e  o p e r a t o r  has s u c c e s s f u l l y  d iagnosed t h e  even t  as a  

SGTR and i s o l a t e d  t h e  f a u l t e d  SG. The p r imary  c o o l a n t  system temperature  i s  

b e i n g  reduced by dumping steam t o  t h e  condenser o r  t h rough  t h e  ADV1s of t h e  

i n t a c t  SG1s. The RCS temperature  e v e n t u a l l y  reaches a  v a l u e  such t h a t  t h e  

p r i m a r y  c o o l a n t  i n  t h e  co re  and t h e  c o o l a n t  l oops  w i l l  remain subcooled when t h e  

sys tem i s  dep ressu r i zed  below t h e  p ressu re  i n  t h e  i s o l a t e d ,  f a u l t e d  SG. Pr imary  

sys tem i n v e n t o r y  i s  b e i n g  r e s t o r e d  by o p e r a t i o n  o f  t h e  HPIS. 

REQUIRED OPERATOR RESPONSE: 

The o p e r a t o r  shou ld  m o n i t o r  t h e  p r i m a r y  system cooldown. A f t e r  adequate 

RCS s u b c o o l i n g  has been ensured, t h e  p r i m a r y  c o o l a n t  system must be depres- 

s u r i z e d  t o  a  va lue  l e s s  than  t h e  p ressu re  i n  t h e  f a u l t e d  SG. There a r e  two * 
p r i m a r y  ways t o  accompl ish  t h i s  o b j e c t i v e .  The p r e f e r r e d  method i s  t o  use t h e  

p r e s s u r i z e r  sprays.  The c o o l a n t  used f o r  p r e s s u r i z e r  spray i s  t aken  f rom t h e  

c o l d  l e g  downstream o f  t h e  RCP. Pump o p e r a t i o n  p rov ides  t h e  d r i v i n g  fo rce  t o  

d e l i v e r  w a t e r  t o  t h e  p r e s s u r i z e r .  Hence, RCP o p e r a t i o n  i s  r e q u i r e d  t o  u t i l i z e  

t h e  PZR sprays .  The a v a i l a b i l i t y  o f  t hese  pumps w i l l  depend on t h e  i n i t i a l  

d e p r e s s u r i z a t i o n  f o l l o w i n g  t h e  SGTR. The c r i t e r i a  f o r  au tomat i c  RCP t r i p  a r e  

a c t i v a t i o n  o f  HPIS and d e p r e s s u r i z a t i o n  below a  s p e c i f i c  va lue  ( a  des ign 

dependent v a l u e  l o w e r  than  t h e  S I  s e t p o i n t ) .  I n  deve lop ing  t h i s  OAET, i t  i s  

assumed, t h a t  t h e  SGTR i s  l a r q e  enough t o  a c t i v a t e  s a f e t y  i n j e c t i o n .  However, 

t h e  b reak  may n o t  dep reSSur l t e  t h e  KCS s u f f i c i e n t l y  t o  t r i p  t h e  RCP's. HPIS 

o p e r a t i o n  may cause t h e  p ressu re  t o  s t a b i l i z e  above t h e  RCP t r i p  s e t t i n g .  I n  

t h i s  case, t h e  normal p r e s s u r i z e r  spray  c o u l d  be used t o  l ower  p r i m a r y  pressure .  

I f  t h e  RCP's a r e  u n a v a i l a b l e  t o  power t h e  p r e s s u r i z e r  sprays ,  t h e  

a l t e r n a t e  method f o r  d e p r e s s u r i z i n g  t h e  p r i m a r y  system i s  t o  manual ly  open a  

p r e s s u r i z e r  PORV. The o p e r a t o r  shou ld  manua l l y  h o l d  one PORV open u n t i l  t h e  RCS 

* 
It may a l s o  be p o s s i b l e  t o  d e p r e s s u r i z e  t h e  p r i m a r y  system s u f f i c i e n t l y  by 

dumping steam f rom t h e  secondar ies .  See " U n c e r t a i n t i e s  and S e n s i t i v i t i e s " .  



pressu re  i s  reduced below t h e  p ressu re  i n  t h e  f a u l t e d  SG. T h i s  w i l l  r e s u l t  i n  a  

l o s s  o f  p r imary  c o o l a n t  i n v e n t o r y ,  w i t h  t h e  a s s o c i a t e d  r i s k  o f  f a i l u r e  o f  t h e  

PORV t o  resea t .  (See S t a t e  SGTR-10). 

I f  n e i t h e r  o f  t h e  p rev ious  methods can be used, t h e  o p e r a t o r  can use 

t h e  p r e s s u r i z e r  a u x i l i a r y  sprays. These draw w a t e r  f r o m  t h e  CVCS and do n o t  

r e q u i r e  RCP ope ra t i on .  Th is  method o f  d e p r e s s u r i z a t i o n  i s  u s u a l l y  cons idered t o  

be t h e  l e a s t  p r e f e r r e d  because o f  t h e  thermal  shock a s s o c i a t e d  w i t h  i n j e c t i n g  

c o l d  f l u i d  th rough t h e  a u x i l i a r y  spray l i n e s .  I s o l a t i o n  o f  t h e  CVCS upon S I  

i n i t i a t i o n  ,p rec ludes u s i n g  t h e  normal method o f  p r e h e a t i n g  t h i s  wa te r  w i t h  

le tdown l i n e  f l o w .  

KEY SYMPTOMS: 

T h i s  s t a t e  i s  t y p i f i e d  by a  r e l a t i v e l y  h i g h  p ressu re  i n  t h e  f a u l t e d  SG 

(wh ich  has been i s o l a t e d )  and s i g n i f i c a n t l y  l ower  p ressu res  i n  t h e  o t h e r  SG's. 

Depending on t h e  l e a k  r a t e  and o t h e r  f a c t o r s ,  t h e  r e l i e f  v a l v e s  i n  t h e  f a u l t e d  

SG may be c y c l i n g .  Water l e v e l  i n  t h e  f a u l t e d  SG w i l l  depend on t h e  l e a k  r a t e  

and t h e  SG i n v e n t o r y  a t  t h e  t i m e  o f  i s o l a t i o n .  Water l e v e l  may be above normal 

w i t h  wa te r  e n t e r i n g  t h e  steam l i n e  and p o s s i b l y  b e i n g  r e l e a s e d  th rough  t h e  

r e l i e f  va l ves .  

The HPIS i s  o p e r a t i n g  and r e s t o r i n g  i n v e n t o r y .  Hence, t h e  RWST l e v e l  

i s  decreasing.  Water l e v e l  may be r e - e s t a b l i s h e d  i n  t h e  p r e s s u r i z e r .  I f  RCP's 

a r e  o p e r a t i n g  ("success path"  o f  t h e  branch a f t e r  SGTR-3), f u l l  p r i m a r y  f l o w  i n  

t h e  loops,  w i l l  cause t h e  r e a c t o r  h o t  and c o l d  l e g  c o o l a n t  temperatures t o  

, decrease s t e a d i l y  a t  a  r a t e  s i m i l a r  t o  t h e  secondary tempera tu re  response i n  t h e  

i n t a c t  SG's. Because heat  removal t h rough  t h e  SG c o n t a i n i n g  t h e  tube  r u p t u r e  i s  

l e s s  e f f e c t i v e  than t h e  heat  t r a n s f e r  i n  t h e  i n t a c t  SG's, p r imary  c o l d  . leg 

temperatures  i n  t h e  l o o p  assoc ia ted  w i t h  t h e  f a u l t e d  SG may be s l i g h t l y  h i g h e r  

t h a n  t h e  o t h e r  loops.  With t h e  e x c e l l e n t  m i x i n g  p r o v i d e d  b y  the,  RCP's, any 

steam bubbles which may have formed a f t e r  t h e  i n i t i a l  RCS d e p r e s s u r i z a t i o n  

f o l l o w i n g  t h e  break shou ld  be d i s s i p a t e d  i n  a  r e l a t i v e l y  s h o r t  t ime.  

The RCS p ressu re  i s  p r i m a r i l y  dependent on t h e  break s i z e ,  t h e  response o f  

t h e  HPIS, and t h e  r a t e  a t  which hea t  i s  b e i n g  removed th rough  t h e  i n t a c t  SG's. 



A descript ion of the e f fec t  of break s ize  i s  given in the "uncertainties a n d  

Sens i t iv i t i e s"  section of Sta te  S-1 of the SB LOCA OAET (Section 3.1.1). This 

discussion i s  generally applicable to  the SGTR event as well. However, the heat 

removal through the in tact  SG's and the influence o f  the isolated SG will a l t e r  

the character is t ic  responses associated with the di f ferent  break sizes.  If the 

operator i s  rapidly dumping steam from the in tact  SG's there may not be a  case 

where repressurization of the primary system occurs. The RCS pressure would 

more l ike ly  be re la t ively  s table  or  decreasing s l ight ly  f o r  breaks a t  the lower 
end of the break s ize  spectrum. Larger s i ze  breaks ( fo r  a  given secondary cool 

down r a t e )  would probably have a  somewhat more rapid pressure decay. 

If the RCP1s have tripped ( " f a i l u r e  path" of the branch following 

s t a t e  SGTR-3), the RCS heat removal i s  being accomplished by natural circulat ion 

in the loops associated with the in tact  SG1s. Due t o  the lack of forced circu- 
l a t i on ,  the RCS temperature will decrease much more slowly than i f  the RCP1s 

were providing flow. The hot leg of the primary loop associated with the 

faulted SG would be a t  an elevated temperature re la t ive  t o  the other loops as 

near-stagnant flow conditions would ex i s t .  This presence of th i s  "hot loop" 

wi 11 maintain a  re la t ively  stab1 e  RCS pressure durlng the secondary cooldown 

phase. 

I n  contras t ,  thc cold leg temperature in the loop associated with the 
faulted SG may be l e s s  than the cold leg temperatures in the other loops. I'his 

i s  due t o  the injection of cold SI water into re la t ively  stagnant loop. 

Temperature differences throughout the KCS wil l also be m u c h  greater 
without forced flow. In par t icular ,  the temperature difference between the hot 
and cold legs in the in tac t  loops will be much greater  than that  for  forced flow 

conditions. The operator will have t o  take t h i s  fac t  in to  account when cooling 

the RCS prior to  depressurization. Natural circulat ion may create local hot 

spots where the temperature i s  s ignif icant ly  greater  than a t  the location of the 

temperature sensor u t i  1 ized t o  determine adequate RCS cool ing. Hence, to  

prevent the formation of voids i n  the core and h o t  leg during the depressuri- 
zation phase, the operator will have t o  reduce the temperature a t  the monitored 

location suff ic ient ly  t o  ensure subcooling a t  these hotter  locations. 



UNCERTAINTIES AND SENSITIVITIES: 

The ma jo r  u n c e r t a i n t y  a t  t h i s  s t a t e  i s  t h e  RCS p ressu re  behav io r  

d u r i n g  t h e  t i m e  when steam i s  b e i n g  dumped t o  t h e  condenser o r  re leased  th rough 

t h e  ADV's. For  some cases i t  appears t h a t  t h e  p r imary  p ressu re  may n o t  be 

s i g n i f i c a n t l y  reduced d u r i n g  secondary system cooldown and t h a t  d e p r e s s u r i z a t i o n  

o f  t h e  RCS below t h a t  o f  t h e  f a u l t e d  SG w i l l  r e q u i r e  t h e  a d d i t i o n a l  a c t i o n s  

d iscussed f o r  t h i s  s t a t e .  T h i s  would be expected f o r  s m a l l e r  s i z e  breaks o r  

cases where t h e  RCP1s a r e  t r i p p e d . I n  o t h e r  s i t u a . t i o n s ,  i t  may be p o s s i b l e  t o  

dep ressu r i ze  t h e  RCS by r a p i d l y  dumping steam f r o m  t h e  secondar ies.  I n  t h i s  

case f u r t h e r  o p e r a t o r  a c t i o n s  t o  d e p r e s s u r i z e  t h e  p r i m a r y  may n o t  be necessary. 

Analyses f o r  SGTR events  where t h e  ADV1s a r e  h e l d  open a r e  n o t  a v a i l a b l e .  

Hence, i t  i s  n o t  p o s s i b l e  t o  p r e d i c t  e x a c t l y  what e f f e c t  t h i s  a c t i o n  would have 

on t h e  p r i m a r y  p ressu re  f o r  d i f f e r e n t  SGTR s i zes .  



STATE: SGTR-3a 

T h i s  s t a t e  on t h e  OAET rep resen ts  t h e  s i t u a t i o n  where t h e  o p e r a t o r  has 

s u c c e s s f u l l y  d iagnosed t h e  e v e n t  as a  SGTR, i d e n t i f i e d  t h e  SG w i t h  t h e  f a i l u r e ,  

and i s o l a t e d  t h a t  SG on t h e  secondary s i d e .  However, t h e  o p e r a t o r  e i t h e r  does 

n o t  o r  can n o t  use t h e  i n t a c t  SG's t o  coo l  t h e  p r imary  system. Hence, t h e  

sys tem wou ld  be a t  a  q u a s i - e q u i l i b r i u m  c o n d i t i o n .  Heat removal from t h e  RCS 

wou ld  be accompl ished by  p e r i o d i c  c y c l i n g  o f  t h e  SG r e l i e f  va l ves .  The RCS 

p r e s s u r e  wou ld  remain e l e v a t e d  a t  some v a l u e  g r e a t e r  t han  t h e  p ressu re  i n  t h e  

r u p t u r e d  steam genera to r .  Hence, t h e  f l o w  th rough  t h e  break would con t inue .  

T h i s  wou ld  eventually f i l l  t h c  secondary s i d c  o f  t h c  f a u l t c d  SC and c o o l a n t  

wou ld  be d i scha rged  th rough  i t s  r e l i e f  va l ves .  The co re  would be i n  no immed- 

i a t e  danger as  t h e  IlPIS would be m a i n t a i n i n g  i n v e n t o r y .  However, con t inued  

o p e r a t i o n  a t  t h i s  s t a t e  i s  undes i rab le .  F i r s t ,  t h e  r e l e a s e  o f  c o o l a n t  th rough 

t h e  r e l i e f  va l ves  i n  t h e  f a u l t e d  SG w i l l  i n c r e a s e  t h e  r e l e a s e  o f  r a d i o a c t i v i t y  

t o  t h e  environment.  I n  a d d i t i o n ,  t h e  RWST i n v e n t o r y  w i l l  e v e n t u a l l y  dep le te .  

The o p e r a t o r  must r e p l e n i s h  t h i s  wa te r  source t o  a v o i d  uncover ing  t h e  co re  and 

subsequent f u e l  damage. T h i s  s t a t e  i s  p r o b a b i l i s t i c a l l y  i n s i g n i f i c a n t ,  b u t  i s  

i n c l u d e d  t o  i l l u s t r a t e  t h e  symptoms a s s o c i a t e d  w i t h  f a i l u r e  t o  pe r fo rm t h e  

a c t i o n s  d e s c r i b e d  i n  s t a t e  SGTR-2. 

REQUIRED OPERATOR RESPONSE: 

I f  t h i s  s t a t e  occurs  because t h e  o p e r a t o r  f a i l e d  t o  pe r fo rm t h e  

c o r r e c t  a c t i o n s ,  t h e  obv ious o p e r a t o r  response i s  t o  red iagnose t h e  s i t u a t i o n ,  

c o n s u l t  t h e  procedures,  and then  pe r fo rm t h e  a c t i o n s  d iscussed i n  s t a t e  SGTR-2. 

I n  t h e  improbab le  case o f  a  l o s s  o f  condenser i n  c o n j u n c t i o n  w i t h  t h e  

l o s s  o f  manual c o n t r o l  c a p a b i l i t y  f o r  a l l  ADV1s on a l l  o f  t h e  i n t a c t  SG1s, t h e  

o p e r a t o r  must  a t tempt  t o  r e p a i r  one o f  these f a i l u r e s .  T h i s  would e n t a i l  

r e s t o r i n g  t h e  main condenser as a  heat  s i n k ,  o r  r e p a i r i n g  t h e  ADV's c o n t r o l  

mechanism so t h a t  t h e  o p e r a t o r  can h o l d  these va l ves  open when t h e  SG p ressu re  

d rops  be low t h e i r  r e c l o s u r e  s e t  p o i n t .  Dur ing  t h e  t i m e  these  r e p a i r s  a r e  be ing  

per formed,  t h e  o p e r a t o r  must m o n i t o r  co re  c o n d i t i o n s  and ensure t h a t  HPIS i s  

m a i n t a i n i n g  adequate i n v e n t o r y .  I f  t h e  r e p a i r s  r e q u i r e  a  s i g n i f i c a n t  t i m e  

( p e r i o d s  approach ing a  day ) ,  t hen  t h e  o p e r a t o r  w i l l  p robab ly  need t o  r e p l e n i s h  

t h e  RWST i n v e n t o r y .  



KEY SYMPTOMS: 

The key parameter  wh i ch  wou ld  d i s t i n g u i s h  t h i s  s t a t e  f r o m  s t a t e  SGTR-3 

i s  t h e  secondary s i d e  p r e s s u r e  i n  t h e  i n t a c t  steam g e n e r a t o r s .  The p r e s s u r e  

wou ld  be o s c i l l a t i n g  about  t h e  r e l i e f  v a l v e  s e t  p o i n t s  as a  r e s u l t  o f  t h e  

f a i l u r e  t o  d e p r e s s u r i z e  t h e  secondary  s i d e .  P r i m a r y  sys tem p r e s s u r e  and tempera- 

t u r e s  wou ld  s t a b i l i z e  a t  some l e v e l  de te rm ined  by  t h e  b r e a k  s i z e  and s a f e t y  

i n j e c t i o n  f l o w .  HPIS i s  m a i n t a i n i n g  adequate  i n v e n t o r y ,  a l t h o u g h  t h e  p ressu-  

r i z e r  may n o t  r e f i l l  f o r  some p e r i o d  (depends on t h e  b r e a k  s i z e ) .  As d i s c u s s e d  

i n  p r e v i o u s  s t a t e s ,  t h e  RCS may r e p r e s s u r i z e  f o r  v e r y  s m a l l  SGTR's. T h i s  c o u l d  

r e q u i r e  t h e  o p e r a t o r  t o  t e r m i n a t e  H P I S  t o  a v o i d  l i f t i n g  t h e  p r e s s u r i z e r  PORV, 

and i n c r e a s i n g  t h e  l o s s  o f  p r i m a r y  c o o l a n t .  

Water  l e v e l  i n  t h e  f a u l t e d  SG i s  i n c r e a s i n g ,  and e v e n t u a l l y  c o o l a n t  

may be d i s c h a r g e d  t h r o u g h  t h e  r e l i e f  v a l v e s .  T h i s  wou ld  i n c r e a s e  t h e  r e l e a s e  o f  

r a d i o a c t i v i t y  t o  t h e  env i ronment .  U n l i k e  s t a t e  SGTR-3, t h e r e  i s  l i t t l e  

d i f f e r e n c e  i n  secondary s i d e  p r e s s u r e  between t h e  i n t a c t  and t h e  f a u l t e d  SG's. 



STATE: SGTR-4 

A t  t h i s  s t a t e  t h e  o p e r a t o r  has e f f e c t i v e l y  te rm ina ted  t h e  l o s s  o f  

c o o l a n t  t h rough  t he  tube rup tu re .  The key ac t i ons  which have been performed t o  

accompl ish t h i s  f unc t i ons  a re :  

i s o l a t i o n  o f  SG w i t h  tube r u p t u r e  

cooldown o f  RCS by  dumping steam f rom i n t a c t  SG's t o  t h e  
condenser, o r  v e n t i n g  steam th rouqh  t h e  ADV's. 

d e p r e s s u r l z a t i o n  of RCS below f a u l t e d  SG pressure us ing  p r e s s u r i z e r  
sprays ( R C P ' s  a v a i l a b l e ) .  

Decay hea t  i s  be ing  removed th rough  t h e  SG's i n  t h e  i n t a c t  loops.  R C S  i nven to r y  

i s  be ing  r e s t o r e d  by o p e r a t i o n  o f  t h e  HPIS. 

REQUIRED OPERATOR RESPONSE: 

The o p e r a t o r ' s  a c t i o n s  a t  t h i s  s t a t e  a r e  d i r e c t e d  toward b r i n g i n g  t h e  

p l a n t  t o  a  sa fe ,  c o l d  shutdown c o n d i t i o n  and m in im i z i ng  f u r t h e r  re leases  through 

t h e  tube  rup tu re .  A f t e r  d e p r e s s u r i z a t i o n  has been achieved, con t inued  s a f e t y  

i n j e c t i o n  pump o p e r a t i o n  w i l l  beg in  t o  r ep ressu r i ze  t h e  RCS. Hence, t h e  ope ra to r  

must t e rm ina te  S I  i n  o r d e r  t o  avo id  r e e s t a b l i s h i n g  f l o w  th rough  t he  break. The 

o p e r a t o r  shou ld  o n l y  t e rm ina te  S I  when he has p o s i t i v e  i n d i c a t i o n  t h a t  R C S  
i n v e n t o r y  has been r e s t o r e d  and t h a t  t h e r e  a re  no paths f o r  coo lan t  leakage 

o t h e r  than  through t h e  tube  rup tu re .  The S I  t e r m i n a t i o n  c r i t e r i a  a re  p l a n t  de- 

pendent b u t  i n v ~ l v e  ensu r i ng  t h a t :  

1) RCS pressure  i s  i nc reas ing :    his v e r i f i e s  t h a t  i n v e n t o r y  i s  i n -  
c reas ing  and t h a t  t h e r e  a r e  no o the r  major  leakage paths.  Th i s  a l s o  
i n q i r r ~ q  t h a t .  a n y  vo ids  formed du r i ng  the  dep ressu r i za t i on  phase a re  
co l l apsed .  

2 )  P r e s s u r i z e r  l e v e l  has been re -es tab l i shed :  I n  con junc t i on  w i t h  
i n c r e a s i n g  p ressure ,  t h i s  conf i rms t h a t  RCS i n v e n t o r y  i s  s u f f i c i e n t .  

3 )  RCS i s  adequate ly  subcooled: Th i s  minimizes t h e  p o t e n t i a l  f o r  vapor 
bubble  f o rma t i on .  



A f t e r  t e r m i n a t i o n  o f  t h e  HPIS, t h e  o p e r a t o r  must e s t a b l i s h  cha rg ing  

and le tdown  f lows t o  m a i n t a i n  p r e s s u r i z e r  l e v e l .  The RCS cooldown shou ld  be 

c o n t i n u e d  by c o n t i n u i n g  steam dump t o  t h e  condenser. B e f o r e  t h e  RHRS can be 

a c t i v a t e d ,  t h e  f a u l t e d  l o o p  must be depressur ized.  A l though  t h i s  SG w i l l  

g r a d u a l l y  dep ressu r i ze  as t h e  RCS p ressu re  i s  reduced, f u r t h e r  a c t i o n  may be 

necessary  t o  reduce p ressu re  t o  l e s s  t h a n  400ps i .  T h i s  i s  accompl ished b y  

g r a d u a l l y  r e l e a s i n g  steam f rom t h e  i s o l a t e d  SG t o  t h e  condenser o r  t h rough  t h e  

a tmospher ic  dump va lve .  Care must  be m a i n t a i n e d  t o  ensure  t h a t  t h e  p ressu re  i n  

t h e  f a u l t e d  SG remains g r e a t e r  t h a n  t h e  RCS p ressu re  d u r i n g  t h i s  process.  T h i s  

w i l l  1  i k e l y  r e q u i r e  use o f  t h e  p r e s s u r i z e r  sprays. 

I t  may a l s o  be necessary t o  r e s t o r e  a u x i . l i a r y  feedwater  f l o w  t o  t h e  

f a u l t e d  SG d u r i n g  t h i s  process t o  m a i n t a i n  c o n t r o l  o f  t h e  RCS and f a u l t e d  SG 

p ressu res  d u r i n g  cooldown. Water l e v e l  i n  t h e  f a u l t e d  SG shou ld  be s u f f i c i e n t  

t o  cove r  t h e  SG tubes.  Otherwise steam condensat ion  on t h e  c o l d  tubes c o u l d  

r e s u l t  i n  a  sudden d rop  i n  SG p ressu re  and a  l o s s  o f  p r e s s u r i z e r  l e v e l .  

The f i n a l  key o p e r a t o r  a c t i o n  i s  t o  a c t i v a t e  t h e  RHRS. T h i s  completes 

t h e  t r a n s i t i o n  t o  a  c o l d ,  shutdown c o n d i t i o n .  The RHRS can be a c t i v a t e d  once 

t h e  h o t  l e g  temperature  i s  l e s s  than  350°F and t h e  RCS p ressu re  drops below 400 

p s i .  I n  d e p r e s s u r i z i n g  t h e  system t o  t h i s  l e v e l ,  t h e  o p e r a t o r  shou ld  i s o l a t e  

t h e  accumulators f r o m  i n j e c t i n g  when t h e  p ressu re  f a l l s  below t h e i r  i n j e c t i o n  

s e t  p o i n t s .  I n  a d d i t i o n ,  t h e  boron c o n c e n t r a t i o n  shou ld  be mon i to red  t o  ensure 

adequate shutdown marg in  a t  c o l d  temperatures .  

KEY  5YMrTOMS: 

A f t e r  t h e  o p e r a t o r  t e r m i n a t e s  t h e  RCS d e p r e s s u r i z a t i o n  by  ceas ing 

spray  . f l ow ,  t h e  r e a c t o r  p ressu re  w l l l  b e g i n  t o  i n c r c a s e  as  a r ~ 5 1 1 l  t of  con t inued  

o p e r a t i o n  o f  t h e  s a f e t y  i n j e c t i o n  .pumps. The RCS p ressu re  may i n c r e a s e  above 

t h e  p ressu re  i n  t h e  f a u l t e d  SG and f l o w  o u t  t h e  break may resume. Th is  may 

cause an inc rease  i n  t h e  wa te r  l e v e l  and p ressu re  i n  t h e  f a u l t e d  SG. Cont inued 

o p e r a t i o n  o f  t h e  HPIS w i l l  r e s t o r e  wa te r  l e v e l  i n  t h e  p r e s s u r i z e r  i f  i t  was 

d r a i n e d  d u r i n g  t h e  d e p r e s s u r i z a t i o n .  I n j e c t i o n  o f  c o l d  S I  w a t e r ,  i n c r e a s i n g  

r e a c t o r  pr.essur-e, and t h e  m i x i n g  p r o v i d e d  by RCP o p e r a t i n n  w i l l  c o l l a p s e  any 

rema in ing  v o i d s  i n  t h e  RCS. The AFW pumps a r e  m a i n t a i n i n g  i n v e n t o r y  i n  t h e  

i n t a c t  SG's and t h e  secondary p r e s s u r e  i s  b e i n g  g r a d u a l l y  reduced as t h e  p l a n t  

cooldown con t inues .  



STATE: SGTR-5 

A t  t h i s  s t a t e  t h e  o p e r a t o r  has diagnosed t h e  even t  as a  SGTR, b u t  has 

been u n a b l e  t o  i s o l a t e  t h e  secondary s i d e  o f  t h e  SG w i t h  t h e  f a i l u r e .  Hence 

t h e r e  i s  a  pathway f o r  con t inuous  t r a n s p o r t  o f  r a d i o a c t i v i t y  t o  t h e  env i ronment .  

Fu r the rmore ,  i t  may n o t  be p o s s i b l e  t o  m a i n t a i n  R C S  s u b c o o l i n g  d u r i n g  subsequent 

a c t i o n s  t o  cooldown and d e p r e s s u r i z e  t h e  p r i m a r y  system i f  t h e  f a u l t e d  SG i s  n o t  

i s o l a t e d  f r o m  t h e  o t h e r  SG's. 

The a u t o m a t i c  p l a n t  responses t o  a  SGTR a r e  assumed t o  be s u c c e s s f u l  

a t  t h i s  s t a t e .  The r e a c t o r  has t r i p p e d  and t h e  HPIS i s  s u p p l y i n g  makeup t o  t h e  

p r l r n a r y  system. The a u t o m a t i c  steam dump system shou ld  a c t i v a t e  and beg i r i  ii 

g r a d u a l  cooldown o f  t h e  p l a n t  b y  dumping s team f r n m  t h e  i n t a c t  SG's t o  the 

condenser.  I f  f o r  some reason t h e  condenser i s  u n a v a i l a b l e ,  steam w i l l  be 

r e l e a s e d  t h r o u g h  t h e  ADV's once t h e  p ressu re  reaches t h e i r  a c t u a t i o n  s e t t i n g .  

Secondary p r e s s u r e  w i l l  t h e n  o s c i l l a t e  around t h i s  l e v e l  as t h e  v a l v e s  

a u t o m a t i c a l l y  open and r e c l o s e .  

REOUIRED OPERATOR ACTION: 

I f  t h e  secondary s i d e  o f  t h e  f a u l t e d  S G  can n o t  be i s o l a t e d  u s i n g  t h e  

MSIV o f  i t s  steal11 l i n e ,  t h e  o p e r a t o r  shou ld  c l o s e  t h e  t lS IV ' s  and t h e i r  bypass 

v a l v e s  a s s o c i a t e d  w i t h  t h e  i n t a c t  SG's. T h i s  w i l l  e f f ~ c t . i v e l y  i s o l a t e  t h c  u n i t  

w i t h  t h e  t u b e  r u p t u r e  so t h a t  t h e  p r i m a r y  can be d e p r e s s u r i z e d  w i t h  l i t t l e  o r  no 

v o i d i n g  i n  t h e  c o r e  o r  h o t  l e g s .  T h i s  a c t i o n  p r e c l u d e s  t h e  use o f  t h e  main 

condenser as a  h e a t  s i n k .  The o p e r a t o r  must cooldown t h e  p l a n t  by  r e l e a s i n g  

steam f r o m  t h e  i n t a c t  SG's t h r o u g h  t h e  ADVs i n  t h e  i n t a c t  SG's. 

KEY SYMPTOMS: 

F a i l u r e  t o  i s o l a t e  t h e  f a u l t e d  SG would req l . l l t  i n  c o n t i n u e d  r r l e t ) s e  o f  

r a d i o a c t i v i t y .  Thus r a d i a t i o n  m o n i t o r  read ings  (e .g .  condenser a i r  e j e c t o r )  

wou ld  remain  e l e v a t e d .  The p r e s s u r e  i n  t h e  f a u l t e d  S G  wou ld  depend on t h e  s i z e  

o f  t h e  t u b e  r u p t u r e ,  and t h e  p r e s s u r e  i n  t h e  i n t a c t  steam genera to rs .  T h i s  

l a t t e r  e f f e c l  would be expected t o  dominate i n  most cases.  Thus, i f  t h e  i n t a c t  

SG's were g r a d u a l l y  d e p r e s s u r i z i n g  as p a r t  o f  t h e  p l a n t  cooldown, t h e  p r e s s u r e  



i n  t h e  f a u l t e d  l o o p  would  e x h i b i t  a  s i m i l a r  behav io r .  T h i s  b e h a v i o r  i s  i n  

c o n t r a s t  t o  s t a t e  SGTR-2 where s u c c e s s f u l  i s o l a t i o n  r e s u l t s  i n  i n c r e a s i n g  

p ressu re  i n  t h e  f a u l t e d  SG. The o t h e r  symptoms a s s o c i a t e d  w i t h  s t a t e  SGTR-5 a r e  

t h e  same as those  f o r  s t a t e  SGTR-2. 

STATE: SGTR-6 

A t  t h i s  s t a t e  t h e  o p e r a t o r  has s u c c e s s f u l l y  i s o l a t e d  t h e  secondary 

s i d e  o f  t h e  f a u l t e d  SG b y  c l o s i n g  t h e  MSIV's and bypass v a l v e s  i n  t h e  steam 

l i n e s  a s s o c i a t e d  w i t h  t h e  o t h e r ,  i n t a c t  secondar ies .  T h i s  a c t i o n  was necessary 

because t h e  o p e r a t o r  was unab le  t o  i s o l a t e  t h e  f a u l t e d  SG ( s t a t e  SGTR-5). The 

o t h e r  p l a n t  au tomat i c  responses a r e  assumed t o  be successfu l  a t  t h i s  s t a t e .  

These i n c l u d e  r e a c t o r  t r i p  and a c t u a t i o n  o f  HPIS. 

REQUIRED OPERATOR RESPONSE: 

The o p e r a t o r ' s  o b j e c t i v e  a t  t h i s  s t a t e  i s  t o  cooldown and d e p r e s s u r i z e  

t h e  p r i m a r y  system. Once t h e  RCS p r e s s u r e  has been reduced below t h e  p ressu re  

i n  t h e  f a u l t e d  SG, t h e  l o s s  o f  c o o l a n t  w i l l  be t e r m i n a t e d  and re leases  t o  t h e  

environment min imized.  T h i s  process must  be done c a r e f u l l y  t o  m in im ize  t h e  

p o t e n t i a l  f o r  v o i d i n g  i n  t h e  c o r e  and h o t  l e g s .  Hence, t h e  o p e r a t o r  shou ld  

f i r s t  reduce RCS tempera tu res  p r i o r  t o  d e p r e s s u r i z i n g .  Because t h e  MSIV's and 

t h e i r  bypass va lves  i n  t h e  i n t a c t  S G ' s  were c l o s e d  t o  i s o l a t e  t h e  f a u l t e d  SG, i t  

w i l l  n o t  be p o s s i b l e  t o  cooldown t h e  p l a n t  u s i n g  t h e  main condenser. I n s t e a d  

t h e  o p e r a t o r  must manua l l y  open t h e  ADV's on t h e  i n t a c t  SG's and r e l e a s e  steam 

t o  t h e  atmosphere. I t  w i l l  be necessary  f o r  t h e  o p e r a t o r  t o  manual ly  h o l d  these  

v a l v e s  open when t h e  p r e s s u r e  d rops  be low t h e i r  a u t o m a t i c  r e c l o s u r e  s e t  p o i n t .  

. The o p e r a t o r  must a l s o  ensure  adequate w a t e r  l e v e l  i s  b e i n g  p r o v i d e d  by  t h e  

' AFWS. Manual c o n t r o l  o f  AFW f l o w  and steam r e l e a s e  may be r e q u i r e d  t o  i n s u r e  a  

u n i f o r m  cooldown and t o  m a i n t a i n  SG w a t e r  l e v e l  i n  t h e  p roper  range. T h i s  

a c t i o n  w i l l  l ower  sec0ndar.y s i d e  p r e s s u r e  and tempera tu re  i n  t h e  i n t a c t  SG's and 

remove hea t  f rom t h e i r  a s s o c i a t e d  p r i m a r y  c o o l a n t  l o o p s .  



KEY SYMPTOMS: 

The p l a n t  response a t  t h i s  s t a t e  i s  t h e  same as a t  s t a t e  SGTR-2 except 

t h a t  t h e  main condenser i s  unava i lab le .  Hence, steam i s  be ing  re leased through 

t h e  ADV's i n  t h e  i n t a c t  SG's a f t e r  i s o l a t i o n  of t h e  f a u l t e d  SG has been com- 

p le ted .  Thus, the  secondary pressure i n  t he  i n t a c t  SG's i s  o s c i l l a t i n g  about 

t h e  ADV s e t  p o i n t  as these va lves  cyc l e  t o  r e l i e v e  pressure.  

UNCERTAINTIES AND SENSITIVITES: 

See S t a t e  SGTR-2 

See S ta te  SGTR-2 



STATE: SGTR-6a 

A t  t h i s  s t a t e  t h e  o p e r a t o r  has diagnosed t h a t  a  SGTR has occu r red ,  b u t  

has been unab le  t o  i s o l a t e  t h e  SG w i t h  t h e  r u p t u r e  f r o m  t h e  o t h e r  i n t a c t  SG's, 

e i t h e r  b y  c l o s i n g  t h e  va l ves  a s s o c i a t e d  w i t h  t h e  f a u l t e d  u n i t  o r  t h e  MSIV 's  

a s s o c i a t e d  w i t h  t h e  o t h e r  SG's ( see  s t a t e  SGTR-5). Hence, c o o l a n t  leakage f r o m  

t h e  p r i m a r y  t o  t h e  secondary i s  c o n t i n u i n g  and r e l e a s e  t o  t h e  env i ronment  has 

n o t  been te rm ina ted .  I f  t h e  main condenser i s  a v a i l a b l e ,  t h e  a u t o m a t i c  c o n t r o l  

system has i n i t i a t e d  a  g radua l  cooldown by  r e l e a s i n g  steam t o  t h e  condenser.  I f  

t h e  main condenser i s  u n a v a i l a b l e  as a  h e a t  s i n k ,  t h e  ADV's a r e  c y c l i n g  a b o u t  

t h e i r  a u t o m a t i c  s e t - p o i n t s .  

REQUIRED OPERATOR RESPONSE: 

The o p e r a t o r  shou ld  c o n t i n u e  e f f o r t s  t o  i s o l a t e  t h e  f a u l t e d  S G  f r o m  

t h e  i n t a c t  SG's. I f  t h i s  can be accompl ished t h e  p l a n t  i s  r e t u r n e d  t o  a  c o n d i -  

t i o n  r e p r e s e n t e d  by s t a t e s  SGTR-2 o r  SGTR-6. If t h i s  i s o l a t i o n  can n o t  be 

ach ieved,  t h e  o p e r a t o r  shou ld  c o n t i n u e  w i t h  a  g radua l  p l a n t  cooldown t a k i n g  c a r e  

t o  m i n i m i z e  v o i d i n g  i n  t h e  p r i m a r y  system and t h e  r e l e a s e s  t o  t h e  env i ronment .  

Adequate HPIS f l o w  must  be m a i n t a i n e d  t o  p reven t  c o r e  uncovery .  

KEY SYFIPTOMS: 

The symptoms e x h i b i t e d  a t  t h i s  s t a t e  a r e  t h e  same as d e s c r i b e d  f o r  

s t a t e  SGTR-5. The f a i l u r e  t o  i s o l a t e  t h e  f a u l t e d  SG has n o t  a l t e r e d  t h e  p l a n t  

c o n d i t i o n .  



STATE: SGTR-7 

The sequence o f  e v e n t s  l e a d i n g  u p  t o  t h i s  s t a t e  a r e :  

SGTR 

R e a c t o r  t r i p  f o l l o w e d  b y  a c t u a t i o n  o f  HPIS, con ta inmen t  i s o l a t i o n ,  and 
a c t u a t i o n  o f  t h e  AFWS. 

O p e r a t o r  d iagnoses t h e  e v e n t  as a  SGTR, b u t  i s  u n a b l e  t o  i s o l a t e  t h e  
secondary  s i d e  o f  t h e  f a u l t e d  SG b y  c l o s i n g  v a l v e s  i n . i t s  steam l i n e .  

O p e r a t o r  s u c c e s s f u l l y  i s o l a t e s  t h e  f a u l t e d  SG b y  c l o s i n g  t h e  MSIV's 
and bypass v a l v e s  o f  t h e  o t h e r ,  i n t a c t  SG's. 

RCS cooldown i s  b e i n g  accompl ished by  r e l e a s i n g  steam t h r o u g h  t h e  
ADV's on t h e  i n t a c t  s e c o n d a r i e s .  

S t a t e  SGTR-7 and a l l  s t a t e s  t h a t  c o u l d  e v o l v e  f r o m  t h i s  c o n d i t i o n  

a r e  v e r y  s i m i l a r  t o  s t a t e  SGTR-3 and i t s  subsequent p l a n t  s t a t e s .  Hence, t h e  

l o g i c  s t r u c t u r e  i n  t h e  OAET subsequent t o  s t a t e  SGTR-7 has n o t  been i l l u s t r a t e d  

f o r  reasons  o f  s i m p l i c i t y .  

REQUIRED OPERATOR RESPONSE: 

The n e x t  o p e r a t o r  a c t i o n  i s  t o  d e p r e s s u r i z e  t h e  RCS be low t h e  p r e s s u r e  

i n  t h e  f a u l t e d  SG. The o p e r a t o r  a c t i o n s  t o  accomp l i sh  t h i s  a r e  d e s c r i b e d  i n  

S t a t e  SGTR-3. 

KEY SYMPTOMS: 

, The key symptoms o f  s t a t e  SGTR-7 and a l l  subsequent s t a t e s  a r e  s i m i l a r  

t o  s t a t e  SGTR-3, and t h e  c o n d i t i o n s  e v o l v i n g  f r o m  t h a t  p l a n t  s t a t e .  The o n l y  

d i f f e r e n c e  i s  t h e  u n a v a i l a b i l i t y  o f  t h e  main condenser a t  s t a t e  SGTR-7. 



STATE: SGTR-7a 

T h i s  s t a t e  represents  t he  p o s t u l a t e d  c o n d i t i o n  where t h e  o p e r a t o r  i s  

unable  t o  cooldown t h e  RCS by r e l e a s i n g  steam th rough  t h e  ADV's on t h e  i n t a c t  

SG's. I t  i s  analogous t o  s t a t e  SGTR-3a and i s  cons idered  t o  be p robab i -  

l i s t i c a l l y  i n s i g n i f i c a n t .  



STATE: SGTR-8 

A t  t h i s  s t a t e ,  t h e  o p e r a t o r  has diagnosed t h e  event as a  SGTR, i d e n t i -  

f i e d  t h e  S G  w i t h  t ube  f a i l u r e ,  and i s o l a t e d  t h a t  u n i t .  The RCS has been cooled 

below t h e  s a t u r a t i o n  temperature cor responding t o  t h e  pressure i n  t he  f a u l t e d  SG 

by dumping steam f r om t h e  i n t a c t  secondar ies t o  t h e  atmosphere o r  t o  the  con- 

denser. The RCP's a r e  s t i l l  ope ra t i ng ;  howe.ver t he  ope ra to r  e i t h e r  d i d  no t  o r  

cou ld  n o t  dep ressu r i ze  t h e  p r ima ry  system us ing  t he  p r e s s u r i z e r  sprays. 

REQUIRED OPERATOR RESPONSE; 
- - - .  .- 

The o p e r a t o r  must dep ressu r i ze  t he  p r imary  be low t h e  p r e s s u r e  i n  t h e  

r u p t u r e d  SG t o  t e rm ina te  t h e  l eak .  Th i s  can be accomplished by opening a  press- 

u r i z e r  PORV. Th is  a c t i o n  r e l eases  steam t o  the p r e s s u r i z e r  r e l i e f  tank (PRT) 

and q u i c k l y  lowers RCS pressure .  I f  t h e  RCS has been adequately subcooled p r i o r  

t o  opening t h e  PORV, t h e r e  shou ld  be ve ry  l i t t l e ,  i f  any, vo i d i ng  i n  t he  core 

d u r i n g  t he  d e p r e s s u r i z a t i o n .  I f  some v o i d i n g  occurs,  t h e  m i x i ng  prov ided by RCP 

o p e r a t i o n  shou ld  d i s s i p a t e  and condense t h e  vapor q u i c k l y .  

KEY SYMPTOMS: 

The symptoms a t  t h i s  s t a t e  a re  the  same as s t a t e  SGTR-3 because t he  

p l a n t  c o n d i t i o n  has n o t  changed by t he  f a i l u r e  t o  use p r e s s u r i z e r  sprays.  



STATES: SGTR-8a and SGTR-12a 

These s t a t e s  r e p r e s e n t  t h e  case where t h e  o p e r a t o r  has s u c c e s s f u l l y  

i s o l a t e d  t h e  f a u l t e d  SG and c o o l e d  down t h e  RCS b y  r e l e a s i n g  steam f r o m  t h e  

i n t a c t  secondar ies .  However, t h e  p r i m a r y  can n o t  be d e p r e s s u r i z e d  u s i n g  e i t h e r  

t h e  PORVs, t h e  p r e s s u r i z e r  sprays  o r  t h e  a u x i l i a r y  sp rays .  These s t a t e  a r e  

cons ide red  t o  be p r o b a b i l i s t i c a l l y  i n s i g n i f i c a n t  and t h e r e f o r e  subsequent s t a t e s  

have n o t  been f u r t h e r  developed.  

REQUIRED OPERATOR RESPONSE: 

A t  t h i s  p o i n t  t h e  o p e r a t o r  wou ld  c o n t i n u e  t h e  p l a n t  cooldown t h r o u g h  

t h e  i n t a c t  secondar ies .  T h i s  would g r a d u a l l y  d e p r e s s u r i z e  t h e  RCS a1 though i t  

would r e q u i r e  a  c o n s i d e r a b l e  p e r i o d  o f  t i m e  (see  " U n c e r t a i n t i e s  and S e n s i t i v -  

i t e s " ,  s t a t e  SGTR-3). T h i s  would p r o l o n g  t h e  d i s c h a r g e  o f  p r i m a r y  c o o l a n t  

t h rough  t h e  r u p t u r e  and t h e r e f o r e  i n c r e a s e  t h e  r e l e a s e  o f  r a d i o a c t i v i t y  t o  t h e  

environment.  The o p e r a t o r  may need t o '  supplement t h e  RWST t o  m a i n t a i n  a  source 

o f  w a t e r  f o r  t h e  HPIS i f  t h e  l e a k  c o n t i n u e s  f o r  a  l o n g  p e r i o d .  

KEY SYMPTOMS 

S ince  c o n d i t i o n s  have n o t  changed, t h e  key symptoms b e h a v i o r  a t  t h e s e  

s t a t e s  a r c  t h c  same a 6  a t  s t a t e  SGTR-3 .  The o n l y  d i f f e r e n c e  between s t a t e s  SGTR 

8a and 12a a r e  due t o  t h e  u n a v a i l a b i l i t y  o f  t h e  RCPs i n  t h e  l a t t e r  case. These 

d i f f e r e n c e s  a r e  no ted  i n  t h e  d e s c r i p t i o n  f o r  s t a t e  SGTR-3. 



STATE: SGTR-9 

A t  t h i s  p l a n t  s t a t e ,  t h e  o p e r a t o r  has c o r r e c t l y  d iagnosed t h e  e v e n t  as  

a  SGTR, i d e n t i f i e d  t h e  f a u l t e d  SG, and i s o l a t e d  t h a t  u n i t .  The RCS has been 

c o o l e d  be low t h e  s a t u r a t i o n  tempera tu re  c o r r e s p o n d i n g  t o  t h e  p r e s s u r e  i n  t h e  

f a u l t e d  SG b y  dumping steam f r o m  t h e  i n t a c t  secondar ies  t o  t h e  atmosphere o r  t o  

t h e  condenser .  The RCP's a r e  o p e r a t i n g ;  however, t h e  o p e r a t o r  d i d  n o t  o r  c o u l d  

n o t  d e p r e s s u r i z e  t h e  RCS u s i n g  t h e  p r e s s u r i z e r  sp rays .  I n s t e a d ,  a  PORV was 

opened and RCS p r e s s u r e  was lowered  be low t h a t  of t h e  f a u l t e d  SG b y  r e l e a s i n g  

s t e a m  t o  t h e  PRT. A t  s t a t e  SLIH-3, i t  1s assumed t h a t  t h e  o p e r a t o r  s u c c e s s f u l l y  

~ l u b e c l  L t ~ e  PORV d l  L ~ I  i s  t ' l~ r ie .  

The HPIS i s  c o n t i n u i n g  t o  s u p p l y  c o o l a n t  t o  t h e  p r i m a r y  system. A t  

t h i s  t i m e ,  t h e  p l a n t  c o n d i t i o n  i s  s i m i l a r  t o  s t a t e  SGTR-4. The main d i f f e r e n c e  

i s  t h a t  a d d i t i o n a l  p r i m a r y  c o o l a n t  has been l o s t  as a  r e s u l t  o f  d i s c h a r g e  

t h r o u g h  t h e  PORV. Hence, t h e  a d d i t i o n a l  S I  f l o w  w i l l  be  r e q u i r e d  t o  r e s t o r e  

i n v e n t o r y .  Fu r the rmore ,  r e l e a s e  t o  t h e  PRT may have exceeded i t s  c a p a c i t y  

r e s u l t i n g  i n  a  r e l e a s e  o f  p r i m a r y  c o o l a n t  t o  t h e  conta inment .  

RFQIITREIl OPERATOR A C T I O N :  

The o p e r a t o r  a c t i o n s  a r e  t h e  same as d e s c r i b e d  f o r  S t a t e  SGTR-4. If 

t h e  PRT r u p t u r e  d i s k  has b u r s t ,  t h e  o p e r a t o r  may need t o  ensure  t h a t  t h e  c o n t a i n -  

ment f a n  c o o l e r s  o r  perhaps t h e  con ta inmen t  sprays  a r e  a c t u a t e d .  

KEY SYMPTOMS: 

A f t e r  t h e  PORV i s  opened, t h e  RCS p r e s s u r e  w i l l  d r o p  r a p i d l y .  A c t -  

u a t i o n  o f  t h e  PORV w i l l  a l s o  be i n d i c a t e d  by  t h e  d i s c h a r g e  l i n e  tempera tu re  and 

f l o w  as  w e l l  as v a l v e  p o s i t i o n .  The p r e s s u r e ,  t empera tu re  and w a t e r  l e v e l  i n  

t h e  PRT w i l l  a l s o  i n c r e a s e  as primar.y c o o l a n t  e n t e r s  t h e  PRT. C l o s u r e  o f  t h e  

PORV can be immed ia te l y  v e r i f i e d  b y  a  t r a n s i t i o n  from r a p i d l y  dec reas ing  t o  a  

s t a b l e  o r  s l o w l y  i n c r e a s i n g  r e a c t o r  p ressu re .  C o n f i r m a t i o n  can a l s o  be o b t a i n e d  

by  c h e c k i n g  t h e  d i s c h a r g e  l i n e  f l o w  and v a l v e  p o s i t i o n .  Release o f  steam 

t h r o u g h  t h e  PORV may cause u n r e l i a b l e  p r e s s u r i z e r  l e v e l  read ings .  I t  i s  pos- 

s i b l e  t h a t  a  two phase m i x t u r e  c o u l d  be f o r c e d  up i n t o  t h e  p r e s s u r i z e r  when t h e  



PORV i s  opened. T h i s  wou ld  c e r t a i n l y  be obse rved  if t h e r e  was s i g n i f i c a n t  

v o i d i n g  i n  t h e  upper  head and /o r  steam g e n e r a t o r  t ubes .  T h i s  c o u l d  r e s u l t  i n  a n  

i n d i c a t i o n  o f  r i s i n g  p r e s s u r i z e r  l e v e l .  However, t h i s  wou ld  n o t  be  a  r e l i a b l e  

i n d i c a t o r  o f  i n c r e a s i n g  RCS i n v e n t o r y  as c o o l a n t  i s  a c t u a l l y  b e i n g  d i s c h a r g e d  a t  

t h i s  t ime .  C losu re  o f  t h e  PORV s h o u l d  r e s u l t  i n  an immedia te  decrease i n  

p r e s s u r i z e r  l e v e l ,  s h o u l d  such a  f a l s e  i n d i c a t i o n  o c c u r .  Subsequent t o  PORV 

c l o s u r e ,  HPIS o p e r a t i o n  w i l l  r e s t o r e  i n v e n t o r y  and w a t e r  w i  11 e v e n t u a l l y  r e -  

e n t e r  t h e  p r e s s u r i z e r ,  g r a d u a l l y  i n c r e a s i n g  t h e  p r e s s u r i z e r  l e v e l .  

I n j e c t i o n  o f  c o l d  S I  w a t e r ,  i n c r e a s i n g  r e a c t o r  p r e s s u r e  a f t e r  PORV 

c l o s u r e ,  and t h e  m i x i n g  p r o v i d e d  b y  RCP o p e r a t i o n  w i l l  c o l l a p s e  any r e m a i n i n g  

v o i d s  formed i n  t h e  R C S  d u r i n g  t h e  d e p r e s s u r i z a t i o n .  H o t  and c o l d  l e g  tempera- 

t u r e s  w i l l  be g r a d u a l l y  d e c l i n i n g  as h e a t  i s  removed t h r o u g h  t h e  i n t a c t  SG's. 

The AFWS i s  m a i n t a i n i n g  l e v e l  i n  t h e  i n t a c t  SG's and secondary  p r e s s u r e  i s  

g r a d u a l  l y  b e i n g  reduced as t h e  c o o l  down c o n t i n u e s .  Water l e v e l  i n  t h e '  f a u l t e d  

SG s h o u l d  be s t a b l e  o r  d e c r e a s i n g  , a f t e r  RCS d e p r e s s u r i z a t i o n .  F low t h r o u g h  t h e  

b r e a k  w i l l  r e v e r s e  d i r e c t i o n  when t h e  p r i m a r y  p r e s s u r e  i s  b r o u g h t  be low t h e  

f a u l t e d  SG p ressu re .  HPIS o p e r a t i o n  w i  11 r e p r e s s u r i z e  t h e  p r i m a r y ;  hence t h i s  

r e v e r s e  f l o w  and d e c r e a s i n g  f a u l t e d  SG l e v e l  may n o t  e x i s t  f o r  a  l e n g t h y  p e r i o d .  

UNCERTAINTIES AND SENSITIVITES: 

The changes i n  PRT c o n d i t i o n s  accompanying open ing  o f  t h e  PORV may be 

d i f f i c u l t  t o  d i s c e r n .  T h i s  c o u l d  o c c u r  because t h e  PRT may be r e c e i v i n g  f l u i d  

f r o m  o t h e r  sources.  Fo l  l o w i n g  con ta inmen t  i s o l a t i o n ,  l eakage  t h r o u g h  t h e  RCP 

s e a l s  can p r e s s u r i z e  t h e  i s o l a t e d  RCP sea l  r e t u r n  p i p i n g .  Shou ld  t h i s  occu r ,  

c o o l a n t  w i l l  be d i s c h a r g e d  t o  t h e  PRT t o  a v o i d  o v e r p r e s s u r i z i n g  t h i s  l i n e .  

' , S i m i l a r l y ,  t h e  PRT may r e c e i v e  RCS c o o l a n t  f r o m  t h e  CVCS l e t d o w n  1  i n e  if t h i s  

system i s  o v e r p r e s s u r i z e d .  A1 though l e t d o w n  1  i n e s  a r e  i s o l a t e d  on a  S I  s i g n a l ,  

t h e y  may a u t o m a t i c a l l y  reopen d u r i n g  t h e  e v e n t  i f  p r e s s u r i z e r  l e v e l  i s  r e s t o r e d .  

I t  i s  u n c e r t a i n  i f  t h i s  c o n d i t i o n  wou ld  o c c u r  a t  t h i s  s t a t e .  



STATE: SGTR-10 

A t  t h i s  p l a n t  s t a t e ,  t h e  o p e r a t o r  has c o r r e c t l y  d iagnosed t h e  even t  as 

a  SGTR, i d e n t i f i e d  t h e  f a u l t e d  SG, and i s o l a t e d  t h a t  u n i t .  The RCS has been 

c o o l e d  below t h e  s a t u r a t i o n  tempera tu re  co r respond ing  t o  t h e  p ressu re  i n  t h e  

f a u l t e d  SG by  dumping steam f r o m  t h e  i n t a c t  secondar ies  t o  t h e  atmosphere o r  t o  

t h e  condenser.  The RCP's a r e  o p e r a t i n g ;  however, t h e  o p e r a t o r  d i d  n o t  o r  c o u l d  

n o t  d e p r e s s u r i z e  t h e  RCS u s i n g  t h e  p r e s s u r i z e r  sprays .  I ns tead ,  a  PORV was 

opened and RCS p r e s s u r e  was l owered  be low tha ' t  o f  t h e  f a u l t e d  SG by  r e l e a s i n g  

steam t o  t h e  PRT. However, a t  t h i s  s t a t e ,  i t  i s  assumed t h a t  t h e  PORV d i d  n o t  

r e c l o s e  when t h e  o p e r a t o r  a c t u a t e d  t h e  s w i t c h  i n  t h e  c o n t r o l  room. Hence, f l u i d  

i s  c o n t i n u i n g  t o  be r e l e a s e d  th rough  t h e  s tuck-open v a l v e  r e s u l t i n g  i n  a  con- 

t i n u e d  r e d u c t i o n  i n  r e a c t o r  p ressu re .  Con t i nued  d i s c h a r g e  o f  p r i m a r y  c o o l a n t  t o  

t h e  PRT w i l l  cause i t s  r u p t u r e  d i s k  t o  b u s t  r e l e a s i n g  w a t e r  and steam i n t o  

con ta inmen t .  The HPIS i s  o p e r a t i n g  p r o v i d i n g  makeup t o  compensate f o r  t h e  f l u i d  

b e i n g  r e l e a s e d  t h r o u g h  t h e  PORV. 

REQUIRED OPERATOR RESPONSE: 

The o p e r a t o r  must  r e c o g n i z e  t h a t  t h e  PORV has n o t  r e c l o s e d  and then  

c l o s e  t h e  b l o c k  v a l v e  t o  h a l t  t h e  d i s c h a r g e  o f  c o o l a n t  i n t o  t h e  PRT. A f t e r  t h e  

PRT r u p t u r e  d i s k  b u r s t s ,  t h e  o p e r a t o r  must ensure  t h a t  t h e  conta inment  fan 

c o o l e r s  and /o r  con ta inmen t  sprays  a r e  a c t u a t e d  i f  conta inment  p r e s s u r i z e  i n -  

c reases .  

KEY SYMPTOMS: 

The most  n o t i c e a b l e  symptom accompanying t h e  open ing o f  t h e  PORV w i l l  

be a  r a p i d  decrease i n  r e a c t o r  p ressu re .  PORV a c t u a t i o n  w i l l  a l s o  be i n d i c a t e d  

by d i s c h a r g e  l i n e  f l o w  and tempera ture ,  and v a l v e  p o s i t i o n .  The p ressu re ,  

t empera tu re ,  and w a t e r  l e v e l  i n  t h e  PRT w i l l  a l l  i n c r e a s e  as p r i m a r y  c o o l a n t  i s  

r e l e a s e d  t o  t h i s  volume. E v e n t u a l l y ,  t h e  c a p a c i t y  o f  t h e  PRT w i l l  be exceeded 

and t h e  r u p t u r e  d i s k  w i l l  b u r s t ,  r e l e a s i n g  steam and wa te r  t o  conta inment .  T h i s  

w i  11 cause an i n c r e a s e  i n  conta inment  tempera ture ,  p ressu re ,  h u m i d i t y ,  and 

r a d i a t i o n .  Water w i l l  a l s o  b e g i n  t o  accumulate i n  t h e  conta inment  sump. 

F a i l u r e  o f  t h e  PORV t o  r e c l o s e  w i l l  be r e f l e c t e d  by a  c o n t i n u a t i o n  o f  these 



trends a f t e r  the time when the operator attempted to  close the valve. The 

reactor pressure will continue to decrease below the pressure in the ruptured 

SG. 

Release of steam through the PORV may cause unreliable pressurizer 

level readings. I t  i s  possible that a two phase mixture could be forced u p  into 

the pressurizer when the P O R V  i s  opened. This could resu l t  in an indication of 

rising pressurizer level. However, thi.s would not be a rel iable  indicator of 

increasing RCS inventory as coolant i s  actually being discharged a t  t h i s  time. 

The AFWS i s  maintaining level in the in tac t  SG's and  secondary pres- 

sure i s  gradually being reduced'as the cooldown continues. Water level in the 

faulted SG will be increasing during the time the RCS pressure exceeds the 

pressure i n  the SG. However, once the pressures are reversed, the flow through 

the tube rupture changes direction a n d  the inventory in the faulted SG will 

decrease. 

The continued depressurization caused by the stuck-open valve will 

result  in a loss of the subcooling margin achieved during RCS cooldown (State 

SGTR-3). Voiding will occur in the hotter locations of the RCS a f t e r  the 

primary pressure drops below the pressure in the faulted SG. 

U N C E R T A I N T I E S  A N D  SENSITIVITES: 

See s tate  SGTR-9. 



STATE: SGTR-11 

Th is  s t a t e  i s  s i m i l a r  t o  s ta te .  SGTR-9. The o n l y  d i f f e r e n c e  i s  t h a t  

d u r i n g  t h e  t ime p e r i o d  between f a i l u r e  of the  PORV t o  r ec l ose  and c l o s u r e  o f  t h e  

b l o c k  va lve ,  a d d i t i o n a l  c o o l a n t  was discharged f rom the  p r imary  system. Hence, 

i t  may t ake  somewhat l onge r  t o  r e s t o r e  i nven to r y  be fo re  HPIS can be terminated.  

The symptoms a t  t h i s  s t a t e  a re  a l so  s i m i l a r  t o  s t a t e  SGTR-9. The major  d i f f e r -  

ence i s  i n  t h e  e x t e n t  o f  v o i d i n g  i n  t h e  RCS. As a r e s u l t  o f  t h e  l o s s  o f  coo lan t  

f o l l o w i n g  f a i l u r e  o f  t h e  PORV t o  rec lose,  t he  RCS w i l l  depressur ize below t h e  

d e s i r e d  l e v e l .  Th i s  would l i k e l y  cause vapor fo rmat ion  i n  l o c a l  h o t  spots i n  

t h e  co re  and r e a c t o r  c o o l a n t  loops as w e l l  as t he  as t he  r e a c t o r  vessel  upper 

head. The ex ten t  o f  v o i d i n g  would depend on how l ong  i t  takes t h e  ope ra to r  t o  

recogn ize  t h a t  t he  PORV has n o t  rec losed and then subsequent ly c l ose  t h e  b l ock  

v a l  ve. These vo ids should  c o l  lapse r e l a t i v e l y  q u i c k l y  a s  t h e  system r e p r e s s t ~ r -  

i z e s  f rom HPIS ope ra t i on  and m ix i ng  f rom RCP ope ra t i on  d i s s i p a t e s  t he  vapor t o  

c o o l e r  p o r t i o n s  o f  t h e  RCS. Condensation o f  vapor formed i n  t he  upper head w i l l  

be enhanced by f l o w  through t he  head c o o l i n g  spray nozz les.  The ope ra to r  

a c t i o n s  a t  t h i s  p o i n t  a re  t h e  same as descr ibed i n  s t a t e  SGTR-9. 



STATE: SGTR-lla 

I n  t h e  sequence o f  events  l e a d i n g  up t o  t h i s  s t a t e ,  t h e  o p e r a t o r  has 

success fu l l y  i d e n t i f i e d  t h e  SG w i t h  t h e  tube  rup tu re ,  i s o l a t e d  t he  f a u l t e d  SG 

and reduced p r ima ry  system temperature by removing hea t  th rough  t he  i n t a c t  SG's. 

RCS p ressure  has been reduced by opening a  p r e s s u r i z e r  PORV. However, a t  t h i s  

s t a t e ,  t h e  PORV has n o t  r ec l osed  and t h e  o p e r a t o r  has n o t  been a b l e  t o  c l o s e  t h e  

b l ock  va l ve  i n  t h e  d i scha rge  l i n e  o f  t h e  stuck-open PORV. Hence, R C S  i n v e n t o r y  

i s  c o n t i n u i n g  t o  dep le te .  The r e a c t o r  o p e r a t o r  now must deal  w i t h  a  smal l  LOCA 

i n  a d d i t i o n  t o  t h e  SGTR. 

REQUIRED OPERATOR RESPONSE: 

The o p e r a t o r ' s  p r ima ry  goal  i s  t o  ensure adequate make-up i s  be ing  

p rov i ded  by t h e  HPIS. S ince t h e  HPIS has been ope ra t i ng ,  t h i s  o b j e c t i v e  should  

be achieved. A f t e r  t h e  RCS depressur i zes  below t he  p ressure  i n  the  f a u l t e d  SG, 

f l o w  through t h e  tube  r u p t u r e  w i l l  r everse .  Coolant  f rom t h e  SG w i l l  f l o w  back 

i n t o  t h e  RCS t hus  supplement ing HPIS i n  r e s t o r i n g  i nven to r y .  I f  t h i s  p ressure  

d i f f e r e n t i a l  i s  ma in ta ined  f o r  a  s i g n i f i c a n t  p e r i o d  o f  t ime,  t he  ope ra to r  may 

have t o  r e s t o r e  AFW t o  t h e  f a u l t e d  SG t o  a v o i d  uncover ing  t h e  break and d r a i n i n g  

t he  f a u l t e d  SG. 

The o p e r a t o r  a c t i o n s  a t  t h i s  s t a t e  a r e  s i m i l a r  t o  those a t  s t a t e  S-5 

of t h e  .SB LOCA OAET. A f t e r  t h e  r e a c t o r  reaches a  s t a b l e  c o n d i t i o n  ( r e a c t o r  

p ressure  r e l a t i v e l y  cons tan t ,  i n v e n t o r y  r es to red ,  and con t inued  hea t  removal 

assured) ,  t h c  o p e r a t o r  should  dep ress l . r r i z~  and cooldown t h o  system. The oper-  

a t o r  a c t i o n s  f o r  s t a t e  S-5 a r e  a p p l i c a b l e  f o r  t h i s  s t a t e  as w e l l .  One f a c t o r  

m igh t  impact these a c t i o n s .  T r a n s f e r r i n g  t o  t h e  r e c i r c u l a t i o n  mode o f  s a f e t y  

i n j e c t i o n  (HPRS) r e q u i r e s  an adequate i n v e n t o r y  o f  water  i n  the containment 

sump. For  smal l  breaks i n s i d e  conta inment ,  t h e  RWST i s  s i z e d  so t h a t  t h e r e  w i l l  

be adequate wa te r  i n  t h e  sump b e f o r e  t h e  RWST i s  deple ted.  However f o r  a  SGTR, 

the R C S  c o o l a n t  l o s t  th rough  t h e  tube  r u p t u r e  d u r i n g  t h e  i n i t i a l  stages o f  t h e  

acc i den t  i s  r e l eased  o u t s i d e  conta inment .  Hence, t h i s  q u a n t i t y  o f  wa te r  i s  n o t  

a v a i l a b l e  f o r  r e c i r c u l a t i o n .  Compounding t h i s  w i t h  t he  f a c t  t h a t  some o f  t h e  

coo lan t  d ischarged  th rough  t h e  stuck-open PORV w i l l  remain i n  t h e  PRT, t h e r e  may 

no t  be enough wate r  i n  t h e  sump t o  supp ly  adequate NPSH f o r  r e c i r c u l a t i o n  

u p e r . d t i ~ n .  The ope ra to r  can be forewarned o f  t h i s  c o n d i t i o n  by observ ing t he  



sump and RWST w a t e r  l e v e l s .  I f  i t  appears t h a t  t h e  sump w i l l  n o t  f i l l  b e f o r e  

t h e  RWST i s  d e p l e t e d ,  i t  w i l l  be necessary t o  add wa te r  t o  t h e  RWST. (See 

d i s c u s s i o n  under  " P o t e n t i a l  Substa tes"  of  s t a t e  S-1 and " U n c e r t a i n t i e s  and 

S e n s i t i v i t i e s "  o f  S t a t e  5-5 o f  t h e  SB LOCA OAET). 

KEY SYMPTOMS: 

The key symptoms wh ich  d i s t i n g u i s h  t h i s  s t a t e  from s t a t e  SGTR-11 a r e  

c o n t i n u e d  f l o w  i n  t h e  PORV d i s c h a r g e  l i n e ,  and a  con t inued  r e d u c t i o n  i n  r e a c t o r  

p ressu re .  Pressure ,  temperature ,  and w a t e r  l e v e l  i n  t h e  PRT w i l l  i nc rease ,  

and, a f t e r  t h e  r u p t u r e  d i s k  b u r s t s ,  p ressure ,  temperature,  h u m i d i t y ,  r a d i a t i o n ,  

and sump w a t e r  l e v e l  w i l l  i n c r e a s e  i n  conta inment .  B lock  v a l v e  and PORV 

p o s i t i o n  i n d i c a t o r s  w i l l  a l s o  i n f o r m  t h e  o p e r a t o r  t h a t  t hese  have f a i l e d  t o  

c l o s e .  

S ince  ana lyses have n o t  been performed f o r  t h i s  p o s t u l a t e d  sequence o f  

even ts ,  t h e  l o n g e r  t e r m  b e h a v i o r  o f  t h e  p l a n t  i s  u n c e r t a i n .  I t i s  expected t h a t  

t h e  RCS p r e s s u r e  wou ld  s t a b i l i z e  a t  a  l e v e l  where f l o w  i n t o  t h e  RCS i s  a p p r o x i -  

m a t e l y  equa l  t o  t h e  f l o w  b e i n g  l o s t .  Depending on t h e  p ressu re  d i f f e r e n c e  

ac ross  t h e  t u b e  r u p t u r e ,  f l o w  c o u l d  be e n t e r i n g  o r  l e a v i n g  t h e  RCS a t  t h i s  

l o c a t i o n .  

On t h e  secondary s i d e ,  t h e  AFW i s  m a i n t a i n i n g  l e v e l  i n  the  i n t a c t  SG's 

and secondary p ressu re  i s  g r a d u a l l y  be ing  reduced as t h e  cooldown c ~ n t i n u e s .  

Water l e v e l  i n  t h e  f a u l t e d  SG w i l l  be i n c r e a s i n g  d u r i n g  t h e  t i m e  t h e  RCS 

p r e s s u r e  exceeds t h e  p r e s s u r e  i n  t h e  SG. However, once t h e  p ressu res  a r e  

reve rsed ,  t h e  f l o w  t h r o u g h  t h e  tube  r u p t u r e  changes d i r e c t i o n  and i n v e n t o r y  i n  

t h e  f a u l t e d  SG w i l l  decrease.  

The c o n t i n u e d  d e p r e s s u r i z a t i o n  caused by t h e  stuck-open v a l v e  w i l l  

r e s u l t  i n  a  l o s s  o f  t h e  subcool i n g  marg in  ach ieved d u r i n g  RCS cooldown ( S t a t e  

SGTR-3). V o i d i n g  may occur  i n  t h e  h o t t e r  l o c a t i o n s  o f  t h e  co re  and i n  t h e  h o t  

l e g s  a f t e r  t h e  p r i m a r y  p r e s s u r e  drops below t h e  p ressu re  i n  t h e  f a u l t e d  SG. 

Because o f  t h e  c o n t i n u e d  d i s c h a r g e  o f  c o o l a n t  t h rough  t h e  s tuck  open va l ve ,  

v o i d s  may be p r e s e n t  f o r  a  s i g n i f i c a n t  p e r i o d  o f  t i m e  a f t e r  RCS p ressu re  s t a b i -  

l i z e s .  The e x t e n t  and d u r a t i o n  o f  v o i d i n g  depends on many f a c t o r s  i n c l u d i n g  

f l o w  th rough  t h e  stuck-open v a l v e ,  tube r u p t u r e  s i z e ,  HPIS f l o w ,  and hea t  



removal through t he  i n t a c t  S G ' s .  Operat ion o f  t he  R C P ' s  w i l l  he l p  t o  d i s s i p a t e  

these voids, p a r t i c u l a r l y  i n  t h e  upper head. 



STATE: SGTR-12 

A t  t h i s  s t a t e  t h e  o p e r a t o r  has e f f e c t i v e l y  t e r m i n a t e d  t h e  l o s s  of  

c o o l a n t  t h r o u g h  t h e  t u b e  r u p t u r e .  The key a c t i o n s  wh ich  have been per formed t o  

accomp l i sh  t h i s  f u n c t i o n  a r e :  

o  i s o l a t i o n  o f  t h e  SG w i t h  t h e  tube  r u p t u r e  

o  cooldown o f  t h e  RCS by dumping steam f r o m  t h e  i n t a c t  SG's t o  t h e  
condenser,  o r  v e n t i n g  steam th rough  t h e  ADV's 

o  d e p r e s s u r i z a t i o n  o f  t h e  RCS be low t h e  f a u l t e d  SG p ressu re  u s i n g  
the p r e s s u r i z e r  P O R V ' s  

Decay h e a t  i s  b e i n g  removed t h r o u g h  t h e  SG's i n  t h e  i n t a c t  l oops .  RCS 

I n v e n t o r y  1s b e i n g  r e s t o r e d  by  o p e r a t i o n  o f  t h e  HPIS. T h i s  s t a t e  and subsequent 

success p a t h s  a r e  t h e  same as s t a t e s  SGTR-9 th rough  l l a ,  excep t  t h a t  f o r  these 

s t a t e s  t h e  RCP's a r e  u n a v a i l a b l e .  The m a j o r  impacts  o f  RCP t r i p  a r e  t h e  un- 

a v a i l a b i l i t y  o f  t h e  p r e s s u r i z e r  sprays  and t h e  l o s s  o f  f o r c e d  c o o l a n t  f l o w  i n  

t h e  RCS. Hea t  removal  i n  t h i s  case i s  accompl ished by  n a t u r a l  c i r c u l a t i o n .  The 

f o l l o w i n g  d i s c u s s i o n  h i g h l i g h t s  t h e  d i f f e r e n c e s  wh ich  a r e  i m p o r t a n t  as a  r e s u l t  

o f  t h e  u n a v a i l a b i l i t y  o f  t h e  RCP's. The s t a t e s  wh ich  c o u l d  e v o l v e  f r o m  s t a t e  

SGTR-12 a r e  n o t  d e s c r i b e d  i n  t h e  OAET documenta t ion  because o f  t h e i r  s i m i  1 a r i t . y  

t o  s t a t e s  SGTR-9 t h r o u g h  l l a .  The consequences o f  RCP t r i p  d i scussed  i n  t h i s  

s e c t i o n  a r e  a p p l i c a b l e  t o  t h e  s t a t e s  f o l l o w i n g  SGTR-12. 

REQUIRED OPERATOR RESPONSE: 

The o p e r a t o r ' s  o b j e c t i v e s  a t  t h i s  s t a t e  a r e  t h e  same as those  des- 

c r i b e d  f o r  s t a t e  SGTR-4. The o p e r a t o r  must b r i n g  t h e  p l a n t  t o  a  sa fe ,  c o l d  

shutdown w h i l e  m i n i m i z i n g  t h e  r e l e a s e  o f  r a d i o a c t i v i t y  t o  t h e  env i ronment .  On ly  

t h e  m a j o r  d i f f e r e n c e s  between t h i s  s t a t e  and s t a t e  SGTR-4 a r e  d i scussed  i n  t h i s  

s e c t i o n .  

F i r s t ,  t h e  o p e r a t o r  must  ensure  t h a t  t h e  p r e s s u r i z e r  PORV has r e c l o s e d  

once t h e  RCS p r e s s u r e  r e d u c t i o n  has been completed.  If t h e  PORV f a i l s  t o  c l o s e ,  

t h e  b l o c k  v a l v e  must  be c l o s e d  t o  a v o i d  c r e a t i n g  a  sma l l  b reak LOCA. (See s t a t e  

SGTR- 10 ) .  



It i s  p o s s i b l e  t h a t  some v o i d i n g  i n  t h e  c o r e  and h o t  l e g s  may have o c c u r r e d  

d u r i n g  t h e  d e p e s s u r i z a t i o n  o f  t h e  RCS. Wi thou t  f o r c e d  c i r c u l a t i o n  c o o l i n g ,  

v o i d  d i s s i p a t i o n  may n o t  o c c u r  r a p i d l y  a f t e r  t h e  PORV has been c losed.  Hence i t  

may be some t i m e  b e f o r e  HPIS can be te rm ina ted .  

F o l l o w i n g  t e r m i n a t i o n  o f  s a f e t y  i n j e c t i o n  ( see  S t a t e  SGTR-4 f o r  S I  

t e r m i n a t i o n  c r i t e r i a ) ,  t h e  o p e r a t o r  shou ld  c o n t i n u e  t o  cooldown and d e p r e s s u r i z e  

t h e  system so t h a t  t h e  RHRS can be a c t i v a t e d .  I n  o r d e r  t o  accompl ish  t h i s  

r e l a t i v e l y  q u i c k l y  t h e  o p e r a t o r  shou ld  r e s t a r t  a t  l e a s t  one RCP. T h i s  w i l l  

p r o v i d e  t h e  c a p a b i l i t y  t o  t r a n s f e r  hea t  t o  t h e  i n t a c t  SG's a t  a  more r a p i d  r a t e .  

I t  w i l l  a l s o  a l l o w  t h e  o p e r a t o r  t o  use p r e s s u r i z e r  sprays  f o r  p ressu re  c o n t r o l .  

I n  t h e  process o f  c o o l i n g  and d e p r e s s u r i z i n g  t h e  RCS, t h e  o p e r a t o r  must  m a i n t a i n  

t h e  RCS p ressu re  equa l  t o  o r  l e s s  than t h e  p r e s s u r e  i n  t h e  f a u l t e d  SG. T h i s  i s  

most e a s i l y  accompl ished u s i n g  p r e s s u r i z e r  sprays .  I f  one RCP can n o t  be 

r e s t a r t e d ,  t h e  o p e r a t o r  w i l l  have t o  m a i n t a i n  t h i s  p ressu re  d i f f e r e n t i a l  by  

dumping steam f r o m  t h e  i n t a c t  SG's o r  re -open ing  t h e  p r e s s u r i z e r  PORV. 

KEY SYMPTOMS: 

The symptoms a r e  s i m i l a r  t o  those  d e s c r i b e d  f o r  s t a t e  SGTR-9. The 

m a j o r  d i f f e r e n c e s  as a  r e s u l t  o f  RCP t r i p  a r e  a  s i g n i f i c a n t l y  l a r g e r  h o t  and 

c o l d  l e g  temperature  d i f f e r e n c e s  and t h e  absence o f  f o r c e d  f l o w  i n  t h e  r e a c t o r  

c o o l a n t  p i p i n g .  Because o f  t h e  l a c k  o f  m i x i n g  p r o v i d e d  by  f o r c e d  f l ow  and t h e  * 
absence o f  f l o w  t h r o u g h  t h e  head c o o l i n g  spray  nozz les  , t h e  upper head r e g i o n  

has a  g r e a t l y  reduced c a p a b i l i t y  t o  d i s s i p a t e  hea t .  Hence, i t  i s  v e r y  l i k e l y  

t h a t  a  v o i d  w i l l  remain  a t  t h i s  l o c a t i o n  f o r  a  s i g n i f i c a n t  p e r i o d  a f t e r  t h e  RCS 

d e p r e s s u r i z a t i o n .  

' UNCERTAINTIES AND SENSITIVITIES: 

For  l a r g e  o r  mu1 t i p l e  tube  r u p t u r e s  o r  SGTR's w i t h  reduced S I  f l o w ,  

t h e  S I  t e r m i n a t i o n  c r i t e r i a  discussed i n  s t a t e  SGTR-4 may n o t  be s a t i s f i e d .  The 

* 
RCP o p e r a t i o n  p r o v i d e s  t h e  d r i v i n g  f o r c e  t h a t  s u p p l i e s  c o o l a n t  f rom t h e  upper  

p o r t i o n  o f  t h e  downcorner t o  t h e  head c o o l i n g  spray  nozz les .  



p r e s s u r i z e r  l e v e l  may n o t  be res to red ,  o r  t he  RCS pressure may no t  increase 

f o l l o w i n g  c l o s u r e  o f  t h e  PORV. Th is  cou ld  imply  a  l a r g e  break where t h e  e q u i l i -  

b r ium pressure  i s  approx imate ly  equal t o  t h a t  of t he  f a u l t e d  SG. I t  cou ld  

a l s o  mean t h a t  t h e r e  i s  some o t h e r  source o f  coo lan t  l oss  f rom the  pr imary 

system (e.g., a  stuck-open o r  l e a k i n g  PORV). If conf ron ted  w i t h  t h i s  s i t u a t i o n ,  

t he  ope ra to r  should check f o r  a d d i t i o n a l  sources o f  leakage and i s o l a t e '  them i f  

they  e x i s t .  I f  the p r e s s u r i z e r  l e v e l  i s  n o t  r.ecovering because t he  tube rup tu re  

area i s  l a r g e ,  the o p e r a t o r  must f u r t h e r  reduce RCS pressure so t h a t  increased 

S I  f l o w  and reverse  f l o w  th rough  the  break i n t o  t h e  p r imary  r es to res  pr imary 

i nven to r y .  Once p r e s s u r i z e r  l e v e l  has been es tab l i shed  and adequate subcool ing 

i s  achieved, H P l S  can be terminated.  

Another area o f  u n c e r t a i n t y  i s  the  impact o f  r e s t a r t i n g  one o r  more 

RCP's. The sudden a d d i t i o n  o f  a  l a r g e  q u a n t i t y  o f  cool  water  f rom the  c o l d  legs  

which would accompany RCP r e s t a r t  cou ld  c rea te  a  sudden pressure reduc t ion .  

Th i s  m igh t  r e s u l t  i n  v o i d  f o rma t i on  and perhaps a  l oss  o f  p ressu r i ze r  l e v e l  

c o n t r o l .  The ex ten t  o f  p ressure  r educ t i on  f rom RCP r e s t a r t  i s  unknown. Th is  

was a  p o i n t  o f  concern t o  t h e  opera to rs  d u r i n g  t h e  Ginna i n c i d e n t ,  who kep t  one 

S I  pump ope ra t i ona l  d u r i n g  RCP r e s t a r t  i n  o rder  t o  prevent  a  poss ib l e  l oss  o f  

p r e s s u r i z e r  l e v e l .  



Figure 3.13.  Operator Ac t ion  Event Tree fo r  Steam Generator Tube Rupture Sequences 
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3.1.3 Other LOCA and Related Sequences 

Sect ion 3.1.1 descr ibed  t h e  key opera to r  ac t ions  and p l a n t  responses 

assoc ia ted  w i t h  acc iden ts  i n i t i a t e d  by a  small break i n  t he  r eac to r  coo lan t  system. 

The ope ra to r  a c t i o n  event t r e e  and assoc ia ted documentation a re  based h e a v i l y  

on t h e  i n f o rma t i on  p rov ided  by t h e  SASA program. Sect ion 3.1.2 examined t h e  

s p e c i a l  case o f  a  steam genera to r  tube rup tu re .  Al though best -est imate analyses 

a r e  n o t  a v a i l a b l e  f o r  t h i s  i n i t i a t o r ,  t h e  key opera to r  ac t i ons  and a  general 

d e s c r i p t i o n  o f  t he  p l a n t  symptoms have been summarized f o r  t h i s  impor tan t  event. 

I n  a d d i t i o n  t o  these i n i t i a t o r s ,  t h e r e  a r e  several  o t h e r  events which should 

be cons idered t o  p rov i de  a  complete assessment o f  poss ib l e  loss -o f -coo lan t  

acc iden ts  and r e l a t e d  events. l hese i n c l  ude: 

stuck-open PORV 

0 i n t e r f a c i n g  system LOCA (ou t s i de  containment)  

0 l a r g e  LOCA 

0 overcool  i ng t r a n s i e n t  

steam l i n e  break. 

Due t o  a  l a c k  o f  i n f o r m a t i o n  on t h e  r e a l i s t i c  p l a n t  response t o  these acc idents ,  

OAETs have n o t  been developed f o r  these events. This sec t i on  provides a  d i s -  

cuss ion  o f  these d i f f e r e n t  events .  

A stuck-open PORV i s  a spec ia l  type o f  small break. The opera to r  

a c t i o n s  t o  respond t o  t h i s  event a r e  f u l l y  addressed i n  Sect ion 3.1.1. The 

key d i f f e r e n c e  between t h i s  i n i t i a t o r  and a  smal l  break i n  t he  pr imary system 

p i p i n g  i s  t h a t  the  ope ra to r  can r e a d i l y  i s o l a t e  t h e  break by c l o s i n g  t he  b lock 

v a l v e  downstream o f  t he  PORV. Th i s  e f f e c t i v e l y  terminates t he  acc ident .  The 

key i s  f o r  t h e  opera to r  t o  recognize t h a t  t he  PORV i s  s tuck open. There a re  

severa i  d i s t i n c t  i n d i c a t i o n s  o f  t h i s  event which can be used t o  d is tqngu lsh  

a  stuck-open PORV f rom a  smal l  break. These i nc l ude  PORV p o s i t i o n ,  d ischarge 

l i n e  f l o w  and temperature, and d ischarge (quench) tank l e v e l  and pressure,  coupled 

w i t h  no change i n  containment cond i t i ons .  I f  t he  operator  does no t  o r  can 

n o t  i s o l a t e  t h e  break, then t h e  p l a n t  response and subsequent ac t i ons  a re  t he  

same as f o r  an equ iva len t  smal l  break i n s i d e  containment as discussed i n  Sect ion 

3.1.1. 



An i n t e r f a c i n g  system LOCA, o r  t he  V sequence as designated i n  the  

WASH-1400 study, i nvo l ves  a  break i n  a  system which i n t e r f a c e s  w i t h  t he  r e a c t o r  

coo lan t  system r e s u l t i n g  i n  a  d ischarge o f  coo lan t  ou t s i de  containment. Al though 

t h i s  acc ident  was determined t o  be impor tan t  f o r  t h e  PWR p l a n t  considered i n  

t h e  Reactor Safety  Study, t h i s  i s  n o t  t h e  case f o r  a l l  PWR's. A t  t h e  t ime  t h i s  

ana l ys i s  was performed, an assessment o f  p o t e n t i a l  i n t e r f a c i n g  LOCAs had no t  

been performed f o r  p l an t s  such as Zion. Likewise, t h e  p l a n t  response f o r  an 

i n t e r f a c i n g  LOCA has no t  been analyzed i n  t he  SASA program. However t he  pr imary 

and secondary system response would be s i m i l a r  t o  t h a t  f o r  o t he r  LOCAs. The 

major d i f f e r e n c e  would be t h a t  coo lan t  i s  n o t  re leased i n t o  containment. Hence, 

t h e  containment cond i t i ons  would remain unchanged, w h i l e  t he  l o c a t i o n  o f  t h e  

break (e. g. , aux i  1  i ary  bu i  I d i  ng) would exper ience t h e  symptoms assoc ia ted w i t h  

t h e  re lease  o f  pr imary coo lant .  Furthermore, i f  t h e  i n t e r f a c i n g  system i s  p a r t  

of t h e  ECCS, t h e  break cou ld  degrade o r  e l i m i n a t e  t h e  a b i l i t y  t o  p rov ide  coo lan t  

i n j e c t i o n  t o  t h e  core. 

A d e t a i l e d  OAET f o r  an i n t e r f a c i n g  system LOCA f o r  t he  Surry  p l a n t  i s  

ava i  l ab1  e  i n  NUREG/CR-1440. [I] I n  summary, t h i s  eva lua t i on  determi ned t h a t  t h e  

most impor tan t  opera to r  a c t i o n  ( a f t e r  i d e n t i f y i n g  t h e  event )  i s  t o  i s o l a t e  t h e  

break. Thus, t h e  opera to r  must l o c a t e  t h e  break t o  determine i f  i t  can be i s o l a t e d  

by c l o s i n g  valves upstream o f  t he  leak.  I f  t he  break f l o w  can no t  be stopped, 

t h e  system response i s  s i m i l a r  t o  a  smal l  break w i t h  f a i l u r e  o f  r e c i r c u l a t i o n  

coo l i ng  (see States 9 and 13 i n  Sect ion 3.1.1). Because coo lan t  i s  l eak i ng  

ou t s i de  containment, the re  i s  no water  i n  t he  sump f o r  r e c i r c u l a t i o n .  Hence, 

a f t e r  i n j e c t i o n  deple tes t h e  RWST i nven to r y ,  makeup t o  t he  core w i l l  be l o s t  

and core  uncovery w i l l  occur. I f  t he  break has a f f e c t e d  t h e  ECCS, t he  opera to r  

must t r y  t o  determine i f  any p a r t  o f  t h e  system can be used, and I f  poss ib le ,  
* r e a l i g n  t h e  system and take  o t h e r  ac t i ons  necessary t o  maximize the d e l i v e r y  

o f  makeup t o  the  core. 

Large LOCAs a re  breaks which r a p i d l y  blow down the  pr imary system 

t o  pressure such t h a t  t h e  LPIS and accumulators can d e l i v e r  f l o w  t o  t he  core.  

Because o f  t h e  l a r g e  s i z e  o f  these breaks they a r e  much l ess  l i k e l y  Lo occur 

than a  sma l le r  break. Nevertheless,  these acc idents  have rece ived cons iderab le  

a t t e n t i o n  i n  t he  p a s t  as p rov i d i ng  an envelop ing case f o r  a l l  LOCAs. For t h i s  

reason numerous analyses of t h e  p l a n t  response t o  l a r g e  LOCAs have been performed. 



However, these  have been performed w i t h  very  conservat ive (and o f t e n  unreal  i s t i c )  

assumptions t o  a t tempt  t o  analyze a "worst  case." Best-est imate ca l cu l a t i ons  such 

as a r e  r e q u i r e d  t o  develop OAETs and acc iden t  s ignatures have no t  been performed. 

Because t h e  blowdown i t s e l f  r e s u l t s  i n  core uncovery, there i s  very 

l i t t l e  t i m e  a v a i l a b l e  t o  perform any immediate act ions.  The operator  must v e r i f y  

t h a t  L P I S  i s  ope ra t i ng  and i f  no t  ac tua te  i t  manually. I f  t h i s  can no t  be 

accomplished f rom t h e  c o n t r o l  room, co re  damage w i  11 1 i k e l y  occur before l o c a l  

r e p a i r s  can be performed (a1 though these should be attempted t o  minimize core 

damage). If LPIS i s  successfu l ,  bu t  r e c i r c u l a t i o n  f a i l s ,  t he  ac t ions  are similar 
t o  those  addressed i n  S ta te  $21 o f  t h e  smal l  break OAET for repair of LPRS. 

In a d d i t i o n  to breaks i n  t h e  pr imary coo lan t  system, the re  a re  a l s o  

events which can occur i n  t he  secondary system which e x h i b i t  some s i m i l a r  

responses t o  LOCAs. These i n c l u d e  overcool  i n g  t r ans ien t s  and main steam 1 i n e  

breaks. Both o f  these can cause t h e  pr imary system pressure and p ressur i ze r  

l e v e l  t o  decrease. I n  t h e  case o f  a steam l i n e  break, f l u i d  may be released 

i n t o  containment,  thus  appear ing very s i m i l a r  t o  a LOCA. The key a c t i o n  would 

be t o  d i s t i n g u i s h  t h i s  event f rom a LOCA. For t h e  steam l i n e  break, containment 

a c t i v i  t y  would remai n unchanged and t h e  pr imary pressure reduc t ion  wbul d no t  

be as severe as f o r  a pr imary coo lan t  system break. The p ressur i ze r  l e v e l  

should  a l s o  recover  as t h e  charg ing pumps accommodate f o r  pr imary system 

shr inkage. Abnormal steam generator  behav ior  and steamlfeed f l o w  mismatch 

i n  t h e  r up tu red  secondary l oop  a r e  o the r  symptoms which would be used f o r  

d i s t i n g u i s h i n g  a steam l i n e  f rom a LOCA. A f t e r  i d e n t i f y i n g  t h e  event, t h e  

ope ra to r  should  a t tempt  t o  i s o l a t e  t h e  l oop  w i t h  t he  steam l i n e  break and 

cooldown t h e  p l a n t  us i ng  t h e  i n t a c t  loops as o u t l i n e d  i n  Sect ion 3.1.2. 

The same symptoms ( o r  l a c k  o f  them) cou ld  be used t o  i d e n t i f y  an overcoo l ing  

t r a n s i e n t .  The s p e c i f i c  opera to r  response would then depend on t h e  na tu re  

o f  the i n i t i a t i n g  event.  



3.2 TRANSIENT INITIATED ACCIDENT CONDITIONS 

The operator  a c t i o n  event t r e e  and suppor t ing documentation presented 

i n  t h i s  sec t i on  address t h e  ope ra to r ' s  r o l e  i n  responding t o  acc ident  cond i t i ons  

i n i t i a t e d  by t r a n s i e n t  events. The SASA Program has t o  date concentrated on 

t r a n s i e n t  sequences i n i t i a t e d  by a l oss  o f  o f f s i t e  power (LOSP). The analyses 

performed a t  EG&G were p r i m a r i l y  concerned w i t h  s t a t i o n  b lackou t  sequences 

where LOSP i s  fo l l owed by f a i l u r e  o f  t he  d i ese l  generators t o  p rov ide  o n s i t e  

emergency AC power. The LANL analyses have i nves t i ga ted  sequences where t he  

d i ese l  generators a re  a v a i l a b l e  t o  supply emergency power subsequent t o  t h e  

LOSP i n i t i a t o r .  While these SASA analyzed sequences represent  o n l y  a few of t h e  

many poss ib l e  t r a n s i e n t  sequences, they do represent  some o f  t he  most r i s k  

s i g n i f i c a n t  sequences. Furthermore, t h e  p l a n t  response t o  these SASA sequences 

i s  ve ry  s i m i l a r  t o  t h a t  o f  most o ther  impor tan t  t r a n s i e n t  i n i t i a t e d  sequences 

( t h i s  w i l l  be discussed a t  g rea te r  l eng th  i n  Sec t ion  3.2.2). 

The documented OAET f o r  t he  SASA analyzed l o s s  o f  o f f s i t e  power 

i n i t i a t e d  sequences i s  presented below i n  Sect ion 3.2.1. This  s i n g l e  OAET 

incorpora tes  bo th  EG&G'and LANL analyses and addresses a v a r i e t y  o f  p o t e n t i a l  

mu1 ti p l e  f a i  1 u r e  sequences evo lv ing  f rom the  LOSP i n i  t i a t e r .  I n  Sect ion 3.2.2, 

the  p l  a n t  response and operator  ac t i ons  assoc ia ted w i t h  o the r  impor tan t  t r a n s i e n t  

wqIIPnces i d e n t i f i e d  i n  the  RSS a re  discussed and compared w i t h  the acc iden t  

cond i t i ons  encompassed by t he  LOSP OAET. I n  a d d i t i o n  o ther  poss ib le  t r a n s i e n t  

i n i t i a t i n g  events a re  discussed and compared w i t h  t he  LOSP i n i t i a t e d  sequences 

i r ~  Sect ion  3.2.2. 



3.2.1 Loss o f  O f f s i  t e  Power Sequences 

The i n i t i a t i n g  event f o r  t h i s  group o f  sequences i s  a  Loss o f  O f f s i t e  

Power (LOSP) t o  t h e  p l a n t .  The s p e c i f i c  cause o f  the  LOSP event i s  pos tu la ted  

t o  be such t h a t  no o the r  p l a n t  f a i l u r e s  a re  inc luded  i n  t he  i n i t i a t i n g  event 

d e f i n i t i o n  ( p l a n t  cond i t i ons  assoc ia ted w i t h  automat ic p l a n t  response t o  a  LOSP 

a re  addressed i n  subsequent events) .  The on l y  events which could  cause LOSP 

c o i n c i d e n t  w i t h  f a i l u r e s  more ser ious  than  those addressed here a re  ( 1 )  very  

1  arge e x t e r n a l  events such as earthquakes, tornadoes, e tc . ,  o r  ( 2 )  i n t e r n a l  

events  which cause a  t u r b i n e  t r i p  which, i n  t u rn ,  c reates a  g r i d  d is turbance 

l a r g e  enough t o  upset  t he  e n t i r e  g r i d .  

The f i r s t  type, l a r g e  ex te rna l .  events, a re  beyond t he  scope o f  t h i s  

a n a l y s i s .  Events o f '  t he  second type a re  e i t h e r  probabi 1  i s t i c a l  l y  i n s i g n i f i c a n t  

o r  i n v o l v e  f a i l u r e s  which do n o t  a l t e r  t h e  r e s u l t s  obta ined here. 

Presented i n  F i gu re  3.14 i s  t h e  bas ic  f u n c t i o n a l  event t r e e  which 

d e p i c t s  t h e  c r i t i c a l  f unc t i ons  which must be performed by t h e  p l a n t  systems 

( e i t h e r  a u t o m a t i c a l l y  o r  through opera to r  i n t e r v e n t i o n )  i n  response t o  t he  

i n i t i a t i n g  even t  and t h e  p o t e n t i a l  acc iden t  sequences which can evo lve from t h e  

f a i l u r e  t o  per form these f u n c t i o n .  

As seer1 i n  F,Syure 3.14, t h e  Tlr$t concern i s  whether t he  r eac to r  

scrams. The LOSP event should r e s u l t  i n  an automat ic t u r b i n e  t r i p  and reac to r  

scram s i g n a l .  Sequences which i n v o l v e  a  f a i l u r e  t o  scram a re  addressed i n  

ano ther  s e c t i o n  o f  . t h i s  r epo r t .  

Fo l low ing  reac to r  t r i p ,  i t  i s  necessary t o  t r a n s p o r t  decay heat v i a  

t h e  steam generators  t o  t he  env i  ronment . These f unc t i ons  a re  assoc ia ted w i t h  

t h e  event  headings secondary steam r e l i e f  (SSR) and feedwater d e l i v e r y  (FW) i n  

F i gu re  3.14. 

W i t h  decay heat  removal successful 1  y accompl i shed, another c r i  t i c a l  

area o f  concern i s  t h e  maintenance o f  adequate r e a c t o r  coo lan t  inven to ry .  



Normally, t h i s  w i l l  be accomplished by h i g h  pressure makeup pumps. Add i t i ona l  

f a i l u r e s  which could  s u b s t a n t i a l l y  inc rease  t he  need f o r  makeup i n c l u d e  a  s tuck  

open PORV o r  a  steam generator tube rup tu re ,  o r  r eac to r  coo lan t  pump seal  

leakage. 

For those sequences which i n v o l v e  re leases o f  energy i n t o  the  con ta in -  

ment, t he  ope ra t i  on o f  t he  containment Engineered Safety  Features ( ESFs) w i  11 

be requ i r ed .  

As would be expected f o l l o w i n g  a  LOSP i n i t i a t i n g  event,  the  a v a i l a b i l i t y  

of emergency AC power (supp l ied  by t h e  d i e s e l  generators) i s  c r i t i c a l  throughout  

t h e  sequence progression. Emergency AC power i s  r equ i r ed  t o  run, f o r  example, 

t h e  moto r -d r i ven  a u x i l  i a r y  feedwater pumps, t h e  coo lan t  makeup and i n j e c t i o n  

pumps, component coo l i ng  water pumps, and t h e  containment s a f e t y  systems. 

Accord ing ly ,  t h e  dominant r i s k  sequences which can evo lve f rom the  LOSP i n v o l v e  

t he  f a i l u r e  o f  t he  d i ese l  generators.  

F igure  3.15 represents  an expended ve rs i on  o f  t he  f u n c t i o n a l  event 

f o r  LOSP (F igure  3.14) and de l inea tes  t h e  bas i c  s t a t e s  t o  which t he  p l a n t  cou ld  

evo lve  which a re  r e l e v a n t  t o  t he  r equ i r ed  opera to r  response. Th i s  opera to r  

a c t i o n  event t r e e  and t h e  i n d i c a t e d  s t a t e s  o f  t h e  t r e e  w i l l  fo rm t h e  bas i s  f o r  

t h e  f o l l o w i n g  d iscuss ion.  



STATE LOSP-1 

S t a t e  1 represents  t h e  s i t u a t i o n  immediately f o l l o w i n g  the  i n i t i a t i n g  

LOSP event, t he  subsequent automatic p l a n t  responses t o  the  LOSP, and successful  

secondary steam r e l i e f .  Since t he  t ime lapse  between these events i s  on ly  a  

mat te r  o f  seconds, these s ta tes  a re  considered as one w i t h  respect  t o  operator  

response. The impor tant  automatic responses i nc l ude  reac to r  scram, t u rb i ne  t r i p ,  

r eac to r  coo l  a n t  pump t r i p ,  main feedwater pump t r i p ,  r e c i  r c u l  a t i  ng water pump 

t r i p  and s t a r t i n g  o f  t he  d iese l  generators.  These automatic responses produce 

a p l a n t  s t a t e  charac te r i zed  by a decay heat  power l e v e l  and t he  i n a b i l i t y  t o  

remove heat  f rom t h e  steam generators t h r o ~ q h  the  normal main f e e d w a t e r / c n n d ~ n s ~ r  

c o o l i n g  'loop. The pr imary coo lan t  f l o w  i s  coas t ing  down and pr imary pressure 

and temperature ( f o l l  owing a b r i e f  r a p i d  increase)  a re  decreasing. The secondary 

steam f l o w  i s  i s o l a t e d  and secondary pressure i s  approaching o r  has reached the  

dump va l ve  s e t  p o i n t .  

REQUIRED OPERATOR RESPONSES: 

The ope ra to r ' s  r o l e  a t  t h i s  p o i n t  i s  e s s e n t i a l l y  one o f  d iagnosis  o f  

t h e  LOSP i n i t i a t i n g  event and v e r i f i c a t i o n  of t he  automatic responses. The 

opera to r  w i l l  then t u r n  h i s  a t t e n t i o n  t o  es tab l i sh i ng  heat removal through t he  

steam generators  and ma in ta in ing  adequate core inventory .  Ac t ion  assoc ia ted 

w i t h  maintenance o f  t h e  heat  removal and i nven to ry  maintenance func t ions  a r e  

addressed i n  d iscuss ions o f  subsequent s ta tes .  I n  t he  very u n l i k e l y  event 

t h a t  automatic steam r e l i e f  i s  n o t  a t t a i n e d  through t h e  atmospheric dump va lve  

o r  t he  steam generator  sa fe t y  va lves,  t he  opera to r  must manually produce 

secondary steam re1 i e f  by opening the atmospheric dump valves. Fa i l u re  

t o  a t t a i n  secondary steam r e l i e f  through auto o r  manual a c t i o n  i s  considered 

p r o b a b i l i s t i c a l l y  i n s i g n i f i c a n t .  

KEY SYMPTOMS : 

The key symptoms exhibited by t h e  p l a n t  a t  S ta te  1 are summarized i n  

F igure  3.16 - 3.22 which i l l u s t r a t e  the  behavior o f  t he  impor tant  p l a n t  param- 

e t e r s  assoc ia ted w i t h  these key symptoms. 



The LOSP i n i t i a t o r  would be i nd i ca ted  by l o s s  o f  o f f s i t e  g r i d  vo l tage  

i nd i ca ted  i n  t he  c o n t r o l  room. The LOSP i n i t i a t o r  can be d i f f e r e n t i a t e d  from 

o ther  t r a n s i e n t s  which may r e s u l t  i n  s i m i l a r  e f fec ts  (such as t u r b i n e  t r i p  o r  

l oss  o f  main feedwater)  by t he  bus vo l tage  behavior o f  e f f e c t s  unique t o  LOSP 

such as t r i p  o f  r e a c t o r  coo lan t  pumps. 

Symptoms assoc ia ted w i t h  t h e  secondary s i de  a re  produced by the auto- 

mat i c  t u r b i n e  t r i p  and main feedwater pump t r i p .  With t h e  secondary steam f l o w  

i so l a ted ,  steam o u t l e t  f l o w  w i l l  r a p i d l y  decrease (F igure  3.16) and steam 

generator secondary pressure w i l l  r a p i d l y  increase t o  t he  atmospheric dump va lve  

s e t  p o i n t  (F i gu re  3.17). The need f o r  manual steam r e l i e f  w i l l  be i nd i ca ted  by 

t he  secondary pressure con t i nu i ng  t o  r i s e  pas t  the sa fe t y  va lve  se t  po in ts .  The 

l oss  o f  main feedwater f l o w  w i l l  r e s u l t  i n  a  r a p i d  drop o f  the  steam generator 

secondary 1  eve1 (F i gu re  3.18). 

On the  pr imary s ide, loop  f l o w  w i l l  g radua l l y  decrease as t he  coo lan t  

pumps coast  down (F i gu re  3.19). The pr imary pressure i n i t i a l l y  increases r a p i d l y  

b u t  then decreases upon r e a c t o r  scram. The pr imary pressure then begins t o  r i s e  

again  as t h e  reac to r  coo lan t  pumps coast  down (F igure  3.20). The ho t  l e g  tern-. 

pe ra tu re  behav ior  i s  s i m i l a r  t o  t h a t  o f  t h e  pressure; i t  undergoes an i n i t i a l  

drop upon r e a c t o r  scram fo l lowed by a  f a i r l y  r a p i d  r i s e  as t he  pumps coas t  down 

(F i gu re  3.21). The p ressu r i ze r  l e v e l  behav ior  a l s o  m i r r o r s  t h a t  o f  the  pr imary 

pressure; an i n i t i a l  r a p i d  r i s e  which i s  a r res ted  by r eac to r  scram fol lowed by 

a  more s i g n i f i c a n t  r i s e  as the  pumps coast  down (F igure  3.22). 

The r e a c t o r  power w i l l  e x h i b i t  a  r a p i d  steep dec l i ne  t o  decay heat 

l e v e l s  f o l l o w i n g  scram which w i l l  a l s o  be i n d i c a t e d  by t h e  i l l u m i n a t i o n  o f  t h e  

c o n t r o l  r o d  bottom 1  i g h t s .  

Add i t i ona l  symptoms o f  S t a t e  1 are  assoc ia ted w i t h  t h e  performance 

i n d i c a t o r s  o f  components a f f e c t e d  by the  i n i t i a t o r  ( f o r  example, r a p i d  reduc t ion  

i n  main feedwater o r  r e c i  r c u l  a t i  ng water  f l o w  o r  pump discharge pressure).  



STATE LOSP-2 - 

State 2 describes the plant situation following successful auto- 

matic delivery of auxi 1 iary feedwater to the steam generators. A t  this point, 

the plant i s  continuing i t s  successful automatic response t o  the LOSP in i t ia t ing  

event. The major significance of State 2 i s  that an adequate heat sink has been 

provided for  transport of primary decay heat loads. The basic function FW/SSR 

depicted in Figure 3.14 has been successfully ini t ia ted.  

REQUIRED OPERATOR RESPONSE: 

The operator's responsibilitics a t  Stata 2 are t o  recognize successful 

automatic AFW operation and t o  maintain adequate AFW as long as required by 
throt t l ing AFW flow and lining u p  service water as a source of feedwater should 

the condensate storage tank become depleted. 

Upon receipt of the actuation signal, b o t h  motor-driven and the turbine- 
driven AFW pumps s t a r t  and deliver rated flow to the steam generator within about 

one minute. The operator will be required to thro t t le  the AFW before about one 

hour to  avoid completely f i l l i n g  the secondary side of the steam generators. The 

condensate storage tank (CST) will be depleted in about 4-5 hours i f  the AFW i s  

not throttled.  A t  that  time the operator would be required to l ine up  service 

water to  replace the CST as a source of auxiliary feedwater. 

K E Y  SYMPTOMS : - 

The key symptoms of State 2 are associated with the indications and 

effects  of feedwater delivery to  the steam generators. On the secondary side, 

State 2 i s  indicated by the recovery of the secondary level as i l lustrated in 

Figure 3 .23 .  Monitoring the steam generator secondary level will also allow the 

operator to  effectively control AFW flow to maintain levels near normal shutdown 

values. The steam generator secondary pressure will continue to hover about the 

dump valve s e t  point as shown in Figure 3.17.  



On t h e  p r imary  s ide ,  t h e  pressure,  temperature,  and p r e s s u r i z e r  1  eve1 

w i l l  peak and beg in  decreas ing once t h e  steam genera to r  heat  removal r a t e  exceeds 

t h e  decay power. These symptoms a r e  d e p i c t e d  i n  F igu res  3.24, 3.25, and 3.26 

r e s p e c t i v e l y .  

A d d i t i o n a l  symptoms can be based upon performance i n d i c a t i o n s  o f  

s p e c i f i c  AFW components such as pump d ischarge  pressures,  and CST l e v e l .  

UNCERTAINTIES AND SENSITIVITIES: 

C a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  p r imary  pressure inc rease  w i l l  peak 

j u s t  below t h e  p r e s s u r i z e r  PORV s e t  p o i n t .  The i n h e r e n t  u n c e r t a i n t i e s  i n  t h e  

model, as w e l l  as t h e  s e n s i t i v i t y  o f  t h e  p ressure  response t o  t h e  assumed i n i t i a l  

c o n d i t i o n s ,  suggest  t h a t  t h e  p o s s i b i l i t y  o f  t h e  PORV opening as a  r e s u l t  of t h e  

pressure r i s e  a s s o c i a t e d  w i t h  pump coas t  down shou ld  be considered.  The impacts  

o f  a  PORV opening would be t h e  need f o r  makeup sooner i n  t h e  sequence and t h e  

p o s s i b i l i t y  o f  t h e  PORV s t i c k i n g  open. These c o n d i t i o n s  a r e  addressed i n  S t a t e s  

19, 21, 25, and 27. 



STATE LOSP-3 

This s t a t e  depicts the plant s i tua t ion  following successful operation 
t o  maintain adequate feedwater flow to  the steam generators a f t e r  State 2 has 

been a t ta ined by controll ing feedwater flow and l ining u p  service water as a 

source of feedwater when and i f  appropriate. A t  t h i s  point heat removal from 
the primary system via the steam generators i s  under control.  

REQUIRED OPERATOR RESPONSE: 

Thc operator's rcsponsibi l i t ics  a t  S ta tc  3 arc  t o  vcrify s tablc  fccdr . + 

water delivery and t o  begin any actions required to  maintain adequate reactor 

coolant inventory. The speci f ic  actions necessary t o  maintain coolant inventory 

will depend upon the s t a t e  of the primary coolant boundary in tegr i ty  and will 

be addressed i n  the discussions of subsequent s t a tes  which delineate the 

important potential primary boundary conditions (See Sta te  19 - 21). 

KEY SYMPTOMS: 

Many of the key symptoms exhibited by the plant a t  Sta te  3 are  

identical  t o  those ident i f ied  f o r  Sta te  2. In addition, Sta te  3 will be 

characterized by a s t ab le  steam generator secondary level near normal shutdown 

levels  as  depicted i n  Figure 3.23 (Sta te  2 i s  characterized by the r is ing 

secondary l eve l ) .  Adequate service water flow and a s table  CST level will a lso  

be indicated following the operator actions t o  l i ne  u p  service water. 



STATE LOSP-4 

T h i s  s t a t e  descr ibes  t h e  p l a n t  c o n d i t i o n  when successful  achievement 

of S t a t e  1  i s  f o l l o w e d  by f a i l u r e  t o  a u t o m a t i c a l l y  supp ly  a u x i l i a r y  feedwater  

t o  t h e  steam genera to rs .  The events  l e a d i n g  t o  S t a t e  1  w i l l  produce an automat ic  

AFW a c t u a t i o n  s i g n a l .  A t  S t a t e  4, t h e  t u r b i n e  d r i v e n  pump and bo th  t h e  motor  

d r i v e n  feedwater  pump have f a i l e d  t o  d e l i v e r  adequate f l o w  t o  t h e  steam genera tors  

due t o  c o i n c i d e n t  f a i l u r e  o f  a l l  pumps o r  due t o  v a l v i n g  f a i l u r e s  i n  t h e  feed- 

water  l i n e s .  LANL c a l c u l a t i o n s  ( 7 )  i n d i c a t e  t h a t  i f  15% o f  r a t e d  AFW f l o w  i s  

achieved,  p l a n t  recove ry  u s i n g  heat  t r a n s f e r  th rough t h e  steam genera tors  cou ld  

be achieved.  Under t h i s  degraded f l o w  c o n d i t i o n ,  t h e  water  i n v e n t o r y  i n  t h e  

steam genera to rs  would decrease s t e a d i l y  u n t i l  about 6 hours, a t  which t i m e  t h e  

amount of heat  t h a t  c o u l d  be removed by  b o i l i n g  t h e  AFW a t  t h e  pressure  co r res -  

ponding t o  atmospher ic r e l i e f  v a l v e  s e t t i n g  equaled t h e  decay heat  produced i n  

t h e  core .  A t  about  5 hours,  t h e  p r imary  t o  secondary heat  t r a n s f e r  would be 

degraded t o  t h e  e x t e n t  t h a t  p r imary  pressure  and temperature  would beg in  t o  r i s e .  

T h i s  r i s e  would be a r r e s t e d ,  however, a t  6 hours when t h e  amount o f  heat  generated 

equaled t h a t  removed by b o i l i n g  t h e  feedwater. LANL c a l c u l a t i o n s  a l s o  i n d i c a t e  

t h a t  i f  f u l l  AFW were a v a i l a b l e  t o  o n l y  one o f  t h e  steam genera tors ,  t h e  p l a n t  

c o u l d  be coo led  by n a t u r a l  c i r c u l a t i o n  i n  t h e  coo led  loop.  It i s  impor tan t  t o  

n o t e  t h a t  t h e  d i e s e l  genera tors  have s u c c e s s f u l l y  s t a r t e d  and a r e  a v a i l a b l e  a t  

S t a t e  4. 

REQUIRED OPERATOR RESPONSE: 

The o p e r a t o r ' s  p r imary  d u t i e s  a t  S t a t e  4 a r e  t o  q u i c k l y  recogn ize  t h e  

AFW f a i l u r e  and t o  a t tempt  t o  achie.ve adequate feedwater  f l ow  by  s t a r t i n g  one o f  

t h e  AFW pumps o r  by b low ing  down one o r  more steam genera tors  and u s i n g  low 

p ressu re  backup feedwater  t o  d e l i v e r  f l o w  t o  t h e  steam genera tors .  A  key p o t e n t i a l  

source o f  l ow  p ressu re  backup feedwater  a r e  t h e  condensate pumps; however, o f f s i t e  

power must be r e s t o r e d  b e f o r e  these pumps can be used. 

C a l c u l a t i o n s  i n d i c a t e  t h a t  co re  damage can be avoided i f  t h e  o p e r a t o r  

i s  a b l e  t o  i n i t i a t e  t u r b i n e - d r i v e n  a u x i l i a r y  feedwater ,  a  s i n g l e  mo to r -d r i ven  



a u x i l i a r y  feedwater pump, o r  low pressure backup feedwater w i t h i n  approximately 

4500 seconds f o l l o w i n g  t he  i n i t i a t i n g  LOSP event.  

I f  t h e  operator  q u i c k l y  ascer ta ins  t h a t  AFW f l o w  w i l l  n o t  be ava i l ab le ,  

he should beg in  implementing a1 t e r n a t i v e  means f o r  c o o l i n g  the  core. The 

p r imary  a1 t e r n a t i v e  t o  1 ong-term steam generator  cool i n g  i s  t he  i n j e c t i o n  o f  

subcooled ECC water i n t o  t he  pr imary system. The ECC w i l l  be i n i t i a t e d  auto- 

m a t i c a l l y  on h igh containment pressure (see below) and t he  operator  can enhance 

t h e  r a t e  of ECC f low by reduc ing pr imary pressure. One method o f  depressur iza- 

t i o n  p r i o r  t o  steam qenerator d ryau t  i s  t o  blowdown the  steam generatnrs,  therehy 

i n c r e a s i n g  pr imary t o  secondary heat t r a n s f e r  and lower ing  pr imary pressure. 

Another method, which w i l l  be discussed i n  S ta te  7,  i s  manually opening the 

p r e s s u r i z e r  PORVs. 

KEY SYMPTOMS: 

t h e  major parametr ic responses which i n d i c a t e  the  ex is tence of S ta te  

4 a r e  dep i c ted  i n  Figures 3.27-3.31. One o f  the  most impor tant  symptoms o f  

S t a t e  4 i s  t h e  cont inued d e c l i n e  o f  t he  steam generator secondary l e v e l .  I f  

n o t  a r res ted ,  t h i s  would r e s u l t  i n  steam generator  d ryou t  i n  about 290U seconds* 

as i n d i c a t e d  i n  F igure  3.27. Note t h a t  i n  F igure  3.23, sec0ndar.y l e v e l  w i l l  

q u i c k l y  recover  and rega in  normal l e v e l  w i t h i n  800 seconds f o r  successful auto- 

m a t i c  AFW i n i t i a t i o n .  F igure  3.28 shows t h a t  the  secondary pressure increases 

r a p i d l y  t o  t h e  r e l i e f  va lve  s e t  p o i n t s  and remains t he re  j u s t  as i n  the  normal 

recovery  mode. 

: I n  t h e  pr imary system, t h e  pressure w i l l  increase a f t e r  steam generator 

dr,yout t o  t h e  p ressu r i ze r  PORV s e t  p o i n t  a s  shown i n  F igure  3.29. The pressure 

wi 11 then be c y c l i n g  about re1 i e f  va l ve  s e t  p o i n t  and t he  rup tu re  d isks  on the  

p r e s s u r i z e r  r e1  i e f  tank wi 11 even tua l l y  blow. Contai nment pressure w i  11 then 

beg in  t o  r i  se and r e s u l t  i n  a ECC i n i t i a t i o n  s i gna l .  (Successful AFW de l  i v e r y  

should r e s u l t  i n  pressure peak j u s t  below PORV s e t  p o i n t  fo l lowed by a steady 

* LANL c a l c u l a t i o n s  i n d i c a t e  d ryou t  w i l l  occur i n  about 3800 seconds. 



dec l i ne  as shown i n  F igure  3.24). Note t h a t  the  pr imary pressure w i l l  be 

s l ow l y  decreasing p r i o r  t o  t he  steam generator  d ryou t  a t  about 2900 seconds. 

Th is  decrease should be compared t o  F i gu re  3.24 where AFW i s  successfu l .  I n  

t h i s  case t he  pressure decreases much more q u i c k l y  as a  r e s u l t  of b e t t e r  heat 

removal through the  steam generators.  The ho t  l e g  temperature h i s t o r y  i s  

i l l u s t r a t e d  i n  F igure  3.30. Note t h a t  t h e  temperature w i  11 ( a f t e r  a  qu ick  

f a l l  and r i s e  associated w i t h  scram and pump coast  down) s low ly  dec l i ne  u n t i l  

steam generator  d ryou t  occurs. A t  t h i s  p o i n t  (approx imate ly  2900 seconds) a  

r a p i d  r i s e  w i l l  occur. The p ressu r i ze r  l e v e l  (F igure  3.31) w i l l  r i s e  due t o  

system expansion f o l  l ow ing  steam generator  d ryou t  and u l  t i m a t e l y  reach t h e  

t o p  o f  t h e  p ressu r i ze r .  



STATE LOSP-5 

A t  t h i s  s ta te ,  the  operator  has achieved delayed feedwater f l ow  a f t e r  

i n i t i a l  f a i l u r e  t o  au toma t i ca l l y  p rov ide  AFW flow. This  can be accomplished by 

e i t h e r  r e s t o r i n g  the  t u r b i n e  d r i ven  AFW pump, e i t h e r  o r  bo th  o f  the motor d r i ven  

pumps, o r  low pressure backup feedwater f low. Restorat ion of o f f s i t e  power and 

steam generator  blowdown i s  r equ i red  i f  the  condensate pumps a re  used as the  

source o f  backup feedwater. With t h i s  accornpli.shed, an adequate heat s ink  has 

been prov ided f o r  pr imary heat  removal and the  p l a n t  has moved i n t o  a s t a t e  

equ i va len t  t o  s t a t e  2. 

REQUIRED OPERATOR RESPONSE: 

The ope ra to r ' s  r e s p o n s i b i l i t i e s  a t  s t a t e  5 are e s s e n t i a l l y  i d e n t i c a l  

t o  those a t  s t a t e  2 .  Successful achievement o f  adequate feedwater f l ow  must be 

confirmed and t he  operator  must ensure cont inued f l ow  a t  a c o n t r o l l e d  ra te .  The 

opera to r  may a l s o  be requ i red  t o  l i n e  up se rv i ce  water as a source o f  feedwater 

should t he  CST become depleted. I f  s t a t e  5 i s  a t t a i ned  by r e s t o r a t i o n  o f  one 

motor d r i v e n  pump, no t h r o t t l i n g  o f  FW f l ow  by t he  operator  w i l l  be necessary. 

However, i f  the  t u r b i n e  d r i v e n  pump i s  brought on l i n e ,  these t h r o t t l i n g  ac t i ons  

w i l l  be requ i red  once t he  secondaries have been f i l l e d  t o  normal l eve l s .  

KEY SYMPTOMS: 

The key symptoms f o r  t h i s  s t a t e  a re  associated w i t h  the change i n  

pr imary and secondary response parameters which i n d i c a t e  the  t r a n s i  ti on from 

inadequate feedwater t o  adequate feedwater f low.  The s t a t e  5 symptoms can be 

descr ibed as a change i n  those parameters which descr ibe s t a t e  4 f a i l u r e  o f  AFU 

t o  values rep resen ta t i ve  of s t a t e  2 (success o f  An/) .  The manner i n  which 

these parameters change i s  dependent, t o  some degree, on the  s p e c i f i c  ac t i ons  

performed by t h e  operator  t o  achieve adequate feedwater and the  t i m i n g  o f  those 

ac t ions .  Adequate f low could be a t t a i n e d  by (1) r e s t o r i n g  the  t u r b i n e  d r i v e n  

AFW pump, (2 )  r e s t o r i n g  e i t h e r  o r  both o f  t he  motor d r i ven  AFW pumps, and ( 3 )  
blowing down a steam generator and us ing  low pressure backup feedwater from, f o r  

example, t h e  condensate pump. I f  s t a t e  5 i s  a t t a i ned  through the  s t a r t i n g  of 



one of the AFW pumps, the most important symptom of s t a t e  5 i s  the recovery of 

the steam generator secondary level . Figure 3.32 shows tha t  the secondary 1 eve1 

will rapidly recover a f t e r  FW delivery i s  in i t i a ted  and regain normal level 

within about 8000 seconds a f t e r  i n i t i a t i on  of the turbine driven pump or within 

about 4500 seconds a f t e r  in i t i a t ion  of the turbine driven pump. The steam 

generator secondary pressure will rapidly decrease from the re l i e f  valve s e t  

point as subcooled water i s  injected i n  t o  the secondaries; however, the timing 

and extent of t h i s  decrease i s  very sensi t ive  to  the timing of feedwater 
i n i t i a t i on .  

The primary pressure, as depicted in  Figure 3.33, will also rapidly 

decrease following feedwater i n i t i a t i on  from one of the AFW pumps as the steam 

generators begin t o  remove heat from the primary a t  a significantly higher 

level than tha t  afforded by the saturated steam in the secondaries prior t o  

feedwater i n i t i a t i on .  

If  s t a t e  5 i s  attained by restoring o f f s i t e  power, blowing down a 
steam generator, and using the condensate pumps as a low pressure source of 

backup feedwater, the key symptoms will be f a i r l y  similar  t o  those just  

described fo r  delayed AFW flow to  a l l  steam generators. The secondary pressure 

i n  the blown-down steam generator will obviously f a l l  immediately to  very 

low levels.  Figure 3.34 i l l u s t r a t e s  the behavior of the secondary pressure in 
the in tac t  steam generators. This secondary pressure decline which resul ts  

from the coolant e f fec t  upon the primary f lu id  from the single steam generator 

i s  s imilar  t o  tha t  produced by delayed AFW t o  a l l  steam generators. Figure 3.35 

i l l u s t r a t e s  the primary pressure response when the amospheric dump valve on 

one steam generator was opened a t  3270 seconds (about 300 seconds a f t e r  a l l  

secondaries have dried out)  and 1 ow pressure feedwater was immediately avail able 
t o  feed t ha t  generator. Note tha t  the heat removal through only one steam 

generator i s  sufficient. t n  remove more than the decay heat r a te  and the primary 

pressure drops. This pressure drop i s  comparable t o  that  produced by the 

successful restorat ion of the AFW pumps. 



F i g u r e  3.36 d e p i c t s  pr imary  pressure response when t h e  atmospheric 

dump v a l v e  i s  opened a t  1200 seconds (when t h e  secondary l e v e l  was approx imate ly  

6 mete rs )  b u t  t h e  low p ressure  feedwater was n o t  i n i t i a t e d  u n t i l  4400 seconds. 

The p o r t i o n s  o f  t h e  curve between 1200 and 4400 seconds r e f l e c t  t h e  sharp 

p ressure  drop upon opening o f  t h e  v a l v e  and t h e  subsequent increase when t h e  

secondary i s  d ry .  Note t h a t  when feedwater i s  i n i t i a t e d ,  t h e  pressure 

r e d u c t i o n  occurs  much l i k e  i n  t h e  o t h e r  cases examined i n  t h i s  s t a t e .  



STATE LOSP-6 

S ta te  6 represents t he  p l a n t  c o n d i t i o n  f o l  lowing successful operator  

a c t i o n  t o  achieve delayed feedwater f l o w ,  ( s t a t e  5)  and t o  t h r o t t l e  ( i f  necessary) 

and ma in ta in  t h i s  f l ow  as long as necessary. A t  s t a t e  6, a s t a b l e  long-term 

heat  s ink  has been provided v i a  the  steam generator f o r  removal o f  heat from 

the  pr imary system. A t  t h i s  p o i n t ,  t he  p l a n t  w i l l  be i n  a cond i t i on  e s s e n t i a l l y  

i d e n t i c a l  t o  t h a t  o f  s t a t e  3 and the  d e s c r i p t i o n  o f  t h a t  s t a t e  should be r e f e r r e d  

t o  f o r  more d e t a i l e d  d iscuss ion o f  t he  requ i red  operator  ac t i on ,  key symptoms, 

e tc .  

REQUIRED OPERATOR RESPONSE: 

Same as s t a t e  3. 

KEY SYMPTOMS: 

I f  s t a t e  5 i s  a t t a i n e d  through use o f  AFW pumps, t he  key symptom o f  

s t a t e  6 i s  a s t a b l e  steam generator secondary l e v e l  near normal shutdown l e v e l s .  

The at ta inment  o f  s t a t e  6 by t h r o t t l i n g  t u r b i n e  d r i v e n  AFW f l o w  w i l l  a l s o  be 

i n d i c a t e d  by a sharp reversa l  o f  the  steam generator  secondary pressure and 

pr imary pressure dec l ines  assoc ia ted w i t h  s t a t e  5. The secondary pressure 

w i l l  r i s e  again t o  the  r e l i e f  va l ve  s e t  p o i n t s  f o l l o w i n g  FW t h r o t t l i n g  (see 

F igure 3.37) 

If s t a t e  5 i s  a t t a i n e d  through t he  use o f  low pressure backup feed- 

water, the, key symptom o f  s t a t e  6 (again J i k e  s t a t e  3 )  wi  11 . be s t e a d i l y  

d e c l i n i n g  pr imary pressure. 



STATE LOSP-7 . 

Th is  s t a t e  represents  t h e , p l a n t  cond i t i on  f o l l ow ing  f a i l u r e  o f  the  

AFW system t o  au toma t i ca l l y  i n i t i a t e  ( desp i t e  successful  d i e s e l  generator s t a r t )  

and t h e  i n a b i l i t y  of t he  operator  t o  achieve delayed feedwater f l ow.  A t  t h i s  
p o i n t ,  t h e  p o s s i b i l i t y  o f  u t i l i z i n g  the  steam generators as an adequate heat 

s i n k  i s  l o s t .  

REQUIRED OPERATOR RESPONSE: 

A t  S ta te  7, t he  opera to r  must take  the  r e s p o n s i b i l i t y  f o r  both 

removing heat  from t h e  p r imary  system and ma in ta in ing  adequate coo lant  inven to ry .  

I n  o rde r  t o  achieve these goals, t h e  operator  should undertake a  " feed and bleed" 

ope ra t i on  i n  which energy i s  re leased through the  PDRVs and the  h i gh  pressure 

pumps a re  u t i l i z e d  t o  ma in ta in  coo lan t  inven to ry ,  

Wi th  t he  p r imary  pressure c y c l i n g  about t he  PORV se tpo in t ,  on ly  a  

smal l  amount o f  f l u i d  can be i n j e c t e d  i n t o  t he  pr imary system. The h igh pressure 

ECC i n j e c t i o n  pumps have a  s h u t o f f  head-of  approximately 1500 p s i  which i s  con- 

s i d e r a b l y  l e s s  than t h e  PORV se tpo in t .  The h i gh  head charg ing pumps are capable 

o f  i n j e c t i n g  approx imate ly  200 gpm a t  t h e  p r e v a i l i n g  pressure. 

LANL analyses i n d i c a t e  t h a t  w i t h  an injection f l o w  ra te  .oP about 

200 gpm, t h e  c l a d  temperature w i l l  peak a t  625 K a t  7300 seconds, and by 7800 

seconds t h e  decay power wi  11 have decreased s u f f i c i e n t l y  t o  drop pr imary f l u i d  

temperature below sa tu ra t i on .  The system w i l l  then reach an e q u i l i b r f u m  p o i n t  

a t  which c l a d  temperature remains f a i r l y  constant and t h e  core  i s  no t  i n  danger 

o f  be ing  damaged. 

Despi te t h e  p o s s i b i l i t y  t h a t  core damage might  be avoided wi,thout 

t h e  opera to r  t a k i n g  d i r e c t  ac t i on ,  t he  opera to r  should at tempt t o  lower system 

pressure by manual ly c o n t r o l l i n g  t h e  p ressu r i ze r  PDRVs, With the  syste~ l i  

pressure reduced, a s i g n i f i c a n t l y  g rea te r  f l o w r a t e  o f  subcooled water can be 

i n j e c t e d  i n t o  t h e  system. Th i s  w i l l  produce a  much more r a p i d  coo l i ng  o f  t h e  

co re  and p r imary  coo lant .  Manual depressur i za t ion  (I'bleed") combined w i t h  



c o n t r o l l e d  h igh  pressure coo lan t  i n j e c t i o n  w i t h  t he  ECC pumps ( " f eed " )  w i l l  

t he re fo re  ensure t h a t  t he  core i s  n o t  damaged and t h a t  a  c o l d  shutdown can be 

achieved i n  a  t i m e l y  manner. 

KEY SYMPTOMS : 

S ta te  7  can be represented as a  con t i nua t i on  of S ta te  4. The p l a n t  

c o n d i t i o n  cont inues t o  degrade past  S ta te  4 as the  AFW system remains incapable  

of d e l i v e r i n g  f l o w  t o  t h e  steam generators.  As shown i n  F igure 3.27, i n  t he  

absence o f  FW f l ow ,  the  steam generator secondary l e v e l  w i l l  decl i n e  u n t i l  

d ryout  occurs a t  about 2900 seconds. A t  S ta te  7, t he  steam generators remain 

dry.  The secondary pressure w i l l  r i s e  t o  and remain around the  re1 ief/dump 

va lve  se t  p o i n t  as i l l u s t r a t e d  i n  F igure 3.28. I n  t he  pr imary system, t he  

pressure w i l l  be c y c l i n g  ab0u.t the  r e l i e f  va lve  as shown i n  F igure  3.29. The 

rup tu re  d i sks  on the  p ressu r i ze r  r e l i e f  tank w i l l  have blown and the containment 

pressure w i l l  be e levated.  The h igh  pressure ECC pumps w i l l  be a c t i v a t e d  i n  

h i gh  containment pressure.  



STATE LOSP-8 

A t  S ta te  8, successfu l  automat ic AFW i n i t i a t i o n  has been fo l lowed by 

f a i l u r e  t o  ma in ta i n  t h i s  f l ow.  Th is  f a i l u r e  cou ld  be caused by f a i l u r e  o f  pumps 

t o  con t i nue  running,  o r  f a i l u r e  of t h e  opera to r  t o  t h r o t t l e  feedwater f l o w  o r  a l i g n  

s e r v i c e  wa te r  t o  r ep len i sh  t he  Condensate S to ra te  Tank. Also,  t h i s  s t a t e  assumes 

t h e  i n a b i l i t y  t o  r e s t o r e  o f f s i t e  power and use t he  condensate pumps t o  d e l i v e r  

feedwater.  The u l t i m a t e  r e s u l t  o f  t h i s  f a i l u r e  i s  t he  i n a b i l i t y  t o  use t he  steam 

genera to rs  as a  l o n g  term heat  s ink ,  

REQUIRED OPERATOR RESPONSE: . 

The ope ra to r  must take a c t i o n  t o  p rov ide  an a l t e r n a t e  means o f  heat 

removal. The app rop r i a t e  a c t i o n  a t  t h i s  p o i n t  would be t h e  feed and b leed opera t ions  

d iscussed i n  S ta te  7. I n  t h i s  response, t he  opera to r  must manually ma in ta in  t h e  

p r e s s u r i z e r  r e l i e f  va lves open w h i l e  ma in ta i n i ng  pr imary coo lan t  i nven to r y  w i t h  

h i g h  p ressure  i n j e c t i o n .  A more d e t a i l e d  d iscuss ion  of t h i s  a c t i o n  i s  prov ided 

under S t a t e  7. 

KEY SYMPTOMS: 

S t a t e  8 i s  charac te r i zed  by a  degradat ion o f  p l a n t  parameters f rom t h e  

l e v e l s  i n d i c a t i v e  o f  a  successfu l  S ta te  2 t o  l e v e l s  assoc ia ted w i t h  t h e  f a i l u r e  

S ta tes  4 o r  7. The most d i r e c t  i n d i c a t i o n  o f  S ta te  8 i s  t h e  decay o f  steam generator  

secondary l e v e l  f rom the  normal shutdown l e v e l s  achieved a t  S ta te  2. The pr imary 

p ressure  w i l l  a i so  begin  t o  r i s e  again  as AFW f l o w  i s  decreased. U l t ima te l y ,  i t  

w i l l  reach t h e  r e l i e f  va lve  se tpo in t .  



STATE LOSP-9 

This  s t a t e  i s  very  s i m i l a r  t o  S ta te  8 i n  which successfu l  AFW f l o w  i s  

n o t  maintained. I n  S ta te  9, t he  i n i t i a l  successful  feedwater f l o w  was achieved 

by opera to r  i n t e r v e n t i o n  f o l l o w i n g  f a i l u r e  of t he  AFW system t o  au toma t i ca l l y  

actuate.  A t  t h i s  p o i n t ,  t he re  e x i s t s  no s t a b l e  long-term heat  removal path 

through t h e  steam generators and t h e  opera to r  must i n t e r vene  t o  accomplish t h e  

heat removal and inven to ry  maintenance func t ions .  

REQUIRED OPERATOR RESPONSE: 

The opera to r  must i n i t i a t e  feed and bleed c o o l i n g  as discussed i n  

S ta te  7. 

KEY SYMPTOMS : 

S ta te  9 should e x h i b i t  t h e  same bas ic  symptoms as S ta tes  7 o r  8. 

The key symptoms a re  decreasing o r  d r y  steam generator secondary l e v e l  and 

p r imary  pressure i nc reas ing  t o  t he  r e l i e f  va lve  se tpo in t .  



STATE LOSP-10 

A t  S ta te  10, t he  d i ese l  generators have f a i l e d  t o  au toma t i ca l l y  s t a r t  

and t ake  l o a d  f o l l o w i n g  t he  LOSP i n i t i a t i n g  event. The major impact o f  t h i s  

d i e s e l  generator  f a i  1  u r e  i s the  unavai l a b i  1  i t y  o f  the  motor -dr iven AFW pumps, 

the  charg ing  .and i n j e c t i o n  pumps, and component coo l i ng  water t o  the  RCP seals.  

Wi thout  t h e  moto r -d r i ven  AFW pumps, t he  a v a i l  ab. i l  i t y  o f  t he  steam generators 

as a  v i a b l e  heat  s i nk  i s  dependent upon successful opera t ion  o f  t he  t u rb i ne -  

d r i v e n  AFW pump. Wi thout  t h e  charg ing o r  i n j e c t i o n  pumps, t he re  i s  no way t o  

rep1 en i sh  any f l u i d  l o s t  f rom t h e  pr imary system. Without component coo l i ng  

water,  t h e r e  can be ' large leakage pas t  t he  RCP pump seals.  The subsequent 

p l a n t  s t a t e s  which cou ld  evo lve f rom S ta te  10 (States 11-18) a re  s i m i l a r  t o  

those which evo lve f rom S ta te  1 (States 2-9) w i t h  the  key except ion o f  t h e  

assumed a v a i l a b i l i t y  of d i ese l  power f o r  S ta tes  2-9. 

REQUIRED OPERATOR RESPONSE: 

The bas ic  opera to r  response a t  S t a t e  10 i s  t o  recognize t he  occurrence 

of t h e  i n i t i a t i n g  LOSP event, t h e  successful  automat ic responses t o  t he  i n i t i a t i n g  

event (e.g., scram, RCP t r i p ,  MFW t r i p ,  RWP t r i p ,  and secondary steam re1  i e f )  , 
and t h e  f a i l u r e  of t h e  d i ese l s  t o  au toma t i ca l l y  s t a r t  and take load. Once t h i s  

r e c o g n i t i o n  has taken place, t he  operator  must t u r n  h i s  a t t e n t i o n  t o  ensur ing 

decay hea t  removal and reac to r  coo lan t  i nven to r y  maintenance under t he  cond i t i ons  

presented by t h e  u n a v a i l a b i l i t y  o f  a l l  AC power. The opera to r ' s  pr imary tasks 

a t  t h i s  p o i n t  a re  t o  ensure s t a r t  o f  t he  t u r b i n e  d r i ven  AFW pump and t o  a t tempt  

t o  r e s t o r e  t h e  d i e s e l  .generators t o  serv ice.  A t  S t a t e  10, t h e  s t a t i o n  b a t t e r i e s  

a re  t h e  o n l y  source o f  power. These b a t t e r i e s  supply t he  DC buses and t h e  AC 

v i t a l  i n s t r umen ta t i on  buses. ~ l l  non-essent ia l  equipment and ins t rumenta t ion  

should be removed f rom these buses. Since AC emergency power i s  no t  a v a i l a b l e  

t o  charge t he  s t a t i o n  b a t t e r i e s ,  b a t t e r y  power supply must be conserved. 

KEY SYMPTOMS: 

Most o f  t h e  key symptoms assoc ia ted w i t h  S ta te  10 a re  i d e n t i c a l  t o  

those o f  S t a t e  1 and a r e  i l l u s t r a t e d  i n  F igures 3.16-3.22. The s i g n i f i c a n t  



d i f f e r e n c e s  between States 1 and 10 i s  t h e  u n a v a i l a b i l i t y  o f  t h e  d i e s e l  generators .  

Th is  w i l l  be i n d i c a t e d  i n  t h e  c o n t r o l  room by t h e  v o l t a g e  read ings and by moni- 

t o r i n g  moto r -d r i ven  pump discharge pressure.  



A t  S t a t e  11, t h e  t u r b i n e - d r i v e n  AFW pump has successfu l ly  s t a r t e d  

a u t o m a t i c a l l y  f o l l o w i n g  LOSP and f a i l u r e  o f  t h e  d i ese l s .  Th i s  pump i s  d e l i v -  

e r i n g  adequate f l o w  t o  t h e  steam generators  and a heat s i n k  f o r  decay heat  i s  

t h e r e f o r e  a v a i l a b l e .  The c o n d i t i o n  o f  t he  p l a n t  a t  S t a t e  11 i s  s i m i l a r  t o  t h a t  

a t  S t a t e  2  except f o r  t h e  u n a v a i l a b i l i t y  o f  t he  d i ese l  generators .  

REQUIRED OPERATOR RESPONSE: 

The opei-atel- shoul J v c r i  fy succebb r u l  Lurb i r~t?-rlr. lve!~ AFW pump f l o w  

and con t inue  at tempts  t o  s t a r t  t he  d i ese l  generators  (assuming o f f - s i  t e  power 

i s  n o t  r e s t o r e d ) .  The ope ra to r  w i l l  a l s o  have t o  t h r o t t l e  feedwater f low once 

t h e  steam generator  secondary l e v e l  has a t t a i n e d  normal shutdown l e v e l s .  The 

ope ra to r  should  a l s o  determine i f  excessive RCP seal leakage i s  occur r ing .  I f  

so, he should decrease system pressure t o  d im in i sh  l eak  r a t e .  He can do t h i s  

by opening re1  i e f  va lves  on t he  steam generators  i f  they  a re  a i r  operated w i t h  

DC c o n t r o l  power. The ope ra to r  may be a b l e  t o  reduce p r imary  pressure s u f f i -  

c i e n t l y  i n  t h i s  way t o  a l l o w  accumulator f l o w  t o  t h e  pr imary system t o  compensate 

f o r  l a r g e  sea l  leakages. 

KEY SYMPTOMS: 

The key symptoms o f  S t a t e  11 a re  ve r y  s i m i l a r  t o  those o f  S ta te  2  and 

a r e  i l l u s t r a t e d  i n  F igures 3.23-3.26. The most impor tan t  i n d i c a t o r s  a r e  a  

recovery  o f  t h e  secondary l e v e l  up t o  normal va lues and, o r  t he  pr imary s ide,  

a  peaking and subsequent d e c l i n e  o f  t h e  pressure and temperature as the  steam 

genera to r  hea t  removal r a t e  exceeds t h e  decay power. I f  a l l  o t he r  l i n e s  a r e  

i s o l a t e d ,  p r e s s u r i z e r  l e v e l  w i l l  g i v e  a  good i n d i c a t i o n  o f  RCP seal  leakage. 

UNCERTAINTIES.AND SENSITIVITIES: 

Ca l cu l a t i ons  i n d i c a t e  t h a t  p r imary  pressure w i l l  peak j u s t  below t he  

PORV s e t  p o i n t .  



STATE LOSP- 12 

A t  S ta te  12, the  opera to r  has success fu l l y  t h r o t t l e d  AFW f low,  and a  

s t a b l e  long-term heat s i n k  has been es tab l i shed  through t h e  steam generators.  

Feedwater i s  being del i ve red  by t h e  t u r b i n e  d r i v e n  AFW pump. The d i ese l  generators  

which f a i l e d  t o  au toma t i ca l l y  s t a r t  when c a l l e d  upon may o r  may n o t  be a v a i l a b l e  

' a t  t h i s  t ime. Successful a t ta inment  o f  S ta te  12 does n o t  r e q u i r e  t he  d i ese l s  o r  

r e s t o r a t i o n  o f  o f f - s i  t e  power b u t  subsequent opera to r  ac t i ons  w i l l  be s i g n i f i c a n t l y  

a f f e c t e d  by t h e  a v a i l a b i l i t y  o f  AC power (see States 22, 23, and 24). 

REQUIRED OPERATOR RESPONSE: 

The ope ra to r ' s  responsi  b i l  i t i e s  a t  S ta te  12 a re  t o  v e r i f y  s t a b l e  

heat  removal through t h e  steam generators and t o  begin  t o  t ake  t he  necessary 

ac t i ons  t o  ma in ta in  adequate pr imary coo lan t  i nven to r y  over  t he  l ong  term. 

The s p e c i f i c  ac t ions  a r e  de7ineated i n  States 22-24. The opera to r  should con t i nue  

h i s  e f f o r t s  t o  r e s t o r e  o f f - s i t e  power o r  t o  s t a r t  t h e  d i ese l s .  

KEY SYMPTOMS : 

The key symptoms o f  S ta te  12 a r e  ve ry  s i m i l a r  t o  those e x h i b i t e d  

a t  Sta tes 2, 3, o r  11. The most impor tan t  symptom i s  a  s t a b l e  steam generator  

secondary l e v e l  near normal shutdown l e v e l  which d i f f e r e n t i a t e s  S ta te  12 f rom 

t h e  r i s i n g  secondary l e v e l  o f  Sta tes 2  o r  11. If t h e  d i ese l  generators have 

been s ta r t ed ,  S t a t e  12 i s  v i r t u a l l y  i d e n t i c a l  t o  S ta te  3. 



STATE LOSPl13 

S t a t e  13 i s  analogous t o  S ta te  4  except t h e  d i ese l  generators a re  

n o t  a v a i l a b l e .  The key fea tu re  o f  S ta te  13 i s  t h a t  an inadequate f low o f  AFW 

i s  be ing  d e l i v e r e d  t o  the  steam generators a f t e r  LOSP i n i t i a t o r  and successful 

scram. The motor d r i v e n  AFW pumps were no t  a v a i l a b l e  due t o  the f a i l u r e  o f  

t he  d i e s e l s  t o  s t a r t  and take  l o a d  and t he  t u r b i n e  d r i ven  AFW pumps has a l so  

f a i l e d  t o  d e l i v e r  adequate f l ow .  

REQUIRED OPERATOR RESPONSE: 

The opera to r  response a t  S ta te  13 i s  i d e n t i c a l  t o  t h a t  a t  S ta te  4: 

recognize t he  f a i l u r e  o f  t h e  AFW system t o  d e l i v e r  adequate f low and at tempt 

t o  i n i t a t e  f l o w  by s t a r t i n g  one o f  the  motor -dr iven AFW pumps, o r  by r e s t o r i n g  

o f f s i t e  power, b low ing  down a steam generator,  and us ing  t he  condensate pumps 

t o  p rov i de  a low pressure backup source o f  feedwater. The on l y  d i f fe rence  

between s t a t e  4  and S t a t e  13 i s  a v a i l a b i l i t y  o f  AC power a t  S ta te  4. A t  S ta te  

13 t h e  opera to r  can r e s t o r e  AFW f l o w  by s t a r t i n g  one d i ese l  generator w i t h i n  

about 4500 seconds. A f t e r  t h i s  t ime, co re  uncovery i s  p red ic ted  t o  occur. 

KEY SYMPTOMS : 

The key symptoms i n d i c a t i v e  o f  S t a t e  1 3 ' a r e  s i m i l a r  t o  those presented 

i n  F igures  3.27-3.31 f o r  S t a t e  4. The most impor tan t  symptom i s  t he  cont inued 

d e c l i n e  of t h e  steam generator  secondary l e v e l .  I f  n o t  a r res ted ,  t h i s  w i l l  

r e s u l t  i n  steam generator  d r you t  i n  about 2900 seconds as i n d i c a t e d  i n  F igure 

3.27. I n  t he  pr imary system, t h e  c h i e f  i n d i c a t o r  o f  S ta te  13 i s  t h e  cont inued 

inc rease  of t h e  p r imary  pressure up t o  t he  r e l i e f  va lve  s e t  po in t s  as shown i n  

F i gu re  3.29. The p r imary  pressure w i l l  ( a f t e r  a  qu ick  f a l l  and r i s e  assoc ia ted 

w i t h  scram and pump coas t  down) s l ow l y  d e c l i n e  u n t i l  steam generator d ryou t  

occurs a t  2900 seconds. A t  t h i s  po in t ,  t h e  pr imary pressure and temperature 

w i l l  r a p i d l y  r i s e ,  as i n d i c a t e d  i n  F igure  3.30. F igure  3.31 shows t h a t  t h e  

p ressu r i ze r  l e v e l  w i l l  r i s e  and reach t o  t o p  o f  t he  p ressur i ze r .  



STATE LOSP-14 

A t  s t a t e  14, the  opera to r  has successfu l ly  achieved delayed feedwater 

f low by e i t h e r  s t a r t i n g  t he  t u r b i n e  d r i v e n  AFW pump, s t a r t i n g  one o f  the  

d i e s e l  generators (and, thereby, one of t h e  motor d r i ven  AFW pumps), o r  

r e s t o r i n g  o f f s i t e  power and us ing  t he  condensate pumps t o  d e l i v e r  feedwater 

t o  a  blown-down steam generator.  To achieve s t a t e  14 the  opera to r  i s  requ i red  

t o  a c t i v a t e  one o f  these pumps w i t h i n  about 4500 seconds a f t e r  t he  i n i t i a t i n g  

event. S ta te  14 represents a recovery  mode where t h e  steam generators a re  

beginni-ng t o  remove decay heat loads a f t e r  i n i t i a l  f a i l u r e  o f  the  AFW system 

a t  s t a t e  13. 

REQUIRED OPERATOR RESPONSE: 

The requ i r ed  operator  response a t  s t a t e  14 i s  i d e n t i c a l  t o  t h a t  a t  

s t a tes  2,5, o r  11. Successful achievement o f  delayed f l o w  must be conf i rmed 

and f l o w  may have t o  be t h r o t t l e d  t o  a t t a i n  a  s t a b l e  secondary l e v e l  near 

normal shutdown l e v e l s .  The opera to r  should cont inue h i s  at tempts t o  r e s t o r e  

o f f s ' i t e  power o r  t o  s t a r t  the  d i ese l s .  

KEY SYMPTOMS : 

The symptoms o f  s t a t e  14 a re  very  s i m i l a r  t o  those o f  s t a t e  5. The 

major paramet r i c  changes are assoc ia ted w i t h  t h e  r a t h e r  abrubt  change from 

values i n d i c a t i v e  o f  AFW f a i l u r e  ( s t a t e  13) t o  those represen ta t i ve  o f  feed- 

water success (e.g. s t a t e  11).  The o n l y  d i f f e r e n c e  between s t a t e  5 and s t a t e  

14 i s  t he  a v a i l a b i l i t y  o f  t he  d iese l 's  f o r  charg ing pump opera t ion  dur ing  t he  

s ta tes  l ead ing  t o  s t a t e  5. 

I f  s t a t e  14 i s  achieved through delayed u t i l i z a t i o n  o f  t he  An4 system, 

one of t h e  most impor tant  symptoms o f  s t a t e  14 i s  t he  r a p i d  recovery of t he  

secondary l e v e l  f o l l o w i n g  i n i t i a t i o n  o f  AFW flow. F igure 3.32 shows t h a t  t h e  

secondary l e v e l  w i l l  rega in  normal l e v e l  w i t h i n  about 8000 seconds us ing  one 

motor operated pump o r  w i t h i n  about 4000 seconds us ing  the t u r b i n e  d r i ven  pump. 



The pr imary pressure w i l l  a l s o  r a p i d l y  decrease f o l l o w i n g  feedwater 

i n i t i a t i o n  as the steam generators  begin  t o  remove heat f rom the pr imary system 

a t  r a t e s  s i g n i f i c a n t l y  h igher  than those a f f o rded  by t he  sa tu ra ted  steam i n  t h e  

secondar ies p r i o r  t o  feedwater i n t i a t i  on. The de ta i  1  s  o f  pr imary pressure 

response beyond t h e  i n i t i a l  r a p i d  decrease a re  s e n s i t i v e  t o  t he  p a r t i c u l a r  

r e s t o r a t i v e  ac t i ons  performed by the  opera to r  and t he  t i m i n g  o f  those ac t ions .  

F i gu re  3.38 i l l u s t r a t e s  t he  behav ior  o f  the  p ressu r i ze r  l e v e l  f o r  t he  

case where a  s i n g l e  d i e s e l  i s  s t a r t e d  bey 3700 seconds. flote t h a t  t he  l e v e l  

drops r a p i d l y  bu t  remains w i t h i n  t h e ' p r e s s u r i z e r .  F igure  3.39 shows the  

p r e s s u r i z e r  l e v e l  behav io r  i f  t h e  d i ese l  gener to r  i s  s t a r t e d  a t  4300 seconds. 

Note t h a t  t h e  p ressu r i ze r  l e v e l  sh r inks  t o  zero f o r  a  s h o r t  pe r iod .  Th i s  i s  

due t o  t h e  f o rma t i on  o f  more v o i d  space i n  t he  pr imary system du r i ng  the  e x t r a  

600 seconds o f  inadequate feedwater and charg ing f low.  F i gu re  3.40 dep ic ts  t h e  

p r e s s u r i z e r  l e v e l  response if t h e  t u r b i n e  d r i v e n  AFW i s  s t a r t e d  w i t h i n  3700 

seconds o r  i s  s t a r t e d  w i t h i n  4300 seconds. As AFW i s  i n i t i a t e d  and t he  pr imary 

system i s  cooled, t h e  p r e s s u r i z e r  l e v e l  sh r i nks  r a p i d l y  t o  zero.  For t he  case 

where t h e  t u r b i n e  d r i v e n  pump i s  s t a r t e d  a t  3700 seconds, t h e  p ressu r i ze r  l e v e l  

i s  r e e s t a b l i s h e d  a t  about 6250 seconds. However, i f  t he  t u r b i n e  pump i s  no t  

s t a r t e d  u n t i  1  4300 seconds, t h e  p r e s s u r i z e r  1 eve1 wi 11 n o t  be rees tab l  i shed. 

F i gu re  3.34, 3.35, 3.36 d e p i c t  t h e  secondary and p r imary  pressure 

responses should S t a t e  14 be a t t a i n e d  by t h e  use o f  low pressure backup feed- 

water .  The s tead l y  d e c l i n e  o f  bo th  secondary pressure ( i n  t he  i n t a c t  steam 

genera to rs )  and p r imary  pressure a re  key symtpoms o f  t he  successfu l  a t ta inment  

o t  S t a t e  14 through means o f  backup low pressure feedwater. 

UNCERTAINTIES AND SENSITIVITIES: . .- 

Whi le  t he  d e t a i l e d  behav ior  o f  a l l  key p l a n t  parameters a re  s e n s i t i v e  

t o  t h e  t i m i n g  as s p e c i f i c s  o f  t h e  ope ra to r ' s  ac t ions ,  t h e  major  fea tu res  o f  t he  

paramet r i c  response a re  f a i r l y  w e l l  understood. Care should be taken n o t  t o  

depend upon d e t a i  1  ed response cha rac te r i  s t i  cs f o r  unambi guous d iagnos i  s. 



STATE LOSP-15 

A t  t h i s  s t a t e ,  t h e  o p e r a t o r  has ach ieved a  s t a b l e  l ong - te rm h e a t  

removal capabi 1 i t y  through t h e  steam genera to rs .  C o n t r o l  l e d  feedwater  f l o w  

i s  be ing d e l i v e r e d  by e i t h e r  t h e  t u r b i n e  d r i v e n  AFW, one o f  t h e  motor  d r i v e n  

pumps, o r  t h e  condensate pumps. I f  t h e  t u r b i n e  d r i v e n  pump i s  b e i n g  used, 

t h e  o p e r a t o r  has t h r o t t l e d  t h e  f l o w  t o  m a i n t i a n  t h e  steam genera to r  secondary 

l e v e l  near  normal shutdown l e v e l s .  T h i s  s t a t e  i s  v e r y  s i m i l a r  t o  s t a t e s  3, 

6, o r  12. 

REQUIRED OPERATOR RESPONSES: 

The o p e r a t o r ' s  r e s p o n s i b i l i t i e s  a t  s t a t e  15 a r e  ( l i k e  those  a t  s t a t e  

3,6, o r  12) t o  c o n f i m  s t a b l e  feedwater d e l i v e r y  and heat  removal t h r o u g h  t h e  

steam genera to rs  and t o  beg in  any a c t i o n s  necessary  t o  ensure  l ong - te rm 

p r i m a r y  coo l  a n t  i n v e n t o r y  maintenance, The o p e r a t o r  shou ld ,  i f  necessary,  

c o n t i n u e  a t tempts  t o  r e s t o r e  o f f s i t e  power and/or  s t a r t  t h e  d i e s e l  genera to rs .  

KEY SYMPTOMS : 

The key symptoms o f  s t a t e  15 a r e  v i r t u a l l y  i d e n t i c a l  t o  those  o f  

s t a t e s  3,6, o r  12. The ma jo r  symptoms a r e  a  s t a b l e  steam g e n e r a t o r  l e v e l  n e a r  

normal shutdown l e v e l  and/or  a  s l o w l y  decreas ing p r i m a r y  p r e s s u r e . .  L i k e  s t a t e  

12, and as opposed t o  s t a t e s  3  o r  6, t h e  d i e s e l  genera to rs  m i g h t  n o t  be 

a v a i l a b l e  a t  s t a t e  15. 



STATE LOSP-16 

A t  S t a t e  16, t h e  o p e r a t o r  has f a i l e d  i n  h i s  a t tempts  t o  p r o v i d e  

adequate feedwater  t o  t h e  steam genera to rs  f o l l o w i n g  t h e  LOSP i n i t i a t o r  and 

f a i l u r e  o f  t h e  d i e s e l  genera tors .  A t  t h i s  p o i n t ,  which i s  s i m i l a r  t o  S t a t e  7,  

t h e  decay h e a t  l oad  i s  n o t  be ing  removed f rom t h e  p r imary  system th rough  t h e  

steam g e n e r a t o r s  and a l t e r n a t e  means o f  heat  removal and c o o l a n t  i n v e n t o r y  main- 

tenance must be found.  A t  t h i s  s t a t e ,  t h e  d i e s e l  genera tors  may n o t  be a v a i l a b l e  

I h e r e t o r e ,  as opposed t o  S t a t e  /, t h e r e  can be no h i g h  p ressu re  i n , j ec t i on  i n t o  

t h e  pr l rnary  system. 

REQUIRED OPERATOR RESPONSE : 

A t  S t a t e  16, t h e  o p e r a t o r  shou ld  a t tempt  t o  e s t a b l i s h ,  a  feed  and 

b l e e d  mode of c o o l i n g  and i n v e n t o r y  maintenance which i:s desc r ibed  i n  S t a t e  7. 

The r e q u i r e d  a c t i o n s  a r e  made cons ide rab ly  more d i f f i c u l t  by t h e  p o s s i b l e  unavai.1- 

a b i l i t y  of  t h e  d iese1 ,genera to rs .  If t h e  d i e s e l s  a r e  n o t  a v a i l a b l e  (and o f f - s i t e  

power has n o t  been r e s t o r e d )  t h e  o p e r a t o r t s  f i r s t  goa l  shou ld  be t o  r e s t o r e  a  

source of AC power, LANL c a l c u l a t i o n s  i n d i c a t e  t h a t  w i t h o u t  any cha rg ing  f l o w ,  

t h e  system w i l l  r each  s a t u r a t i o n  by 6500 seconds and t h e  co re  w i l l  be empty by 

8600 seconds. I f  power i s  r e s t o r e d  and ECCS i n i t i a t e d  by  8000 seconds, these 

same ana lyses i n d i c a t e  t h a t  c o r e  damage can be p\ 'evented. LANL a l s o  s t a t e s  

t h a t  r e c o v e r y  w i l l  n o t  occur  w i t h  h a l f  o f  ECC f l o w  ava i , l ah le  even i f  i n i t i a t e d  

a t  t h e  begi.nni.ng o f  t h e  t r a n s i e n t  w i t h o u t  a d d i t i o n a l  o p e r a t o r  a c t i o n ,  

KEY SYMPTOMS : 

S t a t e  16 i s  e s s e n t i a l l y  a  cantinuat1.on o f  S t a t e  13 and I s  v e r y  

s i m i  l a r  t o  S t a t e s  4 o r  /. As shown i n  k i g u r e  3 . 2 / ,  t h e  steam genera tor  secondary 

l e v e l  w i l l  d e c l i n e  u n t i l  d r y o u t  occurs  a t  about  2900 seconds. A t  S t a t e  16, 

t h e  steam genera to rs  remain d r y .  The secondary p ressu re  w t l l  r i . se  t o  and remain 

around t h e  r e l i e f / d u m p  v a l v e  s e t p o i n t  as i l l u s t r a t e d  i n  F i g u r e  3.28. I n  t h e  

p r i m a r y  system, t h e  p ressu re  w i l l  c y c l e  about  t h e  r e l i e f  v a l v e  s e t  p o i n t  as 

shown i n  F i g u r e  3.29. 



STATE LOSP- 17 

A t  t h i s  s t a te ,  the  successful  automat ic feedwater d e l i v e r y  a t t a i n e d  

a t  S ta te  11 i s  n o t  maintained over t h e  long-term. The p l a n t  c o n d i t i o n  w i l l  soon 

degrade t o  t h a t  s i m i l a r  t o  States 7 o r  16 where the  a b i l i t y  t o  remove heat 

through t h e  steam generators i s  essen t i a l  l y  l o s t .  

REQUIRED OPERATOR RESPONSE: 

The ope ra to r ' s  r e s p o n s i b i l i t y  a t  S ta te  17 i s  i d e n t i c a l  t o  t h a t  a t  

S ta te  16: a t tempt  t o  e s t a b l i s h  an a l t e r n a t e  means o f  decay heat  removal w h i l e  

ma in ta in ing  adequate coo lan t  i nven to r y  (See States 28, 29, and 30). The 

opera to r  should cont inue t o  t r y  t o  s t a r t  t he  d i ese l s  o r  t o  ensure r e s t o r a t i o n  

o f  o f f - s i t e  power. 

KEY SYMPTOMS: 

S t a t e  17 i s  charac te r i zed  by a  degradat ion o f  p l a n t  parameters f rom 

l e v e l s  i n d i c a t i v e  o f  t h e  successful  feedwater d e l i v e r y  a t  S ta te  11 t o  those 

rep resen ta t i ve  of t he  f a i l u r e  S ta te  16. The key symptoms a re  a  d e c l i n i n g  steam 

generator  secondary l e v e l  and an i nc reas ing  pr imary pressure. 



STATE LOSP-18 

S ta te  18 i s  ve ry  s i m i l a r  t o  s t a t e  17. Both s t a t e s  i n v o l v e  t he  f a i l u r e  

t o  ma in ta i n  feedwater d e l i v e r y  t o  t he  steam generators f o l l o w i n g  successful  d e l i v e r y  

o f  such f low.  I n  S t a t e  18, t h e  i n i t i a l  success was due t o  opera to r  i n t e r v e n t i o n  

wh ich  r e s u l t e d  i n .  t h e  delayed s t a r t  of one o f  t h e  AFW pumps o r  d e l i v e r y  o f  low 

p ressu re  backup feedwater.  

REQUIRED OPERATOR RESPONSE: 

The o p e r a t o r ' s  r e s p o n s i b i l i t i e s  a t  S ta te  18 a re  i d e n t i c a l  t o  those 

a t  S ta tes  16 o r  17. The opera to r  must a t tempt  t o  e s t a b l i s h  an a l t e r n a t e  means 

o f  removing decay heat  f rom t h e  pr imary system. The " feed and bleed" opera t ion  

d iscussed f o r  S t a t e  16 requ i r es  AC power and t h e  o p e r a t o r ' s  f i r s t  concern, the re -  

f o r e ,  should  be t o  r e s t o r e  o f f - s i t e  power o r  t o  s t a r t  one o f  t h e  d i ese l  generators.  

KEY SYMPTOMS : 

The key symptoms o f  S ta te  18 a r e  i d e n t i c a l  t o  those o f  S ta te  17. The 

most impo r tan t  symptoms a r e  a  d e c l i n i n g  secondary l e v e l  and an i nc reas ing  p r imary  

pressure.  



STATE LOSP- 19 

S ta te  19 represents t he  p l a n t  c o n d i t i o n  a f t e r  t he  f o l l ow ing  sequence 

o f  events: 

L O S P I n i t i a t i n g  Event 

Successful Automatic S t a r t  and Load o f  Diesel  Generators 

r Successful Maintenance of Stab le  Long-Term heat  removal 
through t he  Steam Generators. 

The PORV, i f  requ i red  t o  open p r i o r  t o  S ta te  19, has success fu l l y  

opened and r e s e t  f o l l o w i n g  pressure reduct ion.  The steam generator i s  i n t a c t  

w i t h  no tube ruptures.  

REQUIRED OPERATOR RESPONSE: 

A t  t h i s  po in t ,  t he  successful  p l a n t  response t o  t he  LOSP i n i t i a t i n g  

event has reduced the ope ra to r ' s  du t i es  t o  ensur ing t h a t  adequate coo lan t  i nven to ry  

i s  maintained throughout the cooldown process. 

A t  S ta te  19, t he  o n l y  p o t e n t i a l l y  s i g n i f i c a n t  l o s s  o f  inven to ry  cou ld  

have been caused by c y c l i n g  o f  t h e  r e l i e f  va lves ( i f  S ta te  19 i s  reached through 

S ta te  3, t h i s  c y c l i n g  might n o t  even take p lace) .  The ope ra to r ' s  r e s p o n s i b i l i t y  

i s  t o  ensure charg ing f l o w  t o  compensate f o r  any mass l o s s  ou t  o f  t h e  r e l i e f  

valves and f o r  subsequent l e v e l  reduc t ions  caused by c o o l i n g  o f  t he  pr imary f l u i d .  

KEY SYMPTOMS : 

Because S ta te  19 represents t he  successful  r esea t i ng  o f  the  PORV and 

maintenance o f  steam generator tube i n t e g r i t y ,  t h e  symptoms o f  S ta te  19 a re  

i d e n t i c a l  t o  those o f  States 3 o r  6. The most impor tan t  symptoms a r e  a s t a b l e  

steam generator secondary l e v e l  and a s l ow l y  d e c l i n i n g  pr imary pressure. The 

key symptom f o r  t h e  opera to r  t o  moni tor  a t  S ta te  19 i s  t he  p ressur ize r  l e v e l .  

Successful maintenance o f  coo lan t  i nven to ry  w i l l  be i n d i c a t e d  by a s t a b l e  pres- 

s  u r i  ze r  1  eve1 , 



STATE LOSP-20 

State 20 represents the plant condition where the operator i s  able 

to  maintain a stable long-term feedwater flow t o  the steam generators, b u t  one 

of the steam generators (possibly due to the stresses associated with dryout 

and r e f i l l  ) has developed tube ruptures. Thus, while heat removal i s  not a 

problem a t  State 20, the primary system i s  losing inventory and slightly radio- 

active coolant i s  flowing into the secondary system and out of containment. 

REQUIRED OPERATOR RESPONSE: 

The operator has three main tasks to perform a t  State 20. The f i r s t  
i s  to identify and isolate  the faulted steam generator, i f  possible. The 

second i s  to  ensure adequate coolant injection into the primary system t o  
compensate for  flow out of the ruptured tube. The third task i s  to depressurize 

the primary system by blowing down the intact steam generators or using the 

pressurizer relief valves; the immediate purpose of this  pressure reduction i s  

to  decrease the flow from the primary to  the secondary through the rupture. 

Once the primary pressure has been decreased to  the point where leak 

flow i s  stopped (RCS pressure equals faulted steam qenerator secondary pressure). 

the operator can commence a normal cooldown and place the RHR in service t o  
continue th i s  cooldown to cold shutdown. 

KEY SYMPTOMS: 

The key symptoms of State 20 will be those associated with States 3 

or 6 along with those indicative of the steam generator tube rupture. The 

rupture will be indicated by three major symptoms; (1) radiation in the 

steam lines of the faulty steam generator and in the condenser (2) sl ightly 

higher secondary level and pressure in the faulty steam generator, and ( 3 )  more 
rapid decline in pressurizer level and pressure than that of State 19. The 

radiation readings should provide the information necessary to diagnose the 
steam generator tube rupture for  a l l  rupture sizes. Larger rupture sizes will 



exhibit correspondingly 1 arger effects on secondary and primary 1 eve1 and 

pressure and wil l ,  therefore, be easier t o  driagnose. 

Successful isolation of the faulted steam generator will be indicated 
by rapid reduction in the level of that steam generator and a reduction of 

radiation level in the condenser. 

The pressurizer level will recover and remain stable a f te r  actuation 

of sufficient charging or safety injection pumps. 

The.RCS pressure will decrease as the operator vents steam through 
the PORV. When the primary pressure i s  reduced to a level equal to that of 

the secondary pressure of the faulted steam generator, break flow should cease. 

ADDITIONAL COMMENTS: 

This s ta te  should be compared to  small break s tates  in which the 

steam generator rupture i s considered. 



STATE LOSP-21 

A t  S ta te  21, t he  steam generators a re -ava i l ab le  as a long-term s tab le  

hea t  s ink ,  b u t  the  PORV has s tuck open. The s i t u a t i o n  a t  t h i s  p o i n t  i s  s i m i l a r  

t o  t h a t  o f  a  small break sequence. Decay heat removal i s  be ing accomplished 

th rough t he  steam generators ( ass i s ted  by energy f l ow  o u t  o f  the  PORV) b u t  

p r imary  coo lan t  i s  be ing l o s t  ou t  o f  t he  PORV. 

REQUIRED OPERATOR RESPONSE: 

T t~e  uperd,tur has two main tasks t o  pe r fo rm a t  s t a t e  21: (1) i s o l a t e  

t h e  "break" by c l o s i n g  PORV b lock  va lve  and thereby r e s t o r e  pr imary system 

i n t e g r i t y ,  and ( 2 )  ensure adequate coo lan t  i n j e c t i o n  t o  the pr imary system t o  

compensate f o r  mass f l ow  o u t  o f  t he  stuck open va lve.  

KEY SYMPTOMS: 

The key symptoms o f  S ta te  21 a re  i l l u s t r a t e d  i n  F igures 3.41-3.43. 

These responses a re  based on the  PORV s t i c k i n g  open a t  200 seconds i n t o  the  

sequence (corresponding t o  the  t ime where pr imary pressure could f i r s t  reach 

PORV s e t  p o i n t ) .  

F igure  3.41 i l l u s t r a t e s  the  r a p i d  dec l i ne  i n  p r imary  pressure when 

t h e  PORV SnS t i a l l y  opens, and t h e  subsequent steady dec l ine .  Because so much 

energy i s  removed through t h e  open PORV, t h e  secondary pressure f a l l s  below the  

secondary r e l i e f  v a l v e  s e t  p o i n t .  The secondary l e v e l  w i l l  behave t he  same as 

i n  S t a t e  3 o r  6  ( s t a b l e  l e v e l  near norm31 shutdown l e v e l ) .  

The p ressu r i ze r  l e v e l  behavior  i s  depic ted i n  F igure  3.42 w i t h  sa fe t y  

i n j e c t i o n  f l o w  i n i t i a t e d  a t  about 300 seconds, t he  p ressu r i ze r  l e v e l  w i l l  

i nc rease  t o  t he  t op  o f  t h e  p ressu r i ze r  a t  about 600 seconds. 

The ho t  l e g  f l u i d  temperature, shown i n  F igure  3.43, w i l l  con t inuous ly  

d e c l i n e  and . i nd i ca te  t he  e f f ec t i veness  o f  na tu ra l  c i r c u l a t i o n  c o o l i n g  w i t h  the  

steam generators  p r o v i d i n g  an adequate heat  s ink.  



ADDITIONAL COMMENTS: 

T h i s  s t a t e  shou ld  be compared t o  comparable smal l  b reak s t a t e s  and 

t o  o t h e r  t r a n s i e n t - i n d u c e d  smal l  LOCA s t a t e s  t o  n o t e  t h e  a f f e c t s  of RCP t r i p  

assoc ia ted  w i t h  LOSP. Compare w i t h  S t a t e  27. 



STATES LOSP-22. 23. and 24 

These three s tates  are essentially identical to States 19, 20, and 

21 except that the diesel generators have failed to automatically s t a r t  and may 

not have been started a t  States 22-24. I f  neither the diesels or off-s i te  power 
have been started, stable long-term AFW flow i s  being provided by the turbine 

driven AFW pump. I f  AC power has been restored, States 22 ,  23, 24 are identical 

t o  States 19, 20, and 21. 

REQUIRED OPERATOR RESPONSE: 

The operator's main responsibility a t  S t a t e s  2 2 ,  23,  a n d  24 i s  the 

same as that  a t  States 19, 20, and 21: maintain adequate coolant inventory and 
achieve an orderly cooldown to cold shutdown. A t  State 22 ( l ike State 19), the 

primary system i s  intact  and makeup requirements are limited to those necessary 

to  replenish mass lo s t  while the PORV relief valve was open. A t  State 23 ( l ike 

State 20), a steam generator has developed tube ruptures, and the operator must 

ensure sufficient coolant injection t o  compensate for flow through the tube 

rupture. The operator will also be called upon to isolate the faulty steam 

generator and depressurize the primary system a t  State 23. A t  State 24 ( l ike 

State 21), the PORV has stuck open. This requires operator action t o  close 

the isolation valve and to  ensure sufficient coolant injection to compensate 

for  mass flow out of the stuck-open relief valve. In order to achieve steam 

generator isolation, opening of the PORV to depressurize the RCS, PORV block 

valve closure, or charging and safety injection flow, AC power i s  required. There- 

fore,  the operator's primary goal a t  State 22,  23, or 24 i s  to s t a r t  one o r  
more of the diesel generators or to  ensure restoration of off-s i te  power. 

KEY SY.MPTOMS : 

If the diesel generators are available a t  States 22,  23, and 24,  the 

key symptoms of these states are identical to  those of States 19, 20, and 21. 
If the diesels are not available, the key symptoms are identical to  States 19, 

20, and 21  except for  the effects produced by an absence of charging flow. 



These e f f e c t s  should be minimal except f o r  S ta te  24 where t he  PORV i s  stuck 

open. The a v a i l a b i l i t y  o f  charg ing f l o w  w i l l  then reduce t h e  n e t  inven to ry  

l oss  ou t  o f  t he  stuck open va lve.  



STATE LOSP-25 

A t  S ta te  25, t h e  steam generators  a re  n o t  a v a i l a b l e  as a  heat s ink  t o  

remove decay heat .  The r e s u l t a n t  pressure r i s e  i n  the  pr imary system w i  11 cause 

t h e  p r e s s u r i z e r  r e l i e f  va lves t o  open and then c y c l e  about t h e i r  set '  po i n t s .  

Wi th  energy and mass be ing  removed f rom the  pr imary system v i a  t he  c y c l i n g  r e l i e f  

va lves ,  t h e  p r imary  coo lan t  i nven to r y  w d l l  beg in  t o  d im in ish .  

REQUIRED OPERATOR RESPONSE: 

The opera to r  wi  11 be requ i  re'd t o  i n i t i a t e  a  "feed-and-bl eed" cool  i ng 

mode a t  S t a t e  25. Th is  w i l l  necess i t a t e  c o n t r o l l i n g  t he  PORVs t o  s l ow l y  depres- 

s u r i z e  t h e  pr imary system w h i l e  p r o v i d i n g  s u f f i c i e n t  coo lan t  i n j e c t i o n  t o  

compensate f o r  coo lan t  losses  o u t  t he  open r e l i e f  va lves.  

KEY SYMPTOMS: 

The key symptoms o f  S t a t e  25 a re  i d e n t i c a l  o f  those o f  s t a tes  7, 8, 

o r  9. The steam genera to r  secondary l e v e l  i s  d e c l i n i n g  o r  has a l ready  reached 

d ryou t .  Pr imary pressure i s  i nc reas ing  t o  t h e  PORV s e t  p o i n t  and p ressu r i ze r  

l e v e l  i s  approaching o r  i s  a t  t h e  t op  o f  t h e  p ressu r i ze r .  

Operator  a c t i o n  i n  t he  feed-and-bleed mode can be monitored by ob- 

s e r v i n g  p r imary  pressure and p ressu r i ze r  l e v e l .  Successful a c t i o n  w i l l  be 

i n d i c a t e d  by  r a p i d  pressure and temperature dec l ines .  The p ressu r i ze r  l e v e l  w i l l  

s t a b i l i z e  a f t e r  an i n i t i a l  drop from t h e  t o p  of t he  p ressu r i ze r  when coo lan t  - 

i n j e c t i o n  ( " f eed " )  causes t he  vo ids  t o  be co l lapsed.  

LANL c a l c u l a t e s  t h a t  i f  t he  r e l i e f  va lves a re  a l lowed t o  c y c l e  about 

t h e i r  s e t  po i n t s ,  ECC f l o w r a t e  w i l l  be l i m i t e d  t o  about 200 gpm coming f rom the  

h i g h  head charg ing pumps. Under these c a l c u l a t i o n s ,  t he  p ressu r i ze r  l e v e l  w i l l  

beg in  t o  decrease about  1000s a f t e r  ECC i n i t i a t i o n  and t h e  system w i l l  reach 



s a t u r a t i o n  cond i t i ons  about 400s l a t e r .  Recovery w i l l  beg in  another 600s l a t e r  

when t he  decay power has f a l l e n  below t h e  l e v e l  commensurate w i t h  the  heat 

removal r a t e  of t he  ECC f l ow.  

LANL f u r t h e r  ca l cu l a tes  t h a t  ECC can be tu rned  on as l a t e  as 8200s 

i n t o  t h e  sequence (about 4200s a f t e r  PORV opening) and recovery  can s t i l l  be 

accompl i shed. 



STATE LOSP-26 

A t  th i s  point, the unavailability of a stable long-term source of 

feedwater has rendered the steam generators incapable of providing a sufficient 

heat sink for decay heat removal. I n  addition, the stresses imposed upon the 

steam generators have produced tube ruptures in one of the steam generators. 

REOUIRED OPERATOR RESPONSE: 

The operator's basic responsibilities are t o  provide an alternate 

heat removal path for decay heat while maintaining adequate coolant inventory. 

For th is  particular s ta te ,  this  translates into the following - .  specific tasks: 

manually depressurize the intact steam generators or 
manually control the PORV to  depressurize the primary 
steam and t o  increase heat removal from the primary 
sys tern 

identify and isolate the faulted steam generator 

ensure adequate safety injection flow to compensate 
for coolant flow out of the tube rupture and the open 
PORV . 

KEY SYMPTOMS : 

The effect of the steam generator tube rupture on the plant response 

will obviously be a function of the size of the rupture. The main effects of 

superimposing a steam generator tube rupture on States 7 ,  8 ,  or 9 are: 

an increased pressure reduction in the primary system; the 
tube rupture will cause a lengthening of the PORV open/ 
close cycle time and ultimately cause the cycling to  
cease as the pressure f a l l s  below and remains below the 
relief valve set  po in t .  

radiation in the steam lines from the faulted steam 
generator and in the condenser. 



UNCERTAINTIES AND SENSITIVITIES: 

There a r e  ma jo r  u n c e r t a i n t i e s  concern ing t h e  d e t a i l e d  e f f e c t s  o f  

steam genera to r  r u p t u r e  on t h e  p r imary  system response, e s p e c i a l l y  p r e s s u r i z e r  

l e v e l  response. I f  s t a t e  26 i s  found t o  be d i f f i c u l t  t o  d iagnose a f t e r  a  

comparat ive symptoms a n a l y s i s  i s  performed, these d e t a i l  s  shou ld  be i n v e s t i g a t e d .  



STATE LOSP-27 

A t  S ta te  27, t he  u n a v a i l a b i l i t y  o f  feedwater f l o w  t o  t h e  steam 

genera to rs  has rendered t he  steam generators  incapable o f  adequately removing 

r e a c t o r  decay heat f rom the  pr imary system. The steam generators  have d r i e d  

o u t  by about 2900 sec. and t h e  pr imary pressure has subsequently increased t o  

t h e  PORV se tpo in t .  A t  t h i s  p o i n t ,  t h e  PORVs success fu l l y  open bu t  one has f a i l e d  

t o  r esea t  when t h e  pressure d imin ished below the  se tpo in t .  

REQUIRED OPERATOR RESPONSE: 

The opera to r  has two main goals  a t  S ta te  27: (1) ensure t h a t  r e a c t o r  

decay heat  i s  be ing  removed f rom the  pr imary system, and ( 2 )  ensure t h a t  adequate 

p r ima ry  coo lan t  i n v e n t o r y  i s  maintained. 

The l o s s  o f  i n ven to r y  ou t  o f  t he  open PORV must be compensated f o r  

by charg ing  and s a f e t y  i n j e c t i o n  f low.  The opera to r  should manually i n i t i a t e  

ECC f l o w  as soon as poss ib le .  Approximately 1 minute a f t e r  i n i t i a l  PORV opening, 

t h e  p r e s s u r i z e r  l e v e l  w i l l  d im in i sh  (due t o  t h e  stuck-open va l ve )  t o  t he  low 

p r e s s u r i z e r  pressure s e t p o i n t  and a  s i gna l  w i l l  be generated. However, t he  

c o i n c i d e n t  low p r e s s u r i z e r  l e v e l  w i l l  n o t  be present  a t  t h i s  t ime  and an auto- 

m a t i c  ECCS i n i  t a t i o n  (which requ i r es  bo th  co i nc i den t  s i g n a l s )  may n o t  occur.* 

The ope ra to r  should manual ly i n i t i a t e  ECCS upon r e c e i p t  o f  t h i s  low p ressu r i ze r  

p ressure  s i gna l .  

I f  ECC f l o w  i s  n o t  i n i t i a t e d  upon low p r e s s u r i z e r  pressure, f l o w  w i l l  

be i n i t i a t e d  au toma t i ca l l y  upon h i gh  containment pressure. I n  t h i s  case, t h e  

pr imary pressure would drop t o  t h e  p o i n t  where t h e  system i s  saturated.  The 

ECC f l o w r a t e  would be approx imate ly  600 gpm through t h e  vessel  and o u t  t h e  PORV 

and would remove about 44 MM. Since decay power a t  t h i s  t ime  i s  about 36 MW, t h e  

p r ima ry  f l u i d  w i l l  become subcooled and cooldown o f  t h e  system w i l l  commence. 

Thus, ope ra to r  a c t i o n  t o  i n i t i a t e  ECC p r i o r  t o  automat ic t r i p  upon h i g h  con ta in -  

ment p ressure  i s  n o t  abso lu te l y  necessary t o  prevent  co re  damage, b u t  w i l l  

* 
Recent post-TMI changes t o  ECCS i n i t i a t i o n  have r e s u l t e d  i n  l o g i c  systems 
wh ich  would i n i t i a t e  ECCS on e i t h e r  low pressure o r  low l e v e l .  



prevent the system f rom becoming sa tu ra ted  and w i l l  a l l ow  the  recovery t o  be 

accomplished much sooner. 

O f  course, the  operator  should a l s o  at tempt t o  i s o l a t e  the "break" 

produced by t he  stuck open r e l i e f  va lve  by manually c l o s i n g  the  b lock va lve 

downstream o f  t h e  r e l i e f  valve. I f  t h i s  i s  accomplished, t h e  p l a n t  w i l l  be 

i n  a  s t a t e  s i m i l a r  t o  State 25. However, t he re  w i l l  o n l y  be one r e l i e f  va lve  

through which mass and energy can f l o w  from the  pr imary system. 

The operator  should begin the  " feed and bleed" opera t ion  discussed 

i n  S ta te  25. By manually c o n t r o l l i n g  the  remaining PORV and us ing t he  charg ing 

and ECC pumps f o r  i n j e c t i o n ,  t he  opera to r  can p rov ide  s u f f i c i e n t  subcooled 

f l u i d  t o  t he  pr imary system t o  produce an adequate cooldown. 

KEY SYMPTOMS: 

The key symptoms o f  S ta te  27 a r e  s i m i l a r  t o  those o f  S ta te  25 b u t  

w i t h  t h e  a d d i t i o n a l  impact o f  t he  stuck-open PORV. The general fea tu res  

which i n d i c a t e  t he  need f o r  operator  i n t e r v e n t i o n  a r e  those i n d i c a t i v e  o f  

1  oss o f  a1 1  feedwater (e. g. , steam generator  secondary 1  evel  r a p i d l y  f a1  1  i ng 

t o  zero) .  The pr imary pressure w i l l  r i s e  t o  t he  PORV se tpo in t .  Sho r t i y  a f t e r  

t h i s  po in t ,  one o f  t he  PORVs f a i l s  t o  reseat .  Th is  w i l l  cause a  reduc t ion  i n  

p ressu r i ze r  pressure below the PORV se tpo in t s  (ver.y small e f f e c t i v e  "breaks" 

may cause an increase i n  cyc le  pe r i od  f o r  t h e  remaining PORV u n t i l  the  pressure 

e f f e c t u a l l y  drops below the  se tpo in t ) .  The .stuck-open re1 i e f  va lve  w i  11 a1 so 

be i n d i c a t e d  by e levated p ressur ize r  r e l i e f  tank pressure, temperature, o r  

l e v e l  , and even tua l l y  ( a f t e r  the r u p t u r e  d i sks  blow), an e levated containment 

pressure. 

Successful i s o l a t i o n  o f  t h e  "break" w i l l  cause t h e  pressure t o  r i s e  

again t o  t he  PORV se tpo in t .  The success o f  t he  feed and b leed opera t ion  w i l l  

be i n d i c a t e d  by a  con t ro l  l e d  dec l i ne  o f  pr imary pressure w i t h  a  stab1 e  p ressu r i ze r  

1  evel  . 



STATES LOSP-28, 29, and 30 

These t h r e e  s t a t e s  a r e  analogous t o  S ta tes  25, 26, and 27. The d i f -  

f e r e n c e  i s  t h a t  AC power e x i s t s  a t  S ta tes  25, 26, and 27 t o  ope ra te  PORVs and 

c o o l a n t  i n j e c t i o n  systems. S t a t e s  28, 29, 30 rep resen t  t h e  s i t u a t i o n  where 

t h e  f a i l u r e  o f  feedwater  was caused ( t o  a  g r e a t  e x t e n t )  by l o s s  of a l l  AC power. 

REQUIRED OPERATOR RESPONSE: 

The a c t i o n s  of t h e  o p e r a t o r  a t  S t a t e s  28, 29, and 30 are identical 
t o  t h o s e  a t  S t a t e s  25, 26, 27 w i t h  one ma jo r  excep t ion :  t h e  o p e r a t o r  must ensure 

t h e  r e s t o r a t i o n  o f  o f f - s i t e  power o r  t h e  s t a r t i n g  o f  one o f  t h e  d i e s e l  genera tors  

b e f o r e  any o f  t h e  a c t i o n s  d e s c r i b e d  f o r  S ta tes  25, 26, o r  27 can t a k e  p lace.  

KEY SYMPTOMS : 

The key symptoms of S ta tes  28, 29, and 30 a r e  v i r t u a l l y  i d e n t i c a l  

t o  t h o s e  o f  S ta tes  25, 26, and 27. The o n l y  d i f f e r e n c e  between these s e t s  

o f  s t a t e s  i s  t h a t  cha rg ing  f l o w  o f  about  200 gpm i s  a v a i l a b l e  a t  S ta tes  25, 

26, and 27. 



STATE LOSP-31 

S ta te  31 addresses a l o s s  o f  o f f - s i t e  power w i t h  a  ruptured steam 

generator secondary re1 i e f  va lve.  Fol 1  owing t he  i n i  ti a ti ng event and the resu l -  

t a n t  t r i p  o f  t h e  main feedwater pumps, t h e  secondary pressure increases and f i r s t  

reaches t he  secondary r e l i e f  va lve  s e t  p o i n t  a t  about 40 seconds (see F igure 4 ) .  

It i s  a t  t h i s  p o i n t  t h a t  the r up tu re  o f  t he  r e l i e f  va lve  i s  assumed t o  occur. 

The a v a i l a b i l i t y  of the  d i ese l s  t o  supply emergency AC power i s  assumed. 

REQUIRED OPERATOR RESPONSE: 

The ope ra to r ' s  main tasks a t  S ta te  31  a re  t o  diagnose (1 )  t he  l oss  

of o f f - s i t e  power i n i t i a t o r ,  ( 2 )  t h e  assoc ia ted automat ic responses such as 

scram, r e a c t o r  coo lan t  pump t r i p ,  main feed pump t r i p ,  e t c .  and (3 )  t h e  r up tu re  

of t h e  steam generator r e l i e f  va.lve. The d iagnos is  o f  t h e  i n i t i a t o r  and associ-  

ated automat ic responses i s  discussed i n  S ta te  1. The d iagnos is  o f  the  r e l i e f  

va lve  r u p t u r e  i s  impor tant  because i t  a f f e c t s  t he  ope ra to r ' s  a b i l i t y  t o  perform 

subsequent ac t i ons  associated w i t h .ensu r i ng  a s t a b l e  long-term f l ow  o f  feed- 

water t o  t h e  steam generators. The opera to r  should observe t he  co inc i den t  low 

secondary l e v e l  and low secondary pressure i n  t h e  damaged steam generator and 

decrease feedwater f l o w  t o  t h i s  u n i t .  La te r ,  t h e  opera to r  wi  11 be c a l l e d  upon 

t o  t h r o t t l e  t h e  charg ing f l ow  t o  prevent  complete f i l l i n g  o f  t he  p ressur i ze r .  

KEY SYMPTOMS: 

The key symptoms o f  S ta te  31  a r e  i l l u s t r a t e d  i n  Figures 3.44-3.47. 

The pr imary and secondary pressure responses a re  shown i n  F igure 3.44. The 

secondary pressure i n  t h e  steam generator  w i t h  t h e  rup tu red  r e l i e f  va lve  

decreases r a p i d l y .  The secondary pressure i n  t he  o the r  steam generators 

cont inues t o  increase t o  t he  r e l i e f  va l ve  s e t  po in t .  The pr imary pressure 

decreases more r a p i d l y  than normal (see F igu re  3.24) due t o  t he  s i g n i f i c a n t l y  

g rea te r  c o o l i n g  o f  t he  pr imary system by t h e  rup tu red  secondary. A t  about 

900 seconds, however, t h e  rup tu red  secondary d r i e s  ou t  (Mgure. 3.45) and t he  

e x c e l l e n t  heat s i n k  i s  l o s t .  The pr imary pressure w i  11 then increase because 



o f  t h i s  d r y o u t  and a l s o  due t o  t h e  i n i t i a t i o n  o f  c h a r g i n g  f l o w  a t  about  850 

seconds. 

F i g u r e  3.46 shows t h a t  t h e  p r e s s u r i z e r  l e v e l  w i l l  decrease u n t i l  

c h a r g i n g  f l o w  i s  i n i t i a t e d .  A t  1400 seconds cha rg ing  f l o w  i s  te rm ina ted  t o  

p r e v e n t  comple te  f i l l i n g  o f  t h e  p r e s s u r i z e r .  The p r e s s u r i z e r  l e v e l  w i l l  t hen  

d r i f t  upward as t h e  h o t  l e g  f l u i d  temperature  i nc reases  ( F i g u r e  3.47).  A t  

a p p r o x i m a t e l y  3700 seconds, s u f f i c i e n t  h e a t  i s  be ing  removed, m a i n l y  th rough  

t h e  t h r e e  i n t a c t  steam genera to rs ,  t o  remove c o r e  decay heat .  
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3.2.2 Other Impor tant  T r a n s i e n t - I n i t i a t e d  Sequences 

I n  t he  preceding sec t ion ,  the  key p l a n t  symptoms and opera to r  ac t i ons  

assoc ia ted w i t h  a  v a r i e t y  o f  LOSP i n i t i a t e d  sequences were i n v e s t i g a t e d  and 

documented through t he  use o f  an operator  a c t i o n  event t r e e  developed f o r  these 

sequences. These LOSP i n i t i a t e d  sequences represen t  t h e  documented PWR t r a n s i e n t  

analyses a v a i l a b l e  t o  date f rom t h e  SASA Program. I n  t h i s  sec t ion ,  o t h e r  impor- 

t a n t  t r a n s i e n t - i n i  t i a t e d  acc iden t  cond i t i ons  w i  11 be discussed and t h e  re levance 

o f  t h e  i n f o rma t i on  prov ided i n  t h e  prev ious sec t i on  t o  these a d d i t i o n a l  sequences 

w i l l  be b r i e f l y  examined. 

There i s  obv ious ly  a  ve ry  wide spectrum o f  poss ib l e  t r a n s i e n t - i n i  t i a t i n g  

events and p o t e n t i a l  acc iden t  sequences which can subsequent ly evo lve f rom these 

events: The E l e c t r i c  Power Research I n s t i t u t e  (EPRI) has catalogued for ty-one 

(41) d i f f e r e n t  types of t r a n s i e n t  i n i t i a t i n g  events [ll]; the  Reactor Safety  Study 

i d e n t i f i e d  f o u r  d i f f e r e n t  types o f  impor tan t  acc iden t  sequences which can evo lve 

f rom a  t r a n s i e n t  i n i t i a t o r .  

The EPRI l i s t  o f  t r a n s i e n t  i n i t i a t i n g  events i s  reproduced i n  Table 

3.1. As can be seen from t h i s  t ab l e ,  t h e r e  i s  a  wide d i v e r s i t y  o f  poss i b l e  

t r a n s i e n t  i n i t i a t o r s  ranging f rom spur ious t r i p s  w i t h  no accompanying p l a n t  

f a u l t s  o r  f a i l u r e s  (#37) t o  a  l o s s  o f  o f f s i t e  power r e s u l t i n g  i n  a  t r i p  o f  r e a c t o r  

coo lan t  and main feedwater pumps (#35). While many d i f f e r e n t  s p e c i f i c  t r a n s i e n t  

i n i t i a t i n g  events e x i s t ,  i t  i s  impor tan t  t o  recognize t h a t  most o f  t h e  i n i t i a t i n g  

events l i s t e d  i n  Table 3 -1  w i l l  ve r y  q u i c k l y  r e s u l t  i n  an i d e n t i c a l  p l a n t  condi -  

t i o n  and r e q u i r e  i d e n t i c a l  opera to r  response. Furthermore, t h i s  p l a n t  c o n d i t i o n  

* and requ i r ed  opera to r  response a re  e s s e n t i a l l y  t h e  same as t h a t  descr ibed a t  

s t a t e  LOSP-1 i n  Sect ion 3.2.1. Thus, t h e r e  i s  a  "bas ic  PWR t r a n s i e n t  response" 

which i s  app l i cab le  t o  v i r t u a l l y  a l l  t r a n s i e n t  i n i t i a t o r s .  The key fea tu res  of 

t h i s  bas i c  response a re  t h e  f o l l ow ing .  

The reac to r  i s  scrammed and power i s  reduced t o  
decay heat  l e v e l s  

The t u r b i n e  i s  t r i p p e d  



The reactor coolant pumps are tripped 

The mai n feedwater pumps 'are  tripped 

o Steam generator secondary 1 eve1 drops 

a Auxi 1 iary feedwater ini t ia t ion signal i s generated 

o Secondary steam flow i s  isolated 

o Steam genera tor secondary pressure r i  ses to dump 
valve setpoint 

Atmospheric dump valves re1 ieve steam from steam 
gt?nt?rators 

o Primary pressure, temperature, and pressurizer 1 eve1 
in i t i a l ly  increase and then decrease upon reactor 
SC t'aw . 

The abi l i ty  to remove heat through the normal main feedwater/turbine/ 

condenser loop i s  therefore lost  and heat removal through the steam generators 

requires auxiliary feedwater and secondary steam re l ie f .  The operator's basic 
duties a t  th i s  point are to ensure adequate auxiliary feedwater delivery and to 

monitor and mai ntai n adequate reactor cool ant makeup. 

An examination of Table 3.1 will show that the vast majority of the 

1 isted transient ini t ia t ing events wil l produce this  Basic response. 

State LOSP-1 also corresponds to this  basic transient response with 

only a few exceptions. The major difference i s  that the LOSP in i t ia tor  will 

automatical ly t r i p  the Keactor Coolant Pu111ps ( R C P )  whi l c  other trsnsicnts do 

not. Howeverythe avai labi l i ty  of the RCPs will not have a significant impact 

on the behavior of the parameters described for State LOSP-1. Tl~e primary and 

secondary pressures. temperatures, and 1 evel s wi 11 respond in essenti a1 ly the 
same manner as depicted in Figures 3.16 through 3.18 and 3.20 through 3.22 with 

or without the RCP running. Following the in i t i a l  increase in reactor coolant 

temperature and pressure, the parameters would normally decrease following reactor 

scram and s tabi l ize  in a relatively short period uf time. When the RCPs t r ip ,  

the reactor coolant temperature and pressure in i t i a l ly  follow these trends, b u t  



do n o t  (as shown in Section 3.2.1) s tabi l ize .  Obviously, the primary flow rate 
will be much higher i f  the RCPs are running and the availability of the RCPs will 

also lead t o  a much more uniform heating of the primary fluid.  The operator will 

also be called upon to manually t r ip  the RCPs when the appropriate conditions 

(low primary system pressure, safety injection ini t ia ted)  are present. Several 
alarms are provided to a l e r t  the operator that a complete loss of flow has 

occurred and he should not have any difficulty ascertaining what transient has 
occurred. 

Thus, the operator action event t ree presented in Section 3.2.1 i s  
applicable, with minor modifications, to a l l  transient ini t ia t ing events which 

produce the basic transient response described above. 

As noted above, the Reactor Safety Study identified four important 

types of PWR transient sequences: 

TMLB' - Loss of offsi t e  power in i t ia tor  coupled 
with the subsequent fai lure  of both diesel 
generators 

TML - Loss of mai,n feedwater ini t ia t ing event coupled with 
coupled with fai  lure of auxi 1 iary feedwater 
system (with AC power available) 

TKQ - Transient in i t ia tor  followed by fai lure  
to scram with one PORV stuck-open 

TMLQ - Loss of both main and auxiliary feedwater 
(TML) compounded by a stuck-open valve. 

The f i r s t  three sequences represent the largest contributors for  the 

Westinghouse plant analyzed in the Reactor Safety Study. The fourth sequence i s  

essentially the combination of events which occurred a t  Three Mile Island. 

Sequence TMLB" i s  expl ici  t l y  addressed in the OAET presented in 

Secti.on 3.2.1. State LOSP-10 represents the plant condition where the LOSP 

i.nitiator i.s followed by failure of the diesel generators to s t a r t  and 

provide emergency AC power t o  the plant. The OAET states which evolve from 



s t a t e  LOSP-10 d i r e c t l y  address t he  TMLB' acc iden t  sequence ( i - e . ,  s t a tes  10-16, 

22-24, and 28-30) . 

Sequence TML i s  a l so  encompassed by the  OAET w i t h  minor adjustments 

t o  account f o r  the d i f fe rences  i n  the s p e c i f i c  t r a n s i e n t  i n i t i a t o r s .  Sequence 

TML, as de f ined  i n  the Reactor Safety  Study, i nvo l ves  a  l o s s  o f  main feedwater 

i n i t i a t o r ;  t h e  i n i t i a t i n g  event  i n  the  OAET i s  a  l o s s  o f  main feedwater caused by 

a  l o s s  o f  o f f s i t e  power. Thus, except f o r  t he  e f f e c t s  o f  au toma t i ca l l y  t r i p p i n g  

t he  Reactor Coolant Pumps immediately a f t e r  the  LOSP l n l t l a t o r ,  sequence TML 

i s  d i r e c t l y  addressed by t he  OAET i n  a l l  s t a tes  evo lv ing  from s t a t e  LOSP-1 (i .e. 

s t a t e s  1-9, 19-21, and 25-27) .  I t  i s  n o t  expected t h a t  t he  avai  l a b i  l i t y  o t  t he  

RCPs w i l l  s i g n i f i c a n t l y  a l t e r  t he  major parametr ic  t rends descr ibed f o r  these 

s t a t e s  i n  t h e  OAET. 

Sequence TMLQ i s  t he  same as t h e  TML sequence w i t h  the  a d d i t i o n a l  

f a i l u r e  o f  a  r e l i e f  va lve  t o  re-seat .  I n  as much as TML i s  encompassed by the  

OAET presented i n  Sect ion 3.2.1 w i t h  minor mod i f i ca t i on ,  t he  TMLQ sequence 

can a l s o  be considered addressed by t h i s  OAET s ince t h e  p o s s i b i l i t y  o f  a  s tuck-  

open PORV i s  e x p l i c i t l y  inc luded  i n  t h e  OAET headings (see s t a t e s  LOSP-21 and 

LOSP-27). 

Sequence 1 KU i s  an An t i c i pa ted  Trans ien t  W l  t h o u t  Scram (ATWS) ever i l  

coupled w i t h  a  stuck-open r e l i e f  va lve.  Al though bo th  EG&G [3 ]  and LANL [12] 

have performed some ATWS ca l cu la t i ons ,  t h i s  sequence i s  n o t  addressed i n  the  

OAET i n  Sec t ion  3.2.1 due p r i m a r i l y  t o  t he  r e l a t i v e l y  l a r g e  u n c e r t a i n t i e s  i n  the 

p l a n t  response under ATWS cond i t ions .  EG&G has s ta ted  t h a t  t h e i r  s u p e r f i c i a l  

ana l ys i s  was n o t  adequate t o  accura te ly  descr ibe  t h i s  t r a n s i e n t  and a d d i t i o n a l  

code development i s  requi red.  The LANL r e p o r t  cau t ions  t h a t  d e f i n i t i v e  conclu- 

s ions  based upon t h e i r  ATWS c a l c u l a t i o n s  should be avoided u n t i l  a  more thorough 

ana l ys i s  o f  t h e  s e n s i t i v i t y  o f  t h e i r  r e s u l t s  t o  r e a c t i v i t y  feedback data i s  

obta ined.  

However, the  p l a n t  response under ATWS cond i t i ons  i s  s u f f i c i e n t l y  

d i s t i n c t i v e  t o  a l l ow  the  opera to r  t o  e a s i l y  d i f f e r e n t i a t e  between ATWS events 



and other transient conditions involving successful scram. I n  addition t o  the 

obvious indications from the control rod position l ights  and  power range monitors, 

many of the major parametric trends can be used t o  uniquely diagnose an ATWS 

event. The primary pressure increases rapidly to  the safety valve setpoint and 

primary inventory i s  lost  through the valve(s) within a few seconds a f t e r  the 

ini t ia t ing event occurs. The secondary pressure will r i se  rapidly to  the relief 

valve setpoint and the steam generators will be voided within a few minutes. 

These physical responses can be compared t o  the much more gradual parametric 

changes associated with the successful scram conditions of s ta te  LOSP-1. 



Table 3 .1  

PW'R TRANSIENT CATEGORIES 

Loss o f  RCS Flow (1 Loop) Loss o f  Condensate Pumps ( 1  Loop) 
Uncont ro l  1 ed Rod Withdrawal Loss o f  Condensate Pumps (A1 1 

Loops) CRDM Problems and/or Rod 
Drop Loss o f  Condenser Vacuum 
Leakage from Cont ro l  Rods Steam Generator LcaI(agc 

Leakage i n  Pr imary System Condenser Leakage 

High o r  Low P ressu r i ze r  
Pressure 

Miscellaneous Leakage i n  
Secondary System 

P ressu r i ze r  Leakage Sudden Opening o f  Steam R e l i e f  
Valves P ressu r i ze r  R e l i e f  o r  Sa fe ty  

Val ve Open1 ng Loss o f  C i r c u l a t i n g  Water 

I nadve r t an t  Sa fe ty  I n j e c t i o n  
S i  gnal 

Loss o f  Component Cool ing 

Loss of Serv ice Water System 
Containment Pressure Problem Turb ine T r i  p, T h r o t t l  e Valve 

Closure, EHC Probl ems CVCS Ma1 f u n c t i  on-Boron 
Di  1 u t i  on Genera t o r  T r i  p o r  Genera t o r  

Caused Fau l t s  Pressure, Temperature, Power 
Imbalance Loss o f  Statdon Power 
S ta r t up  o f  I n a c t i v e  Coolant 
Pump I-oss nf POwf?r t o  Necessary 

P l  an t  Systems 
T o t a l  Loss o f  RCS Flaw Spurious Auto T r i  p-No Trans ien t  

Condi t i  ons Loss o f  Reduct ion of Feed- 
water  Flow (1 Loop) Autu/Manual T r i p  Due t o  Operator 

E r r o r  

Manudl T r i p  Due t o  False Sjgnal  s 

T o t a l  Loss o f  Feedwater 
Flow ( A l l  Loops) 

F u l l  o r  P a r t i a l  Closure o f  
MSIV (1 Loop) Spurious Trips-Cause Unknown 

F i r e  W i t h i n  P lan t  Closure of A l l  MSTV 

Increase i n  Feedwater Flow 
(1 LOOP) 
Increase i n  Feedwater Flow 
( A l l  Loops) 

Feedwater Flow I n s t a b i  1 i ty- 
Operator E r r o r  

Feedwater Flow I n s t a b i  1 i ty- 
Miscel laneous Mechanical 
Causes 



Sect ion 4 

RECOMMENDATIONS 

The opera to r  a c t i o n  event t r ees  and suppor t ing documentation presented 

i n  Sect ion 3  a r e  based on t he  best -est imate thermal -hydrau l ic  analyses a v a i l a b l e  

t o  da te  from t h e  SASA Program. These r e s u l t s  w i l l  p rov ide  a  va luable  foundat ion 

f o r  a  v a r i e t y  of i n v e s t i g a t i o n s  concerning opera to r  ac t ions  and key symptoms f o r  

r i s k  s i g n i f i c a n t  acc iden t  sequences a t  t h e  Zion 1 p l a n t  and f o r  p l an t s  of s i m i l a r  

design. 

One of t h e  most p roduc t i ve  uses o f  opera to r  a c t i o n  event t rees  i s  t o  

prov ide a  l o g i c a l  framework f o r  a  systemat ic comparison o f  t h e  key symptoms 

exh ib i t ed  by t h e  p l a n t  under d i f f e r e n t  acc iden t  cond i t i ons .  By d e f i n i n g  the  

minimum sets o f  symptoms by which t h e  occurrence o f  a  p a r t i c u l a r  acc ident  c o n d i t i o n  

can be unambiguously diagnosed, i t  i s  poss ib le  t o  produce e f f i c i e n t  d i agnos t i c  

a1 g o r i  thms , improve emergency procedures, eva l  ua te  ins t rumenta t ion  requi  rements , 
etc .  It i s  a  major recommendation o f  t h i s  s tudy t h a t  these "accident s igna tu res"  

and d iagnos t i c  a lgor i thms be sys tema t i ca l l y  and f u l l y  developed. 

These acc ident  s igna tu res  and d i agnos t i c  a lgor i thms must, however, be 

based upon a  cons is ten t  best -est imate ana lys is  o f  a l l  impor tant  acc ident  cond i t i ons .  

Therefore, add i t i ona l  SASA e f f o r t s  should be devoted t o  analyz ing the remaining 

impor tant  acc ident  cond i t i ons  f o r  which no best -est imate i nformat ion i s  p resen t l y  

a v a i l a b l e  (e. g.. , steam generator tube rup tu re )  and t o  address unce r t a i n t i es  o r  

s e n s i t i v i t i e s  i n  those sequences which have been addressed. I n  Sect ion 3, a  number 

o f  s p e c i f i c  areas were noted where a d d i t i o n a l  ana l ys i s  would be use fu l  t o  b e t t e r  

de f i ne  uncer ta in  symptoms o r  t o  determine t h e  s e n s i t i v i t y  o f  t h e  symptoms t o  

~iii nor changes i n  i n p u t  assumptions. 

The major areas where f u r t h e r  ana lys is  would be use fu l  t o  support t he  

development o f  accurate acc ident  s ignatures and e f f e c t i v e  d iagnos t i c  a lgor i thms 

i nc l ude  t he  f o l l ow ing :  

E x i s t i n g  SASA analyses o f  small break LOCAs assume the  
successful  ope ra t i on  o f  t h e  AFWS. These r e s u l t s  
demonstrate t h a t  t h e  a v a i l a b i l i t y  and e f fec t i veness  o f  



heat removal through t he  steam generators can a f f e c t  
t h e  acc iden t  s igna tu re .  Best-est imate analyses a re  
needed t o  determine t h e  s e n s i t i v i t y  o f  t h e  acc ident  
s i gna tu re  t o  AFWS performance. O f  p a r t i c u l a r  importance 
i s  t h e  p r imary  pressure response f o r  sma l l e r  s i zed  breaks 
bo th  w i t h  and w i t hou t  HPIS. It i s  unknown i f  t he re  a re  
cond i t i ons  where t h e  pr imary system cou ld  repressur i ze  
a f t e r  t h e  i n i t i a l  blowdown t o  a  pressure above t he  S I  pump 
s h u t o f f  head o r  even t o  t he  PORV se tpo in t .  

0 Accident s i gna tu re  development f o r  smal l  breaks w i t h  
a f a i l u r e  of a l l  i n . i ec t i on  f l o w  i s  h indered by t h e  
1  i m i  t e d  r e s u l t s  which are a v a i l n t ~ l e .  S p e c i f i c  areas 
where a d d i t i o n a l  ana l ys i s  i s  needed a re  t h e  response 
n f  smaller breaks ( e . g . ,  % 1 i n .  ) beyond t h e  c u r r e n t l y  
a v a i l a b l e  10 minutes,  and breaks a t  t h e  upper end 
o f  t h e  smal l  break spect ru l~ i  (e.g., 3 4 i n .  ) .  

Best -est imate analyses f o r  t h e  steam yenerator  tube 
r u p t u r e  event and t h e  o t h e r  events discussed i n  
Sec t ion  3.1.3 a re  necessary t o  develop a  complete se t  
o f  OAETs f o r  t h e  Zion p l an t .  Th is  i n f o rma t i on  i s  needed 
be fo re  a comparative symptoms ana l ys i s  can be performed 
t o  produce acceptable acc ident  s igna tu res  f o r  those 
events. 

E x i s t i n g  SASA analyses have o n l y  considered f a i l u r e  o f  
HPRS f l o w  f o r  smal l  breaks. The case where t h e  heat removal 
f u n c t i o n  i s  l o s t ,  bu t  f l ow  i s  s t i l l  a v a i l a b l e ,  has n o t  
been e x a ~ ~ ~ i r l e d .  This  f a i l u r e  modc should be analyzed f O V  
use i n  develop ing a  b e t t e r  understanding o f  t h e  key 
symptom behav ior  and i n  determin ing t h e  t ime  cons t ra i n t s  
f o r  c o r r e c t i v e  ac t i on .  

A l l  o f  t h e  SASA t r a n s i e n t  analyses performed t o  da te  
have assumed t h e  i n i t i a t o r  t o  h~ a  l n s s  o f  o f f s i t e  power. 
Th is  p a r t i c u l a r  event has some unique cha rac te r ]  s t i c s  
assoc ia ted  w'i l t ~  it (e-g. ,  automat ic t r i p  o f  RCPs). Other 
t r a n s i e n t  i n i t i a t i n g  events should be i n v e s t i g a t e d  t o  
a s c e r t a i n  whether d i f f e r e n t  i n i t i a t o r s  cou ld  produce 
s i g n i f i c a n t l y  d i f f e r e n t  general parametr ic  t rends  than 
those  assoc ia ted w i t h  a  l o s s  O f  o f f s i t e  puwer.. 

While d iagnos is  o f  an ATWS event should n o t  be t o o  
d i f f i c u l t  f o r  t h e  operator ,  much more a n a l y s i s  o f  t h e  
progress ion o f  ATWS sequences i s  r equ i r ed  be fo re  a  c r e d i b l e  
OAET f o r  such acc iden t  cond i t i ons  can be produced. 
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