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SUMARY AND CONCLUSIONS 

Th is  Environmental Statement was prepared by the  U. 5 .  Atomic Energy Commission, 
D i r e c t o r a t e  o f  L icens ing .  

1. This a c t i o n  i s  admin i s t ra t i ve .  

2. The proposed a c t i o n  i s  t h e  issuance o f  cons t ruc t i on  ps rm i t s  to  the  Conwonwealth Cdison 
Company f o r  t he  c o n s t r u c t i o n  o f  t h e  Braidwood S t a t i o n ,  Un i t s  1 and 2 (Docket Nos. STN 50-456 
and STN 50-457), l oca ted  near the  Kankakee R i v e r  i n  W i l l  County, I l l i n o i s ,  and scheduled f o r  
c o n e r c i a l  se rv i ce  i n  e a r l y  1980 and l a t e  1981. 

wat ts  thermal (MWt). Two s t e a m t u r b i n e  generators w i l l  use t h i s  heat t o  p rov ide  2240 MW (net! 
o f  e l e c t r i c a l  power capac i t y .  
ob ta ined f rom an a r t i f i c i a l  c o o l i n g  lake .  
Kankakee R i v e r  and blowdown (47 c f s ,  a v t . )  w i l l  be discharged t o  i t .  

Braidwood S t a t i o n  w i l l  employ two p ressu r i zed  water reac to rs  t o  produce up t o  6850 me a- 

The exhaust steam w i l l  be coo led  by a once-through f l o w  o f  water 
Makeup (93 c f s ,  avg.) w i l l  be drawn f r o m  t h e  

3. Summary o f  environmental  impact and adverse e f f e c t s :  

(a )  Approximately 734 acres o f  a g r i c u l t u r a l  land ,  848 acres o f  woods and f a l l o w  f i e l d ,  and 

(b )  Eleven farm residences w i l l  be d isp laced.  

( c )  T r a f f i c  on l o c a l  roads w i l l  i nc rease due t o  c o n s t r u c t i o n  and comnuting a c t i v i t i e s .  

(d )  Approximately 2376 acres o f  t ransmiss ion  l i n e  r igh t -o f -way w i l l  be on l a n d  used 
p r i m a r i l y  f o r  a g r i c u l t u r e ,  w i t h  some woodland o f  which approximately t e n  acres w i l l  be used 
f o r  tower bases. The remainder o f  t h e  farmlands can remain i n  use. 

cons t ruc t i on  a c t i v i t i e s .  

d ischarge about 46 c f s .  
es t imated  t o  be about 47 c f s .  

Dur ing  t h e  7-day 10-year low f l o w  pe r iods  o f  t he  Kankakee R iver ,  approximately 20% o f  
t he  r i v e r  f low and i t s  en t ra ined  small  b i o t a  w i l l  be d i v e r t e d  t o  t h e  c o o l i n g  lake .  The s t a f f  
expects t h a t  a l a r g e  f r a c t i o n  o f  t h e  organisms en t ra ined  i n  t h i s  f r a c t i o n  o f  r i v e r  water  would 
be l o s t  due t o  thermal and mechanical shock. Losses o f  t h i s  magnitude might  s t ress  t h e  r i v e r  
downstream o f  t he  s t a t i o n  b u t  t h e  r i v e r  ecosystem i s  expected t o  recover  when normal f lows r e t u r n .  

(h )  An excessive growth o f  a lgae i n  the  c o o l i n g  l a k e  migh t  impose an adverse impact upon 
t h e  Kankakee R i v e r  below t h e  discharge. Should t h i s  occur, t h e  s t a f f  be l i eves  t h a t  by p roper  
choice and use of  c o n t r o l  measures t h e  a lgae growth cou ld  be c o n t r o l l e d  so as n o t  t o  r e s u l t  i n  
a s i g n i f i c a n t  d is tu rbance o f  t h e  r i v e r  ecosystem. 

2838 acres o f  s t r i p -m ine  s p o i l  w i l l  be requ i red  f o r  t h e  s t a t i o n  and t h e  c o o l i n g  lake .  

Farming on p a r t  o f  t he  s i t e  w i l l  be suspended. 

(e )  Minor and temporary impacts t o  t h e  b i o t a  o f  t h e  s t a t i o n  area r i v e r  bank w i l l  r e s u l t  f r o m  

( f )  The proposed s t a t i o n  w i l l  wi thdraw up t o  93 c f s  o f  water f rom the  Kankakee R ive r  and 
The average n e t  consumptive l oss ,due  t o  evapora t ion  f rom the  l ake  i s  

(9 )  

( 4 )  The r i s k  assoc ia ted  w i t h  acc iden ta l  r a d i a t i o n  exposure i s  very  low. 

(j  1 No s i g n i f i c a n t  environmental impacts a re  a n t i c i p a t e d  f r o m  normal ope ra t i ona l  re leases 
of  r a d i o a c t i v e  m a t e r i a l s  w i t h i n  50 m i les .  The es t imated dose t o  t h e  o f f s i t e  popu la t i on  w i t h i n  
50 m i les  from opera t i on  of  t h e  s t a t i o n  i s  l e s s  than t h e  normal f l u c t u a t i o n s  (5%) i n  t h e  610,000 
man-rems/year background dose t h i s  popu la t i on  would rece ive .  

4. P r i n c i p a l  a1 t e r n a t i v e s  considered: 

Purchase o f  power f rom o u t s i d e  sources. 

A1 t e r n a t i v e  energy sources. 



ii 

A l t e r n a t i v e  s i t e s .  

A l t e r n a t i v e  methods o f  heat d i s s i p a t i o n .  

The fo l l oWing  Federal,  State,  and l o c a l  agencies were asked t o  comment on t h e  

Advisory Counci l  on H i s t o r i c  Preserva t ion  

Department o f  A g r i c u l t u r e  

Department o f  t he  Army, Corps o f  Engineers 

Department o f  Commerce 

Department o f  Heal th,  Education and Welfare 

Department o f  Housing and Urban Development 

Department o f  t h e  I n t e r i o r  

Department o f  T ranspor ta t i on  

Envi ronmental P r o t e c t i o n  Agency 

Federal Power Conmission 

I l l i n o i s  I n s t i t u t e  f o r  Environmental Q u a l i t y  

I l l i n o i s  Department o f  Pub l i c  Hea l th  

Chairman, W i l l  County Board o f  Supervisors 

5. 
D r a f t  Environmental Statement: 

6. This F ina l  Environmental Statement was made a v a i l a b l e  t o  t h e  p u b l i c ,  t o  t h e  Counci l  on 

7. 

Environmental Q u a l i t y ,  and t o  o t h e r  spec i f i ed  agencies i n  July 1974. 

On the  bas is  of  t he  ana lys i s  and eva lua t i on  se t  f o r t h  i n  t h i s  statement, a f t e r  weighing 
the  environmental ,  economic, t echn ica l ,  and o t h e r  b e n e f i t s  o f  t he  Braidwood S ta t i on ,  Un i t s  1 
and 2 ,  aga ins t  environmental and o t h e r  cos ts ,  and cons ide r ing  a v a i l a b l e  a l t e r n a t i v e s ,  i t  i s  
concluded t h a t  t h e  a c t i o n  c a l l e d  f o r  under the  Nat iona l  Environmental P o l i c y  Ac t  o f  1969 (NEPA) 
and Appendix D t o  10 CFR P a r t  50 i s  t he  issuance o f  cons t ruc t i on  pe rm i t s  fo r  t h e  f a c i l i t y  
sub jec t  t o  the  f o l l o w i n g  l i m i t a t i o n s  f o r  t he  p r o t e c t i o n  o f  t h e  environment: 

(a )  The a p p l i c a n t  s h a l l  take  the  necessary m i t i g a t i n g  ac t ions ,  i n c l u d i n g  those sumnarized 
i n  Sec. 4.5 o f  t h i s  Environmental Statement, d u r i n g  c o n s t r u c t i o n  o f  t h e  s t a t i o n  and assoc ia ted  
t ransmiss ion  1 ines  t o  avo id  unnecessary adverse environmental impacts f r o m  cons t ruc t i on  a c t i v i t i e s  

Environmental Report, w i t h  amendments, t he  s t a f f  recommendations i nc luded  i n  Sec. 6.1 o f  t h i s  
document s h a l l  be fo l lowed.  

( c )  A c o n t r o l  program s h a l l  be es tab l i shed  by the  a p p l i c a n t  t o  p rov ide  f o r  a p e r i o d i c  
review o f  a l l  c o n s t r u c t i o n  a c t i v i t i e s  t o  assure t h a t  those a c t i v i t i e s  conform t o  t h e  env i ron-  
mental cond i t i ons  s e t  f o r t h  t h e r e i n .  

(b )  I n  a d d i t i o n  t o  the  pre-opera t iona l  mon i to r i ng  programs descr ibed i n  Sec. 6.1 o f  t h e  

( d )  Before engaging i n  a cons t ruc t i on  a c t i v i t y  t h a t  may r e s u l t  i n  a s i g n i f i c a n t  adverse 
environmental impact t h a t  was n o t  evaluated, o r  t h a t  i s  s i g n i f i c a n t l y  g rea te r  than t h a t  evaluated 
i n  t h i s  Environmental Statement, t he  app l i can t  s h a l l  p rov ide  w r i t t e n  n o t i f i c a t i o n  t o  the D i r e c t o r  
o f  L icensing. 

(e )  I f  unexpected harmful  e f f e c t s  o r  evidence o f  i r r e v e r s i b l e  damage a r e  de tec ted  du r ing  
f a c i l i t y  cons t ruc t i on ,  t he  a p p l i c a n t  s h a l l  p rov ide  t o  the  s t a f f  an acceptable ana lys i s  o f  t he  
problem and a p lan  o f  a c t i o n  t o  e l i m i n a t e  o r  s i g n i f i c a n t l y  reduce t h e  harmful  e f f e c t s  o r  
damage. 
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FOREWORD 

Th is  environmental  statement was prepared by the  U. S .  Atomic Energy Comnission, D i r e c t o r a t e  o f  
L icens ing  ( s t a f f )  i n  accordance w i t h  the Comnission's regu la t i on ,  10 CFR Par t  50, Appendix D, 
which implements the  requirements o f  t h e  Nat iona l  Environmental P o l i c y  Act o f  1969 (NEPA) 

The NEPA s ta tes ,  among o the r  th ings ,  t h a t  i t  i s  t he  con t inu ing  r e s p o n s i b i l i t y  o f  t he  Federal 
Government t o  use a l l  p r a c t i c a b l e  means, cons i s ten t  w i t h  o the r  essen t ia l  cons idera t ions  o f  na t i ona l  
p o l i c y ,  t o  improve and coord ina te  Federal p lans, f unc t i ons ,  programs, and resources t o  t h e  end 
t h a t  the  Nat ion  may: 

- F u l f i l l  t he  r e s p o n s i b i l i t i e s  o f  each genera t ion  as t r u s t e e  o f  t h e  environment f o r  
succeeding generat ions.  

- Assure f o r  a l l  Americans safe,  h e a l t h f u l ,  p roduc t ive ,  and e s t h e t i c a l l y  and c u l t u r a l l y  
p leas ing  surroundings. 

A t t a i n  the  w ides t  range o f  bene f i c ia l  uses o f  the  environment w i thou t  
t o  h e a l t h  o r  sa fe ty ,  o r  o the r  undes i rab le  and unintended consequences. 

- 
- Preserve impor tan t  h i s t o r i c ,  c u l t u r a l ,  and n a t u r a l  aspects o f  our na t  

and main ta in ,  wherever poss ib le ,  an environment which supports d i v e r s  
o f  i n d i v i d u a l  choice.  

degradat ion,  r 

onal he r i t age  , 
t y  and v a r i e t y  

sk 

- Achieve a balance between popu la t ion  and resource use which w i l l  pe rm i t  h igh  standards 
o f  l i v i n g  and a wide shar ing  o f  l i f e ' s  amenit ies.  

Enhance the  q u a l i t y  o f  renewable resources and approach the  maximum a t t a i n a b l e  r e c y c l i n g  
o f  dep le tab le  resources. 

Fur ther ,  w i t h  respec t  t o  major Federal ac t i ons  s i g n i f i c a n t l y  a f f e c t i n g  the  q u a l i t y  o f  t he  human 
environment, Sect ion 102 (2)(C) o f  t he  NEPA c a l l s  f o r  p repara t i on  o f  a d e t a i l e d  statement on: 

( i )  

( i i )  

( i i i )  

( i v )  

( V I  

An env 
opera t  
commen 

the  environmental impact o f  t he  proposed ac t i on ,  

any adverse environmental e f f e c t s  which cannot be avoided should the  proposal be 
implemented, 

a l t e r n a t i v e s  t o  the  proposed ac t i on ,  

the  r e l a t i o n s h i p  between l o c a l  shor t - te rm uses o f  man's environment and the  maintenance 
and enhancement o f  long- te rm p r o d u c t i v i t y ,  and 

any i r r e v e r s i b l e  and i r r e t r i e v a b l e  commitments o f  resources which would be i nvo l ved  
i n  the  proposed a c t i o n  should i t  be implemented. 

ronmental r e p o r t  accompanies each a p p l i c a t i o n  f o r  a cons t ruc t i on  permi t  o r  a fu l l - power  
ng l i cense .  
s by i n t e r e s t e d  persons on the  r e p o r t  a r e  considered by the  s t a f f .  

A p u b l i c  announcement o f  t he  a v a i l a b i l i t y  o f  t he  r e p o r t  i s  made. Any 
I n  conduct ing t h e  

requ i red  NEPA review, t h e  s t a f f  meets w i t h  t h e  a p p l i c a n t  t o  d iscuss  i tems o f  i n fo rma t ion  i n  the  
environmental r e p o r t ,  t o  seek new in fo rma t ion  from the  app l i can t  t h a t  migh t  be needed f o r  an 
adequate assessment, and g e n e r a l l y  t o  ensure t h a t  t he  s t a f f  has a thorough understanding o f  t h e  
proposed p r o j e c t .  In a d d i t i o n ,  the  s t a f f  seeks in fo rmat ion  from o the r  sources t h a t  w i l l  a s s i s t  
i n  t h e  eva lua t ion ,  and v i s i t s  and inspec ts  the  p r o j e c t  s i t e  and surrounding v i c i n i t y .  Members 
o f  t h e  s t a f f  may meet w i t h  S ta te  and l o c a l  o f f i c i a l s  who a r e  charged w i t h  p r o t e c t i n g  S ta te  and 
l o c a l  i n t e r e s t s .  On the  bas i s  o f  a l l  t h e  fo rego ing  and o the r  such a c t i v i t i e s  o r  i n q u i r i e s  as 
a r e  deemed use fu l  and appropr ia te ,  t he  s t a f f  makes an independent assessment o f  the  cons idera t ions  
s p e c i f i e d  i n  Sec t ion  102(2)(C) o f  the  NEPA and Appendix D of 10  CFR 50. 

Th is  eva lua t i on  leads t o  the  p u b l i c a t i o n  o f  a d r a f t  environmental statement, prepared by the  
D i r e c t o r a t e  o f  L icens ing ,  which i s  then c i r c u l a t e d  t o  Federal ,  S ta te ,  and l o c a l  governmental 
agencies f o r  comment. A summary n o t i c e  i s  pub l i shed i n  the  Federal Reg is te r  o f  the  a v a i l a b i l i t y  
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of the applicant's environmental report and the draft environmental statement. 
persons are requested to comment on the proposed action and the draft statement. 

After receipt and consideration of comnents on the draft statement, the staff prepares a final 
environmental statement, which includes a discussion of questions and objections raised by the 
comments and the disposition thereof; a final benefit-cost analysis, which considers and 
balances the environmental effects of the facility and the alternatives available for reducing 
or avoiding adverse environmental effects with the environmental, economic, technical, and 
other benefits of the facility; and a conclusion as to whether--after the environmental, economic, 
technical, and other benefits are weighed against environmental costs and after available 
alternatives have been considered, the action called for, with respect to environmental issues, 
is the issuance or denial of the proposed permit or license, or its appropriate conditioning 
to protect environmental values. This final environmental statement and the safety evaluation 
report prepared by the staff are submitted to the Atomic Safety and Licensing Board for its 
consideration in reaching a decision on the application. 

Interested 

Single copies of this statement may be obtained by writing the Deputy Director for Reactor 
Projects, Directorate of Licensing, U. S. Atomic Energy Commission, Washington, D. C. 
Dr. S .  Stanley Kirslis is the AEC Environmental Project Manager for this statement. 

20545. 

(301 -443-6980). 



1. INTRODUCTION 

1.1 THE PROPOSED PROJECT 

I n  accordance w i t h  the  Atomic Energy Act o f  1954, as amended, and t h e  Commission's r e g u l a t i o n s  
i n  T i t l e  10, Code o f  Federal Regulat ions,  an a p p l i c a t i o n  was f i l e d  by the  Comnonwealth Edison 
Company ( h e r e i n a f t e r  r e f e r r e d  t o  as the  a p p l i c a n t )  f o r  c o n s t r u c t i o n  pe rm i t s  f o r  two pressur ized  
water nuc lear  reac to rs  designated as the  Braidwood S t a t i o n ,  U n i t s  1 and 2 (Docket Nos. STN 50-456 
and STN 50-457). 
The proposed f a c i l i t i e s  a re  t o  be l oca ted  near t h e  small  town o f  Braidwood, I l l i n o i s ,  about 
50 m i l e s  southwest o f  Chicago. 

Appendix D o f  10 CFR P a r t  50 requ i res  t h a t  the  D i r e c t o r  o f  Regulat ion,  o r  h i s  designee, analyze 
t h e , r e p o r t  and prepare a d e t a i l e d  statement o f  environmental cons idera t ions .  
envlronmental  statement r e l a t e d  t o  the  c o n s t r u c t i o n  o f  t he  Braidwood S t a t i o n  has :-.en 
prepared by the  D i r e c t o r a t e  o f  L icens ing  ( s t a f f )  o f  t h e  U .  S .  Atomic Energy Commission. 

Major documents used i n  the  p repara t i on  o f  t h i s  statement were the  a p p l i c a n t ' s  Environmental 
Report (ER) , Pre l im ina ry  Safe ty  Ana lys is  Report (PSAR) , and supplements t h e r e t o  issued f o r  
Braidwood. Independent c a l c u l a t i o n s  and sources o f  i n fo rma t ion  were a l s o  used as a bas is  f o r  
the  assessment o f  environmental impact. I n  a d d i t i o n ,  some o f  t h e  i n fo rma t ion  was gained from 
v i s i t s  by the  s t a f f  t o  the  Braidwood s i t e  and surrounding areas i n  October 1973. Al though 
da ta  f rom a l l  o f  these sources was examined by t h e  s t a f f  i n  making i t s  assessments, on l y  b r i e f  
summaries o f  t he  most p e r t i n e n t  da ta  a r e  g i ven  i n  t h i s  statement. To avo id  r e p e t i t i o n ,  the  
s t a f f  has prov ided o n l y  re fe rences  t o  the  sources o f  d e t a i l e d  i n fo rma t ion ,  much o f  which i s  
found i n  the  a p p l i c a n t ' s  Environmental Report .  

Each u n i t  i s  designed f o r  i n i t i a l  ope ra t i on  a t  approximately 1120 H e .  

Acord ing ly ,  t h i s  

A s  a p a r t  o f  i t s  s a f e t y  eva lua t i on  l ead ing  t o  the  issuance o f  cons t ruc t i on  permi ts  and opera t i ng  
l i censes ,  the Commission makes a d e t a i l e d  eva lua t i on  o f  the  a p p l i c a n t ' s  p lans  and f a c i l i t i e s  f o r  
m in im iz ing  and c o n t r o l l i n g  the  re lease o f  r a d i o a c t i v e  m a t e r i a l s  under bo th  normal cond i t i ons  and 
p o t e n t i a l  acc ident  cond i t i ons ,  i n c l u d i n g  t h e  e f f e c t s  o f  n a t u r a l  phenomena on the  f a c i l i t y .  
Inasmuch as these aspects a re  considered f u l l y  i n  o the r  documents, only t he  fea tu res  t h a t  a re  
s a l i e n t  t o  the a n t i c i p a t e d  environmental e f f e c t s  a r e  repeated i n  t h i s  environmental statement. 

Copies o f  the  a p p l i c a n t ' s  Environmental Report were sent  t o  t h e  approp r ia te  agencies f o r  c o n e n t .  
These and o the r  documents were a l s o  depos i ted  i n  the  Commission's P u b l i c  Document Room, 
1717 H S t r e e t  NW, Washington, D .  C., and a t  Wilmington Township Pub l i c  L i b r a r y ,  201 South 
Kankakee S t ree t ,  Wilmington, I l l i n o i s .  When t h e  p lace  and da te  f o r  t h e  p u b l i c  hear ing  be fore  
the  Atomic Safe ty  L icens ing  Board i s  es tab l i shed,  an announcement w i l l  be pub l i shed i n  the  
Federal Reg is te r  and issued as an AEC press re lease.  

1.2 STATUS OF REVIEWS AND APPROVALS 

A l i s t i n g  of  a p p l i c a t i o n s  f i l e d  by the  a p p l i c a n t  t o  o b t a i n  pe rm i t s  and l i censes  from var ious  
governing bodies o r  agencies i s  g iven  i n  Table 1.1. 
g iven, when known. 

The c u r r e n t  s t a t u s  o f  each a p p l i c a t i o n  i s  
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Table 1 .1 .  Licenses and Permits f o r  t he  Braidwood S ta t ion*  

Date ( o r  
estimated 
da te )  of 
Submission o r  S t a t u s  

Date Granted Permit Requ i red Purpose of 
Description Authority Action Agency 

Feb. 26, 1973 Action pending 

Late 1975 

Mid 1978 

Atomic Energy Act 
of 1954; 10CFRSO 
1 OC FR30 

Construct Units 1 
and 2 

u.  S.  Atomic 
Energy C m i s s i o n  

Construction 
Permi t 

License 
By-ptVduCt Possess nuc lear  

by-products p r io r  
t o  opera t ion  
Possess spec ia l  
nuclear mater ia l s  
p r io r  t o  
operat i  on 

Mater ia l s  
License 

1 OCFR7O 

Early 1977 Atomic Energy Act 
1954 ; 1 OCFR50 

Operate Units 1 
and 2 (Submit 
FSAR and update 
E N  

Operating 
License 

June 1974 River and Harbor 
Act of 1899 

Construct intake 
and discharge 
s t r u c t u r e s  in  
Kankakee River 

u. S .  Army Corps 
of Engineers 

Construction 
Permit 

Oct. 1 ,  1974 

Feb. 2 ,  1973 Granted May 26, 
1973 

June 1, 1973 pending 

Fed. Water Pol 
Control Act, 
amended 1972 
C i v i  1 Aeronautics 
Act of 1938 as  
amended 
I l l .  Public U t i l -  
i t i e s  Act, 1969 

Discharge of 
waste water 

Discharge 
Penni t 

U .  S. Environ- 
mental Pro tec t ion  
Agency 
Federal Av i a t  i on 
Admini  s t  ra  t ion 

Construction of 
meteorological 
tower 

Approval 

Construct,  oper- 
a t e  and Monitor 
Units 1 and 2 

C e r t i f i c a t e  of 
Pub1 i c  Conve- 
nience and 
Necessity 
Construction 
Permit 

I l l .  Commerce 
Comni ss i on 

Future 

June 1 ,  1974 

I l l .  Public U t i l -  
i t i e s  Act, 1969 

Construct t r a n s -  
mission l i n e s  in 
ROW co r r ido r s  
Construct Units 1 
and 2 ,  sewage 
plan t  r e s e r v o i r ,  
e t c .  

Construction 
Permit 

Environmental 
Pro tec t ion  Act 
1971 

I l l .  Environ- 
mental Pro tec t ion  
Agency 



Table 1.1.  (Cont 'd)  

Agency 
Penni t Required 

Description Author i t y 

Operati n q  Environmental 
P e n i  t f o r  Protection Act 
Discharges 1971 
Construct ion Environmental 
and Operating Protection Act 
Permits 1971 

I l l .  Dept. of Construction 
Transpor ta t ion  Permit 

I l l .  Dept. of Permit 
Mines and Minerals 
I l l .  Dept. of Regis t ra t ion  
Pub1 i c Health 

I l l .  Dept. of P e n i  t 
Aeronautics 

Grundy and Will Permit f o r  
Counties, Super- roadwork 
intendent of  Highway 

I l l .  Comnerce Act 
1911 

I l l .  Act o f  Ju ly  
1941 
I l l .  Regis t ra t ion  
Act, Ju ly  1957 

I l l .  Rev. S t a t .  
1971 

I l l .  Comnerce Act 
June 10, 1911 

Date ( o r  
estimated 

Action Submission o r  S t a t u s  
Purpose o f  da te )  of Date Granted 

Operate water- Future 
t rea tment  
f a c i l i t i e s  
Construct and Future 
ope ra t e  standby 
b o i l e r s  and 
d i e se l  -generators 
Construct intake May 1 ,  1974 
and discharge 
s t r u c t u r e s  in 
Kankakee River 
D r i l l i n g  water April-May, 1974 pending 
we1 1 s 

Regis t ra t ion  o f  1978 
ownership o r  possession 
o f ,  o r  equipment u t i l i -  
zing rad ioac t ive  
mater ia l  
Construction o f  Future granted 
meteorological June 4,  1973 
tower 
County roadwork Not requi red  

*Modified from t h e  a p p l i c a n t ' s  Environmental Report. 



2. THE SITE 

2.1 SITE LOCATION 

The Braidwood s i t e  covers approximately seven square m i les  i n  t h e  southwest corner of  W i l l  County 
i n  n o r t h  c e n t r a l  I l l i n o i s ,  approximately 50 m i l e s  southwest o f  Chicago and 20 m i l e s  south-southwest 
o f  J o l i e t  (see F ig .  2.1). 
s t r i p  mines. The i r r e g u l a r ,  sparse ly  vegetated p i l e s  of  g ray  culm f rom s t r i p  min ing  in te rspersed 
w i t h  excavat ions con ta in ing  stagnant water l end  a genera l l y  deso la te  appearance t o  most o f  t h e  
s i t e .  Nearby towns, r a i l r o a d s ,  highways, roads, r i v e r s ,  and streams a re  shown i n  F ig .  2.2 and 
an a e r i a l  photograph o f  t h e  s i t e  i t s e l f  i s  p rov ided i n  F ig .  2.3. 
arsenal ;  t he  minimum d is tance  between t h e i r  respec t i ve  boundaries i s  e i g h t  m i l e s .  

The s i t e  i s  approximately 3 m i l e s  west o f  t he  Kankakee R ive r  a t  a p o i n t  14 m i l e s  upstream 
from i t s  confluence w i t h  the  Des P la ines  River.  
Reddick Run, Crane Creek, and Granary Creek) a r e  t o  t h e  west, southwest, and south o f  t h e  s i t e ,  
t he  Mazon R ive r  passing w i t h i n  one m i l e  of  t he  southwestern s i t e  boundary (see F i g .  2.2). 

2.2 REGIONAL DEMOGRAPHY AND LAND USE 

I t  i s  on t h e  Kankakee p l a i n  i n  a r e g i o n  cha rac te r i zed  by abandoned 

The s i t e  i s  near t h e  J o l i e t  

The Mazon R ive r  and i t s  branches (East Fork, 

Except f o r  a few small  i n d u s t r i e s  i n  Coal City and Wilmington, t h e  r e g i o n  surrounding the  proposed 
s i t e  i s  used p r i m a r i l y  for a g r i c u l t u r e .  
i n  F ig .  2.4. 
i n  t h e  area w i t h i n  a f i v e - m i l e  r a d i u s  o f  t he  p o i n t  where the  b u i l d i n g  o f  t h e  reac to rs  i s  planned. 

The town o f  Godley (pop. 242) i s  about one-ha l f  m i l e  f rom t h i s  p o i n t .  
rad ius  the re  a re  t h e  towns of Coal City (1970 pop. 3040) and Braidwood (1970 pop. 2323), 159 farms 
w i t h  524 res iden ts ,  and n i n e  p r i v a t e  spo r t  and r e c r e a t i o n  c lubs .  

According t o  the  c a l c u l a t i o n s  (Ref. 1, p. 2.2-2) the t o t a l  r e s i d e n t  popu la t i on  (hl970) 
w i t h i n  the  ten-mi le  rad ius  i s  22,116, averaging tb persons p e r  square m i l e .  A t  t e ena o f  t h e  
assumed 30-year use fu l  l i f e  of t h e  p l a n t ,  the  r e s i d e n t  popu la t i on  i s  expected t o  grow t o  42,000. 
Nineteen p r i v a t e  and p u b l i c  rec rea t i ona l  f a c i l i t i e s  a re  l oca ted  w i t h i n  t h e  10-mi le rad ius ,  w i t h  
a s t a f f  es t imate  o f  a t o t a l  peak d a i l y  attendance o f  40,000.2-3 There are  23 schools w i t h i n  t h i s  
rad ius  wi th a t o t a l  s tudent - teacher  popu la t i on  o f  6923. 

There a re  17 " l a rge "  urban centers  (popu la t ions  over 25,000) w i t h i n  a 50-mi le rad ius  o f  the  s i t e :  
t h i s  inc ludes  p a r t  o f  t he  City of Chicago. 
50-mi le r a d i u s  i s  expected t o  expand t o  7,000,000 i n  2012 (Ref. 1, p. 2.2-32). 

The neares t  fa rm i s  1850 f t  WNW f rom the  cen te r  o f  t he  tu rb in ,e  b u i l d i n g  w h i l e  t h e  neares t  residence 
i s  1550 ft n o r t h .  
m i les  of t h e  t u r b i n e  b u i l d i n g .  

2.3 HISTORICAL PLACES AND NATURAL LANDMARKS 

The I l l i n o i s  and Michigan Canal Lock No. 6 and the  l ock  house i n  Channahon Parkway S ta te  Park 
( n i n e  m i l e s  n o r t h  of t he  s i t e )  a re  t h e  c l o s e s t  Nat iona l  and I l l i n o i s  S t a t e  H i s t o r i c a l  S i tes .4  
No Nat iona l  Reg is te r  of H i s t o r i c  Places s i t e s  a re  found w i t h i n  t h e  p r o j e c t  boundaries o f  
Braidwood S t a t i o n  (see Appendix 0).  An a rcheo log ica l  survey o f  t h e  Braidwood s i t e  area was 
completed by the  app l i can t  (Ref. 1, p. 14 .7 - l l ) ,  and evidence o f  p r e h i s t o r i c  occupat ion was 
found i n  16 separate l oca t i ons .  The c o l l e c t i o n s  and t h e i r  l o c a t i o n s  are  on f i l e  a t  t he  I l l i n o i s  
State,Museum. However, t h e  d e b r i s  d e n s i t y  was extremely low compared w i t h  ne ighbor ing  areas and 
f u r t h e r  study was no t  considered f r u i t f u l  by the  a p p l i c a n t ' s  consu l tan t .  
assessment o f  t h e  Braidwood s i t e  was prepared by the  I l l i n o i s  S ta te  Museum Soc ie ty  on 
September 15, 1973. They found t h a t  t he re  would be i n s u f f i c i e n t  impact o f  t he  p l a n t  on t h e  
a rcheo log ica l  resources of  t he  area t o  j u s t i f y  any sa lvag ing  p r o j e c t .  
i n  Ref. 1. 

An unusual s c i e n t i f i c  i n t e r e s t  at taches t o  some of t he  s t r i p - m i n e d  areas i n  the v i c i n i t y  o f  
t he  proposed Braidwood S t a t i o n  i n  t h a t  s t r i p - m i n i n g  has exposed some unique f o s s i l s  o f  s o f t -  
bodied fauna. One o f  the  s t r i p - m i n i n g  p i t s  most p roduc t i ve  o f  these "Mazon Creek and Essex 
fauna" i s  i n  t he  area t o  be f looded by t h e  proposed coo l i ng  lake. Fur ther  i n fo rma t ion  on the  
f o s s i l s  and on p lans  f o r  p a l e o n t o l o g i s t s  t o  recover them i s  g iven  i n  Appendix G. 

T~ b i o l o  i c a l l y  unique na tu re  preserves a r e  l oca ted  near the  site--Goose Lake P r a i r i e  Nature 
Preserve ?nine m i les  NNW), cha rac te r i zed  by P r a i r i e  and Marsh communities be l i eved  t o  be 

Land w i t h i n  two m i les  of t h e  t u r b i n e  b u i l d i n g  i s  shown 
According t o  the  1970 census, t h e r e  was a r e s i d e n t  popu la t i on  o f  8892 persons 

Wi th in  t h e  f i v e - m i l e  

The t o t a l  popu la t i on  (1970) of 3,878,784 w i t h i n  the  

It i s  est imated t h a t  116 d a i r y  cows and s i x  d a i r y  goats pas ture  w i t h i n  f i v e  

An a rcheo log ica l  

Th i s  r e p o r t  was Appendix 7 

of  I l l i n o i s  a t  t h e  t ime  o f  e a r l y  Sett lement,  and the  Kankakee River Nature 
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F ~ E .  2.2. The Braidwood Site Area. From applicant's 
Environmental Report. 
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F i y .  2 . 4 .  I.and Use within Two Miles of t h e  Titrhina B u i l d i n e .  
From annlicnnt's Environmental Report. 
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Preserve (13 m i l e s  ESE),  which i s  charac ter ized  by t h e  o n l y  known n a t u r a l  occurrence o f  the  
"Kankakee mallow," T l i m n a  remotz.  
preserve.  

2.4 TOPOGRAPHY AND GEOLOGY 

The p u b l i c  i s  n o t  admi t ted  t o  the l a t t e r  research 

The s i t e  i s  l o c a t e d  w i t h i n  t h e  Kankakee P l a i n  p o r t i o n  o f  t h e  T i l l  P l a i n s  s e c t i o n  o f  t h e  Cent ra l  
Lowlands Province. 
t i l l ,  outwash, and l a c u s t r i n e  sediments assigned t o  Wisconsonian, I l l i n o i a n ,  Kansan, and Pjebraskan 
g l a c i a l  depos i ts .  S i t e  topography i s  l o w - l y i n g  and f l a t  except  where i n c i s e d  by such major 
streams as the  I l l i n o i s ,  Kankakee, Des Pla ines,  and Mazon R ivers  and t h e i r  t r i b u t a r i e s .  D e t a i l e d  
in fo rmat ion  concerning s i t e  geology and topography i s  found i n  t h e  a p p l i c a n t ' s  Environmental 
Repor t .  

The n o r t h  c e n t r a l  area of  the U n i t e d  States i s  r e l a t i v e l y  low i n  se ismic a c t i v i t y .  
o f  l a r g e  earthquakes a r e  associated w i t h  geo log ic  f a u l t  l i n e s .  I;f 34 known earthquakes w i t h i n  
a ZOO-mile r a d i u s  of t h e  s i t e ,  13 had an i n t e n s i t y  o f  IV ( I l o d i f i e d  I4e rca l l i  Sca le ) ,  10 had an 
i n t e n s i t y  of V ,  n i n e  had an i n t e n s i t y  o f  V I ,  and two had an i n t e n s i t y  o f  ' J I I .  
of s i t e  seismology t o  s t a t i o n  safety  and i t s  des ign i s  be ing considereu i n  d e t a i l  by the  s t a f f  
i n  t h e  s a f e t y  rev iew.  

2.5 HYDROLOGY 

2.5.1 The Kankakee R i v e r  Near t h e  S i t e  

The Kankakee R i v e r  i s  approximately 350 fee t  wide near t h e  l o c a t i o n  o f  t h e  d ischarge s t r u c t u r e  
b u t  widens t o  about 750 fee t  one thousand fee t  downstream. 
s t r u c t u r e  (about  125 fee t  frm shore)  i s  f o u r  f e e t  (Ref .  1, p. 2 .5-3) .  

Table 2.1 l i s t s  t h e  est imated average and minimum monthly f lows near  t h e  s i t e .  The average f l o w  
over t h e  1941-1971 p e r i o d  was 3923 c fs .  A l s o  shown i n  t h i s  t a b l e  i s  t h e  s t a f f ' s  es t imate  o f  the 
r i v e r  v e l o c i t y  obta ined from t h e  s t a t i s t i c a l l y  der ived  equat ion  V = 0.31 Q G . 2 3 2 ,  where Q i s  t h e  
d ischarge of  the  stream i n  c fs  and V i s  t h e  mean v e l o c i t y  i n  f e e t  per  second.' The l a t t e r  i s  a 
mean v e l o c i t y  f o r  t h e  s t r e t c h  o f  the  Kankakee R i v e r  near the  p l a n t  and does n o t  p r e d i c t  v e l o c i t i e s  
a t  s p e c i f i c  l o c a t i o n s .  
r e s u l t e d  i n  good ag remen t  w i t h  t h i s  equat ion.  

The maximum recorded f l o o d  stage f o r  t h e  r i v e r  (near  Wilmington) occurred i n  J u l y  1957 w i t h  
a gage h e i g h t  o f  11.4 f e e t  and a discharge r a t e  o f  75,900 c f s .  i l i ghe r  gage h e i g h t s  have been 
recorded when f l o o d i n g  has been compl icated by i c e  jams r e s u l t i n g  i n  a record  gage h e i g h t  o f  
16.7 f e e t  i n  1883 and again i n  1857. 

Over the  p e r i o d  o f  1941-1971, t h e  h i s t o r i c a l  low f low occur red  d u r i n g  1963-64. 
f l o w  d u r i n g  t h i s  y e a r  a t  t h e  Wi lmington gage was 1407 c f s  and minimum f l o w  f o r  t h e  month 
o f  September was 350 c f s .  The h i s t o r i c a l  lowest  d a i l y  f l o w  was 204 c f s  i n  August 1936. Whi le  
h i s t o r i c a l  da ta  do n o t  show a decreasing t r e n d  f o r  low f lows,  i f  planned u p r i v e r  water t reatment  
f a c i l i t i e s  do no t  r e t u r n  t r e a t e d  e f f l u e n t s  t o  t h e  r i v e r ,  a decrease i n  minimum f lows may occur  
(see Sec. 5 .2.1) .  

2.5.2 Groundwater 

Approximately 0.67 c f s  of groundwater w i l l  be drawn f rom t h e  S t .  Peter  sandstone s t ra tum f o r  the  
S t a t i o n ' s  makeup and p o t a b l e  water  requirement (see F i g .  3 .3) .  
bedrock and Quaternary d r i f t  format ions are  considered minor a q u i f e r s ,  b u t  a r e  used f o r  t h e  
m a j o r i t y  o f  the  24 p r i v a t e  w e l l s  (no t  i n c l u d i n g  sandpoint  w e l l s )  w i t h i n  a two-mi le r a d i u s  o f  t h e  
s i t e .  Most mun ic ipa l  w e l l s  w i t h i n  a ten-mi le  r a d i u s  o f  t h e  s i t e  draw f rom deeper a q u i f e r s  
(Tab le  2.3) .  A genera l i zed  hydrogeologic column f o r  t h e  area i s  shown i n  Table 2.4.  

The m s t  p e r t i n e n t  f e a t u r e s  o f  t h e  s i t e  hydro logy are  summarized by the  s t a f f  i n  the  above. 
Fur ther  d e t a i l s  may be found i n  Ref .  1, Sec t ion  2.5.2. 

2.6 METEOROLOGY 

2.6.1 Regional C l imato logy  

The c l i m a t e  o f  nor theas tern  I l l i n o i s  i s  c o n t i n e n t a l ,  c h a r a c t e r i z e d  by a l a r g e  range i n  temperature 
extremes between t h e  c o l d e r  and warmer seasons and o f t e n  r a p i d  temperature changes. 
t h e  r e g i o n  experiences ho t  summers and c o l d  w i n t e r s .  
mass type over t h e  r e g i o n  i s  c o n t i n e n t a l  p o l a r ,  and the  predominant type  i n  summer i s  mar i t ime 
t r o p i c a l .  

Th is  s e c t i o n  i s  charac ter ized  by widespread, v a r i a b l e  depos i ts  o f  g l a c i a l  

The i i i a j o r i t y  

Tne r e l a t i o n s h i p  

The average depth near  t h e  i n t a k e  

The v e l o c i t y  measured e m p i r i c a l l y  near  t h e  p l a n t  a t  a p a r t i c u l a r  f l o w  

The average 

Water q u a l i t y  da ta  f o r  t h e  Kankakee R iver  near the  s i t e  a r e  shown i n  Table 2.2. 

The o v e r l y i n g  Pennsylvania 

As a r e s u l t ,  
Dur ing  the  w i n t e r ,  t h e  predominant a i r  

The predominant a i r  mass t ype  d u r i n g  s p r i n g  and autumn i s  t r a n s i t i o n a l  as t h e  bcundary 
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Table 2.1. Kankakee R ive r  Monthly Flow C h a r a c t e r i s t i c s  a t  t he  In take  Locat ion 

Average f o r  Water Years 
1941 -1971 Minimum 

a a 

Month c f s  f t l s e c  c f s  (year)  f t / s e c  

Oct.  1748 1.75 470 (1963) 1.29 
Nov. 241 5 1.89 510 (1963) 1.32 
Dec . 3052 1.99 480 (1953) 1.30 
Jan. 4119 2.14 470 (1957) 1.29 
Feb. 5465 2.28 588 (1945) 1.36 
Mar. 6309 2.36 686 (1963) 1.41 
Apr . 7307 2.44 1529 (1956) 1.70 
May 6462 2.37 1245 (1964) 1.62 

J u l y  3066 2.00 498 (1965) 1.31 

Qave' Qmin 9 

June 4356 2.17 a30 (1963) 1.47 

Aug . 1508 1.69 357 (1941) 1.21 
Sep . 1274 1.63 343 (1964) 1.20 

Annual 3923 2.11 
a 

bFrom formula:  
From a p p l i c a n t ' s  Environmental Report, Tables 2.5-2 and 2.5-2A. 

V = 0.31 Q 0 . 2 3 2  (see t e x t ) .  

Table 2.2. Kankakee River  Q u a l i t y a  
(Concentrat ions i n  mg/e) 

1971 Per iod  o f  Record, 1958-1971 
Maximum Average Minimum Maximum Average Minimum 

A l k a l i n i t y  as CaC03 130 130 130 220 178 116 
Ammonia as N 10.1 2.8 0.3 10.1 1 .o 0.0 
BOD 30 3 1 
Beta r a d i a t i o n ,  gross,  pCi/n. 30 10 0 68 7 0 
Ch lo r ide  25 25 25 56 21 9 
Cyanide 0.00 0.00 0.00 
Dissolved oxygen 13.4 10.7 5.4 14.6 10.1 5.4 
F1 u o r i d e  0.4 0.2 0.0 
Hardness, t o t a l ,  as CaC03 576 308 116 
I r o n  12.0 1.1 0.0 
N i t r a t e  as NO3 6 2 1 24 6 0 
PH 8.8 8.1 7.1 8.8 7.9 7.1 
Phosphorous, t o t a l  as PO4 2.4 0.8 0.0 10 1.1 0 
S u l f a t e  100 100 100 152 78 20 
T o t a l  d i sso l ved  s o l i d s  525 33 6 170 53 0 362 170 
Temperature, OF 78 53 32 86 57 32 
a 

- 

- - - 
- - - - - 
- - 

Compiled f rom Water Q u a l i t y  Network Summary o f  Data, Vol .  1, Environmental P r o t e c t i o n  Agency, 
S t a t e  o f  I l l i n o i s .  

Samples taken a t  R t .  66 Br idge.  
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Table 2.3. Municipal  Groundwater Suoolv Use w i t h i n  Ten Mi les  of the S i t e  

Distance 
f rom Tow 

Si te ,  We1 1 Pumpage, 
Town Locat ion  mi 1 es No. A q u i f e r  

B r a c e v i l l e  

South W i  1 m i  naton 

Braidwood 

Gardner 

Reddi ck 

O i  amond 

Coal City 

E i  1 een 

W i  l m i  ngton 

Carbon H i l l  

Mazon 

T32N,R8E-26 

T31 N ,R8E-11 

T32N, R9E-8 

T31 N ,R8E-4 

T30N ,R9E-6 

T33N,R8E-36 

T32N ,R8E-2 

T33N,R8E-35 

T33N,R9E-25 

T32N,R8E-34 

T32N,R7E-21 

1.5 1 

2.5 1 

2.5 1 
2 

3.5 1 
2 
3 
4 

7 1 

3.5 1 

4 2 
3 
4 

4 1 

6 2 

3 

5 2 
3 

9.5 2 
4 
5 

S t .  Pe ter  Sandstone 

S t .  Pe ter  Sandstone 

S t .  Pe ter  Sandstone 
S t .  Pe ter  Sandstone 

Dolomite (173 ft. deep) 
Dolomite (161 f t .  deep) 
S t .  Pe ter  Sandstone 
I ronton-Galesvi  11 e 
Sandstone 

S t .  Pe te r  Sandstone 

S t .  Pe ter  Sandstone 

Dolomite (129 ft. deep) 
Dolomite (365 f t .  deep) 
S t .  Peter  Sandstone 

S t .  Pe ter  Sandstone 

I run ton-Galesv i  1 l e  
Sandstone 
I r o n  ton-Galesvi 11 e 
Sands tone 

S t .  Pe te r  Sandstone 
S t .  Pe te r  Sandstone 

D r i f t  (26 f t. deep) 
D r i f t  (26 ft. deep) 
D r i f t  ( 2 6  f t .  deeo) 

26,000 

30,000 

150,000 

1,500 
9,000 
5,400 

34,000 

16,000 

20,000 

300,000 
103,000 

37,000 

378,000 

30,000 

70,000 

From a p p l i c a n t ' s  Environmental Reoort.  
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Table 2 .4 .  General ized Hydrogeologic C o l u m  

Approximate Approxi mate 
U n i t  Thickness, ft Depth t o  Top, ft I iydrogeol ogy 

Quaternary  d r i f t  50 0 Minor a q u i f e r  

Pennsyl vanian bedrock 150 50 Aqui t a r d  , M i  n o r  
a q u i f e r  i n  
places 

Maquoketa Format ion 120 200 Aqui t a r d  

Cambrian-Ordovician 
aq u i f era  

S t .  Pe ter  Sandstone 

I ron ton-Gal  e s v i l l  e 
Sands tone 

1500 300 Major a q u i f e r  

200 

175 

700 I mport an t 
a q u i f e r  u n i t  

1600 Most impor tan t  
a q u i f e r  u n i t  

Eau C l a i r e  Formation 600 1800 Aqui t a r d  

M t .  Simon Sandstone 2700 2400 Aqu i fe r ,  B r i n e  

From a p p l i c a n t ' s  Environmental Report.  

aOnly t h e  two most impor tan t  u n i t s  a r e  l i s t e d .  
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between the  two a i r  mass types During per iods  when 
a s t rong  n o r t h e a s t e r l y  f l o w  o f  a i r  i s  occur r ing ,  t he  e f f e c t s  o f  Lake Michigan r e s u l t  i n  some 
moderation o f  temperatures and an inc rease i n  c loudiness over nor theas tern  I l l i n o i s .  

Temperatures o f  90°F o r  h igher  may be expected on 17 days o f  each year over  t h e  reg ion ,  and 
temperatures may be expected t o  reach 0°F o r  lower on about 14 days annua l ly .  ~ - 8  
reaches a maximum i n  the  sumner and a minimum i n  w in te r .  

2.6.2 Local Meteorology 

C l ima to log i ca l  data f rom Peoria,  Rockford, 301 i e t ,  Chicago and Argonne, I l l i n o i s ,  have been used 
i n  the  assessment o f  t he  meteoro log ica l  c h a r a c t e r i s t i c s ,  w i t h  the  except ion  o f  wind f l ow  over  the 
s i t e . ’ .  
Dresden Nuclear S ta t i on ,  twe lve  m i l e s  northwest o f  t h e  Braidwood s i t e . ’  

The p l a n t  s i t e  l i e s  along a storm t r a c k  t h a t  l a r g e  scale,  c y c l o n i c  storms t r a v e l  du r ing  the  
w i n t e r  and s p r i n g  as they form over  the  west -cent ra l  p l a i n s  o f  t h e  Un i ted  Sta tes  and t r a v e l  
northeastward. 
southward aga in  i n  t h e  autumn. 

Data f rom J o l i e t ,  I l l i n o i s ,  18 m i les  nor th -nor theas t  o f  t he  s i t e  i n d i c a t e  t h a t  mean monthly 
temperatures range f rom 73°F i n  June t o  24°F i n  January. ’  
113°F was recorded a t  Peor ia i n  June 1936, and an extreme minimum temperature o f  -27°F 
occur red  i n  January 1884. 
and -25°F i n  February 1933.7 Weather records i n d i c a t e  t h a t  a t  J o l i e t ,  t h e  extreme maximum 
and minimum temperatures a re  109°F and -25°F r e s p e c t i v e l y . ’  

P r e c i p i t a t i o n  i s  normal ly  expected t o  be g rea tes t  du r ing  June i n  t h e  v i c i n i t y  o f  the  s i t e ,  
w i t h  an average f o r  t he  month o f  about 4.25 inches. February i s  u s u a l l y  t h e  d r i e s t  month, 
w i t h  an expected monthly average o f  about 1.75 inches. 
recorded a t  J o l i e t ,  d u r i n g  the  p e r i o d  1941-1952, was 9.23 inches i n  A p r i l  1947 and the  maxi- 
mum 24-hour p r e c i p i t a t i o n  t o t a l  f o r  the  same p e r i o d  a t  t h i s  l o c a t i o n  was 5.32 inches i n  
September 1942. Maximum monthly p r e c i p i t a t i o n  amounts f o r  Peor ia and Argonne a re  13.09 inches 
and 13.17 inches r e s p e c t i v e l y  w i t h  corresponding maximum 24-hour p r e c i p i t a t i o n  amounts o f  
5.52 inches and 6.54 inches.’ ,  
Heavy f o g  ( v i s i b i l i t y  one- four th  m i l e  o r  l e s s )  occurs on an average o f  24 days annua l l y .  

Wind data c o l l e c t e d  a t  t he  Dresden Nuclear S t a t i o n  (F ig .  2.5) i n d i c a t e  t h a t ,  a t  the  35 - foo t  
l e v e l ,  winds from the  northwest quadrant a r e  most f requent  i n  the  v i c i n i t y  o f  t h e  Braidwood 
s i t e . ’  

A sumnary o f  t he  c l i m a t o l o g i c a l  da ta  f rom weather s t a t i o n s  surrounding t h e  s i t e  i s  g iven  i n  
Table 2.5. 

s h i f t s  northward and then southward. 

P r e c i p i t a t i o n  

Wind f l o w  was assessedd us ing  wind data c o l l e c t e d  on a meteoro log ica l  tower a t  the  

This storm t r a c k  moves t o  a p o s i t i o n  n o r t h  o f  the s i t e  by sumner, then s h i f t s  

An extreme maximum temperature o f  

A t  Rockford, t he  extreme temperatures were 112°F i n  J u l y  1936 

The maximum monthly p r e c i p i t a t i o n  

About 25 inches o f  snow can be expected annua l ly  a t  t he  s i t e .  

The mean annual wind speed a t  t h i s  l e v e l  was 7.8 m i les  per  hour. 

2.6.3 Severe Weather 

Severe weather occurrences a t  the  Braidwood s i t e  a re  associated main ly  w i t h  severe thunder-  
storms o r  w i t h  in tense,  l a rge -sca le  c y c l o n i c  w i n t e r  storm systems. 

Dur ing  the  p e r i o d  1955-1967, 43 tornadoes were repo r ted  i n  the  one degree l a t i t u d e - l o n g i t u d e  
square con ta in ing  the  s i t e ,  g i v i n g  a mean annual frequertcy o f  3.3 and a computed recurrence 
i n t e r v a l  f o r  a tornado a t  t he  p l a n t  s i t e  o f  385 yea rs .g l10  

There were n ine  repo r t s  o f  h a i l  t h ree -quar te rs  o f  an i nch  i n  diameter o r  g rea te r  i n  the  
one degree l a t i t u d e - l o n g i t u d e  square con ta in ing  the  s i t e  d u r i n g  t h e  p e r i o d  1955-67 and 34 
windstorms w i t h  wind speeds o f  50 knots (58 mph) o r  g rea te r .g  Freez ing  r a i n  o r  i c e  storms 
can be expected t o  have an annual frequency o f  2.5 i n  t h e  v i c i n i t y  o f  t h e  Braidwood s i t e . ’  
High a i r  o l l u t i o n  p o t e n t i a l  ( a i r  s tagnat ion)  can be expected t o  occur on o n l y  one day d u r i n g  
the  year.y1112 

2.7 ECOLOGY 

2.7.1 T e r r e s t r i a l  Ecology 

2.7.1.1 F l o r a  

The c l imax comnunity f o r  t he  Braidwood s i t e  area has been p r i m a r i l y  t a l l g r a s s  p r a i r i e  w i t h  some 
areas o f  deciduous f o r e s t .  Trees i n  these f o r e s t s  commonly i nc lude  sassafras, whi te,  red, and 
b lack  oak, and the  Hor tu lan  plum. The 4420-acre s i t e  i t s e l f  i nc ludes  coa l  s t r i p -m ine  s p o i l ,  
c u l t i v a t e d  f i e l d s ,  f a l l o w  f i e l d s ,  and open woodlands; no c l imax c o r n u n i t i e s  a r e  found w i t h i n  
i t s  boundaries. 
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Fig. 2.5.  Annual Windrose at Dresden--35-foot Level-- 
July 1971-June 1972. 
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Table 2.5. C1 imatoloqical Data from Weather S t a t i o n s  Surroundinq the Braidwood S i t e  

S t a t i o n s  
Parameter Chi  caao Peoria Jol i e t  Arqonne 

Temperature, OF 
Annual averaae 
Maximum 
Mini mum 
Desree days 

50.8 
105 

61 55 
-23 

5) .4 
113 
-27 

6025 

48.9 
109 
-25 

661 2 

47.7 
101 
-20 

691 1 

Rela t ive  Humidity, % 
Annual averaae a t :  

0600 h r  
1200 h r  

Wind 
E a 1  average speed,  mph 
Prevai l inq  Direct ion 
Fas t e s  t m i  1 e : 

speed, mph 
d i r e c t i  on 

75 
58 

83 
62 

85 
58 

87 
62 

10.3 
W 

a7 
NE 

10.4 
S 

9 .7  
wsw 

8.7 
sw 
60a 75 

NE 

P r e c i p i t a t i o n ,  i n .  
Annual averaqe 33.18 

14.17 
0.06 
6.24 

34.84 
13.09 
0.03 
5.52 

36.26 
9.23 
0.25 
5.32 

31.49 
13.17 
0 .03  
6.54 

Monthly maximum 
M o n t h l y  m i n i m u m  
24-hr maximum 

Snowfall , i n  . 
Annual averaae 
Monthly maximum 
24-hr mximum 

39.2 
42.5 
19.8 

22 .8  
26.5 
18.0 

25 .O 
21.9 

8.0 

Mean Annual - No. of  Days 
P r e c i p i t a t i o n  > 0.1 i n .  120 

12 
38 
13 
19 

118 

110 
8 

48 
20 
17 

133 

110 
9 

40 
24 
26 

143 

Snow, s l e e t ,  hgil 5 1.0 i n .  
Thunderstorms 
Heavy foq 
Maximum temperature 9O:F 
Minimum temperature 5 32 F 

aPeak qust wind. 
--Dashes i n d i c a t e  da ta  not  a v a i l a b l e .  
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About 2400 acres w i t h i n  s i t e  boundaries have been used f o r  s t r i p - m i n i n g  s ince  about 1940. 
min ing  i s  s t i l l  be ing  c a r r i e d  o u t  on t h e  proposed s i t e  and by the  t ime  t h e  l a k e  b u i l d i n g  program 
comnences, an a d d i t i o n a l  438 acres o f  s p o i l  land  w i l l  e x i s t .  Since approximately 1961, rec lamat ion  
programs have been i n s t i t u t e d  t o  top  o f f  mine s p o i l  r i d g e  peaks and t o  p l a n t  t h e  r e s u l t i n g  
mesas and troughs w i t h  grasses, legumes, t rees ,  and shrubs. The most successful  species appear 
t o  be b lack  l ocus t ,  p ine,  and o l i v e  t rees .  Other p lan ted  species i nc lude  sycamore, r e d  cedar, 
and cottonwood. Although i n t e n t i o n a l l y  p lan ted  cottonwoods have had a low s u r v i v a l  r a t e ,  
n a t u r a l l y - o c c u r r i n g  cottonwoods appear t o  have success fu l l y  invaded some o f  t he  s t r i p -m ine  
s p o i l  areas. Other p l a n t s  t o  be found on t h e  s p o i l  areas i nc lude  tumbleweed, smartweed, sweet 
c love r ,  w i l d  l e t t u c e ,  as te rs ,  barnyard grass, b luestem grasses, three-awns, b lack  w i l l ow ,  
and b lackber ry .  These p l a n t s  invaded the area n a t u r a l l y  a f t e r  t h e  l and  was s t r i p p e d  f o r  c o a l .  

Farm crops i n  t h e  area o f  t h e  s i t e  u s u a l l y  have been ro ta ted .  
a re  rep resen ta t i ve  crops. 
t h i s t l e ,  as te rs ,  and morning g l o r y .  When c u l t i v a t e d  f i e l d s  i n  the  area have been al lowed 
t o  l i e  f a l l ow ,  weeds such as frostweed, boneset, and comnon ragweed f i l l e d  i n ,  b u t  were l a t e r  
rep laced by grasses, which i n  t u r n  a re  invaded by woody vegeta t ion .  

Approximately 6% o f  t he  s i t e  cons is t s  o f  woodlands and t h e  t rees  have served as windbreaks 
aga ins t  e ros ion  o f  t h e  sandy s o i l .  
which range i n  age t o  about 40 years ;  r e d  and wh i te  oak predominate. 
about 75% o f  t h e  f o r e s t  l i t t e r  a t  t he  end o f  t h e  growing season; sma l le r  oaks, sassafras,  
p r a i r i e  w i l l ow ,  and haze lnu t  predominate. 

Herbaceous p l a n t s  found t y p i c a l l y  i n  edge areas a long s i d e  roads, f i e l d s ,  d i t ches ,  s t r ip -mines ,  
and r a i l r o a d s  i nc lude  Russian t h i s t l e ,  goosefoot, as te r ,  goldenrod, beggar 's t i c k ,  dandel ions,  
ch ickory ,  f o x t a i l s ,  three-awns, panic grass, a l f a l f a ,  lambsquarter, and bindweed. Woody p l a n t s  
t y p i c a l  o f  t he  same h a b i t a t s  i nc lude  red  oak, eas tern  cottonwood, Osage orange, s i l v e r  and 
sugar maple, and b lack  w i l l ow ,  as w e l l  as some man-planted windbreaks o f  lombardy pop lar .  

Some marsh areas a re  found on t h e  s i t e  i n  d i tches  a long roadsides, r a i l r o a d  t racks ,  and between 
f i e l d s .  The broad- leaved c a t t a i l  and t h e  comnon reed a r e  the  most comnon herbaceous vegeta t ion  
o f  these h a b i t a t s .  
woods. 

The f l o r a  a t  t he  s i t e  a r e  b r i e f l y  descr ibed by t h e  s t a f f  i n  the  above. A d e t a i l e d  l i s t  o f  s i t e  
f l o r a  i s  g iven  i n  Ref. 1, Sect ions 2.7.1.1 t o  2.7.1.6. 

S t r i p -  

Wheat, soybeans, and a l f a l f a  
Weeds comnonly found i n  these f i e l d s  a re  b lack  nightshade, comnon 

The canopy i s  35 t o  40 f e e t  h igh  and i s  formed by t rees  
The unders to ry  covers 

Woody species, when found, most comnonly i nc lude  sandbar w i l l ows  and co t ton -  

2.7.1.2 Fauna 

The mamnalian h a b i t a t s  i n  t h e  s t r i p -m ine  s p o i l  areas a re  d i f f e r e n t  f rom those on t h e  a g r i c u l t u r a l  
lands. 
and access t o  water f u r n i s h  h a b i t a t s  t o  animals such as muskrat, beaver, and mink. The a g r i -  
c u l t u r a l  lands  a re  cha rac te r i zed  by f r i a b l e ,  t i l l e d  s o i l  , food seeds, cons iderab le  edge h a b i t a t ,  
t rees ,  and shrubs, and they  support  those species o f  mamnals which burrow, o r  which r e s t  i n  
t a l l  vegeta t ion .  

Although few amphibians and r e p t i l e s  o r  t h e i r  s igns  were observed d u r i n g  t h e  a p p l i c a n t ' s  1972 
f a l l  and e a r l y  1973 s p r i n g  surveys, numerous species can be expected t o  r e s i d e  on the  s i t e .  
Most amphibians and r e p t i l e s  a r e  n o t  a c t i v e  du r ing  the  coo l  weather o f  these seasons. 
areas i n  I l l i n o i s  a re  known t o  harbor amphibians and r e p t i l e s .  

Eleven species o f  b i r d s  were observed i n  the  a p p l i c a n t ' s  w i n t e r  1973 t e r r e s t r i a l  survey, and 
58 i n  a s p r i n g  1973 survey. I n  sumnary, the  l e a s t  av ian  d i v e r s i t y  was found i n  fa l l ow  f i e l d s  
and ar'eas s t r i p -m ined  f r o m  t he  1960's t o  t h e  present  t ime, and the  g r e a t e s t  i n  marshland and 
areas s t r i p -m ined  i n  t h e  1950's and 1940's.  
open o r  edge h a b i t a t s ,  and s t r i p -m ined  areas which a r e  cha rac te r i zed  by sparse vege ta t i ona l  
cover (bromegrass ) . 
I n  t h i s  b r i e f  sumnary by the  s t a f f ,  t he  p r i n c i p a l  species o f  fauna a t  t h e  s i t e  a r e  descr ibed. 
A more complete l i s t  o f  t h e  s i t e  fauna i s  g iven  i n  Ref. 1, Sec t ion  2.7.1.7. 

2.7.2 Aquat ic Ecology 

The Kankakee R i v e r  i s  t h e  f i l l  and makeup source proposed f o r  t he  Braidwood c o o l i n g  lake ,  and i t  
has been r a t e d  " e x c e l l e n t "  i n  regard t o  general  water q u a l i t y  by t h e  I l l i n o i s  Natura l  H i s t o r y  
Survey Board.13 The r i v e r  water chemis t ry  i s  sumnarized i n  Table 2.2. 

The former, genera l l y  cha rac te r i zed  by packed, i n f e r t i l e  s o i l s ,  low vege ta t i on  dens i ty ,  

S i m i l a r  

C o r r e l a t i o n  i s  no ted  between those species f a v o r i n g  
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Several  Kankakee R i v e r  aqua t i c  surveys have p rev ious l y  been done i n  areas above and below 
the  proposed s i t e , l 4 - l B  and the  app l i can t  i s  p resen t l y  conduct ing an aqua t i c  base l i ne  pre-  
opera t iona l  survey. 

Diatoms are the  most dominant r i v e r  phytoplankton, bu t  l a r g e  seasonal f l u c t u a t i o n s  i n  abundance 
were observed. For example, diatoms were p a r t i c u l a r l y  abundant i n  December through A p r i l ,  b lue-  
green algae were abundant (30%) i n  e a r l y  October, green algae were numerous (24%) i n  October- 
November, and f l a g e l l a t e s  (Euglenophyta) were q u i t e  numerous (45%) i n  February.  I n  some areas, 
f o r  example Horse Creek, diatoms comprised n e a r l y  100% o f  t he  t o t a l  number o f  observed 
phytoplankton. 
phytoplankton were observed i n  t h e  spr ing ,  and t h e  lowest i n  w in te r ;  d u r i n g  the  w i n t e r  season 
the  m a j o r i t y  o f  observed phy top lank ton  were diatoms. 

Less i n fo rma t ion  i s  p resen t l y  a v a i l a b l e  on per iphy ton ,  bu t  again the  diatoms a re  more numerous 
than e i t h e r  t h e  green o r  blue-green algae. 
p resent  i n c l u d i n g  the  diatoms Comphonema oZivacewn, RavicuZa accomoda cryptocelZa, Nitzschia 
f i Z i f o n i s ,  and Nitzschia paZea. OsciZZatoria, h i g h l y  t o l e r a n t  t o  o rgan ic  enrichment, were 
a l so  repor ted .  
an "extremely r i c h  and d i ve rse  per iphy ton  comnunity." 

As w i t h  phytoplankton, the  g rea tes t  numbers o f  zooplankton (over 125 species, mos t l y  o f  crustaceans 
and i n s e c t s )  were observed i n  t h e  spr ing .  
On the  bas is  o f  these observat ions,  i t  i s  l i k e l y  t h a t  a subs tan t i a l  mo l lusc  popu la t i on  e x i s t s  
upstream i n  Horse Creek. 
i n  the  sp r ing  were crustaceans, p a r t i c u l a r l y  o f  t he  f a m i l y  Cyclopidae and the  o rde r  Ostracoda. 
Dur ing  severa l  f a l l  observat ions,  t he  dominant zooplankter was t h e  mayf ly Stenonmu. 

Benthic species o f  f i v e  phy la  were c o l l e c t e d  d u r i n g  t h e  Braidwood aqua t i c  study i n  1972 and 
1973 (Ref. 1, Table 2.7-29e). The aqua t i c  i n s e c t s  predominated, w i t h  18 species o f  D ip te ra  
f rom one f a m i l y  a lone (Chironamidae). Representat ive types o f  i n v e r t e b r a t e  organisms c o l l e c t e d  
i n  the  ben th i c  study i n c l u d e  c a d d i s f l i e s ,  may f l i es ,  midges (bloodworms), Tub i fex  worms, s n a i l s ,  
clams, and c r a y f i s h .  

Macrophytes were observed i n  narrow bands o f  mud border ing  the  Kankakee R iver .  
t h e  e i g h t  species were t h e  American waterw i l low (Dianthera americana), and buckwheat (PoZygonm 
sp . ) .  Some wa te rw i l l ow  extended ou t  i n t o  the  r i v e r  as much as 75 f e e t .  
observed i n  a survey o f  Horse Creek. 

I n  a 1972-1973 aqua t i c  survey conducted by the  a p p l i c a n t ,  37 species o f  f i s h  (Ref. 1, p.  2.7-327) 
were c o l l e c t e d  i n  t h e  Kankakee R ive r  and Horse Creek, i n c l u d i n g  a specimen (Horse Creek) o f  
a g i l t  d a r t e r  ( t e n t a t i v e  i d e n t i f i c a t i o n ,  Percina ev ides)  which i s  r a r e l y  c o l l e c t e d  i n  I l l i n o i s  
waters.  Using t h e  c l a s s i f i c a t i o n  scheme o f  t he  I l l i n o i s  Natura l  H i s t o r y  Survey, o f  t he  37 
f i s h  species i d e n t i f i e d ,  16 a r e  amef ish (43%), 10 a re  commercial f i s h  (27%), 9 a re  forage 
f i s h  (24%), and 2 are  predators  76%). The most abundant f i s h  o f  t h i s  study were rock  bass, 
golden redhorse, wh i te  crappie,  smallmouth bass, carp, and r e d f i n  p i c k e r e l .  
two f i s h  species have p rev ious l y  been repor ted  i n  the  Kankakee-Iroquois R ive r  system. 
t h i s  i s  a composite number ob ta ined f rom numerous data sources. 

Th is  b r i e f  summary by the  s t a f f  descr ibes t h e - a q u a t i c  ecology o f  the  Kankakee R iver .  More 
d e t a i l e d  i n fo rma t ion  on aquat ic  b i o t a  and ecosystems i n  the  Kankakee R ive r  may be found i n  
Ref. 1, Sec t ion  2.7.2. 

2.8 RADIATION BACKGROUND 

C h a r a c t e r i s t i c  o f  o the r  temperate-zone r i v e r s ,  the  h ighes t  t o t a l  numbers o f  

Several i n d i c a t o r s  o f  o rgan ic  enrichment were 

In an ongoing per iphy ton  study, t h e  a p p l i c a n t  concludes t h a t  t h e  r i v e r  p rov ides  

A l a r g e  component o f  these was mol lusc  l a r v a e  ( g l o c h i d i a ) .  

Except ing the g l o c h i d i a ,  t he  dominant zooplankters i n  these r i v e r s  

The most c o m n  o f  

No macrophytes were 

A t  l e a s t  seventy- 
However, 

2.8.1 Natura l  Rad ia t ion  Background 

The Un i ted  States Environmental P r o t e c t i o n  Agency has es t imated  t h e  annual average background 
r a d i a t i o n  dose t o  the  i n d i v i d u a l  i n  I l l i n o i s  t o  be 135 mrem per  y e a r . l 9  
breakdown o f  t h i s  dose i n t o  i t s  i n d i v i d u a l  components. 

The a p p l i c a n t ' s  Environmental Report and References 20 and 21 i n d i c a t e  t h a t  t h e  n a t u r a l  
t e r r e s t r i a l  a c t i v i t y  a t  Braidwood my  be lower  than the  va lue  o f  65 mrem/yr i n  Table 2.6. 
D i r e c t  r a d i a t i o n  measurements du r ing  t h e  pre-opera t iona l  mon i to r i ng  program should d e f i n e  the  
ac tua l  values f o r  background dose f o r  t h e  Braidwood s t a t i o n .  

2.8.2 Rad ia t ion  Background due t o  Nearby Nuclear F a c i l i t i e s  

There are  f i v e  o t h e r  nuc lea r  power p l a n t s  e i t h e r  i n  ope ra t i on  o r  expected t o  be i n  ope ra t i on  
by 1979 w i t h i n  50 m i l e s  o f  the  proposed Braidwood S ta t i on .  The Midwest Fuel Recovery P lan t ,  
soon t o  be p laced i n  ope ra t i on  by the  General E l e c t r i c  Co., i s  about 11 m i les  NNW o f  the  
Brafdwood s i t e .  The s t a f f  est imate,  ob ta ined from t h e  F i n a l  Environmental Statement5 f o r  
these f a c i l i t i e s  i n d i c a t e s  t h a t  t h e  a d d i t i o n a l  background dose f o r  t h e  Braidwood s i t e  my be 
i ncreased by 0.25 mremlyr . 

Table 2 . 6  g ives  the 
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Table 2.6. Est imated Natura l  Rad ia t i on  Whole-Body 
Doses i n  I l l i n o i s  

Type o f  Rad ia t i on  Average Annual Dose, mrem/yr 

Cosmic r a d i a t i o n  
Na tu ra l  t e r r e s t r i a l  r a d i o a c t i v i t y  

Sub to ta l  

I n t e r n a l  r a d i a t i o n  

T r i t i u m  
Carbon-14 
Potass i  um-40 
Rub i d  i urn-87 
Pol on i urn-21 0 
Radon-222 

Sub to ta l  

To ta l  

45 
65 

110 

- 

0.004 
1 .o 
0.6 

17 

3.0 
3.0 

25 

135 

From EPA Report  ORP/CSD 72-1. 
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3. THE STATION 

3.1 EXTERNAL APPEARANCE 

The p r i n c i p a l  b u i l d i n g s  o f  t he  Braidwood S t a t i o n  w i l l  be: 
(each housing a pressur ized-water reac to r  and i t s  assoc ia ted  steam-producing system), (2)a 
t u r b i n e  b u i l d i n g  ( c o n s i s t i n g  of two steam tu rb ine-genera tors  and an associated coo l i ng  system), 
( 3 )  a se rv i ce  b u i l d i n g  ( fo r  o f f i c e  and o the r  r e l a t e d  se rv i ce  f u n c t i o n s ) ,  (4 )  an a u x i l i a r y  
bu i l d ing ,  ( 5 )  a fue l  storage and hand l ing  b u i l d i n g ,  and ( 6 )  a s o l i d  r a d i o a c t i v e  waste storage 
b u i l d i n g .  Other f a c i l i t i e s  w i l l  cons i s t  of a 2640-acre c o o l i n g  l ake ,  a t r a i n  washdown shed, 
a switchyard,  l a k e  i n t a k e  s t r u c t u r e ,  and a r i v e r  screen house and discharge s t r u c t u r e  on the  
Kankakee R ive r .  
t he  s t a t i o n  and lake  i s  shown i n  F ig .  3.2. 
s i d i n g .  

( 1 )  two reac to r  containment b u i l d i n g s  

A l ayou t  o f  t he  s t a t i o n  i s  shown i n  Fig.  3.1 and an a r t i s t ' s  render ing  o f  
The s t a t i o n ' s  e x t e r i o r  w i l l  have co lo red  metal  

3.2 REACTOR AND STEAM-ELECTRIC SYSTEM 

Braidwood S t a t i o n  w i l l  use two pressur ized-water r e a c t o r  (WR) u n i t s  manufactured by Westinghouse 
E l e c t r i c  Corpora t ion .  
employing one high-pressure and th ree  low-pressure stages mounted on a comnon s h a f t .  The average 
n e t  e l e c t r i c a l  ou tpu t  w i l l  be 1120 MWe from each r e a c t o r .  
by Westinghouse E l e c t r i c  Corp., which, a long w i t h  Sargent and Lundy, Engineers, w i l l  p a r t i c i p a t e  
i n  the  design and c o n s t r u c t i o n  of each u n i t .  

3.3 STATION WATER USAGE 

The steam supply system w i  11 d r i v e  two tandem compound tu rb ines ,  each 

The t u r b i n e  generators w i l l  be supp l ied  

Condenser c o o l i n g  w i l l  be the  pr imary  use f o r  water  i n  the  s t a t i o n .  
generators w i l l  use 3250 c fs  of  c o o l i n g  water, which w i l l  be warmed by 20.9"F. 
a n t i c i p a t e s  a n e t  average water consumption from the  Kankakee R ive r  o f  47.3 c f s ;  t he  t o t a l  water 
i n t a k e  w i l l  be 93.3 cfs,  b u t  t h e  blowdown o f  46.0 c f s  w i l l  be re tu rned  t o  the  r i v e r . '  The 
a p p l i c a n t  has s ta ted  t h a t  n e t  water wi thdrawal from the  Kankakee w i l l  be l i m i t e d  t o  a maximum o f  
10% of t he  r i v e r  f low,  r e q u i r i n g  some drawdown o f  Braidwood Lake i f  the  r i v e r  f l o w  drops below 
473 c f s  (Ref. 1, p. 2.5-7).  The 7-day 10-year recurrence low f l o w  a t  t h e  i n t a k e  p o i n t  i s  
442 c f s  (Ref. 1, Table 2.5-2B), and may become s t i l l  lower i f  planned u r i v e r  water t rea tment  
f a c i l i t i e s  do n o t  r e t u r n  t r e a t e d  e f f l u e n t s  t o  the  r i v e r  (see S e c .  5.2.17. 

The s t a t i o n  po tab le  water and makeup water f o r  t he  steam c y c l e  w i l l  be ob ta ined from two deep 
w e l l s  on the  p l a n t  s i t e .  Each w e l l  w i l l  be capable o f  producing 0.67 c f s .  One w e l l  w i l l  always 
be a spare, as bo th  w e l l s  cannot s imultaneously d e l i v e r  0.67 c f s .  The withdrawal o f  t he  water 
w i l l  comply w i t h  t h e  a p p l i c a b l e  f e d e r a l ,  s t a t e ,  and l o c a l  r e g u l a t i o n s .  A l l  t he  w e l l  water w i l l  
be passed through 3 manganese greensand f i l t e r s ,  f o r  i r o n  and manganese removal, i n t o  a 150,000 
g a l l o n  f i l t e r e d  water storage tank .  From t h i s  tank  15,000 ga l lons  per  day w i l l  be drawn o f f  f o r  
processing through the  po tab le  water system. 
so f ten ing  o f  t he  water.  

There w i l l  be two i d e n t i c a l  deminera l i zer  t r a i n s ,  each capable o f  producing a n e t  d a i l y  average 
o f  150 gpm o f  makeup water .  One t r a i n  w i l l  serve as a backup du r ing  normal opera t ion .  Each 
t r a i n  w i l l  c o n s i s t  o f ,  i n  o rder :  weak a c i d  c a t i o n  u n i t ,  p r imary  s t ronq  a c i d  c a t i o n  u n i t ,  
secondary s t rong a c i d  c a t i o n  u n i t ,  one common decarbonator, weak base anion u n i t ,  s t rong base 
an ion  u n i t ,  and a mixed bed u n i t .  Regeneration o f  t he  exhausted res ins  w i l l  take  p lace  once per 
day. Dur ing  regenera t ion ,  which w i l l  l a s t  about s i x  hours, t he  o n l y  chemicals t h a t  w i l l  be 
added are s u l f u r i c  a c i d  (H2S04) and c a u s t i c  (NaOH). 

A f l ow  sheet o f  t he  water usage i s  shown i n  F i g .  3 .3 .  

A t  f u l l  power the  t u r b i n e -  
The a p p l i c a n t  

The t rea tment  w i l l  c o n s i s t  o f  c h l o r i n a t i o n  and 

3.4 HEAT-DISSIPATION SYSTEM 

Operat ing a t  f u l l  power, the  s t a t i o n  w i l l  produce 1.6 x 1 O I 3  Btu /hr  o f  waste heat, which w i l l  be 
t r a n s f e r r e d  t o  the  coo l i ng  water c i r c u l a t i n g  a t  3250 c f s  through the  condensers. 
o f  the  c o o l i n g  water w i l l  r i s e  approximately 21°F du r ing  passaqe through t h e  condensers. The 
waste heat w i l l  be d i ss ipa ted  t o  the  atmosphere by evaporat ion from t h e  sur face  o f  an o f f - s t ream 

The temperature 



SERVICE 

R A D WA STE 

COMPLEX 

,HEATING BO1 
/ 

HEATE1 

I 

TURBINE 

AUX I 

PURGE 

LER STACK, 

BAY 
7 

BUILDING 

/VENT STACK AREAS 

AARY 
W 

I 
N 

ROOM 

Fig. 3.1. Braidwood Station Plan. From the applicant's Environmental Report. 
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Fig. 3.2. Architect's Drawing of the Braidwood Station. 
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F i g .  3.3. Braidwood S t a t i o n  Water Usage Flow Diagram. 
Env i ronmenta l  Repor t .  

From the a p p l i c a n t ' s  
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a r t i f i c i a l  cooling lake (Fig. 3.4) w i t h  a surface area of about 2640 acres.  
cooling lake will vary between 5 and 100 f e e t ,  averaging 9.5 f e e t .  Internal dikes tha t  guide the 
flow of water will prevent short-circuit ing of the cooling water, so t h a t  the average circulation 
time will be about four days. 

3.4.1 Intake and Discharge Structures 

The makeup water will be pumped through an intake structure similar t o  tha t  shown in Fig. 3.5. 
T h i s  structure will house three intake pumps of 53.5 c f s  capacity each. 
supply water during normal operation while the t h i r d  will be used to f i l l  the lake and will  
serve as a standby f o r  the other two. Water velocity a t  the intake s t ruc ture  will be about 
0.5 f t / s ec  when both units a r e  operating. 

The blowdown from the cooling lake will  be discharged to  the Kankakee River through an open-channel 
discharge s imi la r  t o  tha t  shown i n  Fig. 3.6. This s t ruc ture  will be located approximately 
500 f e e t  downstream from the intake and will be oriented perpendicular t o  the r iver .  
velocity of the discharge will be approximately 2 f t / s ec .  

3.4.2 Thermal Assessment 

Water depth i n  the 

Two will be used to  

The 

3.4.2.1 Cooling Lake Blowdown 

The s t a f f  has calculated the expected temperatures a t  the cool end of the  lake near the p o i n t  
from which  the blowdown will be released. Figure 3.7 shows these predicted temperatures with 
the plant operating a t  fu l l  power. Calculations were made f o r  two flow conditions; slug flow 
(D = 1.0, see Appendix A) and the case where some mixing a t  the entrance of the lake occurs 
( D  = 1.5).  For each of the above flow conditions, calculations were made f o r  extreme and 
average meteorological conditions. Details of the analysis a re  discussed in Appendix A .  

The crosses on Fig. 3.7 a re  the appl icant ' s  temperature predictions fo r  the same conditions 
as those for  the lowest curve. 
expected blowdown temperatures in tabular form f o r  the various months fo r  normal and extreme 
meteorological conditions. 
near Wilmington, about 5.5 miles downstream from the s i t e .  
of calculation shown lead to  conservatively h i g h  estimates o f  blowdown temperature excess over 
r ive r  temperature. 

The agreement is qui te  good. Table 3.1 gives the s t a f f ' s  

Also included i n  the table a re  the monthly r iver  temperature extremes 
I t  should be noted tha t  both methods 

3.4.2.2 River Discharge (Thermal Plume) 

The applicant has assessed the e f f ec t  of the blowdown from the cooling lake upon the Kankakee 
River using an analytical  plume model developed by Sargent and Lundy, Engineers.2 This analysis 
was applied only for  the case of average meteorological conditions and average r ive r  
temperatures and river ve loc i t ies .  The resu l t s  of these calculations,  in the  form of areas 
w i t h i n  isotherms, a r e  found in Tab le  5 .1- la  o f  the  Environmental Report ( p .  5.1-30). Under 
average meteorological conditions, the 5°F isotherm encloses the maximum area in December, 
0.45 acres. 

Numerous analytical  models have been proposed t o  describe the physical charac te r i s t ics  of thermal 
discharges, b u t  none has been adequately f i e l d  tested.  
by the s t a f f  t o  calculate the s i ze  of the thermal plume, using the value of 0.15 f o r  the 
entrainment coefficient.  With th i s  estimate of the coef f ic ien t ,  the  calculated plume areas 
are conservatively high. 

Table 3.2 l i s t s  the area enclosed by d i f fe ren t  isotherms f o r  each month of the year f o r  two 
cases : 

The Motz-Benedict mdel39'+ was chosen 

Case 1 :  Blowdown f o r  extreme meteorological conditions, maximum ambient r iver  

Case 2: Blowdown f o r  normal meteorological conditiofls, minimum ambient r iver 

temperatures, minimum monthly r ive r  velocit ies.  

temperatures, minimum monthly river velocit ies.  

Figures 3.8 and 3.9 show the  5°F and 10°F isotherms f o r  two of the en t r ies  in Table 3.2-- 
Case 1 ,  February, and Case 2 ,  July.  

I t  is evident from these tables and figures t h a t  the applicable S ta te  thermal standards 
(Table 3.3) can be met under a l l  conditions considered. Thus,  the la rges t  area encompassed 
by the 5°F excess isotherm i s  only 0.85 acres (Case 2 ,  May), which i s  more than an order of 
magnitude smaller than the State Standard (25.96 acres);  i n  no case i s  the maximum allowable 
river temperature exceeded outside the mixing  zone. Also i t  i s  seen from the figures tha t  the 
zone of passage f o r  aquatic l i f e  exceeds 85% of the r iver .  I t  should again be emphasized 



3-6 
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Fig. 3 . 4 .  Braidwood Cooling Lake. From applicant's 
Environmental Report. 
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PROPOSED BlOWDOWN 
OUTLET PLAN 

SITUATION PLAN - 2m' --- 
SCALE IN P E O  

Fig. 3.5 Location of Intake and Blowdown Structures on the 
Kankakee River. From the applicant's Environmen- 
tal Report. 
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Fig. 3.6. Braidwood Station Proposed Discharge Structure. 
From the applicant's Environmental Report. 



A- AVERAGE METEOROLOGICAL CONDITIONS 
E- EXTREME METEOROLOGICAL CONDITIONS 

110 X- APPLICANT'S RESULTS 
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Fig. 3.7.  Variation of Blowdown Temperature from Braidwood Cooling Lake. 
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Table 3.1. Blowdown and R i v e r  Temperatures 

Month TB (Ta)mina (Ta )maxa AT 

Jan. 

Feb. 

Mar. 

Apr . 
May 

June 

J u l y  

Aug . 
Sep. 

Oct .  

Nov . 
Dec. 

58.5 

61 

68 

77.5 

87.5 

95 

98 

95 

86  

74 

62 

58.5 

66 

70 

75 

84 

93.5 

101.5 

105.5 

101.5 

92 

81 .5 

72 

66.5 

32 

32 

34 

41 

42.5 

61 .5 

64 

64 

62 

52 

42 

32 

37 

36.5 

42.5 

54.5 

73 

87 

81 

84 

75 

68 

56 

37 

26.5 

29 

34 

36.5 

45 

33.5 

34 

31 

24 

22 

20 

26.5 

29 

33.5 

32.5 

29.5 

20.5 

14.5 

24.5 

17.5 

17 

13.5 

16 

29.5 

TB = Blowdown temperature f o r  normal me teo ro log i ca l  c o n d i t i o n s ,  O F .  

( T B ) ~  = Blowdown temperature f o r  extreme meteo ro log i ca l  c o n d i t i o n s ,  OF. 

(Ta),in = Minimum ambient r i v e r  temperature,  O F .  

(Ta),,, = Maximum ambient r i v e r  temperature,  OF. 

AT = TB - (Ta)min, O F .  

(AT)d = (TB)e - (Ta),,,, O F .  

aThe data cover  t h e  p e r i o d  f rom 1957 t o  1972 b u t  appear t o  be temperatures f o r  a random 
sampl ing o f  days i n  each month. 
q u e s t i o n  mark i n  t h e  a p p l i c a n t ' s  Table 2.5-5) have n o t  been inc luded  i n  the  above. 

The two ques t i onab le  temperature va lues ( f o l l o w e d  by a 
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Table 3.2. Staff's Estimate of Thermal Plume for Different Conditions 

Case 1 Case 2 
Month Excess Isotherm, OF P1 ume Area, Acres Plume Area, Acres 

Jan. 

Feb. 

Mar. 

Apr . 

June 

July 

Aug . 

Sep, 

Oct. 

Nov . 

Oec . 

15 
10 
5 
3 

15 
10 
5 
3 

15 
10 
5 
3 

15 
10 
5 
3 

15 
10 
5 
3 

15 
10 
5 
3 

15 
10 
5 
3 

15 
10 
5 
3 

15 
10 
5 
3 

15 
10 
5 
3 

15 
10 
5 
3 

15 
10 
5 
3 

0.022 
0.078 
0.42 
1.2 

0.037 
0.11 
0.55 
1.6 

0.035 
0.11 
0.50 
1.4 

0.035 
0.094 
0.37 
0.96 

0.007 
0.035 
0.18 
0.50 

- 
0.007 
0.081 
0.26 

0.004 
0.027 
0.19 
0.59 

0.001 
0.014 
0.13 
0.44 

0.001 
0.012 
0.12 
0.42 

- 
0.004 
0.064 
0.23 

- 
0.010 
0.10 
0.34 

0.015 
0.061 
0.22 
1 .o 
0.023 
0.079 
0.40 
1.17 

0.040 
0.12 
0.55 
1.5 

0.061 
0.15 
0.55 
1.42 

0.094 
0.22 

2.2 
0.85 

0.040 
0.11 
0.49 
1.4 

0.038 
0.12 
0.59 
1.7 

0.026 
0.093 
0.51 
1.6 

0.009 
0.044 
0.28 
0.90 

0.006 
0.034 
0.22 
0.69 

0.004 
0.025 
0.18 
0.56 

0.023 0.015 
0.082 0.061 
0.43 0.34 
1.3 1 .o 

~ ~ ~ ~ ~~~~ ~~~~~ ~ - ~~~~ 

Case 1:  
Case 2: 

Blowdown for extreme meteorological conditions, maximum ambient river temperatures. 
Blowdown for normal meteorological conditions, minimum ambient river temperatures. 
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Fig. 3.8. Winter Isotherms from Braidwood Station (extreme meteorological conditions). 
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Table 3.3. Temperature Standards App l i cab le  t o  Braidwood S t a t i o n a  

1. The maximum 'aver temperatures a l l owab le  a re  6OoF i n  Decerrber, January, February and 
March, and 90 F du r ing  the remainder o f  t he  year. 

No s i n g l e  m ix ing  zone s h a l l  exceed the  area of  a c i r c l e  w i t h  a rad ius of  600 f e e t  
(25.96 acres) .  

2. 

3. The mix ing zone s h a l l  be so designed as t o  assure a reasonable zone o f  passage f o r  aqua t i c  
l i f e .  

4. 

5. 

The maximum temperature r i s e  ou ts ide  the  mix ing zone s h a l l  n o t  exceed 5 O F .  

The maximum perm iss ib le  r i v e r  temperature may be exceeded by no more than 30F no m r e  than 
1% o f  t he  hours i n  any 12-month per iod.  

aS ta te  of  I l l i n o i s  P o l l u t i o n  Contro l  Board, "Water P o l l u t i o n  Regulat ions o f  I l l i n o i s , "  
J u l y  1973. 
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t h a t  a l l  assumptions were chosen t o  be ext remely conservat ive so t h a t  t h e  areas enclosed by 
the isotherms a re  probably  upper values. The a p p l i c a n t  w i l l  be r e q u i r e d  t o  moni tor  the 
thermal discharge t o  assure t h a t  t h e  S ta te  thermal standards w i l l  be met. 

One f i n a l  p o i n t  should be made. The above model does n o t  t ake  i n t o  account the  s i n k i n g  plume 
phenomenon. 
o f  t h e  ambient r i v e r  water  (water has a maximum dens i t y  a t  about 39°F). Although i t  i s  expected 
t h a t  t h e  area encompassed by a g iven isotherm w i l l  increase as i t  s inks  t o  t h e  bottom o f  the 
r i v e r ,  t he  e x t e n t  o f  t h i s  increase cannot be q u a n t i f i e d  because no e x i s t i n g  a n a l y t i c a l  model 
takes account o f  t h i s  phenomenon. 
i so the rm would approximately double as the  p lune s inks t o  the  bottom o f  t h e  r i v e r .  

3.5 RADIOACTIVE WASTES 

Dur ing t h e  opera t i on  o f  Braidwood Stat ion,  r a d i o a c t i v e  m a t e r i a l s  w i l l  be produced by f i s s i o n  
and by neutron a c t i v a t i o n  o f  co r ros ion  products  i n  t h e  r e a c t o r  coo lan t  system. 
m a t e r i a l  produced, small amounts o f  gaseous and l i q u i d  r a d i o a c t i v e  wastes w i l l  e n t e r  t h e  waste 
streams. These streams w i l l  be processed and monitored w i t h i n  t h e  s t a t i o n  t o  minimize the  
q u a n t i t y  o f  rad ionuc l i des  u l t i m a t e l y  released t o  t h e  atmosphere and t o  t h e  Kankakee River .  

The waste handl ing and t reatment  systems t o  be i n s t a l l e d  a t  t h e  s t a t i o n  a r e  discussed i n  the  
a p p l i c a n t ' s  P re l im ina ry  Safety  Analys is  Report and Environmental Report, both dated September 
20, 1973 and i n  Supplement I 1  t o  t h e  Environmental Report dated Jan. 8, 1974. 
the  a p p l i c a n t  has prepared an ana lys i s  o f  h i s  t reatment  systems and has est imated the  annual 
r a d i o a c t  i ve e f  f 1 uen t s  . 
I n  t h e  f o l l o w i n g  paragraphs, t h e  waste t reatment  systems a re  descr ibed and an ana lys i s  i s  g i ven  
based on t h e  s t a f f ' s  model o f  t h e  a p p l i c a n t ' s  r a d i o a c t i v e  waste systems. The s t a f f ' s  model has 
been developed f r o m  a rev iew o f  a v a i l a b l e  data f r o m  opera t i ng  nuc lea r  power p lan ts ,  ad justed 
t o  apply  over  a 40-year ope ra t i ng  l i f e .  
a re  based on experience and data f rom opera t i ng  reac to rs .  As a r e s u l t ,  t h e  parameters used and 
t h e  subsequent c a l c u l a t e d  re leases vary somewhat f rom those g iven i n  t h e  a p p l i c a n t ' s  eva lua t i on .  
The r e s u l t i n g  d i f f e r e n c e s  a re  n o t  considered t o  be impor tant .  The l i q u i d  source terms a r e  
c a l c u l a t e d  by means o f  a r e v i s e d  ve rs ion  o f  t h e  ORIGEN code.5 The gaseous source terms a r e  
ca l cu la ted  by means o f  t h e  STEFFEG code. The p r i n c i p a l  parameters used i n  t h e  source term 
c a l c u l a t i o n s  are g i ven  i n  Table 3.4. 
Vol. 2, Appendix B. 
and s o l i d  waste t reatment  systems a r e  acceptable and t h a t  t h e  e f f l u e n t s  meet as low as p r a c t i c a b l e  
l e v e l s  i n  accordance w i t h  10 CFR P a r t  50,34(a). 

3.5.1 L i q u i d  Wastes 

The l i q u i d  r a d i o a c t i v e  waste t reatment  system w i l l  c o n s i s t  o f  process equipment and ins t rumen ta t i on  
necessary t o  c o l l e c t ,  process, moni tor ,  and r e c y c l e  o r  dispose o f  r a d i o a c t i v e  l i q u i d  wastes. 
P r i o r  t o  r e l e a s i n g  l i q u i d  waste, samples w i l l  be analyzed t o  determine the  t ype  and amounts 
o f  r a d i o a c t i v i t y  present .  Based on t h e  r e s u l t s  o f  these analyses, t h e  wastes w i l l  be re leased 
under c o n t r o l l e d  c o n d i t i o n s  t o  t h e  Kankakee River, a f t e r  be ing d i l u t e d  w i t h  c o o l i n g  l a k e  blowdown, 
o r  r e t a i n e d  f o r  f u r t h e r  processing. A r a d i a t i o n  moni tor  w i l l  au tomat i ca l l y  t e rm ina te  l i q u i d  
waste discharge i f  r a d i a t i o n  measurements exceed a predetermined l e v e l  i n  t h e  discharge l i n e .  
A s i m p l i f i e d  diagram o f  t h e  l i q u i d  radwaste t reatment  systems i s  shown i n  F ig .  3.10. 

The l i q u i d  r a d i o a c t i v e  waste t reatment  systems w i l l  be d i v i d e d  i n t o  t h r e e  p r i n c i p a l  systems 
and w i l l  be shared by U n i t s  1 and 2: t h e  Steam Generator Blowdown (SGB), t h e  Radioact ive 
Waste Dra ins (RWD), and t h e  Radioact ive Laundry Waste ( R L W )  systems. The SGB w i l l  be processed 
con t inuous ly  through t h e  blowdown evaporator  and p o l i s h i n g  deminera l izers ;  t h i s  water w i l l  
be reused i n  t h e  p l a n t .  The RWD system c o l l e c t s  water i n  i n d i v i d u a l  tanks from f l o o r  d ra ins ,  
equipment leakage and chemical operat ions.  A f t e r  sanp l i ng  and ana lys i s ,  RWD water  w i l l  be 
processed batchwise w i t h  t h e  approp r ia te  combinations o f  f i l t r a t i o n ,  evaporat ion and i o n  exchange. 
RWD water  may be reused i n  t h e  p l a n t  o r  discharged a f t e r  t reatment .  RLW water w i l l  be t r e a t e d  
by reverse osmosis (RO) and evaporat ion t o  remove rad ionuc l i des  and detergents .  
w i l l  be analyzed t o  determine i f  i t  i s  s u i t a b l e  t o  reuse o r  w i l l  be r e t r e a t e d  o r  discharged. 

I n  a d d i t i o n  t o  t h e  preceding th ree  systems, t h e  Chemical and Volume Contro l  System (CVCS) 
and t h e  Boron Recycle System (BRS) are considered i n  ou r  eva lua t i on .  The CVCS and BRS process 
r e a c t o r  grade water t o  c o n t r o l  boron concen t ra t i on  and r e a c t o r  coo lan t  p u r i t y .  

Th is  phenomenon occurs when the  dens i t y  o f  t he  warm e f f l uen t  i s  g rea te r  than t h a t  

However, i t  i s  est imated t h a t  t h e  area w i t h i n  the  5" o r  3" 

From t h e  r a d i o a c t i v e  

I n  these documents, 

The coo lan t  a c t i v i t i e s  and flows used i n  t h i s  eva lua t i on  

The bases f o r  these parameters a re  g i ven  i n  WASH-1256, 
Based on t h e  f o l l o w i n g  eva lua t i on ,  we conclude t h a t  t he  l i q u i d ,  gaseous, 

- 
The permeate 

3.5.1.1 Steam Generator Blowdown (SGB) 

The SGB system w i l l  process steam generator  blowdown f rom both u n i t s ,  and w i l l  have a capac i t y  
o f  120 gpm. 
mixed bed deminera l izers .  

The blowdown water w i l l  pass through f i l t e r s ,  an evaporator  and, as needed, through 
A f t e r  t reatment  t h e  stream w i l l  be re tu rned  t o  t h e  condensate s torage 
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Tab le  3 . 4 .  P r i n c i p a l  Parameters and C o n d i t i o n s  Used i n  C a l c u l a t i n g  
Releases o f  R a d i o a c t i v e  M a t e r i a l  i n  L i q u i d  and Gaseous E f f l u e n t s  

f rom Braidwood S t a t i o n  ( p e r  u n i t )  

Reactor  power l e v e l  (MWt) 
P l a n t  c a p a c i t y  f a c t o r  
F a i l e d  f u e l a  

3565 
0.80 
0.25% 

Pr imary  system 
Mass o f  c o o l a n t  ( l b )  5.34 105 

Leakage r a t e  t o  secondary system ( l b l d a y )  

Frequency o f  degass ing  f o r  c o l d  shutdowns ( p e r  y e a r )  2 

Letdown r a t e  t o  CVCS (gpm) 61 
Shim b leed  r a t e  (gpm) 1 .5  

110 
Leakage r a t e  t o  Containment B u i l d i n  ( l b l d a y )  240 
Leakage r a t e  t o  A u x i l i a r y  B u i l d i n g  q l b / d a y )  160 

Secondary system 
Steam f l o w  r a t e  ( l b / h r )  
Mass o f  steam/steam genera to r  ( 1  b )  
Mass o f  l i q u i d / s t e a m  genera to r  ( l b )  
Secondary coo l  a n t  mass ( 1  b )  
Rate o f  steam leakage t o  Tu rb ine  B u i l d i n g  ( l b / h r )  
Steam genera to r  b l  owdown r a t e  ( 1  b / h r )  

D i l u t i o n  f l o w  (gpm) 
Containment B u i l d i n g  volume ( f t 3 )  
Frequency o f  con ta inment  purges  ( p e r  y e a r )  

I o d i n e  p a r t i t i o n  f a c t o r s  ( g a s / l i q u i d )  
Leakage t o  Containment B u i l d i n g  
Leakage t o  A u x i l i a r y  B u i l d i n g  
Steam leakage t o  Tu rb ine  B u i l d i n g  
Steam genera to r  ( c a r r y o v e r )  
Main condenser a i r  e j e c t o r  

1 . 5  x 10' 
9.1 103 
1.17 104 
5 .05  105 
1 .7  103 
7 . 7  i o 3  

4 .4  x 10: 
2 .93  x l o 6  
4 

0.1 
0.005 
1 
0 .01  
0.0005 

Decontaminat ion  f a c t o r s  (DF) f o r  l i q u i d s  

Boron Recycle Equipment Dra ins  Waste Dra ins  
I 1 105 1 103 1 103 
Cs, Rb 2 x l o ?  1 104 1 104 
Mo, Tc 1 x 10' 1 x 106 1 1 0 6  
Y 1 104 1 104 1 x 105 
Others  1 105 1 105 1 104 

A l l  N u c l i d e s  
Except I o d  i ne I o d i n e  

Waste evapora to r  DF 104 105 
BRS evapora to r  DF 103 102 

Mixed bed d e m i n e r a l i z e r  ( L i 3 B 0 3 )  DF 10 10  2 
Mixed bed d e m i n e r a l i z e r  (Hf OH-) DF lOZ(10)  lOZ(10)  2 (10 )  
C a t i o n  d e m i n e r a l i z e r  DF 102(10)  l ( 1 )  lO (10 )  
An ion  d e m i n e r a l i z e r  DF 1 ( 1 )  lO'(10) l ( 1 )  

Ca t ionb  Anionb Cs, Rb 

(Note:  For t h e  two d e m i n e r a l i z e r s  i n  s e r i e s ,  t h e  DF f o r  t h e  second d e m i n e r a l i z e r  
i s  g i v e n  i n  paren theses . )  

Removal Fac to r  Removal by  p l a t e o u t  
Mo, Tc 102 
Y 10 

Flow r a t e  1 .6  104CFM 
Opera t i ng  pe r iod /pu rge  16 hours 
M i x i n g  e f f i c i e n c y  7 0% 

Containment B u i l d i n g  i n t e r n a l  r e c i r c u l a t i o n  system 

a T h i s  v a l u e  i s  c o n s t a n t  and cor responds t o  0.25% o f  t h e  o p e r a t i n g  power f i s s i o n  

bDoes n o t  i n c l u d e  Cs,  Mo. Y,  Rb, Tc. 

p r o d u c t  source  term. 
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tank f o r  reuse. Although t h e  s t a f f  ca l cu la tes  t h a t  t he  SGB t reatment  system w i l l  have s u f f i c i e n t  
capac i t y  t o  a l l o w  e s s e n t i a l l y  t o t a l  r e c y c l e  o f  t he  blowdown stream, t h e  ana lys i s  assumed the 
re lease  o f  100 percent  o f  t h e  t r e a t e d  stream s ince i t  w i l l  con ta in  l e s s  than 0.01 c u r i e  ( C i ) / y r / u n i t ,  
exc lud ing t r i t i u m  and noble gases. Radionucl ide r e m v a l  by t h e  deminera l izers  was n o t  inc luded 
i n  the eva lua t i on  s ince t h e  a p p l i c a n t  i n d i c a t e d  t h a t  deminera l izers  would be used p r i m a r i l y  
t o  reduce the  e f f e c t  o f  ope ra t i ona l  occurrences and n o t  f o r  r o u t i n e  processing. 
assumed 20% o f  the t r e a t e d  blowdown w i l l  be discharged re leas ing  0.0005 C i / y r / u n i t  o t h e r  than 
t r i t i u m  and noble gases. 

The app l i can t  

3.5.1.2 Radioact ive Waste Dra ins (RWD) 

The RWD system w i l l  c o l l e c t  l i q u i d  from the  containment sumps, a u x i l i a r y  b u i l d i n g  f l o o r  d ra ins ,  
t u r b i n e  b u i l d i n g  f l o o r  d ra ins  a u x i l i a r y  b u i l d i n g  equipment d ra ins ,  t u r b i n e  b u i l d i n g  equipment 
dra ins,  demineral i z e r  regenerat ion waste d ra ins  and chemical d r a i n s .  Each o f  these substreams 
w i l l  be c o l l e c t e d  i n  i t s  respec t i ve  d r a i n  ana lys i s  tanks where i t s  r a d i o a c t i v i t y  l e v e l  and 
chemical composit ion w i l l  be ascer ta ined and an approp r ia te  t reatment  method determined. With 
the  except ion o f  t he  t u r b i n e  b u i l d i n g  d ra ins ,  l i q u i d  r a d i o a c t i v e  waste w i l l  no rma l l y  pass 
i n  batches through a 50-gpm evaporator. The evaporator condensate w i l l  be processed through 
a deminera l izer .  The t r e a t e d  waste w i l l  then be discharged, reprocessed o r  reused based on 
i t s  r a d i o a c t i v i t y  content  and p l a n t  water balance requirements. L iqu ids  from t h e  t u r b i n e  b u i l d i n g  
dra ins,  which are expected t o  have n e g l i g i b l e  a c t i v i t y ,  w i l l  be monitored and w i l l  be t rea ted ,  i f  
requ i red ,  p r i o r  t o  discharge. 

The s t a f f ' s  eva lua t i on  assumed t h a t  a l l  o f  t he  water from the  RWD system w i l l  be discharged. 
This  discharge w i l l  be approximately 1400 gpd/uni t  o f  t r e a t e d  water con ta in ing  0.01 C i / y r / u n i t  
except tritium and noble gas, and 7200 gpd o f  un t rea ted  t u r b i n e  b u i l d i n g  water con ta in ing  
an a d d i t i o n a l  0.04 C i / y r / u n i t  exc lud ing  t r i t i u m  and noble gas. 
us ing the  parameters i n  Table 3.4. Radionucl ide removal by t h e  p o l i s h i n g  deminera l izer  was 
n o t  i nc luded  i n  the  c a l c u l a t i o n s  s ince the a p p l i c a n t  i n d i c a t e d  t h a t  t he  deminera l izer  would 
be used p r i m a r i l y  t o  reduce the  e f f e c t  o f  ope ra t i ona l  occurrences and n o t  f o r  r o u t i n e  processing. 

The a p p l i c a n t  est imates the  re lease o f  1100 gpd o f  t r e a t e d  RWD water con ta in ing  0.006 C i l y r l u n i t ,  
exc lud ing t r i t i u m  and noble gases. 
o f  unt reated t u r b i n e  b u i l d i n g  l i q u i d  con ta in ing  0.0004 C i / y r / u n i t ,  exc lud ing tritium and noble 
gases. 

The re lease values were c a l c u l a t e d  

The a p p l i c a n t  a l so  estimates t h e  re lease  o f  300 gpd /un i t  

3.5.1.3 Laundry Waste Subsystem (LWS) 

Laundry wastes w i l l  be c o l l e c t e d  i n  the  4000-gal lon laundry waste tank and processed by reverse 
osmosis t o  remove detergents  and p a r t i c u l a t e  ma t te r  p r i o r  t o  t reatment  i n  t h e  waste evaporator .  
The s t a f f  est imated t h a t  the laundry tank a c t i v i t i e s  would be equ iva len t  t o  Ci /cc p r i o r  
t o  treatment and the generat ion r a t e  t o  be 450 gpd/reactor. 
percent  o f  t he  t r e a t e d  laundry waste would be released. 
be reasonable and concludes t h a t  t h e  re lease o f  r a d i o a c t i v i t y  from the  LWS w i l l  be n e g l i g i b l e .  

The a p p l i c a n t  assumed t h a t  20 
The - s t a f f  f i n d s  t h i s  assumption t o  

3.5.1.4 Boron Recycle System (BRS) 

Primary coo lan t  w i l l  be withdrawn from the reac to r  coo lan t  system a t  approximately 61 gpm and 
processed through the Chemical and Volume Contro l  System (CVCS) .  
cooled, reduced i n  pressure, f i l t e r e d ,  and processed through one o f  two mixed bed deminera l izers .  
Approximately 12 percent  o f  t h i s  letdown stream w i l l  be passed through an a d d i t i o n a l  c a t i o n  
demine ra l i ze r  t o  remove excess l i t h i u m  and cesium. Radionucl ide removal by t h e  CVCS was evaluated 
by assuming 61 gpm letdown f l o w  a t  pr imary coo lan t  a c t i v i t y  (PCA) through one mixed bed 
deminera l izer  (L i3B03 form) and 7 .5  gpm f l o w  through one c a t i o n  deminera l izer  i n  s e r i e s  w i t h  the  
mixed'bed. 
passing a p o r t i o n  o f  t h e  letdown stream through the  boron thermal regenerat ion system. 
stream o f  approximately 1.5 gpm o f  t he  t r e a t e d  letdown stream i s  d i v e r t e d  t o  t h e  BRS as shim 
bleed. I n  the  boron thermal regenerat ion system, boron w i l l  be e i t h e r  absorbed f r o m  o r  desorbed 
i n t o  the  letdown stream, depending upon the  stream tenperature.  Since t h e  thermal regenerat ion 
demine ra l i ze r  res ins  w i l l  desorb as w e l l  as absorb r a d i o a c t i v i t y ,  t h i s  system was g iven no 
c r e d i t  f o r  rad ionuc l i de  removal. However, use o f  t h e  thermal regenerat ion system w i l l  reduce 
the q u a n t i t y  o f  l i q u i d  waste generated f rom boron c o n t r o l .  

Shim b leed f rom t h e  letdown stream w i l l  be processed through one o f  two mixed bed deminera l izers  
(L i3B03 form) and rou ted  t o  t h e  recyc le  holdup tanks.  
wastes i n  t h e  r e a c t o r  containment as w e l l  as excess spent f u e l  p i t  water w i l l  be t r a n s f e r r e d  
t o  the  r e c y c l e  holdup tank and combined w i t h  t h e  shim bleed. 
w i l l  fo rm t h e  p r i n c i p a l  i n p u t s  t o  t h e  BRS and w i l l  be processed batchwise from the  r e c y c l e  
holdup tanks.  
f a c t o r  (DF) f o r  a mixed bed deminera l izer  i n  the  L i3B03  form t o  the  shim b leed stream, and 
assuming 1.5 gpm/reactor f l o w  and CVCS o u t p u t  a c t i v i t y .  

The letdown stream w i l l  be 

The CVCS w i l l  be used t o  c o n t r o l  the boron concen t ra t i on  i n  t h e  pr imary coo lan t  by 
A s i d e  

Valve l eako f f s  and equipment d r a i n  

These streams f rom each r e a c t o r  

The shim b leed  i n p u t  a c t i v i t y  was c a l c u l a t e d  by app ly ing  t h e  decontamination 

The r e a c t o r  coo lan t  d r a i n  tank i n p u t  
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flow t o  the BRS was taken to  be 360 gpdlreactor a t  PCA based on the appl icant ' s  assumption, 
which was found to  be reasonable. 
tank i s  included in the ORIGEN code. 
the 112,000 gallon recycle holdup tanks will be f i l l e d  t o  80 percent capacity by the combined 
s h i m  bleed and reactor coolant drain tank flows from both reactor un i t s .  Radionuclide removal 
was based on the parameters i n  Table 3.4 fo r  an evaporator and an anion demineralizer in se r i e s .  
Additional c r ed i t  fo r  radioactive decay time during processing of the  contents of the recycle 
holdup tank through the two recycle evaporators has been given. In the evaluation, i t  was 
assumed tha t  equipment downtime and anticipated operational occurrences will resu l t  in approximately 
10 percent of the evaporator condensate stream being discharged w i t h  the cooling lake blowdown 
to  the Kankakee River. The applicant assumed tha t  the BRS stream will be recycled and did 
not specify a discharge fraction in his evaluation. 

Radioactive decay during collection in the recycle holdup 
The collection time was calculated to be 18 days assuming 

3.5.1.5 L i q u i d  Waste Sumnary 

The s t a f f  calculated the releases of radioactive materials in the liquid wastes to  be 0.1 Cilyrlreactor,  
excluding noble  gases and tri t ium. Based on previous experience a t  operating reactors,  the 
s t a f f  estimated the tritium releases t o  be 350 Cilyrlreactor.  
releases to  be 0.001 Cilyrlreactor,  excluding t r i t ium;  the t r i t ium release was estimated t o  
be 102 Cilyrlreactor.  The differences between the s t a f f ' s  values and those calculated by 
the applicant a re  due largely t o  the quantity of BRS waste recycle i n  the respective models. 
The s t a f f  assumed 10 percent of the BRS stream would be discharged over the l i f e  of the plant 
due t o  equipment downtime and anticipated operational occurrences, whereas the  applicant assumed 
to ta l  recycle of t h i s  stream. 

Based on the s t a f f ' s  evaluation, the radioactivity in l i q u i d  e f f luents  from Units 1 and 2 ,  
exclusive of tr i t ium and dissolved noble gases, will be less  than 5 Cilyr (see Table 

3.5.2 Gaseous Waste 

The gaseous waste treatment and ventilation systems will consist  of equipment and instrumentation 
necessary t o  reduce releases of radioactive gases and airborne particulates from equipment 
and building vents. The principal source of radioactive gaseous waste w i l l  be gases stripped 
from the primary coolant in the CVCS and  BRS. 
main condenser vacuum pump offgases, ventilation exhausts from the auxiliary,  radwaste, fuel 
handling and turbine buildings, and gases collected i n  the reactor containment building. The 
principal system fo r  t rea t ing  gaseous wastes will be the gaseous waste processing system (GWPS). 
The GWPS will co l lec t  and s to re  gases stripped from the primary coolant i n  a continuously 
recirculating nitrogen loop containing two compressors and s i x  pressurized storage t a n k s .  
GWPS will be shared by Units 1 and  2. The ventilation exhaust from the auxi l ia ry ,  radwaste, and 
fuel hand1 ing buildings w i  11 normally be processed through HEPA f i  1 t e r s  before release t o  the 
atmosphere. Since the ventilation exhaust can a l so  be processed through charcoal f i l t e r s ,  such 
flow was assumed to  meet A E C  as low as practicable guidelines. Offgases from the main  condenser 
vacuum pump exhausts and the turbine building w i l l  be  processed through a HEPA f i l t e r ,  monitored, 
and  passed through a charcoal absorber, i f  necessary, prior t o  release. The containment atmosphere 
will be recirculated t h r o u g h  f i l t e r s  and charcoal adsorbers prior t o  purging t h r o u g h  HEPA f i l t e r s  
t o  the atmosphere. 

The steam generator blowdown treatment system will cool the blowdown in heat exchangers to  
prevent flashing. The blowdown condensate will be collected in the condenser hotwell where 
degassing occurs due to the re la t ive ly  low pressure in the condenser. 
systems are shown schematically in Fig. 3.11. 

Gaseous Waste Processing System (GWPS) 

The applicant estimated the 

3.5).  

Additional sourtes of gaseous wastes will be 

The 

The gaseous waste treatment 

3.5.2.1 

The gaseous waste processing system will be designed to co l l ec t  and process gases stripped 
from the primary coolant of the CVCS, BRS, and miscellaneous tank cover gases. The GWPS will 
contain nitrogen which will be recirculated continuously as a ca r r i e r  t o  transport raqioactive 
gases removed from the primary coolant. Hydrogen cover gas from the volume control and reactor 
coolant d r a i n  t a n k s ,  and gases stripped i n  the  BRS degassifier will en te r  the nitrogen loop. 
The nitrogen, hydrogen and radioactive gases will be collected,  compressed and stored in one 
of s ix  pressurized storage tanks. 
the nitrogen, hydrogen, and long-lived nuclides will be reused in the loop or discharged to  
the environment i f  suf f ic ien t  decay has occurred. 

The applicant considers the system to  be capable of retaining radioactive gases fo r  a t  l ea s t  
45 days. 
a f t e r  45 days holdup, which will leave Kr-85 (10.7-yr half l i f e )  and Xe-133 (5.27-day half 
l i f e )  as the predominant radionuclides. 
for  noble gases and negligible fo r  iodine. 

After holdup, t o  allow short-lived radionuclide decay, 

This estimate was considered to  be reasonable and calculations were based on release 

The GWPS releases were calculated to be 1110 Cilyrlreactor 
The applicant 's  corresponding estimates were 6600 
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Table 3.5.  Braidwood L i q u i d  Rad ioac t i ve  Source Terms 

Radionucl ide C i / y r / u n i  t Radionucl ide C i /yr/ un i t 

Br-82 

sr -89 

Y-91 

Mo-99 

TC-9% 

Te-127111 

Tc-1 27 

Te-l29rn 

Te-129 

Te-131111 

Te-132 

1-1 30 
1-1 31 

1-1 32 

1-1 33 

1-135 

H-3 

0.00001 

0.00001 

0.00009 

0.00002 

0.00002 

0.00001 

0.00001 

0.00005 

0.00003 

0.00002 

0.00037 

0.00005 

0.06245 

0.00087 

0.01738 

0.00237 

350 

cs-134 

CS-136 

Cs-1 37 

Ba-l37m 

Ba-140 

La-1 40 

Cr-51 

Mn-56 

Fe-55 

Fe-59 

CO-58 

w - i  a7 
Co-60 

A l l  o the rs  

T o t a l  

0.00594 

0.00090 

0.00459 

0.00430 

0.00001 

0.00001 

0.00003 

0.00001 

0.00003 

0.00002 

0.00028 

0.00004 

0.00001 

0.00008 

0.10000 

Table 3.6. Braidwood Gaseous Rad ioac t i ve  Source Term, C i / y r / u n i t  

Decay Bui  1 d i n g  Ven t i  1 a t  i on 
Rad ionuc l i de  Tanks Reactor  A u x i l i a r y  Tu rb ine  Offgas T o t a l  

A i r  E j e c t o r  

Kr-83 m a a 1 a 1 2 

Kr-85m a a 7 a 7 14 
Kr-85 960 14 7 a 7 988 

Kr-87 a a 4 a 4 a 
Kr-88 a a 12 a 12 24 
Kr-89 a a a a a a 
Xe-l31m 29 2 6 a 6 43 
Xe-1331 a 1 13 a 13 27 
Xe-133 120 170 1,025 1 1,036 2,357 
Xe-l35m a a 1 a 1 2 

Xe-135 a a 20 a 20 40 
Xe-137 a a 1 a 1 2 
Xe-138 a a 3 a 3 6 
1-131 a 0.001 0.01 0.03 0.01 0.05 
1-1 33 a 0.001 0.01 0.02 0.01 0.04 

a - < 1 C i / y r / u n i t  noble gases, < l o - ' +  C i / y r / u n i t  i o d i n e .  
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Fig. 3.11. Gaseous Waste Treatment Systems. 
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C i l y r l r e a c t o r  and a n e g l i g i b l e  amount o f  i o d i n e .  
i s  based on o p e r a t i o n  w i t h  one p e r c e n t  o f  t h e  o p e r a t i n g  power f i s s i o n  p r o d u c t  source  t e r m  
w h i l e  t h e  s t a f f ' s  a n a l y s i s  used 0.25 pe rcen t  o f  t h e  o p e r a t i n g  power f i s s i o n  p roduc t  source  
term. 

The a p p l i c a n t ' s  more c o n s e r v a t i v e  e s t i m a t e  

3.5.2.2 Containment Purges 

R a d i o a c t i v e  gases w i l l  be re leased  i n s i d e  t h e  r e a c t o r  conta inment  when p r i m a r y  system components 
a re  opened o r  when l e a k s  occu r  i n  t h e  p r i m a r y  system. 
w i t h i n  t h e  conta inment  d u r i n g  normal o p e r a t i o n  b u t  w i l l  be r e l e a s e d  p e r i o d i c a l l y  d u r i n g  conta inment  
purges .  P r i o r  t o  pu rg ing ,  t h e  conta inment  atmosphere w i l l  be r e c i r c u l a t e d  th rough  HEPA f i l t e r s  
and cha rcoa l  adsorbers  f o r  p a r t i c u l a t e  and i o d i n e  removal .  F o l l o w i n g  t h i s  r e c i r c u l a t i o n  procedure ,  
t h e  con ta inmen t  w i l l  be purged t o  t h e  atmosphere th rough  HEPA f i l t e r s .  
a i r b o r n e  a c t i v i t y  was based on t h e  parameters l i s t e d  i n  Tab le  3 .4  f o r  p r i m a r y  c o o l a n t  leakage 
t o  t h e  conta inment .  R a d i o n u c l i d e  removal was based on 16 hours  o f  r e c i r c u l a t i o n  system o p e r a t i o n ,  
70 pe rcen t  m i x i n g  e f f i c i e n c y ,  and a DF o f  10 f o r  t h e  r e c i r c u l a t i o n  cha rcoa l  adsorber .  Assuming 
f o u r  conta inment  purges  p e r  r e a c t o r  p e r  yea r ,  t h e  s t a f f  c a l c u l a t e d  t h e  re leases  t o  be 
190 C i l y r l r e a c t o r  o f  n o b l e  gases and 0.001 C i l y r l r e a c t o r  o f  i od ine -131 .  The a p p l i c a n t  e s t i m a t e d  
a r e l e a s e  o f  560 C i l y r l r e a c t o r  o f  nob le  gases and 0.008 C i l y r l r e a c t o r  o f  i od ine -131  based on a 
c o n s e r v a t i v e  assumption o f  10 purges p e r  y e a r  f o r  each r e a c t o r .  

The gaseous a c t i v i t y  w i l l  be sea led  

C a l c u l a t i o n  o f  t h e  

3.5.2.3 A u x i l i a r y  and Fuel  Hand l i ng  B u i l d i n g  Vent Releases 

R a d i o a c t i v e  gases w i l l  be r e l e a s e d  t o  t h e  a u x i l i a r y  and f u e l  h a n d l i n g  b u i l d i n g s  due t o  leakage 
f rom p r i m a r y  system components. These two b u i l d i n g s  w i l l  share  a comnon v e n t i l a t i o n  system 
des igned t o  ensure t h a t  a i r  f l o w  w i l l  be f r o m  a reas  o f  low p o t e n t i a l  t o  areas hav ing  a g r e a t e r  
p o t e n t i a l  f o r  t h e  r e l e a s e  o f  a i r b o r n e  r a d i o a c t i v i t y .  V e n t i l a t i o n  a i r  w i l l  be exhausted  th rough  
HEPA f i l t e r s  f o r  p a r t i c u l a t e  removal .  The v e n t i l a t i o n  a i r  can a l s o  be c o n t i n u o u s l y  exhausted  
th rough cha rcoa l ;  t h i s  o p e r a t i o n  was assumed by t h e  s t a f f .  
b u i l d i n g  leakage r a t e  and i o d i n e  p a r t i t i o n  f a c t o r  l i s t e d  i n  Tab le  3.4 w i t h  c r e d i t  g i v e n  f o r  
t h e  cha rcoa l  adsorber  i n  t h e  o p e r a t i n g  stream. 
re leases  t o  be 1100 C i / y r / r e a c t o r  o f  nob le  gases and 0.01 C i l y r l r e a c t o r  f o r  i od ine -131 .  The 
a p p l i c a n t  e s t i m a t e d  t h e  re leases  t o  be 0.015 C i l y r l r e a c t o r  o f  i od ine -131  and "sma l l  q u a n t i t i e s  
o f  nob le  gases . "  

Releases were based on t h e  a u x i l i a r y  

The s t a f f  t h u s  c a l c u l a t e d  t h e  a u x i l i a r y  b u i l d i n g  

3 .5 .2 .4  Tu rb ine  B u i l d i n g  Vent Releases 

R a d i o a c t i v e  gases w i l l  be r e l e a s e d  t o  t h e  t u r b i n e  b u i l d i n g  f r o m  secondary system steam leakage.  
The t u r b i n e  b u i l d i n g  v e n t i l a t i o n  system exhausts  w i l l  n o t  be t r e a t e d  p r i o r  t o  r e l e a s e .  
c a l c u l a t e d  r e l e a s e  va lues  a r e  based on 1700 l b / h r / r e a c t o r  o f  steam leakage t o  t h e  t u r b i n e  
b u i l d i n g  assuming t h a t  a l l  o f  t h e  n o b l e  gases and i o d i n e  remain  a i r b o r n e .  On t h i s  b a s i s ,  
t h e  t u r b i n e  b u i l d i n g  ven t  r e l e a s e  was c a l c u l a t e d  t o  be n e g l i g i b l e  f o r  n o b l e  gases and 
0.03 C i / y r / r e a c t o r  f o r  i od ine -131 .  The a p p l i c a n t  e s t i m a t e d  0.001 C i l y r l r e a c t o r  f o r  i o d i n e - 1  31 
and d i d  n o t  s p e c i f y  a n o b l e  gas r e l e a s e .  

The 

3 .5 .2 .5  Steam Releases t o  t h e  Atmosphere 

The c a p a c i t y  o f  t h e  t u r b i n e  bypass t o  t h e  condenser w i l l  be 40 p e r c e n t  o f  t h e  f l o w .  A n a l y s i s  
i n d i c a t e s  t h a t  steam re leases  t o  t h e  e n v i r o n s  due t o  t u r b i n e  t r i p s  and low power phys i cs  t e s t i n g  
w i l l  have a n e g l i g i b l e  e f f e c t  on t h e  c a l c u l a t e d  source te rm.  

3.5.2.6 Main Condenser O f fgas  Releases 

O f fgas  f r o m  t h e  main condenser vacuum pump exhausts  w i l l  c o n t a i n  r a d i o a c t i v e  gases r e s u l t i n g  
f rom p r i m a r y  t o  secondary system leakage.  I o d i n e  w i l l  be p a r t i t i o n e d  between t h e  steam and 
l i q u i d  phases i n  t h e  steam genera to rs  and between t h e  condensing and non-condensable phases 
i n  t h e  main condensers and vacuum pumps. The ma jo r  c o n c e n t r a t i o n  o f  i o d i n e  p r e s e n t  i n  t h e  
vacuum pump exhaust  w i l l  be r e l e a s e d  th rough  a cha rcoa l  adsorber  t o  t h e  p l a n t  ven t .  The s t a f f  
used 20 g p d l r e a c t o r  o f  p r i m a r y  t o  secondary leakage,  p a r t i t i o n  f a c t o r s  o f  0.01 and 0.0005 
f o r  i o d i n e  i n  t h e  steam genera to rs  and main condenser vacuum pumps, r e s p e c t i v e l y ,  a DF o f  10 
f o r  t h e  cha rcoa l  adsorbers  and c a l c u l a t e d  t h e  main condenser vacuum pump re leases  t o  be 
approx ima te l y  1110 C i l y r l r e a c t o r  f o r  n o b l e  gases and 0.01 C i l y r l r e a c t o r  f o r  i od ine -131 .  The 
a p p l i c a n t  e s t i m a t e d  t h i s  r e l e a s e  t o  be 16,275 C i l y r l r e a c t o r  f o r  nob le  gases and 0.001 C i l y r l r e a c t o r  
f o r  i od ine -131 .  
t h e  s t a f f  because a more c o n s e r v a t i v e  model was used. The a p p l i c a n t ' s  e s t i m a t e  was based on 
o p e r a t i n g  w i t h  one p e r c e n t  of  t h e  f i s s i o n  p roduc t  source term; t h e  s t a f f ' s  a n a l y s i s  used 
0.25 pe rcen t .  
secondary l e a k  r a t e ,  whereas t h e  s t a f f  assumed 20 g p d l r e a c t o r .  

The a p p l i c a n t ' s  es t ima ted  re leases  a r e  somewhat h i g h e r  than  those  c a l c u l a t e d  by 

The a p p l i c a n t  a l s o  assumed a l e a k  r a t e  e q u i v a l e n t  t o  68 g p d l r e a c t o r  p r i m a r y  t o  
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3.5.2.7 Gaseous Waste Smmary 

Based on t h e  parameters given i n  Table 3.4, t he  t o t a l  r a d i o a c t i v e  gaseous re leases were ca l cu la ted  
t o  be approx imate ly  3500 C i l y r l r e a c t o r  o f  noble gases and 0.05 C i / y r / reac to r  o f  iodine-131. 
p r i n c i p a l  sources and i s o t o p i c  d i s t r i b u t i o n s  are g iven i n  Table 3.6. The a p p l i c a n t  has ca l cu la ted  
an o v e r a l l  r e lease  of approximately 23,400 C i l y r l r e a c t o r  o f  noble gases and 0.03 C i / y r / r e a c t o r  o f  
iod ine-1 31. 

3.5.3 S o l i d  Waste 

S o l i d  waste c o n t a i n i n g  r a d i o a c t i v e  m a t e r i a l s  w i l l  be generated d u r i n g  s t a t i o n  operat ions.  
S o l i d  wastes w i l l  be ca tegor i zed  as "wet" o r  "dry"  based upon the  need f o r  mois ture absorpt ion 
and s o l i d i f i c a t i o n  d u r i n g  processing. The s o l i d  waste system w i l l  c o n s i s t  o f  a waste drumming 
subsystem f o r  d r y  s o l i d  waste. 

Wet s o l i d  wastes w i l l  c o n s i s t  main ly  o f  spent deminera l izer  r e s i n s ,  f i l t e r  sludges, evaporator 
bottoms, reverse osmosis concentrates and chemical d r a i n  tank e f f l u e n t s .  These wastes w i l l  
be combined w i t h  a cement and v e r m i c u l i t e  m ix tu re  t o  form a s o l i d  m a t r i x  and sealed i n  55-gal lon 
s t e e l  drums. 
removed by deminera l izers ,  evaporators, o r  f i l t e r s  and become wet s o l i d  wastes, these wastes are 
considered t o  have been s to red  on s i t e  f o r  a l e a s t  180 days f o r  r a d i o a c t i v e  decay p r i o r  t o  
shipment o f f  s i t e .  

Dry s o l i d  wastes w i l l  cons i s t  of v e n t i l a t i o n  a i r  f i l t e r s ,  contaminated c l o t h i n g  and paper 
and miscel laneous i tems such as t o o l s  and l a b o r a t o r y  glassware. Dry s o l i d  wastes w i l l  be 
compressed i n t o  55-gal lon drums us ing a hyd rau l i c  p ress -ba l i ng  machine. Since d r y  s o l i d  wastes 
w i l l  c o n t a i n  much l e s s  a c t i v i t y  than wet s o l i d  wastes, no o n - s i t e  storage o f  d r y  s o l i d  wastes 
was inc luded  i n  the evaluat ion.  

Based on t h e  s t a f f ' s  eva lua t i on  of s i m i l a r  r e a c t o r s  and opera t i ng  r e a c t o r  data, i t  was est imated 
t h a t  approx imate ly  600 drums of wet s o l i d  waste con ta in ing  approx imate ly  12 Ci/drum, and 450 
drums of d r y  s o l i d  waste con ta in ing  l ess  than 5 C i  t o t a l ,  f o r  each r e a c t o r ,  w i l l  be shipped 
off s i t e  annual ly .  
w i l l  be l o n g - l i v e d  f i s s i o n  and co r ros ion  products, p r i n c i p a l l y  Cs-134, Cs-137, Co-58, Co-60, 
and Fe-55. 
a c t i v i t i e s  rang ing  from 2 t o  260 Ci/drum, and 180 drums o f  d r y  s o l i d  waste w i t h  a c t i v i t i e s  ranging 
from n e g l i g i b l e  t o  3.40 Ci/drum w i l l  be shipped o f f  s i t e  annua l l y .  

3.5.3.1 S o l i d  Waste Summary 

The 

Since the  m j o r i t y  of t he  r a d i o a c t i v i t y  en te r ing  t h e  l i q u i d  waste streams w i l l  be 

More than 90 percent  o f  t he  r a d i o a c t i v i t y  assoc iated w i t h  t h e  s o l i d  waste 

The a p p l i c a n t  est imates t h a t  approximately 1060 drums o f  wet s o l i d  waste w i t h  

A l l  con ta ine rs  w i l l  be shipped t o  a l i censed  b u r i a l  s i t e  i n  accordance w i t h  AEC and DOT r e g u l a t i o n s .  
The s o l i d  waste system w i l l  be s i m i l a r  t o  systems which have been evaluated and found t o  be 
acceptable i n  prev ious l i c e n s e  a p p l i c a t i o n s .  
the s ta f f  cons iders t h i s  s o l i d  waste system t o  be acceptable. 

3.6 CHEMICAL AND B I O C I D E  SYSTEMS 

Sulphur ic  a c i d  w i l l  be added t o  the  coo l i ng  water  f o r  t he  main condensers t o  prevent  sca le  bu i l dup .  
The t o t a l  average feed r a t e  w i l l  be 235 g a l / h r  o f  66" Baum6 ac id.  

The p r i n c i p a l  o the r  chemicals expected t o  be used d u r i n g  t h e  r o u t i n e  operat ion o f  t h e  s t a t i o n  are 
su lphu r i c  a c i d  and sodium hydroxide f o r  regenerat ion o f  r e s i n s  used i n  the makeup water demineral- 
i z e r s .  
i t  wi1,l be discharged t o  t h e  r i v e r  v i a  t h e  blowdown l i n e .  

The maximum and average concentrat ions o f  chemicals from t h e  makeup system i n  t h e  water 
discharged a r e  shown i n  Table 3.7. 
a c i d  and phosphate expected by t h e  a p p l i c a n t  i n  l ake  blowdown. 
coo lan t  system as a chemical shim w h i l e  t h e  l a t t e r  i s  used i n  t h e  steam system t o  c o n t r o l  
s c a l i n g  and co r ros ion .  

The a p p l i c a n t  s ta tes  t h a t  t h e  se rv i ce  water f o r  e s s e n t i a l  ( s a f e t y  r e l a t e d )  and nonessent ia l  
( a u x i l i a r y )  systems w i l l  be hypochlor inated t o  prevent  b i o l o g i c a l  growths i n  t h e  c o o l i n g  equipment 
(Ref. 1, p. 3.6-2). The a p p l i c a n t  proposes t o  add h y p o c h l o r i t e  t h r e e  t imes a day f o r  about 
ha l f -hou r  per iods.  Dur ing each c h l o r i n a t i o n  o f  t h e  essen t ia l  se rv i ce  water, approximately 
20 g a l l o n s  o f  15% NaOCl w i l l  be used, and approximately 25.5 g a l l o n s  w i l l  be used f o r  t h e  
nonessent ia l  s e r v i c e  water. The t o t a l  amount o f  15% NaOCl s o l u t i o n  used each day w i l l  be 
approx imate ly  140 ga l l ons .  Since the re  i s  no accurate way t o  p r e d i c t  t h e  c h l o r i n e  demand o f  
t h e  l a k e  water, t h e  q u a n t i t y  o f  NaOCl used may b e  changed. 
i n t o  t h e  lake,  t h e  r e s i d u a l  c h l o r i n e  w i l l  have about f o u r  days o f  a e r a t i o n  and r e a c t i o n  w i t h  
t h e  l a k e  bottom and c h l o r i n e  demand cons t i t uen ts  o f  t h e  l ake  water be fo re  reaching the  blowdown Po in t .  

Based on i t s  s i ' m i l a r i t y  t o  acceptable systems, 

Waste from t h i s  system w i l l  be sent t o  a n e u t r a l i z e r  tank, and a f t e r  t h e  pH i s  adjusted, 

Also shown i n  the  t a b l e  a r e  the  concentrat ions o f  b o r i c  
The former i s  used i n  t h e  pr imary 

A f t e r  t h e  se rv i ce  water i s  discharged 
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Table 3.7. A p p l i c a n t ' s  Est imates o f  E f f l u e n t  Water Composi t iona 

Concentrat ion,  mg/l 

Ambient Tank Lake Discharge 
R i v e r  E f f  1 uen t b  B1 owdown t o  R i v e r b  

N e u t r a l i z i n g  Average Average 

A l k a l i n i t y  
(as CaC03) 

187 0 37 36 

Calcium 78.5 191 158 158 

C h l o r i d e s  14.2 665 28 34 

Magnesi um 27.2 89 55 55 

N i t r a t e s  8.5 17 17 

S i l i c a  8 .8  29 17 17 

Sodi um 10 1795 20 38 

S u l f a t e s  113.2 3620 555 588 

T o t a l  D isso lved  S o l i d s  386 6389 90 6 967 

PH 8.0 % ?  W i t h i n  
S tanda r d  s 

Phosphate (as POI,) 1 .1 1.2 

Boron (as B)  5c 

aThese f i g u r e s  have been es t ima ted  w i th  t h e  f o l l o w i n g  assumptions: 

( 1 )  Average blowdown = 51.4 c f s  (23,050 gpm). 

( 2 )  N e u t r a l i z i n g  t a n k  d i scha rge  = 400 gpm, t h e  es t ima ted  maximum d ischarge .  

(3 )  The radwaste and s a n i t a r y  systems d ischarges t o  t h e  blowdown were cons ide red  n e g l i g i b l e .  

( 4 )  The a n a l y s i s  o f  t h e  n e u t r a l i z i n g  t a n k  e f f l u e n t  was es t ima ted  assuming a 150-gpm makeup 

( 5 )  The amount o f  water  used d u r i n g  r e g e n e r a t i o n  was 170,000 g a l l o n s .  

(6 )  The maximum c o n c e n t r a t i o n  i n  t h e  l a k e  blowdown w i l l  occur  d u r i n g  t h e  sumner. 

Caust ic  (100% NaOH) added f o r  

c a p a c i t y  w i t h  t h e  deep w e l l s  s u p p l y i n g  t h i s  water .  

bAc id  (93% H,SO,) added f o r  regenera t i on  = 4480 l b / d a y .  
r e g e n e r a t i o n  = 2676 lb /day .  

I n t e r m i t t e n t  d i scha rge .  C 

Compl i e d  f r o m  t h e  a p p l i c a n t ' s  Environmental  Repor t .  
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The t o t a l  r e s i d u a l  c h l o r i n e  concentrat ion i n  t h e  c o o l i n g  l a k e  blowdown re leased t o  the r i v e r  i s  
t h e r e f o r e  expected t o  be below 0.001 ppm. 

Mechanical c lean ing  w i l l  be used t o  c o n t r o l  b i o l o g i c a l  growth and s l ime  bu i l dup  i n  t h e  main 
condenser (Ref. 1, p. 3.6-2). 

3.7 SANITARY AND OTHER WASTES 

A l l  s a n i t a r y  wastes w i l l  be processed through a sewage t reatment  p l a n t  l oca ted  w i t h i n  the  
s t a t i o n  area. The sewage t reatment  p l a n t  w i l l  be o f  t he  extended a e r a t i o n  t ype  and designed 
f o r  a maximum water  requirement o f  15,000 ga l l ons  per  day. The water w i l l  come f r o m  w e l l s  on 
s i t e .  The wastes w i l l  r ece i ve  pr imary and secondary t reatment  and t h e  e f f l u e n t  w i l l  r ece i ve  
a t e r t i a r y  t reatment  c o n s i s t i n g  o f  f i l t r a t i o n  and c i r c u l a t i o n  f o l l o w e d  by c h l o r i n a t i o n  f o r  
d i s i n f e c t i o n .  The t r e a t e d  e f f l u e n t  w i l l  then be discharged i n t o  t h e  r i v e r  v i a  t h e  blowdown. 
The a p p l i c a n t  expects t h e  c h l o r i n e  concen t ra t i on  i n  t h e  e f f l u e n t  t o  be 1 ppm be fo re  i t  i s  
mixed w i t h  the  a n t i c i p a t e d  average blowdown o f  46 cfs. Since t h e  expected f l o w  o f  t r e a t e d  
sewage i s  o n l y  0.023 c f s ,  i t s  res idua l  c h l o r i n e  w i l l  be completely consumed by t h e  c h l o r i n e  
demand o f  t he  blowdown water  be fo re  i t  reaches t h e  r i v e r .  

Dur ing the  s t a t i o n  c o n s t r u c t i o n  per iod,  t he  sewage t reatment  p l a n t  w i l l  be operated as a con tac t  
s t a b i l i z a t i o n  u n i t ,  and the  sewage w i l l  be t r e a t e d  i n . a  manner t h a t  complies w i t h  the  S ta te  
o f  I l l i n o i s  standards. 

Trash and o t h e r  o b j e c t s  c o l l e c t e d  on t h e  p r e l i m i n a r y  screens and t r a v e l i n g  screens w i l l  be 
removed by a l i censed  d isposal  se rv i ce  and shipped o f f  s i t e .  
r a d i o a c t i v e  waste, i .e.,  t rash,  shop and l a b o r a t o r y  wastes, w i l l  be processed by normal 
i n d u s t r i a l  techniques f o r  s o l i d  waste d isposal  by commercial scavenger se rv i ce .  Laundry wastes 
and wastes f r o m  chemical l abo ra to ry  d ra ins  w i l l  be processed through t h e  radwaste system 
descr ibed i n  Sect ion 3.5. 

Emergency power w i l l  be supp l i ed  by f o u r  d iese l  engines. These engines w i l l  exhaust d i r e c t l y  
t o  t h e  atmosphere through a m u f f l e r  system. 
i n t e r m i t t e n t  bas i s  f o r  t e s t  purposes (except f o r  emergencies r e q u i r i n g  t h e i r  use), t he  combustion 
products have n o t  been considered i n  c a l c u l a t i n g  p l a n t  e f f l u e n t s .  

Two o i l -  o r  g a s - f i r e d  a u x i l i a r y  steam b o i l e r s ,  each r a t e d  a t  about 75 x l o 6  Btu/hr, w i l l  be 
used f o r  p l a n t  s t a r t u p  and when t h e  nuc lea r  u n i t s  are shut  down. The a p p l i c a n t  s ta tes  t h a t  
these b o i l e r s  w i l l  be supp l i ed  w i t h  l o w - s u l f u r  d i s t i l l a t e  o i l  o r  n a t u r a l  gas t h a t  w i l l  meet 
I11 i n o i s  S ta te  emission standards f o r  c o n t r o l  o f  gaseous s u l f u r  d iox ide  emissions. 
a r e  no standards a p p l i c a b l e  t o  gas - f i r ed  u n i t s  under 250 x l o 6  x l o 6  Btu/hr .  
o i l ,  t h e  standards l i m i t  SO2 emissions t o  0.3 l b  per  m i l l i o n  Btu heat i npu t .  

3.8 TRANSMISSION SYSTEMS 

The a p p l i c a n t  has g i ven  a d e s c r i p t i o n  o f  t h e  t ransmiss ion l i n e s  i n  t h e  Environmental Report 
(Ref. 1 , p. 3.9-1). The two new t ransmiss ion c o r r i d o r s  f o r  t h e  proposed l i n e s  a re  shown i n  
Fig. 3.12. The routes w i l l  proceed f r o m  Braidwood S t a t i o n  t o  t h e  e x i s t i n g  J o l i e t  Generating 
S t a t i o n  and t h e  e x i s t i n g  Crete Transmission Substat ion.  

The remainder o f  t he  p l a n t  non- 

As these u n i t s  w i l l  be operated o n l y  on an 

There 
When f i r i n g  d i s t i l l a t e  

The "Braidwood t o  J o l i e t  Generating S ta t i on "  c o r r i d o r  i s  approximately 30 m i l e s  long.  The 
f i r s t  3% m i l e s  heading eastward f r o m  the  Braidwood s t a t i o n  w i l l  be a 215-foot mu l t i p le -use  
c o r r i d o r  o f  which approximately 145 f e e t  w i l l  be reserved f o r  a double c i r c u i t  345-kV l i n e .  
The remain ing w i d t h  o f  t h e  c o r r i d o r  w i l l  be used f o r  a p i p e l i n e  which w i l l  p rov ide  makeup 
water f o r  t he  lake.  Proceeding 2-3/4 m i les  northward, t h e r e  w i l l  be a 145- foot  r ight -of -way 
f o r  a double c i r c u i t  345-kV l i n e .  The nex t  12-1/2 m i l e s  w i l l  r e q u i r e  a 95- foot  widening o f  
a 145-foot r ight -of -way,  which i s  being acqui red a t  t h e  present  t ime f o r  a p r o j e c t  n o t  
assoc iated w i t h  the  Braidwood S ta t i on .  A double c i r c u i t  345-kV l i n e  f r o m  Braidwood w i l l  be 
i n s t a l l e d  on p a r t  o f  t h i s  240-foot r i gh t -o f -way  which f o l l o w s  t h e  eastern boundary o f  t h e  
J o l i e t  Arsenal. Along t h i s  p o r t i o n  t h e  l i n e  w i l l  p a r a l l e l  t he  Nor fo l k  and Western Ra i l road  
(N. & W. )  f o r  approximately f i v e  m i les .  The l a s t  l l + m i l e  s e c t i o n  t o  t h e  J o l i e t  s t a t i o n  w i l  
have a double c i r c u i t  345-kV l i n e  on a new 145- foot  ri ht-of-way. This sec t i on  w i l l  p a r a l l e  
t h e  Chicaao. Milwaukee. S t .  Paul and P a c i f i c  Ra i l road  7C.M.St.P. & P . )  f o r  2-1/2 m i les .  A l l  o f  
t h e  tower; along t h e  Braidwood t o  J o l i e t  c o r r i d o r  w i l l  'be l a t t i c e  s t e e l  w i t h  concrete foundations 
and 20- foot  square bases. 
t r i p l e  c i r c u i t  towers spaced a t  e i g h t  pe r  m i l e .  

The r i gh t -o f -way  w i l l  c ross n e a r l y  23 m i l e s  (304 acres) o f  c lea red  farmland, 5-1/8 m i les  
(58 acres) o f  open woodland and hedgerows, 3/4 m i l e  (19 acres)  o f  r i p a r i a n  woodland and 
1-7/8 m i l e s  (22 acres)  o f  d iscont inuous marshland. The r ight -of -way w i l l  a l s o  cross the  

The double c i r c u i t  towers w i l l  be spaced a t  s i x  pe r  m i l e  and the  



Fig. 3.12. Braidwood Station Transmission System. From the applicant's Environmental Report. 
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Kankakee R ive r  approximately 1.5 m i l e s  northwest of Wilmington, I l l i n o i s ;  seven creeks; 
13 i n t e r m i t t e n t  streams; t h e  Gul f ,  Mobile, and Ohio Ra i l road  ( G . M .  & 0.);  a U. S. Government 
r a i l r o a d ;  and two S t a t e  highways. 

The t o t a l  r ight-of-way acreage fo r  t h i s  land i s  about 403. Less than two acres o f  land w i l l  be 
occupied by t h e  tower bases. 

The "Braidwood t o  Crete Substat ion"  c o r r i d o r  w i l l  be approximately 54 m i les  long. The f i r s t  29 
m i les  of t h e  c o r r i d o r  w i l l  be 405 f e e t  wide, p r o v i d i n g  f o r  a double c i r c u i t  345-kV l i n e  and a 
f u t u r e  765-kV l i n e .  
t h e  Kankakee R i v e r  and then n o r t h  t o  Wi l t on  Township i n  W i l l  County. 
i n v o l v e  a 180-foot widening o f  an e x i s t i n g  ZOO-foot r ight -of -way.  This  380-foot r ight -of -way 
w i l l  have a double c i r c u i t  345-kV l i n e  p a r a l l e l  t o  the  e x i s t i n g  765-kV l i n e  between Wi l t on  
and Washington Townships. From Washington Township, 7-3/4 m i les  northward t o  the Crete Substation, 
t he re  w i l l  be a new 190- foot  r i gh t -o f -way  f o r  a t r i p l e  c i r c u i t  138/345-kV l i n e  and a f u t u r e  
t r i p l e  c i r c u i t  138/345-kV l i n e .  Except f o r  t h e  l a s t  7-3/4 m i les  of t h e  o v e r a l l  route,  the towers 
w i l l  have 40- foot  square bases and be spaced a t  4t, towers t o  t h e  m i l e .  
m i l es  t o  t h e  Crete Substation, t h e  t r i p l e  c i r c u i t  towers w i l l  have 20 - foo t  square bases and 
be spaced a t  e i g h t  towers per m i l e .  A l l  o f  these towers w i l l  be l a t t i c e  s t e e l  w i t h  concrete 
foundations. 

Th is  r o u t e  w i l l  cross through n e a r l y  48 mi les (1837 acres)  o f  c lea red  farmland, 3-3/8 m i les  
(74 acres)  o f  open woodland and hedgerows and 2-3/4 m i les  (62 acres)  o f  r i p a r i a n  woodland. 
l i n e s  w i l l  cross t h e  Kankakee R ive r  approximately seven m i les  northwest of Kankakee, I l l i n o i s .  
They w i l l  a l s o  cross 11 creeks and 18 i n t e r m i t t e n t  streams. The t o t a l  acreage f o r  t h i s  c o r r i d o r  
i s  1973. About e i g h t  acres w i l l  be occupied by the  tower bases. 

T ranspor ta t i on  rou te  cross ings w i l l  i nc lude  t h e  N. & W . ,  C.M.St.P. & P., and t h e  Chicago and 
Eastern I l l i n o i s  ( C .  & E.I.)  r a i l r o a d s ,  one i n t e r s t a t e  highway, two U. S. highways, and f o u r  
S t a t e  roads. 

This  sec t i on  o f  t h e  l i n e  heads south i n t o  Kankakee County, east  across 
The next  17 mi les w i l l  

For t he  l a s t  7-3/4 

The 
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4. ENVIRONMENTAL EFFECTS OF CONSTRUCTION 

4.1 IMPACTS ON LAND USE 

The following tabulation shows the character of the land tha t  will make u p  each component of 
the new s i t e  when strip-mining operations currently underway are  completed: 

MAIN STTE 4320 acres 

Area affected by plant building a c t i v i t i e s  130 acres 
Woods 
Cul t i  vated 
Fa1 low 

35 acres 
70 
25 

130 acres 

Area occupied by lake, islands,  and  dikes 3540 acres 
Strip-mine spoil 
Cu  1 t i  v a ted 381 
Fa1 1 ow 2 04 
Woods 117 

2838 acres (in various stages of reclamation, see Sec. 2 .7 .1)  

3540 acres 

Area t o  be undisturbed 650 acres 
Cul t i v a  ted 200 acres 

Woods and fallow f i e lds  450 
650 acres 

4320 acres 

PIPELINE CORRIDOR A N D  RIVER SITE 100 acres 

Intake and discharge s t ruc ture  s i t e  12 acres 
Cultivated 12  acres 

Pipeline corridor 
Cul t i  va ted 
Woods 

88 acres 
71 acres 
17 
88 acres 

100 acres 

Total 4420 acres 

The loss of 734 acres of cultivated land i s  considered by the s t a f f  as a n  adverse impact. 
the remainder of the land i s  e i the r  fallow land, land which will be disturbed only temporarily, 
or l a n d  which will be undisturbed, no long-term adverse impacts on these lands should r e su l t .  

The diversion of 734 acres from agricultural  use to  industrial  use will r e su l t  in a yearly 
loss of comnodities such as corn, soybeans, wheat, e tc .  
corn or 55 bu/acre fo r  wheat or soybeans, the comnodity loss for  the 734 acres would be about 
88,080 bushel of corn, or about 40,370 bushels of wheat or soybeans per year. (This would 
be a very conservative upper l imi t  estimate of commodity yield since average yields fo r  the 
s o i l s  involved would be less  t h a n  those assumed.) The attendent economic loss result ing from 
such agricultural  diversion a t  current market prices i s  estimated by the s ta f f  t o  be no more 
than $200,000 per year. 
would be about 1 / 2  the above comnodity and economic loss .  

Since 

Assuming a yield of 120 bu/acre fo r  

A more r e a l i s t i c  estimate based on present-day average costs and y ie lds  

4-1 
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Because of recent  increased gra in  expor t s ,  the  amount of f e d e r a l l y  supported s e t - a s i d e  acreage 
was reduced t o  zero i n  1974. 
1970. For t h e  three-county area of Wil l ,  Kankakee, and Grundy t h e  s e t - a s i d e  acreage f o r  feed 
gra in  was reduced t o  19,332 acres  i n  1973 from 93,182 in  1970. 
a g r i c u l t u r a l  land t o  power-plant use represents ,  t h e r e f o r e ,  a more s i g n i f i c a n t  a g r i c u l t u r a l  l o s s  
than when i t  was only a small f r a c t i o n  of  the  se t -as ide  acreage f o r  the a rea .  

The appl icant  s t a t e s  t h a t  eleven permanent residences and two temporary dwellings involving a 
t o t a l  of 32 persons wi l l  be displaced by s i t e  acquis i t ion  (Ref. i, p .  8 .0-3) .  
s t a t e s  t h a t  the res idents  wi l l  be given s u f f i c i e n t  time f o r  r e l o c a t i o n .  

4.1.1 Agricul tural  Energetics 

Acreage, y i e l d ,  and production f o r  major crops of Will County a r e  given in  Table 4.1 f o r  the 
period 1970-1973. Land devoted t o  corn production during t h a t  period varied from 124,500 t o  
140,400 a c r e s .  
farmers a t  the time of p lan t ing  and t h e  incent ives  then a c t i n g  f o r  t h e i r  p a r t i c i p a t i o n  i n  feed- 
gra in  s e t  a s i d e  programs. The 734 acres  t o  be taken out  o f  production by t h e  Braidwood nuclear  
p lan t  i s  l e s s  than t h e  normal var ia t ion  i n  acreage which takes  place i n  the county through ac t ion  
of m r k e t  processes. 
divers ion of 734 acres  from crop production in  Will County would not a f f e c t  the  marginal value 
of crops produced in  t h e  county. Production of major crops f o r  t h e  S t a t e  of I l l i n o i s  i s  given 
in Table 4.2. 
show t h a t  over 1 b i l l i o n  bushels of  corn were produced. Further increase  in s ta te-wide produc- 
t i o n  can be a n t i c i p a t e d  i n  1974 and subsequent years  due t o  the terminat ion of payments under 
t h e  f e d e r a l l y  subsidized feedgrain s e t - a s i d e  program f o r  1974. 
bushels of corn t o  be l o s t  on t h e  Braidwood pro jec t  c o n s t i t u t e s  only 0.01% of t h e  s t a t e  produc- 
t i o n .  

[Recent production s t a t i s t i c s  do not ind ica te  changing t rends  i n  the acreage devoted t o  various crops 
in  t h e  county or  the s t a t e . ]  Corn remains a preferred crop by farmers because o f  well developed mar- 
kets  and because of t h e  high y i e l d  poten t ia l  r e l a t i v e  t o  o ther  crops.  There i s  considerable  poten t ia l  
f o r  increasing the  y i e l d  of corn and o ther  major crops through added technological  inputs  as  indicated 
i n  Table 4.3. Technological inputs  a r e  achieved pr imari ly  i n  the f o n  of added energy subs id ies  which 
go i n t o  the  production of f e r t i l i z e r s ,  machinery, p e s t i c i d e s ,  and  f u e l .  

For Will County i t  was reduced t o  6891 acres  i n  1973 from 23,896 i n  

The l o s s  of 734 acres  of producing 

The appl icant  

The var ia t ion  is  due pr imari ly  t o  year ly  v a r i a t i o n s  i n  a n t i c i p a t e d  re turns  by 

Similar  arguments hold i n  the  cases  of soybeans, g r a i n s ,  and hay. The 

The values f o r  1972 ( t h e  l a t e s t  year  f o r  which s ta te-wide data  a r e  a v a i l a b l e )  

The s t a f f ' s  es t imate  of 88,000 

The l o s t  production i s  0.8% of t h e  county t o t a l s  f o r  1973. 

The pr inc ipa l  economic inputs  t o  corn production a r e  given i n  Table 4 .4 .  
un i t s  of energy (K Cal/acre)  i n  order  t o  f a c i l i t a t e  comparison of one f a c t o r  t o  another  and t o  
emphasize the f a c t  t h a t  the high y i e l d s  of modern a g r i c u l t u r a l  production a r e  highly dependent 
on technological energy subs id ies .  These energy subs id ies  c o n s t i t u t e  only 11% ( i n  1970) of t h e  
t o t a l  s o l a r  energy involved i n  production b u t  these  a r e  t h e  inputs  which a r e  under man's control  
and which a r e  pr imari ly  responsible  f o r  the dramatic increase  i n  corn y i e l d  during t h e  period 
1950-1970. Overall energy inputs  increased by 140% during t h i s  period while overa l l  corn y i e l d s  
increased by 113%. 
energy input  and energy re turn  i n  corn production. The 1970 f i g u r e s  show however t h a t  produc- 
t i o n  was s t i l l  an energy favorable  e n t e r p r i s e  s ince  the  c a l o r i c  r a t i o  of output  t o  input  had a 
value of 2 .82 .  
technological breakthrough i n  crop production. 
r a t i o  and the  favorable  biological  margin f o r  po ten t ia l  increases  in  corn and o t h e r  crops 
(Table 4 . 3 )  suggests t h a t  i t  wi l l  be f e a s i b l e  t o  continue inves t ing  increasing increments of 
energy i n  corn production i n  the fu ture  with the expectat ion t h a t  y i e l d s  wil l  cont inue t o  
increase  f o r  some time. This assessment i s  clouded t o  some e x t e n t  by the uncertain a v a i l a b i l i t y  
of f o s s i l  f u e l s  required f o r  both on-the-farm consumption and f o r  t h e  production of f e r t i l i z e r s .  
T h u s ,  while i t  i s  c l e a r l y  f e a s i b l e  t o  increase y i e l d s  through added energy inputs ,  ac tua l  y i e l d s  
may not increase  i n  t h e  future i f  the  inputs  a r e  not a v a i l a b l e .  
2.3% of the  t o t a l  e l e c t r i c a l  consumption on a nat ional  bas i s  and about 10% of the  t o t a l  energy 
expendi ture  f o r  corn production i n  1970 was i n  the  form of e l e c t r i c i t y .  This does not account 
f o r  the e l e c t r i c a l  energy used i n  f e r t i l i z e r  o r  machinery production so i t  seems reasonable t o  
assume t h a t  e l e c t r i c a l  energy plays a much l a r g e r  r o l e  i n  crop production than t h e  above f i g u r e s  
i n d i c a t e .  

In Will County I l l i n o i s  the loss  of 88,000 bushels o f  corn not produced on 734 acres  of  land 
could be replaced by an increase  i n  production of  only 0.8% based on 1973 acreage. 
acreage t h i s  would requi re  a y i e l d  increase  from 79 t o  79.6 bu/acre based on 1973 production 
values. 
de tec tab le  only i n  long-term a n a l y s i s .  
t h i s  ( T a b l a  4.2 and 4 .4) .  

In view of the ef f icacy  of energy input  in  increasing t h e  y i e l d  of corn,  the favorable  output-  
input  y i e l d s ,  and the  prominent r o l e  t h a t  e l e c t r i c a l  energy plays in a g r i c u l t u r a l  product ion,  
i t  i s  not c l e a r  t h a t  t h e  construct ion of an e l e c t r i c i t y  producing p lan t  c o n s t i t u t e s  an adverse 
impact on a g r i c u l t u r a l  production when minor amounts of productive land a r e  preempted. 

I n p u t s  a r e  given in 

This ind ica tes  t h a t  a diminishing re turns  r e l a t i o n s h i p  may e x i s t  between 

The diminishing re turns  r e l a t i o n s h i p  cannot be avoided unless  t h e r e  i s  some new 
However, the present  favorable  output- input  

Agricul ture  accounts f o r  about 

A t  constant  

T h i s  increase  i s  within the normal year  t o  year  v a r i a t i o n  in  y i e l d  and would be 
His tor ica l  y i e l d  increases  have been much l a r g e r  than 
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Table 4.1. Recent Agricultural Production i n  Will County, I l l i n o i s  

Corn 1970 1971 1972 1973 

Acres 139,500 139,400 124,500 140,400 
Bu/Acre 70 92 101 79 
Production (bu) 9,807,000 12,822,000 12,544,000 11,121,300 

Soybeans 

Acres 108,500 107,800 166,900 135,900 
Bu/Acre 28 27 31 25 
Production (bu) 3,017,200 2,891,000 3,588,900 3,393,700 

Wheat 

Acres 5,800 5,900 6,500 6,400 
BuIAcres 40 36 46 40 
Production(bu) 231,100 21 2,600 300,500 254,600 

Oats 

Acres 14,900 15,600 9,700 10,000 
Bu/Acres 55 48 56 45 
Production(bu) 821,900 747,300 541 ,900 447,600 

!ki 
Acres 
Yield 

( tons/ac re ) 
Production 

(Tons) 

15,100 14,800 10,400 

2.92 3.15 2.79 

44,100 46,600 29,000 

Source: I l l i n o i s  Agricul tural  S t a t i s t i c s :  Farm Income and Marketing f o r  1972 with 
comparisons. I l l i n o i s  Coop. Crop Reporting Service Bull. 73-74. 

Table 4.2. Recent Production o f  Major Crops in I l l i n o i s  

1965 1966 1967 1968 1969 1970 1971 1972 

919 848 1,122 908 989 736 1,067 1,004 

186 210 229 211 236 262 

6 Corn ( x  10 bu) 

Soybeans ( x  10 bu) 178 160 

Wheat ( x  lo6 bu) 56.8 61.0 71.9 51.2 48.4 38.1 46.8 54.0 

4.3 3.7 3.8 3.6 3 . 3  3 . 3  3.2 3.4 Hay ( x  10 tons)  

6 

6 

Table 4.3. Average, Top, and Record Crop Yields in the USA (Bushels per a c r e )  i n  1973 

Crop 
Corn 

Wheat 

Oats 

Average 
94 

32 

49 

m 
2 30 

135 

150 

Record 
306 

21 6 

296 

Soybeans 28 80 110 

Sorghum 63 200 320 

Source: Wittwer, S. H., Maximun Production Capacity o f  Food Crops, Bioscience 24, 
pp. 216-224, 1974. 



4 -4 

Table 4.4. Energy Requirements f o r  the Production o f  t he  Uni ted States Average Corn Crop. 
(Kcal /acre)  

lnput 1950 1959 
Z Change, 

1970 1950 t o  1970 

Labor 
Machinery 
Gasoline 
N i t rogen  
Phosphorus 
Po tass i um 
Seeds 
I r r i g a t i o n  
I n s e c t i c i d e s  
Herb ic ides 
D r y i  ng 
E l e c t r i c i t y  
Transpor tat ion 

To ta l  I n p u t  
Corn Y i e l d  
Energy r e t u r n / u n i t  

i n p u t  

9,800 
250,000 
61 5,800 
126,000 
15,200 
10,500 
40,400 
23,000 

1,100 
600 

30,000 
54,000 
30,000 

1,206,400 
3,830,400 

3.18 

7,600 
350,000 
724,500 
344,400 
24,300 
60,400 
36,500 
31 ,000 
7,700 
2,800 

100,000 
140,000 

60,000 

1 ,889,200 
5,443,200 

4,900 
420,000 
797,000 
940,800 
47,100 
68, ooo 
63,000 
34,000 
11,000 
11,000 

1 20,000 
31 0,000 

70,000 

2,896,800 
8,164,800 

2 .a2 

- 200 
+ 68 .0  
+ 29.4 
+ 647 
+ 210 
+ 548 
+ 55.9 
f 47.8 
+ 900 
+1733 
f 300 
+ 474 
+ 133 

+ 140 
f 113 

- 11.3 

Source: Pimentel,  David, L. E .  Hurd, A. C .  B e l l o t t i ,  M. J .  Fors te r ,  I .  N .  Oka, 0. D.  Sholes 
and R .  J .  Whitman. 
1973. 

Food Production and the Energy C r i s i s ,  Science E, pp. 443-449, 

The s t a f f  doesn ' t  be l i eve  t h a t  the foregoing ana lys i s  would be v a l i d  f o r  t he  i n d e f i n i t e  
f u t u r e .  I t  has a l ready  a l l u d e d  t o  the apparent d im in i sh ing  r e t u r n s  r e l a t i o n s h i p s  between 
energy i n p u t  and ou tpu t  i n  the form o f  food. 
i n p u t  w i l l  no l onger  be repa id  i n  the value o f  food energy output .  I n  t h a t  case, the on ly  
o p t i o n  f o r  i nc reas ing  t o t a l  product ion would be t o  increase the  acreage under c u l t i v a t i o n .  

The day w i l l  come when the  costs  o f  energy 

The s t a f f  concludes t h a t  t h a t  s i t u a t i o n  does n o t  o b t a i n  a t  present .  
a re  h i g h l y  dependent on energy i npu ts  and subs tan t i a l  gains a re  s t i l l  t e c h n o l o g i c a l l y  
and b i o l i g i c a l l y  f e a s i b l e .  
Briadwood f a c i l i t y  i s  n o t  known, i t  i s  reasonable t o  assume t h a t  a d d i t i o n a l  increments 
o f  a v a i l a b l e  energy w i l l  have a p o s i t i v e  e f f e c t  on a g r i c u l t u r a l  product ion which may 
compensate f o r  t he  losses due t o  the preemption o f  r e l a t i v e l y  minor amounts o f  product ive 
1 and. 

4.1.2 Onsi te  Construct ion 

Construct ion o f  earthen d ikes t o  r e t a i n  the l ake  w i l l  r e q u i r e  extens ive and prolonged ea r th -  
moving operat ions,  i n c l u d i n g  excavations t o  depths o f  about 60 ft and some dynamit ing, No 
extens ive hau l i ng  o f  ea r th  from o the r  areas w i t h  i t s  a t tendan t  t r a f f i c  and sa fe ty  problems i s  
a n t i c i p a t e d .  Both d i k e  f i l l  and t o p s o i l  for  a vegetat ive cover w i l l  be obta ined from w i t h i n  
the  s i t e  boundaries. The most economical method o f  cons t ruc t i ng  the  d i ke  i s  t o  excavate the  
subsoi l  from the  area immediately ad jacent  t o  and i n s i d e  of the d i k e .  In such cases, the 
d i ke  can, upon completion o f  i t s  useful l i f e ,  be s t r i p p e d  o f  i t s  t o p s o i l ,  bu l ldozed i n t o  the 
excavated p i t  and the f i l l e d  p i t  then re-covered w i t h  the t o p s o i l .  
c m o n l y  used i n  modern s t r i p - m i n i n g  operat ions.  The s t a f f  recommends t h a t  wherever poss ib le  
t h e  t o p s o i l  be conserved. 

The a p p l i c a n t  has i n d i c a t e d  t h a t  t rash,  debr is ,  and waste m t e r i a l s  generated du r ing  c o n s t r u c t i o n  
w i l l  be removed from the s i t e  and disposed o f  i n  accordance w i t h  a p p l i c a b l e  l o c a l ,  S ta te  and/or 
Federal r e g u l a t i o n s .  

A g r i c u l t u r a l  y i e l d s  

Although the  exact f u t u r e  a l l o c a t i o n  o f  energy from the 

Such techniques a re  

No burn ing o f  paper, wood, e t c . ,  w i l l  be c a r r i e d  ou t  (Ref .  1, p. 4 .1-9) .  
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A l l  concrete batch p l a n t  equipment, and o t h e r  p a r t i c u l a t e  process ing and storage devices s h a l l  
be adequately covered and sh ie lded  t o  assure t h a t  windblown p a r t i c u l a t e  emissions a re  minimized. 
The a p p l i c a n t  p lans t o  c o n t r o l  and moni tor  t h e  area t o  assure compliance w i t h  app rop r ia te  
standards and r e g u l a t i o n s  governing these operat ions.  

The e f f e c t s  of excavation, d isposal  o f  debr is ,  dust ,  increased t r a f f i c  no ise and heavy equipment 
w i l l  be genera l l y  conf ined t o  t h e  s i t e ,  and, w i t h  the  precaut ions recommended by t h e  s t a f f  and 
proposed by the app l i can t ,  n e g l i g i b l e  impact on the  surrounding c o r n u n i t i e s  w i l l  occur. The 
i n s t a l l a t i o n  o f  about 4.5 m i l e s  o f  b u r i e d  p i p i n g  f o r  t h e  s t a t i o n ' s  water i n t a k e  and blowdown 
system w i l l  r e q u i r e  excavat ion work i n  t h e  c o r r i d o r s  (130 t o  215 f e e t  wide). 
c o r r i d o r  area i s  l oca ted  on c lea red  and c u l t i v a t e d  farmland ( 4 3  acres)  b u t  some wooded areas 
( ~ 1 7  acres)  w i l l  be t raversed.  Short-term adverse environmental e f f e c t s  w i  11 r e s u l t ,  p a r t i c u l a r l y  
t o  t h e  wooded areas (see Sec. 4.3). 

The a p p l i c a n t ' s  comnitment (Ref. 1, pp. 4.1-1 & 4.1-8) t o  ma in ta in  e ros ion  gradients ,  t o  r e s t o r e  
contours, and t o  reseed i n  problem areas should reduce t h e  adverse impacts due t o  eros ion.  
E x i s t i n g  roads w i l l  be used f o r  access t o  t h e  s i t e  (Ref. 1, p. 4.1-6). 
o f  ons i  t e  roads w i  11 be const ructed.  

The a p p l i c a n t  plans t o  con tac t  the W i l l  County S o i l  and Water Conservation D i s t r i c t  and w i l l  
become a "cooperator" w i t h  the d i s t r i c t  f o r  i t s  s i t e  and t ransmiss ion l i n e  c o r r i d o r  l and  
p lanning,  bo th  d u r i n g  and a f t e r  cons t ruc t i on .  

On the  bas i s  o f  t h e  surveys repo r ted  i n  Sec t i on  2, i t  was concluded t h a t  c o n s t r u c t i o n  o f  t h e  
s t a t i o n  w i l l  have no s i g n i f i c a n t  impact on t h e  a rcheo log ica l  o r  c u l t u r a l  resources o f  t h e  
area (Ref. 1, p. 4 .7- l ) ,  except on f o s s i l - c o l l e c t i n g  i n  t h e  s t r i p -m ined  area t o  be f l ooded  by 
t h e  c o o l i n g  l ake .  The measures taken by the a p p l i c a n t  t o  m i t i g a t e  t h i s  impact a re  descr ibed 
i n  Sect ion 11. See a l s o  Appendix G. 

4.1.3 Transmission L ine  Construct ion 

Most o f  t he  

Some 31,000 l i n e a r  f e e t  

The area a f f e c t e d  by the  t ransmiss ion l i n e s  i s  descr ibed i n  Sect ion 3.8. 
w i l l  n o t  a f f e c t  any h i s t o r i c a l  s i t e s  o r  e x i s t i n g  p u b l i c  parks. 

The a p p l i c a n t  has n o t  i n d i c a t e d  i f  he rb i c ides  w i l l  be used t o  c l e a r  t h e  vegetat ion i n  the  
t ransmiss ion r i gh t -o f -way .  The s t a f f  w i l l  r e q u i r e  t h a t ,  should i t  prove necessary t o  use 
he rb i c ides  they be used a t  S ta te  o r  Federa l l y  approved ra tes ;  f o r  spot, n o t  broadcast a p p l i -  
ca t i on ,  and n o t  i n  t h e  v i c i n i t y  o f  houses, bodies o f  water, food suppl ies,  domestic animals 
o r  r e c r e a t i o n  areas. The s t a f f  w i l l  r e q u i r e  t h a t  i f  2,4,5-T i s  se lec ted  t h e  con ten t  o f  t he  
i m p u r i t y  d i o x i n  (2,3,7,8-tetrachlorodibenzo-1, 4-d iox in )  be l im i ted2b3  t o  a concen t ra t i on  
no g rea te r  than 0.1 ppm o f  t h e  u n d i l u t e d  2,4,5-T. 

Dur ing cons t ruc t i on ,  temporary d i s r u p t i o n  o f  a g r i c u l t u r e  w i l l  r e s u l t  f rom t h e  movement of 
veh ic les  along t h e  r i gh t -o f -way  and the  temporary storage o f  tower m a t e r i a l s .  
completion o f  cons t ruc t i on ,  t h e  ground sur face w i l l  be graded, planted, and otherwise 
t r e a t e d  o r  prepared so t h a t  t h e  e f f e c t s  o f  v e h i c u l a r  movement w i l l  n o t  cause e ros ion  o r  
w i l l  n o t  a f f e c t  r e s t o r a t i o n  t o  a g r i c u l t u r a l  use. There appears t o  be l i t t l e  requirement 
f o r  t h e  cons t ruc t i on  o f  access roads which would r e q u i r e  a d d i t i o n a l  l and  t o  be taken ou t  o f  
p roduc t i on  permanently. Most impacts can be minimized o r  e l im ina ted  by f o l l o w i n g  publ ished 
gu ide l i nes  f o r  c o n s t r u c t i o n  o f  t ransmiss ion f a c i l i t i e s .  
p r i a t e  sec t i ons  of AEC Regulatory Guidel ine 4 . 2  and Guidel ines fo r  t h e  c o n s t r u c t i o n  o f  
Transmission F a c i l i t i e s  o f  t he  U.S. Department o f  I n t e r i ~ r . ~  

W k e ' t r a n s m i s s i o n  l i n e s  t rave rse  wooded areas, t he  areas w i l l  be reseeded w i t h  sod-forming 
grasses t o  he lp  c o n t r o l  e ros ion  and ho ld  down growth o f  undesi rab le species. 

The s t a f f  v i s i t e d  t h e  s i t e  October 24, 1973, and reviewed the  proposed r o u t i n g .  
t h a t  an e f f o r t  was made t o  p u t  t ransmiss ion c o r r i d o r s  a long quar te r -  and h a l f - s e c t i o n  l i n e s  
wherever poss ib le ,  and t o  a v o i d  p l a c i n g  the  towers on t h e  r e s i d e n t s '  p roper t y .  
t he  e s t h e t i c  e f f e c t s ,  these measures should assure minimal impacts t o  t h e  present  and f u t u r e  
a c t i v i t i e s  o f  t h e  area res iden ts .  

The s t a f f  concludes t h a t  t ransmiss ion l i n e  c o n s t r u c t i o n  can be accomplished w i thou t  a s i g n i f i c a n t  
long- term o r  permanent adverse e f f e c t  on a g r i c u l t u r a l  
a d j o i n i n g  p roper t i es .  A small area o f  l and  ( t e n  acres! w i l l  be taken o u t  o f  a g r i c u l t u r a l  
product ion permanently. 

The c o n s t r u c t i o n  

A f t e r  

The a p p l i c a n t  s h a l l  f o l l o w  appro- 

It was noted 

Other than 

roduc t i on  a long the  r i gh t -o f -way  and 
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4 .2  IMPACTS ON WATER USE 

A t  l e a s t  75 p r i v a t e  w e l l s  e x i s t  w i t h i n  two m i l e s  o f  t h e  s t a t i o n  (Ref .  1, p .  2.2-19).  
t hese  w e l l s  o b t a i n  w a t e r  f r o m  s a n d p o i n t - d r i v e n  w e l l s  i n  t h e  g l a c i a l  d r i f t  a q u i f e r .  
o f  t h e  b u i l d i n g  s i t e  d u r i n g  c o n s t r u c t i o n  c o u l d  produce a s h o r t - t e r m  adverse  e f f e c t  on t h i s  w a t e r  
supp ly .  
wa te r ing ,  w a t e r  l e v e l s  may be lowered a t  most by about  two f e e t  i n  t h e  n e a r e s t  sandpo in t .  
s t a f f  c o n s i d e r s  t h i s  may cause a temporary  adverse  impact  b u t  expec ts  normal l e v e l s  t o  be 
r e e s t a b l i s h e d  a f t e r  dewa te r ing  o p e r a t i o n s  a r e  te rm ina ted .  

A con t inuous  check o f  t h e  area  groundwater  supp ly  w i l l  be made d u r i n g  p l a n t  dewa te r ing  o p e r a t i o n s  
t o  assure  t h a t  no h y d r a u l i c  c o u p l i n g  o f  pumped-out wa te r  and t h e  groundwater  t a b l e  e x i s t s .  The 
s t a f f  w i l l  r e q u i r e  t h a t  t h e  l e v e l  o f  t h e  wa te r  t a b l e  be mon i to red  and, i f  necessary,  c o r r e c t i v e  
measures taken  t o  assure  t h a t  no w e l l s  i n  t h e  ne ighborhood o f  t h e  s i t e  be m a t e r i a l l y  a f f e c t e d .  

C o n s t r u c t i o n  o f  t h e  i n t a k e  and d i scha rge  s t r u c t u r e s  i s  n o t  expec ted  t o  have an impact  on 
n a v i g a t i o n  o t h e r  t h a n  t h e  e x c l u s i o n  o f  p leasu re  c r a f t  f rom t h e  imned ia te  a rea  o f  c o n s t r u c t i o n .  
There i s  no comnerc ia l  s h i p p i n g .  
t e m p o r a r i l y  p r e v e n t  peop le  f r o m  swimning i n  t h i s  a rea .  

S a n i t a r y  wastes o c c u r r i n g  d u r i n g  c o n s t r u c t i o n  w i l l  be t r e a t e d  i n  a temporary  sewage d i s p o s a l  
p l a n t .  Soaps and d e t e r g e n t s  wh ich  w i l l  be used i n  c o n j u n c t i o n  w i t h  c o n s t r u c t i o n  a c t i v i t i e s  
w i l l  n o t  be r e l e a s e d  d i r e c t l y  t o  t h e  Kankakee R i v e r  o r  t o  t h e  groundwater  system, b u t  w i l l  be 
t r e a t e d  i n  t h e  c o n s t r u c t i o n  s a n i t a r y  system o r  p rocessed th rough  a waste d i s p o s a l  system 
(Ref .  1, p .  4 . 1 - l a ) .  

Wi th  these c o n s t r u c t i o n  p r a c t i c e s ,  t h e  s t a f f  does n o t  expec t  t h e  dewa te r ing  o f  t h e  b u i l d i n g  s i t e  
o r  t h e  s a n i t a r y  wastes t o  have any adverse e f f e c t  upon t h e  Kankakee R i v e r ,  n o r  upon t h e  q u a l i t y  
o f  t h e  groundwater .  

4.3 ECOLOGICAL EFFECTS OF CONSTRUCTION 

A number o f  c o n s t r u c t i o n  a c t i v i t i e s  r e f e r r e d  t o  above can be expec ted  t o  impac t  t h e  b i o t a  on 
and n e a r  t h e  s i t e .  
b i o t a  i n  t h e  v i c i n i t y  o f  t h e  s t a t i o n .  

4.3.1 The C o o l i n g  Lake 

The imned ia te  and permanent e f f e c t  o f  f l o o d i n g  t h e  acreage necessary  t o  b u i l d  t h e  c o o l i n g  
l a k e  w i l l  be t h e  e x c l u s i o n  o r  loss o f  e x i s t i n g  l a n d  b i o t a  and t h e  d e s t r u c t i o n  o f  l a n d  h a b i t a t s .  
Th is  may r e s u l t  i n  a n e t  r e d u c t i o n  o f  l a n d  spec ies  d i v e r s i t y  f o r  t h e  s i t e  env i rons .  The h a b i t a t s  
t o  be a f f e c t e d ,  as desc r ibed  i n  S e c t i o n  4 .1 ,  i n c l u d e  c u l t i v a t e d  f i e l d s  (381 a c r e s ) ,  f a l l o w  f i e l d s  
(204 ac res ) ,  woodland (117 ac res ) ,  and s t r i p - m i n e  s p o i l  (2838 ac res ) .  

A l l  v e g e t a t i o n  i n  t h e  f l o o d e d  area  w i l l  be i m n e d i a t e l y  l o s t  excep t  f o r  t hose  t r e e s  near  t h e  
p e r i p h e r y  o f  t h e  l a k e  w i t h  r o o t  crowns above t h e  w a t e r l i n e .  These may s u r v i v e  f o r  v a r y i n g  
p e r i o d s  o f  t i m e  up t o  seve ra l  yea rs ,  depending upon spec ies  and age. Some w a t e r - t o l e r a n t  
t r e e s  such as b l a c k  w i l l o w s  may l i v e  f o r  l o n g e r  p e r i o d s  i f  t h e y  s e t  a d v e n t i t i o u s  r o o t s .  
I n v e r t e b r a t e  spec ies  dependent upon t h e  f l o o d e d  f l o r a  w i l l  a l s o  be d i s p l a c e d  o r  l o s t .  

The m a j o r i t y  o f  s i t e  fauna w i l l  have t h e  c a p a c i t y  t o  m i g r a t e  t o  d r y  a reas  as f l o o d i n g  takes  p l a c e .  
However, some o f  t hese  an imals  w i l l  be l o s t  f rom t h e  ecosystem because o f  a p o s s i b l e  r e d u c t i o n  
i n  t h e i r  r a t e s  o f  r e p r o d u c t i o n  i n  new h a b i t a t s .  Those wh ich  a r e  a b l e  t o  e s t a b l i s h  t e r r i t o r i e s  
i n  new h a b i t a t s  may d i s p l a c e  and exc lude  s i m i l a r  organisms. 

The Braidwood s i t e  i s  n o t  un ique i n  terms o f  t h e  above t e r r e s t r i a l  h a b i t a t s  w i t h  t h e i r  
a s s o c i a t e d  f l o r a ,  and fauna; t h e  s i t e  a rea  c o n s t i t u t e s  a smal l  f r a c t i o n  o f  such h a b i t a t s  i n  
t h e  r e g i o n .  There fore ,  t h e  l o s s  o f  l a n d  h a b i t a t s  r e s u l t i n g  f r o m  t h e  f o r m a t i o n  o f  t h e  c o o l i n g  
l a k e  w i l l  n o t  be s i g n i f i c a n t  i n  te rms o f  a rea  ecosystems. 

Lake f l o o d i n g  w i l l  c r e a t e  new h a b i t a t s  such as open wa te r  and marshland wh ich  w i l l  suppor t  
ducks, geese, herons ,  s h o r e b i r d s ,  amphibians, amphibious r e p t i l e s  and a q u a t i c  mamnals. Once 
t h e  l a k e  i s  f i l l e d ,  a l a k e  ecosystem w i l l  e v e n t u a l l y  become e s t a b l i s h e d .  

C lea r ing ,  g rad ing ,  and e x c a v a t i n g  a c t i v i t i e s  e lsewhere  on t h e  s i t e  w i l l  a l s o  d i s t u r b  o r  d e s t r o y  
e x i s t i n g  h a b i t a t s .  Again,  s i n c e  t h e  s i t e  h a b i t a t s  a r e  c o m n ,  t h e  impac t  on area  ecosystems 
w i l l  n o t  be s i g n i f i c a n t .  

Many o f  
Dewater ing  

The 
The a p p l i c a n t  es t ima tes  t h a t  under  t h e  w o r s t  c o n d i t i o n s  ( seve re  d rough t )  d u r i n g  de- 

Inc reased  t u r b i d i t y  o f  t h e  r i v e r  as a r e s u l t  o f  d redg ing  w i l l  

The f o l l o w i n g  d i s c u s s i o n  cons ide rs  t h e  impact  o f  these a c t i v i t i e s  upon t h e  
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P o t e n t i a l l y  i n j u r i o u s  chemicals t o  be used on s i t e  dur ing cons t ruc t ion  include t r i sod ium phosphate, 
soaps and detergents, pa in ts ,  organic c leaning f l u i d s ,  concrete components, f l y  ash, sweeping com- 
pounds, o i l s  and fue l s .  The app l ican t  has s ta ted  t h a t  any chemicals used f o r  c leaning w i l l  be 
e i t h e r  released t o  the s i t e  environs according t o  State and Federal regulat ions,  o r  disposed o f  
o f f  s i t e  by an independent contractor,  o r  processed through a waste disposal  system (Ref. 1 , 

4.3.2 P ipe l ine  and Transmission Lines 

The p i p e l i n e  r ight-of-way involves about 100 acres o f  which 17 are open woods, hedgerows, and 
the wooded r i p a r i a n  zone along the  Kankakee R iver  adjacent t o  the  in take  and discharge pump 
house loca t ions .  

P ipe l i ne  i n s t a l l a t i o n  w i l l  cause on ly  a temporary disturbance t o  a g r i c u l t u r a l  a c t i v i t y  because 
the pipes w i l l  be subsurface. Wooded areas w i l l  requ i re  c lea r ing  along the p i p e l i n e  route.  
A l l  d is tu rbed areas sha l l  be revegetated fo l l ow ing  the procedures given i n  the  S o i l  Conservation 
Service Technical Guide f o r  W i l l  County. 
ment o f  a woodland resource ( less  than one acre) w i l l  be under the physical  s t ruc tu res  o f  the 
pump house. 
The imnediate e f f e c t  w i l l  be a loss o f  animals f r o m  the area. With revegetat ion the  w i l d l i f e  
should return; thus the permanent impact w i l l  be s m a l l .  

As  described i n  Section 3.8, most o f  the transmission l i n e s  w i l l  t raverse e i t h e r  near ly  f l a t  
land t h a t  has already been cleared f o r  a g r i c u l t u r a l  purposes, o r  they w i l l  be placed along 
e x i s t i n g  r a i l r o a d  and power l i n e  r ights-of-way. Very l i t t l e  new c lea r ing  w i l l  be necessary 
and the app l ican t  w i l l  be required t o  c l e a r  woodland only t o  the  ex ten t  required t o  maintain 
transmission secur i ty .  No permanent d i s rup t i on  o f  w i l d l i f e  w i l l  occur. The two r i v e r  crossings 
w i l l  be the most sens i t i ve  areas i n  regard t o  ecological  disturbances, bu t  damage i s  expected t o  
be minimal. The r i p a r i a n  zone along the northern crossing o f  the r i v e r  involves about one acre, 
whereas the southern crossing e n t a i l s  about 7-1/2 acres, j u s t  south of the Kankakee River S t a t e  
Park. The marshlands are small, discontinuous, and w i l l  be spanned w i thout  t he  need f o r  
tower bases wherever possible.  

4.3.3 Intake and Discharge Structures 

Dredging f o r  construct ion w i l l  d i s rup t  the  aquat ic organisms and t h e i r  hab i ta ts  and cause 
some downstream s i l t a t i o n .  
s i l t a t i o n  t o  a minimum and c o n t r o l l i n g  the release and erosion o f  dredging spo i l s .  The proposed 
loca t i on  o f  the in take  and discharge s t ruc tu res  (about 1500 f e e t  downstream f r o m  Horse Creek) i s  
character ized by a na tura l  narrowing o f  the r i v e r .  
mostly cobble and gravel, i s  presumably inf luenced by higher than average water v e l o c i t i e s  which 
prevents s i l t  f r o m  s e t t l i n g .  It i s  u n l i k e l y  t h a t  the  l i m i t e d  dredging i n  t h i s  area w i l l  have a 
s i g n i f i c a n t  impact upon b io log i ca l  comnunities outside o f  the dredging zone o r  downstream. 
Kankakee River water i s  o f ten  n a t u r a l l y  character ized by h igh  s i l t  loads (transparency, as 
measured by Secchi d isc,  s i x  inches o r  l ess )  and a temporary increase should have l i t t l e  
permanent e f f e c t  upon pelagic comnunities. Downstream, much o f  the s i l t  can be expected t o  
s e t t l e  where the r i v e r  v e l o c i t y  i s  lower. These areas are already h igh l y  s i l t e d  and are 
character ized by benthic organisms such as t u b i f i c i d  worms and mayf ly la rvae.  These organisms 
are known t o  burrow t o  the surface o f  accreted s i l t ,  and l i t t l e  adverse impact i s  expected. 

No ra re  or endangered animal species are known t o  i n h a b i t  the area proposed f o r  the s i t e  o r  
the transmission cor r idors .  

4.4 SOCIAL AND ECONOMIC EFFECTS 

The proposed s i t e  w i l l  be loca ted  i n  an area served by both highway and r a i l  t ranspor ta t ion  
f a c i l i t i e s .  
I l l i n o i s  State Routes 53 and 129 are located less  than one m i le  NW. I l l i n o i s  State Route 113 
located approximately two mi les  no r th  a l so  provides access t o  the i n t e r s t a t e  and s ta te  routes.  

p. 4.1-1). 

The remaining 83 acres are farmlands. 

The on ly  area where there  w i l l  be a permanent comnit- 

P ipe l ine  construct ion w i l l  temporar i ly  d i s t u r b  w i l d l i f e  along the proposed route.  

The app l ican t  w i l l  be requ i red  t o  minimize t h i s  impact by reducing 

The r i v e r  bottom composition a t  t h i s  loca t ion ,  

Route 1-55 (U. S. 66) i s  l ess  than two m i les  WNW of the  proposed p l a n t  and 

A t  present, there  i s  very l i m i t e d  r a i l  f r e i g h t  t r a f f i c ,  and there  i s  l i t t l e  t ruck  and passenger 
car t r a f f i c  i n  the v i c i n i t y  o f  the proposed s i t e .  A f t e r  cons t ruc t ion  begins, heavy passenger 
t r a f f i c  i s  expected on work days a t  s t a r t i n g  and q u i t t i n g  times. Also, t ruck  t r a f f i c  w i l l  
increase grea t ly ,  and r a i l  t r a f f i c  w i l l  increase f r o m  very l i g h t  t o  l i g h t  l i m i t e d  f r e i g h t .  A t  
the peak o f  the cons t ruc t ion  per iod  approximately 1500 workers will be employed. An estimate 
of the humber of passenger vehic les i s  600 based on an average o f  2.5 workers per veh ic le  a t  
peak time. This number may have a s i g n i f i c a n t  e f f e c t  on the use o f  pub l i c  f a c i l i t i e s  i n  t h e  
area. Because o f  the increased t r a f f i c ,  add i t iona l  maintenance w i l l  be required on roads and 
r a i  1 road grade crossings. 
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The n o i s e  a s s o c i a t e d  w i th  c o n s t r u c t i o n  w i l l  have l i t t l e  e f f e c t  on t h e  r e s i d e n t s  i n  t h e  a rea ,  
p a r t i c u l a r l y  s i n c e  t h e  n e a r e s t  farm i s  l o c a t e d  1500 ft f rom t h e  proposed s t a t i o n  ( R e f .  1, 
p. 4 .1 -7) .  

The economic impacts  o f  c o n s t r u c t i o n  range from n e g l i g i b l e  t o  s i g n i f i c a n t .  
and t h e  impact  upon them a r e  as  f o l l o w s :  

The a p p l i c a n t  must c o n t r o l  b l a s t i n g  n o i s e  by t h e  use o f  sma l l  m u l t i p l e  cha rges .  

The a reas  a f f e c t e d  

( 1 )  Loca l  t a x e s :  
o f  t h e  s t a t i o n  p rog resses .  
t o  be $660,000 and $3,218,000 i n  1981. 
b u t  t h e  b e n e f i t  i s  a t  t h e  expense o f  t hose  who pay f o r  t h e  power produced a t  Braidwood. 

( 2 )  New j o b s :  The a o p l i c a n t ' s  e s t i m a t e  of  t h e  average c o n s t r u c t i o n  f o r c e  i n d i c a t e s  t h a t  
about  6200 man-years o f  work w i l l  be  r e q u i r e d  t o  comple te  t h e  c o n s t r u c t i o n  o f  t h e  s t a t i o n .  
S ince  must workers  w i l l  come from t h e  Chicago area  t h e r e  w i l l  be a d e f i n i t e  p o s i t i v e  impact  
on t h e  l e v e l  o f  employment i n  t h e  a rea .  The a p p l i c a n t ' s  e s t i m a t e  f o r  c o n s t r u c t i o n  wages i s  
$81,319,000 (1972 v a l u e s )  wh ich  w i l l  be spread over  a f i v e -  t o  s i x - y e a r  c o n s t r u c t i o n  p e r i o d .  
T h i s  impact  i s  expec ted  t o  be s i g n i f i c a n t  t o  t h e  economy o f  t h e  reg ion .  

The a p p l i c a n t  w i l l  pay taxes  i n  i n c r e a s i n g  amounts as t h e  c o n s t r u c t i o n  
Annual t axes  f o r  t h e  s t a t i o n  i n  1976 a r e  es t ima ted  b y  t h e  a p p l i c a n t  

The taxes  w i l l  be a b e n e f i t  t o  t h e  l o c a l  community, 

( 3 )  Community s e r v i c e s :  Inasmuch as  t h e  m a j o r i t y  o f  c o n s t r u c t i o n  workers  a r e  expec ted  t o  
be drawn f r o m  t h e  r e g i o n  and commute t o  t h e  j o b  s i t e ,  c o n s t r u c t i o n  a c t i v i t i e s  w i l l  have l i t t l e  
impact  on l o c a l  schoo ls ,  h o s p i t a l s ,  o r  hous ing .  

I n  sumnary. t h e  s t a f f  b e l i e v e s  t h a t  o n l y  sma l l  adverse  s o c i a l  o r  economic e f f e c t s  o f  c o n s t r u c -  
t i o n  w i l l  occu r  and t h a t  t hese  w i l l  n o t  c o n t i n u e  beyond t h e  c o n s t r u c t i o n  p e r i o d .  

4.5 MEASURES AND CONTROLS TO L IMIT ADVERSE EFFECTS DURING CONSTRUCTION 

4.5.1 A p p l i c a n t  Comnitments 

The f o l l o w i n g  i s  a summary o f  t h e  commitments made by t h e  a p p l i c a n t  t o  l i m i t  adverse  e f f e c t s  
d u r i n g  c o n s t r u c t i o n  o f  t h e  proposed Braidwood S t a t i o n .  

( a )  Dur ing  t h e  c o n s t r u c t i o n  phase, sewage w i l l  be t r e a t e d  b y  t h e  c o n t a c t  s t a b i l i z a t i o n  
process .  The wastes w i l l  be  t r e a t e d  t o  comply w i t h  S t a t e  o f  I l l i n o i s  s tandards .  A f t e r  t h e  
c o n s t r u c t i o n ,  t h e  sewage t r e a t m e n t  p l a n t  w i l l  ope ra te  as an extended a e r a t i o n  p l a n t  f o r  p e r -  
manent s t a t i o n  s e r v i c e ,  

( b )  Spec ia l  c a r e  w i l l  be e x e r c i s e d  t o  p reven t  i n t r o d u c t i o n  o f  p o t e n t i a l  con taminants  

( c )  Observa t i on  w e l l s  w i l l  be used t o  demonst ra te  t h a t  dewa te r ing  o p e r a t i o n s  w i l l  n o t  

t o  t h e  groundwater  system. 

cause a s i g n i f i c a n t  l o w e r i n g  o f  t h e  e x i s t i n g  groundwater l e v e l  i n  t h e  su r round ing  a rea .  
necessary,  c o r r e c t i v e  measures w i l l  be  taken  t o  assure  t h a t  w e l l s  and v e g e t a t i o n  i n  t h e  s i t e  
v i c i n i t y  w i l l  no t  be a f f e c t e d .  

I f  

( d )  B l a s t i n g  n o i s e  w i l l  be  m in im ized  by  use o f  sma l l  m u l t i p l e  charges .  

( e )  
bo rde r lands ,  b l a c k t o p p i n g  o f  r o a d  a reas  and m i n i m i z i n g  s lope  g r a d i e n t s .  

( f )  
seed ing  as r e q u i r e d  f o r  e r o s i o n  c o n t r o l ,  and t h e  g r a d i e n t s  w i l l  be ma in ta ined .  

( 4 )  
dus t ,  f l y  ash e t c . ,  i n t o  t h e  a i r  w i l l  be  min imized.  

( h )  A l l  s p o i l  f rom t h e  s i t e  p r e p a r a t i o n  w i l l  be used f o r  l a n d  f i l l  a t  t h e  p l a n t  s i t e  
and d i k e  c o n s t r u c t i o n .  

( i )  

E ros ion  w i l l  be m in im ized  as soon as p o s s i b l e  d u r i n g  c o n s t r u c t i o n  by l andscap ing  o f  

The genera l  con tou rs  o f  l a n d  a f f e c t e d  by c o n s t r u c t i o n  w i l l  be r e s t o r e d  w i t h  su r face  

Dus t  c o n t r o l  m a s u r e s  w i l l  be used d u r i n g  t h e  c o n s t r u c t i o n  p e r i o d ,  and e n t r y  o f  cement 

Trash and s o l i d s  and n o n - r a d i o a c t i v e  chemical  wastes w i l l  be  d isposed o f  o f f s i t e  
by  an  independent  c o n t r a c t o r .  
and b rush  w i l l  be d isposed o f  by c h i p p i n g .  

. ( j )  Fo r  t r a n s m i s s i o n  c o r r i d o r s :  

p r a c t i c e s  t o  save as m n y  t r e e s  as p r a c t i c a b l e .  
c a r e f u l  t o p p i n g  and p r u n i n g  o f  v e g e t a t i o n  so as t o  a v o i d  a no tched  o r  t u n n e l l e d  appearance. 

No b u r n i n g  o f  paper cardboard  o r  wood w i l l  be  p e r m i t t e d .  
D a i l y  p o l i c i n g  o f  t h e  area  w i l l  t a k e  p l a c e .  

Trees 

(1 )  As a genera l  p r a c t i c e ,  woods w i l l  be mechan ica l l y  t r i m n e d  u s i n g  min ima l  c l e a r i n g  
The r i g h t s - o f - w a y  w i l l  be f e a t h e r e d  back by  
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( 2 )  
2,4,5-T, Dibar, o r  U ra l  i n  compliance w i t h  and approval o f  t he  approp r ia te  S ta te  o f  I l l i n o i s  
a u t h o r i t i e s .  
l o c a l l y .  

I f  t h e  use of h e r b i c i d e  i s  necessary, the he rb i c ide  w i l l  be se lec ted  from 2.,4-D, 

The t r e e  o r  brush w i l l  be c u t  a t  t he  ground l i n e  and t h e  stumps w i l l  be sprayed 

(3)  The amount o f  l a n d  conmi t ted t o  t h e  use o f  access roads w i l l  be minimized; t he re  

( 4 )  Eros ion problems w i l l  be handled on an i n d i v i d u a l  bas is  as they  a r i s e ;  e x i s t i n g  

w i l l  be l i t t l e  need t o  c o n s t r u c t  any new access roads. 

grades w i l l  be maintained a long the rou tes .  
enough t o  minimize eros ion.  Secondary roads w i l l  be used t o  cross streams w i t h  cons t ruc t i on  
equ i pmen t . 

( 5 )  
i a t e l y  removed from the  r ight-of-way, and disposed o f  i n  accordance w i t h  I l l i n o i s  A i r  P o l l u t i o n  
Regulat ions. 

Towers w i l l  be se t  back from t h e  stream banks f a r  

Any debr i s  r e s u l t i n g  from the  c o n s t r u c t i o n  opera t i on  i s  t o  be c o l l e c t e d ,  immed- 

( 6 )  
t o  cooperate i n  l and  p lanning f o r  t he  s i t e  and t ransmiss ion l i n e  c o r r i d o r s  du r ing  and a f t e r  
cons t ruc t i on .  

The a p p l i c a n t  w i l l  contact  the W i l l  County S o i l  and Water Conservation D i s t r i c t  

4.5.2 S t a f f  Evaluat ion 

The s ta f f  has reviewed the a n t i c i p a t e d  cons t ruc t i on  a c t i v i t i e s  and the  expected environmental 
e f fects  therefrom, and has concluded t h a t  t h e  measures and c o n t r o l s  as sumnarized above, a r e  
adequate t o  ensure t h a t  adverse environmental e f fects  w i l l  minimal w i t h  the  f o l l o w i n g  a d d i t i o n a l  
precaut  i ons: 

(a )  Topsoi l  w i l l  be removed, s e t  as ide and p ro tec ted  f o r  reuse, as p r a c t i c a l .  

(b)  Groundwater i n  the observat ion w e l l s  w i l l  be monitored f o r  q u a l i t y  as w e l l  as l e v e l .  
Remedial a c t i o n  should be taken t o  p r o t e c t  o f f - s i t e  groundwater users should de t r imen ta l  changes 
be detected. 

( c )  If herb ic ides  are used i n  c l e a r i n g  the  vegetat ion i n  t h e  t ransmiss ion r ight -of -way,  
they must be used accord ing t o  S t a t e  and Federal gu ide l i nes .  I f  2,4,5-T i s  selected, t h e  
i m p u r i t y  d i o x i n  (2,3,7,8-tetrachlorodibenzo, 4-d iox in )  must be l i m i t e d  t o  a concen t ra t i on  no 
greater  than 0.1 ppm of t he  u n d i l u t e d  2,4,5-T. 

The gu ide l i nes  of the U.S. Dept. o f  the I n t e r i o r  and the  U.S. Dept. o f  A g r i c u l t u r e  
regard ing r o u t i n g  and c o n s t r u c t i o n  of t ransmiss ion l i n e s  s h a l l  be fo l lowed.  

S i l t a t i o n  and washout r e s u l t i n g  f rom work a t  t he  r i ve rbank  w i l l  be c o n t r o l l e d  by t h e  
use o f  a temporary cofferdam, i f  necessary. 

Di tches t o  d r a i n  the d i kes  and p l a n t  area i n t o  t h e  Mazon R i v e r  w i l l  be const ructed so 
t h a t  area drainage w i l l  n o t  be adverse ly  a f f e c t e d .  

A c o n t r o l  program dur ing  the c o n s t r u c t i o n  o f  t he  s l u r r y  t rench  w i l l  be fo l l owe i i  t o  
assure t h a t  seepage w i l l  be as low as designed. 
of seepage f rom the  l a k e .  Necessary measures such as r i p r a p p i n g  and p l a n t i n g  o f  grass w i l l  
be taken as requ i red  t o  prevent e ros ion  o f  the d i ke .  

i n  the  S o i l  Conservation Technical Guide f o r  W i l l  County. 

( d )  

( e )  

( f )  

(9 )  
The c o n t r o l  program s h a l l  i nc lude  mon i to r i ng  

( h )  A l l  c leared o r  d i s tu rbed  areas w i l l  be revegetated according t o  the  procedures g i ven  
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5. ENVIRONMENTAL EFFECTS OF STATION OPERATION 

5.1 IMPACTS ON LAND USAGE 

5.1.1 S t a t i o n  Operation 
The pr imary impact on l and  use w i l l  be t h e  change i n  734 acres f rom a g r i c u l t u r a l  use t o  i n d u s t r i a l  
use. About 381 acres o f  t he  a g r i c u l t u r a l  l and  w i l l  be inundated by t h e  c o o l i n g  lake. The lake  
w i l l  a l s o  inundate 2838 acres o f  s t r i p -m ine  s p o i l  and 321 acres o f  f a l l o w  f i e l d s  and marshlands. 
As noted i n  Sect ion 4.1, t h e  s t a f f  considers the d i v e r s i o n  o f  t h e  a g r i c u l t u r a l  land t o  be minor 
r e l a t i v e  t o  the  amount o f  l and  a v a i l a b l e  i n  I l l i n o i s  f o r  a g r i c u l t u r e .  
energy a v a i l a b l e  from t h e  proposed s t a t i o n  i s  expected t o  compensate f o r  the removal o f  land 
from a g r i c u l t u r a l  product ion.  
c o r r i d o r s  i s  considered by t h e  s t a f f  t o  s t i l l  be use fu l  f o r  crop product ion.  

No p lans f o r  secondary p u b l i c  use of t h e  s t a t i o n  s i t e  have been made by  t h e  app l i can t ,  except f o r  
t h e  arrangements discussed i n  Sect ion 11 t o  a l l o w  cont inued f o s s i l  c o l l e c t i n g .  See a l so  Appendix G. 

There a r e  no landmarks nor  p laces of h i s t o r i c  o r  a rcheo log ica l  i n t e r e s t  i n  t h e  s i t e  area (see 
Sect ion 2.3). 
s t a t i o n  (Ref. 1, p. 2.3-71, b u t  t h e  s ta f f  does n o t  b e l i e v e  they w i l l  be a f f e c t e d  by i t s  operat ion.  

5.1.2 Visual  Impact 

The s t a t i o n  w i l l  be v i s i b i l e  on the  r e l a t i v e l y  f l a t  t e r r a i n .  
s t r u c t u r e s  i n  a coord inated arrangement w i l l  tend t o  reduce t h e  impact. 
convers ion of t h e  u n s i g h t l y  s t r i p  mine l a n d  t o  a l a k e  w i l l  be regarded by most o f  t he  p u b l i c  as 
an e s t h e t i c  improvement a l though the  l a k e  w i l l  n o t  be v i s i b l e  from o f f  s i t e  because o f  t h e  
surrounding d i ke .  
from about 0-20 f e e t .  

The usual adverse e s t h e t i c  impact o f  the t ransmiss ion l i n e s  w i l l  be present .  However, most 
highways w i l l  be crossed by t h e  l i n e s  a t  acute angles and a t  no t ime  w i l l  any r ights-of -way 
run adjacent  and p a r a l l e l  t o  any pr imary roads. E x i s t i n g  t ransmiss ion l i n e  c o r r i d o r s  as w e l l  
as r a i l r o a d  r ights-of-way w i l l  be used whenever poss ib le .  The l i n e s  w i l l  t r ave rse  lands t h a t  
a r e  e i t h e r  f r e e  f r o m  residences o r  a re  spa rse l y  populated. 

5.2 IMPACTS ON WATER USE 

Further, the a d d i t i o n a l  

The c u l t i v a t e d  l and  i n  t h e  t ransmiss ion l i n e  and p i p e l i n e  

Some s i t e s  of c u l t u r a l  i n t e r e s t  a r e  l oca ted  between 10 and 20 m i les  f rom the  

However, t h e  c l u s t e r i n g  o f  component 
It i s  expected t h a t  t h e  

The d i ke  w i l l  be seen from o f f  s i t e  as a grass-covered h i l l  va ry ing  i n  h e i g h t  

5.2.1 Surface Water 

The average n e t  l o s s  o f  water from t h e  Kankakee R ive r  due t o  t h e  opera t i on  o f  Braidwood S t a t i o n  
i s  est imated b y  t h e  a p p l i c a n t  t o  be 47.3 c f s  (Ref. 1, pp. 2.5-3, -4, -6, -9, and -22). Th is  
water l o s s  i s  about  1% o f  t h e  average f l o w  and 11% o f  t he  7-day 10-year recurrence low f l o w  
o f  t he  r i v e r  a t  the S t a t i o n ' s  i n take .  The o n l y  o the r  major use o f  water  downstream f rom the  
s t a t i o n  t o  the confluence o f  the I l l i n o i s  River ,  a d i s tance  o f  about 14 mi les,  i s  t h a t  by  the  
J o l i e t  Arsenal, which uses 38.7 c f s  o f  water from t h e  Kankakee River .  Thus, the t o t a l  n e t  
water  l o s s  f rom t h e  two major users o f  t h e  Kankakee R ive r  i s  about 86.0 c f s  and represents  
about 2% o f  t h e  average r i v e r  f l o w  and about 19% o f  t he  7-day 10-year recurrence low f l o w .  

The major  consumptive user upstream f rom t h e  proposed i n t a k e  i s  t h e  Kankakee Water Company, 
s i t u a t e d  about 20 m i les  from the s t a t i o n .  A t  present, t h e  n e t  consumptive use i s  3.1 c f s .  A 
new water  t reatment  plant,* expected t o  be i n s t a l l e d  1" m i les  f rom the  Braidwood in take ,  i s  
expected t o  become opera t i ona l  i n  1976. Consumptive use by t h i s  new p l a n t  i s  forecasted t o  be 
232 c f s  i n  2020 i f  t h e  sewage e f f l u e n t  i s  n o t  re tu rned  t o  t h e  Kankakee River .  Thus, near t h e  
end of t h e  s t a t i o n ' s  40-year p ro jec ted  l i f e ,  t h e  7-day 10-year recurrence low f l o w  near the  
s t a t i o n ' s  i n t a k e  cou ld  be reduced t o  210 c f s .  As t h e  a p p l i c a n t  in tends t o  l i m i t  i t s  n e t  use 
of makeup water t o  10% o f  t h e  f l ow ,  o n l y  about 21 c f s  would be used f o r  makeup water a t  such 
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t imes.  
i s  r e s t o r e d  on t h e  average by r a i n f a l l ) ,  c u r t a i l m e n t s  o f  p l a n t  o p e r a t i o n  o r  drawdown o f  t h e  l a k e  
m igh t  be r e q u i r e d  d u r i n g  pe r iods  o f  low f l o w .  As i n d i c a t e d  by t h e  a p p l i c a n t  (Ref. 1, p. 2.5-6),  
d u r i n g  a 50-year drought  c o n d i t i o n ,  w i t h  two u n i t s  o p e r a t i n g  a t  100', l oad  f a c t o r ,  t h e  water  
l e v e l  i n  t h e  l a k e  would be lowered t o  a minimum e l e v a t i o n  of 592.95 f e e t  over  a p e r i o d  o f  about 
f i v e  months. 
a v a i l a b l e  f l o w  i n  the  Kankakee River .  
d rough t  c o n d i t i o n s  i s  an i m p o r t a n t  advantage o f  t h e  c o o l i n g  l a k e  design. 

S ince t h e  s t a t i o n ' s  water  requi rement  due t o  evapora t i on  and seepage i s  57 c f s  (10 c f s  

This  would be necessary i n  o r d e r  t o  l i m i t  t h e  n e t  water  makeup t o  10% o f  t he  
This  c a p a b i l i t y  f o r  t h e  p l a n t  t o  con t inue  o p e r a t i n g  d u r i n g  

The o p e r a t i o n  o f  
Kankakee R i v e r .  

Braidwood S t a t i o n  w i l l  n o t  have an adverse impact  on r e c r e a t i o n a l  use o f  t h e  

The c o n s t r u c t i o n  of t h e  d i k e s  o r  levees f o r  t h e  c o o l i n g  l a k e ,  and o t h e r  r e l a t e d  p l a n t  c o n s t r u c t i o n  
my be expected t o  i nc rease  t h e  speed a t  whfch r a i n f a l l  w i l l  r u n o f f .  The a p p l i c a n t  proposes t o  
c o n s t r u c t  a system of c o l l e c t o r  channels around t h e  o u t s i d e  of t h e  c o o l i n g  l a k e  l evee ,  and f rom 
t h e  p l a n t  s i t e  area,  and t o  c l e a n  o u t  and m i n t a i n  t h e  connec t ing  s t ream channel  f rom t h e  area 
t o  t h e  Mazon R i v e r .  The c o l l e c t o r  channels a r e  t o  be s i z e d  t o  pass t h e  r u n o f f  f rom r a i n f a l l  
events  as severe as those w i t h  a 100 y e a r  f requency.  The dra inage areas c o n t r i b u t i n g  t o  bo th  
t h e  c o l l e c t o r  d i t c h  system and the  connec t ing  channel t o  t h e  h z o n  R i v e r  c o n s i s t  o f  a p p r o x i -  
m a t e l y  2465 acres,  1906 ac res  o f  which w i l l  be long  t o  su r round ing  p r o p e r t y  owners. The s t a f f  
cons ide rs  t h a t  such a system w i l l  n o t  o n l y  d r a i n  t h e  a p p l i c a n t ' s  p r o p e r t y  adequate ly ,  b u t  can 
be expected t o  improve t h e  dra inage of  t h e  c o n t r i b u t i n g  watershed. 
good farm d ra inage  i n  the  area,  t he  s t a f f  concludes t h e  c o n s t r u c t i o n  and p roper  maintenance o f  
t h e  d ra inage  f a c i l i t i e s  w i l l  r e s u l t  i n  a p o s i t i v e  impact.  Decreased dra inage c a p a c i t y  downstream 
on t h e  Mazon and Kankakee R i v e r s  i s  n o t  expected because o f  t h e  r e l a t i v e  s i z e  and l o c a t i o n  o f  t he  
improved d ra inage .  

5.2.2 Groundwater 

I n  v iew af t h e  l a c k  o f  

The s t a t i o n ' s  process wa te r  makeup and p o t a b l e  wa te r  supply  w i l l  be p rov ided  from deep w e l l s  a t  
t h e  s i t e .  I n d i c a t i o n s  a r e  t h a t  t he  deep ground water  supp ly  i s  adequate f o r  t h i s  purpose; t h e  
s t a f f  does n o t  a n t i c i p a t e  s i g n i f i c a n t  impairment of t h e  supp ly  f o r  nearby w e l l s  t o  r e s u l t  f rom 
these usages ( s e e  however, S e c t i o n  4 . 2 ) .  

The a p p l i c a n t  has proposed a c o n t r o l  method (Ref. 1 ,  p.  2.5-18, p .  3.3-5) t o  reduce seepage 
f rom t h e  d i k e  s t r u c t u r e  and on t h e  b a s i s  o f  i t s  computat ion expects  t h e  wa te r  l o s s  t o  be  l e s s  
than  5 c f s .  A lso,  t h e  a p p l i c a n t  expects  t h a t  t h e  c o o l i n g  l a k e  w i l l  have l i t t l e  e f f e c t  on t h e  
s u r f i c i a l  sand a q u i f e r  o r  on t h e  Cambrian-Ordovic ian a q u i f e r .  
t e s t  program i n d i c a t e s  t h a t  c o n s t r u c t i o n  o f  t h e  l a k e  d i k e s  employing such a method m v  be 
expected t o  c o n t r o l  seepage, b u t  t h e  s t a f f  w i l l  r e q u i r e  a c o n t r o l  program d u r i n g  c o n s t r u c t i o n  
and m o n i t o r i n g  o f  groundwater l e v e l s  near  t h e  d i k e ,  p a r t i c u l a r l y  i n  t h e  v i c i n i t y  o f  t h e  under-  
ground mines, t o  assure t h a t  t h e  d e s i r e d  e f f e c t s  have been achieved. W i th  t h e  d i k e  d ra inage  
d i t c h  proposed by t h e  a p p l i c a n t  i t  i s  n o t  expected t h a t  seepage o f  t h i s  o r d e r  w i l l  s i g n i f i c a n t l y  
a f f e c t  area d ra inage  problems. The a p p l i c a n t  s t a t e s  t h a t  t h e  c o n t r o l  o f  seepage by t h e  s l u r r y  
t r e n c h  des ign  w i l l  p reven t  t h e  t y p e  o f  d i k e  f a i l u r e  which occurred a t  Dresden. 

The a p p l i c a n t ' s  s l  u r r y  t r e n c h  

5.2.3 Water Q u a l i t y  

The S t a t e  o f  I l l i n o i s  r e q u i r e s  t h a t  t h e  q u a l i t y  o f  t h e  water  i n  r i v e r s  be ma in ta ined  t o  c e r t a i n  
s tandards and t h a t  a d d i t i o n a l  standards f o r  e f f l u e n t s  be met. 
i s  more r e s t r i c t i v e  than an e f f l u e n t  s tandard,  a m i x i n g  zone i s  a l l owed  w i t h i n  wh ich  t h e  water  
q u a l i t y  s tandard  need n o t  be  met. 
t o  meet t h e  purpose o f  t h e  r e g u l a t i o n ;  i t  n o r m a l l y  w i l l  n o t  be a l l owed  t o  exceed t h e  area o f  a 
c i r c l e  w i t h  a r a d i u s  o f  600 f e e t .  
pe r iods  when f l o w s  a r e  l e s s  than  t h e  average minimum seven day low f l o w  which occurs once i n  
t e n  yea rs .  

Two s p e c i f i c  r e s t r i c t i o n s  o r  s tandards o f  t h e  'Water P o l l u t i o n  Regulat ions o f  I l l i n o i s , "  wh ich  
were adopted by t h e  S t a t e  o f  I l l i n o i s  P o l l u t i o n  Con t ro l  Board i n  1973, a p p l y  t o  t h e  wa te rs  o f  
t h e  Kankakee R i v e r  a t  t h e  Braidwood S t a t i o n .  
( b )  P u b l i c  and Food Process ing Water Supply  maximum p e r m i s s i b l e  l e v e l s  i d e n t i f i e d  tn  S e c t i o n  204 
based on U. S. P u b l i c  H e a l t h  Serv i ce  D r i n k i n g  Water Standards.  
i n  Tab le  5.1. 
t h e  more r e s t r i c t i v e  l i m i t  i s  c i t e d .  
d u r i n g  more than one pe rcen t  o f  t h e  hours i n  t h e  12-month p e r i o d  ending w i t h  any month. 
over ,  a t  no t i m e  s h a l l  t h e  water  temperature a t  such l o c a t i o n s  exceed t h e  maximum (month ly)  
1 i m i t s  b y  more than  3°F. " 

Whenever a water  q u a l i t y  s tandard  

The s i z e  o f  t he  m i x i n g  zone i s  s e t  on a case-by-case b a s i s  

The water  q u a l i t y  s tandards a p p l y  a t  a l l  t imes except  d u r i n g  

These a r e  ( a )  General  Standards,  Sec t i on  203, and 

These r e s t r i c t i o n s  a r e  i t e m i z e d  
Wherever t h e  same substance i s  r e s t r i c t e d  i n  b o t h  s e c t i o n s  o f  t h e  Regu la t i ons ,  

The month ly  temperature l i m i t s  " s h a l l  n o t  (be exceeded) 
More- 
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Table 5.1. Standards Applicable t o  the Kankakee River from Water Pol lu t ion  
Regulations of  I l l i n o i s  

Substance Regul a ted 

Unnatural s ludge,  bottom de- 
p o s i t s ,  f l o a t i n g  d e b r i s ,  
v i s i b l e  o i l ,  odor, unnatural 
p lan t  o r  a l g a l  growth, 
unnatural co lor  o r  t u r b i d i t y  

PH 
Dissolved oxygen 

Amnonia ni t rogen 
Arsenic ( t o t a l )  
Barium ( t o t a l )  
Boron ( t o t a l  ) 
Cadmi um ( t o t a l  ) 
Chloride 
Carbon chloroform e x t r a c t  
Chromi um ( t o t a l  hexavalent ) 
Chromi um ( t o t a  1 t r i va 1 ent ) 
Copper ( t o t a l  ) 
Cyanide 
Fluoride 
Iron ( t o t a l )  
Lead ( t o t a l  ) 
Manganese ( t o t a l  ) 
Methylene blue a c t i v e  substance 
Mercury 
Nickel ( t o t a l )  
N i t r a t e  plus  n i t r i t e  ( a s  N )  
Phenols 
Selenium ( t o t a l )  
Si1 ver ( t o t a l  ) 
S u l f a t e  
Zinc 
Total Dissolved Sol i d s  
Fecal col i form bac ter ia  

Toxic Substances 

Temperature 

Concentration 
not t o  Exceed 

~~~ ~ ~ 

Sect ion of Reg. 
More R e s t r i c t  i ve 

None 

6.5-9 .Oa 
5.0 mg/l always 
6.0 mg/l 16/hrs/day 
1 . 5  mg/l 
0.01 mg/l 
1 . 0  mg/l 
1.0 mg/l 
0.01 mg/l 
250 mg/l 
0.2 mg/l 
0.05 mg/l 
1 .0  mg/l 
0.02 mg/l 
0.01 mg/l 
1 .4  mg/l 
0 .3  mg/l 
0.05 mg/l 
0.05 mg/l 
0 .5  
0.0005 mg/l 
1 .0  mg/l 
10.0 mg/l 
0.001 mg/l 
0.01 mg/l 
0.005 mg/l 
250 mg/l 
1 . 0  mg/l 
500 mg/l 
200/100 ml (Geometric mean) 
400/100 ml (10% o f  samples) 
0.1 o f  48-hour TLm f o r  f i s h  o r  
fish food organisms 
5 F above n a t u r a l ;  a l s o  monthly 
mximumb a s  follows: 

203 

203 
203 

203 
204( b )  
204(b) 
203 
204(b) 
204(b) 
204(b) 
203 
203 
203 
204(b) 
203 
203 
204( b )  
204( b) 
204( b) 
203 
203 
204(b) 
204( b) 
204(b) 
203 
204( b )  
203 
204( b) 
203 

203 

203 

Jan Feb Mar Apr ",I Ju l  A u a  Sep Oct Nov Dec 
60° 600 60' 900 90° 90 900 90° 90° 600 

aExcept from na tura l  causes .  
bSee text f o r  ac tua l  r e s t r i c t i o n s .  
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E f f l u e n t  s tandards a r e  a p p l i c a b l e  d i r e c t l y  t o  p l a n t  d ischarges on t h e  b a s i s  o f  24-hour composi te 
samples. I n  a d d i t i o n ,  no contaminant  s h a l l  a t  any t ime  exceed f i v e  t imes t h e  numer ica l  s tandard.  
Compliance i s  "not  r e q u i r e d  when e f f l u e n t  concen t ra t i ons  i n  excess o f  t h e  s tandards r e s u l t  
e n t i r e l y  f rom i n f l u e n t  con tamina t ion ,  evapora t i on ,  and/or t h e  i n c i d e n t a l  a d d i t i o n  o f  t r a c e s  
o f  m a t e r i a l s  n o t  u t i l i z e d  or  produced i n  t h e  a c t i v i t y  t h a t  i s  t h e  source o f  t h e  waste."  
A p p l i c a b l e  r e s t r i c t i o n s  on e f f l u e n t s ,  f rom Sec t ions  403-408 o f  t h e  Regu la t i ons ,  a r e  g i ven  
i n  Table 5.2. 

R e f e r r i n g  t o  t h e  chemical  re leases  i d e n t i f i e d  i n  Sec t i on  3, no v i o l a t i o n  o f  t h e  s tandards f o r  
t h e  Kankakee R i v e r  (Table 5.1) o r  f o r  t h e  p l a n t  e f f l u e n t  (Tab le  5.2) i s  a n t i c i p a t e d .  
c o n c e n t r a t i o n  o f  t o t a l  d i s s o l v e d  s o l i d s  i n  t h e  blowdown d ischarged t o  the  Kankakee R i v e r  i s  
expected by t h e  a p p l i c a n t  t o  average 967 ppm. 
t h e  average TDS of t h e  r i v e r  f rom 362 t o  369 ppm a t  t h e  average r i v e r  f l o w  o f  3923 c f s .  A t  
t he  l o w  r i v e r  f l ow  o f  350 c fs ,  t h e  TDS w i l l  i n c r e a s e  t o  439 ppm. 
below t h e  a l l m a b l e  l i m i t  o f  500 ppm. 
momentar i ly  d u r i n g  maximum n e u t r a l i z i n g  tank  d i scha rge  r a t e  a t  ex t reme ly  l ow  r i v e r  f l o w .  
blowdown TDS w i l l  a l s o  be l ower  than t h e  p e r m i t t e d  e f f l u e n t  c o n c e n t r a t i o n  o f  3500 ppm. 

Discharge o f  t h e  s a n i t a r y  wastes w i l l  be  t o  the  Kankakee R i v e r  v i a  t h e  c o o l i n g  l a k e  blowdown. 
P r i o r  t o  d i scha rge  these wastes w i l l  be processed through a modern sewage t rea tmen t  p l a n t  
c o n s t r u c t e d  e x p r e s s l y  f o r  t h a t  purpose. Designed f o r  p rocess ing  15,000 gpd (0 .02  c f s )  (Re f .  
1, p. 3 . 7 - l ) ,  t h e  sewage t rea tmen t  p l a n t  w i l l  be an extended a e r a t i o n  t y p e  f a c i l i t y .  The 
e f f l u e n t  w i l l  be  g i v e n  t e r t i a r y  t rea tmen t  ( f i l t r a t i o n  and r e c i r c u l a t i o n )  and w i l l  be c h l o r i n a t e d  
t o  1 ppll e f f l u e n t  c h l o r i n e  c o n c e n t r a t i o n  b e f o r e  be ing  mixed w i t h  t h e  c o o l i n g  l a k e  blowdown. 
The 1 ppm c h l o r i n e  c o n c e n t r a t i o n  w i l l  be reduced b y  d i l u t i o n  w i t h  t h e  46 c f s  blowdown by a f a c t o r  
o f  about  2000, r e s u l t i n g  i n  a c h l o r i n e  c o n c e n t r a t i o n  o f  about  0.0005 ppm i n  t h e  m i x t u r e .  
s i d e r i n g  t h e  presence o f  m a t e r i a l s  i n  t h e  blowdown water  capable of r e a c t i n g  w i t h  t h e  c h l o r i n e ,  
t h e  s t a f f  does n o t  expect  any r e s i d u a l  f r e e  c h l o r i n e  w i l l  reach t h e  Kankakee R i v e r .  Thus, no 
adverse impact  on downstream water  q u a l i t y  i s  a n t i c i p a t e d  by t h e  s t a f f .  

Conformance t o  thermal  s tandards i s  cons ide red  i n  Sec t i on  3.4. 

The 

The s t a f f  has c a l c u l a t e d  t h a t  t h i s  w i l l  i nc rease  

These c o n c e n t r a t i o n s  a r e  
It i s  n o t  l i k e l y  t h a t  t h i s  l i m i t  w i l l  be  exceeded except  

The 

Con- 

The s t a f f  has eva lua ted  t h e  chemical  a l t e r a t i o n  o f  t h e  Kankakee R i v e r  as a r e s u l t  o f  t h e  blowdown 
and concludes t h a t  t h e  Braidwood S t a t i o n  can be operated i n  a manner t h a t  w i l l  p e r m i t  compl iance 
w i t h  t h e  above s tandards.  The s t a f f  a l s o  concludes t h a t  t h e  impact o f  o p e r a t i o n  o f  t h e  p l a n t  
on water usage i s  accep tab ly  s m a l l .  

5.3 RADIOLOGICAL IMPACTS 

5.3.1 Impact on B i o t a  o t h e r  than Man 

5.3.1.1 Exposure Pathways 

The pathways b y  which b i o t a  o t h e r  than man may r e c e i v e  r a d i a t i o n  doses i n  t h e  v i c i n i t y  o f  a 
nuc lea r  power s t a t i o n  a r e  shown i n  F ig .  5.1. Two r e c e n t  comprehensive  report^^.^ have been 
concerned w i t h  r a d i o a c t i v i t y  i n  t h e  env i ronment  and these pathways. They can be read f o r  a more 
d e t a i l e d  e x p l a n a t i o n  o f  t h e  s u b j e c t s  t h a t  w i l l  be d iscussed below. Depending on t h e  pathway 
being considered,  t e r r e s t r i a l  and a q u a t i c  organisms w i l l  r e c e i v e  e i t h e r  app rox ima te l y  t h e  same 
r a d i a t i o n  doses as man o r  somewhat g r e a t e r  doses. 
f o r  d e s i r a b l e  l i m i t s  f o r  r a d i a t i o n  exposure t o  species o t h e r  than man, i t  i s  g e n e r a l l y  agreed 
t h a t  t h e  l i m i t s  e s t a b l i s h e d  f o r  humans a r e  a l s o  c o n s e r v a t i v e  f o r  these species.b An e s t i m a t e  
of t h e  occupat ional  r a d i a t i o n  exposure r e c e i v e d  i n  o p e r a t i n g  t h e  s t a t i o n  has been made. T h i s  
es t ima te  i s  based on exper ience a t  c m p a r a b l e  o p e r a t i n g  r e a c t o r s .  

A l though no g u i d e l i n e s  have been e s t a b l i s h e d  

5.3.1.2 R a d i o a c t i v i t y  i n  t h e  Environment 

The q u a n t i t i e s  and spec ies  of r a d i o n u c l i d e s  expected t o  be d ischarged a n n u a l l y  by t h e  Braidwood 
S t a t i o n  i n  l i q u i d  and gaseous e f f l u e n t s  have been es t ima ted  by t h e  s t a f f  and a r e  g i v e n  i n  
Tables 3.5 and 3.6, r e s p e c t i v e l y .  The b a s i s  f o r  t hese  va lues i s  d iscussed i n  S e c t i o n  3.5. Fo r  
t h e  d e t e r m i n a t i o n  o f  doses t o  b i o t a  o t h e r  than man, s p e c i f i c  c a l c u l a t i o n s  a r e  done p r i m a r i l y  f o r  
t h e  l i q u i d  e f f l u e n t s .  
d i scha rge ,  would produce an average gross a c t i v i t y  c o n c e n t r a t i o n ,  e x c l u d i n g  t r i t i u m ,  o f  
4.6 x 

t h e  t r i t i u m  c o n c e n t r a t i o n  would be 17 pCi /ml .  
i s  presented i n  S e c t i o n  5.3.2.2.  

The l i q u i d  e f f l u e n t  q u a n t i t i e s ,  when d i l u t e d  i n  t h e  Braidwood S t a t i o n  

p i c o c u r i e s  pe r  m i l l i l i t e r  i n  t h e  p l a n t  d i scha rge  a rea .  Under t h e  same c o n d i t i o n s ,  
A d d i t i o n a l  d i s c u s s i o n  concern ing l i q u i d  d i l u t i o n  
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Table 5.2. Standards Applicable t o  Braidwood Eff luents  from Water Pol lut ion 
Regulations of I l l i n o i s  

~ ~ ~~ 

Concentration Per t inent  Sect ion 
Substance Regulated not t o  Exceed of Regulations 

S e t t l e a b l e  sol  ids, None 403 
f l o a t i n g  debr i s ,  
v i s i b l e  o i l ,  grease, 

scum, o r  sludge 
s o l i d s .  

Color , odor , t u r b i d i t y  Obvious l e v e l s  40 3 
5-day BOD 30 mg/l 404( a )  
Suspended s o l i d s  having 37 mg/l 404(a) 

Fecal col i form bac ter ia  400/100 ml 40 5 
Arsenic ( t o t a l )  0.25 mg/l 408( a )  
Barium ( t o t a l  ) 2.0 mg/l 408( a )  
Cadmi um ( t o t a l  ) 0.15 mg/l 408( a )  
Chromi um ( t o t a l  0.3 mg/l 408( a )  

Chromium ( t o t a l  t r i v a -  1.0 mg/l 408( a )  

Copper ( t o t a l  ) 1.0 mg/l 408( a )  
Cyani de 0.025 mg/l 408( a )  
Fluoride ( t o t a l )  2.5 mg/l 408( a )  
Iron ( t o t a l )  2.0 mg/l 408( a )  
Iron (dissolved)  0.5 mg/l 408( a )  
Lead ( t o t a l )  0.1 mg/l 408(a) 
Manganese ( t o t a l  ) 1.0 mg/l 408(a) 
Mercury ( t o t a l  ) 0.0005 mg/l 408(a) 
Nickel ( t o t a l )  1.0 mg/l 408(a) 
Oi 1 (hexane sol ubl es  15.0 mg/l 408(a) 

PH range 5-1Oa 408 a )  
Phenols 0.3 mg/l 4081a) 
Selenium ( t o t a l )  1 .O mg/l 408(a) 
Si 1 ver 0.1 mg/l 408 (a  
Zinc ( t o t a l )  1 .0  mg/l 408(a{ 
Suspended s o l i d s  o ther  15 mg/l 408(a) 

Total dissolved s o l i d s  750 mg/l above back- 408(a) 

oxygen demand 

hexavalent) 

l e n t )  

o r  equivalent)  

than those having 
oxygen demand 

ground with exceptions ; 
3500 mg/l, no exception 

aThe pH l imi ta t ion  i s  no t  subjec t  t o  averaging and must be met a t  a l l  times. 
bunless caused by recycl ing o r  o t h e r  pol lut ion abatement prac t ices .  
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Doses t o  t e r r e s t r i a l  an ima ls  such as r a b b i t s  o r  deer due t o  t h e  gaseous e f f l u e n t s  a r e  q u i t e  
s i m i l a r  t o  those c a l c u l a t e d  f o r  man. 
a t  l o c a t i o n s  o f  i n t e r e s t  and t h e  dose c a l c u l a t i o n s  f o r  gaseous e f f l u e n t s  a r e  d i scussed  i n  
d e t a i l  i n  Sec t i on  5.3.2. 

For t h i s  reason, b o t h  t h e  gaseous e f f l u e n t  c o n c e n t r a t i o n s  

5.3.1.3 Dose Rate Es t ima tes  

The annual  r a d i a t i o n  doses t o  bo th  a q u a t i c  and t e r r e s t r i a l  b i o t a  i n c l u d i n g  mn were e s t i m a t e d  
on t h e  assumpt ion  of c o n s t a n t  c o n c e n t r a t i o n s  o f  r a d i o n u c l i d e s  a t  a g i v e n  p o i n t  i n  b o t h  t h e  
wa te r  and a i r .  R e f e r r i n g  t o  F i g .  5.1, r a d i a t i o n  dose has b o t h  i n t e r n a l  and e x t e r n a l  components. 
E x t e r n a l  components o r i g i n a t e  f rom imners ion  i n  r a d i o a c t i v e  a i r  and wa te r  and f rom exposure t o  
r a d i o a c t i v e  sources on su r faces ,  i n  d i s t a n t  volumes o f  a i r  and wa te r ,  i n  equipment,  e t c .  
I n t e r n a l  exposures a r e  a r e s u l t  o f  i n g e s t i n g  and b r e a t h i n g  r a d i o a c t i v i t y .  

Doses w i l l  be d e l i v e r e d  t o  a q u a t i c  organisms l i v i n g  i n  t h e  wa te r  c o n t a i n i n g  r a d i o n u c l i d e s  
d i scha rged  f rom t h e  power s t a t i o n .  
t h a t  c o n c e n t r a t e  a number o f  e lements t h a t  can b e  p resen t  i n  t h e  aqueous env i ronment .  
t o  wh ich  elements a r e  concen t ra ted  i n  f i s h ,  i n v e r t e b r a t e s ,  and a q u a t i c  p l a n t s  upon up take o r  
i n g e s t i o n  has been es t ima ted .  Values o f  r e 1  a t i v e  b i o l o g i c a l  accumu la t i on  f a c t o r s  ( r a t i o  o f  con-  
c e n t r a t i o n  o f  n u c l i d e  i n  organisms t o  t h a t  i n  t h e  aqueous env i ronment )  o f  a number o f  waterborne 
e lements  f o r  seve ra l  organisms a r e  p r o v i d e d  i n  Tab le  5.3. 

Doses t o  a q u a t i c  p l a n t s  and f i s h  l i v i n g  i n  t h e  d i scha rge  r e g i o n  due t o  wa te r  up take  and i n g e s t i o n  
( i n t e r n a l  exposure)  were c a l c u l a t e d  t o  be 4.2 and 7.4 mrads /y r ,  r e s p e c t i v e l y ,  f o r  t h e  Braidwood 
S t a t i o n  o p e r a t i o n .  
assumed t h a t  these organisms spen t  a l l  o f  t h e  yea r  i n  wa te r  o f  maximum c o n c e n t r a t i o n s .  
c a l c u l a t e d  doses a r e  based on s tandard   model^.^ 
h i g h l y  u n l i k e l y  t h a t  any o f  t h e  mob i l e  l i f e  forms w i l l  spend a s i g n i f i c a n t  p o r t i o n  o f  t h e i r  l i f e  
span i n  t h e  maximum a c t i v i t y  c o n c e n t r a t i o n  o f  t h e  d i scha rge  r e g i o n .  
a d d i t i o n a l  d i l u t i o n  would reduce t h e  dose a t  o t h e r  p o i n t s  i n  t h e  r i v e r .  

Ex te rna l  doses t o  t e r r e s t r i a l  an ima ls  o t h e r  than  man a r e  de termined on t h e  b a s i s  o f  gaseous 
e f f l u e n t  c o n c e n t r a t i o n s  and d i r e c t  r a d i a t i o n  c o n t r i b u t i o n s  a t  t h e  l o c a t i o n s  where such an ima ls  
may a c t u a l l y  be p resen t .  T e r r e s t r i a l  an ima ls  i n  t h e  e n v i r o n s  o f  t h e  s t a t i o n  w i l l  r e c e i v e  
approx ima te l y  t h e  same e x t e r n a l  r a d i a t i o n  doses as those  c a l c u l a t e d  f o r  man. 
t h e  doses due t o  t h e  gaseous e f f l u e n t s .  

An e s t i m a t e  can be made f o r  t h e  i n g e s t i o n  dose t o  a t e r r e s t r i a l  an ima l  such as  a duck wh ich  i s  
assumed t o  consume o n l y  a q u a t i c  v e g e t a t i o n  growing  i n  t h e  wa te r  i n  t h e  d i scha rge  r e g i o n .  The 
duck i n g e s t i o n  dose was c a l c u l a t e d  t o  be abou t  25 mrads /y r ,  wh ich  r e p r e s e n t s  an upper l i m i t  
e s t i m a t e  s i n c e  e q u i l i b r i u m  was assumed t o  e x i s t  between t h e  a q u a t i c  organisms and a l l  r a d i o -  
n u c l i d e s  i n  wa te r .  A n o n e q u i l i b r i u m  c o n d i t i o n  f o r  a r a d i o n u c l i d e  i n  an a c t u a l  exposure s i t u a t i o n  
would r e s u l t  i n  a s m a l l e r  b ioaccumu la t i on  and t h e r e f o r e  i n  a s m a l l e r  dose f r o m  i n t e r n a l  exposure .  

The l i t e r a t u r e  r e l a t i n g  t o  r a d i a t i o n  e f f e c t s  on organisms i s  e x t e n s i v e ,  b u t  v e r y  few s t u d i e s  
have been conducted  on t h e  e f f e c t s  of con t i nuous  l o w - l e v e l  exposure t o  r a d i a t i o n  f rom inges ted  
r a d i o n u c l i d e s  on n a t u r a l  a q u a t i c  o r  t e r r e s t r i a l  p o p u l a t i o n s .  The most r e c e n t  and p e r t i n e n t  
s t u d i e s  p o i n t  o u t  t h a t ,  w h i l e  t h e  e x i s t e n c e  of  ex t reme ly  r a d i o s e n s i t i v e  b i o t a  i s  p o s s i b l e  and 
w h i l e  i nc reased  r a d i o s e n s i t i v i t y  i n  organisms m y  r e s u l t  f rom env i ronmen ta l  i n t e r a c t i o n s ,  no 
b i o t a  have y e t  been d i scove red  t h a t  show a s e n s i t i v i t y  t o  r a d i a t i o n  exposures as l o w  as those  
a n t i c i p a t e d  i n  t h e  area  su r round ing  t h e  Braidwood S t a t i o n .  
i n  sumnary t h a t  ev idence t o  d a t e  i n d i c a t e s  t h a t  no o t h e r  l i v i n g  organisms a r e  v e r y  much more 
r a d i o s e n s i t i v e  than man. Therefore,  no d e t e c t a b l e  r a d i o l o g i c a l  impact  i s  expec ted  i n  t h e  
a q u a t i c  b i o t a  o r  t e r r e s t r i a l  mamnals as a r e s u l t  o f  t h e  q u a n t i t y  o f  r a d i o n u c l i d e s  t o  be r e l e a s e d  
i n t o  t h e  Kankakee R i v e r  and i n t o  t h e  a i r  by  t h e  Braidwood S t a t i o n .  

5.3.2 Impact on Man 

Th is  i s  p r i n c i p a l l y  a consequence o f  p h y s i o l o g i c a l  mechanisms 
The e x t e n t  

The d i scha rge  r e g i o n  c o n c e n t r a t i o n s  were those g i v e n  above and i t  was 
A l l  

The doses a r e  q u i t e  c o n s e r v a t i v e  s i n c e  i t  i s  

B o t h  r a d i o a c t i v e  decay and 

Tab le  5 .4  l i s t s  

I n  t h e  " B E I R "  r e p o r t 6  i t  i s  s t a t e d  

5.3.2.1 Exposure Pathways 

Rou t ine  power g e n e r a t i o n  by  t h e  Braidwood S t a t i o n  w i l l  r e s u l t  i n  t h e  r e l e a s e  o f  smal l  q u a n t i t i e s  
of f i s s i o n  and a c t i v a t i o n  p roduc ts  t o  t h e  env i ronment .  Th i s  e v a l u a t i o n  w i l l  p r o v i d e  dose 
e s t i m a t e s  wh ich  can serve as a b a s i s  f o r  a d e t e r m i n a t i o n  t h a t  r e l e a s e s  t o  u n r e s t r i c t e d  areas  a r e  
as l o w  as p r a c t i c a b l e  i n  accordance w i t h  1 0  CFR 50 and w i t h i n  t h e  l i m i t s  s p e c i f i e d  i n  1 0  CFR 20. 
The AEC s t a f f  has es t ima ted  t h e  p robab le  n u c l i d e  r e l e a s e s  f rom t h e  Braidwood S t a t i o n  based on 
exper ience  w i t h  comparable o p e r a t i n g  r e a c t o r s  and an e v a l u a t i o n  o f  t h e  radwaste system. 
r e l e a s e s  have been d i scussed  i n  S e c t i o n  3.5.  

These 
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G A S E O U S  E F F L U E N T  
NUCLEAR POWER PLANT 

Fig. 5.1. Exposure Pathways to Biota Other Than Man. 
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Table 5.3.  Freshwater Bioaccumulat ion Factors  

Element F i s h  I n v e r t e b r a t e s  P lan ts  
(pCi /kg organism per p C i / l  i t e r  water)  

C 

Na 

P 
sc 

C r  

Mn 

Fe 

co 

N i  
Zn 

Rb 
S r  

Y 

Z r  
Nb 

Mo 

Tc 

Ru 
Rh 

Ag 
Sn 

Sb 

Te 

i 
c s  
Ba 

La 

Ce 

P r  

Nd 

Pm 
Sm 

Eu 

Gd 

W 

NP 
Pu 

Am 
Cm 

4,550 

100 

100,000 

2 

200 

400 
100 

50 

100 

2,000 

2,000 
30 
25 

3 
30,000 

10 

15 

10 

10 

2 
3,000 

1 

400 

15 
2,000 

4 
25 

1 

25 

25 

25 
2 5  
25 

25 

1,200 

10 
4 

25 
25 

9,100 
200 

20,000 

1,000 

2,000 

90,000 

3,200 
2 00 

100 

10,000 

1,000 
100 

1,000 

7 
100 

10 

5 
300 

3 00 

770 
1,000 

10 

150 

5 
100 

200 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

10 
4 00 
100 

1,000 
1,000 

4,550 

500 

500 ,OOU 

10,000 

4,000 
10,000 

1,000 

200 

50 

20,000 

1,000 
500 

5,000 

1,000 

800 

1,000 

40 

2,000 

200 

2 00 
100 

1,500 

100 

40 

500 

500 
5,000 
4,000 

5,000 
5,000 

5,000 
5,000 

5,000 

5,000 

1,200 

300 

350 

5,000 

5,000 

From Report  UCRL-50564, Rev. 1 .  
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Estimations were made of radiation doses t o  man a t  and beyond the s i t e  boundary via the most 
s ign i f icant  pathways among those diagramed in Fig. 5.2. The calculations a re  based on conserva- 
t i ve  assumptions regarding the dilutions of e f f luent  gases and radionuclides i n  the l iquid dis- 
charge, and the use by man of the plant surroundings. Radiation doses calculated by the AEC 
s t a f f  a r e  intended t o  apply t o  an average adul t .  Specific persons will receive higher or  lower 
doses, depending upon t he i r  age, l iv ing  habits,  food preferences, o r  or recreational a c t i v i t i e s .  

An estimate of the occupational radiation exposure received in operating the plants was made. 
This estimate was based on exposures received a t  comparable operating reactors.  

5.3.2.2 L i q u i d  Effluents 

Expected nuclide releases i n  the l iquid e f f luent  have been calculated for  the  Braidwood Station 
and a re  l i s t ed  i n  Table 3.5. In the imnediate v ic in i ty  of the Braidwood Statio! discharge, the  
gross ac t iv i ty  concentration, exclusive of tritium, is estimated t o  be 4.6 x 10 
the same conditions, the tr i t ium concentration would be 17 pCi/ml, as stated i n  Section 3.5. 

During normal reactor operations, a fraction of the noble gases produced will be released in 
the l iquid e f f luent  and subsequently discharged into the Kankakee River. The s t a f f  has ana- 
lyzed operating reactor radioactive l i q u i d  e f f luent  f o r  noble gas content and under conditions 
o f  highest annual average noble gas concentrations i n  the discharge water, n o  s ign i f icant  doses 
would be del ivered to hunan beings. 

pCi/ml. Under 

Table 5.4 Annual Individual Doses Due t o  Gaseous Effluents 

Loca t i on x / Q  Dose , mrem/yr 
sec/rn3 Total Body Skin Thyroid 

S i t e  boundarya 2.2E-05f 1.3E 00 4.9E 00 1 . O E  00' 
(0.34 m i  WM) 

5.8E-07 2.8E -02 1.2E-01 2.8E OOd b Nearest farm 
(1.8 m i  WSW) 

Nearest residence 1.7E-05 9.07E-01 3.7E 00 7.8E OOe 
(0.40 mi  WNW) 

Nearest park 1.2E-07 4.2E-03 2.1E-02 3.9E-03' 

aThe gamma and beta a i r  doses a t  the s i t e  boundary a r e  1.8 and 6.9 
mrad/yr, respectively. 

bwith a milk animal. 

'Inhalation by an adul t .  

dCow-mil k-child pathway. 

eAdul t consumption of leafy vegetables. 

fThe notation 2.2E-05 s ign i f i e s  2.2 x whic i s  equal to 2 . 2  x 0.00001 
or 0.000014. Similarly,  1.3E 00 means 1 .3  x 10'. which i s  equal t o  1.3. 

Consumption of water represents a potentially s ign i f icant  exposure pathway to  the  population. 
However, there are  no drinking water supplies within 100 miles downstream of the plant tha t  
could be affected by the e f f luents .  

Other pathways of r e l a t ive  importance involve recreational use of r iver  in the  v ic in i ty  o f  
the discharge zone. 
area were evaluated u s i n g  the biological accumulation fac tors  l i s t e d  i n  Table 5.3 and standard 
models.5 Swimning, boating, and fishing i n  the discharge region were a l so  included i n  the 
evaluation. 

Individual doses from consuming f i s h  caught i n  the imnediate discharge 
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Table 5.5 summarizes the potential individual doses from the l i q u i d  effluent.  

Based on the s t a f f ' s  evaluation, the radioactivity in l iquid e f f luents  from Units 1 and 2 ,  
exclusive of tr i t ium and dissolved noble gases, will  be l e s s  than 5 Ci/yr (see Table 3.5). 
The whole body and c r i t i c a l  organ doses will be less  than 5 mrem/yr. The s t a f f  concludes 
tha t  the  liquid radwaste treatment systems will reduce l iquid radioactive e f f luents  t o  as 
low as practicable leve ls  in accordance w i t h  10 CFR 50.34(a). 

5.3.2.3 Gaseous Ef f 1 uent s 

Radioactive effluents released to  the atmosphere from the plant a r e  a s ign i f icant  exposure 
pathway to  the public. 
l i s t e d  in Table 3.6 were used to  evaluate potential doses. 
performed using annual average s i t e  meteorological conditions* and assuming tha t  releases 
occur a t  a constant r a t e .  
Thus ,  doses r e su l t  from immersion in the dispersed radioactive gases. 

The primary food pathway t o  man involves the ingestion by dairy cows of radioiodine deposited 
onto grazing areas.  
thyroid. 
from a cow grazing s ix  months annually were calculated for the nearest farm, using recognized 
 model^.^^^ 

Another food pathway to  man of secondary importance involves the consumption of leafy vegetables 
subject t o  deposition of the radionuclides released to  the atmosphere. The thyroid dose to an 
adult  from consumption of leafy vegetables grown a t  the nearest residence d u r i n g  a three-month 
growing period was evaluated. 

All doses due to gaseous effluents a re  summarized in Table 5.4. 

Based on evaluations of the gaseous waste treatment systems, the s t a f f  calculated tha t  the 
release of radioactive materials i n  gaseous effluents from the operation of both reactors will  
resu l t  in a whole body dose of l e s s  than 5 mrem/yr to  individuals a t  o r  beyond the s i t e  boundary, 
and a dose of l e s s  than 15 mrem/yr t o  a c h i l d ' s  thyroid through the pasture-cow-milk cycle from 
the f i r s t  real cow, located 1.8 miles WSW o f  the s i t e .  These calculations indicate tha t  the 
proposed gaseous radwaste systems, a s  evaluated, will reduce radioactive e f f luents  t o  as low 
as practicable levels in accordance w i t h  10 CFR Part 50.34(a), and therefore the s t a f f  concludes 
tha t  the proposed gaseous radwaste systems a r e  acceptable. 

The s t a f f  estimates of the probable gaseous and par t icu la te  releases 
All dose calculations were 

Radioactive gases a re  released near ground level from the plant.  

Consumption of milk from these cows can r e su l t  i n  exposure t o  the human 
Doses t o  a c h i l d ' s  thyroid which would r e su l t  from consuming one l i t e r  of milk da i ly  

5.3.2.4 Direct Radiation 

5.3.2.4.1 Radiation from the Fac i l i ty .  The plant design includes specific shielding of 
the reactor,  holdup tanks, f i l t e r s ,  demineralizers and other areas where radioactive materials 
may flow or be stored, primarily ?or the protection of plant personnel. Direct radiation from 
these sources i s  therefore not  expected t o  be s igni f icant  a t  the s i t e  boundary. 
measurements will be made as part of the appl icant ' s  environmental monitoring program a f t e r  plant 
s ta r tup .  
less  than 0.01 mrem/yr a t  the s i t e  boundary. 

5.3.2.4.2 Transportation of Radioactive Material. The transportation o f  cold fuel to a 
reactor,  of irradiated fuel from the reactor t o  a fuel reprocessing p lan t ,  and of solid radio- 
active wastes from the reactor to burial grounds i s  within the  scope of the AEC report  en t i t l ed  
"Environmental Survey of Transportation of Radioactive Materials t o  and From Nuclear Power Plants". 
The environmental e f f ec t s  o f  such transportation a re  summarized i n  Table 5.6.  

Based on a review of the  appl icant ' s  Safety 
Analysis Report, the s t a f f  has determined tha t  individual occupational doses will be maintained 
w i t h i n  the  l imi t s  of 10 CFR 20. 
consideration of the  biological r i sk  of exposure to  ionizing radiation. 
doses of plant personnel within these l imi t s  ensures tha t  the r i sk  associated w i t h  radiation 
exposure is no greater than those r i sks  normally accepted by workers i n  other present-da 
i n d ~ s t r i e s . ~  Using information compiled by the Atomic Energy Corranission10~11 and 0 t h e r s j ~ , ~ 3  
of past experience from operating nuclear reactor plants,  i t  is  estimated t h a t  the average 
co l lec t ive  dose to  a l l  on-site personnel a t  large operating nuclear reactor plants will  be 
approximately 450 man-rem per year per u n i t .  The total  dose for  the Braidwood Station will 

Confirming 

Low-level radioactivity storage containers outside the plant a r e  estimated to contribute 

5.3.2.4.3 Occupational Radiation Exposure. 

Radiation dose l imi t s  of 10 CFR 20 a re  based on a thorough 
Maintaining radiation 

*Meteorological data collected a t  the Dresden s i t e  from July 1971 through June 1972 were used 
fo r  meteorological dispersion determinations. 
diffusion model, w i t h  adjustments for building wake e f f ec t s ,  was used t o  make estimates of 
atmospheric dispersion values a t  the various distances and directions from the s i t e .  

Onsite data a re  now being collected.  A Gaussian 
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T a b l e  5.5. Annual Individual Doses from Liquid Eff luents  

Location Pathway Oose, mrem/yr 
Total Body GI Tract  Thyroid Bone 

Coolant Fish 
discharge inges t  ion 1.5E 00 7.5E-02 1.5E 00 1.1E 00 
region 

Swimning 
( 1 00 hr/yr ) 4.6E-04 

Boating 
(1  00 h r / y r )  2.3E-04 

Fishing and 
sun bathing 4.4E-02 

Table 5 .6 .  Environmental Impact of Transportat ion of Fuel and Waste 
t o  and from One Light-water-cooled Nuclear Power Reactora 

Normal Conditions of Transport 

Environmental Impact 
- Negligible  Heat, weight, and t r a f f i c  dens i ty  

Estimated Range of  Doses 
Number o f  to Exposed - Cumulative Dose t o  

Exposed Persons Individualsb Exposed Populationc 
Population Expos e d (per  reac tor  year )  ( p e r  r e a c t o r  year )  

Transportat  ion 200 0.01 t o  300 millirem 4 man-rem 
workers 

General pub1 i c 

3 man-rem Onlookers 1,100 0.003 t o  1 .3  mil l i rem ) 
Along route  600,000 0.0001 t o  0.06 mil l i rem) 

aData supporting t h i s  t a b l e  a r e  given i n  the Commission's "Environmental Survey 
of Transportat ion of Radioactive Mater ia ls  To and From Nuclear Power P l a n t s , "  
WASH-1238, December 1972. 

bThe Federal Radiation Council has recomnended t h a t  t h e  rad ia t ion  doses from a l l  
sources o f  rad ia t ion  other than na tura l  background and medical exposures should 
be l imi ted  t o  5000 mil l i rem per y e a r  f o r  ind iv idua ls  a s  a result of occupational 
exposure and should be l imi ted  t o  500 mil l i rem per  year  f o r  ind iv idua ls  i n  the 
general population. The dose t o  ind iv idua ls  due t o  average na tura l  background 
rad ia t ion  i s  about 130 mil l i rem per year .  

'Man-rem i s  an expression f o r  t h e  sumnution of whole body doses t o  ind iv idua ls  
i n  a group. Thus, i f  each member of  a population group of 1000 people were 
t o  receive a dose of 0.001 rem ( 1  mi l l i rem) ,  o r  i f  2 people were t o  rece ive  
a dose of  0 .5  rem (500 mi l l i rem)  each, the t o t a l  man-rem i n  each case would be 
1 man-rem. 
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be in f luenced by severa l  f ac to rs  f o r  which d e f i n i t i v e  numerical values are n o t  ava i l ab le ,  b u t  
which i n  aggregate a r e  expected t o  l ead  t o  lower doses t o  o n s i t e  personnel than est imated above. 
Improvements i n  systems t o  ma in ta in  o f f s i t e  popu la t i on  doses as low as p r a c t i c a b l e  may cause 
small increase t o  o n s i t e  personnel doses, i f  a l l  o the r  fac to rs  remain unchanged. However, t he  
a p p l i c a n t ' s  implementation of Regulatory Guide 8.8*4 and o the r  guidance prov ided through the  
s t a f f  review process i s  expected t o  r e s u l t  i n  an o v e r a l l  r e d u c t i o n  o f  t o t a l  doses from those 
c u r r e n t l y  experienced. 

5.3.3 S m a r y  of Annual Radiat ion Doses 

The combined dose (man-rem) due t o  gaseous e f f l u e n t s  t o  a l l  i n d i v i d u a l s  l i v i n g  w i t h i n  a 50-mile 
rad ius  of t h e  p l a n t s  was c a l c u l a t e d  us ing the  p r o j e c t e d  1980 populat ion data fu rn i shed  by the  
a p p l i c a n t  (Ref. 1, Sec. 2.2) .  Values f o r  t h e  man-rem doses a t  va r ious  distances from the p lan ts  
a r e  sumnarized i n  Table 5.7. 

The cumulat ive dose r e s u l t i n g  from the consumption of f i s h  harvested from the  Kankakee R ive r  was 
estimated. 
consumed 5 grams o f  f i s h  per day. 
l i q u i d  e f f l u e n t  discharge was d i l u t e d  by t h e  average f l o w  (3640 c f s )  o f  t h e  Kankakee River .  

The popu la t i on  doses from a l l  sources i n c l u d i n g  n a t u r a l  background, c loud immersion, consumption 
o f  f i s h ,  t ranspor ta t i on ,  and occupational exposures are summarized i n  Table 5.8. 

5.3.4 Evaluat ion o f  Rad io log i ca l  Impact 

The average annual dose from gaseous e f f l u e n t s  t o  persons l i v i n g  i n  u n r e s t r i c t e d  areas w i t h i n  
50 m i les  o f  t h e  p l a n t  i s  l e s s  than 0.001 mremlyr as shown i n  Table 5.7. Maximum i n d i v i d u a l  doses 
due t o  gaseous and l i q u i d  e f f l u e n t s  re leases a re  l ess  than 5 mremlyr as seen i n  Tables 5.4. and 
5.5. These values a r e  on ly  a few percent o f  t he  n a t u r a l  background exposure o f  0.135 rem/yr,I5 
and a re  below t h e  normal v a r i a t i o n  i n  background doses. 

Using conservat ive assumptions, t h e  t o t a l  man-rem i n  u n r e s t r i c t e d  areas from a l l  e f f l u e n t  pathways, 
rece ived  by the est imated 1980 popu la t i on  o f  4,500,000 persons who w i l l  l i v e  w i t h i n  a 50-mile 
rad ius  of t h e  Braidwood Stat ion,  would be about 16 man-rem per  year. By comparison, an annual 
t o t a l  o f  about 610,000 man-rem i s  de l i ve red  t o  the  same popu la t i on  as a r e s u l t  o f  t h e  average 
na tu ra l  background dose r a t e  o f  about 0.135 rem per  year i n  the  v i c i n i t y  o f  t he  p l a n t .  
o f  t h e  Braidwood S t a t i o n  w i l l  r e s u l t  i n  a minor c o n t r i b u t i o n  t o  t h e  dose t h a t  persons l i v i n g  i n  
the  p l a n t  area r e c e i v e  f rom n a t u r a l  background r a d i a t i o n .  
i n d i k i d u a l s  and t o  the popu la t i on  f rom normal ope ra t i on  o f  t he  Braidwood S t a t i o n  support t he  
s t a f f ' s  conc lus ion t h a t  the releases o f  r a d i o a c t i v e  m a t e r i a l s  i n  l i q u i d  and gaseous e f f l u e n t s  
a r e  as low as p r a c t i c a b l e .  

The 900 man-rem rece ived  as occupational o n s i t e  exposure i s  a small percentage of t he  annual 
t o t a l  o f  about 610,000 man-rem d e l i v e r e d  t o  the  1980 populat ion l i v i n g  w i t h i n  a 50-mile rad ius  
o f  t h e  Braidwood S ta t i on .  

5.4 NONRADIOLOGICAL EFFECTS ON ECOLOGICAL SYSTEMS 

5.4.1 T e r r e s t r i a l  Environment 

It was conserva t i ve l y  assumed t h a t  10% o f  t h e  popu la t i on  w i t h i n  50 m i l e s  o f  the p l a n t  
I t  was a l s o  assumed t h a t  t h e  f i s h  l i v e d  i n  a reg ion  where 

Operation 

The estimated r a d i a t i o n  doses 31 

5.4.1.1 Cooling Lake Environs 

A f t e r  the f i l l i n g  o f  t h e  l ake ,  t r e e s  and o the r  vege ta t i on  around the  f u t u r e  Braidwood Lake and 
i t s  i s l a n d s  w i l l  develop from t h e  spread o f  p l a n t  l i f e  a l ready  present i n  the area, and from 
new seeds t h a t  come i n  w i t h  the Kankakee R ive r  water. C a t t a i l  w i l l  l i k e l y  be one o f  t h e  f i r s t  
p lan ts  t o  become es tab l i shed  i n  the  f i r s t  two years a f t e r  f l ood ing .  C a t t a i l  grows i n  swampy 
areas, a long lakeshores and i n  i s l a n d  areas where the  d rop -o f f  i s  gradual. In s i m i l a r  shal low 
areas, dense growths o f  smartweed, pondweed, c o o n t a i l ,  duckweed, and a lgae w i l l  p robably  O C C U ~ . ~ ~ ~ ~ ~  

Marshes may develop i n  those areas on t h e  i s lands  o f  t he  Braidwood Lake where the  water t a b l e  i s  
r a i s e d  t o  the surface. Trees, shrubs, and berbaceous vegetat ion t h a t  a r e  normal ly  n o t  adaptable 
t o  aqua t i c  h a b i t a t s  w i l l  d i e .  Those p lan ts  t h a t  a re  a b l e  t o  grow and reproduce i n  pond and marsh 
areas will probably  s u r v i v e  i f  t h e  f l o o d  water depth i s  n o t  excessive. 

As. c a t t a i l  growth appears and o the r  marsh vegetat ion grows a long the  sho re l i nes  o f  the l a k e  and 
on the  is lands,  muskrat populat ions should develop f rom species now present .  Mink, which prey 
on these muskrats and smal ler  rodents, w i l l  a l s o  grow i n  number. 
animals become more abundant, ground-denning raccoons w i l l  p robably  move i n t o  the area. 
s t r i p e d  skunks and opossum w i l l  no doubt i n h a b i t  some o f  t he  s i t e  area on t h e  per iphery o f  the 

As f rogs and o the r  aqua t i c  
Some 
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Table 5.7. Cumulative Population, Annual Cumulative Dose, and Average Annual Total 
Body Dose Due t o  Gaseous Eff luents  in  Selected Annuli About the Plan t  

Cumulative C umul a t  i ve Annual Average 
Rad i us, Population Cumulative Dose, Annual Dose, 
mi 1 e s  man-rem mil l i rem 

1 193 0 .03  1 .7E-01 

2 2566 0.14 5.4E-02 

3 471 6 0.17 3.8E-02 

4 6261 0.13 3.OE-02 

5 11076 0.22 2 .OE-02 

10 27709 0.29 1 .OE-02 

20 119473 0.42 3.5E-03 

1.5E-03 

40 153971 3 1.1 7.1 E-04 

50 4554274 1 .8 3.9E-04 

30 420941 0.63 

Table 5 .8 .  Sunmary o f  Annual Total Body Doses t o  t h e  Population 
Within 50 Miles 

Cumulative Dose, 
Category man-rem/yr 

Population dose from background 61 0,000 

Res t r ic ted  a rea  
Occupational rad ia t ion  exposure 900 

Unrestr ic ted area 
Transportat ion o f  nuclear  f u e l  and wastes a 

Gaseous cloud 1 .8  

Fish ingest ion 0.24 

14 

a .  Not l imi ted  t o  a 50 mile  rad ius ,  includes a l l  t ranspor ta t ion  exposure. 
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new lake.  Small rodent  populat ions should mainta in  t h e i r  popu la t i on  d e n s i t i e s  except i n  the 
f looded areas, and p o s s i b l y  increase a t  l e a s t  t empora r i l y  i n  t h e  nonflooded areas due t o  i m m i -  
g r a t i o n .  Cottonwood and w i l l o w  t r e e s  w i l l  become es tab l i shed .  The deer mouse w i l l  p robably  
dominate f o r  the f i r s t  15 t o  30 years a f t e r  i s l a n d  formation, a f t e r  which the whi te- footed 
mouse may become more abundant. l 9  

A f t e r  t he  l ake  i s  f looded, waterfowl may use i t  d u r i n g  the  f a l l  and sp r ing  m i g r a t i n g  seasons. 
A f t e r  t he  aquat ic  and t e r r e s t r i a l  vege ta t i on  i s  s u b s t a n t i a l l y  developed, r e s i d e n t  waterfowl 
populat ions may become establ ished.  

Because the thermal e f f l u e n t  from the  Braidwood S t a t i o n  w i l l  p revent  complete i c i n g  o f  the lake,  
the l a k e  m i  h t  become an impor tant  ove rw in te r ing  area f o r  waterfowl i f  s u f f i c i e n t  food i s  
a v a i l a b l e . 2 j , 2 1  Waterfowl feed on waste g r a i n  from a g r i c u l t u r a l  crops, as we l l  as the seeds and 
f o l i a g e  o f  aquat ic ,  marsh, and t e r r e s t r i a l  p l a n t s . 2 2  Several bushels o f  corn and soybeans are 
l e f t  per  acre by combines used i n  the harvest o f  these g ra ins  i n  I l l i n o i s .  Mal lards,  b lack ducks, 
and geese feed on these waste g ra ins  e x t e n s i ~ e l y . ~ ~  Other waterfowl species i n c l u d i n g  the  d i v e r s ,  
which feed on ben th i c  b i o t a ,  f i s h  and zooplankton, e tc . ,  make l i t t l e  use o f  a g r i c u l t u r a l  crops 
i n  I l l i n o i s . 2 4  

I n  the  Braidwood area, f a l l  plowing of one-hal f  t o  th ree - fou r ths  o f  t he  corn and soybean f i e l d s  
g r e a t l y  reduces the  amount o f  waste g r a i n  a v a i l a b l e  f o r  waterfowl use. The n a t u r a l  I l l i n o i s  
food p l a n t s  f o r  ducks a re  the mo is t - so i l -g row ing  species i n c l u d i n g  duck m i l l e t ,  nutgrasses, 
water hemp, t e a l  grass, large-seeded and nodding  smartweed^.^^^^^ However, these m o i s t - s o i l  
p l a n t s  develop on mud f l a t s  exposed by r e t r e a t i n g  water i n  shal low-basin lakes.  
i n  the new Braidwood Lake w i l l  be s t a b i l i z e d ,  thus i t  i s  n o t  expected t h a t  an abundance o f  
m o i s t - s o i l  p l a n t s  w i l l  grow. This  w i l l  reduce the p o t e n t i a l  f o r  l a r g e  ove rw in te r ing  waterfowl 
populat ions.  

Water l e v e l s  

5.4.1.2 Fog 

The evaporat ion r a t e  from t h e  l ake  w i l l  vary  seasonally w i t h  weather cond i t i ons ,  and w i t h  the 
p l a n t  l oad  f a c t o r .  
co lde r  than the sur face l ake  water. The l a y e r  o f  a i r  near the  water sur face i s  then heated 
and mois ture i s  absorbed. As t h i s  a i r  mixes w i t h  the  co lde r  a i r  above, supersaturat ion and 
condensation occurs, forming steam fog.  
Steam f o g  i s  q u i t e  comnon i n  t h i s  reg ion  o f  t he  coun t ry  because o f  the f requen t  movement o f  
c o l d  a i r  masses over open water. 
i n  c o o l i n g  ponds, when cond i t i ons  would n o t  f avo r  i t s  format ion over unheated water bodies. 

Studies made a t  e x i s t i n g  c o o l i n g  ponds i n d i c a t e  t h a t  steam fog  i s  u s u a l l y  t h i n  and wispy and does 
n o t  move i n l a n d  more than 100 t o  600 f e e t .  
sur face fog.  As the steam fog  moves across the nearby land areas, some d r o p l e t s  w i l l  be de- 
pos i ted  on vegetat ion and o the r  surfaces causing an increase i n  humid i ty  and dew, and du r ing  
per iods o f  f r e e z i n g  weather a l a y e r  o f  low-densi ty  r ime i c e  may occur. The s t a f f  a n t i c i p a t e s  
no problems r e s u l t i n g  from steam fog  a t  the Braidwood s i t e  nor  i s  damage t o  p roper t y  o r  vege- 
t a t i o n  o r  animal l i f e  due t o  higher-than-normal humid i t y  expected. 

There w i l l  be some steam f o g  over  t h e  l a k e  whenever the  a i r  i s  s u f f i c i e n t l y  

Fu r the r  v e r t i c a l  m ix ing  tends t o  reevaporate t h e  fog.  

Steam fog occurs as a r e s u l t  o f  increased water temperatures 

Cooling ponds do n o t  appear t o  be a major source o f  

5.4.1.3 Transmission L ines 

5.4.1.3.1 Maintenance. As described i n  Sect ion 4.1, most o f  the t ransmiss ion l i n e  w i l l  
t r ave rse  e i t h e r  nearby f l a t  l and  t h a t  has a l ready  been c lea red  f o r  a g r i c u l t u r a l  purposes o r  they 
w i l l  be placed a long e x i s t i n g  r a i l r o a d  and power l i n e  r ights-of -way.  The t ransmiss ion l i n e s  w i l l  
be p a t r o l l e d  by a i r c r a f t  on a monthly basis, and the  a p p l i c a n t  does n o t  p lan  t o  b u i l d  maintenance 
roads. A s  the t ransmiss ion l i n e  extends p r i m a r i l y  through c u l t i v a t e d  farmland, t he  use o f  h e r b i -  
c ides  i s  expected t o  be l i m i t e d .  I t  i s  the op in ion  o f  t he  s t a f f  t h a t  t he re  w i l l  be no det r imenta l  
h e r b i c i d e  impact o f  importance. 

chemical a i r  p o l l u t i o n - o x i d a n t  complex and i s  known t o  be extremely t o x i c  t o  a wide range o f  
p l a n t  species. 
has r e c e n t l y  been exper imen ta l l y  i n v e s t i g a t e d  i n  t h e  l a b o r a t o r y  and f i e l d . 2 5  ,26  These i n v e s t i -  
ga t i ons  i n d i c a t e  t h a t ,  f o r  t ransmiss ion l i n e s  up t o  765 kV, t h e  maximum ground l e v e l  ozone con- 
c e n t r a t i o n  w i l l  be w e l l  below fede ra l  standards. The Nat ional  Primary A i r  Q u a l i t y  Standard f o r  
photochemical ox idants ,  as issued by t h e  Environmental P r o t e c t i o n  Agency, i s  0.08 ppm by volume 
f o r  a one-hour concentrat ion,  n o t  t o  be exceeded more than once per  year. Laboratory  s tud ies  
have i n d i c a t e d  t h a t  0.0193 ppm by volume o f  t o t a l  ox idan ts  might  be expected a t  ground l e v e l .  
F i e l d  s tud ies  w i t h  equipment s e n s i t i v e  t o  0.002 ppm by volume ind i ca ted  no measurable ox idan ts  
a t  e i t h e r  ground o r  t ransmiss ion l i n e  w i r e  l e v e l .  
a n t i c i p a t e s  no adverse environmental e f f e c t s  as a r e s u l t  o f  ozone created by t h e  h igh  vo l tage  
t ransmiss ion l i n e s .  

5.4.1.3.2 Product ion o f  Ozone. Ozone i s  recognized as a major component o f  the photo- 

The generat ion o f  ozone as a r e s u l t  o f  corona generated by t ransmiss ion l i n e s  

Based on these and o the r  data, t h e  s t a f f  



5-16 

5 .4 .1 .3 .3  Rad ia ted  E l e c t r i c a l  and A c o u s t i c a l  Noise.  The a p p l i c a n t  s t a t e s  t h a t  a c o u s t i c a l  
and e l e c t r i c a l  n o i s e  w i l l  be h e l d  t o  a l ow  l e v e l  by e n g i n e e r i n g  methods wh ich  i n c l u d e  t h e  s e l e c -  
t i o n  o f  t h e  conduc to r  d iamete r  s u f f i c i e n t l y  l a r g e  t o  h o l d  corona d i scha rge  and l i n e  l o s s e s  t o  a 
l o w  l e v e l .  

o r  conducted  c u r r e n t s  a t  o r  below ground l e v e l  can become i m p o r t a n t  i f  t h e r e  a r e  e x t e n s i v e  c a b l e s ,  
p ipes ,  r a i l s ,  e t c .  c l o s e  t o  t h e  t r a n s m i s s i o n  l i n e s .  
ground s t r u c t u r e  o f  t h i s  k i n d  i s  dependent upon t h e  c u r r e n t  i n  t h e  overhead t r a n s m i s s i o n  l i n e s ,  
t h e  d i s t a n c e  these  l i n e s  a r e  above t h e  ground, s o i l  c h a r a c t e r i s t i c s  i f  t h e  s t r u c t u r e  i s  be low 
t h e  su r face ,  and t h e  e x t e n t  o f  p a r a l l e l i s m  between t h e  t r a n s m i s s i o n  l i n e s  and t h e  conduc to rs  i n  
wh ich  t h e  c u r r e n t  i s  induced.  The Braidwood t r a n s m i s s i o n  l i n e s  w i l l  pass p r i m a r i l y  t h rough  
r u r a l  c o u n t r y s i d e  and induced ground c u r r e n t s  a r e  n o t  expec ted  t s  cai lse a p rob lem.  

5.4.1.3.4 Induc tance  on Ra i lways  and I n t e r f e r e n c e  w i t n  R a i l r o a d  Comnun ica t ions .  Induced 

The induced and conducted c u r r e n t  i n  a 

5.4.1.4 Sumnary o f  N o n r a d i o l o g i c a l  Impacts  on T e r r e s t r i a l  Eco losy  

The s t a f f  conc ludes  t h a t  t h e  o p e r a t i o n  o f  t h e  Braidwood S t a t i o n  i s  expected  t o  have no s u s t a i n e d  
n o n - r a d i o l o g i c a l  impacts  on t h e  l o c a l  t e r r e s t r i a l  ecosystem. 

5.4.2 Aqua t i c  Environment 

There a r e  two a q u a t i c  env i ronments  wh ich  must be cons ide red  when e v a l u a t i n g  p o t e n t i a l  o p e r a t i n g  
e f f e c t s  o f  t h e  Braidwood S t a t i o n :  
drawn and t o  wh ich  t h e  heated  wa te r  w i l l  be r e t u r n e d ,  and ( 2 )  t h e  Kankakee R i v e r ,  f rom wh ich  
t h e  makeup water  f o r  t h e  l a k e  w i l l  be  drawn and i n t o  wh ich  blowdown f rom t h e  l a k e  w i l l  be 
d i scha rged .  

( 1 )  t h e  c o o l i n g  l a k e ,  f r o m  wh ich  t h e  c o o l i n g  wacer w i l l  be  

5.4.2.1 P r e d i c t i o n s  o f  t h e  ELology a t  t h e  Bra idwood Coo l i ng  Lake 

I t  i s  necessary  t o  ana lyze  t h e  p robab le  e c o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  Braidwood Lake s i n c e  
i t s  e f f l u e n t  w i l l  be r e l e a s e d  t o  t h e  Kankakee R i v e r .  However, i t  i s  n o t  p o s s i b l e  t o  do t h i s  
w i t h  a h i g h  degree o f  con f idence  s ince  a r t i f i c i a l  l a k e  ecosystems a r e  h i g h l y  s i t e  s p e c i f i c ,  and 
many v a r i a b l e s  i n t e r a c t  t o  i n f l u e n c e  l a k e  b i o t i c  development and maintenance. Some o f  these 
v a r i a b l e s  change f rom day t o  day and/or  f rom season t o  season. 
q u a l i t y ,  b i o c i d e  usage, i n t e r a c t i o n s  w i t h  w i l d l i f e ,  q u a n t i t y  and q u a l i t y  o f  i n t r o d u c e d  seed 
organisms, b i o t i c  l i f e  c y c l e s ,  vagar ies  o f  s t a t i o n  o p e r a t i o n ,  and so on. C o o l i n g  l a k e  eco logy  
may a l s o  undergo s i g n i f i c a n t  changes between t h e  t i m e  when t h e  l a k e  i s  f i l l e d  and t h e  t i m e  t h e  
p l a n t  beg ins  o p e r a t i n g :  t u r b i d i t y  and s i l t a t i o n  w i l l  be v e r y  h i g h  i n i t i a l l y  as t h e  l a k e  i s  
f i l l e d ,  b u t  w i l l  p robab ly  decrease a f t e r  s t a t i o n  o p e r a t i o n  beg ins ;  ambien t  wa te r  tempera tures  
w i l l  be s i g n i f i c a n t l y  e l e v a t e d  once s t a t i o n  o p e r a t i o n  beg ins ,  and t h e  r e v e r s e  w i l l  be  t r u e  
d u r i n g  p e r i o d s  of r e a c t o r  shutdown. The numbers o f  sewage b a c t e r i a  i n  t h e  l a k e  w i l l  i n i t i a l l y  
r e f l e c t  Kankakee R i v e r  va lues ,  b u t  shou ld  decrease w i t h  t h e  passage o f  t ime .  

They i n c l u d e  weather,  source-water  

Lake 
w i l l  

5 .4.2.1.1 A p p l i c a n t ' s  A n a l y s i s .  The a p p l i c a n t  p r e d i c t s  t h a t  t h e  a q u a t i c  l i f e  o f  Braidwood 

a n a l y s i s  o f  Dresden l a k e  b i o l o g y  i s  a v a i l a b l e  f o r  s tudy  a t  t h e  p resen t  t imeg7  and can p r o v i d e  some 
i n s i g h t s  t o  t h e  Braidwood Lake ecosystem, t h e  s t a f f  does n o t  agree  w i t h  t h e  a p p l i c a n t ' s  p r e d i c t i o n  
because o f  t h e  f o l l o w i n g  d i f f e r e n c e s  between t h e  two c o o l i n g  l akes :  

w i l l  be s i m i l a r  t o  t h a t  p r e s e n t l y  i n  t h e  Dresden c o o l i n g  l a k e  p r i n c i p a l l y  because Braidwood 
draw wa te r  f r o m  t h e  Kankakee R i v e r  as does Dresden (Re f .  1, p. 2 .7 -38) .  A l though a p r e l i m i n a r y  

a .  Tha t  t h e  wa te r  o f  Dresden l a k e  i s  n o t  r e c i r c u l a t e d  as  i s  p lanned a t  Braidwood. A f t e r  
l e a v i n g  t h e  condensers, t h e  Dresden w a t e r  r e s i d e s  i n  t h e  l a k e  f o r  a s i n g l e  t r a n s i t  o f  app rox ima te l y  
2.7 days. Thus, Dresden Lake b i o l o g y  more r e f l e c t s  Kankakee R i v e r  c h a r a c t e r i s t i c s  than t h e  
deve lopnent  o f  a un ique  l a k e  ecosystem as expected t o  o c c u r  a t  Braidwood. 

i s  c o n s i d e r a b l y  l e s s  than t h a t  p lanned f o r  Braidwood (2640 ac res  and 25,080 a c r e - f e e t ) .  
b i o t i c  compos i t i on  i s  s i g n i f i c a n t l y  i n f l u e n c e d  by  the  wa te r  body s u r f a c e  area  and volume and t h e  
r a t i o  o f  t hese  two parameters .  

c .  That  t h e  morphometry as w e l l  as ba thymet ry  and bo t tom compos i t i on  o f  Bra idwood Lake w i l l  
d i f f e r  marked ly  f rom t h a t  a t  Dresden. I n  a d d i t i o n  t o  t h e  knowledge t h a t  b i o t i c  spec ies  compo- 
s i t i o n ,  abundance, and d i s t r i b u t i o n  a r e  f u n c t i o n s  o f  wa te r  depth  and bo t tom compos i t i on ,  wa te r  
c i r c u l a t i o n  p a t t e r n s  as w e l l  as r e l a t e d  chemica l  and p h y s i c a l  parameters a r e  a l s o  known t o  be  
i n f l u e n c e d  by wa te r  dep th .  A t  Braidwood, t h e  approx ima te l y  1 0 0 - f o o t  depths  ( s t r i p - m i n e  f l o o r s )  
a n t i c i p a t e d  a t  some p a r t s  o f  t h e  l a k e  w i l l  f a v o r  seasonal  thermal  s t r a t i f i c a t i o n  and o v e r t u r n  
w i t h  t h e i r  a t t e n d a n t  c h a r a c t e r i s t i c s .  A t  Dresden, w i t h  i t s  more u n i f o r m  and sha l l ow  1 1 - f o o t  
average depth ,  such phenomena a r e  n o t  expec ted .  

b. That  t h e  t o t a l  s u r f a c e  area  o f  Dresden Lake (7275 ac res )  and i t s  volume (14,025 a c r e - f e e t )  
L a c u z t r i n e  
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5.4.2.1.2 Sumnary and Conclusions of the S t a f f ' s  Analysis. The s ta f f  assessment of 
projected Braidwood cooling lake ecology resu l t s  from evaluations of preliminary d a t a  as well 
as predictions and estimates involving nut r ien ts ,  water quali ty,  thermal loading, chlorine 
usage, meteorology, laboratory observations, and the application of general biological principles 
and  experience (see Appendix B )  . The s ta f f  an t ic ipa tes  the following general charac te r i s t ics  
for  the cooling lake: 

The b io t ic  species composition of the lake will derive mainly from t h a t  of the Kankakee 
River because the majority of the seed organisms will enter w i t h  the f i l l  and makeup water. 
These organisms will be mainly the following smaller biota which pass t h r o u g h  the intake screen: 
small f i s h ,  f i s h  f r y ,  and f i s h  eggs; larval mayflies, caddis f l ies ,  s tonef l ies ,  nematodes, f l a t -  
worms, annelids; larval crustacea, molluscs, and sna i l s ;  zooplankton; phytoplankton; protozoans; 
bacteria and fungi;  and c a t t a i l s ,  reeds, sedges, and grasses. 

Macrophytes charac te r i s t ic  of the upriver Kankakee will become established along the 
lake periphery during the f i r s t  s p r i n g  a f t e r  f i l l i n g  comnences. 

The lake will consist  of generally similar habitats (and composition) throughout the 
shallow areas,  b u t  will contain numerous subhabitats i n  deeper areas,  i n  thermally dissimilar 
regions, and  i n  regions characterized by eddies. Fish will tend t o  avoid the hottest  regions 
of the lake d u r i n g  the warmer months. 

d .  Yearly average turb id i ty  will probably be lower t h a n  t h a t  of the Kankakee, especially 
in areas of the lake characterized by lower water ve loc i t ies .  

e .  Algal blooms will occur occasionally in shallow areas characterized by low water 
velocity and low turbidity.  
d u r i n g  warm (not hot) weather when there i s  adequate solar radiation. Areas of the lake 
immediately adjacent t o  the condenser discharge area a re  a p t  t o  have such blooms more frequently 
t h a n  elsewhere in the lake. Algal primary productivity will be higher lakewide fo r  a longer 
period than i n  natural lakes in the Braidwood region. 

f .  Blue-green algal species will tend t o  dominate during the sumner season and will 
tend t o  replace green species. 
year. 

water quali ty.  

Local areas of the lake may greatly decrease in water quali ty because of a l g a l  over- 
growths and decomposition, and t h i s  may, t o  a smaller extent,  a f fec t  the lake in general. 
However, d i lu t ion  of lake blowdown i n  the r iver  should render such deficiencies undetectable 
a short distance downriver o f  the discharge structure.  

i .  Nutrient concentrations will exceed values found in known eutrophic water bodies 

j. 

a .  

b .  

c .  

Such blooms wi l l  not be prevalent t h r m g h  the year, b u t  probably 

few diatoms will be present during the hottest  months of the 

g. Algal masses will die off periodically,  result ing i n  local reductions of DO and  o f  

h .  

Mobile organisms such a s  f i s h  a v o i d  these areas.  

and  will probably not be a limiting fac tor  for phytoplankton productivity. 

Condenser e f f ec t s  will tend t o  simplify zooplankton species composition and abundance, 
especially during the hot tes t  months; a l so ,  few benthic organisms are  expected t o  th r ive  in 
the hottest  p a r t  of the lake during t h i s  period. These fac tors  may r e su l t  i n  poorer t h a n  
normal nut r i t ion  for  f i s h  which u t i l i z e  these food sources. 

Resident f i s h  may show more signs of s t r e s s  during the warmer months than similar 
f i s h  i n  unheated lakes i n  the station v ic in i ty  or the Kankakee River. 
the incidence of f i s h  disease and parasitism i n  the lake, b u t  the s t a f f  does not an t ic ipa te  an 
increased incidence of f i s h  disease or  parasitism i n  the Kankakee River a s  a r e su l t  of operation 
of the cooling lake. 

The  transmission of waterfowl disease could be higher than a t  other area lakes i f  
large numbers of birds a re  a t t rac ted  to and stay i n  the heated, open water during f a l l  migration. 
Should such occur, the s t a f f ' s  opinion i s  tha t  i t  will not be s igni f icant ly  reflected in less  
dense native populations along migration corridors.  

m. Chlorine treatment of station service water will have local adverse e f f ec t s  upon  
lake biota until  f ree  chlorine disappears and i t s  associated chloramines a re  reduced. 
d i r ec t  adverse e f f ec t s  from t h i s  source are anticipated in the r iver .  

k. 
Such s t r e s s  may increase 

1 .  

No 
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The s t a f f  conc ludes  t h a t  $-I t o t o  t h e  c o o l i n g  l a k e  and t h e  c o o l i n g  l a k e  blowdown a r e  n o t  l i k e l y  
t o  have adverse  e f f e c t s  u p o n t h e  Kankakee R i v e r  d e t e c t a b l e  a s h o r t  d i s t a n c e  downstream o f  t h e  
s t a t i o n .  However, c o n t r o l s  and m o n i t o r i n g  w i l l  be r e q u i r e d  by t e c h n i c a l  s p e c i f i c a t i o n s  i n  the  
o p e r a t i n g  l i c e n s e  t o  d e t e c t  u n a n t i c i p a t e d  adverse  e f f e c t s .  
t h e  a p p l i c a n t  w i l l  be r e q u i r e d  t o  a m e l i o r a t e  such c o n d i t i o n s .  

I n  t h i s  event  a c t i o n  on t h e  p a r t  o f  

5.4.2.2 Impact o f  t h e  Braidwood S t a t i o n  upon t h e  Aqua t i c  Environment 
o f  t h e  Kankakee R i v e r  

The impact  o f  t h e  proposed s t a t i o n  upon t h e  Kankakee R i v e r  w i l l  be d i f f e r e n t  d u r i n g  t h e  l a k e - f i l l i n g  
phase than d u r i n g  t h e  p e r i o d  o f  s t a t i o n  o p e r a t i o n .  Dur ing  t h e  fo rmer ,  t h e  ma jo r  impacts  w i l l  be 
t h e  consumpt ive  removal o f  wa te r  w i t h  i t s  e n t r a i n e d  b i o t a  f rom t h e  r i v e r ,  and impingement deaths  
o f  some f i s h  a t  t h e  i n t a k e  p o i n t .  Dur ing  s t a t i o n  o p e r a t i o n  approx ima te l y  one-ha l f  of t h e  volume 
o f  e n t r a i n i n g  water  w i l l  be r e t u r n e d  t o  t h e  r i v e r  as blowdown. 
assumption i s  made f o r  t h e  purpose o f  t h i s  a n a l y s i s  t h a t  a l l  e n t r a i n e d  organisms a r e  l o s t  f rom 
t h e  r i v e r  ecosystem because (1 )  mechanical  and thermal  e f f e c t s  f rom t h e  c o o l i n g  system w i l l  reduce 
t h e  abundance o f  e n t r a i n e d  organisms and ( 2 )  chemica l ,  t he rma l ,  and b i o l o g i c a l  e f f e c t s  i n  t h e  l a k e  
w i l l  t end  t o  s i m p l i f y  r i v e r  wa te r  spec ies  compos i t i on .  The blowdown w i l l  c a r r y  heat  and exogenous 
i o n s .  I n  a d d i t i o n ,  i t  w i l l  r e f l e c t  c o o l i n g  l a k e  compos i t i on  and c h a r a c t e r i s t i c s  i n c l u d i n g  l i v i n g  
and dead l a k e  b i o t a ,  d i s s o l v e d  oxygen, t u r b i d i t y ,  p roduc ts  o f  b i o l o g i c a l  and chemica l  a c t i v i t y ,  
and so on. 
5.4.2.2.3 (D ischarge  E f f e c t s ) .  

3923 c f s .  The i n t a k e  w i thd rawa l  d u r i n g  o p e r a t i o n  o f  93.3 c f s  w i l l  r e s u l t  i n  t h e  e n t r a i n m e n t  
o f  app rox ima te l y  2.4% of r i v e r  p l a n k t o n .  
i s  n o t  cons ide red  i m p o r t a n t  because t h e  genera t i on  t i m e  o f  such organisms i s  on t h e  o r d e r  o f  
hours  t o  days, a s s u r i n g  r a p i d  rep len i shmen t .  
be adverse  because t h e y  a r e  expec ted  t o  be r e p l a c e d  by a compensatory i n c r e a s e  i n  p o p u l a t i o n  
g rowth  o f  t h e  rema in ing  zoop lank ton .  
a r e  g e n e r a l l y  s h o r t  as t h e  r e s u l t  o f  i n t e n s e  p r e d a t i o n  by o t h e r  spec ies ;  t h a t  p o p u l a t i o n  d e n s i -  
t i e s  o f  zoop lank ton  a r e  r e l a t i v e l y  c o n s t a n t  i n  s p i t e  o f  h i g h  r a t e s  o f  n a t u r a l  p r e d a t i o n  and 
m o r t a l i t i e s  caused by passage o f  zoop lank ton  th rough  a power p l a n t ;  and t h a t  p o p u l a t i o n s  o f  
these organisms have c o n s i d e r a b l e  r e s i l i e n c e  t o  moderate i nc reases  i n  p r e d a t i o n  r a t e s . z 8  
more, a l t h o u g h  ind igenous  p l a n k t o n  a r e  i m p o r t a n t  i n  t h e  food  webs o f  t h e  r i v e r ,  t h e  m a j o r i t y  o f  
f ood  substances u t i l i z e d  by f i s h  and o t h e r  organisms i n  t h e  Kankakee a r e  a l l och thonous ,  t h a t  i s ,  
t h e y  o r i g i n a t e  i n  marg ina l  s loughs ,  marshes ponds, and d i t c h e s z g  wh ich  e n t e r  t h e  r i v e r  i n  s t ream 
f l o w s  and d u r i n g  p e r i o d s  o f  r a i n f a l l .  
compensat ion and a l l o c h t h o n o u s  f o o d s t u f f s  shou ld  render  i n s i g n i f i c a n t  any n u t r i t i o n a l  d e f i c i t  
due t o  e n t r a i n m e n t  o f  r i v e r  organisms. 

Dur ing  t h e  r e p r o d u c t i v e  p e r i o d  f o r  most Kankakee R i v e r  f i s h e s .  (May-June), some f i s h  eggs, 
f r y ,  and smal l  j u v e n i l e s  (Re f .  1, App. 14.1,  and Ref.  30) w i l l  be k i l l e d  i n  t h e  s t a t i o n  c o o l i n g  
water  system. The number i s  expec ted  t o  be smal l  i n  r e l a t i o n  t o  t h e  t o t a l  number o f  s i m i l a r  
organisms i n  t h e  r i v e r  i n  t h e  v i c i n i t y  o f  t h e  s t a t i o n  s i n c e  a lmos t  a l l  eggs, f ry ,  and young 
j u v e n i l e s  a r e  found i n  c l o s e  p r o x i m i t y  t o  p l a n t s ,  and t h e  r i v e r  bo t tom and do n o t  occupy t h a t  
p o r t i o n  o f  t h e  wa te r  l i k e l y  t o  be e n t r a i n e d .  Thus, t h e  impact  o f  f i s h  en t ra inmen t  shou ld  be 
smal 1.3u 

I n  summary, d u r i n g  t h e  l a k e - f i l l i n g  p e r i o d  w i t h  average r i v e r  f l o w ,  t h e  s t a f f  expec ts  no adverse  
impacts  t o  t h e  Kankakee R i v e r  ecosystem due t o  en t ra inmen t .  S i m i l a r l y ,  s i n c e  i n t a k e  w i thd rawa l  
volume w i l l  be e s s e n t i a l l y  t h e  same d u r i n g  s t a t i o n  o p e r a t i o n ,  t h e  en t ra inmen t  e f f e c t s  d u r i n g  
t h i s  phase a r e  a l s o  cons ide red  n e g l i g i b l e .  

I n  s p i t e  o f  t h i s ,  t h e  s i m p l i f y i n g  

The impac t  o f  blowdown wa te r  q u a l i t y  upon t h e  r i v e r  w i l l  be s u n a r i z e d  i n  S e c t i o n  

5.4.2.2.1 Ent ra inment .  A t  t h e  s t a t i o n  i n t a k e ,  t h e  average Kankakee R i v e r  f l o w  w i l l  be 

Loss o f  t hese  phy top lank ton  d u r i n g  average r i v e r  f l o w  

S i m i l a r  l o s s e s  o f  zoop lank ton  a l s o  appear n o t  t o  

I t  has been shown t h a t  r i v e r  zoop lank ton  t u r n o v e r  t i m e s  

F u r t h e r -  

Thus, d u r i n g  t h e  m a j o r i t y  o f  t h e  y e a r ,  b i o l o g i c a l  

The c a l c u l a t e d  seven-day 10-year r e c u r r e n c e  low  f l o w  o f  t h e  Kankakee R i v e r  near  t h e  s i t e  i s  442 c f s .  
A t  t h i s  f l o w  r a t e ,  app rox ima te l y  21% o f  e n t r a i n e d  p l a n k t o n  w i l l  be removed f r o m  t h e  r i v e r .  
i s  t h e  o p i n i o n  o f  t h e  s t a f f  t h a t  a removal o f  r i v e r  p l a n k t o n  of  t h i s  magn i tude m i g h t  s t r e s s  t h e  
r i v e r  ecosystem i n  t h e  v i c i n i t y  o f  t h e  s t a t i o n .  Low f l o w s  occur  d u r i n g  t h e  h o t t e s t ,  d r i e s t ,  
months o f  t h e  sumner when d e s i r a b l e  f o o d  c h a i n  p l a n k t o n  a r e  scarce  due t o  p r e d a t i o n ,  warm wa te r ,  
and l e s s  t h a n  o p t i m a l  wa te r  q u a l i t y .  Fur thermore ,  i f  r a i n f a l l  i s  i n s u f f i c i e n t ,  t h e  supp ly  o f  
a l l o c h t h o n o u s  f o o d  w i l l  a l s o  be scarce .  I f  b i o l o g i c a l  compensatory mechanisms a r e  n o t  adequate 
t h e r e  may be i n s u f f i c i e n t  f ood  i n  t h e  v i c i n i t y  o f  t h e  s t a t i o n ,  downstream o f  t h e  d i scha rge ,  t o  
p r o v i d e  o p t i m a l  n u t r i t i o n  f o r  f i s h e s  and o t h e r  b i o t a .  T h i s  w i l l  be reve rsed  when r a i n f a l l  and 
r i v e r  f l o w  i n c r e a s e  l a t e r  i n  t h e  yea r ,  o r  can  be prevented  by a l l o w i n g  l a k e  draw-down d u r i n g  t h e  
l ow- f l ow  p e r i o d s .  

The s t a f f  b e l i e v e s  t h a t  t h e r e  w i l l  be n e g l i g i b l e  en t ra inmen t  m o r t a l i t y  o f  f i s h  eggs o r  f r y  
d u r i n g  t h e  l o w  f l o w  p e r i o d  s i n c e  spawning i s  u s u a l l y  completed f o r  most spec ies  b e f o r e  t h e  onse t  
o f  t h e  l o w - f l o w  season, and most such b i o t a  a r e  g e n e r a l l y  n o t  found i n  t h e  p o r t i o n  o f  r i v e r  
wa te r  e n t e r i n g  t h e  i n t a k e  s t r u c t u r e .  

It 
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A f u r t h e r  cons ide ra t i on  i s  t h a t  r i v e r  water usage by  t h e  s t a t i o n  d u r i n g  per iods o f  low f l o w  
(approx imate ly  20% f o r  l a k e  f i l l i n g  and 10% f o r  s t a t i o n  operat ion)  w i l l  cause a narrowing o f  
t he  r i v e r  below the  s i t e  and w i l l  r e s u l t  i n  a temporary l o s s  o f  benthos and macrophytes i n  t h e  
dra ined areas. Such communities p rov ide  food and p r o t e c t i o n  f o r  f i s h  and would be r e l a t i v e l y  
slow t o  re form once r i v e r  f l o w  re tu rns  t o  average values. 

For these reasons, i t  appears t o  the  s t a f f  t h a t  t h e  proposed s t a t i o n  water i n t a k e  o f  93.3 c f s  
du r ing  per iods o f  low f l o w  w i l l  cause more s i g n i f i c a n t  d e t e r i o r a t i o n  o f  downstream b i o t i c  q u a l i t y  
t han  s i m i l a r  usage du r ing  o the r  t imes o f  the year .  I f  impor tant  adverse e f f e c t s  a r e  detected, 
t he  s t a f f  w i l l  r e q u i r e  pumping f rom the  r i v e r  t o  be decreased o r  h a l t e d  u n t i l  t h e  p e r i o d  o f  
l ow  f l o w  passes. Such shor t - term adverse s t a t i o n  e f f e c t s  can be minimized by proper l a k e  manage- 
ment procedures so t h a t  entrainment w i l l  n o t  cause long-term adverse e f f e c t s  upon the  Kankakee 
River, downstream o f  t he  s t a t i o n .  

5.4.2.2.2 I m  i n  ement Some f i s h  i n  the  Kankakee R i v e r  w i l l  be drawn t o  t h e  v e r t i c a l  
t r a v e l i n g  screens + as water ows i n t o  the s t r u c t u r e .  They may be captured, i n j u r e d  o r  k i l l e d  
i f  they a r e  p u l l e d  aga ins t  t he  screens by t h e  v e l o c i t y  o f  t h e  water. 
screens i s  a f u n c t i o n  o f  a number o f  f a c t o r s  i n c l u d i n g  i n t a k e  design, volume, and water v e l o c i t y ,  
screen l o c a t i o n ,  f i s h  s ize,  f i s h  species, f i s h  heal th ,  and season o f  p l a n t  operat ion.  The Bra id -  
wood i n t a k e  s t r u c t u r e  w i l l  c o n s i s t  o f  two 14- foot  wide channels w i t h  the  bottom e leva ted  8.5 f e e t  
below normal water l e v e l .  
down the  r i v e r .  The expected maximum i n t a k e  water v e l o c i t y  (both nuc lea r  u n i t s )  i s  0.5 fps .  
Impingement m o r t a l i t y  i s  a f u n c t i o n  o f  i n t a k e  water v e l o c i t y .  
a v o i d  t h e  i n t a k e  i f  they a re  heal thy,  due t o  the  low v e l o c i t y .  On the  o the r  hand, f i s h  f r y  and 
some en t ra ined  j u v e n i l e  f i s h  w i l l  be unable t o  swim s t r o n g l y  enough t o  leave t h e  i n t a k e  water 
c u r r e n t s  and w i l l  be captured on the  t r a v e l i n g  screens. These f i s h  w i l l  be l o s t  from t h e  r i v e r  
ecosystem. The smal lest  f i s h  my pass through t h e  screens and en te r  t h e  l a k e  v i a  t h e  makeup 
water pipe1 ine .  

I t  i s  n o t  poss ib le  t o  p r e d i c t  w i t h  a h i g h  degree o f  c e r t a i n t y  t h e  magnitude o f  f i s h  k i l l  by 
impingement a t  t h e  i n t a k e  screens. The types and numbers o f  f i s h  k i l l e d  w i l l  r e f l e c t  t h e  types 
and s i zes  of f i s h  present  du r ing  d i f f e r e n t  seasons o f  t he  year, f i s h  heal th ,  r i v e r  f l o w  r a t e ,  
e t c .  
Some smal ler  f i s h  o f  these species w i l l  probably be removed from t h e  r i v e r  by t h e  i n t a k e  screens. 
Although l i m i t e d  f i s h  m o r t a l i t y  s tud ies a re  a v a i l a b l e  f o r  t h e  month o f  September 1972 f o r  t h e  
Dresden S t a t i o n  i n t a k e  11 m i l e s  downstream from t h e  Braidwood s i t e ,  such data a r e  n o t  r e l i a b l y  
comparable because f i s h  species abundances d i f f e r  a t  t h e  two l o c a t i o n s .  Th is  i s  probably  i n -  
f luenced by t h e  dam a t  Wilmington, which prevents upstream m i g r a t i o n  o f  f i s h  such as shad, which 
a re  i n  abundance a t  t he  Dresden s i t e  b u t  n o t  a t  Braidwood. However, assuming a un i fo rm d i s t r i b u t i o n  
of f i s h  (except ing shad) a long the  Kankakee R ive r  i n  the  v i c i n i t y  o f  both t h e  Dresden and B r a i d -  
wood s i t es ,  Table 5.10 (modif ied by t h e  s t a f f  f rom a Dresden study)  may be i n d i c a t i v e  o f  i n t a k e  
screen f i s h  m o r t a l i t y  which may occur a t  Braidwood. 
probably  be b l u e g i l l ,  p ike,  sunfish, smallmouth bass, sucker, carp, and c a t f i s h .  The average 
aggregate number o f  a l l  species captured a t  Dresden du r ing  t h e  month o f  September v a r i e d  f rom 
approx imate ly  39 f i s h  per 24 hours t o  192, w i t h  c a t f i s h  be ing t h e  predominant species. 
t h e  water v e l o c i t y  a t  the Dresden i n t a k e  screen i s  about 1.8 f p ~ , ~ l  w h i l e  0.5 fps  i s  expected 
a t  Braidwood. 
a t  Dresden. 

As t he  r e s u l t s  of aqua t i c  sampling s tud ies  become ava i l ab le ,  i t  w i l l  be poss ib le  t o  p r e d i c t  i n t a k e  
m o r t a l i t i e s  w i t h  more confidence. A t  the present t ime, based upon a v a i l a b l e  data, t he  s t a f f  i s  
of t h e  op in ion  t h a t  impingement and entrainment m o r t a l i t y  w i l l  n o t  s i g n i f i c a n t l y  deplete f i s h  
species and abundance downstream o f  the s t a t i o n .  
species m y  a c t u a l l y  r e s u l t  i n  the  growth of l a r g e r ,  b e t t e r  q u a l i t y  f i s h .  
considered a d e s i r a b l e  impact by sportsmen. 
R ive r .  
begin t o  determine the  magnitude o f  f i s h  k i l l s .  
an adverse impact upon the  Kankakee River, c o r r e c t i v e  measures w i l l  be requ i red .  

F i s h  m o r t a l i t y  on i n t a k e  

The e leva t i on  o f  t h e  i n t a k e  i s  designed t o  exclude debr i s  f l o a t i n g  

Most a d u l t  f i s h  w i l l  be a b l e  t o  

A p r e l i m i n a r y  survey o f  f i s h  captured near the  Braidwood s i t e  i s  t abu la ted  i n  Table 5.9. 

The species most o f t e n  encountered w i l l  

However, 

Therefore, t h e  impingement impact a t  Braidwood should be l e s s  than t h a t  observed 

Removal o f  some members o f  density-dependent 
This  would be 

There i s  no comnercial f i s h e r y  on the  Kankakee 
The s ta f f  r e c m e n d s  t h a t  impingement data be gathered as soon as l a k e  f i l l i n g  operat ions 

I f  f u t u r e  impingement m o r t a l i t y  data suggests 

5.4.2.2.3 Discharge E f f e c t s .  

a. Thermal. The blowdown t o  the Kankakee R i v e r  w i l l  conform t o  I l l i n o i s  standards (see 
Sect ion 3 . O m s h o r e l i n e  discharge isotherms a r e  i l i u s t r a t e d  i n  F ig .  3.8 and F ig .  3.9. Dur ing 
t h e  warmest month, tugust ,  ambient r i v e r  temperature 77 F, the temperature o f  t h e  blowdown w i l l  
be approximately 95 F. Sane f i s h e s  r e s i d i n g  i n  t h e  Kankakee R ive r  near the  discharge w i l l  be 
a b l e  t o  acc l imate t o  t h e  blowdown du r iug  t h i s  p e r i o d  as shown i n  F ig .  5.3). Other f i shes ,  such 
as wh i te  sucker ( l e t h a l  temperature 88 F o r  h ighe r )  a r e  expected t o  avo id  t h e  h o t t e s t  water  
and t o  seek ou t  coo le r  areas o f  t he  r i v e r .  Under the worst expected metgoro log ica l  condi -  
t i o n s  i n  August, when the  blowdown temperature w i l l  be approximately 102 F, almost a l l  f i s h  
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T a b l e  5.9. P r e l i m i n a r y  Survey o f  F i s h  C o l l e c t e d  near  t h e  Braidwood S i t e  i n  Horse Creek and t h e  
Kankakee R i v e r ,  October  1972-May 1973 

Common Name L a t i n  Name Common Name L a t i n  Name 

Forage 

P i r a t e  perch  Aphredoderus scyanus 
G i z z a r d  shad Dorosmacepedianm 
Emerald s h i n e r  dotropis  a therho ides  
S p o t f i n  s h i n e r  .“lotropis spi lopterus 
Sand s h i n e r  Yotropis  s t rmineus  
Golden s h i n e r  Rotemigonus c rysoZeuca  
Pugnose minnow 3psopoeodus e v i l i o e  
G i l t  d a r t e r  Percina evides 
61 un tnose minnow P+wphales notatus 

Preda to rs  

Bowf in  M i a  calva 
Longnose g a r  Lepisosteus mseus  

Game 

Rock bass 
Wa rmou t h 
Red f in  p i c k e r e l  
Grass p i c k e r e l  
N o r t h e r n  p i k e  
Muskel 1 unge 
Green s u n f i s h  
Pumkinseed 

Ambloplites rupestris 
CFmenobryhus c o r o n d u s  
Esox ame~canus mericmus 
’sox amerGxnus v e n i c u l a t u s  
Esox lucius  
Esox rnasquinongy 
Lepomis cyw.e 1 lus 
Lepomis gwibbosus 

Game ( c o n t ’ d )  

Orangespot ted  Lepomls h?m< Lis 

61 u e g i l  1 Lepomis nacrochirus 
Longear s u n f i s h  Leponrzs ~egalotis 
Smallmouth bass Micropterns d o l m i e u i  
Largemouth bass I4icropterus s a l m ~ i d e s  
Whi te  c r a p p i e  Fornoxis mnularis 
Black  c r a p p i e  Pmoxis  n igrmacuia tus  
Wal leye  ’ t i z o s t e d i o n  v i t r e m  vitreuri 

S u n f i s h  

Come r c  i a 1 

R i v e r  ca rpsucke r  Carpiodes caryio 
Q u i l l b a c k  Ca-iodes c y p r i ~ u s  

White sucker  Castostomus c m e r s o n i  
Carp C y p r i n u s  carpio 
Ye l low  b u l l  head I c t a l w f f i  na ta l i s  
Channel c a t f i s h  Iczalurus pwzctatus 
Spo t ted  sucker  kfinStrema melmops 
S i l v e r  redhorse  Morostorna a n i s m n  
Nor the rn  Moxostoma mreo  Zwn 

Go1 den redhorse  ,Moxostma e r y t h m  

carpsucker  

redhorse  

Tab le  5.10. Number o f  F i s h  K i l l e d  p e r  24-hour Bas is  on t h e  I n t a k e  Screens 
o f  t h e  Dresden Power P l a n t  

Species 
Date Blue Gill P ike S u n f i s h  Smallmouth Bass Sucker Carp C a t f i s h  24-hour T o t a l  

9/ 1/72 1 1 4 1 7 12 166 192 

9/ 6/72 0 0 0 5 6 10 70 91 

9/ 1 51 72 2 0 0 0 0 4 54 60  

9/22/ 72 2 3 0 0 10  0 26 41 

9/29/72 1 0 0 0 4 5 29 39 
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Fig. 5.3. Predicted Maximum Temperatures of the Effluent from 
Braidwood Station and Lethal Temperatures for Some 
Fishes in the Kankakee River. The effluent temper- 
atures are based on a constant 21°F increase of the 
combined effluent from Units 1 and 2 over the 
ambient river temperature. 

a P. L. Altman and D. S. Dittmer, Eds.,. "Environ- 

bJ. R. Jones, "Fish and River Pollution," 

C F. J. Trembly, "Research Project on Effects of 

mental Biology," Fed. Am. SOCS. Exp. Biol., 1966. 

Buttersworth Inc., Washington, D.C., 1964. 

Condenser Discharge on Aquatic Life," Prog. 
Rpt., 1960, Inst. of Research, Lehigh Univ., 
Apr. 21, 1961. 
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spec ies  a r e  expec ted  t o  e x h i b i t  such avo idance behav io r .  

D ischarae  tempera tures  d u r i n g  p a r t  o f  May and i n  June th rough  August a r e  l i k e l y  t o  i n h i b i t  t h e  
spawning o f  most f i s h e s  i n  t h e  immediate area o f  t h e  d i scha rge .  
c a l c u l a t i o n s ,  t h e  3OF i s o t h e r m  d u r i n g  t h i s  o e r i o d  w i l l  occupy l e s s  than  two ac res .  The e l e v a t e d  
tempera tures  ove r  t h i s  smal l  a rea  a r e  expec ted  t o  have immeasurably smal l  impac t  on t h e  success 
o f  o v e r a l l  f i s h  spawning i n  t h e  Kankakee R i v e r  and w i l l  have l i t t l e ,  i f  any, adverse  thermal  
e f f e c t s  upon o t h e r  downr i ve r  b i o t a .  

I t  i s  l i k e l y  t h a t  some r i v e r  f i s h  w i l l  congregate  i n  t h e  near v i c i n i t y  o f  t h e  d i scha rge  s t r u c t u r e  
as has been observed a t  o t h e r  power s t a t i o n  o u t f a l l s .  
w i th  p o s s i b l e  sudden r e a c t o r  shutdowns i n  w i n t e r .  
h o t ,  such shutdowns have been known t o  r e s u l t  i n  " c o l d - k i l l ' '  dea ths  o f  f i s h  a c c l i m a t e d  t o  t h e  
a r t i f i c i a l l y  warmed wa te r .  A t  Braidwood, however, t h e  s t a f f  does n o t  a n t i c i p a t e  such problems 
s i n c e  t h e  c o o l i n g  l a k e  f rom wh ich  blowdown occu rs  w i l l  c o o l  s l o w l y  on shutdown. Thus, f i s h  
a c c l i m a t e d  t o  warmer wa te rs  near  t h e  d i scha rge  w i l l  have s u f f i c i e n t  t i m e  t o  r e - a c c l i m a t e  t o  t h e  
wa te r  c o o l i n g  a t  a r a t e  l e s s  than Z°F/hr. 

The d i s s o l v e d  oxygen i n  t h e  Kankakee R i v e r  i n  t h e  v i c i n i t y  o f  t h e  d i scha rge  i s  expec ted  t o  be 
near  o r  above s a t u r a t i o n .  A t  s a t u r a t i o n ,  t h e  heated water  would c o n t a i n  s l i g h t l y  l e s s  oxygen 
than  a t  t h e  l ower  tempera ture .  T h i s  smal l  decrease i n  t h e  oxygen c o n t e n t  t h a t  may occu r  i n  
t h e  d i scha rged  wa te r  i s  n o t  expec ted  t o  a f f e c t  t h e  a q u a t i c  l i f e  i n  t h e  area .  
i n  t h e  amount of oxygen m igh t  be compensated t o  a c e r t a i n  e x t e n t  by  d i s s o l u t i o n  o f  bubb les  i n  
t h e  d i scha rged  wa te r  as i t  c o o l s .  

On t h e  b a s i s  o f  t h e  s t a f f ' s  

T h i s  f a c t o r  must be assessed i n  c o n j u n c t i o n  
A t  p l a n t s  where c o o l i n g  wa te r .d i scha rges  a r e  

Such a r e d u c t i o n  

b. Chemical .  

i. C h l o r i n e .  For  reasons  d iscussed i n  Sec t i on  3.6, t h e  s t a f f  expec ts  abou t  0.001 ppm o f  
r e s i d u a l  f r e e  c h l o r i n e  t o  be p resen t  i n  t h e  blowdown as a r e s u l t  o f  t h e  c h l o r i n a t i o n  o f  n o n e s s e n t i a l  
s e r v i c e  wa te r  f o r  t h e  s t a t i o n .  Whi le  ch lo ramines  may be p resen t  as a r e s u l t  o f  t h e  comb ina t ion  o f  
f r e e  c h l o r i n e  w i t h  ammonia, t h e  s t a f f  conc ludes  t h a t  d i l u t i o n  w i t h  t h e  l a k e  wa te r ,  and then  o f  t h e  
blowdown w i t h  t h e  r i v e r ,  w i l l  r ender  such compounds u n d e t e c t a b l e .  
c h l o r i n e  i s  expec ted  t o  be d i scha rged  t o  t h e  r i v e r  as a r e s u l t  o f  t h e  t r e a t m e n t  o f  s a n i t a r y  wastes; 
t h e r e f o r e  t h e  s t a f f  does n o t  a n t i c i p a t e  adverse  impacts  t o  t h e  Kankakee R i v e r  f r o m  t h i s  source. 

t o  e n t e r  t h e  blowdown as a r e s u l t  o f  s t a t i o n  o p e r a t i o n  e i t h e r  as a d d i t i v e s  o r  f rom t h e  concen t ra -  
t i o n  of d i s s o l v e d  s o l i d s  i n  t h e  Kankakee f i l l  o r  makeup wa te r .  A t  t hese  c o n c e n t r a t i o n s  no 
d e l e t e r i o u s  e f f e c t s  a r e  expec ted  f rom t h e  d i s c h a r g e  o f  t hese  substances i n  t h e  blowdown. 

S i m i l a r l y ,  no f r e e  r e s i d u a l  

ii. Other  Chemicals.  Tab le  3 . 7  i s  a l i s t i n g  o f  chemica ls ,  e x c e p t i n g - c h l o r i n e ,  expected 

c .  Coo l i ng  Lake Blowdown Water B i o l o g i c a l  Q u a l i t y .  As i n d i c a t e d  i n  S e c t i o n  5.4.2.1 and 
Appendix 6, t h e  s t a f f  conc ludes  t h a t ,  i n  t o t o ,  t h e  wa te r  q u a l i t y  and c h a r a c t e r i s t i c s  o f  Braidwood 
Lake blowdown shou ld  n o t  measurab lv  a f G c t h e  Kankakee R i v e r  ecosvstem below t h e  d i scha rae .  
However, blowdown wa te r  m o n i t o r i n g " w i l 1  be i n c l u d e d  i n  t h e  t e c h n i c a l  s p e c i f i c a t i o n s  o f  t h e  
Opera t i ng  L i cense  t o  assure  t h a t  s i g n i f i c a n t  adve rse  impacts  do n o t  occu r  i n  t h e  Kankakee R i v e r .  

5.5 IMPACTS ON PEOPLE 

5.5.1 P h y s i c a l  Impacts  

The s i t e  i s  s u f f i c i e n t l y  remote t h a t  t h e  n o i s e  o f  o p e r a t i n g  mach inery  shou ld  n o t  be a u d i b l e  t o  
l o c a l  r e s i d e n t s .  The a i r  p o l l u t i o n  r e s u l t i n g  f rom occas iona l  o p e r a t i o n  o f  t h e  d i e s e l  eng ines  on 
emergency equipment w i l l  n o t  be s i g n i f i c a n t .  

The a p p l i c a n t  does n o t  expec t  any p o l l u t i o n  o f  ground water  resources .  
f o r  s a n i t a r y  t rea tmen t  o f  sewage u s i n g  t e r t i a r y  t r e a t m e n t  wh ich  w i l l  p rec lude  p o l l u t i o n  
o f  t h e  blowdown i n t o  t h e  Kankakee R i v e r .  

P r o v i s i o n s  w i l l  be made 

T r a n s p o r t a t i o n  o f  o p e r a t i n g  personne l  i s  expec ted  t o  have o n l y  a m ino r  impact  on t r a f f i c .  There 
w i l l  be some c o n t i n u i n g  e s t h e t i c  impacts  where t h e  Braidwood t r a n s m i s s i o n  l i n e s  a r e  v i s i b l e  f rom 
roads  and r e s i d e n t i a l  a reas .  

5.5.2 S o c i a l  Impacts  

The a p p l i c a n t  e s t i m a t e s  t h a t  an annual o p e r a t i n g  f o r c e  o f  about  200 persons w i l l  be employed a t  
t h e  s t a t i o n  d u r i n g  i t s  o p e r a t i n g  l i f e  and t h a t  an annual  p a y r o l l  o f  $3 m i l l i o n  w i l l  be  c r e a t e d  
(Ref .  1, p .  8 .0 -1 ) .  Assuming t h a t  15% o f  t hese  j o b s  w i l l  be f i l l e d  f r o m  t h e  l o c a l  p o p u l a t i o n  
and t h a t  t h e  newcomers average f o u r  persons  p e r  f a m i l y ,  an i nc rease  o f  680 persons i n  t h e  area  
due d i r e c t l y  t o  t h e  c r e a t i o n  o f  t h e  new j o b s  a t  Braidwood can be expected. The s t a f f  a n t i c i p a t e s  
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t h a t  t h i s  p ro jec ted  populat ion increase w i l l  be d ispersed over a wide area, because conmuting 
20 m i les  t o  t h e  s i t e  would n o t  be unusual. The s t a f f  does n o t  expect l a r g e  popu la t i on  s h i f t s  
due t o  the  i n f l u x  o f  p l a n t  ope ra t i ng  personnel and t h e i r  f a m i l i e s .  Thus, impacts t o  the area 
schools, housing, h o s p i t a l  and p u b l i c  f a c i l i t i e s  should be minor. 

The W i l l  County area i n  general and t h e  J o l i e t  r e g i o n  i n  p a r t i c u l a r  has become i n c r e a s i n g l y  
i n d u s t r i a l i z e d  over  the  pas t  decade. This  t r e n d  towards increased i n d u s t r i a l i z a t i o n  i s  ex- 
pected t o  cont inue whether the Braidwood s t a t i o n  i s  l oca ted  i n  the  area o r  no t .  It i s  doub t fu l  
t h a t  any i n d u s t r i a l i z a t i o n  t r e n d  i n  the  imnediate v i c i n i t y  o f  t h e  s t a t i o n  w i l l  occur unless the  
approp r ia te  p u b l i c  bodies a c t i v e l y  promote such growth. No f a c e t  o f  s t a t i o n  opera t i on  has been 
i d e n t i f i e d  which would hamper o r  discourage t h e  present  a g r i c u l t u r a l  a c t i v i t i e s  o r  e x i s t i n g  way 
o f  l i f e  o f  t h e  area. 

5.5.3 Conclusions 

The s t a f f  concludes t h a t  t he  impacts on the  comnunity as a r e s u l t  o f  ope ra t i on  o f  t he  s t a t i o n  
a r e  acceptabl e. 
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6. ENVIRONMENTAL MEASUREMENTS AND MONITORING PROGRAMS 

6.1 PRE-OPERATIONAL PROGRAMS 

6.1.1 Meteoro log ica l  

The a p p l i c a n t  has r e c e n t l y  i n i t i a t e d  an o n s i t e  meteoro log ica l  program w i t h  the i n s t a l l a t i o n  
of a 320-ft  high, instrumented tower. Wind speed and d i r e c t i o n ,  temperature, and humid i t y  
a re  measured a t  t h e  30- and 1 9 9 - f t  l e v e l s  as w e l l  as the temperature d i f f e r e n c e  between t h e  
30- and 1 9 9 - f t  l e v e l s .  
as a backup procedure, i n  analog form on s t r i p  cha r t s .  A p r e c i p i t a t i o n  gauge i s  a l so  i n s t a l l e d  
o n s i t e .  

The r e l a t i v e  atmospheric d i spe rs ion  ( x / Q )  values, c a l c u l a t e d  from the  data c o l l e c t e d  a t  Dresden, 
w i l l  be v e r i f i e d  by t h e  s t a f f  as soon as a t  l e a s t  one f u l l  year o f  data ( w i t h  a j o i n t  data r e -  
covery r a t e  o f  a t  l e a s t  90 pe rcen t )  becomes a v a i l a b l e  f rom the  o n s i t e  meteoro log ica l  measure- 
ments program a t  Braidwood. 

6.1.2 Rad io log i ca l  

The a p p l i c a n t  has proposed an o f f - s i t e  pre-operat ional  mon i to r i ng  program t o  p rov ide  background 
in format ion f o r  t he  opera t i ona l  r a d i o l o g i c a l  mon i to r i ng  program requ i red  by Sa fe ty  Guide 21. 

A summary d e s c r i p t i o n  o f  t he  a p p l i c a n t ' s  proposed program i s  presented i n  Tables 6.1 and 6.2. 
More d e t a i l e d  i n f o r m a t i o n  on the a p p l i c a n t ' s  r a d i o l o g i c a l  mon i to r i ng  program i s  presented i n  
Sect ion 6.1.5 o f  t he  a p p l i c a n t ' s  Environmental Report. The r e p o r t  inc ludes d i scuss ion  o f  the 
s e l e c t i o n  o f  sampling l oca t i ons ,  t he  c o l l e c t i o n  frequency, and the  type o f  sample measurement. 
The program w i l l  be supplemented by t h e  opera t i ona l  moni tor ing program f o r  t h e  Dresden Nuclear 
Power S ta t i on .  

The s t a f f  w i l l  r e q u i r e  the  pre-operat ional  program t o  be i n i t i a t e d  a t  l e a s t  two years be fo re  
p l a n t  operat ion i s  scheduled t o  begin. The iodine-131 measurements i n  m i l k  must be a t  a 
s e n s i t i v i t y  o f  0.5 pC i / l  as discussed i n  Regulatory Guide 1.42, Appendix 0, and s o i l  sampling 
must be inc luded i n  t h e  program. Wi th these add i t i ons ,  t h e  s t a f f  f i n d s  the base- l ine r a d i o -  
l o g i c a l  program t o  be adequate. 

6.1.3 Hydro log ica l  

Phys ica l ,  chemical, and b i o l o g i c a l  water q u a l i t y  parameters o f  t h i s  r i v e r  a long t ransec ts  shown 
i n  F i g .  6.1 a re  being and w i l l  be measured. S i m i l a r  measurements w i l l  be made i n  t h e  a r t i f i c i a l  
c o o l i n g  l ake .  The parameters t h a t  w i l l  be measured and the  sampling frequency a r e  shown i n  
Table 6.3 here and i n  Table 6.1-1 o f  Ref. 2 .  L i s t s  o f  analyses (e.g., Ref. 2, Tables 2.7-40 f o r  
chemical and b a c t e r i o l o g i c a l ,  2.7-43 f o r  D.O., 2.7-45 f o r  n u t r i e n t s ,  and 2.7-46 f o r  miscel laneous 
parameters) i nc lude  those i tems g e n e r a l l y  accepted by S t a t e  and Federal r e g u l a t o r y  bodies as 
measures o f  the phys i ca l ,  chemical and b i o l o g i c a l  q u a l i t y  o f  t he  water. Cross checks on water 
chemist ry  samples w i l l  be made r e g u l a r l y  by sending water samples t o  o t h e r  q u a l i f i e d  l a b o r a t o r i e s  
such as t h e  Pennsylvania EPA Laboratory. Samples for  heavy metals w i l l  be taken i n  llovember 1973 
and March, May, August, and November 1974. The a p p l i c a n t  w i l l  a l s o  determine the  concen t ra t i on  
o f  pes t i c ides  i n  the  Kankakee River  near the  s i t e  and i n  Horse Creek. 

Base- l ine data on l e v e l  and water  q u a l i t y  w i l l  be obta ined from the observat ion w e l l s  and nearby 
p r i v a t e  w e l l s  p r i o r  t o  any dewatering a c t i v i t i e s  o r  t o  pumping from the s t a t i o n ' s  new w e l l s .  

As p a r t  o f  t h e  design eva lua t i on  o f  the d ike,  t he  a p p l i c a n t  has const ructed a p ro to type  s l u r r y  
t rench  i n  the  l a k e  area.3 Pumping t e s t s  i n  obse rva t i on  w e l l s  w i l l  be c a r r i e d  ou t  t o  determine 
the  average p e r m e a b i l i t y  o f  i n -p lace  s l u r r y  b a c k f i l l  m a t e r i a l s .  The r e s u l t s  o f  the t e s t s  w i  1 
i n d i c a t e  the e f f e c t s  o f  seepage through the d i k e  on the  surrounding groundwater t a b l e .  Llhen 
the coo l i ng  l ake  has been f i l l e d ,  mon i to r i ng  o f  observat ion w e l l s  surrounding the d i ke ,  p a r t  
c u l a r l y  i n  t h e  area o f  former deep mines, w i l l  be cont inued t o  de tec t  excessive seepage. 

Data a re  recorded i n  d i g i t a l  form on magnetic tape and, concu r ren t l y  

A l l  i ns t rumen ta t i on  conforms t o  the  recommendations o f  Regulatory Guide 1.23.1 
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Table 6,1. Pre-operational Radio log ica l  Sampling Program f o r  t he  Braidwood S i t e  

I n s t .  o r  Method Locat ion Sampling Frequency Remarks Parameter An a 1 y s i s 

Radiat ion External  g a m  

Ai rborne 
p a r t i c u l a t e  
ma t te r  

M i l k  

Ground- 
water 

Surface 

Sediment and 

Thermol umi nescent 
dosimetry (TLD) 

Pai red 10-mR i o n  chamber 

F i e l d  survey w/pressur- 
i zed  i o n  chamber & NaI 
spectrometry 

Gross beta 
Gross alpha 
Gamma spectrum 
Radi o s t r o n t  i um 

Gamma spectrum 
Radi o s t r o n t i  um 
Radi o i od i ne 

Gross beta 
Gama spectrum and 
t r i t i u m  
Radi os t r o n t  i um 

Gross beta, alpha 
Gamma spectrum 
Radios t m n  t i urn 
T r i t i u m  

Gama spectrum 
ben th i c  organisms 

F ish  Gamma spectrum 

S i x  po in ts  i n  the  v i c i n i t y  o f  t he  Q u a r t e r l y ,  annual ly  The Dresden opera t i ona l  
p l a n t  i n c l u d i n g  mon i to r i ng  s t a t i o n s  mon i to r i ng  program w i l l  
a t  Braidwood, Godley, South prov ide complimentary 
Wilmington and Essex data a t  o t h e r  p o i n t s  

i n c l u d i n g  Wilmington, 
Same as above Coal Ci ty and Elwood. 

Same as above 

Same as above 
Same as above 
Same as above 
Same as above 

One sample from nearest d a i r y  and 
one sample from l o c a l  milkshed 

Samples from two nearest wel ls ,  
one w e l l  i n  t h e  d i r e c t i o n  o f  
groundwater f l o w  and one i n  the  
opposi te  d i r e c t i o n  from t b c  p l a n t  

F i ve  samples from Kankakee R ive r  
( 2  above in take ,  one a t  and one 
below in take,  and one a t  
W i  lmington Dam). 

Same as above 

Four samples o f  var ious species - 
two upstream and two downstream 
o f  i n t a k e  

Weekly 

Once du r ing  program 

Weekly 
Monthly 
Monthly composite 
Q u a r t e r l y  composite 

Month 1 y 
Mo n t t i  1 y 
Monthly 

Q u a r t e r l y  

Monthly 
Q u a r t e r l y  composite 
Q u a r t e r l y  composite 
Q u a r t e r l y  composite 

Q u a r t e r l y  

Semiannually 



Table 6.1. (Cont'd) 

Parameter An a1 ys i s Inst. or Method Location Sampling Frequency Remarks 

Radiation Food crop G a m  spectrum, 
Radiostrontium 

Two farms near points of annual 
maximum concentration and local 
farms using Kankakee River for 

Annually (just prior to 
harvest ) 

crop) 

Public water Gross beta Braceville, S. Wilmington Month 1 y 
supplies G a m  spectrum Braidwood, Gardner Quarterly composite 

Radiostrontium Coal City, Wilmington Quarterly composite 
Tri t i um Reddick, Diamond Quarterly composite 

0 - n  
I 
W 
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Table 6 . 2 .  Typical Analytical S e n s i t i v i t i e s  fo r  Radiological Monitoringa 

Analysis (media) 

External gamma 

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

Nilk 

Water 

Benthic organisms, 
f i s h ,  s h e l l f i s h  

Sediments 

Food c r o w  

I n s t .  o r  Method Sample Size S e n s i t i v i t y  

TLD 
Ion chamber 

Gross beta 
Gama spectrumC 

Gamma spectrum 
Radi oi odi ne 

tiamma spectrum 
Gross beta 
Tri t ium 

G a m  spectrum 

Gamma spectrum 

Gross beta 
G a m  spectrum 

VAb 
NAb 

300 m3 

1200 m3 

3 . 5  l i t e r s  
4 l i t e r s  

3 .5  l i t e r s  
500 ml 
10 - 15 ml 

200 grams 

200 grams 

10 grams 
1000 grams 

10-20 mR/quarter 
1 mR/rreek 

1 10-2 pCi/rn3 
1 10-2 pCi/m3 

5 - 10 p C i / l i t e r  
< l  p C i / l i t e r  

10 - 20 p C i / l i t e r  
5.0 p C i / l i t e r  
200 pCi/l i t e r  

10 - 160 
pCi/kilogram 

5 pCi/gram 
1 pCi/gram 

0 . 2  pCi/gram 
40 pci lki logram 

aFrom a p p l i c a n t ' s  Environmental Report. 
bNot  appl icable .  
'Gamma spectrum s e n s i t i v i t i e s  r e f e r  t o  various isotopes o f  r e a c t o r  or ig in  
which might be detected in  media. 
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y f WiUAINtTON 

- KANKAKEE F I V E R  AN0 HORSE C R E E K  TRANSECTS 

Fig. 6.1. Locations of Aquatic Transects and Sampling Stations f o r  the 
Braidwood Site. 
Report. 

Modified from applicant's Environmental 
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Table 6 . 3 .  Physical Parameters and 'kater Chemistry 

The parameters t h a t  wi l l  be determined a r e  shown below. 
shown in Fig. 6 - 1 .  Sampling frequencies  a re  shown in Ref. 5 ,  Table 6.7-1. 
Analyt ical  procedures wi l l  follow "Standard Methods f o r  t h e  Examination of 
Water and Waste Water," 13th Edi t ion ,  h e r i c a n  Public heal th  Associat ion,  
1971. 
a r e  made with t h e  following: 

Sampling s t a t i o n s  a r e  

Anci l lary measurements which a r e  performed a t  the time of c o l l e c t i o n  

Velocity - Standard Gurle meter 
D. 0 .  - YSI dissolved oxygen meter 
Temperature 

PH - Beckman por tab le  pH meter 
Turb id i ty  - Secchi d i s c  

Parameters t o  be determined 
Total s o l i d s  Total phosphates 
Total dissolved s o l i d s  Ortho phosphates 
Total suspended s o l i d s  Total a l k a l i n i t y  
Total v o l a t i l e  solids Total a c i d i t y  
B . O . D .  Total hardness 
C . O . D .  Chlorides 
T . O . C .  S u l f a t e s  
D.O.* Fe ( t o t a l )  
Turbidi ty* Fe ( s o l u b l e )  
Field pH* Si02 
Spec i f ic  conduct ivi ty  

N i t r a t e s  
N i t r i t e s  
Pmmonium + 

Sodium (Na )+  
Potassium ( K  1 
Magnesium ( y  ) 
Calcium ( c a  ,3 

Heavy metals 
Cd Mn 
Cr ( t o t a l )  Hg 
co Ni 
C N Zn 
Fe ( t o t a l )  
Pb 

*Field measurements 
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The s t a f f  has reviewed t h e  a p p l i c a n t ' s  base- l ine hyd ro log i ca l  program and found i t  t o  be adequate 
t o  determine t h e  impacts t h a t  may occur as a r e s u l t  o f  c o n s t r u c t i o n  and opera t i on .  

6.1.4 Ecologica l  

6.1.4.1 T e r r e s t r i a l  

The t e r r e s t r i a l  program i s  e s s e n t i a l l y  concerned w i t h  the  q u a n t i f i c a t i o n  o f  p l a n t  and animal 
l i f e  on the  Braidwood s i t e  and nearby areas, b o t h  o f  which i nc lude  a h igh  p ropor t i on  o f  s t r i p -  
mined land.  The a p p l i c a n t ' s  program was s t a r t e d  i n  October o f  1972. 
been conducted by the  a p p l i c a n t  t o  cha rac te r i ze  the  vegetation, b i r d ,  m m a l ,  and i n s e c t  
components of t h e  Braidwood s i t e ;  f o u r  seasonal surveys have so f a r  been conducted a t  t h e  s i t e  
d u r i n g  1972-1973.2 
Braidwood s i t e  (Ref. 2, Tables 6.1-5, 6.1-5a, 6.1-5b). Transects f o r  vegetat ion analyses were 
se lec ted  t o  be rep resen ta t i ve  o f  var ious eco log i ca l  communities. 

The 1974-1975 t e r r e s t r i a l  sampling program (Table 6.4) w i l l  again concentrate on f o u r  primary 
groups of organisms: vegetat ion,  i nve r teb ra tes ,  b i r d s ,  and mammals. Dur ing cons t ruc t i on ,  
mon i to r i ng  may be mod i f i ed  t o  some ex ten t  based on new in fo rma t ion  obta ined d u r i n g  t h e  p re -  
c o n s t r u c t i o n  study. 

The s t a f f  f i n d s  t h a t  t h e  base- l ine t e r r e s t r i a l  eco log i ca l  program accomplished t o  date and 
p lans f o r  t he  remainder of 1974 and 1975 a r e  adequate t o  determine the  poss ib le  changes t h a t  
may occur as a r e s u l t  o f  c o n s t r u c t i o n  and operat ion.  

F i e l d  i n v e s t i g a t i o n s  have 

These surveys were de f i ned  a long se lected t ransec ts  ( F i g .  6.2) on the 

6.1 .4.2 Aquatic 

The a p p l i c a n t ' s  aquat ic  b i o l o g y  mon i to r i ng  program i n  t h e  Kankakee R ive r  and Horse Creek i s  
designed t o  i d e n t i f y  t h e  species and sample the  populat ions o f  t h e  phytoplankton, zooplankton, 
f i s h  l a rvae ,  mcrophyton,  per iphyton,  ben th i c  i n v e r t e b r a t e  and f i s h  communities. The program 
i s  designed t o  take  i n t o  account seasonal v a r i a t i o n  o f  species composit ion. 
a n c i l l a r y  measurements a t  t h e  t ime o f  sampling w i l l  be taken t o  r e l a t e  b i o l o g i c a l  observat ions 
t o  phys i ca l  and chemical f ea tu res  o f  t h e  environment a t  t he  t ime  o f  study. 

Most of t h e  aqua t i c  mon i to r i ng  s tud ies w i l l  be done i n  t h e  Kankakee R ive r  near t h e  i n t a k e  
and discharge along t ransects  shown i n  F i g .  6.1, i n c l u d i n g  a t ransec t  across t h e  mouth o f  Horse 
Creek. A summary o f  t he  f i e l d  data c o l l e c t i o n  program i s  shown i n  Ref. 2, Tables 6.1-1 and 
6.1-2. The 1974-1975 pre-operat ional  aquat ic  mon i to r i ng  program i s  g iven i n  Table 6.5. 

The s t a f f  f i n d s  t h a t  the pre-operat ional  aqua t i c  mon i to r i ng  program as discussed i n  t h e  a p p l i c a n t ' s  
Environmental Report w i l l  p rov ide adequate background data t o  cha rac te r i ze  t h e  areas which might  
be adverse ly  a f f e c t e d  by the cons t ruc t i on  and opera t i on  o f  t h e  s t a t i o n ,  w i t h  t h e  a d d i t i o n a l  r e -  
uirements t h a t  (1) f i s h  l a r v a e  sampling both upstream and downstream from t h e  proposed i n t a k e  and 

j i s c h a r g e  s t r u c t u r e  w i l l  be extended f o r  an a d d i t i o n a l  s i x  weeks from mid-Ju ly  through August, i f  
f i s h  eggs and l a r v a e  a re  found i n  e a r l y  J u l y  and ( 2 )  t h a t  f i s h  k i l l s  by impingement on the i n t a k e  
screens be monitored du r ing  the f i l l i n q  o f  the lake.  

6.2 APPLICANT'S PROPOSED OPERATIONAL MONITORING PROGRAMS 

The opera t i ona l  r a d i o l o g i c a l ,  chemical e f f l u e n t ,  thermal e f f l u e n t ,  meteoro log ica l ,  hyd ro log i ca l  
and eco log i ca l  mon i to r i ng  programs w i l l  evolve from the pre-operat ional  mon i to r i ng  programs 
descr ibed i n  t h e  a p p l i c a n t ' s  Environmental Report. 
issuance o f  a cons t ruc t i on  pe rm i t ,  d e t a i l e d  s t a f f  eva lua t i on  o f  t he  operat ional  program w i l l  
be done a t  the t ime o f  a p p l i c a t i o n  f o r  an Operating License, and mon i to r i ng  requirements w i l l  
be inc luded i n  the  Environmental Technical S p e c i f i c a t i o n s  o f  t he  Operating License. 

6.3 RELATED ENVIRONMENTAL PROGRAMS AND STUDIES 

Data have been obta ined f o r  two o f  t he  I l l i n o i s  Environmental P ro tec t i ons  Agency's r e g u l a r  
water q u a l i t y  sampling s t a t i o n s  l oca ted  downstream ( I  -55 b r i dge )  and upstream ( a t  t he  
Kankakee-Will County L ine road b r idge )  from t h e  s t a t i o n .  

These data were obta ined on June 30, 1973, and inc lude  the  f o l l o w i n g  parameters: 
f i e l d  D.O.,  pH, t o t a l  phosphate, f e c a l  c o l i . ,  amnonia n i t rogen ,  n i t r a t e  n i t rogen,  t u r b i d i t y ,  
s u l f a t e s ,  boron, o i l ,  phenol, e t c .  

These data show t h a t  water i n  t h i s  reach of t he  Kankakee R ive r  i s  o f  r a t h e r  h igh q u a l i t y  
r e l a t i v e  t o  most o the r  I l l i n o i s  streams and 

The r e l e v a n t  

Since t h e  present a c t i o n  pe r ta ins  t o  

water temp., 
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SURVEY TRANSECTS 
--- NEW STUDY AREAS - LINE TRANSECTS 

-*-.- PERMANENT PLOTS ON HIGH RIDGES AND SLOPES 

---- - -  --- MARSH/POND STUDY AREAS - LAKE BOUNDARY 

Fig. 6.2. Locations of Terrestrial Transects on the Braidwood Site. 
Study areas A, B, and C replace transects 5, 7, and 10. 
From the applicant's Environmental Report. 



Table 6.4. Sumnary o f  the T e r r e s t r i a l  Moni tor ing Program f o r  t he  Braidwood S i t e  (1974-1975) 

Sampling Sampling Sampl i n g  
Parameters Frequency Method Locat ion Analyses S t a t  i s t i c s  

Vegetative 
Survey 

Two surveys per 
year (spr ing 
and f a l l  seasons) 

Permanent study p l o t s .  On h igh  r i dges  and 
slopes on Transects 2, 
3, 6, and Area C. 

Ca lcu la t i ons  t o  de- 
termine r e l a t i v e  
frequency, dens i t y  , 
and importance. 

I d e n t i f i c a t i o n  o f  var ious 
cover, successionary trends, 
seed d i spe rsa l  mechanisms, 
and pr imary food source adequacy. 

Mamma 1 
Survey 

B i r d  
Survey 

Vegetative 
Survey 

Amphibian 
and 
Rept i  1 e 
Survey 

Two surveys per L ine t ransec ts  
year ( sp r ing  
and f a l l )  

One survey Fixed rad ius  p l o t  
(summer) 
Q u a r t e r l y  ( t o  L i v e  t rapp ing  (random 
inc lude  major 
seasons ) mamnals. D i r e c t  obser- 

and g r i d )  f o r  small 

v a t i o n  and secondary 
s igns such as dens, 
scats, and t racks .  
Small mama1 snap t rap -  
p ing  ( l i n e  placement), 
d i r e c t  observation, 
and secondary s igns.  
D i r e c t  observat ion 
and secondary s igns.  

Q u a r t e r l y  ( t o  D i r e c t  observat ion and 
inc lude  major c a l l s  (no head counts) .  
seasons and 
m ig ra to ry  per iods ) 
Two surveys per 
year ( sp r ing  and 
fa1  1 seasons) g rad ien ts .  

L ine  t ransec ts  on pond 
banks and on slope 

F i ve  surveys C o l l e c t i o n  by l oop  traps, 
du r ing  warmer tramnel nets ,  and hand. 
months Biote lemetry ,  d issect ion,  

and gonadal examination. 

Area A 

Areas A, B 

Transects 3 and 6 f o r  
l i v e  t raps ,  Transects 2, 
3, 4, 6, and 9 f o r  
walk ing observat ional  
routes.  

Transect es t a  b l  i s  hed 
w i t h i n  Area A. 

Transects establ ished 
w i t h i n  Areas B and C. 

2, 3, 4, 6, 9 and 
Areas A, 6 ,  and C. 

Selected marsh/ponds 
i n  t ransec t  Areas 2, 
3, 6, 9, and C. 

Same l o c a t i o n s  as used 
f o r  vegetat ional  
analyses. 

Ca lcu la t i ons  t o  de- 
termine r e l a t i v e  
popu la t i on  estimates 

R e l a t i v e  o n s i t e  
abundance. 

Ca lcu la t i on  o f  r e l a -  
t i v e  cover, densi ty ,  
and importance. 

Ca lcu la t i on  of scute- 
body l eng th ,  growth 
ra tes ,  home range, 
and r e l a t i v e  
abundance. 

Species i d e n t i f i c a t i o n ,  v igo r ,  
sex, weight, m ig ra to ry  poten- 
t i a l ,  and annual species 
f l u c t u a t i o n .  

cn 
I 

Species tabu la t i on ,  h a b i t a t  
adequacy f o r  waterfowl u t i l i z a -  
t i o n ,  and annual species 
f l  uc tua t ions.  
I d e n t i f i c a t i o n  o f  var ious cover, 
successionary trends, seed d i s -  
persa l  mechanisms, and pr imary 
food source adequacy f o r  water- 
fowl and o the r  water assoc iated 
organisms. 
Species i d e n t i f i c a t i o n ,  l i m i t i n g  
fac to rs ,  h a b i t a t  s u i t a b i l i t y ,  
m ig ra t i on ,  and reestabl ishment  
p o t e n t i a l  o f  t u r t l e s .  



Tab le  6.4. (Contfnued) 

Sampl i n g  
Parameters Frequency 

Sampl i n g  
Method 

Sampl i n g  
L o c a t i o n  S t a t i s t i c s  Ana lyses  

B i r d  May-Sept. Once D i r e c t  o b s e r v a t i o n  and Same l o c a t i o n  a s  used R e l a t i v e  o n s i t e  Species t a b u l a t i o n  and h a b i t a t  
Survey each month f o r  c a l l s  [no head c o u n t s )  f o r  v e g e t a t i o n a l  abundance. adequacy f o r  wa te r fow l  

f i v e  days ana lyses ,  u t i  1 i z a t i o n .  

I n s e c t  May-Sept. Once D i r e c t  o b s e r v a t i o n  
Survey each month f o r  q u a l i t a t i v e  

f i v e  days 

Same l o c a t i o n  as used 
f o r  v e g e t a t i o n a l  for majo r  t ypes .  amphibians, r e p t i l e s ,  and 
ana lyses  . b i r d s .  

R e l a t i v e  abundance Food scurce  d i v e r s i t y  f o r  f i s h ,  

L i g h t  t r a p p i n g  



Table 6.5. Aquatic Parameters f o r  the Braidwood S i t e  (1974-1975) 

Parameter Sampl i n g  Frequency Sampl i n g  Method Sampling Locat ion Analyses 

Macrophyton Once each month i n  Mapping by the  t ransec t  Macrophyte map f o r  area from Species i d e n t i f i c a t i o n  when p l a n t s  a re  
May and August. system. Transect 2 t o  5, i n c l u d i n g  developed s u f f i c i e n t l y  t o  a l l o w  i t .  

Horse Creek, 

Standing crop est imates made 

both sides of r i v e r  and 
Horse Creek. w t / m 2 .  P lants  a re  d r i e d  a t  105°C before 

Co l l ec t i on  o f  p l a n t s  by 
quadrant. a t  regu la r  i n t e r v a l s  along 

R e l a t i v e  abundance (percent coverage) 

Standing crop - expressed as g d r y  

be ing weighed. 

Benthos Once each month i n  Ponar or Smith-MacIntyre Co l l ec t i ons  w i l l  be made a t  Species i d e n t i f i c a t i o n ,  when p r a c t i c a l .  
(dredging ) March, May, J u l y ,  Dredge Transects 2, 3, 5, and 6 a t  

Transect 4, S t a t i o n  .5. o f  a p a r t i c u l a r  species/number o f  i n d i -  
v idua ls  o f  a l l  species) 

Densi ty  (number o f  organisms/unit area) 

General bottom type (mud, mud-sand, 
gravel ,  e t c .  ) 
Species d i v e r s i t y  (Shannon-Weaver) I, 

August, November, and S ta t i ons  .l, .5, and .9; a t  R e l a t i v e  abundance (number o f  i n d i v i d u a l s  
March. 

m 

2 

Benthos Once each month i n  Chicken w i re  baskets On bo th  sides of t he  r i v e r  Species i d e n t i f i c a t i o n ,  when p r a c t i c a l .  
( a r t i f i c i a l  March, May, Ju ly ,  
subst rate)  August, November, and s i m i l a r  t o  t h a t  o f  t he  (Stat ions 0.0 and 1.0); Re la t i ve  abundance (number o f  i n d i v i d u a l s  

of  a p a r t i c u l a r  species/number of i n d i -  

f i i  1 ed w i th  subs t ra ta  a t  Transects 2 ,  3, and 5 

March . Kankakee R ive r  bottom. 
Transect 4 i n  the  center  v idua ls  o f  a l l  species) 

Baskets placed a long o f  t he  creek ( .5)  
shore1 ine. Densi ty  (number o f  organisms per basket) 

Species d i v e r s i t y  (Shannon-Weaver) 

Adu l t  Flsh Once each month du r ing  240 v o l t  DC, 12 Amp. On both s ides o f  t he  r i v e r ,  Species i d e n t i f i c a t i o n  
(el e c t r o -  March, May, June, Ju l y ,  e lect roshock ing from po in ts  500 f e e t  upstream 
s hoc k i  ng 1 August, November, and apparatus t o  500 f e e t  downstream o f  

along shore l ine,  

Horse Creek - 1000 f e e t  
upstream on creek from v idua ls  o f  a l l  species) 
mouth 

Standard l e n g t h  ( t o  the nearest mm) and 

Re la t i ve  abundance (number o f  i n d i v i d u a l s  
of a p a r t i c u l a r  species/number o f  i n d i -  

March. t ransec ts  i n  t h e  r i v e r ,  weight ( t o  the nearest 0.5 g )  

~ 

Condi t ion f a c t o r  f o r  a l l  f i s h  weighed and 
measured o f  the s i x  major species. 

Species d i v e r s i t y  (Shannon-Weaver) 



Table 6.5. (Continued) 

Analyses Parameter Sampling Frequency Sampl i n g  Method Sampling Location 

Stomach and 
Paras i te  food organisms t o  species, i f  p r a c t i c a l .  
Analyses 

Qua r t e r l  y Stomach contents - i d e n t i f i c a t i o n  o f  

Ectoparas i te  i n f e s t a t i o n  - i d e n t i f i c a -  
t i o n  o f  ex te rna l  pa ras i tes  t o  species, 
i f  p r a c t i c a l .  

Sex determinat ion of a l l  f i s h  examined 
f o r  stomach content, p rov id ing  f i s h  a r e  
sexual ly  developed. 

Seining Once du r ing  June, Ju ly ,  50-100 f e e t  seine w i t h  On both sides o f  the r i v e r ,  Same as numbers 1-5 above 
and August. 1/4 i n c h  bar mesh from p o i n t s  100 f e e t  upstream 

t o  100 f e e t  downstream i n  
the  r i v e r .  

I n  Horse Creek, f ou r  c o l l e c -  
t i o n s  w i t h i n  the  area where 
e l  ect roshock ing i s  conducted. m 

I 

a.4 ~~ 

Ba i t ed  Hoop Once d u r i n g  June, Ju l y ,  Anchored nets  placed Center o f  the r i v e r  ( S t a t i o n  Same as numbers 1-5 above 
Nets and August. p a r a l l e l  t o  r i v e r  f l ow  .5) a t  r i v e r  Transects 2, 3, 

G i l l  Nets Once dur ing May, June, Experimental g i l l  ne t ;  Two l o c a t i o n s :  across t h e  Same as numbers 1-5 above 

and 5. 

and Ju l y .  125 f e e t  w i t h  f i v e  25 f o o t  
panels. Mesh s izes range Transect 4 i n  Horse Creek. 
from 3/4-2 inches. 

mouth of Horse Creek and a t  

F i s h  Popula- Once each month dur ing DC elect roshock ing Two l oca t i ons :  a t  o r  below Mark - recapture:  combination of 
t i o n  Estimate May and August. equipment Transect 3 and one l o c a t i o n  DeLury and Peterson methods. 

i n  the  shocking area o f  
Horse Creek 

and bottom a t  Transects 2, 
3, and 5 ,  Stat ions .1 and I d e n t i f i c a t i o n  o f  l i f e  stage 
.9; a t  Transect 4 i n  Horse 

Submersible pump - bottom 
samples o n l y  a t  t he  above 
loca t i ons .  

F i sh  Eggs Once each week dur ing Metered s t a t i o n a r y  tows S ta t i ona ry  tows - sur face Count o f  eggs and l a r v a e  
and Larvae May and June and f i r s t  

two weeks i n  J u l y .  
us ing #O ( 5 6 9 ~ )  mesh 
p lankton n e t  

Submersible pump w i t h  Creek, S ta t i on  .5. 
water f i l t e r e d  through a 
#O ( 5 6 9 ~ )  plankton ne t  



Table 6.5. (Conttnuedl 

Parameter Sampling Frequency Sampling Method Sampling Locat ion Analyses 

Physical Once each t ime a f i e l d  F i e l d  measurements Transects 2 and 3 a t  Sta- 

Hydro1 ab 

t r i p  i s  conducted. t i o n s  .l, .5, and .9 a t  20% 
and 60% o f  r i v e r  depth; 
Transect 4 and 5 a t  mid- 
r i v e r  a t  depth above. 

Bac te r ia  Once each month du r ing  S t e r i l i z e d  b a c t e r i o l o g i c a l  Surface samples a t  Tran- 
March, May, August, b o t t l e s  sects 2, 3, 4, and 5, 
November, and March. S t a t i o n  .5. 

R ive r  v e l o c i t y  as feet/second - measured 
by Gur ley v e l o c i t y  meter. 

Temperature as degrees Centigrade, oxygen 
as mg/l, pH as pH u n i t s ,  c o n d u c t i v i t y  as 
umho, depth - a l l  measured by Hydrolab. 

To ta l  p l a t e  count 

To ta l  c o l i f o r m  

Fecal c o l i f o r m  

Fecal streptococcus 

A l l  counts expressed as co lon ies/100 m l  

Phytoplankton Monthly - Nov. (1973) Species composition Midstream on each t ransec t  D iu rna l  sampling i n  sp r ing  (1974) and 
March, Nov. Bi-weekly Re la t i ve  abundance sumner (1974) m 

I 

W 
d i n  May-Aug. Species d i v e r s i t y  

Biovolume (Lackey) 
Biomass 

Zooplankton As above 

Periphyton As above 

Species composition 
R e l a t i v e  abundance 
To ta l  plankton 
Count (Sedgewi c k -  
Ra f te r  c e l l )  

Species composition 
(R. P a t r i c k )  
Re la t i ve  abundance from e i t h e r  shore. 
Species d i v e r s i t y  
Biovol ume 
B ioma s s 

Midstream on each t ransec t  

2 diatometers on each t r a n -  
sect ,  approximately 20 fee t  



Tab le  6 .5 .  (Cont inued) 

Parameter Sampling Frequency Sampl i n g  Method Sampling Loca t ion  Analyses 

Rou t ine  Water Once each month d u r i n g  C o l l e c t i o n  made by  Transec ts  2, 3, 4, and 5 a t  T o t a l  s o l i d s  (mg/ l )  
C hemi s t ry March, May, June, July, Van Dorn b o t t l e  S t a t i o n  0.5; su r face  

T o t a l  d i s s o l v e d  s o l i d s  (mg / l )  

T o t a l  v o l a t i l e  s o l i d s  (mg / l )  

c o l l e c t i o n ,  August, November, and 
March. 

T o t a l  suspended s o l  i d s  (mg/ l  ) 

T o t a l  a l k a l i n i t y  as  CaC03 (mg / l )  

Hardness as CaC03 (mg / l )  

T u r b i d i t y  (JTU u n i t s )  

Co lo r  ( c o l o r  u n i t s )  

N O 2 - \  ( m s / l )  

N03-N (mg / l )  

NH,-M (mg/ l  ) 

T o t a l  PO4-P ( m g / l )  

Or tho  PO4-P (mg / l )  

so4 (mg/ l )  

s i o ? - S i  (mg / l )  

Ca ( W l )  

Mg (mg / l )  

Na ( m g f l )  

K ( m g f l )  

BOD (mg/ l )  

COD (mg / l )  



Table 6.5, (Continued) 

Parameter Sampling Frequency Sampling Method Sampling Locat ion Analyses 

Heavy Metals Once each month du r ing  PVC c o l l e c t i o n  b o t t l e  Surface samples a t  Tran- To ta l  Fe as mg/l 
March, May, August, sects  3 and 4, S t a t i o n  .5. 
November, and March, Mn as mg/l 

Co as mg/l 

N i  as mg/l 

To ta l  C r  as mg/l 

Hg as vg/1 

Zn as mg/l 

CN as mg/l 

Pb as mg/l 

Cd as mg/l 

Cu as mg/l 

m 
I 

ul 
d 

Pes t i c ides  Once each month i n  PVC c o l l e c t i n g  b o t t l e  Surface samples a t  Tran- Two pes t i c ides  and one he rb i c ide ,  
May and August. sects 3 and 4, S t a t i o n  .5.  d ie ld ren ,  DDT, and s i l v e x ,  respec t i ve l y ,  

were se lected f o r  study. The s e l e c t i o n  
was based on those pes t i c ides  and he rb i -  
c ides  i n  common usage on a g r i c u l t u r a l  
lands border ing the Kankakee R ive r  and 
Horse Creek. 

Crayf i s h Once each month i n  Spec ia l l y  const ructed Shore l ine s t a t i o n s  (0.0 Species i d e n t i f i c a t i o n  
Study May, June, Ju l y ,  and wire-mesh t r a p  and 1.0) a t  Transects 2, 

August. 3, 4, and 5. Sex 

Biomass (wet weight i n  grams) 
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7. ENVIRONMENTAL IMPACT OF POSTULATED ACCIDENTS 

A h igh  degree o f  p r o t e c t i o n  against  t he  occurrence o f  pos tu la ted  acc idents  i n  t h e  Braidwood 
S t a t i o n  i s  provided through c o r r e c t  design, manufacture, and operat ion,  and the  q u a l i t y  assurance 
program used t o  e s t a b l i s h  the necessary h igh  i n t e g r i t y  o f  t h e  r e a c t o r  system, as w i l l  be con- 
s idered i n  the  Commission's Safety  Evaluat ion.  Deviat ions t h a t  may occur a re  handled by p ro tec -  
t i v e  systems t o  p lace and hold the p l a n t  i n  a safe cond i t i on .  
conservat ive pos tu la te  i s  made t h a t  ser ious acc idents  might  occur, even though they may be 
extremely u n l i k e l y ,  and engineered sa fe ty  fea tu res  a re  i n s t a l l e d  t o  m i t i g a t e  the consequences 
o f  those pos tu la ted  events which a re  judged c r e d i b l e .  

The p r o b a b i l i t y  o f  occurrence o f  acc idents  and the spectrum o f  t h e i r  consequences t o  be considered 
from an environmental e f f e c t s  s tandpoint  have been analyzed us ing best est imates o f  p r o b a b i l i t i e s  
and r e a l i s t i c  f i s s i o n  product re lease  and t r a n s p o r t  assumptions. 
Commission's s a f e t y  review, extremely conservat ive assumptions are used f o r  t he  purpose o f  
comparing ca l cu la ted  doses r e s u l t i n g  from a hypo the t i ca l  re lease o f  f i s s i o n  products  from the  
f u e l  against  the 10 CFR P a r t  100 s i t i n g  gu ide l i nes .  R e a l i s t i c a l l y  computed doses t h a t  would be 
received by the  popu la t i on  and environment from the acc idents  which a re  postu la ted would be 
s i g n i f i c a n t l y  l e s s  than those presented i n  the Sa fe ty  Evaluation. 

The Comnission issued guidance t o  app l i can ts  on September 1, 1971, r e q u i r i n g  the cons ide ra t i on  
o f  a spectrum o f  acc idents  w i t h  assumptions as r e a l i s t i c  as the  s t a t e  o f  knowledge permi ts .  
a p p l i c a n t ' s  response was contained i n  the  Braidwood S t a t i o n  Environmental Report, dated 
September 13, 1973. 

The a p p l i c a n t ' s  r e p o r t  has been evaluated, us ing the standard acc ident  assumptions and guidance 
issued as a proposed amendment t o  Appendix D o f  10 CFR P a r t  50 by t h e  Comnission on December 1, 
1971. 
t o  ve ry  ser ious were i d e n t i f i e d  by the Commission. I n  general,  acc idents  i n  the h igh  p o t e n t i a l  
consequence end o f  t he  spectrum have a low occurrence r a t e  and those on the  low p o t e n t i a l  conse- 
quence end have a h igher  occurrence r a t e .  The examples se lected by the  a p p l i c a n t  f o r  these 
cases a re  shown i n  Table 7.1. The examples se lected a re  reasonably homogeneous i n  terms o f  
p r o b a b i l i t y  w i t h i n  each c l a s s .  

Commission est imates o f  t he  dose which might  be received by an assumed i n d i v i d u a l  s tanding a t  
t h e  s i t e  boundary i n  t h e  downwind d i r e c t i o n ,  us ing  the  assumptions i n  the  proposed Annex t o  
Appendix 0, are presented i n  Table 7.2. Estimates o f  t h e  i n t e g r a t e d  exposure t h a t  might  be 
d e l i v e r e d  t o  the popu la t i on  w i t h i n  50 m i l e s  o f  t he  s i t e  a re  a l so  presented i n  Table 7.2. The 
man-rem est imate was based on the p ro jec ted  popu la t i on  w i t h i n  50 m i les  o f  the s i t e  f o r  the 
year 2020. 

To r i o o r o u s l y  e s t a b l i s h  a r e a l i s t i c  annual r i s k ,  t he  ca l cu la ted  doses i n  Table 7.2 would have t o  
be m u l t i p l e d  by estimated p r o b a b i l i t i e s .  
which a r e  a n t i c i p a t e d  du r ing  p l a n t  operat ions;  and t h e i r  consequences, which a re  ve ry  small ,  a re  
considered w i t h i n  the framework o f  r o u t i n e  e f f l u e n t s  from the  p l a n t .  
o f  f u e l  f a i l u r e s  and some steam generator leakage, the  events i n  Classes 3 through 5 are n o t  
a n t i c i p a t e d  du r ing  p l a n t  operat ion;  b u t  events o f  t h i s  t ype  could occur sometime du r ing  the  
40-year p l a n t  l i f e t i m e .  Accidents i n  Classes 6 and 7 and small acc idents  i n  Class 8 are o f  
s i m i l a r  o r  lower p r o b a b i l i t y  than acc idents  i n  Classes 3 through 5, b u t  they are s t i l l  poss ib le .  
The p r o b a b i l i t y  o f  occurrence o f  l a r g e  Class 8 acc idents  i s  very small .  Therefore, when the  
consequences ind i ca ted  i n  Table 7.2 are-weighted by p r o b a b i l i t i e s ,  t he  environmental r i s k  i s  
very  low. 
severe than those requ i red  t o  be considered i n  the design bases o f  p r o t e c t i o n  systems and 
engineered s a f e t y  fea tu res .  The i r  consequences cou ld  be severe. However, the p r o b a b i l i t y  o f  
t h e i r  occurrence i s  judged so small t h a t  t h e i r  environmental r i s k  i s  extremely low. Defense 
i n  depth ( m u l t i p l e  phys i ca l  b a r r i e r s ) ,  q u a l i t y  assurance f o r  design, manufacture and operat ion,  
continued s u r v e i l l a n c e  and t e s t i n g ,  and conservat ive design are a l l  app l i ed  t o  p rov ide  and 
mainta in  a h igh  degree o f  assurance t h a t  p o t e n t i a l  acc idents  i n  t h i s  c lass  are, and w i l l  remain, 
s u f f i c i e n t l y  small i n  p r o b a b i l i t y  t h a t  t he  environmental r i s k  i s  extremely low. 

The AEC i s  c u r r e n t l y  performing a study t o  assess these r i s k s  more q u a n t i t a t i v e l y .  
r e s u l t s  o f  these e f f o r t s  are expected t o  be a v a i l a b l e  i n  e a r l y  1974. 

Notwi thstanding t h i s ,  t h e  

For s i t e  eva lua t i on  i n  the 

The 

Nine classes o f  pos tu la ted  acc idents  and occurrences ranging i n  s e v e r i t y  from t r i v i a l  

The events i n  Classes 1 and 2 represent  occurrences 

Except f o r  a l i m i t e d  amount 

The postu la ted occurrences i n  Class 9 i n v o l v e  sequences o f  successive f a i l u r e s  more 

The i n i t i a l  
This study i s  c a l l e d  the  
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TABLE 7.1. C l a s s i f i c a t i o n  o f  P o s t u l a t e d  Acc iden ts  and Occurrences 

C lass  AEC D e s c r i p t i o n  A p p l i c a n t ' s  Examples 

1 T r i v i  a1 i n c i d e n t s  I n c l u d e d  i n  t h e  e v a l u a t i o n  o f  r o u t i n e  r e l e a s e s .  

2 Small r e l e a s e s  o u t s i d e  conta inment  Inc luded  i n  t h e  e v a l u a t i o n  o f  r o u t i n e  r e l e a s e s .  

3 R a d i o a c t i v e  waste system f a i l u r e  Waste gas and l i q u i d  decay tank  f a i l u r e s .  
Equipment leakage o r  mal f u n c t i o n s .  

4 F i s s i o n  p roduc ts  t o  p r imary  Not  a p p l i c a b l e .  

5 F i s s i o n  p roduc ts  t o  p r i m a r y  and Fuel  c l a d d i n g  d e f e c t s  and steam-generator t ube  

system (BWR) 

secondary systems (PWR) l e a k ;  steam-generator tube r u p t u r e .  

6 R e f u e l i n g  a c c i d e n t  Fuel  bund le  d rop  and heavy o b j e c t  d r o p  o n t o  f u e l  
i n  core .  

7 Spent f u e l  h a n d l i n g  a c c i d e n t  Fuel  assembly d r o p  i n  f u e l  s to rage  p o o l .  Heavy 

8 Acc iden t  i n i t i a t i o n  even ts  con- Loss o f  c o o l a n t  a c c i d e n t ,  steam l i n e  break, and 

o b j e c t  d rop  o n t o  f u e l  r a c k .  

r o d  e j e c t i o n  acc iden ts .  s i d e r e d  i n  des ign -bas i s  eva lua -  
t i o n  i n  t h e  S a f e t y  A n a l y s i s  
Repor t  

more severe  than C lass  8 
9 H y p o t h e t i c a l  sequence o f  f a i l u r e s  Not cons idered.  
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TABLE 7.2. Summary o f  Rad io log i ca l  Consequences o f  Pos tu la ted  Acc identsa 

Class 

~~ 

Event 

~~ ~ ~ 

Es t imated Frac t i on Est imated Dose 
o f  10 CFR P a r t  20 t o  P o p u l a t i o n  i n  

L i m i t  a t  S i t e  50-mi le  Radius, 
Bou ndaryb man-rem 

1 . o  
2 .0  

3.0 

3.1 
3.2 
3.3 

4.0 

5.0 

5.1 

5.2 

5.3 

6.0 

6.1 
6.2 

7.0 
7 .1  
7.2 
7.3 

8.0 

8.1 

8 . l ( a )  

8.2(a) 
8 .2 (b )  
8 .3 (a )  

8 . 3 ( b )  

T r i v i a l  i n c i d e n t s  

Small re leases  o u t s i d e  conta inment  

Radwaste system f a i l u r e s  

Equipment leakage o r  mal f u n c t i o n  
Release o f  waste gas s torage con ten ts  
Release o f  l i q u i d  waste s to rage  
con t e n t s  

F i s s i o n  p roduc ts  t o  p r imary  system 
(BWR) 
F i s s i o n  p roduc ts  t o  p r i m a r y  and 
secondary systems (PWR) 

Fuel  c l a d d i n g  d e f e c t s  and steam 
genera to r  l eaks  
O f f -des ign  t r a n s i e n t s  t h a t  induce 
f u e l  f a i l u r e s  above those 
expected and steam generator  l e a k  
Steam genera to r  tube r u p t u r e  

Refuel  i n g  a c c i d e n t s  

Fuel  bund1 e drop 
Heavy o b j e c t  d rop  on to  f u e l  i n  
c o r e  

Spent f u e l  h a n d l i n g  a c c i d e n t  

Fuel assembly drop i n  f u e l  r a c k  
Heavy o b j e c t  drop on to  f u e l  r a c k  
Fuel  cask d rop  

Acc iden t  i n i t i a t i o n  events  con- 
s ide red  i n  des ign b a s i s  evalua-  
t i o n  i n  the  SAR 

Small break 
Large break 

Break i n  i ns t rumen t  l i n e  f rom 
p r imary  system t h a t  pene t ra tes  
the  containment 
Rod e j e c t i o n  a c c i d e n t  (PWR) 
Rod drop a c c i d e n t  (BWR) 
Steam1 i n e  breaks (PWR's o u t s i d e  
con t a i  nmen t ) 

Steaml ine break (BWR) 

Loss -o f - coo lan t  acc iden ts  

Small break 
Large break 

0.11 
0.45 
0.013 

N .  A .  

- C/  

0.003 

0.15 

0.024 
0.41 

0.015 
0.060 
N .  A .  

0.25 
2.5 
N .  A.  

0.25 
N.  A. 

:0.001 
0 * 002 
N .  A .  

- C l  

- c /  

10 
40 

1 .1  

N.  A .  

- C l  

0.023 

13 

2.1 
37 

1.3 
5.3 

N .  A .  

40 
1300 

N .  A .  

130 
N .  A .  

<0.1 
0.13 

N .  A .  

The doses c a l c u l a t e d  as consequences o f  t h e  p o s t u l a t e d  acc iden ts  a r e  based on a i r b o r n e  
t r a n s p o r t  o f  r a d i o a c t i v e  m a t e r i a l s  r e s u l t i n g  i n  bo th  a d i r e c t  and an i n h a l a t i o n  dose. Our 
e v a l u a t i o n  of t h e  a c c i d e n t  doses assumes t h a t  t h e  a p p l i c a n t ' s  env i ronmenta l  m o n i t o r i n g  program 
and a p p r o p r i a t e  a d d i t i o n a l  m o n i t o r i n g  (which c o u l d  be i n i t i a t e d  subsequent t o  a l i q u i d  r e l e a s e  
i n c i d e n t  de tec ted  by i n - p l a n t  m o n i t o r i n g )  wauld d e t e c t  t h e  presence o f  r a d i o a c t i v i t y  i n  t h e  
environment i n  a t i m e l y  manner such t h a t  remedia l  a c t i o n  cou ld  be taken i f  necessary t o  l i m i t  
exposure f rom o t h e r  p o t e n t i a l  pathways t o  man. 

bRepresents t h e  c a l c u l a t e d  f r a c t i o n  o f  a whole body dose o f  500 mrem, o r  t h e  e q u i v a l e n t  dose t o  
an organ. 

These re leases  a r e  expected t o  be i n  accord w i t h  proposed Appendix I f o r  r o u t i n e  e f f l u e n t s  
( i . e . ,  5 mrern pe r  year  t o  an i n d i v i d u a l  f rom e i t h e r  gaseous o r  l i q u i d  e f f l u e n t s ) .  

a 

C 
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Reactor Safety  Study and i s  an e f f o r t  t o  develop r e a l i s t i c  data on the p r o b a b i l i t i e s  and 
sequences o f  acc idents  i n  water-cooled power reac to rs ,  i n  order  t o  improve the  q u a n t i f i c a t i o n  
o f  a v a i l a b l e  knowledge r e l a t e d  t o  nuc lear  reac to r  acc ident  p r o b a b i l i t i e s .  The Comnission has 
organized a specia l  group o f  about 50 s p e c i a l i s t s  under the  d i r e c t i o n  o f  Professor Norman Rasmussen 
o f  M I T  t o  conduct t he  study. 
i n  correspondence w i t h  EPA, which has been placed i n  the AEC Pub l i c  Document Room ( l e t t e r ,  Doub 
t o  Dominick, dated June 5, 1973). 

A s  w i t h  a l l  newly developed in fo rma t ion  which might  have an e f f e c t  on the  h e a l t h  and sa fe ty  o f  
the p u b l i c ,  t he  r e s u l t s  o f  t he  study w i l l  be made p u b l i c  and w i l l  be assessed on a t i m e l y  bas is  
w i t h i n  the  r e g u l a t o r y  process on gener ic  o r  s p e c i f i c  bases as may be warranted. 

Table 7 . 2  i n d i c a t e s  t h a t  t he  r e a l i s t i c a l l y  est imated r a d i o l o g i c a l  consequences o f  t he  pos tu la ted  
acc idents  would r e s u l t  i n  exposures o f  an assumed i n d i v i d u a l  a t  t he  s i t e  boundary which a re  l e s s  
than o r  comparable t o  those which would r e s u l t  from a y e a r ' s  exposure t o  the  Maximum Permiss ib le  
Concentrat ions (MPC) o f  10 CFR P a r t  20. The t a b l e  a l so  shows the estimated i n t e g r a t e d  exposure 
o f  t he  popu la t i on  w i t h i n  50 m i les  o f  t he  p l a n t  from each pos tu la ted  acc ident .  
i n teg ra ted  exposures would be much smal ler  than t h a t  from n a t u r a l l y  occu r r i ng  r a d i o a c t i v i t y .  
When considered w i t h  the  p r o b a b i l i t y  o f  occurrence, the annual p o t e n t i a l  r a d i a t i o n  exposure o f  
the popu la t i on  from a l l  t he  pos tu la ted  acc idents  i s  a small f r a c t i o n  o f  the annual exposure from 
n a t u r a l  background r a d i a t i o n  and, i n  f a c t ,  i s  we l l  w i t h i n  n a t u r a l l y  occu r r i ng  v a r i a t i o n s  i n  the  
n a t u r a l  background. 
mental r i s k s  due t o  pos tu la ted  r a d i o l o g i c a l  acc idents  are exceedingly small and need n o t  be 
considered f u r t h e r .  

The scope o f  the study has been discussed w i t h  EPA and i s  described 

Any o f  these 

I t i s  concluded from the r e s u l t s  o f  t he  r e a l i s t i c  ana lys i s  t h a t  the env i ron-  



8. THE NEED FOR PWER 

T h i s  section of the Environmental Statement contains an evaluation of the applicant 's  need to  
have additional generating capabili ty i n  the period o f  1980 through 1982. 
projected need f o r  both the Byroo Station and the Braidwood Station i s  evaluated herein because 
the s ta t ions  were proposed fo r  licensing i n  a single application. The summer capabili ty of the 
four u n i t s  in these plants i s  4420 We. 
analysis are: demands fo r  both peak power and to ta l  energy, charac te r i s t ics  of the appl icant ' s  
system, reserve margins needed f o r  r e l i ab le  generation and relationships of the applicant'with the 
other regional u t i l i t i e s .  

The applicant 's  

The year-round capabili ty is  4480 MWe. Included in the 

8.1 DESCRIPTION 

8.1.1 Applicant's Service Area 

The appl icant ' s  service area covers about 13,000 square miles, primarily in the northern third 
of I l l i n o i s  (Ref. 1,  Fig. 9.2-1). Included a re  the northern I l l i no i s  area w i t h  metropolitan 
Chicago and three separate smaller, and less  densely populated areas i n  central  I l l i n o i s .  
Figure 8.1 i s  a geographical map showing the service areas.2 A t  the present time, the three 
small areas a re  served by generating capacity outside the appl icant ' s  system. The applicant 
has sold his f a c i l i t i e s  and franchise for  these three areas subject t o  FPC review and approval 
o f  sale.3 

In the  service area,  which contains approximately eight million people, r e s iden t i a l ,  comnercial, 
and industrial  customers have about equal e lec t r ica l  energy consumption. The following l i s t  
gives the percentage breakdown of the 53 b i l l ion  kWh sales fo r  1972: 

Residential 28.2% 

Comnercial 

Industrial 

Other (Public Authority, Electric 
Railroads, Sales for Resale) 

T o t a  1 

30.6 

29.9 

11.4 
100% 

On a per capita basis, the average use was s l igh t ly  less  than 7000 kWh/yr. 

For comparison, the U .  S .  w i t h  over 200 million people in 1972 had to ta l  sa les  o f  about 
1600 b i l l i on  kWh w i t h  a somewhat comparable breakdown into categories.4 
the values are: 

Expressed in percent 

Residential 

Commerc i a 1 

32% 

23 

Industrial 40 

Other (S t ree ts ,  Highway and Public 
Authority, Rail ways, e t c .  ) - 5 

Total 100% 

Although there a r e  uncertainties in defining the bounds for  the various categories,  the 
percentages of the kWh s a l e s  t o  the residential  customers for the appl icant ' s  system and for  
the to ta l  U. S. a re  very s imi la r .  Because o f  the large comnercial a c t i v i t i e s  of metropolitan 
Chicago, the percentage of sa les  in th i s  category i s  greater than for  the U.  S.  The average 
of per capita sa les  for  the appl icant ' s  area i s  about 15% below that for  the U .  S .  
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LINCOLN rn 
SPRINGFIELD. uBEMENTCIJ 

LJ SERVICE AREA 

F i g .  8.1. Commonwealth Edison's Service Areas. 
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8.1.2 A p p l i c a n t ' s  Power System 

Comnonwealth Edison i s  one o f  t he  l a r g e s t  u t i l i t i e s  i n  t h e  U. S .  w i t h  an i n s t a l l e d  capac i t y  o f  
about 15,900 MWe i n  January 1974. 
i n te rmed ia te  range load  i s  supp l i ed  by f o s s i l - f u e l e d  u n i t s .  
smal ler  f o s s i l  u n i t s  a r e  used t o  meet the  remaining p o r t i o n  o f  t he  demand. 
s t a t i o n s ,  together  w i t h  t h e  fue l  used and capaci ty ,  a r e  l i s t e d  i n  Table 8.1. The a p p l i c a n t ' s  
power generat ing system i s  almost e n t i r e l y  w i t h i n  the  S ta te  o f  I l l i n o i s ;  t he  o n l y  except ion 
i s  t h e  S t a t e  L i n e  S ta t i on ,  which i s  l oca ted  near Hamnond, Ind iana.  

Coal, o i l ,  gas, and nuc lear  f u e l s  are c u r r e n t l y  used; however, t he  preponderance o f  t he  
e l e c t r i c a l  energy i s  obta ined from coal  and uranium. I n  1973 about 61% o f  t h e  energy gen- 
erated was from coal  and 29% from nuclear  f u e l .  A t  present, t he  annual system peak demand 
occurs i n  t h e  sumner; t h e  w i n t e r  peak i s  about 80% o f  t he  sumner peak. 
for  t he  system i s  about 53%. 

Commonwealth Edison has an extens ive t ransmiss ion system t o  d e l i v e r  bu l k  power t o  l oad  centers .  
The Kincaid, Powerton, and Dresden generat ing s t a t i o n s  a re  l o c a t e d  t o  the  south o f  t he  main 
l oad  centers .  The Zion and Waukegan s t a t i o n s  a re  l oca ted  t o  the n o r t h  o f  t h e  load centers .  
Quad C i t i e s  s t a t i o n ,  which i s  a j o i n t  venture w i t h  the  I o w a - I l l i n o i s  Gas and E l e c t r i c  Company, 
i s  on the western border o f  the a p p l i c a n t ' s  t e r r i t o r y .  
re t i remen t  and reduced usage o f  many o f  t h e  generat ing u n i t s  w i t h i n  the  m t r i x  o f  t h e  l oad  
cen te rs  as w e l l  as the expected increased demand, t h e  a p p l i c a n t  has b u i l t  up an extens ive 
t ransmiss ion system t o  c a r r y  power from the o u t l y i n g  s t a t i o n s  t o  the  l oad  centers  o f  t he  Chicago 
m e t r o p o l i t a n  area. This  i s  shown i n  p a r t  i n  F ig.  8.2. Another f u n c t i o n  o f  t h e  t ransmiss ion 
system i s  t o  prov ide the  c a p a b i l i t y  t o  c a r r y  bu l k  power t o  and from surrounding u t i l i t i e s  i n  
order  t o  p rov ide  f o r  interchanges o f  low c o s t  power and t o  increase t h e  r e l i a b i l i t y  o f  t h e  
a p p l i c a n t ' s  and the a d j o i n i n g  u t i l i t i e s '  systems. 

8.1.3 Regional Relat ionships 

The a p p l i c a n t  i s  a member o f  t h e  Mid American In te rpoo l  Network ( M A I N ) ,  which i s  one o f  t he  n i n e  
Regional R e l i a b i l i t y  Counci ls o f  t he  Nat ional  E l e c t r i c  R e l i a b i l i t y  Counci l .  
t o  promote reg iona l  coo rd ina t i on  o f  t he  planning, c o n s t r u c t i o n  and opera t i on  o f  t h e  members' 
generat ing and t ransmiss ion f a ~ i l i t i e s ; ~  emphasis i s  on r e l i a b i l i t y  and economy. 
i s  a l i s t  of t he  groups, i n c l u d i n g  t h e i r  assoc iate members, o f  the W I N  counc i l  and t h e i r  
i n s t a l l e d  capac i t y  as o f  January 1974:6 

Both f o s s i l  and nuc lea r  u n i t s  supply t h e  base load; t h e  

The generat ing 
Gas tu rb ines  and the  o lder ,  

The annual l o a d  f a c t o r  

Taking i n t o  cons ide ra t i on  the planned 

M A I N ' S  purpose i s  

The f o l l o w i n g  

Commonwealth Edison 15,900 M\Je 

I l l i n o i s  Group 6,300 MWe 

Missour i  Group 7,200 MWe 

W i scons i n  -Upper M i c h  i qan 
Systems ~ i - b u p  6,400 W e  

To ta l  35,800 We 

The M A I N  Counci l  r eg ion  i s  contiguous w i t h  f o u r  o the r  counc i l  r eg ions .  Coordinated p lanning 
i s  c a r r i e d  out  among these counci ls ;  i n  a d d i t i o n ,  purchases and sa les o f  e l e c t r i c i t y  take 
p lace between c e r t a i n  o f  the u t i l i t i e s  i n  these o the r  c o u n c i l s  and some u t i l i t i e s  i n  t h e  
M A I N  counci 1 . 
The a p p l i c a n t ' s  e l e c t r i c a l  system i s  connected w i t h  i t s  ne ighbor ing u t i l i t i e s  and depends upon 
these in terconnect ions i n  p lanning the requ i red  generat ing capac i t y .  
i n te rconnec t ion  c a p a b i l i t y  i s  large,  o n l y  about 3000 MW cou ld  be t r a n s f e r r e d  simultaneously. 
The dependable amount o f  t h i s  t r a n s f e r  c a p a b i l i t y  i n  t ime o f  emergency i s  u s u a l l y  muth l ess ,  
due t o  generat ing cond i t i ons  and loads i n  ne ighbor ing u t i l i t i e s .  A t  t h e  present  t ime  WIN has 
no reserve margin requirement f o r  i t s  members, b u t  a c r i t e r i o n  i s  being developed. However, 
as repo r ted  by MAIN,  load f l o w  and s t a b i l i t y  s tud ies  o f  t he  c o u n c i l ' s  network are made t o  t e s t  
t h e  perforinance o f  the p ro jec ted  in terconnected t ransmiss ion system when subjected t o  extreme 
disturbances. '  

Although t h e  t o t a l  
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Tab le  8.1. Comnonwealth E d i s o n ' s  Generat ing U n i t s  and T h e i r  Approximate C a p a b i l i t y  
f o r  Sumner Peak Serv i ce  (1973) 

Steam E l e c t r i c  
Summer C a p a b i l i t y ,  MW 
Gas 

Name No. o f  U n i t s  Loca t ion  Coal Coald O i l  Nuc leare 

Cal umet 

Crawf o r d  

Dixon 

Dresden 

F i s k  

J o l  i e t  

K i n c a i d  

Powerton 

Quad C i t i e s  

Ridgeland 

Sabrooke 

S t a t e  L i n e  

Wa u ke gan 

W i l l  County 

Chicago 

Chicago 

D i  xon 
M o r r i s  

Ch i cago 

J o l  i e t  

K i  n c a i  d 

Pek in  

Cordova 

S t i  ckney 
Rockford 

Hamond, Ind .  

Waukegan 

Loc k p o r t  

T o t a l  steam e l e c t r i c  

Gas t u r b i n e s  ( o i l  & gas f u e l e d  a t  many l o c a t i o n s )  

D iese l  ( o i l  f u e l e d )  

T o t a l  f o r  a p p l i c a n t  

Ludington pumped hydro f 

T o t a l  

120 

650 
120 

1760 
480 

1680 

1230 

1170 

1170 
570 

150 

940 

950 

1050 

5130 3410 570 2930 

12040 

1600 

20 

13660 

520 

141 80 

a ~ w ~  u n i t s  a r e  n o t  f u l l y  o p e r a t i o n a l  

bAn l l - W e  d i e s e l  i s  a l s o  l o c a t e d  a t  t h i s  s i t e  

'App l i can t ' s  p o r t i o n  o f  t h e  two u n i t s  

dTwo u n i t s  (Calumet # 7 and Crawford # 6 )  can o n l y  burn gas. 

I n  1973 a p o r t i o n  o f  t h e  n u c l e a r  c a p a c i t y  i s  under t r i a l  ope ra t i on ;  f o r  v a r i o u s  reasons e 

500 M.4 was u n a v a i l a b l e  f o r  t h e  summer peak. 

f P a r t  o f  o u t p u t  f rom t h e  Lud ing ton  pumped hydro f a c i l i t i e s  i s  a v a i l a b l e  t o  t h e  a p p l i c a n t  
under a 15-year  agreement. (An a d d i t i o n a l  104 MW became a v a i l a b l e  a f t e r  t h e  summer peak.)  



a3 
I m 

ter 
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8.2 HISTORIC DEMANDS AND CAPABILITY 

8.2.1 Peak Power Demand and Generating C a p a b i l i t y  

8.2.1.1 Peak Power Demand 

The annual peak power demand on the a p p l i c a n t ' s  system occurred du r ing  the  summer i n  recen t  
years; however, p r i o r  t o  1964 the  peak occurred d u r i n g  t h e  w i n t e r .  The r e l a t i v e  demands by 
var ious c lasses o f  t he  consumer a t  the t ime o f  peak demand i s  n o t  w e l l  known because d a i l y  
power demand i s  o n l y  recorded f o r  a few l a r g e  i n d u s t r i a l  customers, a l though some sampling 
of power demand i s  conducted among o the r  c lasses o f  consumers. 
1959 i s  p l o t t e d  i n  F ig .  8.3. 
f i g u r e  corresponds t o  a growth r a t e  o f  s l i g h t l y  over 8 %  per year. 
had a growth r a t e  o f  the noncoinc ident  peak of s l i g h t l y  l e s s  than 8% per  yea r  from 1962 through 
1972. Fo r  the 1968 through 1973 i n t e r v a l ,  the a p p l i c a n t ' s  annual growth r a t e  ( i n c l u d i n g  demand 
n o t  met due t o  d isconnect ion o f  some i n t e r r u p t i b l e  l oad  and t o  a vo l tage  reduc t i on )  was s l i g h t l y  
l e s s  than  8%, whereas f o r  t he  U. S .  t h e  growth r a t e  f o r  t h e  noncoinc ident  peak was s l i g h t l y  
g rea te r  than 8%. 
Edison system i s  very s i m i l a r  t o  t h a t  f o r  t he  Un i ted  States.  

The sumner peak demand s ince  
The slope o f  the l i n e  rep resen t ing  .the pas t  peak loads i n  t h i s  

For comparison t h e  U. S .  

I n  general,  t he  annual growth r a t e  o f  t he  sumner peak f o r  t he  Cornonwealth 

8.2.1.2 Generating C a p a b i l i t y  

The generat ing c a p a b i l i t y  i n  the pas t  has been based on c o a l - f i r e d  u n i t s .  
u n i t s  increased d u r i n g  t h e  1960's. 
f a c i l i t i e s  s t a r t i n g  i n  1969; however, f o r  the l a s t  two years nuc lea r  p l a n t s  have been the m i n  
generat ing a d d i t i o n s .  Gas-turbine u n i t s ,  which have a low c a p i t a l  c o s t  and can be i n s t a l l e d  
qu ick l y ,  were about 12% o f  t h e  1973 sumner peak c a p a b i l i t y .  The magnitude o f  t he  generat ing 
c a p a b i l i t y  f o r  any year  i s  based on peak power demand p l u s  a reserve margin. 

The use o f  g a s - f i r e d  
Environmental pressures promoted t h e  use o f  o i l - f i r e d  

8.2.1.3 Reserve Margin 

The a p p l i c a n t ' s  p o l i c y  on reserve c a p a b i l i t y  i s  t h a t  the requ i red  reserve margin be 14% o f  t he  
t o t a l  o f  t he  peak l oad  minus f i r m  purchases, d i v e r s i t y  interchanges, and 5/6 Ludington p u r -  
chase.6 
t h e  a n t i c i p a t e d  peak l oad  t o  be adequate.B The purpose o f  t h e  reserve margin i s  t o  assure a 
r e l i a b l e  generat ion system by a l l o w i n g  f o r  f o rced  outage o f  u n i t s ,  and u n c e r t a i n t y  i n  l o a d  
forecasts .  
r e f u e l i n g  du r ing  the  season when the peak l oad  occurs. 
depends upon the  in terconnect ions w i t h  o the r  u t i l i t i e s  and t h e i r  p ro jec ted  a b i l i t y  t o  supply  
power i n  emergencies. 

Based on data g iven i n  the a p p l i c a n t ' s  Environmental Report, c a l c u l a t i o n s  show t h a t  d u r i n g  the  
l a s t  s i x  years the reserve margin va r ied  from 7 t o  24%. 
pe r iod  t h e r e  were no blackouts i n  t h e  system; however, vo l tage reduct ion,  d isconnect ion o f  
i n t e r r u p t i b l e  load, and spec ia l  purchases a t  the t ime  o f  t h e  system peak d i d  occur .  

The needed generat ing reserve fo r  a g iven r e l i a b i l i t y  c r i t e r i o n  i s  determined i n  p a r t  b y  
a n t i c i p a t e d  equipment forced outage r a t e s  (product  o f  outage frequency and downtime du r ing  t h e  
outage). I n  the  past, p ro jec ted  forced outage r a t e  estimates used i n  r e l i a b i l i t y  c a l c u l a t i o n s  
were based on reasonably f i r m  data, a l though u n c e r t a i n t i e s  i n  t h e  data f o r  new l a r g e  f o s s i l  
u n i t s  became more prominent i n  the  l a s t  few years.  
l a r g e  nuc lea r  u n i t s  coming on l i n e  i n  1972 and 1973 a re  a l s o  tenuous because o f  t h e  l a c k  o f  
ope ra t i ng  experience. 

The Federal Power Commission (FPC) considers a reserve margin i n  the  range 15-25% o f  

I t  i s  t h e  a p p l i c a n t ' s  p r a c t i c e  n o t  t o  schedule p l a n t  maintenance and r e a c t o r  
The magnitude o f  t h e  reserve margin 

The average was 14.5%. Dur ing t h i s  

Estimates o f  forced outage r a t e s  f o r  t h e  

8.2.1.4 Operating Reserve 

Due t o  equipment outages and v a r i a b l e  weather and business cond i t i ons  (which s t r o n g l y  i n f l uence  
demand), t he  ac tua l  ope ra t i ng  rese rve  ( t h a t  i s ,  t he  a v a i l a b l e  c a p a b i l i t y  on t h e  system) a t  t h e  
t ime of peak g ives an i n d i c a t i o n  of t h e  effect iveness o f  t he  u t i l i t y ' s  p lanning methods. A t  
t h e  request  of t h e  s t a f f  the a p p l i c a n t  est imated t h e  f o l l o w i n g  operat ing reserve:  

-- 
To ta l  
Peak , Operating Reserve, 

Year MW MW % o f  peak 

1969 9,419 447 497 
1970 10,049 75 0.7 
1971 10,973 449 4.1 
1972 11,991 973 8.1 
1973 12,703 2 64 2.1 
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PROJECTED 
BY APPLICANT 

DATA TAKEN FROM APPLICANT'S E.R. 
EXCLUDES SALES TO OTHER UTILITIES 

YEAR 

Fig. 8.3. Historic Summer Peak Power Demand. 
From the applicant's Environmental Report. 
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In 1970 and 1973 the applicant reduced the voltage during the time of the  peak. Also in 1973 
customers having contracts t ha t  allowed interruption of power were disconnected to reduce the 
load; net purchases of capacity by the applicant were 1173 MW a t  the time of peak. 
applicant has been able to  sustain required loads, b u t  the operational reserves were rather 
small. 

8 .2 .2  Energy Demand 

The 

8.2.2.1 Electrical Energy Generation 

The annual generation of e l ec t r i ca l  energy has not grown as rapidly a s  the  annual peak power 
demand i n  recent years. 
the applicant. 
growth r a t e  was s l igh t ly  higher. 
reasonably consistent over the 12-year period. 
t o  occur i n  the summer, the energy growth r a t e  has been  7.1% per year, whereas the peak load 
growth rate (excluding sa les )  was 8.1% per year. 

Figure 8.4 shows annual generation from 1960 through 1972 a s  given by 

Since 1964, when the annual power peak s ta r ted  

Over this period the growth ra te  was about 7% per year; for  the U. S .  the 
The trend and magnitude of the appl icant ' s  growth appears 

8 .2 .2 .2  Load Characteris t i c s  

The appl icant ' s  Environmental Report (Ref. 1 , Fig. 1 . l -1)  displays annual load duration curves 
fo r  1968 through 1971. These curves a re  very similar in shape with no apparent trend w i t h  
time; in f a c t  the applicant s t a t e s  tha t  the annual system load fac tor ,  which may be determined 
from the curves, will  be about constant i n  the near future.  In the past the annual load 
fac tor  has decreased and nm i s  i n  the 52-54% range. In the applicant 's  display, the base 
load capacity i s  57% of the annual peak load .  

8.2.2.3 Fuel Sources 

Historically,  coal has been the appl icant ' s  main fue l .  
mainly during the sunmer. Because of the natural gas shortage, t h i s  use i s  severely cur ta i led .  
Fuel o i l  was prac t ica l ly  never used, b u t  conversion of some of the coal units t o  fuel o i l  
s t a r t ed  t o  occur i n  1969 because of environmental pressures. 
the recent trend in fuel use; expressed as percent: 

Natural gas was a l so  used b u t  this was 

The following tab le  displays 

Coal Gas Oil Nuclear 

1968 86 12 O* 2 

1969 83 14 1 2 

1970 65 23 6 6 

1971 60 19 1 2  9 

1972 57 10 11 22 

1973 61 3 7 29 

"Negligible 

With the present o i l  shortage and the proposed federal d i rec t ive  fo r  u t i l i t i e s  t o  convert 
from o i l  to coal where possibleg and w i t h  the rulings in the p r i o r i t i e s  of natural gas use 
not favoring e l ec t r i ca l  u t i l i t i e s , I 0  the appl icant ' s  use of coal and uranium for fuel can be 
expected to  increase . 
8.3 PROJECTED DEMANDS 

8.3.1 Introduction 

The projected need fo r  new generating capacity r e s t s  largely on the prediction of future 
demands. In t h i s  section, not only will  fu ture  e l ec t r i ca l  power demand be discussed, b u t  
a l so  future e l ec t r i ca l  energy demand. Energy demand estimates a re ,  o f  course, needed for  
proper selection o f  the type o f  generating capacity t o  be added. How best t o  met these 
demands depends on the economic and environmental costs of a l te rna t ives .  
o f  a l te rna t ives  for  this s ta t ion  i s  given in Section 9. 

The consideration 
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There a re  mny forecasting methods i n  use i n  e lec t r ica l  planning. 
forecasting, a s  of 1969, has been described in "The 1970 National Power Survey"." 
has been updated'* and in addition there are other reports on the subject.13 
Science Foundation program an econometric analysis has been used t o  study e l e c t r i c i t y  demand. I 4 ' l 5  

The s t a f f  has not used any  par t icu lar  methodology to project demands b u t  rather has reviewed 
the  appl icant ' s  projections fo r  aptness of method considering the current s t a t e  of the a r t  
for  m a k i n g  projections and for  s u i t a b i l i t y  of information used. 

8 . 3 . 2  Energy 

The applicant d i d  n o t  d i rec t ly  project the future e lec t r ica l  energy demand using any complex 
methodology; however, he d i d  s t a t e  t ha t  the annual load fac tor  i n  1979 should be nearly equal 
t o  tha t  in 1971. 

Econometric modeling o f  e lec t r ica l  energy supply and demand i s  an active investigative f i e l d .  
A recently published study by Asbury of ANL reviews past studies and presents an independent 
analysis.16 Econometric modeling has been based mainly on energy rather than on power demand 
relationships w i t h  the variables.  Some of the explanatory variables,  or econometric fac tors ,  
in these studies a re :  e l ec t r i c i ty  price,  natural gas pr ice ,  heating o i l  p r ice ,  consumer income 
and e l ec t r i ca l  appliance prices.  The impact on demand caused by chan es i n  the values of the 
econometric fac tors  takes time to be fu l ly  reflected in consumption.'? Thus, past and pos- 
s i b l e  future price increases by the applicant can influence demand a t  the  time of s ta r tup  of 
these uni t s .  There appears t o  be l i t t l e  doubt t ha t  on a national basis e l e c t r i c i t y  price i s  
a very important econometric factor.  
price will decrease demand. 
increasing prices of fuel o i l  and natural gas. 
however, their e l a s t i c i t i e s  a re  probably less  than the e l ec t r i c i ty  price e l a s t i ~ i t y . 1 ~  

Basically, energy and power demands may follcw the same trends,  b u t  the  magnitudes of the 
trends may be d i f f e ren t .  I f  good energy demand models with su i tab le  data existed,  these could 
be used to gain be t t e r  insights into the power demand trends than i s  available from present 
projection models and data. I t  should be noted, however, t ha t  some of the  econometric fac tors  
in present projections by u t i l i t i e s  a re  expressed expl ic i t ly  while others a re  used in implicit  
form. 

The methodology of load 
This work 

Under a National 

These models predict  t ha t  increases i n  e l ec t r i c i ty  
Counter-factors a re  the increasing income of consumers and the 

These tend t o  increase demand for  e l e c t r i c i t y ;  

The current s t a t e  of the a r t  of econometric analysis i s  sumnarized in the following extracts 
from the Asbury report .  

"A number o f  investigators have recently reported r e su l t s  of econometric s tud ies  of the market 
fo r  e lec t r ica l  The studies have attempted to  explain temporal and inter-market 
variations i n  e l ec t r i c i ty  consumption in terms of variables which, on a priori  grounds, m i g h t  
be expected t o  a f f ec t  e l e c t r i c i t y  demand. Using multiple regression techniques, the invest-  
igators have examined the dependence of e l e c t r i c i t y  consumption on such variables as: elec- 
t r i c i t y  price,  population, personal income, climate variables, degree of urbanization, the 
price of e l ec t r i c  appliances,and the  price of natural gas. 
concentrated on the residential  market fo r  e l e c t r i c i t y ,  resu l t s  have been reported fo r  the 
comnercial and industrial  markets a s  well .  

Although most of the  studies have 

"Selected r e su l t s  from several previous studies of e l ec t r i c i ty  demand a re  presented in Table 
8.2. e lec-  
t r i c i t y  price,  income, and natural-gas price.  

"Despite differences in underlying assumptions, methodology, and data base, the studies a l l  
indicate tha t  e l e c t r i c i t y  price i s  the most important determinant of e l e c t r i c i t y  demand. 
resu l t s  o f  Wilson, Halvorsen, and Chapnan, Tyrrell ,  and Mount for  the residential  market indi-  
ca te  a price e l a s t i c i t y  of demand of about -1.25. S tu l l  and MacAvoy find a similar e l a s t i c i t y  
value f o r  the whole U. S. e l e c t r i c i t y  market, and Anderson's r e su l t  for the residential  market 
i s  not in too serious disagreement. 

"Although the econometric approach t o  the analysis of the market fo r  e lec t r ica l  energy has pro- 
vided considerable insight in to  the causal factors underlying e l ec t r i c i ty  supply and demand, 
none of the models developed t o  date provides a re l iab le  method for  estimating future demand. 
The existing dynamic models f a i l  t o  incorporate the supply re la t ion ,  while the s t a t i c  supply- 
demand models are i l l  suited to  s i tua t ions  involving changes in long r u n  supply and demand 
trends ." 

The tab le  l i s t s  estimated demand e l a s t i c i t i e s  for  three explanatory variables: 

The 



Table 8.2 

Elas t ic i ty  Estimates from Previous Studies o f  Elec t r ic i ty  Demand 

Market Study (Reference) Model 

Price Prfce 

El a sti c i t iesC 
Elec t r ic i ty  Income Gas 

Mount, C h a p n ,  Tyrrelll’’lg Dynamic, 
Single Equation 

Anderson’ 8 

Hal vorsen2 

W i l  son21 

Stul 1 , MacAvoyZ2’ 

S ta t i c ,  
Single Equation 

+ + + Residenti a1 -1.3, +o. 3, +0.15+ 
Comnercial -1.5, +o. 9, +0.15+ 
In dus tri a 1 -1.7 +0.5 +0.15 

Residential -0.85 +O. 94 +0.21 

S ta t i c  (+ Time Trend), Resi den t i a  1 -1.2 + .61 + .036 
Supply -Demand 

S ta t i c ,  
Single Equati:on 

S ta t i c  
Single Equation 

Residential -1.33 - .46 + .31 

Combined -1.24 +O. 86 - 

+ Elas t i c i t i e s  estimates for constant e l a s t i c i t y  model (Reference 19) .  See Reference 1 7  for  variable e l a s t i c i t y  estimates. 

’CCapaci t y  demand model . 
*The three e l a s t i c i t i e s  a re  defined as the re la t ive  change of demand w i t h  the re la t ive  change o f  e l e c t r i c i t y  price 

( A D I D  f A E I E ) ,  of income (bD/D + b I / I )  and of gas price ( A D / D +  A G / G ) .  
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Thus, based on Asbury's analysis,  the s t a f f  finds tha t  i t  i s  premature t o  make analyses using 
any of these cor re la t ions .  I t  should be noted tha t  e l a s t i c i t y  coef f ic ien ts  for  the models as 
they apply to the applicant 's  would have to be developed, i f  a correlation were t o  be used. 
addition, the projection of the existing econometric data i s  necessary in order t o  use these 
correlations.  

The s t a f f  has reviewed the appl icant ' s  statement tha t  the load fac tor  remained constant between 
1971 and 1979, and the projection of e l ec t r i ca l  energy inherent in t h a t  statement. 
t i on ,  the s t a f f  has reviewed the appl icant ' s  projected energy growtn as i t  appears in Appendix 
A of the MAIN report  to the FPC.6 
believe tha t  the appl icant ' s  projections of energy demand are  too .high. 

As given i n  Reference 6, the appl icant ' s  1982 peak power demand i s  24,350 We and the net o u t -  
p u t  to the load is 116 b i l l ion  kilowatt hours. 
about 54.6%. 
b i l l ion  kilowatt hours net output, which corresponds to a load fac tor  of 53.4%. 
growth  r a t e  du r ing  t h i s  period i s  calculated to  be 7.7% per year. 
the appl icant ' s  energy growth ra te  was 7.0%/yr. 
cant both i n  energy and power. 
will probably not match the r a t e  from 1960 t o  1972 of about 8%/yr, and considering the con- 
s m r ' s  response t o  the energy shortage i n  recent months ,  t he  s t a f f  believes tha t  t h P  energy 
growth r a t e  will average no higher t h a n  7%/yr between 1973 and 1982. 
demand will be about 95% of t h a t  projected by the applicant.  
8 . 3 . 3  Power 

The e l ec t r i ca l  power users in the appl icant ' s  area largely determine the demand placed on the 
generating units; t o  a small extent power use outside of the appl icant ' s  system a lso  cont r i -  
butes to the demand. The applicant i s  required to  estimate consumer demand. 
expensive and scarce capital  fo r  e l ec t r i ca l  u t i l i t i e s ,  high estimates of demand can be cos t ly  
not only to the consumer, who of course must ultimately pay the t a r i f f s ,  b u t  a l so  t o  the  
u t i l i t y ,  which must bear the burden of reduced earnings prior t o  r a t e  adjustments. Under the 
present social  pressure to  conserve energy, the u t i l i t y  can do l i t t l e  to increase demands. A 
low estimate of power demand a lso  places a burden on the u t i l i t i e s  by requiring short-term 
purchases (or i n  some cases power and energy exchanges) of often expensive e l e c t r i c i t y  from 
other u t i l i t i e s .  

The appl icant ' s  method to  forecast  peak load i s  based on  two fac tors ,  business conditions and 
weather. The relationship and selection of the spec i f ic  variables were obtained by reviewing 
and correlating past s t a t i s t i c a l  data for  his system. The applicant uses an analytical  model 
incorporating these variables t o  make projections for  up t o  ten years into the fu ture .  Pro- 
jected loads are based on a 24-year average of peak-making summer weather conditions. I t  i s  
t h u s  .apparent t h a t ,  in addition to the uncertainties in the model, uncertainties in the weather 
and future business conditions a l so  contribute to  the inaccuracy of the long-term forecast: 

The projection of the 1973 peak (made prior t o  the actual peak, and given in the Environmental 
Report) was checked against the actual peak given in the FPC News.25 The agreement was very 
good: 12,750 MWe prdjected demand vs. 12,834 MWe actual demand including estimates o f  load 
not met. Thus, the applicant 's  model worked well fo r  t h i s  short-term forecast .  

The power projections given by the applicant correspond t o  an annual growth of 7.5% from 1973 
through 1982. 
from 1964 through 1973 was about 8.1%. 
from 1973 through 1980 i s  7.5%." Thus,  the applicant,  with general e lec t r ica l  conditions 
representative of the U.S., projects a growth r a t e  representative of the national average r a t e .  
The 1982 peak demand projected by the applicant is  24,350 Me .  

Energy ava i l ab i l i t y  and price have undergone some s igni f icant  changes in the l a s t  year due t o  
many fac tors .  After a 
long period of a downward mvement i n  the real price of e l e c t r i c i t y ,  i t s  price has s ta r ted  t o  
increase. 
estimates of future demand for most consumers i s  invariably linked t o  the cos t  of energy; 
however, there does not need t o  be a one-to-one correspondence between power and energy. 
Indeed, a i r  conditioners, which a re  a principal cause fo r  the sumner peak, may be used i n  the 
very hot weather even t h o u g h  t h e i r  annual energy consumption may be reduced. 
sumer stock plus the future ava i l ab i l i t y  of e l ec t r i ca l  appliances can contribute t o  peak 
demand even though the i r  annual usage may decrease. 
e l ec t r i ca l  ranges, dryers, and water heaters occurred i n  1973; shipments of corresponding 
gas-fired u n i t s  remained the same or decreased d u r i n g  the same period when compared with the 
previous year .26 

I n  

In addi- 

As explained below, these considerations lead the  s t a f f  t o  

T h i s  corresponds t o  an annual load fac tor  of 
In the same reference, the 1974 projections were 13,760 MWe peak power a n d  64.4 

This was a h i g h  growth period fo r  the appli-  
Considering tha t  the peak power growth ra te  from 1973 t o  1982 

The energy 
Dur ing  the  1962-1972 period, 

On t h i s  bas i s ,  the energy 

In  these days of 

A s  s ta ted  previously, the actual annual growth of the applicant 's  summer peak 
For comparison, the estimated annual growth for  U.S. 

In the fu ture ,  energy wi l l  be more expensive t h a n  in the recent past. 

Although i n  this "need fo r  power'' section the main concern i s  w i t h  power not energy, 

Thus the con- 

Increased manufacturers' shipments of 
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I n  the s t a f f  view, the  downward e l e c t r i c a l  energy and power use i n  t h e  U.S. i s  more than a 
passing phenomenon. 
i n  a recen t  l e t t e r  t o  the  AEC has s ta ted  i n  the  p e r i o d  o f  December 1973 through A p r i l  1974 
the re  has been a 6% decrease i n  the expected demand f o r  power.27 
energy ou tpu t  f rom January 1, 1974 t o  May 18, 1974 was o n l y  0.1% h ighe r  than l a s t  year  du r ing  
t h e  same per iod.28 As discussed i n  Sect ion 8.3.4, t h e r e  a re  a number o f  reasons f o r  t h i s  
decrease i n  demand. 

P ro jec t i ons  o f  power demand f o r  1982 a re  very uncer ta in .  The a p p l i c a n t  

In t h e  U.S. t h e  cumulat ive 

The s t a f f  be l i eves  t h a t  t he  a p p l i c a n t ' s  est imate o f  about 7.5% per year  growth from a base o f  
12,703 Wd i n  1973 t o  24,350 MW i n  1982 i s  an upper l e v e l  o f  t h e  p r o j e c t i o n  f o r  peak summer 
power demand. U n t i l  more c e r t a i n t y  e x i s t s  and trends a re  b e t t e r  i nd i ca ted ,  i t  appears prudent 
t o  view t h e  24,350 MGIe p r o j e c t i o n  (and the corresponding values f o r  1980 and 1981) as an upper 
value f o r  p lanning.  

8.3.4 The Impact o f  Energy Conservation and S u b s t i t u t i o n  Measures on Need f o r  Power 

Recent energy shortages have focused t h e  Na t ion ' s  a t t e n t i o n  on t h e  importance o f  energy con- 
se rva t i on  as w e l l  as measures t o  increase the  supply  o f  a l t e r n a t i v e  energy sources. 
t o  conserve energy and t o  promote s u b s t i t u t i o n  o f  o the r  energy sources f o r  o i l  and gas have 
been recommended by t h e  Report t o  the Pres ident  on the Na t ion ' s  Energy Future as major e f f o r t s  
i n  rega in ing  n a t i o n a l  energy s e l f - s u f f i c i e n c y  by  1980.29 I n  the  f o l l o w i n g  sect ions,  the s t a f f  
considers conservat ion o f  energy as r e l a t e d  t o  the  need fo r  t he  e l e c t r i c i t y  t o  be produced by  
the Byron and Braidwood p l a n t s .  

The need 

8.3.4.1 Recent Experience 

Implementation o f  energy conservat ion measures by  households, business, and government has 
a l ready  c o n t r i b u t e d  t o  l e s s  growth than p r o j e c t e d  i n  t h e  consumption o f  e l e c t r i c i t y  n a t i o n a l l y  
s ince t h e  t h i r d  qua r te r  of 1973. 
economic slowdown, self- imposed vo l tage reduct ions,  and a somewhat m i l d e r  w i n t e r  than a n t i c i -  
pated. 
forecasted consumption by an average o f  about s i x  percent d u r i n g  t h e  pe r iod  December 1973 t o  
A p r i l  1974. Monthly peak l oad  demand a l so  was l e s s  than the forecast  by  an average o f  about 
s i x  percent  d u r i n g  t h e  same pe r iod .  

M i l d e r  than a n t i c i p a t e d  weather accounts f o r  an i n s i g n i f i c a n t  percent  o f  the d e v i a t i o n  from t h e  
monthly peak l o a d  demand f o r e c a s t .  Dev ia t i on  i s  a l s o  a t t r i b u t e d  t o  t h e  economic slowdown. A 
very rough approximation i n d i c a t e s  t h a t  the remaining 80% o f  t h e  d e v i a t i o n  i s  a t t r i b u t e d  t o  
energy conservat ion and changes i n  econometric f a c t o r s  such as p r i c e .  

The i n t e r p r e t a t i o n  o f  t h e  s i g n i f i c a n c e  o f  such l i m i t e d  data on energy conservat ion impacts 
on the  forecasted need f o r  power i n  the a p p l i c a n t ' s  genera l ' se rv i ce  area over the  nex t  s i x  
t o  t e n  years i s  uncer ta in .  For instance,  a l though conservat ion ef fects  on peak l oad  demand 
have been observed d u r i n g  t h e  w i n t e r  months, i t  i s  n o t  known i f  such e f f e c t s  w i l l  cont inue 
du r ing  the  h o t  sumner months when the a p p l i c a n t ' s  system peak load  occurs. Much w i l l  depend, 
of course, on t h e  f u t u r e  dec is ions of consumers and governmental agencies i n  responding t o  
t h e  energy c r i s i s  and p o t e n t i a l  developments i n  energy supply and demand f a c t o r s  which might  
ease t h e  energy c r i s i s  o r  cause i t  t o  worsen. Only ac tua l  data on power demand i n  the a p p l i -  
c a n t ' s  general se rv i ce  area w i l l  p rov ide a reasonable bas i s  f o r  demand p r o j e c t i o n s  which i nc lude  
conservat ion dec is ions.  

Fo r  t h e  app l i can t ,  l a c k  of growth a l so  cou ld  be a t t r i b u t e d  t o  

Consumption o f  e l e c t r i c i t y  i n  the  a p p l i c a n t ' s  se rv i ce  area has been l e s s  than the 

8.3.4.2 Promotional Advertisement and Conservation In fo rma t ion  Services 

I n  the past, Commonwealth Edison Company has attempted, through a d v e r t i s i n g ,  t o  increase t h e  
demand f o r  c e r t a i n  uses o f  e l e c t r i c i t y  i n  i t s  se rv i ce  area. 
t o  promote demand du r ing  off-peak periods, f o r  e l e c t r i t i t y  uses such as water hea t ing  and 
space heat ing.  

The a p p l i c a n t  terminated promotional a d v e r t i s i n g  and began a d v e r t i s i n g  t h e  e f f i c i e n t  use and 
conservat ion o f  e l e c t r i c i t y  i n  1973. Monthly r e p o r t s  t o  t h e  Federal Power Comnission i n d i c a t e  
t h a t  Comnonwealth Edison Company i s  sponsoring T.V., r a d i o  and newspaper a d v e r t i s i n g ,  p u b l i s h i n g  
booklets  and sponsoring i n d u s t r y  programs aimed a t  conserv ing e l e c t r i c i t y .  

A major t h r u s t  o f  a d v e r t i s i n g  was 

On a n a t i o n a l  basis, an est imated $450 m i l l i o n  was spent on promotional a d v e r t i s i n g  i n  1972 by 
manufacturers o f  e l e c t r i c a l  appl icances and equipment;30 t h i s  a d v e r t i s i n g  has n o t  been c u r t a i l e d .  
The manufacturer and u t i l i t y  programs tend t o  o f f s e t  each o the r  and t h e  n e t  e f f e c t  on f u t u r e  
demand i s  unce r ta in .  
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8.3.4.3 Change i n  U t i l i t y  Rate S t r u c t u r e  

The Federal Power Comiss ion  regu la tes  the  r a t e s  f o r  i n t e r s t a t e  wholesale e l e c t r i c  energy, 
w h i l e  t h e  I l l i n o i s  Comerce Commission regu la tes  the  r a t e s  u t i l i t i e s  charge the u l t i m a t e  con- 
sumer i n  the  a p p l i c a n t ’ s  se rv i ce  area. 

H i s t o r i c a l l y ,  u t i l i t y  r a t e  s t r u c t u r e s  were designed t o  encourage consumption o f  e l e c t r i c i t y  by 
us ing d e c l i n i n g  b lock  r a t e s ,  which r e f l e c t e d  the  d e c l i n i n g  average c o s t  o f  f u r n i s h i n g  a d d i t i o n a l  
k i l o w a t t  hours o f  e l e c t r i c a l  energy t o  each customer. 
d e c l i n i n g  b lock  r a t e s  was never s e r i o u s l y  disputed. 
i n c r e a s i n g l y  scarce f u e l  resources, d e c l i n i n g  b lock  r a t e s ,  by  l ower ing  t h e  p r i c e  o f  each add i -  
t i o n a l  k i l o w a t t  hour, t end  t o  encourage g rea te r  use o f  e l e c t r i c i t y  by  i n d i v i d u a l  consumers and 
a l so  t o  encourage i n d i v i d u a l  consumers t o  use m r e  e l e c t r i c i t y  i ns tead  o f  o t h e r  energy sources. 

The tendency i n  r a t e  making i s  towards a more l e v e l  s e t  o f  r a t e s .  However, i n  an Oak Ridge 
Na t iona l  Laboratory  study o f  t he  e f f e c t  of r a t e  s t r u c t u r e  on e l e c t r i c a l  energy consumption, 
i t  was concluded ( f o r  t he  U.S.) t h a t  equal ized r a t e s  f o r  a l l  c lasses o f  consumers would n o t  
m a t e r i a l l y  change the  aggregate e l e c t r i c a l  energy demand, 

U n t i l  r e c e n t l y ,  t h e  economic l o g i c  f o r  
Today, however, under cond i t i ons  o f  

8.3.4.4 Load-Shedding, Load Stagger ing and I n t e r r u p t i b l e  Load Contracts t o  Reduce Peak 
Demand 

Load shedding i s  an emergency measure t o  prevent  system co l l apse  when peak demand placed upon 
t h e  system i s  g rea te r  than t h e  system i s  capable o f  p r o v i d i v g .  This  measure i s  u s u a l l y  n o t  taken 
u n t i l  a l l  o ther  measures a re  exhausted. The Federal Power Commission’s r e p o r t  on t h e  major l o a d  
shedding t h a t  occurred du r ing  t h e  Nor theast  Power F a i l u r e  o f  November 9 and 10, 1965, i n d i c a t e s  
t h a t  r e l i a b i l i t y  o f  s e r v i c e  o f  t he  e l e c t r i c a l  d i s t r i b u t i o n  systems should be g iven more emphasis, 
even a t  t he  expense o f  a d d i t i o n a l  costs. ’  Th i s  r e p o r t  i d e n t i f i e d  severa l  areas t h a t  a r e  h i g h l y  
impacted by loss o f  power, such as e l e v a t o r s ,  t r a f f i c  l i g h t : ,  subway l i g h t i n g ,  p r i s o n  and com- 
municat ion f a c i l i t i e s .  
shedding as o n l y  a temporary method t o  overcome a shortage o f  generat ing capac i t y  du r ing  an 
emergency. 

Load s tagger ing has a l s o  been considered by the  s t a f f  as a poss ib le  conservat ion measure. 
B a s i c a l l y  t h i s  a l t e r n a t i v e  i nvo l ves  s h i f t i n g  the  work hours o f  i n d u s t r i a l  o r  commercial f i r m s  
t o  avo id  d i u r n a l  o r  weekday peaks. 
ex te rna l  t o  the u t i l i t y  i n d u s t r y  and i s  beyond t h e  bounds o f  u t i l i t y  i n d u s t r y  a c t i o n .  

For i n t e r r u p t i b l e  l o a d  con t rac ts  t o  be e f f e c t i v e  i n  system p lanning,  t h e  l oad  r e d u c t i o n  must 
be l a r g e  enough t o  be e f f e c t i v e  i n  system s t a b i l i t y  p lanning.  
p r i m a r i l y  r e l a t e d  t o  i n d u s t r i a l  customers. A t  t he  present  t ime th ree  o f  Conmonwealth Edison’s 
i n d u s t r i a l  customers are suppl ied a p o r t i o n  of t h e i r  se rv i ces  under Rider  17, E l e c t r i c  Furnace 
I n t e r r u p t i b l e  Serv ice.  
peak demand. 

I t ’ s  t h e  ser ious impact on areas such as these t h a t  r e s u l t  i n  l oad  

However, t h i s  i nvo l ves  customer and worker preferences 

Thus, t h i s  t ype  c o n t r a c t  i s  

Power i n t e r r u p t i o n s  a r e  be in  p r a c t i c e d  by t h e  u t i l i t y  a t  t imes o f  
The amount o f  power i nvo l ved  i n  small  9.100 MWe). 

8.3.4.5 Energy Use E f f i c i e n c i e s  

Due t o  energy shortages and h ighe r  energy costs  i n  the  U.S. economy, an emphasis r e c e n t l y  has 
been placed on i nc reas ing  the e f f i c i e n c y  of energy use. I n  the  past ,  t h e  s e l e c t i o n  o f  
e f f i c i e n c i e s  by  u t i l i t i e s  was normal ly  c a r r i e d  ou t  on a cos t  e f fec t i veness  bas is ,  i . e . ,  t he  
operat ions t o  produce e l e c t r i c a l  energy should r e s u l t  i n  t h e  lowest c o s t  product. A b r i e f  
rev iew  of e f f i c i e n c i e s  i nvo l ved  i n  the  use o f  coal  and nuc lear  f u e l  i s  app rop r ia te .  

Two e f f i c i e n c i e s  o f  i n t e r e s t  are t h e  generating p l a n t  e f f i c i e n c y  and t h e  f u e l  system e f f i c i e n c y .  
For t h e  generating p l a n t ,  t he  o v e r a l l  n e t  heat  r a t e  expresses the  e f f i c i e n c y  o f  f u e l  convers ion 
t o  e l e c t r i c a l  energy. With present  design p rac t i ces ,  c o a l - f i r e d  p l a n t s  have h ighe r  e f f i c i e n c i e s  
than the  LWR nuclear  p l a n t s .  
on l y  4/5 the  thermal i n p u t  t h a t  a nuc lea r  p l a n t  does. The f u e l  system e f f i c i e n c y  i nc ludes  
n o t  o n l y  the  energy used t o  conver t  f u e l  i n  the  genera t i ng -p lan t  b u t  a l so  the energy f o r  
mining, preparat ion,  and t r a n s p o r t a t i o n  o f  f u e l ,  I n  a d d i t i o n  t h e  t ransmiss ion losses t o  t h e  
customer a re  inc luded.  Neg lec t i ng  the  unrecovered coal  and uranium i n  min ing and m a t e r i a l  
losses i n  processing, i t  has been est imated t h a t  t he  coa l  system o n l y  needs 3/4 o f  t he  heat  
i n p u t  t h a t  a nuc lear  system does per  kGIh o f  e l e c t r i c a l  energy t o  the  consumer.32 

Although impor tan t  i n  assessments, energy use e f f i c i e n c i e s  based on thermal i n p u t  requirements 
are n o t  t he  o n l y  c r i t e r i a  i n  j udg ing  the  e f fec t i veness  o f  man’s use o f  resources. The 
e f f i c i e n c y  of l abo r  and c a p i t a l  t o  c o n s t r u c t  f a c i l i t i e s  must a l so  be considered and t h i s  i s  

Per k i l o w a t t  hour e l e c t r i c a l  output ,  t h e  c o a l - f i r e d  p l a n t  needs 
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generally done i n  the context of do l la rs .  
must a l so  be included when considering a l te rna t ive  fue l s .  
prices,  which a re  expected t o  exceed the increase i n  capital  costs on a percentage basis,  future 
designs of power plants can be expected t o  incorporate the l a t e s t  technology tha t  gives 
increases i n  efficiency. 

8.3.4.6 Factors Affecting the Efficient Util ization of Electrical  Energy 

Environmental cos ts  throughout the energy system 
W i t h  the increase i n  foss i l  fuel 

During the past two years, much of industry, the Federal Government and many Sta te  and local 
governments have mde the promotion of energy conservation a pr ior i ty  program. The Department 
of Comnerce has developed a departmentwide e f f o r t  to :  
energy in  the operation of t he i r  own processes and building; ( 2 )  encourage the  manufacture and 
marketing of more energy-efficient products; and ( 3 )  encourage businessmen t o  disseminate i n -  
formation on energy conservation. 
ro l e  i n  promoting the development and implementation of energy saving standards. Programs 
include: voluntary labeling of household appliances; research, development and education re la -  
t i v e  t o  energy conservation i n  b u i l d i n g ;  e f f i c i en t  use of energy in industrial  processes; and 
improved energy efficiency i n  environmental control processes. While considerable e f f ic ienc ies  
i n  e l e c t r i c i t y  usage have already been gained, and while further e f f ic ienc ies  will be rea l ized ,  
any present estimates o f  the magnitude of e l e c t r i c i t y  savings to  be realized over time must be 
treated a s  ten ta t ive  and subject to continual reassessment. 

Considerable efficiency can be achieved in space conditioning by improved insulation and the 
use of building materials w i t h  be t t e r  insulation properties as well as by using equipment which 
t ransfers  or s to re s  excess heat or cold. 
t o  be b u i l t  i n  Manchester, N .  H .  i l l u s t r a t e s  the potential fo r  energy conservation in future 
commercial buildings using existing technology. 
are anticipated to be a m i n i m u m  of 20 to 25 percent over a conventionally designed building 
i n  the same location. 
insulated walls, l ess  window area,  use of e f f i c i en t  heating and heat storage equipment, and 
the use of so la r  co l lec tors  on the  roof. 

In 1971, FHA established new insulation standards which were t o  reduce average residential  
heating losses by one-third. Studies have shwn tha t  i t  is possible t o  gain even greater 
reductions in heat loss through improved insulation a t  costs which a re  economical over a period 
of years. Improved insulation conserves not only i n  winter b u t  a l so  reduces the a i r  condition- 
ing burden i n  the s u m r .  

Lighting, which has accounted for  about 24 percent of a l l  e l e c t r i c i t y  sold nationally,  i s  
another area where savings a re  being realized. Many experts believe recommended l igh t ing  levels 
in typical commercial buildings have been excessive. I t  has been calculated tha t  adequate 
illumination i n  comnercial buildings can be achieved a t  50 percent of current levels through 
various design and operational changes. 

Another study indicated tha t  i f  a l l  households i n  1970 had changed to  fluorescent from incan- 
descent l igh t ing ,  the residential  use of e l e c t r i c i t y  for  l i g h t i n g  would have been reduced 
approximately 75 percent and to ta l  e l ec t r i ca l  sa les  would be reduced approximately 2 .5  percent. 3 3  
However, since the majority o f  residential  l ighting occurs i n  off  peak hours, the reduction 
on peak demand would be l e s s  than one percent. 

The potential f o r  greater energy efficiency in household appliances i s  well recognized. 
National Bureau of Standards i s  working w i t h  an Industrial  Task Force, from the Association 
of Home Appliance Manufacturers, i n  a voluntary labeling program which would provide consumers 
w i t h  energy consumption and efficiency values fo r  each appliance and educate them as  to  how t o  
use this  information. Room a i r  conditioners are the f i r s t  t o  be labeled. The next two ca te -  
gories of house appliances which a re  t o  be labeled a re  re f r igera tors  and re f r igera tor / f reezers  
and hot water hea te rs ,  

The importance of energy efficiency labeling of appliances i s  t ha t  i t  will allow the  consumer 
to se l ec t  the most energy e f f i c i en t  appliance. A recent study t i t l e d ,  "The Room Air Conditioner 
as an Energy Consumer," has estimated tha t  an improvement in average efficiency from s i x  t o  
10 Btuflatt-hr could hypothetically save e l ec t r i c  u t i l i t i e s  almost 58,000 MW i n  1980.33 Air 
conditioners which a re  more energy e f f i c i en t  require a combination of increased heat exchanger 
s ize  and higher efficiency compressors resu l t ing  in higher i n i t i a l  cost .  The consumer rmst be 
convinced tha t  i s  is prof i tab le  f o r  him in the long run to  purchase the mre expensive machine. 
Today, however, there i s  a high degree of uncertainty i n  predicting t o  what extent consumers 
will  ac tua l ly  purchase these more expensive appliances. In addition, selection of central a i r  
conditioning by developers and many home Owners has h i s to r i ca l ly  been based on minimizing 
f ront  end costs consistent w i t h  meeting local building zoning requirements. 

(1) encourage business firms to  conserve 

The National Bureau of Standards has been given a leading 

For example, the seven story Federal Office Building 

For th i s  particular building, energy savings 

Heat savings alone a re  expected t o  b e  44 percent because of be t t e r  

The 
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The r e a l i z a t i o n  o f  these p o t e n t i a l  energy savings depends upon many unpred ic tab le  economic, 
p o l i t i c a l  and techno log ica l  f a c t o r s .  
v a t i o n  measures r e q u i r e  the  accumulation o f  m c h  more e x p e r i e n t i a l  in format ion.  Also, some 
programs b e n e f i c i a l  t o  o v e r a l l  p r o d u c t i v i t y  r e q u i r e  t h e  expendi ture o f  a d d i t i o n a l  energy. 
example, t he  Nat ional  I n s t i t u t e  o f  Occupational Sa fe ty  and Hea l th  has recomnended heat  s t r e s s  
standards which would r e q u i r e  a s i g n i f i c a n t  number o f  employers t o  a i r - c o n d i t i o n  t h e i r  p l a n t s  .34 
The combination o f  f o rces  tending t o  increase energy use w i t h  the  u n p r e d i c t a b i l i t y  o f  t he  
fac to rs  which would h e l p  save energy makes any s i g n i f i c a n t  reduc t i on  i n  e l e c t r i c a l  demand 
due t o  more e f f i c i e n t  use h i g h l y  unce r ta in  a t  t h i s  t ime.  

Dependable fo recas ts  o f  t h e  e f f i c a c y  o f  energy conser- 

For  

8.3.4.7 Consumer S u b s t i t u t i o n  o f  E l e c t r i c i t y  f o r  Scarce Fuels 

While conservat ion measures a r e  r a t h e r  q u i c k l y  adopted i n  a " c r i s i s "  s i t u a t i o n ,  the consumer's 
s u b s t i t u t i o n  of e l e c t r i c a l  energy f o r  f u e l s  such as o i l  o r  gas takes severa l  years t o  r e s u l t  
i n  a s u b s t a n t i a l  upward impact on t h e  need f o r  power. 
e l e c t r i c i t y  f o r  scarce energy sources w i l l  increase i n  t h e  a p p l i c a n t ' s  s e r v i c e  area because 
o f  t he  u n c e r t a i n t y  o f  o i l  and gas suppl ies and t h e  ou t l ook  f o r  h ighe r  p r i c e s  r e l a t i v e  t o  the  
p r i c e  o f  e l e c t r i c i t y  produced from c o a l - f i r e d  o r  nuc lea r  p l a n t s .  
c a n t ' s  s e r v i c e  area, 3.9 percent  of l i v i n g  u n i t s  were e l e c t r i c a l l y  heated i n  1970 and a p r o -  
j e c t e d  7.8 percent  w i l l  be e l e c t r i c a l l y  heated by 1980. From 1970 t o  1980, the use o f  e l e c -  
t r i c  water  heaters  i s  p ro jec ted  t o  increase from 9.0 t o  10.9%, and t h a t  o f  e l e c t r i c  ranges from 
23.6 t o  25.6%. 

The s t a f f  expects t h a t  s u b s t i t u t i o n  o f  

For instance,  i n  t h e  a p p l i -  

8.3.4.8 Summary on Conservation 

The peak l o a d  i n  the  a p p l i c a n t ' s  area has decreased about s i x  percent  du r ing  the  p e r i o d  
December 1973 t o  A p r i l  1974. 
i n  the  se rv i ce  area, changes caused by economic f a c t o r s  such as e l e c t r i c i t y  p r i c e ,  and t o  
energy conservat ion p r a c t i c e s .  
p a r t  o f  t he  change i n  the  demand. 

A recen t  s tudy o f  t he  p o t e n t i a l  r e d u c t i o n  i n  o v e r a l l  U. S .  f u e l  consumption l e d  t o  the 
est imate t h a t  p ro jec ted  1980 consumption o f  96 q u a d r i l l i o n  B t u  (quads) cou ld  be reduced t o  
82 quads i f  a l l  reasonable measures were i n s t i t u t e d  as r a p i d l y  as poss ib le .  
c l e a r  t h a t  consumption o f  e l e c t r i c  energy would be reduced t o  t h e  same degree s ince  many energy- 
e f f i c i e n t  changes, such as increased p r o v i s i o n  and use of mass- t rans i t  f a c i l i t i e s  i n  urban 
areas, would a c t u a l l y  increase consumption o f  e l e c t r i c  energy. 
p r o j e c t i o n s  o f  t he  power demands as w e l l  as e l e c t r i c a l  energy were ad jus ted  downward by  
15 percent, t he  need f o r  t he  s t a t i o n  would be delayed by two years.  

Economic growth i n  the  Un i ted  States may be slowed by the shortage o f  petroleum products and the 
r e s u l t i n g  d i s l o c a t i o n s  of t he  economy. The increased emphasis on the  more e f f i c i e n t  use o f  
energy may l e a d  t o  reduced consumption o f  e l e c t r i c  energy f o r  present  uses, p r o v i d i n g  some margin 
f o r  new uses w i t h o u t  the c o n s t r u c t i o n  o f  generat ing p l a n t s .  However, t he  p e r s i s t e n t  shortage 
of petroleum f u e l s  would a l s o  tend t o  induce a d d i t i o n a l  use o f  e l e c t r i c  energy as a s u b s t i t u t e .  

The conservat ion measures as w e l l  as o the r  fac to rs  discussed i n  Sections 8.3.1, 8.3.2, and 
8.3.3 show t h e  u n c e r t a i n t i e s  i n  the p r o j e c t i o n s .  These w i l l  be discussed i n  con tex t  w i t h  
f a c i l i t i e s  t o  p rov ide  the  needed c a p a b i l i t y  i n  the nex t  sec t i on .  

8.4 NEEDED CAPABILITY 

The a p p l i c a n t  has changed h i s  plans on the  schedul ing o f  two Byron and two Braidwood gener- 
a t i n g  u n i t s .  Now the  f i r s t  Byron u n i t  and the f i r s t  Braidwood u n i t  a r e  scheduled i n  May 1980 
t o  p rov ide  power t o  meet the sumner peak demand. 
May o f  1981 and be a v a i l a b l e  f o r  t he  summer peak o f  t h a t  y e a r .  The Braidwood U n i t  No. 2 w i l l  
n o t  en te r  s e r v i c e  u n t i l  October 1981, and thus w i l l  be a v a i l a b l e  f o r  the 1982 peak. 
app l i can t  has a l s o  changed h i s  o r i g i n a l  schedule f o r  t he  re t i remen t  o f  o l d  u n i t s .  P rev ious l y  
he had planned t o  r e t i r e  10 f o s s i l - f i r e d  generat ing u n i t s  t h a t  had a t o t a l  summer c a p a b i l i t y  
o f  980 We.  Now he p lans t o  o n l y  r e t i r e  4 u n i t s  having a summer c a p a b i l i t y  o f  330 W e  p r i o r  
t o  the  s e r v i c e  dates o f  Bryon and Braidwood u n i t s .  I n  a d d i t i o n  t h e  a p p l i c a n t  has cancel led 
some t e n t a t i v e  p lans t o  s e l l  power d u r i n g  the  s u m r  peaks o f  1981 and 1982. 
these changes as reasonable p lanning pe r tu rba t i ons .  Table 8.3 shows the  a p p l i c a n t ' s  p r o j e c t i o n  
o f  capabi 1 i ty, demand, and reserves.  

Tbere are two main p a r t s  i n  the  a n a l y t i c a l  development o f  est imated requ i red  capac i t y  i n  f l i t u r e  
years f o r  a u t i l i t y :  
t h e  u n c e r t a i n t i e s  i n  demand have been discussed. Future reserve margins necessary f o r  r e l i a b l e  

This  i s  ma in l y  due t o  weather f a c t o r s ,  lower economic a c t i v i t y  

I t  i s  be l i eved  t h a t  energy conservat ion has caused the  l a r g e s t  

I t  i s  f a r  from 

However, i f  t h e  1980 and l a t e r  

The Byron U n i t  No. 2 w i l l  enter  se rv i ce  i n  

The 

The s t a f f  views 

the  power demand and reserve margin. The p r o j e c t e d  demand as w e l l  as 



Table 8.3.  Comnonwealth Edison‘s Capabi l i ty ,  Demand, and Reserve Data6A 

Year 1979 1980 1981 1982 1983 

A .  CAPABTLTTY, Mw 
S = S m e r ,  bl=F[inter S w s  w s  w s  tl s i i  

(a) Owned c a p a b i l i t y  21,953 22,328 24,163 24,568 25,283 26,808 27,473 28,655 29,290 30,522 
( b )  Non-firm purchases 

[ sa les )  624 624 624 624 624 624 624 624 31 2 31 2 

ADJUSTED CAP AB I L ITY ( a+ b ) 22,577 22,952 24,787 25,192 25,907 27,432 28,097 29,279 29,602 30,834 

B. DEMAND, MW 

( a )  Native 19,760 13,530 21,210 14,450 22,730 15,320 24,350 16,230 26,050 17,200 

( c )  I n t e r r u p t i b l e  - - - - - - - - - ( b )  Firm s a l e s  (purchases)  0 0 0 0 0 0 0 0 0 0 

ADJUSTMENT DEMAND (a+b+c) 19,760 13,530 21,210 14,450 22,730 15,320 24,350 16,230 26,050 17,200 9” 
d 

v 

C .  RESERVE 

( a )  bw (A-6) 2,817 9,422 3,577 10,742 3,177 12,112 3.747 13,049 3,552 13,634 
(b) Percent  (e x 100) 14.3 69.6 16.9 74.3 14 .0  79.1 15.4 80.4 13.6 79.3 

( B  1 
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systems w i l l  undoubted ly  change. 
i n g  t o  deve lop  c r i t e r i a  f o r  rese rves  and f o r  t h e  assignments o f  rese rves  r e s p o n s i b i l i t y  t o  i t s  
members. 
w i l l  be f a c t o r s  i n  t h i s  assignment.  

The f o r c e d  ou tage r a t e s  t h a t  w i l l  b e  exper ienced  by l a r g e  n u c l e a r  p l a n t s  a r e  u n c e r t a i n .  Poor 
exper ience  wou ld  i n d i c a t e  a need t o  i n c r e a s e  t h e  r e s e r v e  marg in ;  c o u n t e r a c t i n g  t h i s  i s  t h e  f a c t  
t h a t  as a system grows i n  s i z e  t h e  needed r e s e r v e  marg in  shou ld  decrease w i t h  t h e  a d d i t i o n  o f  
c o n s t a n t  s i z e  g e n e r a t i n g  un i t .s .  The a p p l i c a n t  c u r r e n t l y  uses one o f  t h e  l o w e s t  r e s e r v e  marg ins  
i n  t h e  u t i l i t y  i n d u s t r y .  
s t r e n g t h  o f  t h e  i n t e r t i e s  w i t h  o t h e r  u t i l i t i e s .  Ex tens i ve  i n t e r t i e s  i n c r e a s e  t h e  p r o b a b i l i t y  
o f  o b t a i n i n g  o u t s i d e  h e l p  i n  emergencies.  The r e s e r v e  marg in  of  14?; appears j u s t i f i e d ,  based 
on t h e  f l e x i b i l i t y  and exper ience  o f  t h e  a p p l i c a n t .  

The ma jo r  u n c e r t a i n t y  i n  t h e  need f o r  power i s  t h e  u n c e r t a i n t y  i n  t h e  p r o j e c t i o n  o f  t h e  peak 
power demand f o r  1980, 1981, and 1982. 
a p p l i c a n t ' s  demand p r o j e c t i o n  forms an upper  bound. 

From t h e  s t a f f ' s  v i e w p o i n t  i t  i s  reasonab le  f o r  t h e  a p p l i c a n t  t o  d e f e r  t h e  c o n s t r u c t i o n  o f  
t h e  un-named f o s s i l  u n i t  f o r  A p r i l  1982 shou ld  demand n o t  m a t e r i a l i z e ;  t h i s  would reduce t h e  
c a p a c i t y  by 1100 MW. Another  ad jus tmen t  t h a t  t h e  a p p l i c a n t  c o u l d  make, i f  t h e  demand d i d  n o t  
m a t e r i a l i z e ,  wou ld  be t o  d e l a y  t h e  c o n s t r u c t i o n  schedu le  so t h a t  one u n i t  would be completed 
one y e a r  l a t e r .  
2200 MW. T h i s  cor responds t o  9% o f  t h e  a p p l i c a n t ' s  p r o j e c t e d  summer peak (24350 MW) i n  1982. 
I n  a d d i t i o n ,  t h e  economic and env i ronmen ta l  i n c e n t i v e s  t o  r e t i r e  some a d d i t i o n a l  o l d e r  u n i t s ,  
such as those  i n d i c a t e d  i n  t h e  a p p l i c a n t ' s  o r i g i n a l  r e t i r e m e n t  schedule,  can be rev iewed.  

The rese rves  i n d i c a t e d  by t h e  a p p l i c a n t  f o r  1980, 1981, and 1982 a r e  16.9, 14.0, and 15.4 pe rcen t .  
The s t a f f  f i n d s  t h a t  t h e  c r i t i c a l  i t e m  i s  t h e  demand p r o j e c t i o n s .  W i thou t  t h e  two Braidwood u n i t s  
t h e  r e s e r v e  f o r  1980 and 1982 would 11.6 and 6 . 3  pe rcen t .  We b e l i e v e  t h a t  f u t u r e  i n f o r m a t i o n ,  
e s p e c i a l l y  t h e  magn i tude o f  t h e  summer peak i n  t h i s  and n e x t  yea r ,  w i l l  a l l o w  t i m e l y  
ad jus tments  t o  a p p l i c a n t ' s  p l a n s  f o r  power f a c i l i t i e s .  The s o c i o l o g i c a l ,  economical ,  and e n v i r o n -  
menta l  concerns can b e s t  be  accounted  f o r  w i th  such t i m e l y  ad jus tments .  

I n  v iew o f  t h e  u n c e r t a i n t i e s  i n  t h e  demand p r o j e c t i o n s ,  t h e  s t a f f  concludes t h a t  t h e  a p p l i c a n t ' s  
p roposa l  t o  add t h e  Braidwood and Byron S t a t i o n s  t o  i t s  oower system i s  a p r u d e n t  one. 

8.5 SUMMARY AND CONCLUSIONS 
1. 
energy  a r e  ve ry  s i m i l a r  t o  those o f  t h e  U n i t e d  S t a t e s .  The a p p l i c a n t ' s  e s t i m a t e  o f  t h e  f u t u r e  
g rowth  r a t e  ( p e r c e n t  power i n c r e a s e  p e r  y e a r )  o f  power demand, wh ich  was made a f t e r  t l ,e  n a t i o n a l  
energy  d i f f i c u l t i e s  i n  l a t e  1973 and e a r l y  1974, i s  about  t h e  same as es t ima tes  f o r  t h e  U .  S . ,  
wh ich  were made p r i o r  t o  t h e  energy sho r tage .  

2. 
t h e  p e r i o d  o f  May 1979 th rough  October  1980 i n  t h e i r  i n i t i a l  Env i ronmenta l  Repor t ,  t o  May 1980 
th rough  October  1981 i n  an amendment. The a p p l i c a n t  d i d  n o t ,  however,chanqe h i s  e s t i m a t e  o f  
peak power demands, b u t  o n l y  s t r e t c h e d  o u t  t h e  r e t i r e m e n t  schedu le  o f  t h e  o l d e r  f a c i l i t i e s  t o  
meet these demands. 

3. 
Us ing  expec ted  va lues  f o r  t h e  economic and weather  v a r i a b l e s ,  t h e  a p p l i c a n t  has had good success 
w i t h  t h i s  method o f  f o r e c a s t i n g  i n  t h e  p a s t .  The s t a f f  has rev iewed t h e  economet r ic  energy-  
f o r e c a s t i n g  method, wh ich  may be more s u i t a b l e  i n  these  t imes  o f  chang ing  energy  c o n d i t i o n s  
because t h e  e x p l a n a t o r y  v a r i a b l e s  may be a d j u s t e d  f o r  chang ing  c o n d i t i o n s ,  b u t  t h e  s t a f f  cannot  
c o n f i d e n t l y  use such an approach because t h e  e l a s t i c i t y  i n f o r m a t i o n  r e q u i r e d  f o r  use  o f  t h e  
method i s  n o t  a v a i l a b l e  f o r  t h e  a p p l i c a n t ' s  s e r v i c e  area ;  i n  a d d i t i o n ,  t h e  p r o j e c t i o n s  o f  t h e  
economic v a r i a b l e s  themselves a r e  u n c e r t a i n .  

Never the less ,  t h e  s t a f f  w ishes  t o  emphasize t h a t  economet r ic  s t u d i e s  t o  d a t e  have shown t h a t  
e l e c t r i c i t y  p r i c e  i s  one parameter t h a t  s t r o n g l y  i n f l u e n c e s  e l e c t r i c a l  energy  demand. I f  t h i s  
e f f e c t  were n o t  compensated by o t h e r  v a r i a b l e s  t h a t  i n c r e a s e  demand, a f t e r  s u i t a b l e  t i m e  l a g s ,  
a decrease i n  e l e c t r i c a l  energy consumption due t o  t h e  r e a l  p r i c e  i nc reases  i n  e l e c t r i c a l  
energy  would r e s u l t .  

4. The s t a f f  f i n d s  t h a t  t h e  a p p l i c a n t ' s  e s t i m a t e  of f a c i l i t i e s  t o  meet h i s  p r o j e c t e d  power demand 
i s  a p ruden t  e s t i m a t e  because t h e  l o n g  l e a d  t i m e  n u c l e a r  f a c i l i t i e s  must be scheduled b e f o r e  " t h e  
r e s u l t s  a r e  i n "  from o u r  energy s h o r t a  e .  T h i s  e s t i m a t e  forms an upper bound. I f  t h e  demand i s  
l e s s  than  a n t i c i p a t e d ,  t h e  un-named11foMW f o s s i l  u n i t  ( f o r  1982) can be d e f e r r e d ,  and t h e  n u c l e a r  
p l a n t  c o n s t r u c t i o n  s lowed by one y e a r .  
by app rox ima te l y  2200 MW, wh ich  i s  9% of t h e  p r e s e n t l y  p r o j e c t e d  

A t  t h e  p r e s e n t  t ime ,  t h e  M A I N  R e l i a b i l i t y  Counc i l  i s  a t tempt -  

T ransmiss ion  i n t e r c o n n e c t i o n s  among u t i l i t i e s  and g e n e r a t i n g  u n i t  fo rced-outage r a t e s  

P a r t  o f  t h e  j u s t i f i c a t i o n  f o r  t h i s  low marg in  i s  t h e  number and 

As p r e v i o u s l y  s t a t e d  t h e  s t a f f  b e l i e v e s  t h a t  t h e  

The combined e f f e c t  o f  t hese  two procedures  would reduce c a p a c i t y  by abou t  

The a p p l i c a n t ' s  h i s t o r i c a l  g rowth  ( l a s t  10 y e a r s )  and t h e  p e r  c a p i t a  use o f  e l e c t r i c a l  

The a p p l i c a n t  changed t h e  proposed o p e r a t i o n a l  da tes  f o r  t h e  Byron and Braidwood u n i t s  f r o . ;  

The a p p l i c a n t  f o r e c a s t s  t h e  peak power demand based on an economic and a weather component. 

The a c t i o n  would reduce t h e  summer peak c a p a c i t y  f o r  1982 

peak demand f o r  t h a t  yea r .  
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5. The s t a f f  f i n d s  t h a t  the  annual e l e c t r i c a l  energy consumption pro jec ted  by the appl icant  
i s  high. 
consumption w i l l  be no higher  than i t  was i n  the per iod from 1960 through 1972; t h i s  corresponds 
t o  about 7%/yr .  The 1982 energy consumption will  be about 951 of the  a p p l f c a n t ' s  p r o j e c t i o n s  
i n  i t s  Environmental Report and i n  the M A I N  Report t o  the FPC. 

6. 
of 1981 and 1982, there i s  a need f o r  t h e  4420 MWe of addi t iona l  power c a p a b i l i t y  represented 
by the Braidwood and Byron S t a t i o n s .  

The s t a f f  be l ieves  t h a t  from 1973 u n t i l  1982 t h e  average annual growth r a t e  of energy 

The s t a f f  concludes t h a t  i n  o rder  t o  meet prudent es t imates  of power demand i n  the summers 
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9. BENEFIT-COST ANALYSIS OF ALTERNATIVES 

9.1 ALTERNATIVE ENERGY SOURCES AND SITES 

9.1.1 Alternates Not Requiring Creation of New Generating Capacity 

9.1.1.1 Purchased Power or Diversity Exchange 

The expectation of continued growth of electric energy consumption is general throughout the 
U. S .  so that nearly every electric utility plans to add generating capacity to meet its own 
load growth. 
in the long term only ifneighboring utilities consistently maintained capacity excess to their 
own needs. 

A s  shown in Table 9.1, all of the larger MAIN companies and pools will require substantial 
capacity additions by 1981. 
it would be particularly inappropriate for other smaller companies to add further capacity on 
the scale adequate to meet the applicant's need. (The total estimated reserve at the 1981 
summer peak of MAIN companies other than the applicant i s ' l e s s  than triple the capacity of 
the proposed Braidwood Station.) 

Since midwestern utilities generally have summer-peaking loads, diversity exchange of power 
on the required scale is not feasible. The staff therefore considers that neither purchase 
nor exchange of power is a viable alternative. 

A particular utility could avoid the construction of additional generating plants 

Since the applicant i s  the largest midwestern electric utility, 

9.1.1.2 Reactivating or Upgrading an Older Plant 

The applicant does not have deactivated units of sufficient size to achieve 2240 MWe in generating 
capacity. Upgrading o f  existing units is not considered feasible because only the older and smaller 
of the applicant's generating units operate at sufficiently low efficiency for significant upgrading 
to be theoretically possible. 
only a few hundred MWe capacity would be added to the applicant's system. 
practicable approach to "upgrading" would require replacement of boilers and turbines. 
would probably be greater than that of new capacity while all output from the units would be lost 
during the protracted rebuilding. 

The staff therefore considers that reactivating or upgrading existing plants is not a viable 
a1 ternati ve . 

Even if all of these could be increased in output by ten percent, 

The cost 
Moreover, the only 

9.1.1.3 Operating Peaking Units as Base Load Units 

As discussed in Section 8.4, additional generating capacity as well as additional energy production 
will be needed by the applicant in about the same proportion. 
peaking units would meet (in part, and uneconomically) only the latter need. 
not a viable alternative. ' 

9.1.2 Alternatives Involving Creation of New Generating Capacity 

The base-load operation of existing 
It is, therefore, 

9.1.2.1 Energy Source Considerations 

The 
generating station planned at this time. 
consider&. 

(a) Natural as Additional supplies o f  this desirable fuel are not available to the 
applicant& 9.2-5). Because of the probable long-term shortage of natural gas* the 
staff considers avoidable new industrial COnSUmptiOn Of this fuel to be undesirable, in any case. 

believes that only nuclear- or coal-fueled plants are reasonable choices for a 

The alternatives dismissed, and a brief discussion Of each, are as follows: 
Either type is feasible at any of the sites 

(b) Petroleum liquids. Because o f  the probable long-term shortage of Petroleum 
the considers new consumption of these fuels to be undesirable where it Can be avoided* 

9-1 
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Table 9 .1 .  C a p a b i l i t y ,  Demand, and Reserve P r o j e c t i o n s  f o r  MAIN Plernber Groups 
( a l l  values  a t  summer peak, i n  thousands o f  MWe) 

Adjusted Capabi 1 i t y  Adjusted Demand 1981 
1974 1981 Increase 1974 1981 Inc rease  Reserve 

lilA I N t o t a  1 37.9 62.1 24.2 31.3 53.4 22.1 8.7 

Appl i can t 13.4 23.1 __ 9 . 7  - -  1 6 . 3  26.5 10.2 - -  3.4 - 
MAIN l e s s  21 .6  35.6 14.0 17 .9  30.3 12.4 5 . 3  

appl i c a n t  

I1 1 i n o i s - -  11.2 18.8 4 .4  9.6 15 .6  9.2 3.2 
Missouri Pool 

Wisconsin-- 6.8 1 1 . 1  4 . 3  5.7 9 .3 3.6 1.7 
Upper Michigan 
Group 

Source: MAIN'S 1973 Reply t o  Appendix A of (FPC) Order No. 383 Mid-America 
Interpool  Network, A p r i l  1973. 
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( c )  Municipal solid wastes. The b u r n i n g  of municipal wastes as a power-plant fuel (mixed 
with coal7 has been demonstrated in S t .  Louis.2 
t o  use Chicago municipal wastes i n  t h i s  way. 
coal,  since available SlJDPlieS Of waste will n o t  meet the total  demand f o r  f u e l .  

where hydroelectric power in any s igni f icant  amount can be generated. 

i n  Europe and t o  a limited extent in the western part  of t h i s  country. 
geothermal resource areas in I1 1 inois . 3  

Solar power. 
Until low-cost methods of energy collection and storaqe can be coupled with solar un i t s ,  t h i s  
supply of energy will rernain unsuitable as a source of base-load power. 

Power from the w i n d  has b e e n  demonstrated on a 1-Fw scale i n  Vermont. 
Because wind power i s  intermittent,  i t  is unsuitable as a source of base-load power. 

Two advanced nuclear energy sources a re  the breeder reactor and the  controlled thermonuclear 
reactor. 
breeder reactor plant i s  now in the design stage ( the  applicant happens t o  be the  u t i l i t y  
industry representative in t h i s  project) b u t  demonstrated commercial f e a s i b i l i t y  i s  not expected 
f o r  some years t o  come. 

The applicant has under consideration a program 
The s t a f f  considers t h i s  fuel o n l y  as a supplement t o  

( d )  Hydroelectric power. 

( e )  

There a re  no s i t e s  available near the applicant 's  service area 

Geothermal energy. Geothermal energy i s  currently being developed a s  a power source 
There a re  no known 

Therefore, geothermal energy i s  not a viable a1 ternative.  

( f )  Solar power i s  a l so  beinq studied a t  t h i s  time with increasing emphasis. 

(9)  Wind power. 

Sc ien t i f ic  f eas ib i l i t y  of the l a t t e r  has not ye t  been demonstrated. A demonstration 

9.1.2.2 Regional Considerations 

The appl icant ' s  strategy fo r  s i t e  location i s  determined t o  a great extent by the concentration 
of load in the Chicago metropolitan area and by the limited available sources of cooling water. 
As shown i n  F i g .  9.1, existing or proposed plants a re  found on each of the larger r ivers  of 
I l l i n o i s  and on Lake Michigan. 

In order t o  reduce the r i sk  of systemwide f a i lu re  triggered by the outage of a single generating 
s ta t ion  o r  transmission l i n e ,  the applicant l imi t s  the capacity p lanned  fo r  a single s i t e  t o  
10-20% of system capacity and  t r i e s  to maintain roughly balanced use of the major transmission 
avenues into the metropolitan area (see Fig. 8 .2 ) .  Considerations of t h i s  nature led to the 
choice of a Rock River s i t e  west of Chicago (Byron) and a Kankakee River s i t e  south o f  
Chicago (Braidwood) for  plants expected t o  begin operation i n  the 1979-1981 period. 
r e f l ec t s  the need f e l t  for  geographical dispersion and the f a c t  t h a t  the most recent plant additions 
prior to Byron and Braidwod will be Zion (1973, n o r t h ) ,  Collins (1976, southwest), a n d  
La Sa l le  (1978, southwest). 

The only feas ib le  a l te rna t ive  subregion within the appl icant ' s  service area appears to be tha t  
along the Mississippi from Quad Ci t ies  north t o  the Wisconsin Border.* 
northern part  of the Chicago metropolitan area would be well located from a systems-planning 
point of view b u t  i s  probably not feas ib le  because of the d i f f i cu l ty  of acquiring a s i t e  and 
because of prohibitions on the  use of Lake Michigan fo r  cooling water.** 

The s t a f f  sees no clearcut environmental balance favoring the Mississippi River subregion over 
the  Kankakee subregion, or  vice versa. Because of i t s  greater flow, the Mississippi can more 
readily support the diversion of cooling water t h a n  can the Kankakee. On  the  other hand, the 
greater length o f  transmission l ine  required fo r  a s i t e  near the Mississippi would impose 
greater economic and environmental cos ts  than for the Kankakee River location. On the whole, 
the appl icant ' s  strategy of using the several feas ib le  subregions in turn seems reasonable and 
prudent both from environmental and systems-planning considerations. 

The choice 

A new plant in the 

9.1 2 . 3  Candidate Site-Source Alternatives 

The applicant considered four s i t e s  along the Kankakee River (see Fig. 9.2). The s t a f f  considers 
each of them su i tab le  for e i ther  coal-fueled or nuclear p l a n t s  although not a l l  cooling-system 
a l te rna t ives  a re  viable a t  every s i t e .  

three t o  four miles southeast o f  Manence, I l l . ,  and  about two miles south of the r ive r .  
Fig. 9.2,  this s i t e  i s  identified a s  "Alternative I " .  

They are:  

(a )  h e n c e  s i t e .  The easternmost s i t e  considered i s  near the Il l inois-Indiana border, 
In 

T h e  applicant has recently announced plans for  a future plant near Savanna, I l l i n o i s ,  on 

**Ill inois has imposed a moratorium on once-through lake cooling o f  new plants while use o f  
the Mississippi about 50 miles west of the Byron s i t e .  

lake water for  cooling-tower makeup would appear t o  v io la te  the Great Lakes diversion l i m i t  
set  by the U.S.-Canada agreement. 
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Fig. 9.1. Schematic Location of Inputs to the Metropolitan Area. 
From the applicant's Environmental Report. 
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Fig. 9.2. Alternative Generating Station Sites. From the 
applicant's Environmental Report. 
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The present land use is main l y  a g r i c u l t u r a l .  
sand. 
s e r i o u s l y  d i s t u r b  e x i s t i n g  pa t te rns  o f  groundwater f l ow .  
would remove several thousand acres o f  crop land from product ion,  a coo l i ng  l ake  would be 
i napprop r ia te  a t  t h i s  l o c a t i o n .  

Mean f l o w  of the Kankakee River  a t  Momence i s  about 1770 c f s  w i t h  median f l o w  about 1400 c ~ s . ~  
The lowest  recorded seven-day f l o w  was 317 c f s  i n  1919 and the lowest  one-day f l o w  was 306 c f s  
i n  the same year .  A 2240-MWe nuclear  generat ing s t a t i o n  cooled by wet towers o r  a spray canal 
would consume about 50 c f s  a t  f u l l  power and an a d d i t i o n a l  25 t o  50 c f s  would be withdrawn 
but  re tu rned  t o  the  r i v e r  a s  blowdown. 
r e q u i r e  reduc t i on  of ou tpu t  l e v e l  du r ing  extreme low-f low per iods.  
capac i t y  would consume l e s s  water, 35 t o  40 c f s  a t  f u l l  power. 

west t o  southwest of Kankakee, I l l i n o i s .  Land-use considerat ions would weigh against  cons t ruc t i on  
o f  a c o o l i n g  l ake  s ince the present  use i s  l a r g e l y  a g r i c u l t u r a l .  
o f  n a t u r a l - d r a f t  wet towers a t  t h i s  s i t e  i s  t h a t  the p r e v a i l i n g  wind could c a r r y  the plume over 
the c i t y  and/or a i r p o r t .  
confluence o f  the Kankakee and the  I r o q u o i s  i s  upstream (mean f l o w  o f  t he  I roquo is  473 c f s ,  
lowest  recorded seven-day f l o w  6.6 c f s ) .  

f o u r  m i l e s  east  o f  the reference Braidwood s i t e ,  as shown i n  Fig.  9.3. Present l and  use i s  
l a r g e l y  a g r i c u l t u r a l ,  w i t h  unmanaged woodland along the  banks o f  the creek. 

Because the  mouth o f  Horse Creek i s  probably  a spawning area f o r  t he  Kankakee River  f i s h e r y ,  
c r e a t i o n  o f  a c o o l i n g  l a k e  by a dam near the mouth would present an eco log i ca l  problem. 
the  l ake  would preempt most o f  t he  creek drainage area, f l o w  below the dam would be g r e a t l y  
reduced unless blowdown were discharged t o  t h e  creek, r a t h e r  than d i r e c t l y  t o  the r i v e r .  I n  
t h a t  case, however, temperature and water q u a l i t y  a t  t he  mouth would be c o n t r o l l e d  by the  
blowdown c h a r a c t e r i s t i c s .  Lake c o n s t r u c t i o n  cos t  probably  would be l e s s  than a t  Braidwood. 

I f  wet towers were used, blowdown could be discharged d i r e c t l y  t o  the r i v e r .  
would then be s u b s t a n t i a l l y  the same f o r  e i t h e r  the  Horse Creek s i t e  o r  the reference s i t e .  
Mean f l ow  o f  t he  Kankakee River  below Horse Creek i s  about 3900 c f s  w i t h  median f l o w  o f  about 
2300 c f s .  The lowest  recorded seven-day f l o w  was 347 c f s ,  i n  1936. 

from s t a t i o n  c o n s t r u c t i o n  and operat ion a r e  described i n  Sections 4 and 5. 
f o r  a c o o l i n g  l ake ,  i t  has the advantage t h a t  about 80% o f  the  proposed l a k e  and d i k e  area i s  now 
s t r i p -m ine  s p o i l  (see F ig .  2 .3 ) .  Wi th  wet tower cool ing,  probably  none o f  t he  mine s p o i l  would 
be used, except perhaps as exc lus ion area. O f  the remaining s i t e  area, about 790 acres, about 
36%, i s  now o r  r e c e n t l y  has been c u l t i v a t e d .  

The t o p s o i l  i s  sandy loam over about 25 f e e t  o f  
Const ruct ion o f  a reasonably w a t e r t i g h t  coo l i ng  l ake  would be expensive and leaks might  

For these reasons and because a l ake  

S t a f f  i s  o f  t he  op in ion  t h a t  eco log i ca l  concern might  
A coa l - fue led  p l a n t  o f  equal 

(b )  Kankakee s i t e .  Th is  s i t e ,  i d e n t i f i e d  as " A l t e r n a t i v e  11" i n  F i g .  9.2, i s  a few m i les  

A poss ib le  o b j e c t i o n  t o  the use 

Low-flow problems would be l e s s  ser ious than a t  Momence because the 

( c )  Horse Creek s i t e .  Th is  s i t e ,  i d e n t i f i e d  as " A l t e r n a t i v e  111" i n  F i g .  9.2, i s  about 

Because 

The aqua t i c  impacts 

(d )  Braidwood s i t e .  The reference s i t e  i s  discussed i n  Sect ion 2 and the expected impacts 
Considered as a s i t e  

9.1.2.4 Eva lua t i on  o f  S i t e  A l t e r n a t i v e s  

I n  most respects ,  each o f  t he  four  s i t e s  considered presents  much the  same se t  o f  probable 
environmental impacts, those which a r i s e  from the  change from a g r i c u l t u r a l  t o  i n d u s t r i a l  use o f  
t h e  l and  and those due t o  the  wi thdrawal ,  consumption, and r e t u r n  as warmed blowdown o f  r i v e r  
water. Se lec t i on  o f  t he  
Braidwood s i t e ,  f o r  any choice o f  c o o l i n g  system, would r e s u l t  i n  the l e a s t  withdrawal o f  
p roduc t i ve  land from a g r i c u l t u r e .  
impacts due t o  use o f  e i t h e r  o f  the upstream s i t e s ,  Momence o r  Kankakee, than i f  Horse Creek o r  
Braidwood were chosen. 
e f f e c t  o f  the expected impacts, p a r t i c u l a r l y  under extreme low-f low cond i t i ons .  

The s t a f f  has i d e n t i f i e d  no c l a s s  of environmental impact f o r  which the Braidwood s i t e  would be 
i n f e r i o r  t o  any o f  t he  a l t e r n a t i v e  s i t e s  considered o r  indeed t o  any s i t e  along the  Kankakee. 
Moreover, as discussed below i n  Sect ion 9.2.1.1, t h e  s t a f f  concludes t h a t  the coo l i ng  l ake  
a l t e r n a t i v e  i s  p re fe rab le  a t  any of t he  s i t e s .  For the  lake,  t he  Braidwood s i t e  i s  c l e a r l y  the 
best because of  the low value, e c o l o g i c a l l y  and economical ly, o f  the mine s p o i l  which would p rov ide  
f o u r - f i f t h s  of the lake and d i ke  area and because o f  t he  minimal d i s r u p t i o n  o f  e x i s t i n g  human 
a c t i v i t i e s  which would r e s u l t  from cons t ruc t i on  o f  the lake.  

Q u a n t i t a t i v e  d i f f e r e n c e s  appear w i t h  respect  t o  l and  and water use. 

Many more m i l e s  o f  r i v e r  would be a f f e c t e d  by the  aqua t i c  

Also, t he  lower r i v e r  f l o w  a t  Momence would add t o  the  eco log i ca l  

9.1.2.5 Comparison of Coal and Nuclear Generating S ta t i ons  

9.1.2.5.1 Economic. The comparative estimated 1980-1981 costs  o f  cons t ruc t i on  and 
opera t i on  f o r  2240-MWe coa - fue led  and nuc lear  l a n t s  a re  i ven  i n  Table 9.2.* The s t a f f  
est imates of c o n s t r u c t i o n  r o s t s  a re  subs tan t i a l yy  h ighe r  t t a n  those o f  t h e  app l i can t .  For the  

*The terminology o f  Table 9.2 ("present value", " l eve l i zed" ,  e tc . )  i s  expla ined i n  Appendix C 
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Fig. 9.3. Site Alternative I11 on Horse Creek. Modified from 
applicant's Environmental Report. 
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Table 9.2. Comparative Economic Costs for 2240-We 
Coal and Nuclear Plants at 65% Load Factor 
(in millions of dollars except as noted) 

Coa 1 Nuclear 

P1 ant Construction 
Present value 
Levelized annual 
Level ized mills/kWh 

820 (996) 922.4 (1213) 
78.1 87.8 
6.1 6.9 

Plant Operation and Maintenance 
Present value 156 208 
Levelized annual 14.9 19.8 
Levelized mills/kWh 1.2 1.6 

Fuel Consumption 
Present value 
Levelized annual 
Levelized mills/kWh 

Oecommi s s i o n i  nq 
Present value 
Level i zed annual 
Level i zed mi 1 1  s/  kWh 

Total Life-of-plant Cost 
Present value 
Level i zed annual 
Levelized mills/kWh 

1326 337 
126.2 32.1 
9.9 2.5 

1.7 16.6 
0.1 0.6 

.005 0.05 

2304 1484 
21 9 
17.2 

140.3 
1 1  .o 

Notes: Values in parentheses are staff estimates. All others are 
basedon applicant's estimates (Environmental Report, Table 9.3-Z), 
adjusted to the foll owing assumptions : 

a. Taxes are not considered. 
b .  Discount rate i s  8.75%. 
c .  Escalation of operation and maintenance costs is 5%. 
d. Decommissioning costs in 1980-1981 would be $5 million 

for the coal plant, $50 million for the nuclear plant, 
with subsequent escalation at 5%. 

Note also that natural-draft wet tower cooling i s  assumed for both plants 
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coal plant, t h i s  appears t o  r e f l ec t  a larger allowance for stack-gas cleaning equipment. For 
both plant types the s t a f f  assumed higher escalation rates and in t e re s t  ra te  d u r i n g  construction 
than did the applicant.  For e i t h e r  the s t a f f ' s  o r  the appl icant ' s  choice of assumptions, the 
s ign i f icant  r e l a t ive  comparison of overall costs favors the nuclear plant.  

Because the comparison of capital  costs favors coal plants over nuclear plants while the  
comparison of fuel costs tends towards the opposite, the overall economic balance i s  sensit ive 
to  the assumed load fac tor .  The assumed fuel cos ts  themselves a re  projected from current values 
on the  basis of assumed escalation r a t e s .  Moreover, the estimated capital  costs re f lec t  
assumptions a s  t o  in te res t  r a t e s  and future taxes.  Also, the s t a f f  believes tha t  fo r  a NEPA 
review, the t a x  component of capital  charges should not be considered* whereas, for  the 
applicant,  taxes a re  a s  real as any other cos t  component. 
i s  displayed i n  F i g .  9.4. 
w i t h  a coal-fired plant operating a t  80% load fac tor ,  the nuclear plant i s  competitive a t  a l l  
load factors above 35%, for the high s e t  of cost  assumptions. 
t ions ,  the nuclear plant is competitive for  a l l  load factors above 55%. 

According to  the calculations displayed in Fig. 9.4, the nuclear s ta t ion  would generate e l e c t r i c  
energy a t  lower cost  than the comparable coal-fueled plant ( for  load fac tor  0 . 3  or greater)  
unless the fu ture  price escalation ra te  fo r  nuclear fuel proves t o  be markedly higher than tha t  
for coal (say 6% for  nuclear vs. 3% for  coa l ) .  The s t a f f  finds no reason to  expect t h i s  course 
of events, which i s  contrary t o  the h is tor ica l  trend of re la t ive  prices.  Therefore, the s t a f f  
concludes tha t  the nuclear a l te rna t ive  is  the m r e  prudent choice, w i t h  respect t o  economic 
considerations . 

9.1.2.5.2 Environmental. Modern fossil-fueled plants operate a t  higher thermal 
efficiency t h a n  mst current nuclear plants. 
efficiency i s  about the same as  coal-  or o i l - f i red  plants, i s  beginning t o  come into commercial 
use.) Also, some of the heat i s  discharged w i t h  the other combustion products th rough  the stack 
to the atmosphere. 
f o r  a nuclear plant of the same e lec t r ica l  capacity. 

The natural radioactivity i n  a t  l e a s t  some types of coal is  suf f ic ien t ly  great so tha t  stack 
emissions have been measurable5 b u t  the degree t o  which the e f fec t  varies w i t h  coal type i s  
n o t  known. The release of radioactivity from mdern nuclear plants i s  required to  be "as low 
a s  practicable" i n  accordance w i t h  Commission regulations.  Any result ing increase i n  dose 
levels will normally be a small percentage of doses result ing from natural background. 

Substantial quantit ies of d u s t ,  su l fur  dioxide, nitrogen oxides, carbon monoxide, hydrocarbons, 
and aldehydes a re  emitted from coal- and o i l - f i r ed  plants.  The Environmental Protection 
Agency (EPA)  has set l imi t s  on emission of par t icu la te  matter (dus t ) ,  sulfur dioxide, and 
nitrogen oxides for  new generating plants.6 The control equipment and procedures required 
t o  meet the EPA standards probably will a l so  change the emission of the other substances t o  
some degree. 
gives a rough indication of the magnitudes. 

For coal-fueled plants equivalent t o  the s ta t ion  (2240 N e ) ,  operating a t  65% load fac tor  
(and without emission cont ro ls ) ,  the expected values are: 
hydrocarbons, 1 .8  tonslday; and aldehydes, 62 lb /day .  

The expected environmental impacts which would r e su l t  from operation o f  the s ta t ion  or a 
coal- o r  o i l - f i red  plant of equal output a re  compared in Table 9.3. Radiological and cooling 
system impacts a re  l e s s  fo r  the fossil-fueled plants,  a s  is the consumptive use of water through 
evaporation. 
s ta t ion ,  according to  the assessment given in Section 5. 
would release on the order of 200 tons per day of chemical pollutants t o  the atmosphere, 
while the release from the reference plant would be n i l .  
the s t a f f  to dominate the balance of environmental e f f ec t s  d u r i n g  operation, which then favors 
the nuclear plant.  

The impacts associated w i t h  construction appear to be qua l i ta t ive ly  the  same for  e i ther  the 
reference or a l te rna t ive  plant. 
coal-fueled plant since more "disturbed" acreage i s  needed to  accommodate fuel and ash storage. 
W i t h  the cooling lake a l te rna t ive ,  the smaller waste heat of the coal-fueled plant m i g h t  reverse 
the r e l a t ive  overall land-use impact. 

The s t a f f  concludes t h a t  the reference (nuclear) plant i s  superior t o  the  a l te rna t ive  coal-fired 
plant w i t h  respect t o  both overall environmental cost  and probable economic cost .  

The e f f ec t  of varying these assumptions 

For the low s e t  of cost  assump- 

The f igure  shows t h a t ,  for a fixed charge r a t e  of 9.52% in comparison 

(The high-temperature gas-cooled reactor,  whose 

Consequently the heat release t o  cooling water is about two-thirds that 

However, the  available data fo r  combustion without pollution-control equipment' 

carbon monoxide, 6 tons/day; 

However, these impacts are o f  modest consequence to the environment fo r  the 
Either type of fossil-fueled plant 

The l a s t  consideration appears t o  

quantitatively,  the  overall impact would be greater f o r  the 

-~ ~ 

*This q u e s t i o n i i  discussed more fu l ly  in Appendix C .  
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F i g .  9.4.  Generating Cost Dependence on Load Factor for  Alternative Coal and Nuclear 2240-We 
Plants. 
( r i gh t  diagram). The lower r a t e  corresponds t o  the s t a f f ' s  uniform assumption o f  
8.75% discount r a t e  and 30-year operating l i f e  with no allowance for  property and 
corporate income taxes. 
and includes estimated taxes. 

Values a re  plotted for  fixed-charge rates of 9.52% ( l e f t  diagram) and 12.91% 

See Appendix C .  The higher r a t e  i s  the applicant 's  value 
Other assumptions a re  given in the tab le  below. 

Coal Nuclear 
LOW High LOU High 

Construction c o s t s ,  a20 996 922 1213 
millions of dol lars  

Operation and maintenance costs, 8 1 5  10 1 3  
1980-81, mil l ions of dol lars  

Operation and maintenance 5% 5% 5% 5% 
escalat ion rate  

Fuel costs ,  1980-81, 4.5 9.0 2.0 2 . 5  
m i l  Is /kWh 

Fuel escalat ion rate 3% 7% 3 x  7% 

Discount rate  8.752 8.752 8 . 7 5 ~  8.752 
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Table 9 . 3 .  Comparative Environmental Costs f o r  2240-MWe 
Coal and Nuclear P lan ts  a t  65% Load Factor 

Impact Coal Nuclear 

Land Use 
S t a t i o n  proper ,  acres  
Fuel s torage ,  acres  
Waste s torage ,  acres  
Exclusion a r e a ,  acres  

Releases t o  Air 
Dust,b tons/dayb 
Sulfur  dioxide,  tonslday 
Nitrogen oxides ,b  tons/day 
Radioac t iv i ty ,  man-rem/year 
Heat, bi 11  ion Btu/day 

130 ca 130 
ca 70 minor 
ca 600 ca 50 

not required ca 1 0 0 0 ~  

20 
240 
140 

small 
170 

Kankakee River 
Heat i n  blowdown, b i l l i o n  Btu/day 3.5 
Chemicals dissolved in  blowdown,c tonslday 70 
Radioac t iv i ty ,  man-remlyear none 
Water consumed (evaporat ion)  

mi l l ion  gal/day 11  

Fuel 
Consumed, tons/day 
Ash, tons/day 

ca 13000 
ca 1300 

none 
none 
none 

sinal 1 
240 

5 
100 

0.24 

16 

0 .2  
0.2 

Est het i c 
Large i n d u s t r i a l  s t r u c t u r e s  in 

both cases  

Also coal yard,  
ash p i t ,  600-f t  
s tack required 

a 

bEstimated on t h e  b a s i s  t h a t  t h e  p lan t  jus t  meets appl icable  EPA s tandards.  
Non-exclusive use. 

Largely s a l t s  a l ready present  i n  r i v e r  water b u t  concentrated by about 
a f a c t o r  two because of evaporat ive l o s s  o f  water. 

C 
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9.2 STATION DESIGN ALTERNATIVES 

I n  t h i s  sec t i on  poss ib le  m o d i f i c a t i o n s  t o  t h e  a p p l i c a n t ' s  system a re  considered which might  change 
s i g n i f i c a n t l y  t h e  balance between economic and environmental cos ts .  

9.2.1 Cooling System A1 t e r n a t i v e s  

Modern thermal e l e c t r i c  generat ing p l a n t s  ( f o s s i l - f u e l e d  o r  nuc lear)  discharge from 5100 t o  
7000 B tu  of waste heat  f o r  each k i l o w a t t  hour o f  e l e c t r i c a l  energy generated. 
f i g u r e  i s  t y p i c a l  of c u r r e n t  nuc lear  p l a n t s .  
a r e  expected t o  approach t h e  e f f i c i e n c y  o f  f o s s i l - f u e l e d  p lants .? 

Of  t h e  es tab l i shed  methods o f  l a rge -sca le  cool ing,  t he  more w ide ly  used ones i n v o l v e  e i t h e r  
(a )  t he  t r a n s f e r  o f  heat  (and water vapor) t o  the  atmosphere by d i r e c t  evaporat ion o f  water 
i n  "wet" c o o l i n g  towers, spray ponds, o r  canals, o r  (b )  discharge o f  heat  t o  a body o f  water .  
Even i n  t h e  l a t t e r  case, t h e  heat  i s  even tua l l y  t r a n s f e r r e d  t o  the  atmosphere, c h i e f l y  by 
evaporat ion although r a d i a t i o n  and convection p l a y  some p a r t .  Heat may a l s o  be t r a n s f e r r e d  
d i r e c t l y  t o  the atmosphere, as i n  automobile r a d i a t o r s ,  b y  "d ry "  c o o l i n g  towers. 

The d i r e c t l y  evaporat ive methods a re  comnonly used i n  "c losed-cyc le"  systems, i n  which most o f  t h e  
cooled water i s  r e c i r c u l a t e d .  A d d i t i o n a l  water must be prov ided t o  make up f o r  t h a t  evaporated 
(about 0.6 ga l l ons  per  k i l owa t t -hou r  generated f o r  a c u r r e n t  nuc lear  p l a n t ) .  Since the  o r i g i n a l  
d i s s o l v e d - s a l t  content  o f  t he  water evaporated i s  l e f t  i n  the system, the  s a l t  concentrat ion 
i n  t h e  r e c i r c u l a t e d  water would r i s e  cont inuously  were n o t  a d d i t i o n a l  makeup water prov ided and 
a "blowdown" f l ow  discharged from t h e  system. Even if no d i sso l ved  s a l t s  were in t roduced i n  the  
p lan t ,  t he  concen t ra t i on  i n  t h e  blowdown would exceed t h a t  i n  the  makeup water by t h e  i nve rse  
r a t i o  of t he  f l o w  r a t e s .  

I n  "once-through" o r  "open-cycle" cool ing,  a l l  o f  the c i r c h l a t i n g  c o o l i n g  water i s  taken f rom 
a l a k e  o r  stream and re tu rned  a t  a h igher  temperature t o  a p o i n t  s u f f i c i e n t l y  remote f rom the  
i n t a k e  so t h a t  l i t t l e  o r  no r e c i r c u l a t i o n  occurs. 
a t i v e l y  cooled--such systems e x i s t  b u t  a r e  rare--no evaporat ion occurs w i t h i n  the  p l a n t  b u t  
about 0.5 g a l l o n  per k i l owa t t -hou r  generated i s  even tua l l y  evaporated by t h e  body o f  water  w i t h  
a corresponding increase i n  the  concentrat ion o f  d i sso l ved  sal t s  ( u s u a l l y  very  small ) .  
e i t h e r  open- o r  c losed-cyc le systems, i t  i s  usual f o r  ( r e l a t i v e l y  innocuous) chemical add i t i ons  
w i t h i n  the  p l a n t  t o  increase the  t o t a l  s a l t  content  o f  t he  d ischarge apprec iab ly .  

The h ighe r  
(High-temperature as-cooled r e a c t o r  p l a n t s  

Except when the  d ischarge stream i s  evapor- 

Wi th  

9.2.1.1 Dry Cooling Towers 

Dry c o o l i n g  towers serve t o  t r a n s f e r  heat d i r e c t l y  t o  the atmosphere w i thou t  evaporat ion o f  
a coo lan t  and t h e r e f o r e  have minimal impact on t h e  environment. 
small thermal e l e c t r i c  p l a n t s  i n  a r i d  reg ions,  p a r t i c u l a r l y  abroad, b u t  the h igh  c o o l a n t - r e t u r n  
temperature i n  h o t  weather r e s u l t s  i n  a condenser back-pressure which i s  too h i g h  f o r  any l a r g e  
(over 300 We)  steam tu rb ines  c u r r e n t l y  a v a i l a b l e . 8  

Even i f  s u i t a b l e  t u r b i n e s  become a v a i l a b l e ,  a sevsre c o s t  penal ty  would be i ncu r red  by the  choice 
o f  dry-tower systems. 
about $160 m i l l i o n  f o r  an opt imized dry-tower system r e l a t i v e  t o  the  reference system, assuming 
t h a t  t he  back-pressure- to lerant  t u rb ines  were no m r e  c o s t l y  than those o f  t he  reference design. 

They have been used f o r  severa l  

On the  bas i s  o f  a recen t  study,9 the  s t a f f  est imates a cos t  pena l t y  o f  

9.2.1.2 Once-through Condenser Cool ing 

The f l o w  i n  t h e  Kankakee River  i s  no t  s u f f i c i e n t  t o  p rov ide  t h e  3250 c f s  o f  water requ i red  
con t inuous ly  for  such coo l i ng .  

9.2.1.3 N a t u r a l - d r a f t  Wet Cooling Towers 

I n  t h i s  t ype  o f  tower a i r  moves upward as a r e s u l t  o f  t h e  chimney e f f e c t  ( n a t u r a l  d r a f t )  created 
by t he  d i f f e r e n c e  i n  d e n s i t y  between t h e  warm mo is t  a i r  i n s i d e  t h e  tower and t h e  co lde r ,  denser 
a i r  ou ts ide .  
(e.g., t he  a p p l i c a n t ' s  Byron S t a t i o n )  because they do n o t  g i ve  r i s e  t o  t h e  ground-level f ogg ing  
and i c i n g  which are sometimes troublesome w i t h  spray c o o l i n g  o r  mechanica l -draf t  wet tower systems. 
The n a t u r a l - d r a f t  tower i s  a l s o  comparat ive ly  r e a d i l y  mainta ined and i s  q u i e t  i n  operat ion.  

The pr imary disadvantage i s  t he  g rea t  s i z e  r e q u i r e d  f o r  e f f e c t i v e  u n i t s .  
nuc lear  u n i t  i s  t y p i c a l l y  500 f e e t  h i g h  and 400 f e e t  i n  base diameter. 
such huge s t ruc tu res  tend t o  dominate t h e  landscape f o r  m i l e s .  

N a t u r a l - d r a f t  towers have been chosen for many r e c e n t l y  designed generat ing s t a t i o n s  

A tower f o r  a 1000-We 
I n  f l a t  o r  r o l l i n g  t e r r a i n ,  
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9.2.1.4 Mechanical - d r a f t  Wet Cooling Towers 

I n  mechanica l -draf t  towers the a i r  movement needed t o  produce the  requ i red  evaporat ion from 
the c o o l i n g  water stream i s  generated by motor-dr iven fans. The towers a re  much lower than 
i n  the n a t u r a l - d r a f t  case and a r e  cheaper t o  b u i l d .  
cos t  o f  f an  power and maintenance so t h a t  t he  o v e r a l l  l i f e - o f - p l a n t  cos t  i s  much the  same 
f o r  n a t u r a l - d r a f t  and mechanica l -draf t  tower c losed-cyc le systems. 

Because o f  t he  smal ler  tower he ight ,  t he  p r o b a b i l i t y  o f  induced l o c a l i z e d  fogging and i c i n g  
near mechanica l -draf t  towers i s  markedly g rea te r  than f o r  n a t u r a l - d r a f t  towers. 

The smal ler  towers a re  l e s s  conspicuous than n a t u r a l - d r a f t  towers. 
much n o i s i e r ,  generat ing m i l d l y  i r r i t a t i n g  noise l e v e l s  as f a r  away as th ree  t o  fou r  thousand 
f e e t .  

This advantage i s  l a r g e l y  o f f s e t  by the  

On the  o the r  hand, they are 

9.2.1.5 Spray Canal o r  Pond 

A spray canal i s  an elongated pond and i n  t h e  case o f  the s t a t i o n  would be several m i l es  i n  length.  
I n  c o n t r a s t  w i t h  c o o l i n g  towers and ponds which have been used f o r  decades, t he re  has been l i t t l e  
ope ra t i ng  experience w i t h  l a r g e  spray coo l i ng  systems, e s p e c i a l l y  i n  w in te r ,  t h e  season o f  g rea tes t  
i n t e r e s t .  Experience a t  a power p l a n t  w i t h  a spray c o o l i n g  canal i n  no r the rn  I l l i n o i s  i nd i ca ted  
no ser ious environmental o r  fogging problem a f t e r  two  seasons o f  operation.1c-12 

Experience w i t h  spray canals i n  Michigan13 and New Hampshirc?2 a re  s i m i l a r .  As w i t h  c o o l i n g  ponds, 
the fogging and i c i n g  e f f e c t s  decrease wi th  d is tance;  a study13 i n d i c a t e s  t h a t  a d i s tance  o f  600 f e e t  
from the canal t o  p u b l i c  roads and switchyards was s u f f i c i e n t  t o  preclude any hazardous cond i t i ons  
a r i s i n g  from t h e  d r i f t i n g  spray. 

From the l i m i t e d  experience t o  date, i t  i s  reasonable t o  expect t h a t  spray c o o l i n g  systems w i l l  
c rea te  more severe i c i n g  cond i t i ons  near the spray canal du r ing  w i n t e r  than mechanica l -draf t  
c o o l i n g  towers and quiescent coo l i ng  ponds, w i t h  d r i f t  being the  pr imary cause o f  t h e  d i f f e r e n c e .  

9.2.1.6 Cooling Lake 

The c o o l i n g  l a k e  i s  a simple and e a s i l y  maintained system (assuming favo rab le  s o i l  cond i t i ons ,  
e t c . )  and l i t t l e  suscep t ib le  t o  storm o r  tornado damage. 
the impounded water, system performance s u f f e r s  very l i t t l e  i n  the shor t - term from extremely 
ho t  weather. S i m i l a r l y ,  the lake system i s  t o l e r a n t  o f  l a r g e  temporary overloads. The c h i e f  
disadvantage i s  t he  l a r g e  land area which must be comnitted t o  the  l ake ,  t y p i c a l l y  from one 
t o  th ree  acres per MWe p l a n t  r a t i n g .  

Because o f  t he  g rea t  heat capac i t y  o f  

9.2.1.7 Water Consumption Considerations 

Kankakee R ive r  f l o w  may be as low as 350 c f s  (seven-day) du r ing  per iods o f  extended drought. 
Divers ion o f232  c f s  f o r  a proposed m u l t i - c i t y  munic ipa l  water system has been author ized by 
the  S ta te  o f  I l l i n o i s . *  Although i t  i s  u n c e r t a i n  t h a t  t h i s  s p e c i f i c  p lan  w i l l  be implemented, 
i t  i s  l i k e l y  t h a t  s u b s t a n t i a l  withdrawal o f  r i v e r  water f o r  munic ipa l  use w i l l  develop du r ing  
the l i f e  o f  t h e  proposed Braidwood s t a t i o n .  
o f  r i v e r  water d u r i n g  fu l l - power  operat ion,  i f  cooled by a wet-tower system. 

Since i t  i s  conceivable t h a t  the actual  extreme low f l o w  of t he  r i v e r  ( a f t e r  d i v e r s i o n  o f ,  
say, 200 c f s  t o  munic ipa l  suppl ies)  w i l l  be 150 c f s ,  the f u r t h e r  withdrawal o f  70 c f s  f o r  
s t a t i o n  opera t i on  (20 c f s  re tu rned  as warmed blowdown) might  we l l  be env i ronmenta l ly  unacceptable 
If the  s t a t i o n  were p r o h i b i t e d  from opera t i on  du r ing  per iods o f  extreme low f low,  the a p p l i c a n t ' s  
a b i l i t y  t o  meet demand might  be reduced a t  a t ime when demand was g rea tes t ,  s ince extreme low 
f low o f t e n  r e s u l t s  from extended per iods o f  ho t ,  d r y  weather when a i r - c o n d i t i o n i n g  load i s  
high. 

The di lemna can be avoided by the  choice o f  a c o o l i n g  lake, s jnce the s t a t i o n  would then be 
able t o  operate as a closed system w i thou t  withdrawal o f  r i v e r  water f o r  a pe r iod  o f  many weeks. 
(Three weeks of f u l l - power  operat ion would draw down a 2640-acre l ake  by about one f o o t . )  

The s t a f f  cons iders t h a t  the a b i l i t y  t o  decouple the s t a t i o n  from the Kankakee River d u r i n g  
extreme low- f l ow  cond i t i ons  i s  a subs tan t i a l  environmental advantage f o r  the proposed c o o l i n g  
lake.  No balanc ing disadvantage has been i d e n t i f i e d .  

The s t a t i o n  i t s e l f  would evaporate about 50 c f s  

*See Appendix E f o r  a summary d e s c r i p t i o n  o f  t he  proposed system. 
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9.2.1.8 Economic Considerations 

The app l i can t  has estimated the  comparative costs  o f  the s t a t i o n  f o r  each o f  several choices o f  
c o o l i n g  systems, 4800-acre lake,  n a t u r a l - d r a f t  wet towers, mechanica l -draf t  wet towers, 
and 2640-acre l ake  (Ref. 1 ,  Tables 10.1.2 and 10.1.3). 
cons iders reasonable, suggest t h a t  e i t h e r  type o f  tower system would be somewhat l e s s  c o s t l y  
than e i t h e r  s i z e  lake.  

These estimates, which the s t a f f  

Cooling System 

4800-acre l ake  

N a t u r a l - d r a f t  towers 

Mechanica l -draf t  towers 

2640-acre l ake  

Tota l  S ta t i on  Cost, 
m i l l i o n s  o f  d o l l a r s  

930 

907 

901 

91 9 

9.2.1.9 Evaluat ion o f  Cooling System A l t e r n a t i v e s  

With present  pa t te rns  o f  water use on the  Kankakee River ,  the s t a f f  sees l i t t l e  t o  choose among 
the reasonable a l t e r n a t i v e s  except t h a t  l and  use cons ide ra t i on  weighs against  the l a r g e r  lake.  
However, cons ide r ing  the p o s s i b i l i t y  t h a t  l a r g e  wi thdrawals  from the r i v e r  w i l l  develop du r ing  
the  l i f e  of t he  s t a t i o n ,  the s t a f f  concludes t h a t  t he  2640-acre l ake  i s  favored because i t s  
choice would minimize damage t o  the r i v e r  ecosystem dur ing extreme low- f l ow  cond i t i ons .  

9.2.2 Discharge S t r u c t u r e  

The pr6posed discharge scheme cons is t s  o f  a sho re l i ne  o u t f a l l  which a l l ows  t h e  blowdown from 
the  c o o l i n g  system t o  en te r  the Kankakee River  a t  the sur face o f  the r i v e r .  
the a l t e r n a t i v e  d ischarge s t r u c t u r e s  discussed by the app l i can t  (Ref. 1, p .  10.3-1). The s t a f f  
concludes t h a t  the a l t e r n a t i v e  s t r u c t u r e s  o f f e r  no s i g n i f i c a n t  improvement i n  the  o v e r a l l  
impact on the environment. 

9.2.3 Chemical and Sewage System 

No a l t e r n a t i v e s  were considered, as the s t a f f  has found the  proposed system envi ronmenta l ly  
acceptabl e. 

9.2.4 B ioc ide  System 

The a p p l i c a n t  proposes t o  use a mechanical method f o r  c o n t r o l l i n g  organic  growth i n  the main 
condensers, thus o b v i a t i n g  the need f o r  l a r g e  amounts o f  c h l o r i n e .  
tube c lean ing  system would n o t  e l i m i n a t e  the need f o r  b ioc ide  t reatment  i n  the  p l a n t ,  as such 
t reatment  would s t i l l  be requ i red  i n  the  s t a t i o n  se rv i ce  and coo l i ng  water systems. 
t h i s  i s  more a technique f o r  reducing the  use o f  b ioc ides  i n  the  p l a n t  than f o r  rep lac ing  t h e i r  
use. Since the  t o t a l  r e s i d u a l  c h l o r i n e  concentrat ion i n  the  coo l i ng  l a k e  blowdown i s  expected 
t o  be below 0.001 ppm, the proposed b ioc ide  system i s  acceptable. 

9.3 ALTERNATIVES TO NORMAL TRANSPORTATION PROCEDURES 

A l t e r n a t i v e s  such as specia l  r o u t i n g  o f  shipments, p rov id ing  esco r t s  i n  separate vehic les,  adding 
s h i e l d i n g  t o  the  conta iners,  and c o n s t r u c t i n g  a f u e l  recovery and f a b r i c a t i o n  p l a n t  on the s i t e  
r a t h e r  than sh ipp ing f u e l  t o  and from t h e  s t a t i o n  have been examined by the  s t a f f  f o r  t h e  general 
case. I t  was concluded t h a t  the environmental impact o f  t r a n s p o r t a t i o n  under normal o r  pos tu la ted  
acc ident  cond i t i ons  i s  n o t  considered s u f f i c i e n t  t o  j u s t i f y  the a d d i t i o n a l  e f f o r t  requ i red  t o  
implement any o f  these a l t e r n a t i v e s .  

The s t a f f  evaluated 

The use of a mechanical 

Accordingly, 
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10. CONCLUSIONS 

10.1 UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS 

10.1.1 Abiotic Effects 

10.1.1.1 Land 

Construction and operation of the Braidwood Station will r e su l t  i n  the 30-40 year diversion of 
approximately 734 acres of agricultural  land and 848 acres of woods and fallow f i e lds  to  
industrial  use. 
should not be unduly objectionable. 
covered ridge which should be more pleasing t o  view than much of the  unsightly s t r i p  mine land 
which was flooded. 

In the strip-mine environs, the visual impact of the large plant buildings 
The cooling lake dike will  appear from o f f s i t e  as a grass- 

About 84 miles of transmission l ines  involving 2376 acres of 
through farmland and open f i e l d s  tha t  a re  sparsely populated. 
regarded by many as having an adverse e s the t i c  impact. 

Construction of the Braidwood Station and i t s .  associated cool 
dwellings and two mobile homes involving the relocation of 32 

10.1.1.2 Water 

ight-of-way will be erected mostly 
The l ines  and towers will  be 

ng lake will a f f ec t  11 private 
persons. 

About 57 c f s  of water a r e  expected to  be l o s t  from evaporation and seepage from Braidwood Lake 
during operation of the Braidwood Station. About 10 c f s  will  be restored by ra infa l l  on the 
average, so t ha t  the net loss t o  the Kankakee River will  be 47 c f s .  About 0.67 c fs  of water 
from the S t .  Peter sandstone stratum will  be used for  makeup water and potable water for the 
s ta t ion .  

10.1.1.3 Air 

The construction of the s t a t ion  will cause dust w i t h i n  the construction area. 
operation there will be no adverse impact on the a i r  qua l i ty .  

Local fog may occur infrequently around the lake. 
a t  the closest  S ta te  or county road. 

Dur ing  s ta t ion  

I t  is  not expected to  in t e r f e re  w i t h  t r a f f i c  

10.1.1.4 Noise 

Construction a c t i v i t i e s ,  par t icu lar ly  blasting, will  unavoidably generate objectionable leve ls  
o f  noise. During plant operation, o f f s i t e  noise will  be negligible. 

10.1.2 Biotic Effects 

Much of the vegetation and animal l i f e  in the Braidwood s i t e  will  be displaced by construction 
work and flooding. Some of the animals will be l o s t .  Animal displacement and loss will  not 
endanger the species i n  the area. 

During the construction phase, localized damage will occur in the  areas where the  intake and 
discharge systems will be constructed. Biota will be disturbed and i n  some cases destroyed. 
Although the extent of this damage cannot be predicted accurately, i t  i s  estimated that i t  
will be re la t ive ly  smll and to some extent reversible.  

During the 7-day 10-year recurrent low flow period, approximately 20% of the water and i t s  entrained 
small biota will  be diverted t o  the cooling lake. 
organisms entrained i n  this fraction o f  river water would  be lost. 
s t r e s s  the r iver  downstream of the  s t a t ion ,  b u t  the r ive r  ecosystem i s  expected to  recover when 
normal flow returns.  

The s t a f f  considers t ha t  a la rge  f rac t ion  of the 
Losses o f  t h i s  magnitude m i g h t  

10-1 
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Dur ing opera t i on  o f  t he  s t a t i o n ,  t he  c o o l i n g  l ake  blowdown w i l l  r e s u l t  i n  a therma: plume. 
s t a f f  has ca l cu la ted  t h a t  du r ing  normal meteoro log ica l  cond i t i ons  the 30F isotherm w i l l  encompass 
1.6 acres. The s t a f f  a n t i c i p a t e s  t h a t  t he  aquat ic  impac:s bce t o  normal chemical rp-leases combined 
w i t h  increased temperature a r e  n o t  expected t o  be detectable ou ts ide  a m ix ing  zone o f  about two 
acres. 

The growth o f  a lgae i n  the  coo l i ng  lake,  if allowed t o  become excessive, could impose an adverse 
impact upon the  Kankakee River  below the  discharge. 
t h a t  c o n t r o l  o f  t h e  the algae growth t o  prevent an adverse d is turbance t o  the r i v e r  ecosystem. 

The s ta f f  does n o t  be l i eve  t h a t  any adverse r a d i o l o g i c a l  e f f e c t s  w i l l  occur s ince the  r a d i o a c t i v e  
e f f l u e n t s  are reduced t o  as- low-as-pract icable.  The 800-1000 man-remlyr received as occupat ional  
on s i t e  exposure i s  0.2 percent of t he  annual t o t a l  t o  the  1980 popu la t i on  w i t h i n  a 50 -m i le  r a d i u s  
and the  r i s k  associated w i t h  t h i s  exposure i s  no g rea te r  than those r i s k s  normal ly  accepted by 
workers i n  o t h e r  present day i n d u s t r i e s .  

The 

Should t h i s  occur the  s t a f f  w i l l  r e q u i r e  

10.2 RELATIONSHIPS BETWEEN LOCAL SHORT-TERM USES OF MAN'S ENVIRONMENT AND THE MAINTENANCE 
AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY 

10.2.1 Summary 

The Nat ional  Environmental P o l i c y  Act (NEPA) r e q u i r e s  the s t a f f  t o  consider  s p e c i f i c a l l y  the 
long- term consequences t o  economic p r o d u c t i v i t y  o f  b u i l d i n g  and opera t i ng  Braidwood S ta t i on ,  and 
o f  a l t e r n a t i v e  "shor t - term uses o f  man's environment". I n  t h i s  con tex t ,  shor t - term i s  taken t o  
mean the p e r i o d  o f  c o n s t r u c t i o n  and operat ion,  and long-term t o  mean the  pe r iod  beyond t h e  se rv i ce  
l i f e  of the p l a n t .  I n  the case of nuc lear  power p l a n t s ,  t he re  w i l l  be s t rong economic pressures 
t o  cont inue t o  use thechosen s i t e  ( o r  ad jacent  ones) f o r  power generat ion f o r  severa l  p l a n t  
l i f e t i m e s .  In t h i s  event, t he  l a t e r  ope ra t i ona l  p e r i o d  may a l s o  be considered long-term. 

The economic p r o d u c t i v i t y  o f  the s i t e  wh i l e  i t  i s  used t o  generate e l e c t r i c i t y  w i l l  be extremely 
l a r g e  compared w i t h  the p r o d u c t i v i t y  from a g r i c u l t u r a l  o r  o the r  l i k e l y  uses o f  the s i t e .  The 
r e s u l t i n g  boost t o  the r e g i o n ' s  economy i s  expected t o  r e s u l t  i n  a corresponding l a r g e  increase 
i n  the  long-term p r o d u c t i v i t y ,  compared t o  a smal ler  long-term e f f e c t  f o r  uses o the r  than power 
generat ion.  The p r i n c i p a l  e f f e c t s  o f  Braidwood S t a t i o n  i n i m i c a l  t o  long-term p r o d u c t i v i t y  a re  
the consumption o f  dep le tab le  resources (see a l s o  Section 10.3) and the cos t  o f  decomnissioning 
(Sect ion 10.2.2.2). The o v e r a l l  conc lus ion o f  the s t a f f  w i t h  regard t o  long-term p r o d u c t i v i t y  i s  
t h a t  the negat ive aspects o f  b u i l d i n g  and operat ing Braidwood S t a t i o n  are overbalanced by the  
p o s i t i v e  long- term e f f e c t s .  

10.2.2 Enhancement o f  P r o d u c t i v i t y  

The s t rong correspondence between gross n a t i o n a l  product  and e l e c t r i c a l  energy sa les i s  i n d i c a t e d  
i n  F ig .  10.1. 
o f  the a p p l i c a n t ' s  i n s t a l l e d  capac i t y  i n  1973 serv ing 8,000,000 people. The e f f e c t  o f  Braidwood 
n a t i o n a l l y  i s  n o t  i n s i g n i f i c a n t ,  i t s  capac i t y  amounting t o  n e a r l y  1% o f  the n a t i o n a l  t o t a l  i n  1971. 
These f a c t s  b o l s t e r  the conclus ion i n  the sumnary above t h a t  t he  product ion o f  a l a r g e  amount o f  
r e l a t i v e l y  low-cost power may be expected t o  boost s i g n i f i c a n t l y  the wealth-producing p o t e n t i a l  
o f  t he  reg ion  and o f  the na t i on .  

W i th in  W i l l  County, where the environmental impacts w i l l  be the g rea tes t ,  the paymetti o f  taxes 
t o  t h e  County i s  expected t o  r e s u l t  i n  increased l o c a l  i n d u s t r i a l  a c t i v i t y ,  which should tend t o  
enhance l o c a l  long-term p r o d u c t i v i t y .  

A t  t he  end o f  t he  p l a n t ' s  use fu l  l i f e ,  va luable p r o p e r t i e s  such as the  coo l i ng  lake and t rans -  
miss ion f a c i l i t i e s  would remain. I f  these f a c i l i t i e s  were continued i n  use f o r  power generat ion 
and d i s t r i b u t i o n ,  the r e g i o n ' s  long-term p r o d u c t i v i t y  would cont inue t o  be enhanced. When the  
s i t e  area i s  f i n a l l y  abandoned f o r  power generat ion purposes, p roduc t i ve  use o f  the c o o l i n g  l ake  
f o r  r e c r e a t i o n  purposes can be envisioned. 
forseen o the r  than f o r  c o n s t r u c t i n g  t h e  c o o l i n g  l a k e .  

10.2.3 Cur ta i lment  o f  Long-Term P r o d u c t i v i t y  

The consumption o f  depletab le resources could adverse ly  a f f e c t  long-term p r o d u c t i v i t y ,  but a more 
p roduc t i ve  use than f o r  power generat ion i s  n o t  ev iden t  a t  t h i s  time. 
considered i n  Sect ion 10.3. S i m i l a r l y ,  the cos ts  o f  decomnissioning must be charged aga ins t  
the long-term b e n e f i t s  t o  p r o d u c t i v i t y .  

The Braidwood p l a n t  w i l l  be capable o f  producing 2240 We o f  power, which i s  16% 

No p roduc t i ve  use f o r  the s t r i p -m ine  area is. 

This  sub jec t  w i l l  be 

These cos ts  w i l l  be discussed i n  Sect ion 10.2.3.3. 
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10.2.3.1 A g r i c u l t u r e  

An adverse e f f e c t  o f  p l a n t  cons t ruc t i on  and opera t i on  on long-term p r o d u c t i v i t y  would be t h e  
removal of 734 acres o f  land from a g r i c u l t u r a l  product ion.  Th is  i nc ludes  270 acres f o r  the 
p l a n t  s i t e ,  381 acres inundated by the  coo l i ng  l ake ,  and a minor acreage occupied by t rans -  
miss ion tower bases. A t  the te rm ina t ion  o f  t he  opera t i on  o f  the Braidwood s i t e  f o r  power 
generat ion,  most o f  t h i s  l and  would have been a l t e r e d  so t h a t  i t  cou ld  n o t  be re tu rned  t o  
a g r i c u l t u r a l  p roduc t i on .  

10.2.3.2 Water Usage 

I f  the Braidwood area were used on a long- term basis  f o r  power generat ion,  the p r i n c i p a l  e f f e c t s  
on the Kankakee River  would be the evaporation o f  some c o o l i n g  water and the  loss of a small 
f r a c t i o n  o f  the r i v e r  b i o t a  t o  the  make-up water. 
t he  small l o s s  o f  r i v e r  b i o t a  would cease on te rm ina t ion  o f  p l a n t  ope ra t i on .  

The consumptive water use would stop and 

10.2.3.3 Decomiss ion ing  

No s p e c i f i c  p lan  f o r  t h e  decomnissioning o f  t h e  Braidwood S t a t i o n  has been developed. 
i s  cons i s ten t  w i t h  t h e  C o n i s s i o n ' s  cu r ren t  r e g u l a t i o n s  which contemplate d e t a i l e d  considera-  
t i o n  o f  decommissioning near the  end o f  a r e a c t o r ' s  use fu l  l i f e .  The 1 i c e n s e e . i n i t i a t e s  such 
cons ide ra t i on  by prepar ing a proposed decommissioning p lan  which i s  submitted t o  the  AEC f o r  
review. The l i censee  w i l l  be requ i red  t o  comply w i t h  Commission r e g u l a t i o n s  then i n  e f f e c t  and 
decommissioning o f  t he  f a c i l i t y  may n o t  commence w i thou t  a u t h o r i z a t i o n  from the AEC. 

To date, experience w i t h  decommissioning o f  c i v i l i a n  nuc lear  power reac to rs  i s  l i m i t e d  t o  
s i x  f a c i l i t i e s  which have been shut down o r  dismantled: Hallam Nuclear Power F a c i l i t y ,  
Caro l inas V i r g i n i a  Tube Reactor (CVTR), B o i l i n g  Nuclear Superheater (BONUS) Power S ta t i on ,  
Pa th f i nde r  Reactor, Piqua Reactor, and the  E l k  R ive r  Reactor. 

There a re  several a l t e r n a t i v e s  which can be and have been used i n  the decommissioning o f  r e a c t o r s :  
(1)  Remove the  fue l  (poss ib l y  fo l l owed  by decontamination procedures); seal and capt  t h e  pipes; 
and e s t a b l i s h  an exc lus ion area around the f a c i l i t y .  
t y p i c a l  o f  t h i s  approach. ( 2 )  I n  a d d i t i o n  t o  the  steps o u t l i n e d  i n  ( l ) ,  remove the supers t ruc tu re  
and encase i n  concrete a l l  r a d i o a c t i v e  p o r t i o n s  which remain above ground. The Hallam decomnissioning 
opera t i on  was o f  t h i s  type. 
a l l  contaminated equipment and f a c i l i t i e s ,  and f i n a l l y  f i l l  a l l  c a v i t i e s  w i t h  c lean rubb le  
topped w i t h  e a r t h  t o  grade l e v e l .  Th is  l a s t  procedure i s  being app l i ed  i n  decommissioning 
the  E l k  River  Reactor. A l t e r n a t i v e  decommissioning procedures (1) and (2 )  would r e q u i r e  long- 
term s u r v e i l l a n c e  of the r e a c t o r  s i t e .  
r a d i o a c t i v i t y  has been removed, a l t e r n a t i v e  (3) would n o t  r e q u i r e  any subsequent s u r v e i l  lance. 
Poss ib le  e f f e c t s  o f  e ros ion  o r  f l o o d i n g  w i l l  be inc luded i n  these considerat ions.  

Estimated c o s t s  of decommissioning a t  t he  lowest  l e v e l  a re  about $1 m i l l i o n  p lus  an annual 
maintenance charge i n  the  order  of $lOO,OOO.l 
t i o n  a r i s i n g  from d i f f e r i n g  assumptions as t o  l e v e l  o f  r e s t o r a t i o n .  For example, complete 
r e s t o r a t i o n ,  i n c l u d i n g  regrading, has been estimated t o  cos t  $70 m i l l i o n . *  A t  present  land 
values, i t  i s  n o t  l i k e l y  t h a t  cons ide ra t i on  of an economic balance alone would j u s t i f y  a h igh  
l e v e l  o f  r e s t o r a t i o n .  Planning requ i red  of t he  a p p l i c a n t  a t  t h i s  stage w i l l  assure, however, 
t h a t  v a r i e t y  o f  choice f o r  r e s t o r a t i o n  i s  maintained u n t i l  t he  end o f  use fu l  p l a n t  l i f e .  

The degree o f  dismantlement would be determined by an economic and environmental study i n v o l v i n g  
the va lue of t he  land and scrap va lue versus the  complete demo l i t i on  and removal o f  the complex. 
I n  any event, t he  opera t i on  w i l l  be c o n t r o l l e d  by r u l e s  and r e g u l a t i o n s  i n  e f f e c t  a t  t he  t ime 
t o  p r o t e c t  t he  h e a l t h  and s a f e t y  o f  t he  p u b l i c .  

10.3 

Numerous resources a re  used i n  cons t ruc t i on  and opera t i on  o f  a major f a c i l i t y  such as t h i s  
s t a t i o n .  Some o f  these uses i n v o l v e  i r r e v e r s i b l e  and i r r e t r i e v a b l e  c o n i t m e n t s  

I r r e v e r s i b l e  comnitments concern changes s e t  i n  mot ion by the  proposed a c t i o n  which 
a t  some l a t e r  t ime  cou ld  n o t  be a l t e r e d  so as t o  r e s t o r e  the  present  order  o f  environmental 
resources. 
a re  n e i t h e r  renewable no r  recoverable fo r  subsequent u t i l i z a t i o n .  

This  

The Piqua decommissioning opera t i on  was 

(3)  Remove the  f u e l ,  a l l  super-s t ructure,  t he  reac to r  vessel and 

Af ter  a f i n a l  check t o  assure t h a t  a l l  reactor-produced 

Estimates vary from case t o  case, a l a r g e  v a r i a -  

IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

I r r e t r i e v a b l e  comnitments a r e  t h e  use or consumption o f  resources t h a t  
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10.3.1 Comnitments Considered 

The types of resources of concern in 
materials of construction, renewable 
resources consumed--and ( 2 )  nonmater 
the environment. 

t h i s  case can be identified a s :  ( 1 )  materia 
resource material consumed in operation, and 
a1 resources, including a range of beneficia 

resources-- 
depletable 
uses of 

Resources which, generally, may be irreversibly comnitted by the construction and operation a re :  
( 1 )  biological species destroyed in the v ic in i ty ,  ( 2 )  construction materials t h a t  cannot be 
recovered and recycled with present technology, (3) materials tha t  are rendered radioactive b u t  
cannot be decontaminated, (4) materials consumed or reduced to  unrecoverable forms of waste, 
including uranium-235 and -238 consumed, ( 5 )  the atmosphere and water bodies used for  disposal 
of heat and  certain waste e f f luents ,  to the extent tha t  other beneficial uses a re  cu r t a i l ed ,  and 
( 6 )  land areas rendered unf i t  for  t he i r  original uses. 

10.3.2 Biotic Resources 

Construction of the s ta t ion  and the cooling lake will resu l t  in the permanent loss of t e r r e s t r i a l  
habitat .  Much of t h i s  habitat  i s  the r e su l t  of recent land disturbance due to coal strip-mining 
and i s  in stages of ear ly  successional f lux; thus, i t  is  d i f f i c u l t  t o  evaluate the in t r in s i c  value 
of the existing ecosystem(s). The 
s t a f f  i s  of the opinion tha t  the loss of such habitats will n o t  adversely a f fec t  the ecology of 
the Braidwood region. Although there will be a n  i r re t r ievable  loss of some aquatic biota,  the 
s t a f f  does not believe tha t  the b io t ic  populations of the Kankakee River will be s ign i f icant ly  
damaged o r  reduced as a r e su l t  of construction and operation of Braidwood Station during normal 
river flows. 

10.3.3 Material Resources 

No rare or endangered species a re  known to occupy the s i t e .  

10.3.3.1 Construction Material s 

Materials of construction a re  almost en t i r e ly  of the depletable category of resources. Concrete 
and s tee l  cons t i tu te  the bulk of these materials,  b u t  there a re  numerous other mineral resources 
incorporated in the physical plant.  
be recycled when t he i r  present use terminates. 

No comnitments have been made on whether these materials will 

Some materials a re  of such value tha t  economics c lear ly  favors 
will contaminate only a portion of the p l a n t  t o  such a degree t h a t  radioactive decontamination 
would be needed in order t o  reclaim and recycle the consitutents.  
will become radioactive by neutron activation. 
other components inside the dry-well po r t ion  of each containment structure consti tute the 
major materials in t h i s  category, fo r  which i t  i s  not feasible to separate the activation 
products from the base materials. Components tha t  come in contact with reactor coolant or 
with radioactive wastes will sustain varying degrees of surface contamination , some of which 
could be removed i f  recycling i s  desired. 
decontaminated fo r  unlimited recycling probably represent very small fractions of the resources 
available i n  kind and in broad use in industry. Quantities of materials used in other nuclear 
plants of about the same power o u t p u t  a s  the Braidwood Station b u t  n o t  necessarily of the same 
typical design are shown i n  Table 10.1. Production, consumption, and reserves a r e  a l so  given. 

Construction materials a re  generally expected to remain i n  use for the fu l l  l i f e  of the plant,  
in contrast  t o  fuel and other replaceable components discussed l a t e r .  There will be a long 
period of time before terminal disposition must be decided. A t  tha t  time, quantit ies of materials 
i n  the categories of precious metals, s t ra teg ic  and c r i t i c a l  materials,  or resources having 
small natural reserves m u s t  be considered individually, and plans t o  recover and recycle as 
much of these valuable depletable resources as i s  practicable will depend upon need. 

recycling. Plant operation 

Some parts o f  the plant 
Radiation shielding around each reactor and  

T h e  quantit ies of materials tha t  could not be 

10.3.3.2 Replaceable Components and Consumable Materials 

Uranium i s  the principal natural resource material i r re t r ievably  consumed in plant operation. 
Other materials consumed, for  practical purposes, a re  fuel cladding materials,  reactor control 
elements, other replaceable reactor core components, chemicals used in processes such as water 
treatment and ion exchanger regeneration, ion exchange res ins ,  and minor quantit ies of materials 
used i n  maintenance and operation. Except fo r  the uranium isotopes 235 and 238, the consumed 
resource materials have widespread usage; therefore,  t he i r  use in the proposed operation must 
be reasonable w i t h  respect to needs in other industries.  
of uranium i s  fo r  production of useful energy.3 

The major use of the natural isotopes 
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TABLE 10.1. Estimated Ouantities of Materials of Construction 
of Water-cooled Nuclear Power Plants 

stntqic 
.ad 

aiw 
mrttmf 

World us. U.S. 
b rerrves b 

Approximate 

in plant' (kg) (metric tons) (metric tons) (metric tons) 
Llrterirl quantity used productionb consumption 

Aluminum 
AlkStOS 

Beryllium 
Cadmium 
Chromium 

Gold 
Ltld 
Manganese 
Mercury 
Molybdenum 
Nickel 
Platinum 
Sivcr 
St& 
Ti 
Tungsten 
zinc 

Copper 

9o.Ooo 
90,000 

600 
5 

300,000 
4.000,000 

1 
15,Ooo 

800.000 
30 

5.Ooo 
200.000 

2 
2.000 

20.000.000 
100 
10 

200.000 

9.089.000 
2.985.000 

288 
17,OOO 

1.590,OOo 
6.6 16.000 

1,444 
3,329,000 
7f111.000 

9,837 
64.770 

480.000 
46.5 

8.989 
574,000,000 

454,200 
35.000 

5.001.oO0 

4.227.000 
71 2,000 

308 
6.8M 

398.000 
1905.000 

22 1 
1.261.000 
1.043.000 

2,727 
23,420 

129.000 
16.0 

5.005 
128,O 00,000 

82.100 
7.300 

1.630.OOO 

8.165.OOO 
1,800.000 

72.700 
86.000 

2.00c.000 
71,564,000 

9.238 
32.024.000 

907.000 
703 

2.858.000 
181,000 

93.3 
41.057 

2.000,000.000 
47 

79.000 
30,600.000 

Ye8 
Ye 
Ya 
YtS 
Ytr 
Y u  
No 
Y a  
YGS 
Y- 
No 
Ytr 
Y a  
Ycl 
No 
Y a  
Y a  
Ya 

~ ~ ~~ 

'Quantities used are compiled from various sources for tweunit  plants of about the same power n t i q  
as Braidwood Station. 

bPioduciion, consumption, and rescwcs uere compiled. except as noted, from the U.S. Bureau of 
Mines publications .\ltnerul Fucfs and Problems (1970 ed.. Bur. %lines Bull. 650) and the 1969 Minerols 
Yturbook They are expressed in t e r n  of contained element. regardless of the form. "Production" usually 
includes moterirl recovered from botr. pr:nary ores and seconduy sources such as scrap recovery. 
Roduction and conrumpfion figure, sre for 1969 unless otherwise noted. Estimates of reservej were 
published in 1969 but arc bared on d ~ t a  compiled over a number of ycsrs. The reserves stated are the 
quantities extractable at currently comperitnc prices; they include inferred as well a s  measured and 
indicated ores, when such informition uas  available. Usually, resources recoverable with ad\anccd methods 
of at greater cost arc much greater than the reserves listed. 

CDerignated b y  C.  A. Lincoln. "LISI of Strategic and Critial hlaterials." Office of Emergency 
Preparedness; Fed. Rcfist. 37(39): 4123 (Fcb. 26. 1972). 
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The two reactors i n  the plant will be fueled w i t h  uranium enriched in the isotope 235. After 
use in the plant,  the fuel elements will  s t i l l  contain uranium-235 s l igh t ly  above the natural 
f rac t ion .  This s l i gh t ly  enriched uranium, upon separation from plutonium and other radioactive 
materials (separation takes place i n  a chemical reprocessing plant) , i s  available fo r  recycling 
through the gaseous diffusion plant.  
i s  a l so  recycled t h r o u g h  appropriate steps i n  the fuel production process. 
recovered in the chemical reprocessing of spent fuel i s  valuable as fuel for  power reactors.  

Scrap material containing valuable quanti t i e s  of uranium 
Fissionable plutonium 

If the two units of t h i s  plant operate a t  70% of capacity, about 8350 metric tons of contained 
natural uranium i n  the form of U30B must be produced to feed the plant fo r  30 years. 
assured U.S. reserves of natural uranium recoverable a t  ( 1 )  a cost  of $8 or less  per pound of 
U308 are  277,000 metric tons of uranium and ( 2 )  a cost  of $10 o r  l e s s  per pound of U308 a r e  
340,000 metric tons of uranium.' 
resources in conventional deposits recoverable a t  (1) $8 o r  l e s s  per pound of U30, are  estimated 
t o  be 450,000 metric tons of uranium and ( 2 )  $10 o r  less per pound of U30B a re  estimated to be 
700,000 metric tons of uranium, b u t  t h i s  increment will  require a major e f fo r t  in exploration 
and development t o  bring i t  In to  p r o d ~ c t i o n . ~  The long-term uranium resource s i tua t ion  in the 
U.S. will  be dependent upon the la rger  expected reserves of ord recoverable a t  greater cost  and 
upon u t i l i za t ion  of breeder reactors.  Plutonium produced in l igh t  water reactors,  i f  recycled 
as fuel t o  these same &actors,  will  reduce the requirements f o r  uranium by 15 to  20 percent. 

The 8350 metric tons of mined natural uranium required to  feed the  fuel cycle fo r  t h i s  two- 
reactor plant consists of 59 metric tons of uranium-235, with the balance uranium-238. In the 
power plant i t s e l f ,  43 metric tons o f  uranium-235 will  be consumed by f i s s ion .  
consunption i n  the proposed operation i s  considered by the s t a f f  t o  be a reasonable productive 
use of t h i s  resource. 

Reactor fuel and control rod m t e r i a l s  consumed in a s ta t ion  similar t o  Braidwood a re  l i s t e d  
in  Table 10.2. In view of the quantit ies of materials in natural reserves, resources, and 
stockpiles, and the quantit ies produced yearly, the expenditure of such material i s  j u s t i f i ed  
by the  benefits  of the e lec t r ica l  energy produced. 

10.3.4 Water and Air Resources 

Because of the rapidly renewable nature of the Kankakee River and the regenerative powers and 
vast dispersive capacity of the atmosphere, the use of these resources to  d i lu t e  and disperse 
the effluents of heat, chemicals, and radioactive materials from the operation of Braidwood 
Station i s  not considered to  represent i r revers ib le  or  i r re t r ievable  comnitments of these 
resources. 

The 

I n  addition to  the assured reserves, the potential uranium 

Uranium 

10.3.5 Land Resources 

The s t a f f  has identified the following i r revers ib le  and i r re t r ievable  comnitment of land 
resources: 
service l i f e ,  ( 2 )  about ten acres of land for the transmission tower bases, and (3) 381 acres 
of agricultural  land inundated by the cooling lake.  
extent by the potential use of the  cooling lake for  recreational purposes. 

10.3.6 Societal Cannitments 

No i r revers ib le  long-term societal  comnitments, including continued use of the s i t e  a f t e r  
decmnissioning fo r  the purpose of generating power, a re  expected by the s t a f f .  Some of the 
h i g h l y  radioactive wastes of the s t a t i o n ,  w i l l ,  however, be added t o  the existing and future 
wastes of other nuclear programs and as such will cons t i tu te  a long-term comnitment on future 
soc ie t ies .  
and controls and i s ,  therefore,  considered outside the scope of this statement. 

( 1 )  a small area to store the  s t a t ion ' s  radioactive components a t  the end o f  i t s  

The l a t t e r  loss may be of fse t  to some 

T h i s  aspect of nuclear a c t i v i t i e s  i s  the subject of separate c m i s s i o n  regulations 

10.4 BENEFIT-COST BALANCE 

The s t a f f  estimates of the  environmental and economic benefits  and costs,  to be expected from 
construction and operation of the proposed nuclear power s t a t ion ,  have been developed in 
e a r l i e r  sections of the statement. 
below. 
10.4.2. 
desirable. 

These estimates a r e  reviewed and c lass i f ied  i n  Section 10.4.1 
The s t a f f  assessment of the balance between benefits  and costs i s  developed i n  Section 

I t  supports the conclusion tha t  construction and operation of the  proposed s ta t ion  i s  
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Table 10.2. Consumption o f  M a t e r i a l s  Used i n  a 2300-Me PWR 
(40 years)  

Q u a n t i t y  used i n  f u e l  and 
c o n t r o l  rods (me t r i c  t ons )  Ma t e r i a 1 

Cadmium 1.1 

Indium 2.9 

S i  1 ver  22 

T i n  9.2 

Urani um 
U -235 

u-238 
65 

180 

Zirconium 605 

10.4.1 Benef i ts ,  Costs, and Transfers  

Benefi ts, costs, and t rans fe rs  (e.g., t a x  payments) a r e  summarized i n  Tables 10.3 through 10.6. 
Cer ta in  m t t e r s  of exp lana t ion  and i n t e r p r e t a t i o n  a r e  t r e a t e d  f o r  each t a b l e  i n  t h e  subsections 
b e l  ow. 

10.4.1.1 Primary B e n e f i t s  

The d i r e c t  o b j e c t i v e s  o f  t he  app l i can t  a r e  t o  produce r e l a t i v e l y  low-cost  e l e c t r i c a l  energy and 
t o  prov ide a d d i t i o n a l  generat ing capac i t y  t o  meet peak demand w i t h  adequate reserves (Table 10.3). 
The b e n e f i t / c o s t  a n a l y s i s  should consider  a l so  the  e f f e c t  o f  an increased energy supply on economic 
growth. The h i s t o r i c a l  c o r r e l a t i o n  between e l e c t r i c a l  energy consumption and gross n a t i o n a l  
product  (GNP), shown i n  F i g .  10.1 imp l i es  t h a t  cont inued economic growth r e q u i r e s  an i n c r e a s i n g  
supply  o f  e l e c t r i c a l  energy. O f  course, many o t h e r  i npu ts  such as raw mate r ia l s ,  labor ,  e t c .  
a r e  needed as w e l l .  Despi te  t h e  s u b s t a n t i a l  u n c e r t a i n t y  o f  t h e  evaluat ion,  t he  s t a f f  be l i eves  
t h a t  a rough assessment i s  preferable t o  i g n o r i n g  t h e  need o f  increased e l e c t r i c a l  energy 
supp l i es  f o r  cont inued econanic growth. T h e ' d e s i r a b i l i t y  o f  f u r t h e r  economic growth and t h e  
value o f  GNP as an i n d i c a t o r  of n a t i o n a l  we l l -be ing  a r e  themselves under some p u b l i c  chal lenge 
a t  present. However, t he  s t a f f  has found no reason t o  doubt t h e  cont inued acceptance by the  
p u b l i c  o f  reasonably f u l l  employment and ( a t  l e a s t )  t he  maintenance of t h e  present  "standard 
o f  l i v i n g "  as approp r ia te  n a t i o n a l  goals. That these goals a re  achievable w i t h o u t  average 
increases o f  a few percent  per year ( i n  constant  d o l l a r s )  o f  GNP i s  n o t  ev ident .  

10.4.1.2 Environmental Costs 

a. Costs Related t o  Product ion o f  Enerw .  The environmental c o s t s  associated w i t h  t h e  
nuc lear  f u e l  c y c l e  have been t r e a t e d  g e n e r i c a l l y . 6  
o f  t h e  design and l o c a t i o n  o f  any p a r t i c u l a r  nuc lea r  generat ing p lan t ,  they a r e  n o t  considered 
here and do n o t  appear i n  Table 10.4. 

consunption o f  e l e c t r i c a l  energy are n o t  considered elsewhere i n  t h i s  statement because they a re  
i n  no sense s p e c i f i c  t o  the  proposed s t a t i o n .  Since these cos ts  do tend t o  balance the b e n e f i t s  
shown i n  Table 10.3, however, they a re  l i s t e d  i n  Table 10.4 on t h e  bas i s  o f  t h e  f o l l o w i n g  
discussion. 

Since these costs  a re  l a r g e l y  independent 

b. C o s t s  Related t o  Consumption o f  Enerqy. Environmental costs  associated w i t h  t h e  
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TABLE 10.3. Primary B e n e f i t s  from S t a t i o n  Cons t ruc t ion  
and Operation 

~- ~ ~ 

Description Reference Section 

Li tera l  s t a t emen t :  

Annual product ion  of about 12 .5  b i l l i o n  kWh 
of e lec t r ic  energy 

Cont r ibu t ion  t o  system r e l i a b i l i t y  of 
2240 MWe gene ra t ing  c a p a c i t y  

A l t e r n a t i v e  i n t e r p r e t a t i v e  s t a t emen t :  

Economic a c t i v i t y  associated w i t h  $4 t o  $6 b i l l i o n  
GNP (1958 dollars) for  the l i f e  o f  plant  

10.4  .l. 1 

1.5 

I .4 

I .3 

1.2 

I .  I 

I .o 
0.9 

0 0.8 
a 0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0. I 

G 

I I 

Fig. 10.1. Ratio of GNP to Electric Energy Sales 
(1951) dallars/kWh). 
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Table 10.4. Braidwood Station Environmental Costs 

Reference 
Effect Section Sumnary Description 

Land use: 
Erosion 4.1.1, 

4.1.2 

Loss of agricultural  4.1 
production 

Visual 5.1.2 

Water use: 
Evaporative 5.2.1 
consumption 

Sa l t s  discharged 3.6, 
t o  Kankakee River 5.2.3 

Thermal plume in 3.4.2.2 
Kankakee River 

Radiological impact: 
Cumulative popula- 5.3 
la t ion  cost (50-mile 
radius) 

Who1 e-body dose t o  5.3 
nearby residents 

Occupational 5.3 
Ecological impacts: 

On aquatic l i f e  5.4,Z.Z 

5.4.2.2 

5.4.2.2.3 

On t e r r e s t r i a l  l i f e  4.3.1 

Dur ing  construction 4.4 
Social and economic e f fec ts :  

During operati on 5.5 

Consumption of 10.4.1.2 
e l e c t r i c  energy 
produced by system 

Minor erosion d u r i n g  construction, will be minimized by 
construction practices.  

Station proper, 70 acres ( revers ib le ) ;  exclusion area,  
200 acres ( revers ib le ) ;  pipeline corridor and r iver  
s i t e ,  about 83 acres (pa r t i a l ly  reversible);  lake, 
381 acres (doubtful r eve r s ib i l i t y ) ;  transmission tower 
bases, 10 acres.  
Station proper consists of large industrial  -type s t ruc tures  
discordant with rural surroundings; about 84 miles of trans- 
mission l i ne  generally regarded as visually unappealing. 

About 47 c f s ,  1% of normal Kankakee River flow, 11% of 
(seven-day 10-year) low flow. 

104,000 lb/day in excess of normal r iver  concentration in 
blowdown--leads t o  4 ppm increase in r iver  TDS. 

Maximum area of 5'F isotherm: 2 acres 

15 man-remlyr 

Less than a few percent of natural background. 

1,000 man-rem/yr 

Destruction of approximately 3% plankton in r iver  cross 
section a t  intake--rapid downstream recovery--possible 
20% loss a t  low r iver  flow. 

Some entrainment mortality of fish a t  intake--will not 
s ign i f icant ly  a f fec t  f ish population. 

Possible a t t rac t ion  of f i sh  to discharge plume--effect on 
f i sh  populations probably undetectable. 

Growth of algae i f  excessive could impose adverse e f f ec t  
on river--can be controlled. 

Temporary disturbance of aquatic communities during 
construction of intake and discharge. 

Some animals will be lo s t .  

Greatly increased t r a f f i c  on certain roads, possible social 
problems i n  nearby towns connected with short-term 
population increase. 

Slight population increase i n  nearby towns because o f  plant 
employment . 
Heat equivalent t o  most of energy produced i s  transferred 
t o  atmosphere--micrometeorological e f fec ts  due to urban 
"heat islands" may be enhanced. 
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Major d i r e c t  uses of e l e c t r i c  energy a r e  l i g h t i n g ,  t he  product ion o f  mechanical work v i a  e l e c t r i c  
motors, ene rg i z ing  of c o n t r o l  and comnunications equipment ( " e l e c t r o n i c s " ) ,  e lect rochemical  pro-  
cessing, and heat ing.  Except f o r  e lect rochemical  processes ( a  small  f r a c t i o n  o f  t h e  a p p l i c a n t ' s  
l oad ) ,  t he  o n l y  s i g n i f i c a n t  waste product due t o  these d i r e c t  uses i s  heat .  
t ransformat ion o f  e l e c t r i c  energy i n t o  l i g h t ,  mechanical work, s i g n a l  a m p l i f i c a t i o n ,  and l o c a l i z e d  
hea t ing  i s  g e n e r a l l y  more e f f i c i e n t  than a l t e r n a t i v e  means, where these e x i s t .  
p r a c t i c a b l e  a1 t e r n a t i v e  l i g h t s ,  m t o r s ,  and heaters i n v o l v e  combustion processes, and y i e l d  
combustion waste products  l o c a l l y  as w e l l  as waste heat. 
(p roduc t i on  of l i g h t ,  mechanical work, des i red  heat ing,  e t c . )  t h e  consumption o f  e l e c t r i c  
energy ( d i s t i n g u i s h e d  from generat ion)  g ives r i s e  t o  reduced environmental e f f e c t s  r e l a t i v e  
t o  a v a i l a b l e  a l t e r n a t i v e s .  

I n  absolute terms, t h e  on ly  s i g n i f i c a n t  environmental e f f e c t  t o  be expected d i r e c t l y  from 
the use o f  t h e  e l e c t r i c i t y  produced by a generat ing s t a t i o n  w i l l  be the  increased discharge 
of waste heat  t o  t he  environment. Probably the o n l y  environmental impact w i l l  be a r e l a t i v e l y  
modest enhancement of t he  micrometeoro log ica l  e f f e c t s  associated w i t h  urban "heat i s l ands" .  

However, t h e  

Also, most 

Therefore, f o r  t he  same end r e s u l t s  

10.4.1.3 Economic Costs 

The est imated costs  of s t a t i o n  cons t ruc t i on  and opera t i on  f o r  30 years a re  presented i n  the  
t a b l e  i n  two a l t e r n a t i v e  forms: as "present value" a t  t he  est imated date o f  f i r s t  commercial 
operat ion,  and i n  "annualized" form, g i v i n g  the  annual payment r e q u i r e d  d u r i n g  each year  o f  
p l a n t  ope ra t i on  t o  cover cos ts  of ope ra t i on  and t o  repay an approp r ia te  f r a c t i o n  o f  t he  c o s t  
o f  cons t ruc t i on  ( w i t h  i n t e r e s t ) .  (See Appendix C f o r  f u r t h e r  d iscuss ion. )  

Taxes p a i d  d i r e c t l y  by  t h e  a p p l i c a n t  a re  excluded from the  cos t  est imates o f  Table 10.5, g i v i n g  
r i s e  t o  r a t h e r  l a r g e  d iscrepancies between t h e  a p p l i c a n t ' s  est imates (Ref .  1, Table 10.1-1) and 
those given here. 
discussed below. 

This d i f f e rence  i s  discussed i n  Appendix C Taxes a re  inc luded i n  Table 10.6 

10.4.1.4 Economic Transfers 

As noted above, t a x  payments do n o t  enter  i n t o  a n a t i o n a l  b e n e f i t - c o s t  ana lys i s  s ince they n e i t h e r  
c rea te  nor  consume resources. The amounts invo lved,  however, a re  l a r g e  and o f  some n a t u r a l  
i n t e r e s t ,  moreover, t h e  taxes p a i d  t o  l o c a l  governments would enter  i n t o  a l o c a l  bene f i t - cos t  
analys is ,  tending t o  balance the  environmental costs  which accrue main ly  t o  the l o c a l  area. For 
these reasons, t h e  estimated tax payments which would r e s u l t  from cons t ruc t i on  and operat ion o f  
t he  proposed s t a t i o n  are g i ven  i n  Table 10.6. 

1 0.4.2 B e n e f i t  -Cost Balance 

The bas is  on which the  balance i s  m d e  i s  descr ibed i n  Appendix C .  

10.4.2.1 Balance f o r  Braidwood S t a t i o n  

The environmental and economic e f f e c t s  t o  be expected from the  s t a t i o n  i f  b u i l t  and operated 
a re  given sumnar i ly  i n  Tables 10.3 through 10.6. 

The major b e n e f i t  expected w i l l  be t h e  product ion o f  about 12 .75  b i l l i o n  kVh o f  e l e c t r i c a l  
energy each year over the  a n t i c i p a t e d  30-year ope ra t i ng  l i f e  o f  t he  s t a t i o n  and the  maintenance 
o f  an adequate reserve m r g i n  o f  generat ing capac i t y  (see Sect ion 8.2.1.3). On the bas i s  o f  t he  
h i s t o r i c a l  c o r r e l a t i o n  between GNP and e l e c t r i c  energy p roduc t i on  discussed i n  Section 10.4.1.1, 
t h e  s t a f f  expects t h a t  t h e  s t a t i o n  w i l l  support (a long w i t h  necessary i npu ts  o f  l abo r ,  raw 
mate r ia l s ,  e t c . )  t he  economic a c t i v i t y  assoc iated w i t h  $4 t o  $6 b i l l i o n  (1958 d o l l a r s )  per year  
o f  GNP. 

The date o f  need f o r  t h e  generat ing capac i t y  which the s t a t i o n  would prov ide must be considered 
somewhat unce r ta in  because o f  f a c t o r s  brought t o  the f o r e  by t h e  c u r r e n t  "energy c r i s i s . "  
the one hand, economic growth i n  t h e  U.  S.  may be slowed by  t h e  shortage o f  petroleum products 
and the r e s u l t i n g  d i s l o c a t i o n s  o f  t h e  economy, and increased emphasis on the  more e f f i c i e n t  
use o f  energy may lead t o  reduced consumption o f  e l e c t r i c  energy f o r  present  uses, p r o v i d i n g  
some margin f o r  new uses w i t h o u t  t h e  c o n s t r u c t i o n  o f  generat ing p lan ts .  On t h e  o the r  hand, 
the  p e r s i s t e n t  shortage of petroleum f u e l s  would tend t o  induce a d d i t i o n a l  use o f  e l e c t r i c  
energy as a s u b s t i t u t e  w h i l e  i n h i b i t i n g  the  operat ion o f  o i l - f i r e d  generat ing capaci ty .  The 
s t a f f  concludes t h a t  i t  would be prudent t o  complete the  s t a t i o n  according t o  schedule. 

The 
about $200 m i l l i o n  per  year f o r  f u e l  , opera t i on  and mintenance,  taxes, i n t e r e s t ,  and deprec ia t i on .  
These l a r g e  suns are, however, assoc iated w i t h  the  product ion o f  correspondingly  l a r g e  amounts 

On 

economic c o s t  o f  t he  proposed s t a t i o n  i s  large,  about $1 b i l l i o n  c a p i t a l  investment and 
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Table 10.5. Braidwood S t a t i o n  Economic Costsa 

19801 981 Annualized (30 years)  
Desc r ip t i on  Present Value ( m i l l i o n s  o f  d o l l a r s )  M i  1 1 s/  kWh 

P1 an t  c o n s t r u c t i o n  919 6.87b 

Fuel consumption 35OC 33.4 2.62 

P lan t  ope ra t i on  and maintenance 242' 23.1d 1 .81b 

Decomni s s i  on i ng 22e 2.1 0.16b 

To ta l  1533 146.0 11.5 

aBased on a p p l i c a n t ' s  est imates (Braidwood Environmental Report, Tables 9.3-2, 10.1-1, 
and 11.2-2), ad jus ted  t o  exclude taxes and us ing a d i f f e r e n t  i n t e r e s t - r a t e  assumption 
as discussed i n  Appendix A. 

bAssumes annual ou tpu t  o f  12.75 b i l l i o n  kWh (65% load  f a c t o r ) .  
CAssumes 30-year 1 i f e .  
dLevel ized value r e f l e c t i n g  6% per  year assumed esca la t i on .  

eAssumes 1980-1980 est imate o f  $50 m i l l i o n  ( s t a f f  est imate) ,  escalated a t  6% per  year  

1980-1981 est imate i s  
$11.684 m i l l i o n .  

b u t  discounted a t  8.75% per yea r  f o r  n e t  d i scoun t  r a t e  o f  2.75% per year .  

Table 10.6. Braidwood S t a t i o n  Estimated Tax Paymentsa 

1980-1981 Present Value Annual Level i zed 
( m i l l i o n s  o f  d o l l a r s )  ( m i l l i o n s  of d o l l a r s )  Leve l i zed  Mil ls/kWhc 

Corporate income taxb 402 

Real p roper t y  taxes 25 

38.3 

2.4 

3.0 

0.19 
~ ~~~ ~ ~~~~~~~~~~~ 

aBased on a p p l i c a n t ' s  e s t i m t e s  (Braidwood Environmental Report, Tables 9.3-2, 10-1 .l, 

bAssumes combined s t a t e  and fede ra l  r a t e  o f  50% on corporate p r o f i t s ,  46.5% e q u i t y  
and 11.2-2), ad jus ted  f o r  8.75% discount  r a t e  i n  present va lue computations. 

f i n a n c i n g  a t  12.68% r e t u r n  on equi ty ,  and 30-year s t r a i g h t - l i n e  deprec ia t i on .  

Assumes annual ou tpu t  o f  12.75 b i l l i o n  kWh (65% load  f a c t o r ) .  
c .  
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of e l e c t r i c  energy, some 13 b i l l ion  kWh per year. The "busbar" cos t  ( i . e . ,  not including 
transmission and d is t r ibu t ion  cos ts )  of the s ta t ion  output will  be about 2 cents per kblh. The 
conclusion of Section 8 i s  t ha t  a market for the o u t p u t  will ex i s t  over the l i f e  o f  the  plant;  
thus the large cos t  of the plant will be balanced by the large value of the o u t p u t .  

The material resource costs of the s ta t ion  have been considered in Section 10.3.4. Plant 
construction will  require the partly i r re t r ievable  conmitment of substantial quantit ies of metals 
and materials of construction. However, re la t ive  t o  capital  investment and contribution t o  
GNP, t h i s  commitment appears t o  be typical of capital intensive basic industries.  

Plant operation will irreversibly consume substantial  quantit ies of uranium, par t icu lar ly  
of the r e l a t ive ly  rare mass-235 isotope. However, U .  S .  uranium reserves appear adequate to  
support nuclear power a t  l ea s t  th rough  the  l i f e  of plants coming i n t o  operation before the 
middle or  l a t e  1980's and f o r  very much longer (centuries) i f  timely introduction of comerc ia l ly  
successful breeder reactors i s  achieved. 

The environmental costs of the proposed s ta t ion  exclusive of the cooling lake a re  typical of a 
large,  carefu l ly  planned industrial  enterprise.  Some 130 acres,  about half of i t  now cul t iva ted ,  
will be converted t o  industrial  use. An additional 650 acres,  of which 200 are  now cul t iva ted ,  
will serve a s  "exclusion area" for the s ta t ion .  This land will  probably be allowed t o  rever t  
to natural conditions, p r o v i d i n g  unmanaged wi ld l i fe  habitat .  Various e f fec ts  of construction 
a c t i v i t y  during a five-year period a re  foreseeable (see Section 41, b u t  none tha t  would not 
normally accompany large-scale construction and none w i t h  unacceptable environmental impact. 
Operation of the plant will  add a few hundred residents t o  the population within 20 miles. 

The cooling lake and i t s  dikes will  require another 3540 acres .  
i s  now cultivated.  
be generally v is ib le ,  appearing as low grassy ridges, most viewers will probably consider t h i s  
superior es the t ica l ly  to  the "mountains o f  the moon" spoil  area which will be eliminated. The 
lake i t s e l f  i s  expected to support an in te res t ing  although limited ecosystem. 

Other environmental e f fec ts  spec i f ic  t o  the proposed type of plant (nuclear power s ta t ion  with 
cooling lake) include consumptive use of water from and discharge of blowdown to the Kankakee 
River, release of small amounts of radioactivity and d i r ec t  radiation t o  the environment, and 
esthetic and land-use e f f ec t s  of the associated new transmission l i n e s .  
the impacts on the Kankakee River indicates t ha t  they a re  l ike ly  t o  be more marginally 
perceptible against  the normal fluctuations of the environment o n l y  d u r i n g  periods of extreme 
low flow. 
the impacts on the r iver  ecosystem can be held t o  an acceptably low level.  

Four hundred acres o f  t h i s  land 
A l t h o u g h  only the  lake dikes will Most of the remainder i s  str ip-mine spo i l .  

The evaluation of 

By proper management during low-flow conditions a s  discussed i n  Section 5.4.2.2, 

10.4.2.2 Concl us ion 

As s ta ted  in Section 9, the s t a f f  believes tha t  there would be no reduction i n  overall costs 
by the use of an a l te rna t ive  s i t e ,  the use of an a l te rna t ive  generating system, the use o f  
a l te rna t ive  plant designs, or the use of any combination of these. 
a l te rna t ive  cooling systems indicated that the use of a small ( 1 . 2  acres/MW) cooling lake i s  
as environmentally acceptable as any of the a l te rna t ives  and minimizes the impact of Kankakee 
River biota d u r i n g  extreme low flow-periods. The s t a f f  concludes tha t  the proposed Braidwood 
Station i s  a system with a benefit t o  cos t  r a t i o  a t  l ea s t  as high as that of any a l te rna t ive  
sys tem. 

I n  the s t a f f ' s  opinion, the benefits  of increased ava i l ab i l i t y  of e l ec t r i ca l  energy a n d  im- 
proved system r e l i a b i l i t y  in the  appl icant ' s  service area outweigh the economic and environ- 
mental costs caused by the s ta t ion  when i t  i s  constructed and operated in accordance w i t h  
the conditions l i s t e d  in the Sumary and  Conclusions. 

The s t a f f  evaluation of 
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11. DISCUSSICN OF COMMENTS RECEIVED ON THE DRAFT ENVIRONMENTAL STATEMEN7 

11.1 INTRODUCTION 

Pursuant t o  Appendix D of 10 CFR P a r t  50, t he  D r a f t  Environmental Statement (DES) was t r a n s m i t t e d  
i n  February 1974 with a request  f o r  comment t o  the  Federal, State,and l o c a l  agencies l i s t e d  i n  
the  sumnary a t  t h e  beginning o f  t h i s  f i n a l  statement. I n  a d d i t i o n ,  t h e  AEC requested comments 
on t h e  D r a f t  Environmental Statement from i n t e r e s t e d  persons by a n o t i c e  publ ished i n  the  Federal 
Reg is te r  on February 21, 1974. 

L e t t e r s  i n  response t o  these requests  were rece ived  from the  f o l l o w i n g :  

Department o f  A g r i c u l t u r e ,  A g r i c u l t u r a l  Research Service (ARS) 
Department of A g r i c u l t u r e ,  Forest  Service (FS) 
Department o f  A g r i c u l t u r e ,  S o i l  Conservation Serv ice (SCS) 
Department o f  Transpor ta t i on  (DOT) 
Department o f  Housing and Urban Development (HUD) 
Department o f  t h e  I n t e r i o r  (DOI) 
Department o f  Comnerce (DOC) 
Department of Health, Education, and Welfare (HEN) 
Advisory Counci l  on H i s t o r i c  Preservat ion (ACHP) 
Federal Power Commission (FPC) 
Department o f  t he  Army, Corps o f  Engineers (CE)  
Environmental P r o t e c t i o n  Agency (EPA) 
Upper M i s s i s s i p p i  R ive r  Basin Comnission (UMRBC) 
I l l i n o i s  Archaeological Survey ( I A S )  
I 11  i n o i s  Natura l  H i s t o r y  Survey ( I N H S )  
I l l i n o i s  S t a t e  Geological Survey (ISGS) 
Nor theastern I l l i n o i s  Planning Commission (NIPC) 
I l l i n o i s  Department o f  Mines and M ine ra l s  (IDMM) 
Geothermal Energy I n s t i t u t e  ( G E I )  

The l e t t e r s  a r e  reproduced i n  Appendix F o f  t h i s  Statement. 
issues r a i s e d  i n  these l e t t e r s  i s  r e f l e c t e d  i n  t h i s  Sect ion and by chanqes i n  t h e  t e x t .  
v i a t i o n s  and associated Appendix F page numbers r e f e r  t o  t h e  s p e c i f i c  comnents rece ived  f rom the  
var ious agencies and sources. 

11.2 DEPARTMENT OF AGRICULTURE, FOREST S E R V I C E  

11.2.1 

Some d iscuss ion of t h i s  sub jec t  was added t o  Sect ion 4.1.2. 
l o c a t i n g  c o r r i d o r s  a long t h e  edges o f  woods so as t o  avo id  t r a v e r s i n g  woodland, i f  f e a s i b l e .  
a l s o  s ta ted  a p o l i c y  o f  p l a n t i n g  sod-forming grasses on c lea red  areas t o  r e t a r d  eros ion.  

11.3 

11.3.1 

The d iscuss ion of a g r i c u l t u r a l  energet ics  i n  Sect ion 4.1 $ 1  i n d i c a t e s  t h a t  t he  l o s s  of  a q r i c u l t u r a l  
product ion due t o  t he  d i v e r s i o n  of farmland t o  power p l a n t  use may be compensated by the gains i n  
a g r i c u l t u r a l  product ion due t o  added energy i n p u t  made a v a i l a b l e  by t h e  p l a n t .  

11.3.2 Drainage (SCS, F-2) 

The s t a f f  has expanded i t s  cons ide ra t i on  o f  seepage and drainage e f f e c t s ,  as repo r ted  i n  Sect ion 5 .2 .  

The s t a f f ' s  cons ide ra t i on  o f  t he  
The abbre- 

Impact o f  Transmission L ine  and P i p e l i n e  Cor r i do rs  on Woodland (FS, F-1)  

The app l i can t  i n d i c a t e d  a p o l i c y  o f  
I t  

DEPARTMENT OF AGRICULTURE, SOIL CONSERVATION SERVICE 

D ive rs ion  o f  Aq r i cu l  t u r a l  Land (SCS, F-2) 

11-1 
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11.4 DEPARTMENT OF TRANSPORTATION 

11.4.1 

The t e x t u a l  d iscuss ion was expanded. 
l o c a l  county  and s t a t e  t r a n s p o r t a t i o n  agencies t o  mfnimize t h e  e f f e c t s  o f  increased t r a f f i c  
d u r i n g  the  cons t ruc t i on  o f  Braidwood S t a t i o n .  I t  expects t o  meet l o c a l  l i m i t s  on loads and 
t r a f f i c  and t o  reach e q u i t a b l e  agreements on maintenance. 

11.5 DEPARTMENT OF THE INTERIOR 

11.5.1 B r e v i t y  o f  Desc r ip t i ve  M a t e r i a l  (001, F-5) 
I t  i s  the s t a f f ' s  p r a c t i c e  co reduce the c o s t l y  t r a n s f e r  of l a r g e  q u a n t i t i e s  o f  data from the 
a p o l i c a n t ' s  Environmental gepor t  by s u n a r i z i n g  the impor tant  i n fo rma t ion  and g r o v i d i n q  reference 
t o  t he  source. 
mental Qeport. 

11.5.2 

The d is tances and d i r e c t i o n s  o f  these f a c i l i t i e s  from the  proposed p l a n t  a r e  given i n  the  a p p l i -  
c a n t ' s  Environmental Report i n  Table 2.2-7. 

Impact o f  Construct ion T r a f f i c  (DOT, F-3) 

The app l i can t  has s t a t e d  i t s  i n t e n t i o n  o f  cooperat ing w i t h  

The Department of I n t e r i o r  i s  furn ished twenty (20 )  sets o f  the a p p l i c a n t ' s  Envi ron-  

Recreation F a c i l i t i e s  w i t h i n  10 M i l e s  (001, F-5) 

11.5.3 Archaeologica l  Test ing (DOI,  F-5) 

Appendix 7 i n  the a p p l i c a n t ' s  Environmental Report prov ides f u r t h e r  d e t a i l  on the archaeologica l  
t e s t i n g  done a t  the araidwood s i t e .  
from the I l l i n o i s  Archaeological Survey. 

11.5.4 Topography, Geology and Seismology ( D O I ,  F-5) 

The in fo rma t ion  on geology and seismology i n  the  environmental statement i s  n o t  intended t o  be 
s u f f i c i e n t  f o r  an independent assessment o f  t he  adequacy o f  t h e  f a c i l i t y  design w i t h  respect  t o  the 
the  geologic  environment. 
proposed s t a t i o n .  The pr imary purpose o f  i n c l u d i n g  ecosystem d e s c r i p t i o n s  i n  the  environmental 
statement i s  t o  pe rm i t  an eva lua t i on  o f  how the c o n s t r u c t i o n  and opera t i on  o f  t he  proposed p l a n t  
might  have an adverse impact on some element o f  t he  ecosystem o r  i t s  i n t e r a c t i o n s .  For t h i s  ourpose, 
t he  s t a f f  be l i eves  the  d e s c r i p t i o n s  o f  geology and seismology i n  the statement a re  s u f f i c i e n t .  

The a p p l i c a n t  has s ta ted  t h a t  a l l  deep trenches and deep underground mines i n  the d i k e  v i c i n i t y  would 
be f i l l e d  w i t h  impermeable m a t e r i a l  p r i o r  t o  f i l l i n g  the  c o o l i n g  lake,  so t h a t  t he re  would be no 
p o s s i b i l i t y  f o r  water t o  leak under the  d i k e  i n  these loca t i ons .  The s t a f f  has obtained a d d i t i o n a l  
i n fo rma t ion  from the app l i can t  on the pe rmeab i l i t y  of t he  m a t e r i a l s  t o  be used i n  the  s l u r r y  t rench  
cons t ruc t i on ,  on c u r r e n t  t e s t s  i n  the  s t r i p -m ine  on the  s l u r r y  t rench  technique, and on the  d i ke  
design and method o f  sea l i ng  t o  under l y ing  impermeable s t r a t a .  The quest ion o f  sea l i ng  the  lake i s  
r e c e i v i n g  f u r t h e r  study by the s t a f f  i n  connection w i t h  the sa fe ty  eva lua t i on .  

11.5.5 

See response 11.5.1. 
t h e  l and  rec la imed a f t e r  min ing according t o  laws passed i n  1961. 
b r i e f l y  described i n  Sect ion 2.7.1 w i t h  references t o  more d e t a i l e d  data. 
t h a t  t h e  area o f  woodland t o  be inundated i s  117 acres r a t h e r  than the  apparent 1000 acres i n  
F i g .  2.7-3 o f  the a p p l i c a n t ' s  Environmental Report. 

The revege ta t i on  i n  the  mined areas, where i t  e x i s t s ,  i s  sparse. The a p p l i c a n t  repo r ted  the  
r e s u l t s  of eco log i ca l  surveys i n  1972 and 1973 i n  i t s  Environmental Report. The inunda t ion  o f  
these areas by the  proposed coo l i ng  l ake  represents  a d e f i n i t e  l o s s  o f  h a b i t a t  f o r  w i l d l i f e  and 
of p o s s i b i l i t i e s  f o r  hun t ing .  The sparseness o f  t he  revege ta t i on  makes the l oss  o f  the f l o r a  
i n  these areas l e s s  se r ious .  

11.5.6 Transmission L ine  Construct ion (001, F-6) 

Only about 10 acres o f  farmland w i l l  be taken ou t  o f  a g r i c u l t u r a l  product ion by t ransmiss ion 
l i n e  cons t ruc t i on .  This area w i l l  be occupied by the bases o f  t ransmiss ion towers. Most o f  t he  
remainder o f  t he  2,376 acres o f  new r i gh t -o f -way  w i l l  t r ave rse  farmland, w i t h  an e f f o r t  by  t h e  
a p p l i c a n t  t o  l o c a t e  the c o r r i d o r s  a long quar te r -  and h a l f - s e c t i o n  l i n e s  wherever poss ib le .  
e f f e c t  of t h e  l i n e s  on w i l d l i f e  on farmland should be minimal. Where the  l i n e s  crossed wood- 
land, t he re  would be an exchange o f  wood h a b i t a t  f o r  edge h a b i t a t ,  which i s  p r e f e r r e d  by many 
species o f  w i l d l i f e .  

11.5.7 Bes t  Use o f  Spare Land (DOI, F-7) 

The a p p l i c a n t  i s  working w i t h  t h e  W i l l  County S o i l  and Water Conservation D i s t r i c t  t o  determine 
the  bes t  use o f  spare land. 

A f u r t h e r  comment i s  prov ided by t h e  l e t t e r  on page F-20 

Such adequacy i s  determined by the AEC i n  i t s  s a f e t y  eva lua t i on  o f  the 

Loss o f  Woodland t o  the  Lake (DOI, F-6) 

Some revege ta t i on  has occurred on some o f  the o l d e r  s t r i p -m ined  l a n d  and on 
The f l o r a  and fauna are 

The a p p l i c a n t  s t a t e s  

The 
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11.5.8 Cons t ruc t i on  o f  I n take  and Discharge S t ruc tu res  ( D O I ,  F-7) 

I n  order  t o  g e t  a pe rm i t  from the  Corps o f  Engineers f o r  b u i l d i n g  the i n t a k e  and d ischarge 
s t r u c t u r e s  ( a p p l i c a t i o n  submitted June 19), t he  design and c o n s t r u c t i o n  procedures, such as the  
d isposal  of dredged m a t e r i a l ,  must meet t h a t  agency's standards. A cofferdam w i l l  be b u i l d  t o  
d i v e r t  most o f  t h e  r i v e r  f l o w  around the c o n s t r u c t i o n  area. The c o n t r a c t o r  w i l l  be advised by 
the  a p p l i c a n t  t o  f o l l o w  procedures which minimize s i l t a t i o n .  
w i l l  be res to red  a f t e r  the cofferdam i s  removed. 

11.5.9 Dike I n t e g r i t y  ( D O I ,  F-7) 

See response 11.5.4. 
and w i l l  be compacted t o  engineer ing standards and seeded w i t h  grass. 
mud f l o w  w i l l  n o t  be ser ious problem w i t h  t h i s  design. 
d i k e  design and i n t e g r i t y  i n  i t s  safety  rev iew.  

11.5.10 E f f e c t s  o f  S i t e  Dewatering (DOI, F-7) 

The s t a f f  has r e q u i r e d  and the  a p p l i c a n t  has comnitted (Sect ions 4.2 and 4 . 5 . l ( c ) )  t o  mon i to r  ground- 
water l e v e l s  i n  t h e  v i c i n i t y  of t h e  s t a t i o n  d u r i n g  dewatering operat ions and t o  take  c o r r e c t i v e  
measures if necessary. The o r i g i n a l  p lan  o f  t h e  a p p l i c a n t  was t o  draw 20 gpm o f  water from 
shal low w e l l s  f o r  s t a t i o n  potable water. According t o  t h e  p l a n  described i n  Supplement 4 o f  the 
Environmental Report, bo th  makeup water  and po tab le  water  w i l l  be drawn from deep w e l l s ,  w i t h  
l e s s  impact on l o c a l  a q u i f e r s .  

11.5.11 

AS s t a t e d  i n  Sect ions 3.3 and 5.2.1, and i n  t h e  a p p l i c a n t ' s  Environmental Report, t h e  a p p l i c a n t ' s  
p o l i c y  i s  t o  l i m i t  n e t  water  use from the  Kankakee R ive r  t o  10% o f  t h e  f l o w  du r ing  per iods o f  
low f l o w  (below 470 c f s ) .  Water w i l l  be used from t h e  volume s to red  i n  t h e  c o o l i n g  l a k e  t o  
make up t h e  d i f f e r e n c e  from 47 c f s .  

11.5.12 E f f e c t s  o f  Chlor ine i n  the  Cooling Lake (DOI, F-7) 

I n  F i g .  3.3, i t  i s  shown t h a t  c h l o r i n a t e d  p l a n t  se rv i ce  wa te r  i s  d i l u t e d  by  about 30 times i t s  
volume o f  condenser c o o l i n g  water be fo re  it reaches t h e  c o o l i n g  l ake .  
c h l o r i n e  content  would be expected t o  have minor e f f e c t s  on l a k e  b i o t a .  
res idua l  c h l o r i n e  con ten t  would be removed i n  a few hours o f  t h e  severa l  days requ i red  f o r  the 
water t o  c i r c u l a t e  around the  c o o l i n g  l ake .  

11.5.13 Premature Spawning ( D O I ,  F-8) 

The s t a f f  has found no documented evidence t h a t  premature spawning o f  p e l a g i c  f i s h  occurs as a 
r e s u l t  of thermal discharges i n  r i v e r s ;  however, some f i s h e r y  b i o l o g i s t s  b e l i e v e  t h a t  t h i s  may 
occur. I f  such spawning does occur, t he  eggs might  n o t  be f e r t i l i z e d ,  o r  might f a i l  t o  hatch 
i f  cond i t i ons  ou ts ide  the  plume were n o t  i n  phase w i t h  the  advance i n  season mimicked by t h e  
thermal i n p u t  t o  t he  water .  An example would b e  low water  temperature ou ts ide  the plume. 

No t ransformat ion o f  t he  eggs t o  f ry cou ld  occur d u r i n g  t h e  b r i e f  t r a n s i t  through the  thermal 
d ischarge plume i n  the  r i v e r  a t  t he  Braidwood s i t e .  
3923 fps, t h e  water v e l o c i t y  i s  approximately 2 .1 fps .  The e x t e n t  o f  t he  5°F isotherm i n  
February (worst  case) i s  p red ic ted  t o  be approximately 750 ft. from t h e  discharge (F ig .  3.8). 
The ca l cu la ted  t r a n s i t  t ime  o f  6 minutes i s  c l e a r l y  t o o  s h o r t  t o  pe rm i t  the hatch ing o f  any eggs 
deposited i n  t h e  plume. S i m i l a r l y ,  a traximum res idence t ime o f  6 minutes i n  t h e  plume i s  i n s i g -  
n i f i c a n t  as measured against  the 2-3 day minimum t ime  r e q u i r e d  f o r  hatch ing t o  occur -- thus, i f  
water temperatures and o the r  phys i ca l  cond i t i ons  ou ts ide  t h e  plume a re  favo rab le  f o r  embryo- 
genesis, hatch ing should occur unimpeded by t h e  b r i e f  residence i n  the  warmer water  o f  t he  
plume. 

Only a ve ry  smal l  p o r t i o n  o f  t h e  pelag ic  f i s h  o f  t h e  Kankakee R ive r  i n  t h e  v i c i n i t y  o f  t h e  
Braidwood S t a t i o n  would be expected t o  congregate near t h e  d ischarge.  
spawning were induced by  the  heated water, l i t t l e  o r  no adverse impact would occur  t o  the 
aqua t i c  ecosystem. 

11.5.14 Recreation (DOI ,  F-8) 

Sections 4.1.2, 5.1.1 and Appendix G i n d i c a t e  t h e  arrangements t o  a l l o w  continued f o s s i l  c o l -  
l e c t i n g  i n  the s t r ip-mined areas o f  t h e  s i t e  du r ing  and a f t e r  l ake  cons t ruc t i on .  
i s  cooperat ing w i t h  t h e  W i l l  County Soi l  and Water Conservation D i s t r i c t  t o  determine the  b e s t  
use of spare land.  A t  present, t h e  app l i can t  has n o t  comni t ted t o  any p u b l i c  use o f  t h e  p r o -  
posed c o o l i n g  l ake .  

The contour o f  t he  r i v e r  bottom 

The d i k e  i s  planned t o  be 14 fee t  wide on top  w i t h  a 30% slope on each side, 
The app l i can t  expects t h a t  

The s t a f f  i s  cons ider ing the  quest ion o f  

Kankakee R ive r  Water Use a t  Low Flow (DOI, F-7) 

The r e s u l t i n g  small  
I n  any case, t h e  

A t  t h e  average Kankekee R ive r  f l o w  o f  

Thus, even i f  abnormal 

The a p p l i c a n t  
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11.5.16 Visual  Impact (DOI ,  F-8) 

A l a r g e  p a r t  o f  t he  s i t e  area was s t r i p -m ined  be fo re  1961, when t h e  rec lamat ion laws were passed. 
Much o f  t h i s  area remains a barren,  u g l y  landscape. 

11.5.17 Leaching o f  Lake Bottom by Heated Water (DOI, F-8) 

A study by  the  a p p l i c a n t ' s  consu l tan t  o f  l each ing  a t  h ighe r  water  temperatures o f  t y p i c a l  area 
s o i l s  i n d i c a t e d  small  d i f f e r e n c e s  from leach ing  b y  c o o l e r  water. S i m i l a r l y ,  l i t t l e  d i f f e r e n c e  
i n  t h e  chemical composit ion o f  t h e  lakes i n  t h e  s t r i p - m i n e d  area was noted i n  sumner and w i n t e r .  
The leach ing  s tud ies  i n  the  l a b o r a t o r y  and continued sampling of t he  s tagnant  lakes i n d i c a t e d  
t h a t  t he  water  canpos i t i on  became constant  i n  the f i r s t  year a f t e r  f r e s h  s o i l  was exposed. That 
i s  t he  bas i s  f o r  t he  conclus ion t h a t  l each ing  i s  a shor t - term phenomenon. The c o n s u l t a n t ' s  data 
i nd i ca ted  t h a t  l a k e  concentrat ions o f  d i sso l ved  chemicals were n o t  app rec iab l y  changed by 
leaching.  

11.5.18 Comsumptive Water Use (DOI ,  F-8) 

The wording o f  Sections 5.2.1 and 10.1.1.2 was changed t o  make i t  c l e a r e r  t h a t  t h e  57 c f s  inc luded 
evaporation (52 c f s )  and seepage (5 c f s ) ,  w h i l e  t h e  47 c f s  was t h e  n e t  consumptfve use when a c o r -  
r e c t i o n  o f  10 c f s  was subtracted f rom 57 c f s  t o  account f o r  average r a i n f a l l .  

11.5.19 Loss o f  Cooling Lake Water by  Waves (DOI, F-8) 

Very l i t t l e  over topping o f  t he  d i k e  by wind-generated waves i s  expected by the  app l i can t .  
any case i t  i s  n o t  expected t h a t  overtopping would c u t  t h e  d i k e s .  
quest ion i n  g rea te r  depth f o r  t h e  s a f e t y  review. 

11.5.20 Cumulative Impacts on Water Q u a l i t y  (DOI, F-8) 

I n  
The s t a f f  i s  cons ide r ing  t h i s  

To ta l  d i sso l ved  s o l i d s  concen t ra t i on  (TDS) f o r  I l l i n o i s  r i v e r s  v a r i e s  w i t h  the seasons and of ten 
exceeds the  509 ppm y e a r l y  average l i m i t  i n  summers. 
f o r  y e a r l y  average concentrat ions.  
Dresden p l a n t  f o r  t he  Kankakee, Des Pla ines and I l l i n o i s  Rivers were 362,491 and 448 ppm, r e s p e c t i v e l y .  
The opera t i on  of Braidwood S t a t i o n  would r a i s e  the  downstream TDS concen t ra t i on  o f  the Kankakee 
River  t o  369 ppm on the average. 
TDS i n  the  I l l i n o i s  j u s t  below Dresden t o  451 ppm. 
of several p lan ts  on t h i s  r i v e r  system w i l l  n o t  be ser ious under average f l o w  cond i t i ons ,  and water 
q u a l i t y  c r i t e r i a  w i l l  e a s i l y  be met. 

I n  summers, t he  TDS i s  cons iderably  increased, p r i n c i p a l l y  because p l a n t  e f f l u e n t s  a re  l e s s  d i l u t e d  
by lower  r i v e r  f lows. 
t o  439 ppm when the Kankakee f low dropped t o  350 c f s .  
increased s a l i n i t y  of t he  I l l i n o i s  R ive r  when Braidwood, Dresden and C o l l i n s  S ta t i ons  a re  opera t i ng  
w i l l  n o t  s e r i o u s l y  a f f e c t  aqua t i c  b i o t a  i n  the  r i v e r .  

11.5.21 Radioact ive Discharges ( D O I ,  F-9) 

The r a d i o a c t i v e  discharges t o  the atmosphere were assumed t o  be vented a t  ground l e v e l .  

11.5.22 Rad io log i ca l  Accidents ( D O I ,  F-9) 

As s t a t e d  on page 7-1, i n i t i a l  r e s u l t s  o f  t he  Reactor Sa fe ty  Study a r e  expected t o  be a v a i l a b l e  
i n  1974. 

11.5.23 A l t e r n a t i v e  S i t e s  (001, F-9) 

The suggested eco log i ca l  eva lua t i on  o f  a l t e r n a t i v e  s i t e s  would have con t r i bu ted ,  i f  the  data had been 
ava i l ab le ,  t o  a more p rec i se  comparison o f  a l t e r n a t i v e  s i t e 3 .  
d e f i c i e n c i e s  of t h e  proposed s i t e  such evaluat ions o f  a l t e r n a t i v e  s i t e s  a re  n o t  u s u a l l y  performed. 

11.5.24 Canparison of Coal and Nuclear Generating S ta t i ons  (DO13 F-9) 

I n  Sect ion 9.1.2.5.2, t he  s t a f f  d i d  r e f e r  t o  the n a t u r a l  r a d i o a c t i v e  m a t e r i a l  (ma in l y  radium 
and thor ium isotopes)  t h a t  i s  released d u r i n  
9.2) considered the  average case of a coa l  P jan t .  

The expected m i s s i o n  q u a n t i t i e s  o f  carbon monoxide, hydrocarbon and aldehydes i n  Table 9.3 were 
taken from the  EPA r e p o r t  g i ven  i n  Reference 7 t o  Sect ion 9 o f  t h i s  statement. 

Therefore, water q u a l i t y  c r i t e r i a  a re  w r i t t e n  
The y e a r l y  average TDS concentrat ions before opera t i on  o f  t he  

The combined opera t i on  o f  Braidwood and Dresden would r a i s e  the 
Thus i t  may be seen t h a t  t he  cumulat ive e f f e c t  

For example, t he  s t a f f  ca l cu la ted  t h a t  the TDS below Braidwood would r i s e  
Even so, t he  s t a f f  est imates t h a t  t he  

The s t a f f  p o s i t i o n  regard ing Class 9 acc idents  i s  g iven i n  Sec t i on  7. 

I n  the absence o f  obvious eco log i ca l  

combustion. The economic comparison (Table 
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Since stack-gas cleaning systems are  i n  a n  ear ly  stage of development, the height of stack re- 
quired is  not de f in i t e ly  fixed. 
e f f i c i en t  gas cleaning could be continuously relied upon. 

11 .6 DEPARTMEN1 OF COMMERCE 

11.6.1 

See response 11.5.8. 

11.6.2 Ecology of the Cooling Lake ( D O C ,  F-10) 

The s t a f f  i s  o f  the opinion that Braidwood Lake will not be an "acid lake" even a t  the  time of 
i t s  f i l l i n g .  Although local areas of inundated mine spoil may i n i t i a l l y  contribute acidic 
components, these will be d i l u t e d  in the large volume of water t h a t  will f i l l  the lake. After 
acidic components a re  leached from the lake bed, and the lake chemical composition reaches 
equilibrium, the i r  concentrations i n  the water should be imneasurably small. 

The above opinion i s  supported by the applicant 's  leaching t e s t s  and water analyses in t h e  area 
Most of the mine s o i l s  of the s i t e  and  waters of existing ponds i n  the spoil area were found to  
have a neutral o r  alkaline pH. 
vegetation and f i sh .  

11.6.3 Entrainment ( D O C ,  F-10) 

The number of organisms expected t o  be entrained a t  the  Kankakee intake i s  a function of the 
volume of water pumped, the period of time d u r i n g  which entrainment occurs, and  the numbers of 
organisms contained in the water. 
parameters can be made, i t  i s  d i f f i c u l t  t o  predict the b io t ic  composition of the water except 
i n  a general manner since plankton dens i t ies  vary markedly according t o  species, year,  season, 
time of day, water qua l i ty ,  and other parameters. 

From data obtained by the applicant,  the s t a f f ' s  estimates of the number of organisms expected 
to  be entrained a t  the Braidwood intake a re  as follows: 

Presumably, stack h e i g h t  could be lowered from 600 f t .  i f  

Intake and  Discharge Structures (DOC, F-10) 

Some of the older ponds a re  characterized by developing 

Although re la t ive ly  accurate estimates of the f i r s t  two 

Staff Predictions of Numbers of Organisms Expected 
to be Entrained a t  the Braidwood Intake 

Per meted  Per second 
Maximum Minimum Maximum Minimum 

Phytoplankton 3.74 109 1.8 10: 9.87 x 109 4.75 107 

Zooplankton 1.04 x lo4 9.15 x lo8 2.75 x lo4 2 .42  x lo1 

The above organisms represent only about 2.4% of the to ta l  number tha t  would pass by the intake 
s t ruc ture  during an  average r iver  flow of 4923 cfs .  
would be expected, even i f  100% mortality of entrained organisms i s  assumed. 

The species of f i sh  found in the Kankakee River near Braidwood are  described in Section 2.7.2.2.6 
of the applicant 's  Environmental Report. 
white crappie, smallmouth bass, carp and redfin pickerel. 

11.6.4 Cooling Tower - Small Reservoir Alternative (DOC, F-10) 

The s t a f f  considers (as does the applicant) tha t  the combination of cooling towers with a small 
reservoir would be an unrea l i s t ica l ly  expensive a l te rna t ive  compared to  the proposed design. The 
combination would decouple the s ta t ion  from the Kankakee River during drought conditions, b u t  the 
expense would not be j u s t i f i ed  because these conditions have occurred so infrequently. Large- 
scale withdrawal of Kankakee River water fo r  municipal use upstream of Braidwood i s  being 
ten ta t ive ly  considered f o r  the future. 
reservoir.  

No adverse impact on the r iver  ecosystem 

The m r e  abundant species a re  rock bass, golden redhorse, 

In tha t  event, the cooling tower design would require a 

11.6.5 Long-term Storage of Gaseous Radioactive Wastes (DOC, F-10) 

The release r a t e  of radioactive gaseous waste t o  the atmosphere will be governed by the l imi t s  
specified i n  the Technical Specifications for  this s ta t ion .  
gaseous e f f luents  will occur over a period o f  days. 
average dispersion fac tor  t o  calculate annual to ta l  body and s k i n  doses i s  deemed t o  be 
appropriate. 

The  s t a f f  assumed the release o f  
Therefore, the s t a f f  use of the annual 
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11.7 DEPARTMENT OF HEALTH 

11.7.1 Loca t ion  o f  Heal th  

The l o c a t i o n  o f  h e a l t h  fac 
d e t a i l  i n  t he  a m l i c a n t ' s  

EDUCATION AND WELFARE 

F a c u l i t i e s  and Schools (HEW, F-11) 

l i t i e s  and schools i n  the  immediate area i s  descr ibed i n  considerable 
nvironmental Report. The t e x t  i s  on page 2.2-8. For schools, 

Table 2.2-8 g ives the  distance, d i r e c t i o n  and number o f  p u p i l s .  
t he  d is tance,  d i r e c t i o n  and number o f  beds. 

For hosp i ta l s ,  Table 2.2-9 g ives 

I n  the  a p p l i c a n t ' s  P re l im ina ry  Safety  Analys is  Report, the a p p l i c a n t  commits t o  implement an 
emergency p lan  i n v o l v i n g  these f a c i l i t i e s .  

11.7.2 Use o f  Herb ic ides (HEW, F-11) 

As suggested, t he  recommendations on t he  use o f  he rb i c ides  were made requirements. 

11.7.3 

The added t u r b i d i t y  o f  r i v e r  water near c o n s t r u c t i o n  a c t i v i t y  w i l l  make s w i m i n g  u n a t t r a c t i v e  
i n  these areas. 

Swimming du r ing  Construct ion (HEW, F-11) 

11.7.4 Loss o f  Animals d u r i n g  P i p e l i n e  Construct ion (HEW, F-11) 

I f  the  c a r r y i n g  capac i t y  o f  surrounding l and  i s  f u l l ,  the displacement o f  animals by p i p e l i n e  
c o n s t r u c t i o n  m igh t  l ead  t o  t h e i r  death. When c o n s t r u c t i o n  i s  f i n i shed ,  the surrounding 
populat ions should expand back i n t o  t h i s  h a b i t a t .  

11.7.5 R a d i o a c t i v i t y  Downstream f rom Braidwood (HEW, F-11) 

I t would be very d i f f i c u l t  t o  de tec t  any Braidwood e f f l u e n t s  100 m i les  downstream o f  t he  p l a n t .  
As s t a t e d  i n  paragraph 2 o f  Sect ion 5.3.2.1 and i n  paragraph 3 o f  5.3.2.2, t he  s t a f f  i s  concerned 
w i t h  s i g n i f i c a n t  exposure pathways. 
i n  the  coo lan t  discharge reg ion  i s  on the  o rde r  o f  1 mremlyr o r  l ess ,  i t  i s  n o t  considered t h a t  
d r i n k i n g  water  > lo0  m i l e s  downstream i s  a s i g n i f i c a n t  e f f l u e n t  exposure pathway,for t he  e f f l u e n t s  
are d i l u t e d  by the  3923 c f s  average f l o w  o f  t he  Kankakee R ive r  (p. 5-13) and by t h e  average f l o w  
o f  t he  Des Pla ines R ive r  as i t  j o i n s  the  Kankakee t o  form the  I l l i n o i s  R ive r .  Human consumption 
of w i l d  animals t h a t  drank Kankakee R ive r  water, l i k e w i s e ,  i s  n o t  considered t o  be a s i g n i f i c a n t  
exposure pathway. 

11.8 FEDERAL POWER COMMISSION 

11.8.1 Need f o r  Power (FPC, F-14) 

The Federal Power Comiss ion  comments subs tan t i a te  t h e  need f o r  power from Braidwood and Byron 
S ta t i ons  i n  1980 through 1982. 

11.9 ADVISORY COUNCIL ON HISTORIC PRESERVATION 

11.9.1 Archaeological Report and Plans (ACHP, F-14) 

When t h e  dose t o  humans exposed d i r e c t l y  t o  the  e f f l u e n t  

The I l l i n o i s  S ta te  Museum made an archaeologica l  assessment o f  t he  Braidwood s i t e  and repo r ted  
(Appendix 7 o f  t h e  a p p l i c a n t ' s  Environmental Report) t h a t  t he  debr i s  d e n s i t y  was low compared 
w i t h  ne ighbor ing areas and t h a t  they d i d  n o t  cons ider  f u r t h e r  study f r u i t f u l  (See Sect ion 2.3). 

A concurr ing assessment was made by the I l l i n o i s  Archaeological Society  (See l e t t e r  on page F-20) .  

11.10 DEPARTMENT OF THE ARMY, CORPS OF ENGINEERS 

11.10.1 Cumulative E f f e c t s  (CE, F-15) 

The geographical separat ion o f  t h e  f o u r  power p l a n t s  mentioned i s  shown i n  F ig .  9.1. Cumulative 
e f f e c t s  on water q u a l i t y  a re  discussed i n  Section 11.5.20. 
i n d i c a t e d  t o  be i n s i g n i f i c a n t  i n  Sect ion 11.7.5. Th is  s t a f f  conc lus ion i s  supported by the  more 
general cons iderat ions i n  the  r e p o r t :  WASH-1209, "The P o t e n t i a l  Rad io log i ca l  I m p l i c a t i o n s  o f  
Nuclear F a c i l i t i e s  in t he  Upper M i s s i s s i p p i  R ive r  Basin i n  the Year ZOOO", January 1973. The 
zones o f  e f f e c t s  o f  a i rbo rne  e f f l u e n t s  w i l l  over lap,  b u t  t he  separat ions i n d i c a t e d  in F ig .  9.1 
a re  l a r g e  enough so t h a t  combined e f fec ts  w i l l  n o t  r e s u l t  i n  s i g n i f i c a n t  r a d i o l o g i c a l  exposures. 
The combined thermal e f f e c t s  o f  the several f a c i l i t i e s  on 
small ,  s ince the  nuc lear  f a c i l i t i e s  possess t h e i r  own c o o l i n q  f a c i l i t i e s ,  re leas ina  o n l y  blowdown 
t o  the  r i v e r s .  

Downstream r a d i o l o g i c a l  e f f e c t s  are 

the  Kankakee and I l l i n o i s  R ive rs  are 



11-7 

11.10.2 Permi t  f o r  Construct ion o f  I n t a k e  and Discharge S t ruc tu res  

The pe rm i t  was app l i ed  by Cornonwealth Edison Co. on June 19, 1974. 

11.11 ENVIRONMENTAL PROTECTION AGENCY 

11.11.1 Water Use L i m i t a t i o n s  (EPA, F-16, F-18) 

Low f lows i n  the  Kankakee R ive r  a re  r e l a t i v e l y  r a r e  (Ref. 1, Tables 2.5-2; 2.5-2A; 2.5-28). 
Furthermore, t h e  a p p l i c a n t  i s  committed t o  r e s t r i c t i n g  the n e t  consumptive use o f  r i v e r  water 
t o  10% o f  low f l ows  l e s s  than 473 c f s  (Environmental Report, p. 2.5-6,7).  Because o f  t he  
exposure o f  the r i v e r  bottom edges, na tu ra l  low r i v e r  f l ows  tend t o  reduce populat ions of  
some ben th i c  and macrophyte species (Environmental Report, pp. 2.7-46 t o  49) .  
the Braidwood S t a t i o n  du r ing  low f l o w  cond i t i ons  w i l l  tend t o  increase,  t o  a minor extent ,  t he  
losses o f  some ben th i c  and macrophytic species downstream. Dur ing normal f lows these losses 
w i l l  be replaced by seeding from midstream and upstream areas. The use o f  low f l o w  r i v e r  water 
by the Braidwood S t a t i o n  i s  n o t  expected t o  a f f e c t  t h e  phytoplankton, zooplankton, o r  f i s h .  
Normally, most f i s h  w i l l  have spawned, and t h e  young w i l l  have become st rong swimmers each year 
before the  t ime o f  a low f low,  i f  i t  occurs. 

Although the s t a f f ' s  eva lua t i on  does n o t  i n d i c a t e  any impor tant  eco log i ca l  damage t o  the 
Kankakee R ive r  d u r i n g  low f lows,  t h e  opera t i ona l  aquat ic  mon i to r i ng  program should de tec t  such 
damage. I n  t h i s  event, f u r t h e r  r e s t r i c t i o n s  on water withdrawal may be requi red.  

11.11.2 Cool ing o f  Blowdown Discharge (EPA, F-16, F-19) 

The expense o f  i n s t a l l i n g  a d d i t i o n a l  c o o l i n g  f a c i l i t i e s  on t h e  blowdown discharge would be n o t  
inconsiderable,  whereas the expected b e n e f i t  would be small s ince the expected thermal plume i s  
small  (see Table 3.2) and i t s  e f f e c t  on aqua t i c  b i o t a  would be correspondingly  smal l .  

The s t a f f ' s  plume p r e d i c t i o n s  on page 3.11 were c a l c u l a t e d  assuming the  r i v e r  v e l o c i t y  was a t  the 
minimum monthly va lue observed, (see Table 2 .1 ) .  
represent  the  case i n  which the  r i v e r  f l o w  was a t  i t s  7 day once-in-10 year low f l ow .  

It i s  t r u e  t h a t  i f  one uses the  Motz-Benedict model w i t h  t h e  suggested entrainment c o e f f i c i e n t  0.4, 
t he  plume s i z e  can be underestimated. The s t a f f  has, however, chosen a value o f  0.15 i n  order  t o  
prevent  such an underestimate. Furthermore, as noted on page 3-10, t he  AT'S used i n  the  c a l c u l a t i o n  
a re  considered t o  be extreme values, thus making the est imate o f  ac tua l  plume s i z e  more conservat ive.  
A t  t h i s  t ime, no o the r  r i v e r  model appears t o  be any b e t t e r  than t h a t  used, and the s t a f f  does no t  
f e e l  t h a t  another c a l c u l a t i o n  i s  warranted. 

11.11.3 Radio iod ine Exposures (EPA, F-16) 

The s t a f f  c a l c u l a t e d  t h y r o i d  dose v i a  the cow-mi lk-ch i ld  pathway f o r  m i l k  from the nearest  r e a l  
cow a t  1.8 m i les  f rom the  p l a n t .  
a t  1900 feet .  
HERMES code i n  the a n a l y s i s  i s  i n t e r n a l l y  cons i s ten t  w i t h  t h e  method descr ibed i n  the rev i sed  
Regulatory Guide 1.42. 

1.11.4 Thy ro id  Dose Estimates from Goat's M i l k  (EPA, F-16) 

For the  Braidwood S ta t i on ,  t he re  a re  no goats pas tu r ing  near enough t o  the  proposed p l a n t  f o r  the 
g o a t ' s  m i l k  pathway t o  be a s i g n i f i c a n t  one. The usual c o n d i t i o n s  f o r  an Operating License pro-  
v ide , fo r  t a k i n g  a p e r i o d i c  census o f  mi lk-producing animals, i n c l u d i n g  goats, i n  t h e  v i c i n i t y  o f  
t h e  p l a n t .  

11.11.5 Main Condenser Off-Gas Treatment (EPA, F-19) 

As po in ted  out, F ig .  3.11 was i n c o r r e c t .  It has been corrected.  

11.11.6 Use o f  Charcoal Adsorbers (EPA, F-19) 

Technical Spec i f i ca t i ons  f o r  t he  Operating License w i l l  be w r i t t e n  so as t o  prec lude re leases t o  
the  atmosphere which would r e s u l t  i n  doses i n  excess of those s p e c i f i e d  i n  the proposed Appendix I 
o f  CFR P a r t  50. 

The off-gases from the main condenser w i l l  be added t o  those from the  condenser a i r  e j e c t o r  and 
a re  inc luded i n  the  values i n  t h i s  column o f  Table 3.6. 

(CE, F-15) 

Water use by 

Therefore, t he  August and September plumes 

The EPA c a l c u l a t i o n  was based on the  nearest  p o t e n t i a l  pasture 
The dose c a l c u l a t e d  by t h e  AEC, 6.5 mremlyr, was acceptable. The use o f  the 
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11 .11.7 

The d iscrepancies noted have been corrected.  
lowest d i l u t i o n  f a c t o r  ( X / Q ) .  

11.12 ILLINOIS ARCHAEOLOGICAL SOCIETY 

11.12.1 Archaeologica l  I n t e r e s t  o f  Braidwood ( I A S ,  F-20) 

The eva lua t i on  o f  t he  I l l i n o i s  S ta te  Museum regard ing the pauc i t y  o f  i tems o f  archaeologica l  
i n t e r e s t  i n  the  Braidwood area was supported, 

11.13 ILLINOIS NATURAL HISTORY SURVEY 

11.13.1 D i v i s i o n  o f  A g r i c u l t u r a l  Land (INHS, F-21) 

See Section 11.3.1. 
high, t he  economic p r o d u c t i v i t y  o f  t he  l and  when used f o r  power product ion i s  h ighe r  by orders 
o f  magnitude. 

11.13.2 Impingement (INHS, F-21) 

I t i s  general b i o l o g i c a l  knowledge t h a t  i n  nature, among many species i n c l u d i n g  the  f i shes ,  more 
progeny a re  produced than can be supported as a d u l t s  by the  c a r r y i n g  capac i t y  o f  t he  ecosystem. 
Such u balanced f i s h  populat ions a re  apparent ly  unable t o  produce annual crops on a con t inu ing  
bas i s .?  Overcrowding can cause s t ress ,  excessive compe t i t i on  f o r  food organisms, and other  
adverse cond i t i ons  which can lead  t o  poor f i s h  c o n d i t i o n  f a c t o r s . 2  A p r i n c i p a l  c o n t r o l  
mechanism f o r  t h i s  imbalance i s  p reda t ion  o f  t he  young by f i s h  and o the r  organisms; t h i s  reduces 
the  popu la t i on  toward the  c a r r y i n g  capac i t y  o f  t he  system and reduced t h e  degree o f  overcrowding. 
Entrainment p reda t ion  a t  t he  Braidwood in take ,  a l though expected t o  be small i n  r e l a t i o n  t o  
n a t u r a l  predat ion,  w i l l  somewhat reduce t h e  popu la t i on  o f  l a r v a l  f i s h e s  and eggs and, t o  t h i s  
degree, overcrowding, w i t h  a probable r e s u l t  i n  the  growth o f  l a r g e r ,  b e t t e r  q u a l i t y  f i s h ,  
e s p e c i a l l y  if othe r  popu la t i on  c o n t r o l  parameters are f a u l t y .  

Distances t o  Pastures and Residences (EPA, F-19) 

The nearest  residence was taken as t h a t  w i t h  the  

Even though t h e  value o f  more than a square m i l e  o f  a g r i c u l t u r a l  land i s  

11.14 ILLINOIS STATE GEOLOGICAL SURVEY 

11.14.1 Earthquakes (ISGS, F-21) 

The statement t h a t ,  "The m a j o r i t y  of earthquakes a re  associated w i t h  geolog ic  f a u l t  l i n e s "  i s  
n o t  t r u e  f o r  small tremors bu t  i s  more t r u e  f o r  l a r g e  events. 
thoroughly  i n  the  a p p l i c a n t ' s  P re l im ina ry  Safety  Analys is  Report i n  Section 2.5, p. 130 e t  seq. 
Seismology o f  t he  s i t e  i s  being considered i n  d e t a i l  i n  t he  s a f e t y  ana lys i s .  

11.15 NORTHEASTERN ILLINOIS PLANNING COMMISSION 

11.15.1 

Pa leon to log i s t s  consider  t h e  unique f o s s i l s  o f  sof t -bodies marine animals, which have been 
found i n  the  s t r ip-mined area near Braidwood, a va luable s c i e n t i f i c  resource. The s c i e n t i f i c  
groups are making arrangements w i t h  Comnonwealth Edison Co. t o  cont inue c o l l e c t i n g  these f o s s i l s  
du r ing  and a f t e r  t he  cons t ruc t i on  o f  Braidwood Lake (See l e t t e r s  i n  Appendix G ) .  

The sub jec t  i s  covered more 

F o s s i l s  i n  the  Braidwood Area ( N I P C ,  F-22) 

11.16 ILLINOIS DEPARTMENT OF MINES AND MINERALS 

11.16.1 

See Sect 

11.16.2 

The appl 

F o s s i l s  i n  the  Braidwood Area (IDMM, F-24) 

on 11.15.1. 

Recreation Use o f  Braidwood Lake (IDMM, F-24) 

cant  has made no plans f o r  t he  rec rea t i ona l  use o f  Braidwood Lake. 

lGeorge A. Rousefe l l  and W .  H. Everhart,  "F ishery Science," John Wiley and Sons, Inc. ,  p p s .  129- 

2 C l i n t o n  Power S ta t i on ,  U n i t s  1 and 2, D r a f t  Environmental Statement. 

136, 1953. 
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11.17 GEOTHERMAL ENERGY INSTITUTE 

11.17.1 V a l i d i t y  o f  Economic Costs (GEI, F-24) 

The co r rec ted  q u a n t i t i e s  o f  assured uranium reserves and p o t e n t i a l  resources g iven i n  t h i s  f i n a l  
statement (Sect ion 10.3.3.2) a re  the  l a t e s t  est imates repo r ted  by the  AEC. 
breeder r e a c t o r  technology i s  expected t o  r e l i e v e  the p o t e n t i a l  uranium shortage which miqht 
o therwise develop i n  a few decades. 

The p r a c t i c a l i t y ,  c o s t  and impact o f  long-term r a d i o a c t i v e  waste d isposal  i s  discussed i n  d e t a i l  
i n  t he  fo l l ow ing  r e p o r t :  

The development o f  

WASH-1248, "Environmental Survey of t he  Uranium Fuel Cycle", A p r i l  1974. 
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APPENDIX A. THEORETICAL PREDICTIONS OF COOLING LAKE PERFORMANCE 

There a re  two extreme c l a s s i f i c a t i o n s  o f  c o o l i n g  lakes.  
between the  i n t a k e  and discharge, combined w i t h  wind e f f e c t s ,  tends t o  mainta in  the  pond a t  
n e a r l y  un i fo rm temperature throughout. I n  a f low-through (p lug - f l ow)  pond, t h e  temperature 
decreases c o n t i n u a l l y  along t h e  f l o w  pa th  from in take  t o  discharge. Any g iven lake  w i l l  f a l l  
somewhere between these two extremes. Braidwood Lake, as a r e s u l t  o f  t he  i n t e r n a l  d i k i n g ,  i s  
expected t o  per form more l i k e  a f low- through pond. 

The p r i n c i p a l  mechanisms by which heat i s  exchanged between the  water and the  atmosphere are:  

I n  a completely mixed pond, the f l o w  

a. incoming short-wave s o l a r  r a d i a t i o n ,  

b. incoming long-wave atmospheric r a d i a t i o n ,  

c. outgoing long-wave back r a d i a t i o n ,  

d. 

e. 

f. heat l o s s  o r  ga in  by conduction. 

r e f l e c t e d  s o l a r  and atmospheric r a d i a t i o n ,  

heat l o s s  due t o  evaporation, and 

The e q u i l i b r i u m  temperature, E, i s  de f i ned  as t h e  temperature a body o f  water would e v e n t u a l l y  
reach when cooled o r  heated n a t u r a l l y  under constant  meteoro log ica l  cond i t i ons .  
a t  a temperature d i f f e r e n t  from E w i l l  tend t o  approach E asympto t i ca l l y .  The e q u i l i b r i u m  
temperature i s  n o t  a constant  bu t  v a r i e s  throughout the  day and throughout the  year as t h e  
meteoro log ica l  v a r i a b l e s  change. 

Although the  temperature o f  a na tu ra l  body o f  water c o n t i n u a l l y  approaches the e q u i l i b r i u m  
temperature, i t  lags  behind the shor t - term changes. I t i s  u s u a l l y  c lose  t o  t h e  e q u i l i b r i u m  
temperature d u r i n g  the  sumner and w in te r ,  lower du r ing  the  sp r ing  and h igher  du r ing  the  f a l l .  

The s i m p l i f i e d  model f o r  p r e d i c t i n g  temperatures i n  a c o o l i n g  pond assumes t h a t  t he  ne t  r a t e  o f  
heat exchange, AH, across the  surface o f  t he  pond i s  p ropor t i ona l  t o  the  d i f f e r e n c e  between the  
sur face temperature o f  the lake,  T,, and the e q u i l i b r i u m  temperature, E. 

A body o f  water 

AH = -K(Ts - E) (1 1 
The p r o p o r t i o n a l i t y  factor ,  K, i s  a complicated f u n c t i o n  o f  t he  meteoro log ica l  va r iab les ,  as 
i s  E. 
c a l c u l a t e d  w i t h i n  about k 5oF. 

When approp r ia te  averages are used (e.g., monthly averages), t he  temperature Ts may be 

For a f low- through pond, the d i f f e r e n t i a l  equation t h a t  r e l a t e s  the t r a n s i e n t  temperature 
response t o  the heat i n p u t  t o  the  l a k e  i s 1  

p c p ~  % =  -K(T - E)  , 

where p = d e n s i t y  o f  water (62.4 l b / f t 3 ) ,  
Cp-= s p e c i f i c  heat  o f  water (1 Btu/lb-OF), 
L - average depth o f  l ake  ( f t ) ,  
T = surface water temperature, and 
t = t ime. 

I n  Eq. 2, p and Cp a r e  assumed t o  be constant .  

If K and E a re  constant  throughout t h e  pe r iod  o f  i n t e r e s t ,  the s o l u t i o n  o f  Eq. 2 i s  

-= - E exp -K(t-to)/pCpL , To - E 
where T and To a r e  the  surface temperatures a t  t imes t and to, r e s p e c t i v e l y .  I f  To i s  the 

( 3 )  
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discharge temperature ( a t  time to ) ,  TF i s  the temperature a t  the end of the lake and t - to = 
tF (resident time), then 

T F  - E 
( 4 )  

I f  the analysis i s  extended to  a closed-cycle paid, then’the water t h a t  has cooled t o  a tempera- 
tu re  T F  now passes through the condenser and i t s  temperature i s  increased to  TF + 4Tc,  where 
4Tc i s  the temperature r i s e  across the condenser. 

Thackston and Parker have calculated the equil ibriurn temperatures and heat exchange coefficients 
for 88 locations t h r o u g h o u t  the country.2 Figure A.l i s  a plot of these parameters for 
Springfield fo r  the twelve months of the year. 
spond t o  average meteorological conditions. 
logical conditions, and r e su l t s  from assuming that a l l  meteorological variables are a t  the 
values which a re  exceeded only once in ten years. 
the extremes simultaneously i s  small. 
in K approximately t 40%. One of the largest  contributors t o  the uncertainty i s  the specific 
form chosen for  the wind formula fo r  determining the heat loss due to  evaporation. Thackston 
and Parker have employed a very conservative formula so t h a t  i t  i s  not unreasonable to  expect 
t h a t  there will be more cooling than predicted using the i r  values. 

The above equations M Y  then be reapplied. 

The solid curve contains the values t h a t  corre- 
The dashed curve corresponds t o  extreme meteoro- 

The probability tha t  a l l  these variables a r e  a t  
The uncertainty in E i s  typically 2 5OF,  the uncertainty 

The residence time, t F ,  in E q .  4 i s  given by 

where V = volume of lake ( f t 3 ) ,  
A = surface area of lake ( f t 2 ) ,  
L = average depth of lake ( f t ) ,  and 
Q = flow ra t e  ( f t3 /day ) .  

Using the values appropriate t o  Braidwood Lake,3 the residence time i s  found to be approximately 
four days. 

I f  one applies Eq. 4 s ta r t ing  with January 1 with To = E AN + 220F, t F  = 4 days, and K = K J A N ,  
then TF corresponds to  the temperature of the water a t  t i e  cooler end of the lake. The water 
then passes through the condenser a t  which point the water temperature becomes TF  t 22oF. 
We next increment EJAN and KJAN by (EFEB - E J A N ) / ~ . ~  and,(KFEB - K J A N ) / ~ . ~ ,  respectively. In 
other words, we are  allowing E and K to change as they m i g h t  be expected t o  do, rather t h a n  
assume tha t  they a re  constant for  the en t i re  month .  This type of analysis continues until  we 
obtain the temperature TF a t  4-day in te rva ls  throughout the year. 
must be continued fo r  more t h a n  a year since the assumption T i  = EJAN t 22OF was ju s t  an 
i n i t i a l  value needed t o  begin the process. 

The analysis so f a r  has assumed tha t  Braidwood Lake i s  a perfect flow-through pond. No account 
has been made fo r  the entrance mixing tha t  occurs a t  the p o i n t  where the heated effluent enters 
the lake. 

I n  a c tua l i t y  the analysis 

We define the dilution DS by the relationship 

Ds=G. QS 

where 

For no entrance mixing 0, = 1 .  
of Os t o  be expected i s  about 1.5.4 

The lake temperature predicted by the entrance-mixing model used i s  given below.5 

Qs = to ta l  flow ra te  (out le t  flow plus entrained flow), and 
Qo = out le t  flow. 

Ryan and Harleman s t a t e  t h a t  i n  the f i e l d ,  the minimum value 

T F  - E 
To - E - Ds - (Ds - 1 )  exp -r/DS 

exp - r/DS -- , ( 7 )  

where 

(8) Ktf KA . 
r = P C p L = q 7 q  

As previously mentioned, Ds = 1 corresponds t o  the flow-through case. 
corresponds t o  a f u l l y  mixed pond. 

The other extreme, DS >>1 ,  
Figure A . 2  displays the r e su l t s  o f  t h i s  calculation fo r  
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Fig. A . l .  Equilibrium Temperacures and Heat-Exchange Coefficients f o r  
Springfield, Illinois. From E. L. Thackston and F. L. 
Parker, "Effects of Geographical Location on Cooling Pond 
Requirements and Performance," Vanderbilt University, 
March 1971. 
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0, = 1 and 0, = 1 .5  f o r  b o t h  average and extreme m e t e o r o l o g i c a l  c o n d i t i o n s .  
g raph a r e  t h e  r e s u l t s  o f  t h e  a p p l i c a n t ' s  c a l c u l a t i o n s .  

The numerous i s l a n d s  i n  t h e  f l o w  p a t h  o f  t h e  wa te r  can promote i n t e r n a l  m i x i n g  wh ich  w i l l  reduce 
t h e  heat  loss t o  t h e  atmosphere. 
t h e  r e s u l t s  shown i n  F i g .  A.2. 

The X ' s  on t h e  

T h i s  e f f e c t  has been n e g l e c t e d  i n  t h e  c a l c u l a t i o n s  l e a d i n g  t o  
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Fig. A . 2 .  Variation of Blowdown Temperature from Braidwood Cooling Lake. 
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APPENDIX B. PREDICTIVE ANALYSES OF THE BRAIDWOOD COOLING LAKE ECOLOGY 

The f o l l o w i n g  s ta f f  ana lys i s  p r e d i c t s  some elements o f  Braidwood Lake ecology on the bas is  o f  
p r e l i m i n a r y  data and est imates i n v o l v i n g  n u t r i e n t s ,  water q u a l i t y ,  thermal loading,  c h l o r i n e  
usage, meteorology, l a b o r a t o r y  observat ions,  and the a p p l i c a t i o n  o f  general b i o l o g i c a l  p r i n c i p l e s  
and experience. 
i n  t h i s  ana lys i s ;  however, data from o the r  c o o l i n g  lakes a re  o f  o n l y  marginal value. 
these d i f f i c u l t i e s ,  t h e  s t a f f  ana lys i s  w i l l  r e q u i r e  con f i rma t ion  and ref inement  by mon i to r i ng  
data which t h e  a p p l i c a n t  w i l l  be requ i red  t o  prov ide du r ing  l a k e  cons t ruc t i on  and operat ion.  

a, N u t r i e n t s  and A lga l  P r o d u c t i v i t y .  The n u t r i e n t  s ta tus  o f  a l a k e  i s  an impor tant  
de te rm ina t i ve  parameter i n  the development o f  l ake  b io ta .  The a p p l i c a n t  has considered four 
f a c t o r s  i n  p r e d i c t i n g  l ake  water q u a l i t y ,  which are:  n u t r i e n t s  o f  the Kankakee, leaching o f  
mine s p o i l s ,  concen t ra t i on  o f  d i sso l ved  s o l i d s  by evaporation, and n u t r i e n t s  from waterfowl 
excreta.  The a p p l i c a n t  p r e d i c t s  an i n i t i a l  n i t rogen  l e v e l  o f  approximately 8 ppm and a 
phosphorus l e v e l  o f  approximately 1 ppm. I n  the  op in ion  o f  t he  s t a f f ,  l ake  n i t r o g e n  l e v e l s  
may be somewhat h igher  because; (1)  i n i t i a l l y ,  n i t r o g e n  w i l l  be re leased from the  s o i l  o f  
f looded farmlands and from the  vegetat ion o f  f looded woodlands, n o t  considered by the  a p p l i c a n t ,  
( 2 )  n u t r i e n t  i n p u t  from the  excreta o f  v i s i t i n g  waterfowl may be s l i g h t l y  underestimated, and 
( 3 )  blue-green a lgae may add n i t r o g e n  t o  the  l a k e  by the  f i x a t i o n  o f  atmospheric n i t rogen .2  
While s u f f i c i e n t  i n fo rma t ion  i s  n o t  a v a i l a b l e  t o  evaluate the  poss ib le  n i t rogen  c o n t r i b u t i o n  by 
blue-green algae, the s t a f f  est imates t h a t  approximately 1 ppm w i l l  be added t o  the l ake  from the  
f i r s t  two sources. This, added t o  the  8 ppm p red ic ted  by the  app l i can t  y i e l d s  an i n i t i a l  va lue 
o f  9 p p  o f  n i t rogen .  
w i l l  n o t  exceed 1 ppm. The s t a f f  a l s o  agrees t h a t  the i n i t i a l  p red ic ted  n u t r i e n t  l e v e l s  a re  
conservat ive and t h a t  a f t e r  s t a t i o n  operat ion begins they w i l l  decrease because o f  the d i l u t i o n  
dynamics o f  l a k e  makeup and blowdown and the eventual leaching-out  o f  n u t r i e n t s  from the  
inundated lands. Thus, the above values should represent  the  h ighest  l e v e l s  t h a t  w i l l  be observed. 
N u t r i e n t  l e v e l s ,  even i f  they f a l l  t o  one-hal f  o f  t he  p red ic ted  i n i t i a l  values are considered high; 
they a re  c h a r a c t e r i s t i c  o f  eu t roph ic  t o  hypereutrophic lakes where n u t r i e n t  l e v e l s  are no t  l i m i t i n g . 3  
Such lakes  a re  cha rac te r i zed  by energe t i c  phytoplankton growth and h igh  "primary p r o d u c t i v i t y "  (which 
may be de f i ned  as the b i o l o g i c a l  t ransformat ion o f  i no rgan ic  carbon t o  organic carbon). 
has s ta ted  t h a t  on the bas is  of p red ic ted  l a k e  n u t r i e n t  content ,  nuisance a l g a l  blooms cou ld  occur, 
but  t h a t  they a r e  n o t  expected because they have n o t  occurred a t  Dresden Lake. The s t a f f  agrees 
t h a t  on the  bas is  o f  n u t r i e n t  content  alone an abundant growth o f  algae (and o the r  au to t roph ic  
organisms) could occur i n  Braidwood Lake. The s t a f f  does n o t  be l i eve ,  t h a t  c u r r e n t  Dresden Lake 
observat ions prov ide v a l i d  b i o l o g i c a l  comparisons w i t h  the  c losed-cyc le l a k e  proposed f o r  Braidwood 
because Dresden has been operated as an e s s e n t i a l l y  open-cycle system w i t h  respect  t o  the  Kankakee; 
a t  Dresden, even i n  t h e  presence of opt imal  n u t r i e n t s ,  l i g h t ,  and temperature, i t  i s  doub t fu l  t h a t  
a l g a l  rep roduc t i on  cou ld  reach nuisance p ropor t i ons  be fo re  t h e  c i r c u l a t i n g  water i s  discharged t o  
the  r i v e r .  Furthermore, t he  average annual t u r b i d i t y  a t  Braidwood i s  expected t o  be l e s s  than t h a t  
a t  Dresden because o f  the  g rea te r  depos i t i on  o f  s i l t  and o the r  p a r t i c u l a t e  mat ter ,  r e s u l t i n g  i n  
g rea te r  u t i l i z a t i o n  o f  ambient s u n l i g h t  by photosynthet ic  organisms. Dur ing the spr ing,  the thermal 
i n p u t  t o  Braidwood Lake may a c t  i n  tandem w i t h  h igh  l ake  n u t r i e n t  content  and reduced t u r b i d i t y  t o  
s t i m u l a t e  a l g a l  blooms. 
increased. 
blue-green du r ing  t h e  sumner months when water temperatures a r e  high. Such observat ions a re  comnon 
i n  t h e  f i e l d ,  and have been confirmed i n  l a b o r a t o r y   experiment^.^ 
undesi rab le,  blue-green algae a re  considered l e s s  d e s i r a b l e  than green ones. Since the  blue-greens 
a re  n o t  u t i l i z e d  as e f f i c i e n t l y  as a food source, they can produce a l g a l  t o x i n s  which are poisonous 
t o  h igher  forms, and they can a l s o  " f i x "  atmospheric n i t r o g e n  which tends t o  augment eu t roph ica t i on .  

A lga l  blooms can a f f e c t  water q u a l i t y  i n  o the r  ways under c e r t a i n  cond i t i ons .  When the a l g a l  
popu la t i on  of an enclosed body o f  water grows large,  and l i g h t  i s  abundant, d i sso l ved  oxygen 
(DO) w i l l  tend t o  increase due t o  photosynthesis; however when l i g h t  i s  inadequate, o r  du r ing  
the evening hours, t he  DO can be reduced due t o  aerobic  r e s p i r a t i o n .  Such reduc t i on  i n  DO can 
lead t o  l o c a l l y  hypoxic l a k e  cond i t i ons  which may s t r e s s  f i s h  i n  the  area as we l l  as o the r  
aerobic  b i o t a .  
of the year when h i g h  ambient temperatures p l u s  t h e  a d d i t i o n a l  thermal load from the r e a c t o r s  
w i l l  r a i s e  t h e  r e s p i r a t i o n  r a t e  and oxygen requirements o f  f i s h  and c e r t a i n  o the r  b i o t a .  
such per iods,  b i o t a  s t ressed by t h e  h i g h  water temperatures would be l e s s  l i k e l y  t o  t o l e r a t e  
decreases i n  DO than i n  t h e  c o o l e r  seasons. 

Knowledge o f  o the r  a r t i f i c i a l  lakes,  such as Lake Sangchris,' are a l s o  considered 
I n  view o f  

The s t a f f  agrees w i t h  the  a p p l i c a n t  t h a t  t he  phosphorus value o f  t h e  l ake  

The a p p l i c a n t  

The f r a c t i o n  o f  t he  year d u r i n g  which such blooms may occur may a lso  be 
I t i s  poss ib le  t h a t  a l g a l  species composit ion w i l l  s h i f t  t o  some ex ten t  from green t o  

Although an excess o f  e i t h e r  i s  

This  hypo the t i ca l  c o n d i t i o n  would be more ser ious du r ing  the h o t t e s t  months 

Dur ing 
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Algal  d i e o f f s  occur a f t e r  l a r g e  blooms. 
t o  a reduc t i on  o f  DO i n  t he  v i c i n i t y  o f  t he  bloom. The reduc t i on  can range from a minor amount 
t o  e f f e c t i v e l y  anaerobic values, depending upon the s i z e  o f  the a l g a l  mass, t he  volume o f  water 
a f f e c t e d ,  and o t h e r  factors .  
d i e o f f s  of a m u l t i p l i c i t y  o f  a l g a l  blooms, f i s h  and other  organisms i n  the v i c i n i t y  cou ld  be 
d e v i t a l i z e d .  
s t ress  the  b i o t a .  
t o  more s u i t a b l e  areas o f  the l ake .  

Unpleasant odors a re  sometimes associated w i t h  l a r g e  a l g a l  d i e o f f s .  
l a k e  w i l l  be w i t h i n  the  s t a t i o n  p roper t y  l i n e s ,  odor would n o t  appear t o  be a problem t o  the 
general p u b l i c  even i f  i t  occurred, un less i t  was t ranspor ted t o  the Kankakee v i a  t h e  blowdown. 

The opera t i on  o f  t he  c o o l i n g  l a k e  must be managed p roper l y ,  and t h i s  should i nc lude  methodology 
f o r  t he  c o n t r o l  o f  excess a l g a l  and weed growth, i f  these tend t o  occur. Methods a re  a v a i l a b l e  
f o r  chemical and phys i ca l  c o n t r o l  o f  aquat ic  phytoplankton and macrophyton. 5 - 8  

b. Sewage Bacter ia .  Sewage bac te r ia ,  some p o t e n t i a l l y  pathogenic f o r  humans, w i l l  en te r  
the l ake  i n  the  Kankakee River  water. The pers is tence o f  such forms i s  a f u n c t i o n  of temperature; 
s u r v i v o r s h i p  i s  lower i n  warm waters. The s t a f f  p r e d i c t s  t h a t  t he  heated waters o f  t he  c o o l i n g  
l ake  w i l l  decrease the pe rs i s tence  o f  en t ra ined  sewage b a c t e r i a ,  and t h a t  fewer w i l l  be found i n  
the blowdown than i n  the  i n t a k e  water. Nevertheless, t he  a p p l i c a n t  w i l l  be requ i red  t o  moni tor  
the blowdown water f o r  such organisms. 
S ta te  standards, o r  appear t o  threaten an adverse impact on the  r i v e r  downstream from the  s t a t i o n ,  
remedial measures w i l l  be requ i red  which may inc lude  t reatment  o f  t he  blowdown water. 

c .  Heal th  o f  Fish, Waterfowl, and Other W i l d l i f e .  L i t t l e  i n fo rma t ion  i s  c u r r e n t l y  

Most dead organisms a re  b a c t e r i a l l y  decomposed, l ead ing  

Under severe cond i t i ons ,  which could be p r e c i p i t a t e d  by mass 

A poss ib le  secondary e f f e c t  would be a decrease i n  l ake  pH, which could f u r t h e r  
Such e f f e c t s  could be avoided by mobile organisms, such as f i s h ,  by m i g r a t i o n  

Since the  e n t i r e  c o o l i n g  

Should the b a c t e r i a l  content  o f  the blowdown water exceed 

a v a i l a b l e  concerning the  diseases o f  r e s i d e n t  f i s h  and v i s i t i n g  waterfowl o f  a r t i f i c i a l  
coo l i ng  l akes  i n  the Braidwood reg ion .  
o f  f i s h  i n  a r t i f i c i a l  lakes have been performed, but  these a re  n o t  r e l i a b l y  p r e d i c t i v e  o f  f i s h  
h e a l t h  i n  Braidwood Lake s ince few o f  t he  i nvo l ved  parameters a re  s i m i l a r .  A cons ide ra t i on  o f  
t e x t s  cover ing f i s h  diseaselo-12 by the s t a f f ,  and o f  temperature optima f o r  var ious f i s h  pathogens 
(pa ras i tes ,  b a c t e r i a ,  and f u n g i )  suggests t h a t  a r t i f i c i a l l y  warmed water might  be more a problem 
than coo le r  water, and t h a t  t he  thermal i n p u t  from c o o l i n g  condensers might  extend the l e n g t h  
of t ime when c e r t a i n  f i s h  pathogens could be a problem (as compared t o  nearby lakes a t  ambient 
temperatures). F i sh  pathology depends on a number o f  cond i t i ons  other  than temperature and i t  
i s  n o t  poss ib le  t o  p r e d i c t  f i s h  h e a l t h  on the  bas i s  o f  thermal i n p u t  alone. 
inc idence of f i s h  disease i n  Braidwood Lake cannot be accu ra te l y  p red ic ted  i n  advance. A f t e r  
the l ake  i s  f i l l e d  and the  opera t i on  o f  t he  Braidwood S t a t i o n  begins, the a p p l i c a n t  w i l l  be requ i red  
t o  mon i to r  f o r  f i s h  disease and pa ras i t i sm.  I f  such s tud ies suggest a p o t e n t i a l ,  s i g n i f i c a n t  
adverse impact upon f i s h  i n  the Kankakee River  below the s t a t i o n ,  p reven ta t i ve  measures w i l l  be 
requ i red  o f  the app l i can t ,  which may inc lude  t reatment  o f  t he  blowdown water and prevent ion o f  
l ake  f i s h  from e n t e r i n g  the  r i v e r  v i a  the blowdown. 

I t  i s  n o t  poss ib le  t o  accu ra te l y  p r e d i c t  how many b i r d s  w i l l  use Braidwood Lake. 
a t t r a c t e d  by the warmed waters and the  surrounding g r a i n  f i e l d s  t o  cause overcrowding, an i n -  
creased inc idence of waterfowl disease may occur. I f  the  presence o f  t he  l a k e  r e s u l t s  i n  s i g n i -  
f i c a n t l y  increased waterfowl disease inc idence,  t he  a p p l i c a n t  w i l l  be requ i red  t o  ame l io ra te  the 
cond i t i on .  

Other w i l d l i f e  w i l l  a l s o  i n h a b i t  sho re l i ne  o f  t he  l ake  and the  i s lands .  The general h e a l t h  o f  
such populat ions w i l l  r e q u i r e  assessment a f t e r  the s t a t i o n  i s  p u t  i n t o  operat ion.  However, a f t e r  
the l ake  i s  f i l l e d ,  the s t a f f  does no t  a n t i c i p a t e  an adverse impact on such w i l d l i f e ,  but expects 
increases i n  populat ions such as muskrats, which w i l l  probably i n h a b i t  newly-formed water edge 
h a b i t a t s .  

Some s tud ies  o f  pa ras i t i sm,  growth, and reproduct ionq 

Thus, the s p e c i f i c  

I f  enough a re  

The s t a f f  does n o t  a n t i c i p a t e  such problems a t  the present t ime. 

d. Impacts o f  the Cooling System upon Entra ined Organisms. The f o l l o w i n g  organisms are 
rep resen ta t i ve  o f  the types expected t o  be en t ra ined  a t  t he  i n t a k e  s t r u c t u r e  on the Kankakee 
R ive r :  small f i s h ,  f i s h  fry, f i s h  eggs; acc iden ta l  d r i f t i n g  benth ic  organisms such as l a r v a l  
may f l i es ,  l a r v a l  c a d d i s f l i e s ,  l a r v a l  s t o n e f l i e s ,  nematodes, f latworms, annel ids;  l a r v a l  crustacea,  
moluscs, s n a i l s ;  zooplankton such as copepods, ostracods, amphipods, microcrustacea, r o t i f e r s ;  
phytoplankton such as green algae, blue-green algae, diatoms; protozoans; bac te r ia ;  f ung i ;  and 
macrophyte seeds and fragments from c a t t a i l s ,  reeds, sedges and grasses. 
drawn t o  and a re  small enough t o  pass through the i n t a k e  t r a v e l i n g  screens. Adu l t  f i s h  and 
l a r g e r  j u v e n i l e  f i s h  a re  expected t o  be able t o  avoid the  r e l a t i v e l y  low v e l o c i t y  (0.5 f p s )  i n t a k e  
f l o w  i f  they are heal thy.  Benthic i nve r teb ra tes  feed and dwell  upon the  bottom and few would be 
expected t o  be i n  the r i v e r  water near the i n take .  

Such b i o t a  w i l l  be 
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The en t ra ined  organisms w i l l  experience mechanical shocks and abrasions due t o  c o l l i s i o n  w i t h  
pump p a r t s  and i r r e g u l a r  surfaces, turbulence, c a v i t a t i o n ,  and r a p i d  pressure changes du r ing  
p i p e l i n e  t r a n s i t  t o  the  c o o l i n g  lake. 
i n  p a r t ,  dependent upon species, s i ze ,  and shape. 
r e s i s t a n t .  
f r a g i l e  and t h e i r  m o r t a l i t y  w i l l  be r e l a t i v e l y  high. 

Studies a t  t h e  Waukegan power p l a n t *  have shown t h a t  t he  s u s c e p t i b i l i t y  o f  zooplankters t o  
mechanical shock i s  h i g h l y  size-dependent; t he  smal ler  organisms were more r e s i s t a n t  than l a r g e r  
0 n e s . 1 ~  
than 0 . 9  n was l e s s  than 5%,  w h i l e  the m o r t a l i t y  o f  l a r g e r  ones was 17%, the average being 
6%. 
i n  the  Waukegan p l a n t ,  and s ince i n  the  mixed zooplankton popu la t i on  of t he  Kankakee River  and 
o f  Lake Michigan there a r e  many more i n d i v i d u a l s  o f  smal ler  s i zes  than l a r g e r ,  6% o r  l e s s  o f  
a l l  en t ra ined  organisms a re  expected t o  be k i l l e d  i n  t h e i r  t r a n s i t  t o  the  Braidwood coo l i ng  l ake .  

L i v i n g  organisms w i l l  en te r  the l ake  and w i l l  admix w i t h  " r e s i d e n t "  organisms t o  i n i t i a l l y  become 
p a r t  o f  t he  e x i s t i n g  l ake  ecosystem. 
n u t r i e n t  sources a t  va r ious  t r o p h i c  l e v e l s ,  o r  may l a t e r  leave the  l a k e  i n  p l a n t  blowdown and 
serve as n u t r i e n t  sources i n  the  Kankakee River .  Once i n  t h e  c o o l i n g  lake,  en t ra ined  organisms 
w i l l  c i r c u l a t e  w i t h  the  water f o r  approx imate ly  30 hours toward t h e  r e a c t o r  coo l i ng  condensers 
s i t u a t e d  about a m i l e  away. Dur ing t r a n s i t  t o  the  condensers, a d d i t i o n a l  l i v i n g  organisms 
w i l l  d i e  due t o  delayed entrainment m o r t a l i t y .  I n  p a r t  compensating f o r  such losses, some 
d e v i t a l i z e d  organisms shocked du r ing  p i p e l i n e  passage w i l l  recover  and some organisms w i t h  sho r t  
rep roduc t i ve  t imes w i l l  increase i n  numbers; compensatory mechanisms depend upon a number o f  
f a c t o r s ,  i n c l u d i n g  species, food a v a i l a b i l i t y ,  water temperature, b i o l o g i c a l  predat ion,  and 
water q u a l i t y ,  thus, t he  degree o f  compensation w i l l  vary  from one pe r iod  t o  another. 

Upon passage through the  condensers, ent ra ined b i o t a  w i l l  once again be subjected t o  mechanical 
shock, b u t  w i l l  a l s o  be subjected t o  thermal s t resses.  The m o r t a l i t y  r a t e  expected from a 
combination o f  b o t h  w i l l  be h ighe r  than t h a t  from mechanical shock alone. The s e v e r i t y  o f  
thermal shock due t o  condenser passage i s  dependent upon a number o f  parameters i n c l u d i n g  AT o f  
the  condenser system, maximum water temperatures a t ta ined ,  ambient c o o l i n g  water temperatures, 
water q u a l i t y ,  species, age, and residence t ime a t  e levated temperatures. 
t ime of en t ra ined  b i o t a  i n  the condensers i s  b r i e f ,  t he  organisms w i l l  be exposed t o  e levated 
temperatures (condenser AT,  20°F) f o r  a much longer  pe r iod  as the water coo ls  du r ing  i t s  c i r c u i t  
through t h e  c o o l i n g  lake.  
Braidwood area, wagm water e x i t i n g  from the  condensers a t  114OF (est imated)  w i l l  r eq t i i r e  f o u r  
days t o  cool  t o  98 F .  Such leng thy  exposure t o  h i g h  temperatures w i l l  be l e t h a l  t o  most en t ra ined  
zooplankton, f i s h  fry, and o the r  small animals i n c l u d i n g  the  benth ic  organisms t h a t  a re  exposed. 
During the coo le r  months o f  t he  year, November t.0 March, the m o r t a l i t y  w i l l  be l ess ,  b u t  i t  w i l l  
be h igher  than t h a t  which would be due t o  mechanical shock alone. 

Phytoplankton growth and p r o d u c t i v i t y  w i l l  p robably  be p a r t i a l l y  i n h i b i t e d  (15-50%) by condenser 
passage du r ing  the warmer months o f  the year when ambient water temperatures a re  high. 
o ther  hand, i n  coo le r  ambient waters, p r o d u c t i v i t y  may be s t imulated.  
power p l a n t s  i n d i c a t e d  t h a t  condenser t r a n s i t  i n h i b i t e d  phytoplankton p r o d u c t i v i t y  when ambient 
water temperatures exceeded 680F.l4 $ 1 5  
was below 61 F.  

The s u s c e p t i b i l i t y  o f  organisms t o  mechanical shock i s ,  
Small organisms such as b a c t e r i a  a re  h i g b l y  

On the  o t h e r  hand, organisms such as the  l a r g e r  zooplankters  and f i s h  f ry  a re  more 

I n  these s tud ies  i t  was shown t h a t  condenser passage m o r t a l i t y  o f  organisms smal ler  

Since mechanical shock along the i n t a k e  and p i p e l i n e  i s  expected t o  be l e s s  than t h a t  

Dead o r  damaged organisms w i l l  a l so  en te r  t h e  l a k e  as 

Although the  residence 

For example, i n  J u l y  and August, t he  h o t t e s t  months o f  t he  year i n  the  

On the 
Observations a t  o the r  

S t imu la t i on  was observed when the i n t a k e  temperature 

Species composit ion o f  en t ra ined  phytoplankton i s  a l so  l i k e l y  t o  change as a r e s u l t  o f  t he  
thermal i n f l u e n c e  o f  t h e  condensers. Diatoms a re  the  most the rma l l y  s e n s i t i v e  phytoplankton 
species; du r ing  the warmest months o f  p l a n t  operat ion,  few i n d i v i d u a l s  are l i k e 1 8  t o  su rv i ve  
conden$er passage and c o o l i n g  l ake  t r a n s i t  a t  water temperatures exceeding 90-95 F .  Green 
algae are more s e n s i t i v e  t o  heated waters than blue-green species, and few a re  expected t o  
su rv i ve  waters o f  l l O ° F  o r  warmer. As l a k e  
water temperature increases du r ing  the h o t t e s t  weather, i t  i s  l i k e l y  t h a t  blue-green a l g a l  
species, such as OsciZZatoria, w i l l  become dominant. Laboratory  s tud ies4  support f i e l d  bser-  

than green species. 

T h e o r e t i c a l l y ,  the condenser passage o f  en t ra ined  lake  b i o t a ,  p r i m a r i l y  the p lankton,  w i l l  occur 
once every f o u r  days ( t h e  coo l i ng  l ake  pe r iod  o f  c y c l e ) .  

Cer ta in  Euglena should su rv i ve  i n  such waters. 

va t i ons  which suggest t h a t  many more blue-green species p r e f e r  temperatures exceeding 95 8 F 

Thus, t h e  m a j o r i t y  o f  en t ra ined  organisms 

*Condenser tube c o n f i g u r a t i o n s  and diameters i n  t h e  Waukegan p l a n t  probably  prov ided a g rea te r  
mechanical shock and abras ion hazard than the  r e l a t i v e l y  s t r a i g h t - p a t h ,  large-d iameter  makeup 
water p i p e l i n e  proposed f o r  the Braidwood S t a t i o n .  



w i l l  experience a sharp temperature r i s e  fo l l owed  by a decay pe r iod ,  about every f o u r  days. The 
condenser, under these circumstances, may a c t  l i k e  a s e l e c t i v e  predator  o f  en t ra ined  populat ions 
and w i l l  thus tend t o  s i m p l i f y  the species composit ion o f  t he  l ake  water t o  those organisms 
which a re  t o l e r a n t  o f  such temperature regimens. 
p reda t ion  w i t h  r e g u l a r i t y .  The bottom topography o f  Braidwood Lake w i l l  most l i k e l y  p rov ide  
l o c a l i z e d  niches and w i l l  l ead  t o  water temperature s t r a t i f i c a t i o n ,  both f a v o r i n g  the m in tenance  
o f  more o r  l e s s  s tab le  populat ions n o t  sub jec t  t o  the c o o l i n g  lake temperature cyc le .  Such popu- 
l a t i o n s  w i l l ,  however, tend t o  s low ly  change w i t h  t rends i n  seasonal water temperature and w i t h  
changing water q u a l i t y .  

Sodium hypoch lo r i t e  w i l l  be used i n  the Braidwood p l a n t  t o  prevent  b i o l o g i c a l  growth and s l ime 
accumulation i n  the  nonessent ia l  se rv i ce  water system. This water w i l l  even tua l l y  be re tu rned  
t o  the coo l i ng  l a k e  a f t e r  c h l o r i n a t i o n  and w i l l  con ta in  chloramines and some f r e e  c h l o r i n e .  
These b ioc ides  are i n h i b i t o r y  t o  b i o t a  a t  low concentrat ions,  and t o x i c  a t  h igher  l e v e l s .  They 
w i l l  k i l l  r e s i d e n t  l ake  organisms u n t i l  t h e i r  e f f e c t i v e  concentrat ions a re  lower than the  l e t h a l  
concentrat ions f o r  each species ent ra ined i n  the  water. The t o x i c i t y  o f  t h e  t rea ted  se rv i ce  
water e f f l u e n t  when re tu rned  t o  the  l ake  w i l l  depend upon the r a t i o  o f  f r e e  c h l o r i n e  t o  chloramines; 
t h i s  i n  t u r n  depends upon the  concen t ra t i on  o f  amnonia i n  the  water, t he  pH, the  temperature, and 
the  t ime over which the two components i n t e r a c t .  
fashion, t h e r e f o r e  i t  i s  n o t  poss ib le  t o  q u a n t i f y  the e f f e c t  o f  hypoch lo r i t e  usage upon c o o l i n g  
l a k e  b i o t a  w i t h  any degree o f  c e r t a i n t y ;  i t  i s  reasonable t o  expect, however, t h a t  c h l o r i n a t i o n  
w i l l  tend t o  f u r t h e r  s i m p l i f y  species composit ion and reduce species abundance i n  the lake,  b u t  
due t o  the  r e l a t i v e l y  small amount o f  water t o  be ch lo r i na ted ,  t h i s  w i l l  n o t  occur. 

Not a l l  l ake  p lankton w i l l  be exposed t o  condenser 

These parameters tend t o  vary i n  an unpred ic tab le  
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APPENDIX C. SOME ASPECTS OF BENEFIT-COST ANALYSIS METHODOLOGY 

1. BASIS FOR BALANCE 

I n  Appendix D of 10 CFR 50, t h e  AEC has r e q u i r e d  t h a t  a b e n e f i t - c o s t  ana lys i s  (BCA) be prepared 
f o r  each nuc lear  p l a n t  considered f o r  l i c e n s i n g .  
phases. 
must be i d e n t i f i e d  and assessed. Second, the  favo rab le  consequences ( b e n e f i t s )  must be compared 
w i t h  those unfavorable ( cos ts ) .  I f  the  b e n e f i t s  c l e a r l y  exceed t h e  costs ,  t o  a degree g rea te r  
than t h e  l i k e l y  u n c e r t a i n t y  i n  t h e  estimates o f  each, t h e  proposed course o f  a c t i o n  i s  des i rab le .  
The reverse case, o f  course, leads t o  the opposi te  conclusion. 
reso lved  by sharper ana lys i s ,  o r  by o t h e r  means. 

P r i o r  t o  the  promulgation of Appendix D, t h e  use o f  BCA was l a r g e l y  conf ined t o  cases where i t  
was considered approp r ia te  t o  ass ign d o l l a r  values t o  every b e n e f i t  and cos t  item. 
cases, t h e  comparison phase invo lved  o n l y  t h e  use o f  a r i t h m e t i c .  
addressed t o  BCA went t o  t h e  assessment phase and d i f f e rences  o f  op in ion  concerning t h e  adequacy 
o f  a n a l y s i s  centered on assessment, w i t h  t h e  comparison phase l a r g e l y  taken f o r  granted. 

Appendix D, however (an0 the  s p i r i t  and language o f  NEPA which i t  implements), requ i res  considera- 
t i o n  o f  v i r t u a l l y  a l l  e f f e c t s  on t h e  broadly-def ined environment. 
e f f e c t s ,  see t h e  Table o f  Contents o f  t h i s  Statement.) 
such d i ve rse  considerat ions now c o m n d s  general acceptance. Therefore, t he  requ i red  b e n e f i t -  
cos t  balance may n o t  r e s t  on simple and ind i spu tab le  a r i t h m e t i c .  
should be t h a t  which t h e  American p u b l i c ,  o r  an approp r ia te  body rep resen t ing  t h e  p u b l i c  would 
reach a f t e r  s tudy o f  t h e  assessment presented i n  t h i s  statement and a f t e r  app rop r ia te  d iscuss ion 
and d e l i b e r a t i o n .  I n  an e f f o r t  t o  a t t a i n  t h i s  i d e a l ,  t h e  s t a f f ' s  determinat ion o f  t h e  b e n e f i t -  
c o s t  balance i s  based on t h e  NEPA, l e g i s l a t e d  by Congress, as implemented i n  Appendix D o f  
10 CFR 50. 

2. TERMINOLOGY AND CALCULATION PROCEDURES 

A b e n e f i t - c o s t  ana lys i s  i nvo l ves  two major  
F i r s t ,  a l l  o f  t h e  s i g n i f i c a n t *  b e n e f i t s  and cos ts  t o  be expected f rom t h e  proposal 

Indeterminate cases must be 

I n  such 
V i r t u a l l y  a l l  of t he  e f f o r t  

(For a d e t a i l e d  l i s t  o f  
No method f o r  ass ign ing d o l l a r  values t o  

I d e a l l y ,  t h e  balance s t r u c k  

Several spec ia l i zed  terms occur  i n  Tables 9.2, 10.5, and 10.6 such as "present  value", " l e v e l i z e d  
annual", "d iscount  r a t e " ,  "esca la t i on  r a t e " .  The need f o r  the concepts so l abe led  a r i s e s  when 
t h e  t ime  dimension i s  suppressed i n  o rde r  t o  s i m p l i f y  an economic comparison. 
cons ider  t h e  comparison o f  coal  and nuc lear  p lan ts  g iven i n  Table 9.2. 
i n d i c a t e  t h a t  

(a)  c o n s t r u c t i o n  c o s t  o f  t h e  nuc lea r  p l a n t  i s  about $100 m i l l i o n  more than t h a t  o f  t h e  
coal  p l a n t ;  

(b )  f u e l  cos t  f o r  t he  coal  p l a n t  w i l l  exceed t h a t  f o r  the nuc lea r  p l a n t  by about $36 m i l l i o n  
d u r i n g  t h e  f i r s t  year o f  operat ion;  and 

(c )  coal  cos t  w i l l  r i s e  more r a p i d l y  (by about 5% per  year)  than nuc lea r  f u e l  cos t  du r ing  
t h e  subsequent years o f  operat ion.  

How should t h e  fue l - cos t  sav ing which favors t h e  nuc lea r  p l a n t  b u t  va r ies  from year  t o  yea r  be 
balanced against  t h e  cons t ruc t i on -cos t  penal ty? 

The usual r e s o l u t i o n  of t h e  problem invo lves  t rans fo rm ing  the  time-dependence o f  one o r  bo th  types 
o f  c o s t  so t h a t  they become s i m i l a r  i n  t ime  dependence, v i a  t h e  concept o f  compound i n t e r e s t .  
t h e  30-year stream o f  e s c a l a t i n g  f u e l  c o s t  payments may be t r a n s f o n e d  t o  i t s  p resen t  va lue a t  t h e  
t i m e  o f  f i r s t  comnercial operat ion,  say, and added d i r e c t l y  t o  t h e  c o n s t r u c t i o n  c o s t  t o  g i v e  a 
t o t a l  c o s t  f o r  each t y p e  o f  p lant . **  The present  va lue o f  a f u t u r e  payment i s  t h e  discounted va lue 
o f  t h e  payment, i .e . ,  t h e  sum which deposi ted a t  i n t e r e s t  a t  t he  re fe rence  t ime  w i l l  w i t h  accumulated 
compound i n t e r e s t  j u s t  cover  t h e  payment when due. 
payments i s  j u s t  t h e  sum of t h e  present  values o f  t he  i n d i v i d u a l  payments. 

For example, 
The under l y ing  estimates 

Thus 

The present  va lue o f  a sequence o f  f u t u r e  

* " S i g n i f i c a n t "  here means l a r g e  enough t o  p o s s i b l y  i n f l u e n c e  t h e  f i n a l  dec is ion.  
**Other elements such as opera t i ng  and maintenance cos t  should a l s o  e n t e r  i n t o  t h e  t o t a l ,  of course. 
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W i t h  equal va l id i ty ,  the annual charges which would serve t o  repay the construction costs (with 
interest and "return on equity") over the expected l i f e  o f  the plant may be calculated. In the 
simplest case of uniform annual payments, the calculated payment stream i s  j u s t  t ha t  whose present 
value would equal the construction cost .  Similarly,  a time-varying payment stream may be 
replaced by the  uniform-payment stream with equal present value. The result ing levelized 
annual costs may then be summed t o  obtain "levelized to ta l  annual" costs f o r  comparison amonq 
a1 ternatives.  

The mathematical statement of the above definit ion of present value i s  

where pk i s  t he  face amount of the  k - t h  payment, i i s  the in t e re s t  (or "discount") r a t e  defined 
in terms of the  interval between successive payments (taken t o  be uni.form) and N i s  the to ta l  
number of payments expected. 

For example, t he  present value "now" o f  51 successive weekly payments of $1 beginning one week 
from "now", a t  a discount r a t e  o f  0.1834 percent per week (compounds t o  10 percent per year) i s  

P V ( 1 ,  0.0018346, 52) = $lx{(1.0018346)-' + (1.0018346)-2 

+ - - + (1.0018346)-51} = $48.64 . 

When the payments are uniform, as i n  t h i s  example, the sum in Eq. C.1 can be evaluated agebraically 
w i t h  the  r e su l t  

PV(po,  I ,  N )  = po[l - ( l+I ) -N] / I  . ( C . 2 )  

The product of the present value by the discount r a t e ,  I.PV(l,I,N), depends mainly on the product 
N-I, as shown in Fig. C . l ,  from which reasonably close estimates of the present value for  any 
(reasonable) N and I may be made. 

I f  the amount o f  t he  payment increases regularly (uniform esca la t ion) ,  the present value of the 
payment stream i s  numerically equal t o  tha t  corresponding to  uniform payments each equal t o  the 
f i r s t  payment po and t o  a discount r a t e  reduced by the escalation r a t e  E .  One has 

PV({po(l+E)k}, I ,  N )  = P v ( p o ,  I-E, N)  = po[l - (l+I-E)-N]/(I-E) (C.3) 

The corresponding levelized payment, P i ,  i s  

Values o f  t he  levelizing fac tor  L a re  plotted in Fig. C.2.  

3. SOURCES OF DISAGREEMENT AND UNCERTAINTY IN ECONOMIC COMPARISONS 

The methods described above permit t idy and objective comparison of economic a1 ternatives.  
However, the  accuracy of the  comparison can be no better than tha t  of the i n p u t  estimates. 
par t icu lar ,  the apparent r e l a t ive  importance of capital  and running costs is sens i t ive  t o  the 
choice o f  discount and escalation ra tes  and t o  the assumed operating l i f e  of the plant 
considered. 

I n  the in t e re s t  of uniformity, the s t a f f  has generally used the value of 8.75 percent as the 
appropriate discount r a t e  fo r  investor-awned u t i l i t i e s .  
mix o f  2:l with 7.125 percent i n t e re s t  on debt and 12 percent return on equity. 
a r e  typical o f  values f o r  individual u t i l i t i e s  i n  recent years b u t  of course will d i f f e r  
somewhat from those of a par t icu lar  applicant a t  a given time. 

In 

This value corresponds t o  a debt-equity 
These figures 
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Fig .  C.l. Present-Value Function. The quantity p lot ted  i s  the  product of t h e  
interest r a t e  I by the present value P V ( l , I , N )  of N success ive  
payments of one unit each versus the product of T hy N. 
of the axes is  correct for I s tated as a decimal fract ion.  

Labeling 
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Corporate prof i t s  are taxed by the Federal government and by many of the S ta tes ,  with the combined 
r a t e  approximating 50 percent. 
a pre-tax return of about 24 percent. 
the s t a f f  discount r a t e  would  r i s e  t o  12.75 percent. 
make the r a t e  13 percent. 
although taxes a r e  very real costs for  the applicant,  they should not en ter  in to  a national 
benefit-cost analysis since they neither c rea te  nor consume resources. 
taxes by the  applicant a re  recovered in the form of higher ra tes  from consumers of e l e c t r i c  
energy. The spending a b i l i t y  gained by the governments i s  l o s t  by the consumers and the net 
national spending power i s  unchanged. 

T h i s  difference i n  point of view may lead t o  rather large discrepancies between estimates of 
to ta l  cost by applicant and by s t a f f .  
is presently estimated as about $40 million fo r  a 2200-MWe plant.  

The choice of assumed operating l i f e  a l so  influences the calculated values of to ta l  l ife-of-plant 
costs t o  some degree. The s t a f f  assumes uniformly tha t  the economic l i f e  of proposed plants will 
include 30 years of operation, although the operating l icense,  i f  issued, will be fo r  40 years 
beginning w i t h  the  date of issuance of the construction permit. 
by the balance between the higher operating and maintenance costs of older plants,  and the  capital  
cos t  of a replacement plant.  
decades in the future.  
experience fo r  fossil-fueled generating plants. 

As a resu l t ,  return on equity of 12 percent ( a f t e r  t a x )  requires 

Consideration of real property taxes might 
If  the  corporate income tax component were considered, 

However, the  s t a f f  excludes taxes from consideration on the basis t h a t ,  

The monies paid as 

For example, the f i r s t -yea r  tax component of annual cost 

Actual economic l i f e  i s  determined 

These costs a re  not predictable w i t h  any great confidence several 
However, the estimate of 30 years i s  reasonably consistent with past 
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Docket Nos. : 

STAT= OF ILLINOIS 

DEPARTMENT OF CONSERVATION 
SPRINGFIELD 6 2 7 0 6  

~ E C E W -  -t 

Mr. Daniel R. Muller 
Assistant Director for Environmental Projects 
Directorate of Licensing 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

Dear Hr. Muller: 

The environmental reports prepared by Commonwealth Edison on Braidwood 
Station (Units 1 and 2, Will County) and Byron Station (Units 1 and 2, 
Ogle County) an3 Illinois Power Company's environmental report on the 
Clinton Power Station (Units 1 and 2 ,  De Witt County) have been reviewed. 
This review was made to determine what effect, if any, undertaking the 
Byron, Braidwood, or Clinton projects would have on cultural and histori- 
cal sites of significance within or adjacent to project work boundaries. 

Archaeological studies conducted on the project sites by members of the 
Illinois Archaeological Survey for Illinois Power and Commonwealth 
Edison indicate the existence of archaeological sites within the boundaries 
of each of the three projects. .Results of the archaeoLogica1 surveys for 
each site should be included in the final environmental statements. The 
final statements should also indicate Commonwealth Edison's and Illinois 
Power's plans for archaeological salvage of the located sites and their 
plans for recording and salvage of archaeological sites which may be 
discovered during project construction. 

It has been determined that, with the exception of the aforementioned 
archaeological sites, no cultural or historical sites of significance 
are located within the projects' boundaries. No National Register of 
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Hr. Daniel R. Muller -2- February 

Biatoric Places sites are found within the project boundaries of the 
Braidwood, Byron, or Clinton Power Stationsj;: 

Anthony T .$I Dean 
Director 
State Historic Preservation 

Officer 

ATD:gjf 

cc. Mr. George Montet, Building 11A, Environmental Statement Projects, 
Argonne National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439  

Mr. Charles Bareis, Illinois Archaeological Survey, 109 Davenport 
Hall, University of Illinois, Urbana, Illinois 61801 

Mrs. Ann Webster Smith, Director, Office of Compliance, Advisory 
Council on Historic Preservation, Washington, D. C .  20240 



APPENDIX E .  PROPOSED MUNICIPAL WATER SUPPLY FROM THE KANKAKEE R I V E R  

The Pub l i c  Water Commission o f  F rank fo r t ,  J o l i e t ,  Lockport, Mokena, New Lenox, Rockdale, and 
Romeovil le comnissioned a "P re l im ina ry  Engineering Report on Kankakee River  Water Supply System." 
A r e p o r t  o f  t h a t  t i t l e ,  dated June 1972, was prepared by a consu l t i ng  engineer.* 
descr ibed i n  t h a t  r e p o r t  a re  summarized below. 
has n o t  been author ized by the p a r t i c i p a t i n g  m u n i c i p a l i t i e s ,  as o f  March 1, 1974. 
the re  i s  no c e r t a i n t y  t h a t  t h i s  p lan  w i l l  ever be implemented. 
dropping groundwater l e v e l s  i n  nor theastern I l l i n o i s  because o f  excessive withdrawal, w i l l  
worsen w i t h  t ime  u n t i l  a l t e r n a t i v e  sources o f  sur face water a re  developed. 

The p lan  described c a l l s  f o r  a pumping s t a t i o n  on the  Kankakee River  w i t h  a so f ten ing  and 
f i l t r a t i o n  p l a n t  and an approp r ia te  transmission-main system t o  serve the member m u n i c i p a l i t i e s  
and, perhaps, the c i t i e s  of Bol ingbrook, Chicago Heights, and Park Forest. The proposed system 
i s  shown i n  F ig .  E . l .  
a re  g iven i n  Table E . l .  The estimated average and maximum water consumption f o r  c e r t a i n  f u t u r e  
years i s  summarized below. 

The plans 

However, t he  bas ic  problem, 

It i s  t o  be noted t h a t  f i n a l  engineer ing work 
Present ly  

The estimated populat ion and water consumption f o r  t he  sub jec t  m u n i c i p a l i t i e s  

Water Consumption, c f s  

Year Average Maximum 

1980 53.4 89.9 
1985 63.0 107.1 
1990 73.0 125.3 
2000 92.2 159.0 
201 0 111.8 193.4 
2020 134.0 231.9 

*Consoer, Townsend and Associates, 360 E .  Grand Ave., Chicago, Ill. 60611. 
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S C U E  IN MILES 

Fig .  E . l .  Proposed Water Transmission Mains. From "Preliminary 
Engineering Report on Kankakee River Water Supply 
System for  Public Water Commission of Frankfort, 
J o l i e t ,  Lockport, Mokena, New Lenox, Rockdale, and 
Romeoville," Consoer, Tamsend & Associates ,  June 
1972 
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Table E.l. Populat ion and Water Consumption Forecast f o r  
I lenber f l u n i c i p a l i t i e s  Plus Chicaqo Heights ,  Park Forest  and Bolinqbrook 

~ ~ 

1970 I976 I980 I985 I990 2900 2OlO 2020 
F R A N K F O R T  
P O P U L A T I O M  
PER C A P I T A  USE ... gpcpd 
AVERAGE O A l L Y  DEMAMO ... mgd 
MAXIMUM D A I L Y  OEWANO ... Dgd 

JOLIET 
P O P U L A T I O Y  
PER C A P I T A  U S E  . . . gpcpd 
AVERAGE D A I L Y  OEMANO ... Dgd 
MAXIMUM DAILY OEMAMO ... ngd 

LOCKPORT 

?ER C A P I T A  U S E  ... gpcpd 
AVERAOE D A I L Y  OEWAlD ... ngd 
MAXlWY DAILY OMAMD ... agd 

YOKEMA( I ) 
P O N L A T  I01  
PER C A ? l T A  USE ... gpcpd 
AVERA6E DA I L V  OWN0 . . . w d  
MAXIMUM D A I L Y  OEMAMO ... Dgd 

MEW LEIOX( * 1 
P O P U C I T  1011 
PER C A ? l T A  U S E  . . . gpcpd 
AVERA6E DAILY DEMAND . . . agd 
MAKlwlw DAILY OMAN0 ... ngd 

ROCKOALE 
P O P U U T  I OM 
PER C A P I T A  U S E  ... gpcpd 
AVERAGE D A I L Y  OEMANO ... mgd 
MAXIMUM D A I L Y  OEUND ... we 

mruuiioi 

ROMEOV I L L E  
P O P U L A T l O 1  
PER C A P I T A  U S E  ... npcpd 
AVERABE DAILY OEWAMO . . . ngd 
MAUXIMIM OAILY DEMAND ... ngd 

T O T A L  
P O P U L A T I O M  
AYERAGE D A I L Y  DEMAND ... Dgd 
MAXIMUM D A I L Y  OEMAMO ... ngd 

2,325 
I I 5  

0.27 
0.46 

80.978 
I26 

IO.  I O  
14. I 1  

9,965 
91 

0.91 
1.88 

I, 613 
78 

0.12 
0.21 

2,855 
1011 

0.08 
0.12 

2.085 
172 

0.36 
0.55 

12,674 
67 

0.85 
0.87 

III,BY5 
12.89 
18.23 

5,130 
119.8 
0.61 
1.11 

88.550 
129.6 
11.48 
18.07 

1 3 , 9 0 0  
94 

1.31 
2.61 

2,1180 
82.8 
0.20 
0.w1 

5,280 
107.6 
0.57 
0.85 

2.510 
175.6 
0.W 
0.68 

18,870 
78. I 
1.48 
2.96 

136,700 
16.09 
2'4.69 

7,000 
I23 

0.66 
1.55 

911,000 
I32 

12.11 
17.37 

18,500 
96 

1.58 
3.17 

3,000 
86 

0.26 
0.52 

6.900 
I I O  

0.76 
1.14 

2,800 
I78 

0.50 
0.77 

23,000 
86 
I .98 
3.96 

153,200 
18.35 
26.18 

3,000 
I26 
1.19 
2. Ob 

I02,OOO 
I35 

13.77 
19.28 

28.250 
99 

2.00 
5.59 

3,750 
89 

0.33 
0.67 

8.950 
I I S  
1.01 
1.52 

3.250 
181 

0.59 
0.91 

28,500 
89 

2.5a 
5.07 

163,700 
22. I 7  
35.08 

I I .WO 
I29 

1.42 
2.55 

I10.000 
I38 

15. I 8  
21.25 

YO.000 
I02 

1.08 
8 .  I6 

4.500 
92 

0.11 
0.83 

11,OoO 
I I6  
I .28 
1.91 

3,700 
I 8 1  

0.68 
1.08 

34, 000 
92 

3 . 1 3  
6.26 

2 11,200 
26. I 8  
P2.02 

15.000 
135 

2.02 
3.61 

130,000 
I 14 

18.72 
26.21 

50,000 
108 

5.10 
10.80 

6.000 
98 

0.59 
1.18 

Ib,OOO 
I22 

1.71 
2.56 

5.000 
190 

0.95 
l.ll7 

45,000 
98 

4.11 
8.82 

265.000 
33.80 
54.68 

19.000 
I41  

2.68 
4.82 

150.000 
I50 

22.50 
31.50 

60,000 
11% 

6.81 
13.68 

7,500 
IM 

0.78 
1.56 

17.000 
I28 

2.18 
3.26 

6,500 
198 
1.27 
I .97 

56,000 
I O 1  

5.82 
11.65 

316,000 
42.07 
68. '4'4 

23,000 
147 

3.38 
6.08 

175.000 
I56  

27.30 
38.22 

70,000 

8.10 
16.80 

9,ooa 
I I O  

0.99 
1.98 

20,000 
I34 

2.68 
1. 02 

8.000 
202 
1.62 
2.50 

im 

67.000 
I I O  

7. 3 1  
111.71 

372,000 
51.71 
81.31 

CHICAGO HEIGHTS 
POPULATION 40,300 U3,960 '46,000 49,000 52,000 58.000 64.000 70,000 
PER C A P I T A  USE ... gpcpd I 5 2  165.8 I75 I75 I75 I75 I75 I75 

HAXIMUM D A I L Y  DEMAND ... mgd 9.76 12.10 13.36 14.23 15.11 16.85 18.59 20.3'4 

PARK FOREST 
P O P U L A T l O l  30,638 32,360 33,500 35.000 36,500 39.500 U2,500 45,500 

A V E R I Q E  DAILY O E M Y O  ... r g d  2. 42 2.69 2.88 3.12 3.36 3.87 4.12 5.00 

A V E R A G E  DAILY DEMAND ... ngd 6.23 7.29 8.05 8.58 9. IO IO. I 5  11.20 12.25 

P E R  C A ? I T A  USE ... gpcpd 79 63.2 86 89 92 98 IO4 I IO 

M A X l y R l  D A I L Y  DEMAMO ... ngd 4.12 5.38 5.76 6.23 6.72 7.74 8.8'4 10.01 

BOL I 1 G B R 0 0 K  
P O P U U T l O l  8.50'4 20,000 81,000 77.000 93.000 IM.000 I'IO.000 160,000 
PER C A ? I T A  U S E  ... gpcpd 83 86 89 92 98 101 1 I O  
A V E R M E  D A I L Y  OEMANO ... mgd 1.66 5.25 6.85 8.56 11.76 10.56 17.60 
MAXIMUM D A I L Y  OEMANO ... mgd 3.32 10.49 13.71 17.11 23.52 29.12 35.20 

T O T A L  
P O P U U T I O M  191,987 233,020 293,700 3'44,700 395,700 482.500 562.500 647,500 
AVERAGE D A I L Y  DLLIAIO ... Dpd 27.73 31.53 P0.72 47.20 59.58 72.25 86.59 
MAXIMUM D A I L Y  DEMAND ... .pd U5.19 58.09 69.25 80.96 102.79 I2'4.B 119.89 

From "Prel tminary Engineering Report on Kdnkakee RIver Water Supply System f o r  Publ ic Uater Comnission o f  Frankfort ,  J o l i e t ,  
Lockport. Hokena, New lenox. Rockdale and Romeoville. 

1 )  Hokena: 
2) New Lemx: 1970 Population Served = 800 

Estimated 

1970 Populat ion Served - 1.600 I 



UNITED STATES DEPARTMENT OF AGRICULTURE 
AGRICULTURAL RCSEARCH SERVICE 

WAsniNOruN. o c m z s o  

h.. b y  1, 1974 

50-456 
5c-457 

Mr. D. R. Muller, Assistant Director 
for EnvironmenLal Projects 

Dir-ctsrate of Licensing 
U . S .  Atomic Energy Cnmission 
Washington, D. C. 20545 

Dear Mr. Muller: 

The Agricultural Research Service has reviewed the D r a f t  
Environmental Statement related to the proposed Bra id rmvd  
Station of the Comonvealth Edison Company, Docket. Numbers 
STN 50-456 and STN 50-457 .  

We have no comments to mke at this time. 

Sincerely, 

H. L. Barrows 
Acting Assist ant Administrator 
National Program Staff 

U N I T E D  STATES DEPARTMENT OF AGRICULTURE 

FOREST SERVICE 

NORTHEASTERN AREA. STATE A N D  PRIVATE FORESTRY 

6816 M A R K E T  S T ~ E L S .  U P ~ E ~  O r a s r .  Pa. 19082 
TCLWWONK (2t.a) X IKXKSX 597-3772 

8400 
May 10, 1974 

Daniel R. Muller. Assistant Director 
Environmental Projects 
Directorate of Licensing 
US. Atomic Energy Conmission 
Washington, D.C. 20545 

Re: aocket No. STN 50-456. STN 50-457 
Draft mvironmental Statement, Brai6wd 
Station, Units 1 6 2 

Dear Mr. Muller: 

The above Draft Environmental Statement on two Atomic Energy 
Units in trill county, Illinois, has been fori-arded to us for 
review and comment because no National forest lands are involved. 

;uo0 yL -uvyAyI,\I .- ~i-,sutia=-kx, i L + a  is uZ;;iuIc La .==-L-L= 
from descriptions on pp. 3-25 and 3-27. 
"open woodland and hedgerows" is described. 

Where transmission lines traverse wooded areas, some seeding 
with sod-forming grasses would help control erosion, hold down 
growth of other species with a beneficial effect on wildlife, and 
aid in economy of maintenance of the corridor. 

Although there are approxirnately 169 acres of woodland affected 
at the site and along the pipeline corridor (p. 4-1). discussion 
of impact concentrates on cropland. Effect on forested land i6 
not described in as much detail. 

le appreciate the opportunity to review and coment on the 

_ _  . 

A total of 132 acres of 

draft .  

Sincerely, 

ROBERT D. RAISCH 
Director 
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UNITED STATES DEPARTMENT OF AGRICULTURE 

p.0. k x  076, charnpigii, E i l i n o i s  61820 
SOIL CONSERVATION SERVICE 

b. Daniel R. M l l e r  
Assistarit D l r e c L ; u r  f'cr 

Environn?i?tal  Pro  j c c t s  
Dircctoratc  of LicensinG 
U. S .  Atonic  Znnergy Comxissiori 
Washingtu-, 3 . C .  2.0545 

rcvitwe? t l i  r 

Out co:runerits Ere atraciird. 

We apprcc in t e  t:-.nc. oppor t lmi ty  t o  review and cument  on the 
proponel ;:rc,;oct. 

Sincerely, 

At tachrnsn L 

h e  t o  t h e  l imi ted  zmount oi' ini'orr.%tion r e l a t i n g  t o  t h e  s o i l s  
of the area it is i i f f i c u l i  Y O   fully evaluate  t h e  problems 
t h a t  m y  be enccunxred .  ihny or zhe s o i l s  i n  the area r a y  
be sendy ar:d .il i'2m.d on the  hi& groufid r a y  be h i g i l y  Sus- 

e unce thc. t o p  S o i l  i s  removea, k t a i l e d  s - 2  
ch 5r:cludes i n t f r p r e t a t i o n ,  i s  available ar, 
a t i o n  Service Ol'fice i n  J o i i e t ,  I l l i n o i s .  

.4 . l .1 ,  On S i t e  Ccxstruction, f i f t t  parrgrz;;r?, 
c x L  nas stated t h z t ,  upcn ccm.sletlon of ccc- 

J - , r i l l  cooperzte wi tk  t h e  ' ; J i l l  COLYT~ S o i l  er.2 
tc assure xne best I;SE of spare lala. ' '  

and water e ros icn .  These are generally uii'"t- 

Xe 
would sucgcst LCZL the appilcant cco>crote T v i t h  the i l i i l  2x:z:; 
S o i l  erici Water CciisErvetion i j i s t r i c t  Cu-ing plannirrg arid 
construct ion.  

Page 4-4, l t e n  4.3.2, i3.mlirs az6 ,Trensin?ssicn Lines, ss 
paragraph, sccccd sentence, rea3 "Althou@ %;ooded are-as 
P€Oiir€ c;leEl.iri? i l O i i P  tile DLZEiii:e T G i ; t E .  T e V e Z e t h t i G i r  w 
ljroceed mLrg?2)- a ' ter  tb.2 pipes a r z  b w L e i . "  Su~gest i 

Vegetation 10.111 ke reestaolishe5 or, a i l  d i s t u k e a  areas 
lowing app: .apr ia~  proce2ures a s  E ~ V ~ I - :  + the S o i l  Csnser 
Service ' i 'echiczi Guide 1'0: 1.1111. County. 
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Ilirecroi i ! ~ c  c(' Lisciising 
Atomii. Energy Commission 
Washiqtoii, D. C. 20545 

Dear h4r. hluller:  

9 . .  . 115 i b  111 respiise lo your lencr  of 4 April 1974 addressed to Ilr. Benjamin 
0. Davis cunccrning thC draft  environmental impact staterncnt for Braldivood 
Starion. h i t s  1 and 2, Kan!akcc River, Will Cniinty, Illinois. 

'l'iie co:iccrncd opcrarinz administrations and staff of the Department of 
?'1-.ii1SpOn:itiOn have rvi.iev.ed the material  submitted. 
AdrniniSlJ2t~On comnicnted a s  follows: 

?he Federal Highway 

"\{'e have re\'iewed the information r e l a t i w  to siting of the propsed  
Braido:ood gcncrarin,rr sriticns, 2nd we he!ie\-e thc long and stor:-term i m p c t s  
on  local r~aiisporration systems need additional discussioil. Evidence of earl! 
coordiixtion v i lh  the illinois Deprt inent  of T ransp f l a t ion  and other impaciet! 
transpoi li:tioii azcilcies i s  substanlially missing i rom the reports .  In p r t i c u l ~ r ,  
tlic folloivilig ilenis should be discussed 

( I )  The effcct of increascd temporary traffic volume on 1-55 and i t s  
interchnngcs n c i i  Braic!\vood. 
appear I O  be tlia pr ime points of traific movement io the gencrating station sites 
during 21:d aftcr co~l~KTxtiOil .  

These rclarivcly low-order, rural  interchangcs 

(2) Sigmfirantlg increased traffic across the G M & 0  Railroad grade 
crossi ; igs  wi l l  z ! p p i ~ c ~ r l y  result fiom con.~truciion traffic and pos 
p e r m ~ ~ i e n i  trafi ic 110i.: io I ~ C  sra11ons. The p lcn t ls l  for a severi' 
present, aiid the i iwd  ior  irnpl-o~eiiicnls s!iotild hc  explored. 

,;ivy Ii,-ds a>,snci.iied - i > i ~ i i  Constrtictioii :i 

iy aid the I ( ics l  r w d  s y s ~ c n i s .  
lice rcqui~-~ '~nci i i \  .:hoiilil be discusscd. 

'ikely t1-avl.l 
Vie i i n p  ... i (I; incrcnscd 

"We bclicve t l irse preceding pmts  should be comdinated wlth local and 
State highway officials, ond xvc rccomincnd that buch coordinatlon be under 
taken as  soon ns,possible." 

Ilie Department of Transportation hiis no other comments to offer nor do we Iuvc 
any  objection to  lhis statement. Howevrr, the concerns of the Federal lfigli~%~y 
Administyation should Lxl addressed in  the final environmental impact statement,  

'lhc opporluiiry to review this draft staterncnt i s  appreciated. 

Sincerfjly, 

2 
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D t P A R T M E N T 3 F  HOUSING A N U U H B A N  DEVELOPMENT 
CHICAGO A R E A  or r i cE  

1 1  NORTH D E A R B O R N  S T R F E T  

CtiICP.T.0, ILLINOIS bo602 

XFGLON V 

Cllir. igo.  llirnrir e0001 
,on S0",l. Hl'L.. O.,". 

Mr. O a n i e l ~ .  NuUcr, Assistant Director 
for  Environmental Projects 

Directorate of Licensing 
U. S. Atomic Energy Cammission 
Washington, D.C. 20545 

Dear M r .  M u l l e r :  

IN R E P L "  P E r C n  T O  

5.2PP:Dorning 

Subject: m a l t  Environmental Statanent 
Commonwealth Edison C a m  
Braidwood Stat ion,  U n i t s  1 & 2 
Docket Numbers: STN-50-456 & STN-50-457, ( W i l l  County, Ill.) 

This i s  t o  not i fy  you t h a t  t h e  above referenced Statement has been received 
by this agency. We hereby transmit the following response. 

The proposed act ion is the  issuance of a construction permit t o  the  C o m n -  
wealth Edison Company f o r  the  construction of the Braidwood Stat ion,  U n i t s  1 
and 2, located near t h e  W k e e  River i n  W i l l  County, I l l i n o i s .  

arnidwmd Stat ion will employ two pressurized water reactors  t o  produce up 
t o  6850 megawatts thermsl (m). 
hsat  t o  provide 2240 Wd(net) of e l e c t r i c a l  power capacity. 
dill be cooled by a once-thtowh flow of water obtained f r a a  an a r t i f i c i a l  
cooling lake. 
blowdovn (46 cfs,avg.) w i l l  be discharged t o  it. 
will connect with the  Kankakee River. 

A steam turbine-generator w i l l  use this 
The exhaust steam 

Makeup (93 cfs,avg.) wil l  be dram from the Kankakcs River and 

Two lengthy transmission l i n e s  w i l l  be 
h r o  undergrcuaa pipelines 

ommonwealtn Edison co. 
Braidwwd Station, U n i t s  1 & 2, 
Docket Nos.Stn-50-456 & 457 (Will County, Ill.) 

D u e  t o  staff and workload considerations, however, this off ice  of Hue, 
especicdy a t  the  present the, is unable t o  of fe r  aw coaments on 
the project in g e n e r d  or  on speciai  MID concerns; We add these 
suggestions andfor requests. 

P.2 

1. According t o  our present information, (Northeastern I U i s  
Plmni l lg  Comnission) the Regional Planning Ccmuniaaion which 
includes the proposed s i t e  i n  its pLanning area,  which i s  also 
the  Metropolitan Clearinghouse, has not received this D r a f t  
Environmental Statement. 
Agency a review of the re la ted  environmental report prepared by the 
Conrmonwealth Edison Company. 

Y o u r  D r a f t  Environmental Statement does not include i n  i t s  dlstribu- 
t i o n  l i s t  other loca l  or areawide planning agencies M& loca l  execu- 
t ives  which should be concerned. 

They have however, transmitted t o  your 

This review may be of scme help t o  you. 

2. 

3. We wish t o  be informed of any issues which you consider important 
for  liUD. We w i l l  respond if possible. 

4. &fore approval i s  given t o r  licensing, many technical  experts 
should be involved, including technical experts who are able t o  
decide that e a v l r m n t a l  safeguards will not be s a c r i f l c e d t o  
meet energy needs. 

(1) F.nergy. 

scme of FIUD theore t ica l  areas  of ju r i sd ic t ion  by l a w  or  
whlch w i l l  be involved in the  project: 

Environmental Aspects of Electr ic  Enemy Generation and 
Transmission. 

(2) Land Use and Management 

(3 )  

(4) Urban 
These IND concerns a re  primarily urban. 
i s  located in a non-urban area,  i t  i s  
and the  pipelines and transmission lines w i l l  have Urban relat ionships .  

Althowh the  proposed project  s i t e  
t rue  tb8t the environmental e f fec ts  
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Dear Mi,. M u l l e r :  

Thank you Tor y o u r  l e t t e r  of A ? r i l  4 ,  1 9 7 4 ,  t r a n c m i t t i n g  
c o p i e s  of t h e  A t m i c  Energy Corn-iss ion 's  d r a f t  e n v i r o n -  
m e n t a l  s t a t e m e n t  for t h e  S r a i d r o o d  S t a r i o n ,  U n i t s  1 and 
2 ,  'Vi11 Co-nty , I l l i n o i s .  

Our corrments a r e  p r e s e n t e d  a=zo?ding  t o  t h e  f c r n a t  o f  t h e  
s t a t e : n e n t  o r  a c c o r d i n g  t o  s u s j e c t .  

Genera l  

E s s e n t i a l  e x v i r c n n e n t a l  i n f o - r a t l o l i  in t h i s  d r a f t  s ;a tccer . r  
has b e e n  p p e s e n t e d  i n  a c u r s o r y  r a n n e r  o? 
r e f e r c n c a .  The r e z a e r  i s  c 3 n s r z n t l y  refer 
documents ,  notc!,ly t h e  a p p l i c a n t  ' s e n v l r 3 n  

We b e i i e v e  r h e  Final s t a t e  e.7.t s i ~ u l d  i n c l u d e  d l  c b t d  
d i r e c t l y  r e l e v a 7 . r  t o  r l ie  E a l u i t i o n  cf the p o t e n t i a l  emi l -c - . -  
m e n t a l  irr.;acts. 

R e q i o n a l  De--.ovaph? 2nd Lanc! Use 

The s t a t e n e n t  i s  ? t d e  t h a t  t h e r e  a r e  la p r i v a t e  and p u b l i c  
r e c r e a t i o n  f a c i l i t i e s  lcca-:ed w i t h i n  a lO-rnile n a d i u s  of t h e  
n u c l e a r  p l a n t  s i t e  and tha '  r h e i r  t o t a l  peak  d n i l y  s t t e n d b n c ;  
is 40 ,000 .  !.'e s u z g e s t  t h d t  K:leSe r e c r e a t i o n  a reas  bc l i s t e d  
and i d e n t i z l e a  o n  a map i n  t h e  f i n a l  s t a t e m e n t .  

E i s t o r i c c l  - Placzs and N a t u r z l  I Land;r,+rks 

It is ai)?arcnt  f r o n  t h e  t e x t  t h a t  sone o r  all of t h e  
a r c h e o l o L i c z 1  s i i n s  l o c a t e d  i n  the a i ' ca  !<ere  t e s t e d .  T h e  
extent of r e s t i n :  shou ld  be C e f i n e d  i n  t h e  f i n a l  s t a t e w n t .  

~ ;,Tct, .. __: .. c... ~ &-.-. .- 
. s z v + . c v ,  _ - _  Ca_lr.,LICA CIA 

I. 
L J L S  b'ic11' 

n2at io:-s of t h e  I i l i n o i s  S t a t e  FJi:.tcric P resc r -  
cez lo2a:ed i n  A l p e n d i x  D i s  e n d o r s e d .  

2 

s h o u l d  d l s o  r e f l e c l  d f i r m  p l d n  fop 
e o f  a n y  unrecC3rded ; :rshi.ological 

+ i tcountered  d u p i n g  :'le co111-se or 

Topographlv, Geology arid S e i m u l o u  

The b r i e f  p a r d g r a p h s  o n  t o p o g r a p h y ,  geology afid s c i s m 3 l o g y  
on page  2 - 6  are i n a d e q u a t e  f o r  a n  a s s e s s m e n t  of t h e s e  t h r e e  
a s p e c t s  of t h e  e n v i r o n m e n t  r e l e v a n t  t o  t h e  d e s i g n ,  c o n s t r u c -  
t i o n ,  and o p e r a t i o n  of U n i t s  1 a n d  2 .  These  s u b j e c t s  are 
n o t  p r o p e r l y  d e s c r i b e d .  

Ne b e l i e v e  g e o l o g i c  c o n d i t i o n e  t o  be  d i r e c ; l y  r e l e v a n t  t o  
e v a l u a t i o n  of t h e  p o t e n t i a l  environrn=n;dl  im+ict oi a n u c l e a r  
i a c i l i : y ,  a s  i l l u s t r a t e d  i n  t h e  folloc:i!;i, paragraphs, w h i c h  
t a k e  i n t o  2 c c o u n t  p z r t i n - n t  i n i  orr?.ation i n  t h e  a p p l i - d n c ' s  
enviror.:zztal r e p o r r :  (E?). 

Th2  arzd of t h e  proposed  four-scc;:~:-mile c o o l i n g  lake is 
c h d r d c r ~ r i z s d  by s t r i p - r - i n i n g  r r z n c 3 i - s  u p  Y O  i O C  ia:t dee? ,  
>;? exter . s iv?  d d e ~  d e p c s i z s  of s t r i p - m i n i c l z  s p o i l s ,  and by 
a: l e a s r  z.10 un?ergro?Jnd mines .  FOUL, or f i v e  of 
=re:ich.es crcss  The southern p e r i m e T c r  o f  rrhe ?VO? ,<?* W2LL;c hz7,- .._ - a de?;> af a3o.,: 13C fez: i n  thr 

- 

2F.e3293:< ~T>; I?s a5 noyer: $3 pa'c. 5-16. 
- r g r o x . 2  mi-e vnae?lze: . . .  a b 3 ~ ~  2 , 5 0 0  f e e i  of i-:1 

r d i e r  of t h e  coolin:, 
E a p p l i c a n t ' s  envi l .0  
s t:?ar n0.v ?x i s% .:ix 
, the one c l o s e s t  Y O  

ccinr;.onl;.r a T  a n  e l e v a t i o r !  o i  zbo!,: 5 2 3  f e e t ,  i.:iierear, ? h e  cool- 
i n g  l a h ?  w o u l l  raise t h i s  l a v e 1  by about 7 2  f e e t  to ai7 e l e v a -  
~ i o r ,  C f  i2311t 5 3 3  f e e t .  !lo d i s c u s s i o n  of  t h e  un<zr,:"?und n i n ?  

.;I -- i o  Lct's Clean Up Amcrica For Our 200th Girthdny 
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C c o l o ~ i c a l  E f f e c t s  f ron  C o ~ . s t r u a t l o n  

U;on com?let  i o n  of c o n s r r u s t i o n  o f  the niicli!*.r po:.irr p l a n t ,  
t h e  a p p l i c a n t ,  Comwn::sal:h 1:d i !,o:? Cor.p.?r.y, ha:, i;:<icntecf i t .  
". . . v i l i  c o o p z r a t e  W ~ L ! I  t h z  Will Cou:ity S o i l  and !!ater* 
D i s t r i c t  t o  ~ S S U I ' C  t h e  b e s t  u s e  o: s?idre l . in2" at t h e  
Eraidwood s i t e .  We s u g g e s t  t h d t  t h e  f i n a l  LIS i n d i c a t e  t h e  
u s e s  it a n t i c i p a t e s  thaT :he District  would s u g g e s t  for t h e  
" s p a r e  l a n d . "  

C a t e g o r i z i n g  2 , 8 3 8  a c r e s  s imply  as " s t r i p - m i n e  s p o i l "  does 
n o t  p r e s e n t -  t h e  r e a d e r  ,;Ji-th a n  a c c u r a t e  p i c t u r e  of any  
r e c l a m a t i o n  which has t a k e n  p l a c s  i n c l u d i n g  e x i s t i n g  
v e g e t a t i v e  u n i t s  and T h e i r  v a l u e  a s  w i l d l i f e  h s b i t a : .  Thus 
t h c  f u l l  maeni t i lds  of t h e  w i l d l i f e  h a b i r - a t  10;scs c a n n o t  b e  
gras;:ed if T f i e  c l a s s i f i c a t i o n  of r c c i d i n e a  l a n d s  i s  3o.t 
ex?snded .  

I n  t h i s  t - c h n i q u e ,  e z c a v a t i o : ! s  i ~ r .  see?ap,e b-rr i f rs  benr:ath 
t n t  d i k s s  t i o d d  b c  extendcd do:.m io t h e  f i  
loz.-11 aqaicibde, which l i e s  cit a n  avcni ; r  
f e e t  (E?, >age 4 . 1 - 2 ) .  Ho:iever,, l i t t ? e  o r  
s a i d  abo, i t  protle:ns t h a t  r,zy r e s u l t  ir .on s 
~ i l o c ~  t h z  c!ike a l i g r ? n s n t ,  f r o n  t h e  c o n - i ! ?  
3 t r ip - rn in2  t r e n c h e s  tnat t r d v c r s e  t h e  p e r i r l e  Tzr  a t  . ;overs1 
p l a c e s ,  o r  from t h =  undei-ground mine iworkings t!ct nave beer. 
d i s c u s s e d  above .  P o t e n t i a l  p r o b l e m s  a r i s e  from th2 s t a t e d  
f a c t  t h a t  " t n z  s p o i l  of ths s i t e  a r e a  i s  dr.ong tk.2 n o s t  
d i f f i c u l t  c a l c a r e o u s  s ?o i l  t o  rzc! .a in  i n  I lL ix is"  a?.d t h e  
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Ra6iodc:ib.o Dizchi.rc^ns 

T h e r o  i s  i n s u f f i c i e n t  i n f o r n a t i u n  i n  The drufr s t d t e m e n t  
i: , t h e  r i idioa; t  ivs S a ; e ;  f r c y  th: p roposed  

r p l s n t  would be venred  thro t lvh  a tail s t a c k  
o r  a t  g r o m d  l e v e l .  

Cnvironrns3:al Impact  of P o s t u l d t e d  A c c i d e n t s  

I n  t h e  d i s c u s s i o n  of p o s t u l a t c d  a c c i d e n t s  i t  is s t a t e d  on 
page 7 - 1  t h a t  "The p r o b a b i l i t y  of o c c u m e n c e  of a c c i d e n t s  
a n d  t h e  s2ec t rurn  of t h e i r  conseqcences hdve been a n d l y z a d  
u s i n g  besc estimates of p r o b a b i l i t i e s " .  H w e v e r .  o n l y  
q u a l i t a t i v e  l s t a  on  p r o b a b i l i t y  have been  p r e s e n t e d ,  
includi ; .g  s u c h  s t a t e m e n t s  as " t h e  probability of o c c u r r e n c e  
of l a r g e  C i I S S  8 a c c i d e n t s  i s  v e r y  s m a l l " .  Othcr t h a n  t h e  
f a c t  t h a t  examples  oi a c c i d c n r s  have  bsen  arran&ed i r l -  
z p p r o x i r m i s  o r d e r  of p r s b a b i l i y y ,  no qz-1 

L i t y  have  Seen  i n c l u d e d .  C c k s  
~ a l  r i s k ,  con3ir . i r .p  b o r n  CGnSE 
7 ,  F-as nst  bcon ass?ssc$ .  The z t a ? c s ? n :  i.3 

. . -  

r.3d.s on ,ace 7-4 t h a t  " i ?  i s  c o n c l u d e 3  from t h e  restl l is  
of t h e  r r s l i s r i c  a n a l y s i s  t h a t  C.22 e n v i r s n m e n c a l  ?is% due  
Y O  p o s t u l a t e d  r la ic iogica i  dccic'?n:s - 1 ~ 2  excee2ini:y- s;r.ai 1 
=.-.d p e e <  r.ot b e  c o n s i d e r e d  iurr:?er". 5 
> i t ?  fa--- - . - a :  " ' ? E - c  0 ::C~<::.T: Lb= 1," 

;? t h e  s . ;z lu? .~ ion  d s  ~? . : i c i t~ .  

needs q ~ a !  i f i c a t i o n .  

it s h o i l d  5s  noted t h a t  t h e  e 
only " p s s T u 2 a t e d  accidc!.?ts, " 
t h e  m c  r i o u s  c l a i s  9 acc.i 
f o r  pu i of e v a l u a t i n g  e n  
:: '5 5 \L%? has only bzen  s.;p;, 
dad ql. ; i v e  rec'sons i n  t h  

e f f e c t s  o! c i z s s  9 acci?er! :s  
f i n a l  s ~ a t ~ . : . e n t .  

_ -  
. . .  

L,? i r.s: 322? q l i ; n ? i t a 7 i v * i ~  

. .  
C;.C;.C)' of d 1 1 '  ' 

to t h c  b e z  t rase for  a n u c l e a r  p l a n t .  

:: q u a n t i t i e s  of c d r b o n  mogo::ic?c:, hydro- 
s f r o n  t : i < ,  e q ~ ~ i v a l ~ ~ ~ t  s i z e  c o a l - f i r e d  
1 of d p r o p e r l y  o p e r a t e d  c o a l - f i r e d  p l a ! l t .  

T a b l e  9. 3 63is 1;o.L ei:r:lain y il EJil - foot  t a l l  stoc:c XOUld :: 
used  o:i il , x .de r ' p l an .  e q u i p  w i t h  a sta-.: gas c1ear:i;ig si' 

A b i o t i c  

S i n c e r e l y  yoi?rs,  

S e c r e - i z r y  of t h e  I n t c r i  oil 
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UNITED STATES DEPARTMENT OF COMMERCE 
The A.ssfscent Secretary tor  Sslense and Technology 
WashingLon 0 C 2C230 

STN- 54-45 b 
STN-50-457 

May 29, 1974 

Mr. Daniel R. Muller 
Assis tant  Director for 

Environmental Projects 
Directorate of Licensing 
U.S.  Atomic Energy Commission 
Washington, D. C. 20545 

Dear Mr. Muller: 

The draft environmental impact statement for Braidwood Station, Docket 
Nos. STN 50-456 and STN 50-457, which accompanied your le t te r  of 
April 4, 1974, h a s  been received by the Department of Commerce for 
review and comment. 

The statement h a s  been reviewed and the  following rnmmenTc are nffnr-a 
for your consideration. 

Page 4-4. Intake and Dlscharqe Structures. This sect ion mentions t5e 
fac t  that  t h e  appl icant  will be required to minimize the impact of siltation 
on the a q u a t k  community. It would be helpful i f  a complete description 
of the proposed method for accomplishing this purpose could be inclhded . 
Page 5-1G. 
This section should d iscuss  the potential e f fec ts  on aquatic life of acid 
mine drainage f r o m  the open pit mine which, in  part, will be used for 
the cooling lake.  

Paqe 5-18. Entrainment. The second paragraph in t h i s  section refers  to 
numbers of organisms expected to be entrained. It would be helpful if 
some relative order of magnitude could be applied to th is  estimate. 

Predictions cf the Ecoloqy a t  the  Braidwood Coolina Lake. 

I t  would be useful to add the  following to Table 6.5: 0) the names of 
the f ive key  spec ies  to be examined for condltion and stomach contencs; 
and (2 )  fish sampling in  Januaiy, i f  possible ,  to determine a reas  of con- 
centration and preference during this t i m e  of year. In addition, the number 
of samples taken a t  each station on the  t ransect  should be included, iiith 

-..r.-., 
$-"-. <., 

4 .-. -3 

,z c- ; ~ ::: 
0 :. . , 

- . I  481'7 
. ~. . 
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a minimum of two replicate samples required a t  each  station. 

Paqe 9-!3. Water Consumption Considerations. This sect ion should be 
expanded to include the a!ternative of natural draft wet cooling towers i n  
combination with a small water storaqe reservoir. This alternative would 
allow for decoupling the station from the Yankakee River during extr2rr.e 
low-flow conditions while, a t  the same time, minimizing the large land 
area  which must be committed to  the lake .  Considerable public benefit 
might accrue from this alternative cooling design.  As a possibility, 
management of the storage reservoir for multiple-use could be delegated 
to the appropriate resource management agencies  and the Company could 
retain the right to utilize the reservoir a s  the source for makeup w a t a  
during cr i t ical  periods. 

Finally, our interpretation of the description of the disposal  of radioactive 
noble g a s e s  t o  the atmosphere is  that  approximately one-third of the tc ta l  
per year (1280 out of 3500 Ci/yr/reactor) is  re leased very sporadically. 
&leases  resulting from containment purges a re  estimated to  occur  ten 
t i m e s  per  year. Releases by way of the gaseous  waste  processing system 
occur  from decay tanks having a 45-day holdup capaci ty  before emissicn 
to the atmosphere. In both c a s e s ,  no information w 2 s  given on the  
length of the  re lease period, Consequecrly. assuming each release las t s  
a n  hour, the  total during the year WOUIO. ne aboilr 26 i iuus.  ZLr u:c L 
annual average relative concentraticn s (see chl/Q va lues  l is ted in  taSle 
5 . 4 )  6re not appropriate for such sporadlc re leases .  

Thank you for giving us  an opportunity to provide these comments, which 
we hope wfll be of ass i s tance  to you. We would appreciate receivLn5 a 
COPY of the fical statement. 

Sincerely, 

' / .  
,. 

, < .  I LC , 
Sidney R. G a l l e r  
Deputy Assistant Secretary 
for Environmental Affairs 
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STt4-50-456/457 

DEPARTMENT OF HEALTH. EDUCATION. AND WELFARE 

OFFICE OF rnE SECRETARY 

wuMlNaTo*. 0 c. -, 
MAY 2 0 l974 

H r .  D a n i e l  R. M u l l e r  
A s s i s t a n t  D i r e c t o r  f o r  E n v i r o n m e n t a l  

D i r e c t o r a t e  of  L i c e n s i n g  
Atomic Energy  Commission 
Washington ,  D. C. 20545 

Dear M r .  M u l l e r :  

P r o j e  c t  8 

\ 

T h i n  Depar tment  h a s  rev iewed t h e  d r a f t  E n v i r o n m e n t a l  Impact  
S t a t e m e n t  f o r  t h e  Braidwood S t a t i o n ,  U n i t s  1 and 2 .  
On t h e  b a s i s  of i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  d r a f t  s t a t e m e n t .  
i t  a p p e a r s  t h a t  t h e  r a d i o l o g i c a l  i m p a c t  on t h e  p o p u l a t i o n  
s u r r o u n d i n g  t h e  s i t e  will b e  w i t h i n  t h e  l o w - a s - p r a c t i c a b l e  
c r i t e r i a  e s t a b l i s h e d  by t h e  Atomic Energy Commission. The 
d o s e  t o  t h e  t h y r o i d  of a c h i l d  d r i n k i n g  1 l i t e r  of m i l k  
p e r  day f rom t h e  fa rm n e a r e s t  t o  t h e  s i t e  would b e  6 .5  
m i l l i r e m  p e r  y e a r .  The t o t a l  man-rem t o  t h e  p o p u l a t i o n  
l i v i n e  i n  t h e  u n r e s t r i c t e d  a r e a  w i t h i n  5 0  m i l e s  of  t h e  p l a n t ,  
u s i n g  t h e  e s t i m a t e d  1980 p o p u l a t i o n  o f  4.5 m i l l i o n  p e r s o n s .  
would b e  a b o u t  16 man-rem p e r  y e a r .  

The r a d i o l o g i c a l  c o n s e q u e n c e s  o f  p o s t u l a t e d  a c c i d e n t s  f o r  
t h e  e i g h t  c l a s s e s  n o r m a l l y  c o n s i d e r e d  a r e  i n c l u d e d  w i t h i n  
t h e  d r a f t  r e p o r t .  The maximum d o s e s  would r e s u l t  from a 
l o s s - o f - c o o l a n t  a c c i d e n t  i n v o l v i n g  a l a r g e  b r e a k .  T h i s  d o s e  
h a s  b e e n  e s t i m a t e d  t o  b e  1 .25  r e m  t o  an i n d i v i d u a l  a t  t h e  
s i t e  b o u n d a r y  and a p o p u l a t i o n  d o s e  o f  1300 man-rem t o  t h e  
p o p u l a t i o n  w i t h i n  a 5 0  m i l e  r a d i u s .  T h e s e  magni tudes  of 
d o s e s  a r e  a c c e p t a b l e  b a s e d  on t h e  low p r o b a b i l i t y  o f  t h e  
o c c u r r e n c e  o f  an a c c i d e n t  of  t h i s  t y p e .  

The d r a f t  E n v i r o n m e n t a l  Impact  S t a t e m e n t  n e e d s  t o  b e  more 
s p e c i f i c  c o n c e r n i n g  t h e  l o c a t i o n  of  h e a l t h  f a c i l i t i e s  and  
n c h o o l s  i n  t h e  immedia te  a r e a .  A t e n  m i l e  r a d i u s  i s  n o t  
s p e c i f  i c enough.  

Page  2 - Hr. H u l l e r  

In S e c t i o n  4.1.2.  it i s  s t a t e d  "The s t a f f  recommends t h a t ,  
s h o u l d  i t  p r o v e  n e c e s s a r y  t o  u s e  h e r b i c i d e s  t h e y  b e  u s e d  a t  
S t a t e  or F e d e r a l l y  a p p r o v e d  ra tes ;  for s p o t ,  n o t  b r o a d c a s t ,  
a p p l i c a t i o n .  and n o t  i n  t h e  v i c i n i t y  of h o u s e s ,  b o d i e s  of  
water .  f o o d  s u p p l i e s .  d o m e s t i c  a n i m a l s  or r e c r e a t i o n  a r e a s . "  
. I n s t e a d  of a recommendat ion ,  s h o u l d  t h i s w t  be  a r e q u i r e m e n t ?  

S e c t i o n  4 . 2 . .  p a r a g r a p h  2 m e n t i o n s  i n c r e a s e d  t u r b i d i t y  o f  
t h e  r i v e r .  Would t h i s  t u r b i d i t y  b e  somewhat h a z a r d o u s  t o  
s w i m m e r s  i n s t e a d  o f  m e r e l y  a n  i n c o n v e n i e n c e ?  I f  s o .  what  
p r e c a u t i o n s  a r e  b e i n g  t a k e n ?  

I n  S e c t i o n  4 .3 .2 ,  p a r a g r a p h  2 ,  i t  i s  s t a t e d  t h a t  p i p e l i n e  
c o n s t r u c t i o n  w i l l  c a u s e  a t e m p o r a r y  l o s s  of  a n i m a l s  i n  t h e  
a r e a  and an i n c r e a s e  t o  e d g e  a r e a  h a b i t a t s .  W i l l  t h i s  
i n c r e a s e  b e  s i g n i f i c a n t  enough t o  c a u s e  an i m b a l a n c e  i n  
t h e  n e i g h b o r i n g  h a b i t a t s ?  W i l l  t h e s e  a n i m a l s  h a v e  enough 
food? 

R e g a r d i n g  S e c t i o n  5.3.2.2.  p a r a g r a p h  3 ,  what  i s  t h e  p r o b a b i l i t y  
t h a t  w a t e r  and  e f f l u e n t s  c o u l d  b e  c a r r i e d  f u r t h e r  t h a n  t h e  
100 miles  downst ream m e n t i o n e d  i n  t h i s  p a r a g r a p h ?  I f  t h e r e  
i s  a r e a s o n a b l e  p r o b a b i l i t y .  what  w i l l  b e  t h e  e f f e c t  on 
V.-Y..-..b - u c c _  _ _ l _ l _ _ _ _ _  _ _ _ _  :k= - - - - - - - * * - - + -  rial.- 
t h e  h e a l t h  o f  t h e  human and a n i m a l  p o p u l a t i o n ?  A l s o .  is i t  
not p o s s i b l e  t h a t  w i l d l i f e  c o u l d  d r i n k  w a t e r  w i t h i n  100 m i l e s  
o f  t h e  site and p a s s  t h i s  c o n t a m i n a t i o n  on t o  humans? 

Thank you f o r  t h e  o p p o r t u n i t y  t o  r e v i e w  t h i s  s t a t e m e n t .  

~ . .  *- . - * . * - -  ---..-.. _I _ _ _ _ _ _ _ _ ^ _  ....A 

C h a r l e s  C u s t a r d  
D i r e c t o r  
O f f i c e  of  E n v i r o n m e n t a l  A f f a i r s  

455i 
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SRl-50-4561457 

FEDERAL POWER COMMISSION 
WAWIHGTON. D.C. 20426 

- 2 -  

Hr. Daniel R. Muller 
Ass i s t an t  Director  f o r  

Environmental P ro jec t s  
D i rec to ra t e  of Licensing 
Off ice  o f  Regulation 
U. S. A t m i c  Energy Conmission 
Washington, D. C. 20545 

Dear Mr. k l l e r :  

This  i a  in response t o  1 
rcquest ing comen t s  on t h e  AEC 

MAY 1 6  1974 

MAY:! 1 1974b 

rour l e t t e r  dated Apr i l  4 ,  

r e l a t e d  t o  the  proposed issuance of construct ion permits t o  t h e  
Camuuwealth Edison Company (Applicant) f o r  t he  construct ion of 
the Braidwood S ta t ion ,  Units 1 and 2 (Docket N o s .  STN 50-456 and 
STN 50-457). The proposed 1,120-megawatt Braidwood Units 1 and 2 
are scheduled f o r  c a m e r c i a l  s e rv i ce  in May 1980 and October 1981, 
r e spec t ive ly .  The proposed 4,420-acre s i te  is located i n  a r u r a l  
area near  Braidwood, W i l l  County, I l l i n o i s .  

Draf t  Environmental Statement 

These comnents by t h e  Federal  Power Conmission's Bureau of 
n _..-- ---cz -I..-- l-..lA ..... -& L.. L u u p l L a L C ~  w i ~ L  Lie i r L A u u a i  Cnviron- 
mental Po l i cy  Act af 1969 and t h e  August 1, 1973, Guidelines of 
the Council on Env i rowen ta l  Qual i ty ,  and a r e  d i r ec t ed  t o  the 
need f o r  t he  capac i ty  represented by the  Braidwood un i t s ,  and 
t o  r e l a t e d  bulk power supply matters .  

I n  preparing these couments, t he  Bureau of Power s t a f f  ham 
considered t h e  AEC Draft  Envirormental  Statement;  the Applicant ' s  
Rwironmental  Report and supplsmcnts t he re to ;  r e l a t ed  r e p o r t s  
made i n  accordance with t h e  Commission's Statement of R e l i a b i l i t y  
and Adequacy of E l e c t r i c  Service (Docket No. R-362); and t h e  s t a f f ' s  
ana lys i s  of t hese  documents, together  with r e l a t ed  information from 
o t h e r  FPC reports .  The s t a f f  general ly  bases i t s  eva lua t ion  of the 
need f o r  a s p e c i f i c  bulk power f a c i l i t y  upon long-term considerat ions 
am w e l l  as upon the load-supply s i t u a t i o n  f o r  the peak load period 
irrmediately following the  a v a i l a b i l i t y  of t h e  new f a c i l i t y .  
urcful l i fe  o f  each o f  t h e  Braidwood generat ing u n i t s  is expected 
t o  be 30 years  o r  more; and during t h a t  per iod,  each u n i t  w i l l  
make s s i g n i f i c a n t  con t r ibu t ion  t o  t h e  r e l i a b i l i t y  and adequacy 
o f  e l e c t r i c  power supply i n  the  Applicant ' s  s e rv i ce  area. 

The 

The Applicant is a member of t he  Mid-America In t e rpoo l  
Netwrk (MAIN). MAIN coordinates  t h e  planning of t he  members' 
bulk power f a c i l i t i e s  serving the a r e s  which includes port ions 
of Wisconsin, Upper Michigan, I l l i n o i s  and Missouri. The 
Applicant 's  system i s  interconnected with adjoining u t i l i t y  
s y s t e m  of the  MAIN region and adjoining regions.  thereby 
providing f o r  i n t r a -  and in t e r - r eg iona l  power exchanges and 
operat ing contingency support .  

The W I N  systems, including the  Applicant ,  gene ra l ly  
include i n  t h e i r  considerat ion o f  the projected load-supply 
scheme seve ra l  f ac to r s  used by e l e c t r i c  u t i l i t y  system 
planners,  such a s  t h e  p r o b a b i l i t y  of loss of load because of the 
unava i l ab i l i t y  of generation. 
t h e  subject  systems f o r  t h e  time period involved have general ly  
produced ca l cu la t ed  projected reserve generat ing margins of a 
magnitude tovard the  lower port ion of t h e  15 t o  25 percent  range 
observed by the  s t a f f  a s  p reva i l i ng  throughout a major po r t ion  
of the industry.  

The physical  c h a r a c t e r i s t i c s  of 

%e following t abu la t ions  show the projected c a p a b i l i t i e s ,  
loads,  and reserve margins for  the  s m e r - p e a k i n g  App l i can t ' s  
and WIN systems f o r  t h e  1980 and 1982 s m e r  peak per iods and 
the e f f e c t  of t he  capac i ty  of t he  proposed Braidwood u n i t s  cn the 
reserve margins o t  these systems. 
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1980 S W R  PEAK LQAD-SUPPLY SITUATION lf 
Applicant's 
System 

With Braidwood Unit 1 

Total Capability - Megawatts 24,787 
(1,120 megawatts) 

Load Responsibility - Megawatts 21,210 
Reserve hrgin - Megawatts 3,577 
Reserve Margin - Percent of Peak Load 16.9 

Applicant's Desired Reserve Margin 
(Based on 14 Percent of Peak 
Load) - Megawatts 2,969 

Reserve Deficiency - Megawatts - 

2.457 
Without Braidwood Unit 1 
Reserve Margin - Negawatts 
Reserve Margin - Percent of Peak Load 11.6 

Applicanr's Desired Reserve Margin 
(Based on 14 Percent of Peak 

ncn -,--. . - " A \  "--" ..̂ .._ ---, ..-D -..-_-- 
Reserve Deficiency - Megawatts 512 

M.uIN 
Systems 

57,639 
48,110 
9,829 

20.4 

6,735 

a, 709 
18.1 

L .#1c ",,-* 

1/ Data Source: MAIN report suhnitted i n  respanse to FPC 
Docket No. R-362 dated April 1, 1974. 
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1982 S M R  PeAK LMD-SUPPLY SITUATION 

Applicant's WIN 
SY. tem Svstems 

W i t h  Braidvood Units 1 and 2 

Total Capability - Megawatts 
Buem Wrgin - &gawatts 
Reatwe Wrgin - Percent of Peak Load 

Applicant's Desired Reserve Mrgin 

(2,240 megawatts) 

Lo8d Responsibility - Ekg8UattS 

(Based on 14 Percent of Peak 
Load) - Megawatts 

Reserve Deficiency - Megawatts 
Without Braidwood Units 1 and 2 
Reserve Margin - Megawatts 
Reserve Margin - Percent of Peak Load 
Applicant's Desired Reserve Margin 

,,-.."...I -- .I. 0 ----- - -c "" -9 .  
\---- -_- - .  .-----.- -- --.. 
Load) - Megawatts 

Reserve Deficiency - Megawatts 

20,097 
24,350 
3.747 

15.4 

3,409 

1,507 
6.2 

3,409 
1,902 

65,512 
55,001 
10.511 

19.1 

7,700 

8.271 
15.0 

7,700 

lf Data Source: WIN report suhnitted in response to PPC 
Docket No. R-362 dated April 1, 1974. 
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Based on above d a t a ,  i t  is noted t h a t  i f  t h e  1,120 megawatt 
Braidwood Uni t s  1 and 2 were not  a v a i l a b l e  on schedule ,  the  
A p p l i c a n t h  r e se rve  margin would be reduced from the  planned 16.9 
percent  t o  11.6 percent  of  the  1980 summer peak load ,  and from the  
planned 15.4 pe rcen t  t o  6.2 percent  of t h e  1982 summer peak load. 
Hence, r e se rve  margins on the  App l i can t ' s  system would no t  meet 
i t s  s t a t e d  c r i t e r i o n  of 14 percent  of the  1980 and 1982 surmner 
peak loads.  If t he  u n i t s  should not  be a v a i l a b l e  on schedule ,  
t he  reserve margins f o r  the  MAIN systems would be reduced from 
the  planned 20.4 percent  t o  18.1 percent  of the 1980 s m e r  
peak load and from the  planned 19.1 percent  t o  15.0 percent  of 
t h e  1982 summer peak load. Delay i n  comnercial  ope ra t ion  of 
o the r  p ro jec t ed  new capac i ty  would reduce the  App l i can t ' s  and 
MAIN'S pro jec t ed  margins below l e v e l s  s u f f i c i e n t  t o  wi ths tand  
cont ingencies  t h a t  exper ience  has shown t o  occur on in te rconnec ted  
electric bulk power systems. 

The Bureau of Power s t a f f  concludes t h a t  a d d i t i o n a l  capac i ty  
equ iva len t  t o  t h a t  represented  by t h e  proposed Braidwood Units 1 
and 2 is necessary  t o  provide the  l e v e l  of r e se rve  capac i ty  the  
App l i can t ' s  c r i t e r i o n  r equ i r e s  t o  meet normally encountered 
cont ingencies .  

Very t r u l y  yours ,  

Advisory Council 
On Histork Preservation 
1122 K Strcct S.W'.5uitc4JO 
Washington D.C. 20005 

Mr. Daniel R. Muller 
Ass i s t an t  Di rec tor  f o r  Environmental 

D i rec t e ra t e  of Licensing 
U.S. Atomic Energy Comiss ion  
Washington, D.C .  20545 

Dear Mr. Muller:  

P ro jec t s  

A p r i l  23, 1974 

This is i n  response t o  your r eques t  of Apr i l  4 ,  1974, f o r  c m e n t s  on 
t h e  environmental s ta tement  f o r  Braidwood S t a t i o n  Uni t s  1 and 2,  W i l l  
County, I l l i n o i s .  Pursuant t o  i t s  r e s p o n s i b i l i t i e s  under Sec t ion  102(2) (C) 
of the  Nat iona l  Environmental Pol icy  Act of 1969, t he  Advisory Council  on 
H i s t o r i c  Preserva t ion  has determined t h a t  your d r a f t  environmental  
s ta tement  appears procedura l ly  adequate.  However, we have the  fo l lowing  
subs t an t ive  cements t o  make: 

The Advisory Council r eques t s  t h a t  the  F i n a l  Environmental 
Statement on t h i s  undertaking con ta in  a copy of the  a p p l i c a n t ' s  
a rcheologica l  r e p o r t  a s  w e l l  as a s ta tement  i nd ica t ing  
"Comnonwealth Edison ' s  plans f o r  a rcheologica l  sa lvage  of 

sa lvage  of a rcheo log ica l  s i tes  which mey be discovered dur ing  
p r o j e c t  c o n s t r u c t i o 4  as reques ted  by M r .  Anthony T. Dean, t he  
I l l i n o i s  H i s to r i c  Preserva t ion  Of f i ce r ,  in h i s  February 15, 
let ter t o  your o f f i c e  (Appendix D of d r a f t  environmental s tate- 
ment). 

,...."*-A ---L--,--:-.., - a & - -  --a ..I.->.. _..-- z I. ______- ___.._-_- -_-_ ..__.." _..I y.'.." A". 'C-.,LVI.L6 .ALL" 

Should you have any ques t ions  or r equ i r e  any add i t iona l  assistance, p l ease  
con tac t  Jordan Tannenbaum a t  202-254-3974 of the  Advisory Council s t a f f .  

S i n c e 9 y  yours,  , 
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DEPARTMENT OF THE ARMY 
CUICAGO OISTRICT. CORPS O F  ENGINFLRS 

210 SOUTH OLAReORN STREET 
CHICAGO. ILLINOIS 80604 

5 June 1974 

M. Daniel R. Phl ler  
Assistant Director for  

E n v i m m n t a l  Projects 
Directorate of Licensing 
U. S. Atanic herz: Cor iss ion  
Washington, D. C. 20545 

Dear h t r .  htdler: 

We have revieied the EIS f o r  the Braiddwd Station (Ibcket Nos. STN 50-456 
and STN 50-457), t ransni t ted t o  our off ice  with your 4 April 1974 l e t t e r .  
?he following cnmnents a re  limited to  the Corps of Engineers functional 
area of responsibi l i ty  and expert ise ,  as ident i f ied in &ppendix I1 of the 
1 August 1973 CEQ guidelines. 

The staterrent is well d o c m n t e d  and appear; t o  be an objec t iw analysis 

and planned generating s ta t ions ,  f i r e d  by e i ther  nuclear OT fossil  fuels  
f o r  the q p l i c a n t ' s  se r r ice  area, should be included along with an analysis 
of the cumulative impacts. 
any anticipated overlapping "zones of  effect"  of the airborne and water- 
borne eff luents .  i us0  acreages and locations of plant s i tes  and trans- 
mission Corridors and the generating capacities of each s ta t ion should be 
provided. In par t icular ,  cmulat ive inpacts of the closely s i tua ted  
La Sa l le ,  Collins, Dresden and Braidgood s ta t ions should be considered. 

A Corps of Ehgineers p e m i t  will be required for  any dredging and c m -  
s t m a i o n  i n  the  Kankakee Xver including the  intake and ciischarge 
s t ructures .  
for t h i s  s ta t ion.  
intake and discharge s t ructures  and any dredging until a request for a 
pennit has been received and evaluated by t h i s  off ice .  

The opportmity t o  review t h i s  s t a t e m n t  is appreciated. 

Ur' c;lC U l W d b i t :  h U d i i 5 .  8UAt2V-21~.  . d & t i C L Z l  h f G I Z Z t i G E  L!C C X i Z t k , ? g  

This additional infomation should include 

To date, we have not received anv requests for a permit 
Therefore, we are  withholding any c m e n t s  on the 

Sincerely yours, 

MELVISH. FAPJ??IR 
LTC, Corps of Engineerj 
Deputy Distr ic t  Lngineer 

f o r  Civil Works 

+$4 S k ,  

$* A'"., 
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON D C  20460 

m-5 0 -  4 5 6 

Srrl- 5 0 -  4 6 7  Mr. L. Mznning Muntzing 
Director of  Regulation 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

Dear Hr. Muntzing: 

The Environmental Protection Agency has revicwed the Draft 
Environmental Impact Statement issued in conjunction with the 
application by Commonwealth Edison for a construction permit 
for the proposed Braidwood Station. 
enclosed. 

Our detailed comments are 

Our major concern with the cooling system design is the impact 
that wfthdfawal of make-up water from the Kankakee River will 
have upon biota during low flow conditions. 
it 
withdrawal from the river exceeds acceptable biological limits. 
We are also concerned about thc maintenance of the high water 
quality of the Kankakee River; consequently, we believe the 
application should give full consideration to cooling blowdown 
to ambient river temperatures. 

Therefore, we believe 
--..dep.c r_r r,",.;-, ,-__ - n . r m i n r .  ___u 1." 2 ....-.... ~ .... onrl "' :$<.:.?..,: I.:.-.. 
r - -  

In ligh: of our review and in accordance with EPA procedure. we 
have rated the project ER (Environmental Reservations) and classified 
the draft statement Category 2 (Insufficient Infornation). If you or 
your staff have any questions concerning our classification or 
comments, we wil l  be happy to discuss them with you. 

Sincerely yours, 

Director 
Office of Federal Activities 
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EPAR D-AEC-06129-11.  

ENVl KONMENTAL PKOTECTION AGENCY 

WASHINGTON, D . C .  70460 

J U L Y  1974  

ENVIRONMENTAL IMPACT STATEMENT COXMENTS 

Braidwood Station, U n i t s  1 6 2 

TABLE OF CONTKNTS 

INTRODUCTION ANI1 CONCLUSIONS 

U.6."T"!.nr-: C.1L :.I':'L'J1'C 
Rndioactivc Waste Elana.?rmrnf 
Uoac Assessment 
T r a n s p o r t a t i o n  
Reac tor Acr id en t s 

NON-RADIOLOGICAI, ASPCCTS 
Pia;): Coolirig System and ~ P C h  Requirements 
K i . J e r  Flows and Plan1 I i n p a r t s  

A N )  I T  IONAI, COEMLPITS 

INTRODUCI'ION ASsD_ COSCLUSIONS 

The Lnvironmcntdl Protection Agcncy has rcviewed the draft environ- 
mental Statement issued by the U.S. Atomic Energy Commission in con- 
juction with the application of Commonwealth lidison Company for a 
construction permit to build Braidwood Statioii. Units 1 and 2 .  This 
plant will be located in Will County, Illinuis near the Kankakee Kiver. 
The following are our  major conclusions: 

1. 

2. 

3. 

4. 

5. 

6 .  

To minimize the adverse impacts on the Kankakee River, 
we believe it more prudent to require pumpin8 be 
decreased o r  halted when withdrawal of water exceeds 
a certain percent of the river flow, i.e., 10%. 

Considering the high quality of the Kanbakee River 
and the future consumptive uses of the river, we 
believe i n  order to maintain and protect a diversified 
and high quality fishery, the applicant should provide 
additional cooling of the blowdown discharge. 

With the exception of gaseous radioiodine releases, 
the proposed gaseous and liquid waste treatment systems 
are expected to be capzble of limiting radionuclide =eleases 
and, therefore, the related offsite doses to levels within 
the guidance of the proposed Appendix I to 10 CEK Part 
c n  

Based on EPA's independent analysis. the thyroid dose 
of 150 mrcm/yr from radioiodine via the cow-milk-child 
pathk-ay at the nearest potential pasture exceeds the guides 
in the proposed Appendix I, as giver, in the concluding 
statement f o r  Rcgulatory Dockc: RM-SO-2. 

In the final statement, thyroid dose es:imates within 
five i:iiles of the t u r b i n e  b u i l d i n g  due to milk cofisumption 
via the goat pathway and the locatisn of goats should be 
included. 

The applicant should develop a cow and goat surveillance 
program which should iiicludc periodic checks as to the 
l oca t ion  o f  the nearest cow or goat in order to assure 
that the real doses are maintained withln the provisions of 
applicable regulatory limits and guides tlirougnout the 
lifetime of the plant. 
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R a d i o a c t i v e  ! ' .~s te  T r e a ' r e n t  

me proposed gaseous  and l i q u i d  w a s t e  :reatment sys tems are 
r e p r e s c n t a t i v r  o f  " s t a t e - o f - t h e - a r t "  e i f l u r n t  c o n t r o l  technology.  As a 
consequence ,  t h e  q u a n t i t i e s  and c o n c c n t r z t i c n s  of r a d i o n u c l i d e s  expec ted  
t o  be r e l e a s c d  from Lr.iir.vood S t . l t i o n  V i l i  m e t  " t h e  as luw as 
p r a c t i c a h l e "  d e s i p n  J b j e c t i v e s  a s  d c f i n e d  by t h e  proposed Appendix I :o 
10 CFR P a r t  5 0 ,  r x c c p t  f o r  d o s e s  t o  a c h i l d ' s  t h y r o i d  which could exceed 
t h e  g u i d e  v a l a e s  i f  c i i k  produccd by a cow g r a z i n g  a t  t h e  n e a r e s t  
p o t e n t i a l  p a s t u r e  were consumed by a c h i l d .  

- Dose Assesszient 

The c a l c u l a t e d  d o s e s  t o  i n d i v i d u a l  r e c e p t o r s  f r o c  r a d i o n u c l i d e s  
assumed t o  h c  d i s c h n r z e d  f r o m  t h e  Rraidwood S t d t i o n  a r e  v i t h i n  t h e  
r e g u l a t o r y  d e s i g n  h a s i s  objecti . :es g i v e n  i n  t h e  propose?. Appendix I, 
e x c e p t  f o r  t h e  potential t h y r o i d  dose .  The e s t i m a t e d  t h y r o i d  dose 
e q u i v a l e n t  r a t e  (150 r.re.n/yr due t o  m i l k  i n g e s t i o n  v i a  t h e  cow pathway) 
t o  t h e  mast c r i t i c a l  i n d i v i d u a l  (an  I n f a n t )  due t o  t h e  e n i s s i o n  o f  
r a d i o i o d i n e  arid s u b s e c u e n t  t r a n s p o r t  t o  niln through a p o t e n t i a l  pathway 
( n e a r e s t  y o t c z t l a l  pasture--1900 f e e t  U S S )  i n d i c a t e s  t h a t  t h e  guid;nce 
I n  t h e  propcsed A p p e d i x  1 may be  exceeded .  Also ,  t h y r o i d  dose 
e s t i m a t e s  due t o  m i l k  consumption v i a  t h e  s o a t  pathway and t h e  l a c a t i o n  
of  g o a t s  v i t h i n  f i v e  z i l e s  of t h e  t u r b i n e  b u i l d i n g  should  be  inc luded  i n  
t h e  f i n a l  s t z . t e n e r % t ,  s i n c e  thy-o id  doses v i a  t h e  goa t  pathway a r e  

sone v e r i f i c a t i o n  t h a t  t h e  t h y r o i d  doses a r e  m a i n t a i n e d  w i t h i n  t h e  pr3- 
v i s i o n s  of t!:c propo5ed Appendis I d u r i n g  p l a n t  o p e r a t i o n ,  t h e  2 p p l i c a n t  
should  i n c l u d e  a p e r i o d i c  a u d i t  of the l o c a t i o n  of t h e  n e a r e s t  l a c t a t i n g  
cow or  g o a t  s o  :hot t h e  c r i t i c a l  pathway w i l l  b e  known throughout  t h e  
p l a n t  l i f e t i m e .  F u r t h e r n o r e ,  t h e  EPA c o n c c r s  w i t h  t h e  AEC requi rements  
t o  modify t h e  p r e o p e r a t i s n a l  r a d i o l o g i c a l  m o n i t o r i n g  program as 
p r e s e n t e d  o n  page 6-1 i n  t h e  d r a f c  s t a t e n c n t .  

nnrDnrlnl I "  r/.r,, " lD '1c .T  r n l "  Vi.? r h o  T"" ?1'""2V. ;n . r r i * r  i n  77r:,, .:,,. 

The AEC, i n  i t s  a n a l y s i s  o f  t h e  p l a n t ,  c a l c u l a t e d  a dose  of 6.5 
mremlyr 
a n a l y s i s  w e d  was t h e  1IER'fF.S code and n o t  t h e  method d e s c r i b e d  i n  t h e  
i n t e r i m  R e g u l a t o r y  Guidc 1 .42  ( K e v i s i o n  1 )  o r  t h e  proposed Regula tory  
Guide 1 .M,  r e c e n t l y  co-nented on by che EPA. Ttie p e r t i n e n t  pa tn-ay  
t r a n s p o r t  p a r a i i e t e r s  and i n t e r n a l  d o s e  p d r a - e t e r s  f r o x  t h e  HtZX3 codc 
t h a t  werc u t i l i z e d  Cor t h e  i o d i n e  pathway a n a l y s i s  should  be p r e s c n t e d  
ir. t h e  f i n a l  s t a t w e n t  so t h a t  a n  e v a l u a t i o n  of t h e  i o d i n e  pathway dosc  
model can  be uade .  

a t  t h e  n e a r e s t  farm w i t h  a m i l k  p r o d u c i n g  an imal .  The method of 

The ?PA e x p e c t s  t h a t  t h e  r e s u l t s  f r o n  c u r r e n t  and p lanned  j o i n t  EPA- 
AEC and i n d u s t r y  c o o p e r a t i v e  f l e l d  s t u d i e s  i n  t h e  e n v i r o n s  of o p e r a t i n g  

n u c l e a r  power f a c i l i t i e s  w i l l  g r e a t l y  i n c r e a s e  knowledge of t h e  
p r o c e s s e s  and mechanisms i n v o l v e d  I n  t h e  exposure  of man t o  r a d i a t i o n  
produced  t h r o u g h  t h e  u s e  of n u c l e a r  power. We b e l i e v e  t h a t ,  o v e r a l l ,  
t h e  c u n u l a t i v e  assumpt ions  u t i l i z e d  to  e s t i m a t e  vaTious  human d o s e s  a r e  
c o n s e r v a t i v e .  As more i n f o r m a t i o n  i s  developed ,  t h e  models u s e d  t o  
c s t i n a t e  human e x p o s u r e s  w i l l  be  modi f ied  t o  r e f l e c t  t h e  b e s t  d a t a  and 
most r e a l i s t i c  s i t u a t i o n s  p o s s i b l e .  Based on  t h e  r e s u l t s  of t h e s e  
c o o p e r a t i v e  s t u d i e s ,  i t  is p o s s i b l e  t h a t  t h e  s c o p e  and extent o f  p r e s e n t  
e n v i r o n m e n t a l  m o n i t o r i n g  programs may b e  r e l a x e d .  

TRANSPORTATION 

EPA, i n  i ts  earlier rev iews  of t h e  envi ronmenta l  impact o f  
t r a n s p o r t a t i o n  of r a d i o a c t i v e  m a t e r i a l ,  a g r e e d  w i t h  t h e  AEC t h a t  many 
a s p e c t s  of t h i s  program could  b e s t  be  t r e a t e d  on a g e n r r l c  b a s i s .  
g e n e r i c  approach  h a s  reached  t h e  p o i n t  % h e r e  on February  5, 1973,  t h e  
AEC p u b l i s h e d  for comment i n  t h e  F e d e r a l  R e g i s t e r  a ru lemaking  p r o p o s a l  
c o n c e r n i n g  t h e  "Environmental  E f f e c t s  of T r a n s p o r t a c i o n  of F u e l  and 
Waste from Nuclear  I'o*;er Reac tors . "  EPA commented on t h e  proposed  
ru lemaking  by a l e t t e r  t o  t h e  AEC, d a t e d  March 22, 1'373, and by a n  
a p p e a r a n c e  a t  t h e  p u b l i c  h e a r i n g  on  A p r i l  2 ,  1973. 

The 

U n t i l  s u c h  t i m e  a s  a g e n e r i c  r u l e  is e s t a b l i s h e d ,  EPA i s  c o n t i n u i n g  
t o  a s s e s s  t h e  adeqdscy of t h e  q u n n t i t a t i v c  e s t i n a t e s  of envi ronixenta l  
r a i i a L i u u  LuuacL L C a u ; L i U L  ;,i,, L.,..~~-. .-; iur. - 5  ~ . . 2 - ~ - ~ : : - ; -  :ct;:is?.: 
p r o v i d e d  i n  e n v l r o c m c n t a l  s t a t s m e n t s .  The e s t i m a t e s  provided  f o r  t h i s  
s t a t i o n  are deemed a d e q u a t e  based  on  c u r r e n t l y  a v a i l a b l e  i n f o r m s t i o n .  

R e a c t o r  A c c i d e n t s  

EPA h a s  examined t h e  AEC e n a l y s i s  of a c c i d e n t s  and t h e i r  p o t e n t l a l  
r i s k s  which t h e  AEC h a s  deve loped  i n  t h e  c o u r s e  of i t s  e n g i n e e r i n g  
e v a l u a t i o n  o f  reacLor  s a f e t y  i n  t h e  d e s i g n  of n u c l e a r  p l a n t s .  
t h e s e  a c c i d e n t  i s s u e s  a r e  common t o  a l l  n u c l e a r  power p l a n t s  of a g i v e n  
t y p e ,  EPA c o n c u r s  w i t h  t h e  AFX's approach  t o  e v a l u a t e  t h e  e n v i r o n m e n t a l  
r i s k  f o r  each  a c c i d e n t  c l a s s  on a g e n e r i c  b a s i s .  The AEC h a s  i n  t h e  
p a s t  and s t i l l  c o n t i n u e s  t o  d c v o t e  e x t e n s i v e  e f f o r t s  t o  a s s u r e  s z f e t y  
through p l a n t  d e s i g n  and a c c i d e n t  a n a l y s e s  i n  che l i c e n s i n g  p r o c e s s  on P 
case-by-case  b a s i s .  EPA, howcver. favors the a d d i t i o n a l  s t e p  row b e i n g  
u n d e r t a k e n  by t h e  AEC of a thorough a n a l y s i s  on a more q u a n t i t a t i v c  
b a s i s  of t h e  r i s k  of p o t e n t i a l  a c c i d e n t s  i n  a l l  r a n s e s .  We c o n t i n u e  t o  
encourage  t h i s  e f f o r t  and urge  t h e  AEC t o  p r e s s  forward  t o  Its t i m e l y  
c o m p l e t i o n  and p u h l i c a t i o n .  EPA b e l i e v e s  t h i s  w i l l  r e s u l t  i n  a b e t t e r  
u n d e r s t a n d l c g  o i  t h e  p o s s i b l e  risks t o  t h e  envi ronment .  

S i n c e  

We a r e  p l e a s e d  t o  n o t e  i n  t h e  d r a f t  s t a t e m e n t  t h e  d i s c u s s i o n  o f  t h e  
R e a c t o r  S a f e t y  S tudy  and t h e  commitment f o r  t i m e l y  p u b l i c  p r e s e n t a t i o n  
of i t s  r e s u l t s .  I f  t h e  AEC's e f f o r t s  i n d i c a t e  t h a t  unwarranted  r i s k s  
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are b e i n g  t a k e n  a t  t h e  Rraidwood S t a t i o n ,  we a r e  c o n f i d e n t  t h a t  
t h e  AEC w i l l  ahsumc 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 .  S i m l l a r l y ,  i f  
€PA e f f o r t s  r e l . i t e d  t o  t h e  a c c i d e n t  a r e a  uncover any e n v i r o n m e n t a l l y  
u n a c c e p t a b l e  c o n d i t i o n s  r e l a t e d  t o  t h e  s a f e t y  o f  t h e  Braidwood S t a t l o n ,  
we w i l l  make o u r  vicws known. Fur thermore .  t h e  discussion o f  t h e  
p o t e n t i a l  consequences  of t h e  f a i l u r e  of r a d l o a c t i v e  was te  sys tems 
is r e c o g n i z e d  a s  a s i g n i f i c a n t  improvement which i s  r e s p o n s i v e  t o  
E P A ' s  r e q u e s t  t h a t  p l a n t  s p e c i f l c  c o n s i d e r a t i o n s  be a m p l i f i e d  i n  
i n d i v i d u a l  d r a f t  s t a t e m e n t s .  

hONRAD TO LOG ICAL ASPECTS - 
The Braidwood S t a t i o n  wl11 c o n s i s t  of t w o  i d e n t i c a l  p r e s s u r i z e d  

w a t e r  r e a c t o r s  r a t e d  a t  3 4 ? 5  megawatts t h e r m a l  e a c h .  As p r e s e n t l y  
proposed by t h e  a p p l i c a n t ,  condenser  c o o l i n g  w i l l  be accomplished 
by a onr r - through s::s:en with d i s c h a r g e  t o  an a d j o l n i n g  a r t i f i r i a l  l a k e  
of  approximate ly  2 6 i O  acr.-s. 
f o r  t h e  l a k e  w i l l  b +  drawn from and blowdown ( 4 6 . 0  c f s  average)  d i s -  
charged  t o  t h e  Kankzkee River ,  w i t h  these flows a d j u s t e d  a s  n e c e s s a r y  
t o  m a i n t a i n  l a k e  water  l e v e l  and p r e v e n t  t h e  b u i l d u p  of d i s s o l v e d  and 
suspended s o l i d s .  

__- P l a n t  cool in^ S v s r e n  and FWPCA RequirementJ 

Make-up w a t e r  flow (93.3 c f s  average)  

W i t h  r e g a r d  Lo the  use o f  c o o l i n g  l a k e s .  a problem h a s  r e c c n t l y  
a r i s e n  c o n c e r n i n g  thi: d e f i n l t i o n  of nav'ignhle w a t r r s  and i t s  a p p l i c a -  
b i l i t y  t o  t h e  coolist,: l a k e  i t s e l f - - p a r t i c u l a r l y  i f  a d d i t i o n a l  b e n e f i t s  
such  a s  r p c r e a t i o n  are  t o  be r e a l i z e d  from t h e  l a k e .  The obvious  
problem is t h a t  i f  a c o o l i n g  l a k e  is d e c l a r e d  " n a v i g a b l e , "  e f f l u e n t  
l i m i t a t i o n s  and water  q u a l i t y  s t a n d a r d s  would apply  t o  t h e  c o o l i n g  
l a k e .  A d e r a i l e d  d i s c u s s i o n  of t h i s  problem was conta ined  i n  EPA's 
comments of ?lay 10. 1 9 7 4 ,  on t h e  Comanche Peak n u c l e a r  power s t a t i o n .  
S i n c e  t h e  d r a t t  5 t a t c ~ e n ~  i n d i c a t e s ,  J)owcvrr, t h a t  t h e  Braidwood 
c o o l i n g  l a k e  w i l l  h r  used only  fo r  c o o l i n g  purposes ,  t h e  r f f l u c n t  - -  -.. - ~ -  -*I.. r h c  :?izt ?f  A < - - h . . w * -  r -  - -  . - - .. - - - . . - > . - G r . . , ; * . . "  ..;I, . . -. - - . - . . . . - 

X permit fo r  t h l s  d i - c h a r g e  w i l l  be i ssued  under 
t h e  N a t i o n a l  P o l l u t a n t  D i s c h a r g e . E l i m i n a t i o n  System (NPDES)--Section L O 2  
o f  t h e  F e d e r a l  Water P o l l u t i o n  C o n t r o l  Art Amendments of  1972 (FWPCA). 

The f o l l o w i n g  c n m e n t s  a d d r e s s  r h e  proposed p l a n t  a5 d e s c r i b e d  i n  
t h e  d r a f t  s t a t e m e n t  '2nd a r e  based on t h e  assumption t h a t  t h e  c o o l i n g  
l a k e  concept is appravable .  

Rlver Flows and P l a n t  Impacts 

I t  was i n d i c a t e d  i n  the  s t a t e m e n t  t h a t  t h e  a p p l i c a n t  h a s  o f f e r e d  
t o  r e s t r i c t  ne t  war111- withdrawal t o  10% of  t h e  r i v e r  f low.  However. t h e  
AEC s t ; i L f  noted apprnximatc ly  2 1 %  of  t h c  r i v e r  under low f low c o n d i t i o n s  
would be d i v e r t e d  t o  t h r  c o o l i n g  l a k e .  Such d i v e r s i o n  rould  hecone il 

common o c c u r r e n c c  i f  upstream consumptive u s e  expands as proposed 
( p .  9-13). The s t a F  has  concluded t h e  a d v ? r s e  e f f e c t s  (5-19) of  t h i s  
p r a c t i c e  would be n i n i a i z e d  by r c q u i r i n e  t h a t  pumping i ron  t h e  r i v e r  b r  
d r r r e o b e d  er  h a l t e d  u n t i l  t h e  per iod  of low f low p a s s r s .  I t  is  our  
o p i n i o n  t h a t  t h e  prilposal a s  o u t l i n r d  i s  n o t  a d e q u a t r  t o  a s s u r r  t h a t  the  
r i v e r  w i l l  not s u f f r r  damage d u r i n g  low flow p r r i o d s  o r  a s  consumptive 
u s e  i n c r e a s e s .  I t  is not c l e a r .  f o r  ~ n s t a n c e ,  what " impor tan t  a d v e r s e  
e f f e c t s "  are and what l e v e l  of damagr w i l l  be a l l o m d  b e f o r e  pumping 
from t h e  r i v e r  is decreased  or h a l t e d .  

I1 t h e  A t C  s t a i  1 wishrs  t o  m a i n t a i n  Lliis p o s i t i o n .  what " in ipor tan t  
a d v e r s r  t , f f e c t s "  a r c  znd how much of cln i n p a c t  w l l l  h r  t o l e r a t e d  riluSt br 

We b e l i e v c  i t  might he  more prudent  t o  r e q u i r r  
or h a l t  when i t  r x c F r d s  a c e r t a i n  pr*rcrn t  
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of t h e  r i v e r  flow, i . e . ,  101. Se t  a t  an appropriately low percentage,  
i t  could be assumed tha t  l i t t l e  o r  no damake i s  occurring. Studies  
should be done a t  t h a t  flow t o  determine ~f undesirable  e f f e c t s  s t i l l  
occur. This  a l l e v i a t e s  t h a t  sub jec t ive  dec i s ion  a s  t o  what c o n s t i t u t e s  
"important adverse e f f ec t s . "  

Although t h e  I l l i n o i s  Nater Q u a l i t y  Standards were r ecen t ly  revised 
( a s  r equ i r ed  by Sect ion 303(a) of FWPCA) and approved by LPA on June 6 ,  
1974, i t  was noted i n  t h e  l e t t e r  of approval t h a t  t he  temperature 
s t anda rds  were not adequate t o  f u l l y  p r o t e c t  aqua t i c  l i f e .  I t  i s  
expected t h a t  t h e  S t a t e  of I l l i n o i s  w i l l  be requested t o  change the  
temperature  s t anda rds  a t  some f u t u r e  d a t e .  
t h e  Proposed Water Q u a l i t y  C r i t e r i a  document published i n  October 1973 
by EPA or t h e  Water Q u a l i t y  C r i t e r i a  document published by the  National 
Academy of Science.  The statement should d i scuss  the  a b i l i t y  of t h e  
Braidwood S t a t i o n  t o  p r o t e c t  indigenous aqua t i c  l i f e  of t he  Kankakee 
River a s  determined by these  two documents. 

Any changes w i l l  be based on 

In  l i g h t  of t h e  amended s t anda rds  and poss ib l e  f u t u r e  changes, t he  
a p p l i c a n t  should give f u l l  cons ide ra t ion  t o  providing f u r t h e r  cool ing of 
blowdown d i scha rges ,  i . e .  d ischzrge of blowdown a t  ambient r i v e r  
temperatures .  By providing t h i s  add i t iona l  cool ing,  t h e  appl icant  
would be a b l e  t o  meet fu tu re  s tandards and e l imina te  more sevcre impac:s 
upon t h e  Kaiikakee R i v e r .  

On ppge 3 - 8 ,  t h e r e  i s  a disci~ssiz: .  -5 t h e  p1ii-v- r?<;T??ir.z f . . m  i h r  
'niovnnun yn,.,- ..,... *I.--- .-- - -. 
cussion.  Ca lcu la t ions  of plume conf igu ra t ions .  acreage covered and the  
zone of  passage a v a i l a b l e  should be made f o r  t h e  7-day-once-in-ten-year 
low flow. Furthermore,  based on informatisn i n  the  s t a t e n e n t ,  i t  is 
unc lea r  t o  us how i t  i s  poss ib l e  t o  m i x  50 cubic  f ee t  pe r  second ( c f s )  
o f  blowdown water  with a P T  of 25'F i n t o  350 c f s  (442  c f s  7-day-onre-in- 
ten-year  low fluw minus 93 c f s  make-up water)  of Tiver  water  without 
causing a l a r g e  p l u m  and a r e l a t i v e l y  small zone of passage. This 
small zone of passage may be e s p e c i a l l y  s i g n i f i c a n t  s ince  t h e  Kankakee 
River is  a known spawning r i v e r  f o r  northern and walleye p ike .  During 
spawnin pe r iods ,  t h e s e  f i s h  cannot t o l e r a t e  water temperatures above 

The Molz-Benedict model csed t o  c a l c u l a t e  t h e  plume s i z e s  found i n  
t a b l e  3-2 can underestimate the  p l u m  s i z e .  The S°F plume will prohahly 
exceed The low a r e a s  predicted i n  Table 5 - 2 ,  bu t  not exceed t h e  I l l i n o i s  
Water Qual i ty  S tmdards  of 26 ac res .  l h e r e f o r e .  we suggest other  models 
be used and compared t o  c c r i f y  t h e  a p p l i c a n t s  conclusion. 

.-, _.._._ ..-_ . I Y W  g i v r i r  cur rne r i v e r  i n  t h l S  d l s -  

8 480F (9 C). 

ADDITIONAL CO.\SITNTS 

During t h e  review, we noted i n  c e r t a i n  in s t ances  t h a t  t h e  d r a f t  
s ta tement  does not  p re sen t  s u f f i c i e n t  information t o  s u b s t a n t i a t e  
t h e  conclusions presented.  We recognize t h a t  much o f  t h i s  i n f o r -  
mation i s  not of major importance i n  evaluat ing the  environmental 
impact o f  t he  Braidwood S t a t i o n .  The cumulative importance,  however, 
could be s i g n i f i c a n t .  I t  would, t h e r e f o r e ,  be he lp fu l  i n  d e t e r -  
mining the  irJpacc of t h e  p l a n t  i f  t h e  following information were 
included i n  t h e  f i n a l  s ta tement .  

1. On page 3-19 of t he  d r a f t  s ta tement ,  t h e  AEC s t a f f  
s t a t e s  t h a t  t he re  w i l l  be no tseatment o f  t h e  o f fgases  
from t he  main condenser vacuum pump. But, on page 
3-22, t he  s t a f f  has  assumed t h a t  t h e  r ad io iod ine  
"present  i n  t h e  vacuum pump exhaust w i l l  be r e l eased  
through a charcoal  adsorber  t o  t h e  p l a n t  vent ."  
This  s ta tement  i s  confirmed by Figure 3.11 on page 
3-21. This discrepancy should be resolved.  

2. The drtif t  s ta tement  mentions on page 3-19 t h a t  t h e  
steam generator  blohdohn t reatment  system hea t  
exchangers a r c  degased. This  source term should be 
.-_1..1-1 - -  T. ,  , 7 . "- _ _ _ _  7 7 , -  
A . . C I " I - U  L.. .-"A- _.., ".. &,..A- _I ..". 

3. Where t h e r e  is  an op t ion  t o  use charcoal  adso rbe r s ,  we 
s t rong ly  suggest  t h a t ,  whenever t h e r e  i s  an iod ine  source 
term, they be used cont inuously i n  order  t o  meet "as low 
as prac t i cab le"  c r i t e r i a .  
made by t h e  app l i can t  t o  u t i l i z e  charcoal  adsorbers  
cont inuously,  under cond i t ions  i n  which t h e r e  w i l l  be an 
iod ine  discharge.  

On page 5-8 of  t h e  d r a f t  Statement,  t h e  s t a f f  s t a t e s  
t h a t  "Radiation doses  ca l cu la t ed  by t h e  s t a f f  a r e  intended 
t o  apply t o  an averaxe adu l t . "  
most c r i t i c a l  i nd iv idua l  should be considered when making 
dose e s t ima tes .  
s tandards or guides may be exceeded. 

A f i rm commitment should be 

4. 

The EPA f e e l s  t h a t  t h e  

I f  t h i s  approach i s  not taken,  app l i cab le  

5 .  According t o  t h e  d r a f t  s ta tement  @age 5-11), t h e  n e a r e s t  
p o t e n t i a l  pas tu re  i s  located 1040 f e e t  ENE of t h e  s i t e  
while  t h e  Environmental R-port ( t i l )  s t a t e s  t h a t  t he  
n,earest p o t e n t i a l  p a s t u r e s  a r e  ?900 f e e t  WW (ove ra l l  
c l o s e s t )  and 5000 f e e t  i n  t h e  EXE d i i e c t i o n .  A l s o ,  t h e  
d r a f t  statement assumes t h a t  t h e  nea res t  res idence i s  1550 
f e e t  nurth while  t h e  ER s t a t e s  a value of 1550 f e e t  t o  t h e  
west.  These d i sc repanc ie s  should be c l a r i f i e d .  

6 .  W i t h  reqard t o  tr : lnsni?sion l i n e s ,  t he  isqite o f  con5equential  
dam!:- ! i )  I d j n c e i i t  i : , d  i i w t t i r l  : propcrtir; i s  nut adtire;.:-. 
This is:.ue aloni: \ v i  t i l  oi!icr m p c t s  of t ransmission l i n e s  
should be f u l l y  dLrc35c-d .  
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A p r i l  11, 1974 

M r .  D a n i e l  R. Mul le r  
A s s i s t a n t  D i r e c t o r  f o r  

Environrrental  P r o j e c t s  
D i r e c t o r a t e  of L i c e n s i n g  
U . S .  Atomic Energy Commission 
Washington, D . C .  2 0 5 4 5  

""*,. U.. U..lIr.... ___.. 

The D r a f t  Environmental  Impact S ta tement  on t h e  Proposed 
Braidwood S t a t i o n  h a s  been  rece ived  and f i l e d  by t h i s  
o f f i c e .  

A t  p r e s e n t ,  t h e  Upper M i s s i s s i p p i  River Basin Commission 
h a s  not  e s t a h l i s h c d  a rev iew procedure  f o r  such  documents. 
T h e r e f o r e ,  a t  t h i s  t ime,  we have no comments on  t h e  S ta tement .  

The m a t e r i a l  you provided  does  c o n t a i n  u s c f u l  i n f o r m a t i o n  
f o r  t h e  Commission, 
i n f o r m a t i o n  and c o p i e s  of s i m i l a r  m t c r i a l  f o r  o u r  f u t u r e  
u s e  and c o n s i d e r a t i o n .  

Thank you f o r  t h e  o p p o r t u n i t y  t o  comment. 

S i n c e r e l y ,  

and we r e q u c s t  you c o n t i n u e  t o  scnd US 

(\ / i t  -;;. 1 . :  ' ' . , , . ~ i  ' & . < < < :  '- 

I 

George W. Griebenow 
Chairman 

GWG : dm 

a'. Uailicl R .  Muller 
A s s i s t a n t  Director,  f o r  Envi ronmenta l  P r o j e c t s  
United S t a t e s  Atomic Energy Coimis;ion 
Wdshingtoii, D . C .  20545 

near M r .  Muller : 

Thank you f o r  d Draft Environmental  S ta tement  of t h e  Braidwood S t a t i o n ,  
W i l l  County,  I l l i n o i s ,  o f  t h e  Commonwealth Edison Company. 
assessment  for t h i s  s t a t i o n  was p r e p a r e d  by  t h e  I l l i n o i s  S t a t e  Museum, one  
of our d f f i l i a t e s ,  and y o u r  smrnary on  Page 2-1 of t h e i r  f i n d i n g s  is adequdte .  

An a r c h a e o l o g i c a l  

We a p p r e c i a t e  y o u r  c o n c e r n  w i t h  p r e s e r v i n g  our a r c h a e o l o g i c a l  cnvironmirrt .  

C o r d i a l l y  y o u r s ,  

C h a r l c s  J. Bdi-e 
S e c r e t a r y - T r e a s u r e r  

CJB:dg 
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I L L I N O I S  NATURAL HISTORY S U R V E Y  
BOARD OF SATVEAL REXJURCES 
,811 CU\SERVATIVN 

GEOLOGY .............. L L SLOS, 
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UNIVERSITY OF ILLlSOlS - 
Apr i l  22, 197 W-,f f7\ I  

Mr. Ass i s t an t  Daniel  D i rec to r  R. Muller f o r  Envirolmrntal  P ro jec t s  [d 
Directorate  of Licensing 1..11 

Washington, D. C. 20545 w 
U. S.  Atomic Energy Cowiasion / 

Dear Mr. Muller: Ref: Docket No. STN 50-456, STN 50-457 

As requested,  t h e  Survey has  examined the  Draf t  Environmental Statement 
prepared fo r  the Braidwood S t a t i o n  o f  t he  Conrmonwealth Edison Company. 

In our  judgement, the Statement seems q u i t e  adequate i n  the areas  of our 
competence t o  comnent. 
2 . 7 . 2 . ,  Aquatic Ecology, on page 2-13. 
should be i n s e r t e d  in place of " I l l i n o i s  Water Survey Board." 

We note an e r r o r  i n  reference i n  l i nes  2 and 3, Sect ion 
" I l l i n o i s  Natural  History Survey" 

The Survey is a b i t  su rp r i sed  to  note the almost-cavalier manner i n  which 
the divers ion of 743 ac res  from a g r i c u l t u r a l  use i s  disposed of on pages 4-1 
and 5-1. The economic lo s s  is ca lcu la t ed  (generously,  t o  be sure)  f o r  only one 
year  st e x i s t i n g  market pr ices .  Since many of t he  o the r  cos t s  and b e n e f i t s  a r e  
ca l cu la t ed  on the  bas i s  of the 30 years  l i f e  of the i n s t a l l a t i o n ,  why not calcu-  
l a t e  t he  lo s s  of food production to  mankind from such divers ion over the 30 
years  period a s  we l l ?  Current year  p r i c e s  cannot be used throughout, of course,  
because the tremendous demand of the g r e a t e r  human population i n  the y i a r  2008 
f o r  food from production sources tha t  have been cons i s t en t ly  reduced by divers ion 
of land t o  o the r  uses  must su re ly  r e s u l t  in higher  cos t  per  u n i t  of r aw product 
ava i l ab le  f o r  food consunption or use i n  o the r  forms. 
of 5.1.1.  S t a t i o n  Operation, page 5 - l . ,  " . . . the  s t a f f  considers the d ive r s ion  of 
t h e  a g r i c u l t u r a l  land t o  be minor r e l a t i v e  t o  the amount of land ava i l ab le  111 

I l l i n o i s  f o r  ag r i cu l tu re"  does not f o r t i f y  the reviewer 's  confidence i n  the 
s t a f f ' s  understanding of the world-wide population--food supply problems 
expected i n  the near  fu tu re .  

The statement in l i n e  4 

F ina l ly ,  in l i n e  37, Sect ion 5.4.2.2.2,  Impingement, page 5-19, t he  s t a t e -  
ment " ... may a c t u a l l y  r e s u l t  i n  the grovth of l a r g e r ,  b e t t e r  qua l i t y  f i sh , "  is 
purely unfounded speculat ion unless  appropriate  s tud ie s  of ex i s t ing  f i s h  popula- 
t i ons  have been comp1e:ed. 
de t a i l ed  research on e i t h e r  the cu r ren t  population d e n s i t i e s  growth r a t e s  of 
individual  spec ie s  have indeed been undertaken. 

We f ind no evidence, i n  the statement,  t h a t  such 

S ince re ly  yours,  

ILLIPWS STATE G E O L O G I C A L  S U R V U  

GS:aa 
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NIPC k73-262 
Commonwealth Edison Company 
Braidwood Nuclear Power Station 

-2- 

Relationship to Comprehensive Regional Planning 

The Commonv:ealth Edison Company is proposing to construct two 
1175 mesawatt e lectr ical ,  pressurized water reactor ,  nuclear units 
on  a 6-square m i l e  s i te  in extreme southwest Wi l l  County near 
Eraidvmod. The plant will cos t  S 965.7 million and is expected 
to be  in operation by 1980. Also included in the project a r e  a 
2.640 acre  cooling lake,  two pipe l ines  to the  Kankakee River 
and two transmission l ines .  

The subject site is located in a n  area that  will resul t  i n  minimal 
impact on the region's population. 
open space a reas .  T h e  present land u s e s  are  predominantly former 
s t r ip  mining areas  (approximately 60%) and therefore the proposed 
development will resul t  in upgrading of these a reas .  
on agricultural land is expected to be  minimal as only about 700 
acres a r e  currently w d e r  cultivation and none of th i s  is prime 
agricultural land. 

i i l r  iucauun ui rne two transmission l ines  and the two pipelines 
to the Kankakee River have not y e t  been establ ished.  The Com- 
mission was  urged that the design of these  faci l i t ies  be esthet ical ly  
pleasing and their routing cause  as little disruption a s  possible 
to existing land uses .  Moreover, we would urge Commonwealth 
Edison to consult with the Commission so that  the locations of 
these faci l i t ies  can be coordinated with exis t ing regional and local 
plans. 

The existence of the cooling lake on the  s i te  is seen  a s  providing 
substant ia l  wildlife benefits. 
access will not be available. 
benefit i f  the s i te  could provide for puhlic accesslbi l i ty  in order 
that a portion of the unnet  recreationai needs in northeastern 
Illinois could be sat isf ied.  

The Commission a l so  has concern regarding the esthet ic  impact of 
the plant i t se l f .  We would encourage Commonwealth Edison to 
design the plant a s  attractively a s  possible ,  and viscal ly  blend 
i t  into the landscape through planting5 and construction of earthworks. 

The intake of water from the Kankakee River should be done in a 
manner that insures protection of .aquatic life, and the discharge 

It does  not infringe upon priority 

Also the impact 

However, i t  would appear that public 
It would be of significant additional 

of heated water should avoid adversely affecting the ecology of the 
river which has  significant potential for domestic water consumption 
and recreational u s e .  

It would appear that f rom a cos t  standpoint the nuclear power plant 
proposed is the most economical method to meet the  increasing 
energy demands of the region's population. The unavailability 
of some alternative fuel sources  and the environmental unacceptability 
of others  leaves nuclear energy virtually the only viable  alternative 
at th i s  time. The Commission, however, is not technically com- 
petent to comment on the other important environmental considerat ions 
such  as the possibility of accidents  and the disposal  of radioactive 
was tes .  These matters should be dea l t  with thoroughly and con- 
c lusively by the Atomic Energy Commission and other technical  
experts before approval i s  given for licensing. 

In conclusion, we find the Braidwood Nuclear Power Station to be  
generally consis tent  with comprehensive regional planning. 
following i s s u e s ,  discussed above, should be addressed in the 
f inal  Environmental Assessment and the Environmental Impact Statement: 

The 

1. 

2 .  Public accessibi l i t f  to the cooling lake for recreational u s e ,  
3. The effect of water intake and discharge pipelines o n  the  

4.  Plant design. 

The ultimate location of the  tvia pipelines to t h e  Kankakee 
River and the two transmission l ines ,  

Kankakee River, and 
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DEPARTMENT OF MINES AND MINERAL. 
SPRINGFIELD 62706 , m ,  I , .:.- 

U.S. Atomic Energy Commission 
Waehiogton, D.C. 20545 

B a r  Mr. Muller: 

The Department has reviewed the draft environmental 
statement concerning the Braidwood Station of the Commonwealth 
Edison Company. 

The Department's comments pertain to the reclamation of 
the 2,838 acres  of surface mined lands involved. Most of the surface 
mined land in this area has been reclaimed to be utilized as recreation 
,"..A ,- -..--,,..-. " _ _ _  c-- *-..-A, L _ _ _ A , _ _  1 -  I 2 ___t.Lt_ .L. ... - 3 ---. .... - ..-... -..- -.-- ."- 1- ...-.. ...**...A *..c p'vpYYSu 

cooling lake. 

No mention was ma& of the acreage of spoils to remain 
within the cooling lake above the 595' level or what possibility the 
cooling lake could be used as  recreation land. 

DIRECTOR 

RTD:slb 
cc:P. Christy 

U. S. Atomic Energy Comafasfon 
Washington, D. C. 

Re: Draft Environmcntal Statemcnt re la ted  t o  the  
oroposed Braidwood Nuclear Power Plant. 
wiri h u n t v .  I l l i n o i s  

Cantlepersona: 

We eubmit the following cowQnts on t h i s  E S  f o r  your 

conaideration: 

1. A t  page 9-4 the  following independent amsesment of 

geothermal a l t e r n a t i v e s  appeara: 

"6aothermal enerm is curren t ly  beina devclmed 
as a F e r  source i n  Europe and t o  a l imited 
ex ten t  in the  western p a r t  of t h i s  country. 
There are no known geothermal resource areas 
in I l l i n o i s .  Therefore, geothermal energy is 
not  a viable  a l ternat ive."  

The geothermal poten t ia l  of the S t a t e  of I l l i n o i s  

h.8 not  been accurately determined. We believe, however, it haa s igni f icant  

potent to1 f o r  a hot  dry rock source, f o r  a geothermal deep d r i l l i n g  pro jec t  

m d  perhaps f o r  geopressured reservoirs. 

W e  note t h a t  the U. S. Patent Off ice  issued Patent No. 

3.786. 858 e n t i t l e d  'Ilethod of  Extract ing €kat from Dry Ccothermal Reservoirs" 

Md t h a t  t h i s  system is being tes ted  by the Loa Alamos S c i e n t i f i c  Laboratory 

of t h e  Ilnivcraity of  Cal i fornia  

Montana. 

t h i r t y  r e l a t i v e l y  large,  r e l a t i v e l y  hot geothermal anomaliea i n  the western 

United S t a t e s  which apparently contain nei ther  steam nor hot water, and 

together  they represent a dry rock resource base tha t  could supply the Nation's 

padm for at l e a s t  a cmrury." We suggest ywu contact  t h e  I l l i n o i s  Geological 

and by Batel le  Northwest Laboratories in 

LASL reported i n  February t h a t  'There a r e  a t . l e a s t  twenty or  

?c;c?5 
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Survey f o r  t h e i r  asseaslgnt  of the S t a t e ' s  geotherrml potent ia l .  

2. Geothersal p o w r  was developed as a povcr source i n  Europe 

seventy years  ago and has s ince been c o m r c i a l l y  put to uae in the U.S.S.R., 

Mexico, Japan, New Zealand, Iceland and California. G a o t h e m l  povar p t m t a  

a r e  also under conscruction i n  E l  Salvador and Chm Phflligl.nas and are 

plannad for any., Ethiopia. Greece and Indoneaia. 

Tha technology f o r  ut i l ir ing  both dry steam and w e t  s t w r  

geothermal sources is proven and coamrrcially teated. 

Binary-cycle aystear  have been successful ly  tented i n  t h e  

U.S.S.X.. Japan and I t a l y  and such plant. a r e  now planued f o r  Hebet, 

Long Valley and Sulphur Bank, Cal i fornia  by San Diego Gaa 6 E l e c t r i c  CoPpany. 

Southern Cal i forn ia  Edison Company and b w  Chemical Compay. 

3. Geotharmal energy source8 have been uaed i n  s w e r a l  western 

S t a t e s  s ince  t h e  t u r n  of the  century f o r  space heat ing and recrea t iona l  

purposes. The City of Klamth Fa l l s ,  Oregon u t i l i z e s  400 geothermal velh 

t o  heat  horns. schoolr, hospi ta l s  and offices a t  a f rac t ion  of t h e  c o s t  o f  

fossil fuel heat. 

4. We question the  v a l i d i t y  of the  economic c08ta (Section 9.1.2.5). 

Present ly  known donrsf ic  uranium resources and e x i s i t i n g  production are 

admittedly inadequate t o  meet projected uranium demand. Nuclear Fuel Supply, 

AEC-UASR-1242 (1973). The AEC sees a uranium shortage as soon aa 1982. F. T. 

Baranowski, 1974, Statement on Uranium Reaources: U. S. Atomic Energy Comfssion. 

Recent sales of uranium vere a t  $20/tb and we can expect to  ace higher  pr ices  

short ly .  The DES does not seem t o  c l e a r l y  d isc lose  vhather the appl icant  has  

secured a f u e l  source o r  reprocessing capabi l i ty .  

The s t a f f ' s  estimate of $ 1.2 b i l l i o n f o r  <he coa t  of t h c  p lan t  

seem low in view of the  cost8 of plants  now under design o r  construction. The 

p r a c t i c a l i t y ,  cos t  and impact of long-term r a d i o a c t i m  waste d isposa l  has 

not been weighed in the  DES. I f  the people of Illinois a r e  to  ..%port their 

radioavt iva waates t o  another S ta te ,  t h i s  should be disclosed and t h e  impact 

considered i n  d e t a i l .  

Very t r u l y  yours. 

.Donald F.X. Finn 
Managing Director 

CC: Council on Environmatal Quality 
Environacntal Protect ion Agency 
&mernor, S t a t e  of 111tnoiS: 
Senator Charles Percy 
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hlETtlOD OF EXTRACTING H U T  FROM 
DRY CEOTHERMAL RESERVOIRS 
tnvcntoo: Rob8rt hl. Patln; ~~ S. 

.Robinson; Morton C. SniUq all d 
La Alarnos. N. Mer. 

1731 Assisme: The United St*ta d A m u b u  Y 
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Washington, D.C. 

1221 Filed Mar.1T. 1972 

121 1 Appl. No.: 238,431 

1521 05. CL ........................ 165/1. 165/45. 1661247 
( 5  I 1 . Int. Cl ............................................. F28d 21/00 
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1511 ABSTRACT 

Hydraulic fncluring i s  wed lo intacoanee two or 
more holu which penetrate a preuiwly dry gtothsr- 
mal raerroir, and ta pmduce vithm the rmnoi r  a 
suRicimtly krgc hcnt-transfer surface BO that hut o n  
be extracted from the reservoir at s usefully high rere 
by J fluid entering it through OM hok and luviq  it 
lhmugh another. Introduction of= fluid info Ihe r a r -  
voir to remova heat from il and cst;lb(immt ol  natu- 
ral (unpumpd) convective circuldon through the 
rrwrmir IO accornpluh continuow heat re& a n  
im-1 and novel featurea ol tho d. 
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May 16, 1974 

Mr. Stanley Kirslis 
Directorate of Licensing 
U.S. Atomic Fnergy Commission 
Washington, D.C. 20545 

Dear Mr. Kirslis: 

Following our telephone conversation this afternoon, I enclose two 
publications concerning the fossils of Pit Eleven. Altogether, there 
have been perhaps 40 publications, on both the popular and the scien- 
tific levels. 

The fossils that occur in Pit Eleven are of Middle Pennsylvanian age 
~00,000,000 years old). They represent a virtually complete sample 
of a shallow-water deltaic marine fauna, including soft-bodied ani- 
mals not ordinarily preservable in the fossil record. 

Specimens f r b  the same fauna have been found at two small exposures 
in Grundy and b o x  counties, Illinois, but Pit Eleven is overwhalm- 
ingly the most productive locality. Thanks to fifteen years of inten- 
sive fossil collecting by the Field Museum and by amateur collectors, 
more than a hundred species otherwise unknown to science have been 
recovered. Some of them are so rare that they are s t i l l  represented 
only by single specimens. 
Museum is proposed, with the cooperation of Commonwealth Edison, with 
the object of recovering the maximum number of fossils before flooding 
eliminates the locality. 

A salvage program centering at The Field 

Pit Eleven ranks as one of the world's most significant fossil locali- 
ties. Papers on elements of the fauna have been published by special- 
ists in England, Germany and Norway as well as this country. Scien- 
tists from those countries and Belgium, Japan, Czechoslovakia and others 
have visited the Pit. The fate of the Pit Eleven fossils is of real 
concern to a large scientific community. 

ROOSEVELT ROAD AT LAKE SHORE DRIVE * CHICAGO. ILLINOIS  60605 * TELEPHONE 922-3410. AREA C D n t  312 



M r .  Stanley Kirslis 
Page Two 
May 16, 1974 

Thank you for your interest .  
the cooperation of Commonwealth Edison. 

I do expect valuable resul ts  through 

Sincerely yours, 

Eugene S . Richardson, Jr .  
Curator 
Fos ai 1 Invert ebrat e8 

ESR:mla 
Enclosure 

cc: R.F. Inger 
R.G. Johnson 
E.L. Yochelson 
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June 1 3 ,  

M r .  B. J.  Youngblood 
Chief 
Environmental Projects,  Branch 3 
D i r e c t o r a t e  of  Licens ing  
U.S. A t o m i c  Energy Commission 
Washington, D. C. 20545 

1974 

R e :  Docket Nos. S T N  50-456 and STN 50-457 

Dear M r .  Youngblood: 

I n  response t o  your  r e c e n t  l e t t e r  of May 30th  concerning 
s c i e n t i f i c  i n t e r e s t  i n  f o s s i l s  i n  t h e  area of t h e  Braidwood l a k e ,  
Commonwealth Edison has  been aware of t h i s  inatter f o r  some t i m e .  
As zi r e s u l t ,  we have con tac t ed  D r .  Euqene S .  Richardson,  Jr.,  who 
is  t h e  Cura tor  of Foss i l  I n v e r t e b r a t e s  a t  t h e  F i e l d  Museum of 
N a t u r a l  H i s to ry  and who has  s t u d i e d  e y ' m s i v e l y  t h e  f o s s i l s  found 
i n  t h e  Braidwood area. Durinq t h e s e  c j - .versat ions,  w e  explored  
t h e  s i g n i f i c a n c e  of t h e  f o s s i l s  i n  t h e  Braidwood area and methods 
t o  p rov ide  assurance  t h a t  t h i s  r e source  i s  n o t  u n n e c e s s a r i l y  l o s t .  

We have l ea rned  t h a t  f o s s i l s  of s c i e n t i f i c  i n t e r e s t  e x i s t  
th roughout  a s u b s t a n t i a l  area both n e a r  and on t h e  proposed l ake  
s i te .  The mininq which h a s  l e s sened  t h e  va lue  of t h e  l a n d  on t h e  
Braidwood s i t e  f o r  o t h e r  purposes  has caused f o s s i l s  t o  be exposed 
and a c c e s s i b l e .  None o f  t h e s e  a r e a s  are permanently a v a i l a b l e  f o r  
h igh ly  p roduc t ive  i n v e s t i g a t i o n  w i t h o u t  new d igg ing  o r  s c rap ing  be- 
cause rec lzmat ion  or n a t u r a l  qrowth of  f l o r a  l e s s e n s  t h e  weather ing 
w h i c h  exposes f o s s i l s .  Thus, t h e  area planned for  t h e  l a k e  would 
n o t  be a permanent r e s o u r c e  even i f  t h e  l a k e  were n o t  b u i l t .  

S ince  c e r t a i n  areas w i t h i n  t h e  proposed d i k e  are now p a r t i -  
c u l a r l y  easy  t o  s e a r c h  f o r  f o s s i l s  due t o  r e l a t i v e l y  recent  mining 
and t h e  absence of i n t e n s i v e  r ec l ama t ion ,  Cornonwealth Fdison has  
reached an agreement w i t h  D r .  Richardson t o  p rov ide  assurance  t h a t  
t h e r e  i s  n o t  a s i g n i f i c a n t  i r r e p l a c a b l e  s c i e n t i f i c  loss. While de- 
t a i l s  remain t o  be developed,  an o u t l i n e  of t h i s  proqram has been 
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Mr. B.  J.  Your,~b:lood 
June  1 3 ,  3.974 
Page Two 

e s t a b l i s h e d .  F i r s t ,  Commonwealth Edison  w i l l  c o n t i n u e  t o  a l low c o l -  
lectors t o  s e a r c h  f o r  f o s s i l s  u n t i l  c o n s t r u c t i o n  commences, s u b j e c t  
t o  r e g i s t r a t i o n  and release of t h e  Company from l i a b i l i t y  f o r  i n -  
j u r i e s  which cou ld  o c c u r  i n  t h e  s p o i l  areas.  T h i s  p e r m i s s i o n  w i l l  
n o t  be l i m i t e d  t o  i n d i v i d u a l s  a f f i l i a t e d  w i t h  t h e  F i e l d  1,:useum. 
A f t e r  c o n s t r u c t i o n  Cornences , increesec!  s u p e r v i s i o n  w i l l  be neces-  
s a r y  t o  minimize t h e  p o s s i b i l i t y  of i n j u r i e s  and t o  p r e v e n t  i n t e r -  
f e r e n c e  w i t h  c o n s t r u c t i o n  a c t i v i t i e s .  Accord ingly ,  access w i l l  t h e n  
be l i m i t e d  t o  i n d i v i d u a l s  connec ted  w i t h  and s u b j e c t  t o  s u p e r v i s i o n  
by t h e  F i e l d  Xuseum. H O V E V e K ,  it shou ld  be emphasized t h a t  t h e  Nuseum 
c o o p e r a t e s  e x t e n s i v e l y  w i t h  amateur  c o l l e c t o r s  so t h a t  t h e  most res- 
p o n s i b l e  and s e r i o u s  amateurs  w i l l  c o n t i n u e  t o  have access under  
s u p e r v i s i o n .  A f t e r  t h e  l a k e  i s  f i l l e d ,  Museum p e r s o n n e l  and a f f i -  
1 i a t e d . a m a t e u r s  w i l l  be a l lowed access t o  s p o i l  i s l a n d s  y h i c h  are 
expec ted  t o  comprise  i n  e x c e s s  o f  2 5  p e r c e n t  of t h e  p o r t i o n  of t h e  
l a k e  area now most e x t e n s i v e l y  sea rched  f o r  f o s s i l s .  

. The e x c c v a t i o n  a.nd s c r a p i n g  d u r i n g  t h e  c o n s t r u c t i o n  o f  t h e  l a k e  
w i l l  expose  f o s s i l s  more e x t e n s i v e l y  and rap id lv  t h a n  t h e  normal e ro -  
s i o n  p r o c e s s .  Dr. Richardsor,  i s  a p p l y i n g  t o  t h e  N a t i o n a l  Sc ience  
Foundat ion  fo r  a grar.t t o  allow him t o  i n t e n s i f y  f c s s i l  h u n t i n g  i n  t h e  
area which w i l l  be d i s t u r b e d  d u r i n g  c o n s t r u c t i o n  i n  o r d e r  t o  maxi- 
m i z e  t h e - r e c o v e r y  of such  f o s s i l s .  Commonwealth Edison  expects t o  
a s s i s t ' i n  t h i s  program by p r o v i d i n g  a s t o r a g e  shed  and i n s t r u c t i n g  
i t s  c o n s t r u c t i o n  s u p e r i n t e n d e n t  t o  c o o p e r a t e  i n  p r o v i d i n g  a c c e s s  
t o  c o n s t r u c t i o n  areas t o  t h e  e x t e n t  p r a c t i c a l .  

The combinat ion o f  i n t e n s i v e  f o s s i l  h u n t i n q  d u r i n g  c o n s t r u c -  
t i o n ,  t h e  p r e s e r v a t i o n  of i s l a n d s  which w i l l  c o n s t i t u t e  more t h a n  
25 p e r c e n t  of t h e  b e s t  f o s s i l  h u n t i n g  p o r t i o n  of t h e  l a k e  s i t e  and 
t h e  a v a i l a b i l i t y  of areas o u t s i d e  t h e  l a k e  f o r  h u n t i n g  by non-a f f i -  
l i a t e d  o r g a n i z a t i o n s  p r o v i d e s  a s s u r a n c e  t h a t  any unique  pa leon to -  
l o g i c a l  v a l u e  of t h e  Braidwood s i t e  w i l l  n o t  be l o s t .  

Three s i g n e d  o r i g i n a l s  and 40  a d d i t i o n a l  copies of t h i s  l e t t e r  
are s u b m i t t e d  f o r  your  use .  

Very t r u l y  - y o u r s ,  

Byr4n L e e ,  Jr. 
V i c e  P r e s i d e n t  

Subscribed and swoin' t o  b e f o r e  
m e  t h i s / ? - S a y  o f  ' I  1 L ,  1974. 
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