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1.0 INTRODUCTION AND GENERAL DESCRIPTION OF PLANT 

1.1 Introduct ion 

This repor t  i s  the  Atomic Energy Comiss ion ' s  s a fe ty  evaluat ion 

of the  Iowa E l e c t r i c  Light and Power Company's app l i ca t ion  f o r  a l i cense  

t o  operate  the  Duane Arnold Energy Center (DAEC). The app l i ca t ion  was 

f i l e d  by Iowa E l e c t r i c  Light and Power Company (IELP, he rea f t e r  r e fe r r ed  

t o  a s  the  app l i can t ) ,  and t h e  Corn Bel t  Power Cooperative and the Central 

Iowa Power Cooperative (hereaf te r  r e fe r r ed  t o  a s  t h e  co-applicants).  The 

appl icant  and co-applicants w i l l  be co-owners of the  f a c i l i t y .  The Iowa 

E l e c t r i c  Light and Power Company is responsible  f o r  t h e  design and con- 

s t r u c t i o n  of the  f a c i l i t y  and w i l l  be responsible  f o r  i ts  operation. 

Therefore, i n  t h i s  Safety Evaluation, the  term "applicant" r e f e r s  t o  

Iowa E l e c t r i c  Light and Power Company. When the  i n t e n t  is t o  r e f e r  t o  

the  other  p a r t i c i p a t i n g  companies, they w i l l  be s p e c i f i c a l l y  i d e n t i f i e d .  

The Atomic Energy Comission reported t h e  r e s u l t s  of its review a t  

the  Construction Permit s t age  i n  a Safety Evaluation dated February 13, 

1970. Following publ ic  hearings before an Atomic and Safety Licensing 

Board i n  Cedar Rapids, Iowa, the  Director  of Reactor Licensing issued 

Provisional  Construction Permit No. CPPR-70 on June 22,  1970. An 

Amendment of t h i s  construct ion permit was published on December 14, 

1972 t o  de le t e  c e r t a i n  requirements concerning Federal and S t a t e  laws 

f o r  protect ion of the  environment. 

The Duane Arnold Energy Center cons i s t s  of a s ing le  un i t  bo i l ing  

water reac tor  on a(;;~i)~acre s i t e  located on the west bank of the  Cedar 
i.- ', h .a ' 



River i n  Linn County, Iowa, approximately e igh t  m i l e s  northwest of I I 

the  c i t y  of Cedar Rapids. Since the  Director  of Regulation had granted 
I 

I 
on March 11, 1970, an exemption under t h e  provisions of Section 50.12, I 

10 CFR P a r t  50, cons t ruc t ion  work assoc ia ted  with f a c i l i t y  s t r u c t u r e s  
I 

began i n  March 1970. Authorized site r e l a t e d  work such a s  land c lear fng  1 
had begun e a r l i e r ,  i n  March 1969. i 

I 
On March 1, 1972, t h e  appl icant  tendered an amended appl ica t ion  , 

f o r  an operat ing l i c e n s e  (OL) with s i x  copies of t h e  F ina l  Safety 
I 

Analysis ~ e ~ o r t l  (FSAR) t h a t  were used by t h e  AEC during a three  week 

preliminary s a f e t y  review. Inasmuch a s  more information was needed f o r  
\ 

t h e  i n i t i a l  f i l i n g ,  t h e  amended app l i ca t ion  f o r  an OL was not o f f i c i a l l y  

docketed f o r  t h e  extended s a f e t y  review u n t i l  May 8 ,  1972; a t  t h a t  time! 

the  FSAR and i ts  Amendment No. 1 providing add i t iona l  information were I 
I 
\ 

docketed and d i s t r ibu ted .  

The amended app l i ca t ion  f o r  an OL is required by Pa r t  50.34(b) I 
of 10 CFR P a r t  50. The amended app l i ca t ion  reques ts  a l i c e n s e  t o  

( 

operate  t h e  f a c i l i t y  at a thermal power l e v e l  of 1658 megawatts 1 
(MWt) f o r  which the  corresponding u l t ima te  e l e c t r i c  output  of the  

p l an t  is expected t o  be about 589 megawatts-electric ( m e ) .  The I 
p l a n t ' s  thermal power l e v e l  i n  the  cons t ruc t ion  permit appl ica t ion  1 
w a s  the r a t ed  thermal power l e v e l  of 1593 M W t .  I n  i ts Safety Evaluation 

I f o r  the  Construction Permit review, t h e  regulatory s t a f f  had indica ted  1 
i t  would "perform a s a f e t y  eva lua t ion  t o  a s su re  t h a t  the  core, can be 

I 



operated a t  a higher power level ."  Therefore, we have performed an 

eva lua t ion  of thermal, hydraul ic ,  and nuclear  c h a r a c t e r i s t i c s  of the  

core a s  supplied by t h e  appl icant  f o r  both the  ra ted  and u l t imate  power 

l eve l s .  The evaluat ion of engineered s a f e t y  f ea tu res  was made a t  the  

higher power l e v e l  a s  was our evaluat ion of the r e s u l t s  of abnormal 

opera t ional  t r a n s i e n t s .  However, before t h e  appl icant  is permitted 

normal power operat ion a t  the higher  l e v e l ,  a program of progressive 

power increase  t e s t i n g ,  documentation, and evaluat ion must be accomplished 

by t h e  applicant .  This program is described i n  Amendment 9 t o  the FSAR 

and w i l l  be appropr ia te ly  de l inea ted  i n  the  Technical Speci f ica t ions .  

During our review of the  information submitted i n  the  FSAR, we 

requested the appl icant  t o  provide add i t iona l  information needed f o r  

our evaluat ion.  This add i t iona l  information was provided i n  amendments 

t o  t h e  OL appl ica t ion .  We a l s o  held numerous meetings with the appl icant  

t o  d iscuss  and c l a r i f y  the  technica l  information submitted. A s  a resul t : ,  

we requested a number of changes t o  be made i n  t h e  design and planned 

operat ion of t h e  f a c i l i t y ;  these changes a re  described i n  the  app l i can t ' s  

Amendments (No. 1 through 11) t o  the  FSAR and a re  discussed i n  appropr ia te  

sec t ions  of t h i s  Safety Evaluation. The FSAR and i ts  amendments have been 

made ava i l ab le  f o r  review by members of the public  a t  the  Atomic Energy 

Commission's Publ ic  Document Room a t  1717 H S t r e e t ,  N . W . ,  Washington, D. C .  

and a t  t h e  Cedar Rapids Public  Library,  426 Third Avenue, S.E., Cedar Rapids, 

Iowa, 52401. The appl icant  has  submitted its I n d u s t r i a l  Securi ty Plan and 



c e r t a i n  design information on t h e  nuclear  f u e l  a s  p ropr i e t a ry  documents. 

We have determined t h a t  these  documents may be withheld from publ ic  
I 

d i sc losu re  under the  Commission's Rules and Regulations, 10 CFR P a r t s  
I 

2.790(d) and 9.5 (a) (4) .4 Accordingly, these  documents w i l l  be with- I 

he ld  from publ ic  d i sc losu re  i n  accordance with the provisions of I 
Sect ion 9.10 of 10 CFR P a r t  9. 

A chronology of the  review by the regula tory  s t a f f  i s  included i n  I 

Appendix A of t h i s  evaluation. 
I 

1.2 General Plant  Descript ion 1 

The Duane Arnold Energy Center employs a nuclear  steam supply 
1 

system cons is t ing  of a bo i l ing  water reac tor .  There a r e  s ix t een  j e t  J 

pumps supplied by two r e c i r c u l a t i n g  water l i n e s ,  four main s teamlines,  / 

\ 

and two feedwater l i n e s .  Fuel f o r  the  r eac to r  w i l l  be s l i g h t l y  enriched 

uranium-dioxide (UO ) i n  s in t e red  ceramic p e l l e t s .  Some of these  ceramic 2 
I 
\ 

f u e l  p e l l e t s  w i l l  contain gadolinium-oxide (Gd203) i n  a mixture with the  
I , 

uranium-dioxide. The gadolinium is a "burnable poison" f o r  power I 

p a t t e r n  and r e a c t i v i t y  con t ro l  t h a t  permits b e t t e r  f u e l  economy and 
I 

e l iminat ion  of the  boron c u r t a i n  neutron absorbers found i n  o lde r  p l an t s .  
\ 

The f u e l  p e l l e t s  a r e  enclosed in  Zircaloy-2 cladding tubes which a r e  1 
1 

evacuated, backf i l l ed  with helium, and sealed by welding Zircaloy end 
I 

plugs i n  each end. A f u e l  channel encloses a bundle of 48 f u e l  rods i n  1 
a 7 x 7 a r r ay ;  the  channel is made of Zircaloy-4. Water flowing through 

I 
t he  core serves a s  both a moderator of neutrons and a coolant.  Movement 1 

of water and a two phase water-steam mixture through the  core is accomplished 



by the  dr iv ing  force  from the  16 j e t  pumps (8 per r e c i r c u l a t i o n  l i n e )  

and 2 r ec i r cu la t ion  pumps and from convective forces .  Steam from t h e  

bo i l ing  process i n  the  r eac to r  core i s  demoisturized and d r i e d ,  then 

vented through the  four  main s teamlines t o  the  turbine-generator where 

its energy is  converted i n t o  e l e c t r i c i t y .  The steam then exhausts t o  a 

condenser located beneath the  turb ine  where the condensate is co l l ec t ed  

and u l t imate ly  returned through a clean-up system f o r  recycl ing  through 

the  r eac to r  ves se l  and core. The cooling water f o r  the  turb ine  steam 

condenser is supplied i n  a closed system t h a t  includes two forced d r a f t  

cooling towers. Makeup water t o  replenish evaporat ive l o s s e s ,  windage, 

and blowdown from the c i r c u l a t i n g  condenser cooling water w i l l  be 

supplied from the Cedar River. 

An off-gas treatment system cons is t ing  of a recombiner, con- 

denser,  moisture separa tor ,  gas rehea ter ,  p r e f i l t e r ,  and charcoal  

absorber beds w i l l  provide f o r  r e t e r t i o n  of noble gases f o r  decay t o  

concentrat ion l eve l s  acceptable f o r  r e l ease  with the  exhaust from the  

100 meter s tack  

The primary r eac to r  coolant pressure boundary includes the  

r eac to r  ves se l ,  the  r e c i r c u l a t i o n  l i n e s ,  main s teamlines,  feedwater 

l i n e s ,  and branch l i n e s  t o  t h e i r  outermost i s o l a t i o n  valve. Enclosing 

t h i s  system is the primary containment s t r u c t u r e  of welded, inspec ted ,  

and pressure-tested s t e e l  i n  a l ight-bulb configurat ion c a l l e d  the  

"drywell." Beneath and around the  base of t h i s  "drywell" s t r u c t u r e  is 

the torus  shaped "wetwell" of metal,  constructed t o  t h e  same standards 



a s  t h e  drywell. The wetwell is connected t o  the  drywell v i a  downcomers I 

and vents  t o  permit t h e  passage and condensation of any steam (vapor ! 

suppression) t h a t  may be acc iden ta l ly  discharged i n t o  the drywell,  i 

thereby l i m i t i n g  t h e  pressure buildup below t h e  containment maximum 

design pressure of 62 psig. Piping r e s t r a i n t s  have been designed and I 
i n s t a l l e d  within t h e  containment t o  l i m i t  the movement of piping during 

i ts  pos tu la ted  post-rupture o s c i l l a t i o n s  (pipe whip). A hydrogen con- I 

t r o l  system f o r  containment atmosphere d i l u t i o n  (CAD) with n i t rogen is I 

provided f o r  t h e  normal opera t ional  containment i n e r t i n g  and f o r  any 
I 

post-LOCA needs. I s o l a t i o n  of the  primary containment occurs automatical ly 

whenever t h e r e  e x i s t s  a p o t e n t i a l  f o r  t h e  'uncontrolled r e l e a s e  of radio- 

a c t i v i t y .  For ins tance ,  t h e  primary containment and t h e  nuclear  steam 
' 

supply system a r e  i so l a t ed  and shut  off  r e spec t ive ly  f o r  the  unusual 

condit ions of low water l e v e l  i n  t h e  r eac to r  ves se l ,  high r ad ia t ion  

l e v e l  i n  main s teamline,  main s teamline high flow o r  low pressure ,  

primary containment high pressure,  and many o the r s  described i n  Section 7 

of the  FSAR. I 
The r e a c t o r  pro tec t ion  system (RPS) provides the  means t o  p ro tec t  

aga ins t  condit ions t h a t  may cause f u e l  f a i l u r e s  o r  a breaching of t h e  
I 
I 

nuclear  system process b a r r i e r ,  thereby l i m i t i n g  uncontrolled r e l eases  I 
of r ad ioac t iv i ty .  The RPS i n i t i a t e s  a r e a c t o r  scram following an 

abnormal opera t ional  t r a n s i e n t  o r  pressure pulse ,  o r  following a gross 

f a i l u r e  of f u e l  o r  t h e  nuclear  system process b a r r i e r .  The RPS is a 

I 



r e l i a b l e  system designed t o  meet the s tandards spec i f i ed  i n  IEEE-279.5 

Limits f o r  RPS funct ion a r e  s e t  f o r t h  i n  the Technical Speci f ica t ions .  

Normal r e a c t i v i t y  con t ro l  or rapid scram (shutdown) of the r eac to r  

is achieved by the  bottom-entry c~uciform-shaped con t ro l  rods (neutron 

absorbers) t h a t  a r e  moved v e r t i c a l l y  i n  the  spaces between f u e l  assembly 

channels by a  hydraul ic  mechanism; water is the hydraul ic  f l u i d ,  and f o r  

rap id  i n s e r t i o n ,  ni t rogen under pressure i n  an accumulator provides the 

dr iv ing  force. Each con t ro l  rod i s  independent of t h e  other  rods and 

has its own con t ro l  and hydraul ic  system. A rod worth minimizer (RWM) 

is ava i l ab le  t o  con t ro l  p o s i t i v e  r e a c t i v i t y  i n s e r t i o n  over a  c e r t a i n  

power range. To l i m i t  t h e  e f f e c t  of the r e a c t i v i t y  i n s e r t i o n  following 

a postulated con t ro l  rod drop acc ident ,  t h e  appl icant  w i l l  adopt and 

i n s t a l l  the  rod sequence con t ro l  system (RSCS) o r  o ther  method f i n a l l y  

prescribed and approved by the regulatory s t a f f  f o r  the  Browns Ferry and 

Peach Bottom 213 vin tage  p lants .  A standby l i q u i d  con t ro l  system is 

a l s o  ava i l ab le  f o r  use ili i n j e c t i n g  a  boron so lu t ion  i n t o  the  r eac to r  

f o r  emergency, long-term r e a c t i v i t y  con t ro l .  

Engineered s a f e t y  f ea tu res  provide the  capab i l i t y  t o  i s o l a t e  con- 

tainment, shut down t h e  r eac to r ,  r e s t r i c t  r a d i o a c t i v i t y  r e l eases  t o  

acceptable minimum l e v e l s ,  provide f o r  heat  removal f o r  long-term 

core cooling,  and condense steam within the  primary containment. De ta i l s  

on these engineered s a f e t y  f ea tu res  a re  presented elsewhere i n  t h i s  

Safety Evaluation. 



The reac to r  bui lding (RB) encloses the  r eac to r  and i ts  pressure- 

suppression type primary containment system. The r eac to r  bui lding houses 

the  r e fue l ing  and r eac to r  s e rv ic ing  equipment, f u e l  s to rage  a r e a s ,  

a u x i l i a r y  equipment, core standby cooling system, r e a c t o r  cleanup f i l t e r  

demineralizer system, standby l i q u i d  con t ro l  system, con t ro l  rod d r ive  

system, the RPS, e l e c t r i c a l  equipment, heat ing and v e n t i l a t i o n ,  and the  

standby gas treatment system (SGTS). Operation of t h e  SGTS w i l l  produce 

a negat ive i n t e r n a l  pressure a f t e r  bui ld ing  i s o l a t i o n  such t h a t  t h e  RB 

atmosphere is f i l t e r e d  and discharged v i a  the  SGTS and p lant  s tack  a t  a 

r a t e  equal  t o  one bui lding volume per day. Other s t r u c t u r e s  such as  

t h e  turb ine  bui ld ing ,  t h e  con t ro l  bui ld ing ,  the  adminis t ra t ion  bui ld ing ,  

pump house, the  in t ake  s t r u c t u r e  and pumping f a c i l i t y ,  t h e  cooling towers 

and 100 meter s t ack  a r e  described i n  varying d e t a i l  i n  t h i s  evaluat ion 

but a r e  a l s o  amply covered i n  appropr ia te  sec t ions  of t h e  FSAR and i t s  \ 

amendments. 
I 

1.3 Comparison with Similar  F a c i l i t i e s  

Many fea tu res  of t h e  design of Duane Arnold Energy Center a r e  

s i m i l a r  t o  those we  have evaluated and approved previously f o r  o the r  
I 

nuclear  power p l an t s  now under cons t ruc t ion  o r  i n  operat ion.  To the  I 
ex ten t  f e a s i b l e  and appropr ia te ,  we have made use of our previous 

I 
evaluat ions during our review of those DAEC f e a t u r e s  which a r e  sub- 

s t a n t i a l l y  the same a s  those e a r l i e r  considered. Where t h i s  has been I 
I 

done, the  appropr ia te  sec t ions  of t h i s  evaluat ion w i l l  include the  

i d e n t i f i c a t i o n  of t h e  o ther  f a c i l i t i e s  involved. Our Safety Evaluations 

f 



f o r  these  o ther  f a c i l i t i e s  a r e  published and a re  ava i l ab le  f o r  publ ic  

inspec t ion  a t  the  AEC's Public  Document Room a t  1717 H S t r e e t ,  N.W., 

Washington, D.C. 

1 . 4  I d e n t i f i c a t i o n  of Agents and Contractors  

General E l e c t r i c  Company i s  furn ish ing  the nuclear steam supply 

system f o r  the  Duane Arnold Energy Center, including the  f i r s t  f u e l  

loadings and the turbine-generator f o r  the  s t a t i o n .  For those items 

of the  p lant  within i ts scope of work, General E l e c t r i c  has acted a s  

procurement agent. 

Bechtel Corporation is  the  archi tect-engineer  firm and the  

f a c i l i t y  constructor .  I n  t h i s  capaci ty,  Bechtel has designed and 

provided t h e  balance-of-plant systems. 

The Chicago Bridge and I ron  Company has supplied the  on-si te  

fabr ica ted  r eac to r  ves se l  and t h e  containment vessels .  The f i rm of 

John A. Blume and Associates was re ta ined  by the appl icant  f o r  con- 

s u l t i n g  work on dynamic ana lys i s  of s t ruc tu res .  Other f i rms assoc ia ted  

with t h i s  f a c i l i t y  included: Commonwealth Associates,  Nuclear Services 

Corporation, Dames and Moore, TRC of New England, Biotest  Laboratories ,  

NUS Corporation, and Pickard, Lowe, and Associates.  

1.5 Summary of P r inc ipa l  Review Matters 

This Safety Evaluation summarizes the r e s u l t s  of the  technica l  

evaluat ion of the Duane Arnold Energy Center performed by the Commission's 

Regulatory S t a f f .  Our evaluat ion included a technical  review of the  

information submitted by the appl icant ,  the p r inc ipa l  port ions of which 

a r e  summarized below: 



a. We reviewed the population density and land use character is t ics  of 
I 

the s i t e  environs and the physical character is t ics  of the s i t e ,  in- 

cluding seismology, meteorology, geology, and hydrology to determine / 

that  these character is t ics  have been adequately described and was 

given appropriate consideration i n  the plant design, and tha t  the 
I 
I 

s i t e  character is t ics  are  i n  accordance with the Commission's s i t i ng  
I 
I 

c r i t e r i a  (10 CFR Part  1 0 0 ) ~  taking into  consideration the design of I 

the f a c i l i t i e s ,  including the engineered safety features provided. 
I 

b. We reviewed the design, fabrication,  construction, tes t ing,  and 

expected performance of the plant structures,  systems, and components I 
! 

important to  safety to  determine that  they are i n  accord with the 

Commission's General Design c r i t e r i a7  (OC) , other appropriate codes 

and standards, and the Commission's Quality Assurance c r i t e r i a , '  and 

that  any departures from these c r i t e r i a ,  codes, or standards have 
I 

been identified and just i f ied.  I 
c. We evaluated the response of the f a c i l i t i e s  t o  various anticipated 

operating transients and to  a broad spectrum of postulated acci- 
I 
I 
1 

dents, to  determine tha t  the potential  consequences of a few highly 

unlikely postulated accidents (design basis accidents) would exceed I 

those of a l l  the other accidents considered. This review included I 
evaluation of the applicant's analysis of core thermal and hydraulic 

I 
performance a t  the ultimate thermal power leve l  of 1658 MWt .  We i 
performed conservative analyses of the design basis accidents to  

determine, i n  the very unlikely event of the i r  occurrence, that  the 1 
' I 



ca lcula ted  o f f s i t e  doses t h a t  might r e s u l t  do not  exceed the  

o om mission's guide l ines  f o r  s i t e  accep tab i l i t y  given i n  

10 CFR Par t  100. 

d. We evaluated the  app l i can t ' s  plans f o r  the  conduct of p l an t  operat ions,  

t h e  organiza t ional  s t r u c t u r e ,  the  technica l  q u a l i f i c a t i o n s  of operat ing 

and t echn ica l  support personnel,  the  measures taken f o r  i n d u s t r i a l  

s ecu r i ty ,  and the  planning f o r  ac t ions  t o  be taken i n  t h e  unl ike ly  

event of an accident  t h a t  might a f f e c t  the  general  public .  Our 

eva lua t ion  i n  t h i s  a rea  was designed t o  determine t h a t  t h e  appl icant  

i s  technica l ly  qua l i f i ed  t o  operate  the  f a c i l i t i e s  and has es tab l i shed  

e f f e c t i v e  organizat ions and plans f o r  continuing safe  operat ion of 

t h e  f a c i l i t i e s .  

e. We evaluated the  design of the  systems provided f o r  con t ro l  of the  

rad io logica l  e f f l u e n t s  from the  f a c i l i t i e s  t o  determine i f  these 

systems can con t ro l  t h e  r e l ease  of rad ioac t ive  wastes from the  

s t a t i o n  within the  l i m i t s  of the Commission's regula t ions  and i f  

t h e  applicant  w i l l  operate  t h e  f a c i l i t i e s  i n  such a manner a s  to  

reduce rad ioac t ive  r e l eases  t o  l e v e l s  t h a t  a r e  a s  low a s  prac t icable .  

f .  We evaluated the  f i n a n c i a l  qua l i f i ca t ions  of the  appl icant  and the  

o ther  two p a r t i c i p a t i n g  companies, t o  determine t h a t  the  f i n a n c i a l  

pos i t i on  of the appl icant  and co-applicants a r e  adequate t o  operate  

the Duane Arnold Energy Center i n  accordance with a c t i v i t i e s  per- 

mit ted by the operat ing l icense .  



2.0 SITE CHAXACTERISTICS 

2 , l  Geography and Demography 

2.1.1 S i t e  Location 

The Duane Arnold Energy Center is s i t u a t e d  on a 500 acre  t r a c t  

of land located i n  Linn County, Iowa on t h e  west bank of the  Cedar 

River. The nuclear  f a c i l i t y  i s  loca ted  approximately 2-112 miles 

NNE of t h e  v i l l a g e  of Palo, Iowa and 8 miles  northwest of Cedar 

Rapids, Iowa. 

2.1.2 S i t e  Descript ion 

The minimum exclusion d is tance ,  a s  defined by the  appl icant ,  

is 400 meters from t h e  p lant  s tack  t o  t h e  neares t  property l i n e .  The 

neares t  boundary of Cedar Rapids, which is the neares t  boundary of 

a densely populated geographic center  containing more than 25,000 

persons, i s  about e igh t  miles  from the  p l an t  s i t e ,  and, therefore ,  

the  population center  d is tance  is considered t o  be e igh t  miles .  Based 

upon t h i s  population center  d is tance ,  the low population zone (LPZ) 

d is tance  i s  6 miles (9650 meters).  Figure 1 shows the  exclusion a rea  

f o r  t h i s  s i t e .  

The Duane Arnold s i t e  is located on a r e l a t i v e l y  f l a t  p l a i n ,  a t  

approximately 750 f e e t  mean sea  l e v e l ,  which exeends from the  s i t e  

towards the  v i l l a g e  of Palo t o  the southwest. Across the  Cedar River 

from the  s i t e ,  the  land r i s e s  from an e l eva t ion  of 750 f e e t  t o  an 

e leva t ion  of about 900 f e e t  within a ho r i zon ta l  d is tance  of 2,000 



f ee t .  These s lopes  a r e  heavi ly  wooded. To t h e  northwest, t h e  
I 

t e r r a i n  rises t o  an e leva t ion  of 850 f e e t .  Adjacent and t o  t h e  e a s t  I 

of the  s i t e  is a heavi ly  wooded low area .  The general  topographical I 

f e a tu res  i n  t h i s  s ec t ion  of t h e  Cedar River drainage area  cons i s t  of 

broad va l l eys  with r e l a t i v e l y  narrow f lood p la ins .  1 

2.1.3 Population and Population Di s t r ibu t ion  

The c l o s e s t  c i t i e s  wi th  population exceeding 25,000 a r e  Cedar i 
Rapids, Iowa with a population of 110,600 approximately 8 miles  I 

southeas t ,  Waterloo a t  40 mi les  northwest with a population of 
I 

75,500 and Iowa City approximately 35 miles  t o  t h e  southeast  with a I 

I 

population of 46,800. The a rea  wi th in  5 miles  of t h e  s i t e  has a 

population of about 2735. There a r e  t h r e e  farm houses wi th in  one 

mile  of the  p lant .  The c l o s e s t  farm dwelling is 2900 f e e t  from t h e  t 

p lan t .  There a r e  t h r e e  schools loca ted  wi th in  t h e  LPZ. These schools 1 

a r e  i n  Palo (175 s tudenrs) ,  Shel lsburg (370 s tuden t s ) ,  and Toddville 1 
(150 students)  and a r e  loca ted  2.7 miles ,  5 miles  and 2.7 miles  

respec t ive ly  from t h e  s i t e .  Figures 2 and 3 show t h e  1970 and 

predic ted  year 2010 cumulative population da ta  re levant  t o  the  Duane 

I 
I 

Arnold s i t e .  

2.1.4 Uses of Adjacent Lands and Waters 

A t  t h e  present  time, t h e  land surrounding t h e  Duane Arnold Energy I 

Center i s  predominantly a g r i c u l t u r a l .  The major crop harvested i s  I 
corn with secondary crops of o a t s  and soybeans. Farm animals r a i sed  

I 
include c a t t l e ,  hogs and poultry.  



The Cedar River i n  t h e  a rea  of t h e  site i s  used f o r  spo r t  f i s h i n g ,  

but  t he re  is no commercial f i sh ing  in the  v i c i n i t y  of the  s i t e .  The 

c l o s e s t  a rea  s u i t a b l e  f o r  power boating, water sk i ing  and swimming 

is i n  t h e  v i c i n i t y  of t h e  Seminole Valley Park, 6 miles downstream. 

Di rec t ly  e a s t  of t h e  s i t e  and adjacent t o  the eas t e rn  bank of the  

Cedar River is a 177 acre  conservation area  which is undeveloped and 

is used f o r  hiking,  wilderness camping, na ture  study and hunting. 

The only major user  of potable water within 50 m i l e s  downstream 

from the  Duane Arnold s i t e  is t h e  c i t y  of Cedar Rapids (about 15 miles  

downstream) which obtains i ts  water by we l l s  located adjacent  t o  the  

Cedar River. Major i n d u s t r i a l  water use within 50 miles  downstream 

is f o r  power p l an t  condenser cooling and process water f o r  other 

i n d u s t r i a l  f a c i l i t i e s .  

5 Conclusions' 

Based on the  10 CFR P a r t  loo6 d e f i n i t i o n s  of the  population 

center  d is tance ,  and the  exclusion area  and low population zone dis-  

tances ,  on our ana lys is  of t h e  ons i t e  meteorological da t a  from which 

d i l u t i o n  f a c t o r s  were ca lcula ted  f o r  various t i m e  periods (Section 

2 , 3  of t h i s  r epor t ) ,  and on t h e  ca lcula ted  p o t e n t i a l  r ad io log ica l  

dose consequences of design b a s i s  acc idents  (Section 15.0 of t h i s  

r e p o r t ) ,  we conclude t h a t  t h e  exclusion area  rad ius  and t h e  low 

population zone d is tance  a r e  acceptable.  



2.2 Nearby Industr ia l ,  Transportation and Military Fac i l i t i es  

There are no missile s i t e s  within a 10 mile radius of the s i t e .  
I 
I 

The nearest commercial a i rpor t  i s  the Cedar Rapids Kunicipal Airport I 

located 15 miles south southeast of the plant s i t e .  A small landing 

s t r i p  not shown on current aeronautical charts ex is t s  approximately I 
1 

4 miles southeast of the plant. The maximum s i ze  a i r c r a f t  using the 

turf  runway is 3000 lbs. These l igh t  airplanes are  used for  weekend 1 
and summertime evening pleasure flying. There are no other a i rports  

I 

within 10 miles of the plant. 

The s ta f f  has reviewed the question of a i rport  proximity to  nuclear 1 

power plants i n  various other licensing cases. On the basis of these 

studies, we conclude that  the Duane Arnold s i t e  i s  suf f ic ien t ly  f a r  
( 

away from an ai rport  of significant s i ze  that  the probability of a 
I 

crash a t  the s i t e  is essent ia l ly  that  associated with general overfl ights 1 
and that  the Duane Arnold Energy Center need not be designed or operated 

with special  provisions to  protect the f a c i l i t y  against the effects  of 

an a i r c r a f t  crash. 1 
I 

There are  no o i l  or  gas l ines ,  mineral mines or petroleum wells 

I 
within 5 miles of the plant s i t e .  There is a rock quarry located I 
approximately 3 miles southwest of the reactor s i t e .  The applicant 

has provided the resu l t s  of a study by i ts  consultant, Blume and 1 
Associates, which indicates that  routine blasting a t  the quarry wi l l  I 

1 
have no effect  on the safe  operation of the Duane Arnold f ac i l i t y .  



The appl icant  w i l l  use the  seismic instrumentat ion i n s t a l l e d  i n  the 

nuclear  f a c i l i t y  t o  v a l i d a t e  t h e  consul tan t ' s  ca l cu la t ions  of ground 

shock wave v e l o c i t i e s  and associated acce le ra t ions  a t  t h e  p lant  s i t e  

due t o  rou t ine  quarry b l a s t i n g  operat ions,  We conclude t h a t  the  

consul tan t ' s  study demonstrates t h a t  any e f f e c t  on p l an t  s a f e t y  due 

t o  quarry operat ion is unl ike ly  t o  occur. 

2 . 3  Meteorology 

2.3.1 Regional Meteorology 

The cl imate of e a s t e r n  Iowa is t h a t  of a cont inenta l  i n t e r i o r ,  

uninfluenced by any proximity of l a r g e  bodies of water. Such a c l i -  

mate is charac ter ized  by cold,  dry winters  and warm, humid summers. 

cont inenta l  po la r  a i r ,  genera l ly  of Canadian o r i g i n ,  is the  predom- 

inant  type of a i r  mass over Iowa in the  winter.  Summer a i r  masses 

over t h i s  a rea  a r e  predominantly maritime t r o p i c a l ,  wi th  o r i g i n s  over 

the  Gulf of Mexico. The o ther  two seasons - sp r ing  and autumn - a r e  

r e l a t i v e l y  shor t ;  being character ized i n  the  former case by increasing 

and i n  t h e  l a t t e r  by decreasing temperatures and p rec ip i t a t ion .  High 

a i r  po l lu t ion  p o t e n t i a l  (atmospheric s tagnat ion)  e x i s t s  only r a r e l y  

i n  t h i s  a rea ,  occurr ing on the  average l e s s  than one day i n  a year. 

Atmospheric d i f fus ion  condit ions a re  genera l ly  c lose  t o  the average 

f o r  a l l  s i t e s  i n  the  United S ta t e s .  

2.3.2 Local Meteorology 

The p lan t  s i t e  is on t h e  west bank of t h e  Cedar River,  e ight  

miles northwest of Cedar Rapids, Iowa. From south-southeast through 



west-southwest of the site, the terrain is flat or gently rolling. 

The terrain rises and becomes more hilly in the other directions 

from the site and is heavily wooded across the Cedar River toward the 

east. During the period 1953-62, eleven tornadoes have been reported 

within the one degree latitude-longitude square containing the site, 

giving a mean annual tornado frequency of 1.1. The computed recur- 

rence interval for a tornado within the 500 acre plant site area is 1 
1171 years. The predominant wind flow over the site is from the south, 

with a secondary flow from the northwest. I 

2.3.3 Onsite Meteorological Measurements Program i 
I 

An onsite meteorological measurements program was initiated in 

I 
January 1971. The program consisted of the installation of and - i 
measurements from a 165-ft tower which is located about 1700-ft south- 

southeast of the reactor building. The tower has wind, temperature 1 
and dew point measurement instruments at the 35-ft and 165-ft levels. I 
The applicant has submitted a one year period of data record (1171- 

I 

1/72) in joint frequency distribution form, similar to that suggested 1 
in Safety Guide ~ 3 , ~  to provide a basis for the staff's evaluation of 

atmospheric diffusion conditions. For building and vent releases, 

the joint frequency distribution of wind speed and direction measured 

at the 35-ft level and vertical temperature difference (At) between 
I 
I 

the 35-ft and 165-ft levels was used. For releases from the plant's I 
I 

100 meter (328-ft) stack, the joint frequency distribution of wind 



d i rec t ion  and speed measured a t  t h e  165-ft l e v e l  and v e r t i c a l  tempera- 

t u r e  d i f f e rence  (At) between t h e  35-ft and 165-ft l e v e l s  was used. 

The j o i n t  frequency d i s t r i b u t i o n  da ta  recovery during t h e  one year  

period of record was 92 percent.  

2;3,4 Short Term (Accident) Diffusion Estimates 

A ground-level r e l ease  with a bui ld ing  wake f a c t o r ,  cA, of 911 
-. 

2 
meters was assumed i n  the  eva lua t ion  of shor t  term (0-2 hr .  a t  t h e  

s i te  boundary and 0-8 hr. a t  t h e  LPZ) acc iden ta l  r e l eases  from the  

bui ld ings  and vents .  The r e l a t i v e  concentrat ion (x/Q) f o r  0-2 hours 

which is exceeded 5% of the  time was ca lcula ted  t o  be 2.2 x sec/m 3 
______-_.__--._._. 

a t  the  minimum s i t e  boundary d i s t ance  of 540 meters. This r e l a t i v e  

concentrat ion is equivalent  t o  d ispers ion  condit ions produced by 

Pasqu i l l  type F s t a b i l i t y  with a wind speed of 0.3 metersfsecond. 

The r e l a t i v e  concentrat ion (x/Q) f o r  0-8 hours which is exceeded 5% 

-5 3 of t h e  time was ca lcula ted  t o  be 8.7 x 10 sec/m a t  t h e  LPZ dis tance  

of 9654 meters. The assumed 8-24 hour r e l a t i v e  concentrat ion was 

3 3.6 x sec/m . 
I n  t h e  eva lua t ion  of acc identa l  r e l eases  from the  100 meter 

(328-ft) s t ack ,  an elevated point  source was assumed. The 0-2 hour 

r e l a t i v e  concentrat ion (x/Q) a t  o r  beyond t h e  s i t e  boundary which i s  

3 exceeded 5% of t h e  time was ca lcula ted  t o  be 1.7 x sec/m . The 
+- 

0-8 hour x/Q a t  the  LPZ which is exceeded 5% of t h e  time was calcu- 

3 l a t e d  t o  be 8.1 x sec/m . The estimated r e l a t i v e  concentrat ion 



3 
f o r  the  8-24 hour period was 2.5 x sec/m , f o r  the  1-4 day period 

3 
was 8.6 x sec/m and f o r  t h e  4-30 day period was 2.4 x lo-' ! 

The app l i can t ' s  r e l a t i v e  concentrat ion es t imates  a r e  genera l ly  

less conservat ive by a f a c t o r  of two t o  four  than those ca lcula ted  1 
by the  s t a f f .  These d i f fe rences  can be a t t r i b u t e d  t o  the  use of 

d i f f e r e n t  meteorological parameters in  determining atmospheric I 
dispers ion  conditions. I 

I 
2.3.5 Long Term (Routine) Diffusion Estimates 

Computations of annual average o f f s i t e  r e l a t i v e  concentrat ions i 
f o r  s t a c k  r e l eases  considering plume rise a s  a funct ion of wind 

3 
speed showed a maximum value of 1.1 x sec/m nor th  of the  s t ack  \ 

a t  a d i s t ance  of 1 mile. The highest  o f f s i t e  annual average r e l a t i v e  I 
-6 3 

concentrat ion of 7.2 x 10 sec/m f o r  vent r e l eases  occurred a t  t h e  I 

site boundary west-southwest of t h e  r eac to r  bui lding.  I 
I 

The app l i can t ' s  r e l a t i v e  concentrat ion es t imate  i n  the  case of 

t h e  s t ack  r e l e a s e  was l e s s  conservat ive by a f a c t o r  of two than t h a t  
I 
I 

ca lcula ted  by the  s t a f f .  For vent  r e l eases ,  the  app l i can t ' s  r e l a t i v e  
I 

concentrat ion es t imate  was twice a s  conservat ive a s  t h a t  ca lcula ted  1 
by the  s t a f f .  I n  t h i s  case,  the  appl icant  did not  apply a cor rec t ion  1 
f a c t o r  f o r  the  wake e f f e c t  of t h e  bui lding when making the  ca l cu la t ion .  

2.3,6 Conclusions 

The opinion of t h e  s t a f f  is t h a t  the  o n s i t e  meteorological data  
i 
I 

presented in the  FSAR and v e r i f i e d  by the  appl icant  i nd ica t e  t h a t  1 



atmospheric d ispers ion  condit ions a t  the p l an t  s i t e  a r e  m c h  l e s s  

favorable than would normally be expected i n  t h i s  p a r t  of the  

country. Therefore, the  s t a f f  concludes t h a t  the  r e l a t i v e  concen- 

t r a t i o n  est imates  a r e  very conservative. 

2.4 Hydrologic Engineering 

2.4.1 Hydrologic Descript ion . 

The Duane Arnold Energy Center is located on the  west bank of 

Cedar River i n  1,inn County, Iowa, about 8 miles  northwest (and about 

15 r i v e r  miles upstream) of Cedar Rapids. The Cedar River is  the 

l a r g e s t  t r i b u t a r y  of the  Iowa River and the  confluence of t h e  two 

r i v e r s  is about 100 r i v e r  miles  downstream of the  p lant .  The Cedar 

River has a t o t a l  drainage a r e a  (watershed) of about 7819 square mi les ,  

of which 6250 square miles is upstream of the  p lant .  Basin topography 

is c h a r a c t e r i s t i c  of the  c e n t r a l  Iowa farm country, The Cedar River 

f loodpla in  i s  of va r i ab le  geometry, ranging from f a i r l y  narrow and 

moderately s teep  va l l ey  s lopes  t o  f loodpla ins  th ree  t o  four miles wide 

with r e l a t i v e l y  f l a t  slopes. 

There a r e  12 low-head dams within the  bas in  used pr imar i ly  f o r  

hydro-electr ic  generat ion or f o r  thermal cooling of non-nuclear power 

p lants .  I n  addi t ion ,  t he re  a r e  four na tu ra l  and f i v e  manmade lakes  

i n  the upstream subbasins t h a t  a r e  used pr imar i ly  f o r  r ec rea t ion .  
',., 

Makeup water '  f o r  t h e  DAEC mechanical d r a f t  cool ing towers is  

obtained from t h e  Cedar River. A Category I seismic-design weir (1) 

(1) See paragraph 3.7.2 f o r  information on Category I seismic design s t r u c t u r e s .  



has been constructed across  t h e  r i v e r  t o  d i r e c t  r i v e r  flow t o  the p lant  
I 
I in take  s t ruc tu re .  The appl icant  s t a t e s  t h a t  the  minimum water i n t ake  

required f o r  the  emergency cooling water system is 1 3  cubic f e e t  per 1 
second (cfs)  . 

2.4.2 Floods 

2.4.2.1 Flood History . 

The maximum flood of record a t  the  Cedar Rapids, Iowa stream- 

flow gage (about 15 river miles  downstream of the  p l an t )  occurred on 

March 21, 1961 and produced a peak r i v e r  flow of about 73,000 c f s .  

The appl icant  has est imated t h a t  t h i s  f lood reached a peak water 

mrface e leva t ion  a t  t h e  p l an t  of 746.5 f e e t  mean sea  l e v e l  (MSL). 

2.4.2.2 Flood Design Considerations 

Finished p lan t  grade is 757.0 f e e t  MSL. Based on the  app l i can t ' s  

est imate of the  probable maximum flood (PMF) l e v e l ,  with coincident  

wind waves, pro tec t ion  had been provided t o  e leva t ion  769.0 f t  using 

s top  logs a t  t h e  accesses t o  safety-related bui ld ings .  Since the  

s t a f f ' s  conservative es t imate  of wind waves d i f f e red  from t h e  appli-  

c a n t ' s  (see paragraph 2.4.3), the  s t a f f  requested the  appl icant  t o  

provide flood pro tec t ion  t o  e leva t ion  770.5 f e e t  MSL on t h e  no r the r ly  

s i d e  of safe ty- re la ted  bui ldings;  t o  773.7 on the souther ly  s ide  of 

safety-related bui ld ings ;  and t o  769 f e e t  MSL on a l l  o ther  s i d e s  of 

safety-related bui ldings.  The appl icant  has agreed t o  provide t h e  

flood pro tec t ion  requested by the  s t a f f .  



The appl icant  s t a t e s  t h a t  severe r a i n f a l l  capable of producing 

a l o c a l  PMF w i l l  exceed t h e  capaci ty of the s i t e  drainage system, but 

w i l l  have no adverse e f f e c t  on safe ty- re la ted  bui ld ings .  Fur ther ,  

t h e  appl icant  r epor t s  a l l  sa fe ty- re la ted  bui ldings can support water 

accumulations up t o  t h e  top of t h e  roof parapets  without f a i l u r e .  

Roof penet ra t ions  extend higher than the  parapets  on a l l  sa fe ty- re la ted  

bui ldings.  

2.4.3 Probable Maximum Flood (PMF) On Streams and Rivers 

The depth-area-duration r e l a t ionsh ip  of the probable maximum pre- 

c i p i t a t i o n  (PMP) w a s  developed by s tandard t ranspos i t ion  and maximi- 

za t ion  techniques a s  suggested by the  Hydrometeorological Branch of 

NOAA. Subsequent t o  these  analyses,  t h e  se lec ted  PMF was compared 

with es t imates  contained i n  a repor t  e n t i t l e d ,  "Probable Maximum 

p r e c i p i t a t i o n  f o r  the  Minnesota River Basin",1° January 1969 by t h e  

Hydrometeorological Branch of the  U.S. Weather Bureau (now NOAA), 

and indica ted  the  app l i can t ' s  es t imates  of t h e  PMP i s  conservative. 

P r e c i p i t a t i o n  lo s ses  were estimated a t  1.5 inches of i n i t i a l  

l o s s  and 0.1 inches per hour f o r  i n f i l t r a t i o n .  The appl icant  developed 

u n i t  hydrographs (runoff models of subbasins) using the  r i v e r  flow 

records of s i g n i f i c a n t  f loods in  the  Cedar River Basin and standard 

techniques s imi l a r  t o  those prescribed by t h e  Corps of Engineers i n  

EM 1110-2-1405, "Flood Hydrology Analyses and Computations". The 



PMF is estimated t o  produce a peak discharge of 316,000 c f s  and a I 
peak s t age  a t  the  p lant  of 764.1 f e e t  MSL. 

The s t a f f  has independently reviewed the  development of the  PMF 1 
and compared it with o ther  de t a i l ed  PMF s tud ie s  i n  t h e  general region. 

I 

The peak discharge appears t o  be a conservat ive est imate of the  a rea  i 
PMF. The s t age  est imates  made by t h e  appl icant  used s tandard water 

I 

su r face  e leva t ion  modeling techniques. I 

Upstream dams a r e  low-head f a c i l i t i e s  which would be "drowned- 
I 

out" by the  PMF. The appl icant  s t a t e s ,  and the  s t a f f  concurs, t h a t  

these  dams present  no t h r e a t  of f looding t o  the p lant .  ! 
Wind wave e f f e c t s  assumed t o  occur co inc identa l ly  wi th  the  PMF 

were i n i t i a l l y  based on a wind speed of 30 m i l e s  an hour (mph). A t  \ 

t h e  s t a f f ' s  request  the appl icant  estimated the wind wave e f f e c t  of I 

l 
a coincident  45 mile per hour over-water wind speed. This wind speed 

I 
conforms with c r i t e r i a  es tab l i shed  by t h e  s t a f f  and i s  applied by the I 

I 
s t a f f  uniformly t o  a l l  such s i t u a t i o n s .  However, the  s t a f f  does not 

agree with the  wave height  and runup es t imates  provided by the appl icant .  1 
The s t a f f ' s  conservat ive independent analyses using s tandard techniques 

r e s u l t  i n  t h e  requirements s t a t e d  i n  paragraph 2.4.2.2. A s  noted i 
previously,  the  appl icant  has agreed t o  provide f lood pro tec t ion  t o  I 

t h e  e l eva t ions  determined by the  s t a f f .  

2.4.4 P o t e n t i a l  Dam Fa i lures  (Seismically Induced) 

The appl icant  s t a t e d ,  and t h e  s t a f f  agrees,  t h a t  f a i l u r e  of 

I 
I 

upstream dams, because of t h e i r  low-head design ( the  neares t  upstream 1 



dam has a gross head of 11 f e e t ) ,  would produce water sur face  ele- 

va t ions  a t  t h e  p l an t  s u b s t a n t i a l l y  l e s s  than the  PMF. 

2.4.5 Probable Maximum Surge and Seiche Flooding 

Not appl icable  t o  t h e  DAEC s i t e .  

2.4.6 Probable Maximum Tsunami Flooding 

Not appl icable  t o  t h e  DAEC s i t e .  

2.4.7 I c e  Flooding 

There is some evidence of i c e  a f f ec t ing  r i v e r  flow. A t  the  

s t a f f ' s  reques t ,  t h e  appl icant  inves t iga ted  the  p o t e n t i a l  f o r  i c e  

flooding. The appl icant  s t a t e s ,  and the  s t a f f  concurs, t h a t  i c e  jams 

occur pr imari ly during periods of low flow and, t he re fo re ,  it may 

be concluded t h a t  f looding from downstream jams would produce water 

sur face  e leva t ions  l e s s  than t h e  PMF. Upstream blockage could occur,  

producing a decrease i n  r i v e r  flow. However, such blockages a r e  

genera l ly  short- l ived,  genera l ly  being overtopped and/or broken up 

i n  a sho r t  time. I n  addi t ion ,  such jams a r e  not  water t i g h t  and the  

appl icant  s t a t e s  t h a t  t h e  flow a t  t h e  s i t e  from upstream jams can be 

expected t o  be g rea t e r  than the  requirement fo r  makeup water.  

2.4,8 Cooling Water Canals and Reservoirs 

The p lant  i n t ake  s t r u c t u r e  i s  located on t h e  bank of the  Cedar 

River and is not  dependent on canals  o r  r e se rvo i r s  f o r  water supply. 

2.4.9 Channel Diversions 

The channel and flood p la in  configurat ion i n  the  v i c i n i t y  of 

the  p l an t  is not believed t o  be conducive t o  channel d ivers ions .  



However, should such an event occur, which is most l i k e l y  when occurr ing I 

coincident with a flood approaching t h e  s e v e r i t y  of the  PMF o r  with a 

severe earthquake, some water would be trapped i n  t h e  remaining channel I 
1 

segment. This trapped water supply, augmented by ground water r e tu rn  

flow, i s  considered t o  provide s u f f i c i e n t  water  t o  maintain the  p l an t  I 
I 

i n  a s a f e  shutdown condit ion u n t i l  a u x i l i a r y  suppl ies  become avai lab le .  
1 

2.4.10 Flooding Protec t ion  Requirements 

A t  t h e  s t a f f ' s  reques t ,  the appl icant  has  agreed t o  provide flood I 
I 

protec t ion  measures t o  the  e l eva t ions  discussed i n  Section 2.4.2.2. 

The proposed p ro tec t ion  cons i s t s  of stop-logs t o  be placed a t  t h e  I 
I 
I 

e x t e r i o r  accesses t o  a l l  sa fe ty- re la ted  s t r u c t u r e s .  A t  the  s t a f f ' s  

/ 
reques t ,  these  measures w i l l  be augmented wi th  p l a s t i c  shee t ing  t o  be 

held i n  p lace  wi th  sand bags t o  reduce inleakage. However, these  4 

measures a r e  not  known t o  be 100% e f f e c t i v e  and, therefore ,  the  s t a f f  I 

has required a t echn ica l  spec i f i ca t ion  t o  r equ i re  shutdown of t h e  I 
p l an t  when f lood water e leva t ions  exceed p lan t  grade. The technica l  

\ 
spec i f i ca t ion  i s  more f u l l y  discussed i n  paragraph 2.4.14. I 

2.4.11 Low Water Considerations 
1 

Both i c e  jams (discussed i n  paragraph 2.4.7) and droughts may I 

produce low flow a t  t h e  plant .  Of t h e  two, t h e  applicant  considers  

droughts t o  produce t h e  most c r i t i c a l  condit ion because of t h e i r  r e l a -  

t i v e l y  long periods of low flow, while  i c e  jams a r e  more t r a n s i t o r y  I 
i n  nature.  The appl icant  has s t a t e d  t h a t  t h e  h i s t o r i c a l  minimum 



da i ly  flow was 236 c f s ,  on Ju ly  4, 1934; the  minimum instantaneous 

low flow was 178 c f s  on September 25, 1935. The appl icant  provided 

a flow durat ion ana lys i s  which ind ica t e s  t h e  Cedar River flow exceeds 

6,600 c f s  about 10% of t h e  time and 620 c f s  about 90% of the  time. 

The appl icant  has provided a frequency ana lys i s  which p ro jec t s  a 

1,000-year minimum d a i l y  flow of 120 c f s .  While the  accuracy of 

ex t rapola t ion  of r a r e  events  t o  such a degree is quest ionable,  it 

should be noted t h a t  t h i s  est imate,  a s  wel l  a s  h i s t o r i c a l  low flows, 

a r e  about a decade grea ter  than t h e  p l an t  s a f e  shutdown requirement 

of 13 c f s .  We conclude the p lant  w i l l  have an adequate safety-related 

supply of water ava i l ab le  from the  Cedar River. 

2.4.12 Environmental Acceptance of Eff luents  

The s t a f f  performed an independent ana lys i s  of the  e f f e c t s  of 

acc iden ta l  r e l eases  of l i q u i d s  containing radionucl ides,  u t i l i z i n g  

es t imates  of t h e  maximum ( ra the r  than average) permeabil i ty  of t h e  

near -s ta t ion  s u r f i c i a l  s o i l s .  These pe rmeab i l i t i e s ,  combined with 

other  conservat ive est imates  of sur face  and subsurface flow, ind ica t e  

a minimum e f f l u e n t  d i l u t i o n  of 1:1500. It should be noted, however, 

t h a t  t h i s  es t imate  is  based on present  ground and sur face  water usage 

and the  appl icant  must be a l e r t  t o  fu tu re  reg ional  water supply 

uses t h a t  could be af fec ted  by acc iden ta l  r e l eases  (see a l s o  paragraph 

15.4).  



2.4.13 Groundwater 

The appl icant  s t a t e s  t h a t  two aqu i fe r s  under l ie  most of the p lant  
I 

s i t e .  The upper unconfined aqu i fe r  is composed of fine-to-medium I 
1 

sands and i s  separated from t h e  lower aqu i fe r  by a  10-60 foot  aqui- 
I 

clude of r e l a t i v e l y  impervious clayey material .  The lower a r t e s i an -  1 

type aqu i fe r  i s  under pressure and any groundwater t r a n s f e r  would be 
I 
I 

from the  lower i n t o  t h e  upper aqui fer .  The appl icant  has co l l ec t ed  

da ta  on surrounding w e l l s ,  and s t a t e s  t h a t  the  groundwater gradient  is 

f a i r l y  s t eep  with flows genera l ly  southeas ter ly  under t h e  s i t e  

towards the  Cedar River. Present ly ,  there  a r e  no we l l s  down-gradient 1 
I 

between t h e  p l an t  and t h e  r i v e r .  Flooding i n  the  Cedar River may 

cause some flow reve r sa l  of goundwater ,  but t h i s  e f f e c t  should be i 
t r a n s i t o r y  i n  nature.  The neares t  s i g n i f i c a n t  downstream groundwater 

user  is Cedar Rapids which draws water from wel l s  loca ted  near  the  
I 

Cedar River. A l a r g e  port ion of the  water drawn from these  wel l s  i s  I , 
recharged from the  r ive r .  

2.4.14 Technical Speci f ica t ions  f o r  Emergency Operation Requirements 1 
I 

For reasons previously discussed,  the  s t a f f  w i l l  r equ i r e  a  
I 
I 

t e chn ica l  spec i f i ca t ion  r equ i r ing  shutdown and cooldown of t h e  p lant  I 

when severe r i v e r  f lood water e l eva t ions  exceed p lan t  grade. The appl i -  

cant  is expected t o  propose a  proviso allowing them t o  request  r e l i e f  
I 
I 



from t h i s  technica l  spec i f i ca t ion  from the  AF,C i f  t he re  is an extreme 

l o c a l  requirement t o  keep t h e  D&C on l i n e .  The s t a f f  has  no objec t ions  

t o  t h e  an t ic ipa ted  proviso, providing it is c l e a r  t h a t  i n  t h e  absence 

of t h e  grant ing of such r e l i e f ,  f o r  whatever reason, the  p l an t  w i l l  be 

shutdown when t h e  r i v e r  water l e v e l  exceeds p lant  grade. 

2.4.15 Conclusions 

The s t a f f  concludes t h a t  t h e  s i t e  and the  design of t h e  safety-  

r e l a t e d  f a c i l i t i e s  f o r  t h e  Duane Arnold Energy Center w i l l  provide 

pro tec t ion  from l e s s  severe f loods ,  but  t h a t  the l e s s  frequent  r i v e r  

produced f looding (up t o  and including t h e  probable maximum flood) 

w i l l  r equi re  implementation of f lood emergency procedures. I n  addi t ion ,  

t h e  s i t e  and design of safe ty- re la ted  f ea tu res  w i l l  provide pro tec t ion  

aga ins t  l o c a l l y  severe rainstorms. However, because of the  na ture  of 

p ro tec t ion  from the more severe r i v e r  produced flood l e v e l s ,  a tech- 

n i c a l  spec i f i ca t ion  is required f o r  p l an t  shutdown and maintenance 

the reo f ,  a s  discussed i n  paragraph 2.4.14. The s t a f f  concludes t h a t  

p o t e n t i a l  dam f a i l u r e s  w i l l  not  produce water l e v e l s  i n  excess of the  

PMF, t h a t  an adequate water supply w i l l  e x i s t  even i n  the unl ike ly  

event of a r i v e r  channel d ivers ion ,  and t h a t  there  is l i t t l e  l i k e l i -  

hood of contaminating any ex i s t ing  publ ic  sur face  of ground water 

supply + 



2.5 Geology and Seismology 

2.5.1 Basic G e o l o ~ i c  and Seismic Information 
I 

The s i t e  is located i n  the  I n t e r i o r  Lowlands Tectonic Province of 

the  Cent ra l  S table  Region of North America. There a r e  no known I 

earthquake epicenters-within 75 miles  of t h e  s i t e .  The major and even 

t h e  moderate earthquake regions a r e  s u f f i c i e n t l y  f a r  from t h e  s i t e  

t o  have only minor seismic influence.  There a r e  no known geologic 

s t r u c t u r e s  t h a t  could be expected t o  l o c a l i z e  se ismic i ty  near  the  

s i t e ,  No known f a u l t s  e x i s t  within the  basement rock o r  overlying 

s t r a t a  i n  the v i c i n i t y  of the  s i t e .  Two minor f a u l t s  nearby have been 

postulated based on w e l l  log  data .  The c l o s e s t  of these  is 10 miles  

no r th  of the  s i t e  and the  o ther  is 17 miles  southeast .  Evidence shows ( 

t h a t  these  f a u l t s  have been i n a c t i v e  a t  l e a s t  s ince  before Pleis tocene 

time (more than 500,000 years ago) and poss ib ly  s ince  Paleozoic time 

(two hundred mi l l ion  years  ago). 

The c r i t i c a l  s t r u c t u r e s  and equipment, which a r e  designated 

Category I ,  a r e  designed t o  respond e l a s t i c a l l y  with no l o s s  of function 

t o  the  ground acce le ra t ions  pos tu la ted  f o r  t h e  Operating Basis Earth- 

quakes (OBE). These same Category I s t r u c t u r e s  and equipment a r e  a l s o  

designed s o  t h a t  the  p lant  can be shutdown s a f e l y  even i f  subjected 

t o  a postulated Design Basis Earthquake (DBE) with ground acce lera t ions  

t h a t  a r e  double t h e  OBE values.  

The appl icant  used one s e t  of seismic design foundation l e v e l  

acce le ra t ions  f o r  s t r u c t u r e s  founded on rock and another s e t  f o r  

( 



s t ruc tu res  founded on s o i l .  For t h e  r eac to r  containment bui ld ing ,  

which w i l l  be supported on bedrock o r  a lean  concrete  f i l l ,  t h e  

Operating Basis Earthquake (OBE) hor i zon ta l  acce le ra t ion  of 0.06 g 

was used with v e r t i c a l  acce lera t ions  taken as  80 percent of t h e  hori-  

zontal  acce lera t ions .  A l l  o ther  Category I s t r u c t u r e s  a r e  supported 

a t  grade o r  on 30 t o  50 f e e t  of competent s o i l  o r  f i l l .  For these  

s t ruc tu res  a ho r i zon ta l  acce lera t ion  of 0.09 g was used f o r  the  OBE 

with v e r t i c a l  acce le ra t ions  taken as  two t h i r d s  of t h e  ho r i zon ta l .  

We and our consul tants  reviewed the  geology and seismology of 

the  s i t e  a t  t h e  cons t ruc t ion  permit s t age  of our review. No new 

developments have occurred s ince  t h a t  time to  change our previous 

conclusion on t h e  accep tab i l i t y  of these  c h a r a c t e r i s t i c s  f o r  t h i s  

s i t e .  The repor t  on s i t e  se ismic i ty  fo r  t h e  Duane Arnold Energy 

Center predared during the  construct ion permit review by our con- 

s u l t a n t ,  the  Seismology Division of t h e  U.S. Coast and Geodetic 

Survey, is at tached as  Appendix C. 

2.5.2 S t a b i l i t y  of Subsurface Materials 

The f i e l d  inves t iga t ion  performed by the  appl icant  t o  study the  

bedrock condit ions i n  t h e  p lant  a rea  revealed varying degrees of 

so lu t ion  a c t i v i t y  i n  the  limestones and dolomites underlying the  

s i t e .  The so lu t ion  a c t i v i t y  ranged from t h e  formation of very small 

c a v i t i e s  t o  one about 12 f e e t  i n  diameter. Borings were made under 

a l l  Category I s t r u c t u r e s .  A l l  bore holes and t h e  c a v i t i e s  revealed 



by them have been cleaned and f i l l e d  with grout under pressure using / 
I 

procedures which we have reviewed. During t h e  construct ion permit (CP) 

s t a g e  of review, t h e  appl icant  performed an ana lys is  which showed t h a t  1 
any undetected c a v i t i e s  w i l l  not  a f f e c t  the  support of t h e  s t r u c t u r e s .  

Also a t  t h e  CP s t age  of review, we and our consul tan t ,  N. M. Newmark 

Consulting Engineering Services,  reviewed t h e  r e s u l t s  .of t h e  explor- 

a tory  d r i l l i n g ,  remedial t reatment ,  and s t r e s s  ana lys is  programs and \ 

concluded t h a t  the  Category I s t r u c t u r e s  w i l l  be adequately supported. I 
\ 

There have been no new developments t h a t  would change t h i s  conclusion. 
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3.0 DESIGH OF STRUCTUF3S, COMPONENTS, EQUIPMENT, AND SYSTEMS 

3.1 Conformance with AEC General Design C r i t e r i a  

A t  the  construct ion permit s t age  of the  review we evaluated and 

found s a t i s f a c t o r y  the  app l i can t ' s  conformance with the  then ava i l ab le  

July 11, 1967 version of the  AEC General Design C r i t e r i a  (GDC). Sub- 

sequently,  t h e  GDC were revised.  The appl icant  presents  i n  Appendix 

F and i n  Amendment No. 5 of t h e  FSAR an evaluat ion of the  design 

bas i s  of the  Duane Arnold Nuclear F a c i l i t y  measured agains t  the  GDC 

of 10 CFR Par t  507 e f f e c t i v e  May 21, 1971 and subsequently amended 

Ju ly  7 ,  1971. This version of t h e  GDC is current ly  being used f o r  a l l  

our evaluat ions of appl ica t ions .  We have reviewed the  app l i can t ' s  

assessment of h i s  conformance t o  t h e  GDC and t h e  s t a t e d  DAEC design 

c r i t e r i a  and we a r e  s a t i s f i e d  t h a t  t h e  appl icant  has met t h e  i n t e n t  

of the Ju ly  7, 1971 version of t h e  General Design C r i t e r i a .  

3.2 C las s i f i ca t ion  of S t ruc tures ,  Comp~hnents, and Systems 

3.2.1 Seismic C las s i f i ca t ion  

The appl icant  has i d e n t i f i e d  i i n  Sect ion 12 of t h e  FSAR those  

Category I p lant  f ea tu res ,  i . e . ,  s t r u c t u r e s ,  systems and components 

important t o  s a f e t y  t h a t  a r e  designed t o  withstand t h e  e f f e c t s  of the  

Safe Shutdown Earthquake and remain funct ional .  These p lant  f ea tu res  

a r e  those necessary t o  assure  (1) t h e  i n t e g r i t y  of t h e  r eac to r  coolant  

pressure boundary, (2) the  capab i l i t y  t o  shutdown t h e  r eac to r  and 

maintain i t  i n  a  s a f e  shutdown condit ion,  o r  (3)  t h e  capab i l i t y  t o  



prevent o r  mi t iga t e  the  consequences of accidents  which could r e s u l t  i 

i n  p o t e n t i a l  o f f s i t e  exposures comparable t o  t h e  guide l ine  exposures 1 

of 10 CFR Par t  100. Category I corresponds t o  Seismic Class I and 
I , 

t h e  Safe Shutdown Earthquake corresponds t o  the  Design Basis Earthquake 

(see paragraph 3.7.2 f o r  fu r the r  discussion of d e f i n i t i o n s ) .  I 
I 

A l l  o the r  s t r u c t u r e s ,  systems and components t h a t  may be  required 

I 
f o r  operat ion of t h e  f a c i l i t y  but  not  c l a s s i f i e d  a s  Category I (Seismic 

Class I )  a r e  Seismic Category I1 (Seismic Class 11). Included i n  

Seismic Category I1 a r e  those port ions of Category I systems which 
I 

a r e  not  required t o  perform a s a f e t y  funct ion.  1 
1 I 

We have reviewed t h e  seismic c l a s s i f i c a t i o n  of t h e  s t r u c t u r e s ,  

systems and components s e t  f o r t h  i n  Table 12.3-2 of t h e  FSAR and have 

concluded t h a t  those items c l a s s i f i e d  as  Category I f o r  t h i s  f a c i l i t y  

a r e  acceptable.  I 
3.2.2 System Quality Group C l a s s i f i a n  1 

I 
The AEC Quali ty Group C las s i f i ca t ion  System i n  Safety Guide 2612 

I 
has been applied t o  those water and steam containing components which 1 
a r e  p a r t  of t h e  r eac to r  coolant pressure boundary and o ther  f l u i d  

systems important t o  s a f e t y  where r e l i ance  is placed on these  systems: i I 
(1) t o  prevent o r  mi t iga t e  t h e  consequences of accidents  and mal- l 

t 
funct ions o r i g i n a t i n g  wi th in  t h e  r eac to r  coolant pressure boundary, 

(2) t o  permit shutdown of t h e  r e a c t o r  and maintenance i n  t h e  s a f e  1 
shutdown condit ion,  and (3) t o  contain r ad ioac t ive  mater ia l .  The 

J 



appl icant  has i d e n t i f i e d  i n  Appendix A of t h e  FSAR those f l u i d  systems 

o r  port ions of f l u i d  systems important t o  s a f e t y  and t h e  industry codes, 

standards and supplementary c r i t e r i a  appl icable  t o  each pressure- 

containing component i n  t h e  systems. 

For those f l u i d  systems s e t  f o r t h  i n  Table A.2-3 of t h e  FSAR, 

w e  and t h e  appl icant  a r e  i n  general  agreement on t h e  app l i ca t ion  of 

t h e  Quality Group C las s i f i ca t ion  System. Piping and Instrumentation 

Diagrams iden t i fy  t h e  boundary l i m i t s  of each c l a s s i f i c a t i o n  group 

wi th in  the  f l u i d  systems. 

We f ind  t h a t  t h e  system qua l i ty  group c l a s s i f i c a t i o n s  as  speci-  

f i e d  by the  appl icant  a r e  acceptable.  

3.3 Wind and Tornado C r i t e r i a  

The design wind ve loc i ty  f o r  t h e  Seismic Category I s t r u c t u r e s  is  

105 mph a t  50 f e e t  above ground based on a recurrence i n t e r v a l  of 

100 years .  The r eac to r  bui ld ing ,  t h e  con t ro l  room, d i e s e l  generator  

bui ld ing ,  and the  in t ake  s t r u c t u r e  were designed t o  p ro tec t  the  equip- 

ment and components which r equ i re  tornado pro tec t ion .  The design 

tornado f o r  these  s t r u c t u r e s  is a 300 mph r o t a t i o n a l  ve loc i ty  a t  t h e  

periphery and a t r a n s l a t i o n a l  ve loc i ty  of 60 mph. The simultaneous 

atmospheric pressure drop is 3 p s i  f o r  a durat ion of 3 seconds. Some 

of t h e  compartments f o r  t h e  Seismic Class I s t r u c t u r e s  were designed 

f o r  the  d i f f e r e n t i a l  pressure  from venting. 



The technique described i n  ASCE Paper No. 326913 was u t i l i z e d  t o  

determine t h e  loads r e s u l t i n g  from these  wind and tornadw'ef fec ts .  

The load f a c t o r  assoc ia ted  with t h e  wind is 1.25. For t h e  tornado 

ioads a  load f a c t o r  of 1.0 was used. 

We be l i eve  t h a t  t h e  above load f a c t o r s  a r e  cons is ten t  . with - those  

used f o r  previously approved p l a n t s  and t h e  methods of convert ing 

wind and tornado v e l o c i t i e s  i n t o  forces on the  s t r u c t u r e s  a r e  i n  

accordance with t h e  s tate-of- the-ar t .  The wind and tornado c r i t e r i a  

a r e  acceptable,  

3.4 Water Level (Flood) Design C r i t e r i a  

The f in ished  p lan t  grade is a t  e leva t ion  757.0 f e e t .  The f a c i l i t y  

was designed during the  cons t ruc t ion  permit period of review t o  re- ( 
sist  f lood waters t o  an e l eva t ion  of 767.0 f e e t ,  an e l eva t ion  which 

was ar r ived  a t  considering the  maximum probable flood as  well  as t h e  

e f f e c t s  of the  wind. Further  review of t h e  wave ac t ion  and runup 

caused by winds have r e su l t ed  i n  a  new requirement accepted by the  

applicant  f o r  add i t iona l  flood protect ion.  The d e t a i l s  a r e  discussed 

in  paragraphs 2.4.2.2, 2.4.14, and 2.4.15 of t h i s  eva lua t ion  r epor t .  

The bouyant forces  c rea ted  by normal ground water and during 

f looding were both considered i n  t h e  design of Category I seismic 

design s t r u c t u r e s  with load f a c t o r s  of 1.2. 

We f ind  t h e  water l e v e l  design c r i t e r i a  a r e  acceptable.  



3.5 Miss i le  Pro tec t ion  C r i t e r i a  

The considerat ion of tornado generated miss i les  included a  

spectrum of poss ib le  items t h a t  could be  dislodged during tornadic  winds 

and become missi les .  The appl icant ' s  considerat ion of miss i les  included 

a  4" x  12" x  12' wooden plank t r ave l ing  end-on a t  300 mph and an auto- 

mobile weighing two tons with a  contact  a rea  of 20 sq. f t .  t r a v e l i n g  

not more than 25 f e e t  off t h e  ground a t  50 mph. 

I n  addi t ion ,  the  r eac to r  bui ld ing  wa l l s ,  f l o o r  s l a b s ,  and t h e  

con t ro l  room were designed t o  withstand t h e  loads imposed by mis s i l e s  

generated by t h e  f a i l u r e  of the turbine-generator.  

We f ind  t h a t  the  mis s i l e  p ro tec t ion  c r i t e r i a  proposed by t h e  

appl icant  a r e  adequate on the  b a s i s  t h a t  they have been used on previous 

p l a n t s  and represent  t h e  present  s t a t e  of knowledge i n  providing an 

acceptable mans  of damage assessment. 

3.6 Protec t ion  Against Dynamic Ef fec t s  Associated with t h e  Pos tu la ted  
Rupture of P ip ing  

Nonlinear time-response dynamic analyses of t h e  main steam and 

r ec i r cu la t ion  l i n e s  were performed by t h e  appl icant  t o  ve r i fy  t h e  

design adequacy of e x i s t i n g  p ip ing  r e s t r a i n t s  including t h e  e f f e c t s  

of a  gap between the  piping and i ts  r e s t r a i n t .  Discre te  mass-spring 

mathematical models were used. Both longi tudina l  and c i rcumferent ia l  

breaks were considered. The c r i t e r i a  used t o  determine t h e  break 

loca t ions  and o r i en ta t ions  is  t o  l o c a t e  them such t h a t  they cause 



maximum loads a t  t h e  r e s t r a i n t .  The s t r e s s e s  a t  t h e  break loca t ions  
I 

do meet t h e  l i m i t  of 2 S which is cons is ten t  with the s t a f f  pos i t i on  
m 

regarding break loca t ions .  Forcing funct ions represent ing  the  time I 

I 
v a r i a t i o n  of blowdown loads were provided. Two types of p ip ing  

r e s t r a i n t s  were designed and i n s t a l l e d .  The allowable s t r e s s  f o r  1 
t h e  design of r e s t r a i n t s  is l e s s  than one-half t h e  u l t imate  uniform 

s t r a i n  and thereby meets t h e  cu r ren t ly  acceptable c r i t e r i a .  

We f ind  t h i s  approach f o r  pro tec t ion  aga ins t  pipe whip t o  be I 
I 

acceptable f o r  t h e  Duane Arnold p lant .  I 

3.7 Seismic Design I 
3.7.1 Seismic Input  

I 
/ The seismic design response spec t r a  curves were presented i n  \ 

the app l i can t ' s  PSAR and approved by t h e  AEC p r i o r  t o  t h e  issuance of 

the  cons t ruc t ion  permit f o r  t h e  Duane Arnold Nuclear P lant .  The 

modified earthquake time h i s t o r i e s  used f o r  component equipment design 1 
a r e  adjusted i n  amplitude and frequency t o  envelope t h e  response 

spec t r a  spec i f i ed  f o r  t h e  s i t e .  We conclude t h a t  t h e  seismic input  
I 
I 

c r i t e r i a  proposed by the  appl icant  provides an acceptable bas i s  f o r  

seismic design. 1 
3.7.2 Seismic System and Subsystem Analyses I 

Modal response spectrum multi-degree-of-freedom and normal I 

mode-time h i s t o r y  methods were used f o r  a l l  major Category I (1) 

(1) The use of "Category I" seismic design and "Class I" seismic design a s  
desc r ip t ive  phrases f o r  s t r u c t u r e s ,  systems o r  components means t h e  same 
i n  both instances.  The most recent  and recommended wording is "Category I" 
seismic design; t h i s  wording conforms with t h a t  which appears i n  Safety 
Guide 29. The s t r u c t u r e s ,  systems, o r  components designed t o  remain func t iona l  ( 

I 
i f  a Safe Shutdown Earthquake (equivalent t o  a Design Basis Earthquake) 
occurs a r e  Category I. 



s t r u c t u r e s ,  systems and components. Governing response parameters 

were combined by t h e  square root  of t h e  sum of the  squares method t o  

obtain the  modal maximums when t h e  modal response spectrum method 

was used. The absolu te  sum of responses was used f o r  in-phase 

closely-spaced frequencies .  Floor spec t r a  inputs  used f o r  design and 

t e s t  v e r i f i c a t i o n  of s t r u c t u r e s ,  systems and components were generated 

from t h e  normal mode-time h i s t o r y  method. A v e r t i c a l  seismic system 

dynamic ana lys is  was employed f o r  a l l  s t r u c t u r e s ,  systems and com- 

ponents. In  order  t o  obtain the  most conservative r e s u l t a n t  value f o r  

combining hor i zon ta l  and v e r t i c a l  responses, t h e  appl icant  was 

required t o  e i t h e r  s e l e c t  two hor izonta l  and one v e r t i c a l  component 

responses which a r e  then combined by t h e  square root  of t h e  sum of 

the  squares rnethod o r ,  a l t e r n a t e l y ,  determine t h e  absolu te  sum of 

the  responses due t o  one ho r i zon ta l  component and one v e r t i c a l  com- 

ponent. The representa t ive  h ighes t  s t r e s sed  regions of t h e  s t r u c t u r e s ,  

equipment and components must then be  checked, using one of t h e  above 

combination of v e r t i c a l  and hor i zon ta l  responses t o  ve r i fy  adequacy 

of the seismic design. 

We conclude t h a t  the  seismic system dynamic ana lys i s  methods and 

procedures proposed and used by t h e  applicant  and considering u l t ima te  

fu l f i l lmen t  of the  above requirement provide an acceptable bas i s  f o r  

the  seismic design. 



3.7.3 C r i t e r i a  f o r  Seismic Instrumentation Program I 

The type,  number, l oca t ion  and u t i l i z a t i o n  of s t rong motion 1 

accelerographs t o  record seismic events and t o  provide da ta  on t h e  f 

i 
frequency, amplitude and phase r e l a t ionsh ip  of  t h e  seismic response 

i ~ 

of the containment s t r u c t u r e  corresponds t o  t h e  recommendations of I 

Safety Guide 12. l4  
I 

Seismic instrumentat ion w i l l  be  i n s t a l l e d  on Category I s t r u c -  
1 

t u r e s ,  systems and components i n  order t o  provide da ta  f o r  t h e  ver i -  

f i c a t i o n  of the  seismic responses determined a n a l y t i c a l l y  during the  
I 

design analys is  fo r  such Category I items. I 
I 

We conclude the  seismic instrumentat ion provided and i t s  u t i l i z a t i o n  

f 
I 

a r e  acceptable.  \ 

3.8 Design of Category I St ruc tures  
1 

The s t a f f ' s  review and evaluat ion of t h e  Category I (seismic 1 

design) s t r u c t u r e s  included the  s t r u c t u r a l  foundations, the  r eac to r  I 
bu i ld ing ,  the  con t ro l  bui ld ing ,  in take  s t r u c t u r e ,  a por t ion  of t h e  

pumphouse, a por t ion  of t h e  tu rb ine  bui ld ing  and the  offgas s tack .  I 
The Category I s t r u c t u r e s  were b u i l t  from a composite of s t r u c t u r a l  

s t e e l  and reinforced concrete  members. I n  genera l ,  the  s t r u c t u r e s  were I 
\ 

designed a s  continuous systems such as  t h e  r eac to r  bui ld ing .  The 

various s t r u c t u r a l  components t h a t  were in tegra ted  i n t o  the  con- 

tinuous s t r u c t u r e s  cons i s t  of s l a b s ,  wa l l s ,  beams, and columns. 1 



The analyses were based on e l a s t i c  ana lys is  procedures with 

the  design being executed using t h e  working s t r e s s  design method. 

The design method f o r  reinforced concrete  followed t h a t  of A C I  318-63" 

f o r  u l t imate  s t r eng th  design with t h e  use of s p e c i f i c  loading com- 

b ina t ions  appl icable  to  nuclear  power p lant  design condit ions.  For 

the  s t r u c t u r a l  s t e e l  t h e  AISC ~ ~ e c i f i c a t i o n s l ~  were u t i l i z e d .  

The loading combinations used f o r  the design of t h e  s t r u c t u r e s  

included normal dead and l i v e  loads,  wind and tornado loads,  the  

f lood loads ,  t h e  m i s s i l e  loads and the  earthquake loads.  

The appl icant  has spec i f i ed  and u t i l i z e d  numerous loading 

combinations f o r  t h e  normal loading condit ions as wel l  a s  f o r  the 

severe loading condit ions tha t  include the  acc ident ,  the  tornado and/ 

o r  t h e  design bas i s  earthquake. 

For the  reinforced concrete s t r u c t u r e s  add i t iona l  s p e c i f i c  

requirements were s e t  f o r t h  fo r  d u c t i l e  moment r e s i s t i n g  frames a s  

wel l  as s t r u c t u r a l  elements r e s i s t i n g  mainly earthquake loads. The 

app l i can t ' s  design fo r  t h e  reinforced concrete s t r u c t u r e s  allowed t h e  

re inforc ing  s t e e l  under the worst design conditions t o  reach 0.90f 
Y 

with the  concrete  s t r e s s  not  exceeding o.85f ' .  
C 

For the s t r u c t u r a l  s t e e l  under normal operat ion the  allowable 

s t r e s s  was used as the limit with a  25% increase  allowed under t h e  

operat ing bas i s  earthquake and a 33% increase  allowed under t h e  wind 

loads. The elements t h a t  car ry  mainly earthquake forces  used only 



the allowable s t r e s s  a s  a l i m i t i n g  value. Under the  more severe 
I 

loads t h e  s t e e l  s t r e s s e s  were allowed t o  reach 0.9f . ) 

Y 

A s  a r e s u l t  of our review and evalua t ion  of t h e  app l i can t ' s  I 

I 
c r i t e r i a  and the  procedures r e l a t e d  t o  design and cons t ruc t ion ,  we 

f ind  t h a t  the  Category I se ismic  design s t r u c t u r e s  have been adequately 1 
designed. 

I 

3.9 Mechanical Systems and Components 

3.9.1 Dynamic System Analysis a d  Tes t ing  I 
I 

Preoperat ional  v ib ra t ion  t e s t i n g  f o r  prototype r eac to r  i n t e r n a l s  

w i l l  be performed i n  accordance with Safety Guide 20. l 7  However, t h e  

sur face  inspec t ion  w i l l  be conducted a f t e r  cold flow t e s t i n g  with 
I 
I 

a l l  core support s t r u c t u r e s  i n  place. For a group of s i m i l a r  com- 

ponents, those exhib i t ing  the  g r e a t e s t  response w i l l  be  inspected.  
I 

Measurements of the  response w i l l  be made i n  both cold and hot  flow \ 

t e s t i n g  t o  ve r i fy  t h a t  they a r e  compatible i n  magnitude and f r e -  I 
quency content.  We f ind  the above program of preopera t ional  vibra-  

t i o n  t e s t i n g  to  be acceptable.  

For assur ing  the  design adequacy of r e a c t o r  i n t e r n a l s  subjected 
\ 

t o  dynamic e f f e c t s  t h a t  may r e s u l t  from a postulated loss-of-coolant \ 1 

accident ,  responses were computed by t h e  appl icant  using pos tu la ted  
I 

blowdown flow modes anda dynamic model of t h e  r eac to r  i n t e r n a l s .  The 1 

r e s u l t s  i n d i c a t e  t h a t  t h e  response l e v e l  of i n t e r n a l s  a r e  low f o r  t h e  i 
\ 

following two reasons: (1) a BWR is a two-phase steam-water system 

I 



t h a t  operates  a t  o r  c lose  t o  s a t u r a t i o n  condit ions s o  t h a t  t h e  loading 

is  not  a shock type load and (2)  t h e  normal frequencies  of i n t e r n a l  

components a r e  separated by more than a f a c t o r  of 10 from t h e  loading 

frequencies.  Thus, no severe  ampl i f ica t ion  of v ib ra t ion  w i l l  occur. 

We f ind  t h e  above a n a l y t i c a l  r e s u l t s  t o  be  acceptable.  

A piping v ib ra t ion  t e s t  program w i l l  be conducted by t h e  appl icant  

t o  v e r i f y  t h e  design adequacy of Category I seismic design p ip ing  and 

piping r e s t r a i n t s  t o  withstand hydrodynamic t r a n s i e n t s .  Por tab le  IRD 

accelerometers w i l l  be used f o r  measuring t h e  v ib ra t ion  amplitudes 

on t h e  piping. The allowable displacements a r e  defined by t h e  appl icant  

as  those which produce s t r e s s e s  l e s s  than one ha l f  of the  endurance 

l i m i t .  We f ind  t h i s  approach t o  be acceptable.  

The applicant  has conducted e i t h e r  t e s t i n g  o r  ana lys i s  f o r  each 

i tem of equipment t o  assure  proper funct ioning of t h e  Category I 

mechanical equipment during a seismic event. Additional information 

descr ib ing  the  t e s t s  and/or ana lys is  f o r  each type of equipment as  

reviewed by t h e  s t a f f  i n  meetings with t h e  appl icant  w i l l  be documented 

i n  Amendment 12. We f ind  t h i s  commitment t o  be acceptable based on 

s i m i l a r i t y  of the mechanical equipment t o  t h a t  used i n  previously 

reviewed p lants .  

3.9.2 ASME Code Class 2 and 3 Components 

Category I seismic design systems, components and equipment 

have been constructed,  as  appl icable ,  t o  Sections 111, V I I I  and I X  of 

t h e  ASME Boiler  and Pressure Vessel code;'' USAS B 31.1.019 - 1967, 

B 16.25 and B 16.5; and appropr ia te  s tandards of the  Tubular 

Exchanger Manufacturer's Association (TEMA), Manufacturer's 



Standardizat ion Society of t h e  Valve and F i t t i ng . Indus t ry  (MSS), I 
American Society f o r  Test ing and Materials  (ASTM) and American 

Welding Society (AWS). We f i n d  t h e  above s tandards an acceptable 
I 

bas i s  f o r  construct ion.  
I 

3.10 5 1 
E l e c t r i c a l  Equiement 

I 
The reac to r  pro tec t ion  system, engineered sa fe ty  f e a t u r e  c i r -  I 

c u i t s ,  and t h e  emergency power system a r e  designed t o  meet Category 

I seismic design c r i t e r i a .  The seismic requirements were v e r i f i e d  
I 

by seismic q u a l i f i c a t i o n s  t e s t i n g  and were incorporated i n t o  
I 

equipment s p e c i f i c a t i o n s  t o  ensure t h a t  the equipment w i l l  func t ion  ! 

properly during t h e  pos tu la ted  s a f e  shutdown earthquake. We f i n d  I f 
\ 

the q u a l i f i c a t i o n  t e s t i n g  conducted by the  appl icant  t o  be acceptable.  



4.0 REACTOR 

4.1 General 

The nuclear steam supply system includes a General E l e c t r i c  

Company (GE) bo i l ing  water r eac to r  (BWR) which generates steam f o r  

d i r e c t  use i n  the  steam-driven turb ine  generator.  The design of t h e  

Duane Arnold Energy Center (DAEC) r eac to r  is  s i m i l a r  t o  the  Vermont 

Yankee, the  Brown's Ferry, and o ther  r eac to r s  which have been 

evaluated by t h e  regulatory s t a f f  a t  both t h e  cons t ruc t ion  permit 

and opera t ing  l i c e n s e  s t ages .  The DAEC reac to r  core, containing 

nuclear  f u e l  elements and con t ro l  rods, is  supported i n  a domed, 

cy l ind r i ca l  shroud i n s i d e  the  r eac to r  vesse l .  Steam separa tors  a r e  

mounted on the shroud dome. Two ex te rna l ,  motor-driven r e c i r c u l a t i n g  

pumps i n j e c t  high-velocity water i n t o  16 j e t  pumps which a r e  loca ted  

i n  t h e  annulus between the shroud and t h e  r eac to r  vesse l .  The high 

ve loc i ty  water  from t h e  j e t  nozzles en t r a ins  and imparts energy t o  

add i t iona l  water from the  annular region. The combined l i q u i d  flow 

en te r s  the  bottom of the  r eac to r  core. This f l u i d  becomes a steam- 

water mixture as  i t  passes through and cools t h e  r eac to r  core. The 

steam emerges from the  steam separa tors  and dryers  and en te r s  four 

20-inch diameter pipes leading t o  the  turbine-generator.  

Reactor power is cont ro l led  e i t h e r  by movement of con t ro l  rods 

o r  by changing the  speed of t h e  two ex te rna l  r e c i r c u l a t i o n  pumps. 

Reactor power operat ion is terminated ( r eac to r  shutdown) by i n s e r t i n g  



con t ro l  rods i n t o  the  core. A standby l i q u i d  con t ro l  system is I 

provided as  a backup system f o r  r e a c t o r  shutdown and operates  by I 

pumping a sodium pentaborate  so lu t ion  i n t o  the  reac tor .  I 

I 

4.2 Mechanical Design 
I 

4.2.1 Fuel Design I 

The reac to r  employs Zircaloy-clad f u e l  rods which contain 

s l i g h t l y  enriched uranium dioxide p e l l e t s .  Some p e l l e t s  i n  some of 

t h e  f u e l  rods a l s o  conta in  gadolinium oxide which is used t o  con t ro l  I 
t he  neutron f l u x  d i s t r i b u t i o n .  Groups of 49 f u e l  rods i n  a square 

a r ray  within a square Zircaloy channel box form f u e l  assemblies.  I 
1 

Three types of f u e l  assemblies with varying d i s t r i b u t i o n s  of U-235 
I 

enrichments and gadol in ia  concentrat ions a r e  used. The Type I 

assemblies which have a low average enrichment and no gadol in ia  a r e  
I 

removed from t h e  core a t  t h e  end of the  f i r s t  f u e l  cycle .  The 'lype I1 

assemblies each contain two rods which have gadolinia-urania p e l l e t s  I 

over t h e i r  f u l l  length.  The Type 111 assemblies each contain two rods 

which have gadolinia-urania p e l l e t s  over t h e i r  f u l l  length and 1 
\ 

two rods which have gadolinia-urania p e l l e t s  over pa r t  of t h e i r  

length. 1 

The design of t h e  f u e l  is the  same a s  the  design of t h e  f u e l  

f o r  the  Browns Ferry and Peach Bottom Units 213 r eac to r s  which were 
i 

previously reviewed and found acceptable.  The f u e l  design is s i m i l a r  I 
\ 

t o  the  design of the f u e l  i n  cu r ren t ly  operat ing r eac to r s ,  bu t  d i f f e r s  

I 



in that the clad thickness is greater, a hydrogen-getter material 

is used inside the rods, and urania-gadolinia fuel pellets are used. 

The increase in clad thickness and use of a hydrogen-getter 

are design changes made to improve the performance of the fuel 

during normal operation by further reducing the potential for 

cladding failures and the consequent radioactive off-gas release 

rate. Since the increase in clad thickness has an insignificant 

effect on the fuel rod thermal properties, the effect on post- 

accident temperature transients is negligible. 

Also, the thicker clad will be less subject to embrittlement 

and ballooning, 

A detailed description of the hydrogen-getter will be submitted 

by the applicant in Amendment 12. Based on our discussion with the 

applicant, we believe that the hydrogen-getter would not react with 

the cladding or reduce its integrit: in any other way either during 

normal operation or a post-accident transient. The use of t'he 

hydrogen-getter should have no effect on the safety of the reactor. 

Urania-gadolinia pellets are used in other operating reactors. 

The differences in fuel damage limits due to the reduction in 

thermal conductivity and melting point of urania-gadolinia as com- 

pared with urania was evaluated during the operating license review 

of the Quad-Cities reactors. 



The design of the fuel has been evaluated on the same basis 
l 

and meets the same criterion for design as previously reviewed and I 

I 

accepted for other boiling water reactors. This criterion is that 

no fuel cladding damage should occur during normal operation or in the I 

event of anticipated transient conditions. Fuel damage can result 
I 

from overheating, excessive expansion or collapse, or corrosion of 1 

the clad. Overheating will not occur if the mode of heat transfer 

remains in the nucleate boiling regime. Although heat transfer 
I 

effectiveness would decrease if departure from nucleate boiling 1 
I 

occurred, the resultant increase in clad temperature would be only 
I 

500°F and would not necessarily result in failure of the clad. I 

Therefore, a conservative damage limit is defined as the critical 
f I 

heat flux (CHF) at which the departure from nucleate boiling occurs. \ 

Evaluation of the CHF is discussed in the section on thermal i 
I 

hydraulic design. 

Excessive expansion is defined as greater than 1% strain. Tests 

indicate that at this strain less than 5% of the cladding would be 
I 
I 

expected to fail. Expansion of the clad is caused by expansion of the ' 
fuel pellets and is a function of both fuel burnup and temperature. 

I 
i 

Therefore, a second fuel damage limit is defined as the value of 

linear heat generation rate, as a function of burnup, that will 1 
produce a clad strain of 1%. For rods with urania pellets, this 

limit is calculated to be 28, 26.5, and 24 kW/ft at burnups of zero, 1 
20,000, and 40,000 Mw~/T, respectively. For urania-gadolinia pellets, 

the limits are approximately 3 kW/ft less than the urania pellets 
i 

I 
limits given above. I 



Collapse of t h e  cladding can occur due t o  t h e  e f f e c t  of densi- 

f i c a t i o n  of t h e  f u e l  p e l l e t s  and t h e  creep of t h e  c lad .  This 

phenomenon has been observed i n  some reac to r s  and i t s  causes and 

e f f e c t s  a r e  described i n  t h e  s t a f f ' s  "Technical Report on Densifi-  

ca t ion  of Light Water Reactor Fuels", which was i ssued  November 1 4 ,  

1972. Based on a  preliminary evaluat ion,  f u e l  cladding co l l apse  i s  

not  expected t o  occur i n  t h e  DAEC core. However, we have requested 

t h a t  the  appl icant  eva lua te  whether f u e l  dens i f i ca t ion  and c lad  

col lapse  could occur. The r e s u l t s  of t h i s  eva lua t ion  were submitted 

on January 9 ,  1973 and i s  cu r ren t ly  undergoing review and evaluat ion 

f o r  a l l  nuclear  p l a n t s  by t h e  s t a f f .  A supplement t o  t h i s  Safety 

Evaluation w i l l  be w r i t t e n  regarding t h i s  matter  on completion of 

the  above c i t e d  review by t h e  s t a f f .  

Corrosion of t h e  cladding due t o  l o c a l  formation of hydrides 

on the  inner  c l ad  sur faces  has occurred i n  seve ra l  r eac to r s  and 

caused clad f a i l u r e s  and higher  than des i red  off-gas a c t i v i t y .  

Water vapor present  i n  t h e  rods a f t e r  t h e i r  assembly was presumed 

t o  be t h e  cause. The f u e l  rod manufacturing process has  been 

modified and a hydrogen-getter has been added i n  t h e  rod a s  means 

of assuring t h a t  moisture i s  not  present o r  w i l l  no t  con t r ibu te  t o  

i n t e r n a l  hydriding. Although f u e l  c lad f a i l u r e s  may s t i l l  occur,  

any increase i n  cladding f a i l u r e  w i l l  be detected by an increase  i n  

coolant o r  off-gas a c t i v i t y .  Before the  r e l ease  becomes excessive,  

i . e . ,  exceeds Technical Speci f ica t ion  l imi t ing  condit ions of operat ion,  

appropr ia te  lower opera t ional  l i m i t s  w i l l  r equ i r e  a  r e s t r i c t i o n  on p l an t  

operat ions.  



4.2.2 Reactor Vessel In t e rna l s  (Mechanical Design) I 

For normal design loads of mechanical, hydraul ic ,  and thermal 1 

o r i g i n ,  including an t i c ipa ted  p l an t  t r a n s i e n t s  and the  opera t ional  I 

b a s i s  earthquake, t h e  r eac to r  i n t e r n a l s  were designed t o  t h e  s t r e s s  
I 

l i m i t  c r i t e r i a  of A r t i c l e  4,  of t h e  ASME Boi ler  and Pressure Vessel t 
Code (BPVC) Sect ion 111. l8 

Under design bas i s  accident  condit ions,  which include t h e  I 

combined loads from a r e c i r c u l a t i o n  l i n e  break o r  a steam l i n e  

break plus t h e  Design Basis Earthquake, t h e  r e a c t o r  i n t e r n a l  

components were designed t o  t h e  c r i t e r i a  submitted i n  Appendix C 

of the  FSAR. These c r i t e r i a  a r e  cons is ten t  with comparable ASME 

BPVC emergency and f au l t ed  operat ing condit ion category limits and 

the c r i t e r i a  which have been accepted f o r  a l l  recent ly  l icensed  

p lants .  We f ind  the  app l i can t ' s  c r i t e r i a  acceptable.  The dynamic 

analyses of t h e  Duane Arnold Energy Center r e a c t o r  i n t e r n a l s  a r e  

discussed i n  paragraph 3.9.1, "Dynamic System Analysis and Testing", 

of t h i s  eva lua t ion  repor t .  

4.2.3 React iv i ty  Control Sys tem 

Reactor power can be cont ro l led  e i t h e r  by movement of con t ro l  

rods o r  v a r i a t i o n  i n  r eac to r  coolant r e c i r c u l a t i o n  system flow r a t e .  

The f u e l  rods w i l l  contain f u l l  length and p a r t i a l  length gadolinium 

oxide, a burnable poison, t o  supplement t h e  moveable con t ro l  rods i n  

con t ro l l i ng  the core r e a c t i v i t y  throughout t h e  core l i f e .  A standby 

l i q u i d  con t ro l  system i s  a l s o  provided as  a backup r eac to r  shutdown 

system. 



Control rods (89 i n  number) a r e  used t o  b r ing  t h e  r e a c t o r  

through t h e  f u l l  range of power (from shutdown t o  f u l l  power 

opera t ion) ,  t o  shape the  r eac to r  power d i s t r i b u t i o n ,  and t o  

compensate f o r  changes i n  r e a c t i v i t y  r e s u l t i n g  from f u e l  burnup. 

Each con t ro l  rod d r ive  has separa te  con t ro l  and rapid  i n s e r t i o n  

(scram) devices. 

The dr ives  have a common supply pump (and one p a r a l l e l l e d  spare  

pump) a s  the  hydraul ic  pressure source f o r  normal operat ion and a 

common discharge volume f o r  scram operat ion.  On the  bas i s  of our 

review of t h e  d r ive  system design and the  support ing evidence 

accumulated from operat ion of s i m i l a r  systems i n  o ther  General 

E l e c t r i c  r eac to r s ,  we  conclude t h a t  the  i n s t a l l e d  system w i l l  meet 

the  funct ional  performance requirements i n  a s a f e  manner. 

The cur rent  p lan  f o r  operat ion a t  power l e v e l s  below 10% of 

ra ted  powe; w i l l  r equ i r e  l i m i t i n g  of s e l ec t ed  con t ro l  rod r e a c t i v i t y  

worths t o  l e s s  than 1% Ak/k. This is  accomplished by a computer 

program and monitoring system known a s  the  Rod Worth Minimizer (RWM). 

The RWM r e s t r i c t s  t h e  s e l e c t i o n  and movement of rods t o  the  properly 

sequenced con t ro l  rod pa t t e rns  such t h a t  t h e  t o t a l  worth of any in -  

sequence rod t h a t  can be moved w i l l  be  no more than 1% Ak/k. 

Calculat ions of the  consequences of a control-rod-drop accident  a r e  

discussed i n  Sect ion 15.0. Use of t h e  RWM is present ly  under study 

i n  conjunction with our review of General E l e c t r i c  Topical Reports 

NEDO-10527'~ and its Supplement, t i t l e d  "Rod Drop Accident Analysis 



f o r  Large BWR's". The background and s t a t u s  of our review on these  

r epor t s  a r e  contained i n  paragraph 15.2.2 of t h i s  Safety Evaluation. 

Also indica ted  elsewhere (paragraph 7.6) is t h e  app l i can t ' s  commit- 

ment t o  i n s t a l l  a staff-approved system f o r  con t ro l  of rod r e a c t i v i t y  

worth and thus the  consequences of a pos tu la ted  cont ro l  rod drop 

accident .  

A control-sod-ejection acc ident ,  t o  be d is t inguished  from t h e  

rod drop acc ident ,  is  precluded by a con t ro l  rod housing support 

s t r u c t u r e  loca ted  below the  r eac to r  pressure  vesse l ,  s i m i l a r  t o  t h a t  

i n s t a l l e d  on the o ther  l a r g e  General E l e c t r i c  Reactors. This 

s t r u c t u r e  l i m i t s  the  d is tance  t h a t  a ruptured cont ro l  rod d r i v e  

housing could be displaced.  The appl icant  concluded, and we agree,  

t h a t  the  con t ro l  rod displacement would be s o  small i n  t h i s  event  

t h a t  any r e s u l t i n g  nuclear  t r a n s i e n t  could not  be s u f f i c i e n t  t o  cause 

f u e l  rod f a i l u r e .  

Reactor power can a l s o  be con t ro l l ed  through changes i n  t h e  

primary coolant  r e c i r c u l a t i o n  flow r a t e .  The r e c i r c u l a t i o n  flow 

con t ro l  system can automatical ly ad jus t  r eac to r  power l e v e l  t o  

s t a t i o n  load demand whenever t h e  r eac to r  is operat ing between approxi- 

mately 70% and 100% r a t e d  power. The r e c i r c u l a t i o n  flow con t ro l  

system is designed t o  allow e i t h e r  manual o r  automatic con t ro l  of 

r eac to r  power. This method of r eac to r  power con t ro l  has been s a t i s -  

f a c t o r i l y  demonstrated i n  the  Dresden Units 2 and 3 ,  Monticello,  and 

Mil ls tone I f a c i l i t i e s .  



The standby l i q u i d  con t ro l  system is ava i l ab le  t o  pump a sodium 

pentaborate  i n t o  the  r eac to r  ves se l .  This system is designed t o  b r ing  

t h e  r eac to r  t o  a cold shutdown condit ion from t h e  f u l l  power s teady- 

s t a t e  operat ing condit ion a t  any time i n  core l i f e ,  independent of 

t h e  con t ro l  rod system c a p a b i l i t i e s .  The i n j e c t i o n  r a t e  of t h e  

system is adequate t o  compensate f o r  t h e  e f f e c t s  of xenon decay. 

Except f o r  t h e  long-term evalua t ion  of t h e  expected favorable 

performance of gadolinia  a s  a burnable poison i n  t h e  nuclear  f u e l  

and t h e  f i n a l  s t a f f  eva lua t ion  and approval of the General E l e c t r i c  

Company's plan fo r  t h e  con t ro l  of rod r e a c t i v i t y  worth, we conclude 

t h a t  t h e  app l i can t ' s  systems f o r  r e a c t i v i t y  con t ro l  is  s a t i s f a c t o r y .  

Time is ava i l ab le  f o r  s t a f f  and appl icant  conference, a f i n a l  

documentation, and i n s t a l l a t i o n ,  which w i l l  be  required p r i o r  t o  fue l  

loading, of t h e  device(s)  needed f o r  rod r e a c t i v i t y  con t ro l .  

4 . 3  Core Thermal and Hydraulic Design 

The thermal and hydraul ic  c h a r a c t e r i s t i c s  of t h e  Duane Arnold 

Energy Center a r e  s i m i l a r  t o  those f o r  the  Brown's Ferry and 

Hatch I nuclear  f a c i l i t i e s .  For the Duane Arnold f a c i l i t y ,  our 

evaluat ion was made on the same bas i s  as  the  reviews f o r  these  o the r  

p lants .  

The core thermal and hydraul ic  design bases a r e  formulated t o  

l i m i t  the  l o c a l  power dens i ty  and coolant flow wi th in  the  core t o  

values such t h a t  t h e  f u e l  damage l i m i t s ,  a s  described i n  paragraph 

4.2.1, a r e  not  exceeded during normal operat ion or  ope ra t iona l  



t r ans i en t s .  One damage l i m i t  is t h e  c r i t i c a l  hea t  f lux .  The pre- 
I 

sen t  c r i t i c a l  hea t  f l u x  l i m i t s  a r e  ca lcula ted  using t h e  co r re l a t ion  I 
reported i n  t h e  GE t o p i c a l  r epor t  APED-5~86,'~ "Design Basis f o r  I 

C r i t i c a l  Heat Flux Conditions i n  Boil ing Water Reactors", issued 

i n  1966. This c o r r e l a t i o n  is based on experimental d a t a  taken over 
I 

t h e  range of condit ions representa t ive  t o  BWRs. The minimum 

c r i t i c a l  hea t  f l u x  r a t i o  (MCHFR) is defined as t h e  r a t i o  of t h e  
I 
I 

c r i t i c a l  hea t  f l u x  c o r r e l a t i o n  value a t  t h e  corresponding f l u i d  
I 

condit ions t o  t h e  a c t u a l  maximum calcula ted  hea t  f l u x  occurr ing a t  I 

a given point  i n  t h e  f u e l  assembly a t  any time during operat ion,  1 
I 

including r eac to r  an t i c ipa ted  t r a n s i e n t s .  A MCHFR >1.0 conservat ively 

assures t h a t  cooling of t h e  f u e l  is maintained through nuclea te  I 
\ 

bo i l ing  hea t  t r ans fe r .  

The cu r ren t  design b a s i s  fo r  normal operat ion is t h a t  t h e  MCHFR 

ca lcula ted  f o r  any poin t  is g rea te r  than 1.9 during normal operat ion 

and g rea t e r  than 1.0 during an t i c ipa ted  t r a n s i e n t s .  These limits 

provide considerable margin between expected condit ions and those 

required t o  cause f u e l  c lad damage s ince  t h e  c r i t i c a l  hea t  f l u x  

c o r r e l a t i o n  presented i n  APED-5286' is conservat ively based on a 

l i m i t  l i n e  drawn below a l l  of t h e  ava i l ab le  experimental d a t a  

points .  The maximum l i n e a r  hea t  generat ion r a t e  reached during 

normal r a t ed  power operat ion is not  expected t o  exceed 18.5 kW/ft, 

corresponding t o  a MCHFR of 1.9. Analysis of an t i c ipa ted  opera t ional  



t r a n s i e n t s  shows t h a t  the  lowest MCHFR, a value of 1 .3 ,  occurs 

following a l o s s  of a l l  o f f s i t e  power. 

A second f u e l  damage l i m i t  is t h e  l i n e a r  hea t  generat ion r a t e  

(LHGR) which produces a  c lad  s t r a i n  of 1%- The LHGR producing a  

s t r a i n  of 1% is more than 24 kW/ft during normal operat ion.  The 

maximum LHGR t h a t  may be a t t a ined  by f u e l  rods during s teady s t a t e  

operat ion is 18.5 iiW/ft, Although higher  peak powers occur during 

ant ic ipa ted  opera t ional  t r a n s i e n t s ,  f u e l  temperatures and t h e  

r e s u l t i n g  expansion a r e  not  s u f f i c i e n t  t o  produce t h e  1% clad  s t r a i n .  

We have reviewed the  methods used t o  c a l c u l a t e  t h e  thermal and 

hydraul ic  l i m i t s ,  t h e  experimental b a s i s  f o r  t h e  ca l cu la t ions ,  and 

t h e  app l i can t ' s  analyses of normal operat ion and an t i c ipa ted  

t r a n s i e n t s  f o r  t h i s  p l an t  and previously reviewed r e a c t o r s ,  and 

conclude t b a t  the  design provides adequate margin t o  p ro tec t  t h e  

core aga ins t  f u e l  damage. This evaluat ion considered r e a c t o r  

operat ion under normal p l an t  conditions a t  t h e  u l t ima te  power l e v e l  

of 1658 MWt. Subs tant ia t ion  of t h e  appl icant ' s  ana lys i s  and pre- 

d i c t i o n  of performance before  increase  i n  power l e v e l  from ra t ed  

1593 (MWt) t o  the  u l t ima te  of (1658 MWt) must be accomplished a s  

described i n  Amendment 9 (response ro quest ion 1.2) and elsewhere 

i n  the  s a f e t y  evaluat ion (paragraph 1.1). 



5.0 REACTOR COOLANT SYSTEM 

5.1  General 

The p r inc ipa l  equipment o r  system items t o  be discussed i n  t h i s  

s ec t ion  a r e  the  r eac to r  pressure vesse l ,  t h e  r e a c t o r  r e c i r c u l a t i o n  

sysfem, the main steam and feedwater l i n e s ,  and the  pressure r e l i e f  

system. These items form t h e  major components of t h e  r eac to r  coolant  

pressure boundary (RCPB). The pressure boundary a l s o  contains port ions 

of t h e  cooling system, r e s idua l  heat  removal system and r e a c t o r  water 

cleanup system. Port ions of these  systems as  w e l l  as  o ther  piping 

t h a t  extend from t h e  r eac to r  ves se l  out t o  t h e  second outermost 

i s o l a t i o n  valve a r e  considered wi th in  t h e  RCPB. 

A l l  of t h e  components of t h e  r e a c t o r  coolant pressure boundary 

were designed and b u i l t  t o  the  appropr ia te  codes i n  e f f e c t  a t  the  

time of order.  A s  a r e s u l t  of our review of the  re levant  port ions of 

the  app l i ca t ion ,  we have determined tha t  t h e  codes and code ed i t ions  

used by t h e  appl icant  comply with the  provisions of 10 CFR Par t  50, 

Sect ion 50.55a, "Codes and Standards ." 
5.2 I n t e g r i t y  of Reactor Coolant Pressure Boundary 

5.2.1 Design of Reactor Coolant Pressure Boundary 

The r eac to r  coolant pressure boundary is  designated as  a Category I 

seismic design system. The component codes and code cases used i n  its 

cons t ruc t ion ,  as referenced i n  t h e  F ina l  Safety Analysis Report, a r e  

acceptable and i n  conformance with 550.55a of 10 CFR 50 and AEC Safety 



Guide 26.12 Such conformance is an acceptable basis for meeting the 
i 

requirements of AEX General Design Criterion #1. I 

The components of the reactor coolant pressure boundary have been 
1 

designed t o  remain within the s t r e s s  limits s e t  by the appropriate 

Codes when subjected t o  the loads calculated t o  resu l t  from the Design 
I 

Basis Accident, the Design Basis Earthquake (the same as Safe Shutdown 

Earthquake), the combination of these postulated events plus the normal i 
loads of mechanical, hydraulic, and thermal origin and anticipated I 

I 
transients. 

Active components, i . e . ,  pumps and valves which are  required to I 
operate reliably i n  order to  perform a safety function such as safe  

shutdown of the reactor or mitigation of the consequences of a pipe 

break, are designed t o  deformation limits that  a r e  consistent with 
I 

operational requirements. Under these r e s t r i c t i ve  deformation c r i t e r i a ,  

calculated primary s t resses  w i l l  be i n  the e l a s t i c  range. We find the ' 
I 
1 

above s t r e s s  and deformation c r i t e r i a  used by the applicant t o  be 

acceptable. 

5.2.2 Pressure Relief System 

I 
I 

The objectives of the pressure re l ie f  system are (a) to  l i m i t  any 1 

overpressure of the reactor coolant pressure boundary (RCPB) tha t  might 1 
I 

occur from abnormal operational t ransients ,  and (b) t o  provide a method 
I 

for  rapid depressurization of the primary coolant system in the event 1 
of certain loss-of-coolant accidents. In the l a t t e r  application, auto- 

matic depressurization for small breaks of the primary system enables 

( 
I 



low pressure coolant i n j e c t i o n  system (LPCIS) o r  core spray system (CSS) 

operation. This automatic depressur iza t ion  system i s  a backup t o  t h e  

high pressure coolant i n j e c t i o n  system (HPCIS) described i n  paragraph 

6.3.1 of t h i s  eva lua t ion  r epor t ,  

There a r e  s ix  r e l i e f  valves and two s a f e t y  valves in  the  pressure 

r e l i e f  system. The valves a r e  mounted on t h e  main s teamlines between 

the  reac tor  v e s s e l  and the f i r s t  i s o l a t i o n  valve i n s i d e  primary con- 

tainment, Operation of t h e  r e l i e f  valves w i l l  d ischarge steam t o  t h e  

suppression pool and w i l l  perform these  functions: (a) limit overpressure 

and prevent spr ing  s a f e t y  va lve  opening, (b) augment sp r ing  s a f e t y  valve 

capab i l i t y  by opening (self-actuated operat ion only) ,  and (c)  depressurize 

the  primary system following s m a l l  breaks t o  allow LPCI and/or CSS 

operation. The s i x  r e l i e f  valves a r e  se l f -ac tua t ing  i n  t h e i r  overpressure 

s a f e t y  mode but  can a l s o  be  operated i n d i r e c t l y  t o  permit remote manual 

o r  automatic operat ion a t  lower pressures.  

The two s a f e t y  valves w i l l  discharge t o  t h e  drywell i n t e r i o r  and 

function t o  prevent overpressur iza t ion  of t h e  primary coolant  system. 

The overpressure p ro tec t ion  capaci ty is based on t h e  pressure  rise 

r e s u l t i n g  from the following pos tu la ted  events: (a)  main steam flow 

s tops  a f t e r  c losure  of t h e  main steam l i n e  i s o l a t i o n  valves (MsLIV'S) 

with the p l an t  opera t ing  a t  turbine-generator design condi t ion ,  (b) 

ves se l  dome pressure of 1090 psig, (c)  105% r a t e d  steam flow, and (d) 

r eac to r  thermal power of 1657 Mi?. An ind i r ec t  r eac to r  scram due t o  



high r eac to r  ves se l  pressure i s  a l s o  assumed. The ana lys i s  i nd ica t e s  

t h a t  a design capaci ty f o r  t h e  spr ing  s a f e t y  va lves  of 10 percent 
I 
I 

ra ted  steam flow i n  conjunction with t h e  design dual  s a f e t y l r e l i e f  I 

valves capaci ty  of 61.9 percent  r a t e d  steam flow, is capable of 
1 

keeping an adequate pressure margin below t h e  peak ASME Code allow- 
, 
1 

a b l e  pressure of 1375 ps ig  (110% of vesse l  design pressure)  a t  t h e  
I 

vesse l  bottom. Actual c a p a c i t i e s  f o r  t h e  two spr ing  s a f e t y  valves 1 

is 18.7% and f o r  t h e  s i x  s a f e t y l r e l i e f  valves i s  68.4% of r a t ed  

steam flow. This ana lys i s  and o the r  aspec ts  of t h e  overpressure 
I 

p ro tec t ion  provided a r e  found i n  t h e  FSAR, Sect ion 4.4, Appendix H 1 

(page H.4-25) and Amendment 3 (response t o  quest ion H1.1). 

W e  conclude t h a t  t h e  pressure  r e l i e f  system, when supplemented ( 
I 

by t h e  a c t i o n  of t h e  r e a c t o r  pro tec t ion  system, provides adequate 

pro tec t ion  aga ins t  overpressur iza t ion  of t h e  r e a c t o r  coolant system. 

Notwithstanding, problems with pressure r e l i e f  valves have been I 
I 

experienced i n  opera t ing  BWR's. These problems, e.g., inadvertent  

opening of valves during c e r t a i n  t r a n s i e n t s ,  a r e  being reviewed by 
I 

I 
consul tan ts  and t h e  regulatory s t a f f  to  determine t h e  cause and t o  

I 
recommend a so lu t ion  t o  prevent t h e i r  recurrence. , 

i 

5.2.3 Reactor Vessel Material  Survei l lance Program I 

A ma te r i a l  su rve i l l ance  program i s  required t o  monitor changes i n  \ 

t h e  f r a c t u r e  toughness p rope r t i e s  of t h e  r eac to r  ves se l  b e l t l i n e  mater ia l  
I 

induced by neutron i r r a d i a t i o n .  

/ 



The appl icant  has shown i n  the  FSAR t h a t  t h e  proposed mater ia l  

su rve i l l ance  program complies with the  Commission's proposed regula t ion  

50.55a, Appendix H,  "Reactor Vessel Material Survei l lance Program 

Requirements," and is  cons is ten t  wi th  programs t h a t  have been found 

acceptable f o r  o ther  s imi l a r  BWR p l an t s .  The program is acceptable 

with respect  t o  t h e  nwnber of capsules,  number and type  of specimens, 

withdrawal schedule, and r e t en t ion  of archive mater ia l .  We have con- 

cluded t h a t  t h e  proposed program w i l l  adequately monitor neutron radia t ion-  

induced changes i n  the  f r a c t u r e  toughness of t h e  r eac to r  ves se l  mater ia l .  

5.2.4 Fracture Toughness 

To assure compliance with the sa fe ty  and design c r i t e r i a ,  f e r r i t i c  

mater ials  i n  pressure r e t a in ing  components of t h e  r e a c t o r  coolant 

pressure boundary must exhib i t  adequate f r a c t u r e  toughness proper t ies  

under normal r eac to r  opera t ing  condit ions,  system hydros t a t i c  tests, 

and during t r ans i en t  condit ions t o  which the system may be subjected.  

We have reviewed mater ia l s  t e s t i n g  and the  operat ing l imi t a t ions  

proposed by the  appl icant .  The applicant  has s t a t e d  i n  the FSAR and i n  

Amendment No. 3 t he re to  t h a t  acceptance t e s t i n g  f o r  f e r r i t i c  mater ials  

was performed i n  accordance with t h e  requirements of the ASME Boiler  

and Pressure Vessel Code, Section I11 (1965 Edi t ion ,  including Addenda 

through Summer 1967). Dropweight NDT data  has been obtained f o r  the 

reac tor  vesse l  b e l t l i n e  p l a t e  material .  



I n  e s t ab l i sh ing  t h e  opera t ing  pressure and temperature l i m i t a t i o n s  
I 

during heatup, cooldown and inse rv ice  hydros t a t i c  t e s t s  of t h e  system, i 

t he  applicant  has agreed tu follow t h e  recommendations of Appendix G,  
I, 

"Protect ion Against Non-Ductile Fa i lure ,"  of t h e  1972 Summer Addenda 

of the  ASEZ Code, Sect ion 111. 
I 

The appl icant  w i l l  submit s p e c i f i c  heatup, cooldown and hydros t a t i c  
I 
1 

t e s t  l i m i t a t i o n  curves, which meet t h e  cur rent  f r a c t u r e  toughness re- I 

quirement, f o r  our use i n  t h e  f i n a l  i s sue  of t h e  Technical Speci f ica t ions .  i 
I 

We conclude t h a t  i n  view of t h e  f r a c t u r e  toughness t e s t i n g  performed 

by t h e  appl icant  and t h e  planned operat ion of t h e  DAEC r e a c t o r  coolant  1 

system, adequate margins of s a f e t y  is assured. 
/ 

5.2.5 Sens i t ized  S ta in l e s s  S t e e l  i I 

Sens i t ized  a u s t e n i t i c  s t a i n l e s s  s t e e l s  exh ib i t  increased suscept i -  I 

I b i l i t y  t o  s t r e s s  corrosion cracking when used extensively i n  contac t  

with t h e  primary coolant such a s  i n  piping,  valves,  pumps, pressure I 
v e s s e l  l i n ings  and support ing hardware. 

The appl icant  has s t a t e d  i n  t h e  FSAR t h a t  a l l  s e n s i t i z e d  a u s t e n i t i c  I 
s t a i n l e s s  s t e e l  has been replaced on the  Duane Arnold Energy Center 

! 
pressure  vesse l  except t h e  j e t  pump riser brace pads and r e c i r c u l a t i o n  I 

in le t  thermal s l eeve  attachment buildups. These exceptions a r e  f ab r i ca t ed  

from weld metal with con t ro l l ed  f e r r i t e  content  ( a t  l e a s t  5 percent)  t o  

avoid s i g n i f i c a n t  s e n s i t i z a t i o n .  I I 



Preheat ,  heat-input and in t e rpass  temperatures during welding 

operat ions a re  cont ro l led  t o  avoid l o c a l  s e n s i t i z a t i o n  of s t a i n l e s s  s t e e l .  

We conclude t h a t  the app l i can t ' s  planning and e f f o r t s  t o  avoid 

s e n s i t i z a t i o n  of a u s t e n i t i c  s t a i n l e s s  s t e e l  is acceptable.  

5.2.6 Leakage Detection and Test ing 

5.2.6.1 Leakage Detection Systems f o r  the  RCPB 

Coolant leakage within t h e  r e a c t o r  containment may be an ind ica t ion  

of a small  through-wall flaw i n  t h e  r eac to r  coolant pressure boundaq 

(RCPB). The leakage de tec t ion  system proposed f o r  the r eac to r  coolant 

pressure boundary is  described i n  the  FSAR. The system, which includes 

diverse leak  de tec t ion  methods, w i l l  have s u f f i c i e n t  s e n s i t i v i t y  t o  

measure small  l eaks ,  and w i l l  have provisions f o r  s u i t a b l e  con t ro l  room 

alarms and readout. The major components of the  leakage de tec t ion  

system a re  containment atmosphere p a r t i c u l a t e  and gaseous r a d i o a c t i v i t y  

monitors and l e v e l  i nd ica to r s  a t  t h e  containment sump. Ind i r ec t  in-  

d i ca t ion  of leakage can be  obtained from the  drywell humidity, pressure  

and temperature indica tors .  We conclude t h a t  t h e  proposed leakage 

de tec t ion  system has the  capab i l i t y  t o  de tec t  small  t h roughwal l  flaws 

i n  the  r eac to r  coolant pressure boundary and t h a t  t h e  system is 

acceptable.  

5; 2.6.2 Leakage Testing Programs f o r  Containment 

Leakage t e s t i n g  of t h e  r eac to r  primary containment and assoc ia ted  

systems is intended t o  provide i n i t i a l  and per iodic  v e r i f i c a t i o n  of 

t h e  l e a k t i g h t  i n t e g r i t y  of t h e  containment. 



The appl icant  has s t a t e d  i n  t h e  FSAR t h a t  t h e  primary r e a c t o r  \ 
containment and i ts  components w i l l  be designed s o  t h a t  pe r iod ic  

I 
i n t eg ra t ed  leakage r a t e  t e s t i n g  can-be  conducted a t  a t e s t  pressure  I 
corresponding t o  t h e  ca lcula ted  peak accident  pressure.  

- 

Penet ra t ions ,  inc luding  personnel and equipment hatches and a i r l o c k s ,  

and i s o l a t i o n  valves,  have been designed with t h e  capab i l i t y  f o r  performing 

indiv idual  l eak  t e s t s  a t  t h e  ca lcula ted  peak acc ident  pressure.  

We conclude t h a t  t h e  design of t h e  containment system w i l l  permit 

containment leakage r a t e  t e s t i n g  i n  accordance with t h e  AEC proposed 

"Reactor Containment Leakage Tes t ing  f o r  Water Cooled Power Reactors," 

5 50.54(0), Appendix J, published i n  t h e  Federal  Regis te r  on August 27, 

1971, and t h e  app l i can t ' s  program f o r  l eak  t e s t i n g  t h e  containment is 
8 

I 
acceptable.  The requirement f o r  t h i s  t e s t i n g  is given i n  t h e  Technical I 
spec i f i ca t ions .  

I 
5.2.7 Insen r i ce  Inspect ion Program 1 

Selected welds and weld heat-affected zones must be inspected I 
p e r iod ica l ly  t o  assure  continued i n t e g r i t y  of t h e  r eac to r  coolant  I 

pressure boundary during t h e  s e r v i c e  l i f e t i m e  of the  p lant .  

The appl icant  has s t a t e d  t h a t  t h e  in sen r i ce  inspec t ion  program 
I 

f o r  t h e  r eac to r  coolant pressure boundary w i l l  comply with t h e  pro- 

v is ions  of Sect ion X I  of t h e  ASME Boi ler  and Pressure Vessel Code, 

I 

"Rules f o r  In-service Inspect ion of Reactor Coolant Systems" 1970 

Edition. Access provisions f o r  performing i n s e r v i c e  inspec t ion  has i 
I 

, 



been considered i n  the design and arrangement of pressure-containing 

components. 

The f a c i l i t y  has been designed t o  allow inspec t ion  of t h e  r eac to r  

ves se l  using a remotely operable inspec t ion  t o o l  capable of performing 

inspect ions of ves se l  sur faces  and of c i rcumferent ia l ,  l ong i tud ina l  and 

nozzle welds. 

We conclude t h a t  the  access provisions and planning f o r  i n se rv ice  

inspect ion a re  acceptable.  The provisions of t h e  AEC Guideline, "Inservice 

Inspect ion Requirements f o r  Nuclear Power Plants  Constructed with Limited 

Access ib i l i t y  f o r  Inserv ice  I n ~ p e c t i o n , "  (January 31, 1969) have been 

s a t i s f i e d .  

Residual Heat Removal System 

The Residual Heat Removal System (RHRS) is  designed f o r  four  major 

modes of operat ion besides t h e  low pressure coolant i n j e c t i o n  (LPCI) mode, 

which is discussed i n  paragraph 6 . 3 . 4 .  This safe ty- re la ted  mode of 

operation of the RHR System (as LPCIS) w i l l  r e s t o r e  and maintain 

coolant inventory i n  t h e  r eac to r  ves se l  a f t e r  a loss-of-coolant acc ident .  

Another safe ty- re la ted  mode of operat ion of t h e  RHRS provides f o r  con- 

tainment spray f o r  condensing steam i n  the  containment during the  post- 

LOCA period. For normal usage, the RHR system modes of operat ion include 

removal of reac tor  decay heat  and r e s idua l  heat  from t h e  nuclear  system, 

supplementing f u e l  pool cooling capab i l i t y ,  and condensing the  r e a c t o r  

steam s o  t h a t  decay hea t  and r e s idua l  heat can be removed i f  t h e  normal 

hea t  s i n k  is  not ava i lab le .  



The RHR system consists of two heat exchangers, four main system I 

I 
pumps, four RHR service water pumps, and associated valves, piping, 

controls and instrumentation. A l l  functional components are  designed I 
t o  sa t i s fy  Category I seismic design requirements. The main system 

I 
pumps are  sized on the basis of flow required during the LPCI mode of 1 

operation which is the uode requiring the makimum flow ra te .  The service , 
I 

water pumps are  sized t o  cause the pressure a t  the cooling water ou t le t  t 

of the RHRS heat exchangers to  be greater than the pressure of the I I 
reactor coolant a t  the i n l e t  of the heat exchangers during the shutdown 

I' 
cooling and steam condensing modes of operation. With th i s  as the 1 
design cr i ter ion,  heat exchanger tube leaks w i l l  not contaminate the 

I 
\ 

service water with reactor coolant water. I 

Each loop, consisting of one heat exchanger, two RHR pumps i n  I 
pa ra l le l  and ancil lary equipment, is physically separated from the 

other. However, a cross connection by a single header make i t  possible 

t o  supply e i ther  loop from the pumps i n  the other loop. Provision also 

ex is t s  for  pumping RHR service water e i ther  direct ly  into  the containment 

or  into  the reactor i f  necessary. The RHRS operational modes are  des- 

cribed br ief ly  below. 

During reactor isolat ion,  the RHRS can be operated i n  the condensing 

mde to  condense reactor steam; hence, the RHRS operates i n  conjunction 

with the reactor core isolat ion cooling system (RCICS). With the reactor 

isolated,  reactor steam normally is directed to  and condensed in  the 

i 



suppression pool v i a  the  r e l i e f  valves and the  RCIC t u rb ine  exhaust piping. 

However, t h e  suppression pool temperature under these  conditons is l imi t ed  

t o  about 130°F i n  order  t h a t  the  water temperature r i s e  due t o  a pos tu la ted ,  

subsequent design bas i s  loss-of-coolant accident  would not  cause t h e  pool 

temperature t o  exceed 170°F during the  r e a c t o r  blowdown, The condensing 

mode of RHRS operat ion r e l i eves  the burden on the  suppression pool by 

t r ans fe r r ing  a por t ion  of t h e  decay hea t ;  in@., steam energy, t o  t h e  RHR 

se rv ice  water.  Reactor steam is taken t o  the  s h e l l  s i d e  of the  RHRS 

heat  exchangers and t r a n s f e r s  heat  t o  tho s e r v i c e  water  i n  t h e  tubes. The 

condensate is e i t h e r  dumped to  t h e  suppression pool o r  returned t o  t h e  

r eac to r  ves se l  through t h e  suc t ion  of t h e  steam-turbine dr iven ,  RCIC pump. 

Shortly a f t e r  shutdown, both hea t  exchangers a r e  used t o  handle e s s e n t i a l l y  

a l l  of t h e  decay hea t .  After  about 2 hours,  t h e  capaci ty of one hea t  ex- 

changer is adequate and the  o ther  may be t r ans fe r r ed  t o  t h e  suppression 

pool cooling mode. 

The suppression pool cooling mode u t i l i z e s  t h e  RHRS heat  exchangers 

t o  cool the  suppression pool water  by t r a n s f e r r i n g  hea t  t o  t h e  RHR se rv ice  

water. This mode can be used i n  conjunction with t h e  condensing mode o r  

t o  provide long term suppression pool cooling following a loss-of-coolant 

accident blowdown. 

The shutdown cooling and r eac to r  ves se l  head spray mode is operated 

during normal shutdown and cooldown. Reactor water is d iver ted  from one 



of the  r e c i r c u l a t i o n  loops, through the  RHRS pumps and the  RHRS heat  ex- 

changers ( s h e l l  s ide )  where hea t  is t r ans fe r r ed  t o  t h e  RHR s e r v i c e  water  

( tube s i d e ) ;  then t h e  cooler  r e a c t o r  water is returned t o  t h e  r eac to r  

ves se l  v i a  a r e c i r c u l a t i o n  loop. Pa r t  of t h e  cooled r e a c t o r  water  flow 

is d iver ted  t o  a r eac to r  head spray nozzle where it maintains sa tu ra t ed  

condit ions i n  t h e  vesse l  head volume by condensing t h e  steam generated 

by t h e  hot  ves se l  walls  and i n t e r n a l s .  

The containment spray mode of opera t ion  is i n i t i a t e d  manually a f t e r  

t h e  LPCI requirements a r e  s a t i s f i e d  and a ids  i n  reducing post-LOCA 

drywell pressure. The RHR pumps t r a n s f e r  water from t h e  suppression 

pool through t h e  RHRS heat  exchangers where it is cooled by t h e  
/ 

RHR s e r v i c e  water. The cooled water  e n t e r s  t h e  containment through 

headers and spray nozzles  i n  t h e  drywell and above the  suppression pool 

and reduces the  drywell pressure  by condensing e x i s t i n g  steam. The spray 

water  w i l l  c o l l e c t  i n  the  bottom of t h e  drywell u n t i l  i t  overflows i n t o  

the  drywell vent l i n e s  and dra ins  back t o  t h e  suppression pool. 

W e  conclude t h a t  the design of t h e  RHRS as  described above is 

acceptable.  



6.0 ENGINEERED SAFETY FEATURES 

6.1 General 

The engineered s a f e t y  f ea tu res  f o r  the Duane Arnold Energy 

Center include a l l  those provided i n  recent ly  reviewed and 

l icensed bo i l ing  water r eac to r s .  The primary containment, t h e  vapor 

suppression concept embodied i n  t h e  vent-downcomer-torus-wetwell 

combination, the  containment i s o l a t i o n  c a p a b i l i t i e s ,  t h e  i n e r t i n g  of 

containment atmosphere with n i t rogen during normal opera t ion ,  the  

containment atmosphere d i l u t i o n  i n  the  post-LOCA period (CAD system), 

the  standby gas treatment system (SGTS), t h e  emergency se rv ice  water  

system, and t h e  emergency core cooling systems a r e  among t h e  systems 

designed and incorporated i n t o  the  f a c i l i t y .  These engineered sa fe ty  

f ea tu res  a r e  components, equipment, s t r u c t u r e s ,  and systems t h a t  a r e  

designed and i n s t a l l e d  t o  mi t iga te  the  e f f e c t s  of pos tu la ted  accidents ,  

including t h e  design bas i s  acc idents ,  s o  t h a t  t h e r e  w i l l  be  no undue 

r i s k  t o  the  hea l th  and s a f e t y  of the  public  and of t h e  p l an t  personnel. 

These systems a r e  discussed and evaluated i n  t h e  paragraphs which 

follow . 
6.2 Containment Sys tems 

The containment systems cons i s t  of the  primary containment, a 

secondary containment which encloses the  primary containment, contain- 

ment cooling systems, i s o l a t i o n  valves,  a Standby Gas Treatment System 

and a combustible gas con t ro l  system. 



6.2.1 Containment Functional Design 

6.2.1.1 Primary Containment 

The primary containment is a pressure  suppression system 

cons i s t ing  of t h e  drywell,  t h e  pressure  suppression chamber and a 

connecting vent  system. The drywell houses t h e  r eac to r  v e s s e l ,  t h e  

r eac to r  coolant r e c i r c u l a t i o n  system and o t h e r  branch connections of 

t h e  r eac to r  primary system. 

The drywell has a s t e e l  s p h e r i c a l  lower por t ion  63 f e e t  i n  

diameter and a s t e e l  c y l i n d r i c a l  upper por t ion  32 f e e t  i n  diameter. 

Overall  he ight  of t h e  drywell is about 108 f e e t ,  9 inches. The 

pressure suppression chamber is a s t e e l  torus  loca ted  below and 

enc i r c l ing  t h e  drywell,  with a major diameter of 98 f e e t ,  8 inches 

and a cross-sect ional  diameter of 25 f e e t ,  8 inches. Eight (8) vent  

pipes lead from t h e  drywell t o  a header i n s i d e  t h e  t o r u s ,  and 48 

downcomer pipes (24 inch diameter) p ro jec t  downward from the  header 

and terminate approximately 4 f e e t  below t h e  su r face  of the  torus  

pool. The f r e e  a i r  volumes i n  t h e  drywell and to rus  a r e  approxi- 

3 3 mately 109,400 f t  and 94,270 f t  . The torus  contains 58,900 f t  
3 

of water. 

I n  t h e  event of a design bas i s  loss-of-coolant acc ident ,  t h e  

released steam passes through t h e  vent  p ipes ,  t o rus  header,  and 

downcomer pipes i n t o  t h e  torus  water where i t  is condensed. 

The primary containment is designed f o r  an i n t e r n a l  pressure  of 

56 ps ig  coincident  with a temperature of 281°F. I n  accordance with 



drywell pressures up t o  62 psig a r e  permissible fo r  t h i s  design. 

The applicant has calculated that  the  peak pressures t h a t  might be 
. " 

reached as a r e su l t  of the  design bas i s  loss-of-coolant accident a r e  

54 psig i n  the  drywell and 25 psig i n  t he  torus, These pressures 

n were calculated assuming a hypothetical instantaneous break of one 

recirculat ion loop pipe. The analyt ical  methods used a r e  the  same 

R. as those used on other recently reviewed BWR plants.  

! We have performed our c x ~ n  independent analysis of the containment 

pressure response using the  CONTEMPT-LT computer code, The peak 

pressures resu l t ing  from t h i s  analysis a re  i n  agreement with those 

calculated by the applicant. Based on the  appl icantss  use of the  

General E lec t r ic  NEDO-10320~~ model and our own independent 

ver i f ica t ion  of the  ana ly t ica l  resu l t s ,  we conclude t h a t  t he  applicant's 

analysis of the shor t  term containment response is acceptable and tha t  

the  primary containment design basis  is acceptable. 

The primary containment is designed fo r  an @ ~ @ s S a l  pressure of 

2 ps i  greater  than the in te rna l  pressure. The vacuum r e l i e f  system 

is sized t o  maintain the d i f f e r en t i a l  containment pressure t o  l e s s  

than 2 psi. 

Vacuum i n  the  torus is relieved by two s e t s  of valves, each s e t  

consisting of a swing check valve i n  ser ies  with an air operated 

bu t te r f ly  valve, which connect the reactor building and torus  

I 
atmospheres, Vacuum i n  the drywell is relieved by seven (7) swing 



check valve vacuum breakers located on the drywell-torus vent header. 

The torus-dryrell vacuum breakers have redundant posit ion switches 

which indicate  on the control panel in the main control  room. 

.2.1.2 Secondary Containment 

The secondary containment is designed to  l i m i t  t he  ground l eve l  

release of airborne radioactive materials and provides a means f o r  

controlled elevated release of the  building atmosphere so tha t  o f f s i t e  

doses from a design basis fue l  handling or  loss-of-coolant accident 

w i l l  be below the guideline values s t a t ed - in  10 CFR Par t  100. The 

secondary containment system consists of the reactor building, which 

is discussed in t h i s  paragraph, and the Standby G a s  Treatmnt  System, 

which is discussed i n  paragraph 6.2.3. 

The reactor building encloses t he  primary containment system, 

the new and spent fuel  storage f a c i l i t i e s ,  the core standby cooling 

sys t em,  and other reactor auxil iary protection sys tem.  The reactor 

building is designed t o  provide protection from a l l  postulated environ- 

mental events, including torna a l l  systems located within the 

building which a re  required for  s a f e  shutdown of the  plant .  

The applicant's design c r i t e r ion  for  reactor building leakage 

is t o  limit inleakage to  100% of the building volume per day a t  a 

negative pressure of 114 inch of water while the Standby Gas Treatment 

System is operating, under calm wind conditions. This ensures tha t  



al l  reactor building leakage is leakage into  the building. Penetrations 

of the secondary containment are  designed t o  have leakage character is t ics  

consistent with the above c i ted  secondary containment leak-tightness 

cr i ter ion.  

Containment Heat Removal 

Containment heat removal capabil i ty is provided by a drywell 

fan cooler system during normal operation and by the containment 

cooling mode of the  Residual Heat Removal (RHR) System f o r  post- 

accident cooling. 

The drywell fan cooler system is not required fo r  post-accident 

cooling. It u t i l i z e s  s i x  (6) fan c o i l  units ,  each u n i t  consist ing 

of two cooling co i l s  and two motor driven fans. Cooling water is 

supplied from the plant service water system. 

The containment cooling mode of the RHR System serves t o  l i m i t  

temperature and pressure i n  the drywell and torus following a loss- 

of-coolant accident. When operating i n  the containment cooling 

mode, the RHR pumps take suction from the suppression pool,  pump 

water to  the RHR heat exchangers and d i rec t  the cooled water e i t he r  

back t o  the suppression pool or  t o  the drywell and suppression 

chamber sprays. Details of the RHR System are  found i n  paragraph 

5.2.8 of t h i s  evaluation report. 

The applicant has provided analyses of the long term post- 

accident containment response assuming various combinations of 

containment cooling avai labi l i ty .  The resul ts  of the  analyses 
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indicate  t h a t  long term containment pressures and suppression pool 

temperatures a r e  within allowable limits f o r  a l l  cases considered. 

Based on our review of the  DAEC system and other s imilar  

removal system is acceptable. 

6 .2 .3  Standby G a s  Treatment System 

The Standby Gas Treatment System (SGTS) provides a means fo r  

minimizing the  release of radioactive material  from the  containment 

to the  environs by f i r s t  f i l t e r i n g  and then exhausting the  atmosphere 

from the reactor  building. Primary containment and vent exhaust can 

a lso be directed t o  the  SGTS fo r  processing p r io r  t o  release,  For 

a l l  cases, elevated release is ensured by exhausting through the  

main offgas stack. 

The SGTS consists  of two iden t ica l ,  p a r a l l e l  a i r  f i l t r a t i o n  

t ra ins ,  each t r a i n  having 100% capacity and consis t ing of a demister 

(moisture separator) ,  e l e c t r i c a l  heating co i l ,  p r e f i l t e r ,  high ef-  

f iciency par t icu la te  absorber (HEPA), charcoal f i l t e r ,  HEPA f i l t e r ,  

and exhaust fan. The SGTS is designed t o  seismic Category I c r i t e r i a ,  

including the  underground discharge pipe leading t o  the  main offgas 

stack. The SGTS is enclosed i n  a seismic Category I s t ructure;  the  

redundant t ra ins  a re  separated by a concrete wal l  t o  minimize the  

potent ia l  f o r  s ingle  f a i l u r e  i n  one t r a i n  causing the  l o s s  of function 

of the  e n t i r e  system. 



Each exhaust fan has a  4000 cfm design flow r a t e  which is 

capable of reducing and maintaining the  reac tor  bui ld ing  a t  114-inch 

water negative pressure under normal wind condit ions.  The SGTS w i l l  

s t a r t  automatically upon r ece ip t  of various s igna l s  o r  i t  can be 

manually s t a r t e d  from the  main con t ro l  room. SGTS i s o l a t i o n  val-ves 

f a i l  i n  the  open pos i t i on  on l o s s  of e l e c t r i c a l  power o r  instrument 

a i r .  The operat ion of a l l  a c t i v e  components is ind ica t ed  i n  t h e  

cont ro l  room and t h e  f a i l u r e  of t h e  system t o  perform s a t i s f a c t o r i l y  

is  annunciated i n  t h e  main con t ro l  room. 

The f i l t e r s  w i l l  be  t e s t e d  t o  demonstrate a  removal e f f i c i ency  

f o r  pa r t i cu la t e s  of not  l e s s  than 99%. The charcoal  beds w i l l  a l s o  

be t e s t ed  t o  demonstrate t h a t  t h e i r  iodine removal e f f i c i ency  is not 

l e s s  than 99%. A t e s t  program w i l l  be conducted before  r e a c t o r  operat ion 

and per iodica l ly  during t h e  l i £ e  of t h e  plant  t o  demonstrate t h e  

design capab i l i t y  and ope rab i l i t y  of the secondary containment and 

SGTS. 

Based on our review of t h e  DAEC system and o the r  s i m i l a r  systems, 

w e  conclude tha t  t h e  design and t e s t i n g  of the  SGTS a r e  acceptable.  

6.2.4 Containment I s o l a t i o n  Systems 

The purpose of the  containment i s o l a t i o n  system is to  provide 

t h e  necessary containment i n t e g r i t y  between t h e  primary coolant 

system pressure boundary o r  the primary containment atmosphere and 

t h e  environs, i n  the 'event  of accidents  o r  equipment f a i l u r e s .  Where 



necessary, valves a r e  provided with valve opera tors ,  and these  valves 
I 

a r e  automatical ly closed when t h e  sensors  de t ec t  c e r t a i n  acc ident  o r  I 
I 

f au l t ed  conditions. The consequences of pos tu la ted  pipe f a i l u r e s  both 
I 

i n s i d e  and outs ide  t h e  containment have been evaluated. I 

The i s o l a t i o n  valves and t h e i r  con t ro l  systems have been 1 
I 

reviewed as a s a f e t y  system t o  assure  t h a t  no s i n g l e  acc ident  o r  

f a i l u r e  can r e s u l t  i n  a l o s s  of containment i n t e g r i t y .  This is t h e  I 

double b a r r i e r  concept. An exception occurs i n  t h e  case of the  

instrument l i n e s  t h a t  connect t o  the  r eac to r  primary coolant system, i 

pene t r a t e  the containment, and dead-end i n  instrument t ransducers  I 
i 

loca ted  i n  the r eac to r  bui lding.  These l i n e s  have two i s o l a t i o n  

va lves ,  both of & i c h  a r e  ou t s ide  the  containment. The inboard valve 
I 

n ea res t  t h e  containment is a hand-operated roo t  valve.  The second 
I 

valve, imm6diately.adjacent, is  an excess flow check valve with open 1 
and closed pos i t i on  ind ica t ion .  A break i n  t h e  por t ion  of the  

instrument l i n e  between t h e  primary containment and the  excess flow 

check valve would r e s u l t  i n  a blowdown d i r e c t l y  t o  t h e  r eac to r  

bui lding.  

The appl icant  has i n s t a l l e d  o r i f i c e s  i n  each of t hese  instrument 

l i n e s  in s ide  the  primary containment. The o r i f i c e  s i z e  s e l e c t e d  (114 

inch diameter) i s  s u f f i c i e n t l y  small  t h a t  the  quant i ty  of coolant 

t h a t  would be discharged from t h e  r eac to r  i n t o  t h e  r e a c t o r  bu i ld ing  

i n  the  event of a rupture  of an instrument l i n e  would not  r e s u l t  



i n  a l o s s  of the  secondary containment funct ion;  a l s o ,  i f  t h e  r e a c t o r  

bui ld ing  is i s o l a t e d ,  the  operat ion of one standby gas treatment 

f i l t e r  t r a i n  w i l l  prevent t h e  pressure i n  the  r eac to r  bui ld ing  from 

exceeding i t s  design value. Based on our review of the system, we 

conclude t h a t  the i s o l a t i o n  valves and t h e  instrument l i n e  o r i f i c e s  

a re  adequately designed and meet the  i n t e n t  of t h e  Supplement t o  

Safety Guide 1 1 . ~ ~  

The i s o l a t i o n  valves f o r  the feedwater l i n e s  which penet ra te  the  

primary containment do not  meet s t r i c t l y  a l l  t h e  provisions of 

Cr i t e r ion  55 of t h e  General Design C r i t e r i a  given in  Appendix A t o  

10 CFR Par t  50 i n  t h a t  the feedwater i s o l a t i o n  valves a r e  simple check 

valves. This Appendix was adopted subsequent t o  our issuance of t h e  

cons t ruc t ion  permit f o r  DAEC. Each feedwater l i n e  has two i s o l a t i o n  

valves;  t h e r e  is  a check valve loca ted  i n s i d e  and a s top  check globe 

valve (motor operated) outside t h e  primary containment. The feedwater 

l i n e s  a r e  a l s o  used by t h e  High Pressure Coolant In j ec t ion  (HPCI) and 

Reactor Core I s o l a t i o n  Cooling (RCIC) systems; these  two system-, 

connected t o  t h e  feedwater l i n e s  a r e  t h e  only high pressure coolant  

i n j e c t i o n  systems ava i l ab le  f o r  core cooling i n  addi t ion  t o  t h e  

normal feedwater system. These high-pressure sys tern l i n e s  have two 

(2) i s o l a t i o n  valves i n  s e r i e s .  The f i r s t  is a check valve and t h e  

o ther  is a motor-operated, automatic and remote-manually ac tua ted  

valve. The use of check valves outs ide  the  primary containment on 

i n f l u e n t  l i n e s  t h a t  maintain reac tor  coolant makeup from a l l  sources 



of supply, has been accepted on previous p l an t s  because of t h e  

requirement f o r  an assured capab i l i t y  t o  permit high pressure  and 

low pressure coolant i n j e c t i o n  i n t o  t h e  r eac to r  vesse l .  On t h i s  

b a s i s  we consider  t h a t  t h e  i n t e n t  of Cr i t e r ion  55 is met with t h e  

design,  as  described,  of t h e  i s o l a t i n g  systems f o r  the  feedwater 

l i n e s .  

I n  cases where two (2) check valves i n  s e r i e s  provide f o r  

i s o l a t i o n  of the  containment, t h e r e  is t h e  capab i l i t y  t o  funct ional ly  

t e s t  and l eak  check these  valves.  Automatic i s o l a t i o n  valves a r e  not  

used i n  these  cases s i n c e  t h i s  would introduce a p o t e n t i a l  f a i l u r e  

mechanism t h a t  would not permit i n j e c t i o n  of makeup o r  cobling water  

t o  t h e  r e a c t o r  vesse l .  

We have reviewed t h e  app l i can t ' s  design c r i t e r i a  used f o r  p r i -  

mary containment i s o l a t i o n  a s  described i n  Appendix F of t h e  FSAR. 

In  cases where a word-by-word i n t e r p r e t a t i o n  of the  c r i t e r i a  do n o t  

. r e f l e c t  considerat ions of t h e  BWR suppression pool design concept, 

i s o l a t i o n  provisions were developed on another acceptable defined 

bas i s .  These include improvements i n  a c c e s s i b i l i t y ,  inspec t ion ,  

maintenance and decreased p robab i l i t y  of f a i l u r e  provide a d d i t i o n a l  

confidence t h a t  t h e  systems w i l l  mi t iga te  t h e  accident  consequences. 

Based upon our review and t h e  experience a t  o ther  opera t ing  

p l an t s ,  we conclude t h a t  DAEC containment i s o l a t i o n  design meets t h e  

i n t e n t  of General Design C r i t e r i a  55, 56 and 577 and is acceptable.  



6.2.5 Combustible Gas Control 

Following a loss-of-coolant accident  (LOCA), (a) hydrogen gas 

could be  generated in s ide  the  primary containment from a chemical 

r eac t ion  between the  f u e l  rod cladding and steam (metal-water reac t ion)  

and (b) both hydrogen and oxygen would be generated a s  a r e s u l t  of 

r a d i o l y t i c  decomposition of r e c i r c u l a t i n g  coolant.  I f  a s u f f i c i e n t  

amount of the hydrogen is generated and oxygen is a v a i l a b l e  i n  

s to ichiometr ic  q u a n t i t i e s ,  t h e  subsequent reac t ion  of hydrogen with 

oxygen a t  r a t e s  rap id  enough t o  lead  t o  s i g n i f i c a n t  over-pressure could 

lead t o  f a i l u r e  of the  containment t o  maintain low leakage i n t e g r i t y .  

General Design Cr i t e r ion  4 1  of Appendix A t o  10 CFR Par t  50 requi res  

t h a t  systems t o  con t ro l  hydrogen, oxygen, and o the r  substances which 

may be  released i n t o  the  primary containment be provided as necessary 

t o  con t ro l  t h e i r  concentrat ions following pos tu la ted  acc idents  t o  

ensure t h a t  containment i n t e g r i t y  is  maintained. 

In  accordance with t h e  guidel ines of the  supplement t o  Safety 

Guide 7 ,24 "Control of Combustible Gas Concentrations i n  Containment 

Following a loss-of-Coolant Accident," t h e  appl icant  has proposed a 

containment atmosphere d i l u t i o n  (CAD) system using n i t rogen gas as  

the  d i luent .  The n i t rogen d i l u t i o n  system concept or  CAD system 

s a t i s f i e s  the  requirement fo r  maintenance of an oxygen d e f i c i e n t  

( i n e r t )  containment atmosphere during the post-LOCA period. This 

would be accomplished by add i t ion  of n i t rogen gas from an ex te rna l  



ni t rogen makeup and supply system. A s  n i t rogen is  added, t h e  

containment pressure  would r i s e  during t h e  post-LOCA period. The 1 
appl icant  w i l l  l i m i t  the  peak repressur iza t ion  pressure  t o  30 ps ig  

1 

when t h e  CAD system is used. Based on an assumption of zero leakage I 

from t h e  primary containment and the  assumptions ind ica t ed  i n  Safety 

Guide No. 7,24 a containment pressure of 30 p s i g  would be reached 
I 

approximately 35 days a f t e r  occurrence of t h e  pos tu la ted  loss-of- I 
I 

coolant accident.  
I 

Instrumentat ion and sampling s t a t i o n s  w i l l  provide t h e  r eac to r  I 

operators  with t h e  necessary information as  t o  t h e  r a d i o a c t i v i t y  l e v e l s ,  I 
t h e  radioisotopes,  the  hydrogen and oxygen concentrat ions,  and l o c a l  I 

meteorology t o  assure  tha t  vent ing operations w i l l  be c a r r i e d  out s a fe ly  I 

and t h a t  o f f - s i t e  doses from any r a d i o a c t i v i t y  re leased  w i l l  be minimized. 

W e  have ca l cu la t ed  exposure doses r e s u l t i n g  from such vent ing a f t e r  I 
I 

30 days and found them t o  be we l l  wi th in  acceptable c r i t e r i a  (see 

paragraph 15.3). I 
The proposed n i t rogen d i l u t i o n  system is designed as  an engineered I 

s a f e t y  f e a t u r e  system and w i l l  be a redundant, independent, and 
\ 

Category I se ismic  design system. Two redundant hydrogen and oxygen 

analyzer systems w i l l  be provided t o  monitor t h e  concentrat ion of 
I 

these  gases i n s i d e  the  containment. During opera t ion ,  t h e  n i t rogen 1 
w i l l  be i n j e c t e d  i n t o  the  torus  and drywell v i a  t h e  e x i s t i n g  spray i 
systems provided f o r  t h e  torus  and drywell compartments. The CAD 1 

system's e l e c t r i c a l  design w i l l  conform t o  t h e  appl icable  por t ions  of  1 



We have reviewed the  design c r i t e r i a  and opera t ional  c r i t e r i a  

f o r  the  proposed CAD system and conclude t h a t  the  system is acceptable 

f o r  combustible gas con t ro l  following the  pos tu la ted  design bas i s  l o s s -  

of-coolant accident .  

6.2.6 Main Steamline I s o l a t i o n  Valve Seal ing System 

A sea l ing  system has not  been provided t o  prevent d i r e c t  leakage 

from the  containment through the  main s teamline i s o l a t i o n  valves. The 

appl icant  has been advised t h a t  such a system w i l l  be necessary, using 

s t a f f  assumptions fo r  post-LOCA dose ca l cu la t ions ,  t o  s a t i s f y  the  

guidel ines of 10 CFR Par t  The appl icant  has indicated t h a t  a 

s e a l  system w i l l  be designed and w i l l  be described i n  an amendment t o  

the FSAR, This amendment w i l l  be submitted during the  f i r s t  qua r t e r  

of 1973. Following s t a f f  acceptance of t h e  design,  t h e  appl icant  

plans t o  i n s t a l l  the s e a l  system during (or not  l a t e r  than) t h e  f i r s t  

r e fue l ing  outage. We f ind  t h i s  p lan  t o  be acceptable.  

6.3 ( 

The ECCS subsystems provide emergency core cooling during those 

postulated accident condit ions where i t  is assumed t h a t  mechanical 

f a i l u r e s  occur i n  the  primary coolant system piping,  r e s u l t i n g  i n  a 

loss-of-coolant from the  r eac to r  ves se l  a t  r a t e s  g rea t e r  than the  

ava i l ab le  coolant makeup capacity using n o m l  operat ing equipment. 

The ECCS subsystems a r e  provided i n  s u f f i c i e n t  number, d i v e r s i t y ,  

r e l i a b i l i t y ,  and redundancy t h a t ,  even if any a c t i v e  component of 



the  ECCS f a i l s  during a loss-of-coolant acc ident ,  adequate cooling 
i 

of t h e  r eac to r  core w i l l  be maintained. 1 
The emergency core cooling system cons i s t s  of two high pressure  I 

systems and two low pressure  systems. The former systems a r e  t h e  
i 

I 
high pressure coolant i n j e c t i o n  system (HPCIS) and t h e  automatic de- I 
pressur iza t ion  system (ADS), The l a t t e r  systems a r e  t h e  low pressure  

coolant i n j e c t i o n  system (LPCIS), which is one mode of opera t ion  of t h e  

Residual Heat Removal System (RHRS), and t h e  core spray system (CSS). 

The ECCS f o r  the  Duane Arnold Energy Center a r e  funct ional ly  s i m i l a r  t o  
i 

those of o the r  l icensed  General E l e c t r i c  1967 product l i n e  BWR f a c i l -  I 

i t i e s .  They a r e  Category I seismic design systems and a r e  designed 

and fabr ica ted  i n  accordance with t h e  c r i t e r i a  s e t  f o r t h  i n  Appendix A 

t o  t h e  FSAR which we f i n d  acceptable.  

I 
A l l  t h e  emergency core cooling systems a r e  i n i t i a t e d  by a high 

drywell pressure s i g n a l  o r  a r e a c t o r  ves se l  low water  l e v e l  s i g n a l ,  I 
I 

except f o r  the  Automatic Depressurizat ion System (ADS). I n i t i a t i o n  

of ADS requires  coincidence of both of t hese  s igna l s  and a t h i r d  s ig-  I 

n a l  t h a t  provides discharge pressure  ind ica t ion  and hence assurance 
\ 

of t h e  operat ion of any low pressure  cooling system pump p r i o r  t o  1 
i n i t i a t i o n  of the  ADS. The ECCS is designed t o  provide adequate core 

cooling and t o  l i m i t  t h e  peak f u e l  cladding temperature f o r  t h e  complete I 
acc ident  spectrum up t o  and inc luding  t h e  design bas i s  loss-of-coolant I 

\ 
accident.  For ana lys i s  and evalua t ion  of ECCS e f fec t iveness ,  the  s i z e  

I 



of the  design bas i s  break is obtained by summing t h e  a reas  of a 

completely severed suc t ion  l i n e  t o  a r e c i r c u l a t i o n  pump and t h e  e f f e c t i v e  

a rea  of e i g h t  j e t  pump nozzles.  This is t h e  worst case f o r  ECCS 

analys is .  An analys is  has  a l s o  been made t o  eva lua te  the  e f fec t iveness  

of t h e  ECCS t o  l i m i t  the peak f u e l  cladding temperature i n  t h e  event 

of a main s teamline break i n s i d e  t h e  drywell,  upstream of the  flow 

l i m i t e r s .  

A l o s s  of o f f s i t e  power w i l l  no t  prevent ECCS operat ion and a l l  

evaluat ions have been made assuming t h a t  only o n s i t e  e l e c t r i c a l  power 

is avai lab le .  In addi t ion ,  ECCS performance capab i l i t y  has been shown 

t o  be adequate assuming a f a i l u r e  of any a c t i v e  component wi th in  t h e  ECCS. 

This s i n g l e  f a i l u r e  c r i t e r i o n  has been applied coincident with t h e  

assumed l o s s  of o f f s i t e  power. 

The appl icant  analyzed t h e  a v a i l a b i l i t y  of adequate n e t  p o s i t i v e  

suc t ion  head (NPSH) fo r  a l l  ECCS pumps i n  conformance with Safety Guide 

No. 125 which requires  t h a t  t he re  be no r e l i ance  on ca lcula ted  

increases  i n  containment pressure. The most l i m i t i n g  case occurs 

during the  long term t r ans i en t  following the design bas i s  LOCA when 

one core spray and one RHR pump w i l l  be running continuously. I n  

t h i s  opera t ing  condit ion,  the  NPSH requirement fo r  t h e  spray pump 

is t h e  l i m i t i n g  parameter. The analys is  shows t h a t  a containment 

pressure margin of about 1.5 p s i  w i l l  be ava i l ab le  throughout the  

long-term post-LOCA period t o  assure  adequate NPSH f o r  the  core spray 

pumps f o r  the  above c i t e d  condit ions.  Although t h e  design does n o t  



f u l l y  meet t h e  provisions of the  s a f e t j  guide, we have concluded I 
1 

t h a t  t h e  app l i can t ' s  ana lys is  is conservat ive and t h a t  t h e r e  should 
! 
I 

be adequate NPSH t o  the  ECCS pumps,.in t h e  unl ike ly  event of a LOCA. 

6.3.1 High Pressure Coolant In j ec t ion  System (HPCIS) I 
The HPCIS includes one 100% capaci ty  steam tu rb ine  driven pump 

which i n j e c t s  water  through one of t h e  feedwater l i n e s  and t h e  feedwater i 
spargers  i n t o  t h e  r eac to r  vesse l .  Steam f o r  t h e  HPCIS turb ine  i s  

supplied from one of t h e  main steam headers i n  t h e  drywell.  Exhaust 

steam is discharged t o  t h e  suppression pool through a submerged pipe. 

I n i t i a l l y ,  the  HPCIS pump takes suc t ion  from a common header connected 
i 

t o  t h e  two condensate s torage  tanks. These tanks have a combined i 
capaci ty of 400,000 gal lons,  of which 75,000 gal lons a r e  he ld  i n  

I 
reserve f o r  t h e  HPCI system. Should t h i s  supply be inadequate,  suc t ion  I 

is transfer ' red e i t h e r  automatical ly o r  manually t o  the  suppression pool. 
I 

I n  the event of a loss-of-coolant accident  r e s u l t i n g  from a small  1 
break ( i .e .  equivalent  t o  the rupture  of pipes smal le r  than 4 inch I D  1 

I 
\ 

i f  water f i l l e d  and 11.5 inch I D  i f  steam f i l l e d ) ,  the  HPCI system can 

provide adequate core cooling, unassis ted.  However, f o r  intermediate  1 I 

s i z e  breaks i n  water f i l l e d  pipes (i .e.  equivalent  t o  pipes between 

4 and 6 inches i n  i n t e r n a l  diameter) ,  t h e  HPCI system must a c t  i n  
I 
I 
I 

conjunction with the  low pressure core cooling systems. For l a rge  i 
s i z e  breaks (i .e.  equivalent  t o  6 inches I D  o r  l a r g e r  pipe) t h e  HPCI \ 

system is not  required s ince  the  high f l u i d  flow r a t e  and energy l o s s  I 



cause rapid, unassisted vessel depressurization to lower pressures 

that pennit operation of the low pressure core cooling systems. 

6,3.2 Auto-Depressurization System (ADS1 

The auto-depressurization uses four of the six dual-purpose 

safety-relief valves of the Pressure Relief System described in 

paragraph 5.2.2 of this evaluation report. The pressure relief 

valves open automatically upon coincident signals of reactor vessel 

low water level, primary containment (drywell) high pressure, and 

discharge pressure indication of any LPCIS pump but only after a 

timer delays operation of the relief valves for two minutes. If 

an operator determines that the initiation signal is false or 

depressurization is not required, the timer may be recycled. 

The ADS does not itself provide cooling, but depressurizes the 

reactor so that the low pressure core cooling systems can operate, 

The ADS is redundant to the HPCIS and is only required if the HPCIS 

cannot maintain the reactor water level following a loss-of-coolant 

accident. However, with the above-mentioned coincident signals, it 

will activate. Similar to the HPCIS, the ADS is not required for 

large breaks. 

6.3.3 Core Spray System (CSS) 

The CSS consists of two subsystems, each with an electric motor 

driven pump which can spray water drawn from the suppression pool onto 



t h e  top of the r eac to r  core. The system can be  powered by e i t h e r  i 
o f f s i t e  power o r  the  o n s i t e  d i e s e l  generators .  Each subsystem i s  

powered by a separa te  diesel-generator .  No s ing le  f a i l u r e  of any 1 
I 

component can a f f e c t  both  systems. 
I 

The CSS provides cooling water following a l l  loss-of-coolant 1 

acc idents  except those r e s u l t i n g  from small  breaks t h a t  can be I 
I 

con t ro l led  by the HPCIS. The Core Spray System i s  redundant t o  

t h e  Low Pressure Coolant In j ec t ion  System (LPCIS) and can provide 1 
I 

adequate core cool ing  independently of t h e  LPCIS. 

6.3.4 Low Pressure Coolant I n j e c t i o n  System (LPCIS) I 
The LPCIS is one mode o f  operat ion o f  the four  Residual Heat 

Removal System (RHRS) pumps. The LPCI system i n j e c t s  suppression 
\ 

I 

pool water i n to  the vesse l  p l e n m  below the core through t h e  

unbroken r e c i r c u l a t i o n  loop to  ref lood t h e  core .  The LPCI con t ro l  

system determines which r e c i r c u l a t i o n  loop i s  unbroken by measuring 

t h e  pressure d i f f e r e n t i a l  between the loops,  a l i g n s  t h e  valves to 

d i r e c t  the flow i n t o  t h e  unbroken loop, and opens t h e  i n j e c t i o n  

valve a f t e r  the r e a c t o r  pressure has f a l l e n  below t h e  LPCI system I 
I 

design pressure. The system can be powered by e i t h e r  o f f s i t e  power 

o r  the  o n s i t e  d i e s e l  generators .  Two of  t h e  pumps a r e  powered by 1 
l 

each diesel-generator .  

The LPCIS provides cooling water following a l l  loss-of-coolant  
I 
I 

acc idents  except those r e s u l t i n g  from small breaks t h a t  can be 
I 



cont ro l led  by t h e  HI'CIS. Although t h e  LPCIS i s  considered a backup 

system t o  t h e  CSS, i ts c a p a b i l i t y  to provide adequate core cooling 

independently of  the CSS is not  evaluated,  s ince  no s ing le  f a i l u r e  

can prevent operat ion of both subsystems of the  CSS. Thus there  

should always be a t  l e a s t  one funct ional  subsystem i n  the  CSS. 

6.3.5 Functional Performance 

I n  Section 6 . 7  o f  the FSAR, t h e  appl icant  provided a n  a n a l y s i s  o f  

the  performance of the  ECCS using t h e  assumptions and ca l cu la t iona l  

techniques described in  the  Commission's Inter im Pol icy  Statement 

dated June 19, 1971 t i t l e d  "AEC Adopted Inter im Acceptance C r i t e r i a  

f o r  Performance of  ECCS f o r  Light-Water Power Plants." The assump- 

t i ons  es tab l i shed  by t h e  c r i t e r i a  were applied without devia t ion .  

Following our review and evalua t ion  of  the discussion and analyses 

presented by t h e  applicant ,  we have concluded t h a t  t h e  design and 

intended operat ion of the DAEC emergency core cooling systems a r e  

acceptable.  The design meets the requirements o f  the AEC in ter im 

acceptance c r i t e r i a .  These c r i t e r i a  requi re  that the  consequences of 

the loss-of-coolant accident a r e  such t h a t  (a) t h e  ca lcula ted  maximum 

fue l  rod cladding temperature does not exceed 2300°F, (b) t h e  amunt  o f  

fue l  rod cladding t h a t  r e a c t s  chemically with water or  steam does not 

exceed 1% of the  t o t a l  amount of cladding i n  t h e  r eac to r ,  (c) the  c l ad  

temperature t r ans i en t  i s  terminated a t  a time when the  core geometry i s  



s t i l l  amenable to  cooling, and before t h e  cladding is so embr i t t led  
I 

a s  t o  f a i l  during o r  a f t e r  quenching, and (dl t h e  core temperature 1 

is reduced and decay hea t  is remved f o r  an extended period of  I 
\ 

time . 



7.0 INSTRUMENTATION AND CONTROLS 

7 .1  General 

Our review encompassed the  r eac to r  protect ion and control  

systems, and the  engineered s a f e t y  f ea tu re  systems. The AEC 

General Design C r i t e r i a  (GDC) and the  proposed IEEE C r i t e r i a  f o r  

Nuclear Power Plant  Pro tec t ion  Systems (IEEE 279)' dated August 

1968 served as  the  bases f o r  evaluat ing the adequacy of the design 

of  these  systems. 

The evaluat ion of the  Duane Arnold Energy Center w a s  

accomplished by comparing i ts  design with tha t  of the  previously 

evaluated Vermont Yankee nuclear  f a c i l i t y .  

We have a l so  evaluated the  information pecul ia r  t o  Duane 

Arnold nuclear  f a c i l i t y  i n  the  areas o f :  r ad ia t ion  and environ- 

mental q u a l i f i c a t i o n ,  pro tec t ion  system t e s t a b i l i t y ,  i nc iden t  

and post  accident m n i t o r i n g  instrumentat ion,  i nd ica t ion  of 

r eac to r  pro tec t ion  and engineered s a f e t y  f ea tu re  bypasses,  an t i -  

c ipated t r ans i en t s  without scran  (ATTJS) , APRM r eac to r  t r i p  a t  15% 

power, condenser low vacuum t r i p ,  and independence of redundant 

p l an t  pro tec t ion  system channels. 

We have reviewed various schematic diagram t o  confirm con- 

formance with t h e  design c r i t e r i a  and have reviared the  i n s t a l l a -  

t i o n  a t  the  s i t e .  



7.2 P lan t  P ro tec t ion  and Control Systems 

7.2.1 Comparison of Pro tec t ion  Systems 

The applicant  indica ted  t h a t  the  designs of the Duane Arnold 

P lan t  r eac to r  pro tec t ion  systems (P.PS) and engineered s a f e t y  

f ea tu res  (ESF) a re  e s s e n t i a l l y  i d e n t i c a l  to  those of Vermont 

Yankee. Several  changes were made t o  provide more complete 

c i r c u i t  s epa ra t ion  between redundant equipment and improve 

t e s t a b i l i t y .  The changes a r e  l i s t e d  on Pages M.3-3 thru  -11 of 

t h e  FSAR. We have found t h a t  t h e  changes improve s a f e t y ,  conform 

to  the c r i t e r i a ,  and make the design cons is ten t  with recent ly 

approved designs. The remaining por t ions  of the  RPS and ESF 

systems were found t o  be e s s e n t i a l l y  the same as  Vermont Yankee 

p l an t  and a r e  acceptable.  

7.2.2 Comparison of Control Systems 

The appl icant  has s t a t e d  tha t  the  major con t ro l  systems f o r  

t h i s  p l an t  a re  general ly i d e n t i c a l  t o  the  s i m i l a r  systems of the 

Vermont Yankee p l an t  w i th  the few minor d i f fe rences  l i s t e d  on 

Pages M.3-18 th ru  -26 of  t h e  FSAR. Fie have found t h a t  these minor 

d i f fe rences  have not  changed the funct ional  design no r  degraded 

the  s a f e t y  of the  p l an t .  We conclude t h a t  the  con t ro l  systems a re  

acceptable.  



7 . 2 . 3  Protec t ion  System Tes tab i l i t y  

The appl icant  included add i t iona l  c i r c u i t r y  and fea tures  i n  the  

design t o  permit t e s t i n g  of the  p l an t  p ro tec t ion  systems during 

power operat ion.  Our review of t h i s  add i t iona l  c i r c u i t r y ,  not  

included f o r  the  Vermont Yankee p l a n t ,  confirmed t h a t  the  p l an t  pro- 

t e c t i o n  system and engineered safe ty  f e a t u r e  system a re  t e s t a b l e  

during power operation. We conclude tha t  t h i s  design is acceptable.  

7 .2 .4  Bypass Indica t ion  For P lan t  Pro tec t ion  System and Engineered Safety 

Feature Equipment 

The design of the instrumentation and cont ro ls  f o r  the p l an t  

pro tec t ion  system end engineer s a f e t y  fea tures  includes cont ro l  room 

ind ica t ion  t o  i d e n t i f y  reduction i n  system redundancy which could. 

r e s u l t  from opera tor  act ion.  Our review has  determined tha t  rea- 

sonable annunciation and ind ica t ion  is included a t  t h e  system l e v e l  

f o r  these  redundant s a fe ty  systems. We conclude the bypass i n d i c a r  

t i o n  systems a re  equivalent  t o  those of previously l icensed p lan t s  

and a r e  acceptable.  

7 .2 .5  APRM Reactor Trip a t  15% Power 

The design includes an APRM reac to r  t r i p  a t  15% power while 

operat ing i n  the  s t a r t u p  mode. Our review has found t h a t  t h i s  

f ea tu re  s a t i s f i e s  the  requirements of IEEE 27g5 and we f ind  i t  

acceptable.  This t r i p  has t h e  same funct ion as the IRM t r i p .  



However, a t  l e a s t  f o r  the time being, the  appl icant  proposes t o  

r e t a i n  t h e  IRM t r i p .  I f ,  i n  the fu tu re ,  t h e  appl icant  proposes 

t o  d i sab le  t h e  IRM t r i p ,  we w i l l  r equi re  analysis  t o  j u s t i f y  t h i s  

de le  t ion.  

7.2.6 Condenser Low Vacuum T r i ~  

The condenser low vacuum r e a c t o r  t r i p  has  been deleted.  

An add i t iona l  c i r c u i t  which c loses  the  main steam i s o l a t i o n  

valves on low condenser vacuum has been provided t o  assure  steam 

flow is r e s t r i c t e d  from the  main condenser during a leak .  This 

valve closure i n i t i a t e s  a r eac to r  t r i p .  Our review has determined 

t h a t  t h i s  c i r c u i t r y  s a t i s f i e s  t h e  requirements of the c r i t e r i a  and 

is acceptable.  

7 . 3  Independence of Redundant P lant  Pro tec t ion  Systen; Channels 

Our review of the  FSAR revealed tha t  the  app l i can t ' s  c r i t e r i a  

a r e  acceptable and the  elementary diagrams indica ted  tha t  the 

c r i t e r i a  a r e  properly implemented. Our v i s i t  t o  the p l an t  s i t e  

revealed t h a t  discrepancies  i d e n t i f i e d  and corrected on previous 

b o i l i n g  water reac tors  (BWRs) were a l s o  cor rec ted  a t  t h e  Duane 

Arnold f a c i l i t y .  These items were: 1)  connection of redundant 

pro tec t ion  channels t o  s i n g l e  switches and terminal boards i n  

t h e  cont ro l  room panels:  2) i n s t a l l a t i o n  of redundant p ro tec t ion  



system switches on cont ro l  room panels within a  few inches of  each 

o the r  with t h e i r  wiring bundled and routed together ,  and 3 )  i n s t a l l a -  

t i o n  of redundant pro tec t ion  system instruments on a  comon rack  

ou t s ide  the con t ro l  room. 

We have reviewed the cable  i n s t a l l a t i o n  design, rou t ing  and 

i d e n t i f i c a t i o n  c r i t e r i a  r e l a t i n g  to  the  preservat ion of t h e  

independence o f  redundant channels. We have found these c r i t e r i a  

and t h e i r  implementation t o  be acceptable.  

We conclude tha t  the  cable i n s t a l l a t i o n  design,  rout ing  and 

separa t ion  c r i t e r i a  r e l a t i n g  t o  the  preservat ion of  t h e  independence 

of redundant channels a r e  acceptable.  

7 . 4  Incident  and Accident Survei l lance Instrumentation 

The appl icant  has provided a l is t  ident i fy ing  the  redundant 

instrument channels whose readouts a r e  presented t o  the operator  

fo r  assess ing  p lant  conditions during and subsequent to accident  

and opera t ional  occurrences. Our review has found t h a t  the  

systems a r e  comparable t o  r ecen t ly  approved BWRs and we conclude 

t h a t  the incident and accident  s u r v e i l  lance instrumentation i s  

acceptable.  

7 .5  Anticipated Transients Without Scram (ATWS) 

The applicant  s t a t ed  tha t  provision w i l l  he made to  include 

t h e  funct ion of t r ipping  the r ec i r cu la t ion  pumps as  described i n  



the General E l e c t r i c  Company repor t  NEDO-10349, March 1971, with 

one exception. This exception is t h a t  the  r ec i r cu la t ion  pumps wi l l  

be t r ipped on high r e a c t o r  pressure only. The r epor t  (NEIIO-10349) 

proposed t r ipp ing  the pumps on coincidence o f  high neutron f l u x  

and high r e a c t o r  pressure.  General E l e c t r i c  has not completed the 

d e t a i l s  of  the  f i n a l  design of t h i s  generic  item. We w i l l  review 

t h e  f i n a l  design p r i o r  t o  i ts  i n s t a l l a t i o n  i n  the p l an t .  

Since no decis ion has been made t o  r e q u i r e  t h i s  improvement 

on a  backf i t  bas i s ,  we have concluded t h a t  it is  acceptable t o  

opera te  Duane Arnold p r i o r  t o  i n s t a l l a t i o n  of t h e  r e c i r c u l a t i o n  

pump t r i p .  Notwithstanding, the appl icant  w i l l  have the rec i rcu-  

l a t i o n  pump t r i p  system i n s t a l l e d  p r i o r  t o  the  i n i t i a l  f u e l  load 

date .  

The s t a f f  agrees with the view o f  the Advisory Committee on 

Reactor Safeguards, a s  s t a t ed  i n  i ts l e t t e r  on the  Peach Bottom 

Atomic Power S ta t ion ,  dated September 21, 1972, t h a t  the addi t ion  

of the r e c i r c u l a t i o n  pump t r i p  a s  proposed by the  appl icant  repre-  

sents  a  s u b s t a n t i a l  improvement i n  pro tec t ion  of the  r eac to r  fo r  

an t i c ipa ted  t r ans i en t s  without scram; however, the  s t a f f  has not 

completed i ts  review of a l l  the t r a n s i e n t s  discussed i n  the General 

E l e c t r i c  Company Topical Report NEDO-10349 .~~  Completion of our  
I 

review of t h i s  topic  is pending r ece ip t  of the review of responses 1 
I 

t o  a d d i t i o n a l  information which was requested from General E l e c t r i c  
I 



i n  a  l e t t e r  dated June 13, 1972. The s t a f f  has not  concluded t h a t  

the  proposed r ec i r cu la t ion  pump t r i p  provides a  completely acceptable 

degree of pro tec t ion  against  an t i c ipa ted  t r a n s i e n t s  without scram 

f o r  reac tors  of t h i s  general  type. This conclusion i s  pending our  

r ece ip t  and review of  the  outstanding information c i t e d  above. The 

General E l e c t r i c  Company has indicated t h a t  t h e  information requested 

by t h e  s t a f f  regarding an t i c ipa ted  t r ans i en t s  without scram w i l l  b e  

submitted a s  a  topical. r epor t  i n  e a r l y  1973. 

7.6 Control Rod React iv i ty  Control 

rn response to the current  regulatory s t a f f  concern f o r  the 

cont ro l  of  s e l ec t ion  and movement of cont ro l  rods during r e a c t o r  

s t a r t u p  (see Control Rod Drop Accident discussed i n  paragraph 15.2.2 

of t h i s  Safety Evaluat ion) ,  the applicant  has committed to adopt 

and i n s t a l l  add i t iona l  con t ro l s  which meet t h e  approval of  t h e  

S t a f f .  A s  s t a t ed  i n  t h e i r  answer t o  question 14.15 i n  Amendment 9  

to t h e  FSAR: "The technica l  essence of the rod sequence cont ro l  

system t h a t  is deemed acceptable  by the  AEC s t a f f  f o r  t h e  Brown's 

Ferry docket w i l l  be implemented in to  the  DAEC plant  design. There- 

f o r e ,  fu r the r  (appl icant )  ana lys is  and update of r e l a t e d  material  

w i l l  be defer red  u n t i l  the reso lu t ion  i s  f ina l ized ."  The appl icant  

w i l l ,  however, have t h i s  system i n s t a l l e d  and operable p r i o r  to  

operat ion above 1% power l e v e l .  We f ind t h i s  to  be an acceptable 

approach. 



7.7 Radiation and Environmental Q u a l i f i c a t i o n  
I 

7.7.1 Radiation Qual i f ica t ion  I 
The appl icant  has iden t i f i ed  the  s a f e t y  r e l a t e d  equipment 

located i n s i d e  the containment which must opera te  during o r  
I 

following a  DBA. The equipment w i l l  be capable of funct ioning under I 
I 

t h e  post-accident temperature, pressure  and humidity condit ions f o r  

the  time periods required.  This  capab i l i t y  has been denonstrated I 
1 

by t e s t ing .  We conclude t h a t  the  environmental t e s t i n g  of s a f e t y  I 
r e l a t ed  equipment i s  acceptable.  I 



8.0  ELECTRIC POWER SYSTEMS 

8 . 1  General 

The AEC G a e r a l  Design C r i t e r i a  (GDC) 1 7  and 18, AEC Safety 

Guides 627 and 9,28 and IEEE C r i t e r i a  f o r  Class I E  E l e c t r i c a l  Sys t em 

f o r  Nuclear Power Generating S ta t ions  (IEEE 3 0 8 ) ~ '  served a s  the  

bases fo r  judging the  accep tab i l i t y  of the DAEC e l e c t r i c a l  power 

systems. 

8.2 Of f s i t epower  

Duane Arnold Energy Center w i l l  be interconnected to the  Iowa 

E l e c t r i c  Light and Power Company transmission gr id  through 345 kV 

and 161 kV transmission s y s t e m  by two 345 kV and th ree  161 kV 

transmission l i n e s .  A 345 kV-161 kV sec t ional ized  switchyard i s  

provided with a 345-161-34.5 kV transformer connected between t h e  

two sec t ions .  The 34.5kV sec t ion  i s  arranged i n  a r i n g  bus scheme 

connected to i ts two transmissions l i n e s  and the  345-161-34.5 kV 

transformer. The 161 kV sec t ion  is arranged i n  a breaker and one- 

ha l f  scheme except for  the s t a r t u p  transformer and the 345-161-34.5 

kV transformer which have a s ing le  breaker each. The two 345 kV 

transmission l i n e s  on independent towers emanate from the s t a t i o n  

westwardly on the same r i g h t  of way. One l i n e  then extends south 

t o  the H i l l s  subs ta t ion  and the  o ther  l i n e  north to  the Hazleton 

subs ta t ion .  The three 161 kV transmission l i n e s  on independent 



towers emanate from the  s t a t i o n  on t h r e e  d i f f e r e n t  rights-of-way. I 
I 

One l i n e  extends west t o  the Garrison subs t a t ion ,  one l i n e  south- I 

west t o  the Beverly subs ta t ion ,  and one l i n e  eas t  to  the Hiawatha I 
I 

subs ta t ion .  Two paths br ing  power from the  switchyard to  the 

p l an t .  One overhead transmission from the  161 kV sec t ion  i s  

connected t o  t h e  s t a r t u p  transformer and the  second is  an under- 
I 

ground l i n e  from the  345-161-34.5 kV transformer connected to  the I 

standby transformer. Each of the  two 4 kV e s s e n t i a l  buses can be ! 
supplied by e i t h e r  of  these pa ths .  Ei ther  of these separa te  and 

independent paths is capable of supplying acc ident  loads from any 1 
I 

of the  f i v e  incoming l i n e s .  

A l l  switchyard breakers  have p ro tec t ive  re lay ing  and d-c 
(I 

c o n t r o l  c i r c u i t s .  A f a u l t  on an incoming transmission l i n e  with 

l o s s  of the  d-c con t ro l  c i r c u i t  power f o r  switchyard breaker  
I 

operat ion could lead t o  a complete l o s s  of o f f s i t e  power. The 

app l i can t  has reviewed t h i s  a rea  and provided a procedure which 

would r e e s t a b l i s h  o f f s i t e  power within one hour by manually t r i p p i n g  I 
i nd iv idual  breakers in the  switchyard to  e l iminate  t h e  f a u l t .  

Trained p lan t  personnel w i l l  be o n s i t e  continuously and a wr i t t en  I 
procedure w i l l  be ava i lab le .  The r e s u l t s  of a n a l y s i s  by t h e  app l i -  I 
cant  have indicated t h a t  one and one-half hours a r e  ava i l ab le  a f t e r  

I 

the  lo s s  of  a l l  a-c power p r i o r  t o  t h e  to rus  tenpera ture  exceeding 1 
I 



an unsafe l i m i t .  Torus temperature is the l i m i t i n g  condit ion which 

e s t ab l i shes  t h e  time required t o  r e s t o r e  power f o r  s a fe ly  cooling 

the  r eac to r .  We, therefore ,  conclude t h a t  t h i s  operat ion s a t i s f i e s  

the  requirements of  GDC ~7~ and i s  acceptable.  

The appl icant  has  completed t r ans i en t  s t a b i l i t y  s t u d i e s  t h a t  

simulated 345 and 161 kV transmission l i n e  f a u l t s  and the l o s s  of  

the  Duane Arnold generator .  The r e s u l t s  have shown t h a t  the  l o s s  

of o f f s i t e  power would not occur under these  condi t ions .  

Our review has determined t h a t  the app l i can t ' s  o f f s i t e  power 

system is in accordance with GDC 1 7 ~  and 18 and i s  acceptable.  

8 .3  Onsite Power 

The engineered s a f e t y  f ea tu res  and sa fe  shutdown loads a r e  

divided between two independent and separa te  4 kV emergency buses, 

e i t h e r  of which is capable of supplying minimum engineered safe ty  

f ea tu res  o r  s a f e  shutdown equipment. Each of these two buses i s  

capable of rece iv ing  power from the s t a r t u p  transformer, a  standby 

transformer o r  a  d i e s e l  generator  u n i t .  There a r e  four  480 v o l t  

emergency buses, two supplied from one 4 kV emergency bus and the  

o ther  two supplied from t h e  o ther  4 kV emergency bus. Separation 

and independence of  these  redundant power systems have been maintained. 

Two 2850 kW (continuous r a t i n g )  emergency d i e s e l  generator  u n i t s  

provide the ons i t e  power supply, one uni t  f o r  each 4 kV emergency 

bus. Each d i e s e l  generator u n i t  i s  s t a r t e d  automatical ly on l o s s  



of power t o  the emergency buses or  low r e a c t o r  water l e v e l  o r  high 
I 

drywell pressure.  The accident  loads a r e  automatical ly sequenced I 

on each 4 kV emergency bus. I 
1 

Each d i e s e l  generator  u n i t  and assoc ia ted  a u x i l i a r i e s  a r e  

housed i n  water- t ight ,  separated s t r u c t u r e s  located within t h e  tur -  
I 

I 
b ine  bui lding.  Each d i e s e l  generator  u n i t  i s  a se l f - sus ta in ing  e n t i t y  

with i ts  own independent lube  o i l ,  f u e l  o i l ,  cool ing water and 1 
con t ro l  systems. A comnmn Category I d i e s e l  f u e l  o i l  s torage tank 

is provided with two t r a n s f e r  pumps, one f o r  each d i e s e l  u n i t .  A 
I 

day tank with a four-hour f u e l  capac i ty  is provided fo r  each d i e s e l .  i 
i 
I 

The d i e s e l  fue l  o i l  s torage  tank contains s u f f i c i e n t  f u e l  f o r  

operat ing the  d i e s e l  un i t s  f o r  approximately seven days with t h e  
I 

generator  supplying accident  and shutdown loads .  

The d i e s e l  generator  u n i t s  f o r  the Duane Arnold p lant  a r e  I 
i d e n t i c a l  t o  u n i t s  provided on some present ly  opera t ing  p l an t s .  The 1 
assignment of e l e c t r i c a l  loads during sequencing f o r  t h i s  p l an t  i s  

I 

expected t o  exceed the  vol tage  and frequency recovery time limits 

expressed i n  Safety Guide 9.28 The appl icant  w i l l  derronstrate the 

adequacy of  t h i s  system by including margin t e s t s  a s  pa r t  of  the 

one hundred in-plant s t a r t i n g  and loading v e r i f i c a t i o n  preopera- 
I 

t i o n a l  t e s t s .  These margin t e s t s  w i l l  include adding an add i t iona l  1 
10% load of  s imi l a r  e l e c t r i c a l  c h a r a c t e r i s t i c s  t o  the i n i t i a l  load 



w i l l  be reduced a small  amount i n  each succeeding t e s t  u n t i l  the 

a b i l i t y  of  the d i e s e l  generator to  pick up the designated loads 

f a i l s  t o  occur. We conclude t h a t  t h i s  t e s t  program w i l l  v e r i f y  t h a t  

margin e x i s t s  in t h i s  system and the r e l i a b i l i t y  w i l l  not be 

degraded. We w i l l  evaluate  the r e s u l t s  of the t e s t  program upon its 

completion. 

The appl icant  s t a t ed  and we have confirmed t h a t  the emergency 

power d i s t r i b u t i o n  systems a r e  s p l i t  i n  accordance with Safety 

Guide 6 except fo r  the motor operated valves assoc ia ted  with LPCIS 

and the  ADS valves. The power supply t o  these va lves  i s  auto- 

mat ica l ly  t r ans fe r r ed  between redundant buses. We have determined 

t h a t  t h i s  design s a t i s f i e s  the  s i n g l e  f a i l u r e  c r i t e r i o n  and is  

cons is ten t  with previously approved 1967 product l i n e  BWR p l an t s ;  

hence, we conclude t h a t  the design i s  acceptable.  

The 115 v o l t  a-c systems provided fo r  s a f e t y  a r e  arranged 

with two independent reactor  protect ion system buses and a r e  

acceptable.  

The d-c power supply cons i s t s  of two independent 125 v o l t  

systems and a 250 v o l t  system. Each system has a ba t t e ry  with i ts  

own charger and d i s t r i b u t i o n  panel. The ba t t e ry  charger i s  

capable of keeping the  ba t t e ry  f u l l y  charged and supplying the 

d-c system loads simultaneously. Each ba t t e ry  is  located in a 

separa te  room with an independent v e n t i l a t i o n  system. Each 



ba t t e ry  is sized t o  supply e s s e n t i a l  loads for  a period of four  I 
hours on l o s s  of i ts  b a t t e r y  charger during any p lant  opera t ing  l 

o r  incident  condit ion.  This d-c power supply arrangement provides 1 
1 

f o r  adequate separat ion and independence of redundant suppl ies .  

We be l i eve  t h e  o n s i t e  power system s a t i s f i e s  t h e  GDC,5 IEEE 3 0 8 ~ ~  I 

and Safety Guides 627 and 9; 28 thus ,  we conclude t h a t  the  system is 

acceptable  subjec t  t o  successful  completion of the in-plant d i e s e l  
I 

t e s t  program. 



9.0 AUXILIARY SYSTEMS 

The evaluat ion of s a fe ty  r e l a t ed  a u x i l i a r y  systems, a s  s e t  f o r t h  

in the following subsect ions,  is based on r eac to r  s a fe ty  requirements, 

r ad io log ica l  safe ty  requirements, and power generation requirements 

These systems a r e  grouped i n  the  following paragraphs t o  ind ica t e  t h e  

requirements t h a t  a r e  appl icable .  

The a u x i l i a r y  systems necessary to a s su re  r eac to r  s a fe ty  a re :  

(1) reac tor  heat  removal s e rv ice  water system; (2)  emergency s e r v i c e  

water systems; (3) r i v e r  water supply system; (4) d i e s e l  a u x i l i a r y  

systems; (5) fue l  s torage  and handling f a c i l i t i e s ;  and (6) v e n t i l a t i o n  

and a i r  condit ioning s y s t e m ,  and the  instrumentation and con t ro l s  

required f o r  t h e i r  operat ion.  These systems have been designated for  

Category I seismic design. 

Other aux i l i a ry  s y s t e m  whose f a i l u r e  would not  prevent s a f e  

r eac to r  shutdown, but  may in t e r rup t  power generation or  be  a po ten t i a l  

f o r  a r ad io log ica l  r e l ease  t o  the  environment are:  (1) r e a c t o r  bui lding 

cooling water system; (2) general  s e rv ice  water system; (3) f i r e  pro- 

t e c t i o n  water system, except in HPCI and RCIC a r e a s ;  (4) f u e l  pool 

cool ing and cleanup systems; ( 5 )  wel l  water system; (6) instrument 

and se rv ice  a i r  system (Category I components have l o c a l  emergency 

a i r  tanks) ;  and (7) potable water,  drainage, sampling, l i g h t i n g  

(except l oca l  emergency), and plant  heat ing systems. These systems 

have been designated f o r  Category I1 seismic design.  



9.1 I 
9.1.1 New Fuel Storage 

The new f u e l  s torage  f a c i l i t y  was found t o  provide proper drainage I 
in the event of flooding. Location, racks,  and l i f t i n g  devices were 

I 
s t u i i e d  f o r  s t rength ,  movement, and freedom from other  operat ions in I 

I 

t h e  a rea .  Construction d e t a i l s  were examined f o r  the l i n e r ,  cover, 

l i f t i n g  hooks, and sea l .  The appl icant  has assured the s t a f f  t h a t  1 
the  a u x i l i a r y  ho i s t  pull-up capaci ty is l e s s  than the new fue l  rack  I 
s t r u c t u r a l  s t rength  in  t h i s  d i r ec t ion .  

I 
New f u e l  s torage  is provided fo r  by a dry-vault  with a rack I 

I 

capaci ty f o r  30% of a f u l l  core load. The loaded rack  i s  a 

( ' Category I seismic design s t r u c t u r e ,  and can withstand a pull-up 

force  equal to  the capaci ty  of the overhead crane aux i l i a ry  h o i s t .  I 
I 
1 

There is adequate dry s torage  v a u l t  space in the  Category I 

s t r u c t u r e  t o  s t o r e  an add i t iona l  13% of a f u l l  core. A water dra in  I 
prevents co l l ec t ion  of water i n  t h e  v a u l t .  I n  a dry condit ion k 

e f f  

w i l l  no t  exceed 0.90. I n  the  event of flooding, keff w i l l  not  

exceed 0.95. We conclude t h a t  the new f u e l  s torage  f a c i l i t y  is 

i 
I 

a cceptable  f o r  t h e  required serv ice .  1 
9.1.2 Spent Fuel Storage I 

j 
The spent  f u e l  s torage  pool and racks provide underwater s to rage  

space f o r  spent f u e l  assemblies t h a t  r equ i re  sh i e ld ing  and/or  cooling I 
p r io r  t o  shipment. The pool a l so  provides f o r  a shipping cask area  

I 
I t h a t  permits safe  t r a n s f e r  of spent  f u e l  i n t o  the cask. The spent  f u e l  1 

i 



i s  s t o r e d  in a  Category I se i smic  des ign  poo l  l o c a t e d  a t  t h e  o p e r a t i n g  

f l o o r  of  t h e  r e a c t o r  b u i l d i n g .  S to rage  r a c k s  a r e  provided i n  t h e  pool 

w i t h  a  c a p a c i t y  t o  accommodate 130% of f u l l  c o r e  load  in a  s u b c r i t i c a l  

a r r a y  wi th  a  k  less than  0.90. 
e f f  

I n  o u r  e v a l u a t i o n  of  t h e  poo l  water  makeup sys tem t o  r e p l a c e  

e v a p o r a t i v e  l o s s e s  from t h e  p o o l ,  it w a s  de termined t h a t  i n  t h e  event  

of a  f a i l u r e  o f  t h e  normal se i smic  Category I1 makeup sys tem no make- 

up wa te r  was a v a i l a b l e  from a  s e i s m i c  Category I source .  The a p p l i c a n t  

was r e q u i r e d  t o  p r o v i d e  a  hose  connect ion a t  t h e  o p e r a t i n g  f l o o r  l e v e l  

which provided wa te r  from t h e  se i smic  Category I emergency s e r v i c e  

w a t e r  system. 

The a p p l i c a n t  provided mechanical  s t o p s  t o  l i m i t  c r a n e  mvement 

o n l y  t o  t h e  a r e a  around t h e  cask  load ing  a r e a .  The a p p l i c a n t  gave 

a s s u r a n c e  t h a t  t h e  s l i d i n g  g a t e  s e p a r a t i n g  t h e  spen t  f u e l  pool  from 

t h e  c a s k  l o a d i n g  poo l  would b e  in-place  and w a t e r t i g h t  p r i o r  to  any 

movement o f  t h e  cask.  For t h e  p o s t u l a t e d  even t  of a  c a s k  drop,  t h e  

a p p l i c a n t  i n v e s t i g a t e d  and determined t h a t  t h e r e  is a  f i n i t e  bu t  

small p r o b a b i l i t y  t h a t  t h e  l i n e r  and c o n c r e t e  may c r a c k .  In t h i s  

event  leakage would be  c o l l e c t e d  by t h e  d r a i n  sys tem immediately 

beneath  t h e  cask  l o a d i n g  poo l  and d i scharged  t o  t h e  radwas te  system. 

S t r u c t u r a l  s u p p o r t s  were examined and found adequa te  t o  remain i n t a c t  

fo l lowing  a  cask d rop  from t h e  maximum p o s s i b l e  h e i g h t .  W e  conclude 

t h a t  t h e  spen t  f u e l  s t o r a g e  f a c i l i t y  des ign  i s  a c c e p t a b l e .  



9.1.3 Spent Fuel Cooling and Cleanup System 

The spent f u e l  pool cool ing and cleanup system i s  designed t o  

maintain the water qua l i ty  and c l a r i t y  and t o  remove the  decay heat 1 
I 

generated by the spent f u e l  assemblies s tored in the p o l .  

The spent f u e l  cool ing system is a Category I1 system designed to I 

maintain pool water temperature below 125'F when r e m v i n g  t h e  maximum 

heat  load. This load is derived a s  the sum of the decay heat released 

by t h e  average spent  f u e l  ba tch .  (one-third core)  from an equil ibr ium I 
f u e l  cycle ,  plus t h e  hea t  being released by the batch discharged from 

I 

t h e  previous re fue l ing .  I 
The maximum poss ib l e  heat  load i s  the  decay heat  of a f u l l  core  , 

discharged from t h e  equil ibr ium fue l  cycle ,  plus t h e  remaining decay 

h e a t  from the batch (one-third core) discharged a t  the previous re-  I 
fue l ing .  The r e s idua l  hea t  removal system (RHRS) is required to  be 

connected t o  and operated i n  p a r a l l e l  with the  spent f u e l  pool cool ing 

system t o  r e m v e  t h i s  hea t  load in order  t o  maintain the  p o l  water 

temperature below 150°F. A spool-piece connects t h e  RHR system to  the 1 
f u e l  pool cool ing system to a s su re  t h a t  t h e  Category I RHR system i s  

always a v a i l a b l e  during normal operat ion of  t h e  p l a n t .  The appl icant  I 
has s t a t ed  t h a t  t h e  r e a c t o r  would be  shutdown and maintained i n  a 

shutdown condit ion i f  the r e s i d u a l  heat  r e m v a l  system is needed t o  
I 

con t ro l  the  p o l  water temperature. I 



We conclude t h a t  these  systems a r e  acceptable and, with t h e  

opera t ing  r e s t r i c t i o n  of r e a c t o r  shutdown when t h e  RHR system is 

interconnected to the f u e l  pool, w i l l  provide t h e  necessary assurance 

t h a t  adequate cooling w i l l  be ava i l ab le .  

9 .l. 4 Fuel Handling Equipment 

The subjec t  of r eac to r  vesse l  head and component handling p r i o r  

t o ,  and following f u e l  serv ic ing ,  i s  under study by t h e  appl icant .  

An evaluat ion of  a  postulated head and sh ie ld  segment drop acc ident  

is under inves t iga t ion .  The appl icant  i s  analyzing t h e  i s sue  and i s  

scheduled to  f i l e  a  r epor t  on the matter  by t h e  end of  January 1973. 

We find t h i s  equipment acceptable on the  same bas i s  a s  previously 

reviewed p lan t s ,  but plan to consider  the  head and s h i e l d  drop a s  a  

new accident s i t u a t i o n  which is generic  to  a l l  BWR plants .  

9.2 Water Systems 

The nearby Cedar River suppl ies  e s s e n t i a l  cooling and evaporat ive 

cooling tower makeup water. The evaluat ion of the  systems and s t r u c t u r e s  

a r e  s e t  f o r t h  i n  the following sec t ions .  

9.2.1 River Water Supply System 

The r i v e r  water supply system provides cooling water f o r  t h e  

RHR serv ice  water and ESWS. It a l s o  provides makeup water f o r  the  

cooling towers. In  addi t ion ,  i t  provides water to t h e  F i re  Pro tec t ion  

System and General Service Water System. The system cons i s t s  of two 

independent and redundant pumping s y s t e m  t h a t  a r e  i n s t a l l e d  i n  t h e  



r i v e r  in take  s t r u c t u r e  with t h e  pump motors located above the  PMF I 
I 

1 
l e v e l ,  and suct ions located below t h e  lowest ca lcula ted  r i v e r  flow 

l eve l .  I 
I 

Our evaluat ion of t h i s  system concentrated on t h e  requirements 
I 

f o r  cooling water upon a loss-of-coolant acc ident ,  or  l o s s -o f -o f f s i t e  I 

power. Fol lowhg such an occurrence, one of  the  6000 gpm pumps in 

each of two redundant systems w i l l  automatical ly connect t o  the  

emergency d i e s e l  bus. Simultaneously, pump house va lves  assume a I 

1 

f a i l - s a f e  pos i t ion  which assures  t h a t  a l l  the r i v e r  water pump output 

is channeled to the RHR se rv ice  water  and emergency se rv ice  water 

pump wet p i t s  located i n  the  pump house. We conclude t h a t  the  system 

design f o r  emergency function is adequate and w i l l  not  be  compromised 

by its normal funct ions.  

9.2.2 Residual Heat Renooval (RHR) Service Water System 

The RHR serv ice  water system provides cooling water t o  the  

r e a c t o r  r e s i d u a l  hea t  removal heat  exchangers under post-accident 

condi t ions  and a water source i f  post-accident f looding of the  core 

o r  primary containment is required.  In  addi t ion ,  t h e  system provides 

cool ing  water to  the  RHR heat exchangers during normal ope ra t iona l  

modes. 1 
I 

The system cons i s t s  of two Category I seismic design pumps, i n  

two redundant systems which take  suc t ion  from t h e  Category I seismic 1 
design pump house wet p i t .  Su f f i c i en t  redundancy of  piping and 

1 
a c t i v e  components provide pro tec t ion  from t h e  s ing le  a c t i v e  o r  passive ' 

i ,  



f a i l u r e .  T w  ha l f - s i ze  RHR serv ice  water pumps supply one f u l l - s i z e  

RHR heat exchanger. There a r e  four  ha l f -s ize  pumps, and two f u l l - s i z e  

heat  exchangers. * T w  of the ha l f -s ize  pumps a r e  connected t o  two of 

each of two independent and redundant diesel-generator  buses.  

We conclude t h a t  the system design f o r  emergency funct ion is 

adequate and w i l l  not be compromised by its normal funct ion .  

9 . 2 . 3  Emergency Serv ice  Water System (ESWS) 

The ESWS is provided to  supply cooling water to  e s s e n t i a l  safeguards 

equipment under lo s s -o f -o f f s i t e  power or  a loss-of-coolant accident  

Components supplied a r e  the emergency d i e s e l  generator  coolers ,  RHR Pump 

Sea l  Coolers, RHR and Core Spray Pump Room Cooling Unit, HPCI and RCIC 

Room Cooling Unit,  Control Building Ch i l l e r  and Core Spray Pump Motor 

Bearing Cooler. 

The system cons i s t s .  o f  . .  two. .fJ11.L %pacity.- pumps .each .connected -,,__._ _*. _ .mi- --a.i .- 

t o  a separa te  redundant t r a i n  f o r  supplying a l l  the emergency needs 

a s  indicated above. One pump i s  connected to each of t h e  two inde- 

pendent and redundant d i e s e l  generator buses to assure  ava i l ab le  

emergency e l e c t r i c  power. 

Our evaluat ion indica tes  t h a t  the system design i s  capable of 

cont inual  operat ion following a s ing le  a c t i v e  or passive f a i l u r e .  

The s t r u c t u r e  and wet p i t  of the  pump house, where the pumps a r e  

heated, a r e  designed t o  seismic Category I c r i t e r i a  and protected 

from externa l  miss i les .  We conclude t h a t  the  system design i s  

adequate t o  perform its safe ty  funct ions.  



9.2.4 Ultimate Heat Sink I 

Our review of  the  ana lys i s  of the PMF, minimum r i v e r  flow, Category I 
I 

sheet-pi le  r i v e r  b a r r i e r  wall ,  r i v e r  in take  s t r u c t u r e ,  r i v e r  water supply 

system, pump house s t r u c t u r e ,  r e s i d u a l  heat removal system, and emergency 

s e r v i c e  water system, ind ica t e s  t h a t  the  in t en t  of  Safety Guide 27 ,  3 0  I 

Ultimate Heat Sink, has  been s a t i s f i e d .  
I 

9.2.5 General Service Water System & Reactor Building Cooling Water System i 
Both systems provide fo r  cool ing of equipment t o  meet p lan t  

requirements fo r  s t a r tup ,  normal operat ion and shutdown. The r eac to r  
I 

bu i ld ing  system is separa te  from the general s e rv ice  water system in I 
I 

o rder  t o  minimize the  p o s s i b i l i t y  of  r eac to r  bu i ld ing  r ad ioac t ive  
/ 

f l u i d s  being released t o  the genera l  s e rv ice  water .  The Reactor I 

Building Cooling Water System has a separa te  pump and hea t  exchanger 
I 

system. The Reactor Building Cooling Water System H e a t  Exchanger i s  I 

cooled by the  General Service Water f l u i d  f o r  hea t  removal from t h i s  1 
I 

closed-loop system. The General Service Water System pressure  exceeds 

the  Reactor Building Cooling Water System pressure  i n  order  to prevent \ 
1 

any r e l e a s e  of r ad ioac t ive  l i q u i d  to the  se rv ice  water.  
I 

The General Service Water e f f luen t  is cooled by the  open cooling 1 
tower heat removal c a p a b i l i t y  used by the main tu rb ine  condenser. i 

We have reviewed the  system design t o  assure  t h a t  a p o t e n t i a l  path 

t o  the  environment f o r  r a d i o a c t i v i t y  has been prevented and the re fo re  1 
I 

we f i n d  t h a t  both cooling systems a r e  acceptable f o r  t h e i r  required 
I 

s e rv i ce  during normal plant  operation. 
i 

J 



9.2 .6  Well Water System 

The w e l l  water system serves two funct ions:  cool ing water fo r  

v e n t i l a t i o n  cooling units and potable water  f o r  human consumption and 

demineralizer makeup. Capacity est imates  and system design appear 

reasonable and r e l i a b l e .  The concern f o r  backflow of po ten t i a l ly  

rad ioac t ive  l i qu ids  t o  the well  system was inves t iga ted .  A s  a r e s u l t  

the  applicant  w i l l  provide both subsystems with backflow preventers  

t o  l i m i t  the p o s s i b i l i t y  of  well  contamination. 

There a r e  two wells ,  2000 f e e t  apa r t  which take suct ion from 

g l a c i a l  deposi ts  120 to 140 f ee t  deep and which a r e  sealed t o  prevent 

co l l ec t ion  of l e s s  d e s i r a b l e  groundwater from shallow aqui fers .  The 

wells  a r e  located west of the p i a n t ;  hence, should l i q u i d  radwaste 

somehow enter  the  groundwater a t  the p l an t ,  it would flow t o  the eas t  

toward the r i v e r ,  away from the wells .  We conclude the system design 

i s  acceptable f o r  the required s e r  rice during normal plant  operat ion.  

9.3 Process Aux i l i a r i e s  

9.3.1 Compressed A i r  System (Instrument and Service Air)  

The compressed a i r  system provides a i r  t o  both t h e  se rv ice  a i r  

system and instrument a i r  system f o r  normal operat ion of p lant  equip- 

ment, instrumentation and valves. In  addi t ion ,  the systems maintain 

t h e  required pressure on the sa fe ty  r e l a t e d  accumulator tanks which 

a r e  required f o r  spec i f i c  valve opera t ions .  Compressed a i r  f o r  the  

system is provided by two motor-driven compressors. Each compressor 

can provide both serv ices .  



Appropriate means of  i s o l a t i o n  of  nonessent ia l  a i r  l i n e s  i s  , 
provided v i a  spr ing  operated pressure  cont ro l led  s t o p  va lves .  1 
E s sen t i a l  instrument a i r  does not  imve automatic i so l a t ion .  Our I 
evaluat ion confirms t h a t  t o t a l  f a i l u r e  of the' compressed a i r  system 

can be accommodated s ince  s a f e t y  r e l a t e d  equipment served by t h e  1 
Compressed A i r  System have the  following design f ea tu res :  

a. A l l  containment i s o l a t i o n  va lves  and dampers have Category I a i r  I 

accumulators which provide r e l i a b l e  a i r  supply in t h i s  event.  
I 

b. A i r  operated i s o l a t i o n  dampers in the  standby gas treatment system 1 

and con t ro l  bui ld ing  v e n t i l a t i o n  system, normally open and f a i l  

open, must remotely close i n  the  event of charcoal f i l t e r  over- 

hea t ing .  For t h i s  reason, and should the  compressed a i r  system ( 
I 

f a i l ,  these  dampers a r e  equipped with separa te  Category I a i r  tanks. 

c .  A l l  o ther  a i r  operated va lves  a r e  designed to  f a i l  in a f a i l - s a f e  I 

pos i t ion .  I 
We f ind  the compressed a i r  system acceptable  f o r  normal opera t ion  

and separa te  seismic Category I a i r  tanks  f o r  systems e s s e n t i a l  f o r  1 
I 

s a f e  p lant  shucdown t o  be an acceptable  s a f e t y  f ea tu re .  

9 . 3 . 2  Equipment and Floor Drainage Systems I 
I 

The reac to r  bui ld ing  has  two drainage systems: one system from 
/ 

t h e  primary containment, and the  o the r  from the  secondary containment. I 

The primary containment drainage system c o l l e c t s  equipment and f l o o r  i 

drainage from a gravity-fed sump. Sump pumps t r a n s f e r  the ,contents 



t o  the  radwaste system. The secondary containment drainage system 

l ikewise c o l l e c t s  drainage in the same fashion where'sump pumps t r an fe r  

t h e  l i q u i d  t o  the radwaste system. 

Turbine bui ld ing  equipment and f l o o r  dra ins  a r e  a l s o  divided in to  

two systems: those d ra ins  serv ing  equipment and areas-of  p o t e n t i a i  

r ad ioac t ive  leakage and those serv ing  non-radioactive a reas  such a s  

t h e  bui lding roof.  The po ten t i a l ly  rad ioac t ive  dra ins  c o l l e c t  in  a 

sump where a pump t r a n s f e r s  the l i qu id  t o  the  radwaste system. The 

separa te  non-radioactive drains empty by gravi ty  t o  a separa te  sump 

and a r e  pumped i n t o  the storm d ra in  system. I n  our evaluat ion we 

a l s o  assured ourselves t h a t  a flooded sump would not  backup the  drain- 

age piping system in to  a compartment housing Category I equipment, e.g. 

t h e  d i e s e l  generator rooms. 

Based on the r e s u l t s  of our review we conclude the  system design 

is adequate for  the required se rv ice  during normal and emergency 

operat ion.  

9.4 Heating, Vent i la t ing  and Air-Conditioning Systems 

9.4.1 Control Room A i r  Conditioning and Vent i la t ion  System 

There a r e  separa te  a i r  condit ioning systems f o r  each major 

bui lding.  One system serv ices  the main ba t t e ry  rooms, switchgear room, 

cable  spreading room, con t ro l  room, radwaste con t ro l  room, and o f f i c e  

bui lding and maintains a pos i t ive  pressure t o  prevent i n f i l t r a t i o n .  



This system draws in and f i l t e r s  varying amounts of ou t s ide  a i r  under 

normal condit ions.  Intake a i r  r ad ia t ion  monitors w i l l  i s o l a t e  the 

normal v e n t i l a t i o n  pa th  and connect the  in take  to  high ef f ic iency  

f i l t e r  t r a i n s .  Power f o r  the f i l t r a t i o n - r e c i r c u l a t i o n  system can be 

t r ans fe r r ed  t o  the emergency bus. I n  addi t ron ,  the  f i l t r a t i o n -  

r e c i r c u l a t i n g  system is seismic Category I and i s  loca ted  i n  a  

Category I s t ruc tu re .  

9.4.2 Turbine and Auxiliary Buildings Vent i la t ion  Systems 

Auxil iary bui ld ings ,  such as  t h e  tu rb ine  bui ld ing ,  radwaste 

bui ld ing  and pump house, have t h e i r  own v e n t i l a t i o n  system for  

f i l t e r i n g ,  heat ing,  and cooling. 

The turb ine  bui ld ing  v e n t i l a t i o n  system is a  once-through system 

composed of t h ree  subsystems. Two redundant exhaust fans serve  those 

turb ine  bui ld ing  spaces t h a t  may contain r ad ioac t ive  mater ia l s .  

During normal operat ion,  these  s p e c i a l  fans exhaust i n to  the  offgas 

s tack .  Spaces below the  tu rb ine  operat ing f l o o r  exhaust through the 

main p lant  exhaust plenum. Spaces above t h e  opera t ing  f l o o r  a r e  

exhausted v i a  fans in t h e  roo f .  The e n t i r e  tu rb ine  bu i ld ing  ven t i l a -  

t i o n  system w i l l  be i so l a t ed  should a  r e l ease  o f  r a d i o a c t i v i t y  i n  

excess of e x i s t i n g  background l eve l s  occur. 

I n  t h i s  event bu i ld ing  exhaust w i l l  be  d i r ec t ed  to the  r eac to r  

bui ld ing  exhaust plenum where the atnosphere is exhausted to t h e  stand- 

by gas treatment system and then to t h e  offgas s tack .  



9.4.3 Radwaste Building Vent i la t ion  System 

The radwaste bui ld ing  is serviced by a once-through system which 

exhausts through p r e f i l t e r s  and HEPA f i l t e r s  t o  the  space surrounding 

t h e  torus ,  o r  the  r eac to r  bui lding exhaust plenum. Closure for  both 

radwaste supply and exhaust dampers is poss ib le  f o r  bui ld ing  i so l a t ion .  

9 .4 .4  Reactor Building Vent i la t ion  System 

The r eac to r  bui ld ing  ven t i l a t ion  system has two subsystems to 

supply a i r  a t  the re fue l ing  f l o o r  l eve l ,  and t h e  o the r  to  supply a i r  

below t h i s  l eve l .  The exhaust fans supply a i r  a t  a r a t e  of 10 a i r  

changes per hour with the a i r  being exhausted v ia  the  main p lant  

exhaust plenum c rea t ing  a negative pressure in the  spaces. Should 

a r e l ease  of r a d i o a c t i v i t y  occur, the r e a c t o r  bui ld ing  w i l l  be 

automatically secured, the  supply and exhaust fans shutdown, and 

t h e  a t m s p h e r e  exhausted to the standby gas treatment system and 

then to  the  offgas s tack.  

' We conclude tha t  the heat ing,  v e n t i l a t i o n  and a i r  condit ioning 

systems a r e  acceptable and w i l l  rou te  contaminated a i r  to  the  standby 

gas treatment system p r io r  to r e l ease  to  t h e  atrrosphere. 

9.4.5 Engineered Safeguards Heating and Vent i la t ing  Systems 

The "engineered safeguards" a rea  hea t ing  and v e n t i l a t i n g  systems 

(so ca l led  by the  appl icant )  a r e  required to  assure  a su i t ab le  am- 

b i en t  temperature i n  the  Emergency and Switchgear Battery Rooms, 

Emergency Diesel-Generator Rooms, Wergency Cooling Pump Room (RHR 





in the pump house. The pumping system i s  composed of a  d i e s e l  dr iven 

f i r e  pump, motor driven f i r e  pump, and motor driven jockey pump. 

Water deluge systems, sp r ink le r  system (wetpipe and drypipe) ,  a s  wel l  

a s  l o c a l  hose connections d i s t r i b u t e  water f o r  extinguishing f i r e s .  

We evaluated the p lant  arrangement of the  d i e s e l  dr iven f i r e  pump 

loca t ion  which was near  the main c i r c u l a t i n g  pump expansion j o i n t s .  

The appl icant  w i l l  provide water t ight  doors around the  d i e s e l  dr iven 

f i r e  pumps to prevent f looding in the  event the expansion j o i n t s  f a i l .  

The cable spreading room has  an automatical ly actuated carbon 

d ioxide  ext inguisher  system. Por tab le  ext inguishers  a r e  provided 

throughout the remainder of the  p lant  and a r e  a  non-toxic dry 

chemical type. 

F i r e  de tec t ion  i s  accomplished by temperature ac tua t ion  of l o c a l  

sensors which alarm in the  con t ro l  room. Also alarming i n  the  con t ro l  

room a r e  smoke de tec tors  and ion iza t ion  de tec to r s  above t h e  cable  t r a y s  

which de tec t  products of combustion. 

We conclude tha t  the f i r e  pro tec t ion  system i s  adequate f o r  plant  

pro tec t ion .  

9.5.2 Communications Systems 

There a r e  four  communications systems provided in the cont ro l  room 

and throughout the plant  fo r  s t a r t u p ,  opera t ion ,  shutdown and maintenance 

under normal and emergency condi t ions .  These systems include: 

a .  The public  address system t h a t  has page and party channels and 

which can i ssue  plant-wide i n s t r u c t i o n s ,  and intercommunicate between 

two or  more s t a t i o n s .  It rece ives  i t s  power from the instrument bus. 



b. The telephone system, i n s t a l l e d  by the  loca l  phone company, 

provides in-plant s e rv ice  as  we l l  as  l o c a l  and long d i s t ance  c a l l s .  
I 

It is powered by b a t t e r i e s .  f 
I 

c .  Sound powered jacks a r e  located throughout the  p l an t  for  t e s t i n g  
I 

and maintenance contact  with o the r  loca t ions .  

d. A VHF transmit ter-receiver  provides rad io  contac t  with o ther  IELP 

s t a t i o n s .  Bat tery power is provided f o r  t h i s  system. 
I 

e.  In  a d d i t i o n ,  an alarm s ignal  is a l s o  provided which can be I 
t ransmit ted over the public  address  system and from an outdoor s i r e n  

t o  warn personnel of an emergency. 1 
The appl icant  has  indicated t e s t s  w i l l  be  performed on t h e  com- 

munication system during preoperat ion to  a s su re  background noise  1 

does not  i n t e r f e r e  with t h e  communication capab i l i t y .  We f ind  t h i s  
\ 

t o  be acceptable.  

9.5.3 Diesel  Generator Fuel Oil Storage and Transfer System 

Tw, redundant d i e s e l  generators ,  phys ica l ly  separated a r e  

provided with independent a i r  s t a r t i n g ,  f u e l  day-tank, cooling system, 1 
l 

and lube o i l  systems. Each has a continuous r a t i n g  of  2,850 KW. A 
I 

common f u e l  o i l  s torage  tank has f u e l  capaci ty f o r  a s i n g l e  engine 
I 

opera t ing  a t  ra ted  power condit ions f o r  seven days. Each d i e s e l  

compartment has one indiv idual  day tank with f u e l  capaci ty f o r  fou r  
I 

hours of operat ion.  Replenishment sources of f u e l  o i l  a r e  e ight  1 



miles from the s i t e  and a r e  within the  time l imi t a t ion  es tab l i shed  

by use of day-tank fue l .  

Each d i e s e l  i s  located i n  a Category I seismic design s t r u c t u r e ,  

e n t i r e l y  separated from each o ther  by a common Category I seismic 

design wall .  This Category I enclosure i s  a t  the  southeast  corner 

of the  Category I1 tu rb ine  bui lding.  The appl icant  performed an 

evaluat ion t o  show t h a t  f a i l u r e  of any Category I1 s t r u c t u r e ,  or  

Category I1 components within the  Category I1 s t r u c u t e ,  w i l l  not 

a f f e c t  the operat ion of the d i e s e l  generators .  

There a re  two 200 percent capacity d i e s e l  o i l  s to rage  t r a n s f e r  

pumps, one t o  supply each day tank from the common s to rage  tank. 

Each day tank has 1000 gallons capacity surrounded by a f i r e  wal l  and 

is  located within each d i e s e l  generator compartment. 

The day tank contains l e v e l  switches which automatical ly operate  

the  t r ans fe r  pumps t o  r e f i l l  the day tank from the  s torage  tank. In 

t h e  event of f a i l u r e  of t h i s  pump, a manually operated pump i s  

avai lab le .  Through s e l e c t i v e  manual valve operat ion,  e i t h e r  t r ans fe r  

pump can f i l l  both day tanks. 

The Category I d i e s e l  o i l  s torage  tank is  i n  a Category I seismic 

design s t r u c t u r e  outs ide  the bui lding and underground. The r e f i l l -hose  

connection, tank vent ,  and flame a r r e s t o r  a re  located above the leve l  of 

the  probable maximum flood (PMF) . 



With t h i s  adequate f u e l  supply and flood pro tec t ion  to a s su re  d i e se l  1 
generator operat ion during t h e  PMF and t h e  redundancy i n  equipment, we 

conclude t h a t  t h e  design of t h e  system is acceptable.  

9.5.4 Diesel Generator Cooling Water System I 

Cooling water is supplied t o  the d i e s e l s  by redundant and separated ' 

piping from t h e  emergency s e r v i c e  water system (ESWS). A s ing le  a c t i v e  ) 

o r  pass ive  f a i l u r e  in the  ESWS system w i l l  a f f e c t  only t h e  un i t  it 

I 
serves.  

I 

We conclude t h a t  the d i e s e l  engine cooling water system is , I 

adequate. I 

9.5.5 Diesel Generator Air S t a r t i n g  System 

Each d i e s e l  is provided with redundant and phys ica l ly  sepa ra t e  

a i r  s t a r t i n g  compressors and rece ivers .  The a i r  tanks a r e  capable 1 

of f i v e  successive engine s t a r t s  without recharging. The a i r  

s t a r t i n g  tanks have c ross  connections to  s t a r t  e i t h e r  engine. Our 

evaluat ion indica tes  the  system has  adequate f l e x i b i l i t y  and capaci ty 
I 

t o  provide f o r  r e l i a b l e  s t a r t i n g  capab i l i t y .  1 

A separa te  125 v o l t  d-c b a t t e r y  is furnished each d i e s e l  engine I 
{ 

with its own s t a t i c  type ba t t e ry  charger and bus t o  supply con t ro l  

power to  the var ious  systems of  t h e  d i e s e l s .  1 

We conclude t h a t  the  d i e s e l  generator  s t a r t i n g  system is adequate. 

9.5.6 Diesel Fngine Lubrication System I 
! 

During operat ion each engine is provided with lube  o i l  by i ts  I 
I 

own s h a f t  pump. I n  add i t ion ,  each engine has i ts own lube  o i l  makeup ( 



system which i n j e c t s  o i l  to  the crankcase by a  separa te  e l e c t r i c  d r ive  

PWP. 

Our evaluat ion ind ica t e s  t h a t  s ing le  f a i l u r e  would l i m i t  the  

lube o i l  f o r  one d i e s e l  t o  only what is in t h e  crankcase; the o t h e r  

u n i t  would s t i l l  be  capable of  opera t ing  f o r  seven days without manual 

lube o i l  addi t ion .  

We conclude t h a t  the d i e s e l  engine lub r i ca t ion  system i s  adequate. 



10.0 STEAM AND POWER CONVERSION SYSTEM 

10.1 Summary Description 

The DAEC steam and power conversion system i s  of conventional 

design, s imi l a r  t o  previously approved d i r e c t  cycle  BWR p lan t s .  

Waste hea t  r e j e c t i o n  is from mechanical induced d r a f t  cooling towers 

The two main condensers serv ing  t h e  two low pressure  turb ines  a r e  

connected i n  s e r i e s ,  which permits the  "A" condenser to opera te  a t  

a lower pressure (3.38 ps ia)  than the "B" condenser (7.10 p s i a ) ,  while 

opera t ing  a t  r a t ed  power. Ci rcula t ing  water temperature a t  the e x i t  

of  the  condensers is 112°F and i s  lowered to 87°F upon leaving the 

cooling tower when t h e  ambient design wet-bulb temperatures is 76.5'F. 

10.2 Turbine--Generator 

The turbine is a tandem-compound reheat  un i t  cons i s t ing  of a 

single-flow high pressure tu rb ine  and two double-flow low pressure  

turb ines  with a design speed of 1800 rpm. Steam exhausted from the 

high pressure turb ine  is reheated by both main steam, and tu rb ine  

ext rac t ion  steam in two s tages  p r io r  t o  en ter ing  t h e  low pressure 

turb ines .  Including the ex t r ac t ion  steam from main steam reheat ing ,  

t h e r e  a r e  s i x  ex t r ac t ion  s t ages  from the turb ines  to  accomplish steam 

and feedwater heat ing.  An automatic pressure-control led steam tu rb ine  

bypass system with two ten-inch l i n e s  can accommodate up t o  25 percent 

of design steam flow d i r e c t l y  t o  the  two condensers serv ing  t h e  two 



low pressure turb ines .  These bypass valves con t ro l  steam pressure 

during load r e j e c t i o n ,  r eac to r  heatup, turb ine  s t a r t u p  and r e a c t o r  \ 
cooldown. I 

\ 
The main generator  is  a  d i r e c t  dr iven,  three-phase, 60 Hz, 

22,000 v o l t ,  663,500 kva u n i t  with a  maximum hydrogen cooling pressure 

of  45 psig.  Hydrogen cooling supply is from a  24 tank manifold located 

ex te rna l  and t o  the eas t  of the turb ine  bui ld ing  so as  not  to  c o n s t i t u t e  1 
a  mis s i l e  o r  f i r e  t h r e a t  t o  nearby equipment. Four tanks have a  

) 

capacity t o  l a s t  3  weeks o r  longer.  Purging and r e f i l l i n g  r equ i re s  I 

the  capacity of 3 tanks. The tanks a r e  r e f i l l e d  i n  p l ace  by a  bulk I 
I 
I 

hydrogen suppl ie r .  

The turb ine  generator  has con t ro l s  including a  e lec t rohydraul ic  

con t ro l  system, con t ro l  va lves ,  main s top  valves,  combined stop-intercept  

valves,  i n i t i a l  pressure regula tor  and backup c o n t r o l l e r ,  steam bypass, 1 
and mechanical overspeed t r i p .  There a r e  alarms and in t e r locks  for  

I 
lube o i l  pressure,  s e a l  o i l  pressure,  condenser vacuum, generator  

I 

cooling, v ib ra t ion ,  and f i e l d  exc i t a t ion .  i' 
10.3 Main Steam Line System 

The four ,  twenty inch, main steam l i n e s  (MSL) a r e  Category I 1 
\ 

seismic design up t o  the tu rb ine  s top  valves.  The appl icant  plans to  

conduct v i sua l  inspect ions o f  steam l i n e s  and turb ine  s top  valves 1 
during outages with s p e c i a l  a t t en t ion  fo r  indica t ions  of leakage and I 

i 
change in pos i t ion  of pipe hangers. Photography w i l l  be used t o  

I 



determine movement o r  change of hanger pos i t ions .  Every four  to 

f i v e  years ,  but not necessar i ly  concurrent with turb ine  dismantling, 

t h e  turb ine  s top  valves w i l l  be completely dismantled fo r  inspect ion 

of t h e  normally inaccess ib le  pa r t s .  

A s  a  r e s u l t  of recent  Regulatory s t a f f  concerns regarding t h e  

e f f e c t s  of a  rupture ,  outs ide  of containment, of a  p ipe  carrying 

high energy f l u i d ,  including a  rupture  of  the  l a r g e s t  main steam or 

feed water l i n e ,  t h e  appl icant  was requested to provide ana lys i s  

o f  these e f f e c t s .  We have reviewed the  information a v a i l a b l e  t o  

us on t h e  Duane Arnold p lant ,  and i t  appears t h a t  s a f e  shutdown 

of t h e  p lant  would not  b e  prevented by t h e  postulated f a i l u r e  of 

t h e  steam o r  f  eedwater l i nes .  However, t o  a s su re  a  thorough review 

of t h e  consequences of t h e  postulated acc ident ,  we asked the  appl icant  

on December 15, 1972, t o  provide us with an a n a l y s i s  of the  problem 

and o t h e r  re levant  information per ta in ing  t o  the accident  conse- 

quences and the  pro tec t ion  provided. The information provided by 

t h e  app l i can t  on t h e  consequences of pipe rupture  outs ide  of t h e  

containment and the  pro tec t ion  provided t o  assure  t h a t  s a f e  shut- 

down of t h e  plant  would not be  prevented w i l l  be  reviewed f o r  accept- 

a b i l i t y  by t h e  s t a f f  p r io r  t o  issuance of an operating l i cense .  



10.4 Main Condenser I 
I 

The main condenser is designed a s  a two-pass s e r i e s  type with a 

divided water box. Each of  two condenser sub-units i s  located on I 
a r i g i d  foundation. F lex ib le  expansion j o i n t s  between t h e  condenser I 

I necks and turb ine  exhaust connections are provided t o  permit r e l a t i v e  

motion between these  components. I 
Since  the  p lant  uses  a deaera t ing  type condenser, noncondensible 

gases a r e  remved by steam j e t  a i r  e j ec to r s  which maintain dissolved 1 
oxygen a t  l e s s  than 5 ppb a t  g rea t e r  than 10 percent of design 

I 
t h r o t t l e  flow. I 

The hotwell i s  s ized to provide a two minute r e t en t ion  f o r  s h o r t  1 

i 
l ived  radioac t ive  i so tope  decay, and a s to rage  supply fo r  t h e  condensate 

pump suct ion.  

Although t h e  main condenser design i s  d i f f e r e n t  from most systems, 

it is not  unique and we conclude the  design of  the main condenser is 1 
adequate. 

I 
10.5 Condenser Evacuation and Seal ing Sys terns 

A motor driven mechanical vacuum pump is provided t o  evacuate the  1 

condenser during s t a r t u p .  Two f u l l  capaci ty steam j e t  a i r  e j e c t o r s  

maintain vacuum during operation and de l ive r  the noncondensible gases i 
i 

through a decay l i n e  t o  the  of fgas  system. 

The gland sea l ing  system provides p o s i t i v e  pressure to l abyr in th  1 
sea l ing  r ings  a t  the turb ine  sha f t  openings thereby sea l ing  t h a t  gland 

i 
I (  
I 



from inleakage of a i r  a t  t h e  low pressure condenser glands,  and agains t  

steam outleakage a t  the high pressure  turb ine  sha f t  glands. Seal ing 

steam is taken from the a u x i l i a r y  b o i l e r  during plant  s t a r t u p  and 

from turb ine  ext rac t ion  st eam during operat ion.  

We conclude tha t  the  design of the condenser evacuation and 

s e a l i n g  systems is  s imi l a r  to those used in previously reviewed 

p lan t s  and is acceptable.  

10.6 Ci rcula t ing  Water System 

The closed loop c i r c u l a t i n g  water system is composed of the  

condenser cooling sur face ,  and two evaporat ive type mechanical induced 

d r a f t  cooling towers. Since the condensers a r e  s e r i e s  connected, the  

water  flows f i r s t  through the tubes of one condenser, then discharges 

t o  the  suct ion o f  the  second condenser p r i o r  to discharge to  the  

cooling towers. The cooling tower sumps discharge by gravi ty  to  the 

wet p i t  sumps of the pump house where two half-capacity c i r c u l a t i n g  

pumps take t h e i r  suct ion.  Each of the towers has an inflow of 146,000 

gpm a t  112°F and an out-flow a t  87°F. The t o t a l  tower capaci ty is 

adequate to meet main condenser heat  load and a l s o  the heat  load from 

the  se rv ice  water system. 

Makeup water t o  rep lace  evaporation and blowdown los ses  comes 

from the seismic Category I r i v e r  water system pipe l ines  t o  the 

c i r c u l a t i n g  water pump sump. Acid and ch lo r ine  t o  cont ro l  a lgae  

and fungus a r e  a l so  added a t  the c i r c u l a t i n g  water pump wet p i t .  



There a r e  rubber expansion j o i n t s  in the  tu rb ine  bui lding 

basement, and in the pump house. In the event any of these f a i l e d ,  

the turb ine  bui ld ing  condenser room could f lood,  but no safe ty  r e l a t e d  

equipment is present .  The cooling tower sump capacity i s  i n s u f f i c i e n t  

t o  overflow the  condenser compartment. Compartment water l eve l  

indica tors  alarming in t h e  con t ro l  room w i l l  be i n s t a l l e d .  I f  the 

expansion j o i n t s  in the  pump house f a i l e d ,  t h e  water would flow out 

through v e n t i l a t i o n  l o w e r s  t o  the s i t e  grade l e v e l .  

We conclude t h a t  t h e  design of the c i r c u l a t i n g  water system 

is adequate. 

10. 7 Condensate D d n e r a l i z e r  System 

The condensate from the  condenser hotwell  is processed by a  de- 

minera l izer  system which is the  ful l -f low type with f i v e  vesse l s ,  in- 

cluding one spa re  which accomplishes demineral izat ion and f i l t r a t i o n  

by coat ing the vesse l  with Powdex r e s i n  or  Solka Floc, o r  both. The 

system can be backwashed fo r  r e s i n  regenerat ion o r  dumped fo r  r e s in  

replacement. A t  design condit ions,  the  l i m i t s  on feedwater impur i t ies  

(max.) a r e ,  S i l i c a  5 ppb, Iron 5 ppb, Copper 2 ppb, Nickel 2 ppb, and 

Chloride 10 ppb. 

System inst rumentation and contro 1s a r e  loca l ly  mounted. Each 

v e s s e l  has instrumentation t o  i n d i c a t e  r e s i n  plugging, exhaustion 

and water conductivity.  Specif ic  problems annunicate a t  the l o c a l  

con t ro l  panel and r e s u l t  i n  a  s i n g l e  alarm in the  main cont ro l  room. 



We conclude t h a t  the  design of the condensate demineralizer 

system is adequate. 

10.8 Condensate and Reactor Feedwater Systems 

Both t h e  condensate and r eac to r  feedwater systems serve  t o  

provide as much a s  115 percent of design feedwater flow to the 

r eac to r  a t  1100 p s i  and 42OoF. There a r e  s ix s teps  of feedwater 

heat ing from the condenser hotwell  t o  t h e  r eac to r .  Two condensate 

pumps and two main feedwater pumps, each r a t ed  a t  68 percent of 

design capaci ty,  maintain feedwater flow. The overs ize  capaci ty 

g ives  automatic r e c i r c u l a t i o n  t o  assure  p o s i t i v e  pump suct ion under 

a l l  projected load changes. 

We conclude t h a t  the  design of  the condensate and reac tor  

feedwater systems is adequate. 

10.9 Condensate Storage and Transfer System 

Two 200,000 ga l lon  s torage  tank; supply t h e  two 100 percent 

capaci ty pumps of 600 gpm each, and one 125 gpm jockey pump f o r  

condensate t r a n s f e r .  The two tanks a r e  physical ly i so l a t ed  by 

suct ion l i n e s  r a i sed  t o  an e leva t ion  which leaves a 75,000 gallon 

reserve,  Water qua l i ty  is t h a t  of r e a c t o r  condensate, maintained by 

the  makeup condensate demineral izer .  The tanks w i l l  overflow t o  the 

r eac to r  bui ld ing  equipment dra in  sump by way of an 1000 gal lon overflow 

tank. Should the s torage  tank bur s t ,  the  water w i l l  be  re ta ined  

within an enclosure dike with concret'e pad t o  prevent condensate 



ent ry  t o  the  surrounding ground. The diked a rea  has a po r t ab le  sump I 
I 

pump t o  discharge t h i s  water u l t imate ly  t o  t h e  radwaste d i sposa l  

system. 1 
W e  have reviewed the  c a p a c i t i e s ,  and design requirements and 

I 
I conclude t h a t  t h e  condensate s to rage  and t r a n s f e r  system is adequate. I 
L 

10.10 Turbine-Generator Inserv ice  Inspect ion I 
The Regulatory Staf f  is considering methods t h a t  may be developed 

f o r  performing volumetric examination of the  low pressure steam tu rb ine  i 
during the performance of per iodic  tu rb ine  inspect ion.  The app1icar.t I 

I 
has been advised of our i n t e r e s t  i n  t h e  development of such a program 

on a generic  bas i s  covering a l l  r eac to r  p l an t s ,  including the  Duane , I 

Arnold p lant .  The appl icant  has informed us t h a t  he w i l l  keep ab reas t  

with technological  developments i n  t h i s  a rea  and w i l l  adopt a s u i t a b l e  1 

program when one becomes avai lab le .  We f ind  t h i s  t o  be acceptable.  

I 

I 



11.0 RADIOACTIVE WASTE TREATMENT 

11.1 Introduct ion 

The waste treatment s y s t e m  a r e  designed to  provide f o r  

cont ro l led  handling and disposal  of r ad ioac t ive  l i q u i d ,  gaseous 

and s o l i d  wastes.  The app l i can t ' s  design objec t ive  f o r  t h e  l i q u i d  

and gaseous waste s y s t e m  i s  t o  keep l e v e l s  of  r a d i o a c t i v i t y  released 

by these  systems a s  low a s  prac t icable ,  i n  accordance with t h e  

requirements of 10 CFR Par t  203' and 10 CFR Par t  502. The a p p l i c a n t ' s  

design objec t ive  fo r  t h e  s o l i d  waste system is t o  package and t ranspor t  

s o l i d  wastes i n  accordance with appl icable  AEC and M)T regula t ions .  

Our evaluat ion is based on t h e  "as low a s  prac t icable"  

c r i t e r i a  fo r  rad ioac t ive  contents  of e f f l u e n t s  discharged to  

un res t r i c t ed  a reas  i n  accordance with Section 50.34a o f  10 CFR 

P a r t  50. For Duane Arnold, t h e  major pathway f o r  exposure of an 

indiv idual ' s  thyroid from iodine i s  by t h e  grass-cow-milk cycle.  

The gaseous radwaste system meets our cur rent  c r i t e r i a  f o r  "as low 

as p rac t i cab le  discharge f o r  p l an t s  a l ready b u i l t  s ince  our 

ca l cu la t ions  show t h a t  t h e  annual average dose t o  a  c h i l d ' s  

thyro id ,  i f  t h i s  c h i l d  consumed milk from t h e  nea res t  cow, would 

exceed only s l i g h t l y  our cur rent  l i m i t  of 5  mil l i rem per year.  

The appl icant  w i l l  t ake  appropr ia te  rneasures through monitoring, 

adminis t ra t ive  measures and/or design changes t o  assure  t h a t  t h e  



thyroid dose t o  c r i t i c a l  segments of  t h e  general population through . i 
f 

t h e  grass-cow-milk cha in  does not  exceed 5 mremfyear. 

11.2 Liquid Waste 

11.2.1 Introduct ion 

The l i q u i d  rad ioac t ive  waste system cons i s t s  of tanks,  

demineral izers ,  evaporators,  miscellaneous process equipment, p ip ing  I 
\ 

and instrumentat ion neceseary to c o l l e c t ,  process,  monitor, s t o r e ,  

recycle and dispose o f  p o t e n t i a l l y  rad ioac t ive  l i q u i d  wastes.  The i 
l i q u i d  waste system is div ided  i n t o  severa l  subsystems. These 

subsystems include high p u r i t y  l i q u i d  waste, low p u r i t y  l i q u i d  waste, 
I \ 

chemical waste and de tergent  waste. Cross-connections between t h e  , 
\ 

subsystems provide add i t iona l  f l e x i b i l i t y  f o r  processing t h e  I 

wastes by a l t e r n a t e  methods. 
j 

Treated wastes w i l l  be handled on a batch bas i s  a s  required to  

permit optimum control .  P r i o r  to  r e l ease  o f  any t r e a t e d  l i q u i d  I 
wastes, samples w i l l  be analyzed t o  determine t h e  type and amount 

I 
of r a d i o a c t i v i t y  i n  a batch.  Based on t h e  r e s u l t s  o f  t h i s  ana lys i s ,  1 

t h e  wastes w i l l  be re leased  under cont ro l led  condit ions to  t h e  cooling 

tower blowdown stream and then to  the  Cedar River ,  o r  r e t a ined  f o r  
A 
\ 

fu r the r  processing. I 



11.2.2 System Description 

High pur i ty  (low conduct ivi ty)  l i q u i d  waste w i l l  be co l l ec t ed  

i n  t h e  waste c o l l e c t o r  tank, and w i l l  cons i s t  of  p ip ing  and equip- 

ment d ra ins  and demineral izer  backwash. These wastes w i l l  be 

processed by f i l t r a t i o n  and ion exchange through t h e  waste f i l t e r  

and waste demineralizer . 
After processing, t h e  l i q u i d  w i l l  be t r ans fe r r ed  to  one of 

two waste sample tanks where it w i l l  be sampled. Then, i f  i t  i s  

s a t i s f a c t o r y  fo r  reuse,  t h e  l i q u i d  w i l l  be t ransfer red  t o  t h e  

condensate s torage tank as  makeup water.  Our ana lys i s  assumed a 

d a i l y  input  i n to  t h i s  system of 21,000 gal lons of  h igh  p u r i t y  wastes.  

We f u r t h e r  considered t h a t  90% of t h i s  water w i l l  be  r e t a ined  f o r  

p l an t  use  and t h a t  10% would be  discharged.  

Low pur i ty  (moderate conduct ivi ty)  l i q u i d  wastes w i l l  be co l -  

l e c t e d  in  t h e  floor d ra in  c o l l e c t o r  tank, p r i n c i p a l l y  from t h e  

var ious  f l o o r  dra in  sumps. Processing w i l l  cons i s t  of  f i l t r a t i o n ,  

ion exchange and subsequent t r a n s f e r  t o  t h e  f loo r  d r a i n  sample 

tank f o r  sampling and analys is .  Then, i f  t h e  ana lys i s  is 

s a t i s f a c t o r y ,  the  wastes w i l l  be  t r ans fe r r ed  to the  condensate 

s to rage  tank f o r  reuse,  or  discharged. Our ana lys i s  assumed a 

d a i l y  input  t o  t h i s  system of  8500 gal lons of low p u r i t y  wastes .  



We f u r t h e r  assumed tha t  70% of t h i s  water w i l l  be retained f o r  

p l an t  use and 30% would be  discharged. 

Chemical wastes w i l l  be  co l l ec t ed  i n  t h e  chemical waste tank, 

p r i n c i p a l l y  from decontamination, labora tory  d ra ins  and cask  

c leaning  dra ins .  These wastes w i l l  be  neu t r a l i zed  i f  required and 

then processed by f i l t r a t i o n  and evaporation. Evaporator bottoms 

w i l l  be t ransfer red  to  t h e  s o l i d  waste system. The evaporator 

d i s t i l l a t e  w i l l  be  co l l ec t ed  i n  a sampling tank f o r  sampling and 

ana lys i s .  Depending on t h e  r e s u l t s  of t h e  ana lys i s ,  t h e  water 

w i l l  be discharged o r  recycled fo r  f u r t h e r  treatment.  Our 

a n a l y s i s  assumed a d a i l y  input to  t h i s  system o f  500 gal lons of 

chemical waste and t h a t  a l l  t h i s  waste w i l l  be  discharged. 

Detergent wastes w i l l  be co l l ec t ed  i n  one o f  two detergent  

d r a i n  tanks. The source o f  these  wastes a r e  shop d ra ins ,  personnel 

decontamination d ra ins ,  cask c leaning  d ra ins  and tu rb ine  washdown 

a r e a  d r a i n s .  Detergent wastes w i l l  have low r a d i o a c t i v i t y  concentra- 

t i on .  They w i l l  be  processed i n  t h e  same manner a s  t h e  chemical 

wastes. We have assumed a d a i l y  input  of 300 ga l lons  of de tergent  

waste with a neg l ig ib l e  amount of  a c t i v i t y .  In our  ca l cu la t ions  we 

have combined t h e  chemical and de tergent  wastes. 



The l i q u i d  e f f l u e n t  w i l l  be discharged to the  cooling tower 

blowdown stream. Radiation monitoring equipment w i l l  automatically 

terminate the  discharge flow i f  r ad ia t ion  l e v e l s  a r e  above a pre- 

determined l i m i t .  

11.2.3 Evaluation of Liquid Waste Systems 

Based on our eva lua t ion  of t h e  l i qu id  waste system, we 

est imate t h a t  4 c u r i e s  w i l l  b e  released per year ,  excluding t r i t i u m .  

This r e l ease  was determined using an operat ing power, f i s s i o n  source 

term derived by scaling-down t h e  source term assoc ia ted  with an 

off-gas r e l e a s e  r a t e  of 100,000 uCi/sec a f t e r  30 minutes holdup for  

a 3400 M W t  r eac to r .  Based on present opera t ing  experience, we 

estimate t h a t  20 cu r i e s  per year  of t r i t i u m  w i l l  be re leased  from t h e  

Duane Arnold s t a t i o n .  For comparison, t h e  appl icant  es t imates  a yearly 

l i q u i d  waste r e l ease  of 0.4 c u r i e s  excluding t r i t i u m ,  based on an off-gas 

r e l e a s e  r a t e  of 50,000 microcuries per  second, and a yearly t r i t i u m  

r e l e a s e  o f  20 c u r i e s .  Our es t imate  f o r  t h e  yearly dose t o  an individual  

from t h e  l iquid  waste, including drinking water inges t ion ,  f i s h  

inges t ion  and immersion i s  0.38 millirems . 
Based on the  ca lcula ted  l i q u i d  r e l ease ,  excluding t r i t i u m  being 

l e s s  than 5 cu r i e s ,  we conclude t h a t  t h e  l i q u i d  waste system i s  

capable o f  providing e f f l u e n t s  which can be considered a s .  low as  

p rac t i cab le  i n  accordance with 10 CFR P a r t  50; t he re fo re  t h e  l i q u i d  

waste treatment system i s  acceptable.  



11.3 Gaseous Waste 

11.3.1 Introduct ion 

The waste gas system cons i s t s  of charcoal delay beds, c a t a l y t i c  

recombiners, heat exchangers, piping, high e f f i c i ency  p a r t i c u l a t e  

f i l t e r s ,  pumps and instrumentation necessary t o  c o l l e c t ,  process,  

monitor and dispose of  po ten t i a l ly  r ad ioac t ive  gaseous waste. 

11.3.2 Description 

The primary source of gaseous rad ioac t ive  waste w i l l  be  the  

non-condensible gases remved from the  main condenser by the a i r  

e j e c t o r .  These gases w i l l  cons i s t  of a i r ,  hydrogen, oxygen and 

small volumes of rad ioac t ive  gases, pr imari ly krypton and xenon. 

Other sources of rad ioac t ive  gases include the turb ine  gland s e a l  

condenser, the r eac to r  bui ld ing ,  turb ine  bui ld ing  and radwaste 

bui ld ing  v e n t i l a t i o n  systems and the  mechanical vacuum pump used 

t o  evacuate the main condenser during s t a r t u p .  

Off-gases removed from the  main condenser by t h e  steam- 

operated a i r  e j e c t o r  w i l l  be processed through one of  two c a t a l y t i c  

recombiners i n  which t h e  hydrogen and oxygen a r e  combined to  form 

water vapor, thereby reducing the  volume of  gases which must be 

t r ea t ed .  The water vapor w i l l  be condensed and remved.  The non- 

condensible gases w i l l  be delayed f o r  30 minutes i n  a holdup p ipe  

t o  allow f o r  the decay of short- l ived radioac t ive  noble gases and 

a c t i v a t i o n  products,  and then held up f o r  fu r the r  decay i n  an 
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ambient temperature charcoal  system cons i s t ing  of 12 charcoal  beds, 

each of which contains 3 tons of  a c t i v a t e d  charcoal ,  wherein xenons 

and kryptons w i l l  be adsorbed and delayed s e l e c t i v e l y .  The r e s idua l  

gases w i l l  be passed through a HEPA f i l t e r  and then released 

through a 100-meter main off-gas s t ack .  

We c a l c u l a t e  a delay time of 18.2 hours f o r  krypton and 13.6 

days for  xenon. The appl icant  has ca lcula ted  de lay  periods of  19 

hours f o r  krypton and 15 days f o r  xenon. We c a l c u l a t e  t h e  year ly  

noble gas r e l ease  from t h e  a i r  e j e c t o r  of fgas  t o  be 27,000 c u r i e s  

based upon a 100,000 microcuries per second source.  The a p p l i c a n t ' s  

number fo r  t h e  yearly noble gas r e l ease  from t h e  a i r  e j e c t o r  off-gas 

is  24,000 cu r i e s  based on the r e l e a s e  r a t e  of 100,000 microcuries 

per second. 

Primary steam w i l l  be used i n  t h e  turb ine  gland s e a l  system. 

Therefore t h e  gland s e a l  exhaust can be a source of r a d i o a c t i v i t y .  

These gases w i l l  be he ld  up approximately 1.8 minutes before being 

exhausted in to  the off-gas s tack  without f u r t h e r  treatment.  We 

c a l c u l a t e  t h e  year ly  noble gas r e l e a s e  from t h i s  source to he 

approximately 3700 c u r i e s  and t h e  1-131 r e l e a s e  to be  0.04 cu r i e .  

The a p p l i c a n t ' s  yearly noble gas r e l e a s e  number from t h i s  source 

i s  3600 cu r i e s .  



During u n i t  s t a r t u p ,  a mechanical vacuum pump w i l l  be  used \ 
I 

t o  evacuate the  main condenser. We assumed t h a t  t h e  pump w i l l  

opera te  about 10 hours per year.  The exhaust gases w i l l  be  1 

discharged through t h e  same holdup p ipe  i n t o  which the turb ine  
I 

gland s e a l  condenser exhausts.  The gases w i l l  be re leased  1 

through the  main s tack  without f u r t h e r  treatment.  We es t imate  f 

1 
a noble gas r e l e a s e  of approximately 1650 cu r i e s  per year  from 

t h i s  source. I 
The reac to r  bui ld ing  v e n t i l a t i o n  a i r  w i l l  n o r m l l y  be d i s -  

charged through t h e  r eac to r  bui ld ing  vent without t r ea tnen t .  I f  1 
t h e  a i rborne  r a d i o a c t i v i t y  exceeds a predetermined l e v e l ,  t h e  

r eac to r  bui ld ing  w i l l  b e  i so l a t ed  and i ts contained a t m s p h e r e  

w i l l  be d i r ec t ed  a t  reduced flow r a t e  through the Standby Gas 

Treatment System. We c a l c u l a t e  the r e l e a s e  of noble gases from 

the  r e a c t o r  bui ld ing  v e n t i l a t i o n  a i r  to be  neg l ig ib l e  and the 

r e l ease  of 1-131 t o  be l e s s  than 0.01 cu r i e  per year.  

The atmosphere in the  drywell and suppression chambers w i l l  be 

purged p r i o r  t o  the  r e fue l ing  and maintenance periods.  The purged 

gases w i l l  be discharged through t h e  Standby Gas Treatment 

System, o r  d i r e c t l y  to  the  r eac to r  bui ld ing  vent i f  t h e  a c t i v i t y  

is low. The expected r ad ioac t iv i ty  r e l e a s e  from t h i s  source is 

i n s i g n i f i c a n t .  

The exhaust a i r  from the Radwaste Building v e n t i l a t i o n  

system w i l l  pass  through p r e f i l t e r s  and HEPA f i l t e r s  and w i l l  

then be discharged through the  r eac to r  bui ld ing  vent.  



The v e n t i l a t i o n  a i r  flow through the Turbine Building w i l l  

vary from approximately 41,000 cfm in  the winter  t o  approximately 

112,000 cfm in  the.  summer. Approximately 41,000 cfm of poten- 

t i a l l y  contaminated a i r  w i l l  be cons tant ly  exhausted from t h e  

lower a reas  of the  tu rb ine  bui ld ing  t o  the  r eac to r  bui lding vent .  

The balance of the  a i r  flow through the  upper tu rb ine  bu i ld ing  

fo r  heat  r e m v a l  in  summer w i l l  be exhausted u n f i l t e r e d  through 

roof o u t l e t s .  We c a l c u l a t e  the noble gas released from t h i s  

source to  be approximately 900 c u r i e s  per year  and the 1-131 

r e l ease  a s  0.55 cu r i e  per year. 

11.3.3 Evaluation of Gaseous Waste System 

We c a l c u l a t e  a t o t a l  yearly gaseous r e l e a s e  of approximately 

33,000 c u r i e s  of noble gas and 0.6 cu r i e  of 1-131. We ca lcu la t e  

t h e  annual combined be ta  and g a m  rad ia t ion  dose due t o  noble 

gases t o  an indiv idual  a t  the  s i t e  boundary t o  be  1.4 mi l l i rems.  

We fu r the r  c a l c u l a t e  t h a t  the  p o t e n t i a l  dose to  a c h i l d ' s  thyroid,  

from radioiodine t h a t  could be ingested v i a  the food chain, t o  b e  

i n  excess of 5 mi l l i rems per year a t  a d i s t ance  of 1.6 miles ,  

where the nearest  cow is present ly pastured. To a s su re  t h a t  t h e  

5 m i l l i r e m  per year l i m i t  is  not  exceeded, the  appl icant  w i l l  take 

appropr ia te  measures through monitoring, admin i s t r a t ive  measures 

and/or  design changes t o  ensure t h a t  t h e  thyroid dose t o  c r i t i c a l  



I 

segments of  t h e  general population i s  l e s s  than 5 mil l i rem per  

year throughout t h e  l i f e  of the  p l a n t .  1 

11.4 Solid Wastes I 

1 
So l id  wastes from t h e  p l an t  opera t ion  w i l l  be composed 

pr imar i ly  o f  spent demineral izer  r e s i n s ,  evaporator  concent ra tes ,  1 
I 

f i l t e r  sludges and miscellaneous dry wastes such a s  contaminated 
I 

c lo th ing ,  r ags  and paper. The spent  r e s i n s  and f i l t e r  s ludges 1 
w i l l  be he ld  f o r  rad ioac t ive  decay i n  phase separa tors  o r  sludge 

I 
tanks and w i l l  then be  t r ans fe r r ed  to  cen t r i fuges  where t h e  I 

excess water w i l l  be  removed. The dewatered r e s i n  waste and 1 
! 

f i l t e r  sludge w i l l  then b e  packaged i n  drums. The evaporator 

bottoms w i l l  be  placed in drums and mixed with a s o l i d i f i c a t i o n  
I 

agent.  Compressible low l e v e l  s o l i d  waste w i l l  be compacted by 

a hydraulic press .  A l l  s o l i d  waste w i l l  be packaged and shipped 

o f f s i t e  t o  a l icensed  b u r i a l  ground i n  accordance with AEC and 

DOT regulat ions.  

The appl icant  est imates  volume and a c t i v i t y  content  of waste I 

concentrates  exclusive o f  evaporator bottoms to  be about 2200 
I 

cubic f e e t  pe r  year ,  with a t o t a l  a c t i v i t y  of  about 1000 c u r i e s  1 
\ 

per  year .  We es t imate  t h a t  approximately 500 drums of spent  

r e s ins ,  f i l t e r  sludges and evaporator  bottoms and 250 drums of 1 
dry and compacted waste w i l l  be shipped o f f s i t e  a t  a t o t a l  B 

I 



a c t i v i t y  of approximately 1500 c u r i e s  per year  a f t e r  180 days 

of s tb ragee  Based on our evaluat ion,  t h e  Solid Waste Systems is 

acceptable.  

11.5 Design 

The r ad ioac t ive  waste treatment system w i l l  be  designed i n  

accordance with acceptable codes and standards.  Tanks a r e  designed 

in accordance with API code3' 620 o r  650, o r  AWWA Standard D I O O .  The 

other  l i q u i d  waste components and piping ordered p r i o r  to  Ju ly  1, 

1971 a r e  designed in accordance with ASME Section V I I I  Division 1 

and ANSI B31.1.0. l 9  The l i q u i d  waste components and piping ordered 

a f t e r  Ju ly  1, 1971 a r e  designed i n  accordance with ASME Section 111, 

Class 3, and ANSI B 31.7, respec t ive ly .  The gaseous waste components 

design pressure is such a s  t o  maintain the component outer  wall  

i n t e g r i t y  &I the event of a hydrogen explosion. 

The radwaste bui ld ing  and equipment a r e  designed t o  Seismic 

Category I1 requirements. Accident ana lys i s  ca l cu la t ions  show t h a t  

f a i l u r e  of a l l  l i qu id  radwaste components w i l l  not  r e s u l t  i n  o f f s i t e  

concentrat ions exceeding the  limits s e t  fo r th  i n  10 CFR Par t  20. 

Based on our evaluat ion,  the codes and standards,  and the radwaste 

system design a r e  acceptable.  

l l . 6  Process Radiation Monitoring System 

The design objec t ive  f o r  the  process r ad ia t ion  monitoring 

system is t o  ind ica t e  when limits of r ad ioac t iv i ty  a r e  approached 



so t h a t  appropr ia te  ac t ion  may be taken where applicable.  The 

r ad ia t ion  monitoring loca t ions  w i l l  include: main s teamline,  
I 

I 
a i r  e j e c t o r  off-gas, p lan t  s tack,  l i q u i d  waste discharge l i n e ,  I 

p l an t  s e rv ice  water,  r eac to r  bu i ld ing  closed cooling water,  r eac to r  
I -. 

bui ld ing  ven t i l a t ion ,  and carbon bed v a u l t  area.  I 

A high high main s teamline r ad ia t ion  s igna l  w i l l  i n i t i a t e  a  
I 

r e a c t o r  scram, i s o l a t e  the primary containment, and shut t h e  main I 

steamline i s o l a t i o n  valves.  A high r ad ia t ion  s igna l  in the  I 
I 

l i q u i d  waste discharge w i l l  automatical ly terminate l i q u i d  waste 

discharge flow. A high high r ad ia t ion  s igna l  in the  of fgas  discharge i 
w i l l  automatical ly terminate the  of fgas  flow. A high r ad ia t ion  

\ 
s i g n a l  in the r e a c t o r  bui ld ing  v e n t i l a t i o n  system w i l l  shut o f f  the  I 

r e a c t o r  bui ld ing  heat ing and v e n t i l a t i n g  system and s t a r t  up the 
\ 

Standby Gas Treatment System. We f ind  the process monitoring 
I 

system adequate t o  monitor e f f luen t  discharge paths as  spec i f ied  i n  1 
I 

Cr i t e r ion  64 of 10 CFR P a r t  50. 

11.7 Radiological  Environmental Monitoring 1 
A pre-operational r ad io log ica l  environmental m n i t o r i n g  program 

has been in e f f e c t  a t  the  s i t e  s ince  April  1971. More than two 1 
years of base l ine  da ta  w i l l  b e  a v a i l a b l e  (p r io r  to  plant  s t a r t  up) J 
agains t  which to  measure and evalua te  the  e f f e c t  of p l an t  opera t ion .  

The monitoring program includes sampling of a i rborne  1 
p a r t i c u l a t e s ,  sur face  water,  ground water,  bottom sediments, s o i l ,  

I 



vegeta t ion ,  meat and poultry,  milk, f i s h ,  aquat ic  b io t a ,  and wild- 

l i f e .  The a n a l y s i s  frequency fo r  these samples v a r i e s  from weekly 

t o  semi-annually. Airborne p a r t i c u l a t e s  a r e  sampled a t  16 s t a t i o n s  

which a r e  located general ly within 10  miles  of the plant .  In 

addi t ion ,  thermoluminescent dosimeters a r e  located a t  a l l  a i r  

sampling loca t ions ,  a s  we l l  a s  a t  32 o ther  key loca t ions ,  f o r  t h e  

purpose of  measuring ambient r ad ia t ion  l eve l s .  The program 

described above w i l l  be  fu r the r  defined in t h e  Technical Specifica- 

t i ons  f o r  the p lant .  

We conclude tha t  the r ad io log ica l  environmental monitoring 

program as  defined in the FSAR is acceptable.  

11.8 Conclusions 

Based on our  m d e l  and assumptions, we c a l c u l a t e  an expected 

whole body dose t o  an individual  a t  the s i t e  boundary of l e s s  

than 5 mremlyr from gases and l iqu ids .  We c a l c u l a t e  t h a t  the 

p o t e n t i a l  dose t o  a c h i l d ' s  thyroid from the food chain to  be  in 

excess of 5 mil l i rem per  year a t  a d i s t ance  of 1 .6  mi les ,  where 

the  neares t  cow i s  located. Based on our  evaluat ion,  we con- 

clude t h a t  the  l i qu id  and so l id  waste treatment systems meet the  

requirements of "as low a s  prac t icable ."  We conclude t h a t  t h e  

app l i can t ' s  milk monitoring program and a i r  m n i t o r i n g  system w i l l  

b e  capable of de tec t ing  1-131 concentrat ions equivalent  t o  a t  l e a s t  



5 mrem per year and t h e  app l i can t ' s  commitment to  meet the 5 mrem 

pe r  year  l i m i t  by adminis t ra t ive  and/or design changes is 

acceptable.  

W e  a l so  conclude t h a t  the  radwaste treatment systems a re  

designed i n  accordance with appl icable  codes and standards,  and 

t h a t  t h e  process and r ad ia t ion  environmental monitoring systems 

a r e  adequate f o r  monitoring e f f l u e n t  discharge paths and any 

assoc ia ted  environmental a f f e c t s .  



12.0 RADIATION PROTECTION 

12 -1 Shielding 

The r ad ia t ion  sh ie ld ing  and expected personnel occupancy 

f a c t o r s  a re  designed to  allow plant  opera t ion  a t  t h e  maximum 

ca lcu la t ed  power l e v e l  with 1% fuel  de fec t s  without exceeding 

r a d i a t i o n  doses permitted by 10 CFR Par t  f o r  both  occupa- 

t i o n a l  and non-occupational personnel.  

The sh ie ld ing  design for  t h e  Duane Arnold plant  i s  very 

similar to  t h a t  of  previously approved bo i l ing  water r eac to r s .  

We conclude on the  b a s i s  of our review of  t h e  FSAR, t h a t  t h e  

sh ie ld ing  design i s  adequate t o  p ro tec t  h e a l t h  and sa fe ty  of  t h e  

publ ic  and of  the operating personnel.  

12.2 Health Physics Program 

The ptovisions f o r  personnel m n i t o r i n g ,  t h e  p ro tec t ive  

equipment to  be  provided f o r  use by opera t ing  and maintenance 

personnel ,  and t h e  types of por tab le  survey equipment and 

laboratory equipment ava i l ab le  a t  t h e  Duane Arnold plant  a re  

s imi l a r  to  t h a t  previously approved f o r  cu r ren t ly  operat ing 

nuclear  power p l an t s .  Administrative con t ro l s  and procedures 

a r e  a l so  s imi l a r .  The s t a f f  discussed t h e  app l i can t ' s  hea l th  

physics  program a t  meetings and made a  s i t e  v i s i t  to check 



t h e  equipment, personnel,  and procedures t o  be used a t  t h e  Duane 

Arnold p l an t .  The program i s  described i n  the  Duane Arnold Health 

Physics  Manual. We conclude t h a t  t h i s  program i s  acceptable.  



13.0 CONDUCT OF OPERATIONS 

13.1  Plant  Organization and Staf f  Qual i f ica t ions  

Operating r e spons ib i l i t y  f o r  the Duane Arnold Energy Center (DAEC) 

has been assigned t o  a  Chief Engineer who repor ts  t o  the  President ,  

Iowa E l e c t r i c  Light and Power Co., through the  General Production 

Manager, and the Vice President-Engineering. An operat ing s t a f f  of 

approximately 62 f u l l  time employees is  divided among f o u r  p r inc ipa l  

funct ional  groups: operat ions,  maintenance, t echn ica l ,  and administra- 

t i v e .  The Supervisors of these groups repor t  t o  the Chief Engineer 

through a f u l l  time Ass is tan t  Chief Engineer. 

The Operations Group, under an Operations Supervisor,  conducts 

day-to-day plant operat ions,  f u e l  handling, and r e fue l ing  a c t i v i t i e s .  

The normal s h i f t  crew complenaent w i l l  cons is t  of a  S h i f t  Supervising 

Engineer, an Operating Engineer, a  F i r s t  Assis tant  Operating Engineer, 

a  Second Assis tant  Operating Engineer, and an Auxi l ia r ies  Engineer. 

Each crew w i l l  inc lude  a t  l e a s t  one Senior Reactor Operator and two 

Reactor Operators l icensed by the  AEC, in accordance with requirements 

t o  b e  included in the  Technical Speci f ica t ions .  

The maintenance funct ion is divided between the Mechanical and 

E l e c t r i c a l  Maintenance Groups. The Mechanical Maintenance Group 

d u t i e s  cons i s t  of day-by-day r e p a i r s ,  adjustments,  equipment condition 

inspect ion,  overhauls and modif icat ions of equipment and other  

mechanical maintenance funct ions as assigned. The E l e c t r i c a l  

Maintenance Group d u t i e s  cons is t  o f :  maintenance of e l e c t r i c a l  



equipment; modif icat ion of equipment; c a l i b r a t i o n ,  t e s t ,  and 
I 

maintenance of instruments and cont ro ls ;  equipment condit ion inspec t ion;  

and o ther  maintenance funct ions a s  assigned.  
\ 

The t echn ica l  s t a f f  cons i s t s  of two groups: t h e  Plant  
I 

Performance Group and the Radiation Protec t ion  and Chemistry Group. I 

The former group is headed by the  Reactor and Plant Performance 1 

Engineer and has du t i e s  such a s  conducting t e s t s  and in t e rp re t ing  
\ 

da ta  logger output to  determine r e a c t o r  and p lant  performance; t h i s  

group w i l l  a l so  maintain f u e l  accountabi l i ty .  The l a t t e r  group is 
I 

headed by t h e  Radiation Protec t ion  Engineer and has d u t i e s  such as I 
water treatment,  waste d isposa l ,  r a d i a t i o n  pro tec t ion  and sh ie ld ing ,  

I 

r ad ia t ion  monitoring, and laboratory ana lys i s .  

The qua l i f i ca t ions  of the  key supervisory personnel with regard 
I 
\ 

t o  educat ional  background, experience, and technica l  s p e c i a l t i e s  

genera l ly  meet: o r  exceed the m i n i m u m  qua l i f i ca t ions  a s  defined in 

the American National Standards I n s t i t u t e  s tandard,  "Selection and 

I 
Training of Nuclear Power P lan t  Personnel,  " ANSI N18.1-1971. 33 

r 
I 

We conclude t h a t  the  organizat ion and t h e  q u a l i f i c a t i o n s  I 

of the s t a f f  For opera t ing  the  Duane Arnold Energy Center a r e  ( 

acceptable.  

13.2 Tra in ing  
i 

A t r a i n i n g  program and schedule f o r  p lan t  personnel was 
I 
1 

developed by the appl icant  and included major t r a i n i n g  phases 

conducted by the General E lec t r i c  Co., i n  BWR Technology, BWR 

( 
I 



. operator t r a in ing ,  and s p e c i a l i s t  t r a i n i n g  f o r  support personnel 

in Sta t ion  Nuclear Engineering, Radiological Engineering, Nuclear 

Instrumentation and Control,  BWR Chemistry-, BWR Maintenance, and 

BWR Star tup Testing. The schedule has provided ample opportunity 

f o r  the completion of formal t r a i n i n g  elements and p lan t  f ami l i a r i za t ion  

t o  permit f u l l  p l an t  s t a f f  p a r t i c i p a t i o n  in the pre-operat ional  t e s t  

program. The appl icant  has general ly committed to the execution of 

r e t r a i n i n g  and replacement t r a i n i n g  programs in conformance with t h e  

requirements of  ANSI N18.1-1971. 

We conclude t h a t  the t r a i n i n g  program f o r  the i n i t i a l  

plant  s t a f f  should r e s u l t  in a s u f f i c i e n t  number of l icensed 

operat ing personnel a t  the time of  f u e l  loading, and t h a t  t he re  is  

reasonable assurance t h a t  continued t r a i n i n g  programs w i l l  maintain 

the  competency of the  s t a f f .  We f ind  the  t r a i n i n g  program t o  be  

acceptable.  

13.3 Preparedness Plan 

The applicant  has formulated and submitted a  Preparedness Plan 

which is responsive t o  t h e  regulatory requirements of 10 CFR Part  50,' 

Appendix E, f o r  plans to  cope with emergencies. The plan descr ibes  

the  organiza t ional  s t r u c t u r e  f o r  dea l ing  with emergencies, and the 

agreements and understandings with appropr ia te  l o c a l ,  S t a t e ,  and 

Federal agencies. These l a t t e r  arrangements have been made with t h e  

Office of the Commissioner of Public 'Safety f o r  Cedar Rapids, the 

o f f i c e  of the  Sher i f f  of Linn County, the Linn County Health Depart- 

ment, the  Linn County C iv i l  Defense organiza t ion ,  t h e  S t a t e  of  Iowa 



Department of Public  Safety and Department of Health, the  Iowa Civ i l  

Defense Division, and the Chicago Operations Off ice  of the, AEC. The 

plan descr ibes  measures t o  be taken f o r  a broad v a r i e t y  of emergency 

s i t u a t i o n s  and includes p ro tec t ive  ac t ion  c r i t e r i a  f o r  n o t i f i c a t i o n  

o f  o f f s i t e  agencies.  

Arrangements have a l so  been made to  provide f o r  appropr ia te  

medical a s s i s t a n c e  to  persons a f f ec t ed  by o n s i t e  acc idents ,  including 

those accidents  having r ad io log ica l  e f f e c t s .  

Provisions f o r  review and updating of the  plan and f o r  the 

conduct of periodic d r i l l s  and exerc ises  have been included. 

We have reviewed the d e t a i l s  of the Preparedness Plan submitted 
/ 
\ 

by t h e  appl icant  and conclude t h a t  adequate arrangements have 

been made to  cope with the  poss ib le  consequences of  a broad spectrum 

of accidents  a t  the s i t e  inc luding  Design Basis Accidents.  

13.4 Safety Review and Audit 

The applicant  has es tab l i shed  a two l e v e l  review process t o  

a s su re  t h a t  a l l  plant  opera t ional  mat te rs ,  design changes, t e s t s ,  and 

changes t o  approved procedures, which have a bearing on safe ty ,  a r e  

adequately assessed.  An Operations Cormaittee which is advisory to  

t h e  Chief Engineer c o n s t i t u t e s  an o n s i t e  review mechanism while  a 

second l e v e l  of review i s  vested in a company l e v e l  Safety Commit t e e  

which is  a d ~ t s o r p  to  the General Production Manager. The Safety 

Committee a l s o  has an assigned r e s p o n s i b i l i t y  f o r  periodic a u d i t s  of 

p l an t  operat ions.  These review and audi t  funct ions a r e  genera l ly  in 
i 



accord with t h e  requirements and r e c o m n d a t i o n s  of ANSI N18.7-1972,34 

"Standard f o r  Administrative Controls fo r  Nuclear Power Plants , "  and 

t h e i r  funct ions and r e s p o n s i b i l i t i e s  w i l l  a l s o  be  incorporated in 

t h e  Administrative Controls s ec t ion  of the Duane Arnold p lant  

Technical Speci f ica t ions .  - 

We have concluded t h a t  t h e  a p p l i c a n t ' s  review and aud i t  s t r u c t u r e  

f o r  plant operat ions is acceptable.  

13.5 P lan t  Procedures and Records 

P lant  operat ions a re  t o  be performed i n  accordance with de ta i l ed  

wr i t t en  and approved procedures. These procedures w i l l  include systems 

check lists; s t a r t u p ,  normal operat ion,  and shutdown of major equip- 

ment items; systems, and integrated plant  operat ion,  alarm response 

procedures; surve i l lance  and t e s t i n g ,  re fue l ing ,  r ad ia t ion  con t ro l ;  

and abnormal condit ions,  emergency, and adminis t ra t ive  procedures. 

Records w i l l  be maintained t o  a s su re  a f u l l y  documented h i s t o r y  

of f  a c i l i t p  operat ions.  Specif ic  requirements i n  these  a reas  w i l l  

be incorporated in the  Administrative Controls sec t ion  of the  

Technical Specif icat:ions . 
We conclude that the provisions f o r  preparat ion,  review, 

approval, and use of wr i t ten  procedures and the generation and 

con t ro l  of plant  operating records a r e  s a t i s f a c t o r y .  

13.6 I n d u s t r i a l  Securi ty 

The appl icant  has submitted a copy of h i s  I n d u s t r i a l  Securi ty 

Plan a s  propr ie ta ry  information pursuant t o  Section 2.790 o f  the  



Commission's regula t ions .  The plan i s  adequately responsive t o  AEC 
i 

guidance, inc luding  Safety ~ u f d e  17 35, and provides reasonable i 

assurance t h a t  adequate provisions have been made by the appl icant  i 
i 
1 

t o  prevent or  i n h i b i t  a wide range of  p o t e n t i a l  a c t s  of i n d u s t r i a l  

! 
sabotage. - I 



14.0 INITIAL TESTS AND OPERATION 

The appl icant  has described a t e s t  program which w i l l  be 

performed to  a s su re  t h a t  t h e  Duane Arnold Energy Center is capable 

of withstanding t h e  acc idents  and t r ans i en t s  analyzed i n  the  F ina l  

Safety Analysis Report and i n  the design bases f o r  t h e  p l an t .  This 

t e s t  program proceeds from component and systems acceptance and pre- 

opera t ional  t e s t i n g  through f u e l  loading, i n i t i a l  c r i t i c a l i t y ,  and 

power esca la t ion  which evaluates  nuclear ,  process,  and safe ty  

f ea tu res  performance a t  var ious  power l e v e l s  up t o  f u l l  power. This 

t e s t  program general ly incorporates  the components, systems, and 

t e s t s  described i n  the two guides referenced i n  10 CFR Par t  5 0 , ~  

Section 50 .34(b) (b) ( i i i ) .  

Administrative procedures have been prepared t o  cont ro l  the  

t e s t  progat& These procedures provide f o r  the prepara t ion  of 

d e t a i l e d  wr i t ten  t e s t  procedures and ins t ruc t ions  by Bechtel and 

General E lec t r i c ,  and review and approval by the  a p p l i c a n t ' s  

Engineering, Quality Assurance, and Production Department personnel.  

Conduct of the t e s t  program i s  the  r e spons ib i l i t y  of the a p p l i c a n t ' s  

Production Department (plant s t a f f )  with technica l  d i r ec t ion  and 

coordination provided by appropr ia te  vendor personnel.  

Beginning with i n i t i a l  fue l  loading, the appl icant  w i l l  observe 

a l l  Technical Speci f ica t ion  requirements including those r e l a t e d  t o  

s t a f f i n g ,  even though c e r t a i n  personnel a re  not expected to  be 



examined f o r  operators  ' l i censes  u n t i l  a f t e r  commercial operat ion 

a c t u a l l y  begins. The numbers and qua l i f i ca t ions  of supervisory, 

technica l ,  and senior  opera t ing  personnel on t h e  p l an t  s t a f f  a r e  

adequate t o  meet the Technical Speci f ica t ion  requirements during 

t h i s  period. 

Ke conclude t h a t  the I n i t i a l  Tests  and Operations program f o r  

t h e  s t a r t u p  o f  the Duane Arnold Energy Center a r e  acceptable.  



15.0 ACCIDENT ANALYSIS 

15.1 Abnormal Operational Transients  

We have evaluated the  app l i can t ' s  analyses of various abnormal 

ope ra t iona l  t r ans i en t s .  The events t h a t  charac ter ize  these t r a n s i e n t s  

have been described i n  FSAR Sect ion 1 4  and i n  Amendments 7 ,  9 ,  and 11 

as  responses t o  quest ions 14.6 through 14.14. These t r a n s i e n t s  

include such events  as  process system con t ro l  malfunctions, 

inadvertent  con t ro l  rod withdrawal, tu rb ine  t r i p ,  l o s s  of e l e c t r i c a l  

load,  and va r i a t ions  i n  operating parameters. We have reviewed t h e  

r e s u l t s  of the  app l i can t ' s  analyses of these  events and conclude t h a t  

t h e  design of the  f a c i l i t y ,  including the  p ro tec t ion  and con t ro l  

systems, i s  such t h a t  the  occurrence of such t r a n s i e n t s  would not  

r e s u l t  i n  damage e i t h e r  t o  the  f u e l  or  t o  the  primary coolant boundary. 

Consequently, the  occurrence of these  abnormal t r a n s i e n t s  would not  

lead  t o  a s i g n i f i c a n t  r e l ease  of f i s s i o n  products t o  the  environs.  

15.2 Design Basis Accidents 

15.2.1 Descript ions,  Assumptions, and Analysis 

We and the  appl icant  have evaluated a broad spectrum of accidents  

t h a t  might r e s u l t  from postulated f a i l u r e s  of equipment, o r  t h e i r  

maloperation. Four highly unl ike ly  accidents  (design bas i s  accidents)  

t h a t  a r e  representa t ive  of the  spectrum of types and physical  loca- 

t i o n s  of pos tu la ted  causes and t h a t  involve the  various engineered 

s a f e t y  f ea tu res  systems have been analyzed i n  d e t a i l .  The ca lcula ted  



consequences of these  design bas i s  acc idents  exceed those of a l l  I 
o the r  accidents  considered and a r e  t h e  same a s  those analyzed f o r  i 

previously l icensed BWR p lan t s .  The design bas i s  accidents  analyzed 1 

were: (1) control-rod-drop, (2) r e fue l ing ,  (3 )  steam-line-break, and 
1 
I 

(4) loss-of-coolant accidents .  Our evaluat ion of ihese acc idents  1 
1 

shows t h a t  the  ca lcula ted  doses r e s u l t i n g  from these  pos tu la ted  
( 

i 
a cc idents  a r e  well  within t h e  10 CFR Par t  100 guidel ine values.  The i 

r e s u l t s  of t h i s  ana lys i s  a r e  shown i n  Table 15.1 using t h e  accident  

assumptions given i n  Table 15.2. Our ana lys i s  a l s o  shows t h a t  the  
I 
I 

c on t ro l  room design is such t h a t  the  exposure guidel ines of General 1 
Design Cr i t e r ion  19 a re  met and the re fo re  the  computed dose t o  

operat ing personnel during postulated design bas i s  acc idents  is ('. I 

acceptable.  
\ 

15.2.2 Control Rod Drop Accident I 

The ana lys i s  techniques f o r  t h i s  accident a r e  being revised by 

t h e  General E l e c t r i c  Company. GE Topical Reports NED0 - 10527 20 and 
I 

i t s  Supplement 1, "Rod Drop Accident Analysis f o r  Large BWR's," I 
dated March 1972 and Ju ly  1972, respec t ive ly ,  were submitted t o  the  

Regulatory S ta f f .  Supplement 1 presents  the GE ana lys i s  of the  rod i 
drop accident  f o r  the  Browns Ferry and Zimmer c l a s s  of BWR's which I 
uses gadolinium fo r  a x i a l  power shaping and mul t ip le  enrichment f u e l  I 

designs. The Duane Arnold Nuclear design i s  s i m i l a r  t o  t h a t  f o r  1 
I 

Browns Ferry; hence, the  cu r ren t  s t a f f  review of other  appl icant  o r  

1 
i 

1 



TABLE 15  -1 

POTENTIAL OFFSITE DOSES DUE TO DESIGN BASIS ACCIDENTS 

Loss  of Coolant  

Fue l  Handling 

Steam Line  Break 

C o n t r o l  ~ o d  Drop 

Two Hour 

Exc lus ion  Boundary 

(440 mete r s )  

Thyroid Whole Body 

( R e d  ( R e d  

32 2 

<1 < 1 

37 <1 

23 1 

Course of Accident  

Low Popula t ion  Zone 

(9656 meters)  

Thyroid  Whole Body 

( R e d  @em) 

98 3 

<1 < 1 

2 <1 

4 <1 



TABLE 15.2 
! 

ASSUMPTIONS USED FOR STAFF ANALYSIS OF DESIGN BASIS ACCIDENTS i 

A. Loss-of-Coolant Accident Assumptions 1 
1. Power Level of 1658 MWt. 1 
2. Safety Guide No. 3 assumptions were used for evaluating 

the potential radiological consequences. I 
I 

3. Containment leak rate of 2.0% per day. 

4. Charcoal filter efficiency of 90% for elemental iodine, I 
and 70% or organic iodine. 

5. HEPA filter efficiency of 90% for particulate iodine. i 
6. 100 meter stack release point with Safety Guide No. 3 i 

meteorological conditions as modified by onsite meteorological 

l 
and terrain elevation data. I 

I 
7. If the leak rate is zero and the CAD system is used, the doses 

given in Table 15.1 for this accident would be less than 30 rem 1 
(thyroid) for the LPZ course of accident. 

B. Refueling Accident Assumptions 

1. Rupture of 111 fuel rods. 

2. All gap activity in the rods, assumed to be 10% of the noble 
I 

gases and 10% of the iodine (with a peaking factor of 1.5) I 

is released to the pool water. 

3. The accident occurs 24 hours after shutdown. 
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4 .  99% of the  iodine  is re ta ined  i n  the  pool water,  

5. Charcoal f i l t e r  iodine  removal e f f i c i ency  of 90% f o r  elemental 

iodine and 70% f o r  organic iodines.  

6. Elevated r e l e a s e  a s  i n  the  LOCA analyses.  

7, The meteorological condit ions assumed a re  t h e  same as  described 

f o r  t h e  0-2 hour period following a loss-of-coolant accident .  

C. Control-Rod-Drop Accident Assumptions (1) 

1. The accident  occurs due t o  a  2.5% AK con t ro l  rod drop. 

2. 330 f u e l  rods a r e  damaged. 

3. Peaking f a c t o r  = 1.50. 

4 .  100% of t h e  noble gases and 50% of t h e  iodines  a r e  released 

from the  fue l .  

5. A reduct ion f a c t o r  of 10 is  allowed f o r  iodine  passing 

through the  primary system water. 

6. A plate-out f ac to r  of 2 i s  allowed f o r  iodine  i n  the  turbine 

and condenser. 

7. High r ad ia t ion  is de tec ted  i n  the  steamline s ignal ing  the  

vacuum pump t o  s top  and t h e  i s o l a t i o n  va lves  t o  c lose .  (5 

second valve c losure  time.) 

( "~hese  assumptions may be modified i n  the  near  f u t u r e  t o  conform 
with the  r e s u l t s  of our study and analys is  of the  con t ro l  rod drop 
accident described i n  paragraphs 7.6 and 15.2.2 of t h i s  s a f e t y  
evaluat ion report .  Preliminary r e s u l t s  of the  rod drop accident  
using the  ana lys i s  modif icat ion recommended by our consul tan t ,  
Brookhaven National Laboratory, and assuming the  Rod Sequence Control 
System t o  be operable r e s u l t s  i n  approximately 600 f u e l  rods perfora- 
t i on  and increases  the ca lcula ted  doses from t h i s  accident  by a  
f a c t o r  of two, which is s t i l l  well  below the  10 CFR P a r t  100 guidl ine 
values. 



8. All of the activity is contained by the turbine and condenser. 

9. A constant leak rate of 0.5% per day from the turbine and 

condenser is assumed. 

10. The total accident duration is 24 hours. 

11. Safety Guide No. 3 ground level release with credit for a 

wake factor. 

D. Steam-Line-Break Accident Assumptions 

1. Accident occurs at full power level of 1658 H t .  

2. Safety Guide No. 536 assumptions. 

3. Steamline isolation valve closes in 5 seconds. 

4 .  Release of all activity occurs within two hours at 30 i ' 
\ 

I 
meters height. 

I 

5. Coolant concentrations are based on 1.0 Ci/Sec gaseous 

release rate (20 pc/cc total iodines). 

I 
I 



vendor submitted information on the  Browns Ferry and Peach Bottom 

Units 213 f a c i l i t i e s  apply a l s o  t o  DAEC. Following our approval of 

a revised a n a l y t i c a l  model and our dpproval of con t ro l  rod system 

modif icat ions,  t h e  appl icant  (IELP) w i l l  provide t h e  appropr ia te  

documentation amending t h e  DAEC operat ing l i c e n s e  app l i ca t ion  and 

w i l l  a l s o  i n s t a l l  t h e  AEC approved con t ro l  modif icat ions.  The appli- 

c a n t ' s  commitment i s  discussed i n  FSAR Amendment 9 (response t o  

question 14,15) and a l s o  i n  paragraph 7.6 of t h i s  Safety Evaluation. 

We f ind  t h i s  plan of ac t ion  t o  be acceptable and has reasonable 

assurance f o r  order ly  completion p r i o r  t o  f u e l  loading. 

15.3 Containment Purge Dose, Post-LOCA 

It has been ca lcula ted  by the  appl icant  t h a t  purging of the  

containment atmosphere a f t e r  35 days elapsed time i n  t h e  post-LOCA 

period may be needed i n  order  t o  prevent containment pressure buildup. 

We have made ca l cu la t ions  of the  ex, : lusion area  boundary dose r e su l t -  

ing  from a continuous purge of containment atmosphere beginning a f t e r  

30 days, post-LOCA with purge r a t e s  equivalent  t o  2% and 5% of a con- 

5 -6 3 tainment volume of 2.04 x 10 f t 3 ,  with a x/Q of 1.35 x 10 sec/m , 

thermal power l e v e l  of 1658 PIW9 and a f i l t e r  e f f i c i ency  f o r  radio- 

iodines  of 90% elemental iodine  and 70% organic iodines.  The r e s u l t -  

i ng  doses from both purge r a t e s  (2.82 cfm and 7.1 cfm) a r e  l e s s  than 

our cur rent  c r i t e r i a  of 1/10 the  10 CFR P a r t  100 values.  



15.4 Liquid Radwaste Tanks Failure 

We analyzed a postulated failure of the liquid radwaste tanks I 

and release of their contents to the soil surrounding the Category I1 1 
I 

seismic design Radwaste Building. Using the concentrations of 

specific nuclides in the radwaste liquid inventory, conservative 
1 

" i 
values of soil permeability, and dispersion, dilution and transit 

i 
time to the Cedar River, we have determined that this remote event 1 

results in concentrations in water of specific radionuclides in the I 
I 

vicinity of Cedar Rapids wells to be less than the guidelines of 

10 CE'R Part 20, "Concentrations for Drinking Water." I 



16.0 TECHNIC& SPEFICATIONS 

The Technical Spec i f i ca t ions  of a  l i c e n s e  def ine  c e r t a i n  f e a t u r e s ,  

c h a r a c t e r i s t i c s ,  and condit ions governing operat ion of a  f a c i l i t y  

t h a t  cannot be changed without p r i o r  approval of t h e  AEC. The proposed 

Technical Speci f ica t ions  f o r  the Duane Arnold Energy Center w i l l  be 

s imi l a r  i n  scope and content of recent ly  l icensed  BWR's and a r e  

e s s e n t i a l l y  complete. We have held meetings with the  appl icant  t o  

d iscuss  t h e i r  contents  and some modifications t o  the  proposed Technical 

Speci f ica t ions  have been suggested both by the  s t a f f  and the  appl icant  

t o  more c l e a r l y  descr ibe  t h e  allowed condit ions f o r  p lan t  operat ion.  

The f i n a l l y  approved Technical Speci f ica t ions  w i l l  be included as  p a r t  

of t h e  operat ing l icense .  Included a r e  sec t ions  covering s a f e t y  l i m i t s  

and l i m i t i n g  s a f e t y  system s e t t i n g s ,  l i m i t i n g  condit ions f o r  opera t ion ,  

su rve i l l ance  requirements,  design f ea tu res ,  and adminis t ra t ive  cont ro ls .  

On t h e  bas i s  of our review, we w i l l  a ssure  t h a t  normal p l an t  operat ion 

within the  l i m i t s  of Technical Speci f ica t ions  w i l l  not  r e s u l t  i n  

p o t e n t i a l  o f f s i t e  exposures i n  excess of 10 CFR Par t  20 limits and/or 

our guidance on meeting t h e  "as low a s  prac t icable"  r e l eases  of radio- 

a c t i v i t y .  Furthermore, the  l i m i t i n g  condit ions of operat ion and 

su rve i l l ance  requirements w i l l  assure t h a t  necessary engineered s a f e t y  

f ea tu res  f o r  continued p lant  operat ion w i l l  be a v a i l a b l e  i n  the  event 

of malfunctions within t h e  p lant .  



17.0 REPORT OF THE ADVISORY COMMITTEE ON REACTOR SAFEGUARDS (ACRS) 

17.1 ACRS Construction Permit L e t t e r  

I n  its l e t t e r  dated December 18 ,  1969 t o  t h e  Commission, the 

Advisory Committee on Reactor Safeguards indicated c e r t a i n  mat te rs  

would requi re  r e so lu t ion  between t h e  appl icant  and the  regulatory 

s t a f f .  Each of these  matters  a r e  discussed i n  t h i s  Safety Evaluation 

repor t .  The matters  indicated i n  t h e  ACRS l e t t e r  and reference  i n  

t h i s  r epor t  a r e :  (1) Solut ion c a v i t i e s  (see paragraph 2.5.2), (2) 

Emergency cooling water system (see paragraph 9 .2.3), (3) Main steam 

l i n e  inspec t ion  (see paragraph 10.3) ,  (4) ~ a i n  steam l i n e  i s o l a t i o n  

valves s e a l  system (see paragraph 6.2.6), (5) Instrument l i n e  f a i l u r e  

(see paragraph 6.2.4),  (6) ATWS (see paragraph 7.5),  (7) Combustible 

gas con t ro l  (see paragraph 6.2.51, (8) Fuel cask drop (see paragraph 

9.1.2). 

The above matters  were s p e c i f i c a l l y  i d e n t i f i e d  i n  the  ACRS 

construct ion permit l e t t e r .  Other problems r e l a t e d  t o  bo i l ing  water 

r eac to r s  which have been i d e n t i f i e d  by t h e  regulatory s t a f f  and ACRS 

a r e  covered i n  t h e  organizat ion of t h i s  Safety Evaluation repor t .  The 

appl icant  has i d e n t i f i e d  and d iscusses  those matters  i d e n t i f i e d  by 

t h e  ACRS construct ion permit l e t t e r s  i n  Appendix H of the  FSAR. 

17.2 ACRS Operating License Le t t e r  

The repor t  of the ACRS on t h i s  pro jec t  f o r  the  operat ing l i cense  

review w i l l  be placed i n  t h e  Comnission's Public  Document Room and w i l l  

be published i n  a supplement t o  t h i s  eva lua t ion  r epor t ,  



18.0 QUALITY ASSURANCE 

18 .1  General 

The descr ip t ion  of the q u a l i t y  Assurance CQA) Program f o r  the 

operat ion of the Duane Arnold f a c i l i t y  is contained i n  Appendix D 

t o  the FSAR, supplemented by the QA information contained i n  

Amendments 1, 7, 10, and 11 t o  t h e  appl ica t ion  which were f i l e d  i n  

response t o  our reques ts  for  a d d i t i o n a l  information. Our evaluat ion 

of the QA Program is based on a review of t h i s  information and 

r e l a t ed  discussions with the appl icant  to  determine the  a b i l i t y  of 

Iowa E l e c t r i c  and Power Company m L P )  to  comply with the requirements 

of Appendix B t o  10 CFR 50 ,*  

18.2 Organization and Program 

Respons ib i l i ty  and au thor i ty  t o  de f ine  and d i r e c t  the  Quality 

Assurance Program i s  assigned by IELP t o  the Engineering Vice- 

Pres ident ,  who i s  a l so  the  Duane Arnold P ro jec t  Manager. IELP's 

Quality Assurance Manager r epor t s  t o  the Project  Manager and i s  

respons ib le  for  the administrat ion of the  QA Program. The QA 

Manager a l so  has d i r e c t  comunicat ion with IELP's President ,  

independent of  the remainder of the  Project  Group, f o r  qua l i ty  

matters .  

The QA organizat ion fo r  the  Duane Arnold Energy Center, (DMC), 

fo r  the period through preoperat ional  t e s t i n g  w i l l  be maintained 

the  same a s  during the design and construction phase. 



During preoperat ional  t e s t ing ,  procedures and t e s t s  on safe ty-  

r e l a t e d  systems w i l l  be reviewed and aud i t i ed  by the  QA s t a f f .  

Beginning w i t h  f u e l  loading and p lan t  operat ions a c t i v i t i e s ,  plant  

s t a f f  QC personnel, r epor t ing  d i r e c t l y  to  o n s i t e  p l an t  management, 

w i l l  be assigned on a  f u l l  time bas i s .  The d u t i e s  of these  QC 

personnel w i l l  include work inspec t ion ,  v e r i f i c a t i o n  of procedure 

implementation, plant  q u a l i t y  planning, spec i f i ca t ion  monitoring, 

ma te r i a l s  and equipment con t ro l ,  and records monitoring. The QA 

Manager, who is located a t  IELP's headquarters o f f i c e ,  w i l l  a l so  

have f u l l  time QA representa t ives  a t  the  p lant  s i t e .  

Based on our  review of IELP's plans f o r  the  s t a f f i n g  and 

organizat ion of the QA funct ion,  we-conclude t h a t  IELP has provided 

an acceptable organiza t ion ,  adequate independence, and proper 

management involvement fo r  the remainder of design, cons t ruc t ion ,  

and preoperat ional  t e s t i n g  e f f o r t s ,  and f o r  opera t ional  phase 

a c t i v i t i e s  . 
18.3 Audit Program 

The QA Manager and h i s  headquarters and o n s i t e  s t a f f  w i l l  

aud i t  sa fe ty  r e l a t e d  a c t i v i t i e s  over the se rv ice  l i f e  of the p lant .  

This aud i t  function w i l l  include audi t  of o f f s i t e  Engineering 

Support Group a c t i v i t i e s  and audi t  of o n s i t e  opera t ional  a c t i v i t i e s .  

The o n s i t e  a c t i v i t i e s  t o  be audi ted ,  and the aud i t  frequency, has 

been del ineated by IELP. The QA organizat ion w i l l  a l s c  provide a  



review of  the  r e q u i s i t i o n  and vendor q u a l i f i c a t i o n  fo r  a l l  s a fe ty  

r e l a t e d  ma te r i a l ,  equipment, and se rv ices  f o r  maintenance, modifica- 

t i o n ,  r e p a i r ,  rework, and design changes. 

Neither s i t e  nor headquarters QA personnel w i l l  be  members of  

e i t h e r  the Plant  Safety o r  Operating Conunittee who a r e  chartered to  

c a l l  on IELP's QA s t a f f  a s  required.  However, IELP requ i re s  QA 

personnel t o  audi t  the funct ioning of these committees and the  

implementation of t h e i r  decis ions.  

We conclude t h a t  the  audit  program described i n  the  applica-  

t i on  is adequate to  provide acceptable management a t t e n t i o n  t o  

q u a l i t y  r e l a t e d  a c t i v i t i e s  during the operat ional  phase and meets 

the  provisions of Appendix B t o  10 CFR Par t  5 0 . ~  

18.4 Quality Control and Quality Assurance f o r  Fuel Manufacturing 
and Performance 

We have evaluated IELP ' s  plan f o r  review of r e a c t o r  f u e l  t o  

a s su re  i ts long term i n t e g r i t y .  The appl icant  has described the 

design and manufacturing f ea tu res  of the DAEC fue l  which a r e  

intended t o  minimize poss ib le  f u e l  f a i l u r e s .  These include 

r e s t r i c t i o n  of poss ib le  moisture and hydrocarbon contaminants in 

t h e  U02 p e l l e t s ,  inclusion of a hydrogen g e t t e r  device in each 

f u e l  rod, chamfered p e l l e t  ends, and shor t e r  p e l l e t  length. These 

f e a t u r e s  of f u e l  design represent  current  s t a t e  of the a r t  ac t ions  

t h a t  would minimize f u e l  f a i l u r e s  during plant  operat ion.  Although 



w e  consider such ac t ions  appropr ia te  f o r  minimizing f u e l  f a i l u r e s ,  

we w i l l  cont inue our su rve i l l ance  of nuclear  f u e l  performance 

t o  eva lua te  i ts  operation. IELP's ac t ions  in assur ing  adequacy of 

purchased f u e l  a r e  p re sen t ly  l imi ted  t o  the  aud i t  of the fue l  

manufacture. We conclude t h a t  IELP's QA Program f o r  fue l  is 

acceptable.  

18.5 Quality Assurance During Sta t ion  Operation 

IELP has conunitted t o  implement the requirements of Appendix B 

t o  10 CFR 50' and the provisions of AEC Safety Guide 3337 during the  

opera t ional  phase of the Duane Arnold Energy Center. This is 

acceptable.  

18.6 Conclusions 

Based on the app l i can t ' s  comitments  and on our  review of the 

QA Program described in the  FSAR and r e l a t e d  amendments, we have 

concluded t h a t  the desc r ip t ion  of the  QA Program complies with t h e  

requirements of Appendix B t o  10 CFR 50,' and i s  acceptable f o r  

Duane Arnold f a c i l i t y  operat ion.  



19.0 COMMON DEFENSE AND SECURITY 

The applicant  s t a t e s  t h a t  t h e  a c t i v i t i e s  t o  be conducted would 

be within the  j u r i s d i c t i o n  of the United S t a t e s  and that a l l  of its 

d i r e c t o r s  and p r inc ipa l  o f f i c e r s  inc luding  those of t h e  o ther  par- 

t i c i p a t i n g  companies a r e  United S t a t e s  c i t i z e n s .  We f ind  nothing 

i n  the appl ica t ion  t o  suggest t h a t  t h e  appl icant ,  or  the  o the r  par- 

t i c i p a t i n g  companies a r e  owned, cont ro l led ,  o r  dominated by an 

a l i e n ,  a  fore ign  corporation o r  a  foreign government. The 

a c t i v i t i e s  t o  be conducted do not  involve any r e s t r i c t e d  da ta ,  

but  the applicant  has agreed t o  safeguard any such da ta  which 

might become involved in accordance with the  regula t ions .  The 

appl icant  w i l l  obtain f u e l  a s  it is needed from sources of supply 

ava i l ab le  f o r  c i v i l i a n  purposes, so t h a t  no diversion of s p e c i a l  

nuclear  ma te r i a l  from m i l i t a r y  purposes is  involved. For these  

reasons, and in the  absence of  any information t o  the  contrary,  

we have found t h a t  the  a c t i v i t i e s  t o  be performed w i l l  not be 

in imica l  to  the common defense and secu r i ty .  



20.0 FWANCIAL QUALIFICATIONS 

The Commission's regula t ions  which r e l a t e  t o  f i n a n c i a l  data  and 

information required t o  e s t a b l i s h  f i n a n c i a l  q u a l i f i c a t i o n s  f o r  an 

appl icant  Cand co-applicants) for  a f a c i l i t y  opera t ing  l i cense  a r e  

presented in paragraph 50.33Cf) and Appendix C of  10 CFR Par t  50. 

We have reviewed the f i n a n c i a l  information presented in FSAR 

Amendment No. 10-A and its supplement and conclude t h a t  the appli-  

cant and co-applicants possess or  can obtain the  necessary funds to 

operate  the  Duane Arnold Energy Center and i f  necessary, permanently 

shut  down the f a c i l i t y  and maintain it in a s a f e  shutdown condit ion.  

A de t a i l ed  discussion of the  b a s i s  f o r  our conclusion i s  presented 

in Appendix D t o  t h i s  Safety Evaluation. 



21.0 FINANCTAZ, PROTECTION AND FNDEMNITY REQUIREMEWTS 

21.1 Financia l  Pro tec t ion  and Indemnity Requirements 

Pursuant to  the f i n a n c i a l  pro tec t ion  and indemnification pro- 

v i s ions  o f  the Atomic Energy Act of 1954, a s  amended (Section 170 

and r e l a t e d  sec t ions ) ,  the Commission has issued regula t ions  in 

10 CFR P a r t  140. These regula t ions  s e t  f o r t h  the  Commission's 

requirements with regard to proof of f i n a n c i a l  protect ion by, 

and indemnification o f ,  l i censees  f o r  f a c i l i t i e s  such a s  power 

r eac to r s  l icensed under 10 CFR Par t  50. 

21.2 Preoperat ional  Storage of Nuclear Fuel 

The Commission's regula t ions  in Pa r t  140 requi re  t h a t  each 

holder  o f  a construct ion permit under 10 CFR Par t  50, who i s  a l so  

t o  be the  holder of a l i cense  under 10 CFR Par t  70 au thor i z ing  t h e  

ownership and possession for  s to rage  only of spec ia l  nuc lear  

ma te r i a l s  a t  t h e  r eac to r  construct i tm s i t e  for  f u t u r e  use a s  

f u e l  in the r eac to r  ( a f t e r  issuance of an opera t ing  l i cense  under 

10 CFR Par t  50),  s h a l l ,  during the  in ter im s torage  period p r io r  

t o  l icensed operat ion,  have and maintain f inanc ia l  pro tec t ion  i n  

t h e  amount of $1,000,000 and execute an indemnity agreelnent with 

t h e  Commission. Proof of f i n a n c i a l  pro tec t ion  is  to be  furnished 

p r i o r  t o ,  and the indemnity agreement executed as o f ,  the  

e f f e c t i v e  data  of the 10 CFR Par t  70 l i cense .  No l i cense  

au thor iz ing  the ownership and possession, f o r  s torage  only, of 



s p e c i a l  ma te r i a l  a t  t h e  r e a c t o r  cons t ruc t ion  s i t e  f o r  f u t u r e  use a s  

f u e l  in t h e  r eac to r  w i l l  be  issued u n t i l  proof of f i n a n c i a l  protec- 

t i o n  in the  r e q u i s i t e  amount has been received and the r e q u i s i t e  

indemnity agreement executed. 

21.3 Operating License 

Under the  Comiss ion ' s  regula t ions ,  10 CFR Par t  140, a l i cense  

au thor iz ing  t h e  operat ion of  a r e a c t o r  may not  b e  issued u n t i l  

proof of f i n a n c i a l  pro tec t ion  in the  amount required fo r  such 

operat ion has been furnished,  and an indemnity agreement covering 

such operat ion (as dis t inguished from, f o r  example, preoperat ional  

f u e l  s to rage  only) has been executed. 

Accordingly, no l i cense  au thor iz ing  operat ion of the Duane 

Arnold Energy Center w i l l  b e  issued u n t i l  proof of f i n a n c i a l  pro- 

t e c t i o n  in the  r e q u i s i t e  amount has been received and the  r e q u i s i t e  

indemnity agreement executed . 



22.0 CONCLUSIONS 

Based on our evaluat ion of the  appl ica t ion  as s e t  f o r t h  above, 

WE! have concluded that: 

1. The appl ica t ion  for  f a c i l i t y  l i cense  f i l e d  by the appl icant ,  

dated November 4, 1968, as  amended (PSAR with 15 amendments 

and FSAR with 11 amendments) comply with the  requirements of 

the  Atomic Energy Act of 1954, as  amended (Act), and the  

Commission's regula t ions  s e t  f o r t h  i n  10 CFR Chapter 1; and 

2. The construct ion of  the  Duane Arnold Energy Center ( the 

f a c i l i t y )  has proceeded, and there  i s  reasonable assurance 

t h a t  it w i l l  be  complete, in conformity with Provis ional  

Construction Permit No. CPPR-70, the  appl ica t ion  a s  amended, 

the  provisions of the  Act, and the r u l e s  and regula t ions  of  

the Commission, and 

3 .  The f a c i l i t y  w i l l  opera te  in  conformity with t h e  appl ica t ion  

a s  amended, the  provisions of the Act, and the r u l e s  and 

regula t ions  of the Comission;  and 

4. There is reasonable assurance, assuming s a t i s f a c t o r y  completion 

of our review of those items which we have e l ec t ed  to  de fe r ,  

t h a t  t h e  a c t i v i t i e s  authorized by the opera t ing  l i c e n s e  can be 

conducted without endangering the  h e a l t h  and sa fe ty  of the  

public,  and that such a c t i v i t i e s  w i l l  be conducted in compliance 

with the  regula t ions  of the Commission s e t  f o r t h  in 10 CFR Par t  1; 

and 



5. The appl icant  is technica l ly  and f i n a n c i a l l y  qua l i f i ed  to  

engage in the  a c t i v i t i e s  authorized by an opera t ing  l i cense  

in accordance with t h e  regula t ions  04  the  Commission s e t  f o r t h  

in 10 CFR Part  1; and 

6. The issuance of an opera t ing  l i cense  fo r  DAEC w i l l  not be  

in imica l  to  t h e  common defense and secu r i ty  o r  to  the  hea l th  

and safety of t h e  publlc .  

P r i o r  to  any public  hearing on the matter  of the issuance of 

an opera t ing  l i cense  to the  appl icant  f o r  t h e  Duane Arnold Energy 

Center,  the   omm mission's Direc tora te  of Regulatory Operations w i l l  I 
p repare a  supplement to  t h i s  Safety Evaluation which w i l l  dea l  with 

those ma t t e r s  r e l a t i n g  t o  the  s t a t u s  of cons t ruc t ion  completion 
( 

and conformance of t h a t  construct ion t o  the construct ion permit and I 

I 
t h e  appl ica t ion .  Before an operat ing l i cense  can be  issued t o  the 

appl icant  the  f a c i l i t y  must be completed i n  conformity with the 1 
construct ion permits,  the  app l i ca t ion ,  the Act, and the r u l e s  and 

I 

regula t ions  of the Commission. Such complet eness of  construct ion I 
i 

a s  is required f o r  s a f e  operation a t  the  authorized power l e v e l  must 

be  v e r i f i e d  by the  Commission's D i rec to ra t e  of Regulatory Operations 
I 
I 

p r i o r  t o  issuance of a  l icense .  Fur ther ,  before an operat ing l i cense  J 
I 

is  issued, the  appl icant  w i l l  be required to  s a t i s f y  the  appl icable  

provisions of 10 CFR P a r t  140. 
I 

i 



CHRONOLOGY 

June 22, 1970 

November 1971 

November 26, 1971 

March 1, 1972 

March 13, 1972 

March 28, 1972 

April. 5, 1972 

Apri l  14, 1972 

REGULATORY REYIEW OF 

DUANE ARNOLD mERGY CENTER 

Construction Permit CPPR-70 issued to 
Applicant. 

Applicant submitted Revised Environmental 
Report 

Determination Not t o  Suspend Construction 
A c t i v i t i e s  a t  t h e  Duane Arnold Energy 
Center Authorized Pursuant to  CPRR-70 
Pending Completion of NEPA Environ- 
mental Review 

Applicant tendered amended appl ica t ion  
f o r  OL with s i x  copies  of the FSAR fo r  
d i s t r i b u t i o n  and s t a r t  of  the A E C ' s  
f i r s t  t h r e e  weeks preliminary safe ty  
review. 

Le t t e r  to  app l i can t  reques t ing  informa- 
t ion  on blowdown forces  i n  to rus .  

Meeting with appl icant  to d iscuss  r e s u l t s  
o f  the preliminary review of the FSAR 
and t o  hear Chicago, Bridge and Iron 
Co. d iscuss  t h e  r e p a i r  of r eac to r  
ves se l  nozzles .  

Meeting with appl icant  to  d iscuss  
improvements i n  the  FSAR p r i o r  t o  
formal submission of an appl ica t ion  
f o r  OL. 

Meeting with appl icant  and tour  of 
the  s i t e  by Licensing Projec t  Manager 
and Technical Review expert on piping 
r e s t r a i n t  design. 



May 8, 1972 

June 8, 1972 

June 21, 1972 

June 29, 1972 

Ju ly  5, 1972 

July 7, 1972 

Ju ly  10, 1972 

Ju ly  10, 1972 

Ju ly  12, 1972 

Ju ly  20 & 21, 1972 

July 27 & 28, 1972 

Applicant formally submitted amended i 

appl ica t ion  f o r  OL with E A R  and 
Amendment No. 1. 

I 

Meeting with appl icant  to  d i scuss  I 
emergency plan, i n d u s t r i a l  s ecu r i ty  

I 

plan ,  t r a i n i n g  of opera tors ,  opera t ing  
procedures,  review of environmental 
mat te rs ,  and the  sa fe ty  review schedule. i 
L e t t e r  t o  appl icant  request ing 
add i t iona l  information fo r  s a fe ty  i 
review. 

Meeting with appl icant  t o  d iscuss  
the  instrumentation and cont ro l  1 
system, the  e l e c t r i c a l  system, and 
t h e  review schedule. I 
Amendment No. 1 to the  DAEC Environ- 
mental Report i s  submitted by 
app l i can t .  \ 

Let t e r  to  appl icant  request ing 
add i t iona l  information f o r  s a f e t y  I 

review. \ 

Applicant f i l e d  Amendment No. 2 
t o  t h e  FSAR. 

Applicant submitted information on 
blowdown forces in to rus .  I 

1 
\ 

Applicant submitted information on 
r ad io log ica l  r e l ease  source terms. I 

Two day meeting with appl icant  t o  
i 

d i scuss  s i t e  ana lys i s ,  hydrology, 
meteorology, s t r u c t u r a l  engineering 
design,  code c l a s s i f i c a t i o n s ,  and 

I 
I 

thermal-hydraulic a n a l y s i s  of core.  

Two day meeting with appl icant  t o  
d i scuss  pipe whip r e s t r a i n t  design and 

i 
i n s t a l l a t i o n ,  r e c i r c u l a t i o n  pump se i zu re ,  
RV v ib ra t ion  t e s t i n g ,  seismic design, 
containment i s o l a t i o n ,  containment 

( 



J u l y  31, 1972 

August 7, 1972 

August 11, 1972 

August 15, 1972 

August 17, 1972 

August 30 & 31, 1972 

September 6 & 7 ,  1972 

September 15, 1972 

September 16, 1972 

September 18, 1972 

September 28, 1972 

a t m s p h e r i c  d i l u t i o n  system, 
e f f luen t  treatment,  the prepared- 
ness  p lan ,  and the  i n d u s t r i a l  s ecu r i ty  
plan. 

Applicant f i l e d  Amendment No. 3 
t o  t h e  FSAR. 

Le t t e r  to  appl icant  reques t ing  
a d d i t i o n a l  information for  s a fe ty  
review. 

Le t t e r  t o  appl icant  reques t ing  
add i t iona l  information fo r  s a f e t y  
review . 
Applicant submitted i n f o m t i o n  amend- 
ing  response (7/12/72) on source terms. 

Le t t e r  to appl icant  request ing addi t ion-  
a l  information fo r  s a f e t y  review. 

Two day meeting with appl icant  t o  
review the  instrumentation and 
e l e c t r i c a l  systems. 

Two day meeting with appl icant  t o  
review the  ins t runenta t ion  and 
e l e c t r i c a l  systems and the 
i n d u s t r i a l  s ecu r i ty  plan. 

Applicant submitted Amendment No. 4 
to the FSAR. 

Applicant submitted supplement to  t h e  
DAEC On-Site Meteorological Data. 

Let te r  t o  appl icant  reques t ing  
a d d i t i o n a l  information fo r  s a fe ty  
review. 

I n i t i a l  meeting with appl icant  t o  
d iscuss  t h e  Technical Speci f ica t ions  . 



September 29, 1972 

October 3 ,  1972 

October 3 ,  1972 

October 5 & 6,  1972 

October 6, 1972 

October 17, 1972 

October 20, 1972 

October 24 & 25, 1972 

November 1, 1972 

November 3 ,  1972 

November 13, 14 & 15 

November 20, 1972 

November 20, 1972 

Applicant submitted Amendment No. 5 
t o  the  FSAR. 

Le t t e r  to  appl icant  with statements 
of  requirements.  

Amendment No. 2 t o  the DAEC Environ- 
mental Report is submitted by app l i -  I 

c an t .  I 
Two day meeting with appl icant  to  
review the  P & I diagrams of e l e c t r i c a l  
systems and instrumentation and 
con t ro l  systems. 

Applicant submitted Amendment No. 6 1 
t o  the  FSAR. 

I 

Let t e r  to  appl icant  with pos i t ion  I ! 
statements .  

Applicant submitted Amendment No. 7 
t o  t h e  FSAR. I !  

Licensing p ro jec t  manager and s t a f f  \ 
hydrologist  v i s i t e d  s i t e  to d i scuss  1 
and observe progress being made on 
s a f e t y  review and f a c i l i t y  construct ion.  , 
Let t e r  from appl icant  with response l 

our  statement of requirements dated 
10/3/72. 

Applicant submitted Amendment No. 8 
I 

t o  the  FSAR. i 

S i t e  v i s i t  by s t a f f  e l e c t r i c a l  engineer I 
t o  review and evaluate  the  i n s t a l l e d  
e l e c t r i c a l  and instrumentation systems. I 
Let t e r  t o  appl icant  with statements 
of requirements. I 

I 
! 

Let t e r  t o  app l i can t  request ing a d d i t i o n a l  
information on f u e l  dens i f i ca t ion .  

I 



November 20, 1972 

November 21, 1972 

November 30, 1972 

December 11, 1972 

December 14 & 15, 1972 

December 15, 1972 

December 18, 1972 

December 20, 1972 

December 21, 1972 

January 2, 1973 

January 8, 1973 

Draft  Environmental Statement i s  
d i s t r ibu ted  . 
Applicant submitted Amendment No. 9 
t o  the  FSAR. 

Let te r  to  appl icant  reques t ing  
f inanc ia l  information. 

Applicant submitted Amendment 10 
t o  t h e  FSAR. 

Two day meeting with appl icant  t o  
d iscuss  matters  bearing on prepara- 
t i on  of  the  Safety Evaluation Report 
(SER) . 
L e t t e r  to  appl icant  reques t ing  informa- 
t ion  concerning a postulated break 
of the main steamline ou t s ide  contain- 
ment. 

L e t t e r  from appl icant  with descr ip t ion  
o f  plan t o  design,  t e s t ,  and i n s t a l l  
a MSL-IV sea l  system. 

ACRS Subcormnittee s i t e  v i s i t .  

L e t t e r  from appl icant  with f inanc ia l  
information in response to our  request  
dated 11/30/72: Amendment 10A. 

Le t t e r  from appl icant  with supplement 
t o  Amendment 10A 

Applicant submitted Amendment 11 to  
the FSAR 
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APPENDIX C 

RZPO'HT ON THE SITE SEISMICITY FOR THE 

DUANE AENOLD iQI.W.GY CENTER, IOWA. 

A t  t he  :-requ;-st of t h e  Div ls ion  of Reactor  L i c c n s i , ; ~  t > i  

t h e  Atcrmic Energy Commission, t h e  Seismology Div is ion  o r  t h e  

Coast and Geodetic Survey has evaluated t h e  s e i s m i c i t y  of 

t h e  a r e a  around t h e  proposed Duane Arnold Energy Center near  

Palo, Iowa, and has reviewed a similar a n a l y s i s  presented by 

I' t h e  a p p l i c a n t  i n  t h e  Prel iminary Sa fe ty  Analysis  Report.  I t  

The a p p l i c a n t ' s  r e p o r t  on t h e  s i t e  s e i s m i c i t y  i s  adequate 

f o r  t h e  de te rmina t ion  of t h e  se i smic  f a c t o r s  f o r  cons t ruc-  

t i o n  a t  t h i s  s i t e .  

The geo log ic  eva lua t ion  i n d i c a t e s  t h a t  t h i s  s i t e  i s  l o -  

ca ted  i n  t h e  nor thern  p a r t  of  t h e  I n t e r i o r  Lowlands Tectonic  

Province of t h e  Cent ra l  S t a b l e  Region of North America. The 

s t r u c t u r e  of t h e  Precambrian c r y s t a l l i n e  rocks ,  i s  poorly 

known. Consequently, h i s t o r i c  earthquake a c t i v i t y  cannot be 

a s s o c i a t e d  wi th  any s p e c i f i c  t e c t o n i c  s t r u c t u r e .  Therefore ,  

i t  must be assumed t h a t  earthquakes c h a r a c t e r i s t i c  of  t h e  r e -  

g ion  could occur near  t h e  p lan t  s i t e .  There a r e  no known 

a c t i v e  f a u l t s  o r  o t h e r  r ecen t  geo log ic  s t r u c t u r e s  t h a t  could 

be expected t o  l o c a l i z e  s&smic i ty  i n  t h e  immediate v i c i n i t y  

of t h e  s i t e .  



iieview of the  seismici ty or' the  area  irliiicates thz..t tilere 

have been no ea.rthqu.ake. epicenters  located w-i.thin 75 mile? of 1 I 
the  proposed plant s i t e .  Moderate earthquakes, probably asso-  

j - 1, 

ciated wit.h tth,? Nemaha u p l i f t ,  the  Sandwich Ga.ul t ,  and the  S t .  

Genevir?ve f a u l t  zone are---sufficiei?tly f a r  from -tile s i t e  t o  1 
! 

have only mj.noiq inf.l.uence on the  seismic evaluation. i n  con- 

sidera.tioil cf' other  geologic s t ruc tu res  such as the Th1~rma.n- 
I 
1 

Wilson f a u l t  zone, and the  postulated f a u l t s  locatsd 10 ar.d 17 

miles Cram the plant s i t e ,  there  i s  no r e c o r a o f  seismic ac t l v -  

i t y  associated w i t h t h e s e  fea tures .  

Y?.Jor earthquake regions,, such a s  'New :Kadrid, Nissouri, 
I 

a r e  a t  l eas t ,  &OO miles from the propose6 plant s i t e  a.nd there-  ( 
i 

fo re  do not h v e  a s ign i f i can t  a f f e c t  on the  deterinination of 

the seismic fac tor .  However, within the tec tonic  region i n  
I 
I 
I 

which the ,oropu.ied plant i s  t o  be located, there have been 

1ntens.Lty events and i t  rnust be assumed the t s i m i l a r  events I 
could IJccur i n  the v lo in i ty  of thc  pi.oposcd plans. 

Thel?efore, 2s a r e s u l t  of the review of tine s e i s m ~ l o g i c a l  
i 
1 

and geological cha rac t e r i s t i c s  of the area,  the Coast arid Geo- \ 
d e t i c  Survey recommends t ha t  an  accelera t ion of 0 . 0 6 ~ ~  r e s u l t -  

ing f ~ o m  an In tens i ty  V (MM) earthquake, would be adequate f o r  I 
representing seismic disturbances l i k e l y  t o  occur within the  I 



' l i f e t i m e  nf tile f a c i l i t y .  Also, t h e  Survey recomroends t h s t  

a n  a c c c i e r a t i o n  of 0,12g, r e s u l t i n g  from a n  I n t e n s i t y  12 (Mi'?) 

earthquake,  woll'ld be adequate f o r  r ep re sen t ing  t h e  ground 

inotion Croni 'shemaximum earthquake l i k a l y  t o  affect Che s i t e .  

It i s  'c;e;.ieveci t h a t  t h e s e  val.ues would ~ r o v i d e  a.L adequate 

bas is  f o r  desigi~ti:i?g p r o t e c t i o n  a g a i n s t  t h e  l o s s  of func t ion .  

of componai?t;a imp.ortant t o  s a f e t y  .. 

U; S, Coast and Geodetic Survey 
Rockvi l le ,  Maryland 20852 

October 24, 1969 



APPENDIX D 

UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

December 29, 1972 

W. R. But le r ,  Chief 
BWR Pro jec t s  Branch $1, Licensing 
TKRU: W. E. Campbell, Asst. Contr. f o r  Accounting 

IOWA ELECTRIC LIGHT AND POWER CO., ET AL: DUANE ARNOLD ENERGY 
CENTER, DOCKET NO. 50-331 

Enclosed i s  my f i n a n c i a l  testimony on the  subjec t  mat te r ,  The 
testimony has  been prepared f o r  inc lus ion  i n  t h e  main body 
o f  t h e  s t a f f ' s  Safe ty  Evaluation wi th  a f i n a n c i a l  ana lys i s  
of each p a r t i c i p a n t  a t tached  a s  an appendix, 

S t a f f  Accountant 
Accounting Procedures Branch, OC 



FINANCIAL QUALIFICATIONS 

The Commissionls regulations which relate to the financial data and informa- 1 
tion required to establish financial qualifications for applicants for an 

I 
I 

operating license are 10 CFR 50.33(f) and 10 CFR 50, Appendix C. The basic 1 

application of Iowa Electric Light and Power Company, and co-applicants 

Central Iowa Power Cooperative, and Corn Belt Power Cooperative, Amendment 
I 

No. 10-A, and the accompanying certified annual financial statements of the I 
applicant and co-applicants provide the financial information required by 

the Commission's regulations. This information includes the estimated 1 
annual costs of operating the Duane Arnold Energy Center for the first I 

I 
five years of operation plus the estimated cost of permanently shutting 

down the facility and maintaining it in a safe shutdown condition. ( 
I 

Our evaluation of the financial data submitted by the applicant and co- 

applicants, summarized below, provides reasonable assurance that they 

possess or can obtain the necessary funds to meet the requirements of I 
10 CFR 50.33(f) to operate the Duane Arnold Energy Center, and if 

necessary permanently shut down the facility and maintain it in a safe I 

shutdown condition. 

The applicant and co-applicants each have an undivided ownership interest 

in the station as follows: Iowa Electric Light and Power Company - 70%, 
Central Iowa Power Cooperative - 20%, and Corn Belt Power Cooperative - 10%. 
They have agreed to share cost of operation, cost of permanent shutdown, 

I 
cost to maintain the shutdown facility in a safe condition, and power produced] 

by the un'it in the ratio of their respective ownership interests. 
i 

I 



co-app l i can t s t  present  e l e c t r i c a l  genera t ing  c a p a c i t i e s .  The funds t o  be 

provided by each app l i can t  o r  co-appl.icant t o  meet i t s  share  of opera t ing  

c o s t s ,  permanent shutdown c o s t s ,  and c o s t s  t o  maintain the shutdown f a c i l i t y  

i n  a  s a f e  condit ion w i l l  be derived by each app l i can t  from i t s  o v e r a l l  

ope ra t ions .  Estimated annual c o s t s  t o  opera te  t h e  u n i t  fo r  t h e  f i r s t  f i v e  

yea r s  a r e  p resen t ly  est imated by the  app l i can t s  t o  be ( i n  mi l l i ons  of d o l l a r s )  

$27.6, $26.1, $25.5, $25.0, and $25.0 i n  t h a t  order .  These c o s t s  inc lude  

amounts f o r  opera t ion  and maintenance, f u e l ,  insurance,  labor  and app l i cab le  

overheads, proper ty  t axes ,  m a t e r i a l  and supp l i e s ,  and deprec ia t ion .  I n  

a d d i t i o n ,  t h e  app l i can t s  es t imate  t h e  cos t  of permanently s h u t t i n g  down the 

f a c i l i t y  a t  the  conclusion of i t s  u s e f u l  l i f e  w i l l  be $9.8 m i l l i o n ,  based 

on 1972 d o l l a r s .  It i s  est imated t h a t  an annual cos t  of $200,000 ( i n  1972 

d o l l a r s )  will be incurred  t o  maintain t h e  f a c i l i t y  i n  a  s a fe  shutdown 

condi t ion .  The s n t i c i p a t e d  k i lowa t t  hours t o  be generated a t  t h e  Duane 
t 

Arnold Energy Center, i f  p r iced  a t  cu r ren t  average revenue per kwh of t h e  

r e s p e c t i v e  a p p l i c a n t s ,  would y i e l d  aggregate  revenue of $59 m i l l i o n  t o  

$71 m i l l i o n  each year  from 1974 through 1978. 

The information contained i n  Iowa E l e c t r i c  Light and Power Company's (Iowa) 

calendar  year  1971 f inancia1 , repor t  i n d i c a t e s  t h a t  opera t ing  revenues f o r  

1971 t o t a l e d  $87.6 mi l l i on ;  ope ra t ing  expenses were $75.5 m i l l i o n ,  of 

which $7.7 m i l l i m  represented  deprec ia t ion .  The i n t e r e s t  on long-term 

debt  was earned 2 . 3  t imes;  and the n e t  income f o r  the  year  was $8.2 

t m i l l i o n ,  of which $6.8 m i l l i o n  was d i s t r i b u t e d  a s  dividends t o  s tockholders  



1 

n- 4 

and t h e  remainder of  $1.4 m i l l i o n  was used i n  the  bus iness .  As of 

~ecember  31, 1971, t h e  Company's a s s e t s  t o t a l e d  $281.6 m i l l i o n ,  most 

of which was inves t ed  i n  u t i l i t y  p l a n t  ($248.9 m i l l i o n ) ;  r e t a i n e d  earn ing  

amounted t o  $33.2 mi l l i on .  F inanc ia l  r a t i o s  computed from t h e  1971 s t a t e  

ments i n d i c a t e  an adequate f i n a n c i a l  condit ion,  e .g . ,  long-term debt t o  

t o t a l  c a p i t a l i z a t i o n  - .52,  and to  n e t  u t i l i t y  p l an t  - .44; n e t  p l an t  t o  

c a p i t a l i z a t i o n  - 1.16; t h e  ope ra t ing  r a t i o  - .86; and t h e  r a t e s  of  r e t u r n  

on common - 9.1%, on s tockholders '  investment - 7.9%, and on t o t a l  i nves t  

ment - 5.3%. The record  of Iowa's operat ions over t h e  p a s t  4  yea r s  r e f l e  

t h a t  ope ra t ing  revenues increased  from $64.1 m i l l i o n  i n  1967 t o  $87.6 

m i l l i o n  i n  1971; n e t  income increased  from $7.4 m i l l i o n  t o  $8.2 mi l l i on ;  

and n e t  investment i n  p l a n t  from $161.2 m i l l i o n  t o  $248.9 m i l l i o n ;  while  t 

number of t imes long-term i n t e r e s t  was earned dec l ined  from 3 . 4  t o  2.3. 

Moody's Inves to r s  Serv ice  r a t e s  t h e  Company's f i r s t  mortgage bonds a s  Aa 

(high q u a l i t y ) .  The Company's cu r ren t  Dun and Brads t r ee t  c r e d i t  r a t i n g  i 

5A1. 

The information contained i n  Central  Iowa Power Cooperat ive 's  (Central)  

ca lendar  year  1971 f i n a n c i a l  r e p o r t  i n d i c a t e s  t h a t  ope ra t ing  revenues fo r  

1971 t o t a i e d  $7,7 m i l l i o n ,  and opera t ing  expenses were $6.7 m i l l i o n ,  of 
a 

which $1.0 m i l l i o n  represensed deprec ia t ion .  I n t e r e s t  on long-term 

debt  was earned 2.7 times; and t h e  n e t  margin f o r  t h e  year  was $.7 m i l l i o  

Cent ra l  i s  exempt from Federa l  income tax .  The r a t e  which Cent ra l  charge 

t o  members is year  by year  based upon a c t u a l  c o s t  of  doing business,  plu 

any margins approved by t h e  board of d i r e c t o r s .  A s  of December 31, 1971 

c e n t r a l ' s  a s s e t s  t o t a l e d  $44.7 m i l l i o n ,  most of which was inves ted  i n  



u t i l i t y  p l a n t  ($37.1 m i l l i o n ) ;  member e q u i t i e s  amounted t o  $4.9 m i l l i o n ,  
Y 

Financ ia l  r a t i o s  computed from t h e  1971 statements  i n d i c a t e  an adequate 

f i n a n c i a l  condi t ion ,  e.g. ,  long-term debt  t o  t o t a l  c a p i t a l i z a t i o n  - .S9, 

and t o  n e t  u t i l i t y  p l an t  - 1.03; n e t  p l a n t  t o  c a p i t a l i z a t i o n  - .S6; t h e  

ope ra t ing  r a t i o  - .S7; and t h e  r a t e  of r e t u r n  on members equ i ty  - 14.3%, and 

on t o t a l  investment - 2.5%. The record of Cen t ra l ' s  ope ra t ions  over the  

p a s t  4 yea r s  r e f l e c t s  t h a t  opera t ing  revenues increased  from $3.9 m i l l i o n  

i n  1967 t o  $7.7 m i l l i o n  i n  1971; n e t  margin increased  from $.2 m i l l i o n  

t o  $.7 m i l l i o n ;  and n e t  investment i n  p l an t  from $15.9 m i l l i o n  t o  $37.1 

mi l l i on .  C e n t r a l ' s  c u r r e n t  Dun and Brads t ree t  r a t i n g  i s  3A1. 

The in fosna t ion  contained i n  Corn Bel t  Power Cooperat ive 's  (Corn Be l t )  

ca lendar  year  1971 f i n a n c i a l  r e p o r t  i n d i c a t e s  t h a t  ope ra t ing  revenues 

f o r  1971 t o t a l e d  $6.6 m i l l i o n ;  ope ra t ing  expenses were $ 6 . 3  m i l l i o n ,  of 

which $1.0 m i l l i o n  represented  deprec ia t ion .  The i n t e r e s t  on long-term 

debt  was earned 1.0 time; and n e t  margin f o r  the  year  was a  d e f i c i t  of 

$9 thousand. A s  of Deceplber 31, 1971, Corn B e l t ' s a s s e t s  t o t a l e d  $36.7 

m i l l i o n ,  most of  which was inves ted  i n  u t i l i t y  p l an t  ($31.6 m i l l i o n ) ;  

members e q u i t y  amounted t o  $4.3 m i l l i o n .  F inancia l  r a t i o s  computed from 

t h e  1971 s ta tements  i n d i c a t e  an adequate f i n a n c i a l  condi t ion ,  e .g . ,  long- 

term debt t o  t o t a l  c a p i t a l i k a t i o n  - .87; and t o  n e t  u t i l i t y  pIant  - .95; 

n e t  p l a n t  t o  c a p i t a l i z a t i o n  - .92; t h e  opera t ing  r a t i o  - .95; and the  

r a t e  of r e t u r n  on members equ i ty  - none, and on t o t a l  investment - 1.4%. 

The record  of Corn B e l t ' s  opera t ions  over t h e  4  yea r s  s ince  1967 r e f l e c t s  

t h a t  ope ra t ing  revenues increased  from $5.7 m i l l i o n  i n  1967 t o  $6.6 

m i l l i o n  i n  1971; n e t  margin decreased from $.7 m i l l i o n  t o  $.5 m i l l i o n  



i n  1970 and t o  a  l o s s  of $9 thousand i n  1971. Net investment i n  p l a n t  

increased from $21.5 m i l l i o n  t o  $31.6 mi l l i on ;  while  the  number of  t imes 

long-term i n t e r e s t  was earned dec l ined  from 2.5 t o  1.0, Corn B e l t ' s  

cu r ren t  Dun and Brads t ree t  c r e d i t  r a t i n g  i s  3A2. 

A copy o f  our f i n a n c i a l  a n a l y s i s  of each organiza t ion  r e f l e c t i n g  t h e s e  

r a t i o s  and o t h e r  p e r t i n e n t  f i n a n c i a l  da ta  i s  a t t ached  a s  an appendix. 



D- 7 

IV'A ELECTRIC LIGHT AND POWER CO. 
FINANCIAL ANALYSIS 

DOCKET NO. 50-331 

(do1la;s i n -  m i l l i o n s )  
Cal.endar Year Ended December 31 

1971 1970 1969 

Long-term debt  $ 11.0.4 $ 111.2 $ 96.5 
U t i l i t y  p l a n t  ( c e t )  248.9 203.2 179.8 

Rat io  - debt  t o  f ixed  p l an t  .44 .55 .54 

U t i l i t y  p l a n t  ( n e t )  248.9 203.2 179.8 
C a p i t a l i z a t i o n  214.3 192.1 170.7 

Rat io  of n e t  p l a n t  t o  c a p i t a l i z a t i o n  1.16 1.06 1.05 

Stockholders '  e q u i t y  103.9 . 80.9 74.2 
To ta l  a s s e t s  281.6 ' 230.6 205.2 

P ropr i e t a ry  r a t i o  .37 .35 .36 

Earnings a v a i l a b l e  t o  common e q u i t y  
Comion equ i ty  

Rate of  earn ings  on common e q u i t y  

Net income 
Stockholders '  e q u i t y  

Rate of  earn ings  on s tockho lde r s '  e q u i t y  

Net income be fo re  i n t e r e s t  
L i a b i l i t i e s  and c a p i t a l  

Rate o f  ea rn ings  on t o t a l  investment 

Net income be fo re  i n t e r e s t  
I n t e r e s t  on long-term debt 

No. of  tiines long-term i n t e r e s t  earned 

Net income 
T o t a l  revenues 

Net income r a t i o \  

Tota l  u t i l i t ?  o p e r a t i n g  expenses 
To ta l  u t i l i t y  ope ra t ing  revenues 

Operating r a t i o  

U t i l i t y  p l an t  (gross)  330.1 
U t i l i t y  ope ra t ing  revenues 87.6 

Rat io  of plant.  iqvestment t o  revenues 3.8 

- 1971 
~ a ~ i t c l i z a t i o n :  Arnonnt % of T o t a l  -- 

Long-term d e b t  $110.4 51.5% 
pre'ferred s t o c k  33.3 15.5 
comon  s tock  & su rp lus  -- 70.6 -.- 33.0 

T o t a l  ---- $214.3 -.--- 1.03. 0% --.- 

~~~d~ ' s ?and Rat ing  : t a  
Dull & Brads t ree t  C r e d i t  Rating:  5A l 

1.970 ---- 
Amount % of Tor-ai --- 

$111.2 57.9% 
23.3 12 .1  
57.6 30.0 -- ---- 

$192.1 1.00.0%. --- 



CORN BELT POWER COOPERATIVE 
FINANCIAL PBALYSI S 
DOCKET NO. 50-331 

Long-term debt 
U t i l i t y  p l an t  ( n e t )  

Rat io  - debt t o  f ixed  p l a n t  

U t i l i t y  p l an t  ( n e t )  
C a p i t a l i z a t i o n  

Rat io  of n e t  p l an t  t o  c a p i t a l i z a t i o n  

Members equ i ty  
T o t a l  a s s e t s  

P ropr i e t a ry  r a t i o  

Earnings a v a i l a b l e  t o  members equ i ty  
Members equ i ty  

Rate of earnings on members e q u i t y  

Net margin before  i n t e r e s t  
i i a b i l i t i e s  and c a p i t a l  

Rate of earnings on t o t a l  investment 

Net margin before i n t e r e s t  
I n t e r e s t  on long-term debt 

No. of times long-term i n t e r e s t  earned 

Net margin 
T o t a l  revenues 

Net margin r a t i o  i. 

T o t a l  u t i l i t y  opera t ing  expenses 
T o t a l  u t i l i t y  ope ra t ing  revenues 

Operating r a t i o  

U t i l i t y  p l an t  (gross)  
U t i l i t y  opera t ing  revenues 

R a t i o  of p l a n t  investment t o  revenues 

( d o l l a r s  i n  m i l l i o n s )  
Calendar Year Ended December 31 
1971 1970 1969 

1971 
Cap i t a l i za t ion :  - -- Amount % of To ta l  

Long-term debt  : $29.9 87.4% 
~ e m i ; e r s h i ~  c a p i t a l  

T o t a l  

1970 
Amount % of To ta l  

$25.2 85.4% 
4 .3  - 14.6 

$29 .5  = 100.0"% 

Dun and Brads t ree t  Credi t  Rat ing:  3A2 



CENTRAL IOWA POWER COOPERhTIVE 
FINANCIAL luUALYSIS 
WCKET NO. 50-331 

(dol l-ars  i n  m i l l i o n s )  
Calendar Year Ended Deceinber 31. 
197 1 19 70 1969 - 

Long-term debt  
U t i l i t y  p l a n t  ( n e t )  

Rat io  - debt  t o  f ixed  p l an t  

U t i l i t y  p l a n t  ( n e t )  
C a p i t a l i z a t i o n  

Rat io  of n e t  p l an t  t o  c a p i t a l i z a t i o n  

Members equ i ty  
T o t a l  a s s e t s  

P r o p r i e t a r y  r a t i o  

Earnings a v a i l a b l e  t o  members equ i ty  
Members e q u i t y  

Rate of earn ings  on members e q u i t y  

NeC margin before  i n t e r e s t  
L i a b i l i t i e s  and c a p i t a l  

Itate of earn ings  on t o t a l  investment 

Eet  margin before  i n t e r e s t  
I n t e r e s t  on long-term debt 

No. of t imes long-term i n t e r e s t  earned 

Net margin 
T o t a l  revenues 

Net margin r a t i o  '. 

T o t a l  u t i l i t y  opera t ing  expenses 
T o t a l  u t i l i t y  ope ra t ing  revenues 

Operat ing r a t i o  

U t i l i t y  p l a n t  (gross)  
U t i l i t y  ope ra t ing  revenues 

Rat io  of. p l a n t  investment t o  revenues 

Cap i t a l i za t ion :  

Long-term debt  
Members e q u i t i e s  

T o t a l  

1971 1970 
Amount % of T o t a l  Amount %of ' l : o t . a l  

Gun and Brads t r ee t  Cred i t  Rating: 3Al  



National Oceanic and Almospheric Administratiom 
ENVIRONMENTAL RESEARCH LABORATORlES 

APPENDIX E 

Comments on 

Duane Arnold Energy Center 
Iowa Elec t r ic  Light and Power Company 

Final Safety Analysis Report 
Volumes I through V I I I  dated 5/8/72 

and Amendment 4 dated 9/13/72 

Prepared by 

Air Resources Environmental Laboratory 
National Oceanic & Atmospheric Administration 

January 8, 1973 

The basis  for  our evaluation of the  diffusion charac te r i s t ics  of the 
s i t e  i s  the separate report  en t i t l ed  "On S i t e  bleteorological ~ a t a . "  These 
data cover a one-year period with winds and temperatures taken a t  the 10 
and 50-m levels .  Depending on whether an e f fec t ive  ground release or  an 
elevated release was assumed, the  winds a t  10 m and 50 m were used respec- 
t ive ly .  

For t he  short-term (0-2 hours) ground release we have estimated from the 
jo in t  frequency of wind speed, direct ion and temperature gradient i n  the 
v e r t i c a l  tha t  a r e l a t i ve  concentration of 8 x 10-4 sec m-3 w i l l  be exceeded 
5 percent of the time a t  the minimum exclusion distance of 540 m ( f ig .  
1.5-1). This i s  equivalent t o  Pasqui l l  Type F diffusion,  a wind speed of 
0.75 mlsec and.an addi t ional  d i lu t ion  factor  of 3 because of building wake 
e f fec t .  

For t he  short-term elevated re lease we have assumed a constant e f fec t ive  
s tack height of 100 m (the actual  height of the  stack).  We have not sub- 
s t rac ted  the height of the  t e r r a in  (assuming the base of t he  stack i s  a t  
zero) from the assumed stack height. This non-conservative assumption i s  
more than balanced by measuring the winds a t  50 m as  opposed t o  a release 
a t  100 m. From these meteorological data we estimate a r e l a t i ve  concentra- 
t i on  of 4 x sec  m-3 w i l l  be exceeded 5 percent of the  time occurring 
a t  a distance of 2500 m. This compares t o  a value of 2.2 x lod6 sec m-3 
a s  shown by the applicant i n  f igure  2 i n  the "On S i t e  Meteorological Data" 
report .  

For the maximum annual average concentration a s  a function of direct ion and 
distance from the source, we have estimated tha t  t h i s  w i l l  occur towards 
the north of the s i t e  a t  a distance of 2500 m with a value of 8 x 10-8 sec 
IU-~ .  This assumes tha t  the  routine -emission w i l l  have an e f fec t ive  stack 
height of 100 m and w i l l  be released throughout the  e n t i r e  year. This com- 
pares with the applicant 's  value of 6 x sec m-3 as  shown i n  f igure  11. 
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I n t  mduc t .ion -- 
~ h o  Atomic Rarr~y Commlanion '8 8afety 8 v ~ u r t i o n  Report (IER) 

on the I)UM Arnold fbnerfty Center dated January 23, 1973, identified 

certain matterr ar requitinn additbnal information from the applicant 

or that wore a t U 1  under review by the Ragulatory etrff*  

Tha purpoor o f  t h i s  Supplemnt i s  to update tho SQI brood on the 

Rsgulrtory atoff ' 8  raviaw of fnfornrtion contrinrd i n  Amandamnt 12 

to the F M R  and on a discuraion held with the applicant 8inm 

.r.ontninn a rpeaifia rehronca to thr rub-rootion of tho SER that ir 

h o l n ~  rrpdeted, aithrr hy raplacanmnt with or addition o f  tha mrtariol 

Apprndix A o f  thin Suuploaunt contain0 an updatrd chrowfo# of  

our n v i r w  and Appendix B is a l i e t ing  of errata to tha 881, 



Item 1 Re~laar Ssetion 2.3.6 with: 

2 . 3 6  aPnlllurion 

The opinion o f  the r t a f f  i o  chat the anrstm matwrob#ieal 

data p n r r n t r d  i n  tha PLIIAR, Md eubmmquaatly~ varif%ed by the appl ican t ,  

l ad i a r to r  t h a t  t he  rmmphe?ic  d i a p e r r u n  w a d i t b a s  at  the plant mite 

a r e  moh lrrr f r m r r b l r  than would noraul ly  b r  rxprctad for  t h i a  

p&*t o f  tt:u aountry. S h c r  both the  applicant rrnd tho staff uaed 

t h e r r  hrr t r vo r rb l r  d i r p r r i o n  condition8 88 prorentad in chr PSAR 

h erZnrlatin#. zmlativa oorroaatratioar tor ch? ritr, t h r  r t r f  f w n c l u b r  

that tho mlat iva conarntrr t ionc t u r d  f o r  r u r l u r e b a  o f  thr rstr are 

ttrm 2 In Sratlon 5.2.2 i n a r r t  the  f o l l o w i u  .oa mar 3-4 be-bra the firm\ 

f u l l  ~ a r a r r r ~ h ,  

p r a w n t  ae tu r t i on  of t ha  rpr ina  lordad eafety v&lwr, f 0 l h ~ i n 8  any 

m t i c i p a t r d  e p r t r t i o n a l  trrnoirnt with mtictpatary sarrm i n i t i a t e d  

by t h e  rtrrm liar or turbinr vrlw por i t i on  w i t e h r r  . In addi t ion,  

the combinad capacity of the o h  o r f e t y / n l i e f  and tho twu 8afa ty  

valve8 i s  eu f f i c i en t  to maintain the  r a r c t o r  p reaaun  below 1350 p r i g  

(a 23 p s i  aurain  below the ASME csde allowable prarourr o f  1375 p r i g ) ,  

foliowin$ any anticipated operational trrnrgent rsruming tha t  r scram 

is i n i t i a t e d  by hi* reac tor  p re r rum aad arrrming that any on. rafatyl  

r a f i r f  o r  e.fety valvr tail8 t o  open. 



kern 3 Add tho folbwina a t  thr e$d o f  Saction 6,2,6 .. 
On Pobrurty 7 ,  1973, o meting wee h e l d  with thr applicant to 

diuauee the etatur  of the main steam lfnr isolation v d v r  0-1 

Ryetam for the Duaae Arnoid p l a n t .  nY applicant drrcrlbed three 

a1 tarnutivr rrrf eyrtrmr which wra rtudiedt a watrr m u 1  oyatm, 

n premrurialn~ d t r o p n  myw tern, a d  a cootrelied leakam 8yrtna0 

Tlre applicant propores to adopt tho controllad lerlu~e ryrtmm for 

tha Jkranr Arnold plant .  Vru drtaflad d r r i p  o f  the controlled Irrk- 

ajta nymcam will be ~ubmitrur1 in  Wndrmnt 13 on rhout h r a h  15, 1973, 

'Chr controllad lenkane lrystam proporod by the applicant for tho 

Duane Arnold plant uord tire onr-inch d i r m t a r  drain pfper l o u r a d  on 

orch o f  the bur steam linen just inboard o f  the outer irolrtion vrlw 

to collect and trmrport any lealufia Cmm thr wntrinnnnt thmugh ~ h e  

Lnolation VQ~VII, to the mactor buildin8 whwr thr Lealuga will be 

r i l t e m d  by the standby Bar ereatmnt syssea bellor8 b a i n ~  ralrarrd to 

tho  atmoophrrr vie t h ~  o f f - ~ a r  otack, Valve rcturtiono neorrrrry for 

nywtrm oprration w i l l  be renute nunually in i t ia ted,  and w i l l  haw inter- 

lockr, t o  provant i n i t i a t i o n  tinleas tho prrrrrrra i n  thr strun l f n r  a t  a 

point batwean the innar and nutor irrolation valvva ir babw SO p a f u .  

Ilonllg o f  the eyutem wit1 hr i n  necordanca with the ASMe b f l r r  and 

trrasrurc Vonnal Code, Sec4ion 111, Clara 2 requirrmntr  and rrirrmic 

Cnflap,ory T requimmrnta, Each o f  thr four main reram l iner  w i l l  have 

an indawndent controllad leakage ryr tern and each ayrtrm will ba 

ECR tabla ,  



The controlled leska~e aye tam p r o p o s ~ d  would not prrcludr the 

Inter adoption and tme o f  a water ~ r a l  or nitrogen eeal syrcem i n  the 

event one of  theam altarnotivo ~ ~ n t o m  i e  dewlopod and found accept- 

able by the Regulatory s t a f f .  

The applicant indicated that the propoeod controlled leakr~e 

eyntrm could be inrtalled prior to the firat refueling outagr, 

Althouuh the etafr hre not mapletad. ttrr .detailed r a v i w  of the 

proporred contro1Xed l enka~a rryo tern we ennclude that the propond 

nywtam w u l d  rrduco ello rllmct lankam throunh tho m8in etaam irrolation 

vnlvon. .WQ P.Lnd the approach accoptnhlm and all review the d a r i w  

prolor to in8trlIrtion at the f i r a t  refueling outage. 

lcam 4 Submtitute - t h  following rot a rn-rtion of Sactian 9,1,2 

9,1.2 !{pant Furl Storam 

on pane 9-3, laat 'prraaraph, delete the lare ,8 l iner startin8 d t h ,  

"For the poa tulatad evrnt or , ,  , ," and replace w i t  hr "The applicant hae 

analy~ad the po#tulatad ovont of a cank drop md datamined that tha 

comk could prnatrata thn floor o f  the calk  pool, The applicant hnn 

proponud, i n  Amndmant 12, LO i n s t a l l  on mnerjqy nhnorhing material ro  

mi fluate the conoequance o f  a cask drop on the cask pool f loor.  Thu 

deirign o f  the energy nbaorl) lnp, mntoriol will be eubmictad by tha ~ p p l f -  

cant and reviewad hy the Re~ulatory ecaf f ,  prior to itm inetal lat ion,  

which w i l l  be no latar than the Pirnt refueling operation. 
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Introduction 

The A t o a i c  Energy ~ o m m ~ a s i o n ' e  Sa fe ty  Evaluation Report (SER) 

on the Duane Arnold Energy Centor (DAEC) , dated January 2 3 ,  1 9 7 3 ,  

i den t i f i ed  c e r t a i n  mattass a$ requiring addielone1 information tram 

the app l i cant  or that were a t i l l  under review by the  Regulatory s t a f f .  

SuppLenent Number 1 t o  the SER,  darted March 2 ,  1 9 7 3 ,  updaeed the SER 

by addraeeing e ight  of  rheoe matters.  The ACRS complored its review 

of t h e  DAEC a t  its March 8 ,  1 9 7 3 ,  meeting and reported i c e  f cnd lngs  

in a le t ter  to  Chairman Ray doted Msrch 13, 1 9 7 3 .  

The purpose of  t h i e  Supplment f a  t o  addrces the ACRS conztent6 

i n  i t s  l e t t a r  of March 13,  1973, and to  further updata the SZB, baeed 
I 

on :he Regulatory e t a f f  ' 8  review of  informat?on contained i n  Anendmenc 

1 3  to the  FSAR and on f u r ~ h r r  discuaeions h e l d  w i th  the applicant s i n c e  

issuance of Supplement 1 to  she SER. Part A addreosea the ACRS comments 

and Par: B updates  the SER. 
... - , . 

Each of the sequentially-numbarad i tamc i n  Part 0 o f  this supplement 

conta ins  a spec i f ic  raference t o  the eub-aection of the SER that is being  

updateii,,eithor by the replacmant with,  or tho addit ion of, the material 

provided i n  t h i s  eupplemecf , 

Appendix A of th is  eupplrnent.contsrins an updated chronology o f  

our reviaw and Appendix B i s  a .copy of ther ACRS l e t t e r  an the DAEC,  



PART A: ACRS CO!OC?ITS 

Section 1 7 , l  of the SER provides a discuseion of the ACRS la t ter  dated 

Decenbar 18, 1 9 6 9 ,  which rapores on tho CAEC conetruccion pennit rev iew 

by the ACRS. Thie part  of  Supplem~nt 2 to the SER l a  intended eo replace 

Section 1 7 , 2  of ths  SER and addresors tha ACRS letter dared March 13, 

1973. Xn i t s  l e t t e r  o f  Xarch 13, 1973,  (Appendix B of th is  Supplement), 

the AC3S ?rovidad comments on the e i g h t  itam6 di8cussed below. 

Itam 1: Leakage Control System for the l?SL I e o l a t i o n  Valve8 

The ACSS noted t h a e  the c r i t e r i a  f o r  functional adequacy 

of the leak-off syaem,  and the  I r t a i l e d  dreign i n  

conformance with the cr - i t er ir  ors  not yet  f u l l y  rrrabl ished,  

and requested that the Regulatory staff  esaurd i t e a l f  that 

the system f i n a l l y  i n s t a l l e d  doee e a t i e f y  a l l  of the 

, consideratione appropriate to the enhancement of containmant 

r a i i a b i l i t y .  The Regulatory s t a f f  ~ t a t e d  on paaa 4 of  

Supplement 1 t o  tha SER that "Alrhough ths  etaff  has no t  ... .. 

completed ~ C B  detailed &view of tha 'eont io l  leakage q e t s n ,  

we conclude t h a t  the proposed aieeem would reduce the diroct  

leakage through t h ~  mein steam isolation va lves .  Wa f i n d  

the  approach acceptable and will review the des ign  p r i o r  to. 

in s ta l la t ion  a t  the f i r s t  refuel ing outage."'  The sppl icant  

prov ided  i n  Ansndment 13 to  the FSAR soma addfe lone l  

i n fo rma t ion  regarding the' lbekege control  syotern, The 
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Regulatory etzf f  raeffime its view expccsaeed i n  Sup??mcnt 

i oe c i ted  above and w i l l  require the app l i cant  t o  prov ide 

for i t a  review prior t o  i n s t a l l a t i o n ,  d e t a i l e d  design 

i n f o r n a t i o n  on the  a p p l i c a n t ' s  propoeed leakage c o n t r o l  

system. In addition t o  Aha d e l ~ i g n  descript ien,  the  Regulatory 

staff will nead for  i t s  raview information on: 

a ,  r e l i a b i l i t y  of  tho xotomarar a t  the  f low t a t c s  

considered i n  this a p p l i c a t i o n ;  

b. c a l i b r a t i o n  of t h e  rotomater vhen condeneing e team 

is present i n  che leakage gas; 

c ,  of f a c t  of moisturs i n  the leakage gae en perfom.axe 

of the standby gag treatment system, 

Xtm 2 :  .Rocircularior. Pump T r i p  (ATWS) 

The ACXS noted tha t  t h e  'applicant w i l l  employ a r e c i r e u l a t  i o ~ .  

pump t r i p  aystam for rhe DAEC prior to initial f u e l  10a&ing-~ 
i I 

and racommended that the s p e c i f i c  means for implementing the  

pump trip be r e l o l v e d  i n  a mannar s a t i s f a c t o r y  t o  the 

Regulatory staf f ,  This matter i e  c u r r e n t l y  under revlew b y  

the Regulatory o taf f , as  we indicated  i n  See t i o n  7 , 5  o f  t he  SER. 

Item 3 ;  Rod Seauance Control Syscen 

The ACRS noted t h a t  tha  a p p l i c a n t  has c o m i . t t e d  t o  Lnsra l lar lan  

o f  a rod sequence control s y a t m  and recoananded tha t  approved 



neaeurer, r r  t i 8  Pectory to the Regulatory s taf P, be placed 

i n  e f f e c t  prior to  operat ion above 1% of r a t e d  power, This 

matter which i a  ganeric to a l l  BwR planro as diecuseed i n  

paragraph 4 , 2 , 3  o f  the SER, w l l l  ba resolved prior  to 

operation of  the DAEC above 1% of rated power. 

Stem 4 :  Postulated Drop of  Spent Fuel S h i ~ b i n ~  Cask 

The ACRS noted chat a postulated caek drop i s  calculated to  

reeu:t i n  penetration or cracking of the caak pool bottom 
', 

if unprotected, and that  the  applicant in tends  to  instail 

an energy absorbing material no la ter  chon the f i r s t  

refual ing oprraeion, grid racomendad thoe t h e  mattar be 

resolved i n  a mennbr a a ~ i ~ f a c f o r y  to the Regulatory s t a f f  ,' 

The appiicant w l l ?  br required t o  submit derign infor%stion 

an the energy absorbing material along w i r h  thare measures 

needed far t t s  surveillants, for Regulatory staff  review 

pr ior  to  i n s t a l l e c i o n ,  which w i l l  be no Later t h a n  the f i r s t  - 
ref uoling opera tion r e q u i r i q  movement of a ahip?ing cask. 

Item 5 :  Potential f o r  kissiles from RecFrculiiitSon Pump and Hocor 

The ACRS noted that  the appLtcant $8 revirwSng maans of 

dealing with  the  p o s s i b i l i t y  o f  the xacirculation punp 

impellor act iag  ss a turbine cauoing the pump and motor 

to overapred and become potent ia l  sources of r n S ~ m 1 1 ~ e .  

The ACRS recornLendad t h a t  t h e  m ~ t t s r  be re8olved i n  a 

manner eatiofacrory to the Rapulatorv r r s f f ,  This matter 



is c u r r m f l y  under review by t h e  i legula tory  staff, 

Item 6 1  Linear Fuel Heat Retinas 

The ACRS noted that p o t e n t i a l  ef f a c t s  of $om$ aspecrr 

of  fuel  perfomance and LOCA-relaced phenonene on acceptable 

l i n e &  fuel h e a t  rati3gr f o r  the DAEC a t e  under study and 

r ecamended  t ha t  the  m a t t e r  be r e so lved  I n  a manner seeis,- 

fac tory  t o  t h e  ReguLatory s t a f f ,  The Regula tory  s t a f f  i e  

currently reviewing this m a t t e r  and ? l a m  t o  a d v l e a  t h r  

ACRS on any developments. (See P a r t  B ,  Item 1 o f  t k i e  

Supplement,  ) 

I 
Itern 7 :  P r o t e c t i o n  Againa t  p i p i  Whip 

Ths ACRS noted tha t  ? r o v i s i a n ~  are made i n  t h e  DAEC 

for p r o t e c t i o n  a g a i n s t  p i p e  w h i p  i n  ~ c c o r d a n c e  w i t h  

c r i r o t i a  proposed by tho  Regula tory  staff and reconrr,ended 

t h a t  p a r t i c u l a r  tmghesis be devoted to  tho  performance o f  
.. . 

t h e  p r o t a c t i v o  eystme w i t h  special a t t e n t i a n  d u r i n b  pro- 

o p e r a t i o n a l  testing and h o t  a t a r t u p  t o  assure t h a t  t h e  

protective Rersuree meet the design criteria. The 

Regulatory 5 taff  plane t o  audi t  the a~plicane ' s a c r i v i c i e e  

in this r ega rd  du r ing  i t s  a t a r t u p  t a s t i n g  of rho  DAEC. 

Item 8:  Other ProbLams R e l a t i n ~ , , t o  Large  Water Roacears 

Ths ACRS recommended t h a t  ocher p r o b l m s  r e l a t i n g  t o  large 

water r e a c t o r 8  cited in previous ACRS r -epor to  be d e a l t  w i t h ,  



appropr ia te ly  by the Regulatory s t a f f  end the app l i cant  

se suitable appraachee aro  devaloped. The Regulatory 

s t a f f  intend; t o  Po lJ .0~  up on the#@ o ther  problems and 

intends to  deal with them appropriately ao recommended 

by the ACRS 

,. ,., ;.. .'. 

PART B; FURTHER VPDAT?XG OF THS SER 

In addi t ion  t o  the mattera cited in Par: A of thir  Supplement, che 

~ e ~ u l a  tory e fa f f  ha8 continued its evaluation, ee discuased below, in 

the areas of f u e l  denr i f i ca t ion  am discuscad i n  Section 4 . 2 , l  of the 

SER,  poetulared rupture i n  high energy l ine@ outside containment as 

diocueeed i n  I t e m  7 of Supplement Numbrr 1 to the SER,  main etranline 

leolation va lve  leakage as discussed i n  I t o m  3 of Supplement Sumber 1 

t o  the SER, and hydrogen-getter i n  the fuel as discuroed in Section 

4.2,l of the SER, 

'.< ' . 
Item 1: Fuel Deneificstion , 

Ae anticipated i n  Secfio,n 1.2,l of the SER, the rnat2er 

of fuel densificarioa i a  under review and evaluation 

by t h e  Regulatory staf f  for a l l  nuclear 7 lants .  Our 

current objective is to complete thin review f o r  the 

DAEC during the Summer o f  1973, The areas of review 

include gap conductence and the ef f eces o f  densif  i c a  t i o n  

on gap conduceancei, clad creepdown, c l a d  co l lapse ,  and 

the power ep ike  due to  a x i a l  gape. We plan t o  addreae 



thsre matters i@ a f u r t h e r  Supplament ta the 5ER on 

comple t ion  of  thi8 review, 

Xtem 2: 2 o a t u l a c e d  Rupture i n  High E n e r ~ y - L i n e s  O u t s i d e  Coacaiament 

As ind icated  i n  I tm 7 of ~ u ~ ~ l a m e n r  I t o  the S E R ,  t h e  

matter of p o o t u l a t e d  h igh  ener8y 7 i p e l i n e  brmke occur r ina  e x t e r n a l  

t o  rha p r i ~ r r y  c o n t e i m ~ n t  b u i l d i n g  1s c u r r e n t l y  under review 

by the Rrgulacory  s t a f f ,  Tha pre l imina ry  conc lus fon  given i n  

Supplement 1 on t h i s  m a t t e r  remains v a l i d  and w e  plan t o  r epo r t  

our f i n a l  conclusion on complet ion of ou r  review of t h i a  m a t t e r  

for tha DAEC, which i e  now schadulad  for the Surnmsr of  1973. 

Iter, 31 Main Steaml ine  Isolation Valve L o a k a ~ s  (Amendment 13) 

The a p p l i c a n t ' s  Amendment 13  to  ths FSAR, f i l e d  an  March 20, 

1973, addreaeee our concern regarding main steamline i s o l a t i a n  

valve (MSLIV) loakage fo l lowing  a p o s t u l a t e d  d e e i g n  b a e i s  LOCA, .. . , 

Tho a p p l i c a n t  d i s c u e e e ~  i t s  e v a l u a t i d n  of t h s a e  d e s i g n  a l t e r n a -  

e i v e s , i n c l u d i n g  a water seal  system, a $ssrous n i t r o g e n  e a a l  

eystem, and a lmkage  c o n t r o l  syetem. The information provided 

by the a p p l i c a n t  on t h i s  matter confims t h e  p r e l i m i n a r y  

c o n c l u s i o n  of t h e  Regu la to ry  e r a f f  as r s p o r t a d  i n  Item 3 of  

Supplemane 1 t o  the SER chac the d e s i g n  concept  proposed by 

che a p p l i c a n t  f o r  the l aakage  c o n t r o l  syetem i s  a c c e p t a b l e .  

The Regu la to ry  s t a f f  will review t h e  d o t a i l a d  design when 

i t  i o  cornplatad and p r i o r  t o  i n r t r l l a t i o n  a t  t h e  f t r r t  



refueling outage t o  aorufe that a l l .  appropriate daeign 

c r i t e r i a  are eat ts f ied ,  AdCitioaai  cons iderat ion of 

th is  matter by the ACRS i s  givec  i n  Part A ,  Item 1, of 

th i s  Supplamenr . 

As ind ica ted  is S e c t i o n  4,2#1 of  the S E R ,  the DAEC foe1 

will include a hydrogen-getter material, Substantive 

d a e c r i ? t i o n  of  this material renaine outs tandfnp.  We 

plan t o  addreme this mettar i n  a furehsr Supplement to  

the SER, whan the applicant provides the n8esreary infoma- 

t i o n  and on cornplation of our review of the matter. 



Chronalaay af  tar February  28. 1973 

March 2 ,  L973 

March 13, 1973 

March 20, 2973 

March 2 7 ,  1 9 7 3  

Issuance of S~??;emcnt 1 t o  t h e  Sef a t y  
EvalurtLon f o r  t he  Duane Arnold  Xnargy 
Center, 

ACRS meeting on t'ne Duane Arnold Energy 
Center a p p l i c a t i o n .  

lseuance of tho ACRS l e t t e r  on the D U A ~  
Arnold Energy Canker, 

Received Amianaaent 13 t o  the FSAR c o n t a i n i n g  
addftional 1n:orrnwtion on the applicant ' s 
proposed leaksga c o n c r o l  isyetem. 

?rehearing c o n f e r e n c e  to  consider env i ron -  
nenta l  m a t t e r s  r e l a t ing  t o  the Duane Arnold 
Enargy Center a p p l i c a r i o n .  



ADVISORY COMMITTEE ON REACTOR SArdGUARBS 
U N I T k 3  STATE5 ATOMIC ENERGY COMMISSION 

WABHINOTON. D.C, aoso 

Msrch 1 3 ,  1973 

Honorabla  DFxy Lee 3oy  
Chaf rnan 
U. S ,  Atomic Enzrgy Cor ,~?~ioa ion  
Washington ,  9, C ,  20545 

S u b j e c t :  .UPORT ON DCLHE AWCtS ENEXSY CESTE3 

Dear Dr. Ray: 

A t  i t s  155th zeeelng, ?:arch 8-10, 1973, che Advisory  C o m i t L ~ e  on 
Reactor Safsqcards co3pirted its review of t h e  a p p l i c a t i o n  5 y  :ha 
Iowa F,lact:.ic LFg:?r: arid Porqar Coapan)? for authorization t o  opersce 
che Duane Arnold  E~.e:gy Center rat power icsvels u? ;o 1658 wt, 
Thi8 p r o j e c t  was co.:sidered e c  a S u b c o m L t t a e  ~ o e t i n g  a t  the s i t e  
on Decembc: 26, 1912, and ac a S u b c o r s i c t e e  maacinn i n  WashFngzon, 
D m  C, on January 2 7 ,  1973, 3urfng i t s  rcview the Commic:ee had cha 
banefit o f  discusbt0;:a with repxctontst~vss ardconrultar, ts  of  Zowa 
E l e c t r i c  S i g h t  and Pawar Company, Genera! E l e c t r i c  Company, archcei  
Cor?orarFon,  Chicaac aridga and Iron Company, and t h e  AEC R e g u l a t o r y  
S t a f f ,  Tho C m i f s c o  also trsd chs b ~ n e f b c  0 2  t h e  documcants ;iscod. 
The Corn t i c t oe  ropo rced  t o  t h ~ l  Conn~lssFon on t h e  construction o f  t5ls 
plant In r c e  i a t t ~ r  o f  December 18, ;969 aad i n  i t s  supplernencary 
lktC@r of Zobruary 11, 1970, 

The Duane Arnold  tnersy Cen:ar Nuclear Plant will ba Located 0 3  a 
s t r e  o f  apgroxinace!y 500 a c e s  adjacent t o  t h e  wasc back of t$,a 
Cedar River i n  a rural a r m  approxtmntaly eigkie mllee notrhwase 06% 
the c i t y  of Cadar Rcpide, Iowa. 

Tha app l i can t  ? ropos2s  ro i r , s ra : l ,  no later than rhe f i r s t  schedulad 
r a i u e l i n g  outage, a l u s k - o f f  system intended t o  r ~ d u c a  tha p t a n t i a l  
convoquences of e x c e s s i v a  leakage fro3 the za in  steam i s o l a t i o n  valves. 
The c r i t o r i a  for Euncezona! adequacy ol the l e a k - o f f  systen and the 
d c c a i l e d  design in co~tornance w i t h  the c r i c a r i a  ara nor y t e  S c l i y  
e s  cablishad, T ! I ~  R~gaLaEory S t a f f  s h o c l d  a s s u r e  2:sc:f tka: rhz syscem 
fLnaLly inscalled doav s a c i s f y  a l l  of  the  c o n s i d a r a t i o a s  a??ropriace 
co the bnhancemsnt o f  c o n t s i n z e n t  ro1fabzl:cy. 

The o-?plFcal?c ul:i ilz?!oy a ~ r e c t r c u l a c i o n  punp trip as a ::lrclns of 
1irnF:lag tbo tonsag~enccs c f  :he unliksiy occ3rtenca of s follzro t o  
ecram d u t t n g  an  ancicipnted : ronsFac t .  Tho c r i p  w i L :  bo i i 7 s c a l l o d  
p r i o r  t o  initial f u e l  lcoding, Tha C o m i t c e c  beiLoves t ha t  t h i s  
r a p r e s e n t s  a s u b s t a c t i a l  i np rovamen t ,  The s p e c i f i c  means for Fmple- 
monring t h e  pump t r i p  s h o u l d  ba r a s o l v e d  in a manner s a t i s f a c t o r y  t o  
ehe R e g u l a t o r y  Scaf f .  



Honorable Pixy Lea Ray March i 3 ,  1973 

Tha a p p l i c a n t  Is c o m i c e e d  t o  rh! Fn$tailatio:.  of a rod sequence  
c o n t r o l  ayctea which wF:l randm t h e  probablliry of o c c u r r c n c a  o! 
? a e c u l a  t e d ,  h!8h-wor:h C O R ~ ~ O ~  rod  Ore? accidear negligibly Low, 
Thie m a t t e r  i s  ufidcf review and should  be resolved In  a nanner 
sa t i s fac to ry  t o  :he R e g u l a t o r y  S taf P ,  Approved naasuros should  be 
p!uced i n  e i f a c t  prior t o  o p e r a t i o n  above 1% of rated power, 

Tho shFppi3g cask pocL i s  physical ly  ssaaracad Pron, the s p e n t  fuel  
poo l  by o wall co s h a i g h c  above t h e  t o p  of s t a r o d  t u ~ l  elements 
and a removable gate above that l h v e l ,  A p o s t u l a t a d  cask drop  i o  
calcu!a"cd eo result in pcr.eerat ion o r  cracking of  the cask pool  
boctom i f  u n p r o t e c t a d ,  To avoid euch damage, rne a p p l i c a n t  Intends 
t o  i n s t a l l  an onergy 8brorbFng m a t e r i a l  c o v e r i n s  ;he b o r t o c  of  cha 
cask p o o l ,  ao l a t e r  t5aa che f i r s t  r a f u e l l n g  0 3 e r a t i o n .  This m a t t e r  
should bo r e s o l v a d  tn  a nanner,sa:isfatcory t o  ehe 3 e g u l a r o r y  S t a f f ,  

13 t h e  u n l i k e l y  avenr chat a btaak occurs i n  t>.a r c c F r c u l a t L o n  pump 
d i ~ c h a r g a  line, the 7ump inpallor ml.ght act a5 a rusbfnc causing the 
pump and a o t o r  co ovarspuad  and bacome p o t o n t i a ?  s o u r c e s  o f  missSlos. 
The a p p l i c a n t  1 s  r a v i e w i n g  means of dealing w i t h  t h i s  p o s s i b i l i t y ,  
The C m i t t c o  balleves z5at: t h i s  maceex should b s  r e e o l v e d  i n  a mannar 
sat ir feccary  ro  the B a a u i s t o r y  Staff. ,  

Tha p o t e n t i a l  sf feces  a f  soma sapocts o f  P u ~ l  par formancs  and SOCA- 
r ~ l a c e d  phononena on acceptnb!a linarar fuel hoac r a t i t ~ g s  f o r  tlrc Duane 
Arnold Energy Center are under  s t u d y ,  This uiaktar s h o u l d  be resolved 
i n  a manner s o e i s f a e c o r y  co  ehe Rogulacory  S t a f f ,  Tha Cornittoo 
wishes  t o  lap k e p t  Fnfcrmed, . 

The ayplicont has prov ided  p r o t a c t i o n  againsr  p ipe  w h i p  i n  acc.~;d8nce 
or i eh  the cr!:oria p ro>osad  by the  Reguloeory S t a f f  i n  the  Regu!acory 
Guido, "Prococ t ion  Again6 e Pipa ! h i p  I n a i d e  Co~rea~nrnant", now m d e r  
p repara t ion ,  The C o r f i i r t ~ ~  has amphaelzed the d e s i r a b i l i t y  of such  
proceccive moaeuros !a soveral l a c  tara,  The C o m i e t e a  a l s o  r e c o g n i z e s  
that  s y e t m s  for s e s t r t i n i r i g  against p i p s  whip cou ld  genocate u n d s s i r a b l e  
scraes c o n c s n e r s t i o n s  un!@es p r o p e r l y  des igned  and eulcabby i n s t a l l e d .  
Therefore ,  particu5ar emphasis shou ld  b@ devote6 t o  t h e  f o l l o w i n g : ,  
(1) a becrer  u n d e r s t a n d i n g  o f  e r r n s l e n e  r a sponse  i n  p i p i n g  t h a n  i s  
u s u a l l y  required; (2 )  qualtry sseuranca perraining z o  doaia;*, and i n s t a l -  
larian o f  pipe  r c s c r a F r . ~ ~ ,  Fncludicg v o r i f i c a c l o n  that; r h o  dasign 
cmputaeional  ecchni,quce accoune for o p a r a t i o n a i  condF t ions  and pos;u!oted 
trans ients ;  (3) carefu l  e x a n i n a t i o n  during p r e o p a r a t i o n a l  t e e r i ag  and 
h o t  e c a r t u p  t o  validace ;hat t h e  i n s f a i l a t i o n  naets eke design c r i r c r i a .  



Xonozable Dixy Lee Ray Morch 1 3 ,  1973 

Other p r ~ b l e m e  r e i ~ t i n g  t o  large water reactors which h a v ~  bean 
i d a n t i t i e d  by the Ragoiatory Staff snc! the ACBS and ci%d in 
?rsvious ACRS reports ehould be dealt w i t h  a?popristaly by the 
Regulatory Scsff and ths applicant as suieoS;e approaches are  
developed,  

Tha Advisory Comliccee on Reactor Safeguards believes c h a t ,  i f  
due regard L a  given eo tho i t ems  mentionad above, and subject t o  
satiefactory completion o f  construction and preoperdrional testing, 
fhare i s  raasonaS18 aosursnca that the Duma Arnold Energy Cancer 
can bs operated a t  powet levels up to 1658 Wk wlehout undue r i s k  
to t h e  heelt). and eafety of the public. 

H, G.  Xangeledarf 
C hai m a n  



Honorable Dixy Lee Ray 

pefercsnces 

1) Final Safety Analysia Report, Duans Arnoid Saezzy Center 

2) Acrend~,snts 1-i2, Final S ~ f a t y  Analysis Report, Duane Arnold Energy 
Center 

3) Supplemrnt to hsndmant No, 1 ,  Oattiid Juce 6 ,  1 9 7 2  

4) 7owa Elactric Light and Power Company lecter daced Juby iO, i972 
r e ;  R e l i e f  Valva 3Lschargs Ling 

5 )  Iowa ESactrFc Light and Power Company Lettor dated Occobor 2 6 ,  1 9 7 2  
re: fuel d s g i g n  (proprietary) 

6) Iowa Eleccric Lighc and lower Company latter dared D~csrnber 18, 1972 
re: Lnscallacion o f  a main s t e a m  l i n e  isolation v a l v ~  seal sysrenr 
bn the Duane Arnold Energy Center 

7) Iowa Eleccric Light and Oowar Company laccer dated January 1 5 ,  1 9 7 3  
adopts the GE NEDM-LO735 "Densificaeian Censiderrseions in BIJR Fuel 
Dcra i g n  and l?erfornenoe" 

! 
8) Iowa Electr ic  Ltgh: and Power Company lrccsr dated January !6, 1973, 

r e :  the gareous ef f luent  discharge6 from the Duane Arnold Zaergy 
Center baing ''as low as practFcablel"and co~s i scene  wit?. :he proposed 
Appandix I to 10 CFR Psrc 50 

9) Iowa Eleccric Light and Power Company lee ter  doced Januacy 22, !973 
CransmSttFna revised operhring pressure and temperature limits for 
Duane Arnold Energy Canter 

I . . , . . * , 
10) Directorate o f  L icensing Saf aty Evaluat ion Report dated January 23, 1973 

I!) Dirsctormte of Licensing Supplemene So. 1 t o  the S a f ~ t y  Evaluation 
dated March 2, 1973 
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LNTRODUCTIOI 

The Atomic Ener~y C o d a a i o n ' s  Safety Evaluat$on Repart (~ER) 

an the Duena Arnold Energy Center ( D A M ) ,  dated January 23, 1973, 

idensnrlfled certain matterm rn requiring additional i n i o m t i o n  from 

the appllcant or thatawere mill under review by the Regulatory staff. 

Supplement Number 1 t o  the SER, dated March 2, 1973, updated the SER 

by addressing eiaht of thee mettera, The ACRS completed its rwrew 

of the DAEC at  its Match 8, 1979, meeting and reported itel findfags 

in a letter t o  Chairman ky, dated March 13, 1973. Supplement Number 2 

t o  the SER, dated Apri l  9, 1973, addzaeeed tha ACRS wments and further 

updated the SER, 

The purpoae of thie Supplement i s  t o  aRain update the SER, based 

on the Regulatory staff's review of the additional inf ormtion provided 

by the applicants, Each of the sequanrially numbered items of this 

Supplement contains a &pacific reference to the sub~ection of the SER 

that i s  being updated, efther by the replacement with, o r  by the 

odditicm of , the  marsrial provided in  this Supplament. 

With the indicated resolution 05 thorns outsfanding- a a t t a r r ,  the 

Regulatory eeaff  hae cornplatad its rsrvier o f  thoea itemo for which 

resolution i s  required prior t o  ieeuance of an operating Z i c ~ n s e  and 

concludes that there is rsraouable assurance that the  activitise 

authorized by the operating liccnec can be cmductad without en- 

dangering the health and safety oE the public, and that such activities 

wlll be conducceg In compliance w i t h  the regulations of the  cammission 

set forth in 10 CFR Ch~lpter 1, 
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ITEM 1 REPLACEI$MT FOR THE. FOU8'M1 PARAGRAPH OF SECTION 4,2,3 (PAGE 4-7) 

Tho Regulatory staff requires that peak fuel enthalpies not 

exceed 280 (calories per pram) i n  the event of any postulated control 

rod drop accident. As deecribed in General Electric  company'^ (GE) 

Topical Report NED0-10527 and i t a  Supplements, if the c o n t r ~ l  rod 

wotth does net exceed 1.43X Aklk at low power levels (20% of rated 

power or lama), the peak fuel enehalpy in the event of a rod drop 

aceidant will not ancc~ad 280 c a 2 / p .  Lfmfting the maximom control 

red wort11 while at pwer Zsvele below 302 of tated power t o  lese 

khan 1.43X hk/k, w i l l  be occompli~Fd by: 1) alectrically restricting- 

the removal o f  the f i f e t  50% oE thq: rode t o  br withdrawn .in a 

prescribed configuratiou, and the remelainp 56% o f  the r d i ' t o  

single notch movement, ae restricted by a Rod Sequence Control Syctem 

(RSCS) which employs a notch group mods of opetation as deaczibed 

i n  Amendment 14 t o  the'PSAR; and 2) the Rod Worth Minimizer (BWH) 

which controls the epeclfte order bf control ead withdrawel, In 

the event of RWM inoparability, the appllcanc will be required to 

a e s i ~ n  a second operator to monitor control rod movemenc ro assure 

that the f i rst  operator f011ows the pre-selected order. 

We conclude that the applicante! proposed system of rod 

movement control and the specifind rod removal order adequately 

asaure, for the f irat  fuel cycle, that a control  rod worth greater 

than 1.43Xn will not occur a t  p#er levelm below 20X qf rated power. 

Calculated reeults reported by the applicants in Amendment 14 indicate 
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chat the maximum worth rod, when emplayiag the notch group mode 

o f  RSCS operation, wou1.d be significantly l e a s  than .1.046. 

Nevertheless, we requlre that the RSCS system, 8 0  propaeed by the 

applicants, be improved by adding an electricsl interlocking circuit 

which assures that the  rod^ i n  a particular notch group isre ' 

pdkitioned with in  one'ncrtch of each other, We w i l l  requi're , the : '  ' 

a&llcants t o  make rhia d r a i p  change and t o  submlr che propb.#ed-", 

RSCS design modPfieati.cn fcr our review, prior t o  5ts instellatlon 

during the f irst  refueling outage, 

ITeM 2 REPL4CCEMENT FOR $IXXIO~ 7.6 (PAGE 1-71 

7 , 6  kntrol Over Maximum Rod Re-activity North 

In Esspones K O  the current Regulatory staff concern far the 

control over melectian and movement of control rods during reactor 

stzkrup (see Item 3 below on Control Rod Drop Accident), the applicants 

ha& inata lhd'  additional c o n t t o l ~  as described in Ameudment 14 t o  

the PSAR, which meat the requirements of the Re~ulatoty s ta f f  for 

the f irst  operaking cycle (see Item 1 above). However, we require 

that 'further d e e i g p  5mpravrrnanto be developed for installation during 

the i i r r t  rtEueling outsgat theea furthor desPgn fmprovements w i l l  

electrically rastrict rod poeitionta wi th in  a notch group. The 

applicants will be required t o  submit the de ta i l c  oE thia design 

change for review by the Regulatory a t s f f  prior to t t e  inotallation. 



i . Iowa Elsetfie Light and Pmer Colapany * I . _  I _ 
I 
I ATlX: Duane Brwld, President 

I Security Buildfag 
P. 0. Bax 351 

i ccds ~spids, fowa 52406 
I ... 1 "--... Gentlemen: 
I 

The A t d c  Eaergy Connefserim bas issued Faci l i ty  Operating License Ho. 
DPR-49. The liceaserto of D P R 4 9  are Iowa Bleetric Light and Power 
Caslpany, Central Icmt Pmer Cooperative and Corn Belt Power Cooperative. 
DPR-49 aathorizee bperatioa of the Dusne Arnold Energy Center in 
accordance w i t h  the Technical Specifications, Appendices A Q B, attached 
thereto, The steady state mzactor core power levele authorized by WR-49, 
ehall not @weed 1658 msuwates ~hema1. A copy of the licewe and 
technical speciffeations are enelosad. 

I 
I Eote that the Teehnfeal SpeeiIicotions epecify that the licensee ahall 

1 .  net undertake IaitPal critieelbty until  specifically approved in writing 

I by the Caadssion, RBpmentativea of the D i v l i s i o n  of Regulatory Opera- 

I tiolg.wil1 be at  the site dur4rp1g fuel loading and will verify t h a t  the 

i 
assee-t of the preoperatfo~af test data, the Sumeillance Test pro- 
cedures and the revgew u5 Botr-conforeiaace reporting has been completed. 
We will infoma you p r q e l y  of rhe resulte of their rwfw. 

i A related notice, whfcb is baiag forwarded t o  the Office of the Federal 
Regfster for flUag %nd publication, is enclosed for your information. 

I 
I Four signed origlaals of M m e n t  Elo, 1 t o  'I.Merrmitp Agreetitent No. B-68, 

I .  which covers the activities authorized under Licenee No. DPR-49, are 

I 
enclosed for r d e w  and acceptance by the licensees. One eopy of this 
agreement should be retainad By each licensee and one copy eigxted by all 

I l l c e ~ e e e  lsborrld be returned to this office. 
I 
! Sincere1 7' 

0 Directorate of lieensing 

, . 
See Pane .Two 

.... .... .... .......................... 
.._...- 
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Ens;Xtsuree r 
1. W c m e  No. DPB-49 w / T ~ Q ~ .  Spear. A d B 
2. Pederal fletietar Notice 
3. lndraenrity A n c s ~ t  - -t lo. 1 to B-68 

cat J.ck Re Newman, E.9, 
Harold P. Bela, Eeq. 
~ ~ n ,  Reia & h l r a d  
1025 Coanecticut Avenue, B.W. 
Washington, D. C. 20036 

bireetor 
Off ice for Planning and Pmflradng 
323 Baet 12th Srraet 
Daa Winore, Iowa 50319 

Mr. Dudlay Bendatreon 
Chairman* urn Comty 
Board of Supervisors 
Cedar Rapids, Iowa 52406 

Mr. Ed Vest 
Environmental Protection Agency 
1733 Baltimore Avenue 
Kaneaa City, Missouri 64108 

Mr. J. R. Buchanan 
Amrsietant Director 
hclear Safety Infornation Cmter 
Oak Ridge Tlatioaal Lsb 
P. 0. 308~ Y 
Oak Ridge, Tennessee 37830 

Xr. T. 8. Abernarhy 
0. S. Atomic Energy Coadesion 
Divisim of Teohni-1 Lnfmtim Ext. 
~ a c t a m ~ t  EClahagmcmr Branch 
P. 0. BOIL 62 
Oak Ridge, Tmmeaseo 37890 

bcc: A. Rosenthal, ASLAB 
N. H. Goodrich, ASLBP 

Dis t r ibu t ion:  
AEC PDR 
b c a l  PDR / 
Docket P i 1  
LWR 1-2 F i l e  - __ 
RP ~ e a d i n ~  ("1 o Tech. specs; ) 
R. Newton, OGC 
W. Massar, OGC 
RO (3) 
N.Dube(w/o Tech. Specs.) 
M. J inks  (w/2 encls . )  
R. C. DeYoung 
R. Vollmer 
C.~ebron,F&M(w/o Tech. Specs 
D. ~oster,F&M(w/o Tech. Specs 
E l l en  Brown, F&M 
A.Braitman,OAI(w/o Tech. 

Specs. ) 
G. Owsley 
M. Maigret 
S.Kari (w/o Tech. Specs. ) 
W.Miller ,DR:AO (w/o Tech 

Specs) 
F. S t .  Mary, EP-4 
S. Sheppard, EP-4 (w/O 

TechSpecs) 
D. Muller, AD/EP 
K. Goller,  LWR 1-3 
D. Vassallo,  LWR 1-1 
ACRS (16) 

Form AEC-318 (Rev. 9-53) AECM 0240 . oro .%a-16-81465-1 445-878 



u UNITED - STATES w 
ATOMIC-ENERGY COMMISSION 

WASHINGTON, D.C. 20545 

IOWA ELECTRIC LIGHT AND. PO\JER COMPANY 
CENTRAL IOWA POWER COOPERATIVE 
-- -- - 

CORN BELT POTJER COOPERATIVE 
DOCKET 50-331 

DUANE ARNOLD ENERGY CENTER 
FACILITY OPERATING LICENSE 

License No. DPR-49 

1. The Atomic Energy Commission (the Commission) having found that: 

A. The application for license filed by Iowa Electric Light and Power 
Company, Central Iowa Power Cooperative and Corn Belt Power Cooperative 
(the licensees) complies with the standards and requirements of the 
Atomic Energy Act of 1954, as amended (the Act), and the Commission's 
rules and regulations set forth in 10 CFR Chapter I and all required 
notifications to other agencies or bodies have been duly made; 

B. Construction of the Duane Arnold Energy Center (facility) has been 
substantially completed in conformity with Construction Permit No. 
DPPR-70; the application, as amended; the provisions of the Act; 
and the rules and regulations of the Commission; 

C. The facility will operate in conformity with the application, as amended; 
the provisions of the Act; and the rules and regulations of the 
Commission; 

D. There is reasonable assurance: (i) that the activities authorized by 
this operating license can be conducted without endangering the health 
and safety of the public; and (ii) that such activities will be conducted 
in compliance with the rules and regulations of the Codssion; . . .  

E. Iowa Electric Light & Power company is technically qualified and 
the licensees are financially qualified to engage in the activities 
authorized by this operating license in accordance with the rules 
and regulations of the Commission; 

I?. The licensees have satisfied the applicable provisions of 10 CFR 
Part 140, "Financial Protection Requirements and Indemnity Agreements", 
of the Commission's regulations; 



G. The issuance of t h i s  operat ing l i cense  w i l l  no t  b e  in imica l  t o  t h e  
common defense and secu r i ty  or t o  t h e  h e a l t h  and s a f e t y  of t h e  publ ic;  

H. Af t e r  weighing t h e  environmental, economic, technica l ,  and o t h e r  
b e n e f i t s  of t h e  f a c i l i t y  aga ins t  environmental c o s t s  and considering 
a v a i l a b l e  a l t e r n a t i v e s ,  t h e  issuance of F a c i l i t y  Operating License 
No. DPR-49 i s  i n  accordance wi th  10 CFR P a r t  50, Appendix D, of t he  
Commission's regula t ions  and a l l  appl icable  requirements of s a i d  
Appendix D have been s a t i s f i e d ;  

1- The r e c e i p t ,  possession,  and u s e  of source, by-product and s p e c i a l  
nuc lear  ma te r i a l  as authorized by t h i s  l i c e n s e  w i l l  be  i n  accordance 
wi th  t h e  Commission's regula t ions  i n  10 CFR P a r t  30 and 70, inc luding  
10  CFR Sect ion  30.33, 70.23 and 70.31. 

2. F a c i l i t y  Operating License No. DPR-49 is hereby i ssued  t o  t h e  Iowa E l e c t r i c  
Light  and Power Company (IEL&P), Central  Iowa Power Cooperative (CIPCO) and 
Corn B e l t  Power Cooperative (Corn Bel t)  t o  read as follows: 

I A. This l i c e n s e  app l i e s  t o  the  Duane Arnold Energy Center, a b o i l i n g  water  
r e a c t o r  and assoc ia ted  equipment ( the  f a c i l i t y ) ,  owned by t h e  l i c e n s e e s  
and operated by IEL&P. The f a c i l i t y  is loca t ed  on the  l i censees '  site 
nea r  Palo i n  Linn County, Iowa. This si te c o n s i s t s  of approximately 
500 ac re s  ad jacent  t o  t h e  Cedar River and i s  described i n  t h e  "Final . Safety Analysis Reportw as supplemented and amended (Amendments 1 through 
14) and t h e  Environmental Report as supplemented and amended (Supplements 
1 through 5). 

B. Subject t o  the condit ions and requirements incorporated he re in ,  t h e  
Corrmrission hereby l icenses :  

(1) Iowa E l e c t r i c  Light  & Power Company, pursuant t o  Sec t ion  104b of 
t h e  Act and 10 CFR P a r t  50, "Licensing of Production and U t i l i z a t i o n  
F a c i l i t i e s " ,  t o  possess,  use,  and ope ra t e  t h e  f a c i l i t y ;  and CIPCO 
and Corn B e l t  t o  possess t he  f a c i l i t y  a t  t h e  designated loca t ion  
i n  Linn County, Iowa, i n  accordance with t h e  procedures and 

' l i m i t a t i o n s  set f o r t h  i n  t h i s  l i cense ;  



(2) IEL&P,. pursuant.  t o  t he  Act and 10  CFR P a r t  70, "spec ia l  Nuclear 
Material", t o  receive,  possess and use a t  any time up t o  3500 
kilograms of U-235 i n  r eac to r  f u e l  assemblies enriched i n  t he  
U-235 i so tope  i n  connection with operat ion of t h e  f a c i l i t y ;  

(3) IEL&P, pursuant t o  t he  Act and 10 CFR P a r t  30, "Rules of General 
Appl icabi l i ty  t o  Licensing of Byproduct Material", t o  rece ive ,  
possess ,  and use i n  connection with opera t ion  of t h e  f a c i l i t y :  
7 ? 

( a ) .  Any byproduct ma te r i a l  with Atomic Numbers 3 t o  83, i nc lus ive ,  
without r e s t r i c t i o n s  as t o  chemical and phys i ca l  form, no t  t o  
exceed 1 m i l l i c u r i e  each, t o t a l  no t  t o  exceed 50 m i l l i c u r i e s ;  

(b) Cobalt 60 ,  i n  sea led  sources n o t  t o  exceed 1 5  m i l l i c u r i e s ;  

(c) Strontium 90, i n  sea led  sources n o t  t o  exceed 5 m i l l i c u r i e s ;  

(d) Cesium 137, i n  sea led  sources n o t  to  exceed a t o t a l  of 210 
cu r i e s  ; 

(e) Antimony 124, i n  sea led  sources not  t o  exceed f o u r  sources 
each of 1200 cur ies ;  

(f)  Americ&um 241, i n  sea led  sources not  t o  exceed 6 cu r i e s ;  and 

( 4 )  IEL&P, pursuant t o  t he  Act and 1 0  CFR P a r t s  30 and 70, t o  possess,  
b u t  n o t  t o  separa te ,  such by-product and s p e c i a l  nuc lea r  materials 
as may be produced by t h e  operat ion of t h e  f a c i l i t y .  

C. This l i c e n s e  s h a l l  be  deemed t o  contain and is sub jec t  t o  t h e  condit ions 
s p e c i f i e d  i n  t h e  following Commission regula t ions  i n  10 CFR Chapter I: 
P a r t  20, Sect ion 30.34 of P a r t  30, Sect ions 50.54 and 50.59 of P a r t  50, 
and Sect ion 70.32 of P a r t  70; i s  s u b j e c t . t o  a l l  app l i cab le  provis ions of 
t h e  Act and t o  t h e  ru l e s ,  regula t ions ,  and orders  of t h e  Commission now 
o r  h e r e a f t e r  i n  e f f e c t ;  and i s  subjec t  t o  t h e  a d d i t i o n a l  condi t ions 
s p e c i f i e d  o r  incorporated below: 

(1) Maximum Power Level 

IEL&P i s  authorized t o  operate  t h e  Duane Arnold Energy Center a t  
s teady s t a t e  r eac to r  core  power l e v e l s  no t  i n  excess  of 
1658 megawatts (thermal).  

(2) ~ e c h n i c a l  Spec i f ica t ions  

The Technical Spec i f ica t ions  contained i n  Appendices A & B at tached 
he re to  a r e  hereby incorporated i n  t h i s  l i cense .  IEL&P s h a l l  operate  
t h e  f a c i l i t y  i n  accordance w i t h  the Technical Spec i f ica t ions .  



D. This license is effective as of the date of issuance and shall 
expire at midnight on June 21, 2010. 

FOR THE ATOMIC ENJ?,RGY COMMISSION 

G A. Giambusso, -4 Deputy Director 

for Reactor ~rbj'ects 
Directorate of ~ i c e n s i n ~  

Attachment: 
Appendices A & '  B - Technical Specifications 
Date of Issuance: FEB 2 2 1974 
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UNITED STATES RTOMXC- ENERGY COMMISSION 

DOCKET NO. 50-331 

IOWA ELECTRIC LIGHT AND POTJER COMPANY 

CENTRAL IOWA POWER COOPERATIVE 

CORN BELT POWER COOPERATIVE 

(DUANE ARNOLD ENERGY CENTER) 

NOTICE OF ISSUANCE OF FACILITY OPERATING LICENSE 

Notice is  hereby given t h a t  the Atomic Energy Commission has issued 

F a c i l i t y  Operating License No. DPR-49 t o  Iowa E l e c t r i c  Light  and Power 
. .  . 

- * A , .  - 
Company, Cent ra l  Iowa Power Cooperative, and Corn B e l t  Power Cooperative 

au thor iz ing  opera t ion  of t h e  Dune Arnold Energy Center i n  accordance wi th  

t h e  provis ions of t h e  l i c e n s e  and'th.e-Technical.  Spec i f i ca t ions .  The s teady 

s t a t e  r e a c t o r  core  power l e v e l s  authorized by t h e  l i c e n s e  s h a l l  no t  exceed 

1658 megawatts .thermal. The Duane Arnold Energy Center is a b o i l i n g  water  

nuc lear  r e a c t o r  loca ted  a t  t h e  l icensees '  s i t e  near  Pa lo  i n  Linn County, 

Iowa. 

The Commission has  made appropr ia te  f ind ings  as requi red  by t h e  Atomic 

Energy Act of 1954, as amended ( the  Act), and the  C o d s s i o n ' s  r u l e s  and 

r egu la t ions  i n  10 CFR Chapter I, which a r e  s e t  f o r t h  i n  t h e  l i cense .  The 

app l i ca t ion  f o r  t h e  l i c e n s e  complies wi th  t h e  s tandards  and requirements 

of t h e  Act and t h e  Commission's r u l e s  and regula t ions .  

The l i c e n s e  is e f f e c t i v e  as of i t s  d a t e  of i s suance  and s h a l l  expi re  

on June 21, 2010. ' 

A copy of (1) F a c i l i t y  Operating License No. DPR-49, complete with 

Technical ' spec i f ica t ions '  (Appendices "A" and "B"); (2) ' the r epo r t  of t h e  

Advisory Committee on Reactor Safeguards, dated March 13,  1973; (3) t he  

Di rec to ra t e  of Licensing s Safety Eva.luation, dated January 1973; .(4) supplement 

..No. 1 t o  the  Safety Evaluation, dated March 2,  1973; (5) Supplement No. 2 . . 



t o  t he  Safety Evaluation, dated April. 9, 1973; (6) Supplement No. 3 t o  t he  

Safe ty  Evaluation, dated February 20, 1974; (7) t h e  F i n a l  Safety Analysis  

Report and amendments there to ;  (8) t h e  appl icants '  Environmental Report, 

dated Apr i l  1971, rev ised  November 1971, and supplements t he re to ;  (9) t h e  

Draf t  Environmental Statement, dated November 1972; and (10) t h e  F i n a l  

Environmental Statement; dated March 1973, a r e  a v a i l a b l e  f o r  p u b l i c  inspec t ion  

a t  t h e  Commission's Pub l i c  Document Room a t  1717 H S t r e e t ,  N.W., Washington, 

D. C. and a t  t h e  Reference Service, Cedar Rapids Publ ic  Library,  426 Third 

Avenue, S.E., Cedar Rapids, Iowa 52401. A copy of t h e  l i c e n s e  and t h e  

Safe ty  Evaluat ion and Supplements t he re to  may be obtained upon reques t  

addressed t o  t h e  United S t a t e s  Atomic Energy Commission, Washington, 

D. C. 20545, Attention: 'Deputy Direc tor  f o r  Reactor P ro j ec t s ,  D i r ec to ra t e  

of Licensing. 
I 9' 

Dated a t  Bethesda, Maryland, t h i s  3 2 day of February, 1974. 

' FOR THE ATOMIC ENERGY COMMISSIOP7 

&f14 
gay nd R. Powell, Acting Chief 
~ i g h t  Water ~eactors p r o j e c t s  Branch 1-2 
Direc tora te  of Licensing 
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UN )TED STATES 

UTOMIC ENERGY . .  C C O M M I S S I O ~  
WASHINGTON. D.C. 20545 

Docket Nos. 70-1384 
50-331 

AblENDMEtJT TO INDEMNITY AGREELIENT 140. 8-68 
5 .  

. . 

AMENDNENT NO. 1 . . 

Effective February 22, 1974 , Indemnity Agreement No. B-68 between 
Iowa Elect r ic  Light and Power Company, Central Iowa Power Cooperative, 
and Corn Be1 t Power Cooperative and the  Atomic Energy Commission, dated 
Play 15, 1973, i s  hereby amended a s  follows: 

Item 2a o f  t h e  Attachment t o  the  indemnity agreement is deleted i n  i t s  
en t i r e ty  and t he  following substi tuted therefor:  

Item 2 - Amount of financial protection 
, . 

a.  $ 1,000,000 (From 12:01 a.m., May 15, 1973, t o  
. 12: 00 midnight , February 21, 19'4 

inclusive) 

$95,000,000 (From 12 :01 a.m. , ~ e b r u a r y  22, 1.374) 

Item 3 o f  the Attachment t o  the  indemnity agreement is deleted i n  i ts  
en t i r e ty  and the following substi tuted therefor: 

Item 3 - License number or  numbers 

SNl4-1349 (From 12:01 a.m., 75, 1973, t o  
12:00 midnight, February 21, 1974 
i ncl u s i  ve) 

DPK- 49 (From 12:01 a.m., February 22, 1974 ) 

Item 5 o f  t he  Attachment t o  the indemnity agreement is amended by adding 
the following: 



Nuclear Energy Liabi l i ty  Pol icy (Faci 1 i t y  Form) No. MF- 72 
issued by Mutual Atomic Energy Liabi 1 i ty  Underwriters. 

FOR TIlE U N I T E D  STATES ATOMIC L .  ENERGY COMMISSION 

Directorate o f  Licensing 
I 
i 
I 

. . 
Accepted ,' 1974 

BY 
IOWA E L E C T R I C  LIGHT AND POWER COMPANY 

Accepted , 1974 

By . 
CENTRAL IOIqIA POWER COOPERATIVE 

Accepted , i974 



. .. Enclosure 3 

CH')LXLIST FOR ISSUANCE OF FACILITY ; SENSE 
i-' 

APPLICANT Iowa Electric Light & Power Com~anv DOCKET NO. 50-331 

FACILITY Duane Arnold Ehergy Center 

,. PROJECT MANAGER Gerry Owsley 

LICENSING ASSISTANT Madelyn J. Mainret 

Notice of Consideration of Issuance of License: 
' Published in FEDERAL REGISTER 
Action Date 

OR - 
Initial Decision - 
Sa Fety Review: 

L Safety Evaluation 
ACRS Letter 

Environmental Review: 
Final Environmental Statement 
Published in FEDERAL REGISTER 

Antitrust Review: 
OAI Concurrences 

Notifications Required by Act & Commission Rules*: 
State Official 
Local Official 

Water Quality Certification: (401) 
Submittal by Applicant 
Transmitted to EPA 

License Fee: 
. Amount: . .  $544,705 Paid 

Indemnity Agreement : 
Oh1  Concurrence 

Status of Outstanding Construction Items Checked w/RO 

Regulatory Operations Final Report: (If Available) 

Technical Specifications: 
RP Concurrence 
EP Concurrence 
OR Concurrence 

Public Announcement (to be released): 
- copy' Attached f .. ... ... 

Issuance Package: OGC Concurrence . 

1. License 
2 .  FEDERAL REGISTER Notice 
3. Letter to Applicant 
4. Information Report . 

DATE - 
. i 

September 29, 1972 

___rr__J_r?T_ 

March 1973 - 
March 1973 

February 22, 1974 

May 26, 1972 
May 26, 1972 

February 21. 194 

--k?3szr 22 , I974 
Febsuary 20, 1974 

Februarv 20. 1974 

February 22, ,1974 

February 22, 1974 
Februaru 22, 1974 

* Date ~nitial Application Forwarded Revised: MAY 7 1373 
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> 

PROPOSED PRESS RnEASE 
w 

M C  ISSUES OPERATXNG LICENSE FOR NUCLEAR POWER PLAfJT IN IOWA 

A fu l l .  power, fu l l - te rm operat ing license for the Duane 

Arnold Energy Center near Cedar Rapids, Iowa, was issued on 

1974, to the Iowa Electric G i g h t  and Power .- . 

Coo~erative and Central Power ~obperative 

V 
A t  f u l l  power the plant, which uses a boiling water 

reactor, will have a net  electrical output of about 569 megawat t s .  

Tne t e r m  of the license iS 4 0  years from June 1970 when 

the REC construction permit for the plant  was issued. The ' '  

station is located near the City of Palo in Linn County, 

adjacent to the Cedar River, about 8 miles northwest of 

t Cedar Rapids. t 

The license was issued after findings by the AEC that the 

application for the operating license complied with AEC rcquire- 

ments and that the plant has been satisfactorily constructed 

and is ready for fuelbading.  



UNITED STATES 

ATOMlC ENERGY C O M M I S S l d  
WASHINGTON. D.C. 20545 

fEf) 2 0 1974 

A. Giambusso, Deputy Director Docket No. 50-331 
For Reactor Projec ts  

Direc tora te  of Licensing 

IOWA ELECTRIC LIGEIT ArUD POmR COMPANY (DUANE ARNOLD) 

W e  have been informed by our Region 111 Office t h a t  t h e  Duane 
Arnold f a c i l i t y  has been subs tan t i a l ly  completed i n  accordance 
with the  amended appl ica t ion  with the  exceptions l i s t e d  i n  the  

. enclosure. As indicated i n  our memorandum t o  M r .  R. S. Boyd 
on January 4 ,  1974, we have found t h a t  the l i censee  has 
implemented an acceptable Q/A program f o r  operations. 

The l icensee  plane t o  complete the  l i s t e d  exceptions within 
the  time frame s t a t e d  i n  the enclosure. Assuming s a t i s f a c t o r y  
reso lu t ion  of the items in  the  enclosure and v e r i f i c a t i o n  of 
their completion by Regulatory Operations, we recommend t h a t  
an Operating License be issued ta the  applicant.  W e  a l s o  
recommend t h a t  the  letter transmit t ing the Operating License 
t o  t h e  appl icant  s t a t e  t h a t  f u e l  loading and i n i t i a l  c r i t i c a l i t y  
s h a l l  not  be  commenced u n t i l  ve r i f i ca t ion  of completion of the  
i t e m s  i n  the  enclosure by Regulatory Operations. 

John G. Davis, Deputy Direc tor  '4 
f o r  Field Operations 

Directorate of Regulatory Operations 

Enclosure: 
A s  Stated 



The following updated findings a re  the r e su l t  of recent regulatory 
inspections a t  the Duane Arnold Energy Center. These inspections 
were performed by the  ident i f ied  regulatory groups on t h e  following 
dates: 

Group Dates 

Testing and Startup Feb. 7-8, 15-16-19-78-19, 1974 
Construction Feb. 17-18-19, 1974 
Security Jan. 29-30, 1974 
Preparedness Plan Jan. 29-30-3'1, Feb. 1 ,  18-19, 1974 
Heal th  Phys i cs Jan. 30, Feb. 1,  15-16, 18-19, 1974 
Special Nuclear Materials Jan. 24, 1974 

Items requiring' resolution: \ 

a. ~ l \  construction and preoperational t es t ing  required f o r  i n i t i a l  ' 
fuel loading and sub-cri t ical  t e s t ing  has been completed. ' Final 
evaluation of the  preoperational t e s t  data remains t o  be completed, 
however, 'and is scheduled for completion on. February 22, 1974. 
Completion of this data is required pr io r  t o  i n i t i a l  fuel  loading 
and sub-cri t ical  tes t ing.  

b. The ident i f ied  Cold Functional Testing Program remains t o  be completed. 
The remainder is i n  progress and i s  scheduled fo r  completion on 

! February 22, 1974. Completion of this item is required p r io r  t o  
i n i t i a l  fuel loading and sub-cri t ical  tes t ing.  

c. The functional ver i f ica t ion of t h e  ident i f ied  Surveil lance Test 
Procedures remains t o  be completed and i s  scheduled f o r  completion 
on February 22, 1974. Resolution o f  t h i s  item is required pr io r  t o  

' i n i t i a l  fuel loading and sub-cri t ical  tes t ing.  
d. Review and resolution o f  nonconfornance Reports ( N C R ) ,  Deficiency 

Reports ( D R )  and Field Change Notices (FCN) on sa fe ty  re la ted  systems 
required fo r  i n i t i a l  fuel loading and sub-cri t ical  t e s t i n g  a r e  i n  
progress. Regulatory inspections verify t h a t  these items a re  
ident i f ied  and the  licensee i s  comi t ted  t o  proper evaluation and 
resolution pr ior  t o  the  s t a r t  of the i n i t i a l  fuel loading program. 



Docket HO. 50-331 

lava Electric Light end P- -any 
A m :  hme A m o r d ,  President 
Security Brrildiao 
P. 0. B o x  351 
Cedar Rapids, fuwa 52406 

Gentlemen: 

The AtaPdc Energy CderaaLssiaa hi hsued haendmat He. 1 to Facility 
Operating License Uo. DPR-49 (copy enclosed), which authorissee, the 
licensees to own. posses8 4 wa an increased anotmt of hntfnt6ny-124 
not t o  exceed eight sources, an& of 1200 caries in sealed sources. 
This amendment bean Isstred te correct tau error ia the n w b r  of 
eources prevfartely autborimm£ far i&e Duane Amid hew Center site. 
Iowa Eleetric Light B Pover C e m p m y  p~&ViOwfy understood that t lm 
etandard atartup source c o a e r l p ~ d  a siagle 1200 curfe Antimony-124 
source pin per sotlrce holder. -ewer, S t  has since been learned that 
four such source holders, eaclt amtainlng two (2) eorrrce pins, w e r e  
delivered to t b  si te  aad ere ncwes~ary for star- of the Duane Arnold 
berm C a n t e r .  Therefore, b e d a m t  Eo, 1 t o  Facility Operatiag License 
1Ye. DPR-49 atrthoridng poaacaeelan and me of d g h t  (8) Antimmy-124 
eo11rce pine each not to  excestd 1200 cartee is neceaeary. We have 
detensiaed that thie a m e n a t  does mot preseut a significant hazards 
cansidetration. 

A copy of a related aotSeu, w%Acb bas been forwarded to  the O f f i c e  of 
the Federal Regfster for gubUcat+an, is eudosed for your infomation. 

. _ - -  
ortgrnaf Signed by 

R. 0. DeYoung 

Bichard C. D e P q ,  bsisteat Director 
for L i g h t  Water ~ c t o r s ,  Gnny,  1 

Dhectorate of Licensing 

Eacloaures: 
I. AaBedQmt H-0, 1 to m-49 
2. Federal Register Soti- 

Form AEC-3 18 (Rev. 9-53) AECM 0240 5 P 0  ~4&L6-81MS-1 445-078 
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WR 1 3 1974 

Xowa Blactric Light and Power Campany 

Jaak R. Rmman, Boq. 
Barold P. Bass, Bs~, 
Newman, Reia & Axehad 
1025 C - a c h i ~ ~ t  A m - ,  New. 

Wsrrhhgtan, D. C. 26036 

Dlrector 
Office far Plmnalng end Pm$re8II8ing 
523 East 12th S t r e e t  
Da8 Mointru, Zawa 503119 

Mr. Wlajt II%adereon 
Chatman, L h n  County 
Board of SuperrPieore 
Cedar Rapids, 3wa 52406 

Mr. Kd Teat: 
lbwlr~la9tantsl Prot~cObn Bgency 
l?SS Baltiwre Awn- 
Kaueaa C i t y ,  Mferraori 64108 

?¶re S. 8. Buchanan 
Assietant Director 
Ruclaar .Safety Inforaratitsa Cater 
Oak Ridge # a t i d  Lab 
h. 0. B o x  P 
Oak ,IUdge, Tmneseeca 37830 

DISTRIBUTION : '\ 

AEC PDR \ 
Local PDR 
Docket F i l e  (50-331) ,: 

LWR 1-2 F i l e  
R. Newton, OGC 

i 

: .  
W. Massar, OGC 1 
I?. St.  Mary, EP-4 I 
S. Sheppard, EP-4 I 

RO (3) 
N. Dube (w/o Tecfi. Specs) :: 

M. J inks  ( w / 4  encls . )  \,& 

R. C. DeYoung 
C. Rsbron, F&M(OL only) 
D. Fos te r ,  FM(OL only) 
El len  Brown,F&M(OL only) 
A. Braitman, OAI(w/o Tech 

Specs) 
S. Kari(w/o Tech Specs) 
W. ~iller,DR:AO(w/o T.S.) 
LWR 1 Branch Chiefs(w/o 

Tech Specs) 
ACRS (16) 
D. Muller 
M. Maigret 
G. Owsley 

Wra Ta 3. Absrnathy 
U. S. Ateaia Energp C@maieeion 
D i v i s i o n  of T e c h n i c 4  Inforntation ht. 
~ ~ t ;  Managenrent Btaach 
P a  Om B m  62 
Oak Ridga, Tdntlasoeclt 37830 

bcc: A. Rosenthal, ASLAB 
N. H. Goodrich, ASLBP 

r 

OFFICE, 

SURNAME b 

DATE , 
Porm AEC-318 (Rev. 9-53) AECM 0240 OPO c43-18-8146%-1 446-678 

--,--.-.....-.--...---.-.-- 

....-----...--.....--------- 

...--.-.....-.-------------- 

----.--.----....-.------- 

----.-.--..-.-----.------. 

.---..-..----------------. 

.-.---.-.---...---. ._., .--.-.---.------...------- I ---.-.------..-----------..--.--.---.--.--..-------- 

.-...-.--------..--------. ....--------....-..--.---- 
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UNITED STATES 

LATOivtlC ENERGY COM~V~ISSI~W 
WASHINGTON. D.C. 2 0 5 4 5  

. . 

. . FACILITY OPERATIXG LICENSE 

License No. DPR-49 
Amendment No. 1 

1. The Atomic Energy ~ o & i s s i o n  ( t h e  Commission). having found t h a t :  

A. The app l i ca t ion  f o r  amendment, dated 14arch 13, 1974, complies 
wi th  the  requirements of the  Atomic Energy Act of 1954, as 
amended, and t h e  Commission's regula t ions  set f o r t h  i n  
10 CFR Chapter 1; 

* 
B. The f a c i l i t y  w i l l  operate  i n  conformity wi th  t h e  l i c e n s e ,  

a s  amended, t he  provis ions of t h e  Act, and t h e  r u l e s  and 
r egu la t ions  of t h e  Commission; 

I C. There i s  reasonable assurance ( i )  t h a t  t he  a c t i v i t i e s  
authorized by t h i s  amendment can be conducted without  
endangering t h e  h e a l t h  and s a f e t y  of the  publ ic ,  and 
( i i )  that such a c t i v i t i e s  w i l l  be conducted i n  compliance 
wi th  t h e  ~ o m m i s s i o n ~ s  regula t ion ;  

D. P r i o r  pub l i c  n o t i c e  of proposed issuance of t h i s  amendment 
i s  no t  required s i n c e  t h e  amendment does not  present  a 
s i g n i f i c a n t  hazards considerat ion.  

2. Accordingly, F a c i l i t y  Operating License No. DPR-49 issued t o  
Iowa E l e c t r i c  Light & Power Company, Central  Iowa Power Cooperative 
and Corn Be l t  Power Cooperative is hereby amendedby r ev i s ing  the  
fol lowing paragraph thereof i n  its e n t i r e t y  t o  read: 

2 . B . ( 3 )  (e) Antimony-124, i n  sea led  sources n o t  t o  exceed 
e i g h t  sources each of 1200 c u r i e s  

This smendment i s  e f f e c t i v e  a s  of the da t e  of issuance. 

FOR THE ATONIC ENERGY CQ>?MI SSION 

/ ' f o r  Reactor p r o j e c t s  v Direc tp ra t e  of Licensing 

1)aie of ISSUR;ICC?.: MAR 1 3 1974 



IINITED STATES -. AT0311 C KRJKGY CO?E.fISSION 

DOCKET RO. 50-331 

IOIJA ELECTRIC LIGHT AND POI-TER COXPAhT 

CORN BELT POWER COOPEIUTIVE 

(?lJJrlNE ARNOLD ENERGY CENTER) 
, - 

NOTICE OF ISSUAXCE OF AMENDMENT TO FACILITY OPERATING LICENSE 

Notice is  hereby given t h a t  t he  Atomic Energy Commission ( the  

'Commission) has  issued Amendment No. 1 t o  t h e  F a c i l i t y  Operating License 

.No. DPR-49 t o  t h e  Iowa E l e c t r i c  Light  and Power Company, Cen t r a l  Iowa 

Power Cooperative and Corn B e l t  Power- cooperat ive ( t h e  l i censees ) .  This  : 

amendment au thor izes  the  l i censees  t o  i nc rease  t h e  amount of bpproduct 

* 
m a t e r i a l  they may rece ive ,  possess,  and u s e  i n  connection wi th  opera t ion  

of t h e  Duane Arnold Energy.Center loca ted  on t h e  l icensees '  s i t e  near  

I 
Palo i n  Linn County, Iowa. The amendment, e f f e c t i v e  a s  of t he  d a t e  of 

. issuance, au thor izes  t h e  r e c e i p t ,  and use  of an  a d d i t i o n a l  

four  sources f o r  a t o t a l  of e igh t  sources,  each of 1200 c u r i e s  of 

Antimony 124  i n  sea led  sources.  

The l i c e n s e e s  s t a t e d ,  i n  a l e t t e r  t o  t he  Comiss ion ,  dated March 13, 

1974, t h a t  t h e  ex is tence  and need f o r  t h e  add i t i ona l  four  source p i n s  was 

discovered subsequent t o . d e l i v e r y  of t h e  sources t o  .the' s i t e .  Four 

source holders ,  each containing two (2) 1200 c u r i e  Antimony-124 source 

. . pins, are a t  t h e  s i t e  and a r e  necessary f o r  s t a r t u p  of t h e  Duane Arnold 

Energy Center.  Therefore,  Amendment No. 1 t o  F a c i l i t y  Operating License 

No. DPX-49 au thor iz ing  possession and use  of e igh t  (8) Antimony-1-24 source 

p i n s ,  each not t o  exceed 1200 c u r i e s  i s  necessary. 



The S t a f f ' s  Safety Evaluation Report, upon the  b a s i s o f  which t h e  

o r i g i n a l  l i c e n s e  was i s s u e d , ' i s  based upon the  F i n a l  Safety Analysis 

Report which, on Page 3.3-14 of t he  t e x t  and i n  Figure 7.5.1 desc r ibes  

t he  c o r r e c t  number of sources f o r  t he  Duane Arnold Energy Center. Accordingly, 
* . >  

t he  Regulatory s t a f £  has determined t h a t  t h i s  amendment does .not  p r e s e n t  a 

s i g n i f i c a n t  hazards considerat ion.  

The Di rec to r  of Regulation has made appropr ia te  f ind ings  as r equ i r ed  

by t h e  Act and . the Commissionts regula t ions  i n  10 CFR Chapter I, which a r e  

s e t  f o r t h  i n  t h e  l i c e n s e  amendment. 

The amendment is  e f f e c t i v e  a s  of the  da t e  of issuance, The l i c e n s e e s t  

app l i ca t ion  f o r  amehdment, dated March 13, 1974, and a copy of  Amendment 

No. 1 t o  F a c i l i t y  Operating Licensing No. DPR-49 a r e  a v a i l a b l e  f o r  p u b l i c  

; inspection a t  t h e  Commission's Publ ic  Document Room a t  1717 H S t r e e t ,  
I 

N.W., Washington, D. C. 20545, and a t  t h e  Reference Service,  Cedar Rapids 

Pub l i c  Library,  426 Third Avenue, S.E., Cedar Rapids, Iowa 52401. S ing le  

copies of t h e  amendment may be obtained upon reques t  addressed t o  t h e  

United S t a t e s  Atomic ~ n e r g f C m i s s i o n ,  Washington, D. C. 20545, At ten t ion:  

Deputy Direc tor  f o r  Reactor P ro j ec t s ,  D i r ec to ra t e  of Licensing. 

n 
Dated a t  Bethesda, Maryland, t h i s  1 3 day of  arch; 1974. 

FOR TI-1% ATOMIC ENERGY COMSSIOM 

Walter R. But le r ,  Chief 
Light Water Reactors P ro j ec t  Branch 1-2 
Di rec to ra t e  of Licensing 
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'4. 

* .  
C ~ P I S T R U C I I  O;I PEllilI-i OK F A C I L T T ' i  O P E R A ~ I C  L I  CEi?SE 

\ 
A,';.;. I C,~IT Iowa E l e c t r i c  Light & Power C o q m y  DOCKtT  NO.50-331 -- --.-- 

FACILITY Duane h o l d  &era renter- ----- ..- 

PROJEC'J 14Al4AGEi: Gerald O w s l e y  . - 

' - LICEIIS.ING ASSI~STAHT Madelyn J. & W e +  

Notice o f  Prcpcsed Issuance Published 
In FEDERAL RESISTER 
Action Date  ' .  March 20, a974 - 

Order Direqting Action March 13, 1974 - - 
by whom: l e t t e r  r e q u e s t i n g  Amendment 

Issuance package-rrence -By?--- 1 . License Amendmer?-t 
2. FEDERAL REGISTER fro t i ce 

I 
-. - 

3. S t a f f  Evaluation - --- 
4. L e t t c r  t o  appl icant  --- W/3!7C! 
NO CHANGE IN POWER LEVEL 

For Arnend~nxtts A f f e c t i n g  Povrer Level : 

RO N o t i  f-i c a t i  on and/or Concurrence 

Oh1 Not i f i ca t ion  and / o r  Concurr?nce 
I 

- 
Bus. Mgmt-OA b!oti f i ca t ion  and/or Concurrence - --. 

. 
OIS f!oiification . . . . 

. . - 
' . :  




