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SUMMARY 

An examinat ion o f  t h e  d i f f e r e n t  c r i t e r i a  i n  the  Code o f  Federal Regu- 

l a t i o n  (CFR) p a r t i c u l a r l y  Chapter 10, t h e  Regulatory Guides o f  t h e  Nuclear 

Regulatory Commission (NRC) , the  Standard Work Plan Reviews, some s p e c i f i c  

standards and p u b l i c  correspondencp of t h 2  Adv isory  Committee f o r  Reactor 

Safety (ACRS), c u r r e n t  proposed 1  e g i s l a t i o n ,  and rev iews o f  severa l  gener i c  

s tud ies  o f  nuc lear  energy cen te rs  d i d  n o t  revea l  any areas where t h e  concept 

o f  a  nuclear  energy c e n t e r  a t  Hanford would be 1  i m i  t e d  by techn ica l  concerns. 

Rules o r  r e g u l a t i o n s  o r  formal  o f f i c i a l  guidance t h a t  address s p e c i f i c a l l y  

Nuclear Energy Centers, however, do n o t  e x i s t .  Such r e g u l a t i o n s  and guidance 

w i  11 apparent ly  be developed and pronu l  gated f o l  1  owing i n fo rma l  and p r e l  i - 
m i  nary p e t i t i o n s  t o  t h e  r e g u l a t o r y  bodies reques t i ng  an energy c e n t e r  per  se. 

Cur ren t  p r a c t i c e  does i n c l u d e  s i t i n g  up t o  severa l  power p l a n t s  a t  2 s i n g l e  

s i t e ,  r e f e r r e d  t o  as mu1 t i p l e - u n i t  s i t e s  w i t h  up t o  f o u r  power r e a c t o r s  

l oca ted  a t  one s i t e .  P r e l i m i n a r y  p lann ing  has i nc luded  f i v e  u n i t s  i n  two 

groups, one o f  two and the  o t h e r  o f  three,  which a r e  r a t h e r  w ide l y  separated. 

The l a t t e r  may be o f  i n t e r e s t  t o  a  nuc lea r  energy cen te r  a t  Hanford, because 

o f  the  d is tances  a t  Hanford t h a t  a r e  a v a i l a b l e  t o  separate t h e  s i t e s .  

~ e ~ u l a t i o n s  and guides t h a t  d i r e c t  c u r r e n t  p r a c t i c e  i n  s i t i n g  mu1 t i  p l  e - u n i t s  

a t  one l o c a t i o n  may be adequate t o  address most i f  n o t  a1 1  o f  t he  considera-  

t i o n s  f o r  s i t i n g  r e q u i r e d  f o r  t h e  concept o f  twenty ~ l n i  t s  a t  Hanford l oca ted  a t  

f i v e  s i t e s ,  each o f  which would c o n t a i n  t h r e e  t o  f i v e  power genera t ing  

reac to rs .  The t e c h n i c a l  s tud ies  completed i n  suppor t  o f  t h e  concept o f  an 

HNEC have analyzed many of t he  key l i c e n s i n g  issues  t h a t  would no rma l l y  be 

associated w i t h  the  s i t i n g  o f  severa l  thermal nuc lea r  power p l a n t s  a t  one 

l o c a t i o n .  To c o n t r i b u t e  t o  these, an a n a l y s i s  o f  t h e  e f f e c t s  o f  a  c l a s s  nine 

acc ident  a t  one u n i t  on t h e  o t h e r  power r e a c t o r s  a t  an HNEC was completed. 

Some pe rspec t i ve  r e l a t i v e  t o  o t h e r  s i m i l a r l y  improbable events was gained 

i n  t h i s  ana lys i s .  In p a r t  because of t h e  d is tances  a v a i l a b l e  between s i t e s  

a t  Hanford, the  consequences o f  a  c lass  n ine  acc iden t  o n s i t e  can be assessed t o  

be l e s s  probable than the  consequences from a s h f a l l s  f rom vo l can ic  a c t i v i t y  i n  

the  Cascades and s i g n i f i c a n t l y  l e s s  probable than the consequences f r o ?  3a r th -  

quakes f o r  which designs and procedures nave been developed. Consequences 

here are  measured i n  losses o f  e l e c t r i c a l  genera t ing  capac i ty .  



INTRODUCTION 

The purpose of th i s  review was to identify s i t i n g  or other concerns tha t  

may indicate l imitat ions on the a b i l i t y  to l icense a nuclear energy center a t  

Hanford. 

Several studies on nuclear energy centers have been completed and some 

have included 1 icensing (regulatory) aspects of s i t i ng  nuclear power 
centers.  This review however, was primarily t o  identify any 1 imi ta t ions 

that  may a f fec t  licensinq specif ical ly  a t  an H N E C .  

The scope i ncl uded examining exis t ing cr i  t e r i  a for  s i  t i  ng nucl ear  faci 1 i  - 
t i e s ,  including s ingle  reactor and mu1 t i reac tor  ( m u 1  t i - u n i t )  s i t e s .  To f i l l  a 

void in other analyses and t o  gain some perspective on another impact of an 

HNEC, the scope was extended t o  analyze the consequences within the H N E C ,  of a 

c lass  nine accident a t  a uni t  a t  one s i t e .  A predictive model u t i l ized  in th i s  

analysis was developed from meteorol ogical parameters based o n  t h i r ty  years of 

meteorol oqical records(4) a t  Hanford. 

From th i s  analysis,  additional perspective was developed on the re la t ive  

severity of the e f fec ts  of rare  events, both man made and from unstable condi- 

t ions in nature, on the operation of (and the a b i l i t y  t o  1 icense) an energy 

center a t  Hanford ( H N E C ) .  

Further insights on the unique s i t i ng  character is t ics  of an H N E C  have 

resulted from such perspectives. 



LICENSING REVIEW 

This evaluation consists of reviews of appropriate parts of Volume 10 

(and others)  of the Federal Code, the current Regulatory guides, the 
Standard Review Plans ( N U R E G  0075), the Proposed Standard Review Plans for  

EIS ( N U R E G  0098), appropriate pub1 ished correspondence on mu1 t i p l e  s i t i ng  

from the Advisory Committee on Reactor Safety, the prior reviews on nucl ear 
energy centers and the related studies completed fo r  the concept of a nuclear 
energy center a t  Hanford. Each was reviewed to identify possible areas of 

constraints or support fo r  an H N E C .  

The current s ta tus  of regulations on nuclear energy centers i s  perhaps 
best summarized by a part  of a recent revision t o  Regulatory Guide 4.11, 
Terrestrial  Environmental Studies for  Nuclear Power Stations,  Rev 1 ,  August 

1977. 

In the introduction of th i s  guide the following appears: 

* i This guide i s  intended to r e f l ec t  current practice,  
i . e . ,  the s i t i ng  of u p  to several power plants a t  a s ingle  
s i t e .  Prior consultation with the s t a f f  i s  recommended 
/ i f  larger-scal e "Energy Centers" are  contemplated. 

*Lines indicate substantive changes from previous issue. 

Groups in the regulatory body, the Nuclear Regulatory Commission, apparently 

are  not now considering the preparation of codes and guides directed t o  larger 
scale Energy Centers. ( a )  Codes and guides have increasingly noted however, 
s i t i ng  several power plants a t  a single s i t e  (mu1 t i  -uni t s i t e s )  (see Appendix A .  ) 

Although four units a t  a s i t e  have been the most for  which approval has 
been sought of NRC and others such as the s t a t e  agencies, the regulations 

( a )  The Tyronne Energy Park i n  Dunn  County, Wisconsin, which was recently issued a 
construction permit by N R C ,  i s  not to be ident i f ied as an energy center.  The 
park connotation resu l t s  from the aesthet ic  features planned for  th i s  s i t e  
which i s  t o  contain one (perhaps two eventually) power uni ts .  



and guides do not specif ical ly  l imi t  the number of units a t  a s i t e  to  four.  

Presumably, i f  a l l  of the existing regulations and guides were s a t i s f i e d ,  
more than four units may be acceptable. 

Present planning fo r  which construction permits have been sought has 

included two stat ions of two units and three units each located about twenty- 
f ive  miles apart .  ( a )  The s i t i ng  issues here may be of in t e res t  to  an HNEC 

because of the distances available between some s i t e s  a t  Hanford. Figure 2 

(see page 14) ,  indicates the general layout of these s i t e s  a t  Hanford and 

the tab1 e gives the approximate distances between the proposed s i t e s .  

A recent review examined the expansion potential for  existing nuclear 
power s ta t ion  s i t e s . ( 5 )  An interest ing concept of mini NECs was developed in 

th i s  analysis.  Thus the potential for  developing essent ial ly  a small NEC might 

ex i s t  u t i l iz ing  the c r i t e r i a  in existing codes and guides. Hanford was rated 
as having the potential t o  expand from the existing three t o  a large nuclear 
energy center.  This backdoor approach t o  an energy center was not defended in 

another recent review largely because of the absence, in th i s  approach, of 

long-range planning which was deemed essent ia l .  ( 6 )  Parenthetical l y ,  the obser- 

vation was made that  presently organized uti  1 i  t i e s  , i nsti  t u t i  ons , and pol i  t i ca l  
e n t i t i e s  are  not capable of hand1 ing and evaluating the long-term planning and 

firm commitments of the large resources required for  (twenty un i t )  NECs. 

Whatever other reservations may ex i s t  concerning a large NEC (twenty uni t s )  
a t  Hanford, s i t i ng  c r i t e r i a  tha t  would l imit  licensing the proposed units do 
not a t  t h i s  time appear t o  include limiting res t ra in ts .  

( a )  Duke Power Company, Perkins and Catawba s i t e s  in South Carolina 



REVIEW OF THE FEDERAL CODES 

No regulations in the federal code currently address nuclear energy 
centers per se.  

Limitations on annual dose equivalents from exposure t o  radiation and 

on quantit ies of radioactive material released from the en t i r e  fuel cycf e 
have been imposed by E P A .  ( a )  These l a t t e r  res t r ic t ions  as they may a f fec t  an 
H N E C  a re  addressed in a supporting document. ( b  

Regulations that  bear on s i t i ng  and safety where several thermal nuclear 

power plants may be located on one s i t e  a re  reviewed i n  Appendix A .  As 

above, none appear to  be l imiting to  the concept of an H N E C ,  b u t  of course 

none are  directed specif ical ly  to nuclear energy centers.  

REVIEW OF THE REGULATORY GUIDES 

By defini t ion,  "Regulatory Guides are  issued to describe . . . methods 

acceptable to  the NRC s t a f f  implementing . . . regulations . . . to provide 

guidance to  appl icants . " The Guides a re  not subst i tutes  for  regulations 

(as  contained in the Federal Codes fo r  example) and compl iance with them i s  

not required. However, they are  generally closely followed. More recent 

guides provide input relat ing to mu1 t i-uni t s i t e s .  None of these guides 
issued so f a r  would appear to  deny an HNEC.  The resu l t s  of th i s  analysis a re  

tabulated i n  Appendix B .  Two other documents were included in th i s  part 

of the review; namely, the Standard Review Plan fo r  the Review of Safety 
Analysis Reports fo r  Nucl ear Power PI ants ,  NUREG-75/087 and Draft, Environ- 
mental Standard Review Plans f o r  the Environmental Review of Construction 
Permit Applications fo r  Nuclear Power Plants, NUREG-0158 Parts 1, 2 and 3. 

Both were prepared as internal working documents fo r  the NRC s t a f f ,  prepared 
by t h i s  s t a f f  f o r  the purpose of improving the qual i ty  and uniformity of the 
reviews undertaken by NRC.  They make reference to the appropriate codes and 

( a )  Ti t:e 40 Code of Fecierai Regulations, Part 190, "Envfronmental Radiation 
Protection Standards fo r  Nuclear Power Operations," Federal Register, 
Vol . 42 (No. 9 ) ,  p p .  2858-2861 , January 13 ,  1977. 

( b )  Radiological Studies, J .  K .  Soldat. 



guides where sharing of services among units or  where more than one uni t  may be 

located a t  a s i t e .  No additional insights or  guidance on mu1 t i-uni t s i t i n g  i s  

contained in these documents. 

O T H E R  REVIEWS 

In response to  a request from the NRC s t a f f ,  the Advisory Committee on 

Reactor Safeguards recommended i n  December of 1975 several c r i t e r i a  in current 

s i t i ng  policies be considered. ( 7 )  One of the recommendations noted tha t  studies 

may be needed on the short-and long-term consequences of a major accident in 

a nuclear ins ta l la t ion  on other operations a t  a mu1 t i-uni t s i t e  such as a 

nuclear power park. Included in the closure was another recommendation tha t  

a t tent ion should also be given to the development of additional c r i t e r i a  fo r  

s i t e s  containing more than one reactor or nuclear fac i l  i t y .  Recent guides 

and regulations have noted c r i t e r i a  fo r  mu1 t i -uni t  s i t e s .  As noted above-- 
none so f a r  have been restricti 've to  the concept of an HNEC. 



THE RADIOLOGICAL CONSEQUENCES OF CLASS NINE ACCIDENT ,4T HNEC 

Th is  ana lys i s  i s  based on a meteoro log ica l  model developed i n  one o f  the 

HNEC conceptual s tud ies  . ( 4 )  This  model uses 30 years o r  more of  meteoro log ica l  

records a t  Hanford f rom which some expecta t ions  of t he  frequency o f  occurrence 

(p robab i l  i t y )  o f  d i f f e r e n t  meteoro log ica l  parameters have been developed. 

These parameters i n c l u d e  f o r  example, p r e v a i l i n g  wind d i r e c t i o n s ,  average wind 

speeds, atmospheric s t a b i l i t y ,  t he  h e i g h t  o f  t h e  m ix ing  l a y e r  and o thers .  

To these parameters a r e  added an expected plume wid th ,  a  depos i t i on  veloc-  

i t y  t o  account f o r  d e p o s i t i n g  ma te r ia l  re leased i n  t h e  acc ident  and the  assump- 

t i o n  t h a t  e s s e n t i a l l y  a l l  o f  t he  re lease occurs over  0.5 hours. This  model, 

when superimposed on the  l a y o u t  o f  t h e  f i v e  quads on the  s i t e  o f  t he  HNEC, 

p r e d i c t s  i n  a  p r o b a b i l i s t i c  manner, t h e  e f f e c t s  o f  acc ident  re leases from a  

u n i t  i n  any one quad on t h e  remaining reac to rs  a t  t he  HNEC. The model thus 

y i e l d s  the  c o n d i t i o n a l  p robab i l  i t i e s  o f  M quads be ing  i nvo l ved  w i t h  d i f f e r e n t  

l e v e l s  o f  a i r  concent ra t ions  o r  sur face depos i t ions  o f  r a d i o a c t i v e  m a t e r i a l ,  

g iven t h a t  a  c lass  n ine  acc ident  has occurred a t  a  r e a c t o r  i n  one o f  them. The 

f o l l o w i n g  two tab les  developed from t h a t  r e p o r t  show these r e s u l t s .  Not ice;  

f o r  example, t h a t  f o r  a l l  normal ized concent ra t ions  i n  both tab les ,  the  proba- 

b i l  i t y  o f  t he  reac to rs  i n  the  same quad being i nvo l ved  i s  1.0 (a c e r t a i n t y )  

accord ing t o  t h i s  model . The p robab i l  i t y  , fo r  example, of  t h ree  o r  more quads 

being i nvo l ved  w i t h  a  normal ized a i r  concen t ra t i on  o f  1  x  lo - '  i s  0.07 (0.066) 

S i m i l a r l y  f o r  ground d e p o s i t i o n  as shown i n  Table 2. Note t h a t  the  con- 

cen t ra t i ons  (1 e f t  column) a re  g iven i n  terms o f  normal i zed sur face concentra- 
-8 .-2 t i o n s .  As an example, f o r  concent ra t ions  equal t o  o r  g rea te r  than 1  x  10 , 

the  c o n d i t i o n a l  p r o b a b i l i t y  t h a t  a t  i e a s t  two quads are  contaminated i s  0.05 

(0.046) g iven t h a t  an acc iden t  occurs. 

The r e s u l t  o f  o n l y  f o u r  quads o f  the  f i v e  proposed being i nvo l ved  i s  a 

1  i m i t a t i o n  o f  the  models, o r i e n t a t i o n  o f  c l  us te rs  and wind d i r e c t i o n  c l  asses. 

The p r o b a b i l i t y  o f  t h e  f i f t h  quad (16-20 reac to rs )  being invo lved,  w h i l e  

ext remely low, must be cons idwed  poss ib le .  



TABLE 1 .  Conditional Probability tha t  a t  Least 
M Quads Would be ~nvolved(a)  Following 
an Accident a t  an H N E C .  

Normal i zed 
Air Concentration, 

s/ni3 

1 .OO 

4.64 x 
4.64 

2.15 lom7 

1.00 

4.64 x 
2.15 x 
1 .oo x 1 0 - ~  

Same Quad 

1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 

Number of Quads 
2 2 23 2 4 

( a )  Involvement i s  defined by normalized a i r  concentration equal to or  
greater than tabled value. 

The fu l l  development of the consequences requires a description of a 

source term and a method to convert the involvement in normalized concentra- 

t ions to  corresponding levels of dose. Figure 1 i l l  ustrates  the procedure 

used. 

As indicated by Figure 1 ,  the source term was taken from the Reactor 
Safety Study. (8)  Any of the accidents involving the core tha t  were ident i f ied 

in tha t  study could be used to develop subsequent potential doses a t  other 

reactor s i t e s  from a )  the passing cloud immediately following the accident; and 

b )  ground 1 eve1 contamination during the period fol 1 owing deposition. 

Table 3 summarizes these accidents and the release mechanisms involved. For 

t h i s  analysis ,  the class  nine accident ident i f ied as release category PWR-2 was 

selected. This was judged to be about as probable as any other event. I t  also 

postulates as great o r  greater quant i t ies  of radioactive materi a1 re1 eased as 

in any other accident for  a ground level release.  I t  can be considered as 

worst case. The tabulation of radionuclides released in th i s  event a re  given 

in Tables 4 and 5. From these tabulations,  the appropriate nuclides were 



TABLE 2 .  

Normal i zed Surface  
Concentrat ion,  

s /m3 

Conditional Probabi 1 i t y  t h a t  a t  Least  
M Quads Would be ~ n v o l v e d ( a )  Following 
an Accident a t  an H N E C .  

Same Quad 

1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 

Number of  Quads 
2 2 23 24 

( a )  Involvement i s  def ined  by normalized s u r f a c e  concen t r a t ion  equal 
t o  o r  g r e a t e r  than t a b l e d  value.  

SOURCE METEOROLOGY MODEL DOSE MODEL 

FIGURE 1 .  Schematic Ogtl i n e  o f  Consequence Model Rad ioac t iv i ty  Release 

1 
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WEATHER DATA 7 

4 

OF GENERATING CAPACITY 

CONTAM l NATl  ON 

SOURCE TERM 
+ DOSIMETRY 

HNEC STAFF 
DUE TO 
CLOUD PASSAGE 
AND GROUND 
DEPOSIT ION 

---+ 4 
I D E P O S I T I O N  

- r 

EMERGENCY 
EVACUATIONS AND 
RECOVERY OF SOME 
GENERATING CAPACITY 
PLUS DECONTAM l NATl  ON 
AND RECOVERY OF MOST 

ATMOS PHER l C 
D I S P E R S I O N  



TABLE 3.  Re1 ease Categories Following Reactor Accidents Involving Core ( a )  

Pressurized Water Reactors 

PWR 1 Steam explosion due to molten U02 f a l l i ng  into water followed 
by missile rupturing containment. 

PWR 2 Core melt and f a i lu re  of radioactivity removal systems 
followed by rupture of containment. 

PWR 3 Similar t o  PWR 1 and 2 b u t  involves partial  success of 
radioactivity removal systems. 

PWR 4 Core melt with containment n o t  fu l ly  isolated,  containment 
radioactivity removal systems have fa i led .  

PWR 5 Similar t o  PWR 4 except removal systems operative. 

PWR 6 Core melt through bottom, above ground containment in t ac t .  
Radioactivity removal systems inoperative. 

PWR 7 Similar t o  PWR 6 except radioactivity removal system 
operating. 

PWR 8 Core doesn ' t  melt, release of ac t iv i ty  in the gaps of 
fuel rods, containment f a i l s  t o  i so la te  properly. 

PWR 9 Similar t o  PWR 8,  except containment isolates  correct ly .  

Boiling Water Reactors 

BkiR 1 Similar t o  PWR 1 

BWR 2 Core melt a f t e r  containment over pressure rupture caused by 
loss of decay heat removal systems, limited deposition of 
radioactive materials. Re1 ease direct ly  to  atmosphere. 

BWR 3 Similar to  BWR 2 except material released through the 
reactor building t o  the atmosphere. 

BWR 4 Core melt, containnient f a i l s  to  operate properly and the 
leakage i s  enough to prevent containment over pressure 
rupture. 

BWR 5 Core does not melt, b u t  ac t iv i ty  i s  released from the gap 
of the fuel rods. Activity passes through reactor building 
gas treatment system and i s  released t o  the atmosphere 
through a t a l l  stack. 

( a )  From Reference 8 



TABLE 4. 

No. - 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
I5 
16 
17 
18 
19 
2 C 
2 7 
22 
2 3 
2d 
2 5 
25 
2 7 
2 5 
29 
3 il 
2 I 
3 2 
33 
34 
3 5 
3 6 
3 7 
3 8 
39 
4 0 
4 1 
4 2 
4 3 
44 
'l5 
46 
47 

8 
49 
50 
5 i 
3 2 
53 
54 

I n i t i a l  A c t i v i t y  o f  Radionucl i des  i n  t he  Nuclear  Reactor Core 
a t  t h e  Time of t he  Hypothe t ica l  Acc ident  (Reference 8)  

Radioactive Inventorv 
Radionucl ide Source (curies x 10-8) ?a1 f-Life (days ) 

Cobal t-58 3.9078 71 . O  
Cobal t-60 C. CG29 1,?3 
Krypton-85 0.0056 3,950 
Krypton-85m 0.24 0.183 
Krypton-87 C.47 3.0528 
Krypton-88 0.58 0.117 
Rubidium-86 0.00026 18.7 
S tron ti um-89 0.94 52.1 
Strontium-90 0.037 11,33G 
Strontium-91 1.1 0.403 
Yttrium-90 0.039 2.67 
Yttrium-91 1.2 59.2  
Zi rconium-95 1.5 65.2 
Zi rcon i um-97 1.5 5.71 
Niobium-95 1.5 35.9 
Vol ybdenum-99 1.6 2.3 
Technetium-99m 1 .-i 5 . 2 5  
2uthenium-I03 1.i 35.3 
Ru then1 urn-] 05 0.72 :. 125 
Ruthenium-106 0.25 365 
Rhodium-105 9.d9 : . 5 G  
Tellurium-127 3.059 2.391 
Tell urlum-127~ 0.011 1 C O  
Tell urium-I29 0.31 0. L'28 
Tell urium-129111 3.053 2 . 3 2 0  
:el lurium-13Tn 0.13 7 . 7; -- 
Tel lurium-;32 1.2 : - . - a  ? c  
Antimony-1 27 0. C61 3.28 
Antimony-1 29 9.33 ? . : 7 9  
Iodine-1 31 0.85 3. C5 
Iodine-? 32 1.2 7 ,2952  
Iodi ne-I33 1.7 :. 375 
Iodine-l 34 1.9 5 ,3266  
Iodine-1 35 1 . i  ri. 2SC 
Xenon-1 33 1.7 5.28 
Xenon-1 35 0.34 0.333 
Cesium-1 34 0.075 75s 
Ces i um-1 36 2.030 13.0 
Cesium-1 37 C.047 1 1  ,OC3 
Barium-140 1 . E  12.8 
Lanthanum-1 40 1.6 1 .E7 
Cerium-1 41 1 .5 32.3 
Cerium-143 1.3 1.28 
Ceri um-1 44 0.85 234 
Praseodymium-143 1.3 13.7 
Neodymi um-1 47 0.60 11 . l  
Neptunium-239 16.4 2.35 
P1 utonium-238 O.OCC57 32,500 
?I utoni um-239 0.20021 8.9 Y iC6 
Pl utoni urn-24C 0. YO21 2.3 x 106 
P l  utonium-241 0.034 5,3513 
Americium-241 :. CCC017 1.5 x :?j  
Curi urn-242 0.0059 1 C3 
Curium-244 0.00023 5,63C 



R e l e a s e  
Ca t ego ry  

PWR 1 

PWR 2 

PWR 3 

PWR 4 

PWR 5 

PWR 6 

-I 

PWR 7  
N PWR 8 

PWR 9 

BWH I 

BWR 2 

BFJR 3 

bWR 4 

BWR 5 

TABLE 5. Parameters of Re1 eases Fol lowing Reactor Accidents Invol ving Core ( a )  

P r o b a b i l i t y  
per Reac to r  

Year 

~ X I O - ~  

8 x 1 0 - ~  

4 x 1 0 - ~  

5 x 1 0 - ~  

7 x 1 0 - ~  

6 x 1 0 - ~  

~ X I O - ~  

Re l ea se  
Dura t i on  

(rlr) 

Warning 
Time 
( H r )  

F r a c t i o n  o f  
Core  I n v e n t o r y  Re l ea sed  

Xe-Kr I CS-Rb Ba-Sr 

( a )  From Reference 8 ,  Table 5.1 



selected as principal contributors t o  a dose a t  other reactor s i t es  from a i r  

submersion and from ground deposition. 

The HNEC meteorological model assumed that the containment breach 

resulted in a source 100 meters wide which spread downwind over 22-112' 
as i t  moved o u t  from the point o f  release. Figure 2 i l lus t ra tes  one such 

release a t  cluster 2 with clusters 3 and 4 shown within a 22-l/ZO sector 

downwind. 



O SWITCHYARD \ 

C l  us t e r  No. - 2 - 3 - 4 - 5 

FIGURE 2 .  Si tes  and Areas Involved in Radioactive Release a t  H N E C  
Example: Release a t  c lus te r  2 ,  with distances between 
c lus te rs  tabulated i n  kilometers (miles) .  



DEVELOPMENT OF THE DOSE D U E  TO A I R  SUBMERSION (PASSING CLOUD)  

Source Canvers i on 

The radionuclides given in Table 4 were submitted to the model for  dose 

estimates which converted these radioactive species into external total  body 
3 dose,(9)  in units of rem/(sec/m ) as a function of time. 

These calculated doses, normalized to a time integrated a i r  concentration 
3 of 1.0 sec/m by the SUBDOSA model a re  given in Table 6 .  Note that  for  the 

f i r s t  1000 seconds following the release,  the values are constant and tha t  
7 a f t e r  20,000 seconds, they have decreased only by about 57% to 8 x 10 rem/ 

3 (sec/m ) .  The time becomes a factor in recognizing distances the cloud would 

t rave l .  If an average wind speed of  2 t o  3 m/sec during the incident was 
developed from his tor ical  records, then the above tabulation for  the f i r s t  

1000 seconds accounts for  the same dose factor  for  u p  t o  2 to 3 kilometers from 

the accident s i t e .  The meteorological model fur ther  reduces th i s  source term 

with depletion of the cloud contints by f a l lou t  along the way. 

As an example, fo r  the f i r s t  2000 seconds, the probability of different  

doses involving two or more quads can be immediately determined. 

a - from Table 1 

b - from Table 6 

3 Assume from Table 1 ,  a normalized a i r  concentration of 1 x (s/m ) .  Using 
3 the dose i n  rem/(s/ni ) u p  to  the f i r s t  2000 seconds from Tab1 e 6 ,  the resul t 

i s :  

3 8 3 
"0-2000 sec ( i n  ren) = 1 x (s/m ) x 1 .3 x 10 rem/(s/m ) 

= 1 3  rem 



TABLE 6. External Total-Body Dose for  Accident PWR-2 

Total -Body Dose, ( * )  
Time, seconds reml (seclm3) 

( * )  SUBDOSA Model ' Y  

Assuming a shielding factor  of 0 . 2 ' ~ )  for  those inside ( i n  a control room 

for  instance) , the resul t i  ng dose i s  2.6 rem received from the overhead cloud 

during i t s  ha1 f hour passing. The probabil i t i e s  of two or  more quads receiv- 

ing th i s  dose i s  the same as given in Table 2 for  '2 quads involved with th i s  
3 level (1  x seclm ) of normal ized a i r  concentration. Table 1 then can be 

reconstructed in terms of doss, as shown in Table 7 .  Note that  the left-hand 

column i s  now in terms of dose. I f  2 t o  3 m/s of wind speed i s  assumed, r~rlly 

these uni ts  close enough to be enveloped during the 2000 seconds or less  of 

cloud travel are  included in th i s  table.  

The model predicts tha t  the dose accumulated in control rooms in the same quad 

as the affected reactor will vary from 280 rem t o  0.130 rem. This range 

includes the heaviest concentrations considered plausible and are  worst case 

conditions. Emergency procedures that  are commensurate with r isk will have to  

be in place t o  shut down the reactors and evacuate the personnel. The proba- 

b i l i t y  of the event, a loss of a ful l  core, i s  once in about every 6000 years 

(1 .4  x 1 o - ~ ) .  



TABLE 7 .  Conditional P r o b a b i l i t y  t h a t  Personnel i n  a t  Least  
2 ,  3 ,  o r  4 Quads Would Experience the  Computed 
Radiat ion Doses from the  Passing Cloud Following a  
Release from a  Reactor Accident a t  an HNEC 
(The f i r s t  2000 seconds)  

Radiat ion Dose i n  Rem, Conditional Probabil  i  t i e s  of  
Assuming Shie l  ding a t  Least  2  Quads 2eing Exposed, 

Factor  of  0.2 Same - 22 

The ac tua l  p r o b a b i l i t i e s  of  M o r  more quads being involved i n  any r e l e a s e  

i s  ob ta ined  by f a c t o r i n g  i n  t h e  cond i t i ona l  p r o b a b i l i t y  of a  r e a c t o r  acc iden t  

of t h i s  type  occu r r ing ;  namely, 

Pa = P ( a c t u a l )  = N x P ( l )  where 

N = Number o f  r e a c t o r s  a t  t h e  s i t e  

P ( l )  = p r o b a b i l i t y  of  t h i s  type of  acc iden t  f o r  

one r e a c t o r  = 8 x 1 0 - ~ / r e a c t o r  y e a r  (Table 5 )  

P(A) = 20 x 1  x 1 0 - ~ / r e a c t o r  y e a r  

P(A) = 1 .6 x 1   reactor y e a r  

Thus, i f  each o f  t h e  cond i t i ona l  p r o b a b i l i t i e s  given i n  Table 7 were mu1 t i p l i e d  

by 1.6 x t h e  r e s u l t  would be a  t a b u l a t i o n  in  ac tua l  p r o b a b i l i t i e s  f o r  M 

o r  more quads having t h e  a s s o c i a t e d  doses from a  passing cloud.  



I n  t h i s  manner t h e  a c t u a l  p r o b a b i l i t i e s  o f  M o r  more quads be ing  i n v o l v e d  

w i t h  d i f f e r e n t  dose l e v e l s  due t o  t h e  passage o f  t h e  c l o u d  a r e  developed f rom 

Table 1  and  g i ven  i n  Tables C-1 th rough C - 5  i n  Appendix C.  

The a c t u a l  p r o b a b i l i t i e s  o f  t h r e e  o r  more r e a c t o r s  i n  t h e  same quad as 

t h e  a c c i d e n t  w i t h  d i f f e r e n t  dose l e v e l s  due t o  t h e  passage o f  t h e  c l o u d  a r e  

developed as a  s p e c i a l  case and a r e  g i ven  i n  Table C-1. 

The exposures va ry  w i t h  t he  t imes shown a f t e r  t h e  a c c i d e n t  due t o  t h e  

r a p i d  decay o f  some r a d i o n u c l i d e s  and due t o  d e p l e t i o n  o f  t h e  c l o u d  due t o  

f a l l o u t .  The p r o b a b i l i t i e s  o f  t h e  nea res t  r e a c t o r s  (same quad) be ing  i n v o l v e d  

w i t h  s u b s t a n t i a l  doses i s  t h e  same as t h e  p r o b a b i l i t y  o f  t he  acc iden t ,  

1  x  r e a c t o r / y r .  I f  an acc iden t  does occur ,  t h e  p r o b a b i l i t y  i s  h i g h  t h a t  

t h e  r e a c t o r s  i n  t h e  nea res t  quad w i l l  be h e a v i l y  i nvo l ved .  The p r o b a b i l i t y  o f  

a t  l e a s t  23 quads ( t h i r t e e n  r e a c t o r s  o r  more) be ing  i n v o l v e d  i s  s i g n i f i c a n t l y  

l e s s  and f o r  a l l  5 quads ( twen ty  r e a c t o r s )  t h e  occurrence i s  p o s s i b l e  b u t  i t s  ' 

p r o b a b i l i t y  v a n i s h i n g l y  low. 

DEVEiGPMENT OF DOSE RATES DUE TO DEPOSITION 

The exposure due t o  d e p o s i t i o n  ( f a 1  l o u t )  i s  c a l c u l a t e d  i n  terms o f  a  dose 

r a t e  where t h e  exposure f rom t h e  pass ing  c l o u d  ( a i r  submersion) was es t ima ted  

i n  t o t a l  dose i n  rem t h a t  r e s u l t e d  d u r i n g  t h e  h a l f  hour  passage o f  t h e  c l oud .  

The dose r a t e s  o f  i n t e r e s t  a r e  those w i t h i n  a  r e a c t o r  b u i l d i n g ,  c o n t r o l  room 

f o r  example, f rom ground con tamina t ion  o u t s i d e .  The r a d i o n u c l i d e s  used t o  

develop dose r a t e s  f rom ground con tamina t ion  a r e  taken f rom t h e  r e f e r e n c e  

s tudy  . (3 )  Th i s  s e l e c t i o n  was based on t h e  r a d i o a c t i v e  h a l f - l i f e  and t h e  t ype  

and t h e  energy o f  t h e  e m i t t e d  r a d i a t i o n  which a r e  impo r tan t  t o  e x t e r n a l  exposure 

f rom ground d e p o s i t i o n .  These s e l e c t e d  n u c l i d e s  were d i v i d e d  i n t o  two groups 

acco rd ing  t o  h a l f - 1  i f e  as shown i n  t h e  f o l l o w i n g  Table 9 .  S e c t i o n  I o f  t h e  

t a b l e  l i s t s  t h e  r e l a t i v e l y  l o n g - l i v e d  spec ies;  t he  c o n t r i b u t i o n  f r om these  t o  

t h e  r a d i a t i o n  l e v e l  i s  e s s e n t i a l l y  cons tan t  ove r  t h e  t ime  p e r i o d  o f  i n t e r e s t  

here; namely, approx imate ly  s i x t y  days. Sec t i on  I I con ta ins  t he  sho r t - 1  i ved 

spec ies whose c o n t r i b u t i o n  w i l l  decrease ove r  t he  t imes o f  i n t e r e s t ,  some very  

r a p i d l y .  



TABLE 8 .  Radionuclides Used f o r  Ground Deposition 
(WASH-1400, Appendix VI, 8 .3 .1 .2)  

Section I 

Long-Ten Isotopes Used, Where e-'%l 
Hal f -Life  

Species Days 

Section I1 

Shorter-Term Isotopes 
Hal f-Li f e  

Species Days 

3 6 ~ s  13 

1311 8.05 

0 3 ~ u  39.5 

9 7 ~ r  0.71 

9 5 ~ b  35 

Source Conversion 

Converting the  rad ioac t iv i ty  from the  above species t o  dose r a t e s  was done 

a s  follows: 

DR = Dose Rate, mrem/hr 

D R  = Dose Factor,  a value in  mrem/hr/p~i/m2 - (Reference, Nuclear 

Regulatory Guide 109, page 1 .109-41 , Tab1 e E-6 
2 Whole body dose from surface  contamination in pCi /m .) 

2 
D / Q  = Normalized surface  concentrat ion (I/m ) as  a function of 

Hanford meteorology--Reference 4 ,  o r  see  Table 2 of 

t h i s  r epor t .  

S = Source term, given in pCi f o r  each isotope,  Reference 

Tables 4 and 5. 

e = Correction f o r  radioact ive  decay. 



For example, the contribution of the dose ra te  from ' 3 7 ~ s  on  contaminated 

ground was determined by 

8 
OR1 37 = 98.7 x 10 x D/Q (rnrem/hr-rn2) (D/Q values as in Table 2 )  

Tabl e 9 summarizes these resul t s  fo r  a1 1 of the nucl ides invol ved in a 

dose ra te  from ground contamination. 

TABLE 9. Development of Dose Rate Factors for  B o t h  Long-Term 
and Short-Term Isotopes 

2 Dose mremlhr-m x 10 9 
~ 1 / 2  > 60 days 

Nucl ide Dose mremlhr-rn2 x 109 Nucl i de T' I2  > 60 days ( a t  T = 0)  

TOTAL 

TOTAL 59 x lo9 

From the above, the nuclides with the shorter half l ives  contribute the 
major portion of the dose ra te  immediately a f t e r  the passage of the cloud. 

Shortly a f t e r  twenty-one days, the contribution from the 1 onger ha1 f-1 i fe  

nucl ides becomes predominant. Tabl e 10 i 11 ustrates th i s .  



TABLE 10. Dose Rates i n  mremlhr-mL as a  Func t ion  o f  Time 

T o t a l  
Elapsed C o n t r i b u t i o n  f rom Sho r te r  ~ o n ~ e r ( a )  p l  us Sho r te r  
Time, Hal f - L i f e  Nucl i d e s  9 Hal f - L i f e  M a t e r i a l  , 
Days mrem/hr-m2 x 10 nlrem/hr-m2 x 109 

( a )  Longer 1  i f e  nuc l  i des  c o n t r i b u t e  e s s e n t i a l  l y  a  cons tan t  
59 mrem/hr-m2 x 109 

The i n f o r m a t i o n  f rom t h e  To ta l  column i n  t h e  above summary, when mu1 t i- 

p l i e d  by t h e  a p p r o p r i a t e  norma l i zed  concen t ra t i ons  g i ven  i n  Table 2  w i l l  y i e l d  

dose r a t e s  a t  t h e  s e l e c t e d  days a f t e r  t h e  acc iden t .  

Then, t h e  c o n d i t i o n a l  p r o b a b i l  i t i e s  r e s u l t  t h a t  these dose r a t e s  would 

occur  t o  those s tand ing  on t h e  ground o u t s i d e  o f  t h e  r e a c t o r  b u i l d i n g s  i n  a t  

l e a s t  M quads, assuming t h a t  an a c c i d e n t  occurs a t  one u n i t .  

S h i e l d i n g  f a c t o r s  f rom uneven ground (0 .7 )  and a windowless b u i l d i n g  (0 .2 )  

would reduce t h e  dose r a t e s  t o  those i n s i d e  by a  f a c t o r  o f  0.14. A conserva- 

t i v e  es t ima te  o f  a t t e n u a t i o n  o f  t h e  dose due t o  d i s t a n c e  f rom the  source t o  

those i n s i d e  i s  es t ima ted  t o  be ano ther  0.7.  A  more r e a l i s t i c  a t t e n u a t i o n  f a c -  

t o r  would be g r e a t e r  by a t  l e a s t  a  f a c t o r  o f  10. But, t o  be conse rva t i ve ,  a  

t o t a l  s h i e l d i n g  f a c t o r  o f  j u s t  0.1 i s  thus  assumed (0.7 x 0.2 x 0 .7 ) .  A  f u r -  

t h e r  s i g n i f i c a n t  r e d u c t i o n  o f  t h e  source l e v e l  f rom t h e  most p r e l i m i n a r y  

decontaminat ion e f f o r t s  i s  a l s o  n o t  i nc l uded .  I t was assumed, however, t h a t  

i n t a k e  v e n t i l a t i o n  f i l t e r i n g  systems f u n c t i o n e d  as designed w i t h  no r a d i o a c t i v e  

m a t e r i a l  e n t e r i n g  t h e  f a c i  1  i t i e s  t o  c o n t r i b u t e  t o  dose l e v e l  s  i n s i d e .  



As an example, the dose ra te  inside a building a f t e r  fourteen days, 

assuming an involvement outside of 1 x (m-') (Tabl e 3) would be as fol lows: 

The probability of a t  l eas t  tko quads having th i s  dose ra te  would be 

obtained from Table 2 a t  the involvement level of 1 x inm2. 

A new s e t  of tab1 es developed from Tabl e 2 b u t  expressed in terms of dose 

rates  a t  several f i n i t e  times following the accident i s  given in Appendix C .  

CONCLUSIONS - ACCIDENT REV-IEM 

The resu l t s  are  given in terms of the most probable involvements based 

on several assumptions i n  meteorology. ( 4 )  For the dose within bui 1 dings 
due to a passing cloud, lethal doses are not predicted for  any who remain 
inside during the passage; b u t  these doses are ,  however, for  the reactors 

in the same and next quads as the accident, substant ial .  If any are  caught 
outside and remain subnersed in the cloud fo r  the time estimated f o r  i t  to  
pass, a lethal dose i s  predicted. Emergency procedures for  th i s  low proba- 

b i l i t y  event, once about every 6000 years,  can be expected t o  be in place 

to  prevent t h i s .  These procedures would be essent ial ly  the same as required 

for  other accidents involving a reactor core. Most of these would not 
r e su l t  in accidental releases,  b u t  fu l l - sca le  emergency procedures would be 

constantly available i f  needed. For the reactors more d is tan t  from the 
accident, the times available to  take proper actien prior to arr ival  of the 

cloud and the much lower doses that  occur, r e su l t  in no real threa t  t o  

personnel assuming proper actions are  taken. From contaminated ground from 

fa l lou t  a t  reactor s i t e s  near the accident, the dose rates  are  predicted to 

be s igni f icant  for the greater releases. Substantial decontamination ef for t s  

are predicted t o  be required to restore nearby reactors t o  operating s ta tus .  

For example, surface dose rates of about 75 mrem/hr outside ( 7 . 5  mrem/hr 

inside)  are  estimated to be possible for  a t  l eas t  f i f teen  reactors a1 t h o u g h  

50 times less  probable than the accident i t s e l f .  Manageable dose ra tes  how- 

ever r e su l t  even in the worst predicted case. Some reduction will occur as 



the radionuclides decay with time, b u t  the real reductions in dose rates  i n  

reasonable time periods will resu l t  only from decontaminating each affected 
s i t e .  

The r isk of t h i s  event when the consequences are  loss of generating 

capabi l i ty ,  compare favorably w i t h  rare  natural events. I t  was shown tha t  a 
loss of generating capacity from a c lass  nine accident a t  an H N E C  i s  l e s s  

l ike ly  than a loss  of generating capacity from an ashfall  from volcanic 

ac t iv i ty  in the Cascades and s ignif icant ly less  l ike ly  than a loss of gener- 

ating capacity from an Operating Basis Earthquake. (''I See Appendix D. 

I n  t h i s  review, numerically conservative values of dose and dose rates  

were developed and meteorology parameters specif ic  to  Hanford were used. This 

analysis while adequate t o  indicate probable exposures and consequences, i s  

not a detailed safety analysis.  Such an analysis would be a subject for  

fur ther  development of the HNEC concept. 

Finally, the probability of occurrence of the accident selected as the 
example in t h i s  review from the reference report;( ') namely, the PRW-2, i s  

used throughout as single valued. A t  best ,  i t  i; an estimate w i t h  some error  

bounds which i f  developed in the reference report were not given. Knowing 

the conservatism tha t  was used in tha t  report to  develop the estimate, i t  

seems plausible to  accept i t  as a reasonable approximation. As such, i t  i s  

ut i l ized here to  make comparisons w i t h  estimates of the frequency of occur- 
rence of other rare  events to  provide perspective among them. This proce- 

dure was used knowing tha t  estimating the frequency of occurrence of any 
rare  event i s  an uncertain process. 
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APPENDIX A 

REVIEW OF THE FEDERAL CODES 

The Code of Federal Regulations 10 CFR, par t icular ly Parts 50 and 100, 

contain sections tha t  may a f fec t  b u t  apparently not l imit  the concept of an 
H N E C .  Appendix A of 10 CFR 50, General Design Cri ter ia  for  Nuclear Power 

Plants, includes a  few c r i t e r i a  tha t  impact multi-unit s ta t ions more or less  

direct ly .  These c r i t e r i a  a re  quite general however, and, as currently 

issued are not limiting fo r  multi-unit s i t e s  a t  an HNEC. The following 
summarizes these specif ic  c r i t e r i a  which impact multi-unit s ta t ions.  

No. - Ti t l e  Impact 

5  Sharing of Structures For systems involving safety. 
Systems and Components designs for  sharing must not 

impair a b i l i t y  t o  perform the i r  
safety functions including an 
accident i n  one and an orderly 
shutdown and cool down in remain- 
ing units.  

Electric Power Systems Perhaps the most detailed of these 
design c r i t e r i a  and incl uding 
o f f s i  t e  power requirements for  
safety functions. Offsi t e  power 
c r i t e r i a  w i  11 a f fec t  mu1 t i-uni t 
s i t i ng .  

Inspection and Testing of Designs must a1 low test ing and 
Electric Power Systems t ransfer  of power including 

o f f s i t e  power systems. 

Residual Heat Removal Cri ter ia  included for  o f f s i t e  
power to provide necessary 
safety functions. 

Cooling Water Cri ter ia  incl uded for  offs i  t e  
power to t ransfer  heat load t o  
ultimate heat sink. 

Other examples of the need t o  s a t i s fy  these basic design c r i t e r i a  in 10 CFR 50 

may develop i f  multi-unit s i t e s  come into being and a  pooling among stat ions of 

equipment, manpower, or services may be proposed. 



A recent addition to  10 CFR 50, paragraph 34 , (a)  re la t ive  to maintaining 

in tegr i ty  of s t ructures ,  systems, and components important to safety during 

construction a t  multi-unit s i t e s  would not impact the HNEC concept. I t  i s  
unlikely tha t  construction underway on reactor operation a t  one multi-unit 
s ta t ion  i s  l ike ly  to  a f fec t  construction or operation a t  another multi-unit 

s ta t ion a t  an HNEC. 

Part 100 of 10 C F R ,  Reactor S i t e  Cr i te r ia ,  includes c r i t e r i a  for  consider- 

ation for  s i t i ng  multiple reactor f a c i l i t i e s .  The c r i t e r i a  in t h i s  Code tha t  
re la te  most to an HNEC are those tha t  1 imi t radioactive eff luents  from a l l  LWRs 

a t  a s i t e .  As above, as can be determined from just  a concept of an HNEC, the 
impact of these c r i t e r i a  have been reviewed and n o t  found limiting in other 

sections of the conceptual study including the radiological section. 

The Environmental Protection Agency ( E P A )  issued new regulations consisting 

of the addition of a new Subchapter F and Part 190, in January 1977. ( b )  These 

give environmental radiation protection standards for  nuclear power operations. 

I n  the discussion of major issues tha t  had been raised during the comment 

period, some conclusions were made by EFA regarding the impact on the new 

standards of mu1 t i  -uni t s i  tes  . 

The Agency inferred tha t  mu1 t i -un i t  s i t e s  closer than ten miles may require 

special a t tent ion during licensing and tha t  for  s i t e s  containing u p  t o  f ive  

reactors,  conformance t o  c r i t e r i a  in 10 C F R  50, Appendix I ,  by these mu1 t i - u n i t  
s ta t ions should provide reasonable assurance of compl iance with these new E P A  

standards. Considering the long distance from any multi-unit s i t e  a t  Hanford 

to the nearest populated zone, the conclusion relat ing to the ten miles between 
s i t e s  does not appear to be l imiting to the HNEC concept. The conclusion i s  

not however a part  of the Federal Code. 

( a )  Federal Register, Vol. 43, No. 135, Thursday, July 14, 1977. 

( b )  Federal Register, 1/01 . 42, No. 9 ,  Thursday, January 13, 1977. 
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APPENDIX B 

REVIEW OF REGULATORY GUIDES 

None of the current regulatory guides are  directed t o  energy centers as 

indicated in the text .  Moreover not much gufdance f o r  energy centers speci- 
f i c a l l y  can be inferred from those guides which mention s i t i ng  multj-unit 
s ta t ions.  

However, the concept of several mu1 t i -un i t  s i t e s  a t  an H N E C ,  developed 

sequentially as separate s ta t ions ,  i s  interest ing largely because of the land 
areas available f o r  s i t i n g ,  low population zones plus other technical and 

environmental features unique t c  an HNEC tha t  a re  described elsewhere in 

these analyses. This concept was included during the following review of 
the Regulatory Guides. 

Regul atory 
Guide No. T i t l e  

1.6 Independence Between Redundant 
Standby (Onsi t e )  Power Sources 
and Between Their Distribution 
Systems 

1.27 Ultimate Heat Sink 

1.32 Cri ter ia  fo r  Safety-Re1 ated 
Electr ic  Power systems f o r  
Nucl ear Power Sys tems 

1.75 Physicai Independence c f  
Electrical Systems 

Synopsis 

Matter of nearby hydroelectric, 
nuclear or foss i l  units as 
standby power sources a t  multi- 
ple-unit s i t e s  to  be evaluated 
on individual case basis. 

In a multi-unit s t a t ion ,  safety 
design precludes more than one 
reactor unit  in accident con- 
di t ion a t  one time - "an u l t i -  
mate heat sink complex serving 
mu1 t i p l e  units should be cap- 
able.. . cooling a1 1 units i t  
serves. " 
This subject wa addressed 
i n  t h i s  review.fa) 

Some e lec t r ica l  systems are  
forbidden to  be shared by 
multi-unit s ta t ions  b u t  i s  
not l imiting to HNEC in 
current designs. 

Not applicable to  concerns for  
mu1 t i-uni t instal  la t ion.  

( a )  Heat Sink Management Studies, L .  D .  Kannberg. 



Regulatory 
Guide No. T i t l e  Synopsis 

1.81 Shared Emergency and Shutdown Provides guidance o n l y  t o  a  
Systems f o r  M u l t i - U n i t  Nuclear m u l t i - u n i t  s t a t i o n  and sha r ing  
Power P lan ts  o f  systems and coniponents 

onsi  t e  o f  mu1 t i - u n i  t s t a t i o n s .  

1.91 A v a i l a b i l i t y  o f  E l e c t r i c  Power R e l a t i v e  t o  o f f s i t e  power source, 
Sources ope ra t i ng  guidance i s  g iven 

when one i s  l o s t .  A v a i l a b i l -  
i t y  o f  adequate o f f s i t e  backup 
power f o r  an HNEC can be met 
b u t  many more s t a t i o n s  may e 

depend on i t s  r e l i a b i l i t y  t o  
always p rov ide  two ope ra t i ng  
sources, f o r  each r e a c t o r  

1.109 C a l c u l a t i o n  o f  Annual Doses t o  i n  the  several  quads a t  an HNEC 

Man f rom Routine Releases o f  \ w c .  
Reactor E f f l u e n t s  f o r  Eva1 u- 
a t i n g  Compliance w i t h  10 CFR 50, 
Appendix I. 

1.111 Methods f o r  Es t imat ing  Atmo- 
spher ic  Transport  and D ispers ion  
o f  Gaseous E f f l u e n t s  i n  Rout ine 
Releases f rom Light-Water-cooled 
Reactors. 

1  . I 1 2  C a l c u l a t i o n  o f  Releases o f  Radio 
a c t i v e  M a t e r i a l s  i n  Gaseous and 
L i q u i d  E f f l u e n t s  f rom L i g h t -  
Water-Cool ed Power Reactors. 

These a re  guides t o  imple-  
m e n t  ( i n  p a r t )  Appendix I, 
10 CFR 50 

1  . I 13  Es t imat ing  Aquat ic  D ispers ion  o f  
E f f l u e n t s  f rom Accidenta l  and 
Rout ine Reactor Releases f o r  t he  
Purpose o f  Imp1 ementing 
Appendix I. 

There a r e  o t h e r  guides t h a t  w i l l  r e l a t e  t o  the  ex is tence o f  m u l t i - u n i t  

s t a t i o n s .  Emergency Plans, Regulatory Guide 101, w i l l  have t o  be cognizant  

o f  t h e  presence of  mu1 t i - u n i  t s t a t i o n s  and i nc lude  t h e i r  presence. 

Nearby m u l t i - u n i t  s t a t i o n s  may be suppor t i ve  o f  each o t h e r  i n  emergency 

p lann ing  perhaps and c e r t a i n l y  i n  t he  p o o l i n g  o f  e f f o r t s  t o  ma in ta in  indus- 

t r i a l  s e c u r i t y  Regulatory Guide 1.17, P r o t e c t i o n  o f  Nuclear Power P lan ts  

Aga ins t  Sabotage. Some e x i s t i n g  requirements can be r e i n f o r c e d  by t h e  pre- 

sence o f  mu1 t i - u n i t  s t a t i o n s  a t  an HNEC. 
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AIR SUBMERSION AND GROUND DEPOSITION 

TABLE C-1. P r o b a b i l i t y  x t h a t  a t  Least M Reactors 
i n  t he  Same Ouad as t h e  Acc ident  Would be 
Invo lved.  ~nvo lvernent  i s  def ined as the  
dose rece i ved  i n s i d e  a  r e a c t o r  b u i l d i n g ,  as 
i n d i c a t e d  i n  Column 1, f rom t h e  passage o f  
t h e  r a d i o a c t i v e  c l o u d  1000 seconds a f t e r  a  
re1  ease. 

Number o f  Reactors 

Rem 3 4 5 - - - 

Example--The p r o b a b i l i t y  o f  a t  l e a s t  f i v e  reac to rs  ( i f  

the  quad has f i v e )  r e c e i v i n g  6  rem w i t h i n  

1000 seconds (approx imate ly  17 minutes)  a f t e r  

a  re lease  a t  another  r e a c t o r  i s  6  x 

(0.6 x 1 x per  r e a c t o r  year ,  a  frequency 

o f  once about every 16,000 years .  Thi s  tab1 e  

i s  a  spec ia l  case i n  e s t i m a t i n g  doses w i t h i n  a  

quad. For  up t o  1000 seconds and more f o l l o w -  

i n g  an acc ident ,  the  o n l y  quad i n v o l v e d  i s  t h e  

one c o n t a i n i n g  t h e  r e a c t o r  having t l i e  acc ident .  



TABLE C-2. Probability x t ha t  a t  Least 2 Quads 
Would be Involved Following an Accident a t  
an H N E C .  Involvement i s  defined as the dose 
received inside a reactor building, as indi- 
cated in Column 1 ,  from the passage of the 
radioactive cl oud 2000 seconds (33 minutes) 
a f t e r  a release.  

Rem 
Probabi 1 i ty  
2 2 Quads 

Example--The useful probabi l i t ies  here are those associated 

with > 2  - quads as the cloud moving a t  2 t o  3 m/sec 
could reach quads adjacent to  the accident s i t e .  
A dose of 5 .6  rem would af fec t  a t  l eas t  2 quads 
with a probability of 2 x or with a f re-  
quency of once about every 50,000 years. The 

er ror  band in the probability estimate may be 

2 or 5 or even 10 times lower. The correspond- 
ing frequency may be once every 5,000 years. 

The conclusions are not changed however. The 

range of dose expected would extend from 120 

to 0.1 rem. 



T A B L E  C-3. Probabi l i ty  x that a t  Least M Quads 
Would be Involved Following an Accident a t  
an HNEC. Involvement i s  defined as the dose 
received ins ide  a reactor  building,  a s  indi-  
cated in Column 1 ,  from the  passage of the 
radioact ive  cloud 5000 seconds (1 hr, 23 min) 
a f t e r  a  re1 ease.  

Probabi 1 i t y  

Rem 22 Quads 23 Quads 24 Quads 

The elapsed time i s  s u f f i c i e n t  t o  involve a t  l e a s t  13 reactors .  (23 quads) 

Example--The probabi 1 i  t y  of a t  l e a s t  3 quads (21 3 reac to rs )  receiving 

5.2 rem i s  5 x (1 x l o v 4  x 0.05) a frequency of once 
about every 200,000 years .  



TABLE C-4. Probabi l i ty  x t h a t  a t  Least M Quads 
Would be Involved Fol lowinq an Accident a t  
an H N E C .  Involvement i s  defined as the  dose 
received ins ide  a reac to r  building,  a s  indi-  
cated i n  Col umn 1 , from the passage of the 
radioact ive  cloud 10,000 seconds ( 2  hr, 
46 min) a f t e r  a  re lease  

Probabil i  t y  

Rem 22 Quads 1 3  Quads 2 4  Quads 

The elapsed time i s  s u f f i c i e n t  a t  wind speeds of 2 t o  3 m/sec f o r  the  

cloud t o  reach the  quad containing a f i f t e e n t h  reac to r .  

Example--The p robab i l i ty  of  a dose of 2 rem in  a t  l e a s t  4 quads (15 reac 

t o r s )  i s  3 x ( 3  x lo-' x o r  once about every 

330,000 years .  I t  i s  about 50 times l e s s  probable a t  HNlIC f o r  

a t  l e a s t  15 reactors  t o  have this dose a s  a s  i t  i s  f o r  reactors  

in  the  same quad as  the accident  t o  have the  dose. 

(1.6/0.03 = 50) .  



TABLE C-5. Probabi l i ty  x t h a t  a t  Least M Ruhds 
Would be Involved Fol lowinq an Accident a t  
an HNEC. Involvement i s  defined as  the dose 
received ins ide  a reac to r  building,  a s  indi - 
cated in  Column 1 ,  from the passage of the  
radioact ive  cloud 20,000 seconds ( 5  hr, 
33 min) a f t e r  a re lease  

Probabi 1 i ty  

Rem 23 Quads 23 Quads 1 4  Quads 

Example--As in the  case of the re lease  a f t e r  10,000 seconds the p robab i l i ty  

of a t  l e a s t  4 quads (215 r eac to r s )  receiving a dose o f  1 .S rem 

i s  3.0 x 1 o - ~ ,  about once every 330,000 years .  



TABLE C-6. P r o b a b i l i t y  x  t h a t  a t  Leas t  M Quads 
Would be I n v o l v e d  F o l l o w i n q  an Acc iden t  a t  
an HNEC. Invo lvement  i s  def ined as t h e  dose 
r a t e s  i n s i d e  r e a c t o r  b u i l d i n g  f r om ground con- 
t a m i n a t i o n  o u t s i d e  on same day as t h e  a c c i d e n t .  

Probabi 1  i t y  

Dose Rate Same Quad 22 Quads 23 Quads 24 Quads 

Example--On t h e  same day of t h e  acc iden t ,  t h e  p r o b a b i l i t y  o f  a t  l e a s t  

3 quads hav ing  56 mrem/hr w i t h i n  t h e  r e a c t o r  b u i l d i n g  i s  

5 x  I C I - ~ ,  i e . ,  a t  a  frequency of  once about  every  200,000 yea rs .  



TABLE C-7. Probab i l  i t y  x  t h a t  a t  Leas t  M Quads 
Would be I n v o l v e d  Fof l o w i n g  an Acc iden t  a t  
an HNEC. Invo lvement  i s  d e f i n e d  as t h e  dose 
r a t e s  i n s i d e  r e a c t ~ r  b u i  1  d i n g  f o l  1  owing t h e  
a c c i d e n t  by 7 days 

Probabi 1  i t y  

Dose Rate Same Quad 52 Quads ~3 Quads 2 4  Quads - 

Example--The p r o b a b i l i t y  o f  a t  l e a s t  4 quads hav ing  20 mrem/hr 

i n s i d e  t h e  b u i l d i n g s  7 days a f t e r  t h e  a c c i d e n t  i s  3  x 

o r  once about  every  333,000 years .  



TABLE C-8. Probab i l i ty  x 1 0 ' ~  t h a t  a t  Least M Quads 
Would be Involved Followinq an Accident a t  
an H N E C .  Involvement i s  defined a s  the  dose 
r a t e s  i n s i d e  r e a c t o r  bui ld ing  fol lowing t h e  
acc iden t  by 14 days. 

Probabi 1 i t v  
Dose Rate 

1 . 5  rem/ hr 

0.71 remlhr 

0.329 rem/hr 

1 50 mrem/ hr 

71 mremlhr 

33 mrem/hr 

15 mremlhr 

7 mrem/hr 

3 mrem/hr 

1 .5  mremlhr 

>O mrem/hr 

Same Quad 

1.6 

1 . 6  

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1 . 6  

22 Quads 23 Quads . 14 Quads 

Example--The probabil i t y  of a t  l e a s t  4 quads (21 5 r e a c t o r s )  having 

a 15 mrern/hr dose r a t e  i n s i d e  t h e  bui ld ing  a f t e r  14 days 

i s  3 x 1 o - ~ ,  o r  about  once every 333,000 yea r s .  



TABLE C-9. P r o b a b i l i t y  x 1 0 ' ~  t h a t  a t  Leas t  M Quads 
Would be Involved Fol lowinq an Accident a t  
an HNEC.  Involvement i s  def ined  a s  t h e  dose 
r a t e s  i n s i d e  r e a c t o r  bu i ld ing  fo l lowing  t h e  
the  a c c i d e n t  by 30 days. 

Probabil  i t y  

Dose Rate Same Quad 22 Quads 23 Quads 24 Quads 

1 remlhr 

470 mremlhr 

218 mremlhr 

100 mremlhr 

47 mremlhr 

22 mremlhr 

10 mrern/hr 

4.7 mremlhr 

2.2 mrem/hr 

1 .0  mremlhr 

>O mremlhr 

Exampl e--The probabi l  i  t y  o f  a t  l e a s t  2 quads (27 r e a c t o r s )  having 

10 mrem/hr i n s i d e  t h e  r e a c t o r  bu i ld ing  30 days a f t e r  t h e  

a c c i d e n t  i s  2.5 x I G - ~ ,  o r  about  once every 40,000 y e a r s .  



TABLE C-10. P robab i l i ty  x t h a t  a t  Least M Quads 
Would be Involved Following an Accident a t  
an H N E C .  Involvement i s  defined a s  the  dose 
r a t e s  i n s i d e  r e a c t o r  bui 1 ding fo l  1 owi ng t h e  
acc iden t  by 60 days. 

Probabil i  t v  

Dose Rate 

757 mrernlhr 

351 mremlhr 

163 mremlhr 

75.7 mremlhr 

35.1 mremlhr 

16 .3  mremlhr 

7.6 mrernlhr 

3.5 mremlhr 

1.6 rnremlhr 

0 .8  mremlhr 

>O mremlhr 

Same Quad 2 2  Quads 23 Quads 24 Quads 

Example--The probabil i t y  of a t  l e a s t  3 quads (111 r e a c t o r s )  having 

7-112 mremlhr i n s i d e  the  r e a c t o r  bui ld ing  60 days a f t e r  

t h e  acc iden t  i s  1 .1  x l om5,  o r  a t  a frequency of once about  

every 90,000 yea r s .  
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APPENDIX D 

EVALUATION OF THE CONSEQUENCES 

One of  the  p r e d i c t a b l e  consequences of a  c lass  n ine  acc ident  a t  an HNEC i s  

l o s s  o f  genera t ing  capac i t y  f o r  f i n i t e  per iods  o f  t ime f o l l o w i n g  the  accident .  

Est imates o f  t he  consequences have been p r e d i c t e d  based on several assunip- 

t i o n s .  A l l  twenty o f  t he  p r o j e c t e d  reac to rs  a re  i n  p lace.  A t  any one t ime a t  

l e a s t  f o u r  a r e  down f o r  r e f u e l i n g  o r  maintenance. Emergency procedures i n  

p lace  a t  t he  t ime o f  the  acc iden t  may f o r c e  every r e a c t o r  t o  shut  down a t  l e a s t  

t o  h o t  standby. A f t e r  two days as an average, a l l  u n i t s  n o t  a f fec ted  o r  

a f fec ted  o n l y  t o  low l e v e l s  o f  contaminat ion a r e  back i n  serv ice .  Some u n i t s  

may be back i n  se rv i ce  w i t h i n  hours w h i l e  o thers  des t ined t o  e a r l y  r e t u r n  t o  

s e r v i c e  may take l onger .  

Using these assumptions, maximum and minimum probable losses  o f  genera t ing  

capac i t y  were developed. The r e s u l t s  a re  g iven i n  t h e  f o l l o w i n g  tab1 es. 

- 
TABLE D-1. Maximum Outage Occurence. Energy generat ion 

l o s s  f rom 16 u n i t s  o u t  o f  se rv i ce  due t o  the  
acc iden t  f o r  t h e  i n d i c a t e d  lengths  of t ime.  

Time Requi red  
t o  Decon tami na t e  , Generat ion Loss, 

days Outage Desc r ip t i on  GW-hr 

5  U n i t  S i t e  ( i nc ludes  s i t e  o f  6480ia) 
a c c i d e n t ) - - a l l  u n i t s  up a t  t ime 
o f  acc ident  

15 4 U n i t  Adjacent  Quad 
A l l  u n i t s  up 

10 4  U n i t  Quad Beyond 
A l l  u n i t s  up 

4  U n i t  Quad beyond the above 
3 o f  4 u n i t s  up 

(a )  6480 GW-hr = 45 days x 24 hr/clay x  1.2 GW/unit x 5  u n i t s .  

D- 1 



In a s imilar  manner, the total  generation loss for  the d i f fe rent  involve- 

ment of the reactors was determined. Involvement included both number of quads 

involved plus the maximum and minimum of reactors involved in one of the quads, 
with a l l  units u p  a t  the time of the accident. The var iab i l i ty  of involvenient 

i s  assumed to be a resu l t  of an arb i t ra ry  wind direction and orientation of the 

reactors. - 

TABLE D-2. Summary of Energy Generation Loss 

Probabi 1 i ty 
Number of Occurrence 

of Quads Maximum Loss, Minimum Loss, in Units of 
I nvol ved GW-hr GW-hr 10-4 

The probabili ty of occurrence, column four in Table 6 was obtained from a 

table essent ia l ly  equal to Table C-9 b u t  computed fo r  a 45-day decay period. 

The data from Table D-2 i s  shown in graphical form in Figure 3 .  The capacity, 

in gigawatts shown as the abscissa,  refers  to  the amount of generating capct i ty  

l o s t  from the various quads depending on the i r  involvement. The lower ordinate 
gives the corresponding energy generation 1 oss in gi gawatt-hours (GW-hr) . The 
upper coordinate gives the probabi l i t ies  tha t  a re  associated with d i f fe rent  
capaci ty 1 oss (quads i nvol ved) . 

The dotted horizontal 1 ine assumes a fixed probabil i ty  of loss  of any 
amount of capacity due to administrative procedures tha t  force an extended 

shutdown of a l l  units a t  an H N E C  i f  an accident occurs. The top curve i s  the 

expected probabi l i t ies  assuming only administrative procedures permit those 

reactors not involved to  continue service a f t e r  a brief interpretat ion.  



PROBAB IL lTY OF FORCED OUTAGE W ITH 
ADMINISTRATIVE REQU I REMENT THAT ALL LJN ITS 

- SHUTDOWN I F  ONE HAS A RELEASE 1 - - - - - - - - - - -  
- - - 
- PROBABILITY THAT R A D I A T I ~ ~  LEVELS - 

WILL EXCEED L IMITS - 
- 
- 
- 

- - - - - - 
- 

X - CAPACITY, G IGAWAITS 

FIGURE 3. Energy Generation Loss 
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