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1 .O INTRODUCTION 

This r e p o r t  i s  t h e  r e s u l t  o f  approximate ly  two man-months o f  e f f o r t  

devoted t o  a s s i m i l a t i n g  afid comprehending s i g n i f i c a n t  p u b l i c l y  a v a i l a b l e  ma- 

\ t e r i a l  r e l a t e d  t o  Three H i l e  I s l a n d  U n i t  2 and events du r ing  and subsequent 

t o  t he  acc ident  experienced on March 28, 1979. Those events were then co r re -  

1  ated w i t h  the  Prel  i m i  nary LWR Safe ty  Techno1 ogy Program Plan (P re l  i m i  nary 

Progran~ Plan) prepared fo r  t h e  U.S. Department o f  Energy by Sandia Nat iona l  

Lab. This  r e p o r t  i s  being submit ted s imul taneously w i t h  t h e  S A I  r e p o r t  en- 

t i t l e d  "Pre l im inary  ~ r i o r i  t i z a t i o n  o f  Tasks i n  t he  D r a f t  LWR Safe ty  Technology 

Program P i  an". 

The Pre1 imina. r~  Program P lan tasks have been organized i n t o  s i x t e e n  

research programs as exp la ined i n  t he  above mentioned P r e l i m i n a r y  P r i o r i t i z a t i o n  

Report. S i m i l a r l y ,  t he  TMI-2 m a t e r i a l s  presented he re in  a r e  c o r r e l a t e d  t o  

these s i x teen  research programs. 

I n  the  s i x  nonths s ince  the  TMI-2 acc ident ,  thousands of man-years 

o f  e f f o r t  have been devoted t o  understanding, eva lua t ing ,  d i r e c t i n g ,  . pub1 i shing 

and specu la t ing  on TMI-2 r e l a t e d  areas. I t i s  n o t  t he  i n t e n t  o f  t h i s  r e p o r t  

t o  be complete i n  r e p o r t i n g  a l l  a c t i v i t i e s ,  op in ions  and s tud ies  t h a t  a r e  i n  

process o r  completed, nor  i s  i t  intended t o  i n t roduce  a d d i t i o n a l  opin ions and 

speculat ion.  I t  i s  t he  i n t e n t  o f  t h i s  r e p o r t  t o  r e l a t e  TMI-2 documentation 

and subsequent ac t i ons  t o  t h e  Sandia program plan. Therefore,  t he  s p e c i f i c  

purpose o f  t h i s  c o r r e l a t i o n  i s  t o  a s s i s t  s t r u c t u r i n g  and p r i o r i t i z i n g  t h e  i n -  

d i  v i  dual research programs. 

This  r e p o r t  i s  organized i n t o  f o u r  major sec t ions  and one appendix. 

Sect ion 'I' i n c l  udes t h i s  I n t r o d u c t i o n ,  Summary Concl us ions and S p e c i f i c  , 

Conclusions. Sect ion 2  presents a  synopsis o f  each major  r e p o r t  o f  s tudy 

r e l i e d  upon i n  p repa ra t i on  o f  t h i s  r e p o r t .  Sec t ion  3 presents the  d e t a i l s  



of TMI events d i rec t ly  applicable t o  each of the 16 research programs a n d  corre- 

la tes  findings, resu l t s  and recommendations issued to date to. each program. 

Section 4 provides copies of major findings and rec.ommendations from reports 

referenced in the Section 3 discussions, provides references used throuahout , 

th i s  report ,  and ident i f ies  additional relevant .background material. 

I n '  addition, an Appendix A i s  provided which ident i f ies  ent i  t i e s  
. . 

involved in TMI r e l a t e d  a c t i v i t i e s  in a very general fashion. 

1.1 SUMMARY CONCLUSIONS 
. 

I t  i s  apparent that  the TMI-2 accident has in i t i a t ed  a thorough 

evaluation of a l l  aspects of the safe ty  of commercial nuclear reactors in the 

United States .  In general, major areas of th i s  evaluation include: 

1 .  Specific s t ruc ture ,  system, and component design 

2 .  Design phi losophies 

3 .  Construction and maintenance practices 

4. Operational respons ib i l i t ies  from those of maintenance to  

senior management 

5. Regulatory involvement in the process I 

6. Emergency roles and respons ib i l i t ies  of individuals and 

organizations 

7. The a b i l i t y  of these e n t i t i e s  to  f u l f i l l  those responsibi l i t ies  

. 



8. Financial questions dealing wit!? l i a b i l i t y ,  insurance and the 

s t ructure of a regulated industry 

9. T'he maturity of the techno1 ogy 

10. The circumstances and c r i t e r i a  under which commercial reactors 

can and should be operated 

. 
11. The advisabi l i ty  of a continued commercial nuclear program. 

Minor and major changes a re  expected to  continue fo r  an extended 

period of time as a r e su l t  of t h i s  evaluation process. A spectrum of ac t iv i -  
t i e s  tha t  need to  be pursued, studies tha t  need to  be performed, and techniques 

and technology tha t  need to  be expanded. have and will emerge. Many of these 

a re  not new, rather  the present circumstances are  renewing emphasis and urgency. 

The Sandia program plan provides a means to  answer develop tech- 

nology and techniques and pursue studies in response to  many of these needs. 
/ 

Although t h 2  program plan i s  preliminary, the conclusion of th i s  

study i s  that  i t  i s  comprehensive. Indeed, ra ther  few recommendations in th i s  

report rel:ate. . to.additional areas of emphas.is. In some instances,  recommenda- 

t ions a re  presented for  modification or expansion of subject areas or  topics 

currently included in the Preliminary Program Plan. In general, however, 
comments are  not offered on the extent or  depth of discussion of subject 

areas or  topics within the Plan in recognition of i t s  preliminary nature. 

1.2 SPECIFIC CONCLUSIONS AND RECOMMENDATIONS 

The attached Tables 3.1 through 3.17 present a correlat ion of 7MI-2 

events and related actions to  the Sandia Research Program. These Tables indi- 

cate i f  TMI events and actions support the summarized Sandia objectives or  i f  

TMI support i s  inconclusive. The suggested Sandia Program modifications re- . 

la ted to  TMI are ident i f ied in Table 3.18. Subjects and topics which suggested 

themselves during t h i s  review,aside from TMI-2 events and actions,have also 

been included in Table 3.18. 



TABLE 3.1 
Research Program - 1. Va lves  & 2. S a f e t y l R e l i e f  Va lves  

P A R T I A L  OUJECTIVES 
OF RESEARCII PROGRAI-1 

1. Detet-mine v a l v e  r e l i a b i l i t y  ancl 
r e s o l v e .  i n d e n t i  f i e d  p r o b l e ~ ~ i s  

2 .  ceve lop  s i m p l e  a f f o r d 3 b l e  v a l u e  
s t a t u s  i n d i c a t o r s  

3.  Determine cause o f  v a l v e  r e -  
s e a t i n g  problenls and e l  i n l i n a t e  

4. O b t a i n  b e t t e r  u n d e r s t a n d i n g  o f  
v a l v e  b e h a v i o r  under  two-phase 
f l o w  

I 5.  Develop n ~ e t h o d o l o g y  f o r  v a l v e  
and v a l v e  a c t u a t o r  s e l e c t i o n  

I 

6.  Enhance v a l v e  d e s i g n  and s e l e c -  
t i o n  c o n s i d e r a t i o n s  o f  e n v i r o n -  
menta l  f a c t o r s  and niore p r e c i s e  
s p e c i f i c a t i o n s  

7. C o n s t r u c t  and u t i l  i .ze t he rma l  
h y d r a u l  i c  t e s t  f a c i  1  i t y  

8. Determine r a t e  of v a l v e  d e t e r -  
i o r a t i o n  

9. Develop f a c i l i t y  capab.le o f  
t e s t i n g  coliiponents si111ulta.n- 
e o u s l y  o v e r  t h e  f u l l  range o f  

' e n v i  r onn~en ta  1  para l i le te rs  

TASK 
SOURCE COMMENTS 

2. P r o v i s i o n  o f  d i r e c t  r e a d i n g  v a l u e  p o s i t i o n  
i n d i c a t i o n  reconimended by  NUREG-0578 

7. Pe r  NUREG-0578 

9.  TMI even ts  have n o t  d i r e c t l y  suggested m a j o r  
changes i n  method used t o  qua1 i f y  components, 
however, t h i s  i s  n o t  unexpected i n  l i g h t  o f  
u rgency f o r  d e f i n i n g  s h o r t -  t e rm r e q u i r e r ~ t e n t s  



P A R T I A L  OBJECTIVES 
Gr RESEARCH PROGRAM 

TASK 
SOURCE 

1. Develop v a r i a b l e  speed r e a c t o r  
c o o l a n t  pulilps 

2 .  lrnprove' u n d e r s t a n d i n g  o f  hyd ro -  
dynamic i n s t a b i l i t i e s  and 
improve pump r o t o r  d e s i g n  

3. Determine and improve p e r f o r -  
mance under  a c c i d e n t  c o n d i t i o n s  

1 .1 .2  ' 

1.1 . 2  

3. Detenn ine a d v i s a b i l i t y  o f  l e a k  
c o l l  e c t i o n  sys terns f o r  pump 
s e a l s  

5 .  Env i ronmen ta l  q u a l i f i c a t i o n  i n  11.1.4 1 

1.1.2 

s u i t a b l e  t e s t  f a c i l i t y  

TABLE 3'. 3 
Research Program - 3. Pumps 

TMI EXPERIENCE 
- SUPPORTS . INCONCLUSIVE 

I 
COMMENTS 

112. I n d i r e c t  s u p p o r t  f o r  t hese  o b j e c t i v e s  i s  
apparen t  i n  t h e  problems encountered w i t h  
TMI r e a c t o r  c o o l a n t  pumps, a l t h o u g h ' t h e  
f a c t  remains t h a t  i n s u f f i c i e n t  c o o l a n t  
i n v e n t o r y  was t h e  p r o b l  e~n l e a d i n g  t o  
c o r e  damage 

3. Seal leakage c o n t r i b u t e d  t o  r a d i o a c t i v e  - r e l e a s e s  as no ted  i n  S e c t i o n  3.3 

See Valves,  I tem 9 



TABLE 3.4 
Research Program - 4. .Steam Generators  

. . , . . . . . -. - - . - . . . - . . . . . - . - . . -- - - - - - - . - - 
PAIITIAL OBJECTIVES 'TASK 
OF RESEARCH PROGRAM -SOURCE 

1. Determine opera t i  ng 
i s t i  cs under  emergency con- 
d i  t i o n s  ( p a r t i c u l a r l y  b ~ i l  d r y  
t imes  and r e f i l l  1oading:s) and 
c o r r e c t  d e s i g n  d e f i c i e n c i e s  

2. E v a l u a t e  f e a s i b i l i t y  o f  
u t i l i z i n g  w a t e r  s o l  i d  secondary 
1 oop 

COMMENTS 

-- 

1. Note t h a t  NRC o b j e c t i v e s ,  a c t i o n s  and 
c r i t e r ' i a  a r e  p r i n i a r i l y  d i r e c t e d  a t  
e n s u r i n g  ,bo i  1 d r y  and r e f l o o d  i s  avo ided 
i n  t h e  f u t u r e .  

TMI 
- , SUPPORTS . 

X 

> 

X 2. Implemented a t  TMI - see Program #8, Shut -  
down & Emergency Coo l i ng .  However, n o t e  
t h a t  t h e  ACRS kgas expressed concern o v e r  
t h e  r e s u l t  o f  ~ v e r f i l l i n g  t h e  secondary 
s i d e  o f  steam genera to rs  d u r i n g  o p e r q t i n g  

, c o n d i t i o n s  . 

EXPERIENCE 
INCONCLUSIVE 

I 



TABLE 3.5 
Research Program - 5. P i p i n q  

. - 
PARTIAL OBJECTIVES 
OF RESEARCH PROGRAM --pi$-[ 
1. improve d e f i n i t i o n  and c o n t r o l  

o f  opera t ing  environments 

2. Environmental q u a l i f i c a t i o n  i n  
s u i t a b l e  mu1 t i -parameter  t e s t  
f a c i  1 i t y  . 

3. Develop advanced f r a c t u r e  
mechanics, understanding and 
p r e d i c t i o n  techniques. Study 
s u b c r i t i c a l  crack growth and 
propagation; 

4.  Develop improved techniques f o r  
.model ing and ana lyz ing  f l u i d  
s t r u c t u r e  i n t e r a c t i o n  

5. Develop and v e r i f y  improved IS1 
techniques 

TMI EXPERIENCE , 1 COMMENTS - SUPPORTS INCONCLUSIVE 

1 3. Minimal TMI events relevance t o  p i p i n g  

4 .  As a general comment, a n a l y t i c a l  methods 
and equipment qua1 i f i c a t i o n  minimizes 
emphasis on j e t  impingement, p ipe  whip 
and r e l a t e d  thermal and p ressu r i za t i on  
phenomena. 

5. Requires reana lys is  o f  acceptance c r i t e r i a ,  
code acceptable f lasw i n  con junc t ion  w i t h  
I tem 3 r e s u l t s .  



TABLE 3.6 
Research Prograni - 6. NRC Unreso lved S a f e t y  I ssues  

/ .. .... . .... .... . . . .  .-.-.-------.--.-----4-- 

'. PARTIAL CBJECTIVES 
OF RESEARCH PROGRAM 

1.  Determine e f f e c t  on r e a c t o r  
vesse l  m a t e r i a l  o f  i r r a d i a t i o n ,  
t h e ~ m a l  shock 

2. Demonstrate e x t e n t  o f  p rob lem 
w i t h ,  and r e s o l v e  
a )  r e a c t o r  vesse l  m a t e r i a l  

toughness 
b )  con ta inmen t  sui~ip 

r e 1  i a b i l  i ty  

TASK 
SOURCE 

1.3.2(.2) 

4 . 3  

COMMENTS 

1.  S p e c i f i c  NRC a n a l y s i s  per fonned on thenna l  
shock p o t e n t i a l  f o r  RPV d u r i n g  l o n g - t e r m  
c o o l i n g  t r a n . j i  t i o n  

. . 

I 

TMI 
SUPPORTS , 

x 

EXPERIENCE 
INCONCLUSIVE 

. 

. - 

I - 



TABLE 3.7 
Research Program - 7 .  Fuel \ 

1. Resolve p r o b l  ells w i t h  f u e l  
behav io r  due t o  s t r e s s  co r -  
r o s i o n  c rack ing ,  PCI. 

PARTIAL OBJECTIVES 
OF RESEARCH PROGRAM .. 

3. Eva lua te  co re  c o o l i n g  and heat  
t r a n s f e r  d u r i n g  p a r t i a l  co re  
coverage, f l o w  blockage, v o i d  
genera t ion ,  e t c .  Develop sub- 
models f o r  co re  damage events.  

TASK 
SOURCE 

2. Develop des ign  nlethodology f o r  
creep c o l l a p s e  . f u e l - c l  ad thermal 
r a t c h e t i n g  s t r a i n  cyc l i ng ,  long-  
t e n  i r r a d i a t i o n  e f f e c t s  and 
i n - s e r v i c e  f l aws .  

4 .  Understand DNB phenomena and 
u t i l i z e  knowledge t o  eva lua te  
necessary f u e l  ope ra t i ng  
c o n s t r a i n t s .  

1.3.2(1) 

1. Fuel des ign and technology has r ece i ved  
minimal post-TMI a t t en t i son .  

- 
' TMI EXPERIENCE 

. SUPPORTS . INCONCLUSIVE 
I ' 

2. .Does n o t  c u r r e n t l y  address development of  
techniques and i ns t r umen ta t i on  t o  p r e d i c t ,  
i s o l a t e  f u e l  f a i l u r e s  on f u e l  i n  use. 

COMMENTS 

3. Development o f  models i s  an impor tan t  
a c t i v i t y  and i s  wor thy o f  expanded , 
d iscuss ion .  

4 .  I n d i r e c t  r e l a t i o n s h i p  t o  TMI. The knowledge 
gained may a1 t e r  ope ra t i ona l  cha rac te r i s  t i c s  
o r  cool  i ng sys tem design, hence i s  p e r t i n e n t .  



TABLE 3 .8  
Research Program - 8. Shutdown and Emergency Cooling 

P A R T I A L  OBJECTIVES 
OF R E S E A R C H  PROGRAM 

1 .  Improve safety systems through 
decreas.ing chance of system 
f a i l u r e  through improved 
r e l i ab i l i t y .  

2. Design ,and provide shutdown 
cooling system tha t  i s  
a )  p r o t x t e d  from-external 

t h r e j t s  
b )  completely independent 
c )  passive 
d )  dedicated and simplified 

3 .  Consider f e a s ib i l i t y  of heat 
removal u t i l i z ing  w ~ t e r  sol id 
second3ry 1 oops, primary 1 oop 
high pressure heat exchanger. 

TASK 
SOURCE 

1 . o .  

1.2.1 

1.2.1 

1. In general , shutdown system perfonilance 
was good a t  TMI. Operator intervention, 
however, compl icated problems. 

-- 
TMI EXPERIENCE 

- SUPPORTS . INCONCLUSIVE 
I 

2a External threats  not s ignif icant  to  TMI 
sequence 

2b Shared systems and functions compl icated 
recovery and reactor s ta tus  

2c Active components generally performed we1 1, 
a1 though t ransi t ion to natural c i rcula t ion,  
long-term cool i ng emphasized passive ' 
system design. 

COMMENTS 

3 .  Concept implemented a t  TMI for  long-term 
cool i ng. Considerable development required 
fo r  use by other f a c i l i t i e s .  Heat exchanger 
concept..at TMI ut i  1 i zed secondary loop. 



TABLE 3.9 
Research Program - 9. Containment Funct ions and Systems 

PARTIAL OBJECTIVES 
OF RESEARCH PROGRAM 

1. Study improved containment 
concepts,  i n c l  ud i  ng sub-atnios- 
p h e r i c  con' tai  n~i lents.  

2. Improve f i l  t e r  sys tems t o  
accomnodate Xe, Kr  and o t h e r  
gasses. 

3. Determine e f f e c t  o f  H2 e x p l o - .  
s ions on s t r u c t u r e s ,  
c o n s t r u c t i o n  m a t e r i a l s  and 
pene t ra t i ons  

4. Review containment i s o l a t i o n  
p rov i s i ons ,  i n v e s t i g a t e  and 
minimyze containment leakage 
paths. 

. .. 

5. Q y a n t i f y  source terms f o r  H 
and develop systems t o  2 
accommodate. 

6. Review q u a l i f i c a t i o n  o f  con ta i n  
ment towards d e f i n i n g  behavior ,  
capabi 1 i ti es and f a i  1 u r e  modes 
under pressure,  se ismic  and 
o t h e r  fo rces .  

TASK 
SOURCE 

1. Considerable a t t e n t i o n ,  p a r t i c u l a r l y  by 
t h e  ACRS, has been focused on vented con- 
ta inment  concepts, however 

TMI EXPERIENCE 
SUPPORTS , INCONCLUSIVE - 

I 

2. S i g n i f i c a n t  a t t e n t i o n  has a l s o  been focused 
on a b i l i t y  t o  d e t e c t  elements and i s o t o p i c  
concen t ra t i on  i n  re leases.  

COMMENTS 

3. TMI  source term f o r  H2 cons iderab le  h i ghe r  
than p rev i ous l y  considered. 

4.  See NUREG-0578 

1 5. See NUREG-0578 ' 

.6. Only i n so fa r  as H2 i s  concerned has TMI 
supported ' t h i s  ob j ec t i ve .  However, / enui  ronmental qua1 i f i c a t i o n  o f  containment 
systems has rece ived  renewed ACRS a t t e n t i o n .  



I ' A K T l A L  OUJECTIVES 

1. Develop .and u t i l i z e  check l i s t s  
t h a t  make o ln iss ions l e s s  l i k e l y  

2 .  Develop d e t a i  1  ed procedure 
rr,anual s  i nc:usive o f  drar r i  ng 
p a r t s  and t o o l s .  

3. D e f i n i t i o n  c f  llieans t o  e l i m i n -  
a t e  human e r r o r s  d u r i n g  t e s t  
and maintena.nce and u t i l i z a t i o n  

4. Qua1 i f i c a t i o n  and t r a i n i n g  f o r  
a id intenance 3nd t e s t  pe rsonne l .  

5. Improve qua1 i t y  assurance f o r  
t e s t  and main tenance.  

t-' 
I . '  

t-' 
I-' 

TABLE 3.10 
Research Program - 10. T e s t  and Maintenance 

-- 

TMI EXPERIENCE 
SOURCE SUPPORTS INCONCLUSIVE COMMENTS . . 

.~ 

1. Cause o f  emergency feedwater  v a l v e  p o s i t i o n s  
i n c o n c l u s i v e .  

2. Recommended o f t e n  as a  r e s u l t  o f  TMI, 
a l t h o u g h  degree o f  r e 1  i ance  on TMI even ts  
as s u p p o r t  may be exager ra ted .  

ACRS and NRC concur,. 

I n s o f a r  as t h e  o v e r a l l  t e s t  and maintenance 
a c t i v i t i e s  a r e  under s c r u t i n y  



TABLE 3.11 
, Research Program - 11/12. Emergency and ~ i s t u r b a n c ~ . ~ o n t r o l  

. . 
. *.; .. - . -  .- - -- - .. . . .-.- -- 

PARTIAL OBJECTIVES I TASK 
OF RESEARCH PROGRAM I SOURCE 

I 
1. Decrease magnitude and du ra t i on  1.1.6 

o f  opera t iona l  t r ans ien t s .  I. 
2. Determine how p l a n t  opera t ing  

modes a f f e c t  component perform- 
ance (subsequent t o  t r ans ien t s ) .  

3. I d e n t i f y  components f r equen t l y  
f a i l i n g  and lead ing  t o  shutdown. 

5. Development o f  models which 
r e l a t e  component f a i l u r e  r a t e s  
t o  i n i t i a t e  .growth and de tec t i on  
o f  ' f laws;  v a r i a t i o n  o f  opera t ing  
1 oads . . . 

1.1.6 . 

1.1.6 

4. I d e n f i c a t i o n  of  system para- 
meters whose v a r i a t i o n  s i g -  
n i f i c a n t l y  i n f l uences  hyd rau l i c  
and thermal loads. 

6. I d e n t i f i c a t i o n  o f  system para- 
meters f o r  which enhanced con- 
t r o l  w i l l  y i e l d  s i g n i f i c a n t  
decreases i n  opera t ing  loads and 
reac to r  shutdowns. 

1.1.6 

7. Develop d is turbance and emergen- 
cy c o n t r o l  systems t o  per form 
s p e c i f i c  func t ions .  

.8. Reduce amp1 i tude and du ra t i on  o f  
t r ans ien t s  through improved 
t r a n s i e n t  c o n t r o l .  

1. P r i n c i p a l  l y  ACRS a1 though NRC recognizes 
t h e  need t o  accomplish.. 

TMI EXPERIENCE 
. SUPPORTS .. INCONCLUSIVE - 

I '  

2.3 

COMMENTS 

- -  

6. ~undamenta l  t o  emergency and dis ' turbance 
c o n t r o l  sys terns. 

2. Relates t o  environmental q u a l i f i c a t i o n  o f  
components ., Treated i n  i n d i v i d u a l  components 
discussions. 

3. See 2, abbve. Also r e l a t e d  t o  I tem 16, 
Risk Method. U t i l i z a t i o n .  

I 

I 

7: Has received a t t e n t i o n  i n  l i g h t  o f  TMI 
acc ident  sequence. 

4. ACRS supports. 

8. Relates d i r e c t l y  t o  component f a i l u r e s  and 
.operat ing margins. Inconc lus ive  i f  delayed 
emergency feedwater s i c j n i f  i c a n t l y  a f f e c t e d  
cou rs t  o f  TMI-2 acc ident .  



Research Program 11/12 ( c o n t i n u e d )  

?;,?TI i \ L  OSJECTI VES TMI EXPERIENCE 
' F PESihRC~i PROGRAM -- SUPPORTS , INCONCLUSIVE COMMENTS 

I 
3 .  71-ovide operato t -  i n f o r m a t i o n  on 2.5 

~ ; ~ a ~ - q i l i s  i n  s a f e t y  sys te~ns  
para1tiete1-s d u r i n g  v a r i o u s  
opera t i  I I ~  cond i  t i  ons ; 

3. Iiupt-ove col i t l -01 roo111 e f f i c i e n c y  
th rough  e v a l u a t i o n  o f  annunc ia- .  
t o r s ,  c o n t r o l s  ( s i z i n g ,  l o c a -  
t i o n )  alld i n s t r u ~ l ~ e n t a t i o n  and 
improv ing  d e s i g n  i n  these  a reas ,  

11. Improve niodel i ng techn iques  and 
u  t i  1  i ze i n  u n d e r s t a n d i n g  and 
I-espond' ng t o  a c c i d e n t  sequences 
and t r a n s i e n t s .  

4; 1.1 
4.1.2 
4.2 

2 .  Upgrade o p e r a t o r  t r ~ i n i n g  and 
c e r t i f i c a t i o n  u t i l i z i n g  psyco- 
l o g i c a l  p r o f i l e s ,  a p ~ i  tudes 
and q u a l i f i c a t i o n s .  

5.1 

3.  U t i l i z a t i o n  o f  seasoned i n d i v i d -  
u a l s  i n  each p l a n t  s h i f t .  

5. U t i l i z a t i o n  o f  n o n - s a f e t y  sys- 
tems d u r i  ng emergencies. 

5.1 

4. I ~ i i p rove  opera t i  ng procedures and 
d i a g n o s t i c s .  Q u a n t i f y  human . 

f a i l u r e  r a t e s  under  ,s t ress  and 
f a c t o r  i n t o  d e s i g n  process.  

I-' 
I 
I-' 
W 

5.3 
5 .4  

9. I n  genera l ,  t h e  TMI exper ience  does suppor t  
need, b u t  1 i t e r a  t u r e  r e v i  ewed t o  d a t e  does 
n o t  s p e c i f i c a l l y  s t a t e  t h i s  o b j e c t i v e .  

10. Many examples have been i d e n t i f i e d  f o r  
needed improvements. 

11. Necessary f o r  development o f  sys te~ns  wh ich  
p r e d i c t  o r  recommend a c t i o n s  and consequences 
ACRA and NRC r e q u i r e  more model ing .  

12. Opera to r  t r a i n i n g ,  l i k e  some o t h e r  areas,  i s  
an area amenable t o  non- t e c h n i c a l  i n d i v i d -  
u a l ' s  c r i t i c i s m .  

13.. Per  NUREG-0578 

14. Procedura l  r e v i e w  and inlprovement recogn ized  
r e q u i r e d  f o r  a1 1  r e a c t o r s .  (See ACRS 
commen t s  ) . 

15. Shou ld  be done i n  c o n j u n c t i o n  w i t h  R i s k  
Methodo1,ogy t a s k s  as we1 1. 



T A B L E  3.13 
' Research Program - 13. Design Guidance 

- 
P A R T I A L  O B J E C T I V E S  
OF RESEARCH PROGRAM .---- 

1. Development o f  comprehensive 
niethodology wh ich  i d e n t i f i e s  
p l a n t  v u l n e r a b i l i t i e s  t o  mul -  
t i p l e  f a i l u r e s  and p r o v i d e s  
gu idance t o  m i n i m i z e .  

2. Develop and v e r i f y  a n a l y t i c a l  
tl iethods f o r  non-1 i n e a r  response. 
i n c l u d i n g  dynamic l o a d i n g s  
( d e v e l o p  f a i l u r e  c r i t e r i a ) .  

3. Development o f  s t a n d a r d i  zed 
s e i s m i c  d e s i g n  a n a l y s i s  
methods, c r i t e r i a  and simp1 i- 
f i ed d e s i g n  procedured.  

4 .  Des ign v e r i f i c a t i o n  t h r o u g h  t e s t  
f a c i l i t y  c o n s t r u c t i o n .  

P 
I 

I-' 
a 

COMMENTS 

1.  Repor ts  and. recommendations r e p e a t e d l y  
suggest  a p p l i c a t i o n  o f  q u a n t i t a t i v e  r i s k  
methodology u t i l i z a t i o n  f o r  t h i s  purpose 

.. (NUREG-0685, ACRS l e t t e r s ) .  

2. 

3. i c a t i o n  o f  simp1 i f i e d  des ign  procedures 
c o n t r a d i c t  need f o r  d e t a i l  s t r e s s  r e p o r t  
p e r  ASME code. 

T A S K  
SOURCE 

1.3.1 

1 . 3 . 2 ( 4 ) .  

1 .3 .2(7)  

1 .3 .3  

- 
T M I  

- . SUPPORTS , 

x 

E X P E R I E N C E  
I N C O N C L U S I V E  

x 

x 

x 



TABLE 3.14 
Research Program - 14. Emergency Response - 

?LRTIAL OBJECTIVES 
CF RESEARCH PROGRAM -- 

2.  Def ine,  o r g a n i z e  dnd t r a i n  
elnergency response team(s)  . 

1 .  Deve lop . techn iques and m o n i t o r  
r e q u i  renients necessary  t o  a1 1 ow 
p r e d i c t i o n  o f  r a d i o l c g i c a l  
d i s p e r s i o n  i l l  t.112 env i ronn lent .  

4.1.5 
, 

3. lniprove coaununicat ions:  
e v a l u a t e  v o i c e ,  d a t a  f a c s i m i l e  
and s low scan v ideo  f o r  remote 
nioni t o r i  ng. 

5. Emergency equ i  pment p o o l .  I 6.4 

6 . 2  

4.  P l a n t  c h a r a c t e r i z a t i o n  i n fo rma-  
t i o n  development and o r g a n i z a -  
t i o n .  

6 . 3  

6. Robot development f o r  contam- 
i n a t e d  areas.  

6.5 

7. I n v e s t i g a t e / i m p r o v e  r e d i a t i o n  
c o n t r o l  and nioni t o r i  nc.  

I-' 
I 
I-' 
ul 

6.6 

8. Improve decon tamina t i on  methods 
and r e a c t o r  d e s i g n  t o  accolinno- 
d a t e  decontaminat ion.  

6 .8  

X 

X 

X 
( p a r t i a l )  

TMI EXPERIENCE 
SUPPORTS INCONCLUSIVE 
--I 

3.' I n s t a l  l a t i o n  o f  improved co rn~ i~un ica t i ons  v i a  
d e d i c a t e d  NRC/l i censee' phone 1 i nes. conipl e t e .  
Remainder o f  program n o t  suggested o r  
e~nphas i zed. 

- -  - 

COMMENTS 

1 4. Per  NUREG-0578 



TABLE 3:15 
Research Program - .  15. S i t i n g  

' P;\RI I A L  OBJECTIVES 
C j i  RESEARCH PROGRAM -. 

I-' 
I 

TASK 
.SOURCE 

1. Pe l - fo l -n ico i i ip le te  va lue / i n ipac t  
a n a l y s i s  o f  reniote s i t i n g  and 
deve lop  n s t h o d o l o g y  t o  a s s i s t  
econoii i ic e v a l u a t i o n  o f  s i t i n g  
a1 t e r n a t i v e s .  

I-' 
m 

8.0 
, 

COMMENTS 

1.  As no ted  elsewhere,  t h i s  program i s  a 
necessary  complement o f  NRC a c t i v i  t i e s  

' i n  t h e ,  s i t i n g  area,  p r i n c i p a l l y  d i scussed  
i n  NUREG-0625. 

TMI 
SUPPORTS , - 
x 

I 

EXPERIENCE 
INCONCLUSIVE 



TABLE 3.16 
Research Program. - 16. R isk  Method U t i l i z a t i o n  

P A R T I A L  OBJECTIVES 1 SAii!E 1 TMI EXPERIENCE 
O F  R E S E A R C I i  P R O G R A N  SUPPORTS , INCONCLUSIVE 

2. Con t inue  development o f  probab- 
i l i s t i c  r i s k  methodology f o r  
LWR s a f ~ t y  i n  areas o f  
a )  human e r r o r  
b )  p a r t i a l  f a i l u r e s  
c )  mu1 t i p l e  f a i l u r e s  
d )  non- i ndependent f a i  1 u r e s  
e )  R&D s e l e c t i o n  methodo logy 

COMMENTS 

1. E v a l u a t i o n ,  by f a u l t  and e v e n t  
t r e e  a n a l y s i s ,  e f f e c t  o f  changes, 
i n  component d e g r a d a t i o n  r a t e s  
on r e a c t o r  s a f e t y .  

3. Develop a n a l y t i c a l  nlethods f o r  
a p p l i c a t i o n  t o  d e s i g n  d e c i s i o n .  

1:1.6 

3.  Review a c c i d e n t  sequences 
toward g r o u p i n g  s i g n i f i c a n t  
causes and consequences f o r  
non-ca t a s t r o p h i c  consequences - 
feedback i n t o  des ign.  

5. Develop d a t a  base and s t a t i s t i c s  
f o r  in iproved a p p l i c a t i o n  o f  
methodology.  

1. Pos t-TMI : 1 i t e r a t u r e  suppor t s  more e x t e n s i v e  
use o f  q u a n t i t a t i v e  r i s k  method01 ogy. 

3.4 

6. D e v e l o p ' t o o l s  necessary  t o  a l l o w  
d e t e r m i n a t i o n  o f  a c c e p t a b l e  r i s k  
o b j e c t i v e s  o r  accptance c r i t e r i a .  

3. Imp1 i c i  t i n  ACRS encouragement f o r  i n c r e a s e d  
r i s k  method u t i l i z a t i o n .  

3.5 

4. A l t h o u g h , o f t e n  suggested as a p rope r  cou rse  
o f  a c t i o n ,  1 i t t l e  ev idence e x i s t s  t h a t  such 
i s  b e i n g  pursued. 

5. A necessary e.lement o f  methodology u t i l i z a t i o n .  

6. T M I - r e l a t e d  s t u d i e s  :(NUREG-0625) f u r t h e r .  
recommend d e f i n i t i o n  o f  accep tab le  r i s k  
o b j e c t i v e s  f o r  v a r i o u s  c r i t i c a l  s i t i n g  
parameters u t i  1 i z i n g  r i s k  methodology as 
i t s  bas i s .  



PARTIAL OBJECTIVES 
OF RESEARCti PROGRAM -- 

1. Determine b e n e f i t s  and d e t r i -  
nients o f  h i g h  p o i n t  p r e s s u r e  
vesse l  v e n t i n g .  Develop i f  
a d v i s a b l e .  

2. F a i l u r e  o f  sw i t ches  and sensors 
due t o  d i r t y  c o n t a c t s ,  s e t  
p o i n t  d r i f t .  

3. Develop methods f o r  l ow  f l o w  
I measurement i n  p r i m a r y  system. 

I ~ 4. Develop method f o r  d i r e c t  ~ r e 1  i a b l e  c o r e  wa te r  l e v e l  
measurements, temperature ,  
v o i d s ,  c i r c u l a t i o n  and sub- 
c o o l  i ng . , 

I 
5. Develop w a t e r  l e v e l  ins t rumen-  

t a t i o n  f o r  conta inment ,  steam 
genera t o r s ,  p r e s s u r i z e r ,  e t c .  
and qua1 i fy f o r  env i ronment .  

TABLE 3.17 
Research Program - M isce l l aneous  

X 
( p a r t i a l  ) 

TMI EXPERIENCE 
- SUPPORTS , ~NCONCLUSIYE 

, P r i n c i p a l  T M I - r e l a t e d  documenta t ion  has 
focused on wa te r  l e v e l  and temperature  
w i ' t h0u t " re fe rence .  t o  o t h e r  parameters . . 

COMMENTS 

5. Note  t h a t  wa te r  l e v e l  i n  conta inment  may 
have f a i l e d  c e r t a i n  r a d i a t i o n  m o n i t o r i n g  
equipment, however, i n  absence o f  a tank  
t o  pump t h e  contaminated wa te r  t o ,  i t s  
b e s t  p l a c e  a t  TMI was i n  t h e  conta inment .  
Care must be taken  t h a t  au tomat i c  o r  manual 
t r a n s f e r  i s  . n o t  i n i t i a t e d  on l e v e l  a lone,  
as s i g n i f i c a n t  r e l e a s e s  c o u l d  occur .  
ACRS, however, concurs  (811 3/79 1 e t t e r )  
t h a t  conta inment  wa te r  l e v e l  and on l i n e  
conta inment  H2 c o n c e n t r a t i o n  r e q u i r e s  m o n i t o r -  
i ng . 



Research -Program - Mi s c e l l  aneous ( c o n t i n u e d )  

PAR'T IAL  O B , I E C T I  V C S  1 TASK 1 
C:F I ICSEi \RC! I  PROGRAM p ! J 3 q  

7.  Gevelop a n a l y t i c a l  methods t o  
c h a r a c t e r i  i e  c o o l a n t  c h e m i s t r y  
f i s s i o n  p r o d u c t  b e h a v i o r  i n  
p r i m a r y  and o t h e r  systen'is, 
t r a n s p o r t , .  p l a t e o u t  and i n t e r -  
a c t i o n .  

6.  l ~ i i p rove  111ai n tenance and lproblenls 
a s s o c i a t e d  w i t h  f u e l  hand1 i n g  
and t r a n s f e r .  

8. TMI a n a l y s i s  

2.1.1 
; 

7. Indeed, NUREG-0578, i f  imp1 emented, would 
r e q u i r e  d e t a i l e d  p l a n t  s p e c i f i c  a n a l y s i s  
i n  t h i s  area.  

TMI EXPERIENCE 
- SUPPORTS , INCONCLUSIVE 

8. A l though  s e v e r a l  o f  t h e  16 research  programs 
c o n t a i n  elements o f  Sandia Program P l a n  
tasks ,  t h i s  m a t e r i a l  i s  l i s t e d  he re  f o r  
c l a r i t y  i n  p r e s e n t a t i o n .  A t  t h i s  w r i t i n g ,  
minimum i n f o r n l a t i o n  i s  a v a i l a b l e  t o  a l l o w  
d e t a i  1  ed comparison w i t h  completed ongo ing 
o r  p lanned TMI c leanup and a n a l y s i s  
o p e r a t i o n s .  However, i t  i s  o u r  under-  
s t a n d i n g  t h a t  a  c o n t r o l  l e d  Bech te l  r e p o r t  
does c o n t a i n  d e t a i  1  s  o f  recove ry  o p e r a t i o n s .  

-- - 

COMMENTS 



TABLE 3.18 SUGGESTED PROGRAM 

ADDITIONS AND MOD1 F I  CATIONS 

Steam Generators 

1. Leaking steam generator  tubes have caused numerous p l a n t  outages 

and c o n s t i t u t e  a pathway f o r  r a d i o a c t i v e  ma te r i a l  f rom the  reac to r  

cool a n t  pressure boundary. Greater emphasi s on understandi  ng f a i  1 ure 

mechani sms, development o f  improved techniques f o r  determin ing q u a n t i t y  

and source o f  leaks, improving design and opera t ing  environments i s  

warranted f o r  ava i  l a b i  1 i t y  and s a f e t y  reasons. 

2. I n  accordance w i t h  ACRS recowendat ions ,  the  consequences and imp l i ca -  
, 

t i o n s  o f  o v e r f i  1 l i n g  the  secondary s i de  of steam generators requ i res  

eva lua t i on  i n  a d d i t i o n  t o  f e a s i b i l i t y  s tud ies  o f  u t i l i z i n g  water  s o l i d  

secondary loops f o r  decay heat  removal. 

P i  p i ng  

1. Sandi a research programs cu r ren t1  y address 1 oadi ng and r e a c t i o n  fo rces  

, on r e a c t o r  i n t e r n a l s  from major p i pe  rup tu res ;  however, ,the s ta te -o f - t he  

a r t  f o r  determin ing j e t  impingement, p i pe  whip and environmental 

(pressure, temperature) ef fects  on ad jacent  p i p i n g  s t r u c t u r e s  and 

equipment needs improvement. For example, the  simp1 i s t i c  assumption 

t h a t  a whipping p ipe  w i l l  r u p t u r e  smal le r  ad jacent  p i p i n g  b u t  n o t  equal 

o r  l a r g e r  p i p i n g  i s  u t i l i z e d  i n  acc iden t  ana lys is .  Research and model 

development would a s s i s t  i n  p l a n t  design and layout ,  equipment s i z i n g  

and p r o t e c t i v e  fea tu re  design towards improving o r  a t  l e a s t  understand- 

i rig r e a c t o r  s a f e t y  vu l  nerabi  1 i ty. 

Fuel - 

1. Program does n o t  c u r r e n t l y  address f u e l  design and o p t i m i z i n g  such 

design t o  minimize Hz generat ion.  



2. Program should address methodology development for  prediction of 
core deformation due to  variable cooling/pressure/temperature conditions 

fo r  sustained periods of ti,me i n  a more detailed manner than Task 4.1.3. 

3. Techniques and instrumentation t o  detect or predict  fuel fa i lures  while 
in service would have assis ted TMI-2 operators i n  real iz ing when core 
damage was occurring, where and to  what extent. Sandia may w i s h  t o  
devote some research i n  this area to  a t  leas t  determine f eas ib i l i t y  
of providing such a system. 

Contai nment Functions & Systems 

1. Following an accident such as occurred a t  TMJ, access t o  containment 
required considerable time delay to  a1 low radiation levels  to  subside. 
A1 though fixed radiation detectors were ins ta l  led,  the abi l  i ty to  
transverse containment w i t h  devices capable of independent motive 
power would aid in determini,ng specif ical ly  the extent of radiation 

f ie lds  and location, as  we1.l as serve to  verify fixed instrument 
readings. Development of such a system, s imilar  to  Sandia's Robot 
development program, would be of assistance in localizing radiation sources 
and leaks during operation (part icular ly i n  those' containments not 
designed for  access du r ing  operation) and minimizing " t r i a l  and error"  

during attempted reentry as information would be available in advance 
of attempted reentr ies  or maintenance and repair operations. 

Test and Maintenance 

1. Test and maintenance a c t i v i t i e s  re ly  heavily upon a system f o r  identi-  
fying needed maintenance, tracking, s ta tus  of completion, pr ior i t iz ing  
for  schedul ings and documenting completion. I t  i s  d i f f i c u l t  fo r  
operators to  ,be aware of what t e s t  and maintenance a c t i v i t i e s  are  in 

progress, planned, or  completed. To aid i n  schedul i ng and p r i  ori ti zi ng 



T&M a c t i v i t i e s  and recogn i t i on  o f  the s ta tus o f  equipment and 

systems p o t e n t i a l l y  af fected b y  T&M a c t i v i t i e s ,  development o f  a 

computer assisted system t h a t  tracks, schedules, and cor re la tes 

T&M a c t i v i t i e s  and provide immediate i n d i c a t i o n  o f  p l an t  system o r  

component tes ts  . o r  . maintenance status and even diagnose and .. 

recomnend t e s t  and maintenance a c t i v i t i e s  would be desirable.  

Such a system could be in tegrated w i t h  the disturbance and 

emergency cont ro l  systems discussed e l  sewhere. 

Emergency Response 

1. Emergency response i s  an area'easi ly amenable t o  non-technical 

evaluat ion f o l l ow ing  TMI. As such, i t  has received emphasis by the 

news media, l e g i s l a t o r s ,  regulators,  as we l l  as the technical  community 

A comprehensive eval  u a t i  on o f  ongoing a c t i v i t i e s  by the mu1 ti tude o f  

agencies and organizat ions would a s s i s t  i n  d e f i n i t i o n  o f  spec i f i c ,  

necessary resarch t h a t  would .avoid dupl i c a t i o n  and would be meaningful 

t o  other programs i n  progress. 

Risk Method U t i  1 i zat ion  

1. TMI experience demonstrated the need f o r  add i t i ona l  r i s k  method 

developmental work t o  model system and component r e l i a b i l i t y  as a 

func t ion  o f  du ra t ion  o f  demand. Such development w i l l  serve t o  

i d e n t i f y  p a r t i c u l a r l y  c r u c i a l  systems-and components and provide 

. feedback i n t o  the design process t o  ensure proper component 

q u a l i f i c a t i o n  o r  redundancy. 

Miscellaneous 

1. "The Task Force concludes t h a t  sampling o f  p l a n t  gaseous e f f l uen ts ,  

w i t h  laboratory ana lys is  of samples subsequent t o  release, i s  the on ly  

v a l i d  technique f o r  moni tor ing accidental  releases o f  rad io iod ines 



,and particulates.  In the absence of valid on-line monitoring capabili ty 

for  accident-levei releases of radioiodines and part iculates ,  we strongly 

urge that  research be undertaken promptly t o  develop such capabili ty." 

(NUREG 0578 A-38) 

Va 1 ves 

- .  

1 .  TMI events indicate tha t  valve location and whether valves require local 

manipulation were s igni f icant  from a health physics standpoint. 

Pumps 

1. Some pumpproblems in .the short  term a t  TMI were the r e su l t  of control 
c i rcu i t ry  as opposed to  pump failure.suggesting a need t o  concentrate 

some attention i n  t h i s  area.  

2. The loss of power to  the o i l  pumps delayed attempts t o  r e s t a r t  RCPs. 
In cases where f a i lu re  of pump.s can af fec t  operation of essential  

equipment, design at tent ion should be focused. 

Design Guidance 

I n  the past ,  plant protective feasutes in these areas have been approved 

toward assuring adequate protection over the plant l ifetime. W i t h  a l l  

systems operable, t h i s  has resulted in indirect ly  determining what con- 

s t i t u t e s  an acceptable r i sk .  A t  TMI i t  was necessary t o  ensure cer tain 

c r i t i ca l  functions remained even though some 'of the equipment and 

systems were degraded or inoperable. Although the probabili ty of 

f a i lu re  of these systems may have been less  due to  f i r e ,  earthquake or  

sabotage fo r  the short  time periods (days or  weeks) involved, the con- 

sequence of fa i lure  would probably have been more severe. The TMI 

experience suggests tha t  Sandia may wish to  include evaluation and 



quantification of r isk and resultant design guidance evolved for s i tu -  

ations in which degraded protection ( e i the r  d ivers i ty ,  redundancy or 

separation) i s  present b u t  the required duration o f  performance i s  

re lat ively short .  



2.0 MAJOR REPORTS ISSUED IN  RELATION TO TMI-2 ACCIDEFIT 

Sect ion 2 of t h i s  r e p o r t  presents a  surmary of major r e p o r t s  issued 

on o r  as a  r e s u l t  o f  t h e  TMI-2 acc ident .  These r e p o r t s  a re  organized i n t o  

th ree  bas ic  types and i nc lude  the  r e p o r t s  noted. 

I Studies and f i nd ings  aimed p r i n c i p a l l y  a t  f a c t  f i n d i n g  

2: 1' NUREG-6600 

2.2 NSAC-1 

2.3 NUREG-0558 

I 1  Studies and f i n d i n g s  aimed p r i n c i p a l l y  a t  i n i t i a t i n g  sho r t -  

term ac t i ons  a t  commercial f a c i  1 i t i e s  

I 1 1  Studies and f i n d i n g s  aimed a t  e v a l u a t i n g  and mod i f y ing  p o l i c y  

and major c r i t e r i a  



2.1 NUCLEAR REGULATORY COMMISSION REPORT - NUREG-060C: INVESTIGATION 

INTO THE MARCH 28, 1979 THREE MILE ISLAND ACCIDENT BY OFFICE OF 

INSPECTION AND ENFORCEMENT, INVESTIGATIVE REPORT NO. 50-320/79, 

AUGUST 1979. 

2.1.1 Purpose and Scope 

The i nves t i ga t i on  by the  O f f i ce  o f  Inspec t ion  and Enforcement had 

two bas ic  goals:.  

o  To estab l ish ,  i n  a  comprehensive manner, the f ac t s  concerning 

the events of the  Three M i l e  I s l and  accident  dur ing the per iod  

invest igated.  

o  To evaluate the  performance o f  the Licensee i n  assoc ia t ion 

w i t h  the Three M i l e  I s land  accident  as a  basis f o r  co r r .ec t i ve  

ac t ion  o r  enforcement ac t i on  as appropr iate.  

The NRC contends t h a t  t h i s  r epo r t  contains a  factual  recounting, t o  

the ex ten t  i t  has' been poss ib le  t o  es tab l i sh  a t  the t ime o f  pub l i ca t ion ,  o f  

the s i g n i f i c a n t  operat ional  and rad io l og i ca l  events t h a t  t ransp i red  dur ing the 

e a r l y  hours and days o f  t h i s  accident. The repo r t  f u r t h e r  provides an ana lys is  

o f  t h e  ac t ions o f  the l i censee s t a f f  i n  l i g h t  o f  those f ac t s  when compared t o  

the NRC requirements t o  which they are  subject .  

This r epo r t  i s  no t  a  d e f i n i t i v e  study o f  every f ace t  o f  the Three 

M i l e  I s l and  accident. Nor i s  i t  an engineering eva luat ion of the accident. 

The I & E i n ves t i ga t i on  was l i m i t e d  t o  two aspects of the accident : .  



1.  Those related operational actions by the licensee d u r i n g  the period 

from before the in i t i a t ing  event unt i l  approximately 8:00 p.m., 
March 28, when primary coolant flow was re-established by s t a r t ing  
a reactor coolant pump, and 

2. Those steps taken by the l icensee to  control the release of radio- 
act ive material t o  the o f f - s i t e  environs, and t o  implement his 
emergency plan during the period from the i n i t i a t i o n  of the 'event  
to  midnight, March 30. 

3.2 Summary of Content 

I 

This report summarizes the investigation conducted by the NRC Office 
of Inspection and Enforcement. The Operational Sequence of Events i s  reported 
i n  detail  f o r  the period of time between the feedwater t rans ien t  and 16 hours 
into the event. The Radiological Sequence of Events is  reported out to. three 
days a f t e r  i n i t i a t i o n  of the event. 

The determination of the sequence of events was a necessary prereq- 
u i s i t e  to  determination of the cause of the event. T h i s  report  presents an 
eval uation of 1 icensee .(and others)  actions during the aforementioned time 
peri.ods and attempts to  ident i fy those actions wh.ich caused or  contributed 
t o . t h e  sequence of events. The report then iden t i f i e s  36 potential items of 
noncompliance tha t  a r e  under eva1ua t ion .b~  the NRC fo r  action against the 
licensee. Those findings of d i r ec t  significance to  the Sandia LWR. Safety 
Technology Program Plan a r e  organized according t o  the related research 
program and itemized i n  Section 3.  



2.1.3 Current S ta tus  

Licensee ac t ions  t h a t  a r e  under considerat ion by the  NRC a s  poten- 
- ,  t i a l  items of noncompliance wil l  be evaluated by the  NRC and, where appropr ia te ,  

formally provided t o  the  l icensee  as  a ~ o t i c e  of Violation. Regulations re-  

qu i re  the l i censee  t o  respond t o  the  Notice of Violat ion within 30 days. 

Ultimately, t h i s  process normally concludes by imposition of c i v i l  penal t i e s  

and implementation by the  l icensee  of any necessary cor rec t ive  act ion;  The 

potential  .magnitude of the  TMI v io la t ions  and the  .potential  s eve r i t y  of the  

accident ,  however, wi l-l probably require  Atomic Sa.fety and L i  cen'si ng Board 

hearings on both the v io la t ions  and continued operation of this  f a c i l i t y ,  in  

addit ion t o  those cur ren t ly  being held on TMI U n i t  1. 



2.2 EPRI ,  NUCLEAR SAFETY ANALYSIS CENTER - NSAC-1'; ANALYSIS OF THREE 

MILE ISLAND-UNIT 2  ACCIDENT - JULY 1979 

2.2.1 Purpose and Scope 

NSAC-1 represents a  p a r t i a l  r e p o r t  on many aspects o f  TMI-re lated 

a c t i v i t i e s .  It, there fore ,  has a  much broader scope t h a t  o the r  documents 

being referenced i n  t h i s  sec t ion .  NSAC's miss ion  as an o rgan iza t i on  has been .. 

b road ly  def ined (reference 1 )  t o  i nc lude  s i x  major  tasks as fo l lows:  

1. Carry o u t  a  d e t a i l e d  techn ica l  ana lys i s  o f  t h e  events a t  

TMI-Unit 2; 

2. ~ n t e r p r e t  lessons t o  be learned from TMI events; 

3.  Develop s t r a t e g i e s  t o  minimize t h e  p o s s i b i l i t y  o f  f u t u r e  

accidents ; 

4 .  Address gener ic  quest ions on r e a c t o r  sa fe ty ;  

5 .  Act  as c l e a r i n g  house fo r  t echn ica l  i n f o r m a t i o n  on s a f e t y  

issues t h a t  emerge as a  r e s u l t ,  o f  TMI ; 

6. Make recommendations on changes i n  s a f e t y  systems o r  

. m o d i f i c a t i o n s  o f  ope ra t i ng  procedures t h a t  would f u r t h e r  

improve sa fe ty .  

The major areas addressed i n  NSAC-1 a r e  summarized below. 

2.2.2 Summary o f  Content 

The Nuclear Safety Ana lys is  Center (NSAC) o f  t h e  E l e c t r i c  Power 

Research ~ n s t i t u t e  i s  ana lyz ing  t h e  Three M i l e  Is land-2  accident .  An e a r l y  

' r e s u l t  o f  t h i s  ana lys i s  was a  b r i e f  n a r r a t i v e  summary, i ssued i n  mid-May 1979. 

The NSAC-1 r e p o r t  conta ins  a  r e v i s e d  ve rs ion  o f  t h a t  n a r r a t i v e  summary, a h i g h l y  

d e t a i l e d  sequence of events, a  standard re ference l i s t ,  a  l i s t  o f  abb rev ia t i ons  

and acronyms, and several  appendices'. 



The appendices serve e i the r  to  describe plant features which are  

pertinent to  the understanding of the sequence of events, o r  indicate  how 
certain inferences and conclusions~in the report  were reached. Additional 
appendices are  i n  preparation. These will  be issued when avai lable  (e .g . ,  
the appendices Hydrogen Phenomena and Operator Actions during I n i t i a l  Trans- 
ient  will follow l a t e r ) .  Also in preparation i s  a matrix of equipment and 
system responses during the accident. 

This report ,  together w i t h  future supplements and a separate Core 
Damage Assessment report ,  will embody the principal resul ts  of the i n i t i a l  
investigative phase of NSAC's work. Subsequent phases will concentrate on 
causes, lessons learned and generic remedial or  preventive measures which may 
be appropriate. 



2.3 NUCLEAR REGULATORY COMMISSION - NUREG-0558 POPULATION DOSE AND 

HEALTH IMPACT OF THE ACCIDENT AT THE THREE MILE ISLAND NUCLEAR 

STATION, MAY 1979. 

2.3.1 Purpose and Scope 

An in teragency team comprised o f  representa t ives  from NRC, 'HEW 

, and EPA were cha r te red  t o  est imate t h e  c o l l e c t i v e  r a d i a t i o n  dose rece ived 

by t h e  popu la t i on  w i t l i n  50 m i les  o f  t h e  r e a c t o r  s i t e  and t o  determine the  

p o s s i b l e  and probable h e a l t h  impact o f  t h a t  re lease.  The i n v e s t i g a t i o n  

ass imi  1  a ted in format ion  on r a d i o a c t i v e  m a t e r i a l  released, demographic data 

and meteoro log ica l  cond i t i ons  between March 28 and A p r i l  7, 1979. 

2.3.2 Summary o f  Content 

Th is  r e p o r t  i s  b a s i c a l l y  a  fac tua l  r e p o r t  o f  t h e  r a d i o a c t i v e  m a t e r i a l  

released, t h e  popu la t i on  and i n d i v i d u a l  doses and t h e  p o t e n t i a l  h e a l t h  impact 

from re leases between March 28, and A p r i l  7. As such, the re  i s  very  l i t t l e  of 

t he  r e p o r t  t h a t  i d e n t i f i e s  a c t i o n s  o r  equi.pment du r ing  t h e  event  t h a t  a re  

d i r e c t l y  r e l e v a n t  t o  t h e  Sandia LWR Safe ty  Technology Program Plan. However, 

t h i s  r e p o r t  does i d e n t i f y  data 1  i m i t a t i o n s  and i nkonsi s tencies.  Inadequacies 

i n  t h e  s t a t e  o f  t h e  a r t  t o o l s  a r e  a l s o  i d e n t i f i e d .  The i m p l i c a t i o n s  o f  t h i s  

r e p o r t  a re  discussed i n  Sect ion  3  where r e l e v a n t  t o  t h e  s p e c i f i c  research programs. 

2.3.3' Current S ta tus  

s i n c e  the  TMI accident ,  several  s tud ies  have been i n i t i a t e d  t o  

qather data over  t h e  long term on h e a l t h  impacts on t h e  general popu la t ion .  



The most comprehensive study of th is  nature i s  t ha t  'being jo in t ly  funded by 

the State of Pennsylvania, the Electric Power Research Ins t i tu t e ,  and others. 

In the future,  the findings and observations of th i s  study wil1,be frequently 

compared with NUREG-0558, and the knowledge gained used t o  revise techniques 

applied in the NUREG analysis.  



NUCLEAR REGULATORY COMMISSION REPORT - NllREG-0578: TMI-2 LESSONS 

LEARNED TASK FORCE - STATUS, AND SHORT-TERM RECOMMENDATIONS,.JULY 1979 

1 2.4.1 , Purpose a n d  Scope 

1 The purpose of t h i s  Task Force was t o  ident i fy and evaluate those 

1 safety concerns originating with the TMI-2 accident tha t  required licensing 
1 actions (beyond those.  already specif ied i n  Inspection and Enforcement ( I E )  ~ Bul l e t i n s  -and ~omrnissio'n orders) fo r  presently operating reactors as we1 1 as  

f o r  appl icants w i t h  pending operating 1 i censes (OL-) and construction permits 
(CP) . This includes the  review and evaluation of invest igat ive information, 

1 s t a f f  evaluations of responses to  IE Bulletins and Orders, Commissioners' 

1 recommendations , A C R S  recomenda t i  ons , recomnenda ti ons from NUREG-0560 ('"staff ~ : , Report on the Generic Assessment of Feedwater ~ r a n s i e n t s  i n  Pressurized Water ~ ~ e a ~ t o r s  ' ~ e s i ~ n e d  by the  Babcock & Wi 1 cox companyu ) and kecomrnenda tions from 
I 

outside of the NRC. In addition, the   ask Force was charged t o  ident i fy,  

analyze and recommend changes t o  1 icensing requirements and the "1 icensi ng pro- 
cess f o r  nuclear power plants.based on the lessons learned. The scope of the 

Task Force included the following general technical areas: 

1. Reactor operations, including operator training and licensing; 
2. Licensee technical qua1 i f i  cations; 
3. Reactor t ransieht  :.and...acci dent:.anal.ysi.s ; 
4. Licensing requirements f o r , s a f e t y  and process equipment, 

'instrumentation and controls;  
. 5 .  Onsite emergency preparations and procedures; 
6. NRR accident response ro le ,  capabi 1 i ty  and management; :.:? ' 

7. Feedback, evaluation, and u t i l i z a t i o n  of reactor operating 
experience. 



2.4.2 ' Su,mary of Content 

The Lessons Learned Task Force i d e n t i . f i  ed 23 .speci ' f ic  short- term 

requirements i n  12 areas ( 9  i n  the area o f  design and analysis and 3 i n  the 

operations area) whose implementation was judged by the' NRC t o  pro.vide sub- 

s t a n t i a l  ' addi t i o h a l  p ro tec t ion  requ i red ,  for the  puhl i c hea l th  ' and safety.  

Each requirement and the t ime scale f o r  promulgation and implementation i s  

described. ~ i s c " s s i o i s  particularly p e r t i n e n t  t o  ~ a n d i i  Research Programs 

are reproduced' i n  sec t ion  4. 
C 

Except as discussed be1 ow, the  recomended' requirements we're con- 

si.dered -consistent '  w i t h  e x i s t i n g  NRC . regu la t ions by the NRC.  ~ h r e ' e  requ i re-  

ments, were i dent i  f i"ed , however, whi ch re1  a t e  t o  the  . rev' i  s i  on o f  present 
. . . . 

regulations:' . . 

1. Inert i 'ng a1 1 BWR containments; 

2. Capab i l i t y  t o  i n s t a l l  a recombiner a t  each .LWR f a c i l i t y ;  

3. Revis?on of 1 i m i t i n g  c o n d i t i o n s  f o r  operat ion based on sa fe ty  
. . I .  ' 

system a v a i l a b i l i t y .  

The ~essons ' ~ e a r n k d  Taik Force recomnend6d. that ,  upon approve1 by the d i r e c t o r '  
2 '  

o f  NRR, rulemaking proceedingsbe i n i t i a t e d  on an immediately e f f ec t i ve  basis. ' ' 

2.4.3 ' Current Status 

The. l icens ing requirements discussed i n  NUREG-0587 address those 

issues where the Task ~ o r c e . b e l i e v e s  short- term improvements i n  sa fe ty  can 



exceptions, are  believed by the NRC t o  be consistent with existing regulations, 

Regulatory Guides and the s t a f f ' s  Standard Review Plan. The accident a t  Three 
Mile Island has raised a number of other s igni f icant  questions and policy issues. 
The in t en t  of the Task Fo,rce i s  to  continue i t s  evaluation of the accident by 
consider'i ng broader and more fundamental questions i n  the design and operation 
of nuclear,  power plants and in '  the 1 i censi ng. process. 

. The NRC beli-eves tha t  the accident a t  Three Mile Island was not the 
r e s u l t  of easi ly  ident i f ied or isolated design deficiencies  or  operator errors ,  
b u t  was the consequence o'f many factors  in the design, operation and licensing 

of the  plant.  The Task Force believes tha t  an orderly,  comprehensive evaluation 
of the  accident - considering the.many factors  and t h e i r  interrelat ionship - i s  
required. Further evaluation. will s t a r t  w i t h  the broad, fundamental questions 
before fur ther  specif ic  changes to  current requirements a re  recommended. For 
convenience of organization, the  Task Force has grouped the issues to  be con- 
sidered in to  four areas: general safety c r i t e r i a ,  system design requirements, 
nuclear power plant operations and nuclear power plant l icensing. 

Subsequent t o  release of NUREG-0578, N R C  management has concurred 
w i t h  many of the recommendations, extended some implementation schedules, sought 
and obtained licensee and applicant commitments t o  the recommendations and 
deferred implementation in' cases where rul emaking o r  pol icy decisions a re  

necessary. 



NUCLEAR REGULATORY 'COMMISSION - NUREG-0557: EVALUATION OF LONG- 

TERM POST-ACCIDENT CORE COOLING OF T H R E E  MILE ISLAND UNIT 2 ,  

M A Y  1979 

2.5.1 Purpose and Scope 

This document summarizes a  s a f e ty  evaluation of a l t e rna t i ve s  and 

timing f o r  placing TMI-2 i n to  long-term (natural  c i r cu l a t i on )  cooling. . Of 

necessi ty,  the  sa fe ty  eval uation invest igated t he  range of core geome.tries 

and s t a t e s  as  well as  ,systems and equipment required t o  function i n  t h i s  
mode of operation. 

2.5.2 Summary of Content 

As noted above, t h i s  repor t  i s  a  sa fe ty  evaluation of put t ing TMI-2 

i n to  natural  c i rcu la t ion .  The repor t  provides a  de ta i l ed  assessment of options 

ava i lab le  t o  accompl ish  long-term cool ing and i d e n t i f i e s  systems and components 

necessary t o  ensure establishment and maintenance of long-term cooling. This 

document fu r ther  repor ts  on c r i t i c a l  parameters and conditions t h a t  must be 
maintained and moni tored during t r ans i t i on  t o  natural  c i rcu la t ion .  Portions 

of Appendix B t o  t h i s  repor t  dealing w i t h  "TMI-2 Plant  Modifications f o r  

Achieving Cold Shutdown" a r e  reproduced i n  ~ e & i o n  4. 

2.5.3 Current S ta tus  

Subsequent t o  repor t  pub1 i  ca t ion ,  TMI-2 successful l y  es tab l  i shed 

natural  c i rcu la t ion  f o r  long-term coo1,ing. 



2.6 NUCLEAR REGULATORY COMMISSION REPORT - NUREG-0560: STAFF REPORT 

OF4 THE GENERIC ASSESSMENT OF FEEDWATER TRANSIENTS I N  PRESSURIZED 

WATER REACTORS DESIGNED BY THE BABCOCK & WILCOX COMPANY, MAY 1979. 

2.6.1 Purpose and Scope 

The purpose o f  Task Force author ing t h i s  r epo r t  was: 

- .  

Given the operat ing experience w i t h  feedwater t rans ien ts  i n  

operat ing B & W designed reactors,  assess whether reac to r  and 

p l a n t  systems a t  these p lan ts  prov ide adequate p ro tec t i on  from 

design basis feedwater t rans ien ts .  Th is  assessment should 

re-conf i rm whether these p l a n t  designs meet the requirements 

o f  NRC regu la t ions,  using appropr ia te  s t a f f  gu ide l ines f o r  

acce.ptab1 e  means of meeting these regu la t ions.  This sh.ou1 d  

inc lude an eva lua t ion  of the sa fe ty  margins o f  these p l a n t  ' 

designs t o  assure t h a t  spec i f i ed  acceptable f u e l  design l i m i t s  

a re  no t  exceeded as a  r e s u l t  o f  feedwater t rans ien ts .  

This broad purpose w2s d iv ided i n t o  th ree  ob jec t ives.  The f i r s t  

ob jec t i ve  was t o  make an e a r l y  assessment concerning those measures t h a t  mi.ght 

be necessary t o  prevent a  recurrence of the.TP1-2 event . a t  B  & W f a c i l i t i e s  

I n  pa r t i cu l a r ,  cons iderat ion was given t o  the d i r e c t i v e s  t ransmi t ted i n  Inspec- . 

t i o n  and Enforcement B u l l e t i n s  t o  u t i l i t i e s  ho ld ing operating-7i:censes ' f o r  

B & W p lan ts  t o  assure t h a t  implementation o f  the immediate measures requ i red 

by the s t a f f  i n  those b u l l e t i n s  provide adequate p ro tec t i on  pending completion 

o f  more in tens ive  reviews. A second ob jec t i ve  was t o  make an assessment con- 

cerning add i t i ona l  remedial measures of a  shor t -  and long-term nature  t h a t  

might be necessary t o  c o r r e c t  design and operat iona l  de f i c ienc ies  i n  B  R W 



plants,  including those not ye t  licensed to  operate. A t h i r d  objective was 
t o  identify weaknesses in the regulatory review process tha t  contributed to  
the f a i lu re  to  anticipate the sequence of events that  led to  degradation of 

core cooling i n  the ear lv phases of the TMI-2 accident. 

The assessment i n  NUREG-0560 deals mainly with the generic implica- 
t ions of the in i t i a t ing  event a t  TMI-2; tha t  i s ,  the feedwater types of trans- 
ients  tha t  - .  could lead t o  an overpressure condition tha t  opens a power-operated 
r e l i e f  valve and could potent ial ly  r e su l t  i n  a loss-of-coolant accident. The 
report presents a s e t  of findings and recornendations f o r  fur ther  action i n  

each of the pri'ncipal areas investigated. These findings and recommendations 

were intended to  form the basis fo r  more specif ic  review by the s t a f f ,  the 
reactor designers , and 1 i censed u t i  1 i t i  es.  

2.6.2 Summary of Content 

NUREG-0560 presents the resul t s  of 'the Task Force 'assess,ment. in s ix  major 
sections following the introduction. 

Section 2 i s  a com~arison of the general design features including 
configurations, s izes ,  and safety and control systems of B & W operating plants 
to  determine areas of uniformity and difference. These a re  i n  t u r n  related to  

plant character is t ics  tha t  govern systems behavior under t rans ien t  conditions. 

Section 3 deals w i t h  B & W operational event reports tha t  have been 
reviewed i n  which certain events of some s imi lar i ty  to  those involved i n  the 

TMI-2 accident are  discussed in the in t e res t  of determining whether the TMI-2 
event should have been anticipated. 

Section 4 deals with operating procedures and operator training i n  

l i gh t  of the TMI-2 event. 



Section 5 t r e a t s  the analyses presented i n  the Safety Analysis 
Reports and in response to  specific l icensing review questions. The Standard 

Review Plan i s  discussed t o  assess whether current 1.icensing requirements 
would have required analysis of a TMI-2 type event. The General Design Cri- 

te r ia  and Technical Specifications a re  also considered re la t ive  to  the event. 

Section 6 st~mmarizes br ie f ly  the considerations given t o  plant design 
features for  feedwater t ransients  in other pressurized water reactor (.PWR) 

designs. This action provjdes some insight  in to  the generic appl icabi l i ty  of 
the preliminary findings made on B & W plants ,  as a r e su l t  of the TMI-2 

incident, t o  PWR plants designed by westinghouse (W) and combustion Engineer- 
i n g  ( C - E ) .  

Section 7 re la tes  to  the IE Bulletin 79-05A. This bul let in  provides 

a chronology of the event and ident i f ies  areas fo r  immediate action by licens- 
ees to  avoid a recurrence of t h i s  incident. Near-term action i s  focused i n  

t h i s  area. 

The evaluation by the task group i s .  presented as a s e t  of findings 
and recornendations for  fur ther  action i n  each of the principal areas invest- 
i gated. 

2.6:. 3 Current Status 

The major impact of t h i s  report  was t o  identify specif ic  actions 
necessary to  allow B & W reactors t o  return t o  operation. Such actions have 
been taken, and with the exception of TMI-1;'all licensed B & W reactors have 

received NRC permission to  resume operation. 



2.7 NUCLEAR REGULATORY COMMISSION - NUREG-0625: REPORT OF THE SITING 

POL1 CY TASK FORCE,  AUGUST' 1979 

2.7.1 Purpose and Scope 

The purpose of t h e  NRC t ask  force  whose repor ts  comprise t h i s  docu- 

ment. was t o  develop a  general policy statement on nuclear power reactor  s i t i n g .  

The s ta ted  goals of this work a r e  contained in  (he "Abstract prefacing NUREG- 

0625" and are incorpdrated i n t o  t h i s  review as  s t a t ed .  

1. "To s t rengthen s i t i n g  a s  a  f a c t o r  in. defense i n  depth by es tab l i sh-  
ing requ i rements ' fo r  s i t e  approval t h a t  a r e  independent o f . p l a n t  - design considerat ion.  The present  pol i c y  of permit t ing p lan t  
design f ea tu r e s  t o  compensate f o r  unfavorable s i t e  cha rac t e r i s t i c s  
h.as r e su l t ed  i n  improved designs but has tended t o  deemphasize 
s i t e  i s o l a t i o n .  

2. " To take  i n t o  considerat ion i n  s i t i n g  the  r i s k  associa ted with 
acc iden ts  beyond'the design bas i s  (Class 9)  by es tab l i sh ing  
population densi ty  and. d i s t r i b u t i o n  c r i t e r i a .  Plant  design 
improvements have ?educed t h e  probabi 1  i  t y  and consequences of 
design bas i s  acc iden ts ,  but  t he r e  remains the.  resid,ual r i s k  
from acc iden ts  not considered i n  t he  desi,gn bas i s .  Although 
t h i s  r i s k  cannot be completely reduced t o  z e r o , ; i t  can be 
s i g n i f i c a n t l y  reduced by s e l e c t i v e  s i t i n g .  

3.  I' To requ i re  t h a t  s i t e s  s e l ec t ed  wi l l  minimize t h e  r i s k  from energy 
. generation.  The s e l ec t ed  s i t e s  should be among t h e  bes t  avai lable  

i n  t h e  region where new generating capaci ty  i s  needed. S i t i n g  . requirements should be s t r i n g e n t  enough t o  l i m i t  t h e  residual  
r i s k  of reac tor  operat ion but  not so s t r i n g e n t  a s  t o  e l iminate  
t he  nuclear  option from la rge  regions of t h e  country. This i s  
because energy generat ion ' f rom any source has i t s  associa ted 
r i s k ,  w i t h  r i sk s  from some energy sources being g rea t e r  than 
t h a t  of t h e  nuclear opt ion."  



The ultimate object of formulating a general s i t i ng  policy statement, 

as s ta ted in Section 1.1,  i s  to  ( 1 )  improve s i t i n g ,  ( 2 )  improve predictabi l i ty  
of s i t i n g  decisions, and ( 3 )  improve efficiency of regulatory process with re- 
gard t o  s i t ing .  

2.7.2 'Summary o'f Content 

NUREG-0625 i s  comprised of two basic parts.  Part 1 (contained. in 
chapter 2 of NUREG) 'describes the current s i t i n g  pol.icy and practices of the 
Nuclear Regulatory Commission. This detailed treatment discusses the safety 
considerations tha t  contribute to  s.i ting,.incl udi ng demography, of f -s i  t e  hazards, 

natural phenomena, and environmental aspects. Thi,s report does not discuss the - 
economi'c aspects of s i t e  selection tha t  are  included within the Sandia Program 

Plan. Part 2 of the report  presents the study re su l t s  i n  the form o f  nine 
recommendations as discussed below. Additional pertinent sections a re  devoted 
t o  discussion of other opinions and paints of view differ ing from the majority 
and a discussion of regulatory agency application of r i sk  assessment in develop- 
ment of safety c r i t e r i a .  Major concl.usions and recomnendations reached i n  

NUREG-0625 are  presented in  appropriate section 3 discussions (pr incipal ly  
s i t i n g  and r i sk  method u t i l i z a t i o n ) .  



3.1 VALVES AND 3.2 RELIEF VALVES 
/ 

3.1.1 Sumnary of Research Project 

Sandia research programs related to  val ves .have the fol lowi ng 

genera1 objectives: , -  

1 .  Determine re1 iabi 1 i  ty  and resolve ident i f ied problems associated 

with 'power and a i r  operated valve's 

2. Develop valve sta'tus indicators 

3. ~e termihe  cause and 'resolve reseating problems , . 

4. ~ e v e l  op be t te r  understanding of valve behavior under two 

phase flow 
5. Develop method01 ogy fo r  improved va 1 ve selection 

These programs encompass comprehensive aspects of val ve design, 
~. 

select ion,  qua1 i f ica t ion  and maintenance of valves. The following sections 

cor re la te  specif ic  valve problems a t  TMI-2 and subsequent events to  the Sandia 

research programs. ' 

3.1.2 Relevant TMI ~ " e n t s  and Actions ~ 

Valve Status Indicator 

Two major prob,ems occurred a t  JMI-2 'concerning val ve-status indica- 
, ' 

tion: The approximately 8 minute delay in delivering emergency feedwater to  

the steam'generators was caused- by the two closed feedwater header isolat ion 

val ves. 



"The operator s ta ted  t h a t  he had looked a t  the panel 

valve l ineup tw ice before discover ing the valves t o  be 

closed. The f i r s t  scan o f  the panel was made standing 

close t o  the panel and leaning over the console, poss ib ly  

obstruct ing h i s  view o f  the lower valve (EF-V12B). The 

upper valve (EF-V12A) i nd i ca to r  1  i g h t  (green fo r  closed) 

was covered by a  caut ion tag hanging from the main feed- 
' 

water pump 1B m in i f l ow  valve (V16B) con t ro l  s t a t i on .  

"NOTE: The cau t ion  tag ind ica ted  t h a t  the con t ro l  f o r  

the main feedpump 1B m in i f l ow  'va lve (V16B) should remain 

i n  MANUAL due t o  a  f l ow instrument problem. The tag was 

issued on March 20, 1979, f o r  the t ransmi t te r  valve (CO- - 

~ 5 3 ~ )  repa i r .  

" A  review o f  Admin is t ra t ive  Procedure 1037, Revision 1, 

August 23, 1978, Caution and Do-Not-Operate (DNO) Tags, 

revealed t h a t  no formal guidance i s  g iven concerning the 

method o f  hanging tags t o  prevent inadver tent  covering o f  

other in format ion devices (1  igh ts ,  i d e n t i f i c a t i o n  tags, 

etc. ) o r  impeding the  operat ion o f  other equipment o r  con- 

t r o l  s. " (NUREG-0600, 1-2-5) . 

The second involved the electromagnetic r e l i e f  valve (EMOV), the 

source o f  primary coolant inventory  loss  f o r  the i n i t i a l  pe r iod  o f  the accident 

(two 'hours, nineteen minutes). Several i n d i r e c t  means were ava i l ab le  t o  enable 

TMI' operators t o  i n f e r  va l ve ,pos i t i on .  P r imar i l y ,  these were thermocoupje i n  the 

discharge-pipe (as wel l  as the reac to r  coolant  system and reac to r  coolant  d ra i n  

tank, RCDT) (NSAC-1, Appendix ERV), solenoid actuator  demand, and f low from 

the  RCDT. 



"The e lec t romat i c  re1  i e f  va l ve  has a  l a b e l  l e d  keylock 

swi tch  i n  t h e  c o n t r o l  roorn t o  i n d i c a t e  t h e  mode o f  opera t ion  

o f  the  valve.  A l i g h t  on the  c o n t r o l  room console i s  on when 

the  va lve  so leno id  c o i l  i s  energized, b u t  t h i s  l i g h t  does n o t  

necessar i l y  i n d i c a t e  va lve  s ta tus .  I n  t h e  accident ,  t he  

e lec t romat i c  r e l i e f  va lve  s tuck  open when t h e  so leno id  

deenergized, b u t  t h e  i n d i c a t i n g  l i g h t  went out ,  which would 

normal ly  mean the  va lve  was closed. (NSAC-1, Appendix RCPS) 

I 

"One chrome1 constantan thermocouple (T/C) i s  

strapped t o  each r e l i e f ' v a l v e  exhaust l i n e .  The T/C on 

t h e  EMOV 1 i n e  i s  l oca ted 'abou t  3 f e e t  downstream of t h e  

valve. ( P l a n t  T r a i n i n g  Photograph No. 443; Ref. 74) .  The 

T/Cs on t h e  code s a f e t y  exhaust l i n e s  a r e  l oca ted  about one 

p ipe  diameter f rom these valves.  ( P l a n t  T r a i n i n g  Photograph 

No. 81; Ref. 75) Thus, about 40 f e e t  o f  p i p i n g  separate any 

one TIC f rom t h e  o t h e r  two. 

"NOTE: Th i s  l o c a t i o n  i s  based on d iscuss ions  w i t h  p l a n t  

s t a f f  and d isagrees w i t h  p l a n t  drawings which show the  T/C 

loca ted several  f e e t  f u r t h e r  downstream o f  t h e  valves. 

"These temperatures a r e  normal ly  recorded on a  m u l t i -  

p o i n t  temperature recorder  i n  t he  c o n t r o l  room. However, 

t h i s  data i s  unava i l ab le  f o r  t h e  p e r i o d  o f  t h e  i n c i d e n t .  

The c h a r t  d r i v e  stopped be fo re  t h e  acc iden t  and e n t r i e s  

were p r i n t i n g  ove r  each o t h e r  du r ing  t h e  acc ident .  No 

i n fo rma t ion  has been obta ined t o  e x p l a i n  t h e  cause of t h i s  

recorder  behavior.  Operat ion o f  t h e  c h a r t  d r i v e  resumed 



a f t e r  the accident. No char t  paper i s  missing. These 

three T/cs are a lso  connected t o  alarms t h a t  are p r i n t e d  

out  by the Computer Alarm P r i n t e r .  "High temperature" i s  

p r i n t e d  when one o f  these po in t s  exceeds about 2 0 0 ~ ~ .  The 

alarm c l ea r i ng  i s  p r i n t ed  when the temperature decreases 

below about 193'~. I n  add i t ion ,  these temperatures can be 

ca l l ed  up by the operators through the  computer and p r i n t e d  

by the U t i  1 i t y  Typer. This was done several t imes dur ing '- 

the accident .  " (NUREG-0600, 1-4-35) 

"The operators were operat ing the RCDT t r ans fe r  pump 

w i t h  f l ow through the RCDT coo ler  cont inuously t o  main ta in  

the RCDT temperature a t  ambient cond i t ions w i t h  the apparent 

valve leakage i n t o  the tank. The continuous operat ion o f  

the d r a i n  pump i n  order t o  main ta in  the  tank temperature a t  

- ambient cond i t i ons  ind ica ted  an abnormal cond i t i on  existed."  

(NUREG-0600, 1-1 -5)  

The normal ly  slow recovery t ime f o r  thermocouples on the exhaust 

l i n e ,  complicated by the h i s t o r y  o f  normal leakage through the  EMOV, have 

been a t t r i b u t e d  t o  be the  primary causes f o r  delayed operator  diagnosis of 

the  EMOV being stuck open. 

Resea t i  ng and Leakage Probl ems 

The previous sect ion discussed TMI-2 experience w i t h  regard t o .  

EMOV f a i  1 ure  t o  reseat  and leakage h i s t o r y .  

I n  summary, the EMOV f a i l e d  t o  reseat  fo l l ow ing  ac tua t ion  and the  

h i s t o r y  o f  leakage was a con t r i bu t i ng  f a c t o r  t o  delayed operator  recogn i t i on  



o f  pr imary coo lan t  i nven to ry  l o s s  through t h i s  path.  

"The p r e s s u r i z e r  e lect r .omat ic  re1  i e f  va l ve  upstream 

block valve,  RC-V2, had maintenance work performed on i t  

on September 14, 1977. The motor opera tor  was removed 

t o  a l l o w  repacking t h e  valves.  The va l ve  was cyc led.  

Discussions w i t h  l i censee  personnel i n d i c a t e  t h a t  t he re  

has been a concern t h a t  t he  b lock  va l ve  cou ld  s t i c k  shut  

o r  open i f  used t o o  o f ten . ' '  (NUREG-0600, 1-1-52),  

"The TMI machine h i s t o r y  f i l e  on t h e  e l e c t r i c a l  

emergency feedwater pumps, EF-P-2A and 2B, d i d  n o t  

i n d i c a t e  a probl.em r e l a t i v e  t o  t h e  event  o f  March 28, 

1979. The most recen t  h i s t o r y  i n d i c a t e d  t h a t  motor 

windings and connect ing e l e c t r i c a l  cables were checked 

a f t e r  an event  i n v o l v i n g  steam leakage i n  t h e  pump area. 

The steam 1 eakage was due t o  t h e  atomospheric dump valves 

(MS-V3A and B )  be1 lows (.MS-U7A and ' B )  f a i l i n g  d u r i n g  t u r -  

b ine  t r i p  t e s t i n g  on January 15, 1979, and subsequent 

r e a c t o r  t r i p  and l o s s  o f  condenser vacuum. The steam 

was repo r ted  t o  have f i l l e d  t h e  M-20 area where t h e  

p ressu r i ze r  breaker,  s i  1  i c o n  c o n t r o l  l e d  r e c t i f i e r  (SCR) 

panels a r e  l o c a t e d  as w e l l  as t h e  steam-driven emergency 

feedwater pump, EF-P-1. The ad jacent  area where EF-P-2A 

and 2B a r e  l o c a t e d  a l s o  conta ined a steam environment." 

(NUREG-0600, 1-1 -53) 



With regard  t o  t h e  gaseous radwaste system, a c o n t r o l  room opera tor  

" s ta ted  t h a t  a makeup tank vent va lve  (MU-V-12) was suspected t o  be l eak ing .  

Some o f  these problems may have caused re leases  t o  be l a r g e r  than they would 

have otherwise been". (11-1-28) 

"From maintenance records and d iscussions w i t h  

l i censee  personnel,  i n v e s t i g a t o r s  determined t h a t  t he re  

were smal l  l i q u i d  leaks from va lves  and inst ruments i n  .- 
the  makeup and p u r i f i c a t i o n  system. The c o n t r i b u t i o n  

from these sources t o  the  a c t i v i t y  re leased t o  t h e  aux- 

i l i a r y  b u i l d i n g  sump cou ld  n o t  be determined." (11-3-14) 

Other ~ a l  ve Problems Encountered a t  TMI-,2 

As mentioned i n  t h e  Sandia Program Plan, va lve  problems associated 

w i t h  t h e  ins t rument  a i r  system have been' a t t r i b u t e d  by some i n d i v i d u a l s  .to be 

t h e  cause o f  t he  i n i t i a l  t r a n s i e n t .  The NRC1s i n v e s t i g a t i o n  concluded t h a t  

t h e  s p e c i f i c  i n i t i a t i n g  cause which l.ed t o  t h e  t u r b i n e  t r i p  cou ld  n o t  be 

i d e n f i t i e d .  The d i scuss ion  conta ined i n  NUREG i s  inc luded i n  i t s  e n t i r e t y  
i n  sec t i on  4. 



The N R C  investigation T NUREG-0600) reviewed plant records of TMI 

operational history pr ior  to  the March 28 accident. This investigation 

identified an incident in December, 1978 in which "reactor t r i p  [occurred] 

a t  power and ES actuation due to  overfeeding of OTSGs during t ransfer  from 

the .s ta t rup  to main feedwater valves.. The main feedwater regulating valve 
was found ful l  open and disabled in tha t  position". Documentation of th i s  

event has not been reviewed f o r  purposes of t h i s  correlat ion.  

Imedia te ly  following the turbine t r i p  .on March 28, 1979, 

"The operator noted tha t  the turbine t r i p  was normal 
w i t h  the exception of one turbune stop valve which did 

not indicate closed. The associated control valve was 

verified closed and, addi t ional ly,  the turbine was tripped 

manual ly." (NUREG-0600, 1-2-3) 

"At app'roximately 5 minutes in to  the turbine t r i p  

t ransient ,  the ope.rator noted tha t  the emergency feedwater 

level control valves were continuing to  travel t o  the open 

position. The valves were not. supplied adequate a i r  t o  

operate. The valves f a i l  'as  i s '  and only respond i f  a i r  

pressure i s  available.  I t  Can be reasonably postulated 
that  the fai 'lure of the condensate polisher ou t l e t  valves 

to  the closed position ( loss  of instrument a i r  pressurej 

and the f a i lu re  of the emergency feedwater valves to  respond 
normal l y  ( 1  oss of instrument a i r  pressure) were related.  

Operator intervie:vs revealed tha t  the valves did not appear 

'to operate properly. The valves were expected t,o open 

ful ly  shortly a f t e r  the OTSG levels decreased below 30 

inches and the valves were cont'inuing to  travel a t  about 

0404 hours. " (1-2-5) 



"The steaming to  the main condenser via the 

turbine bypass valves (MS-V25A, V25B, V26A and V26B) 

to maintain steam header pressure a t  1010 psig appar- 

ently caused the hotwell level control valve control ler  

to fa i l  (low leve l )  and the hotwell was flooded from 

the condensate storage tank. The hotwell level in- 

creased from 21.82 inches t o  the completely flooded 

condition (greater  than 50" indicated leve l )  within 1 

minute and the hotwe11 level was not recovered until  

0653 hours. 

Interviews, record reviews, and analysis indicate 

that  attempts were made t o  reestablish the condensate 

system a t  0405 hrs as  indicated by the s t a r t  of the 

1 A  condensate pump through 0653 hrs, when the hotwell 

level r e j ec t  valve was f ina l ly  recovered and the 

hotwell pumped down t o  normal. This was done to  pro- 

vide normal feedwater system flow t o  the generators 

and to prevent losing condenser vacuum. The loss  of 

condenser vacuum (approximately 18 inches ) termi n- 
a tes  the release of decay heat steam to the condenser 

and automatically s h i f t s  the decay heat steam t o  the  

atmosphere. " (1-2127) 

Radiation levels  in various plant locations required evacuation and 

protective measures from several hours into the accident on. Per.sonne1 access 

i nt'o contaminated areas was occasi onal l y  required fo r  val ve manipul ation pur- 

poses a s  documented in  NUREG-0600, Secti0.n 11-3. Although no s ignif icant  



valve problems cause these exposures, the observation i s  included here to  

a l e r t  the reader t o  the  s i  ynificance of ,valve location and whether valves 

require remote o r  local actuation from a health physics standpoint. 

3.1.3 Required o r  Suggested Action 

With regard t o  valve s ta tus  indicatiun, the following obse.rvations, 

requirements and suggestions have emerged following the TMI-2 accident: 

1.  NUREG-0578 rec,omnendations regardin? valve position 

i'ndication i s  included in i t s  en t i re ty  in Section 4. 

In summary, 

"A1 though ,the pressurizer power-operated re1 ie f  

valve was stuck open, control panel l igh ts  indicated 

tha t  the valve was closed because the signal was 

derived from a sensor of solenoid actuation rather 

than a  sensor of the valve, position i t s e l f .  The 

purpose of '  t h i s  position i s  t o  provide the operator 

a  more posit ive indication of valve position and, 

therefore,  provide additional assurance that  the- 

in tegr i ty  of the reactor coolant pressure boundary 

can be maintained or a  loss of in tegr i ty  d i rec t ly  

diagnosed.'' (NUREG-0578, A-9) , , . 

2. . NUREG-0578 recommendations regardi nq  performance test ing of 

r e l i e f  and safety valves its a lso included in i t s  en t i r e ty  

i n  Section 4.  - In summary, 



"To date,  there have been a number of instances 

of improper operation of r e l i e f  and safety valves. 
These examples include valves opening below s e t  pres- 
sure,  valves opening above s e t  pressure or  f a i lu re  to 
open; and valves f a i l i n g  t o  reseat  when open. The 
f a i lu re  of the power-operated re1 ief  valve to  reseat  
was a s igni f icant  contributor to  the TMI-2 sequence 
of events. The purpose of this recommendation i s  t o  
require qual i f icat ion of r e l i e f  and safety valves 
under expected operating conditions, which would 
include sol id-water and two-phase flow conditions. " 
(NUREG-0578, A-6, 7)  

3 .  The ACRS has concurred tha t  valve s t a tus  monitoring i s  
important (see Section 3.17./12). . 

4. Valve s t a tus  indication problems have been ident i f ied i n  

other areas as a r e su l t  of TMI-2 related a c t i v i t i e s .  These 
items are  t reated by example below. 

"No d i r ec t  indication of pressurizer code safety 
valve position i s  available i n  the control room. Valve 
position may be inferred from the r a t e  of change of 
reactor coolant system pressure, reactor coolant 'drain 
tank pressure, temperature and leve l ,  and safe ty  
valve discharge temperatures. Reactor coolant system 
pressure i s  displayed on a front  control console. 
Indications of reactor coolant drain tank pressure, 



level and temperature, w i t h  alarm of these parameters 

when off-normal, i s  provided on a back panel i n  the 

control room. The computer i s  used to  monitor thermo- 

couples which are  clamped to  the ta i lp ipes  of the 

electromatic r e l i e f  valve and the safety valves. An 
alarm i s  indicated i f  the thermocouple temperatures 

exceed 2 9 0 ~ ~ .  " (NSAC-1 ,  App. RCPCS) 

5. NRC IE Bulletins (reference 1 )  issued .shortly .a f te r  the 
TMI-2 accident required PWRs to  prepare and immediately 
implement procedures which 

a .  Identify those plant indications (such 

as val ve discharge pi p i n g  temperature, 

valve position indication, or  valve 

discharge r e l i e f  tank temperature or 

pressure indication) which plant oper- 

a tors  may u t i l i z e  to  determine that  

pressuri zer power operated re1 i ef 

valve(s) are  open, and 

b. Direct the plant operators to  manually 

close the power operated re1 i ef block 

valve(s)  when reactor coolant system 

pressure i s  reduced to  the. s e t  point 

fo r  normal automatic closure of the 

power operated re1 ief  valve(s)  and 

the valve(s) f a i l  t o  close.  

Thesc Bulletins also required verif icat ion o f  proper emergency 

feedwater and ESF valve positioning. 



6. NUREG-0579 redommendations issued in May 1979 suggest: 

Improved means f o r  de tec t i ng  a stuck-open power-operated r e l i e f  va lve (PORV) 

should be provided. I n  add i t i on ,  cons idera t ion  should be g i ven  t o  upgrading 

the  PORV c l a s s i f i c a t i o n  t o  safety  grade and t he  associated c o n t r o l s  and 

instruments t o  new standards f o r  c o n t r o l  systems; o r ,  as an a l t e r n a t e ,  

cons idekat ion should be g iven  t o  c l o s i n g  t h e  r e l i e f  va lve and b lock  va lve  

du r i ng  power opera t ion  if r e s e t t i n g  o f  t h e  s e t  p o i n t  i s  no t  e f f e c t i v e  i n  

reduc ing ac tua t ion  of t he  PORV. 



3.1.4 Relation to  Sandia Research Program 

The relevance of Sandia objectives (related to  valves) to  TMI 

events and l i t e r a t u r e  i s  presented in table  3.1 



TABLE 3.1 
Research Program - 1. Valves & 2. ~ a f e t y l ~ e l i e f  .Valves 

PARTIAL OBJECTIVES 
OF RESEARCH PROGRAM 

1 .  Determine va l ve  r e1  i a b i l  i ty  and 
reso l ve  i n d e n t i  f i  ed problems 

2. Develop s imp le  a f f o r d a b l e  va lue  
s t a t u s  i n d i c a t o r s  

3. Determine cause o f  va lve  r e -  
sea t i ng  problems and e l i m i n a t e  

4. Obta in  b e t t e r  understanding o f  
. v a l v e  behav io r  under two-phase 
f l o w  

5 .  Develop methodology f o r  va lve  
and va l ve  a c t u a t o r  s e l e c t i o n  

TMI EXPERIENCE 
SOURCE SUPPORTS . INCONCLUSIVE 

I 

7 .  c o n s t r u c t  and u t i l  i z e  'thermal 
h y d r a u l i c  t e s t  f a c i l i t y  

COMMENTS 

6. Enhance. v a l v e  des ign and se lec -  
t i o n  cons i de ra t i ons  o f  env i  ron-  
mental  f a c t o r s ,  and more p rec i se  
s p e c i f i c a t i o n s  

8. Determine r a t e  o f  va l ve  de te r -  
i o r a t i o n  .. 

1.1.1 

9. Develop f a c i l i t y  capable of 
t e s t i n g  components simul tan-  
eous ly  over  t h e  f u l l  range o f  
environmental  parameters 

X 

X 
( p a r t i a l )  

/ 

2. P r o v i s i o n  of d i r e c t  read ing  va lue p o s i t i o n  
i n d i c a t i o n  recommended by NUREG-0578 

7 .  Per NUREG-0578 

9. TMI events have n o t  d i r e c t l y  suggested major 
changes i n  method used t o  q u a l i f y  components, 
however, t h i s  i s  no t  unexpected i n  l i g h t  of  
urgency f o r  d e f i n i n g  shor t - te rm requirements 



3.3 PUMPS 

3.3.1 Summary of Research Project 

Sandia Research Programs related to  pumps have the following general 

objectives: 
1. Pump operational character is t ics  and f a i lu re  causes need to  

be be t te r  understood 

2. Pump design, and selection must be improved t o  ensure operation 

when required under a l l  practical conditions 

I TMI-2 events have highlighted these needs as discussed in the follow- 

ing sections, 

3 . 3 . 2  Relevant TMI Events and.Actions 

Pump and pump operation played a s ignif icant  ro le  i n  several aspects 

o f , t h e  TMI-2 accident. To da te , .ava i lab le  TMI l i t e r a t u r e  ,has indicated per- 
; formance .probl.ems associated with the Reactor Coolant Pumps, ~ e a c t o r  Coolant 

'Fa keup Pumps ( incl  uding HPI mode) and Feedwater and Condensate Pumps ( i n i t i a t i n g  

event) affected the course of the TMI-2 accident. 

Reactor Coolant Pum~s 

The .operational history of the Reactor Coolant pumps (RCPs) i s  well 

documented during the i n i t i a l  16 hours o.f the accident (NUREG-0600, 1-4- 
. . 

24 through 29, NSAC-1 Sum. Descrip., p.  5-7) .  Following the reactor 
t r i p  a t  0400, the RCPs i n i t i a l l y  continued t o  operate in loop B 



unt i l  0514 and loop A un t i l  0541 a1 though the  primary system was 

saturated a t  approximately 0406. The decreased coolant  flow and 

increased pump and pump motor vibrat ion were reported reasons f o r  

the  operator ac t ion  t o  t r i p  t he  pumps. Although operator proced- 

ures f o r  t r ipp ing  t he  RCPs a r e  inconsis tent  with regard t o  ampli- 

tude of v ibrat ion requir ing ac t ion ,  the  NRC evaluation has concluded 

t ha t  operator act ion should have been take? very ea r ly  in to  the  

event t o  tr ip t h e  RCPs (NUREG-0600, 1-4-24). A t  0654, the  . inter-  

locks were."jumpedM i n  an at tempt t o  s t a r t  RCPs - successful only 

on RCP 2B which ran f o r  19 minutes (IA-43) a t  which time operators 

tripped 2B due t o  v ibra t ion  and low motor current .  A t  0805, opera- 

t o r s  attempted a r e s t a r t  of RCPs by jumping in te r locks ;  RCP-1A 

s t a r t ed ,  ran 37 seconds and was tr ipped by operators due t o  low 

motor current  and cavia t ion.  A t  1445, RCP r e s t a r t  preparations began; 

disabled o i l  pumps under r epa i r  ( l o s s  of power, i nab i l ? ty  t o  gain 

access due t o  high r ad i a t i on ) .  A t  1533, RCP-1A ran 10 seconds. A t  

1550, 1A s t a r t e d  and was running under good condit ions with indica- 

t ion  of successful forced c i r cu l a t i on  (NUREG-0600, 1-4-27). 

Reactor Coolant Makeup Pumps* 

The following excerpts  from NUREG;0600 describe the  performance 

of t h i s  equipment: 

"During t he  course of this accident,  the  operators  reportedly 

experienced mul t ip le  problems w i t h  s t a r t i n g  . reac tor  coolant makeup 

. pumps (MUPs). . . 

*In addit ion t o  serving normal operation functions,  these  th ree  MUPs a r e  used fo r  
HPI system operation. , "During HPI., two pumps a r e  on and t he  t h r o t t l i n g  valves f o r  - 
the  pumps automatically go t o  f u l l  open, a t  which posi t ion each pump puts a t  l e a s t  
500 gpm in to  the RCS. When a pump i s  on, b u t  HPI i s  not actuated,  the  flow can be 
t h ro t t l ed  back by the  operators .  According t o  operator statements ( I n t .  15) the 
m i n i m u m  flow tha t  can be adequately control led i s  about 100 gpm per pump". ( N U R E G -  
0600, 1-4-14) 



"At 13 seconds into the event, the computer alarm s ta tus  print-  
out indicates an operator unsuccessfully attempted a s t a r t  of MUP-1A. 
A t  39 seconds in to  the event, the alarm s t a tus  printout indicates 

an operator again t r i ed  to  s t a r t  MUP-1A and was successful. This 
sequence of events i s  confirmed by operator interviews, which further 
indicate tha t  more than one unsuccessful attempt t o  s t a r t  MUP-IA 
was experienced. A review of the co~r~puter generated sequence of 
events for  the period of in t e res t  appears to  show a condition of 
contact bounce re1 ated to  the control switch disagreement relay. 
Assuming tha t  the Burns & Roe Drawings f o r  t h i s  pump and i t s  

related components represent actual wiring, t ha t  computer indications 
of changes ,in e l ec t r i ca l  contact position are  good, and tha t  the 
memory of two separate operators i s  correct;  focuses at tent ion 

on the control room switch f o r  MUP-1A, whose malfunction alone could 
defeat a manual o r  automatic s t a r t ,  f a i l  t o  indicate additional 
operator s t a r t  attempts, and provide the apparent anomalous indica- 

tions to  the sequence of event program. 

"At 12 minutes in to  the event, the alarm s t a tus  printout and the 
sequence of events review present s imilar  indications of a s t a r t  
f a i  1 ure fo l l  owed by a s t a r t  success. Operator interviews confirm 
an event l i k e  t h i s  occurred, b u t  t h e i r  memory of timing 'does not 
agree with the computer l i s t ing .  

"At 4 hours 18 minutes into the event, the alarm s t a tus  printout 
and the sequence of events review present an additional example of 
these indications; with the exception tha t ,  a t  these times, the pump 

.does not s t a r t .  Operator interviews confirm these events and i n d i -  

cate the control room switch was then placed i n  the pull-to-lock 



position, thereby defeating MUP-1A capabi l i ty  to  s t a r t  automatically 
and enabling MUP-1B to  take i t s  place. The alarm s ta tus  printout 
and sequence of event review indications on the following automatic 
ES actuation, 20 seconds l a t e r ,  supports tha t  testimony. 

"MUP-1A was l e f t  i n  pull-to-lock for  the t e s t  of the 16 hours 
reviewed by the investigation team. MUP-1A has reportedly been r u n  , 

- .  
since the event, indicating the problem may be intermittent.  

"At 15'hours 33 minutes into the event, the alarm s t a tus  

printout indicates ah operator was attempting t o  s t a r t  MUP-1C as  an 
automatic ES actuation occurred. The pump d i d  not s t a r t ;  b u t  the 
alarm s ta tus  printout indicates i t  was manually s t a r t ed '  by an operator 
6  seconds l a t e r .  The f a i l u r e  of MUP-1C t o  s t a r t  during t h i s  ES 

actuation may be indicative of an example of a  similar malfuncti.on 
of the same type switch on another pump; b u t  could a l so  be related 

to  the malfunction of several other components, such as a  low lube 
oi l  pressure switch or one of several relays,  which are  not bypassed 
by the ES actuation s ignal .  

" These switches a re  replacements f o r  switches of the same type 
and manufacturer, of e a r l i e r  vintage, t h a t  had experienced contact- 
cam-follower f a i lu res .  These switches a r e  standard items used 
throughout the plant ,  b u t  which a re  uniquely modified.for the MUP 

appl i ca t i  on above!' ( NUREG I -4-76' through 78) 



"The informati on developed by the investigation team re la t ive  

to  t h i s  problem has been passed to  the licensee and N R C  management 

t o  ensure the ultimate r e ~ o l u t ~ i o n  of the problem. 

"During discussion with the 1 icensee, the 1 icensee indicated 
' the problems with s ta r t ing  MUP-1A had been determined. The licensee 

investigation indicates the ammeter for'MUP-1A was found stuck down- 

scale and tha t  the MUP had, in f a c t ,  s tar ted.  The operator had seen 

the ammeter downscale and had secured the MUP. 

"Analysis resu l t s  of computer Alarm Typer records from March 28, 

1979, challenge the c redib i l i ty  of the l icensee 's  determination. 

The Alarm Typer record indicates the MUP-1A power supply breaker 

did not close a t  04:00:05 and 08:18:53 during operator attemtps to  

s t a r t  the MUP. Clearly, i f  the breaker does not close,  the ame te r  

will not reg is te r  current flow. I t  appears the licensee has not 
completed an adequate investigation of th i s  matter." (NUREG-0600, 
1-4-78) 

Normal Feedwa t e r  Pumps 

An i n i t i a t i n g  event fo r  the TMI-2 accident was the tripping 

of feedwater pumps 1A and IB on low feedwater pump suction. Low 

pump suction is.  related to 'opera tor  actions in attempts to  trans- 

f e r  resins from an isolated condensate polisher to  the receiving 

tanks (NSAC-1, Sequence of Events, pages 2-3) and pump interlocks 

and wiring er rors  on the condensate pumps (NUREG-0600 1-4-4). I n  

.. addition, "normal operating conditions of the condensate/feedwater 

systems were very near the design l imi ts  a t  f u l l  power." ( N U R E G -  

0600, 1-1-7) 



Other Pumps 

Auxi l iary-Feedwater  Pumps - s t a r t e d  and performed as designed 

(NUREG-0600, 3, 1-53) . 

Condenser Vacuum Pumps - 1702 unsuccessful  s t a r t  o f  condenser 

vacuum pump 1A ( f o r  11 minutes) - 1C s t a r t  successfu l .  

Reactor B u i l d i n g  Sump Pump - performed as designed. The h igh  

RB sump l e v e l  was a t t r i b u t e d  t o  t h e  blown r u p t u r e  d i s c  on the  RCDT 

a f t e r  opening o f  t he  EMOV. 

Radwas t e  Sys tem Pumps 

"Another p o t e n t i a l l y  s i g n i f i c a n t  pathway developed. a t  approxima.tely 

1352 on March 28 when seal water t o  var ious  radwaste system pumps was 

l o s t .  Seal water  was l o s t  because motor c o n t r o l  centers (MCC) 2-32A 

and 2-42A became inoperab le  (Ref. 126). MCC 2-32A .was made operable 

again a t  0700 on March 29. Loss o f  seal water  r e s u l t e d  i n  s i g n i f i c a n t  

leakage f rom pumps WDL-P-5A & B, which take  s u c t i o n  on t h e  r e a c t o r  

coo lan t  b leed tanks (Ref. 127). Because o f  le tdown r e l i e f  va lve  

(MR-R-3) discharges and because of t h e i r  use i n  t h e  letdown f l o w  

path,' these tanks conta ined h i g h  l e v e l s  of  r a d i o a c t i v i t y .  A sample 
o f  RCBHT-C on March 30 showed an iodine-131 concen t ra t i on  of 109 vCi /  

ml (Ref. 128). Other radwaste pumps were o f  l e s s  s igni fycance s ince  

t h e  pumps were t a k i n g  s u c t i o n  on tanks c o n t a i n i n g  pre-accident  water." 

(NUREG-0600, 11-3-1 3)  



3.3.3 Required or  Suggested Corrective Action 

The following items are  currently under evaluation by the N R C  as 

possible items of noncompliance with regard to  TMI-2 pumps: 

1 .  "Based on the records review of the RCS/temperature relationships 

and discussions with licensee personnel, the low pressure RCP t r i p  c r i t e r i a  was 

exceeded early in the event.- Also, the discussion indicated that  the pump vi- 

bration indicators had i r~creased to  the i r  f ul 1 scale  indicating condition. Sec- 
t ion 2.5 of Details I  describes an item being considered as a  possible item of 

noncompl iance related to  ' ,the 'fai 1  ure ':to fo1 1 ow procedure and t r i p  ::the RCPs ." 
(Fai 1 ure to  take' operator action NUREG-0600, 1-4-26) 

2. "The f a i l u r e  t o  maintain the operation of the high pressure in- 

jection system delivering the design injection flow to the reactor core of 250 

gpm per HPI flow leg ( 4 ) ,  during the accident, in accordance with the require- 

ments of emergency procedure 2202-1.3, Rev. 8 ,  Section B,  s tep 2.2.3 and 3.5 

resulted in apparent serious core damage and onsi te  and o f f s i t e  exposures to  

radioactive materials. This f a i lu re  to  maintain the HPI system in  accordance 

with procedure 2202-1.3 i s  under consideration as a  potential item of noncom- 

pl iance pursuant to  Technical Specification 6.8.1 .a ." (Improper operator action 

NUREG-0600, 1-2-21 ) 

3. (Make u p  pumps) "High pressure safety injection was in i t i a t ed  

a t  0720 hrs and MU-P1A s t a r t ed  and operated unt i l  0737 hrs,  when the operator, 

having rese t  the ES signal a t  0727 hrs, stopped the 1C MUP. The MUP-1A con- 

tinued t o  operate unt i l  0756 hrs, when the.building isolat ion occurred and the 

MUP-1C s tar ted.  The MUP-IA and MUP-1C pumps operated in the .(HPI) mode 



u n t i l  about 0817 hrs,  when the  opera tor  stopped both 1A and 1C pumps. The 

I operator  immediately attempted unsuccessful  l y  t o  s t a r t  t he  MUP-1A t o  reestab- 

I l i . s h  RCP seal water i n j e c t i o n .  The MUP-1A c o n t r o l  swi tch  was p laced i n  the 

PULL-TO-LOCK p o s i t i o n  and apparent ly  remained i n  t h a t  p o s i t i o n  u n t i l  a f t e r  

2000 h rs  due t o  the  f a i l u r e  o f  the  pump t o  s t a r t  manual ly and t h e  be1 i e f  the  

I pump had a  mechanical problem. The i n v e s t i g a t i o n  o f  t h i s  area i n d i c a t e s  t h a t  

I t h e  pump b reaker -cou ld  n o t  have closed, which l e d  t h e  operator  t o  misunderstand 

i n d i c a t i o n s .  " (Bypassed a b i l i t y  t o  i n i t i a t e )  

3.3.4 Re1 a t i o n  t o  Sandia Research Program ' 

S i g n i f i c a n t  problems w i t h  pumps a t  TMI can apparent ly  be s i m p l i f i e d  

as fo l l ows :  

Feedwa t e r  

Reactor Coolant 

Pumps 

HP I 

Makeup Pumps 

O i l  Pumps 

f o r  RCP 

Condenser Vacuum 

Pump Delay 

-+ operate c lose  t o  design l i m i t s  
+ maintenance a c t i v i t i e s  caused low 

s u c t i o n  and t r j p  

-+ pr imary system s a t u r a t i o n  caused 

v i b r a t i o n  c a v i a t i o n  

-+ opera tor  a c t i o n  t h r o t t l e d  pump f l o w  ' 

when f u l l  f l o w  r e q u i r e d  
+ i n t e r 1  ocks and c o n t r o l  p o s i t i o n s  

defeated a b i l i t y  t o  s t a r t  

-+ l a c k  o f  power 

+ cause unknown 

T h e  re levance of Sandia o b j e c t i v e s  ( r e l a t i v e  t o  pumps). t o  TMI events 

and l i t e r a t u r e  i s  presented i n  t a b l e  3.3. 



- TABLE 3'. 3 
. ~ e s e a r c h  Program - 3. Pumps 

COMMENTS 

112. I n d i r e c t  suppor t  f o r  these '  ob j ec t i ves  ' i s  
apparent i n  t h e  problems encountered w i t h  
TMI r e a c t o r  coo lan t  pumps, a l though  the  
f a c t  remains t h a t  i n s u f f i c i e n t  coo lan t  
i n ven to r y  was t he  problem lead ing  t o  
core damage 

3. Seal leakage con t r i bu ted  t o  r a d i o a c t i v e  
re leases as noted i n  Sec t ion  3.3 

4. P e r I t e m 1  

5. See Valves, I tem 9 

I 

PARTIAL OBJECTIVES 
OF RESEARCH PF.OGRAM 

1. D e v e l o p v a r i a b l e s p e e d  r e a c t o r  
coo lan t  pumps 

2. Improve undkrstanding o f  hydro- 
dynamic i n s t a b i  1 i ti es and . 

improve punp r a t o r  des i  j n  

3. Detetinine a d v i s a b i l i t y  o f  l eak  
c o l l  e c t i o n  systems f o r  pump 

I sea ls  

i 4. Determine znd improve p e r f o r -  
mance under acc iden t  cond i t i ons  

I 5. Environmental  q u a l i f i c a t i o n  i n  
s u i t a b l e  t e s t  f a c i l i t y  

W 
I 
h) 

I-' 
D 

. . 

TASK 
SOURCE 

1.1.2 

1.1.2 

1.1.2 

1.1.2 

1.1..4 

! 

- 
TMI 

SUPPORTS , 

x 

x 

x 
. .  . 

I 

EXPERIENCE 
INCONCLUSIVE 

x 

I 



Based on the preceeding information the following observations 
a n d  suggestions a re  made with regard to  Sandia tasks.  

a 1. Although s igni f icant  a t tent ion i s  being devoted t o  the TMI 

events following the loss of feedwater t rans ien t ,  l ess  i s  devoted 
to  the i n i t i a t i n g  event. The NRC statement tha t  the feedwater/condensate sys- 
tem operates close to  design l imi ts  d u r i n g  fu l l  power operation and tha t ,  feed- 
water pumps tripped on low suction suggests the event may have been avoided 
through be t te r  pump design or select ion.  

2. Some pump problems i n  the short  term a t  TMI were the r e su l t  of 
control c i r cu i t ry  as opposed t o  pump f a i l u r e  suggesting a need to  concentrate 

some at tent ion in t h i s  area. 

3 .  Although caviation was indeed a cause of RCP vibration and sub- 
sequent operator action to  t r i p  these pumps, i t  i s  not c l ea r  ' that RCPs that  
could operate a t  lower flow would have s igni f icant ly  a l te red  the course of 
the TMI-2 accident. However, vibration ( a s  well as low flow and other fac tors )  
played a s ignif icant  ro le  in the  decision to  terminate RCP operation. Hence, 
a pump design capable of withstanding cavitation (or  one designed to  
vibrate  l e s s  during caviation) and saturation'conditions may or  may not have 

been tripped. Vibration problems with the pumps, however, cer ta in ly  occupied 
operator thought processes which may have contributed to  confusion and lack 
of a t ten t ion  t o  other conditions. 

4. The loss of power to  the o i l  pumps delayed attempts to  r e s t a r t  
RCPs. In cases where f a i lu re  of pumps can af fec t '  operation of essential  equip- 

ment, design attentibn should be focused. 



5. Plant  procedures and equipment manuals were inconsis tent  with 
\ 

regard t o  RCP vibra t ion ind ica t ions  and causes. A1 though apparently not  s i g -  

n i f i c an t  with regard t o  t he  RCPs,  such confusion could d i s t r a c t  o r  u t i l i z e  

personnel whose a t t en t i on  could be focused elsewhere. 



3.4 STEAM GENERATORS 

3.4.1 Summary of Research Projects 

Sandia research programs related t o  steam generators have t h e  fol l  ow- 

ing general objectives: 

1 .  Improve qual.ification under normal and accident conditions 

2. Improve understanding of operating modes and safety 

3.4.2 Related TMI Events and Actions 

The TMI-2 design includes two once through steam generators (OTSG).' 

Dur ing  the course of the TMI-2 accident, the OTSGs performed as discussed 

below. 

Following the loss of feedwater, the operator properly placed atten- 

tion on the OTSG water level.  Actions within the f i r s t  five minutes included 

verification of emergency feedwater pump s t a r t  and level control valves travel- 

i n g .  After noting continued water level decrease, the operator placed the 

control valves in manual and raised the demand signals to ful l  open. With 

continued attention focused on the SG level (now essentially dry) of the 

operator and sh i f t  supervisor, a t  approximately eight minutes into the event 

i t  was noted t h a t  the emergency feedwater header isolation valves were closed 

a t  which time the operator immediately opened these valves (NUREG-0600, 

1-2-4). Approximately 13 minutes and 17 minutes were required for A and B 

OTSG t o  restore minimum level of 18" attributed to  throttled feedwater flow 

to  avoid thermal shock by the NRC (NUREG-0600, 1-2-7). 



Over the next several hours, operators manipulated feedwater man- 

ual ly  to  maintain OTSG levels.  A t  0426 the operator tripped an emergency feed- 

water pu~lip when OTSG "B" level began increasing above low-level. Emergency pumps 

2B and 2 A  were tripped a t  0436 a d d  071 1 respectively. 

"The emergency feedwater pump (EF-P2A) was s ta r ted  a t  0735 hrs and 

operated until  0842 hrs to  feed the "A" OTSG as needed to  maintain 50%level  

on the operating range. 

"The "A" OTSG level was raised a t  1000 hrs to  94-97% on the operating 

range using the water from the hotwell via the condensate pump discharge/booster 

pump suction pressure t o  enhance decay heat removal. The "A"  OTSG pressure 

during tha t  period decreased from 140 psig t o  20 psig and then t o  0 psig by 

1200 hrs. The emergency feedwater pump (EF-P2A) was s ta r ted  and operated for  

8 minutes a t  1109 hrs t o  a s s i s t  in feeding the "A"  OTSG which was near the 

discharge pressure of the-condensate header. 

"The "B" OTSG level was increased from 60% to  90% on the operating 

range a t  1600 hrs using the emergency feedwat'er pump (EG-P2A) a t  7534 hrs f o r  

18 minutes in preparation for  the continued plant shutdown. " (NUREG-0600, 1-2-9) 

"The operations s t a f f  i n i t i a l l y  .concluded tha t  the B OTSG had a shell  

side leak based on the .increasing reactor building temperatures coincident 

with a normal RCS pressurizer level .  This conclusion by the staf.f was a1 so 

supported by the lack of any reactor building radiation alarms ear ly in the 

accident. " (NUREG-0600 ,. 1-2-31 ) 



"The ope ra t i ng  s t a f f  d i d  n o t  r e l a t e  t h e  con t i nu ing  heat l oad  i n  the  

reac to r  b u i l d i n g > t o  t h e  l o s s  of coo lan t  acc iden t  even through the  assumptivn 

o f  a  B OTSG s h e l l  s i d e  l eak  t o  reac to r  b u i l d i n g  cou ld  no t  be supported. The 

RCS temperatures were s t a b l e  and t h e  B OTSG l e v e l  was i nc reas ing  w i t h  minimal 

feedwater requ i red .  Furthermore, t h e  feedwater t o  t h e  B OTSG was complete ly  

i s o l a t e d  a t  0428 h r s  by t h e  operators because o f  d i f f i c u l t i e s  i n  ma in ta in ing  

OTSG l e v e l .  

"The s u b s t a n t i a l  evidence o f  a  LOCA was i n d i c a t e d  by t h e  con t i nu ing  

RB h igh  temperature w i t h  t h e  f u l l  r e a c t o r  b u i l d i n g  c o o l i n g  system i n  ope ra t i on  

(10 m i l  1  i o n  t o  100 m i l l i o n  BTU per  h r  heat  removal capabi l  i t y )  and the  con- 

t i n u i n g  low RCS system pressure. 

"The opera tors  completed i s o l a t i o n  o f  t he  B OTSG a t  about 0527 h r s  

based on 300 p s i g  d i f f e r e n c e  between t h e  A OTSG and the  B OTSG. The operators 

d i d  n o t  recognize t h a t  t h e  pressure d i f f e r e n t i a l  was caused by inadequate back- 

f l o w  through the  B  l o o p  a f t e r  t he  RCPs were stopped i n  the  B l oop  a t  0514 hrs.  

"The b r i e f  u n i s o l a t i n g  o f  t h e  B OTSG a t  about 0656 h rs  i n d i c a t e d  t o  

t h e  operators t h a t  t h e  B  OTSG had suf fered a  tube leak;  s ince  t h e  condenser 

o f f  gas mon i to r  (UA-R-748) a1 armed. " (NUREG-0600, 1-2-30 through 32) 

Fo l l ow ing  at tempts t o  achieve n a t u r a l  c i r c u l a t i o n ,  "The opera tors  

s t a t e d  t h a t  they d i d  n o t  f e e l  t h a t  n a t u r a l  c i r c u l a t i o n  was es tab l i shed  because 

o f  the  d i f f e r e n t i a l  temperature across the  A  OTSG ( ~ ~ - 5 3 0 ' ~ ,  TC-520 '~  a t  0652 

h r s  and d i ve rg ing ) ,  t h e  low A  OTSG secondary pressure (800 p s i g  and decreasing),  

and the  minimum feed ing  and. steaming r a t e s  f o r  t h e  A  OTSG. A t  approximate ly  

0610 h r s  the  A l o o p  Th had increased t o  620°~,  t he  recorder  o f f  sca le  high; 



TY h a d  decreased t o  about 480 '~ d i f fe rent ia l  temperature of 1 4 0 ' ~ ;  and the 

operators expected a d i f fe rent ia l  temperature of 25'~. Some heat was being 
removed through the steam condensing mode within the steam generators, b u t  

the continuous decrease in the A OTSG pressure indicated that  the hea t . re -  

moval from the RCS was 1 imited." (NUREG-0600, 1-2-33 through 34) 

During the next several hours, operators continued t o  monitor OTSG 

different ial  temperature in attempts to  understand reactor s ta tus .  

The NRC's conclusion of the impact of delayed emergency feedwater 

into t h e  SG (NUREG-0600, 1-4-10) i s :  . . 

"The delay in automatic i n i t i a t i o n  of emergency 
feedwater for  8 minutes contributed t o  an ear ly recovery 
towards normal values of cer tain RCS parameters upon 
which the operators concentrate. This recovery of key 
turbine t r ip / reac tor  trip RCS parameters misled the 
operators into believing tha t  t he i r  actions had been 
successful in 1 imi t i n g  the severi ty  of the t ransient .  
This erroneous belief led them t o  i n i t i a t e  the routine 
subsequent operator actions tha t  were normal for  t h e .  
assumed transient .  These actions occupied the opera- 
to r s '  a t tent ion and detracted from t h e i r  opportunity 
to  establ ish a correct analysis 'of  the plant condi- 
t ions.  This investigation did not conclude what the 
ultimate course of events of the' accident would have 
been, had emergency feedwater been introduced t o  the 
OTSGs as designed. Based on interviews conducted with 

t 



the operating s t a f f ,  i t  i s  concluded tha t  once the 

accident was underway and a f t e r  the valves were open, 

the knowledge tha t  the valves were previously shut 

had  no substantive impact on the actions of the 

operators during the remainder o f  the accident." 

After considerable eval uati on, the approved mode of long-term 

cool i ng involved uti  1 i zi ng both steam genera tors  in water sol id opera t i  on 

(NUREG-0557, Appendix B ) .  In essence, the concepts involved pumps and heat 

exchangers to circulate  cooling water in the l iquid s t a t e  in a loop through 

the OTSGs, the steam piping and the feedwater piping. The secondary s ide 

of the OTSG was maintained a t  a posit ive pressure r e l a t ive  to  the primary 

system to  ensure leakage would be from the secondary side t o  the primary. 

3.4.3 Required or Suggested ~o ' r r ec t ive  Action 

The following item i s  under consideration by !the NRC as a potential 

i tem of noncompl i ance : 

"Technical Specification 6.8.1 .a requires written procedures 

shall be implemented covering a c t i v i t i e s  referenced by applicable 

procedures recommended in Appendix "A" o f  Regulatory Guide 1.33, 

November 1972. Appendix .A of Regulatory Guide 1.33 recommends 

written procedures covering "Loss of Feedwater" and,"Turbine Trip". 

Uni t 2 ~ m e r g e n c ~  Procedures 2202-2.2, Loss of Feedwater, Revi s i  on 

3 ,  October 13, 1978, and 2203-2.2, 'Turbine Trip, Revision 7, Oct- 

ober 25, 1978,. requi re  . . t ha t  the operator verify tha t  the. OTSG 

levels a re  being automatically controlled a t  30 inches on the 

SU range indication contrary to  the requirement t o  control level 

a t  30 inches, the level control valves were placed in "manual" 



and throt t led to  control RCS temperature and pressure before the 

30 ,inch level was established. The A and B OTSG levels  remained 

below 30, inches from 04'08, h'ours through 0420 hours and 0425 

hours respectively. Moreover, the A OTSG level was below 30 
' 

inches between 0532 hours and 0543 hours. I n  both these examples, 

the affected OTSGs were -taken to  a dry condition as a r e su l t  of 

th i s  improper and/or inadequate manual control. " (NUREG-0600, 19-7) 
- .  

ACRS recommendations d i rec t ly  relevant to  steam generators and 

Sandia research are:  

Accident and Transient Analyses 

  he‘ ACRS Recommends tha t  fur ther  anilyses be made of the 

course, consequence and probability of t ransients  which 

would lead to  gross over f i l l ing  of the secondary s ide of 

the steam generator in PWRs and the equivalent event in 

BWRs in order t o  ascer tain whether any additional measures 

are  appropriate t o  provide additional protection of the 

pub1 i c  health and safety.  

3 . 4 . 4   eli it ion to  Sandia Research Programs 

The following general observations a re  offered: 

1. . During the i n i t i a l  8 mi'nutes of the accident, the OTSG response 

to  no feedwater cont r ibuted ' to  an apparent early recovery of RCS paramaters. 

A thorough understanding o f  SG operation under normal and abnormal conditions 

and imparting t h i s  know1 edge upon operators i s  necessary. 



2 .  T h r o t t l e d  emergency feedwater f low,  once i n i t i a t e d  a t  8 minutes, 

was r e p o r t e d l y  a r e s u l t  o f  ope ra to r  f ea rs  o f  thermal shock t o  the  OTSG. Sandia 

research may serve t o  understand and improve performance t o  a p p r o p r i a t e l y  

a1 i g n  operator  thought  processes t o  SG susceptab i l  i t y  t o  t h i s  phenomena. I n  

a d d i t i o n ,  operator  a t t e n t i o n  focused on O'TSG f o l l o w i n g  emergency feedwater f l ow  

i n i t i a t i o n  could have been devoted elsewhere. 

3 .  Perhaps t h e  most s i g n i f i c a n t  event  r e l a t e d  t o  t h e  steam generators 

was the  inaccurate ope ra to r  conc lus ion  t h a t  OTSGB tube leaks  were' t h e  cause o f  

key i n d i c a t i o n s  r a t h e r  than' a LOCA. Were these symptoms n o t  present,  e a r l i e r  

d iagnos i s  of the  safety v a l v e  being s tuck  open cou ld  have occurred. 

The re levance o f  Sandia o b j e c t i v e s  ( r e l a t e d  t o  steam generators)  t o  

TMI events and l i t e r a t u r e  i s  presented i n  t a b l e  3.4. 



TABLE 3.4 
~ e s e a r c h  Program - 4. Steam Generators 

1. Detemi  ne operat ing character- 
.i s t i  cs under emergency con- 
d i  t i ons  ( p a r t i c u l a r l y  b o i l  d ry  
times and r e f i l l  loadings)' and 
co r rec t  design de f i c i enc ies  

PARTIAL OBJECTIVES 
OF RESEARCH PROGRAM 

2. Evaluate f e a s i b i l i t y  o f  . . 

u t i l i z i n g  water so l ' id  secondary 

TASK 
SOURCE 

1 oop 

1. Note t h a t  NRC object ives,  act ions and 
c r i t e r i a  are p r i m a r i l y  d i rec ted  a t  
ensuring boi  1 dry and re f l ood  i s  avoided 
i n  the future.  

TMI EXPERIENCE' 
- SUPPORTS , INCONCLUSIVE 

I 

2. Implemented a t  TMI - see Program #8, Shut- 
down & Emergency Cooling. However, note 
t h a t  the ACRS has expressed concern over 
the r e s u l t  o f  o v e r f i l l i n g  the secondary 
s ide of. ste'am generators dur ing operat ing 
condi't ions . 

COMMENTS 



P I P  I NG 

Summary o f  Sandia Research Program 

The summary o b j e c t i v e  o f  Sandia tasks i n  t h i s  area i s  t o  improve 

p i p i n g  design towards min imiz ing  p i p i n g  f a i l u r e s .  

3.5.2 Relevant TMI Events and Act ions  

Review o f  TMI documentation has discovered two i n c i d e n t s  o f  apparent 

p ipe  f a i l u r e .  I n  n e i t h e r . o f  these cases; however, a r e  d e t a i l s  c u r r e n t l y  a v a i l -  

ab le  on t h e  cause o r  e f f e c t  o f  these f a i l u r e s .  

" A t  approximate ly  0440, A u x i l i a r y  Operator B  was t o l d  by a  

CRO t o  check f o r  makeup va lve  a1 ignment f o r  demineral i.zed 

water t o  t h e  makeup system. He no t i ced  w h i l e  a s s i s t i n g  

c losu re  o f  CO-V12 t h a t  e f f o r t s  were underway t o  ' lower  the  

ho twe l l  l e v e l .  H e ' a l s o  n o t i c e d  t h a t  t h e  a i r  supply l i n e  t o  

t h e  pneumatic a c t u a t o r  t o  t he  normal condensate r e j e c t  1  i n e  

was f a i l e d  and b lowing a i r .  " (NUREG-0600, 1-2-52) 

" ~ e t w e e n  0405 and 0653 d u r i n g  at tempts t o  r e e s t a b l i s h  the  

condensate system " t h e  opera tors  d iscovered a  l e a k  i n  t he  

2A condensate booster  pump s u c t i o n  l i n e  and i s o l a t e d  pump 

l o c a l l y  t o  p revent  s p i l l i n g  condensate water t o '  t h e  t u r b i n e  ' 

b u i l d i n g  f l o o r  and sump". (1-2-27) 



- 
- - 

I 

During a  rev iew of long- term core  coo l ing ,  t h e  NRC (NUREG-0557) 

I eva lua ted t h e  s t r u c t u r a l  adequacy of  main steam p i p i n g  which was t o  be used 

t o  t r a n s p o r t  c o o l i n g  water i n  t he  l i q u i d  s t a t e .  

" A  s p e c i f i c  concern t h a t  we have addressed i n  our  rev iew i s  the 

s t r u c t u r a l  adequacy o f  t h a t  p o r t i o n  of the  Main Steam p i p i n g  

system i h i c h  as i nco rpo ra ted  i n t o  the  OTSG c o o l i n g  system w i l l  

c o n t a i n  s o l i d  water  i n  l i e u  o f  the  pressur ized steam f o r  which 

i t  was designed. Components i n  the  system w i l l  n o t  experience 

any s i g n i f i c a n t  dynamic loads. Specia l  p recaut ions  w i  11 be 

taken du r ing  the  i n i t i a l  f i l l i n g  and s t a r t u p  of t he  system 

t o  min imize the  p o t e n t i a l  f o r  water  hammer. Loads t h a t  w i l l  

be experienced i n c l u d e  pressure, deadweight o f  water,  and 

thermal expansion. Since the  system w i l l  be operated a t  a  

maximum pressure of about h a l f  t h e  design pressure of t he  

p i p i n g  and i t s  maximum opera t i ng  temperatures w i l l  be con- 

s i d e r a b l y  lower than t h e  design temperature o f  t h e  main steam 

p ip ing ;  s t resses  r e s u l t i n g  from these loads w i  11 be min imal . "  

(NUREG-0557, B-15) 

3.5.3 Required o r  Suggested C o r r e c t i v e  A c t i o n  

As i t  appears t h a t  p i p i n g  f a i l u r e s  d i d  n o t  s i g n i f i c a n t l y  c o n t r i b u t e  

t o  t h e  TMI-2 acc iden t  sequence, very  l i t t l e  d i r e c t  a t t e n t i o n  i s  being focused 

on p i p i n g .  However, as repo r ted  elsewhere i n  t h j s  r e p o r t ,  the  c a p a b i l i t y  

o f  T M I  and a l l  o t h e r  c o m e r c i a l  r e a c t o r  f a c i l i t i e s  t o  respond p r o p e r l y  t o  a  

smal l  LOCA i s  under c lose  s c r u t i n y .  



3.5.4 Relationship to Sandia Research Program 

As s tated above, piping f a i lu res  a re  receiving rnin.ima1 attention 

in t h i s  post-TMI-2 era .  In l i gh t  of thorough review of plant capabi l i t ies  

t h a t .  i s  in progress, i t  would be inappropriate to  exclude piping fa i lures  - 

evaluation i f  the review process i s  t o  be complete. Although not d i rec t ly  

a  resu l t  of t h e  TMI-2 accident, a  recent (August 16, 1979) ACRS l e t t e r  that  

addresses pipe f a i lu re  i s  included irt section 4  which exemplifies current 

concerns. over pipe cracking. 

The relevance of Sandia objectives ( r e l a t ive  t o  piping) to  TMI 

events and l i t e r a t u r e  i s  presented in table  3.5. 



TABLE 3.5 
Research Program - 5. P i p i n g  

Pf.RTIAL OBJECTIVES 
OF HESEl\RCI1 PROGRAI-1 

1. Improve d e f i n i t i o n  and c o n t r o l  
o f  o p e r a t i n g  e n v i  r o n ~ ~ l e n t s  

2. Env i ronmenta l  q u a l i f i c a t i o n  i n  
s u i  t ab1  e nlul t i  -parameter  t e s t  
i a c i  1 i t y  

3.  evel lob advanced f r a c t u r e  
r e c h a n i c s ,  unders tand ing  and 
p r e d i c t i o n  techn iques .  Study 
s u b c r i  t i c a l  c r a c k  g rowth  and 
p ropaga t ion .  

4. Develop improved techn iques  f o r  
mode l i ng  and a n a l y z i n g  f l u i d  
s t r u c t u r e  i n t e r a c t i o n  

5. Develop and v e r i f y  improved IS1  
techn iques  

W 
I 
W 
W 
BJ 

TASK 
SOURCE 

1.1.2 

1.1.4 

1 .3 .2(3)  

1 :3.2(5) 

'1.. 3 .2 (6 )  

COMMENTS 

2. See Valves,  I t e m  9 

3. Min imal  TMI .events re levance  t o  p i p i n g  

4; As a genera l  comment, a n a l y t i c a l  methods 
and equipment qua1 i f i c a t i o n  m in im izes  . 

emphasis on j e t  impingement, p i p e  wh ip  
and r e l a t e d  thermal  and p r e s s u r i z a t i o n  
phenomena. 

5. Requi res  r e a n a l y s i s  o f  acceptance c r i t e r i a ,  
code accep tab le  f l a w s  i n  c o n j u n c t i o n  w i t h  
ISem 3 r e s u l t s .  

- 
TMI 

SUPPORTS 
EXPERIENCE. 

. INCONCLUSIVE 

x 

x 

x 

x 

x 

I I 



UNRESOLVED NRC SAFETY ISSUES 

O f  t he  s p e c i f i c  NRC unresolved s a f e t y  issues discussed b y  ~ a n d i a ,  the  

so le  re fe rence  t o  these items i d e n t i f i e d  i s  t he  f o l l o w i n g :  

"The r a p i d  a d d i t i o n  of  c o l d  RCS makeup should be avoided s ince  

t h e  makeup i n l e t  p o i n t s  a re  l o c a t e d  i n  t he  RCS c o l d  legs,  and the 

c o l d  f l u i d  would t r a v e l  i n t o  t h e  r e a c t o r  i n l e t  nozzles,  ,down the  

downcomer, then i n t o  t h e  i n l e t  plenum.' The c o l d  makeup cou ld  cause 

thermal shock and b r i t t l e  f r a c t u r e  p o t e n t i a l  f o r  t h e  r e a c t o r  vessel 

s ince  t h e r e  i s  no heat ing  of t h e  f l u i d  u n t i l  i t  e n t e r s ' t h e  core. 

Therefore,  cont inuous r a t h e r  than i n t e r m i t t e n t  RCS makeup should 

be considered. Considerat ion should a1 so be g iven t o  p r o v i s i o n s  

f o r  hea t i ng  of makeup water t o  t h e  l ong  term pr imary  coo lan t  

temperature. 

F rac tu re  mechanics c a l c u l a t i o n s  have been performed f o r  severa l  

cases t h a t  cou ld  be encountered i n  t he  planned cooldown o f  TMI-2. 

I n  a l l  cases, t he  poss ib le  a t y p i c a l  weld metal i n  t h e  lower head 

i s  1 i m i  ti ng. ' d evert he less, assuming reasonable m i x i n g  o f  t h e  

water,  ou r  c a l c u l a t i o n s  show t h a t  t h e r e  i s  no need f o r  concern 

about b r i t t l e  f r a c t u r e  o f  t h e  vessel unless extremely un l  i k e l y  

c o n d i t i o n s  occur.  " D NUREG-0557, 6-4) 

I n  l i g h t  of t h e  NRC's above determinat ion ,  TMI-2 events have had 

minimal re levance t o  Sandia Research Programs i n  t h i s  area. Table 3.6 sum- 

marizes Sandia o b j e c t i v e s  i n  t h i s  area and TMI-2 r e l a t e d  events and l i t e r a t u r e .  



PARTIAL OBJECTIVES 
OF RESEARCH PROGRAM 

1. Determine e f f e c t  on r e a c t o r  
vessel m a t e r i a l  o f  i r r a d i a t i o n ,  
thermal shock 

2. Demonstrate e x t e n t  o f  problem 
w i t h ,  and r eso l ve  
a )  r e a c t o r  vessel m a t e r i a l '  

toughness 
b)  containment sump 

r e l i a b i l i t y  

TABLE 3.6 
Research program - 6. NRC Unresolved Safety Issues 

COMMENTS 

1. S p e c i f i c  NRC ana l ys i s  performed on thermal 
shock p o t e n t i a l  f o r  RPV du r i ng  long- term 
c o o l i n g  t r a n s i t i o n  



3.7 FUEL PERFORMANCE 

3.7.1 Summary of Sandia Research Program 

Sandia tasks grouped into t h i s  research project a re  principally 

aimed a t  ( 1 )  obtaining a be t te r  understanding of the phenomena (i .e., s t r e s s  

corrosion cracking, P C I ,  creep collapse,  fuel clad thermal ratcheting, s t r a i n  

cycling, i r radiat ion impact on duc t i l i t y  and DNB) t h a t  can cause fuel cladding 

f a i lu re ,  ( 2 )  applying.knowledge gained .to improve fuel design or design methods, 

and (3 )  improving methods of detecting cladding f a i lu res  or flaws while in 

servi ce. 

3.7.2. Relevant TMI Events and Actions 

Specific TMI events.and actions during and subsequent to  the accident 

related t o  fuel and fuel fa i lures  have concentrated on: 

1 .  Quantity and r a t e  of cladding induced metal-water reaction 

forming hydrogen. 

2. Fuel performance, including f a i lu re  mode quantity and r a t e  

of radioactive material introduction into primary system. 

3. Overall fuel core geometric response to  degraded coolant 

inventory, flow and thermal t rans ien ts .  

The. character is t ics  of fuel had a  s igni f icant  .influence upon operator !. 

actions through the course of the accident and on-site and o f f - s i t e  radiological 

releases.  In addition, the s t a t e  of the fuel will  s ignif icant ly influence the 

methods and timing of decontamination and recovery operations. Directly applic- 

able operator actions respondjng to .fue1-related phenomena are  treated by example. 



It i s  n o t  the i n t e n t  of t h i s  sec t i on  t o  repeat  t h e  r a d i o l o g i c a l  sequence o f  

events repor ted  i n  NUREG-0600 and o the r  documents. Rather, t he  f u e l  tempera- 

t u r e ,  p l a n t  r a d i a t i o n  l e v e l s  and o the r  c h a r a c t e r i s t i c s  which a f f e c t e d  when 

and what operator  a c t i o n s  were taken a r e  discussed. 

Between 0618-0630 plant opera tor  i n t e n t i o n s  t o  en te r  containment t o  

manual ly vent RCS h o t  l e g s  were abandoned by t h e  occurrance o f  r a d i a t i o n  alarms. 

A t  0654 operators s t a r t  and r u n  RCP 2B f o r  19 minutes because o f  r a d i a t i o n  and 

u n c e r t a i n t y  . . a s  t o  whether na tu ra l  c i r c u l a t i o n  was es tab l ished.  A t  0656 opera- 

t o r  opens and then c loses  "B"  OTSG MSIVs (MS-V4B R 7B), w i t h i n  7  seconds. 

(Operator  ac t i ons  i n  c y c l  i n g  these vavl  es have n o t  been explained. Operators 

speculate t h a t  t h i s  event  may represent  i n a d v e r t e n t  ac t i ons  assoc ia ted  w i t h  

at tempts t o  cope w i t h  t h e  r a p i d l y  d e t e r i o r a t i n g  s i t u a t i o n ,  which i nc luded  o f f -  

gas r a d i a t i o n  mon i to r  alarms. It should be noted t h a t  opera t ion  o f  these MSIVs 

does n o t  a f f e c t  steam f l o w  t o  the  condenser i f  t h e  t u r b i n e  bypass c o n t r o l s  a re  

i n  "Hand", which they  r e p o r t e d l y  were a t  t h i s  t ime. ) HP Technic ian r e p o r t s  

ove r  page t h a t  letdown sample l i n e s  f rom U n i t  2 were reading 600 R. A u x i l i a r y  

b u i l d i n g  evacuated..  U n i t  2 S h i f t  Superv isor  and Technical Super intendent  then 

dec lared a  s i t e  emergency. Dec la ra t i on  based on r a d i a t i o n  alarms i n  more than 

one area. . N o t i f i c a t i o n  o f  o f f s i  t e  a u t h o r i t i e s  begins. (0600 sequence) 

, A t  approximate ly  0715 the  c o n t r o l  b u i l d i n g  was evacuated w i t h  excep-. 

t i o n  of t h e  c o n t r o l  room, fo l l owed  i n  t e n  minutes by a  d e c l a r a t i o n  o f  general 

emergency. 

. . A t  0743 the re  was an i n d i c a t i o n  o f  r a p i d l y  increas ing  SRM count  r a t e  

concur ren t  w i t h  a  r a p i d  pressure increase.  T h i s  i s  t he  o n l y  t ime t h i s  occurs 

d u r i n g  t h e  acc ident .  A l l  o t h e r  increases i n  SRM count  r a t e  appear t o  c o r r e l a t e  

t o  per iods  o f  apparent increased v o i d i n g  assoc ia ted  w i t h  decreasing RCS pressure 



and/or loss of heat,sink. Further, the alarm printer  indicates a prol i fera-  

t ion of "BAD" incore flux and temperature indications. The indications are  

consistent with an assumption tha t  a core geometry s h i f t  has occurred. Opera- 

tor  begins raising "A" OTSG level back to  50% to  55% range. 

On several occasions, operators in both Unit 2 and Unit 1 were 

advised or  required to  wear respirators .  The extent to  which cnmmunications 

and operator act.ions were impaired by these devices i s  unknown. 

A t  approximately 1351, a pressure spike occurred in the containment 

tha t  has subsequently been a t t r ibuted  to  hydrogen burning. THE N R C  investiga- 

t i  on concl uded 

* 

" tha t  the s t a f f  on duty in the control room did not 

attach any .special significance to  the pressure spike. 

Those who actually saw the spike related i t  t o  opening 

of the EMOV and 'did not attach significance to  another 

cause. I t  should'also be noted that  the recorder dis-  

playing the spike displays the t race fo r  approximately 

2 hours, a f t e r  which the t race must'be removed from the 

recorder or the recorder pulled out to  the extended 

position in order to  be viewed." (NUREG-0600, 1-4-49) 

With regard to specif ic  timing and cause of fuel f a i l u r e ,  NUREG-0600 

concludes the fol 1 owing: 

"The onset of s igni f icant  release of ac t iv i ty  from the 

fuel because of inadequate cooling cannot be fixed in time.. 

Review of radiation monitor charts fo r  the hot machine shop, 



structural  damage to the core i s  thought t o  have 

occurred when an RCP was s ta r ted  a t  0654 hrs. When 

the pump was s ta r ted ,  a  rapid quenching of the core 

i s  indicated by the Swl  and IRM response addressed 

below. I n  addition, the core reflood was attended 

by a  rapid pressure change." 

When primary system parameters s tabi l ized suf f ic ien t ly  a f t e r  several 

weeks, preparations were begun fo r  attempts to  establ ish natural c i rculat ion.  

As previously discussed in section 2.5 , the NRC1s safety evaluation on TMI-2 

t ransi t ion t o  natural c i rculat ion i s  presented in NUREG-0557. This document 

devotes considerable discussion to  calculations and models tha t  were applied . 
in attempts to  assess the conditions of the TMI-2 core. The c r i t i c a l  parameter 

used t o  characterize core conditions i s  core flow resistance. Calculations 

demonstrate that  coolant flow ra t e  through the core i s  extremely sensi t ive to  

t h i s  parameter. The ultimate decision on,which method provided greatest  

assurance and safety represented a  comprimise, in par t ,  due to  uncertainty 

in core configuration and physical conditions. In sum, "an understanding of 

core damage i s  an important fac tor  i n  assessing the adequacy of core cooling 

in the proposed natural c i rculat ion mode". 

3.7.3 Required or  Suggested Corrective Action 

Although physical access to  the core i s  required to  improve under- 

standing of fuel f a i lu re  mechanisms, there i s  l i t t l e  doubt tha t  the cause of 

fuel f a i lu re  i s  deprivation of adequate coolant. This si ' tuation was aggra- 

vated in par t  by the generation or release of non-condensables from the fuel 

and fuel coolant interaction. Preventive action has been taken by the NRC 

to  ensure other reactor operators a r e  aware and react properly to  similar 



s i t u a t i o n s  through proper  man ipu la t ion  o f  c o n t r o l s ,  rev i sed  procedures and 

design changes. 

W i th - rega rd  t o  hydrogen, t h e  m a j o r i t y  view o f  t h e  NRC Lessons 
x. 

Learned Task Force i s  t h a t :  

"The hydrogen problem a t  TMI-2 was a  sho r t - t e rm 

s i t u a t i o n  and f o r t u n a t e l y  was s a f e l y  re1  ieved by t h e  

apparent combustion o f  hydrogen i n  the  containment 

b u i l d i n g .  The source of t h i s  hydrogen was the  meta l -  

water r e a c t i o n  o f  a  s i zeab le  f r a c t i o n  o f  t he  z i r c a l l o y  

i n  t h e  core. Th is  amount O F  hydrogen genera t ion  wag 

w e l l  i n  excess of t h e  amount requi.red by the  Commission 

r e g u l a t i o n s  as a  design bas i s  f o r  any type o f  pos t -  

acc ident  combust ible gas c o n t r o l  system. 

"The course of events a t  TMI-2 w i t h  respect  t o  

hydrogen p roduc t i on  and c o n t r o l  i n  containment has 

i n d i c a t e d  a  need f o r  thorough recons ide ra t i on  o f  t h e  

Commission's design bas i s  f o r  combust ib le gas c o n t r o l  

systems. . Th i s  should i n c l u d e  both  a  re-exami n a t i o n  

o f  t he  r e a c t o r  system e f fec ts  . ( i .e . ,  coup l ing  the  

ECCS e v a l u a t i o n  and t h e  assumption o f  hydrogen p ro -  

duced by metal -water r e a c t i o n )  and t h e  acceptabi  1  i ty 

o f  10 CFT P a r t  100 gu ide l i nes .  f o r  e v a l u a t i o n  o f  o f f -  

s i t e  doses f rom purposeful  re leases from t h e  con ta in -  

ment. I n  general,  t he  acc iden t  a t  TMI-2 r a i s e s  t h e  

quest ion  o f  whether t h e  shor t - te rm design bas is  f o r  



incore detector cabinets and the reactor building dome 

monitor indicates fue.1 fai  1 ures occurring prior to  0630 

hrs. Basically two fa i lu re  mechanisms can be postulated 
fo r  release of ac t iv i ty  from the fue l .  

tL 
The f i r s t  f a i lu re  mechanism i s  associated with the 

pressure d i f fe rent ia l  across the cladding and i s  related 

to  the pin compression factors .  Pin compression factor5 

appear t o  have been violated within the f i r s t  20 minutes 

of the accident. Technical Specifications do not address 

pin compression factors .  The temperature-pressure relat ion-  

ship as experienced in the t rans ien t  are  plotted (in NUREG- 

0600 ). Review of ac t iv i ty  levels  in the RCS as monitored 

by chemical analysis and radiation monitors does not 

indicate untoward releases of a c t i v i t y  prior to  core 

becoming uncovered. Lower pressures and higher tempera- 

tures were experienced during the period when core became 

uncovered. There i s  a  likelihood tha t  there was some 

mechanical f a i lu re  of the cladding during th is  period. 

"There i s  almost. virtual cer ta in ty  that  a  zirconium- 

water reaction took place based'on the release of hydrogen 

from the RCS. The temperature design limit  for  loss of 

coolant accidents i s  2 2 0 0 ~ ~  peak clad temperature 

Temperatures of th i s  order were indicated by the incore 

thermocouples a t  approximately 0900 hrs a f t e r  the core was 

reflooded. I t  i s  thought tha t  t h i s  temperature was 
reached e a r l i e r  when the core was uncovered, although 

there i s  no d i rec t  evidence of t h i s .  Significant 



post-accident combustible gas control systems (metal - 
water reaction) i s  underestimated and the 1 ong-term 

design basis ( radiolysis  and corrosion) i s  over- 

estimated, resulting in a hydrogen recombiner design 

that i s  not capable of providing short-term protec- 

tion any may not have been needed in the long term. 

Because of these considerations, i t  i s  .the con- 

clusion of the majority of the Lessons   earned Task 

Force tha t  provisions for  the post-accident in s t a l -  

la t ion of recombiners should not be required as a 

short-term action. Such consideration should be part  

of the long-term reconsideration of the design 

basis for  combustible gas control sys terns. " ( N U R E G -  

0578, A-22) 

3.7.4 Relationship t o  Sandia Research Program 

Consistent with the Sandia Research Program, the experience a t  TMI-2 

demonstrated the need fo r  the following: 

1. A thorough understanding of fuel behavior' and fa i  1 ure . . 

mechani sms 'during the spectrum of degraded cool i ng 

over sustained periods of time. 

2. Simultaneous correlation and development of accurate 

calculational models to  accurately track and determine 

the physical s t a t e  of fuel and core during such periods. 

3. A thorough understanding of metal-water reaction 

phenomena leading to  hydrogen generation, including 



. TABLE 3.7 
Research Program - 7. Fuel  

1.  Resolve p r o b l  e111s w i t h  f u e l  
b e h a v i o r  due t o  s t r e s s  c o r -  
r o s i o n  c r a c k i n g ,  PCI. 

PARTIAL OBJECTIVES 
(JF RESEARClf PRO'GRAI~ . .-- 

2. Develop d e s i g n  ~ l l e thodo logy  f o r  
c reep c o l l a p s e  f u e l  - c l a d  thermal  
r a t c h e t i n g  s t r a i n  c y c l i n g ,  l o n g -  
t?tnl i r r a d i a t i o n  e f f e c t s  and 

- i n - s e r v i c e  f l a w s .  

3. E v a l u a t e  c o r e  c o o l i n g  and h e a t  
t r a n s f e r  d u r i n g  p a r t i a l  c o r e  
coverage, f1or.r b lockage,  v o i d  
g e n e r a t i o n ,  e t c .  Develop sub- 
models f o r  c o r e  damage even ts .  

TASK 
SOURCE 

4. Unders tand DNB phenomena and 
u t i  1  i ze know1 edge t o  e v a l u a t e  
necessary  f u e l  o p e r a t i n g  
c o n s t r a i n t s .  

1. Fuel  des ign  and techno logy  has r e c e i v e d  
min imal  post-TMI a t t e n t i o n .  

TMI EXPERIENCE. 
SUPPORTS . INCONCLUSIVE 

I 

2. Does n o t  c u r r e n t l y  address development of  . 
techn iques and i n s t r u m e n t a t i o n  t o  p r e d i c t ,  
i s o l a t e f u e l  f a i l u r e s o n f u e l  i n u s e .  

COMMENTS 

3. Development o f  models i s  an i m p o r t a n t  
a c t i v i t y  and i s  wor thy  o f  expanded 
d i s c u s s i o n .  

4. I n d i r e c t  r e l a t i o n s h i p  t o  TMI .  The knowledge.  
ga ined may a l t e r  o p e r a t i o n a l  c h a r a c t e r i s t i c s  
o r  coo l  i n g  system des ign,  hence i s  p e r t i n e n t .  



t h e  r a t e s  o f  such r e a c t i o n s  under a w ide  v a r i e t y  o f  

c i r cumstances .  I n  a d d i t i o n ,  r a d i o l y t i c  decoinpos i t ion 

l e a d i n g  t o  hydrogen g e n e r a t i o n  needs t o  be b e t t e r  

,unders tood,  q u a n t i f i e d  a n d , f a c t o r e d  i n t o  r e a c t o r  des ign .  

The re l evance  of Sandia o b j e c t i v e s  (re1ati;e t o  f u e l )  t o  .]'MI-2 even ts  

and a c t i o n s  ' i s  p resen ted  i n  t a b l e  3.8. 



TABLE 3.8 
Research Program - 8. Shutdown and Emergency Cool ing 

PARTIAL OBJECTIVES 
OF RESEARCH PROGRAM . . 

2. Design and p rov i de  shutdown 
c o o l i n g  system t h a t  i s  
a)  p ro tec ted  f rom ex te rna l  

t h rea t s .  
,b) complete ly  independent 
c )  pass ive 

. d )  ded ica ted  aid s i m p l i f i e d  

1. Improve s a f e t y  systems through 
decreas ing chance o f  system 
f a i l u r e  through improved 
re1  i a b i  1 i ty. 

' 

3. Consider f e a s i b i l i t y  o f  hea t  
removal u t i l i z i n g  water  s o l i d  
secondsry loops; p r imary  loop  
h i gh  pressure heat  exchanger. 

TASK 
SOURCE 

1.0 1. I n  genera l ,  shutdown system performance 
was good a t  TMI. Operator i n t e r v e n t i o n ,  
however, compl i ca t e d  problems. 

2a Ex te rna l  t h r e a t s  n o t  s i g n i f i ' c a n t  t o  TMI 
sequence 

2b Shared systems and f unc t i ons  compl i c a t e d  
recovery,  and r eac to r  s t a t us  

2c A c t i v e  components gene ra l l y  performed w e l l ,  
a1 though t r a n s i t i o n  t o  n a t u r a l  c i r c u l a t i o n ,  
1 ong- term cool  i ng emphasized. pass ive '. 
system design. 

TMI EXPERIENCE 
SUPPORTS . INCONCLUSIVE 

I 

3. Concept implemented a t  TMI f o r  long- term 
cool  i ng. Considerable devel op~ilent r equ i r ed  
f o r  use by o t h e r  f a c i l i t i e s .  Heat exchanger 
concept a t  TMI u t i l i z e d  seco.ndary loop. 

7 

COMMENTS 



3 . 8  SHUTDOWN C O O L I N G  SYSTEM PERFORMANCE 

3.8.1 Summary of Sandia Research Program 

Tasks in th i s  area a re  aimed a t  (1)  developing additional,  completely 

independent shutdown (and emergency) cooling systems with a  minimum dependency 

on operator action or active components, and ( 2 )  improving exis t ing  systems by 

simplifying. functions and design. 

3.8.2 Relevant TMI events and Actions 

How and why the TMI-2 shutdown cooling systems performed as they did 

during the accident i s  discussed in t h i s  section. The "why" i s  par t icular ly 

s ignif icant  as operator action, taken on the basis of avai lable  information 

and judgment, allowed perturbati.on and deyeat of the design and operation of 

these systems .' 

The a b i l i t y  of systems t o  function as designed depends primarily 

upon the following: 

1 .  Presence of appropriate in i t i a t ing  signals and proper 

functioning of control devices and instrumentation. 

2. Proper functioning of act ive components such as pumps 

and valves and passive components such as piping. 

3. Available auxil iary systems such as e lec t r ica l  power 

fo r  pumps and valves, instrument a i r  f o r  valves, pump 

cooling' and lubricat ion and suf f ic ien t  water for  main- 

taining system flow within acceptable 1 imi t s .  



I A t  TMI-2 .:enlergency a n d  shutdown cool i n g  sys terns fa 4 1 ures a n d  thei r 

cause are  discussed below. 

Emergency Feedwater System 

On loss of normal feedwater, the emergency (often referred to  as 

auxil iary)  feedwater system i s  designed t o  act ivate  and supply suf f ic ien t  feed- 

water t o  the steam generators to  remove primary system heat. 

1. Failure t o  deliver emergency feedwater to  OTSG for  the i n i t i a l  

e ight  minutes 

Primary Cause: "Emergency feedwater header isolation valves ( EF-V1 2A 

and 12B) closed." (NUREG-0600, 1-2-5) These valves a re  not auto- 

matically opened on emergency feedwater system demands. They are  
required to  be open during plant operation. 

Related Events: "At approximately 5 minutes into the turbine t r i p  

t ransient ,  the operator noted tha t  the emergency feedwater level 

control valves were continuing t o  travel t o  the open position. The 

valves were not supplied adequate a i r  to  operate. The valves f a i l  
' a s  i s '  and only respond i f  a i r  pressure i s  available.  I t  can be 

reasonably postulated tha t  the f a i l u r e  of the condensate polisher 

out le t  valves to  the closed position ( los s  of instrument a i r  pres- 

sure)  and the f a i lu re  of the emergency feedwater valves to  respond 

normal ly  ( lo s s  of instrument a i r  pressure) were related.  Operator 
interviews revealed tha t  the valves did not appear to  operate 

properly. " (1-2-4) 



2.  Subsequent emergency feedwater system response 

The a b i l i t y  of the emergency feedwater system to respond automatically 

was defeated by operator early into the accident. The NRC's evaluation of th i s  I 

action i s  reproduced below. 

"The stopping of the  steam driven emeragency feedwater 

pump ( E F - P I )  at '0426 hrs and the motor-driven emergency 

feedwater pump ( E F - P 2 B )  ('secondary emergency feedwater 

pump stopped) by placing the control switches fo r  the 

steam supply valve (MS-V207). and the pump switch (EF-P2B)  

to  the PULL-TO-LOCK position (nonautomatic) a t  1040 psig 

in the OTSGs (greater  than 600 psig) i s  a violation of 

the operating proceudre fo r  uni t  cool down, s t e p  .4.14a. 

The A OTSG pressure remained above 800 psig until  approx- 

imately 0545 hrs. #The emevgency feedwater pumps s t a r t  

automatically upon loss of two main feedwater pumps i f .  

the control switches are  in the NORMAL-AFTER-STOP position. 

" Technical Specification 3.7.1.2 requires tha t  the 

Emergency Feedwater System be "OPERABLE" in Modes 1 ,  2 

and 3 above 800 psig OTSG pressure with two flow paths, 
' 

two motor-driven emergency feedwater pumps, and one, steam- 

driven dmergency feedwater pump. The f a i lu re  to  maintain 

the emergency feedwater system in the fu l ly  operable s ta tus  

subsequent t o  0426 hrs (turbine-driven emergency feed- 

water pump-EF-PI ) stopped, and 0436 hrs . (motor-driven 

emergency feedwater purnp-EF-P2B) stopped, by placing the 



control switches t o  the non-automatic ( P U L L - T O - L O C K )  

posi t ion,  a t  1040 psig in t he  OTSG (g rea t e r  than 800 

psig) i s  being considered as  a potent ia l  item of non- 

compl i  ance. " (NUREG-0600, 1-2-9) 

H i q h  Pressure In jec t ion ,  Makeup and Pur i f i ca t ion  System ( H P I )  

The high pressure in ject ion system i s  designed to  perform the  

fol  lowing functions d u r i n g  normal operation:, 

o "Provide makeup t o  the  reac tor  coolant system f o r  normal 

inventory control .  

o Provide in ject ion water 'to the  reactor  coolant pump 

sea l s .  

o Remove corrosion and f i s s i o n  products from the  reactor  

coolant  system during pur i f i ca t ion  operations.  

o Control the  boron concentration of t he  reactor  coolant. 

o In conjunction with the  pressur izer ,  accommodate tem- 

porary changes i n  reactor  coolant  volume due t o  small 

temperature changes. 

o Maintain proper, concentration of hydrogen and corrosion 

i nh ib i t i ng  chemicals i n  t he  reac tor  coolant. 

o Supply borated makeup water t o  the  core flood tanks. 

o Provide makeup t o  the  reac tor  coolant  system fo r  

leakage and small breaks i n  t he  reac tor  coolant 

pressure boundary. " (NSAC-1, App. HPI ) 



In addition to  the preceeding, the HPI system provides high pressure 

coolant injection following a LOCA. 

I n i t i a l l y  the HPI system automatically responded to  the t ransient  

as designed. With the exception of the pump s t a r t ing  problems discussed in 

Section 3.3, automatic system response was as  designed except when interfered 

with. The following excerpt from NUREG-0600, 1-4-13 provides an overview 

discussion of the reason for insuf f ic ien t  RCS inventory: 

"Interviews with the operating and t raining personnel 

(see Section 2.15) indicated tha t  the operators would respond 

spec i f ica l ly  to  the' pressurizer level in almost any circum- 

stances, because they were trained to  be1 i eve tha t  water in 

the pressurizer indicated 'water over the reactor core. 

"On the morning of March 28, 1979, the operators responded 

as previously during plant t r i p s ;  a f t e r  s ta r t ing  the second 

makeup pump and receiving an ES actuation, they noted the 

pressurizer level increasing from 155 inches and quickly by- 

passed the ES signal in order t o  t h r o t t l e  the HPI valves 

(MU-V16A, 16B, 16C and 16D) and stop the additional makeup 

pump. The HPI flow was essent ia l ly  stopped within 4.5 minutes 

fillowing the reactor t r i p  in response to  the increasing 

pressurizer level to  the near-full-scale condition, b u t  n o t  
t o  the continuing low RCS pressure (below the ES se tpoin t  of 

1640 psig) . 



"As noted i n  t h i s  r e p o r t  (Sec t i on  2.5), t he  operators 

had t h r o t t l e d  the  makeup pump f low/HPI f l o w  t o  a  minimum 

w i t h i n  4.5 minutes a f t e r  t he  r e a c t o r  t r i p  and were down 

t o  one pump (MUP-1A). A d d i t i o n a l l y ,  t he  letdown system 

was a l s o  u t i l i z e d  i n  an a t tempt  t o  recover  and ma in ta in  

normal p r e s s u r i z e r  l e v e l  between 0403 hrs  and 0407 hrs.  

 h he i n te rv iews  revea led  t h a t  t he  makeup pump f l o w  and 

letdown f l o w  were operated i n  a  normal manner between 0410 

h rs  and 0533 h rs  when t h e  HPI f l o w  was increased manual ly 

t o  a p p r i x i m a t e l y  300 gpm. Moreover, records rev iew r e -  

vealed t h a t  t h e  borated water  d e l i v e r e d  from t h e  BWST t o  

t h e  RCS between 0400 h rs  and 0730 h r s  was 15,000 ga l l ons  

o r  approximate ly  70 gpm average w i t h  the  major  p o r t i o n  o f  

t he  i n j e c t i o n  occu r r i ng  from 0402 h r s  t o  0405 hrs ,  and 

0533 h r s  t o  0730 hrs .  Dur ing the  m a j o r i t y  o f  t h i s  3% hour 

per iod ,  t h e  average n e t  a d d i t i o n  t o  the  RCS was 25 gpm." 

Wi th  regard  t o  t h e  HPI system, t h e  fo l l ow ing  NRC conclus ions sum- 

mar ize t h e  reason f o r  improper system performance: 

" ~ e c h n i c a l  S p e c i f i c a t i o n  6.8.l'.a r e q u i r e s .  w r i t t e n  pro-  

cedures s h a l l  be implemented, cover ing  the  a c t i v i t e s  r e f e r r e d  

as a p p l i c a b l e  procedures recommend i n  Appendix "A"  o f  Regula- 

t o r y  Guide 1.33. Th is  gu ide  recornends procedures f o r  com- 

b a t i n g  emergencies; such as "'Loss o f '  Coolant". U n i t  2  

Emergency Procedure 2202-1.3, "Loss o f  Reactor Coolant/  

Reactor Coolant System Pressure",  Rev is ion  11, s e c t i o n  B, 

Step 2.2.3, requ i res  t h a t  t h e  ope ra to r  v e r i f y  t h e  h i g h  



pressure injection i s  operating properly as evidenced 

by inject ion flow in a l l  four legs (MU-V16 A / B /  C / D ) ,  

with flow indicated on M U  23-FE 1 ,  2 ,  3, 4.  

"Contrary to  above procedure requirement, the high 

pressure injection flow was thro t t led  to  minimum flow 

conditions by 0405 hours, and one of the two high pres- 

sure injection pumps, was stopped during the continuing . . 

reactor coolant system low pressure conditions., 

"Moreover, the high pressure injection system was 

routinely modified (flow thro t t led  and ,makeup pumps 

s.toppe.d) throughout the day of March 28, 1979, during 

continuing low pressure conditions within the reactor 
coolant system. following the period when the reactor 

coolant pumps were stopped and the high pressure in- 

jection system was the only cer ta in  mode avai lab le . for  

the removal' of core decay heat (Section 2.6, Details I ) .  " '  

(NUREG-0600, IB-9) 

The reasons f o r  operator . action t o  l imi t  HPI flow i s  .c lear ly doc- 

umented to  be the belief t ha t  the primary system water inventory was not only 

suf f ic ien t  b u t  excessive. This belief was primarily due to. h i g h  level indica- 

t ion in the pressurizer mislead the operators into believing tha t  

the primary system was "solid".  This conclusion was also supported when pri-  

mary system depressurization fa i led  to  appreciable lower core flood tank level .  

Operator action t o  maintain.or decrease primary system water inventory was 

considered t o  be required to  avoid a dangerous sol id  condition in which small 

temperature increases would cause large pressure spikes, potentially causing 

f a i lu re  of primary system in tegr i ty .  



Core Flood Tanks 

System Description: 
"Core flood provides an Engineered Safety Features 

function t o  l imi t  fuel damage i n  the event of a  LOCA by 

flooding the core with borated water. The system consists 
of two tanks located within the reactor building. Each 
tank ou t l e t  connects to. one of the two flooding nozzles 

I 
located in diametrical opposition on the reactor vessel 

above the core zone. Each of the tanks and i t s  related 

equipment function as an independent c i r c u i t ;  however, 
both c i r c u i t s  a re  required for  the system to  meet i t s  

design requirements. Release of the stored water to  
the reactor core i s  independent of actuation s ignals ,  

e l ec t r i c  power supplies,  or operator act ion.  The core 
flooding water i s  released by action of check valves i n  

the ou t l e t  l i n e  from the tanks which a re  normally held 

closed by reactor  coolant system pressure. The closed 
check valves open when the coolant system pressure i s  

reduced below 600 psig. This pressure i s  maintained 

in the flooding tanks during normal operation by an 
overpressure of nitrogen gas. The loss  of reactor : 

coolant system in teg r i ty  should ult imately lead to  

in i t i a t ion  of core flooding. Each tank contains 
approximately 7900 gallons of borated water a t  a  

minimum concentration of 2270 ppm boron and i s  pres- 

surized with nitrogen gas to  600 (f25)  psig. " (NSAC-1 , 
App. C F )  



" A t  approx imate ly  7 hours and 30 minutes a f t e r  

the  s t a r t  o f  t h e  acc iden t ,  t h e  d e c i s i o n  was made t o  

depressur ize  t h e  R C S  so t h a t  t h e  core  f l o o d  tanks 

would be a v a i l a b l e  t o  d ischarge  t h e i r  con ten ts  i f  

t he  vessel  r e q u i r e d  l a r g e  q u a n t i t i e s  o f  water .  Once 

having done so, f u r t h e r  s teps  would then  be taken  t o  

enable t h e  s t a f f  t o  p u t  t h e  decay hea t  removal system 

i n t o  se rv i ce .  

"The R C S  d e p r e s s u r i z a t i o n  t ook  approx imate ly  one 

hour, t h e  R C S  p ressu re  reach ing  600 p s i g  a t  1241 h rs .  

" S t a r t i n g  a t  about  1212 h r s  and l a s t i n g  f o r  t h e  

nex t  severa l  hours,  , mu1 t i  p l e  1  eve1 a1 arms were rece i ved  

on t h e  A c o r e  f l o o d  tank.  .No such a1 arms were rece i ved  

on t h e  B core  f l o o d  tank.  The i n v e s t i g a t i o n  has con- 

c l u d e d . t h a t  these  alarms were p robab l y  erroneous s i n c e  

t h e  n i t r o g e n  p ressu re  on b o t h  tanks  was r e p o r t e d  t o  have 

decreased t o  approx imate ly  400 p s i g .  T h i s  would i m p l y  

a  l e v e l  decrease w e l l  below t h e  a larms t h a t  were i n d i c a -  

ted. 

 h his c o n d i t i o n  o f  t h e  co re  f l o o d  tanks  " f l o a t i n g "  

on t h e  R C S  remained i n  e f f e c t  u n t i l  approx imate ly  1% 

hours when t h e  S t a t i o n  Manager was d i r e c t e d  t o  t ake  t h e  

p l a n t  s o l i d .  The p l a n t  s t a f f  has s t a t e d  t h a t ,  a t  t h a t  

t ime, t hey  b e l i e v e d  t h e  behav io r  o f  t h e  c o r e  f l o o d  tanks  

demonstrated t h a t  t h e  c o r e  was covered w i t h  water .  The 



presence o f  t h e  l'oop sea ls  i n  t he  p i p i n g  from t h e  core  

f l o o d  tank t o  the  r e a c t o r  vessel precludes t h e  tank l e v e l  

change behavior from assur ing  t h a t  t h e  core was covered 

a t  t h a t  t ime." (1-4-30) 

"The operators knew t h e  p ressu r i ze r  and bo th  core 

f l o o d  tanks were p o s i t i o n e d  we1 1  above the  core.  They 

-assumed the  core  had t o  be covered w i t h  water; i f  a  

water l e v e l  e x i s t e d  i n  t h e  p ressu r i ze r ,  regard less  o f  

system pressure, o r  i n  bo th  core  f l o o d  tanks, a t  a  sys- 

tem pressure below t h e  nominal 600 p s i g  cover  gas pres- 

sure. The operators f a i l e d  t o  recognize t h a t  t h e  e x i s -  

tence o f  saturated,  even superheated cond i t i ons  wi  t h i  n  

t he  RCS, coupled w i t h  t h e  a c t u a l  p i p i n g  c o n f i g u r a t i o n  

f rom these vessels t o  t h e  RCS, a l lowed loop s e a l s , t o  

form. The loop sea ls  f o r  t h e  p ressu r i ze r ,  core  f l o o d  

tank 1A and core  f l ood  tank  1B a r e  about 11 f e e t  5 

inches, 14 f e e t  4  inches, and 17 f e e t  10 inches, r e -  

spec t i ve l y .  Once l o o p  sea ls  formed, RCS pressure need- 

ed o n l y  t o  exceed t h e  pres 'sur izer  vapor space pressure 

by about 13 p s i  and t h e  core  f l o o d  tank cover  gas pres- 

sure by about 8 p s i  t o  f o r c e  bo th  water l e v e l s  t o  f u l l  

scale, even w i t h  t h e  RCS comple te ly  voided. 

"Admit tedly ,  t h e  RCS should n o t  normal l y  exper ience 

sa tu ra ted  o r  superheated c o n d i t i o n s  and, w i t h o u t  those 

cond i t ions ,  t he  p i p i n g  c o n f i g u r a t i o n  would n o t  have 

mattered. " (NUREG-0660, 1-4-33) 



"The interviews of operations personnel revealed 

t h a t  the  core  flood tank valves (CF-VIA and V1B) were , 
closed by operator  ac t ions  a t  approximately 0600 hrs 

t o  prevent t h e  addi t ion of addi t ional  borated water t o  

the RCS when t h e  RCS was believed t o  be in  the  so l id  

water condi t ion,  as indicated by the  nearly f u l l  pres- 

su r i z e r  ( l eve l  indicated a t  o r  near 400 inches).  ( I n t .  

95, 196, 109) 

"The spec i f i c  requirements and s teps  required t o  

close the  valves included unlocking and c los ing the  

valve motor operator e l  e c t r i c a l  breakers a t  the  motor 

control cen te r s  (2-1 1 EB:  CF-VIA and 2-21 EB: CF-V1 0 )  

and c los ing t he  valves remotely ( e l e c t r i c a l l y  from the  

control room). ( I n t .  95, 196, 109) 

'The interviews did not determine t he  spec i f i c  time 

the core  flood tank valves (CF-VIA, and VlB) were reopened, 

but i t  was apparent t h a t  t h e  valves were opened pr io r  t o  

depressur iza t ion of t he  RCS a t  approximately 1300 hrs 

resu l t ing  in  the  discharge of some amount of core flood 

tank (CF-T1A and T1B) water i n to  the  . r e ac to r  vessel .  The 
discharge of water ' i n to  the  RCS from t h e  CFTs was con- 

firmed through interviews and computer alarms." ( N U R E G -  

0600, 1-4-28) 



Reactor ~ u i  l d i n g  I s 0 1  a t i o n  and ESF Acu ta t i on  

"Technica l  S p e c i f i c a t i o n  3.3.2, Engineered Sa fe t y  

Feature A c t u a t i o n  System Ins t rumen ta t i on ,  Sec t ion  3.3.2.1 

requ i res  t h a t  t h e  ESFAS i n s t r u m e n t a t i o n  channels s h a l l  be 

OPERABLE as shown i n  Table 3.3-3, i n c l u d i n g  the  Safe ty  

I n j e c t i o n  and Reactor B u i l d i n g  Cool i n g  and I s o l a t i o n  

i n i t i a t i o n  from Reactor B u i l d i n g  Pressure High w i t h  t h e  . 

minimum of  two channels operable, i n  MODES 1, 2 and 3. 

"Con t ra ry  t o  t h e  above requi rement ,  a t  0800 hours 

on March 28, 1979, two the  t h r e e  ESFAS channels i n  T r a i n  

B  were defeated', p revent ing  t h e  i n i t i a t i o n  o f  Reactor 

B u i l d i n g  Cool ing and I s o l a t i o n  and Sa fe t y  I n j e c t i o n  f rom 

T r a i n  B; and a t  0820 hours on March 28, 1979, two o f  

t h r e e  ESFAS channels i n . T r a i n  A were defeated, p revent -  

i n g  t h e  i n i t i a t i o n  o f  Reactor B u i l d i n g  Cool ing and I s o -  

l a t i o n  and Safety I n j e c t i o n  f rom T r a i n  A. The T r a i n  A 

and T r a i n  B  Reactor B u i l d i n g  Coo l ing  and I s o l a t i o n  

A c t u a t i o n  T r a i n s  remained de fea ted  u n t i l  0924 hours on 

March 28, 1979, when t h e  channels were a u t o m a t i c a l l y  

r e s e t  ( S e c t i o n  2.6, D e t a i l s  I ) " .  (NUREG-0600, IB-8)  

The bypassing by opera tors  o f  i s o l a t i o n  and ESF f u n c t i o n s  obv ious l y  

had severe repercussions on t h e  a b i l i t y  o f  emergency systems t o  f u n c t i o n  and 

t h e  a b i l i t y  t o  c o n t a i n  r a d i o a c t i v e  m a t e r i a l .  As discussed under t h e  HPI sys- 

tems, t h e  opera tors  were convinced t h a t  t h e i r  a c t i o n s  were proper  and necessa.ry 

t o  m a i n t a i n  p r imary  system inven to ry  w i t h i n  acceptab le  l i m i t s .  System opera- 

t i o n ,  however, was necessary. and performed i n  a  p roper  manner when so al lowed. 



3.8.3 Required o r  suggested Cor rec t i ve  A c t i o n  

With s p e c i f i c  regard t o  TMI, t he  f o l l o w i n g  i tems are  under consid-  

e r a t i o n  as p o t e n t i a l  i tems of non-compliance w i t h  r e l a t i o n s h i p  t o  shutdown and 

emergency sys terns. (NUREG-0600) 

1. F a i l u r e  t o  m a i n t a i n  a t  l e a s t  two emergency feedwater 

pumps and f low paths i n  "operable c o n d i t i o n .  

2. F a i l u r e  t o  m a i n t a i n  Engineer ing Safe ty  Feature 

Ac tuat ion  System Ins t rumen ta t i on  i n  operable 
. . 

cond i t i on .  

3. F a i l u r e  t o  m a i n t a i n  adequate H P I  f l ow .  

4. F a i l u r e  t o  ma in ta in  CFTs i n  operable c o n d i t i o n .  

5. F a i l u r e  t o  m a i n t a i n  Diesel  Generators j n  emergency 

standby mode. (A1 though n o t  s i g n i f i c a n t  t o  t he  

course o f  t h e  TMI-2 acc ident ,  opera tors  t r . ipped and- 

defeated DG automat ic  s t a r t  e a r l y  i n t o  t h e  acc ident . )  

The f o l l o w i n g  s p e c i f i c  a c t i o n s  and recommendations regard ing  shut -  

down and emergency systems have been documented. 

1. For  several  weeks f o l l o w i n g  ' the  March 28, 1979 TMI-2 acc ident ,  

t he  o f f i c e  o f  i n s p e c t i o n  issued I E  B u l l e t i n s  t o  a l l  ope ra t i ng  

r e a c t o r  f a c i  1  i ti es. These B u l l  e t i  ns ( re fe rence  1  ) requ i red  

s p e c i f i c ,  immediate a c t i o n  w i t h  regard  t o  shutdown and emer- 

gency systems i n  t h e  f o l l o w i n g  areas: 

a )  Review opera t i ng  procedures and opera tor  t r a i n i n g  t o  

ensure opera tors  do n o t  o v e r r i d e  ESF systems. 



b )  Specify spec i f i c  condit ions f o r  HPI operation termination. 

c )  Specify extent  of operator  r e l i ance  on instrumentation. 

d )  Verify emergency feedwater valves a r e  pro'perly positioned 

and o ther  sa fe ty  systems a r e  operable. 

Improvements in shutdown cooling systems have been suggested as  

fo l  1  ows : 

1.  In i t s  l e t t e r  of August 14, 1979, the  ACRS recommended: 

S t d i e s  to Reduce the  P r o b 3 i l i t v  0: an Accident 

m e  K R S  rccoxrerds that s t d i e 3  be made o f  p s s i b l e  s i ~ n l i i c u l t  * t f . c u  
adverse to s a f e t y  a r i s i n g  f r a n  h r e d  s y s t a  o r  l o c a u o n s  ln  a i s t i n g  
m d l i p i t - r r e l u l  SLaLiuns. of ur pcuba3i l i ty  o f  s ~ h  adver3c c f f s c t s .  and 
o f  p s s i b i e  mi t lqa t ing  fea tures .  b m p l e s  of  pr.en:ially adverse e f f e c t s  
t o  be considered inclLde ~ r . p s s i S i e  l o s s  o f  access  to sysrms needed f o r  
one m i t  due .to t n e x p c t e d  re leases  o! r a d i o a c t i v i t y  f r m  a  neiahoor, a& 

p t e n t i a l  w e r l o a j i r q  of a r q m c v  d i e s e i  c a y S i l i t y  a r i s i n g  f r m  cow 
c u r r e n t  ID3 s i g n a l s  ( r e a l  or q x x i o u k )  f o r  a  *ran usrrq a  y r a r d  diebe:. 

Decav Hear Remova! SVste% in ECCS 

The ACRS recanrPnds a  rewalrrat ion o! me des ian  m s i s  of  the  l w  pressure 
recircu1a:ion hear renwal  s y s r c ,  o f  the CCCS, incltk1t-q system cawbili :) .  
and l o m - t e r n  rell&i!i:y men c r r z u l a t i r q  hiqhly radioactive f lu id  mnta1.- 
ing p a r t i c d a r e s  Mien mrqhr ) e c p r J i z e  c e r r a i n  c o n p n m t s .  

Systems I n t e r a c t i o n s  I n m l v i f f i  Ai:. l ~ t r m n t .  o r  Hydraulic Lines 

m e  ACRS recanmends VIsr each l i c m s e e  be requested to r w i ~  and e v a i u t t  N s  
a s - b u i l t  p lan t  f o r  p s s i b l e  s i ~ n i f i c m t  s y s t e m  intersc:iors h e r e i n  rupture 
in  a  medim, or hiqh p e s s u r e  l i n e  c d d  cause l o s s  c f  v i t a l l y  i m ~ o r t a n t  a i r ,  
instrunen:, a& hydraulic l i n e s  ard elecrrica: c ~ c c u i t s  a d  w i p n e n t .  For 
bo i l ing  v a t e r  reac tors ,  a t t e n t i o n  ~ u l d  be given p a r t i c u l a r l y  t o  the l i n a a  
r e l a t e d  to accllation of the a r m  sp te ; . .  . . 

2.  NUREG-0578 ( i  ncl uded i n  sec t ion  4 )  recommends : 

- Additional instrumentation t o  de t ec t  inadequate core 

cool ing,  and 
- ~ u t o m s t i c  i n i t i a t i o n  of a u x i l i a r y  feed systems ( f o r  

those PWRs without provisions a1 ready) 



3. NUREG-0560 reconimends 

A study should be made by NRC, the licensees, and designers of the design 

basis for the residual heat removal (RHR) system with regard to its avail- 

ability and operability as a low-pressure heat removal system when the reactor 

coolant system is contaminated. 

- Plant instrumentation should be provided to give improved information on 

reactor coolant level and margin to bulk coolant saturation. 
. .. 

Modifications to  TMI systems were, of course, required pr ior  to  trans- 

ient  t o  long-term natural c i rculat ion.  These modifications, referenced elsewhere 
in t h i s  report ,  are  included i n  Section 4 . ( r e f e r  t o  4.4)  as presented in 

NUREG-0557, Appendix B .  Of par t icular  appl i cabi 1 i  ty to  th i s  research program, 

however, i s  the design and accommodation of the standby:,reactor cool ant pressure 

control and makeup system. This system as ins ta l led  in the fuel building 
provides backup pressure control,  boron and vessel makeup through a combination 

of act ive and passive components. The TMI experience demonstrates the a b i l i t y  

to modify and add components and systems t o  exis t ing systems i n  adequate time 

to assure safety given some accident sequences. 



3.8.4 Relationship to  Sandia Research Program 

The following genera1 statements have a  factual  basis from the 

TMI-2 accident. 

1.  The a b i l i t y  of personnel to  defeat  emergency systems prior  

to  the accident '  exis ted,  occurred and contributed to  the 

course of the accident. 

2. The capabi l i ty  of ,  and ease b y  which operator override 

and/or defeat of emergency systems was s igni f icant  

during the course of the event. 

3. Active components of emergency systems performed well. 

4. Design problems with shutdown and emergency system exis ted.  

One r e l a t ive ly  simple system ( C F T )  f a i l e d  t o  perform when 

i t  should have, apparently from design problem of f a i l u r e  

t o  design fo r  circumstances encountered. 

5. Fai lure  of the  CFT system to  operate reinforced 

operator misunderstanding of conditions i n  primary system. 
6. Operator u t i l i zed  emergency systems t h a t  serve functions 

during normal operation i n  non-emergency modes apparently 

in ten t ional ly  manipulating controls to  keep such systems in 

the more famil iar  operational modes. 

7. Systems capable of serving a  var iety of functions were often 

a l t e rna te ly  dedicated t o  one o r  another of such functions. 

Occasionally, automatic controls  and operator action would 
attempt d i f f e ren t  application of a  system or component. 

The relevance of Sandia shutdown and emergency cooling system 

objec t ives ' to  TMI-2 events and l i t e r a t u r e  i s  sumarized in Table 3.8. 



3.9 CONTAINMENT FUNCTION AND SYSTEMS 

3.9.1 Summary o f  Research Program 

The summary o b j e c t i v e s  o f  t h e  Research Program i n  t h i s  area are  t o  

improve containment s t r u c t u r e s  and system a b i l i t y  t o  c o n t r o l  r a d i o l o g i c a l  r e -  

leases. These research programs pursue many d i ve rse  paths towards accomplish- 

ment o f  these o b j e c t i v e s .  'She containment concepts t o  be s.Ludicd i m p l y  a 

spectrum o f  approaches from use of h i g h l y  qua1 i f  i e d  s t r u c t u r e s  w i t h  essent i  a1 l y  zero 

p o t e n t i a l  f o r  r a d i o l i a i c a l  r e lease  t o  use o f  vented containment concepts i n  which 

re lease  i s  c o n t r o l  l e d  t o  m in im ize  h e a l t h  impact. Systems capable o f  lessen-  

i n g  s t r u c t u r a l  requirements ( f o r  example, hydrogen c o n t r o l  systems t o  min imize 

h igh  p res .su r i za t i on  p o t e n t i a l  ) a r e  t o  be s tud ied  and op t im ized.  The problems 

encountered a t  TMI du r i ng  t h e  a c c i d e n t  a re  presented i n  t h i s  sec t i on .  

3.9.2'. Relevant  TMI Events and Ac t i ons  

Dur ing  t h e  course o f  t h e  acc iden t  and recovery  opera t ions ,  con ta in -  

ment and containment system problems.were encountered o f  t h e  f o l l o w i n g  general  

na ture :  
. . 

1. I n a b i l i t y  t o  g a i n  access t o  containment due t o  r a d i a t i o n  

du r i ng  and f o l  i o w i n g  acc ident .  

2. I n a b i l i t y  t o  determine q u a n t i t y  and l o c a t i o n  of r a d i o l o g i c a l  

m a t e r i a l  i n  containment.  

3. I n a b i l i t y  t o  c o n t r o l  r a d i o a c t i v e  m a t e r i a l  egress from 

containment and eventua l  re lease.  

4. I n a b i l i t y  t o  recognize,  q u a n t i f y  and respond t o  

hydrogen conten t .  



Each of the  p r eced ing  problems impacted the  a b i l i t y  of operators t o  ~ 
:control the  reactor  and course of even t s  and determined the  quant i ty  and timing := 

re1 eases;  Exampl es of each problem a r e  presented be1 ow: - 1 
1 .  I nab i l i t y  t o  gain access t o  containment due t o  rad ia t ion  

during and following acc iden t .  

At.approximately 0620, "discuss ions  were held considering 

an 'entry i n to  containment t o  manual l y  vent the  RCS hot 

legs.  The occurrence of rad ia t ion  alarms halted f u r t h e r  

considerat ion of this option.  Area radia t ion mon i to r .  

(ARM) alarms were received a t  the  sample s t a t i o n  and the  

letdown sample l ineup was secured. Loop 'A' hot leg 

temperature peaked a t  about 7 5 0 ~ ~ " .  (NUREG-0600, IA-41) 

2. Inabil i t y  t o  determine quan t i ty  and locat ion of radiological  

material i n  containment. 

"There were no rad ia t ion  alarms i n  the  RB with t he  

exception of the  intermediate closed cooling alarms, which 

were considered normal and rout ine .  This absence of alarms 

led the  operators  t o  conclude the re  was not an RCS leak.  

These de tec to rs  were located near t he  RB sump, and i t  was 

known by the  s t a f f  i n  t h e  control  room t h a t  the  rupture  

d i s c  had blown on t he  RCDT a t  0415 hrs ( I n t .  3, 15, 30, 95). 

The operators  a l so  noted . t ha t  these  alarms 'had occurred 

previously. The RB r ad i a t i on  monitor (HP-R-227) had been 

found flooded, under pos i t i ve  pressure,  and manually i so-  

la ted  by the  operators  a t  0550 hrs. Records review 



r e c a l l e d  t h a t  t h e  mon i to r  had reached 50,000 cpm a t  

0518 hrs.  The mon i to r  had been f looded p r e v i o u s l y  

and repor ted  t o  t h e  NRC." (NUREG-0600, 1-2-30) 

3. I n a b i l i t y  t o  c o n t r o l  r a d i o a c t i v e m a t e r i a l  egress f ro rncon ta in -  

ment and eventual re1  ease. 

" I n v e s t i g a t o r s  have concluded t h a t  r e a c t o r  

cool  an t  f l ow ing  th rough the  makeup and p u r i f i c a t i o n  

system was the  major  source o f  re leases both  i n i t i a l l y  

and f o r  t h e  d u r a t i o n  of the  accident .  The r e a c t o r  

coo lan t  makeup and p u r i f i c a t i o n  system c o n t i n u a l l y  

takes a  p o r t i o n  of t h e  water o u t  o f  t he  r e a c t o r  coo lan t  

system and passes t h e  water  through deminera l i zers  then 

through f i l t e r s  and i n t o  t h e  makeup tank (Ref. 119). 

The makeup pumps r e t u r n  water  f rom .the makeup tank 

t o  the  r e a c t o r  c o o l a n t  system (RCS). The r a t e  o f  

r e t u r n  t o  the  RCS i s  v a r i e d  t o  p rov ide  the  i n v e n t o r y  

c o n t r o l ,  w i t h  t h e  i n v e n t o r y  need being determined by 

p r e s s u r i z e r  l e v e l .  I n  a d d i t i o n ,  a  smal l  b u t  impor tan t  

amount o f  the water  i s  pumped t o  the  r e a c t o r  coo lan t  

seals .  Th is  system i s o l a t e d  automat ica l  l y  on r e a c t o r  

b u i l d i n g  i s o l a t i o n  b u t  was q u i c k l y  re tu rned  t o  se rv i ce  

i n  o rde r  t o  ma in ta in  seal  water t o  the  r e a c t o r  coo lan t  

pumps and c o n t r o l  p r e s s u r i z e r  1  eve1 . " (NUREG-0600, I I -  

3-9) 

4. I n a b i l i t y  t o  recognize, q u a n t i f y  and respond t o  hydrogen 

con ten t .  



"The 28-psig p ressure  sp i ke  i n  t h e  TMI-2 containment 

occurred a t  13:50:21 (approx imate ly  9  hours 50 minutes a f t e r  

the  s t a r t  o f  t h e  acc iden t )  on March 28, 1979 based on data. 

(Alarm P r i n t e r ,  Ref. 14) An ope ra to r  had j u s t  been d i r e c t e d  

t o  open t h e  EMOV valve.  Concurrent w i t h  h i s  man ipu la t ion  o f  

the  c o n t r o l s ,  some opera tors  and t h e  S t a t i o n  Manager heard 

a  "double thump", and t h e  alarms and automat ic  equipment 

f u n c t i o n s a s s o c i a t e d  w i t h  h igh  pressure  i n  t h e  containment 

actuated. " (NUREG-0600, 1-4-47) 

"Based on i n t e r v i e w s  conducted du r i ng  t h i s  i n v e s t i g a t i o n ,  

i t  appears t h a t  t h e  response o f  personnel p resent  i n  t h e  c o n t r o l  

room t o  t h i s  p ressure  sp i ke  was va r i ed ,  i n c l u d i n g  t o t a l  l a c k  

o f  awareness t h a t  i t  occurred.  No statements t h a t  have been 

obta ined i n d i c a t e  t h a t  anyone present  pos tu la ted  t h a t  t h e  

pressure sp i ke  was due t o  t h e  r a p i d  bu rn ing  o f  hydrogen." 

(NUREG-0600, 1-4-48) 

3.9.3. Required o r  Suggested C o r r e c t i v e  A c t i o n  

With s p e c i f i c  rega rd  t o  t h e  TMI-2 acc ident ,  NUREG-0600 i d e n t i f i e d  

t h e  f o l l o w i n g  p o t e n t i a l  i tems o f  noncompliance: 

" A t  0800 hours .on March 28, 1979, two o f  t h ree  

ESFAS channels i n  T r a i n  B  were defeated, p reven t i ng  

t h e  i n i t i a t i o n  o f  Reactor B u i l d i n g  Coo l ing  and I s o -  

l a t i o n  and S a f e t y  I n j e c t i o n  from T r a i n  B: and a t  

0820 hours on March 28, 1979, two o f  t h r e e  ESFAS 



channels i n  Train A were defeated, preventing the 

in i t i a t ion  of Reactor Building Cooling and Insula- 

t ion and Safety Injection from Train A .  The Train 
A and Train B Reactor Building Cooling and Isola- 

tion Actuation Trains remained defeated until  0924 

hours on March 28, 1979, when the channels were 

automatically reset ."  (Section 2 . G ,  Details I )  

N R C  IE Bulletins issued short ly  a f t e r  TMI required licensees to 

review containment isolat ion design and procedures and prepare to impl ement 

changes necessary to  ensure isolat ion (reference 1 ). , . 

The N R C  1 essons learned report  (NUREG-0578) recommendations regard- 

ing containment and isolation. are  included i n  t he i r  en t i r e ty  in Section 4. 

In essence, NUREG requi red review and impl ementati on of containment isolation 

provisions, preventive maintenance and leak reduction, iner t ing of certain 

BWR containments and other short-term provisions for  hydrbgen control and 

determining 1 i kely paths of radioactive material from containment fo r  existing 
plants. NUREG-0560 recommendations a re  similar.  

The ACRS recommendations, on the other hand, address f i l t e r e d  venting 

o r  purging of containment as follows (reference 3) : '  

" A B d i t i o ~ l  Comnents by MSrS .  a. M s .  D. b t l l e r ,  D. Okrent, and J. Ray 

m e  p t e n t i a l  for a r e d e l o n  in r i sk  to the p b l i c  h the  case of a ser-  
ious reactor accident by the implsrrntation of a ~eans f o r  m n t r o l l d ,  
f i l t e r ed  v e n t i q  of s antsiranent h i &  could retain par t icula tes  ard 
t he  b u l k  of the iodine has been recognized fo r  rore tban a decade. me 
concept vas reconmended for s t d y  m r e  recmtly  i n  tbe h r i c a n  Physical 
Society R e p r t  m l i g h t r a t e r  reactor safety and in thc Fnrd Fowrhtion- 
Mitre Repr t ,  7)uclear Power - Icouts ard OKlices.' 1 L  is h high prl- 
nr i ty  ltm itr the WIC plan e i t t e d  t o  Cangren fo r  Rsearch to lmpr~vc 
the Safety of LightUater Mrl-r PDlrer Plants WUUZ+438). 'Ihe srrrdy 
performed for the State of California an u'-dergtoud r l t i r q  -1rrjcd 
that filtered, vented mntsirment mas a favored op t im  to  -lore i n  con- 
nection with p s s i b l e  means ta mitigate the o~nvquvrres of serious re- 
actor accidents. B m e r ,  l l t t l e  j x q r e w  has been sade m the develop- 
ment of suf t lc lent ly  detailed design i n f o m t l c a  cn a c h  to evaluate the 
efficacy ard other facrors relrvant to a decision on p $ s i b \ r  lmpleumu~ 
t ion  of such cqrsequerrc u ~ ~ l i n r * t i n g  systaas. 

Ihe W - 2  aocident sugqests that the p o M l l i t y  o f a  ser ious  accident i n  
which a f i l t c r d  vcnvd mntai-t mule be wful k la rger  than m m y  
4 Antlcipnted. 



We recored  that the C a r m i s s i o n  r e w s  e a h  p e r  r e a c t o r  11-e and 
construction p e r m i t  l v l d e r  to ~ e r f o r m  & s i c n  d i e s  o f  a  system h i &  
a d d s  the o z i o n  o f  f l l t e r e d  v e n t i r q  or p r g -  o f  untairsrrnt in the 
e v e n t  o f  a s e r i o u s  a c c i d e n t .  ' h e  systnn M u l d  be c a p a b l e  o f  vithseanb 
1 4  a s t e E  a n d  h y d r q e n  e m r i r o m n t  a d  o f  r e 6 3 v i i q  md r e t a i q i r q  f o r  
a s  lonq a t i m e  as n e c e s s a r y  r a d i o a c t i v e  p a r t i c u l a t e s  and the g r e a t  tulk 
o f  the i c d i n e  £or a c c i d e n t s  invo1vb-q d q r s j e d  s i t u a t i o n s  up to a d  ih 
c l d i m  w r e  =It. Su& studies could be d o n e  g e n e r i c a l l y  f o r  several 
r e a r n o ; - t a i m n t  types, art should e v a l r r a r t  the pacticality, pros 
ard w n s ,  the wsts, a3d Ue ptcntlal f o r  r i s k  redut lon.  A p e r i o d  o f  
aSo~. wive - n t h  tor a rep-  to the WiZ by lic-s,,and oxstnrzrLrn 
p e d t  k l d e r s  a p e a r s  to represent a m u l e .  

Environmental qua1 i f i c a t i o n  o f  containment systems has a1 so drawn 

ACRS a t t e n t i o n  as f o l l o w s :  

Envlrcr .~n:al  C u ? i f i c a t i o n  o f  Systems i n  C o n t a i m n :  

'Ihe K R S  r e c o r e r d s  a  review and r e e v a l u a t i o n  o f  the c u r r m t  b a s i s  f o r  j d g i n g  
cnv l ro rnen ta l  ,y! i !rcat ion r e q u i r e n e n t s  f o r  equipnen: in  con-lmen:  a& in 
o t h e r  b u i l d i ~ s  m e r e  a  t o s t i l e  e n v i r o m e n t  rniqht r e s u l t .  me rame r m l w  
should bc made o! t h e  l o c a t r o n s  o f  v i t a l  s e n v l r s  a rd  ocher measurmen: o m r c e e .  
The pros p d  ons  c! d i f l e d  m v i r o m e n t a l  q u a l i f r c a t l o n  d e q u i p e n :  loca- 
t i o n  s*auld a e x n i n d  =:-a due c o n s ~ o e c a t i o n  ~ i v e n  w the d i f f i c d t ~ e s  o'! 
nodifyirq exis:irq equlpnent. 

3.9.4 Re la t ionsh ip  t o  Sandia Research Program 

The f o l l o w i n g  general  observa t ions  o f  TMI events a r e  d i r e c t l y  

appl i c a b l e  t o  Sandia Research Programs: 

1. As a r e s u l t  o f  ope ra to r  ac t i on ,  design and leakage 

containment d i d  n o t  f u n c t i o n  t o  e f f e c t i v e l y  con ta in  

r a d i o a c t i v e  m a t e r i a l .  Once r a d i o a c t i v e  m a t e r i a l  

breached containment,  c o n t r o l  over  re leases  was 

minimal and sporadic.  

2. Hydrogen c o n t r o l  systems were n o t  adequate f o r  

t he  TMI acc ident .  Hydrogen burrii,pg d i d  occur, 

a1 though t h e  s i g n i  f i  cance of t h i s  phenomena 

was n o t  apparent  t o .  personnel.  

The Sandia Research Program advocates thorough rev iew o f  containment 

f u n c t i o n s  and systems. Recommendations and requirements issued t o  da te  a r e  

aimed a t  e i t h e r  improving o r  m a i n t a i n i n g  e x i s t i n g  p l a n t s '  a b i l i t y  t o  accom- 

p l i s h  containment f u n c t i o n s  o r  p r o v i d i n g  f u t u r e  p l a n t s  w i t h  a l t e r n a t e  means 

o f  accomplishing the  o b j e c t i v e s  o f  m in im iz ing  h e a l t h  impact. b 3-64 



TABLE 3.9 
Research Program.- 9. Containment Funct ions and Systems 

1. Study improved containment 
concepts, i n c l u d i n g  sub-atmos- 
phe r i c  containments. 

2. Improv? f i 1 t e r  sys tems t o  
accomnsdate Xe, K r  and o t h e r  
gasses. * 

PARTIAL C,BJECTIVES 
OF RESEAF.CH PROGRAM 

3. Determine e f f e c t  o f  H2 explo-  . 

s i  ons 3n s t r uc tu res ,  
c o n s t r x t i o n  m a t e r i a l s  and 
pene t ra t ions  

- 
TMI EXPERIENCE 

SUPPORTS . INCONCLUSIVE 
I 

TASK 
SOURCE 

4. .Review containment i s o l a t i o n  
p rov is ions ,  i n v e s t i g a t e  and 
min imize containment leakage 
paths. 

COMMENTS 

5. Q u a n t i f y  source. terms f o r  H 
and develop systems t o  2 

accomm-3da te .  

6. Review q u a l i f i c a t i o n  o f  con ta in -  
ment t w a r d s  d e f i n i n g  behavior ,  
capabi.1 i t i e s  and f a i l u r e  modes 
under x-essure, se ismic and 
o t h e r  forces.  

1. Consi.derable a t t e n t i o n ,  p a r t i c u l a r l y  by 
t he  ACRS, has been focused on vented con- 
tainment concepts, however 

2. S i g n i f i c a n t  a t t e n t i o n  has a l s o  been focused 
on a b i l i t y  t o  de tec t  elements and i s o t o p i c  
concen t ra t ion  i n  re leases.  

3, TMI source term f o r  H2 cons iderable h igher  
than p rev i ous l y  considered. 

4. See NUREG-0578 

5. See NUREG-0578 

6. Only i n s o f a r  as Hz i s  concerned has TMI 
supported t h i s  ob j ec t j ve .  However, 
environmental  q u a l i f i c a t i o n  o f  containment 
systems has rece ived  renewed ACRS a t t e n t i o n .  





3.1D TEST AND MAINTENANCE 

3.10.1 Summary o f  Sandia Research Program 

The summary o b j e c t j v e s  o f  Sandia research a re  t o  reduce t e s t  and 

maintenance e r r o r s  (and hence t o  assure system a v a i l a b i l i t y  when requ i red )  

and t o  inc rease t e s t  and maintenance e f f i c i e n c y .  

3.10.2 Relevant TMI Events and Ac t i ons  

The f o l l o w i n g  t e s t  and maintenance r e l a t e d  events have been i d e n t i -  

f i e d  i n  .NUREG-0600: 

1. A p rev ious  l o s s  o f  feedwater t r a n s i e n t ,  11/3/78, r e s u l t e d  

f rom an ins t rument  t e c h n i c i a n  opening a power c o n t r o l  breaker 

by mistake.  OTSG i n d i c a t e d  "d ry "  f o r  a  p e r i o d  o f  t ime f o l l o w -  

i n g  r e a c t o r  t r i p .  (1-1-45) 

2. TMI personnel were aware o f  a  work reques t  t h a t  was pending 

f o r  maintenance on t h e  a u x i l i a r y  b u i l d i n g  sump tank and 

miscel laneous waste tank  t o  rep lace  r u p t u r e d  diaphragm. 

(1-1-54) 

3. The.spec i , f i c  i n i t i a t i n g  cause o f  the  March 28 t u r b i n e  t r i p  

has n o t  been determined (1-4-5) .  However, i t  i s  l i k e l y  t h a t  

maintenance a c t i v i t i e s ,  "p robab ly  as a r e s u l t  o f  a c t i o n s  

taken t o  c l e a r  t h e  r e s i n  blockage i n  t h e  t r a n s f e r  l i n e "  

caused l o s s  o f  feedwater.  (page 1 )  

4. Emergency feedwater b lock  va lves  were c losed d u r i n g  t h e  

i n i t i a l  minutes o f  t h e  l o s s  o f  feedwater t r a n s i e n t .  "The 



i n v e s t i g a t i o n  has n o t  been ab le  t o  determine the  s p e c i f i c  

cause of t h e  . . . valves being c losed du r ing  the  i n i t i a l  

p a r t  of t h e  t r a n s i e n t . "  1 - 4 - 1 0 )  The summary of t e s t  and 

maintenance a c t i v i t i e s  r e l a t e d  t o  these valves i s  presented 

i n  NUREG-0600. 

5. The ope ra t i ona l  s ta tus  o f  area, process and atmospheric 

moni t o r s  a r e  repo r ted  i n  11-1 - 2 2 ,  A1 though moni tors 

r e q u i r e d  by Tech Specs were operable, t he  i n v e s t i g a t i o n  

concl uded 

" I f  the  U n i t  2  makeup tank area r a d i a t i o n  

mon i to r  had been ope ra t i ona l  du r ing  the  accident ,  

i t  cou ld  have prov ided an accura te  measure o f  i n -  

c reas ing  r a d i a t i o n  l e v e l s  i n  t he  a u x i l i a r y  b u i l d i n g .  

Th i s  mon i to r  d i d  respond t o  i nc reas ing  r a d i a t i o n  

l e v e l s ,  b u t  i t  d i d  n o t  respond accu ra te l y .  The 

n'ucl ear  sampl i ng room a i  r moni t o r  coul  d have been 

used t o  c o l l e c t  a i r  samples when r e a c t o r  coo lan t  

samples were taken i n  t h i s  room. Because the  con- 

t r o l  tower a i r  mon i to r  was inoperab le ,  there  was 

no r e a l - t i m e  moni to r  o f  U n i t  1  c o n t r o l  room a i r  

r a d i o a c t i v i t y  u n t i l  t h e  mon i to r  was p laced back 

i n  s e r v i c e  on March 30 a t  0600." (11-1-24) 

6. " I n  examining t h e  bases f o r  a larm s e t p o i n t s  f o r  U n i t  2  

moni tors,  an i n v e s t i g a t o r  determined t h a t  t he  se tpo in t s  f o r  

a i r  p a r t i c u l a t e  mon i to rs  were i n c o r r e c t l y  based on one-ha l f  

o f  t he  U n i t  1  Technical s p e c i f i c a t i o n  re lease  r a t e  l i m i t  of  

0.63 pCi/sec r a t h e r  tham t h e  one-ha l f  o f  U n i t  2  Technical 

S p e c i f i c a t i o n  1  i m i t  o f  0.3 pCi/sec. The l i censee  had r e -  

duced the  a larm s e t p o i n t  by 25%' t o  account f o r  poss ib le  

meter e r r o r .  (11-1-26) 



7. "There have been a  number o f  maintenance problems w i t h  

t h e  waste gas system s i n c e  p l a n t  s t a r t u p .  Examples a re :  

Work reques t  4979 Waste gas compressor, WDG-P-1B, overpressur -  

i zed. 

Work Request.4985 Waste gas compressor, WDE-P-1A, niakes l o u d  

no ise .  

Work Requese 4262 Waste gas compressor, WDG-P-1A, n o  sea l  

wa te r  l e v e l  i n  tank, check l e v e l  c o n t r o l  

pump ope ra t i on .  

These work reques ts  were ou t s tand ing  a t  t h e  t ime  o f  t h e  

a c c i d e n t .  I n  a d d i t i o n ,  Con t ro l  Room Operator  J s t a t e d  t h a t  

makeup t ank  ven t  v a l v e  MU-V-13 was suspected t o  be l e a k i n g  

( I n t .  57) .  Some o f  these  problems may have caused re l eases  

t o  be l a r g e r  than  t hey  would have o the rw i se  been." (11-1-28) 

8. "Three M i l e  I s l a n d  Nuc lear  S t a t i o n  S u r v e i l l a n c e  Procedure 

1302-5.24, Rev i s i on  3, da ted  December 19, 1974, s p e c i f i e s  t h e  

method o f  c a l i b r a t i o n  a n d ' r e q u i r e s  t h a t  i t  be per formed annua l l y .  

Con t ra r y  t o  t h e  above, as o f  March 29, 1979, e i g h t  env i ronmenta l  

a i r  samplers had n o t  been c a l i b r a t e d  s i n c e  1974. (See D e t a i l s  I!, 

S e c t i o n  1.7.1 . I ) . "  ( I I - F - 4 )  

3.10.3 Requi r e d  o r  Suggested A c t i o n  

Wi th  s p e c i f i c  r e g a r d  t o  TMI, seve ra l  o f  t h e  i t ems  i n  t h e  p rev ious  

s e c t i o n  a r e  c u r r e n t l y  under  c o n s i d e r a t i o n  as p o t e n t i a l  i tems o f  noncompliance 

as i n d i c a t e d  i n  NUREG-0600, Sec t ions  I B  and I I F .  NRC I E  B u l l e t i n s  r e q u i r e d  



the f o l l o w i n g  t e s t  and maintenance r e l a t e d  a c t i v i t i e s  o f  a l l  l i censees ( r e f -  

erence I ) : 

1. Review procedures t o  ensure valves a r e  re tu rned  t o  c o r r e c t  

p o s i t i o n s  f o l  lowing necessary manipulat ions.  

2. Review and modi fy  as necessary.your maintenance and t e s t  

procedures t o  ensure t h a t  they  requihre: 

a. V e r i f i c a t i o n ,  by i n s p e c t i o n  o f  the  o p e r a b i l i t y  of 

redundant s a f e t y - r e l a t e d  systems p r i o r  t o  t h e  r e -  

moval o f  any s a f e t y - r e l a t e d  system from se rv i ce .  

b. V e r i f i c a t i o n  o f  t h e  o p e r a b i l i t y  o f  a l l  s a f e t y -  

r e l a t e d  systems when they  a re  re tu rned  t o  s e r v i c e  

f o l l o w i n g  mai ntenance o r  t e s t i n g .  

c. A means o f  n o t i f y i n g  i n v o l v e d  r e a c t o r  ope ra t i ng  

personnel whenever a  sa fe ty - re la ted  system i s  

removed from and re tu rned  t o  serv ice .  

3. A1 1  ope ra t i ng  and maintenance personnel should be made aware, 

o f  t h e  extreme seriousness and consequences o f  t h e  simultaneous 

.b lock ing  o f  bo th  a u x i l i a r y  feedwater t r a i n s  a t  t h e  Threee M i l e  

I s l a n d  U n i t  2 p l a n t  and o t h e r  ac t i ons  taken du,r ing t h e  e a r l y  

phases o f  t he  acc ident .  

Probably as a  m o t i v a t i n g  f a c t o r  f o r  l icensees NUREG-0578 recommends 

rev i sed  l i m i t i n g  cond i t i ons  f o r  o p e r a t i o n  base on s a f e t y  system a v a i l a b i l i t y .  

I n  p a r t ,  t h i s  recommendation (A-60 through A-64) i s  aimed a t  r e q u i r i n g  l icensees 

t o  devote more a t t e n t i o n  and g rea te r  c a u t i o n  t o  t e s t  and maintenance a c t i v i t i e s .  



These recommendations are included in section 4. The following clipping (ref- 

erence I \  ) demonstrates the contribution of procedural requirements to plant 

availabil i ty and safety: 

NRC AUTHORIZES ARMNSAS ONE NUCLEAR PLANT TO RESUME OPERATION 

The N u c l e a r  R e g u l a t o r y  Commiss ion  a t a f f  i s s u e d  a n  O r d e r  
Wednesday n i g h t  p e n n i t r i n q , A r i c a n s a s  N u c l e a r  One.  U n i t  1 ,  l o c a t e l  
n e a r  R u m s e l l v l l l e ,  A r k a n s a s ,  t o  r e s u m e  o p e r a t i o n .  

On J u n e  2 ,  t h e  NRC s t a f f  o r d e r e d  t h e  A r k a n s a s  Power anC 
L i g h t  Company, t h e  l i c e n s e e ,  t o  k e e p  i t s  U n i t  1 n u c l e a r  power 
p l a n t . i n  a  c o l d  shutdown c o n d i t i o n  u n t i l  d e f i c i e n c i e s  w e r e  
c o r r e c X e d  i n  p r o c e d u r e s  f o r  o p e r a t i o n  o f  t h e  r e a c t o r .  W h i l e  
U n i t  1 was p r e p a r i n g  f o r  s t a r t u p  f o l l o w i n g  r e f u e l i n o - - a n d  a f t e r  
t a k i n g  s t e p s  t o  comply w i t h  r e q u i r e m e n t s  i m p o s e d  by NRC f o l l o u -  
i n g  t h e  March 28  a c c i d e n t  a t  T h r e e  M i l e  I s l a n d  i n  P e n n s y l v a n i a - -  
a n  NRC i n s p e c t o r ,  i n  t h e  c o n t r o l  room d u r i n p  a r o u t i n e  i n s p c c t i o : .  
n o t e d  t h a t  t h e  a u x i l i a r y  ( e m e r g e n c y )  f e e d v a t e r  s y s t e m  c o n t r o l s  
were  n o t  i n  t h e i r  p r o p e r  p o s i t i o n .  I n  a b s e n c e  o f  a  p r o c e d u r a l  
r e q u i r e m e n t  t o  r e t u r n  t h e  s y s t e m  t o  n o r m a l ,  t h e r e  was  n o  a s s u r a n c e  
t h a t  emergency  f e e d w a t e r  would  b e  p r o v i d e d  a u t o m a t i c a l l y  l f  needeZ 
However, n o  s a f e t y  h a z a r d  e x i s t e d  a t  t h e  A r k a n s a s  U n i t  1 p l a n t  
k q c a u s e  o f  t h e  i m p r o p e r  a c t i o n .  

The NRC s t a f f  h a s  d e t e r m i n e d  t h a t  APLL h a s  t a k e n  s p e c i f i c  
s c t i o n s  i n  r e s p o n s e  t o  t h e  O r d e r  a n d  a r e  a s s u r e d  t h a t  t h e  c o n d i -  
t i o n s  o f  t h e  O r d e r  h a v e  b e e n  m e t .  



3.10.4 R e l a t i o n s h i p  t o  Sandia Research Program 

The t e s t  and maintenance a c t i v i t i e s  t h a t  c o n t r i b u t e d  o r  may have 

c o n t r i b u t e d  t o  t h e  TMI-2 a c c i d e n t  and i t s  s e v e r i t y  can be grouped i n t o  f o u r  

genera l  ca t e g o r i  es . 

1. T e s t  and maintenance a c t i v i t i e s  t h a t  f a i l e d  t o  re t 'u rn  systems 

t o  p rope r  . s t a t e  when completed. 

2. T e s t  and-.maintenance a c t i v i t i e s  t h a t  were n o t  per formed so 

t h a t  systems and components were n o t  i n .  se rv i ceab le  c o n d i t i o n .  

3. T e s t  and maintenance a c t i v i t i e s  t h a t  were unsuccessfu l  o r  

i n a c c u r a t e  ( s e t p o i n t s ,  c a l i b r a t i o n ) .  

4. T e s t  and maintenance a c t i v i t i e s  caus ing o p e r a t i n g  system t o  

m a l f u n c t i o n .  

A summary of  Sandia o b j e c t i v e s  ( i n  t e s t  and maintenance) and t h e i r  

re levance  t o  TMI a r e  p resen ted  i n  t a b l e  3.10. 



TABLE 3.10 
' , Research. Program - 10. Test  and Maintenance 

COMMENTS 

1. Cause o f  emergency feedwater va lve  p o s i t i o n s  
inconc lus ive .  

2. Recommended o f  t e n  as a r e s u l  t o f  TMI , 
al though degree o f  r e1  iance on TMI events 
as suppor t  may be exagerrated. 

4. ACRS and NRC concur. 

5. I n s o f a r  as t he  o v e r a l l  t e s t  and maintenance 
a c t i v i t i e s  a re  under s c r u t i n y  . 

I 

PARTIAL OBJECTIVES 
OF RESEARCH PROGRAM 

1. Develop and u t i l i z e  check l i s t s  
t h a t  make omissions l e s s  l i k e l y .  

1 2. Develop d e t a i l e d  procedure 
manuals i n c l u s i v e  o f  drawing 
p a r t s  and t o o l s .  

3. D e f i n i t i o n o f  means t o e l i m i n -  
a t e  human e r r o r s  du r i ng  t e s t  
and maintenance and u t i l i z a t i o n .  

4. Q u a l i f i c a t i o n  and t r a i n i n g  f o r  
maintenance and t e s t  personnel.  

5. Improve q u a l i t y  assurance f o r  
t e s t  and mai ntenance. 
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3.11/12 EMERGENCY AND DISTURBANCE CONTROL 

3.11/12.1 Summary of Research Program 

Emergency and disturbance systems major design basis  can be sum- 

marized a s :  

1.  Provide capab i l i ty  of diagnosing and displaying p lan t ,  

system and component condit ions quickly and a c c u ~ a t e l y .  

2. Provide capab i l i ty  t o  inform operators of probable con- 

sequences of various act ions .  

3. Provide capabi 1  i t y  t o  recommend operator act ion during 

operation,  t r ans i en t  and accident condit ions.  

In addi t ion,  Sandia tasks  re la ted  t o  optimizing control room lay- 

out ,  u t i l i z i n g  human engineering and minimizing operator e r r o r  through increasec 

t ra ining and procedures r e l a t e  d i r e c t l y  t o  the  a b i l i t y  of an operator t o  quickly.  

and accurately assess plant  s t a t u s  and i n i t i a t e  proper ac t ion .  Inasmuch as  

a  s ing le  system would reasonably be designed t o  serve both funct ions ,  emergency 

and distrubance control systems a r e  t rea ted  as  a  s ing le  e n t i t y  in  t h i s  repor t .  

3.1 J!12.2 Re1 evant TMI-2 Events and Actions 

Previous work ( reference 12 ) has recent ly  characterized what occurrec 

a t  TMI and the  benef i ts  and emergency and disturbance control system would have 

provided. The material i s  reproduced in Section 4. T h e  follnwing 

general examples character ize  s i t ua t i ons  in  which a  disturbance o r  emergency 

control system would be useful : 



Recognition of i n i t i a l  loss of feedwater. 

Recognition and interpretat ion of lack of emergency 

feedwater flow 'i nto OTSG. 

Recognition and interpretat ion of inventory problem 

i n  RCS. 
Recognition and interpretat ion of saturation and 

voViding in primary system. 

Recognition and interpretat ion of s ignif icant  -. 

radiation 1 eve1 s .  

Recognition of r e l i e f  valve s tatus  through available 

temperature, flow instrumentation. 

Recognition and interpretat ion of CFT level ,  valve 

s t a tus  and effectiveness.  
Advisory capabili ty wisth regard to  emergency planning. 

3.1 1/12.3 Required or Corrective Action 

Although recommendations and requirements have been forthcoming 

on instrumentation, operator response and procedures, e t c . ,  the implementation 

of short-term "f ixes"  f o r  operating reactors has, not addressed imposition of . . 

licensing requirements for a disturbance or emergency control system. I t  i s  

apparent, however, t ha t  many individuals and organizations consider system 

development and u t i l i za t ion  t o  be important. 

1 . Emergency and disturbance control systems of necessity 

require the a b i l i t y  t o  quickly and accurately determine 

s ta tus .  A C R S  recommendations (reference 3 ) concerning 

s t a tus  monitoring are:  



Sta rus  Ron!-arlq 

A l - - h o ~ h  the d o *  a u x i l i a r y  f-tt: 6fita: valves m y  not have EDR- 

t r l b u t c d  Ci rec t ly  or s i q n l f i c c y t l y  +J 'lit Eore k + e  or e m - l m s m m u i i  
r e l e a s e s  a t  ?:-2, t h e  p - m t l e l l y  D.x.L. cmre f e ~ e r e  CmSCqllC- of lr~ 

a v a i l & i l i t y  of  erqinecrrf sa!try f e e - x e s  in pls7U of ky t- is o f  
concern at-+ dcservirq of arrez:i'cr.. S x r u s  IW-Ltorirq mt dc;mden: 
c h i e f l y  or, a-L;nlstra:ivt wnerol . '  a d  t 7 . a  p ~ s s l S l y  1- bjs-  to b 
man e r r o r ,  d:?: k l p  w e  tbe sva:i&:lity of csbcndal f ~ u p m ~ .  
A r e q x s t  should be w j c  b5thiro the n e c  few uoaths that l l c e w e s  can- 
s l b e r  ~ ~ i t ~ o n s :  S-tS m i t o r e  of various m i n e e r e d  s a f e t y  fea:ures 
and ehelr  tx-rting se rv ices .  ';he h2.Z S-aff  s i o r J C  w i n  s t u j i e s  on t h e  
advan-es a-d disa3v&7-+es o! su-h rcr.!torin; m aSo~.t t h e  - time 
scale .  ks?ohses frar :  lice- s b C 2  be expectet  in about ane year, 
.-r hi& time the KC Staff  should be Ln a p s i t i o n  to rev icu  a d  &w 

s tha. 

2. A necessary prerequisite to effective systems is the ability 
to model complex accident sequences. In this regard, the 

ACRS has recommended the following: 

1. Accident A-alwis 

Rr ACnS r e c d s  that an miJy5isrbe d e r r s i e n  of petuletcd accidents 
involving a *.ear. line rupture folloued & a -11 break in Uc p r h r y  
system, arising f r a  an open relief valve, a s t em ?enera-r tLvw break or 
some othcr openinq. me analysis held m t  only r w i w  tb c a e i l i t y  of 
erqineercd M f e v  features to c o p  w i t h  a e h  an went but also u m i n e  Lbe 
%*oms availhile to the opra to r  sd dcteraine Us adequacy of e x i s t i q  
opsratirq procdures. 

and 
Reactor Safety Resear& 

Thc X3S r-ds t b a t  safety research m the bahsvior o f  l l g h t - v a t a r  
r e a c t o r s  dur i rq  anamlous t r a u i e n t s  be l n l t l s t e d  rn - u psslhlr 
and be a s l a m d  a hlgh pr lo r l ty .  m e  KRS vould upct to ae plans 
arc! p r o p x a l s  vlthin hr r .  three ronths,  preliminary r e d -  within an 
a b d i t i o n a l  s i x  cmnths, arrd =re mmprehenslva r s a r l t s  vfehin par .  

, 

Of particular interest w a l d  be the developnent of  the  c a m b i l i t y  to 
s imula te  a v ide  r e e  of pustulated t r a n s i e n t  o r  acclde7t  mdltiou, 
inc lud i rq  various abnormal o r  l o w  probaSl l i ty  w c h c ~ ~ i c a l  f a i l u r e s ,  0 1 6  
t r l ca l  failures, or  h z a n  e r r o r s ,  i n  order to pain imrraEad h i g b t  into 
w a a u e s  that can be t a k n  O ss fe ty .  

'Ihe new p r m r e  of resca r& to l q r w e  reactor  s a f e t y  has btar i n i t i a t e d  
only recen t ly ,  a d  thn cn ly  on a r e l a t i v e l y  ana l l  a a l e .  'Ibe C u m i t t o e  
r e i t e r a t e s  its previous re-dacions t h a t  this progrsa bs prrmd srrd 
l w  ucpsnrion mught by tbc t f a i r r l o n  w i t h  a p r e a u r  .anma of urgm. 

and 



The kT6 rcccmmendr that cad l icensee and holder o: a c o n s t r r r t i o n  perml: 
be asit4 t o  make a d e t a i l &  evaluation of h i s  txrren: ca,rmbillty eo ulttr 
s-AX! s t a t i o n  hlaciou:  ( l o s s  of o f f s l t e  ard cns i t e  h" F r )  i r r l r d i r g  
a d d i t i o n a l  m ~ . a l i c a t l q  i a c w r s  t h a t  might be reasambly eonsldenx!. Tnc 
eva lua t ion  should inc l rde  u m i n a : i m  05 raturn3 c i r d a t l m  c a w l l i t y ,  
the m n t l n u l r q  s v a i l a b l l i t y  of ompmts nee?& fo r  hrq-tern cmllrq, 
and t h e  p t e n t l a l  f o r  m r w a x n t  in capab i l i ty  t o  a r r v i v e  orrerded s* 
t i m  h l a h u t .  

The A 3 G  a l s o  reccrmerds Lht eaz? l icensee &d m=rrrtim p e d t  bolder  
s h ~ l d  -ne a v ide  r m e  of anmalous Uansie7-3 ard degraded m i d m e  
c o n C i t i m s  h i c h  n igh t  l e d  t o  La te r  hamer .  het :7ds  of ontrollirq o r  
prevent- such m e i t i o n s  s n u l d  be w a l u a t e ? ,  a s  s b u l d  m a r c ?  to 
provide a b e t t e r  bas i s  f o r  a=' waluat iorrs .  3 e  M t t e e  ~ c c s  it 
wn11.lC b a p r o p r i a : ~  t~ have o c h  - d i e s  o m e  p c e i i d l y  fir=, f o r  
c l a s s e s  of  rea - to r  designs an? *tern types. 

3. ~ a n d i a  t asks  i den t i fy  the  need foroperating procedures t o  be 

studied t o  determine the  best means o r  wri t ing such procedures. 

The ACRS has apparently concurred in  such a  program a s  follows: 

Operatins Procedures P 

me FOU r e c m n d s  t ha t  a stcdy be made on b v  opra t i rq  procedures s b d d  
best be mit ten .  Fbr a m p l e ;  s b u l d  procadures be characterized in urms 
c t  events or in tern o l  yptorru, or both? hould the opraror  a c t i o ~  be 
keyed to charqes in synjtcns? I s  the priority of o p r a m r  action f i r &  so 
as w optimize M l i c  safety? Mv. does one ,decenine m e t k r  a given po- 
cmure i s  mders tod  by the o p r a w r ,  card that the o p r a w r  v i l l  carry i t  
out properly? 

m e  KR5 a1.w recomPnds that a systanatic umina:ion b. Pade of s t e p  that 
tk o p r a t o r  should h advised not tn U K ~ ,  men sd *y. ma exsr.,ai* o! 
s t rh  a step could arise In c o ~ e c t i o n  vith Ltm opra to r ' s  capbl1l:y to iso- 
la te  certain .UXM in &a and m e  RR5. I t  i s  psSi3le  mat  suzh ixl:ation 
fo l lov iq  .a relatively laroe loss of origlnal prlmdry s y r r a  inventor). could 
l e k  w reactor repressrrriwtion Md M i-llity c !  Vr mailable P.!gh p e r  
-re capacity to keep Vu core adequately c w e r d  for a pr lod lo- so-:, tn 
causa s i g n l f i c ~ t  Cora d w *  before the situation was r r q n l z e d  a* r m e d i d .  

and 

The Conni t t ee  r e m s  t h a t  p r a e d u r e s  be &eloped by a l l  o p e r a t o r s  
o f  W?.s f o r  l n i t i a m  ~ t u r a l  c i r c u l a t i o n  i n  a s a f e  manner arr! f o r  pro- 
v id ing  the operator  with assurance t h a t  c i r c u l a t i m  has in f a c t  been ea- 
~ l l s h e d .  These procedures r b u l d  U e  i n t o  a,sromt the bebsvior  of 

, 
the bystemr under a v a r i e t y  of a t n o d  mrditionr. 

As a f i r s t  s t e p ,  t h e  Staff  should i n i t i a t e  ~ i a t e l y  a urvey of  
o p r a t i n g  procedures f o r  a c h i e v l q  na tu ra l  c l rcu la t lon ,  i n c l l d l r q  t h  . 
c a s e  bben o f f s i t e  p w r  is lost. A: the  ape time, the o p r a t o r s  of a l l  
ma p l a n t s  should be requested to develop de ta l l ed  analyses o f  t h e  b e  
hav lor  of t h e i r  p lan t s  fol loving an t i c ipa ted  transients an: mil breaks 
Ln thc p r M r y  syrrrrp, W l t h  a;prnprle:e cons idera t im of ~ % c n t i a l  aG 
no-1 w n d i t l m s ,  o p r a t o r  e r r o r s  Md f k l l u r e s  oi equipre?:, a v e r  
-car, o r  m t a t l w .  Tbesc 4 m l y ~ c s  are  necessary for ths 
dcvelopmcnt of  a r l t a b l c  o p r a t b g  procedures. h e  r e v i m  am3 d u s t l o n  
o f  t h e  awlyses by the )GC Sraf f  should receive a p c l o r l t y  o m s i s t u r t  
vith tbs p i o r i t y . k l q  given to d'mqes in ojxrat lng procedures. 

and 



Safe ty  a s p e s  of indlvldual reactors durlrq non& operat ion anJ d e r  
accident  wnCit lons are xevieued in  d e t a i l  by the h?: 5-a:: a d  dl-d 
v i t h  the ADS. k c e r A l e  l l c l u  for m m ?  operati- a re  f o m l i z e d  by 
~ e c h n l c a l  Sp?clfica:ions, ss&,ltted by the l l c e u e e  ard a ~ r o v e c !  by t he  
NRf S U f f .  Cneratirq procedures for  severe u a n s i e n t s  have recelved l e n  
d e t a i l e d  r w l t i  by the h?C S t s f f .  I t  appears that rrfr p:aedures w u l d  
b e n e f i t  frcm r e v i t i  by m i n t e r d i s ~ i p l i n a r y  te rn  &lch lnc l rdes  p e r s r v r l  
expert bc-31 in  opera t ims  a d  in s?-stw~ be.bvio:. Aka, for tnc l q e r  
t e n ,  there  may be merit in  mns lder i rq  the oewio.-t oi amre *adan% 
i d  f o r w t s  for  sxh procedures. 
- - .  

4. I n  specif ic  regard to  providing capabili ty to  predice or a l t e r  

the course of a  t rans ien t  or accident, the ACRS 'in i t s  May 16 

l e t t e r  s t a t e s :  

I n s t r u e n a t i o n  to Follow the  b u r s e  of an Accident 

Rx a b i l i t y  to f o l l w  d p r e i i c t  thc murse of an a c r i d c n t  L6 c o e n t i d  
f o r  its m i t i q a t i m  a d  f o r  the p:ovisiw of c red ib le  ard r e l i r b l e  prc- 
d i c t i o n s  of pa ten t id l  o f f s i t e  amseqwnces. Ins--ratLon tn f o l l w  
the w u r w  of an accident In p e r  reactors  of dl1 types bas l ~ q  hen 
a wncern of the XFS, is the  &j- of Aegulatory a i d e  1.97 ( thich .- 
has m r  ye: been ~~~~~d m an operatirq p lan t ) ,  and is th? subjec: 
of an KC S t a f f  Task L-dm Plan fOr the reso1Vtion O* g-ic kae.6. 

. m e  C d t t e e  b e l i w e s  the the p s i t i o m  of Regulatory Qllde 1.97 
should be r e v i d ,  an2 Mefined a s  n=essary, am! that t h  Task Actim 
Plan s!ulC be r e e x a n i d ,  a s  som a s  mMpuer is d l & l e .  5he l e s  
s a ~ ~  learned f r m  % I - 2  h u l d  be the bases for  t h e n  revieus. b r  a- 
mple, in;rroved shplirq procedures d e r  accident d i t h n s  6hould k 
amsidered .  

Uthough review ard r e u & n a t i c n  of alcitirq a1ter i . a  may t a k e  amc 
tine, the s t d i e s  m p l e t e d  to da te ,  together vith tbc udcrrtardfrq 
gained f r a n ' t h t  a a i d m t  at M - 2 ,  h u l d  prwide  m f f i c l e n t  basis for 
planned and appropriately w s e d  actions. The Cunnlttec be l ieves  that 
the L n h a l l a t i o n  of -4 lnstnmentat ion m operat irq r a s c t o r r  of 
iU h u l d  be d e w a y  d t h l n  ant year. 

5. Operator training and qual i f icat ion has also been a  focus of 
ACRS recommendations: 

Operator Traininq and Cualificaeion 

The mC Staff  should e x d n e  o F r a t o r  qua l i f ica t ions ,  t r a i n b q ,  and 11- . 
cens i rq  to determine b5a: c..ames a r e  needed. Consideration should be 
given to'edu=a:ional ba=kgrounj, t o  t r a i n i r q  mthods,  a rd  to content  o f  
t h e  t r a i n i r q  progrm.. k t e n t i o n  should a l s o  te given to tes t -  methods, 
v i t h  s e c i f i c  concern for  the a i l i t y  of the  r e s t i q  retho& to predict. 
operator  c a p b i l  i t y .  Exaninat ion of l i cens i rq  procedures should deter- 
mine *ether they a r e  respruslve to new inforrmtion tha t  is developed 
about plant  o r  o p r a t n r  p e r f o m a c e .  Ef for t  should also be made to 
determine *ether r e s u l t s  of uar . ina t ions  can be correlated vith o p r -  
a t n r  eilitj'. Rpqual i f ics t lm u a i n i r q  ard t e s t i r q  &%ld be similarly 
examined to insure t h a t  they take accomt  of i n f o m t i m  t h a t  is devel-  
oped by opera ti^ in  the plant ,  and to  determine t h a t  re levant  M o -  
t i o n  a b u t  other  plants  i s  made ava i lab le  to operators, ard is made part 
o f  the  t r a i n i n ;  an3 requallf icat ion progrE,. As p a ~ T  of t h i s  ard of 
o t h e r  wre e x t ~ n s l v e  studies,  continuirq a t ten t ion  !mst be given to the  
m m t  of information 3nich a-r o p r a t o r  a 7  a s s h i l a t e  ard use i n  normal 

i n  a r g e n c y  s i tua t ions  a$ t o  the  bes t  method of presen t i rq  t h e  ~J'I- 

formation tr, the o;erator. 'Ihe use ad l imi ta t ions  of  s imulators  for 
operator t r a l n l r q  should receive careful  w n s i d e r a t l m .  



6. Althcugh e v a l u a t i o n  of a v a i l a b l e . d a t a  and s t a t i s t i c s  have 

p r i n c i p a l l y  been included i n  Research Program 16,  Risk 

Method U t i l i z a t i o n ,  t h e  ACRS recommends t h a t  app l i ca . t i on  

of  d a t a  t o  t r a i n i n g  and q u a l i f i c a t i o n  o f  personnel i s  

advantageous:  

Evaluation of Licensee  vent R e a r t s  

tiecause of the p t e n t i a l l y  valmble infonat ion  oontstred i n  L i c e w e  
Event R e p r t s  ( E R s ) ,  .the C u d t t e e  r e m r r d s  that the M= Scaff e s t s b  

, list formal procedures for  t he  use of t h i s  i n foma t im in the t r a in i rq  
of svx rv i so ry  a d  win ta ra r r c  h-affs sd in t h e  li-irq requdli- 
f ica t ion  of opera:ing personnel a t  cormercial n r l e a r  m r  p l a n s .  Tk 
infomation in  I E L s  m y  also be useful in ant ic ipat i rg  s a fe ty  proSlars. 
A t  the p re smt  time sclcle ~ K l l i t i e s  routinely req&st that they k pro- 
v i d e  mpies  of a l l  L5ls s;plica5le to plants of the type they operate 
o r  to speci f ic  Systaps and cnqxmenzs in a given c l a n  of p lants  sknl lar  
t o  the i r  plant. Certain r e a m 1  verdors have &e skz i l a r  rcquer5 and' 
use the U% to r e v i w  and evlluate the performam of t h e l r  plants. In 
a M i t i m ,  the hW operator licenslrq sUff has indicatrd that they ume 

1 in reviewirq ojxratirq u p r i e r e  a: c-rc:al fa-ilitlrs. 
'. J 
m e  large w r  of E3.s that a t t r ibute  the cause to pe-1 error 
w u l d  tend to indicate that  a formdli& prwraz  of LER r e v i w  muld h 
w f u l  in the training,  l icens im and requalification of nmlear  p w r  
plan: persorule:. m e  u t e n t  to b%ich srch s p r - r b  d d  be us& to 
a n t i c i p t e  safety problems f.hould also bp mnsidered. 

7. F i n a l l y ,  NUREG-0560, t h e  f i r s t  major NRC s tudy  completed 

i n  May, recommends t h e  fo l lowing:  

For a l l  c l a s se s  of operating p l an t s ,  addi t iona l  analyses should be performed 

of reac tor  coolant  system breaks i n  t he  range of very small breaks ( e . g . ,  

represen ta t ive  of a stuck PORV o r  small l i n e  rupture)  and car r ied  o u t . u n t i l  a 

s t a b l e ,  long-term cooling condition i s  e s t ab l  i  shed. 

. . 

' -  NRC should develop (and u t i  1 i z e  f o r  a u d i t  c a l cu l a t i ons )  quick engineering 

types of analyses  methods capable of both r e a l i s t i c  and conservative appl ica-  

t i o n  t o  operat ing t r ans i en t s  and small break LOCAs from i n i t i a t i o n  through 

s t a b l e  long-term cooling and.of o ther  events  such as  a small break in  a main 

steam l i n e  o r  a steam generator tube rupture.  



A s tudy .  shou ld  be under taken by NRC o f  a c t i o n s  t h a t  c o u l d  make the  o p e r a t o r  a 

more e f f e c t i v e  recove ry  agent o r  i n c i d e n t / a c c i d e n t  m i t i g a t o r .  Such a c t i o n s  

wou ld  ex tend t h e  defense- in -depth  concept t h rough  t h e  use o f  o n - l i n e  d i a g n o s t i c  

computer systems t o  seek ways t o  p r e v e n t  ( i n h i b i t )  i n a p p r o p r i a t e  a c t i o n s  and 

promote p r o d u c t i v e - i  n t e r v e n t i o n .  

--. 
Opera to r  t r a i n i n g  shou ld  be r e s t r u c t u r e d  t o  g i v e  more emphasis t o  p r o t e c t i n g  

t h e  r e a c t o r  c o r e  under p o t e n t i a l l y  degraded p l a n t  c o n d i t i o n s .  

Emergency procedur+shau ld  be w r i t t e n  i n  r e a l  t i m e  as an a i d  f o r  o p e r a t o r s  

t o  s tudy  and memorize those  aspects  t h a t  dea l  w i t h  t h e  i n i t i a l  s h o r t - t e r m  

response. The procedures  shou ld  be w r i t t e n  i n  c o n j u n c t i o n  w i t h  r e s u l t s  

a v a i l a b l e  f rom ana lyses t o  promote p rope r  unde rs tand ing  and p rope r  i d e n t i f i -  

c a t i o n  o f  c r i t i c a l  d e c i s i o n  p o i n t s .  

o p e r a t o r s  must have a b e t t e r  unders tand ing o f  any l i m i t a t i o n s  and must have a 

p r o p e r  unders tand ing o f  t h e  p l a n t s .  Each s e n i o r  o p e r a t o r  must d i r e c t  a c t i v i t i e s  

and must n o t  a c t  s imp ly  as another  ope ra to r .  

More emphasis i s  needed on human e n g i n e e r i n g  i n  c o n t r o l  room des ign t o  improve 

o p e r a t o r  comprehension and response. 

- ' A s tudy  shou ld  be made t o  see whether t h e r e  a r e  d e s i g n  d e f i c i e n c i e s  t h a t  may 

be c o r r e c t e d  t o  reduce t h e  f requency o f  f eedwa te r  t r a n s i e n t s .  The r e l i a b i l i t y  

o f  a u x i l i a r y  feedwater  systems shou ld  be improved. 



TABLE 3.11 
Research prigram - '  11/12. Emergency and D i s t u r b a n i e  C o n t r o l  

1. Decrease magni tude and d u r a t i o n  1.1.6 
o f  o p e r a t i o n a l  t r a n s i e n t s .  I I 

COMMENTS 

- 
.TMI EXPERIENCE 

SUPPORTS . INCONCLUSIVE 
I 

PARTIAL OBJECTIVES 
OF RESEARCIi PROGRAM 

2. Determine how p l a n t  o p e r a t i n g  
modes a f f e c t  component pe r fo rm-  
ance (subsequent t o  t r a n s i e n t s ) .  

4. I d e n f i c a t i o n  o f .  system para-  
meters  whose v a r i a t i o n  g i g -  
n i f i c a n t l y  i n f l u e n c e s  h y d r a u l  i c  
and thermal  loads.  

TASK 
SOURCE 

1 . 1 . 6  

I 
3. I d e n t i f y  conlponents f r e q u e n t l y  

f a i l i n g  and l e a d i n g  t o  shutdown. 

5. Deve.1opment o f  models wh ich 
r e l a t e  component f a i l u r e  r a t e s  
t o  i n i  t i a f e  g rowth  and d e t e c t i o n  
o f  f laws, v a r i a t i o n  o f  o p e r a t i n g  
1  oads . 

1.1.6 

6. I d e n t i f i c a t i o n  o f  system para-  
meters  f o r  wh ich  enhanced con- 
t r o l  w i l l  y i e l d  s i g n i f i c a n t  
decreases i n  o p e r a t i n g  l oads  and 
r e a c t o r  shutdowns. 

7. Develop d i s t u r b a n c e  and emergen- 
c y  c o n t r o l  systems t o  p e r f o r m  
s p e c i f i c  f u n c t i o n s .  

8.. Reduce amp1 i tude  and d u r a t i o n  01 
I t r a n s i e n t s  t h r o u g h  improved 
I t r a n s i e n t  c o n t r o l  . 
I 

1 .  P r i n c i p a l l y  ACRS a1 though NRC recogn izes  
t h e  need t o  acconipl i s h .  

2. Re la tes  t o  env i ronmenta l  qua1 i f  i c a t i o n  o f  
components. T rea ted  i n  i n d i v i d u a l  conlponents 
d i s c u s s i o n s .  

3. See 2, above. A l so  r e l a t e d  t o  Itel11 16, 
R isk  Method U t i l i z a t i o n .  

4. ACRS suppor t s .  

5. See 1tem.3.. 

6. Fundamental t o  emergency and d i s t u r b a n c e  
c o n t r o l  sys tems. 

7 .  Has r e c e i v e d  a t t e n t i o n  i n  l i g h t  o f  TMI 
a c c i d e n t  sequence. 

8. Re la tes  d i r e c t l y  t o  component f a i l u r e s  and 
o p e r a t i n g  marg ins .  I nconc l ' us i ve  i f  de layed 
emergency feedwater  s i g n i f i c a n t l y  a f f e c t e d  
c o u r s t  o f  TMI-2 a c c i d e n t .  



~ e s e a r c h  Program 11/12 (cont inued)  

PARTIAL OBJECTIVES 
OF RESEARCH PROGRAM 

9. Prov ide  ope ra to r  i n f o rma t i on  on 
margins i n  safety  systems 
parameters du r i ng  va r ious  
ope ra t i ng  cond i t i ons .  

10. ~ m p r o v e  c o n t r o l  room. e f f i c i e n c y  
through eva lua t i on  o f  annuncia- 
t o r s ,  c o n t r o l s  ( s i z i n g ,  l oca-  

. t i o n )  and i ns t r umen ta t i on  .and 
improv ing des ign i n  these areas. 

, . 

11. .Improve model ing techniques and 
u t i  1  i ze i n  understanding and 
responding t o  acc iden t  sequences 
and t r a n s i e n t s .  

12. Upgrade operato'r  . t r a i n i n g  and 
c e r t i f i c a t i o n  u t i l i z i n g  psyco- 
Aogical  p r o f i l e s ,  ap t i t udes  
and qua1 i f i c a t i o n s .  

13. U t i l i z a t i o n  o f  seasoned i n d i v i d -  
u a l s  i n  each p l a n t  s h i f t .  

14. Improve ope ra t i ng  procedures and 
d iagnos t i cs .  Q u a n t i f y  human ' 

f a i . l u r e  r a t e s  under s t r ess  and 
f a c t o r  i n t o  des ign process. 

15. U t i l i z a t i o n  o f  non-safety  sys- 
tems du r i ng  emergencies. 

W 
I 
4 
w 
0- 

TASK 
SOURCE 

2.5 

5.2 

4; 1.1 
4.1.2 
4.2 

5.1 

5.1 

5.3 
5.4 

6.7 

I 

COMMENTS 

9. I n  g.enera1, t he  TMI experience does suppor t  
need, b u t  l i t e r a t u r e  reviewed t o  date does 
n o t  s p e c i f i c a l l y  s t a t e  t h i s  ob j ec t i ve .  

10. Many examples have been i d e n t i f i e d  f o r  
needed improvements. . 

11. Necessary f o r  development o f  systems which 
p r e d i c t  o r  recommend ac t i ons  and consequences. 
ACRA and NRC r e q u i r e  more modeling. 

12. Operator t r a i n i n g ,  l i k e  some o the r  areas, i s  
an area amenable t o  non- technica l  i n d i v i d -  
ua l  ' s  c r i t i c i s m .  

13. :Per NUREG-0578 

14. procedura l  rev iew and improvement .recognized 
r equ i r ed  f o r  a1 1 r eac to r s .  (See ACRS 
comments). 

15. Should be done i n  con junc t i on  w i t h  R isk  
Methodology tasks as w e l l .  

: 

I 

- 
TMI 

SUPPORTS . 

x 

x 

x 

x 

x 

x 

I 

EXPERIENCE 
INCONCLUSIVE 

x 

I 



3.13 DESIGN GU I  DANCE 

The Sandia Research Program in t h i s  area i s  designed to  assimilate 

and evaluate information related to  nuclear plant vul nerabi 1 i  ty to  f i r e s ,  earth- 

quakes, sabotage and other phenomena, provide design guidance in these areas 

and to eventually be factored into nuclear power plant design. Inasmuch as 

the TMI-2 reactor accident was not appreciably affected by these phenomena or 

events, minima1 post-TMI investigative or policy e f f o r t  has been focused here. 

However, although sabotage was investigated and essent ial ly  rule out, concerns 

were raised as to  the physical securi ty  of the f a c i l i t y  during emergency con- 

di t ions (NUREG-0600, 11-2-18 through 21 ) .  Likewise, the threat  of earthquakes 

and f i r e s  was evaluated and accommodated to  the extent feasible  during trans- 

i  t ion to  natural c i rculat ion (NUREG-0557) and during continual operator endeav- 

ors to  maintain the plant in a  s tab le  condition. 

In related areas,  the ACRS has commented on design guidance as 

follows: 

Des lon ,  Construction, and Operation R e v i w  

m e  ACRS r e c a m e m s  t i u t  consideration be a l v e n  to the need f o r  jo lnc  rev iev  
bv the  nuclear s t e m  s-t- s q p l i e r ,  t!w a r c h l c e c t - e m i n e e r .  and the operat- 
ing u t i l i t y .  prlc:  to operation of a r e z t o r ,  t o  consider. amom other th ings ,  
the ajequacy o f  i n t e r f a c e s  a x  otner f edtures  developed w-der m e  a e g i s  o f  
mul t ip ie  s u p p l i e r s .  the  a c c e ~ a b i l i r y  o f  t ecrn lca i  s p e c l f l c a t r o n s  and other 
s a f e t y - r e l a t d  o p e r a r i o ~ l  11rnlu.  are the ajequacy of operational  Md acc i -  
dent procedures. 

In the past,  plant protective feature; i n ,  these areas have been approve: 

toward assuring adequate protection over the plant l i fe t ime.  With a l l  systems 

operable, t h i s  has resulted in indi rec t ly  determining what const i tutes  an accept- 

able r i sk .  A t  TMI i t  was necessary t o  ensure cer tain c r i t i c a l  functions remaineC 

even though some of the equipment and systems were degraded or inoperable. Al- 

though the probabili ty of f a i lu re  of these systems have been less  due to  



I f i r e ,  earthquake or sabotage for  the short  time periods (days or  weeks) involved, 

the consequence .of f a i lu re  would probably have been more severe. The TMI exper- 

ience suggests that  Sandia may wish t o  include evaluation and quantification of 

risk and resul tant  design guidance evolved for  s i tuat ions in which degraded pro- 

.tection ( e i the r  diversi ty ,  redundancy or separation) i s  present b u t  the required 

duration of performance i s  re la t ive ly  short .  

The rilevance of Sandia -objectives in th i s  area and TMI-2 events 

and l i t e r a t u r e  i s  summarized in table  3.13. 



TABLE 3.13 
Research Program - 13. Design Guidance 

COMMENTS 

1 . Reports and recormnendations' repea ted ly  
suggest a p p l i c a t i o n  o f  q u a n t i t a t i v e  r i s k  
methodology u t i l i z a t i o n  f o r  t h i s  purpose 
(NUREG-0685, ACRS 1 e t t e r s )  . 

2. 

3. Appl i c a t i o n  o f  sinlpl i f i e d  des ign procedures 
c o n t r a d i c t  need f o r  d e t a i l  s t r ess  r e p o r t  
pe r  ASME code. 

I 

PARTIAL OBJECTIVES 
OF RESEARCH PROGRAM 

1. Developnent o f  comprehensive 
methodology which i d e n t i - f i e s  
p l a n t  v u l n e r a b i l i t i e s  t o  mul- 
t i p l e  f a i l u r e s  and p rov ides  
guidance t o  min imize.  

2. Develop and v e r i f y  a n a l y t i c a l  
methods f o r  non-1 i n e a r  response 

. i n c l u d i n g  dynamic load ings  
(develop f a i l  u re  c r i t e r i a )  . 

3. Development of standard ized 
se ismic des ign ana l ys i s  
methods, c r i t e r i a  and s.impl i - 
f i e d  des ign procedured. 

4. Design v e r i f i c a t i o n  through t e s t  
f a c i l i t y  . cons t ruc t ion .  
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3.14 EMERGENCY RESPONSE 

3.14.1 Summary- of Sandia Research Program 

In recognition of TMI problems, Sandia research i n  t h i s  area i s  aimed 

a t  the following:' 

1 .  Defini.tion, training and organization of emeryerlcy response 

teams. ' 

. 2. Definition and organization of emergency equipment including 

hardware, moni tor i  ng  equi pment, data retrieval and communi ca- 

t ions .' 
3. Definition and implementation of plant specif ic  design changes 

necessary to  interface with emergency equipment. 

4. ~evelo'pment of equipment and analytical methods to  a s s i s t  

emergency e f fo r t s .  

3.14.2 Relevant TMI Events and Actions 

Previous sections have rel ied heavily upon NUREG-0600 and other doc- 

umented sequences of events a t  TMI . Unfortunately, similar detailed documenta- 

tion for  days through weeks of the accident a re  not. available.  The following 

general discussion of the role of emergency reponse a t  TMI i s  derived from a 

number of sources which provide insight in to  the ro le  of emergency response. 

This discussion i s  by no means complete. However, i t s  intent  i s  t o  provide an 

overview. of the types of problems encountered. 

Actions of an emergency response nature a t  TMI can be summarized 

as directed a t  three major objectives, a s  follows: 



1 .  Maintain plant and equipment in operable s t a t e  towards 

obtaining safe  conditions and eventual cold shutdown. 

This includes maintaining access to  v i ta l  equipment. 

2 .  Maintain radioactive releases a t  a  minimum and/or in 

a  control 1 ed manner. 

3 .  Proceed with recovery, decontamination and cleanup 

operati ons . 

During the i n i t i a l  hours of the accident, spec i f ic  operator actions 

were taken to  maintain the plant and equipment in operable s t a t e s  as discussed 

elsewhere in th i s  report. spec i f ic  actions were also taken to  l imit  or control 

radioactive releases. These actions include declaration of a  s i t e  emergency 

(0655, NUREG-0600, 11-2-5), declaration of a  general emergency (0724, N U R E G -  

0600, 11-2-6) and organization and spec i f ic  a c t i v i t i e s  of the 1  icensee's 

emergency response organization, such as determining radiation levels in plant 

and a t  release points, organizing securi ty ,  health physics, e t c .  " I n i t i a l l y ,  

the emergency response organization approximated the 'planned' organization 

.established. in. the emergency plan and procedures. . . " (NUREG-0600, 11-2-8) 

This organi zati'on was perturbated, however, as ti,me progressed, Plant per- 

sonnel f e l t  

" th i s  was necessary because the Emergency Plan and procedures 

did not contain adequate provisions to  deal with radiological 

controls under the type of conditions tha t  existed in the plant. 

During an interview, the SupervisOr, Radiation protection and 

Chemistry s t a t ed ,  'The procedures themselves do not address in 

any.great detai l  in-plant radiation protection support . . . or .  

coordination of maintenance and operations . . . I  can also say 

quite honestly, in my own mind, I  never conceived of the type of 



maintenance and operations a c t i v i t i e s  tha t  would have to  go on 

in areas of such tremendous radiation dose ra te  1,evels as we 

had'. " (NUREG-0600 11-2-14] 

"By about 2000, the operational elements of the emergency 

organization had generally ' s t ab i l i zed '  the reactor to the point 

where the i r  actions were generally not of an emergency response 

nature. The radio1 ogical el ements of the emergency organization 

were, however, s t i  11 responding t o  emergency conditions , attempt- 

i n t  to  reestabl ish routine radiological controls in plant (pro- 

tect ive ac t ions) ,  continue in-plant,  onsi te ,  and o f f s i t e  radio- 

logical monitoring (assessment ac t ions ) ,  and implement correc- 

t ive  actions t o  terminate or reduce actual or potential releases 

of radioactive materials." (NUREG-0600 11-2-17) 

With regard to  not i f icat ions and communications, 

"The investigator determined tha t  the l icensee 's  communica- 

t ions faci  1  i  t i e s  and provisions general ly were adequate to  support 

implementation of the emregency plan with respect to  i n i t i a l  not i f -  

ications and the relay of updated information regarding radiologic- 

a l  aspects of the response. Early in the event, however, i t  became 

apparent tha t  additional telephones were needed to support the 

operational aspects of the emergency. " (NUREG-060.0, I 1-2-24) 

The NUREG-0600 di.scussion i s  reproduced i  n i t s  ent i  re ty .'i n Section 

This document does not note Governor Thornburgh's testi.mony before the Senate 

Nuclear. Regulation Subcommittee tha t  (Reference 8 ) 



" t he re  was a  ' g a r b l e  gap' between Har r i sbu rg  and Washington 

which c o n t r i b u t e d  t o  confusion. However, he sa id  t h a t  

' th roughout  t h e  c r i s i s ,  I f e l t  I was g e t t i n g  the  bes t  

in fo rmat ion  a v a i l a b l e  from the  w ides t  range o f  sources, 

and I s t i l l  b e l i e v e  t h a t ! . "  

and t h a t  o f  t he  NRC Commisioners (Reference 4 )  

"HENDRIE: You decide whether you ought t o  be one, 

Harold, b u t  i t  seems t o  me t h a t  we ought t o  back 

Vol lmer up w i t h  coverage, as t h i s  cou ld  go around 

the  c lock  f o r  t h e  n e x t  couple o f  days. I d o n ' t  

know what you can do t o  improve the communication 

s i t u a t i o n ,  b u t  i t  i s  c e r t a i n l y  lousy.  

Now, Joe, i t  seems t o  me I have g o t  t o  c a l l  the  

Governor - 
FOUCHARD: I do. I t h i n k  you have g o t  t o  t a l k  t o  

him immediately.  

HENDRIE: - t o  do i t  immediately, We a r e  ope ra t i ng  

almost t o t a l l y  i n  t h e  b l i n d ,  h i s  i n f o r m a t i o n  i s  am- 

biguous, mine i s  non -ex i s ten t  and - I d o n ' t  know. 

i t ' s  1  i ke a  couple o f  b l  i n d  men s tagger ing  around 

making dec is ions .  L e t  me g e t  - " 

1 Concerns over  ma in ta in ing  p l a n t . e q u i  pment i n  an operable s t a t e  and 

ma in ta in ing  r a d i o l i g i c a l  re leases  a t  a  minimum o c c a s i o n a l l y ~ r e q u i r e d  c o n f l i c t i n g  

ac t i ons .  I n  test imony b e f o r e  t h e  P res iden t ' s  Commission on TMI, t he  f o l l o w i n g  

was repo r ted  (Reference 7 )  : 



"F loyd  had taken over  u n i t  2  opera t ions  e a r l y  i n  t h e  morning 

of March 29, t h e  day a f t e r  t h e  acc iden t  began. He t o l d  t h e  com- 

miss ion  t h a t  on March 30 he d e l i b e r a t e l y  vented r a d i o a c t i v e  gas 

from make-up tanks so as t o  depressur ize  them and save a  p r imary  

system coo lan t  pump. 'I had t h a t  one source of water between 

me and a  loca  ( l o s s  of coo lan t  a c c i d e n t ) ,  ' he sa id .  F loyd s a i d  

he d i d  t h i s  w i t h  t h e  concurrence of u t i l i t y  and NRC o f f i c i a l s  

a t  t h e  r e a c t o r  s i t e .  He a l s o  s a i d  he cont inued t o  ven t  t h e  tanks 

f o r  days, b e l i e v i n g  t h a t  he cou ld  cease ven t i ng  i f  a  h e l i c o p t e r  

f l y i n g  over  t h e  u n i t  p icked up i n c r e a s i n g  l e v e l s  o f  r a d i a t i o n .  

" NRC o f f i c i a l s  were comple te ly  s u r p r i s e d  by F l o y d ' s  statements. 

' T h i s  i s  t he  f i r s t  t ime  I ' v e  heard tha t , '  s a i d  NRC d i r e c t o r  o f  

r e a c t o r  r e g u l a t i o n  Haro ld  Denton. He and o t h e r  o f f i c i a l s  a t  NRC 

have contended t h a t  those r a d i a t i o n  re leases  were unexpected. And 

Den ton . to ld  t h e  P r e s i d e n t ' s  commission l a t e r  t h a t  day t h a t  t h e  

unexplained 1,200 mrem h r  read ing  p i cked  up by the  h e l i c o p t e r  

dur ing  t h e  ven t i ng  had caused him t o  recommend evacuat ion o f  

t he  area around t h e  p l a n t . "  

The emergency equipment u t i l i z e d  impor ted  t o  t h e  s i t e  i nc luded  mon i to r -  

i n g  equipment, s h i e l d i n g ,  hydrogen recombiners, pumps, heat  exchangers, p i p i n g  

tanks, sh ipp ing  cas ts  and communication gear. NUREG-0557, Appendix B p rov ides  

a  d e s c r i p t i o n  o f  how s p e c i f i c  components were u t i l i z e d  t o  modi fy  t h e  p l a n t  sys- 

tems f o r  t r a n s i t i o n  t o  n a t u r a l  circu,lation.: P o r t i o n s  of t h i s  appendix i s  r e -  

produced i n  s e c t i o n  4. 



3.14.3 ' Required or Suggested Corrective Action 

NUREG-0600 ident i f ies  the following potential i  terns of TMI f a c i l i t y  

non compliance during the i n i t i a l  three days of the accident: 

"Contrary to  the above [Tech Spec] , during calendar year 

1978, a l l  individuals having emergency responsibi l i t ies  

were not trained in t h a t  two Emergency Directors, one 

Accident Assessment individual, e ight  ~ a d i o l o ~ i c a l  Mon- 

i toring Team Members, and 37 Repair Party Team Members 

had n o t  received the training specified in Procedure 

1670.9. On March 28, 1979, during an emergency, a t  

least  four individuals assigned to  Radioligical Mon- 

i toring Teams and seven individuals assigned to Repair 

-Party Teams performed these emergency duties without 

having been trained as specified. " (11-F-2) 

2. "Contrary t o  the above [Tech Spec] , a retraining pro- 

gram meeting or exceeding ANSI N81.1-1971 recommendations 

has not been maintained for  members of the Radiation 

.Protection and Chemistry s t a f f  in tha t  only 2 of the 10 

topics specified were included in the program." (11-F-3) 

3. "states in  able 1 of Section 2.1 t h a t  a  S i t e  Emergency 

exis ts  when there i s  a: 

a. Loss of primary coolant pressure, coincident 

with high reactor building pressure and/or 

high reactor building sump level (Condition c ) ;  or 

b. Reactor building high range gamma monitor a l e r t  

alarm (Condition e ) .  



Contrary t o  t h e  above, t h e  s h i f t  supe rv i so r :  

a .  Fa i led  t o  d e c l a r e  a  S i t e  Emergency a t  041 5 hours on 

March 28, 1979, a t  which t ime Condition "c"  of  Table 1  

of Sec t ion  2.1 of  t h e  Three Mile I s l and  Emergency Plan 

had occurred ;  and 

b. Fa i led  t o  d e c l a r e  a S i t e  Emergency a t  0635 on March 28, 

1979, a t  which t ime Condit ion "e"  of  t h e  Three Mile 

- I s 1  and Emergency Plan had occurred ( I  I -F-5) 

4. "FSAR Sect ion  12.3.2.10 s t a t e s  t h a t  a  Radiat ion Work Permit 

(RWP) i s  requi red  f o r  a l l  personnel working i n  r a d i a t i o n  a r e a s  

except  i n  emergency s i t u a t i o n s .  I n  emergency s i t u a t i o n s  t h e  

e n t r y  should be made by qua1 i f i e d  personnel c a r r y i n g  r a d i a t i o n  

monitors and e a c h . e n t r y  must be documented. 

Contrary t o  t h i s  commitment, dur ing  t h e  per iod  March 28-30, 1979, 

an emergency s i t u a t i o n ,  i n d i v i d u a l s  were permi t ted  t o  e n t e r  high 

r a d i a t i o n  a r e a s  with r a d i a t i o n  l e v e l s  much g r e a t e r  than  1000 

mrem/hr and with unknown l e v e l s  o f  a i r b o r n e  a c t i v i t y ,  wi thout  an 

RWP, and t h e s e  e n t r i e s  were no t  documented." (11-F-9) 

NUREG-0578 i d e n t i f i e s  s eve ra l  s h o r t -  term recommendations re1 a t e d  t o  

emergency response.  A1 though some of  t h e s e  recommenda t i o n s  a r e  i ncl uded 

in  s e c t i o n  4, t h e  fol lowing summaries a r e  provided: 

1 .  S h i f t  Superv isor  R e s p o n s i b i l i t i e s  

Review p l a n t  a d m i n i s t r a t i v e  and management procedures .  Revise a s  
necessary  t o  a s s u r e  t h a t  r e a c t o r  o p e r a t i o n s  command and c o n t r o l  
respons i  bi 1  i  t i e s  and a u t h o r i t y  a r e  p r o p e r l y  de f ined .  ' Corporate  
management s h a l l  r e v i s e  and promptly i s s u e  an o p e r a t i o n s  p o l i c y  
d i r e c t i v e  t h a t  emphasizes t h e  d u t i e s ,  r e s p o n s i b i l i t i e s ,  and a u t h o r i t y  
and l i n e s  of  command of  t h e  c o n t r o l  room o p e r a t o r s ,  t h e  s h i f t  



t e c h n i c a l  a d v i s o r ,  and t h e  pe rson  r e s p o n s i b l e  f o r  r e a c t o r  operat 'ons 
command i n  t h e  c o n t r o l  room ( i - e . ,  t h e  s e n i o r  r e a c t o r  o p e r a t o r ) .  

2.  S h i f t  Techn i ca l  A d v l s o r  

Prov ide  on s h i f t  a t  each n u c l e a r  power p l a n t  a  q u a l i f i e d  person ( t h e  - 
s h i f t  t e c h n i c a l  a d v i s o r )  w i t h  a  b a c h e l o r ' s  degree o r  e q u i v a l e n t  i n  a  
sc i ence  o r  e n g i n e e r i n g  d i s c i p l i n e  and w i t h  s p e c i f i c  t r a i n i n g , i n  the 
p l a n t  response t o  o f f - no rma l  even ts  and i n  a c c i d e n t  a n a l y s i s  o f  t he  
p l a n t .  

S h i f t  t e c h n i c a l  a d v i s o r s  s h a l l  se rve  i n  an a d v i s o r y  c a p a c i t y  t o  
s h i f t  s u p e r v i s o r s .  The l i c e n s e e  s h a l l  a s s i g n  normal d u t i e s  t o  . 

t h e  s h i f t  t e c h n i c a l  a d v i s o r  t h a t  p e r t a i n  t o  t h e  e n g i n e e r i n g  
aspec ts  o f  a s s u r i n g  s a f e  ope ra t i u r i s  o f  t h e  p l a n t ,  i n c l u d i n g  t h e  
r e v i e w  and e v a l u a t i o n  o f  o p e r a t i n g  exper ience .  

3. C o n t r o l  Room Access 

Review p l a n t  emergency p rocedures ,  and r e v i s e  as necessary,  t o  
assure  t h a t  access t o  t h e  c o n t r o l  room under  normal and a c c i d e n t  
c o n d i t i o n s  i s  l i m i t e d  t o  those  persons  necessary t o  t h e  s a f e  command 
and c o n t r o l  o f  ope ra t i ons .  

O n s i t e  T e c h n i c a l  Suppor t  Cente r  

A sepa ra te  t e c h n i c a l  suppo r t  c e n t e r  s h a l l  be p r o v i d e d  f o r  use by 
p l a n t  management, t e c h n i c a l ,  and e n g i n e e r i n g  suppo r t  personne l .  I n  
an emergency, t h i s  c e n t e r  s h a l l  be used f o r  assessment o f  p l a n t  
s t a t u s  and p o t e n t i a l  o f f s i t e  impac t  i n  suppo r t  o f  t h e  c o n t r o l  room 
command and c o n t r o l  f u n c t i o n .  The c e n t e r  shou ld  a l s o  be used i n  
c o n j u n c t i o n  w i t h  imp lemen ta t i on  o f  o n s i t e  and o f f s i t e  emergency 
p l a n s ,  i n c l u d i n g  communicat ions w i t h  an o f f s i t e  emergency response 
cen te r .  P r o v i d e  a t  t h e  o n s i t e  t e c h n i c a l  suppo r t  c e n t e r  t h e  a s - b u i l t  
drawings o f  gene ra l  p l a n t  arrangements and p i p i n g ,  i n s t r u m e n t a t i o n ,  
and e l e c t r i c a l  systems. Photographs o f  a s - b u i l ' t  system l a y o u t s  and 
l o c a t i o n s  may be an accep tab le  method o f  s a t i s f y i n g  some o f  these  
needs. 

5. O n s i t e  O p e r a t i o n a l  Suppor t  Cente r  

Each o p e r a t i n g  n u c l e a r  power p l a n , t ' s h o u l d  e s t a b l i s h  and m a i n t a i n  a 
separa te  o n s i t e  o p e r a t i o n a l  s u p p o r t  c e n t e r  o u t s i d e  t h e  c o n t r o l  room. 
I n  t h e  e v e n t  o f  an emergency, s h i f t  s u p p o r t  personne l  (e .g . ,  a u x i l i a r y  - 
ope ra to r s '  and t echn i c i ans ' )  o t h e r  t h a n  t hose  r e q u i r e d  and a l l o w e d  i n  
t h e  c o n t r o l  room s h a l l  r e p o r t  t o  t h i s  c e n t e r  f o r  f u r t h e r  o r d e r s  and 
assignment.  



The ACRS recommendations of d i rec t  relevance to  Sandia Research 
Programs in emergency response are:  

An e f f o r t  should be undertaken tc plan and define the r o l e  NFC vill pluy 
Ln e n e q e n c i e s  d kha: t h e i r  m t r i b u t i o n  and in te rac t ion  w i l l  be vie 
the l i censee  ad otber  eneroenry pla-, pa r t i c ipan ts  i n c l d i w  other  govern- . 
merit sgencies, i d u s t r y  representat ives,  and national  1aSoratorles .  SIIch 
pLMnirq should consider: 

. assur- that formal docmentat ion of plans, procedures 
Bd o r g a n i t a t l m  are  in place fo r  act ion in an emergency, 

. desigrmtirn of a technical  advlsory tern 4 t h  -s ard . , 
a l t e r n a t e s  tor t h e  anf3clpated rpeds of an erergency 
s i t u a t i o n ,  

. compilation o f  an h m t o r y  of equipnen: and mater ia l s  
which ray be d e d  fo r  rrn-1 candit ions i r r l d i r q  
its d e r - r i p r i m ,  l o c a t i m ,  a v a i l & i l i t y  ard t h e  o r g d -  
za t ion  which a n t r o l s  its release. 

'Ihe C m i t t e e  re-& tha t  each l icensee be asked to r e v i ~ t  ard 
rev i se  within ?bout t h r e e  nmtbs: 

. h i s  bases fo; obtainirq o f f s i t e  advice and a s s i s t a r r e  ln - 
emergencies, f rrm within and a i d e  the c o q a i y ,  

. cur ren t  bases f o r  m t i f y i r q  a d  providirg i n f o r m t i o n  tn 
a u t h o r i t i e s  o f t s i t e  i n  case of arergency. 

This review a d  evaluat ion & o d d  be in terms of accidents  having a 
broad range of consequences. 'Ihe r e m l t s  of t h i s  review s\ould be 
r e p -  to t h e  KC. 

Decontmination a d  Recovery 

The Cornnittee wishes to call s t t e n t i o n  to the imFprtsrre of a pograD & 
signed to learn d i r e c t l y  a b u t  t h e  behavior, f a i l u r e  uocks, surv iv&i l -  
i t y ,  a d  other  aspecX& of c c a p n e n t  and sys tep  behavior a t  l?U-2  as part 
of the Q q - t e r m  rewvery'pr-. lhis p r m r m  sfiDdd a l s o  d m  thc 
lessons learned ar M - 2  to de:ermine i f  design c h a m s  a r e  rp-ry to 
f a c i l i t a t e  t h e  d e o n - A n o r i o n  and recovery of major -1-r pDuer p l a n t  
systems. 

Certain d i r ec t  and immediate actions have been taken by the N R C  

related to  emergency preparedness as follows: 

1 .  IE Bulletins (Reference 1 ) required a l l  licensees t o  

"Review your prompt reporting procedures fo r  NRC. no t i f i -  

cation to  assure very early not i f icat ion of serious events." 



"The Nuclear Regulatory Commission also has announced 

that  i t  has ins ta l led  dedicated telephone l ines  be- 

tween i t s  operations center and 68 of 70 operating 

reactors,  as well as 14 fuel cycle f a c i l i t i e s .  This 

i s  intended to  avoid the collapse i n  communications 

which characterized the f i r s t  few days a f t e r  Three 

Mile Island." (Reference 10 6/5/79) 

. The subject of emergency plans and nuclear reactors has received con- 

siderable pol i t ica l  a t ten t ion .  In par t icular ,  the U. S. Senate (References 6 

and 6 ) has passed leg is la t ion  requiring nuclear reactors in a l l  s t a t e s  
not having an approved emergency plan by June 1 ,  1980 t o  be shut down. The 
House of Representatives companion b i l l  i s  not expected to  be acted on unt i l  

a f t e r  the August recess. 

Selected industry representatives '  reactions a re  presented below 

which d i rec t ly  re la te  to  emergency response: 

1 .  TMI experience demonstrated a need to  consider industry 

emergency support teams, emergency equipment pools, opera- 

tor  t ra ining and design philosophy in recognition tha t  

"some prospect of unpleasant surprises  will always remain". 
. . 

(Reference 13 , Dr. Shepard Bartnoff, comments reproduced 

and included i n  section 4.)  

With specif ic  reference to  the TMI emergency response, Pennsylvania 

Governor Thornburgh recommended, i n  testimony before the Senate (Reference 8 ) 

that  " c r i s i s  management should be d i rec t ly  carr ied out a t  the s i t e " .  



3.14.4 Relationship toSandia Research Program 

The TMI experience and relat ionship to  the Sandia research program 

i s  summarized in table  3.14. Emergency response i s  an area where considerable 

technical, quasi-technical and non-technical studies a re  in progress. Although . 

a thorough review of these s tudies ,  t h e i r  scope and s ta tus  i s  beyond the scope 

of th i s  report, such a review may serve t o  focus Sandia research in the most 

productive manner. 



TABLE 3.14 
Research. Program - 14. Emergency Response' 

PARTIAL 0BJECTI.VES 
OF RESEARCH PROGRAM 

1. Develop techniques and moni tor  
requirements necessary t o  a1 1 ow 
p r e d i c t i o n  o f  r a d i o l o g i c a l  
d i spe rs i on  i n  the  environment. 

2. Def ine, organize .and. t r a i n  
. emergency response team(s) . 

3. Improve conimunications: 
eva lua te  voice, data f a c s i m i l e  
and slow scan video f o r  remote 

.mon i to r ing .  

4. P l a n t  cha rac te r i za t i on  ' informa- 
t i o n  development and organi za- 
t i o n .  

5. Emergency equipment pool. 

6. Robot development f o r  contam- 
i na ted  areas. 

7. Invest igate/ improve r a d i a t i o n  
c o n t r o l  and moni tor ing.  

8. Improve decontamination methods 
and reac to r  design t o  accommo- 
date decontamination. 



3.15 SITING 

3.15.1 Summary o f  Sandia Research Program 

The purpose of t h e  Sandia Program i s  t o  conduct a  f u l l  va lue/ impact  

a n a l y s i s  o f  remote s i t i n g  and t o  i d e n t i f y  and eva lua te  a l t e r n a t e  s i t i n g  op t ions .  

3.15.2 TMI-Related Studies and F ind ings  

The acc iden t  a t  TMI has i n s t i g a t e d  a  spectrum o f  i n v e s t i g a t i o n s  i n t o  

nuc lea r  p l a n t  design, r e g u l a t i o n s ,  i nspec t i ons  and indeed s i t i n g .  The TMI-2 

acc iden t  brought  n a t i o n a l ' a t t e n t i o n  on to  those aspects o f  s i t i n g  assoc ia ted  

w i t h  h e a l t h  impact, ma in ly  demography, meteoro logy and nearby t r a n s p o r t a t i o n ,  

h e a l t h  and c i v i l  defense f a c i l i t i e s .  I n  t h e  r e c e n t  "Report  o f  t h e  S i t i n g  P o l i c y  

Task Force:, NUREG-0625, t h e  NRC presents  a  d e t a i l e d  d i scuss ion  o f  c u r r e n t  s i t i n g  

p r a c t i c e s  and i d e n t i f i e s  n ine  recommendations t o  mod i fy  s i t i n g  p o l  i c y  as f o l l  ows: 

Recornendation l 

Revise Part 100 t o  chunge the way protection i s  provided for accidents by 
incorporating a fixed exclusion and protection action distance and popuZation 
density and diskribution cr i ter ia .  

2.  Specify a fixed minimum excZusion d i s i k m e  based on l i m i t i n g  the 
individual r i sk  from design basis accidents. Furthermore, the 
regulations should cZarify the required control b y  the u t i l i t y  
over a c t i v i t i e s  taking place i n  land and water portions of the 

- .  
exclusion area. . .. 

2. ' Specify a fixed m i n i m  emergeizcy planning distance of 10 mites. 
' 

1% physical characteristics of  the emergency pLanning zone 
should provide reasonable assurance that  evacuat ia  of persons, 
inciuding trmzsients, wouZd be feasibie i f  needed mitigate the 
consequences of accidents. 

3. Incorporate speci f ic  p q u k t w n  densitzj and dis tr ibut ion l imi t s  
outside the ezclusion area that  are dependent on the average 
population of ths region. 

4 .  Remove the requirement to caZcuZate radiation doses as a means 
of establishing minimum exlusion distanczs and low popuiai Y LOP. ' 

zones. 



Revise F c r t  ZOO t o  reqwLre consiciera=ion o f  the potential irzacrr2.s posed by 
man-mde a c t i v i t i e s  m d  natural citcrracteristics of s i b s  b2 establishing 
minimam st&yf &stances for: 

I .  .Yryryor or comeA-ical ai~.30rSs,  
2. LNG terminals, 
3. Large propme pipe l ines ,  
4 .  Large natural gas pi?eZines, 
5.  Large quant i t ies  of e q l o s i v e  or t o L c  materiais, 
6 .  Mcy'or dans, and 
7 .  CapcbZe faul t s .  

Revise Part 100 by requiring a reasonabLe.assurance that- ' interdict ive 
measures are possible t o  l im i t  _ a r o d m t e r  contanrinatia resu2i;ing from 
Class 9 accidents Lvithin the i m e d i a t e  v i c i n i t y  of t h ~  s i t e .  

Recommendation 4 

Revise Appendix A t o  10 CFR 100 t o  be t t e r  r e f k c t  the evolving technology 
i n  assessing seismic hazards. 

Revise Part 100 t o  include consideration of post-licensing cizrmges i n  
o f f s i t e  a c t i v i t i e s :  

I .  The NRC staff shall  iz..fonn local authori t ies  (pknning  commission, 
county c o k s s i o n s ,  e t c . )  t ha t  c a t r o Z  a c t i v i t i e s  within the 
emergency planning zone ( A D Z )  of the basis for determining the 
acceptairziity of a s i&.  

2. The hTC s t a f f  s h l Z  notC..fg those federal agencies as i n  ~ t e d  2 
above that  m y  r z a s d l y  i n i t i a t e  a future federal ac-tion that 
may influence the nt~?I.ea-?- powcr p Z a & .  

3. The IJRC staTf shall  require appzicants t o  m m i w r  and report 
potent ial ly  adverse o f i s i t e  developments. 

g. I f ,  i n  sp i t e  o f  the actions describeE i n  Items 1 through 3, there 
are o y f s i t e  developme~ts tht hcve the potential for s igni f icant ly  
increasing the r i s k  t o  th.e public, the A'RC s t a f f  w i l l  consider 
re s t r i c t ions  on a case-b,u-case basis .  



\ 
Recommendation 6 

Continue the current approach re la t ive  t o  s i t e  s s l cc~zor .  From a . s a f c k ~  
v i e -qo in t ,  but select  s i t e s  so- that there are no unfcvorc3Le ci.m.racte~Lstics 
requiring unique or unusuaZ design t o  corrpensote for s i t e  inadequacies. 

Recomendation 7 

Revise P a r t  100 to .spe&fy that s i t e  qprova l  be estcrbZZshed ct the ear l i e s t  
&cision point i n  the review mrc! tc provide c r i t e r ia  that would b e  t o  be 
sa t i s f i ed  for. t h i s  approach t o  be subsequently reopened i n  tize licensing 
process. 

Revise Part 51 t o  provide that  a finaZ de-ision disapproving a proposed 
s i t e  by c s tate  ngency whose approvaZ i s  fwdamenAffi2 t o  the project wouZ2 
be a s u f f i d e n t  basis for NRC t o  terminate review. Such termination o-f a 
r e v i m  would then be reviewed by the Conmission. 

Recomendation 9 

DeveZop common bases for compa+ing the r i s k s  for a l l  e d e r n a l  events.  

. . 

As noted in Section 2 .7 ,  NUREG 0625 does not address the economic 
aspects of s i t e  selection ident i f ied in the Sandia Program Plan. 

3.15.3 Relationship to  Sandia Research Program 

Power plant s i t e  selection processes require detailed evaluation of 

economic factors ,  par t icular ly when more than one candidate s i t e  f o r  a  power 
plant must be evaluated. I t  i s  essent ial  t ha t  s i t i ng  c r i t e r i a  recognize the 

economic considerations involved so! as t o  avoid el iminating the nuclear option 



on economic and c o s t  bas i s .  The'economic i m p l i c a t i o n s  must be determined f o r  

t h e  NRC recommendations i d e n t i f i e d  i n  NUREG-0625 and p r o p e r l y  weighed a g a i n s t  

t h e  r i s k s  assoc ia ted  w i t h  more o r  l e s s  s t i n g e n t  c r i t e r i a .  The Sandia Program 

i s  necessary t o  complement and ba lance t h e  NRC's program as i n d i c a t e d  i n  t a b l e  

3.15. . 



TABLE 3.15 
Research Program - 15. S i t i n g  



3.16 R I S K  METHOD UTILIZATION 

3.16.1 Summary o f  Sandia Research Program 
I 

Sandia tasks  i n  t h i s  area a r e  aimed a  q u a n t i f y i n g  s a f e t y  goa ls  and 

deve lop ing  and u t i l i z i n g  r i s k  methodology f o r  des ign b a s i s  and des ign  dec i s i ons  

f o r  n u c l e a r  power p l a n t s .  

3.16.2 Post-TMI Recommenda t . i  ons 

As a r e s u l t  o f  TMI, renewed and acce le ra ted  a t t e n t i o n  i s  be ing  g i v e n  

t o  r i s k  method u t i l i z a t i o n .  The f o l l o w i n g  examples and commentary a r e  d . i r e c t l y  

o r  i n d i r e c t l y  a  r e s u l t  of TMI-2. 

1. Wi th  rega rd  t o  q u a n t i t a t i v e  s a f e t y  goa ls  and t h e i r  a p p l i c a t i o n ,  

t h e  f o l l o w i n g  ACRS l e t t e r  i s  i n c l u d e d  i n  i t s  e n t i r e t y :  

Fbnorable J o s e m  3. Eendrie 
Cha l rman 
U. 5 .  Nuclear Requlatory Ccmission 
Washimton, D. C. 22555 

Dear Dr.  Berdrie:  

The kiv i sory  C u m i t t e e  on Reac-ar Safeqrrards recomaerds that mn- 
s idera t ion  be given.by. the N x l e a r  Requlatory -sion t o  the 
e w h l i s h m e n t  of u a n t i r a t i v e  sa fe ty  goa ls  for overa l l  safety of  
n x l e a r  p u e r  rea-tors. ?his could be helpful, f o r  e x d e ,  i n  
developing c r i t e r i a  f o r  h?t ac t ions  concerning operazirq plants. 
5he recognizes the d i f f i c u l t i e s  an6 m c e r t a i m i e s  in the 
quant i f i ca t ion  of r i s k  a d  mderstands tha t  in  wny s i t o a t i n n s  
e r q i n e e r i q  j d g v e n t  dl1 h the only o r  the p r h r y  basis tor a 
decision. Nevertheless, the ACi6 believes that the e x i s t e m  of 
quant i t a r ive  safe? goa ls  an3 c r i t e r i a  can provide mt-tant yard- 
s t icirs  fo r  s ~ c h  jrr3-:. 

The AU?S bel ieves t h a t  such mC goals  and c r i t e r i s  should be pro- 
p o s e  f o r  mmne?:. not on?y by t he  p.b?ic but by the Congress; 
Ultimately the  b r q r e s s  z.?iould be ask& to express its v i m  on 
the s J i t & i l i t y  of SJ=~ goa ls  a d  c r i t e r i a  i n  re la t ion  td other  
relevant  aspects o f  our t e c . v ~ l m i c a 1  society,  such as l a r g e  dam, 
and aranufacturirq, s torage,  o r  disposal f a c i l i t i e s  f o r  hazardous 
chemicals. 

Tne fGZS believes tha: it i s  t i n e  to place the discussion of r i s k ,  
nuclear and m m u c l e a r ,  on a s  q m n t j t a t i v e  a basis  ar feas ib le .  



2. The ACRS's Interim Report #3 on TMI (reference 3 ) contains 

the following: 

S i n g l e  F a i l u r e  C r i t e r i o n  

.RR NQ2 ShOuld w i n  a s t d y  tn d e t e r m i n e  i f  use o f  th sirqle f a i l u r e  
c r i t e r i o n  establishes an a ; p r o p r i a t e  l w e l  of  reliability f o r  r e a c t o r  
s a f e t y  sys te r rs .  Q x r a t i m  m r i e n c e  -9es--s thdr ualtlple f a i l u r e s  
a n d  ccmpn d e  £ a l l u r e s  arc - m t e r e d  ath s l f f i c i c l r  f r e q u e n c y  that 
t h e y  need mre s p e c i f i c  - ideratior. .  T h i s  st* M b  be a-led 
b y  c o n c u r r e n t  c o r u i d e r a t i o n  o f  twv t h e  l i c e u l ~  pr- can be d i f i d  
to t a k e  a=oun: o f  a m' se: of  c r i t e r i a  as a ; p r o p r b .  

and 
R e l i a b l l l t y  o f  E l e c t r i c  Pcwer SL-lies 

Durirg the pas: s e v e r a l  y e a r s  t h e r e  have been  s e v e r a l  o p e r a t i m  e?peri- 
cnccs LrvolvFrq a l a  o f  'k pee: t o  Irr;artmt v-qineerel, safe+a.nk. 
Tne XiG b e l i e v e s  it Lzrtan: t h a t  a O>r:O>r:?rehe,nsive r e e x s J r a t i m  bc made 
by t h e  h X  a d  the r e a c t o r  l i c e s e e s  of  t h e  ad-cy o f  d e s i g n ,  terdrg,. 
a n d  m a i n t e n a m  of o f f s i t e  hrtd m s i t e  PC ad IT power slwlies. In par- 
t i c u l a r ,  f a i l u r e  udes a d  e f f e c t s  a n a l y s e s  s i o u l d  be mde,  i f  not dl- 
r e d y  p t r f o ~ ,  = r e  s y s t e n a t i c  t e s t i r q  of p e r  systa: r c l i a S U i c y ,  Lrr- 
c l d i r q  h r m a ?  or a ? m l o u s  systen t r a n s i e n t s ,  s b u l d  be a m s i d e r e d ,  ard 
i m p r w e ?  u a l f t y  - r a s e  an2 s t a : ~  m n i t o r i r g  of p e r  s r m l y  
s b o u l d  be s q h : .  

3. In an August 14 letter (reference 3 ) t h e  following additional 

ACRS recommendations relate to risk method utilization: 

Studies t o  Inwove Safe ty  

m e  KXS has p w i o u s l y  reccmmendd cn several  occasrors *at the S t  S t a f f  
u t i l i z e  Lhc ~ U d o l c q y  of probabi l i s t ic  m a l y s i s  to a m : n e  tne r d l a s i l i t y  

of the design o f  s y s t e m  i m p r u n t  La safecy ,  both for exls-cing r c x t o r s  .ud as 
i t  might apply t o  reac tors  to be c w c r u c t e d .  fbr  u a n p l e ,  on J L y  1:. 1978 
the ACE, i n  a l e t t e r  f ran  R. F. Fraley t o  L. V. b s s i c k ,  r e c d d  a t  the 
wtC Staff provide rn w a l u a t i o n  of the t e l l a b i l i t y  of the auxil iary f e e d i e t e r  
sys tsns  of w r e n t  FwRs drd EWP4 in Lem o t  various t r w i e n t s  a .  i n c i d m r s .  

~ e c e n t i y ,  t c l l w i n g  the m r e e ' f i i l e  ~ s l a r d  k c i d e n t ,  the hat sta:: performed a 
short-term, in tens ive  r e v i w  of the a u x i l i a r y  feedvdrmr systen for b m h r s t i o n  
mgineer i rq  Md Westinghouse operating lW& and found m y  i tens  of i n t e r e s t ,  
i n c l t d i m  urn M l c h  sujoested a need for  e a r l y  requlatory action to remedy 
d e f i c i v h i e s .  'Ihe ACRS reccmnerds t b t  t h i s  same procedure be a s l i e d ,  a s  
expeditiously a s  p a c c i c a l ,  to  each of thr other systems of i m p r m r c e  co 
s a f e t y  i n  order to a a e r t d i n  vherher & r e  are  o ther  fea tures  on oFeraclng 
reac tors  w r r m t i r q  e a r l y  o r  near-tern imjrwcmenrs. 

and 
Studies  to Rsducs 2he Prnhabi l i tv  of an Accident -"- 

me KP.5 r u o r m n d a  that s t d l e a  be d e  of a s a l b l e  siqn!:lcant s f f a c ~  
adverse tn s a f e t y  a r i s i n g  f r a  wured s y ~ t e m s  or loca t ioru  in a i a t i n g  
multiple-resctor s t a t i o n s .  o f  the p r o b c i l i t y  of such a d v e r v  e f f e c t s ,  and 
of p s s i b l e  mitigating faa tures .  b m p l e s  of p t e n t i a l l y  ddverw e f f c c t s  
t o  be considered inc l tde  the p s s i b l e  l o s s  of access t o  =tea needed f o r  
one m i t  due to  m e x p c t e d  releases o f  r d i o a c t i v i t y  f r w  a n e i c t h r ,  and 
the  p t e n t i a l  w e r l o d i m  of a q m c y  d i e s e l  capabi l i ty  a r i a i m  f r m .  con- 
cur rent  LM s i g n a l s  l r e h  or  s p x i o w )  for  a &rrm r rF l rq  a & r d  Jlmsal. 



Studies  t o  R d ~ e  the P r o b b l l l t y  of an Accident 

h e  PCRS r c c m n d s  a b y s t m a t i c  reevalrration of  tne comorrmoda f a i l u r e  
p c e n t l a ?  of ccnmresscl c'.r sv-+ used to r  control. or se rv ice  in both 
safe ty  and m . m . r  a ; ; ; r c a : s  h n ;  tte mat te rs  t o  be consider& 
in  such a r w i w  sholrld be the e f f e c t  of m i s t u r e  ard cor ros ion  ProdtxtS, 
~ n d  a t o t a l  l o s s  o f  a i r  wpply .  Also of comern  i s  any i n t e r c o ~ e c r i o n  
of c c m p r e ~ 4  ai: suppl ies  tp both s a f e t y  a d  ron-batety deuiccs an3 co 
other n u i d  systems. CoNlderation sbnuld be given tn th. mq! .ucy  of 
separa t ion  r u l e s  lor a i r  s y s t e m .  

S tudies  t o  ReCuce the P r o m b i l i t y  of an Accident 

The A% recamends t.UZ stLdie3 be made of Llr  i n t e r r e l a t i o n s h i p  becwen 
r?e o p r a t l o n  a7d interconnection of tAe auxi l ia ry  t e e i v a t e r  system, t* 
main f e e b m t e r  system, the  a w s m e r i c  dunp a.% r-e cont ro l  system,, I W  
board of chn i v r l a t l o n  va lves  on the main feedwrm: Md maln s t e m  l i n e s  

.In order tn a s c e r t a i n  4 w - r  there  a re  s iqn l f ic rmt  u d e s i r r b l e  in te rac t ions  
d s r  v a r l o t u  ~ o s t u l a t e d  a c i d a n t  scenarios.  

4. NUREG-0625, Report of the S i t ing  Policy Task Force, 

contains several recommendations with regard to  r isk 

method u t i l i za t ion .  Appendix B t o  NUREG-0625 con- 

ta ins  a discussion of Regulatory Agency use of r i sk  

assessment to  develop c r i t e r i a .  The folqowi ng NUREG-  

0625 .recommendation i s  pertinent to  the Sandia Research 

Program and i s  included: 

3.2.9 Recommendation 9 

Develop common bases for  compwing the risks for a22 e z t e m l  events.  

Discuss ion  

There are no q u a n t i t a t i v e  bases f o r  judg ing .and managing the  conservat ism 
used t o  e s t a b l i s h  t h e  s e v e r i t y  o f  a l l  n a t u r a l  phenomena and the  r e s u l t i n g  
degree o f  s a f e t y  a f f o r d e d  by associated design p r o v i s i o n s .  Th i s  i s  i n  
p a r t  the  r e s u l t  o f  t h e  va r ious  e a r t h  science and eng ineer ing  d i s c i p l i n e s  
independent ly  deve lop ing  a n a l y t i c  techniques t h a t  r e s u l t  i n  a  l a c k  o f  
common means t o  q u a n t i f y  and compare the  r i s k s  f rom n a t u r a l  phenomena. 
Because o f  t h i s ,  t h e  s t a f f  management i s  h indered i n  i t s  a b i l i t y  t o  c o n t r o l  4 

m o d i f i c a t i o n s  t o  n a t u r a l  phenomena s e v e r i t y  analyses and t o  c o n t r o l  design 
requirements t o  accommodate these n a t u r a l  phenomena. The same s i t u a t i o n  
e x i s t s  f o r  man-made e x t e r n a l  events. I n  t h e  o p i n i o n  o f  t he  Task Force, 
t h e  o v e r a l l  r i s k s  f rom a l l  ex te rna l  events need t o  be es tab l i shed  t o  
p rov ide  un i fo rm q u a n t i t a t i v e  bases f o r  comparing t h e  requirements i n  a l l  
d i s c i p l i n e s  d e a l i n g  w i t h  n a t u r a l  phenomena and e x t e r n a l  events. 



. - 
The Task Force believes that an interdisciplinary effort should be undertaken 
with the objective of developing quantita.tive risk comparisons of all 
external events and natural phenomena. The disciplines should include 
seismology, hydrology, meteorology, mechanical and structural design, and 
accident analysis as well as pnobabilistic risk analysis. The study 
should result in the development of a methodology that will permit the 
conservati sm in these varied di scipl i nes to be better managed. 

5. NUREG-0560 recommendations also support increased risk method 

utilization: 

A l l  classes o f  opera t ing  p l a n t s  should be reanalyzed us ing  f a i l u r e  mode and 

e f f e c t s  analys is  t o  i d e n t i f y  r e a l i s t i c  p l a n t  i n t e r a c t i o n s ,  r e s u l t i n g  from 

f a i l u r e s  i n  non-safety systems, sa fe t y  systems and operator  ac t ions  dur ing  

t r ans i en t s  and accidents.  Associated analyses should be performed f o r  a  

s u f f i c i e n t  t ime du ra t i on  t o  e s t a b l i s h  t h a t  a  s t ab l e  p l a n t  cond i t i on  had been 

reached i nc l ud i ng  na tu ra l  c i r c u l a t i o n .  E x p l i c i t  cons idera t ion  should be 

g iven  t o  the  e f f e c t s  o f  a  l o ss  o f  ons i t e  o r  o f f s i t e  power. 

An improved system, i n c l u d i n g  r e p o r t i n g  and data assembly, should be developed 

by the  NRC t o  more e f f e c t i v e l y  eva luate ac tua l  data from opera t ing  experience 

t o  assess whether t he  t r e n d  o f  data from the  occurrence o f  equipment malfunc- 

t i o n s .  o r  o ther  events i nd i ca tes  excessive chal lenges t o  - t he  p l a n t  sa fe t y  

systems. 



3.16.3 Re1 a t i o n s h i p  t o  Sandia Research Program 

The documentat ion p resen ted  i n  t h e  p rev ious  s e c t i o n  p rov ides  a 

v e r y  c l e a r  i n d i c a t i o n  t h a t  r i s k  methods w i l l  be used t o  a  cons ide rab l y  g r e a t -  

e r  e x t e n t  i n  t h e  f u t u r e  t o  assess and assure  r e a c t o r  s a f e t y .  Emphasis on 

t h e  development and use o f  these  techn iques  i n  t he  LWR S a f e t y  Technology Pro- 

gram w i l l  a- l low Sandia t o  t a k e  a l e a d e r s h i p  r o l e  i n  t h i s  area.  A1 though a 

d e t a i l e d  d i scuss ion  o f  t h e  many ways i n  wh ich '  t h e  use of r i s k  methods can con- 

t r i b u t e  t o  t h e  assessment and assurance o f  s a f e t y  i s  t h e  s u b j e c t  o f  a  r e p o r t  

i n  i t s e l f ,  t h e  l i s t i n g  below shou ld  serve  t o  s t i m u l a t e  some c r e a t i v e  thoughts  

a l ong  t h i s  1  i ne .  

Fu tu re  A p p l i c a t i o n s  o f  P r o b a b i l i s t i c  R i sk  Assessment 

i n  LWR S a f e t y  Technology Program 

o Suppor t ing  p r i o r i t i z a t i o n  o f  s a f e t y  techno logy  

p r o j e c t s  

o  E v a l u a t i n g  d i f f e r e n c e s  i n  i m p o r t a n t  s a f e t y  i ssues  

among r e a c t o r  and p l a n t  des ign concepts  

I n  Design 

o Per fo rming  t r a d e - o f f  s t u d i e s  on a l t e r n a t i v e  des igns 

and procedures 

o I d e n t i f y i n g  i n t e r f a c e  problems o f  p o t e n t i a l  

sa fe ty  s i g n i f i c a n c e  

o Assur ing  t h a t  sources o f  common-cause f a i l u r e s  a r e  

e l i m i n a t e d  f r om t h e  des ign  



I n  'Operati on 

o Supporting continued development of accident 

topology f o r  use in 

+ defining important emergency operating 

procedures 

+ developing disturbance analysis techniques 

o Evaluating the e f f ec t  of design or procedural 

modifications . 

o Yaintaining a  current record of design or procedural 

modifications 

In Regulation 

o Providing a  framework f o r  assimilating f a i lu re  

experience to  update understanding of important 

safety issues 

o Allocating regulatory manpower to  important issues 

o Developing ef fec t ive  standard technical specifications 

o Assuring the effectiveness of new regulatory gu'ides 

(e .g . ,  sabotage and f i r e  protection) 

o Devising a1 ternat ives  t o  the single f a i lu re  c r i t e r ion  

The most d i f f i c u l t  task faced by Sandia in stimulating increased 

emphasis on the u t i l iza t ion  of r i sk  methods will be in fostering the use of 

these methods among NSSS vendors, architect-engineers and u t i l i t i e s .  To obtain 

th i s  involvement i t  will be necessary to  show .the safety and cost incentives 

to  employ r isk methods. Perhaps by building on the experience a t  TMI and 

the resul tant  i n t e re s t  in design and procedural considerations for  existing 

power plants,  t h i s  task can be somewhat simplified. 

The relevance of Sandia research in th i s  area t o  TMI events and 

l i t e r a t u r e  i s  summarized in tab le  3.16. 



. TABLE 3.16 
Research Program - 16. Risk Method U t i l i z a t i o n  

1. Eva lua t ion ,  by f a u l t  'and event  
t r e e  ana lys is ,  e f f e c t  o f  changes 
i n  component degradat ion ra tes.  
on r e a c t o r  sa fe t y .  

PARTIAL OBJECTIVES 
OF RESEARCH PROGRAM . 

Cont inue development o f  probab- 
i l i s t i c  r i s k  methodology f o r  
LWR s a f e t y  i n  areas o f  
a )  human e r r o r  
b )  p a r t i a l  f a i l u r e s  
c )  mu1 t i p l e  f a i l u r e s  
d)  non-independent f a i  1 ures , 

e )  R&D s e l e c t i o n  methodology 

3. Develop a n a l y t i c a l  methods f o r  
a p p l i c a t i o n  t o  des ign dec is ion .  

TASK 
SOURCE 

5. Develop data base and s t a t i s t i c s  
f o r  improved a p p l i c a t i o n  o f  
method01 ogy . 

6. ~ e v ' e l o p  t o o l s  necessary t o  a l l o w  
determi  n a t i o n  o f  acceptable r i s k  
ob j ec t i ves  o r  accptance c r i t e r i a .  

TMI. EXPERIENCE 
SUPPORTS , INCONCLUSIVE . 

I 

4; ~ e v i e w  acc iden t  sequences 
toward grouping s i g n i f i c a n t  
causes and consequences f o r  
non-ca tas t roph ic  consequences - 
feedback i n t o  design. 

1. Post-?MI : 1 i t e r a t u r e  support's more ex tens ive  
use o f  q u a n t i t a t i v e  r i s k  methodology. . 

COMMEBTS 

3.3 

3. I m p l i c i t  i n  ACRS encouragement f o r  increased 
r i s k  method u t i l i z a t i o n .  

4. Al though o f t en  suggested as a proper  course 
o f  ac t ion ,  l i t t l e  evidence e x i s t s  t h a t  such 
i s  be ing pursued. 

5. A necessary element o f  methodology u t i l  i z a t i o n .  

6. TMI- re la ted s tud ies  :(NUREG-0625) f u r t h e r ?  
recommend d e f i n i t i o n  o f  acceptable r i s k  
ob j ec t i ves  f o r  va r ious  c r i t i c a l  s i t i n g  
parameters u t i l i z i n g  r i s k  methodology as 
i t s  bas is .  



TABLE 3.17 
~ e s e a r c h '  Program - M i  s c e l  laneous 

PARTIAL OBJECTIVES TMI EXPERIENCE 
OF RESEARCH PROGRAM SUPPORTS , INCONCLUSIVE COMMENTS 

I 
1. Determine b e n e f i t s  and d e t r i -  

ments o f  h i g h  p o i n t  p r e s s u r e  
vesse l  v e n t i n g .  Develop i f  
a d v i s a b l e .  

2. F a i l u r , e  o f  s w i t c h e s  and sens'ors 
due t o  d i r t y  c o n t a c t s ,  s e t  
p o i n t  d r i f t .  

3. Develop methods f o r  l ow  f l o w  
nieasur?ment i n  p r i l ~ i a r y  system. 

4. D e v e l o " ~  method f o r  d i r e c t  
r e 1  i a  b l e  c o r e  w a t e r  l e v e l  
~ i ieasurements,  temperature , -  
v o i d s ,  c i r c u l a t i o n  and sub- 
coo l  i ng . 

'5. Develop w a t e r  l e v e l  i t k t r u m e n -  
t a t i o n  f o r  conta inment ,  steam 
genera t o r s ,  p r e s s u r i z e r ,  e t c .  
and q u b l i f y  f o r  env i ronment .  

X 

X 

? 

' X 
( p a r t i a l  ) 4. P r i n c i p a l  T M I - r e l a t e d  documenta t ion  has 

focused on w a t e r  l e v e l  and tempera tu re  
w i ' t hbu t i ' r e fe rence ' -  t o  o t h e r  parameters.  

5. Note t h a t  wa te r  l e v e l  i n  conta inment  Ray 
have f a i l e d  c e r t a i n  r a d i a t i o n  nioni t o r i n g  
equipment, however, i n  absence o f  a t a n k  
t o  pump t h e  contaminated w a t e r  t o ,  i t s  
b e s t  p l a c e  a t  TMI was i n  t h e  conta inment .  
Care nlust be taken  t h a t  au tomat i c  o r  manual 
t r a n s f e r  i s  n o t  i n i t i a t e d  on l e v e l  a lone,  
as s i g n i f i c a n t  r e l e a s e s  c o u l d  occu r .  
ACRS, however, concurs  (8/13/79 1 e t t e r )  
t h a t  conta inment  water .  l e v e l  and on l i n e  
conta inment  H, c o n c e n t r a t i o n  r e q u i r e s  m o n i t o r -  



Research Program - M i s c e l l  aneous (cont inued)  

. . 

PARTIAL OBJECTIVES 
OF RESEARCH PROGRAM 

6. Improve maintenance and problems 
assoc ia ted  w i t h  f u e l  hand1 i n g  
and t r a n s f e r .  . 

7. Develop a n a l y t i c a l  methods t o  
c h a r a c t e r i z e  coo lan t  chemist ry  
f i s s i o n  p roduc t  behavior  i n  
p r imary  and o t h e r  systems, 
t r anspo r t ,  p l a t e o u t  and i n t e r -  
a c t i o n .  

8. TMI a n a l y s i s  

W 
I 
P 
' 0  + 

. 

TASK 
SOURCE 

2.1.1 
' . 

. 

4.1.4 

7 

I 

COMMENTS 

. . 

7. Indeed, NUREG-0578, i f  imp1 emented, would 
r e q u i r e  d e t a i l e d  p l a n t  s p e c i f i c  ana l ys i s  
i n  t h i s  area. 

8. Al though severa l  o f  the  16 research programs 
con ta i n  elements o f  Sandia Program P lan  
tasks, t h i s  ma te r i a l  i s  l i s t e d  here f o r  
c l a r i t y  i n  p resen ta t ion .  A t  t h i s  w r i t i n g ,  
minimum i n f o rma t i on  i s  a v a i l a b l e  t o  a l l o w  
d e t a i l e d  comparison w i t h  completed ongoing 
o r  planned TMI cleanup and ana l ys i s  
operat ions.  However, i t  i s  our  under- 
s tanding t h a t  a c o n t r o l l e d  Bechte l  r e p o r t  
does con ta i n  d e t a i  1 s o f  recovery operat ions.  

I 

- 
TMI 

SUPPORTS 

x 

x 

I 

EXPERIENCE. 
. '  INCONCLUSIVE 

.x 

I 
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4.  SIGNIFICANT EVENTS DURING ACCIDENT 

4.1 Turbine Tr ip  
. . 

'4 .1.1 Apparent Cause 

TL ! , , e  - cause of t he  i n i t i a l  t r i p  of t he  steam genera to r  feed pumps 

(FW-P-lA/lB) t h a t  i n i t i a t e d  t he  t u rb ine  t r i p  followed by a  r e ac to r  t r i p  has 

been a t t r i b u t e d  by some members of t he  p l a n t  s t a f f  t o  water i n  t h e  instrument 

a i r  system. I t  has been s t a t e d  t h a t  water  i n  t h e  instrument a i r  system a t  the  

condensate pol ishing system wi l l  cause t h e  condensate po l i sher  a i r -opera ted  

e f f l u e n t  valves M12, M22, e t c . ,  t o  go c losed  ( I n t .  102, 123).  While a  tu rb ine  

t r i p  i s  an an t i c i pa t ed  opera t iona l  ?vent  t h a t  occurs r e l a t i v e l y  f r equen t l y  

during t h e  oper- tio on of a  p l a n t ,  the  i n v e s t i g a t i o n  s tudied t he  pos s ib l e  causes 

of the  tu rb ine  t r i p  t o  determine i f  a  p r e c i s e  i n i t i a t i n g  cause could be 

determined, thereby e l imina t ing  the  need f o r  con jec tu re .  

Plant  Air Systems 

A p a r t i a l  review of t he  h i s t o ry  of t h e  ins t rument  a i r  s e rv i ce  a i F  sys'tem 

was condu~ ted  during t h i s  i nves t i ga t i on .  
. - 

A l i censee  concern as  t o  t he  capac i ty  of t h e  a i r  system was recognized 

e a r l y  in  the  construction/preoperational phase of TMI-2. (Problem Report No. 



913; Ref. 18) The so lu t i on  of the  capac i ty  problem was cross-connect ing the  

s t a t i o n  s e rv i ce  a i r  system t o  the  instrument a i r  system as  a  normal mode of 

o p e r a t i n g  the  t w o  systems. Discussions wi th  l i c ensee  personnel i n d i c a t e  t h a t  

t h e r e  i s  a  change pending t h a t  would i s o l a t e  p a r t  of t h e  s t a t i o n  s e rv i ce  a i r  

system. This change and i t s  s t a t u s  were not pursued f o r  d e t a i l s .  The mode of 

a i r  supply.  operation on March 28, 1979, was t h e  c ro s s  connected system. 

The i nves t i ga to r  reviewed Instrument and Control Log Book I ,  (des ignated 

a s  "Mercury" Daily Log), which i nd i ca t e s  t h a t  t h e r e  was water  i n  t h e  a i r  

system a t  the  condensate p o l i s h e r s  on Gctober 19.; 1977. While t h e  log c a l l e d  

f o r  a t t empts  t o  determine t h e  cause ,  d i s cus s ions  with l i c ensee  personnel 

knowledgeable of . t h i s  occurrence i n d i c a t e  t h a t  t h e  cause was not  determined. 

The a i r  l i n e s  were c l e a r ed  of wa te r ,  and t h e  system functioned c o r r e c t l y .  

The i nves t i ga to r  noted t h a t  r e fe rence  i s  made i n  t h e  I&C Shop Log, May 
12,  1978, t h a t  condensate p o l i s h e r  a i r  l i n e s  were again f i l l e d  with wate r ,  a t  

a  t ime when operat ions  s t a f f  members were working on t h e  condensate po l i sh ing  

system. 

The 1  icensee i n s t a l  l e d  l oca l  a i r  d rye r s  a t  var ious  po in t s  i n  t h e  i n s t r u -  

ment a i r  system t o  prevent t h e  accumulation of mois ture .  In  p a r t i c u l a r ,  an 

a i r / w a t e r  separa to r  was i n s t a l l e d  i n  t h e  condensate po l i she r  instrument a i r  

l i n e  i n  s e r i e s  with two p r e s su re  r egu l a to r s .  This  arrangement processed a l l  , 

a i r  t o  t h e  condensate valve  c o n t r o l s  and ins t ruments  loca ted  on t h e  condensate 

pol i s h e r  1 ocal control  panel .  This water/ai  r s e p a r a t o r  u t i  1  i z e s  a  buoyant 

valve  plug t h a t  r i s e s  and a l lows water  t o  e x i t  t h e  l i n e  while keeping t he  a i r  

above t h e  water. I t  a l s o  con t a in s  a  f i n e  mesh sc reen .  Air l i n e s  a t  t h e  

con t ro l  panel a r e  1/4 and 3/8 inch .d iameter  copper tubing.  Observation of 

t h i s  s epa ra to r  in  i t s  c u r r e n t  s t a t u s  shows an accumulation of i ron- rus t -co lo red  

p a r t i c l e s  a t  t he  screen l o c a t i o n  of t h e  a i  r /water  separa to r .  

4 . 1 . 3  Post Accident Tes t i ng  

The l i censee  has performed t e s t s  on t he , condensa t e  po l i she r  instrument 

a i r  system subsequent t o  March 28,  1979. Discuss ions  wi th  t h e  l i c ensee  s t a f f  



work ing  on t h e s e  t e s t s  i n d i c a t e  t h a t ,  on i s o l a t i n g  i ns t rumen t  a i r  f rom t h e  

condensate system, t h e  condensate o u t ' l e t  va l ves  f o r  each p o l i s h e r  t ank  go 

c losed.  

T h e i r  t e s t s  i n d i c a t e d  t h a t  i n t r o d u c t i o n  o f  wa te r  i n t o  t h e  a i r  system d i d  

n o t  a f f e c t  t h e  p o l i s h e r  o u t l e t  va l ves ,  i n  t h a t  t h e  a i r - w a t e r  sepa ra to r  func t ionec  

proper ly ' .  They proceeded t o  change t h e  t e s t  procedure and t h e y  removed t h e  

a i r / w a t e r  sepa ra to r .  I n  t h a t  t e s t ,  on i n t r o d u c t i o n  of  wa te r ,  t h e  o u t l e t  

valve's f l u t t e r e d  and t h e n  s t a b i l i z e d  open. I n  a l l  t e s t i n g  cases i n v o l v i n g  
. . . . 

water ,  t h e  p o l i s h e r  i n l - e t  va l ves  remained open. The t e s t i n g  w i t h  wa te r  cons i s tee  

of  a l l o w i n g  about  15 -ga l l ons  of  wa te r  t o  e n t e r ,  w i t h  t h e  a i r ,  a t  t h e  condensate 

p o l  i s h e r  c o n t r o l  c a b i n e t .  

The l i c e n s e e ,  d u r i n g  t e s t i n g ,  i nspec ted  t h e  s e r v i c e  s t a t i o n  a i r  supp ly  

connected t o  t h e  condensate system. He found t h a t  t h e  check v a l v e  (Tag No. 

R O - I  51) i n  t h e  1  i n c h  s t a t i o n  s e r v i c e  a i r  l i n e ,  app rox ima te l y  115 f e e t  f rom 

condensate r e s i n  t a n k  No. 7, was " f rozen"  open. The s h u t o f f  v a l v e  i n  t h a t  

l i n e  i s  open when r e s i n  t r a n s f e r  i s  i n  p rog ress .  The open s h u t o f f  v a l v e  and 

open check v a l v e  a l l owed  a  p a t h  f o r  water  t o  e n t e r  t h e  s t a t i o n  s e r v i c e  

a i r - i n s t r u m e n t  a i r  system on March 28, 1979 (Procedure 2106-2.2, R e v i s i o n  9; 

Ref. ). 

The l i c e n s e e  r e p o r t  on t h e i r  t e s t i n g  and i n v e s t i g a t i o n  e f f o r t  has n o t  

been completed. 

The a c t u a l  c i rcumstances desc r ibed  a t  t h e  t i m e  o f  t h e  t r i p  ( I n t .  102. 

143) i n d i c a t e  t h a t  s i g n i f i c a n t  amounts of wa te r  were found i n  t h e  s t a t i o n  

s e r v i c e  and i n s t r u m e n t  a i r  r e c e i v e r s .  The No. 7  condensate p o l i s h e r  was b e i n g  

" f l ushed"  w i t h  wa te r  hav ing  an e x i t  p ressu re  o f  160 p s i g  i n t o  t h e  condensate 

p o l i s h e r  No. 7  tank.  , The 1.60 p s i g  water  and t h e  s e r v i c e  a i r ,  a t  80 t o  100 

p s i g ,  were be ing  used s imu l taneous l y .  D i s c u s s i o n  w i t h  t h e  a u x i l i a r y  o p e r a t o r  

who was work ing  on t h e  condensate p o l i s h e r  t a n k  No. 7 on March 28, 1979, 

revea led  t h a t  t h e  a i r  was b e i n g  us'ed t o  " f l u f f "  t h e  r e s i n  w h i l e  i n t r o d u c i n g  

h igh-pressure demine ra l i zed  water  t o  t r a n s f e r  t h e  r e s i n .  



. . 

~ i s c ' u s s i o n  and taped in te rv . i ew  ( l n t . '  123) i n d i c a t e  t h a t  a t  t h e  announce- 

ment of t h e  t u r b i n e  t r i p / r e a c t o r  t r i p ,  t h e  condensate p o l  i s h e r  panel . i nd i ca to rs  

I showed condens'ate p o l  i s h e r  i s o l a t i o n ,  which i n d i c k i e s  no condensate f l ow .  

I Condensate f l o w  c h a r t s  have been rev iewed by t h e  i n v e s t i g a t o r  and con f i rm :an  

1 abrupt  t e r m i n a t i o n  of f low (Flow Char t s  f o r  Condensate P o l i s h e r  Tanks 1, 2, 3, 

1 4, 5,  and 8; as w e l l  as P o l i s h e r  O u t f l o w  chart ' ;  R e f .  19). 

I . 4.1.3 Pump I n t e r l o c k s  and W i r i n g  E r r o r s  
. . 

. . 

D i s c u s s i o n  w i t h  a  l i c e n s e e  eng ineer  i n d i c a t e s - t h a t  he a l s o  found t h a t  t h e  

so leno id  s w i t c h  w i r i n g  f o r  t h e  p o l i s h e r  v a l v e  c o n t r o l s  was n o t  i n  accordance 

w i t h  drawings i n  a t  l e a s t  two p o l i s h e r  u n i t s .  T h i s  c o u l d  a f f e c t  t h e  s t a t u s  o f  

t h e  va lves  o n  power f a i l u r e .  The d e t a i  1  s  on t h i s  aspect  a r e  n o t  a v a i l a b l e  a t  

t h i s  t ime,  b u t  should be a v a i l a b l e  i n  h i s  pending r e p o r t .  He a l s o  s t a t e d  

( I n t .  166) t h a t  t h e r e  was a  w i r i n g  e r r o r  r e l a t e d  t o  t h e  condensate/condensate 

booster  pump auto/manual s w i t c h  such t h a t  on a  t r i p  o f  condensate boos te r  pump 

CO-P-ZA, i t s  p a i r e d  condensate pump CO-P-1A would t r i p .  Th is  w i r i n g  e r r o r  was 

i s o l a t e d  t o  t h e  A pump p a i r  so t h a t  t h e  condensate B pump would remain on l i n e  

when i t s  p a i r e d  booster  pump t r i p p e d .  

,. Once t h e  condensate p o l i s h i n g  ,system f a i l s  t o  a l l o w  'condensate-water  t o  

flow,, t h e  condensate boosterpumps w i l l .  t r i p  on low s u c t i o n  p ressu re  and 

condensate pump 14 w i l l  t r i p  because o f  t n e  w i r i n g  e r r o r .  Once t h e  boos te r  

pump t r i p s ,  t h e  ma in  ieedwater  pumps w i l l  trip on low feedwater  pump s u c t i o n  

The l o s s  o f  b o t h  feedwater t r i p s  t h e  t u r b i n e .  
. . 

4 .1 .4 .  E v a l u a t i o n  
. . 

The t e s t s  performed t o  d a t e  .do n o t  demonstrate co 'nc lus i ve l y  t h a t  condensate 

p o l  i sher v a l  ve c l  osure w i  11 ' n o t  o c c u r  w i  t h  wa te r  i n  t h e  condensate p o l  i sher 

v i l  ve i ns t rumen t .  a i r  1  i n e s  as r e p o r t e d  b y  t h e  i n t e r v i e w e d  opera tors .  

To v a l i d a t e  ' the  i n i t i a t i n g  cause o f  t h e  ' t u r b i n e / r e a c t o r  t r i p  as t h e  

presence of.  w a t e r  i n  t h e  a i r  system p r o d u c i n g  condensate p o l i s h e r  f l ow  i s o l a t ' i o n ,  



a  conf i rma to ry  t e s t  would be needed. The t e s t  performed by t h e  l i c e n s e e  c a s t s  

some doubt  on t h e  a p p a r e n t  i n i t i a t i n g  ' c ause ,  bu t  t h e  i n v e s t i g a t o r s  c o n s i d e r  

t h e  t e s t i n g  performed t h u s  f a r  t o  be i n s u f f i c i e n t  t o  be c o n c l u s i v e .  

1: . Thi s  i n v e s t i g a t i o n  was no t  a b l e  t o  i d e n t i f y  t h e  s p e c i f i c  i n i t i a t i n g  c a u s e  

which l e d  t o  t h e  t u r b i n e  t r i p  on March 2 8 ,  1979. The i n i t i a t i n g  cause  i s  of 

i n t e r e s t  ' f o r  reasons  s t a t e d  i n  S e c t i o n  4 . 1 . 1 .  However, f a i l i n g  t o  i d e n t i f y  a  

s p e c i f i c  cause  i s  no t  a  concern  i n  t h a t  t h i s  p l a n t  was d e s i g n e d . t o  s u s t a i n  a  

t u r b i n e  t r i p  i r r i t i a t e d  by a  l o s s  of main f eedwa te r  a s  a  r o u t i n e  o p e r a t i o n a l  

event :  The a v a i l a b i l i t y  of t h e  condensa t e  system i s  n o t  c r i t i c a l  t o  t h e  

sequence of even t s  i n  t h i s  a c c i d e n t .  

4 . 2  Closed .Emergency Feedwater  Block Valves 
I 

4 .2 .1  Sequence 

- 
A t  approximately 8 minutes  a f t e r  t h e  s t a r t  of ,  t h e  a c c i d e n t ,  t h e  o p e r a t o r  

found t h e  -0TSG l e v e l ' a t  1 0 .  i n c h e s  on t h e  s t a r t u p  range .  The o p e r a t o r  c o n s i d e r e d  

t h i s  l e v e l .  t o  i n d i c a t e  t h a t  t h e  'OTSG was " d r y . "  ( T h i s  l e v e l  i n d i c a t i o n  i s  

a p p r o p r i a t e  f o r  a  steam f i l l e d  OTSG w i t h  no l i q u i d  phase p r e s e n t . )  The o p e r a t o r  

v e r i f i e d  t h a t  t h e  emergency f eedwa te r  (EFW) pumps were running  and examined 

t h e  va lve  l i n e u p , . a n d  found t h a t  t h e  EF-V12A and 12B v a l v e s  were s h u t .  The 

p o s i t i o n - i n d i c a t i n g  l i g h t s  on 12A.were obscured  by a c a u t i o n  t a g  h i ~ n ~ l i n g  from 

a n o t h e r  va lve  c o n t r o l l e r .  The p o s i t i o n  i n d i c a t i n g  l i g h t s  f o r  128 may have 

been obscured by o p e r a t o r  a s  he l eaned  o v e r  t h e  pane l .  (Th i s  was due t o  t h e  

l i g h t  p o s i t i o n s  on t h e ' p a n e l  and t h e  o p 2 r a t o r 1 s  l o c a t i o n ,  no t  h i s  p h y s i c a l  

s t a t u r e . )  The o p e r a t o r  d rove  t h e  v a l v e s  o p e n ; . r e s u l t i n g  i n  t h e  d r y  OTSG b e i n g  
. - 

f e d  w i t h  r e l a t i v e l y  cool  w a t e r .  ( I n t .  4 ,  9 )  

I t  should be noted t h a t  on March 23 ,  1979,  an N R R  o p e r a t o r  Licens ing  

Branch (OLB) examiner conducted  o p e r a t o r  examinat ions  which inc luded  t h e  EFW 

System. The va lves  were open on t h a t  day based on c o n t r o l  room i n d i c a t i o n s .  

Moreover, a  r o u t i n e  schedu1,ed s u r v e i l l a n c e  t e s t  was performed on t h e  A and B 
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TITLE: Performance T e s t i n g  f o r  BWR and PWR R e l i e f  and Sa fe ty  
Valves (Sec t i on  2 .1 .2)  

1. INTRODUCTION 

General Design C r i t e r i a  14,  15 ,  and 30 of Appendix A t o  10 CFR 50 r e q u i r e  t h a t  
t h e  r e a c t o r  coo lan t  p ressure  boundary be designed, f a b r i c a t e d ,  and e rec ted  t o  
t h e  h i g h e s t  q u a l i t y  standards and be t e s t e d  t o  ensure an ex t remely  low proba- 
b i l i t y  o f  abnormal leakage, r a p i d l y  p ropaga t ing  f a i l u r e ,  and gross rup tu re .  
These c r i t e r i a  a l s o  r e q u i r e  t h a t  t h e  d e s i g n ' c o n d i t i o n s  o f  t h e  r e a c t o r  coo lan t  
boundary n o t  be exceeded d u r i  ng any c o n d i t i o n  o f  normal o p e r a t i  on, i nc1 ud i  ng 
a n t i c i p a t e d  ope ra t i ona l  occurrences. 

Proper  ope ra t i on  o f  r e a c t o r  coo lan t  system r e l i e f  and s a f e t y  va l ves  i s  v i t a l  
f o r  conformance t o  these des ign  c r i t e r i a .  The i n a b i l i t y  o f  a  s u f f i c i e n t  number 
o f  these valves t o  open c o u l d  l e a d  t o  a  v i o l a t i o n  o f  t h e  i n t e g r i t y  o f  t h e  
r e a c t o r  coo lan t  system pressure  boundary. The f a i l u r e  o f  one o r  more of  these 
va l ves  t o  c lose  r e s u l t s  i n  a  d i r e c t  v i o l a t i o n  o f  t h e  r e a c t o r  c o o l a n t  system 

. . p ressu re  boundary i n t e g r i t y .  

When t h e  r e a c t o r  c o o l a n t  system r e l i e f  and s a f e t y  valves open, t h e  f l o w  
th rough  these va lves  i s  no rma l l y  s a t u r a t e d  steam. Some r e a c t o r  c o o l a n t  system 
t r a n s i e n t s  and acc idents  as w e l l  as a l t e r n a t e  co re -coo l i ng  methods can r e s u l t  
i n  so l i d -wa te r  o r  two-phase steam-water f l o w  th rough these va lves .  Present 
qua l  i f  i c a t i o n  requi rements f o r  these va lves  i n c l  ude o n l y  f 1  ow under sa tu ra ted  
steam cond i t i ons .  

The purpose ' o f  t h i s  recommendation i s  t o  r e q u i r e  qual i f  i ca t ion '  o f  re1  i e f  and . . 

s a f e t y  valves under expected o p e r a t i n g  c o n d i t i o n s ,  which would i n c l u d e  
s o l  i d-water and two-phase f 1  ow condi t i .ons. 

I 2. . DISCUSSION 

The r e a c t o r  coo lan t  system r e l i e f  and s a f e t y  va lves  a re  connected t o  t h e  
p r e s s u r i z e r  steam space on PWRs and t o  t h e  main steam l i n e  on BWRs. 

On PWRs, t r a n s i e n t s  and acc iden ts  t h a t  r e s u l t  i n  i n c r e a s i n g  r e a c t o r  coo lan t  
system temperatures can cause an expansion o f  t h e  coo lan t  volume i n  t h e  
r e a c t o r  coo lan t  system so t h a t  t h e  p r e s s u r i z e r  f i l l s  w i t h  water .  As t h e  
system pressure increases,  two-phase and s o l i d - w a t e r  f l o w  can occur  through 
t h e  r e a c t o r  c o o l a n t  system re1  i e f  and s a f e t y  valves.  

I On BWRs, t r a n s i e n t s  o r  acc iden ts  r e q u i r i n g  o p e r a t i o n  o f  t h e  h igh-pressure 
c o o l a n t  i n j e c t i o n  system o r  o p e r a t i o n  o f '  t h e  r e a c t o r  core  i s o l a t i o n  c o o l i n g  
system can r e s u l t  i n  two-phase.or  s o l i d - w a t e r  f l o w  th rough t h e  r e l i e f  and 
s a f e t y  valves if t h e  r e a c t o r  vessel  l e v e l  i ns t rumen ta t i on .ma1 func t i ons .  

I n  a d d i t i o n ,  on b o t h  PWRs and BWRs,.cer ta in a l t e r n a t i v e  co re  c o o l i n g  methods 
r e q u i r e  coo lan t  i n j e c t i o n  w i t h  ECCS systems and coo lan t  d ischarge thr.ough 



r e l i e f  and s a f e t y  v a l v e s .  These c o o l i n g  methods may r e s u l t  i n  two-phase o r  
s o l i d - w a t e r  f l o w  t h r o u g h  t h e  r e l i e f  and s a f e t y  va l ves .  

S o l i d - w a t e r  o r  two-phase f l o w  th rough  t h e  r e l i e f  and s a f e t y  v a l v e s  can g r e a t l y  
i nc rease  t h e  dynamic f o r c e s  on v a l v e  i n t e r n a l s ,  p i p i n g ,  and suppo r t s  ove r  
those  t h a t  would be expec ted  f rom s a t u r a t e d  steam f l o w  c o n d i t i o n s .  P resen t  
ASME q u a l i f i c a t i o n  requ i rements  f o r  s a f e t y  v a l v e s  i n c l u d e  o n l y  f l o w  under  
s a t u r a t e d  steam c o n d i t i o n s .  Because t h e  s a f e t y  analyses have n o t  g i v e n  c r e d i t  
f o r  t h e  p r e s s u r e - r e l i e f  c a p a b i l i t y  o f  t h e  power-operated r e l i e f  v a l v e s ,  t h e  
ASME Code a l s o  does n o t  address q u a l i f i c a t i o n  requ i rements  f o r  t hese  va l ves .  

To da te ,  t h e r e  have been a  number o f  i n s t a n c e s  o f  improper  o p e r a t i o n  o f  r e l i e f  
and s a f e t y  va lves .  Thes-e examples i n c l u d e -  v a l v e s  opening be low s e t  p r e s s u r e ,  
va l ves  opening above s e t  .pressure o r  f a i  1  u& t o  open, and v a l v e s  f a i  1  i ng t o  
r e s e a t  when open. The f a i l u r e  o f  t h e  power-operated r e l i e f  v a l v e  t o  r e s e a t  
was a  s i g n i f i c a n t  c o n t r i b u t o r  t o  t h e  TMI-2 sequence o f  even ts .  

It i s  n o t  c l e a r  whether  these  p a s t  i n s t a n c e s  o f  improper  o p e r a t i o n  r e s u l t e d  
f rom inadequate q u a l i f i c a t i o n  o f  t h e  v a l v e  o r  f r om a  b a s i c  u n r e l i a b i l i t y  o f  
t h e  v a l v e  des ign.  

A p p r o p r i a t e  q u a l i f i c a t i o n  t e s t i n g  o f  t h e  r e l i e f  and s a f e t y  v a l v e s  can v e r i f y  
t h e  capabi  1 i ty  o f  t h e s e  va1 ves t o  f u n c t i o n  under  t h e  r e q u i  r e d  c o n d i t i o n s  , 
the reby  m i n i m i z i n g  t h e  p o s s i b i l i t y  o f  m u l t i p l e  common-mode f a i l u r e  o f  t h e s e  
v a l v e s  due t o  c h a l l e n g e s  f rom c o n d i t i o n s  f o r  wh i ch  t h e  va l ves  a r e  n o t  q u a l i f i e d .  
Q u a l i f i c a t i o n  t e s t i n g  w i l l  a l s o  p r o v i d e  some o f  t h e  i n f o r m a t i o n  necessary f o r  
assess ing  t h e  b a s i c  r e l i a b i l i t y  o f  t,he v a l v e  d e s i g n  s i n c e  f a i l u r e s  o r  successes 
o f  q u a l i f i e d  v a l v e s  w i l l  be a  p a r t i a l  i n d i c a t i o n  o f  v a l v e  r e l i a b i l i t y .  

C u r r e n t  v a l v e  t e s t  f a c i l i t i e s  may have t o  be m o d i f i e d  o r  expanded t o  t e s t  
v a l v e s  under v a r i o u s  f l o w  regimes s i n c e  two  phase s l u g  f l o w  and s o l i d - w a t e r .  
f l o w  regimes w i  11 r e q u i r e  h i g h e r  mass f l o w  r a t e s  and can r e s u l t  i n  g r e a t e r  
dynamic f o r c e s .  The t i m e  p e r i o d  f o r  c o m p l e t i o n  o f  t h i s  qua1 i f i c a t i o n  t e s t i n g  
has been chosen t o  a l l o w  f o r  m ~ d ~ f i c a t i o n  o r  e x p a n s i o n ' o f  t h e  t e s t  f a c i l ' i t i e s .  
The 'ex tended t i m e  f o r  comp le t i on  o f  t h i s  q u a l i f i c a t i o n  t e s t i n g  i s  cons ide red  
a p p r o p r i a t e  s i n c e . t h i s  t e s t i n g  i s  c o n s i d e r e d  t o  be c o n f i r m a t o r y  o f  v a l v e  
performance c a p a b i l i t y .  

I t , s h o u l d  be n o t e d  t h a t  t h i s  r equ i remen t  f o r  q u a l i f i c a t i o n  t e s t i n g  does n o t  
i n c l u d e  t e s t i n g '  under  ATWS c o n d i t i o n s  a t - t h i s  t ime.  Analyses o f  ATWS even ts  
have shown t h a t  t h e  p r e s s u r i z e r  r e l i e f  and s a f e t y  va l ves  c o u l d  d i s c h a r g e  two- 
phase and. subcooled w a t e r  a t  pressures '  i n  t h e  r a n g e  o f  2800 p s i  t o  4800 p s i  
and a t  tempera tu res  i n  t h e  range o f  650°F t o  700°F. I t  i s  p o s s i b l e  t h a t  t h e  
f i n a l  r e s o l u t i o n  o f  ATWS i n  PWRs ( expec ted  i n  ca lenda r  y e a r  1980) wou ld  p e r m i t  
some p l a n t s  t o  r each  a  peak p r e s s u r e  o f  3800 p s i  s u b j e c t  t o  showing t h a t  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  systems i s  ma in ta ined .  I t  may be p rudent ;  
t h e r e f o r e ,  t h a t  t e s t  f a c i l i t y  m o d i f i c a t i o n s  i n c l u d e  t h e  c a p a b i l i t y  o f  t e s t i n g  
d u r i n g  ATWS c o n d i t i o n s  s i n c e  i t  i s  l i k e l y  t h a t  adequacy o f  any ATWS s o l u t i o n  
would depend on t h e  v e r i f i c a t i o n  o f  a c c e p t a b l e  v a l v e  behav io r .  



P r e s s u r i z e d  water r e a c t o r  and b o i l i n g  water  r e a c t o r  l i c e n s e e s  and a p p l i c a n t s  
s h a l l  conduct t e s t i n g  t o  q u a l i f y  t h e  r e a c t o r  coo lan t  system r e l i e f  and s a f e t y  
v a l v e s  under expected o p e r a t i n g  cond i t ions  f o r  des ign  b a s i s  t r a n s i e n t s  and 

. . a c c i d e n t s :  . The 1  i censees  and appl i c a n t s  s h a l l  determine t h e  expected valve 
o p e r a t i n g  cond i t ions  through t h e  u s e . o f . a n a l y s e s  of acc iden t s  and a n t i c i p a t e d  

: o p e r a t i o n a l  occurrences referenced i n  Regulatory Guide 1 . 7 0 ,  ~ e v i s i o n  2. The 
s i n g l e  f a i l u r e s  app l i ed  t o  t h e s e  ana lyses  s h a l l  be chosen so t h a t  t h e  dynamic 
f o r c e s  on t h e  s a f e t y  and r e l i e f  va lves  a r e  maximized. Tes t  p res su res  s h a l l  be 
t h e  h i g h e s t  p r e d i c t e d ' b y  conventional  s a f e t y  a n a l y s i s  procedures.  Reactor 
c o o l a n t  system re1 i e f  and s a f e t y  , v a l v e  qual i  f i c a t i o n  s h a l l  inc lude  qual i  f i c a t i o n  
of a s s o c j a t e d  . con t ro l  c i r c u i t r y  p ip ing  'and suppor t s  a s  we1 1  a s  t h e  va lves  
themselves .  
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TITLE: D i r e c t  I n d i c a t i o n  o f  Power-Operated R e l i e f  Va lve  and S a f e t y  Val-ve 
P o s i t i o n  f o r  PWRs and BWRs ( S e c t i o n  2 .1 .3 .a )  

Genera l  Des ign C r i t e r i o n  14  o f  Appendix k t o  10 CFR 50 r e q u i r e s  t h a t  t h e  
r e a c t o r  c o o l a n t  p r e s s u r e  boundary  be des igned ,  f a b r i c a t e d ,  e rec ted ,  and t e s t e d  
t o  have an ex t r eme l y  l ow  p r o b a b i l i t y  o f  abnormal leakage ,  r a p i d l y  p r o p a g a t i n g  
f a i l u r e ,  and g ross  r u p t u r e .  A l t hough  t h e  a p p l i c a t i o n  o f  t h i s  c r i t e r i o n  has 
el l iphasized t he  i n t e g r i t y  o f  p a s s i v e  components i n  t h e  r e a c t o r  c o o l a n t  system, 
such as t h e  r e a c t o r  vesse l  and t h e  p i p i n g ,  t h i s  c r i t e r i o n  shou ld  a l s o  a p p l y  t o  
t h e  v a l v e s  t h a t  p r o v i d e  i s o l a t i o n  f o r  t h e  system. ' ~ a i l u r e  o f  r e l i e f  and s a f e t y  
v a l v e s  t o  c l o s e  has been t h e  cause o f  e v e n t s  t h a t  r e s u l t  i n  sma l l  b r e a k  LOCAs. 
Unambiguous i n d i c a t i o n  o f  t h e  p o s i t i o n  o f  t h e  v a l v e s  can a i d  t h e  o p e r a t o r  t o  
d e t e c t  a  f a i l u r e  and t a k e  p r o p e r  c o r r e c t i v e  a c t i o n .  

IEEE-279 r e q u i r e s  t h a t ,  t o  t h e  e x t e n t  f e a s i b l e  and p r a c t i c a l ,  p r o t e c t i o n  
system i n p u t  s h a l l  be d e r i v e d  f r om s i g n a l s  t h a t  a r e  d i r e c t  measures o f  t h e  
d e s i r e d  v a r i a b l e .  However, o n l y  i n d i r e c t  i n d i c a t i o n  o f  s a f e t y  o r  r e l i e f  v a l v e  
p o s i t i o n  i s  g e n e r a l l y  p r o v i d e d  and can be m i s l e a d i n g ,  as was t h e  case a t  
TMI-2.  A l t hough  t h e  p r e s s u r i z e r  power -opera ted  r e l i e f  v a l v e  was s t u c k  open, 
c o n t r o l  pane l  l i g h t s  i n d i c a t e d  t h a t  t h e  v a l v e  was c l o s e d  because t h e  s i g n a l  
was d e r i v e d  f r om a  sensor  o f  s o l e n o i d  a c t u a t i o n  r a t h e r  t h a n  a  sensor  o f  t h e  
v a l v e  p o s i t i o n  i tse ' l  f .  

The purpose  o f  t h i s  p o s i t i o n  i s  t o  p r o v i d e  t h e  o p e r a t o r  a more p o s i t i v e  i n d i c a -  
t i o n  o f  v a l v e  p o s i t i o n  and t h e r e f o r e  p r o v i d e  a d d i t i o n a l  assurance t h a t  t h e  
i n t e g r i t y  o f  t h e  r e a c t o r  c o o l a n t  p r e s s u r e  boundary  can  be ma in ta i ned  o r  a  l o s s  
o f  i n t e g r i t y  d i  r e c t l y  d iagnosed.  

2. DISCUSSION 

The purpose  o f  r e l i e f  and s a f e t y  v a l v e s  i s  t o  o p e r a t e  i n  c o n j u n c t i o n  w i t h  t h e  
r e a c t i v i t y  c o n t r o l  system t o  l i m i t  sys tem o v e r p r e s s u r e  d u r i n g  a n t i c i p a t e d  
o p e r a t i o n a l  t r a n s i e n t s  .or  a c c i d e n t s .  I n  some PWR p l a n t s ,  a d d i t i o n a l  power- 
o p e r a t e d  r e l i e f  v a l v e s  a r e  p r o v i d e d  so t h a t  o p e r a t i o n  o f  t h e  s a f e t y  v a l v e s  i s  
necessary  o n l y  f o r  t h e  more severe  t r a n s i e n t s  o r  a c c i d e n t s .  S ince  t h e s e  
r e l i e f  v a l v e s  a r e  n o t  p a r t  o f  t h e  ASME code r e q u i r e m e n t s  f o r  ove rp ressu re  
p r o t e c t i o n ,  t h e y  can be and a r e  i s o l a t a b l e  w i t h  remote -opera ted  b l o c k  v a l v e s .  

The consequence o f  t h e  f ~ i l u r e  o f  t h e s e  v a l v e s  t o  c l o s e  i s  t h e  l o s s  o f  c o o l a n t  
and d e p r e s s u r i z a t i o n  o f  t h e  r e a c t o r  system. Based on  i ncomp le te  d a t a ,  t h e r e  
have been f i v e  known i n s t a n c e s ,  o u t  o f  abou t  230 a c t u a t i o n s  i n  abou t  200 
r e a c t o r - y e a r s  o f  s e r v i c e ,  o f  t h e  f a i l u r e  o f  a  r e l i e f  v a l v e  i n  a  PWR t o  
p r o p e r l y  c l o s e .  The f a i l u r e  r a t e  p e r  demand i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
between t h e  t h r e e  types o f  PWRs, b u t  t h e  demand r a t e  i n  t h e  p a s t  v a r i e d  b y  a  
f a c t o r  o f  t e n ,  f r om  a p p r o x i m a t e l y  0 .4  t o  4 .0  demands p e r  r e a c t o r - y e a r .  I n  a11 



i n s t a n c e s ,  except  f o r  t h e  one a t  TMI-2, t h e  consequences were n o t  s i g n i f i c a n t .  
I n  BWRs t h e r e  have been about  53 i n a d v e r t e n t  blowdowns due t o  improper  o p e r a t i o n  
o f  t h e  s a f e t y / r e l i e f  v a l v e s  l o c a t e d  on t h e  steam l i n e s .  I n c o r r e c t  o p e r a t i o n  
o f  t hese  va lves  has produced t h e  most f r e q u e n t  l o s s e s  o f  p r i m a r y  syst,em i n t e q r i t y .  
These even ts ,  however, were t e r m i n a t e d  w i t h o u t  any v i o l a t i o n  o f  a  s a f e t y  
1  i m i  t. 

A p o s i t i v e  i n d i c a t i o n  o f  t h e  p o s i t i o n  o f  t hese  v a l v e s  can a i d  t h e  o p e r a t o r  i n  
d i a g n o s i n g  a  f a i l u r e  and i n  t a k i n g  a p p r o p r i a t e  c o r r e c t i v e  a c t i o n .  Thus, t h e  
consequences o f  a f a i l u r e  o f  these  va l ves  can be reduced i f  t h e  o p e r a t o r  can 
r e l i a b l y  determine t h a t  a  v a l v e  has f a i l e d  t o  c l o s e .  The p r e s e n t  methods o f  
i n d i c a t i n g  t h e  p o s i t i o n  of. s a f e t y  and r e l i e f  v a l v e s  a r e  g e n e r a l l y  i n d i r e c t ,  
e i t h e r  by  measuring' t h e  tempera tu re  i n  t h e .  d i  scharge p i  p i n g  o r  by i n d i  c a t i  ng 
t h e  ' s t a t u s  o f  t h e  o p e r a t i n g  s o l e n o i d .  ihk5.e s i g n a l s  can be ambiguous. 
Temperature inc reases  w i t h  a  l e a k i n g  v a l v e ,  r ecove rs  s l o w l y  a f t e r  a  v a l v e  
a c t u a t i o n  and, because t h e  v a l v e  d i scha rge  l i n e s  a r e  sometimes connected t o  a 
common.header, can i n c r e a s e  f o r  a l l  v a l v e s  when o n l y  one i s  open. I n d i c a t i o n  
o f  t h e  s o l e n o i d  p o s i t i o n  w i l l  n o t ,  as o c c u r r e d  a t  TMI, n e c e s s a r i l y  r e v e a l  t h e  
p o s i t i o n  o f  t h e  v a l v e  stem. D i r e c t  i n d i c a t i o n  o f  t h e  v a l v e  p o s i t i o n ,  such as 
a  r e l i a b l e  p o s i t i o n  i n d i c a t i o n  o f  t h e  v a l v e  stem, d e t e c t i o n  o f  f l o w  b y  a c o u s t i c  
methods, o r  measurement o f  t h e  f l o w  r a t e  i n  t h e  d i scha rge  p i p e ,  would reduce 
t h e  amb igu i t y  and a i d  t h e  o p e r a t o r  t o  t a k e  c o r r e c t i v e  a c t i o n .  

3. POSITION 

Reac to r  system r e l i e f  and s a f e t y  v a l v e s  s h a l l  be p r o v i d e d  w i t h  a  p o s i t i v e  
. i n d i c a t i o n  i n  t h e  c o n t r o l  room d e r i v e d  f r o m  a  r e l i a b l e  v a l v e  p o s i t i o n  d e t e c t i o n  
d e v i c e  o r  a r e 1  i a b l e  i n d i c a t i o n  o f  f l o w  i n .  t h e  d i scha rge .  p i p e .  



NUREG - 0560 

8 . 2 . 4  Power-Operated Relief Valve 

Fi ndi no 

All B&W plants except for Davis-Besse .l have Dresser power-operated relief valves 

(sev.eral different 'models). Davis-Besse 1 has a Cro$by Model HPN-SN valve. 

Failures have occurred on both the Dresser and Crosby valves and improvements 
1 1 

I hale been made in the valves and their controls. At' the moment, the staff has no 

basis for rating one better than the other. 

'As related to the TMI-2 accident, the failure of the PORV to close changed a loss- 

of-feedwater transient into a small los's-of-coolant accident. This was not 

immediately apparent to the operators. The effects of two-phase flow have not 

yet been fully evaluated. 

Interim measures have been taken to reduce the.number of times the PORV would be 

required to operate during the life of a plant by IE Bulletin 79-058 and the 

shutdown pi-ovision.~ that include (a )  instal lation of an anticipatory reactor trip 

or turbine trip, (b) improving the reliability of the auxiliary feedwater, (c) 

lowering the reactor trip pressure set point, and (d) raising the set points for 

the PORV. Other actions may be necessary before subsequent start-up of the B&W 

plants. 

Recommendation 

A more direct and positive indication of valve position is needed. Consideration 

also should be given to the merits of upgrading valves and the associated control 

and power equipment to safety .grade, thereby achieving greater valve re1,iability; 

or, as an'alternate, consideration should be given to the merits of closing the 

relief and block valves during power operation. In addition, an evaluation and 

possible,testing of the PORV with regard to two-phase flow conditions should be 
4 .  

, made. These actions should.be taken by NRC and B&W. 
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NUCLEAR RSGULATORY~COl'~1hllSSION 
A D V I S O R Y  COhlhllTTEE ON REACTOR SAFEGUARCIS 

\ ' IASHINCTON, D. C. 20555 

August 16, 1979 

Honorable. Josem M. Hendrie 
Cha i man 
U.'S. Nuclear Regulatory Commission 
Washington, D.C. 20555 - 

- .  

SUBSECT: PIPE CRACKING LIGHT WAER 
. .. 

Dear Dr. Hendrie: 

-There have. been a s i g n i f i c a n t  n w k r  of occurrences of pipe crzcking in boil irq 
water reactors  (-EN%), the  Duane- Arrnld incident in  1978 representing the most 
severe example thus f a r .  For pressurized water reactors  (lWRs) ,' le&s a d  dete- 
r i o ra t i on  of s t e m  generator tubing have been s ign i f i can t  p rob lms  and recently, 

. cracking of a re la ted but mpredicted type h a s  been found in AYR s tem'genera tor  
feed- t e r  mzzles .  

The ~ u c l e a r  Regulatory Commission's P i p  Crack S t ldy  Group i s s d  a r 2 p r t  in  
1975 (NUREG-75/067) h i c h  reviewd I342 pipe cracking and ma34 rscmmendations 
t o  red~vse the incidence and severi ty of cracking. A second r e p r t  (N~?EX;-0531) 
was issued in  ear ly  1979 which again exmined the s ta tus .  of ,  the  incidence of 
pipe cracking and made fur ther  rec~mendat ions ,  primarily re la ted .  to the in- 
f luence of the cho.ice of material  and to the  potent ia l  f o r  inservice  inspection. 

- .  

The ACRS believes that it is appropriate to extend the scope of the  PRC Scaff 
review beyord tha t  exmined in  NURX-0531. The re l a t i ve ly  high frequency of 
E.JR p i p  crackirq suggests t h a t  there may be a s ign i f i can t  probabi l i ty  o f '  a  
l o s s  o f  coolant accident  ( L X A )  , par t icu la r ly  a m a l l  E A ,  and t h a t  i t  may be 
re levant  to examine,' i n  g rea t e r  depth than usual,  a  range of mat ters  including 
the following: . 

1. ?he r e l i z b i l i t y  o f  the sa fe ty  features needed t o  c o p  1,6th such an went .  

2. The poss ib i l i ty  o f  determini- the locat ion of a l e a k  o r  break more rapidly 
and more dir,ectly than is now the practice.  

. . 
3. The. adequacy of  operat ional  p rccdures  for  s x ' h   AS, including combinations - 

of circur&tances t h a t  could ar ise  in connection with such an w e n t -  

Furthermore, the seeming loq- t ime existznce of large ,  deep c r x k s  in the re- 
c i rcula t ior i  pi-s 2 t  Bdzno Ar-xld s . qces t s  t h a t  a r a v e  of m s s i b l e  x c i d e n t  
i n i t i a t o r s  sljeh 2s ;s,ter. i - z ~ - ~ g r ,  ~ s r ' ' , ; : - . r ~ a k ~ s  = r  cL?er g t e n t i a l  a u r c e s  zf  



bnorab le  Jose* M. Hendrie ' . August 16, 1979 

large d d i t i o n a l  forces  could l e d  to a p rwious ly  unexplored accident swh a s  
c o x u r r e n t  mul t ip le -  fa i lu res .  If so, consideration may have to be given to 
further m a l y s i s  of  the  course of s w h  a n w e n t  in  order to ascer ta in  ha:, i f  
any, addi t ional  measures a r e  needed to reduce the . p robab i l i t y  of  the x c i 8 - t  
o r  to mit igate  .its consequences. 

?he presence of the  large,  mult iple cracks a t  IXlane Arnold in sect ions  of the 
pipe in which no inservice i n s p x t i o n  was required, p i n t s  to a need fo r  a 
comprehensive reexamination of a l l  safe  ty-related p i p i q  systens  for  similzr  o r  
equivalent design,  fabr ica t ion  o r  construqtion flaws, a s  w e l l  as the adeqwcy 
of the NRC rep i remef i t s  fo r  insemice  in spc t ion .  f i r t h e m r e ,  high pr io r i ty  
should be given by  both t h e i n d u s t r y  and the NRC t o  the e a r l y  implenentation of 
improved crack de tec t ion  capabi l i ty .  

Some types of  cracking in P&' and &as can be retarded t h r o q h  the control 
of water p x i t y .  Fbr exmple,  most foreign and some dcmestic EWRs deaerate 
the primary coolant  d u r i G  reactor startup.  ?he M C  S t a f f  is considering a 

regula tory  guide on this matter. A progran should be i n i t i a t e d  to develop 
optirnun water . spci£icat ions ,  pa r t i cu l a r ly  i n  the a r e a s  of W R  primary coolant 
and secondary coolant .  

. . - Sincerely yours, 
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Steam Generator and Feedwater Systcms 

F ind ing  

Only t h e  bypass con t r o l s  f o r  deminera l izers  were compared i n  d e t a i l ,  bu t  t h i s  

area a lone  i nd i ca tes  some v a r i a t i o n  i n  p o t e n t i a l  f o r  l oss '  o f  feedwater events 

among t h e  B&W p lan ts .  There are, however, o t he r  i n i t i a t i o n s  due t o  human e r r o r  

o r  equipment f a i l u r e  t h a t  would l e a d  t o  a l o ss  o f  feedwater t r ans i en t .  The B&W 

once-through steam generators have much smal ler  w a t e r ' i n v e n t o r i e s  than those 

assoc ia ted  w i t h  Combustion Engineer ing and Westinghouse p l an t s .  As a r e s u l t ,  the 

B&W steam generators b o i l  o f f  on l o s s  o f  feedwater much more qu i ck l y .  This leads 

t o  a more r a p i d  increase i n  pr imary pressure on l oss  o f  main feedwater i n  B&W 

p l a n t s  and t he re fo re .  requ i  res  g rea te r  performance and re1  i a b i  1 i t y  af the  AFW 

d e l i v e r y .  

The a u x i l i a r y  feedwater system tends t o  l i m i t  t h e  overpressure excurs ion by 

p r o v i d i n g  some cont inuat ior l  .o f  heat  r e j e c t i o n  capab i l i t y ' .  t o  t h e  steam generators. 

~ c t i o n s  g iven  i n  I E  Bul l e t i r i  79-058 should prevent  subsequent overpressure and 

reduce t h e  l o s s  o f  pr imary system i nven to r y  through t he  PORV and p e n n i t ' t h e  HPI 

t o  r e f i l l  and depressurize t h e  pr imary system more qu i ck l y .  

Recommendations 

Once-Throuqh Steam Generator (OTSG) 

The s a f e t y  aspects o f  the  OTSG f o r  B&W p l a n t s  should be de f i ned  and inc luded i n  

ope ra t i ng  procedures t h a t  deal  w i t h  t r ans i en t s  and smai 1 break LOCAs. Included 

should be the  r e s u l t s  o f  a s e n s i t i v i t y  study o f  the  water  i n ven to r y  and t ime f o r  

b o i l o f f  t o  cons ider  the  p o t e n t i a l  b e n e f i t  o f  i nc reas ing  t h e  ope ra t i ng  water l e ve l  

i n  OTSGS f b r  B&W plants .  

Main Feedwater Systems 

Feedwater t r ans i en t s  have been i n i t i a t e d  from a v a r i e t y  o f  human and equipment 

. f a i l u r e s .  Al though some improvements can and should be made t o  feedwater system 

r e l i a b i  1 i t y '  and t o  i d e n t i f y  and c o r r e c t  design de f i c i enc i es ,  t he  occurrence o f  

feedwater t r ans i en t s  cannot be el iminated; Thus, the  emphasis should be on 

coping and m i  t i g a t i n g  the  consequences o f  feedwater t r ans i en t s .  

~ u x i . l i a r y  (Emergency) Feedwater Systems 

Goals should be estab l ished by NRC and means developed t o  make t he  a u x i l i a r y  

feedwater system more r e l i a b l e .  Shor t - term acti.on i s  r equ i r ed  by  t h e  recent ' 
shutdown orders and IE  b u l l e t i n s  and should be fo l iowed by a longer  term reevalu- 

a t i o n  o f  system re1  i a b i  1 i t y  and i n t e r a c t i o n s .  .Increased s u r v e i l  lance should be 

cdnsidered f o r  a l l  PWR plan'ts. 

4-18 
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'*This report was. prepared based on infor- 
mation avai lable  t o  the s t a f f  prior to  the 
plant being p laced ' in  a ,natural circulatton.  
mode of cooling on April 27 , '1979.  I t  i s  
expected . that  certain  plant changes d i f ferent  

, 
than those .described herein may result '  and 
w i l l  b e  evaluated i n  a subsequent report. 
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1 .  Backpround 

.In order t o  b r ing  TMI-2 t o  a  cold shutdown c&dit i-on,  'modifica tions 

w i l l  be made t o  var ious  p lan t  systems i n  phases t o  be' c a r r i e d  out 

over a  period of the  next  few d e e k 5 -  These modif ica t ions  w i l l  

permit a  gradual .  t r a n s i t i o n  from the c u r r e n t  p lan t  opera t ing  mode 

t o  one which provides a s t a b l e  long term cooldown mode of operat ion.  

The f i r s t  planned modif ica t ions  w i l l  be made i n  conjunction wi th  

the  t r a n s i t i o n  from forced' primary coolant  , c i r c u l a t i o n  (by .the 

r e a c t o r  c o o l a n t  pump) t o  n a t u r a l  c i r c u l a t i o n  through the  core.  

To accomplish n a t u r a i  c i r c u l a t i o n ,  t h e .  secondary s i d e  ( s h e l l )  

of  the  steam genera to r s  w i l l  be operated water s o l i d .  Water w i l l  

e n t e r  through t h e  main feedwater r i n g  and e x i t  through the  main 

s t e a m  l i n e .  

I n  order  t o  provide '  f o r  water  s o l i d  opera t ion ,  c e r t a i n  modif ica t ions  

t o  each steam genera t o r  secondary flow loop w i l l  be r equ i red .  The 

design of modi f i ca t ions  t o  steam genera tor  "B" has .accounted f o r  

poss ib le  contamination as  a  r e s u l t  of suspected tube leakage i n  the  

steam genera to r .  



T3 bazkm ~ r e s s u r c  c ~ n t r o l  z a p a b i l i t y  3<, the ? r i n a r y  systen Sur inc  
. , 

. na tu ra l  c i r c u l a t i o n ,  a new pres.sure c o n t r o l  and rskeup systen w i l l  

be provided. This  system i s  essen t i a l  i n  t h e - e v e n t  of l bss  of p r e s s u r i z e r  
. . . . . . 

hea ters  and l e v e l  i ' nd ica t ' i  on. C r  i t e r  i a  and procedures f o r .  1 e t d m n  and 

. ' overpressure c o n t i o l  o f  the pr i inary system w i  11 be es tab l  ished p ~ i o r  t ' ~  

go ing  i n t o  t h i s  mode o f  operat ion.  

~ecaus.e :of susoected 1 eakase i n  . the ex i's't i ng a1 an t .  decay heat remova 1 
1 

. . 

'sy'sten,. a p r j g ram w i l l  Se c=nducte$ t 3  i d e n t i f y  and c 3 r r e c t  leaks t 3 .  
. , . . . . 

p rov ide  as l e a k  t i g h t  a system as ~ o s s i b l e . '  A lso,  an add ' i t iona l  s k i d  
. . 

mounted decay hcat  removal t r a i n  w i  1 1  be connected. i n t o  the  e x i  s t i n g  ' 
. . 

, system as a backup. Connect i m s .  w i  11 be provi 'ded t o  the new t r a i n  ..for 
. . . . 

a pass i b l e  a d d i t i t i i  of a -dedicated decay heat removal an.d cleanup' System 

loca ted  i n  i t s  own permanent s t r u c t u r e .  

. ' . T o ' f a c i ' l i t i a t e  . e a r l y  complet ion o f  des . ignand i n s t a l l a t i o n o f  these 

system m o d i f i c a t i j n s ,  system func t i ona l  . c a p a b i l i t y  f o ' l l w i n g  a se ismic  

1 k 
, . .: event has no t  been a des ign  requirement. If a s e ~ s m i r  event should occur 

and.damage .the mod i f i ed  systems, the  se ismic  ~ a t e ~ o r i  1. ~ M l - 2 ' . ~ e c a y    eat 

   em oval System and Reactar Coolant Makeup system cou ld  be used t o  remove 
. . . .  . 

co re  decay h.eat and c o n t r o l  p r imary-sys tem p ressu re .as  necessary. 
. . 

. . 

no re  d e t a i l e d  d e s c r i p t i o n s  o f  these m o d i f i c a t i o n s  a r e  inc1.uded i n  



. . 
a .  ! . ~ ~ d i ~ i c a t i ~ n s  t o  Stean G o n t r 2 : ~ r  "A" f 3 r  ' :a tor  S ' 3 1 i d i  9 3 e r a t ; ~ n s  

: ', 1 ) Dcs i q n  Conceot 

T i e  s h g r t  and  1.>nf3. t e r n  c j n c e p t  - f i r  w a t e r  so! i d  . > p e r a t i o n  
I ,  . . 

. . 

c~~ .Steazi Gen.?rzt3r  i?. h ~ * t o  been c j ncq !  i d z ~ c d .  , l?ce t3ncesT 

--a* . J :  ? 1 L i r  = I  rt.;: 2-4k  I>>, :+e np..; 1 ! !lsw > E  gt 1 ..?,:. ic - -  . - -  

.~KID t h r a u c h  :he she 1 ! s i de , js a  new h e a t  exchanger  and i n to  

t h e  s s c o n d a r y  s  i.de. o f  t h e  steam gene, ra tor  - A  i n  e c l o s e d  1 o ~ p  

. . t o  remove h e a t .  F r m  t h e  steam g e n e r a t ~ r .  ' The tube  s i d e  ~f 

. . ' t h e .  new hea t .  exchancer  !.~i 1'1 5e =Doled bv t h e  e x i s t  i n s  N u c l e a r  

S e r v i c e s  . R i v e r  !.later Systom (NSR'JS) w h i c b  sunp1,ies w a t e r  

f ram t h e  r i v e r  and r e t u r n s  i t  t o  t h e  mechan ica l  d r a f t  c o o l i n g  

t ' w e r .  Re fe r  t o  F i g u r e  1 f o r  a  s c h e m a t i c  s f  t 5 i s  f ! o w  p a t h .  

P r o v i s i o n s  w i l l  be msde f ~ r  s v s t e n  p r e s s u r e  and . e x p a n s i ~ n  

c D n t r 3 l  bv u t i l i . z i n g  t h e  e x i . s t i n g  3 r d  s t a c e  feedwate'r h e a t e r  

she1 1 and i t s  n i r r o g e ' n  s u o p i y  s s  a' p r e s s u r i z e d  .surge'  t ank .  

. . 
The d e s i g n  . a l s ~  inc1ude.s p r o v i s i o n s  f o r  s . zno l i ng ,  , i e r n i n e r a l i z a t i ~ n  

and c h e m i c a l  a d d i t i , o n  c a o a 5 i l i . t ~ .  F o r  t h e  . i n i t i a l  phase o f  

~ p e r a t i o n , ' a l . l  v & l v e s ,  a i l 1  be m a n u a l l y  ~ p e r a t e d  and 

1 , n s t r u m e n t a t i m  w i l l  g r o v i d e  l o c a l  ' read o u t .  

>i? nen.d l o ~ i 3  3: hea t - r cmo. /a l  e q , . ~ i s n e n t  hsz 5een des igned  . t s  



l i q u i d  i n t o  t h e  q r i 3 a r w  s v s t e n  i n  t h e  even: 3f  s team g e n e r s t 3 r  

. t u b e  1 eakage. 

2 )  H 3 . 4 i f i c a t i o n  
' I 

T h i s  scheme w i  11. i n v ~ l . v e  i n s t a l  l a t i z ~ n  o f  a  new h i g h ' p r e s s u r e  

t r a i n  c m s i s t i n g  oc  a pun=, h e a t  exchanger ,  v a l v e s  and p i p i n ?  

r a n n e c t e j  t:, t h e  z a i n  .stea-1 tu;3;ne b . ( p ~ s s  1 i : ) ~  ser.~reen t h e  

c ~ n n e c t i o n  t 3  t h e  main  s team l i n e s  and t h e  cgndenser ,  a n d ' t o  

t h e  m a i n  feedwater  l i n e  between t h e  Feed\-rater pumo and  3 r d  s tage  

f e e d w a t e r  h e a t e r  FLI-J-6A. H o r i z o n t a l  r.uns o f  F i p i n g  w i l l  be 

s u p p o r t e d  f o r  s t a t i c  l a a d s  and s e c u r e d  t o  s u o n o r t  i n g  s t r u c t u r e s  

t o  p r e v e n t  l a t e r a l  mat. ion.  . V e r t i c a l  r u n s  .o f  p i p i n g  w i  1 1  be 

s e c u r e d  t o  .permanent s t r u c t u r a l  members as r e q u i r e d .  A d d i t i o n a l  

p i p i n o  w i  1 l be r e  ! u i r e d  f o r  t h e  s u r g e  t a n k  ( 3 r d  s t a g e  feedwater  

h e a t e r  FW-J=6A), chemica l  a d d i t i m  t a n k  and d e n i n e r a l i z e r .  

I n  a d d i t i o n ,  t h e  i n t e r c ~ n n e c t i o n s  between t h e  A and  9 Feedwater 

. h e a t e r  t r a i n s  w i l  1 be b r o k e n  and' capped 3 f f .  

Jumper p i p e s  w i l l  be i n s t a l l e d  between t h e  e x i s t i n g  Nuclear  : 

S e r v i c e s  R i v e r  Water .Sys tern (NSRWS) t h e  e x i  s t  i n s  Secondary  

' s e r v i c e s  d i v e r  'da ter  Svs tem ( S S R V S )  t o  p r ~ v i d e  c ~ a l  i n g  water . ,  

t~ t h e  t u b e  s i d e  o' ?he new h e a t  exchanaer .  The s a f e t y  

c l a s s  i C i c a t  i 3 n  z ~ f  t he  N u c l e a r  S e r v i c e s  q i v c r  : l a t e r  S'fstem 

:.,i 1 1  be n a i n t a i n e d  by c r o v i d i n g  2 3 9 b i c  ; s ? l a t l . > n  . t a l v e s .  



A l l  p i p i n g , c ~ n n e c t i o n s  w i l l  be welded. These m o d i f i c a t i o n s  

a re  expected t o  be comoleted and t h e  s.ystem ready fsr o p e r a t i o n  
. . 

by t he  m idd le  o f  May. 

. . 

3)  Sys tems Eva l ua t i hns . . - .  

The s h t e m  des ian  a s . . p r o p ~ s e d  w i l l  mee't t he  n'ecessary sezondarv 

.s ide r e q u i  rements f s r  . decsy . hea t  removal w'i th, e i t.her f 3 r c e l  o r  

na tu ra l .  c i r c u l a t i o n  th rough  the ' r .eactor  core.  A1 1 r e q u i r e d  
, . . . 

m o d i C i c i i t i o n s  w i l l  be made t o  accompl i sh  t 'h is purpose. Th i s  

system i s  comp le te l y  independent, and s e p a r a t e . F r 5 n  steam 

g e n e r a t o r  "0" d u r i n g  a l l  i n tended  modes o f  o p e r a t i o n  w i t h  

the  excep t i on '  t h a t  the  Nuc lear  Se rv i ces  R i ve r  Water. Sys'tem and 

Secondary Serv ices  ~ i v e r  'dater System w i l l  ' he  shared by' b o t h  

loops. o f ,  steam gene;ator coo l  ing.  

The s y s t e m , w i l l  mot  be p r o v i d e d  w i t h  redundant a c t i v e  components.. 

Hzwever, a  s i n g l e  a c t i v e  f a i l u r e . w i t h i n  t h e  system w i l l  n o t  

compromise n a t u r a l   circulation.^'? t h e  p r i m a r y  system i n  t h a t  

the  s e ~ o r ? d a ' r . ~  coo l  i rig 1  oop th rough  steam genera t o r  "8" w i  1  1  
. . 

. con t i nue  t o  opera te  (see s t a f f  e v a l u a t i o n  o f  TMI-2 n a t u r a l  

' c i r c u l a t i o n  performance).  

I 

The f v w r a t e s  . p red i c t ed  th rough  each o f  t h e  hea t  exchangers '  

w i l l  ~ r w i d e  adequate coo l  i n g  based on an assumed .heat  l oad  ' 

o f  34 x l o 6  B t u l h r  (RCP o p e r a t i n g  + j MwDH). Ooera t i ng  

oerformance and des ign  parameters f o r  t h e  syst.em a r e  as 



3.0 .STANDBY REACTOR COOLANT PRESSURE CONTROL SYSTEM 

A.. Svsteh E v a l u a t i o n  

1) D e s c r i p t i o n  

A  s tandby r e a c t o r .  coo lan t  p ressu re  c o n t r o l  and makeup system has 

been pr3posed by  t h e  l i censee .  Th is  system would serve as a  backup t o  the 

CVCS and m a i n t a i n  r e a c t o r  z ~ o l a n t  system pressure  w i t h  the o r e s s u r i z c r  f i l l e ~  

s ~ l i d  w i t h  wa te r .  Pr imary c ~ o l a n t  system pressure  w i l l  be ma in ta i ned  

e v e n " w i t h  t h e  l o s s  o f  p r e s s u r i z e r  i n s t r u m e n t a t i ~ n  and i n o p e r a t i v e  

p r e s s u r i z e r  h e a t e r s .  A lso,  the .pressure c o n t r o l  system w i  11 be des igned 

t o  p rov ide  adequate, NPSH t o  t h e . r e a c t o r  c o o l a n t  pumas i f  t hey  a r e  needed.. 

.' 
The s tanby r e a c t o r  c o o l a n t  p ressure  c o n t r o l  system w i l l  c o n s i s t s  o f  

pass ive  components (a s e r i e s  o f  wa te r  s to rage  tanks and a  su rge tank  

w i t h  nit;ogen b l a n k e t  f p r  p ressure  c o n t r o l )  and a c t i v e  components 

(charg ing  pumps). The system w i  1 1  c d n t r o l  r e a c t o r  c o o l a n t  p ressu re  

over  t he  range o f  100 ps i g  t 3  750 p.s i g .  

The pass ive  r e a c t o r  c o o l a n t  p ressure  'system wh ich  would be oper 'ated i n i  t i a l  l y  

w i t h .  l o c a l  c o n t r o l .  A d d i t i o n a l  i n s t r u m e n t a t i o i l  and remote c o n t r o l  w i l l  
. . 

' be i nco rpo ra ted  t o  permi t automatic 6pSi.ation of '  the system. The act ive  

pressure  c o n t r o l  p o r t  i o n  would resuGpl w a t e r  , t o  the  surge tanks  w'i t h  

added. c a p a b i l  i t y  o f  p rov id i ' ng  a d d i t i o n a l  makeup water  d i  reck1.y t s  the  

RCS i f  needed. 
. . 



steam  ene era tor A Modi f i ed  System . ' 

. . 

. '  ~ o e r a t i n q  C j n d i t i a n s  Des i a n  
. . 

System 
~ 9 c a . t  i o n  Pressure ( ~ s . i o )  . ~ e m i .  (OF) ~ l u w  (qpm) Pressure (ps i  q)  

New. Pump Discharge . 670 

~ e w  Pump S u c t i o n  500 
( ~ e w  Heat Exch. 
Disch. She1 1 , ~ . i d e ) .  

New P u m ~  Rec'i r c .  670 . ' 1  .30 . '  P*mp"mi,n. f l o w  330 

New Heat ~ , xchan&  r 
Supply [ S h e l l  s i de )  . 

NSRW Supply t o  New 106 8 5 ,  . 6000 150 
., Heat Exchanger . . 

(Tube . s i d e )  . . 
. . 

. . 
NSRW Return  f r om New 100 95 6000 

. . 
150 

Heat Exchanaer (Tube . . 

S i de) 

. . The. system f l o w  arrangement 'has 'been se lec ted .  t o  m in im ize '  

f o u l i n g  e f f e c t s  by m a i n t a i n i n g  Nuclear  Serv ices  R i v e r  Water 

' , on t h e  - tube .  s.ide of .  t he  new heat exchanger. System o p e r a t i n g  

temperature i ' nd ica ted  f o r  NSRY ,suppl and r e t l ~ l i n  a r e  des ign  4.4 

va 1 ues . . . 



2 )  M o d i f i c a t i o n s  

The standb.y r e a c t o r "  coo lan t  system p ressu re  co 'n t ro l  and makeup 

system w i l l  i n v o l v e  i n s t a l l a t i o n  o f  two 900 g a l l o n  c a p a c i t v  wa te r  tanks 

and 'one surge t ank  ( a l l  w i l l  be o f  t he  Westinghouse Boron 1n jec t io .n  Tank 

d e s i g n )  , n i t r o g e n  , bo t t  1  es,  tw~ ' . k r )  gpm p o s i t i v e  d isp lacement  Dumps, a  
. . 

degassed bo ra ted  wate r  supo ly  tank, v a l v e s ,  and p i p i n g .  Th is  system w i l l  

be connected between the. d]ir;charge s i d e  o f  the  h i g h  p ressure  makeup system 

downst,ream ' o f  va l ve  ~ ~ - ~ - 1 4 4 ~ ' a n d  u p s t  ream, o f ,  v a l v e  MU-VI6C. Al 1  the 

components w i l l  be p laced  i n  t he  f u e l  h a n d l i n g  b u i l d i n g .  

The.above m o d i f i c a t i o n  w i l l  e s t a b l . i s h  a  f l o w p a t h  o f  makeup wa te r  and 

p ressu re  c o n t r o l  t h rough  t he  normal makeup l i n e s  t h a t  conn=ct w i t h  the  

r e a c t o r  c o o l a n t  l oop  c o l d  iegs .  Cherni c a l  con t ro l ,  o f  t'he degass i f i e d  

b o r a t e d  wa te r  used i n  t he  p ressu re  c o n t r o l  system w i l l  be p rov ided  

by t h e  p resen t  chemical  a d d i t i o n  system. Connect ions w i l l  be p r o v i d e d  

t o  accbmmodate,the a d d i t i o n  o f  b o r i c  a c i d ,  H2, demine ra l i zed  wa te r  and 

hyd raz ine ,  LiOH and NaOH. The degassed w a t e r  tank  w i ' l l  be rep len i shed  

v i a  p i p i n g  connec t i on  f r om bo ra ted  wa te r  t r a n s f e r  pump and b o r i c  a c i d  

ba tch ' ing  . .. tank.  The boron concen t ra t  i o n  w i  11 be ma in ta i ned  i n  t h e  range 

o f  2200 t o  4000 ppm. F i g u r e  1 d e p i c t s  t h e  propos.ed p ressure  c o n t r o l  

system and i n t e r f a c e  connec t ions  t o  t h e  e x i s t i n g  systems. 



3 )  E v a l u a t i o n  

I f r e q u i  red, t h e  pa.ss i v e  p o r t i o n  o f  t he  s tandby p ressu re  c o n t r o l  

- 
and makeup sy5tem i s  des igned  t o  p r o v i d e  peak i n i t i a l  500 gpm i n j e c t i o n  

r a t e  t o  t he  r e a c t o r  c o o l a n t  system. The 500 gpm i n j e c t i o n  r a t e  w i l l  

be adequate t o  p r o v i d e  p r i m a r y  system makeup f a r  c e r t a i n  . t r a n s i e n t  

even t s  t h a t  can cause c o n s i d e r a b l e  sh r i nkage  i n  the  RCS. Because o f  

t he  f i n i t e  i n v e n t o r y  (1 930-2030 g a l )  t h i s  i n j e c t  i o n  k r i  1 1  decrease as 

t h e  d i s c h a r g e  proceeds. A1s.0, t h e  pass i ve  p o r t i o n  o f  t he  system w i l l  

be des igned  t o  p r o v i d e  con t  inuous makeup o f  4 gpm f3r 8 hours.  

S u f f i c i e n t ' m a k e u p  volume requ i rement  can be met by t h e  proposed RCS 

p r e s s u r e  c o n t r o l  system f o r  moderate system p e r t u r b a t i o n s  and f o r  the  

f o l l o w i n g  p o s t u l a t e d  t r a n s i e n t  e v e n t :  l o s s  o f  n a t u r a l  c i r c u l a t i o n  

c o o l i n g  due t o  a l o s s  o f  a l l  s e c ~ n d a r y  s i d e  c o o l i n g  w i t h  r e s t a r t  o f  one 

secondary  c o o l i n g  l oop  f o l l o w i n g  a h o t  l e g  tempera tu re  r i s e  o f  5 0 O ~ .  

Fo r  t h i s  even t  t he  l i c e n s e e  has shown a  t o t a l  volume change o f  1300 
, 

g a l l o n s  w h i c h  can be made up by t h e  proposed system. However, t he  

p r e s s u r e  c o n t r o l  system i s  n o t  des igned f o r  makeup requ i rements  

o f  more severe '  t r a n s i e n t s  such as  a sudden complete  l o s s  o f  n a t u r a l  

c i r c u l a t i o n  f o r  a  p e r i o d  o f  2 hours ,  f o l l w e d ' b y  an RC pump s t a r t .  

Procedures w h i c h  pe rm i t  r e a c t o r  c o o l a n t  pump r e s t a r t  f o l l o w i n g  l o s s  

o f  n a t u r a l  c i r c u l a t i m  wou ld  r e q u i r e  tbz  s v s i  fzb i -1  i t y  o f  o t h e r  makeup 

i v s t e m s  such as the  HPI ' i n  a d d i t i o n  t o  t he  ?raoosed p ressu re  c o n t r o l  

sys te-. 

. . 4.4 



The r e a c t b r  c o o l a n t  p ressu re  c3nt:rol and ,makeup sys tern ' w i  1 1  no t  p r o v i d e  

l e t d m n  c a p a b i l i t y  o f  . reac to r  cgo lan t '  caused bv a v e r p r e s s u r i z a t i o n  even ts .  

-Reactor c o o l a n t  f l u i d  expans ion w i l l  be r e l i e v e d  by 3ne o r  a ' c m b i n a t i o n  

o f  t h e  f o l l q u i n g . c u r r e n t  - .. comoonents and.systcms.: (1) normal le tdowi i  

l i n e  ( t h rouqh  t h e '  l e tdown c o o l e r s ) ;  (2 )  m a i n t a i n i n g  le tdown w i t h  concur ren t  
. . 

termi!nat i 3 n  ~f nake.up/seal i n j e c t  i ~ n ;  ( 3 )  con t  i,nued r e a c t 3 r  saol .ant  
. .  . 

?ump SN r k t z r n  f l 3w ;  (b) kpening a'  p r e s s u r i z e r  ./en-t valve.; *nd (5 )  

1  i f t i n g  o f  t h e  p r e s s u r i z e r 6 ' r e l  i e f  va.lve. 

P i p i n g  i n t e g r i t y  o f  t,he ,reactor c o a l a n t  pres'sure' cnn t ro !  and makeup 
. . 

. system has been examined f o r  pos tu l a te ' d ,  overp ressur  i z a t  i o n  'eve.nts .such 

as i n a d v e r t e n t  s t a r t u p  o f  an HPI pump. Th i s  system v ~ i l l  have a  des ign  

' p ressu re  o f  I 0 0 0  p s i g  except' fo r  t h e  s e c t i o n  f rom the  HPI makeup 1  i n e  

back t h rough  t h e  second ' i sa l a t . i on  check v a l v e  wh ich  w i  11 have a  des ign  
' 

/ 

p ressu re  o F ,  1500 p s i g .  Ove rp ressu r i za t  i3.n protec,! i on  o f  the  l a t t e r  

p i ~ i n g  s e c t i o n  when t h e  HPl/nakeup pump i s  . s t a r t e d  !4I 11 .be p r w i d e d  by 

i n s t a l l a t i o n  a C  a  r e l i e f  valqle abou t  t h e  HPl/make,up pump s e t  a t  1900 p s i g  

and' a .  r e l . i e f  .f l o4 ra t . e  o f  525 'gpm. Check va l ves  l o c a t e d  downst r ean  of  
. . . . 

t he  HPl/makeup pumps ' t h a t  . a r e  i n s i d e  t h e  .Reac to r  B u i l d i n g  w i  11 a l s o  p rov i de  

p r j t e c t i o n  t o  t h i s  system f rom i n a d v e r t e n t  ove , rp ressu r i za t i on  o f  the . 

RCS due t o  any o t h e r  causes. The c r i t e r i a  and procedures f o r  le tdown 

and Dverp ressuro  c o n t r o l  of t h e  R C S . w i l l  be estab' l  i shed  p r i ~ r  t o  t h e  
. . 



 he proposed r e a c t o r  c o o l a n t  p ressu re  c o n t r o l  and makeup system may 

n o t  meet makeup demand f a l l ~ w i n g  a  d e ~ r e s s u r i z a t i o n  event o f  t h e  p r ima ry  

system such as i n a d v e r t e n t  opening o f  t he  p r e s s u r i z e r  PORV ( w i t h  d&nstrear- 

i s o l a t i o n  v a l v e  open). I f  n o t  i s o l a t e d  i n  t ime,  t he  system wou ld  be 

d r a i n e d  r e s u l t i n g  i n  en t ra inment  o f  n i t r o g e n  i n t o  the reac tc i r  c . ~ o l a n t  

system. T3 ?reven: sgch an 3ccur rence  t h e  s v s t e ~  x i  1 1  a u t ~ ~ a t  i c a l  l v  i s913 t2  

on l o w ' l e v e l  i n  the  wa te r  tank.. I n , t h e  even t  jf l o s s  9 f  o f f s i t e  power 

t h i s  va l ve  w i l l  f a i l  i n  t h e  "as i s "  p o s i t i o n .  Since t ' h i s  p o s i t i o n  i s  

t he  p r e f e r r e d  p o s i t i o n  f o r  normal o p e r a t i a n  and i t  w u l d  a l s o  be t he  

p r e f e r r e d  p o s i t i o n  i n  t h e  event  o f  l o s s  o f  o c f s i t e  power. A l s o ,  a n  a l a rm  

w i l l  be annunc ia ted  l o c a l l y ' a n d  i n  t h e  c o n t r o l  room when t h e  i s o l a t i o n  

v a l v e  i s  n o t  f u l  l ' y  open. 

We have examined f o r . s i n g l e  f a i l u r e s  t h a t  can d i s a b l e  t h e  p r e s s u r e  c o n t r o l  

and makeup system. The d i scha rge  v a l v e  S P C - V S  i s  a s i n g l e  f a i l u r e  p o i n t ,  

however i t  w i l l  be a  manua l l y  ope ra ted  b a l l  v a l v e  p ~ s i t i o n e d  t o  an open 

. p o s i t i o n ,  and then  l ocked  i n  t h a t  p o s i t i ~ ~ n .  For  s i m p l i c i t y  o f  d e s i g n  

and i n s t a l l a t i o n ,  we have n o t  r e q u i r e d  redundant valSes t o  meet s i n g l e  

c r i t e r i o n  t o  i n s u r e  system i s o l a t i ~ n  c a p a b i l i t y .  A redundant c h a r g i n g  

pump w i l l  b e ' a v a i l a b l e  t o  f i l l  t h e  w a t e r  t anks  i n  response t o  t a n k  

l e v e l  reduct, ion.  



I ~ e ~ u i  rements f o r  p r e o p e r a t i o n a l  f lw' t e s t  ,pf t he  RCS p r e s s u r e  c o n t r o l  

. . 

I - 
syst,em w i l l  be de te rmined  pending a.  rev iew o f  t h e  ,margin suggested by 

. . 

I a n a l y s i s  f o r  peak makeup f low demand and what t he  system i s  designed 
I 

t o  p rov ide .  

'.do conclude t h a t  t h e  propos.ed system w i l l  m a i n t a i n ' r e a c t a r  c o ~ l a n t  

I p ressure  ca" t ' r9 l  f o r  normal wa te r  s o l ' i d  c a n d i t i o n s  and p r o v i d e  s u f f i c i e n t  

makeup. wate,r f o r  a  w ide  range o f .  expected t r a n s i e n t  even ts  t h a t  w,ould .. 

. . 
I ~ cause ' sh r inkage  i n  t he  RCS.,  ,Emergency procedures w i  11 be u  ed f o r  

a d d i t i o n a l  makeup c a p a b i l i t y  t h a t  may be r e q u i r e d  t 3  m i t i g a t e  more 
. . 

severe .and . l ess  p robab le  t r a n s i e n t  -even ts .  

B. Mechanical Desiqn 

I) D e s c r i p t i o n  

The Reactor ~ o o l . a n t .  Pressure Con t ro l  System i s  madeup o f  seve ra l  

wa te r  supp ly  tanks, pos i t i v e  .d isp lacement  pumps, va lves ,  'and p i p i n g .  

The: appl  i c a b l e  des i o n  codes and standar'ds used f o r  t he  des ign  o f  these  

cornpo;lents a r e  pro'vi.ded i n  ' the Table I .  



Table 1 

Applicable Desiqn Codes or Standards 

Uater .Suopl y Tank (Passive ~ y s  tern) 

ASHE Section I l l  CL. 1 ' -  S.S. 

Cha rq i nq' P m m s  

.ASHE S e c t i ~ n  1 1  I C L . 2  

Pipinq 

ANSI Bjl . l (minimum requi rement) 

Deqassi f ied Water Supplv Tank 

ASHE section Vlll Div. 1 

Component Supports 

ANSI 831.1 



2 )  Des isn  Loads 

Pressure,,  pump v i b r a t i o n ,  component a n d . f l ' u i d  deadweight, and 
. . 

maximum a n t i c i p a t e d  p ressure  surge f o r c e s  were cons idered  i n  deve lop ing  

'des ign  1"oads f o r  t he  RCS makeup system. The s t a f f  cons i d e r r  these t o  

. . 
' b e  a c c e ~ t a b l e  l o a d  cons iderat i .ons f o r  t h - i s  ? ? p l i c a t i o n .  The s t a f f  has- 'not  

. . 

r e q u i r e d  t he  RCS press"re c o n t r o l  and makeup, system be eva lua ted  f o r  
. . 

sei 'smic l o a d  capabi  I i ty.. , 

O ther  cons i de ra t ' i ons  

I J e l d e d . c o n s t r u c t i o n  w i l l  be .usedwherever  . poss ib l e  t o  m in im ize  
. . 

t he  p o t e n t i a l  f o r  system, leakage.. components w i l l  be f a b r i c a t e d  ' f rom 
. . . . 

. . 
s t a i n l e s s  s t e e l  o r  carbon s t e e l  c l a d  ' w i t h  s t a i n l e s s  s t e e l  .' 

. . 

. 4)' E v a l u a t i o n  Conclus ion 
. . 

. . We conc lude  t h a t  the  l i c e n s e e  has s p e c i f i e d  components t h a t  w i l l  

be des igned and f -ab ' r icated i n  accordance w i  t h  acceptab. le i n d u s t r y  =odes . . 

' . ' o r  s tandards  and w i l l  taken  i n t o  account  t h e  loads a s s o c i a t e d  w i t h  
. . 

s t a r t u p ,  t e s t i n g ,  and expected . system . opera t ion ' .  
. . 

The use o f  compqnents t h a t ,  a r e  i n  . c o n f d r i a n c e  . w i  t h '  these'  c i  r t e r i a  
. . 

p r o v i d e s  adequate .assuranct  tha.t  s t  r c c t u r a l  . i n t e g r l  t y  o f  t h e  Reac to r ,  

Coolant  Pressure  Con t ro l  System w i l l  be ma in ta ined .  



C.. S t r u c t u r a l .  Des i q n  

, The system i n c l u d e s  the  f o l l o w i n g  major  equipment: 

a )  Three wate r  tanks,  900 ga l ,  c a p a c i t y .  Each we igh  20 ki,ps empty 

and 2 7 . 5 . k i p s  when ful.1 o f , w a t e r .  Each tank  w i l l , . b e  suppor ted  

on four. 12 i n .  by 12 i n .  p i a t e s .  

5 Sorated 1.4ater t ank  we iah ina  6.3 ki.ps suppor ted  nn, i 3 u r  6 i n .  p l a t e s .  

C )  T w 3  - 100 HP pumps we igh ing  5.4 k i ps .  each. 

The enc losed  F i g u r e  2 ( 2  shee ts )  show the  c o n d i t i o n s  o f  t he  o r i g i n a l  

s t r u c t u r e .  The a rea  i s  l o c a t e d  between columns AP and AT in '  sou th -no r t h  

d i . r e c t i o n  and columns A65 and A67 ' i n  east -west  d i r e c t i 3 n .  The s l a b  

i s  t h r e e  f e e t  t h i c k  and t h e  r e i n f o r c i n g .  s t e e l  i s  +g a t  9 i n .  t o p  and 

b o t t o m ' i n  n o r t h - s o u t h  . d . i r e c t i o n  and #8 at- 6 i n .  t o p  and bo t tom i n  t he  

east -west .  d i r e c t i o n .  The compressive s t r e n g t h  o f  t he  c y c r e t e  i s  

3000 p s i  and t h e  y i e l d  s t r e s s  o f  t he  r e i n f o r c i n g  s t e e l  i s  60 ks i . .  The 
. . .  

l i c e n s e e  has ana l yzed  t h e  s l a b  f o r  t h e  a d d i t i o n a l  l ozds  r e s u l t i n g  f rom 

the  new equipment and conc luded t h a t  t he  s t r e s s e s  w i l l  be w i t h i n  the  

a l l w a b l e s  u s i n g  g e n e r a l l y  accepted codes. The a n a l y s i s  was p e r f o r n e d  

f o r  t h e  s t a t ' i c  c o n d i t i o n s  o n l y .  We conc lude t h a t  the.  l i c e n s e e  has 

per formed h i s  a n a l y s i s  i n  accord.ance w i t h  t h e  methods and p , r ~ c e d u r e s  

wh i ch  a r e  s p e c i f i e d  b y  the  a o p r o p r i a t e  codes and s tandards .  The use 

o f  these  methods . p r 2 v i d e  reasonab ls  assurance t h a t  the s t r u c t a r e s ,  

ag fec ted  by : h i s  m o d i f i c a t i ' 3 n  w i l !  c 3 n t i n u e  t 3  p e r f D r x  t h e i r  i n tended  



. . 

. . 
8.2.7 Residual Heat Removal System 

F ind i ng  , . 

Fo r  reasons n o t  y e t  understood, t h e  low-pressure heat  removal system was no t  . . 

p laced  i n t o  opera t ion  du r i ng  t h e  e a r l y  ( f i r s t  12 hours) stages o f '  t h e  accident. 

,The operators  a t tempted , to  reduce system pressure a f t e r  approximately 7 1/2 hours 

(see F igure  2); however, t h e  pressure never was low enough t o  c u t - i n  t he  res idual  

hea.t removal (RHR) system (about 300 'psig).  Subsequent long-term heat removal by 

t h e  RHR was no t  c a r r t e d  o u t  because o f  t h e  h i gh  l e v e l s  o f  contaminat ion i n  the 

r e a c t o r  coo lan t  system water and an apparent .quest ion o f  t h e  leak  t i gh tness  of 

. t h e  RHR system ou ts ide  o f  t h e  containment. 

Recommendation' 

The NRC, l icensees, and designers should reexamine. the des ign bas is  and adecuacy 
' 

o f  t h e  .RHR iystem i n  t h e  f igh t  of  t he  TMI-2 experien=e i n  which t he  reac to r  . . 
coo lan t  system became . h i gh l y  contaminated due t o  s i g n i f i c a n t  core damage. This 

should inc lude  access 'chpabi 1 i t y  and  l o c a t i o n  o f  equipment f o r  t h e  operator. 



NRR Lessons'Learned Task Force 
Short-Term Recommendations 

TITLE: Automatic Initiation of the Auxiliary Feedwater System 
for PWRs (Section 2.1.7.a) 

In recent design reviews since the issuance of the Standard Review Plan,' the 
auxiliary feedwater system (AFWS) is treated as a safety system in a pressur'zed 
water reactor (PWR) plant. It is required to satisfy the.decay heat removal 
requirements'set forth-in General Design Cri-terion 34 of Appendix A in 10 CF? 
part 50. It also plays'.a significant role'in the mitigation of feedwater 
transients that. are anticipated operational occurrences (AOOs). In addition, 
General Design Criterion 20 sets forth requirements for protection systems, 
including the fo1 lowing: "The protection system shall ' be designed (1) to 
initiate automatically the operation of appropriate systems including the 
reactivity control system, to assure that specified acceptable fue.l design 
limits are not exceeded as a result of anticipated operational occurrences ....I1 

. The need to automatically initiate the operation of the auxiliary feedwater 
'system was not considered essential to safety in the past, and in some plants 
dependence was placed on the operator to put the' system in service when required 
Although 'this need was not emphasized, there are plants in which the initiation 
of the auxiliary feedwater system is automatic. 

Recent analyses of primary system response to feedwater transients and reliability 
of installed'auxiliary feedwater systems establish the need for automatically 
initiating the auxi 1 Tary feedwater system, c.onsi stent with satisfying the 
requirements of GDC-20. 

. 2. DISCUSSION 

The auxiliary feedwater system is used to supply feedwater to the steam generators 
.during emergency conditions involving loss of the normal feedwater as we1 1 as 
during normal startup, normal shutdown, and hot standby condition. The auxiliary 
feedwater system initiation time and capacity and the reactor scram time 
should be such that the water levels in the steam generators being supplied, 
following loss of main feedwater,flow, remain high enough to provide sufficient 
heat transfer capabi 1 i ty to remove stored and resi dual heat wi thout causi ng 
opening of the' primary coolant .system re1 ief and code .safety valves. 

s 

Consistent with preventing the steam generators from drying out following loss 
of main feedwater and minimizing operator errors that could delay the timely 
initiation of the auxiliary feedwater system in a PWR plant, the auxiliary 
feedwater system, should' be automati cal ly i ni ti ated i n response to a 1 oss of 
the main feedwater. Equivalent requirements for BWR plants need further 
evaluation. to be accomplished on a long-term basis. 

In the short term, as a minimum, control-grade signals and circuits (as defined 
in Section 3 below) should be used to initiate the auxiliary feedwater system. 
T.he initiating circuits should be designed so that a single failure will not 



cause t h e  aux . i l  i a r y  feedwater  system t o  l o s e  i t s  c a p a b i l i t y  t o  per form as 
intended.  Furthermore, t e . s t a b i l i t y  o f  t h e  i n i t i a t i n g  s i g n a l s  and c i r c u i t s  
should be a  f e a t u r e  o f  t h e  design. I n  t h e  l ong  term, t h e  manual and automat ic  
i n i t i a t i o n  s i g n a l s  and c i r c u i t s  should be upgraded i n  accordance w i t h  sa fe ty -  
grade requi'rements. The ques t ion  o f  automat ic  versus manual i s o l a t i o n  o f  t h e  
a u x i l i a r y  feedwater system from t h e  a f f e c t e d  steam genera tor  i n  t h e  event o f  a  
steam o r  feedwater l i n e  b reak  r e q u i r e s  f u r t h e r  e v a l u a t i o n ' t o  be accomplished 
on a Tong-term bas is .  

3. POSITION 

Consts tent  w i t h '  s a t i s f y i n g  the r e q u i  rements' o f  General Design C r i  t e r i b n  20 o f  
Appendix A t o  10 CFR , P a r t  50 wi.th. respec t  t o  t h e  t i m e l y  i n i t i a t i o n  o f  the, 
aux i  1  i a r y .  feedwater system, , t he ' . f o l  l ow ing  requirements s h a l l  be implemented 
i n  t h e  s h o r t  term: 

. . 

1. '. The design s h a l l  p r o v i d e  f o r : t h e  automat ic  i n i t i a t i o n  o f  t h e  a u x i l i a r y  
feedwater system. 

. . 

2. . fe he automat ic  i n i t i a t i o n .  signa1.s and c i r c u i t s  %ha1 1  be- designed so 
t h a t -  a  s i n g l e  f a i l u r e  wi l .1  n o t  r e s u l t  . i n  t h e  l o s s  o f  a u x i l i a r y  
feedwater system f u n c t i o n .  . . 

3. T e s t a b i l i t y  o f  t h e  i n i t i a t i n g  s i g n a l s  and c i r c u . i t s  s h a l l  be a  f e a t u r e  
o f  t h e  design. 

I 

4. .The i n i t i a t i n g  s i g n a l s  and c i r c u i t s  s h a l l  be powered from t h e  emergency . 

buses. 

5 .  Manual c a p a b i l i t y  t o  i n i t i a t e  t h e  a u x i l i a r y  feedwater system f rom 
t h e  c o n t r o l  roo'm s h a l l  be r e t a i n e d  and s h a l l  be implemente'd so t h a t  
a  s i n g l e  f a i l u r e  i n  t h e  manual c i r c u i t s  w i l l  n o t  r e s u l t  i n  t h e  l o s s  
o f  system f u n c t i o n .  . . 

. . .'6. The a-c motor -dr iven pump's and va lves  i n  t h e  a u x i l i a r y  feedwater 
system s h a l l  be in.cluded i n  t t i e  automat ic  a c t u a t i o n  (simultaneous 
and/or sequen t ia l )  of the.1oads t o  t h e  emergency buses. 

7 .  T h e  automat ic  i n i t i a t i n g  s i g n a l s  and c i r c u i t s  s h a l l  b e  designed so 
. . 

. - t h a t  t h e i r  . f a i  1 u r e  ,wi, 1  ' no t  r e s u l t  i n  the. l o s s  .of manual capabi 1  i ty  
t o  i n i t i a t e  t h e  AF.WS f rom t h e  c,ontrol .  room: 

I n  t h e  l o n g  term, t h e  automat ic  i n i t i a t i o n  s i g n a l s  and c i r c u i t s  s h a l l  be 
upgraded i n  accordance w i t h  sa fe ty -grade  requirement.^. 



NRR Lessons Learned Task Force 
Short-Term Recommendations 

TITLE: Containment I s o l a t i o n  P rov i s ions  f o r  PWRs and BWRs (Sec t i on  2.1.4)  

1. INTRODUCTION, 

General Design C r i t e r i o n  54 o f  Appendix A t o  10 CFR P a r t  50 requ i res  t h a t  
p i p i n g  'systems p e n e t r a t i n g  p r imary  r e a c t o r  containment be p rov ided  w i t h  l e a k  
d e t e c t i o n ,  i s o l a t i o n ,  and conta inment  c a p a b i l i t i e s  hav ing  redundancy, 
r e l i a b i l i t y ,  and performance c a p a b i l i t i e s  which r e f l e c t  t h e  importance t o  
s a f e t y  o f  i s o l a t i n g  t h e  p i p i n g  systems. Standard Review Plan, Sec t ion  6.2.4, 
"Containment I s o l = t i o n  System," r e q u i r e s  t h a t  t h e r e  be d i v e r s i t y  i n  t h e  
parameters sensed f o r  t h e  i n i t i a t i o n  o f  c o n t a i  nment i s o l a t i o n .  

Some e a r l y  p l a n t s ,  i n c l u d i n g  TMI-2, p rov ided  automat ic  containment i s o l a t i o n  
demand on h i g h  conta inment  p ressu re  o n l y  (approximate' ly 2 t o  5 ps ig ) .  For  

1 sma l l  r a t e s  o f  l o s s  o f  c o o l a n t ,  t h e r e  would be l i t t l e  p ressure  increase i n  t h e  
conta inment ,  and automat ic  conta inment  i s o l a t i o n  may be delayed o r  may p o s s i b l y  
n o t  be  achieved. The l o s s  o f  c o o l a n t  a t  TMI-2, which produced a 'small pressure 
r i s e  i n  t h e  containment,  was accompanied by s u b s t a n t i a l  core  damage and a 
l a r g e  r e l e a s e  o f  r a d i o n u c l i d e s  i n t o  t h e  containment b u i l d i n g .  Containment 
i s o l a t i o n  was n o t  achieved u n t i l  approx imate ly  4-1/2 hours a f t e r  t h e  s t a r t  o f  

I t h e  event .  A l though t h i s  a p p a r e n t l y  d i d  n o t  l e a d  d i r e c t l y  t o  re lease  o f  
f i s s i o n .  p roduc ts  ' o u t s i d e  containment, '  i t  c l e a r l y  i n d i c a t e d  an unacceptable 
p o s s i  b i  1 i ty  t h a t  i t  c o u l d  occur.  

I The purpose o f  t h i s  recommendation i s  t o  ensure t h a t  e f f e c t i v e  containment 
i s o l a t i o n  i s  accomplished and mainta ined.  

2. DISCUSSION 

Since t h e  purpose o f  t h e  conta inment  i s  t o  p rov ide  a f i n a l  b a r r i e r  t o  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  i n  t h e  event  o f  an acc ident ,  i s o l a t i o n ' o f  non-essent ia l  
systems p e n e t r a t i n g  t h e  'containment boundary p r i o r  t o  s i g n i f i c a n t  r e 1  eases 
from t h e  b u i l d i n g  i s  impera t i ve .  The TMI-2 event has c l e a r l y  i l l u s t r a t e d  t h e  
need f o r  s e l e c t i n g .  d i v e r s e  p a r a m e t e r s ' t o  be used f o r  i n i t i a t i o n  o f  containment 
i s o l a t i o n  and has shown t h a t  a dependance s o l e l y  on conta inment  p ressure  r i s e  
i s  inadequate. C u r r e n t  s t a f f  requi rements (SRP 6.2.4) c a l l  f o r  automat ic  
i n i t i a t i o n  o f  conta inment  i s o l a t i o n  by  d i v e r s e  parameters. 

Many p l a n t s  o f  e a r l i e r  v i n t a g e  have n o t  used d i v e r s e  parameters f o r  i n i t i a t i o n  
o f  au tomat ic  conta inment  i s o l a t i o n .  However, most p ' lants o f  c u r r e n t  des ign  
i n i t i a t e , . a u t o m a t i c  conta inment  i s o l a t i o n  upon e i t h e r  s a f e t y  i n j e c t i o n  demand 
o r  containment. h i g h  pressure.  I n  some ins tances,  h i g h  r a d i a t i o n  l e v e l  i n  t h e  
conta inment  b u i l d i n g  o r  v e n t i l a t i o n  system d u c t i n g  has been used as a d i v e r s e  
parameter f o r  t h e  i n T t i a t i o n  o f  au tomat ic  i s o l a t i o n  o f  p a r t  o r  a l l  o f  t h e  
non-essent ia l  systems pene t ra t i , ng  t h e  ' containment b u i  l d i  ng. 

A1 1, conta inments u s e  a low p o s i t i v e  containment p ressu re  f o r  t h e  i n i t i a t i o n  o f  
au tomat ic  conta inment  i s o l a t i o n .  Prev ious  LOCA analyses have c o n s i s t e n t l y  



shown t h a t  conta i  n k n t  pressure w i  1.1 increase r a p i d l y  and w i  11 reach 1  ow- 
pressure l eve l s  t h a t  may be used t o  i n - i t i a t e  containment i s o l a t i o n  p r i o r  . to 
the  release o f  rad ionuc l ides r e s u l t i n g  from fue l  damage f o r  the event being 
analyzed. For these events, minimum ECCS f unc t i on  has always been assumed. 
None o f  these analyses has assumed the f a i l u r e  o f  emergency core coo l i ng  and 
the subsequent re1,ease t o  containment through such a  small vent area as a  
stuck-open power-operated r e l i e f  valve as i t  occurred a t  TMI-2. 

The most commonly used second parameter i s  sa fe ty  i n j e c t i o n  demand. Safety 
injection.demand i s  a  safety-grade s igna l  a l ready ava i l ab le  through t h e '  
reactor  p ro tec t i on  system. Design analyses ' ind icate  t h a t  sa fe ty  i n j e c t i o n  
.demand ' i s  a l so  .an e a r l y  signal, o f  loss  o f  the reac to r  coo lant  system i n t e g r i t y  

. and i n  most cases, dhen used as a  d iverse containment i s o l a t i o n  .s ignal ,  w i  11 
:. r e s u l t  i n  e a r l  i e r  i n i  h i a t i  on o f  containment i o l  a t i  on than containment h igh  

I' pressure. 

Another a l t e r n a t i v e  , i s  the use' o f  h igh  r a d i a t i o n  level: as a  d iverse parameter 
f o r  i n i t i a t i o n  o f  containment . i so la t ion .  Design o f  a  dependable containment 
i s o l a t i o n  s igna l  us ing  r a d i a t i o n  de tec t ion  invo lves a  complex cons iderat ion o f  
several fac to rs ;  i - e . ,  1ocati.on o f  detectors  versus pos tu la ted  reac to r  coolant  
system (RCS) break loca t ions ,  d i l u t i o n  fac to rs ,  , t r i p  l e v e l  s e t  p o i n t ,  e tc .  
Only two p l an t s  have adopted a  h igh r a d i a t i o n  l eve l  as a. safety-grade parameter 
f o r  the . i n i t i a t i o n  o f  containment i s o l a t i o n .  The'use o f  e i t h e r  a  sa fe t y  in jec -  
t i o n  s ignal  o r  a  p rope r l y  designed h i gh  r a d i a t i o n  l e v e l  as a  d iverse conta inrent  
, i s o l a t i o n  i n i t i a t o r  would have assured the e a r l y  i s o l a t i o n  o f  the containment 
b u i l d i n g  a t  TMI-2. 

A .  second containment i s o l a t i o n .  problem high1 i gh ted  by the  acc ident  a t  TMI-2 i s  
the  lack o f  consistency among p lan ts  i n  the d e f i n i t i o n  o f  essen t ia l  and 
non-essential- systems. Systems impor tant .  t o  the removal o f  r eac to r  heat  
(e.g., reactor  coo lan t  pump ,cool ing and seal, water) are  i s o l a t e d  by the  
containment i s o l a t i o n  s igna l  f o r  some p lan ts .  Other p l a n t s  is .o la te  such 
systems on another s igna l ,  such as conta inment .h i -h i  pressure (usua l l y  1/4 t o  
1/2 o f  containment design pressure), whereas f o r  others such systems a re  ' 

manually i s o l a t e d  by the operator. , . 

The sequence. o f  events a t  Three M i l e  ~ s l a n d  has i 1 l u s t r a t e d  the  necess i ty  f o r '  
' ca re fu l  cons iderat ion o f  those systems t h a t  should be immediately i s o l a t e d  

. (non-essential systems) and t hose . t ha t  should be s e l e c t i v e l y  i s o l a t e d  o n l y  
a f t e r  i t  . is  es tab l ished t h a t  use ' o f  these systems (essen t ia l  systems) w i l l  not  
be needed. We recommend t h a t  a1 1  p l an t s  reconsider t h e i  r. d e f i n i t i o n  o f  
essent ia l  and non-essential.systems and p rov ide  the  NRC w i t h  the r e s u l t s  o f  
t h i s  review. It i s  our long-term goal t o  use th ' i s  i r i fo rmat ion i n  t he  . ' 

development o f  a  cons is ten t  s e t  o f  gu ide l ines  f o r  the  se lec t i on  o f  essen t i a l  
and nan-essential systems. 

A. t h i r d  containment i s o l a t i o n  problem was h i gh l i gh ted  by t he  acc ident  a t  Three 
M i l e  ~ s l a n d '  U n i t  2  and by several o f  t he  responses t o  t he  I n s p e c t i o n  and 
Enforcement B u l l e t i n s .  For some p lan t s ,  the design o f  con ta i  nment i s o l a t i o n  
system con t ro ls  i s  such t h a t  rese t t i .ng  the  i s o l a t i r i g  s i gna l  may cause t he  
containment i s o l a t i o n  valves, which were i n  the  open p o s i t i o n  a t  t h e ' t i m e  of 
automatic containment i s o l a t i o n ,  t o  au tomat i ca l l y  ,reop'en. To prev,ent t h i s ,  



the op'erator must manual ly move the individual containment .isolation valve 
contro.ls, or in some cases a ganged control, to the closed position prior to 
resetting the isolation signal.. This design introduces the unnecessary 
potential for operator error'resulting in unexpected releases from the 
containment building and offsite dose consequences. Such designs should be 
modified to eliminate the possibility of inadvertent reopening containment 
isolation valves upon resetting of the iso'lating si.gna1. 

1. ..All containment isolation system designs shall comply with the 
\ recomme.ndations of SRP 6 . 2 . 4 ;  i-e., that there be diversity in the 
- .  parameters sensed for the initiation of containment isolati'on. . 

2. All plants shall give careful reconsideration to the definition of 
essential and non-essential systems, shall identify each system 
determined to be essential, shall identify each system determined to 
be non-essential, shall describe the basis for selection of each 

' essential system, shall modify their' contai nment i so1 ati on designs 
accordingly, and shall report the results of the re-evaquation to 
the NRC. 

3. All non-essential systems shall 'be automatically isolated by the 
containment isolation signal. 

4. ' The design of control systems for automatic containment isolation 
valves shall be such that resetting the isolation signal will not 
result in the automatic reopening of containment isolation valves. 
Reopening of containment isolation valves shall require deliberate 
operator action. 



NRR iessons Learned Task Force 
Short-Term Recommendations 

TITLE: I n t e g r i t y  of Systems Outs ide Contai nment L i  k e l y  t o  Contai n  
Radioact ive M a t e r i a l s  (Engineered Sa fe ty  Systems and A u x i l i a r y  
Systems) f o r  PWRs and BWRs (Sec t ion  2.1.6. a) , . 

1. INTRODUCTION 

- P a r t s  20 and ,100 of t h e  Commission r e g u l a t i o n s  s p e c i f y  ' r a d i a t i o n  1 i m i t s  and 
g u i d e l i n e s  t h a t  must be met by l i c e n s e d  f a c i l i t i e s  t o  assure p r o t e c t i o n  o f  
publ- ic .  h e a l t h  and safety.. . I n  ' a .  power . r e a c t o r ,  many systehs t h a t  w i  11 o r  may 
handle 1 i q u i d s  o r  gases c o n t a i  n i  ng . 1  arge r a d i  o a c t i  ve i n v e n t o r i  es a f t e r  a  
se r ious  t r a n s i e n t  o r  a c c i d e n t  a r e  l oca ted  o u t s i d e  containment. Some systems 
have techn ica l  s p e c i f i c a t i o n  leakage l i m i t s  e s t a b l i s h e d  i n  t h e  p l a n t ' s  ope ra t i ng  
l i cense ,  and'o' thers do not .  

2. DISCUSSION 
. . 

Several o f  t h e  engineered sa fe ty  fea tures  (ESF) and aux i  1  i a r y  systems (Aux), 
l o c a t e d  outs ide  r e a c t o r  containment w i l l  o r  may have t o  . f unc t i on  d u r i n g  a  
se r ious  . t rans ien t  o r  a c c i d e n t  w i t h  l a r g e  r a d i o a c t i v e  i n v e n t o r i e s  i n  t h e  f l u i d s  
t h e y  p r o c e s s .  The leakage f rom these systems, whewoperated, must be minimized 
o r  e l im ina ted  t o  p reven t  t h e  re lease  o f  s i g n i f i c a n t  amounts o f  r a d i o a c t i v e  
m a t e r i a l s  t o  t h e  environment. Examples o f  such systems i nc1,ude r e s i d u a l  heat  
removal (ESF), containment spray r e c i r c u l a t i o n  (ESF) , high-pressure i n j e c t i o n  
r e c i r c u l a t i o n  (ESF), sampl ing (Aux), makeup and letdown (Aux), and waste gas 
(Aux). These systems a r e  checked o u t  d u r i n g  p re -opera t i ona l  t e s t i n g  and 
s t a r t u p  t e s t i n g  b u t . a r e  n o t  u s u a l l y  i nc luded  i n  any p e r i o d i c  l e a k  t e s t i n g  
program. It i s  impor tan t  t h a t  t h e  p l a n t  ope.rat ing s t a f f  know t h e  leakage 
r a t e s  o f  these systems and mainta i .n them a t  r a t e s  t h a t  a r e  as low as ' p r a c t i c a l .  

Some o f ,  these systems were used d u r i n g  t h e  TMI-2 acc iden t  w i t h  r e s u l t i n g  
re leases o f  r a d i o a c t i v e  m a t e r i a l s  t o  t h e  a u x i  1  i a r y  b u i  l d i n g  v e n t i  l a t i o n  systems. 
These releases a re  b e l i e v e d  t o  have r e s u l t e d  f.rom l e a k i n g  r e l i e f  va lves,  waste 
gas compressor seal.s, va lves ,  and open r u p t u r e  d i scs .  The residua.1 heat  
removal system,was n o t . u s e d  i n  i t s  des ign mode f o r  severa l  reasons, one o f  
which was the  u n c e r t a i n t y  of t h e  leakage c h a r a c t e r i s t i c s  o f  t h e  system. 
'Therefore., t h e  lesson l e a r n e d  i n .  t h i s  case was t h a t  more p o s i t i v e  c o n t r o l  and 
knowledge o f  t h e  ' leakage r a t e s  'o f  these. systems i s  needed. t o  p rov ide  t h e  
opera t i ng  s t a f f  w i t h  t h e  maximum usable equipment and t o  r e s t r i c t  o r  c o n t r o l  
t h e  re lease o f  r a d i o a c t i v e  m a t e r i a l s  t o  t h e  environment. 

. . 

The recommended s o l u t i o n  i s  t o  make every e f f o r t  t o  e l  im ina te  o r  reduce t h e  
leakage from these systems, perform. p e r i o d i c  t e s t s  t o  assure t h a t  t h e  leakage 
f rom these systems i s . m a i n t a i n e d  as low as p r a c t i c a l ,  and p r o v i d e  t h e . p l a n t  

. s t a f f  w i t h  c u r r e n t  knowledge o f  t h e  system leakage ra tes .  



3. POSITION 

Applicants and licensees shall immediately implement a program to reduce 
leakage from systems outside containment that would or could contain highly 
radioactive fluids during a serious transient or accident to as-low-as-practical 
levels. This program shall include the following:. 

1.. . ~mmediate Leak Reduction 

a. Impjement all practical leak reduction measures for all systems 
that could carry radioactive fluid outside.of containment. 

b. Measure actual leakage rates with system in. operation and . ' 

report them to the NRC. . . 

. .  . 

2. Conti-nuing Leak Reduction 

Establish and implement a program of preventive maintenance to reduce 
leakage to as-low-as-practical levels. This program shall include . .  

periodic integrated leak tests at a frequency not to exceed refueling 
cycle intervals. 



Technical 'Assessment of Disturbance Analysis Systems 

I - prepared for  in the ~ u c l e a r '  Safety Journal, by:. 
A.  B. ~ o n g  . - 

Elec t r i c  Power Research I n s t i t u t e  
April ,  1979 

. . ABSTRACT , . SAI-PIITSBURGH 

In December of 1978, the Elec t r ic  ' Po\~er  gesearch 1nst i  t"t& -' '.:.- .-.--:.;.' . ' ' .  .:- 
. . sponsored .an international,  s p e c i a l i s t s '  workshop gn Disturbznce 

Analysis Systems. Since the.Three Mile Isiand incident ,  the 
u t i l i t y  has been evaluating the use of t h i s  type 'of .system as a 
means t o  .improve the operator-process in te r face  during normal and 
abnormal' nodes of nuclear plant operation. The. func.tiona1 require- 
ments,, j u s t i  f ica.t ion, technical descriptions and operation experience 
w i t h  such systems a r e  summarized on the basis of the workshop 
-presentations. Unresoi ved probl ezs a r e  idenf t i f ied  and on-g~5ng 
research and develop a c t i v i t i e s  in the  U.S. and Europe a r e  b r i e f ly  
revi-ewed. 
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Tablc I I. Eitalilple o f  DAS 14ppl i c a t i o n  nased Upon TCII-2 I n c i d e n t  

(Sequence o f  event  t i l ~ i e s  i n  hou'rs, 111i nu t es ,  seconds from s t a r t  o f  t r a n s i e n t ) .  

r IMPROVED PROCESS C O M P U T ~ R  @ D l  STURBANCE RECOGNITION t CORRECTION 
00:16:-- RCPFLOUVALIOITY I N Q U E S T I O N D U E  T O V O I D I N G  00:00:14 NO AUX. FEED EVEN TIIOUCII PUMPS ARE ON 

00:32:30 INTEGRATION AND TRENDING OF CORE EXIT T,C,S, 00:00:30 PRESSURI'ZER RELIEF VALVE NOT R E S E A T E D  

01:13:00 ALARM P R I N T E R  JAM.  ~ o G R U N N I N G ~ ~ H I N .  B E H I N D  00:16:&- RCP FLOW DEGRADATION DUE TO VOIDS 

01:13:40 Ex-CORE S I G N A ~  V A L I ~ I T Y  IN QUESTION DUE TO DOWNCOMER 02:38:00 FUEL INTEGRITY VIOLATED 

V O I D S  . 

01;50:-- T A V E V A L I D O V E R  W I D E  RANGE @ PROCEDURAL ASSISTANCE FOR OFF-NORMAL C C N D ~ T ~ O N  
2 :  - -  SIJP~ORT OFF-SITE EMERGENCY REVIEW . 00:05:06 f l o ~ ~  THAN LOSS OF FEED 

02:57:-- REMOTE S T A T  IONS T o  ALLEVIATE C O N ~ R O L  R o o m  CONGEST ION \ - PRIMARY COOLANT INVENTORY 

- SATURATION C O N D I T I O N S  

@ SURVEILLANCE M O N I T O R I N G  FOR MODE O F  p P E R A T l O N  

- X  AUX. FEED' VALVE ALIGNMENT + 

00:00:12 S E C U R ~ N C  O F  LETDOWN L I N E S  A F T E R  T R I P  

a 00:03:26 'RCDT C O O L I N G  I N l T l A T E D  " I l l G H  TEMPERATURE . . 
0 0 ; 0 7 : 1 1 3 .  S ~ P  PUMP A L I G N M E N T  

00: 14:50 CONTAINMENT I SOLATION ON LOSS OF PRIMARY BOUNDARY 

00:14:50 DECRAOATION OF RADIATION BARRIERS 

- EVALUATE C O N T A I N M E N T  I S O L A T I O N  

06:32:30 ! ~ A D E ~ U A T E  H E A T  R E ~ O V A C  FROM CORE 

- SYNTHESIZE EXIT T.C, DATA 

01:40:S5 FEASIBILITY 8 EFFECTIVENESS OF NATURAL RECIRCULATION 

@ S ~ M ~ L ~ F ~ E D  ANALYTICAL MODELS 
- P R I M A R Y  COOLANT INVENTORY 

- MARGIN T O  SATURATED C O N D I T I O N S  I N  P R I M A R Y  SYSTEMS , 

02:38:00 DEGRADED FUEL INTEGRITY 

-EVALUATE CONTAINMENT I SOLATION 

0!:23:23 GENERAL EMERGENCY DECLARED 

04 : 30:llS CONTINUED USE OF SECONDARY SYSTEM 

- EVALUATE INTECR ITY 

07:30:00 F E A S I B ~ L ~ T Y  1 E F F E C T I V E N E S S  O F  R E S I D U A L  H E A T  REMOVAL 

- RESIDUAL HEAT GENERATION VERSUS REMOVAL 

- GROSS FUEL INTEGRITY . . - STEAM GE14FHATOR MASS 8 ENERGY DAI.ANCE 

' -  COME ENERGY BAI.ANCE 

.- n l ) l l ~ N  COIICCNTRAT I O N  I N V E N T O R Y  



NRR Lessons Learned Task Force 
Short-Term Recommendations 

TITLE: Ana lys is  of Design and 'of f-Normal T rans ien ts  and Accidents 
(Sect ion  2.1.9) 

The des ign  requirements f o r  t h e  Emergency Core Coo l ing  System (ECCS) a r e  
s t a t e d  i n  10 CFR P a r t  50.46. Each a p p l i c a n t  f o r  a CP o r  OL must show compliance 
w i t h  these requirements th rough  analyses t h a t  a r e  p r e s c r i b e d  i n  Appendix K t o  
10  CFR P a r t  50. The des ign  requi rements f o r  o t h e r ' i m p o r t a n t  s a f e t y  systems, 
such as  t h e  r e a c t o r  c o o l a n t  system pressure.boundary and t h e  r e a c t o r , p r o t e c t i o n  
system, a r e  s t a t e d  i n  t h e  General Desiyn C r i t e r i a  in 'Append ix  A t o  10  CFR 
P a r t  50. The r e q u i r e d  analyses t o  show compliance w i t h  t h e  General Design 
C r i t e r i a  a re  s t a t e d  i n  S e c t i o n  15 o f  Regulatory Guide 1;70 ("Standard Format 
and Content  o f  s a f e t y  A n a l y s i s  Reports f o r  Nuclear  Power Plants") .  These a r e  
requi rements f o r  t h e  a n a l y s i s  o f  t h e  so -ca l l ed  "des ign  b a s i s  events"  which 
comprise var ious  a n t i c i p a t e d  t r a n s i e n t s  and p o s t u l a t e d  acc idents .  

A l though t h e  analyses l i s t e d  above a r e  p r i m a r i l y  in tended t o  show acceptab le  
performance and des ign  o f  v a r i o u s  s a f e t y  systems, t hey  have a l s o  been u s e d , f o r  
deve lop ing  emergency procedures and ope ra to r  t r a i n i n g .  These o t h e r  uses o f  
analyses a re  n o t  addressed i n  t h e  NRC Standard Review Plans, and t h e  a n a l y t i c a l  
b a s i s  f o r  emergency procedures has t h e r e f o r e  n o t  been g e n e r a l l y  rev iewed by 
NRC. The emergency procedures a r e  aud i ted  by  t h e  O f f i c e  o f  I n s p e c t i o n  and 
Enforcement; however, NRC does n o t  per fo rm a fo rmal  t e c h n i c a l  rev iew  o f  a l l  
procedures, o r  eva lua te  wh ich  analyses were used t o  develop them. 

The exper ience o f  t h e  TMI-2 acc iden t  i n d i c a t e s  t h a t  f u r t h e r  analyses o f  
t rans . i en ts  and 'smal l  LOCAs a r e  needed. These conc lus ions ,  i n c l u d i n g  t h e  
coo rd i -na t i on  of t h e  r e s u l t s  o f  analyses and emergency procedures, were d iscussed 
i n  NUREG-0560, " S t a f f  Repor t  on t h e  Generic Assessment o f  Feedwater T rans ien ts  
i n  Pressur ized Water Reactors Designed by  t h e  Babcock & Wi lcox Company." 

. I n  t h e  Three M i l e  I s l a n d  acc iden t ,  a l o s s  o f  feedwater  t r a n s i e n t  l e d  t o  a 
smal l  b reak  1 oss-o f -coo lan t  a c c i d e n t  when t h e  p i  1  o t -opera ted  re1  i e f  v a l v e  
f a i l e d  t o  close. The emergency procedure f o r  a l o s s  o f  feedwater d i d  n o t  
a l e r t  t h e  operators t o  t h i s  p o s s i b i l i t y ;  no r  d i d  i t  p r o v i d e  any i n d i c a t i o n  
t h a t  t h e  opening o f  t h e  PORV should have been expected. I n  a d d i t i o n ,  r e c e n t  
rev iews o f  emergency procedures ' f o r  t h e  smal l  b reak  1 oss-of-cool  a n t  a c c i d e n t  
a t  B&W p l a n t s  c l e a r l y  i n d i c a t e  t h a t  t h e  procedures were inadequate t o  p r o v i d e  
t h e  opera tors  w i t h  needed i n s t r u c t i o n s  on a c t i o n s  r e q u i r e d  t o  cope w i t h  .var ious  
s i z e s  and l o c a t i o n s  o f  sma l l  breaks. It i s  c l e a r  f rom t h e  events a t  Three 
M i l e  Island tha t .  ope ra to r  t r a i n i n g  and emergency procedures were n o t  adequate 
f o r  t h e  opera tors  t o  conclude f rom t h e  i n f o r m a t i o n  a v a i l a b l e  t h a t  t h e  r e a c t o r  
co re  was uncovered and . i nadequa te l y  coo led  f o r  a l o n g  p e r i o d  o f  t ime.  

The purpose o f  t he  recommended a c t i o n  +s t o  p r o v i d e  a s u b s t a n t i a l  i nc rease  ' i n  
s a f e t y  b y  improving. t h e  performance o f  r e a c t o r  ope ra to rs  d u r i n g  t r a n s i e n t  and 
a c c i d e n t  cond i t ions .  Subs tan t i ve  sho r t - t e rm -improvement can be made th rough  a 
combinat ion  o f  analyses, improved procedures, and improved t r a i n i n g .  



2. DISCUSSION 

The Three M i l e  I s l a n d  event i s  an example o f  an Accident  i n  which t h e  per form- 
ance o f  impor tan t  s a f e t y  systems was degraded due t o  human e r r o r s .  Th is  i s  an 
i n d i c a t i o n  t h a t  human e r r o r s  a re  a  s i g n i f i c a n t  f a c t o r  i n  t h e  u n a v a i l a b i l i t y  o f  
needed s a f e t y  systems. Th is  appears t o  r e s u l t  from inadequate c o o r d i n a t i o n  
between t h e  o rgan iza t i ons  p r o v i d i n g  t h e  system design' and ana lys i s  and t h e  
o r g a n i z a t i o n s  deve lop ing t h e  emergency procedures and p r o v i d i n g  t h e  opera to r  
t r a i n i n g .  The s t a f f  has looked broad ly  a t  t h i s  problem s'ince t h e  acc ident .  
I n  some cases, t h e  NSSS vendor does n o t  supply any g u i d e l i n e s  on t h e  development 
of emergency procedures. Even f o r  those cases i n  which g u i d e l i n e s  a re  supp l ied ,  
t h e  g u i d e l i n e s  a re  u s u a l l y  based on t h e  t r a n s i e n t  and acc iden t  analyses f rom 

- .  

Sec t ion '  15 o f  t h e  F i n a l  Sa fe ty  Ana lys is  Report  GsSd i n  t h e  1  i cens ing  design .. 

rev iew. Th is  i s  n o t  s a t i s f a c t o r y  s ince t h e  Sec t ion  15 FSAR analyses a re  
per formed t o  demonstrate t h e  a c c e p t a b i l i t y  o f  va r ious  system designs pursuant  
t o  s p e c i f i c  a n d . p r e s c r i p t i v e  design bas is  events d e r i v e d  f rom t h e  Commission 
r e g u l a t i o n s .  More and a  d i f f e r e n t  k i n d  o f  a n a l y s i s  i s  needed f o r  use i n  
deve lop ing emergency procedures 'and opera tor  t r a i n i n g .  For  example, t h e  FSAR 
des ign a n a l y s i s  o f  t h e  l o s s  o f  feedwater t r a n s i e n t  f o r  Three M i l e  I s l a n d  
assumed t h a t  t h e  PORV d i d  n o t  open. Th is  assumption l e d  t o  t h e  h i g h e s t  
c a l c u l a t e d  pressure  and was t h e r e f o r e  approp r ia te  f o r  a  design c a l c u l a t i o n .  
However, as a  r e s u l t  o f  n o t  ana lyz ing  t h e  expected response o f  t he  PORV, t h e  
emergency procedure f o r  a  l o s s  o f  feedwater d i d  n o t  acknowledge t h a t  t h e  PORV 
would open. Moreover, i t  d i d  n o t  i n d i c a t e  when PORV c l o s u r e  should have been 
expected o r  t h a t  it was impor tan t  t o  v e r i f y  PORV c losure .  P r i o r  t o  TMI-2, t h e  
NRC s t a f f  had never reviewed p l a n t  ope ra t i ng  procedures o r  emergency procedures 
f o r  conformance t o  expected p lan t . response  i n  t r a n s i e n t  o r  acc iden t  s i t u a t i o n s .  
On t h e  b a s i s , o f  our  rev iew o f  t h i s  area s ince  t h e  acc iden t ,  we t i n d  severa l  
i m p o r t a n t  k inds  o f  d e f i c i e n c i e s  t h a t  r e q u i r e  c o r r e c t i o n .  

A  s u b s t a n t i a l  improvement i n  s a f e t y  can be obta ined by improv ing opera to r  
performance d u r i n g  t r a n s i e n t s  and accidents.  The f o l l o w i n g  steps a re  r e q u i r e d  
i n  o r d e r  t o  accomplish t h i s  o b j e c t i v e :  (a) analyze t o  p r e d i c t  p l a n t  response 
d u r i n g  abnormal occurrences and t o  i d e n t i f y  p roper  and improper opera to r  
a c t i o n s  assoc ia ted w i t h  impor tan t  s a f e t y  ' cons idera t ions  (such as p r e v e n t i o n  o f  
.core uncovery, e s t a b l i s h i n g  n a t u r a l  c i r c u l a t i o n ,  and p r e v e n t i o n  o f  more ser ious  
acc idents) ;  (b) p repare  g u i d e l i n e s  f o r  emergency procedures; (c)  implement 
improvements i n  emergency procedures; and (d) r e t r a i n  operators.  

We have =stab1 i shed  t h e  f o l l o w i n g  ' p r i o r i t i e s  f d r  t h e  s h o r t  term: 

1. Ana lys i s  of smal l  b'reak l oss -o f - coo l  a n t  acci,dents; 

2. Ana lys i s  of t h e  symptoms o f  inadequate .core  c o o l i n g  and r e q u i r e d  
act ion's t o  r e s t o r e  co re  coo l i ng ;  and 

3. Ana1ys.i s  o f  t r a n s i e n t  and acc iden t  scenar ios  i nc1 u d i  ng opera to r  
a c t i o n s  n o t  p r e v i o u s l y  .analyzed. 

The e - f f o r t s  r e l a t e d  t o  smal l  breaks have been completed f o r  B&W p l a n t s  and a re  
w e l l  under 'way f o r  o the r '  p l a n t s .  Th is  e f f o r t  i s  be ing  accomplished by t h e  
B u l l e t i n s  and Orders Task Force and does' .not  r e q u i r e  a d d i t i o n a l  i n p u t  f rom t h e  

. . 



.Lessons   earned Task Force. The a n a l y s i s  o f  inddequate core  c o o l i n g  w i  11 
p r o v i d e  i n f o r m a t i o n  i n  an area i n  which t h e  operators p r e s e n t l y  may have no 
procedures o r  t r a i n i n g .  Th is  e f f o r t  w i l l  p rov ide  defense i n  depth because i t  
w i l l  i n fo rm t h e  opera.tors and c a l l  f o r  app rop r ia te  c o r r e c t i v e  a c t i o n  i f  syster, 
f a i l u r e s  o r  ope ra to r  e r r o r s  l e a d  t o  a  s i t u a t i o n  o f  inadequate core  coo l i ng .  
S p e c i f i c , a n a l y s i s  t o  be performed a re  addressed i n  t h e  'next sec t ion .  The 
t h i r d  p r i o r i t y  shor t - te rm e f f o r t  i s  r e l a t e d  t o  ana lys i s  o f  t r a n s i e n t s  and 
acc idents  t o  i d e n t i f y  ope ra to r  a c t i o n s  ( t o  be r e q u i r e d  o r " t o  be p r o h i b i t e d )  
assoc ia ted w i t h  impor tan t  sa fe ty  cons ide ra t i ons  (such as n a t u r a l  c i  r c u l  at , ion,  
p reven t ion  of more se r ious  acc idents ,  and p reven t ion  o f  core uncovery). Each 

, of t h e  shor t - te rm e f f o r t s  i s  r e l a t e d  t o  improving emergency procedures and 
' improving opera tor  t r a i n i n g .  A d d i t i o n a l  analyses w i l l  be r e q u i r e d  i n  t h e  long - .  

term. . . 
. . 

A d d i t i o n a l  smal l  break c a l  cu l ' a t i ons  a r e  be ing  performed i n  t h e  near term 
f o l l o w i n g  t h e  Three M i l e  1s land .acc iden t .  These c a l c u l a t i o n s  w i l l  support  
changes i n  emergency procedures t o  cover t h e  f u l l  spectrum o f  .small breaks. 
The quest ion  of comp1,iance w i t h ' l 0  CFR P a r t  50 Appendix K requirements f o r  t he  
f u l l  spectrum of smal l  breaks has n o t  been addressed i n  t h e  s h o r t  term, b u t  

. . 

should be addressed i n  t h e  l o n g  term. I n  a d d i t i o n ,  r e c o n s i d e r a t i o n  o f  t h e  
appropr iateness of t h e  s i n g l e - f a i l u r e  c r i t e r i o n  may l e a d  t o  t h e  need f o r  more 

' . analyses i n  t h e  l o n g  term. 

3. ' POSITION. 

Analyses, procedures, and t r a i n i n g  address i  ng t h e  f 01 1  owing are" r e q u i  red: 

1. Small break loss-o f -coo lant  acc idents ;  

2. Inadequate core  coo l i ng ;  and 

3. Trans ients  and acc idents .  

Some ana lys is  requirements f o r  small  breaks have a1 ready been s p e c i f i e d  by the  
, B u l l e t i n s  and Orders Task Force. These should be completed. I n  a d d i t i o n ,  
p r e t e s t  ca l cu la t i ons .  o f  some o f  t h e  Loss o f  F l u i d  Test  (LOFT) smal l  break 
t e s t s  (scheduled t o  s t a r t  i n  ' ~ep tember  1979) s h a l l  be performed as means t o  
v e r i f y  t h e  analyses performed i n  suppor t  o f  t h e  sma l l . b reak  emergency procedures 
and. i n  support of ' an eventua l  1  ong ' t e rm v e r i f i c a t i o n  o f  .compl i ance w i t h  Appendix K 
o f  10 CFR P a r t  50: 

I 
I n  t h e  ana lys i s  o f  inadequate co re  c o o l i n g ,  t h e  f o l l o w i n g  c o n d i t i o n s  s h a l l  be 
analyzed us ing r e a l i s t i c  (bes t -es t imate)  methods: 

1. Low r e a c t o r  c o o l a n t  system i n v e n t o r y  (two' examples w i  11 be r e q u i r e d  - 
LOCA . w i t h  forced f l ow ,  LOCA w i t h o u t  fo rced f low). 

2. Loss o f  n a t u r a l  c i r c u l a t i o n  (due t o  l o s s  o f  heat  s ink ) .  

These c a l c u l a t i o n s  sha l l .  i n c l u d e  t h e  ' p e r i o d  o f  t ime  d u r i n g  which inadequate 
core  coo l i ng  i s  approached a s ' w e l l  as t h e  p e r i o d  o f  t ime  d u r i n g  which inadequate 
core  coo l i ng  e x i s t s .  The c a l c u l a t i o n s ,  s h a l l  .b& c a r r i e d  o u t  i n  r e a l  t ime  f a r  

. . 

. . 



enough t h a t  a l l  impor tan t  phenomena and i ns t rumen t  i n d i c a t i o n s  a r e  i nc luded .  
Each case should then be repeated t a k i n g  c r e d i t  f o r  c o r r e c t  ope ra to r  a c t i o n .  
These a d d i t i o n a l  cases w i  11 p r o v i d e  t h e  b a s i s  f o r  developi 'ng app rop r ia te  
emergency procedures. These c a l c u l a t i o n s  shou ld  a l s o  p r o v i d e  t h e  a n a l y t i c a l  
b a s i s  f o r  t he  design o f  any a d d i t i o n a l  i n s t r u m e n t a t i o n  needed t o  p r o v i d e  
ope ra to rs  w i t h  an unambiguous i n d i c a t i o n  o f  vessel  water  l e v e l  and core  c o o l i n g  
adequacy (see Sec t i on  2.1.3. b i n  t h i  s  appendix).  

The analyses o f  t r a n s i e n t s  and acc iden ts  s h a l l  i nc lude  the  d e s i g n  b a s i s  events 
s p e c i f i e d  i n  Sec t i on .15  o f  each FSAR. The analyses s h a l l  i n c l u d e  a  s i n g l e  
a c t i v e  f a i 3 u r e  f o r  each system c a l l e d  upon t o  f u n c t i o n  f o r  a  p a r t i c u l a r  event.  
Consequential  f a i l u r e s  s h a l l  a l s o  be considered.  F a i l u r e s  o f  t h e  opera tors  t o  
per fo rm requ i  r e d  cont ro l .  manipulat ions.  s h a l l  .be g i ven  c o n s i d e r a t i o n  f o r  permuta- 
t i o n s  o f  t h e  andyses .  Operator  a c t i o n s  t h a t  cou ld  cause t h e  complete l o s s  of  
f u n c t i o n  o f  a  s a f e t y  system s h a l l  a l s o  be considered.  A t  p resent ,  these 
analyses need n o t .  address pass i ve  . f a i  1  ures o r  mu1 t i p l e  system f a i  1  ures i n  t h e  
s h o r t  term. I n  t h e  r e c e n t  a n a l y s i s  o f  smal l  break LOCAs,'complete l o s s  o f  
a u x i  1  i a r y  feedwater was considered. The complete l o s s  o f  aux i  1  i a r y  feedwater 
may be added t o  t h e  f a i l u r e s  be ing  cons idered i n  t h e  a n a l y s i s  o f  t r a n s i e n t s  
and acc idents  i f  i t  i s  concluded t h a t  more i s  needed' i .n ope ra to r  t r a i n i n g  
beyond t h e  shor t - te rm a c t i o n s  t o  upgrade a u x i l i a r y  feedwater system r e l i a b i l i t y .  

, ~ i m i l a r l y ,  i n  t h e  l ong  term, m u l t i p l e  f a i l u r e s  and pass ive  f a i l u r e s  may be 
cons idered depending i n  p a r t  on s t a f f  r e v i e w  o f  t h e  r e s u l t s  o f  t h e  sho r t - t e rm 
analyses. 

The t r a n s i e n t  and acc iden t  analyses s h a l l  i n c l u d e  event t r e e  analyses, which 
a r e  supplemented by  computer c a l c u l a t i o n s  f o r  those cases i n  which t h e  system 
response t o  ope ra to r  a c t i o n s  i s  unc lea r  o r  t hese  c a l c u l a t i o n s  c o u l d  be used t o  
p r o v i d e  impor tan t  q u a ' n t i t a t i v e  i n f o r m a t i o n  n o t  a v a i l a b l e  f rom an event  t r e e .  
For  example, f a i l u r e  t o  i n i t i a t e  h igh-pressure  i n j e c t i o n  c o u l d  l e a d  t o  core  
uncovery. f o r  some t r a n s i e n t s ,  and a  computer c a l c u l a t i o n  cou ld  p r o v i d e  in forma- 
t i o n  on t h e  amount o f  t ime  a v a i l a b l e  f o r  c o r r e c t i v e  a c t i o n .  Reactor s imu la to rs  
may p r o v i d e  some i n f o r m a t i o n  i n  d e f i n i n g  t h e  even t  t r e e s  and would be u s e f u l  
i n  s t u d y i n g  t h e  i n f o r m a t i o n  a v a i l a b l e  t o  t h e  opera tors .  The t r a n s i e n t  and 
acc iden t  analyses a re  t o  be per formed f o r  t h e  purpose o f  i d e n t i f y i n g  a p p r o p r i a t e  
and i n a p p r o p r i a t e  ope ra to r  a c t i o n s  r e l a t i n g  t o  impor tan t  s a f e t y  cons ide ra t i ons  
such as n a t u r a l  c i r c u l a t i o n ,  p r e v e n t i o n  o f  c o r e  uncovery, and p r e v e n t i o n  o f  
more se r ious  acc idents .  

The i n fo rma t ion  der i .ved f rom t h e  preced ing  an-alyses s h a l l  be i n c l u d e d  i n  t h e  
p l a n t  emergency procedures and o p e r a t o r  t r a i n i n g .  It i s  expected t h a t  analyses 
per formed by  t h e  NSSS vendors w i  11 be p u t  i n  ' t h e  form o f  emergency procedure 
g u i d e l i n e s  and t h a t  t h e  changes i n  t h e  procedures w i l l  be implemented by each 
l i c e n s e e  o r  a p p l i c a n t .  

I n  a d d i t i o n  t o  t h e  analyses performed by t h e  r e a c t o r  vendors, ana lyses  o f  
s e l e c t e d  t r a n s i e n t s  should be per formed b y  t h e  NRC O f f i c e  o f  Research, u s i n g  
t h e  b e s t  a v a i l a b l e  computer codes, . t o . p r o v i d e  t h e  b a s i s  f o r  comparisons w i t h  
t h e  a n a l y t i c a l  methods b e i n g  used by  t h e  r e a c t o r  vendors. These comparisons 
t o g e t h e r  w i t h  compari'sons t o  da ta ,  i n c l u d i n g  LOFT smal l  break t e s t  data,  w i l l  
c o n s t i t u t e  t h e  sho r t - t e rm v e r i f i c a t i o n  e f f o r t - t o  assure t h e  adequacy o f  t h e  
a n a l y t i c a l  methods b e i n g  used t o  generate emerg,ency procedures. 
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8.3.3 Human Factors  

F i  ndinqs 

Ttie operator  has been t r a i n e d  t o  . r e l y  'on h i s  ins t rumentat ion.  He w i l l  cont inue 

t o  do so u n t i l  he suspects an erroneous reading; however, he must be t r a i n e d  not  

to' r e l y  so1'el.y on a s i n g l e  i .nd ica t ion  s ince  i t  r;lai be erroneous o r  mis leading '  
. . 

under c e r t a i n  cond i t i ons .  

I f  the  operator  has t o o  many add i t i ona l  manual func t ions  t d  perform, he may reduce. 

h.is observat ions on o t h e r  system parameters, which may lead  him t o  have " tunnel  " .  

. . v i i i q n .  " Subject  t o  f u r t h e r  understanding, i t  appear; a t  . t h i s  t ime t h a t  i ,n the  

TMI-2 acc iden t  t he  opera to r  apparent ly  k e p t . r e l y i n g  on l y  on t he  h i gh  p ressur i ze r  

1  eve1 . 

Human f a c t o r s  engineer ing has no t  been s u f f i c i e n t l y  emphasized i n  t h e  des ign and 

l ayou t  o f  t h e  c o n t r o l  rooms. The l o c a t i o n  o f  instruments and. con t r o l s  i n  many 

power p l a n t s  o f t e n  increases the  l i k e l i h o o d  o f  operator  e r r o r  or,  a t  t he  l eas t ,  

impedes t h e  opera to r  i n  e f f i c i e n t l y  c a r r y i n g  ou t  t he  normal, abnormal, and emergency 

ac t ions  r equ i r ed  o f  him. 

Recommendati'ons 

Operator and techn ica l  s t a f f  t r a i n i n g  should be r ev i sed  as necessary t o  improve 

t he  ope ra to r ' s  understanding o f  h i s  r e s p o n s i b i l i t i e s  dur ing  abnormal and emergency 

condi t ions.  The des ign bas is  f o r  the  p l a n t  has prov ided t h a t ,  i n  t h e  event  o f  

emergencies, s u i t a b l e  ac t i ons  w i l l  be automatical-1.y i n i t i a t e d  by t h e  s a f e t y  . 

systems. The operator 's  . i n i t i a l  responsib i  1  i t y '  i s  t o  monitor.  the parameters o f  

i n t e r e s t  and v e r i f y  t h a t  app rop r i a t e - sa fe t y  systems actuat ions have taken place. 
' 

1f ' t he  appropr ia te  ac tua t ions  have no t  occurred, t h e  operator  must in te rcede  and 

perform whatever a c t i o n  i s  necessary t o  e f f e c t  them. The e n t i r e  c o n t r o l  board 

should be monitored and a1 1 parameters o f  concern evaluated. I n  con junc t i on  'w i th  

the eva lua t ion ,  i t  i s  recognized t h a t  t h e  operator  has been t r a i n e d  t o  be l i e ve  

h i s . i n s t r umen ta t i on ,  b u t  he must n o t  do so b l i n d l y .  Almost every parameter o f  

i n t e r e s t  t h a t  i s .  moni tored can be va l i da ted  by appropr ia te  checking o f  o t h e r  

ins t rumentat ion.  He must perform t h i s  cross-check t o  v e r i f y  ins t rument  d i sp l ay  

and must n o t  develop. " tunnel  v i s i on "  , i n  which one d i sp l ay  i s  re1 i e d  on exc lus ive ly .  

. . 
. . 



Other au tomat i c  means o f  r e c o r d i n g  even ts  d u r i n g  emergencies must be used. A 

v o i c e  t a p e  reco rde r  shou ld  be used t o  p r o v i d e  a  r e c o r d  f o r  t h e  even ts .  

C r i t i q u e s  shou ld  be made immediately '  a f t e r  any ma jo r  events have occur red.  T h i s  

shou ld  i n c l u d e  a l l  r e c o r d e r  c h a r t s  and a l a r m  p r i n t o u t s .  The i n d i v i d u a l s  i n v o l v e d  

shou ld  p repa re  t h e i r  r e p o r t s  b e f o r e  l e a v i n g  t h e  s t a t i o n .  

More emphasis on human f a c t o r s  e n g i n e e r i n g  shou ld  be p laced  on t h e  d e s i g n  and 

l a y o u t  o f  c o n t r o l  rooms. System i d e n t i f i c a t i o n  and l o c a t i o n  o f  i n s t r u m e n t s  

shou ld  be ana lyzed t o  improve o p e r a t o r  response d u r i n g  an abnormal o r  emergency 

ope ra t i on .  
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I n t r o d u c t i o n  

The a c c i d e n t  a t  T h r e e  M i l e  I s l a n d  Un i t  2 on March 28,  1979 was an event  
.of s i n g u l a r  s i g n i f i c a n c e ,  n o t  o n l y  f o r  GPU and t h e  r e s i d e n t s  of c e n t r a l  Penn- 
s y l v a n i a ,  b u t  a l s o  f o r  u t i l i t i e s ,  t h e i r  c u s t o m e r s ,  and t h e  n u c l e a r  i n d u s t r y  
throughout  t h e  e n t i r e  n a t i o n .  The a c c i d e n t  was a  r e s u l t  of a  complex combinat ion 
o f  e q u i p m e n t  m a l f u n c t i o n s  and human f a c t o r s ,  and  i f  i t  i s  viewed simply a s  a 
m a t t e r  o f  o p e r a t o r ,  equipment,  o r  management f a i l u r e ,  i t s  f u l l  s i g n i f i c a n c e  w i l l  
b e  l o s t .  We a t  GPU s t r o n g l y  b e l i e v e  t h a t  i t  i s  important  t o  .understand a l l  of 
t h e  f a c t o r s  t h a t  c o n t r i b u t e d  t o  t h i s  a c c i d e n t ,  and t o  t h e  a b i l i t y  of our  company, 
o u r  i n d u s t r y ,  t h e  government a g e n c i e s ,  and t h e  a f f e c t e d  popu la t ion  t o  cope  wi th  
i t ,  a s  t h e y  d i d .  Af t e r  e x p e r i e n c i n g  t h e  f i r s t  a c c i d e n t  of " t h i s  magnitude i n  t h e  
h i s t o r y  o f  t h e  U.S. c o m m e r c i a l  n u c , l e a r  power program, we can ,  wi th  h i n d s i g h t ,  
i d e n t i f y  many a r e a s  t h a t  s h o u l d  b e  r e v i e w e d  i n  d e p t h ,  r ang ing  from emergency 
p l a n n i n g  t o  o p e r a t o r  t r a i n i n g  t o  r e a c t o r  p l a n t  des ign  phi losophy t o  f i n a n c i a l  
r i s k  d i v e r s i f i c a t i o n .  Whi l e  t h e  l i s t  o f  s p e c i f i c  a r e a s  i s  a l r e a d y  l a r g e  and 
growing, it i s  probably ' s t i l l  t o o  soon a f t e r  t h e  i n c i d e n t  t o  d e f i n e  and 'implement 
s p e c i f i c  a c t i o n s  t o  be  t a k e n  o n  a  more o r  l e s s  g e n e r i c  b a s i s .  The l e s s o n s  of 
TMI-2 should be i d e n t i f i e d  and a p p l i e d  a f t e r  o b j e c t i v e  review of t h e  a c c i d e n t  and 
i t s  a f t e r m a t h ,  w i t h  due  d e l i b e r a t i o n ,  and  we s h o u l d  r e s i s t  p r e s s u r e s  t o  a c t  
p r e c i p i t o u s l y .  

Conseq 'uen t ly ,  I s h a l l  n o t  a t t empt  t o  p r e s e n t  complete answers t o  t h e  h o s t  
of q u e s t i o n s  r a i s e d  by t h e  TMI-2 a c c i d e n t  o r  d e t a i l e d  recommendations f o r  changes 
i n  n u c l e a r  p l a n t  des ign ,  o p e r a t i o n s ,  o r  r e g u l a t i o n s .  I w i l l  a t t empt  t o  p r e s e n t  a  
gene ra l  p e r s p e c t i v e  on some t h i n g s  t h a t  t h e  n u c l e a r  u t i l i t i e s  and v a r i o u s  govern- 
ment' agencies  should be look ing  a t .  These a r e  a r e a s  i n  which, i n  r e t r o s p e c t ,  any 
added  a v a i l a b l e  s t r e n g t h  o r  c a p a b i l i t y  would have been ve ry  welcome indeed a t  
RII  . 
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The TMI-2 acc iden t  d i f f e r e d  from the '  popular  p e r c e p t i o n  of common a c c i d e n t s  
b e c a u s e  o f  t h e  extended t ime i t  took t o  ach ieve  a  f u l l  r e a l i z a t i o n  of i t s  scope .  
I n  r e t r o s p e c t ,  t h i s ' s h o u l d  n o t  b e  s u r p r i s i n g ;  a c c i d e n t s  by d e f i n i t i o n  tend  t o  
h a p p e n  a s  a  r e s u l t  o f  un fo re seen  c h a i n s  of e v e n t s .  One of t h e  l e s s o n s  of TMI-2 
i s  t h a t  no ma t t e r  how d i l i g e n t l y  we . r e s e a r c h  p o t e n t i a l  - accident '  c auses  and c h a i n s  
of even t s ,  some prospect  of u n p l e a s a n t  s u r p r i s e s  w i l l  always remain. Coping w i t h  
a  m a j o r  emergency  a t  a  n u c l e a r  power p l a n t  r e q u i r e s  t h a t  r e s o u r c e s  f a r  beyond 
those  normally a v a i l a b l e  a t  a n y . p l a n t  s i t e  tie assembled. and p laced  i n t o  e f f e c t i v e  
a c t  i o n  a s  q u i c k l y  a s  p o s s i b l e .  T e c h n i c a l  and' management suppor t  a r e  needed: 

a .  t o  a s s e s s  and u n d e r s t a n d  t h e  s t a t u s  of t h e  p l a n t  and how t h i s  
s t a t u s  came about .  

b .  t o  i d e n t i f y  a n d  e v a l u a t e  a l t e r n a t i v e  c o u r s e s  o f  a c t ' i o n  t o  
improve t h e  p l a n t  s t a t u s  and minimize p u b l i c  r i s k .  

c .  t o  c o n t r o l  r a d i o a c t i v i t y  r e l e a s e s  and monitor  a c c u r a t e l y  t h o s e  
t -hat  a're unavoidable .  
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d. t o . c o n t r o 1  damage t o  t h e  p l a n t  and equipment  s o  t h a t  ' v i t a l  
components r e m a i n  a v a i l a b l e  f o r  p l a n t  s t a t u s  improvement. and 
u l t ima te ly  . . for  p lan t  recovery .' 

. . 

e.. . t o  . r e i n f o r c e  p l a n t  systems .and equipment t o  a s su re  s a f e t y  on a  
long term b a s i s .  

. , 

h e ' .  of t h e  b r i g h t  s p o t s  i n  t h i s  TMI-2' e x p e r i e n c e  h a s  ' be.en t h e  support  
provided by the  e n t i r e  u t i l i t y  and nuc-lear i n d u s t r i e s .  . A we.alth of t e c h n i c a l  and 
management t a l e n t ,  a s  we l l  a s  v i t a l l y  needed items of equipment, was provided. t o  
GPU v o l u n t a r i l y  and- qu ick ly .  i his‘ type of suppor t  i s  v i t a l  f o r  r a p i d l y  Ba'ining 
con t ro l  over emergency ' s i t u a t i o n s  and f o r  maint 'aining c r e d i b , i l i t y  with t h e  publ ic  
and c o n f i d e n c e  t h a t  t h e  b e s t  t a l e n t  i n -  t h e  w o r l d  i s , o n  t h e  job t o  ensure  i t s  
p r o t e c t i o n .  C o n s i d e r a t i o n  s h o u l d  t h e r e f o r e  b e  g ivef i  t o  e s t a b l i s h i n g  on an 
indus t ry -wide  b a s i s  one  o r  mor'e emergency support  teams t o  provide t h e  needed 
t a l e n t  i n  an even  s h o r t e r  t i m e  ' t h a n  i t  t o o k  t o  assemble t h e  TMI: team, and t o  
p r e a r r a n g e  ' the o r g a n i z a t i o n a l  and l o g i s t i c a l  emplacement and d i r e c t i o n  of such a  
team a t  each nuclear  p l a n t .  This  concept would involve: '  

. . 
a .  r ev iew a n d ,  i f  n e t e s s a r y ,  ex tens io i l  of each nuclear  u t i l i t y ' s  

e m e r g e n c y  p l  a n n i n g  . t o  i n c l u d e  an  emkrgency o r . g a n i z a t  i o n a l  
. . 

s t r u c t u r e ' i n t o  which t h e  support  team could be plugged.' 
. . 

b. d e v e l o p m e n t . o f  c r i t e r i a  f o r  c a l l i n g  t h e  emergency support  team 
i n t o  ac t ion .  

p a r t i c i p a t i b n  by NRC r e p r e s e n t a t i v e s ,  n o t  only f o r  t h e i r  t ech-  
n i c a l  c o n t r i b u t i o n s ,  b u t  a l s o  t o  ensure  complete and thorough 
communicat ion  and expedi t ious  approval f o r  "off normal"  a c t  ions  
and procedures. 

c o m p o s i t i o n  and o r g a n i z a f  i o n  of  t h e  team i t s e l f :  Funct ional  
a r e a s  t h a t . . s h o u l d  b e  r e p r e s e n t e d  i n c l u d e  p l a n t . o p e r a t i . o n s ,  
e x i s t  i n g  p l a n t  s y s t e m s  d e s i g n  i n c l u d i n g  i n s t r u m e n t a t i o n '  and 
c o n t r o l  s y s t e m s ,  e m e r g e n c y  m o d i f i c a t i o n s  e n g i n e e r i n g  and 
c o n s t r u c t  i o n ,  . p l a n t  o p e r a t  i o n s .  a n a l y s i s .  und.er abno.'nnal con- 
d i t i o n s ,  r a d i o a c t i v i t y  contamination and r e l e a s e  c o n t r o l ,  h e a l t h  
p h y s i c s ,  S i t e  l o g i s t  i c s ,  and p u b l i c  i n f o r i a t i o n .  A s e p a r a t e  
a d v i s o r y  g r o u p  may a l s o  be. d e s i r a b l e .  My thought h e r e  i s  t h a t  
t h e  teams would b e  assembled with u t i l i t y  .and vendor personnel  
who would unde'rgo . p e r i o d i c  t r a i n i n g  exerci 'ses  a s  a  t'eam and who 
would be a v a i l a b l e  on a  q u i c k  r e a c t i o n  b a s i s  i n  emergencies. 

. The pub ' l ic '  i n f  orma t i o n  a s p e c t  of  eme rgen.cy planning m e r i t s  c a r e f u l  con- 
s i d e r a t  i o n .  A f i n e  b a l a n c e  .must.  be  ' s t r u c k  b e t w e e n  g i v i n g  o u t  t o o  l i t t l e  
i n f o r m a t  i o n ,  t h e r e b y  g i v i n g  a n  impress  i o n  o f .  s e c r e c y ,  and g iv ing out  too  much 



I n d u s t r y  Emergency Suppor t  Team (con t inued)  

i n f o m a t i o n  o r  g i v i n g  i t  o u t  premature ly ,  and conveying  an image o f  con fus ion  ane 
u n c e r t a i n t y .  P rocedures  t o  d i s s e m i n a t e  c r e d i b l e  and o b j e c t i v e  i n f o r m a t i o n  t o  t h e  
p u b l i c  t h r o u g h  a  s i n g l e  a u t h o r i t a t i v e  s o u r c e ,  c h o  i s  i d e n t i f i e d  a t  t h e  o n s e t  of 
t h e  e m e r g e n c y ,  s h o u l d  b e  developed. The need t o  d isser=l ; la te  i n fo rma t  i o n  s n o u l c  
n o t  b e  a l l o w e d  t o  i n t e r f e r e  w i t h  f i r s t  p r i o r i t y  demands t o  m a i n t a i n  t h e  damaged 
p l a n t  i n  a . c o n t r o l l e d  and. . s a f e  s t a t e .  

Development  o f  t n i s  Indus t ry  Energency Suppor t  Team concep t  should  i n c l u d e  
c o n s i d e r a t i o n  o f  s o u r c e s  o f  fund ing  f o r  d e v e l o p i n g  and m a i n t a i n i n g  one o r  more 
t e a m s  i n  a  more  o r  l e s s  s t a n d b y  mode, f u n d i n g  s u c h  a  team i n  t h e  even t  of an 
. a c i u a l  e m e r g e n c y ,  a n d  t h e  l e g a l  and  i n s u r ~ n c e  i m p l i c a t i o n s  o f  t h e  use 'or '  such 
teams.  

L e t  me a l s o  n o t e  t h a t  t h e  l o g i s t i c s  of  a s sembl ing  and m a i n t a i n i n g  a  l a r g e  
e m e r g e n c y  s u p p o ' r t  o p e r a t i o n  a t  a  r e l a t i v e l y  r e n o t e , ,  p l t n t  s i t e  m e r i t  advance 
c o n s i d e r a t i o n  by e a c h  i n d i v i d u a l  n u c l e a r  u t i l i t y .  T h e s e  l o g i s t i c s  i n c l u d e  
t e m p o r a r y  w o r k i n g  a n d  l i v i n g  accomnodat i o n s  f o r  on-s i t e  and o f f  -s i t e  p e r s o n n e l ,  
f o o d ,  t r a n s p o r t a t i o n ,  s a n i t a t i o n  f a c i l i t i e s . ,  a.nd c o m m u n i c a t i o n s  ( t e l e p h o n e s  

- . i n c l u d i n g  "ho t  l i n e s " ,  t e l e c o p i e r s ,  r e m o t e  t e r m i n a l s  f o r  c o m p u t e r s ,  e t c . )  

Emergency Equipment Pool  

Any f u t u r e  n u c l e a r  p l a n t  e m e r g e n c i e s  w i l l  u n d o u b t e d l y  c a l l  f o r  r a p i d  
o n - s i t e  a v a i l a b i l i t y  o f  e q u i p ~ e n t  t h a t  i s  n o t  n o r m a l l y  a v a i l a b l e  o r  needed  
o n  a q u i c k . r e a c t i o n  b a s i s .  C o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  deve lop ing  and 
m a i n t a i n i n g , '  o n  a n  i n d u s t r y - v i d e  b a s i s ,  a  pool  o f  such  equipment t h a t  would be 
u s e f u l  i n  a  n u c l e a r  . p l a n t  a c c i d e n t  t o  c o n t r o l  r a d  i o a c t  i v i t y  r e l e a s e s ,  r educe  
r e l i a n c e  o n  e x i s t . i n g  p l a n t  e q u i p m e n t  whose  r e l i a b i l i t y  may b e  q u e s t i o n a b l e  
b e c a u s e  o f  e x p o s u r e  t o  s t r e s s f u l  . e n v i r o n m e n t a l  c o n d i t i o n s  ( h e a t ,  h u m i d i t y ,  
r a d i a t i o n ) ,  o r  s u b s t i t u t e  f o r  permanent p l a n t  equipment  t o  minimize con tamina t ion  
o f  such  equipment,  The emergency equipment p o o l  might  i n c l u d e :  

a. f i l t e r s ,  d e m i n e r a l i z e r s ,  e t c ,  needed t o  c o n t r o l  r a d i o a c t i v i t y  
r e l e a s e s  o r  con tamina t ion .  

b. . pumps ,  p i p i n g ,  . h e a t  e x c h a n g e r s ,  . e t c .  o,r p a c k a g e d  e m e r g e n c y  
c o o l i n g  s y s t e m s .  

c. r e s p i r a t o r s . ,  f i r  c o m p r e s s o r s  a n d  o t h e r  e q u i p m e n t  n e e d e d  t o  
- s u p p o r t  o p e r a t i o n s  i n  h i g h l y  con tamina ted  a r e a s .  

.do . t a n k s  f o r  . i n t e r i m  s t o r a g e .  of l a r g e  . v o l u m e s  of  r a d i o a c t i v e  
l i q u i d s .  

e. c o n t a i n e r s  f o r  r a d v a s t e  and  c o n t a m i n a t e d  m a t e r i a l ,  i n c l u d i n g .  
u s e d  f i l t . e r s ,  r e s i n ,  t o o l s  and equipment , .  e t c .  Both s h o r t - t e r m  
o n - s i t e  s t o r a g e  f o l l o w e d  by  o f f - s i t e  d i s p o s a l  a n d  1 o n g . t e r m .  
o n - s i t e  s t o r z g e  s h o u l d  b e  c o n s i d e r e d  i n  e s t a b l i s h i n g  c r i t e r i a  
f o r  t h e s e  c o n t a i n e r s . .  



1. Ambiguous and  c o n t r a d i c t o r y  i n f o r m a t  i d n  i n ,  t.h.e c o n t r o l  room 
r e l a t i n g  t o  p r e s s u r i z e r  l e v e l  and r e l i e f  va lve  c l o s u r e .  

b .  

2. The e x p e r i e n c e  and  t r a i n i n g  unde r ly ing  t h e  ope , ra tors  '- emphasis 
on ma in t a in ing  p r e s s u r i z e r  l e v e l .  

Emergancy Equipment Pool (Continued)  

This equipment should be a v a i l a b l e  i n  a i r  and t r u c k  t r a n s p o r t a b l e  packages. 
I n  a d d i t i o n  t o  d e t e r m i n i n g  what  k i n d s  o f  e q u i p m e n t  should be  a v a i l a b l e ,  con- 
s i d e r a t i o n  s h o u l d  'be g iven  t o  how t h e s e  equipment i tems might e a s i l y  b e  plugged 
i n t o  e x i s t i n g  p l a n t s .  T h i s  might  mean development of s t a n d a r d i z e d  i n t e r f a c i n g  
components a t  i n d i v i d u a l  p l a n t s  a s  w e l l  a s  f o r  t h e  pool equipment.  

Operator  Tra in ing  

The p e r f o r m a n c e  o f  t h e  TMI-2 p l a n t  q p e r a t o r s  has  been t h e  s u b j e c t  of much 
s p e c u l a t i o n  and "Monday morn ing  q u a r t e r b a c k i n g " .  T h e i r  per formance  must be 

. . 
viewed i n  t h e  context  o f :  

. . 

3.  The o p e r a t o r s  ' awareness of equipment l i m i t  a t  i o n s ,  

4 .  The t i m e  and  o p p o r t u n i t y  t o  a s s i m i l a t e  l a r g e  q ; a n t i t i e s  o f  
d a t a .  

The o p e r a t o r s  on  d u t y  a t  t h e  t i m e  o f  t h e  a c c i d e n t  a r e  a  q u a l i f i e d  and t 

compe ten t  g roup .  They pe r fo rmed  t h e i r  f u n c t i o n s  p r o f e s s i o n a l l y  i n  a  per iod  of 
e x t r e m e  s t r e s s .  Our own i n v e s t i g a t i o n  and t h e  many governmental i n v e s t i g a t i o n s  
w i l l  u l t i m a t e l y  a t t e m p t  t o  d e t e r m i n e  t h e  r o l e  of o p e r a t o r  performance i n  t h i s  
a c c i d e n t ,  and t o  provide  i n s i g h t  i n t o  improvements i n  o p e r a t o r  t r a i n i n g .  Already 
s u g g e s t e d  p o s s i b i l i t i e s  r a n g e  f rom e n h a n c e d  s i m u l a t o r  t r a i n i n g ,  p a r t i c u l a r l y  
i n v o l v i n g  t r a n s i e n t s  and o t h e r  " o f f - n o r m a l "  e v e n t s ,  t o  g r e a t e r  i ndus t ry -wide  
sha r ing  of h igh ly  exper ienced  o p e r a t o r s .  

Pe rhaps  g r e a t e r  a t t e n t i o n  s h o u l d  b e  p a i d  t o  r a n k i n g  t h e  o b j e c t i v e s  of 
o p e r a t o r  a c t i o n  i n  o r d e r  of p r i o r i t y  ( i . e . ,  a ccep t ing  minor equipment damage t o  
r e d u c e  r i s k  of  m a j o r  damage, a c c e p t i n g  major damage t o  r educe  r i s k  of r a d i a t i o n  
r e l e a s e s ,  e t c . )  and  e n s u r i n g  t h a t  o p e r a t o r s  a r e  f u l l y  a w a r e  o f  t h e  d e s i r e d  
p r i o r i t i e s .  T r a i n i n g  t h a t  enhances  o p e r a t o r  knowledge of p l a n t  behavior  under 
abnormal  c o n d i t i o n s  and  how t h e  p l a n t  w i l l  r e s p o n d  t o  h i s  a c t i o n s  should be 
p a r t i c u l a r l y  va luab le .  Operator  q u a l i f i c a t i o n s  should i n c l u d e  such knowledge and 
t h e  d e v e l o p m e n t  o f  t h e  c a p a b i l i t y  o f  a l m o s t  i n s t i n c t i v e  p r o p e r  r e a c t i o n s .  
Advanced s imu la to r  t r a i n i n g  would c l e a r l y  be  v a l u a b l e  h e r e .  Each o p e r a t o r  should 
a l s o  know enough a b o u t  t h e  c u r r e n t  s t a t u s  of equipment i n  a l l  p o r t i o n s  of t he  
p l a n t  w i t h  a l l  i t s  i n t e r f a c i n g  systems s o  t h a t  h e  can a n t i c i p a t e  problem a reas  
and  a p p r o p r i a t e  r e s p o n s e s ,  and  u n d e r s t a n d  t h e  f u l l  impact of a c t i o n s  t h a t  he 
might take . 



Design Philosophy 

Among o the r  t h i n g s ,  t h e  TMI-2 i n c i d e n t  c o n t r o l  and recovery a c t i v i t i e s  w i l l  
p r  0duc .e  l i s t s  of t h i n g s  ( i n s t r u m e n t s ,  p l a n t  e q u i p m e n t ,  a 1  t e r n a t  i v e  s y s t e n  
d e s i g . n s )  t h a t . w e  wished we had bu t  d i d n ' t ,  and r e c o r d s  of equipment ma l func t ions  
and t h e i r  p r o b a b l e  c a u s e s .  These  s h o u l d  be c a r e f u l l y  cons idered  i n  t h e  e v a l -  
u a t i o n  of d e s i g n  p h i l o s o p h y  t o  be  a p p l i e d  t o  b o t h  e x i s t t n g  and new p l a n t s .  
S p e c i f i c  a r e a s  t h a t .  m e r i t  a t t e n t  ion  inc lude  : 

The a b i l i t y  t o  p l a c e  a  s t r i c k e n  p l a n t  i n t o  a  r e l a t i v e l y  p a s s i v e  
a n d  s t a b l e  mode w i t h  m i n i m a l  r e l i a n c e  on a c t i v e  componen t s  
( i . e . ,  pumps, i n s ' t r u m e n t s ,  power s u p p l i e s ,  e t c . )  whose r e -  
l i a b i l i t y  may b e  s e r i o u s l y  d e g r a d e d  by t h e  a c c i d e n t  and i t s  
a f te rmath .  An example i s  r e l i a n c e  on na tura .1  c i r c u l a t i o n  i n . t h e  
p r i m a r y  c o o l a n t  sys t em.  An envelope  of c o n d i t i o n s  (decay h e a t  
l e v e l s ,  p r e s s u r e s ,  t e m p e r a t u r e s ,  e q u i p m e n t  i n t e g r i t y ,  e t c . )  
u n d e r  wh ich  e a c h  p a r t i c u l a r  p l a n t  may b e  s a f e l y  p l a c e d  i n  a  
n a t u r a l  c i r c u l a t i o n  s t a t e  m i g h t  b e  d e v e l o p e d ,  a l o n g  w i t h  
o p e r a t i n g  p r o c e d u r e s  and o p e r a t o r  t r a i n i n g  i n  such procedures .  
Des ign  m o d i f i c a t i o n s  t o  enchance n a t u r a l  c i r c u l a t i o n  c a p a b i l i t y  
might a l s o  be cons ide red .  

The a b i l i t y  o f  e l e c t r i c a l  components  (motors ,  c o n t r o l s ,  p.res- 
s u r  i z e r  h e a t e r s ,  i n s t r u m e n t s ) ,  pump s e a l s ,  and o t h e r  equipment 
t o  s u r v i v e  under pos t  a c c i d e n t  c o n d i t i o n s  p o t e n t i a l l y  i nvo lv ing  
abnormally h igh  t empera tu re s ,  humid i ty  l e v e l s ,  r a d i a t i o n  l e v e l s ,  
a c t u a l  f l o o d i n g ,  a n d  emergency  u s a g e .  I n  many c a s e s ,  t h i s  
a b i l i t y  c o u l d  b e  e n h a n c e d  by r e l o c a t i o n  t o  p l a c e s  o u t s i d e  of 
a r e a s  t h a t  m i g h t  b e  p r o n e  t o  f l o o d i n g  o r  c o l l e c t i o n  of h i g h l y  
r a d i o a c t i v e  l i q u i d s  o r  gases ,  o r  by he rme t i c  s e a l i n g .  In o t h e r  
c a s e s ,  a d d i t i o n a l  redundancy may be  d e s i r a b l e .  

C o n t r o l  room improvements  t o  a s s i s t  o p e r a t o r s  i n  unders tanding  
what  ' s  r e a l l y  happening d u r i n g  a  t r a n s i e n t .  This  might i nc lude  
d i s p l a y s  t h a t  c a l l  a t t e n t i o n  t o  o r  r e s o l v e  apparent  c o n f l i c t s  
between what d i f f e r e n t  i n s t rumen t s  a r e  telling t h e  o p e r a t o r ,  and 
s i g n a l .  a  p r i o r i t y  o n  where  t h e  o p e r a t o r ' s  a t t e n t i o n  should  be 
d i r e c t e d .  

4 .  Improved a b i l i t y  t o  a s s e s s  equipment  s t a t u s  and.environmenta1 
c o n d i t i o n s  i n  a r e a s  of t h e  p l a n t  where p o s t  acc iden t  acces s  may 
be p roh ib i t ed  by h igh  r a d i a t i o n  l e v e l s .  Examples i nc lude  a b i l i t y  . 

t o  e x t r a c t  pr imary c o o l a n t  samples i n c l u d i n g  p r e s s u r i z e d  samples 
f o r  d i s s o l v e d  g a s  a n a l y s i s ,  measu remen t  of  r a d i a t i o n  l e v e l s  
w i t h i n  c o n t a i n m e n t  a.nd . i n  o t h e r  a r e a s  where  p r i m a r y  coo lan t '  
d i s p e r s a l  c o u l d  o c c u r ,  and  measu remen t  of  water  l e v e l  w i t h i n  
c o n t a i n m e n t . .  .Improved me thods  of  a s c e r t a i n i n g  hydrogen gas 
c o n c e n t r a t  ion  and ' explos ion  p o t e n t i a l  i n .  t h e  containment  atmos- 
phere would a l s o  b e . v e r y  h e l p f u l .  



Design Philosophy ' ( ~ o n t  inued) 

5. F a c i l i t a t i o n  of emergency  modification.^, such a s  s p e c i a l  i n t e r -  
f a c e  p r o v i s i o n s  f o r  emergency c , losed l o o p  cool ing  systems o r  
o t h e r  p i e c e s  of  equipment  whose t empora ry  . i n s t a l l a t i o n  could 

. r e d u c e  t h e  r i s k  o f  r a d i a t i o n  r e l e a s e s  and c o n t a m i n a t i o n  of  
permanent ,p l an t  equipment. 

Conclusions 

The term ".learning experience" doesn ' t  begin t o  d e s c r i b e  t h e  TMI-2 acc ident  
from GPU's prospect ive .  Nobody can a f f o r d  such expensive "lessons",  and t h i s  may 
b e  t h e  most  i m p o r t a n t  l e s son  of  a l l .  I n s i g h t s  gained, from comprehensive rev iev  
of t h i s  acc ident  and i t s  af termath  w i l l  need t o  be implemented i n  o rde r  t o  reduce 
t h e  r i s k  and consequences of a  f u t u r e  acc ident  of t h i s  magnitude. However, these  
i n s i g h t s  must be appl ied  r e f l e c t i v e l y ,  no t  r e f l e x i v e l y .  . Wholesale . p l a n t  modifi- 
c a t  i o n s ,  hardwa.re a d d i t  i o n s ,  c h a n g e s  i n  o p e r a t i o n a l  procedures,  e t c .  may' not 
p r o v i d e  improvement i n  r e a l  s a f e t y .  We need t o  -remember t h a t  every new p iece  of 

: . hardware  b r i n g s  w i t h  i t  new f a i l u r e  modes t h a t  must be ' ana lyzed  f o r  p ro tec t ion  
adequacy.  E x i s t i n g  d e s i g n s  and d e s i g n  p h i l o s o p h i e s  s h o u l d  n o t  be discarded 
u n t i l  we a r e . s u r e  t h a t  t h e  changes o f f e r  r e a l  improvements. 

F i n a l l y ,  t h e  q u e s t i o n  a r i s e s ,  u n d e r  what c o n d i t i o n s  'of  . f i n a n c i a l  r i s k  
shou ld  any u t i l i t y  u n d e r t a k e  o r  c o n t i n u e  t o  o p e r a t e  a  nuc lea r  p l a n t .  I f  our 
s o c i e t y  i s  . t o  r e a p  t h e  v e r y  r e a l  b e n e f i t s .  o f  n u c l e a r  power,  mechanisms f o r  
a m e l i o r a t i n g  f i n a n c i a l  r i s k  t h r o u g h  r e g u l a t o r y  a c t i o n s  o r  methods f o r  d ive r -  
s i f y i n g  r i s k  t h r o u g h  i n d u s t r y  a c t i o n  w i l l  be  necessary .  The l a t t e r  a r e a  might 
i n c l u d e  m u t u a l  i n s u r a n c e  p o o l s  t h a t  cover '  r e p l a c e m e n t  e n e r g y  c o s t s  a s  well  
a s  p h y s i c a l  damage c o s t s ,  o r  jo i 'n t  o w n e r s h i p  of many n u c l e a r  p l a n t s  by many 
u t i l i t i e s ,  p e r h a p s  t h r o u g h  fo rmat ion  and j o i n t  ownership of nuc lea r  genera t ing  
companies.  This concept would not  only spread the  r i s k  of a  major acc ident  over 
m u l t i p l e  companies and a  l a r g e  a s s e t s  base ,  bu t  would a l s o  f a c i l i t a t e  economical 
'assembly o f  t h e  t e . c h n i c a 1  and m a t e r i a l  r 'esources needed t o  support  s a f e r  oper- 
a t i o n  of t h e s e  nuc lea r  p l a n t s .  

Two t h i n g s  a r e .  needed i f  . n u c l e a r  power i s  . t o  r e c o v e r  s u c c e s s f u l l y  from 
TMI-2;. a  w i l l i n g . n e s s  on t h e  p . a r t  o f  our. i n d u s t r y  t o  s,eek o u t  and a p p l y  the  
l e s s o n s  o f  t h i s  i n c i d e n t ,  and '  a  r e c o g n i t i o n  on t h e  p a r t  of t h e  pub l i c  and the  
r e g u l a t o r y  a u t h o r i t i e s  t h a t .  i t  i s  i n  e v e r y o n e ' s  b e s t  i n t e r e s t  t o  mainta in  a  
v i a b l e  n u c l e a r  program and v i a b l e  u t i l i t i e s  t o  implement t h i s  program. Let us 
hope t h a t  both of t h e s e  w i l l  bc  forthcoming. 



NRR Lessons Learned Task ~ o r c e  
Short-Term Recommendations ' 

TITLE: C a p a b i l i t y  t o  I n s t a l l  Hydrogen Recombiner a t  Each 
L i g h t  Water Nuc lear  Power P l a n t  (Sec t i on  2 . i . 5 . c )  

1.. INTRODUCTION . 

The c u r r e n t  design b a s i s  f o r  combust ib le gas c o n t r o l . i n  t h e  containment b u i l d i n g  
' i s  g i ven  i n  10 CFR . P a r t  50.44, Regulatory Guide 1.7, Rev is ion  1, and Standard 

Review P lan  Sec t i on  6.2.5. Provisi ,ons a r e  r e q u i r e d  t o  deal w i t h  q u a n t i t i e s . o f  
hydrogen t h a t  may, be genera ted  d u r i n g  a  LOCA, a c c i d e n t  f rom (a) c l a d  metal-water 
r e a c t i o n ,  (b) c o r r o s i o n  o f  m a t e r i a l s  i n s i d e  conta inment ,  and (c)  r a d i o l y t i c  
decomposi t ion o f  water .  The c u r r e n t  r e g u l a t i o n s  i n .  10  CFR 50.44 r e q u i r e  t h a t  
a p l a n t  be i n e r t e d  un less  i t  can accommodate hydrogen ' t h a t  may be re leased  
d u r i n g  a  LOCA. Fur thermore,  t h e  p r o v i s i o n s  o f  1 0  CFR 50.44(d)(2), ( e ) , , ( f j ,  
and (g) r e q u i r e  t h a t  l i g h t  water  r e a c t o r  p l a n t s ,  whose n o t i c e  o f  hea r ing  f o r  
c o n s t r u c t i o n  p e r m i t  a p p l i c a t i o n s  occur red  on o r  a ' f te r  November 5, 1970, i n s t a l l  
a  recombiner system f o r  long- te rm pos t -acc iden t  combust ib le gas c o n t r o l  ( i - e . ,  
hydrogen). For  p l a n t s  whose n o t i c e  o f  h e a r i n g  on app l  i c ' a t i ons  f o r  c o n s t r u c t i o n  
p e r m i t s  occur red  p r i o r  t o  November 5, 1970, combust ib le  gas c o n t r o l  measures 
i n c l u d e  a  purge and/or r e p r e s s u r i z a t i o n  system.' I n  t h i s  case, t h e  des ign  
b a s i s  f o r  t h e  c o n t r o l  system would l e a d  t o  a  r e l e a s e  o f  t h e  containment atmos- 
phere f o r  long- term hydrogen c o n t r o l  i n  a  m a t t e r  o f  weeks t o  severa l  months, 
depending upon t h e  conta inment  design. The purpose o f  t h e  hydrogen recombiner 
o r  purge and/or r e p r e s s u r i z a t i o n  systems i s  t o  deal  w i t h  t h e  long- te rm 
pos t -acc iden t  g e n e r a t i o n  o f  hydrogen f rom a l l  sources. 

The exper ience a t  TMI-2 emphasized t h e  b e n e f i t  o f  hav ing  a  recombiner t o  cope 
w i t h  t h e  hydrogen genera ted  d u r i n g  t h e  i n i t i a l  co re  uncovery p e r i o d  as w e l l  as 
t h a t  generated d u r i n g  t h e  subsequent p o s t - a c c i d e n t  r a d i o l y s i s  o f  water  o r  
c o r r o s i o n  i n  t h e  r e a c t o r  vesse l  and conta inment .  Recombiners o f  t h e  t y p e  
c u r r e n t l y  p rov ided  a re .  n o t  capable.  o f  p r e v e n t i n g  t h e  28 p s i  (pounds p e r  square 
inch)  containment p r e s s u r e  s p i k e  a t t r i b u t e d  t o  combust ion o f  hydrogen i n  t h e  
conta inment  b u i l d i n g  a t  TMI-2. However, had t h e r e  n o t  been p r o v i s i o n s  t o  use 
a  recombiner a t  TMI-2, i t  i s  p o s s i b l e  t h a t  f o r  a  s l i g h t l y  d i f f e r e n t  a c c i d e n t  
scenar io .  t h e  conta inment  atmosphere would have r e q u i  r e d  v e n t i n g  f o r  hydrogen 
c o n t r o l  i ' n  t h e  week f o l l o w i n g  t h e  acc iden t .  It, i s  a l s o  p o s s i b l e  t h a t  t h e  
conta inment  may have had t o ,  be pressur i .zed wi.th n i t r o g e n  over  t h e  l o n g  te rm t o  
reduce t h e  hydrogen concen t ra t i on .  Thus , ' .a  q u e s t i o n .  f o r  e a r l y  r e s o l u t i o n  i s  
whether t h e r e  shou ld  be., i n  a1 1  o p e r a t i n g  p l a n t s ,  an ab.i 1  i t y  f o r  pos t -acc iden t  
hydrogen c o n t r o l  o t h e r  t h a n  vent ing .  As p r e v i o u s l y  s tated, '  o l d e r  p l a n t s  a r e  
n o t  r e q u i r e d  t o  have recombiners; thus,  i f  t h e  a c c i d e n t  had occur red  a t  another 
p l a n t ,  i t  i s  p o s s i b l e , t h a t  v e n t i n g  would have been necessary. 

The p l a n t s  t h a t  a re  n o t - r e q u i r e d  t o  have recombiners because o f  t h e  November 5, 
1970, c u t o f f  d a t e  % i n c l u d e  some p r e s e n t l y  o p e r a t i n g . p l a n t ?  and some p l a n t s  t h a t  
w i l l  soon beg in  o p e r a t i o n  t h a t  exper ienced de lays  i n  cons t ruc t i on .  Tab le  A-1 
1  i s t s  about  60 p l a n t s  w i t h o u t  recombiners.. Some o l d e r  p l a n t s  have p rov ided  
recombiners on t h e i r  own, e.g., Ginna and Ca lv 'e r t  ' C l i f f s  U n i t s  1  and 2. 
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I t  i s  rkcommended by  a m i n o r i t y  o f  t h e  Task ~ o r c e  t h a t  a1 1 p l a n t s  should 
i nco rpo ra te  t h e  capabi 1 i ty  t o  i n s t a l  1 a hydrogen recombi ner. The m a j o r i t y  
view i s  t h a t  i m p o s i t i o n  o f  an immediate requirement ' f o r  . t he  use o f  recombiners 
a t  every p l a n t  i s  premature and deserves f u r t h e r  eva lua t ion  i n  l i s h t  o f  more 
general quest ions  i n v o l v i n g  t h e  degraded core  consequences exper.ienced a t  
TMI-2. 

M i n o r i t y  View 

The s a f e t y  s i g n i f i c a n c e  o f  t h i s  recommendation i s  t h a t  a recombiner system c.zn 
c o n t r o l  hydrogen b u i  l dup  i n  the. containment w i t h o u t  ven t ing  o f -  t h e  .co,ntai nmefit 
atmosphere t o  t h e  environment. A dec i s ion 'was  made a t  TMI-2 to '  n b t  re lease 
t h e  containment atmosphere t o  the  environment:.. A number of f a c t o r s  l e a d  t o  
t h i s  dec is ion ;  i. e. , t h e  ava i ' lab i  1 i t y  o f  recombiners, .the apparent low concen- 
t r a t i o n  o f  hydrogen a f t e r  t h e  28 p s i  p ressure  spike, and t h e  d e s i r e  t o  keep 
re leases t o  t h e  environment a t  a minimum. T h i s  l a s t  f a c t o r  c o n t r a d i c t s  t h e  
bas is  f o r  p rev ious  N R C  rulemaking d e c i s i o n s  t o  no t  r e q u i r e  recombiners a t  
o l d e r  p lan ts .  

The use o f  a recombiner  i n  t h e  event o f  a LOCA may n o t  always be requ i red .  I n  
.some cases, (such as a remote s i t e ) ,  a purge and rep - ressu r i za t i on  system may be 
adequate; i - e . ,  pu rpose fu l  o f f s i t e  re leases do n o t  a f f e c t  l a r g e  popu la t ions .  
However, because recombiner technology i s  w e l l  es tab l i shed  and i s  n o t  very  
c o s t l y ,  ' the  added capabi 1 i ty  t o  augment t h e  defense-in-depth p r i , n c i p l e  by  
p r o v i d i n g  op t ions  t o  v e n t i n g  f o r  hydrogen c o n t r o l  i s  a prudent  p u b l i c  s a f e t y  
measure. . 

I t  i s  t h e  m i n o r i t y  v iewpo in t  o f  t h e  Lessons Learned  ask Force t h a t  i t  would 
be prudent  t o  r e q u i r e '  t h a t  t h e  c a p a b i l i t y  t o  i n s t a l  1 a recombiner be b a c k f i t  
t o  p rov ide  means o t h e r  than  ven t ing  f o r  c o n t r o l  o f  hydrogen i n  t h e  containment. 
Th is  recommendation d e r i v e s  from t h e  premise t h a t  t h e  shor t - te rm a c t i o n s  o f  ' 

NRC should assure t h a t  s a f e t y  fea tu res  a r e  a v a i l a b l e  t o  m i t i g a t e  t h e  consequences' 
o f  events s i m i l a r  t o  TMI-2 t h a t  cou ld  have the. p o t e n t i a l  f o r  app rec iab le  
o f f s i t e  re leases.  

M a j o r i t y  View 

The hydrogen problem a t  TMI-2 was a' sho r t - te rm s i t u a t i o n . a n d  f o r t u n a t e l y  was 
s a f e l y  r e l i e v e d  b y . t h e .  apparent combustion o f  hydrogen i n  t h e  containment 
b u i l d i n g .  The source o f  t h i s .hyd rogen  was t h e  metal-water r e a c t i o n  o f  a 
s izeab le  f r a c t i o n  o f  t h e  z i rca1, loy  i n  t h e  core.  Th is  amount o f  hydrogen 
generat ion was we11 i n  excess o f  t h e  amount r e q u i r e d  by t h e  Commission 
r e g u l a t i o n s  as a ' d e s i g n  basi,s f o r  any t y p e  o f  pos t -acc ident  combust ib le gas 
c o n t r o l  system. 

The bas ic  parameters t h a t  e s t a b l i s h  t h e  c a p a c i t y  o f  pos t -acc ident  combust ib le 
gas c o n t r o l  sys tems,are  t h e  long-term decomposi t ion o f  water  due t o  f i s s i o n .  
product  energy and t h e  c o r r o s i o n  o f  meta ls  exposed t o  t h e  chemical a c t i o n  o f  
containment atmosphere and containment sprays. As a r e s u l t ,  pos t -acc iden t  
combustible gas c o n t r o l  systems are  desig.ned. to proc,ess containment a i r  a t  the  



t y p i c a l  r a t e  of 50 t o  100 SCFM and a r e  n o t  requ' i red t o  operate u n t i l  about a  
w e ~ k  (minimum) t o  severa l  months (maximum) a f t e r  t h e  design b a s i s  acc ident .  
The usual parameter used t o  i n i t i a t e  recombiner ope ra t i on  i s  a  measured 
containment hydrogen concen t ra t i on  of'about 3 t o  3.5 vo lumet r i c  percent  
hydrogen. The hydrogen recombiner a t  TMI-2 was p u t  i n t o  o p e r a t i o n  a t  a  t ime 
when t h e  measured hydrogen c o n c e n t r a t i o n  was approximate ly  2  percent .  Cur ren t  
es t imates  o f  t h e  maximum hydrogen remain ing  $ n  s o l u t i o n  i n  t h e  r e a c t o r  coo lan t  
i n d i c a t e ' t h a t ,  even i f  i t  were a l l  r e leased  t o  t h e  containment,  t h e  hydrogen 
concen t ra t i on  would n o t  have exceeded 3  pe rcen t  and would more probab ly  have 
been l e s s  than 2.5 percent .  However, s i t e  personnel wanted t o  empty t h e  two 
waste gas decay tanks back i n t o  t h e  containment t o  t ry  t o  s top  'a suspected 
l e a k  i n  t h e  waste gas compressor s u c t i o n  l i n e .  Because t h e  hydrogen con ten t  
o f  t h e  waste gas. decay tanks was unknown, s i t e  opera t ions  personnel wanted the  
recombiner i n  o p e r a t i o n  p r i o r  t o  t h e , s l o w  discharge o f  t h e  waste gas tanks  
i n t o  t h e  containment. A f t e r  t h e  recombiners were p laced i n  se rv i ce ,  t h e  waste 
gas decay tanks were o n l y  p a r t i a l l y  empt ied i n t o  t h e  containment and t h e  
r e p a i r  o f  t h e  compressor suc t ion ,  l i n e  was n o t  attempted. 

~ n f o r m a t i o n  from t h e  work performed b y  K n o l l s  Atomic Power Labora tory  (KAPL) 
f o r  NRR i n  the  days f o l l o w i n g  t h e  a c c i d e n t  i n d i c a t e d  t h a t  r a d i o l y s i s  should 
n o t  be adding f r e e  hydrogen t o  t h e  containment. '  Th i s  was a t t r i b u t e d  t o  
gamma-induced recombinaton o f  any oxygen formed due t o  r a d i o l y s i s  o f  water  i n  
a  water  system r i c h  i n  d i s s o l v e d  hydrogen, as.was t h e  case a t  TMI-2. I n  
a d d i t i o n ,  due t o  t h e  low containment temperatures and t h e  n e g l i g i b l e  amount o f  
c a u s t i c  containment sprays t h e  conta inment  spray'was operated f o r  o n l y  
6 minutes. There should n o t  have been any apprec iab le  genera t i on  o f  hydrogen 
due t o  t h e  c o r r o s i o n  o f  z i n c  and aluminum. Thus, i n f o r m a t i o n  was a v a i l a b l e  t o  
i n d i c a t e  t h a t  t h e  o v e r a l l  hydrogen c o n c e n t r a t i o n  i n  t h e  containment was w e l l  
beiow and n o t  l i k e l y  t o  approach t h e  des ign  s e t  p o i n t  f o r  recombiner ope ra t i on  
f o r  some apprec iab le  p e r i o d  o f  t i m e  un less  t h e  decay tanks were emptied i n t o  
t h e  containment. An ' increase i n  hydrogen over  t h e  l o n g  te rm c o u l d  have been 
a t t r i b u t e d  t o  r a d i ' o l y s i s  e f f e c t s ;  however, a c t u a t i o n  of t h e  recombiner t o  remove. 
t h e  hydrogen prevented a  q u a n t i t a t i v e  de te rm ina t i on  o f  t h a t  hydrogen source. 

The course o f  events a t  TMI-2 w i t h  r e s p e c t  t o  hydrogen p r o d u c t i o n  and c o n t r o l  
i n  containment has i n d i c a t e d  a  need . f o r , f h o r o u g h  r e c o n s i d e r a t i o n  o f  t h e  

'Commission's des ign  bas i s  f o r  combust ib le  gas c o n t r o l  systems. Th i s  should 
i n c l u d e  b o t h  a  re-examinat ion o f  t h e  ' r e a c t o r  system e f f e c t s  (i. e. , coup1 i n g  
t h e  ECCS e v a l u a t i o n  and t h e  assumption o f  hydrogen produced by  metal -water  
r e a c t i o n )  and t h e  a c c e p t a b i l i t y  o f . 1 0  CFR P a r t  100 g u i d e l i n e s  f o r  e v a l u a t i o n  
o f  o f f s i t e  doses f rom purposefu l .  r e leases  f rom t h e  containment.  I n  genera l ,  
t h e  acc iden t  a t  TMI-2 r a i s e s  t h e  q u e s t i o n  o f  whether t h e  sho r t - t e rm des ign  
b a s i s  f o r  pos t -acc ident  combust ib le gas c o n t r o l  systems (metal -water  r e a c t i o n )  
i s  underest imated and t h e  long- term des ign  b a s i s  ( r a d i o l y s i s  and co r ros ion )  i s  
overest imated,  r e s u l t i n g  i n  a  hydrogen recombine,r des ign  t h a t  i s  n o t  capable 
o f  p r o v i d i n g  sho r t - t e rm p r o t e c t i o n  and may n o t  have been needed i n  t h e  l o n g  term. 

Because o f  these cons ide ra t i ons ,  i t  i s  t h e  conc lus ion  o f  t h e  m a j o r i t y  o f  t h e  
Lessons Learned Task.Force t h a t  p r o v i s i o n s  f o r  t h e  pos t -acc iden t  i n s t a l l a t i o n  
o f  recombiners shou ld  n o t  be r e q u i r e d  as a  sho r t - t e rm a c t i o n .  Such considera-  4 

t i o n - s h o u l d  be p a r t  o f  t h e  long- te rm r e c o n s i d e r a t i o n  o f  t h e  des ign  b a s i s  f o r  
combust ib le gas c o n t r o l  'systems. 



3. - POSIT ION.  ( M i n o r i t y  View) 

1. A1 1 '1 icensees o f  . l i g h t  ,wa te r  r e a c t o r  ' p l an ts  s h a l l  have t h e  c a p a b i l i t y  
t o  o b t a i n  and i nsta l .1  recombiners i n  . t h e i r ,  p l a n t s  w i t h i n  a few days 
f o l l o w i n g  an acc iden t  i,f containment access i s  impa i red  and i f  such 
a system i s  needed f o r  1 ong-term post- 'acci  dent  combust ib le .gas 
c o n t r o l .  

2; ,; The procedures and bases upon which t h e  recombiners would be used on 
a l l  p l a n t s .  shou ld  be t h e  s u b j e c t  o f  a rev iew by t h e  l i censees i n  
cons ide r ing  shei  1 d i  ng. requi rements ' and personnel exp,osure 1 i m i t a t i o n s  

. as demonstrated t o ' b e  necessary i n  t h e  case o f  TMI-2. 
. - .  * .  

- 



Appendix A Synopsis o f  Studies i n  Progress Rela t ive  t o  TMI 

Considerable t ime and e f f o r t  was i n i t i a l l y  expended attempting t o  

es tab l i sh  "who's doing what" i n  r e l a t i o n  t o  TMI. An ear l y  attempt a t  synopsizing 

t h i s  in format ion was i n  f a c t  presented t o  Sandia dur ing the course o f  the w&k. 

However, i t  became inc reas ing ly  apparent t h a t  given the m u l t i t i d e  o f  e n t i t i e s  

involved i n  review, each w i t h  mu1 t i p l e  ob ject ives and task forces, add i t i ona l  

e f f o r t  along these l i n e s  would no t  be productive. This e f f o r t  d i d  accomplish 

two ob ject ives,  however. 

' 1. Provided an overview o f  which e n t i  t i e s  were concentrat ing 

e f f o r t  and the magnitude o f  t h a t , e f f o r t ,  and 

2. I d e n f i t i e d  where documentation, f i nd ings  and study r e s u l t s  

could be obtained o r  were scheduled f o r  issuance. 

Tab1 e A-1 presents a compi 1 i t a t i  on o f  organizat ions and e n t i  t i e s  

r e l a ted  t o  TMI. This in format ion has been pieced together from many separate 

sources, many o f  which .are probably inaccurate o r  outdated. However; i f  re -  

viewed and u t i l i z e d  w i t h  t h i s  l i m i t a t i o n  i n  mind, i t  may be useful  t o  the 

reader. 



Table A-1 

~ M ~ - I ? e l a t e d  tasks and A c t i v i t i e s  i n  Progress 

Nuclear Requlatory Commission 

Discussion: The NRC o f f i ce  of ' the Executive D i r e c t o r . f o r  Operations 

prepared a  cata log o f  over 130 ~ M 1 - r e l i t e d  NRC a c t i v i t i e s  under way 

i n  June.. The, fo l l ow ing  synopsizes t h e  purpose of these tasks by major 

NRC o f f i c e s  . . engaged i n  the work. 

O f f i c e  of Inspect ion and .Enforcement 
. . 

Nine a c t i v i t i e s  i nc l ud i ng  NUREG-0600. preparat ion,  I E  B u l l e t i n  

i isuance and eval uat ion,  TMI ' on-si t e  support, NRC operat ions center  
. . 

d e s i g n  andmodi f ica t ion,  telephone and o ther  communications, rad  

assistance and emergency response and res iden t  inspect ion program 

a c t i v i t i e s .  - 

O f f i c e  ' o f  Mater ia l  Safety and safeguards 

Seven a c t i v i . t i e s  i nc l ud i ng  TMI-2 c r i t i c a l i t y  ca lcu la t ions, '  TMI-2 

rad  waste, f u e l  cyc le  m a t e r i a l  sa fe t y  contingency plans, emergency 

planning, physical  secur i t y '  and v i t a l  f u e l  cyc le  sa fe t y  system, 

model ing. . . 
. , 

- . :' O f f i c e  o f '  ~ u c l e a r  Reactor Regulat ion 

Four a c t i v i t i e s  i nc l ud i ng  TMI s i t e  support,  1  icensing and operat ion 

o f  reactors,  NUREG-0578 'and f i n a n c i a l  p ro tec t ion ,  



O f f i c e  o f  Nuclear Regulatory Research 

Th i r ty - two a c t i v i t i e s  inc lud i ,ng  NUREG-0557, ' core  s ta tus  ana lys i s ,  

containment vent ing,  conceptual design, hydrogen content  i n  water  

and environment, i n t e r p r e t a t i o n  o f  ins t rumenta t ion ,  rev iew o f  r e l i e f  

va lve t e s t i n g  fac i  1 i t i e s ,  s imu la t i on  o f  i n i t i a l  t r a n s i e n t ,  r a d i o -  

i od ine  ana lys is ,  probabi 1 i s t i c  ana lys is ,  s o c i a l  -economic ana lys i s ,  

charcoal f i  1 t e r  performance eva l  u a t i  on, LOFT small break t e s t s  , 
TRAC ca lcu la t i ons ,  de f i ne  requal  i f i  c a t i o n  requirements , a1 t e r n a t e  re1  i e f  

va lve operat ion, gas ven t ing  from coo lant  system vessel l e v e l  , i n s t r u -  

mentation, water a v a i l a b i l i t y  du r ing  accident ,  semi-scale t e s t s ,  TMI 

s i t e  assistance, He source terms and problems. 

O f f i c e  o f  Standards Development 

Four a c t i v i t i e s  i n c l u d i n g  NUREG-0558, occupat ional  hea'l t h  s tudy,  

s t a t e  and fede ra l  s tudy assistance, and reo rde r ing  o f  standards 

p r i  o r i  t i e s  ., 

O f f i c e  o f  Admin is t ra t i on  

Approximately 40 a c t i v i t i e s ,  n o t  segregated. 

O f  fi ce .of Execut i  ve Legal D i  r e c t o r  

Ten a c t i v i t i e s  r e l a t e d  t o  l e g a l  aspects 

O f f i c e  o f  S ta te  Programs 

Twelve. a c t i v i t i e s ,  p r i n c i p a l  l y  focused upon emergency p lanning,  

preparedness and r a d i a t i o n  moni to r ing .  



Approximately 14 miscel laneous programs and a h i  vi t i e s  involving 

international programs, management and' program analysis,  general counci 1 

pol icy eval uati on and the Con i s s i  oners ' special study ,group. 

AC RS - 

ongoing subcomni t t e e  'and f u l l  comni t t e e  a c t i v i t i e s  .. 
. . 

Federal Legislative Studies and ' Investigations 

Sources indicate  that'approximately 18 d i s t inc t  House and Senate 
comni t t e e s  a r e  investigating or  reviewing TMI-2 acc'i dent-related 
material. Some of the more pert inent  are:  

1. House Subcomittee on Environment, Energy and Natural 
Resources 

2. .Senate Nuclear Regulatory Subcommittee 

3. House Subconi t t e e  on ~ n e r g y  and the Environment 

4. House Subcomittee. on Ene.rgy, Nuclear Prol i ferat ion and 
Federal Services 

. 5 .  House Energy ~ e s e a r c h  1 Production Subcomnittee 

6. .senate ~ u b c o m i  t t e e  o n  Heal t h  . . 

7. Senate ~ n e r g ~  Subcomni t t e e  of dovernment Affairs Committee 

8 Ene,rgy Subcomnittee of the Jo in t  Economic Committee 

Presidential inquiry Comnission 

Report due 'October 25, 1979 - ' Investigation is  one of la rges t  in 

progress. 



Industry 

Industry organizations involved i n  TMI a c t i v i t i e s :  

1. NSAC (,EPRI, includes many tasks per Secti:on 2 .2)  

2 . .  NSSS Vendors (,GE, CE,  B&W, Westinghouse) . '  

. . 3. ~ndiv idual  Ut i l i t y  task forces . 

4. . Metropol i tan Edi son 

5. TVA 

6. ERR1 - Nuclear Operations I n s t i t u t e  

7. EEI - Sc ien t i f i c  Review Board' 

S ta te  Investigations 

1. Pennsylvania - many, including r a t e  hearings ' 

,, 2. California 

3. Oregon 

4. Many other  s ta tes '  involved in eme,rgency planni,ng 

International 

1. IAEA 

3. Germany 

4. Sweden 

5. Uni ted Kingdom 

6. Canada 



Other Federal ~overrhental .  Agencies 

1. . GAO 

2.  . HEW 

3.  In ter ior  

4. ., Departme'nt of Energy 
- .  
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