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I ABSTRACT 

Th is  Sa fe ty  E v a l u a t i o n  Report  f o r  t h e  a p p l i c a t i o n  f i l e d  by t h e  Dow Chemical 
Company f o r  renewal o f  F a c i l i t y  Opera t ing  License R-108 t o  con t inue  t o  opera te  
i t s  research  r e a c t o r  a t  an inc reased o p e r a t i n g  power l e v e l  has been prepared 
by t h e  O f f i c e  o f  Nuc lear  Reactor Regu la t i on  o f  t h e  U.S. Nuc lear  Regulatory 
Commission. The f a c i l i t y  i s  l o c a t e d  on t h e  grounds o f  t h e  Mich igan D i v i s i o n  
o f  t h e  Dow Chemical Company i n  Midland, Michigan. The s t a f f  concludes t h a t  t h  
Dow Chemical Company can con t inue  t o  opera te  i t s  r e a c t o r  w i t h o u t  endangering 
t h e  h e a l t h  and s a f e t y  o f  t h e  p u b l i c .  
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1 INTRODUCTION 

By l e t t e r  ( w i t h  s u p p o r t i n g  documentation) dated November 14, 1986, as supple- 
mented on June 2, 1987, August 14, 1987, A p r i l  29, 1988, and January 10, 1989, 
t h e  Dow Chemical Company (Dow/l icensee) submi t ted  t o  t h e  U.S. Nuclear  Regulatory  
Commission (NRC/staff) a t i m e l y  a p p l i c a t i o n  f o r  a 20-year renewal o f  t h e  Class 
104c F a c i l i t y  Opera t ing  License R-108 (NRC Docket No. 50-264) and an inc rease 
i n  o p e r a t i n g  power l e v e l ,  f rom t h e  e x i s t i n g  100 k i l o w a t t s  thermal [kW(t)]  t o  
300 kW(t), f o r  i t s  T R I G A  Mark I research r e a c t o r  f a c i l i t y .  The research  reac- 
t o r  f a c i l i t y  i s  l o c a t e d  i n  t h e  1602 B u i l d i n g  on t h e  grounds o f  t h e  Mich igan 
D i v i s i o n  o f  t h e  Dow Chemical Company i n  Midland, Michigan. 
r e n t l y  i s  p e r m i t t e d  t o  operate t h e  Dow T R I G A  Research Reator (DTRR) w i t h i n  t h e  
c o n d i t i o n s  a u t h o r i z e d  i n  p a s t  amendments i n  accordance w i t h  T i t l e  10 o f  t h e  

The l i c e n s e e  cur -  

Code o f  Federal  Regulat ions (10 CFR) ,  Sec t ion  2.109, u n t i l  NRC a c t i o n  on t h e  
renewal reques t  i s  completed. 

The s t a f f ' s  rev iew,  w i t h  respec t  t o  i s s u i n g  a renewal o p e r a t i n g  l i c e n s e  t o  Dow, 
was based on t h e  i n f o r m a t i o n  conta ined i n  t h e  renewal a p p l i c a t i o n  and s u p p o r t i n g  
supplements p l u s  responses t o  requests  f o r  a d d i t i o n a l  i n f o r m a t i o n .  The renewal 
a p p l i c a t i o n  i n c l u d e d  f i n a n c i a l  statements,  t h e  Safe ty  A n a l y s i s  Report ,  an E n v i r -  
onmental Report ,  t h e  Operator  R e q u a l i f i c a t i o n  Program, t h e  Emergency Plan, and 
Technica l  S p e c i f i c a t i o n s .  T h i s  m a t e r i a l  i s  a v a i l a b l e  f o r  rev iew a t  t h e  Commis- 
s i o n ' s  P u b l i c  Document Room l o c a t e d  a t  2120 L S t r e e t ,  NW, Washington, DC 20555. 
The approved Phys ica l  S e c u r i t y  P lan i s  p r o t e c t e d  from p u b l i c  d i s c l o s u r e  under 
10 CFR 2.790. 

The purpose o f  t h i s  Safe ty  E v a l u a t i o n  Report  (SER) i s  t o  summarize t h e  r e s u l t s  
o f  t h e  s a f e t y  rev iew o f  t h e  DTRR and t o  d e l i n e a t e  t h e  scope o f  t h e  t e c h n i c a l  
d e t a i l s  cons idered i n  e v a l u a t i n g  t h e  r a d i o l o g i c a l  s a f e t y  aspects o f  con t inued 
opera t ion .  T h i s  SER w i l l  serve as t h e  b a s i s  f o r  renewal o f  t h e  l i c e n s e  f o r  
o p e r a t i o n  o f  t h e  DTRR a t  thermal power l e v e l s  up t o  and i n c l u d i n g  300 kW. The 
f a c i l i t y  was rev iewed  a g a i n s t  t h e  requ i remen ts  o f  10 CFR P a r t s  20, 30, 50, 51, 
55, 70, and 73; appl  i cab1 e r e g u l a t o r y  gu ides ; and a p p r o p r i a t e  accepted i n d u s t r y  
standards [American N a t i o n a l  Standards I n s t i t u t e / A m e r i c a n  Nuclear  S o c i e t y  
( A N S V A N S )  15 s e r i e s ] .  Because t h e r e  a r e  no s p e c i f i c  a c c i d e n t - r e l a t e d  r e g u l a -  
t i o n s  f o r  research  r e a c t o r s ,  t h e  s t a f f  has compared c a l c u l a t e d  dose va lues 
w i t h  r e l a t e d  standards i n  10 CFR P a r t  20, t h e  standards f o r  p r o t e c t i o n  a g a i n s t  
r a d i a t i o n ,  b o t h  f o r  employees and t h e  p u b l i c .  

T h i s  SER was preparedl by Alexander Adams, Jr., P r o j e c t  Manager, D i v i s i o n  o f  Reac- 
t o r  P r o j e c t s  111, I V ,  V ,  and Spec ia l  P r o j e c t s ,  O f f i c e  o f  Nuclear  Reactor Regula- 
t i o n ,  U.S.  Nuclear  Regulatory  Commission. Major  c o n t r i b u t o r s  t o  t h e  t e c h n i c a l  
r e v i e w  were t h e  P r o j e c t  Manager and R. E. C a r t e r ,  C. Cooper, and R. Carpenter 
o f  t h e  Idaho N a t i o n a l  Engineer ing Labora tory  under c o n t r a c t  t o  t h e  NRC. 

1.1 Summary and Conclusions of P r i n c i p a l  S a f e t y  Cons idera t ions  

I n  i t s  e v a l u a t i o n ,  t h e  s t a f f  cons idered t h e  i n f o r m a t i o n  submi t ted  by t h e  
l i c e n s e e ,  i n s p e c t i o n  r e p o r t s  by NRC Region I11 personnel ,  and o n s i t e  observa- 
t i o n s .  I n  a d d i t i o n ,  as p a r t  o f  i t s  l i c e n s i n g  rev iew o f  severa l  TRIGA r e a c t o r s ,  

NUREG-1312 1- 1 



t h e  s t a f f  examined l a b o r a t o r y  s t u d i e s  and analyses o f  severa l  acc iden ts  postu-  
l a t e d  f o r  t h e  T R I G A  r e a c t o r .  The s t a f f ' s  conc lus ions ,  based on e v a l u a t i o n  and 
r e s o l u t i o n  o f  t h e  p r i n c i p a l  i ssues  rev iewed f o r  t h e  DTRR, a re  as f o l l o w s :  

The des ign,  t e s t i n g ,  and performance o f  t h e  r e a c t o r  s t r u c t u r e  and t h e  
systems and components impor tan t  t o  s a f e t y  d u r i n g  normal o p e r a t i o n  were 
adequate ly  planned, and sa fe  o p e r a t i o n  can reasonably  be expected t o  
cont inue.  

There has been no s i g n i f i c a n t  degradat ion  o f  equipment, and t h e  l i c e n s e e ' s  
management o r g a n i z a t i o n  w i l l  con t i nue  t o  m a i n t a i n  and opera te  t h e  r e a c t o r  
so t h a t  t h e r e  i s  no s i g n i f i c a n t  inc rease i n  t h e  r a d i o l o g i c a l  r i s k  t o  t h e  
employees o r  t h e  p u b l i c .  

The expected consequences o f  severa l  p o s t u l a t e d  c r e d i b l e  acc iden ts  have 
been considered,  emphasizing those l i k e l y  t o  cause l o s s  o f  i n t e g r i t y  o f  
fue l -e lement  c ladd ing .  
most se r ious ,  h y p o t h e t i c a l l y  c r e d i b l e  acc iden ts  and determined t h a t  t h e  
c a l c u l a t e d  p o t e n t i a l  r a d i a t i o n  doses o u t s i d e  t h e  r e a c t o r  s i t e  a r e  n o t  
l i k e l y  t o  exceed t h e  g u i d e l i n e s  o f  10 CFR P a r t  20 f o r  doses i n  u n r e s t r i c t e d  
areas. 

The s t a f f  per formed conserva t i ve  analyses o f  t h e  

The l i c e n s e e ' s  management o r g a n i z a t i o n ,  conduct  o f  t r a i n i n g  and research  
a c t i v i t i e s ,  and s e c u r i t y  measures a re  adequate t o  ensure sa fe  o p e r a t i o n  
o f  t h e  f a c i l i t y  and p r o t e c t i o n  o f  i t s  s p e c i a l  nuc lea r  m a t e r i a l .  

Releases o f  r a d i o a c t i v e  wastes f rom t h e  f a c i l i t y  a re  w i t h i n  t h e  l i m i t s  o f  
t h e  Commission's r e g u l a t i o n s  and a re  as low as i s  reasonably  ach ievab le  
(ALARA) . 

The l i c e n s e e ' s  Techn ica l  S p e c i f i c a t i o n s ,  which p r o v i d e  l i m i t s  c o n t r o l -  
l i n g  o p e r a t i o n  o f  t h e  f a c i l i t y ,  a re  such t h a t  t h e r e  i s  a h i g h  degree o f  
assurance t h a t  t h e  f a c i l i t y  w i l l  be opera ted  s a f e l y  and r e l i a b l y .  

The f i n a n c i a l  da ta  p r o v i d e d  by  t h e  l i c e n s e e  a re  such t h a t  t h e  s t a f f  has 
determined t h a t  t h e  l i c e n s e e  has reasonable access t o  s u f f i c i e n t  revenues 
t o  cover  o p e r a t i n g  c o s t s  and e v e n t u a l l y  t o  decommission t h e  r e a c t o r  
f a c i  1 i ty. 

The l i c e n s e e ' s  program f o r  p r o v i d i n g  f o r  t h e  p h y s i c a l  p r o t e c t i o n  o f  t h e  
f a c i l i t y  and i t s  s p e c i a l  nuc lea r  m a t e r i a l  compl ies w i t h  t h e  requi rements 
o f  10 CFR P a r t  73. 

The l i c e n s e e ' s  procedures f o r  t r a i n i n g  i t s  r e a c t o r  ope ra to rs  and t h e  p l a n  
f o r  ope ra to r  r e q u a l i f i c a t i o n  a re  adequate; t hey  g i v e  reasonable assurance 
t h a t  t h e  DTRR w i l l  be operated competent ly .  

The l i c e n s e e ' s  approved Emergency P lan  p rov ides  reasonable assurance t h a t  
t h e  l i c e n s e e  i s  prepared t o  assess and respond t o  p o t e n t i a l  emergency 
events .  
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1 . 2  H i s t o r y  

Dow began i n s t a l l a t i o n  o f  t h e  General Atomic, I nco rpo ra ted ,  T R I G A  Mark I reac-  
t o r  i n  1966. On J u l y  3, 1967, t h e  Atomic Energy Commission i ssued  Opera t ing  
L icense R-108 f o r  t h e  DTRR a t  power l e v e l s  up t o  100 kW(t). C r i t i c a l i t y  was 
f i r s t  reached on J u l y  6, 1967. 

1 . 3  Reactor D e s c r i p t i o n  

The DTRR i s  a heterogeneous, poo l - t ype  r e a c t o r .  
convec t ion  o f  l i g h t  water ,  moderated by z i r con ium hyd r ide  and l i g h t  water ,  
and r e f l e c t e d  by g r a p h i t e  and l i g h t  water .  
(%19,OOO-L), p a r t i a l l y  below-ground poo l ,  which i s ,  i n  t u r n ,  coo led  and p u r i f i e d  
by e x t e r n a l  c o o l i n g  and p u r i f i c a t i o n  systems. Reactor exper imenta l  f a c i l i t i e s  
i n c l u d e  a r o t a r y  specimen rack ,  a pneumatic t r a n s f e r  tube,  dummy f u e l  elements, 
and a co re  c e n t r a l  t h imb le .  
volume t h a t  surrounds t h e  core.  

The co re  i s  coo led  by n a t u r a l  

It i s  l o c a t e d  i n  a 5,000-gal lon 

Experiments can a l s o  be i r r a d i a t e d  i n  t h e  water  

The r e a c t o r  co re  c o n s i s t s  o f  a m i x t u r e  o f  aluminum-clad and s t a i n l e s s - s t e e l -  
c l a d  uranium z i r con ium hyd r ide  (U-ZrH,) f u e l  elements c o n t a i n i n g  8 we igh t  

pe rcen t  uranium. 
uranium-235 i so tope .  The c y l i n d r i c a l  elements [ w i t h  a d iameter  o f  1.47 i n .  
(3.73 cm) and a l e n g t h  o f  14  i n .  (35.5 cm) f o r  aluminum-clad elements and a 
d iameter  o f  1.47 i n .  (3.73 cm) and a l e n g t h  o f  15 i n .  (38 .1  cm) f o r  s t a i n l e s s -  
s t e e l - c l a d  elements] a re  ar ranged i n  a r i g h t  c y l i n d e r .  
r e a c t o r  co re  i s  changed by  t h e  opera to r  by moving t h r e e  c o n t r o l  rods ,  which 
c o n t a i n  a m i x t u r e  o f  boron ca rb ide  and aluminum ox ide .  

The uranium used i s  enr iched t o  l e s s  than  20 pe rcen t  i n  t h e  

R e a c t i v i t y  o f  t h e  

1.4 Shared F a c i l i t i e s  and Equipment 

The r e a c t o r  area c o n s i s t s  o f  t h e  r e a c t o r  room (which con ta ins  t h e  r e a c t o r  and 
assoc ia ted  exper imenta l  equipment), t h e  r e a c t o r  water  t rea tmen t  room, t h e  r e a c t o r  
c o n t r o l  room, a h o t  l a b o r a t o r y ,  and a sample p r e p a r a t i o n  and coun t ing  room (see 
F igu re  4.2). 
pneumatic t r a n s f e r  tube and can a l s o  r e c e i v e  samples d i r e c t l y  f rom t h e  r e a c t o r  
room th rough a pass- through opening i n  a r e a c t o r  room w a l l  t h a t  leads i n t o  a 
h o t  l a b o r a t o r y  fume hood. The r e a c t o r  room and r e a c t o r  water  t rea tmen t  room 
a re  a d d i t i o n s  t o  t h e  1602 B u i l d i n g .  
a r e  p r o v i d e d  f rom t h e  1602 B u i l d i n g .  The r e a c t o r  a rea  has i t s  own ded ica ted  
h e a t i n g  and c o o l i n g  system, which supp l i es  heated, cooled,  f i l t e r e d ,  and 
h u m i d i t y - c o n t r o l l e d  a i r  t o  t h e  r e a c t o r  area. 

The h o t  l a b o r a t o r y  i s  t h e  l a b o r a t o r y  te rminus  f o r  t h e  r e a c t o r  

E l e c t r i c i t y  and water  f o r  t h e  r e a c t o r  area 

1 . 5  Comparison Wi th  S i m i l a r  F a c i l i t i e s  

The r e a c t o r  f u e l  rods a re  s i m i l a r  t o  those i n  most o f  t h e  55 TRIGA-type r e a c t o r s  
i n  o p e r a t i o n  th roughout  t h e  wor ld ,  27 o f  which a re  i n  t h e  U n i t e d  Sta tes .  
t h e  27 U . S .  r e a c t o r s ,  25 a re  l i c e n s e d  by t h e  NRC. The ins t ruments  and c o n t r o l s  
a re  t y p i c a l  o f  T R I G A  r e a c t o r s  and s i m i l a r  i n  p r i n c i p l e  t o  most o f  t h e  non-power 
r e a c t o r s  l i c e n s e d  by t h e  NRC. 

O f  
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1 . 6  Nuclear  Waste P o l i c y  Ac t  o f  1982 

Sec t ion  302(b)( l ) (B)  o f  t h e  Nuclear  Waste P o l i c y  Ac t  o f  1982 p rov ides  t h a t  t h e  
NRC may r e q u i r e ,  as a p r e c o n d i t i o n  t o  i s s u i n g  o r  renewing an o p e r a t i n g  l i c e n s e  
f o r  a research  o r  t e s t  r e a c t o r ,  t h a t  t h e  a p p l i c a n t  s h a l l  have en te red  i n t o  an 
agreement w i t h  t h e  U.S.  Department o f  Energy (DOE) f o r  t h e  d i sposa l  o f  h i g h - l e v e l  
r a d i o a c t i v e  wastes and spent  nuc lea r  f u e l .  Dow has en tered  i n t o  a c o n t r a c t  w i t h  
DOE (Con t rac t  #DE-CR01-83-NE-44483) f o r  t h e  u l t i m a t e  d isposa l  o f  t h e  f u e l  i n  t h e  
DTRR. 
requi rements o f  t h e  Waste P o l i c y  Ac t  o f  1982 have been s a t i s f i e d  f o r  t h e  DTRR. 

Because Dow has en tered  i n t o  such a c o n t r a c t  w i t h  DOE, t h e  a p p l i c a b l e  
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2 S I T E  CHARACTERISTICS 

2 . 1  Reactor S i t e  

The DTRR i s  l o c a t e d  i n  t h e  c i t y  o f  Midland, Mid land County, Mich igan (see F i g -  
u r e  2.1). I t  i s  l o c a t e d  w i t h i n  t h e  s e c u r i t y  fence t h a t  surrounds t h e  research  
f a c i l i t i e s  and manufac tur ing  p l a n t  o f  t h e  Dow Chemical U . S . A ,  Michigan D i v i s i o n  
(see F i g u r e  2.2). The area immediately o u t s i d e  t h e  fence i s  l a r g e l y  owned by 
Dow. 
area. To t h e  west a r e  i n d u s t r i a l  businesses and a few residences. The r e s i -  
d e n t i a l  s e c t i o n  o f  M id land i s  l o c a t e d  t o  t h e  no r th .  To t h e  south  i s  t h e  Mid land 
Cogenerat ion Venture, a p r o j e c t  t o  complete t h e  former Consumers Power Mid land 
Nuc lear  Power P l a n t  by c o n v e r t i n g  i t  t o  n a t u r a l  gas f u e l .  

M id land County i s  an area o f  f l a t  o r  g e n t l y  r o l l i n g  fa rmland w i t h  a nominal 
e l e v a t i o n  o f  642 f t  (196 m) above sea l e v e l .  The Chippewa R i v e r  j o i n s  w i t h  
t h e  Ti t tabawassee R i v e r  i n  t h e  c i t y  o f  Midland. 
th rough t h e  Mich igan D i v i s i o n  s i t e .  

East o f  t h e  Mich igan D i v i s i o n  i s  an open, unpopulated, i n d u s t r i a l - t y p e  

The Ti t tabawassee R i v e r  f l ows  

2.2 Demography 

The c i t y  o f  M id land has a p o p u l a t i o n  o f  approx imate ly  37,000. The Mich igan 
D i v i s i o n  o f  Dow has a peak work fo rce  on s i t e  o f  about 5000 people.  The neares t  
Dow b u i l d i n g  i s  approx imate ly  200 f t  ( 6 1  m) away from t h e  r e a c t o r  f a c i l i t y .  
The c l o s e s t  res idence i s  about 1600 f t  (488 m) away f r o m  t h e  f a c i l i t y .  Bay 
City, w i t h  a p o p u l a t i o n  o f  about 80,000, i s  20 m i  (32 km) t o  t h e  e a s t  o f  Mid- 
l a n d  on Lake Huron. The m e t r o p o l i t a n  area o f  Saginaw, w i t h  a p o p u l a t i o n  o f  
about 100,000, i s  25 m i  (40 km) southeast o f  Midland. 

2.3 

The n e a r e s t  i n d u s t r i a l  complex i s  t h e  manufac tur ing  area o f  t h e  Dow Mich igan 
D i v i s i o n  l o c a t e d  approx imate ly  1200 f t  (365 m) t o  t h e  southwest o f  t h e  1602 
B u i l d i n g .  
r e q u i r e  t h e  evacuat ion  o f  t h e  1602 B u i l d i n g .  
event  i s  cons idered an u n c l a s s i f i e d  emergency. 
covered by t h e  independent 1602 B u i l d i n g  Emergency Plan, which i s  re fe renced  by 
t h e  DTRR Emergency Plan. 

There a r e  no m i l i t a r y  i n s t a l l a t i o n s ,  and t h e  neares t  a i r p o r t  i s  approx imate ly  
4 m i  ( 6 .4  km) f rom t h e  r e a c t o r  s i t e .  
(520 m) southwest o f  t h e  s i t e ,  and t h e  neares t  highway, US-10, i s  1 m i  (1.6 km) 
t o  t h e  eas t .  

I n  v i e w  o f  t h e  sa fe  o p e r a t i n g  h i s t o r y  o f  t h e  p a s t  2 1  years ,  t h e  DTRR Emergency 
Plan,  t h e  1602 B u i l d i n g  Emergency Plan, and t h e  l o c a t i o n  o f  nearby t r a n s p o r t a -  
t i o n  f a c i l i t i e s ,  t h e  s t a f f  concludes t h a t  these f a c i l i t i e s  pose no s i g n i f i c a n t  
r i s k  t o  t h e  sa fe  o p e r a t i o n  o f  t h e  DTRR. 

Nearby I n d u s t r i a l ,  T ranspor ta t i on ,  and M i l i t a r y  F a c i l i t i e s  

The p o s s i b i l i t y  e x i s t s  t h a t  a chemical r e l e a s e  may occur t h a t  would 
I n  t h e  DTRR Emergency Plan t h i s  

U n c l a s s i f i e d  emergencies a re  

The neares t  r a i l r o a d  l i n e  i s  1700 f t  
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J 2.4 Meteoro logy 

The c l i m a t e  o f  t h e  c i t y  o f  M id land can be descr ibed as temperate c o n t i n e n t a l  
w i t h  warm summers and c o l d  snowy w i n t e r s .  
f rom t h e  Na t iona l  Weather Se rv i ce  s t a t i o n  l o c a t e d  a t  t h e  Tr i -C i ty  a i r p o r t ,  
10 m i  (16 km) southeast  o f  t h e  r e a c t o r  s i t e .  The average annual p r e c i p i t a t i o n  
f o r  Mid land i s  30 i n .  (76 cm), and t h e  average snow f a l l  i s  32 i n .  ( 8 1  cm). 
The w e t t e s t  month i s  September w i t h  3.2 i n .  (8  cm) o f  p r e c i p i t a t i o n ,  and t h e  
d r i e s t  month i s  February w i t h  1 .8  i n .  (4 .5 cm) o f  p r e c i p i t a t i o n .  Thunderstorms 
occur  an average o f  33 days a yea r  w i t h  most o f  these storms o c c u r r i n g  f rom May 
th rough August. 

Weather i n f o r m a t i o n  i s  a v a i l a b l e  

The average annual temperature i s  49'F (9.4'C). The average maximum month ly  
temperatures range f rom 73OF (22.8'C) i n  J u l y  t o  23OF (-5.0°C) i n  February. 
The maximum d a i l y  temperature exceeds 90'F (32.2'C) an average o f  9 days p e r  
year .  

The p r e v a i l i n g  winds a re  f rom t h e  southwest a t  4 t o  12  m i /h r  (6  t o  
The h i s t o r y  o f  tornadoes a t  t h e  s i t e  i n d i c a t e s  a ve ry  low p r o b a b i l  
rence. Dur ing  1985, one tornado warn ing  occur red  a t  t h e  s i t e .  

The s t a f f  concludes t h a t  t h e r e  a re  no unique me teo ro log i ca l  c o n d i t  
cou ld  produce o r  cause a s i g n i f i c a n t  r i s k  t o  t h e  s a f e  o p e r a t i o n  o f  

2 .5  Geology and Seismology 

19 km/hr). 
t y  o f  occur-  

ons t h a t  
t h e  DTRR 

The Dow s i t e  i s  s i t u a t e d  near t h e  c e n t e r  o f  t h e  Mich igan Basin,  a major  r e g i o n a l  
s t r u c t u r a l  b a s i n  t h a t  i s  p a r t  o f  t h e  Cen t ra l  S tab le  Region t e c t o n i c  p rov ince .  
The bas in ,  which encompasses M ich igan ' s  lower  pen insu la ,  as w e l l  as p a r t s  o f  t h e  
upper pen insu la  and Canada, eas te rn  Wisconsin, and n o r t h e r n  p o r t i o n s  o f  I l l i n o i s ,  
I nd iana ,  and Ohio, has an area o f  approx imate ly  122,000 m i 2  (316,000 km2). 

The Mich igan Bas in  has a l o n g  h i s t o r y  as a s t a b l e  s t r u c t u r a l  bas in .  The l a s t  
s i g n i f i c a n t  t e c t o n i c  a c t i v i t y  i n  t h e  r e g i o n  appears t o  have occur red  i n  e a r l y  
Pennsylvanian t ime  approx imate ly  300 m i l l i o n  years  ago. The b a s i n  i s  bounded 
on t h e  n o r t h  by t h e  Canadian Sh ie ld ,  on t h e  eas t  and southeas t  by  t h e  F i n d l a y  
Arch and Algonquin Ax i s ,  on t h e  west and southwest by  t h e  Wisconsin and Kankakee 
Arches, and on t h e  nor thwest  by t h e  Wisconsin Dome. 

The s i t e  area i s  dominated by su r face  f e a t u r e s  o f  p redominant ly  g l a c i a l  o r i g i n .  
G l a c i a l  d r i f t  covers t h e  area t o  depths rang ing  f rom a few f e e t  t o  severa l  hun- 
d red  f e e t .  Topographic r e l i e f  i s  low t o  moderate, t y p i c a l  o f  a g l a c i a t e d  p l a i n .  

D i f f e r e n t  areas o f  t h e  Cen t ra l  S t a b l e  Region t e c t o n i c  p r o v i n c e  e x h i b i t  d i f f e r e n t  
l e v e l s  o f  se ismic  a c t i v i t y .  
o f  se ismic  a c t i v i t y  compared w i t h  o t h e r  areas o f  t h e  t e c t o n i c  p rov ince .  I n  
" S e i s m i c i t y  Map o f  t h e  S t a t e  o f  M i  c h i  gan" (S tover ,  Reagor , and A1 germi ssen, 
1980), t h e  U. S. Geo log ica l  Survey 1 i s t s  approx imate ly  85 h i s t o r i c a l l y  r e p o r t e d  
earthquakes i n  Mich igan.  
a r y  22, 1918. 
l o c a t e d  over  50 m i  (80 km) f rom t h e  c i t y  o f  Mid land.  

The Mid land area d i s p l a y s  a r e l a t i v e l y  low l e v e l  

The c l o s e s t  o f  these t o  t h e  s i t e  occur red  on Febru- 
It had a maximum m o d i f i e d  M e r c a l l i  i n t e n s i t y  o f  I V  and was 
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The 1602 B u i l d i n g  i s  l o c a t e d  about 4000 f t  (1200 m) f rom t h e  l e f t  bank ( l o o k i n g  
downstream) o f  t h e  Ti t tabawassee R iver .  Sur face dra inage f o r  t h e  area i s  p ro-  
v i d e d  by t h e  Ti t tabawassee R iver ,  which i s  a source o f  c o o l i n g  water  f o r  t h e  
Dow Chemical Company. The l e n g t h  o f  t h e  Ti t tabawassee R i v e r  f rom headwater t o  
mouth i s  about 85 m i  (136 km) and i t s  f a l l  i s  700 f t  (213 m) .  P r i n c i p a l  t r i b u -  
t a r i e s  upstream from Mid land a r e  t h e  Molasses R i v e r  f rom t h e  e a s t  and t h e  
Tobacco, S a l t ,  Chippewa, and Pine R ivers  f rom t h e  west. The fan-shaped d r a i n -  
age area above Mid land encompasses about 2400 m i 2  (6200 km2). The topography 
does n o t  have pronounced r e l i e f  and i s  c h a r a c t e r i z e d  by many lakes  and swampy 
areas. Less than h a l f  t h e  dra inage area i s  fo res ted .  There a r e  numerous dams 
and r e s e r v o i r s  i n  t h e  Ti t tabawassee Basin above Midland, b u t  most a r e  e i t h e r  o f  
low head o r  v e r y  smal l  s to rage c a p a c i t y .  

The d r i n k i n g  water  f o r  t h e  c i t y  o f  Mid land i s  s u p p l i e d  by a p i p e l i n e  f rom Lake 
Huron. 
about 40 m i  (64 km) downstream o f  Midland, near which p o i n t  Bay City e x t r a c t s  
d r i n k i n g  water .  
sewage system. 

The Ti t tabawassee R i v e r  empties i n t o  Saginaw Bay v i a  t h e  Saginaw R i v e r ,  

Water used t o  coo l  t h e  r e a c t o r  i s  d ischarged t o  t h e  Mid land 

Ground sur face  i n  t h e  area o f  t h e  1602 B u i l d i n g  i s  about 630 f t  (190 m) above 
mean sea l e v e l  ( m s l ) .  Normal f lows i n  t h e  Ti t tabawassee R i v e r  would be about 
600 f t  (180 m) msl o r  l e s s .  F lood ing  occur red  i n  Mid land i n  September 1986, 
f o l l o w i n g  ext remely heavy r a i n s .  The Ti t tabawassee R i v e r  c r e s t e d  a t  about 
e l e v a t i o n  614 f t  (187 m) msl [about  70,000 f t 3 / s  (1,900 m3/s)], which i s  a lmost  
5 f t  (1.5 m) h i g h e r  than t h e  p r e v i o u s l y  recorded f l o o d .  
c i t y  were f l o o d e d  and sub jec ted  t o  backup o f  sewage. 
t h e  o p e r a t i o n  o f  t h e  r e a c t o r ,  which i s  s i t u a t e d  i n  an area w e l l  above t h e  f l o o d  
area. 

Large areas o f  t h e  
None o f  t h i s  a f f e c t e d  

The d ischarge c a p a c i t y  o f  t h e  Ti t tabawassee R i v e r  below e l e v a t i o n  630 f t  
(190 m) msl i n  t h e  v i c i n i t y  o f  t h e  T R I G A  s i t e  i s  about 250,000 f t 3 / s  (7,000 m3/s). 
T h i s  i s  a lmost  e q u i v a l e n t  t o  t h e  probab le  maximum f l o o d  (PMF) d ischarge f o r  t h e  
r i v e r  b a s i n  above Midland. Floods r e s u l t i n g  f rom dam f a i l u r e  were i n v e s t i g a t e d  
f o r  t h e  Midland N u c l e a r  Power P lan t ;  t hese  i n v e s t i g a t i o n s  i n d i c a t e d  t h a t  t h e  
domino f a i l u r e  o f  f o u r  upstream dams c o i n c i d e n t  w i t h  t h e  PMF would produce a 
d ischarge o f  about 260,000 f t 3 / s  (7,300 m3/s) a t  t h e  TRIGA s i t e .  The degree of 
f l o o d  p r o t e c t i o n  i s  acceptable f o r  t h i s  t y p e  o f  r e a c t o r .  

A shal low,  unconf ined a q u i f e r  i s  l o c a t e d  i n  t h e  s u r f i c i a l  g l a c i a l  d e p o s i t s  a t  
t h e  s i t e .  
However, i f  r a d i o n u c l i d e s  should l e a k  f rom t h e  r e a c t o r  w e l l  i n t o  t h e  unconf ined 
a q u i f e r ,  they  would m i g r a t e  t o  t h e  Ti t tabawassee R iver .  

T h i s  a q u i f e r  i s  n o t  g e n e r a l l y  used f o r  p o t a b l e  water  supp l ies .  

There i s  s u f f i c i e n t  d i l u t i o n  and r e t a r d a t i o n  o f  r a d i o n u c l i d e s  w i t h i n  500 t o  
1000 f t  (150 t o  300 m) o f  t h e  r e a c t o r  so t h a t  t h e  c o n c e n t r a t i o n  would l i k e l y  be 
reduced t o  smal l  f r a c t i o n s  o f  10 CFR P a r t  20 requi rements.  T h i s  i s  i n  f a c t  t h e  
case f o r  a l l  l a r g e r  commercial n u c l e a r  power p l a n t s  l o c a t e d  i n  s i m i l a r  m a t e r i a l .  
Thus, con taminat ion  o f  groundwater should n o t  be a problem. 
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2 .7  Conclus ion 
* 
'b ,. 

On t h e  b a s i s  o f  t h e  above cons ide ra t i ons  f o r  b o t h  n a t u r a l  and man-made 
hazards, t h e  s t a f f  concludes t h a t  t h e r e  i s  no s i g n i f i c a n t  r i s k  assoc ia ted  w i t h  
t h e  s i t e  t h a t  would make i t  unacceptable f o r  t h e  cont inued opera t i on  o f  t h e  
r e a c t o r .  
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Figure 2 . 1  C i t y  o f  Midland, Mid land County 
Source: Dow Chemical Company 
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3 DESIGN OF STRUCTURES, SYSTEMS, AND COMPONENTS 

3 . 1  Reactor F a c i l i t y  D e s c r i p t i o n  

The 1602 B u i l d i n g  i s  a modern l a b o r a t o r y  o f  f i r e p r o o f  c o n s t r u c t i o n  w i t h  a s t e e l  
frame, concre te  panels ,  and concre te  b l o c k  w a l l s .  The r e a c t o r  room i s  an 
a d d i t i o n  t o  t h e  1602 B u i l d i n g  c o n s t r u c t e d  o f  a s t e e l  frame and non- load-bear ing 
w a l l s  o f  concre te  b l o c k s .  The r o o f  i s  o f  poured gypsum w i t h  a 6 - f t  by 6 - f t  
(1.8-m by 1.8-m) s k y l i g h t  equipped w i t h  a one-piece p l a s t i c  dome centered  over  
t h e  r e a c t o r  p o o l .  
house t h e  r e a c t o r  water  t rea tment  system, which was r e l o c a t e d  f rom t h e  1602 
B u i l d i n g  basement. 

I n  1988 a new room was c o n s t r u c t e d  o f f  t h e  r e a c t o r  room t o  

The r e a c t o r  i s  con ta ined i n  a tank  t h a t  i s  i n s t a l l e d  i n  a w e l l  t h a t  i s  below 
ground l e v e l .  T h i s  i s  t y p i c a l  o f  Mark I TRIGA r e a c t o r s .  F u r t h e r  d e t a i l s  on t h e  
r e a c t o r  t a n k  can be found i n  Sec t ion  4.2. 

3.2 Wind and Water Damaae 

The Mid land area exper iences few extreme wind c o n d i t i o n s  such as tornadoes. 
Furthermore, as descr ibed above, t h e  r e a c t o r  room i s  c o n s t r u c t e d  o f  concre te  
b l o c k s  w i t h  a s t e e l  frame. The r e a c t o r  i t s e l f  i s  below ground l e v e l .  Al though 
r e c o r d  f l o o d i n g  occur red  i n  Mid land i n  1986, r e a c t o r  o p e r a t i o n s  were n o t  
a f f e c t e d .  The 1602 B u i l d i n g  i s  s i t u a t e d  w e l l  above t h e  f l o o d  p l a i n  o f  t h e  T i t -  
tabawassee R i v e r ;  t h e r e f o r e ,  wind o r  water  damage t o  t h e  DTRR f a c i l i t y  i s  very  
u n l  i k e l y .  

3.3 S e i s m i c a l l y  Induced Reactor Damage 

The i n f o r m a t i o n  on p a s t  se ismic a c t i v i t y  and t h e  l i k e l i h o o d  o f  f u t u r e  earthquakes 
i n  t h e  Mid land area i n d i c a t e s  t h a t  t h e  DTRR i s  i n  a r e g i o n  where t h e r e  i s  a low 
p r o b a b i l i t y  o f  severe se ismic a c t i v i t y .  
system c o n s i s t i n g  o f  c o a x i a l  tanks r e s t i n g  on a l a r g e  concre te  pad, a l l  sur -  
rounded by compacted s o i l .  
t o  r e l i e v e  s t resses  w i t h o u t  r u p t u r e ,  i f  an earthquake were t o  occur.  

The r e a c t o r  c o r e  i s  con ta ined i n  a t a n k  

T h i s  s t r u c t u r e  i s  designed t o  s h i f t ,  as necessary,  

I n  a d d i t i o n ,  as d iscussed i n  S e c t i o n  14, even c a t a s t r o p h i c  damage t h a t  would 
cause t o t a l  l o s s  o f  c o o l a n t  would n o t  l e a d  t o  core  damage, and mechanical damage 
t o  f u e l  c l a d d i n g  would r e l e a s e  o n l y  a smal l  f r a c t i o n  o f  t h e  f i s s i o n  p r o d u c t  
i n v e n t o r y .  

3 .4 Mechanical Systems and Components 

The mechanical systems impor tan t  t o  s a f e t y  a r e  t h e  neutron-absorb i  ng c o n t r o l  
rods  suspended f rom t h e  s u p e r s t r u c t u r e .  
w i r i n g  a r e  a l l  above t h e  l e v e l  o f  t h e  t a n k  water  and r e a d i l y  a c c e s s i b l e  f o r  
v i s u a l  i n s p e c t i o n ,  t e s t i n g ,  and maintenance. 
o f  ag ing  on t h e  cont inued performance o f  these components i n  Sec t ion  17  o f  t h i s  
SER. 

The motors,  gear boxes, swi tches,  and 

The s t a f f  has addressed t h e  e f f e c t s  
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3 .5  Conclus ion -- 

On t h e  b a s i s  o f  t h e  above cons ide ra t i ons ,  t h e  s t a f f  concludes t h a t  t h e  DTRR was 
designed and b u i l t  t o  adequate ly  w i t h s t a n d  a l l  c r e d i b l e  a n d ' l i k e l y  wind, water ,  
and se ismic damage assoc ia ted  w i t h  t h e  s i t e .  The des ign  and performance o f  t h e  
s a f e t y  systems have been v e r i f i e d  by  2 1  years  o f  opera t ion .  
s t a f f  concludes t h a t  t h e  r e a c t o r  systems and components a re  adequate t o  p r o v i d e  
reasonable assurance t h a t  con t inued o p e r a t i o n  w i l l  n o t  cause s i g n i f i c a n t  r a d i o -  
l o g i c a l  r i s k  t o  t h e  h e a l t h  and s a f e t y  o f  t h e  p u b l i c .  

Acco rd ing l y ,  t h e  
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4 REACTOR 

The DTRR i s  a General Atomics T R I G A  Mark I r e a c t o r ,  c u r r e n t l y  l i c e n s e d  t o  
opera te  a t  a maximum power l e v e l  o f  100 kW(t) w i t h  a maximum excess r e a c t i v i t y  
o f  2.00$ (1.4% Ak/k). A cutaway view o f  t h e  r e a c t o r  i s  shown i n  F igu re  4.1. 
W i th  i t s  l i c e n s e  renewal a p p l i c a t i o n ,  however, Dow has requested  and submi t ted  
documentation suppor t i ng  an i nc rease  i n  t h e  maximum l i c e n s e d  power l e v e l  t o  
300 kW(t) and an i nc rease  i n  t h e  maximum l i c e n s e d  excess r e a c t i v i t y  t o  
3.00$ (2.1% Ak/k). 

S o l i d  uranium-z i rconium-hydr ide f u e l  c o n t a i n i n g  8 we igh t  pe rcen t  uranium en r i ched  
t o  l e s s  than  20 pe rcen t  uranium-235 i s  used i n  t h e  DTRR. 
c l a d  f u e l  element, t h e  DTRR core  c o n s i s t s  o f  s t a i n l e s s - s t e e l - c l a d  f u e l  elements. 
The r e a c t o r  core  i s  immersed i n  an open t a n k  o f  l i g h t  water  t h a t  serves as t h e  
neu t ron  moderator, c o o l a n t ,  and p a r t i a l  s h i e l d .  Reactor power i s  r e g u l a t e d  by 
i n s e r t i n g  o r  w i thd raw ing  neut ron-absorb ing  c o n t r o l  rods.  Many TRIGA r e a c t o r s  
a re  designed and ins t rumented t o  opera te  i n  t h e  p u l s e  mode; however, t h e  DTRR 
has no p u l s i n g  c a p a b i l i t i e s .  

Except f o r  one aluminum- 

The DTRR i s  used i n  t h e  A n a l y t i c a l  Labora to r ies  o f  t h e  Mich igan D i v i s i o n  o f  t h e  
Dow Chemical Company as p a r t  o f  a research  program i n v o l v i n g  neu t ron  a c t i v a t i o n  
a n a l y s i s ,  i s o t o p e  p roduc t i on ,  neu t ron  rad iography ,  and i r r a d i a t i o n  s tud ies .  A t  
a power 1 eve1 o f  100 kW(t), t h e  DTRR i s  operated a t  an average o f  1 .5  megawatt- 
days/yr. The p r i n c i p a l  des ign  parameters f o r  t h e  DTRR a re  l i s t e d  i n  Table 4.1. 

The l a y o u t  o f  t h e  DTRR f a c i l i t y  i n  t h e  1602 B u i l d i n g  o f  t h e  Dow A n a l y t i c a l  
Labora to r ies  i s  shown i n  F igu re  4.2. The l o c a t i o n  o f  t h e  1602 B u i l d i n g  and 
t h e  r e a c t o r  i n  r e l a t i o n  t o  t h e  c l o s e s t  p u b l i c  u n r e s t r i c t e d  area i s  shown i n  
F igu re  4.3. 

4 . 1  Reactor Core 

The core ,  which i s  a r i g h t  c i r c u l a r  c y l i n d e r ,  c o n s i s t s  o f  a l a t t i c e  o f  c y l i n d r i c a l  
fue l -modera tor  elements, g r a p h i t e  dummy elements, c o n t r o l  rods ,  a neut ron  source, 
and sample i r r a d i a t i o n  f a c i l i t i e s ,  a l l  o f  which a re  immersed i n  a poo l  of water .  
A cutaway view o f  t h e  core  r e g i o n  i s  shown i n  F i g u r e  4.4. 

The r e a c t o r  core  assembly forms a 14- in .  (36-cm)-diameter by  1 5 - i n .  (38-cm)- 
deep r i g h t  c y l i n d e r  and can c o n t a i n  up t o  85 f u e l  elements. The f u e l  elements 
and t h r e e  c o n t r o l  rods a r e a p o s i t i o n e d  by , t he  upper and lower  aluminum g r i d  p l a t e s .  
Water occupies about o n e - t h i r d  o f  t h e  core  volume. C a l c u l a t i o n s  show t h a t  t h e  
r e s u l t a n t  fue l - to -modera tor  r a t i o  p rov ides ,  ve ry  n e a r l y ,  t h e  minimum c r i t i c a l  
mass. 

4 .1 .1  Fuel Elements 

I n  t h e  DTRR c y l i n d r i c a l  aluminum-clad and s t a i n l e s s - s t e e l - c l a d  fue l -modera tor  
elements a r e  used i n  which t h e  f u e l  i s  a s o l i d  homogeneous m i x t u r e  o f  uranium- 
z i rcon ium-hydr ide  a l l o y  c o n t a i n i n g  uranium en r i ched  t o  s l i g h t l y  l e s s  than 
20 pe rcen t  uranium-235 (U-235). The nominal we igh t  o f  t h e  U-235 i n  each o f  t h e  
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standard f u e l  elements i s  35 g. When i n i t i a l l y  con f igu red  f o r  300-kW opera t i on ,  
1 aluminum-clad f u e l  element and up t o  77 s t a i n l e s s - s t e e l - c l a d  f u e l  elements a re  
loaded i n  t h e  DTRR core.  The core  p o s i t i o n  o f  t h e  aluminum-clad f u e l  element 
and t h e  core  p o s i t i o n s  o f  t h e  s t a i n l e s s - s t e e l - c l a d  f u e l  elements a re  shown i n  
F igu re  4.5. The nominal hydrogen- to-z i rconium r a t i o  o f  t he  moderator m a t e r i a l  
i nco rpo ra ted  i n t o  t h e  f u e l  i s  1:l f o r  t h e  aluminum-clad elements and 1 . 6 : l  f o r  
t h e  s t a i n l e s s - s t e e l - c l a d  elements. The f u e l  s e c t i o n  o f  t he  c y l i n d r i c a l  element 
i s  14 i n .  (35.6 cm) l ong  w i t h  a d iameter  o f  1 . 4 1  i n .  (3.58 cm) (aluminum-clad) o r  
15 i n .  (38 .1  cm) l o n g  w i t h  a d iameter  o f  1.43 i n .  (3.63 cm) ( s t a i n l e s s - s t e e l -  
c lad ) .  Graph i te  end p lugs  - 4.0 i n .  (10.2 cm) l o n g  (aluminum-clad) o r  3.45 i n .  
(8.8 cm) l ong  ( s t a i n l e s s - s t e e l - c l a d )  - a t  bo th  ends o f  t h e  f u e l  element serve 
as a x i a l  neut ron  r e f l e c t o r s .  The f u e l e d  and g r a p h i t e  sec t i ons  o f  t h e  f u e l  e le -  
ments a re  conta ined i n  0 .02- in .  (0 .05-cm)- th ick s t a i n l e s s - s t e e l - w a l  l e d  tubes 
o r  0 .03- in .  (0.076-cm)-thick aluminum-walled tubes. Appropr ia te  end f i t t i n g s  
are  welded t o  t h e  ends o f  t h e  c ladd ing .  A schematic v iew o f  a t y p i c a l  T R I G A  
s t a i n l e s s - s t e e l - c l a d  f u e l  element i s  shown i n  F igu re  4.6. 

4.1.2 Core Support  S t r u c t u r e  and R e f l e c t o r  

The fue l  elements, g r a p h i t e  elements, c o n t r o l  rods,  and neut ron  source are 
accu ra te l y  p o s i t i o n e d  i n t o  a l a t t i c e  by means o f  two aluminum g r i d  p l a t e s .  
The bot tom p l a t e  i s  0.75 i n .  (1.9 cm) t h i c k  w i t h  ho les  t o  rece ive  t h e  end 
f i x t u r e s  o f  t h e  elements t h a t  r e s t  on t h e  lower  g r i d  p l a t e  and a re  p o s i t i o n e d  
by t h e  p i n  on t h e  lower  end o f  t h e  element. 
(1.9 cm) t h i c k  and has ho les  t h a t  a re  1.5 i n .  (3 .8  cm) i n  d iameter .  The t o p  
p l a t e  does n o t  suppor t  t h e  we igh t  o f  t h e  elements b u t  serves t o  p o s i t i o n  t h e  
elements and p e r m i t  t h e i r  w i thdrawal  f rom t h e  core.  
by n a t u r a l  convec t ion  o f  water  t h a t  f l ows  upward th rough t h e  core,  t h e  lower  
g r i d  p l a t e  has 36 ho les  f o r  water  passage. 
g r i d  p l a t e  by means o f  t h e  gap between t h e  t r i a n g u l a r  s e c t i o n  o f  t h e  f u e l  
element and t h e  round g r i d  ho le.  

The t o p  g r i d  p l a t e  i s  a l s o  0.75 i n .  

Because t h e  core  i s  coo led  

The water  can pass th rough t h e  t o p  

The core  l a t t i c e  i s  surrounded by a r i n g  o f  g r a p h i t e  12 i n .  (30.5 cm) t h i c k  and 
22 i n .  (56 cm) h i g h  w i t h  an i n s i d e  d iameter  o f  18 
r e f l e c t o r  assembly i s  encased i n  a welded aluminum 
t i o n  o f  water .  Top and bot tom a x i a l  r e f l e c t i o n  i s  
i nco rpo ra ted  i n t o  bo th  ends o f  t h e  i n d i v i d u a l  f u e l  

The r e f l e c t o r  assembly r e s t s  on t h e  r e f l e c t o r  p l a t  
f o r  t h e  two g r i d  p l a t e s .  

n (45.7 cm). Thi; g r a p h i t e  
can t o  p revent  t h e  penetra-  
p rov ided  by g r a p h i t e  p lugs  
elements. 

orm and prov ides  t h e  suppor t  

4.1.3 Cont ro l  Rods 

Three c o n t r o l  rods are  used t o  c o n t r o l  and r e g u l a t e  t h e  power l e v e l s  i n  t h e  
DTRR: Each o f  t h e  t h r e e  rods 
operates w i t h i n  a p e r f o r a t e d  aluminum guide tube. 
t r o n  absorber s e c t i o n  conta ined i n  t h e  c o n t r o l  rods i s  a m ix tu re  o f  boron car -  
b i d e  and aluminum ox ide  i n  a sealed aluminum tube.  Each c o n t r o l  r o d  i s  20 i n .  
( 5 1  cm) l o n g  and has a v e r t i c a l  t r a v e l  o f  15 i n .  (38 cm). The r e g u l a t i n g  r o d  
has a 0.88- in .  (2.24-cm) o u t s i d e  d iameter ,  and t h e  shim and s a f e t y  rods have 
1 .25- in .  (3.18-cm) o u t s i d e  d iameters.  The maximum r a t e  o f  wi thdrawal  o f  t h e  
shim and s a f e t y  rods corresponds t o  about O.lO$/s (0.07% Ak/k/s) and t h a t  of 

a shim rod ,  a r e g u l a t i n g  rod ,  and a s a f e t y  rod.  
The 19- in .  (48-cm)-long neu- 
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t h e  r e g u l a t i n g  r o d  corresponds t o  about 0.04$/s (0.03% Ak/k/s). 
absorb ing  sec t i ons  o f  t h e  c o n t r o l  rods  a re  suppor ted by e lect romagnets.  
power f a i l u r e  o r  scram occurs,  t h e  c o n t r o l  r o d  magnets a r e  de-energ ized and 
t h e  rods  f a l l  i n t o  t h e  core  by g r a v i t y .  

The neutron-  
I f  a 

4.1.4 Neutron Source 

I n  t h e  DTRR a 2-Ci amer ic ium-bery l l ium (Am-Be) neu t ron  source i s  used f o r  reac- 
t o r  s t a r t u p .  
i s  o f  t h e  same genera l  s i z e  and dimensions as a f u e l  element and can thus  be 
p laced  i n  any vacant  l o c a t i o n  i n  t h e  core.  The source i s  l o c a t e d  a t  t h e  c e n t e r  
l i n e  o f  t h e  source h o l d e r  element and t h e  midplane o f  t h e  core.  
power ope ra t i on ,  t h e  source may be removed f rom t h e  h i g h - f l u x  r e g i o n  o f  t h e  
core.  

The neu t ron  source ho lde r  i s  f a b r i c a t e d  o f  anodized aluminum and 

Dur ing  h igh -  

4.2 Reactor Tank and B i o l o g i c a l  S h i e l d  

The r e a c t o r  i s  i n s t a l l e d  near t h e  bot tom o f  a c y l i n d r i c a l  t a n k  21.5 f t  (6.6 m) 
deep and 6.5 f t  (2.0 m) i n  d iameter .  The t a n k  i s  f a b r i c a t e d  o f  aluminum 0.25 i n .  
(0.64 cm) t h i c k ,  which i s  wrapped on t h e  o u t s i d e  w i t h  t h r e e  l a y e r s  o f  f e l t  c l o t h  
and p i t c h  t o  r e t a r d  c o r r o s i o n  o f  t h e  aluminum. 
poured concre te  s h e l l  3 f t  ( 0 . 9 1  m) t h i c k  t h a t  i t s e l f  i s  con ta ined  i n  a c o r r u -  
ga ted  s t e e l  s h e l l  24 f t  (7.32 m) deep. T h i s  s t e e l  s h e l l  i s  p laced  on a concre te  
pad 3.5 f t  (1.07 m) t h i c k .  The aluminum r e a c t o r  t a n k  i s  f i l l e d  w i t h  de ion i zed  
wa te r  t o  a minimum l e v e l  o f  15 f t  (4.5 m) above t h e  t o p  o f  t h e  core .  Th is  water  
serves as a b i o l o g i c a l  s h i e l d ,  a moderator, and a coo lan t .  There a r e  no pene- 
t r a t i o n s  o f  t h e  r e a c t o r  tank ;  c o o l a n t  p ipes  e n t e r  t h e  t a n k  f rom t h e  top .  

Th is  t a n k  i s  con ta ined  i n  a 

4 .3  Reactor I n s t r u m e n t a t i o n  

The r e a c t o r  i n s t r u m e n t a t i o n  i nc ludes  t h r e e  neu t ron -de tec t i on  channels; water  
r a d i o a c t i v i t y ,  temperature,  and c o n d u c t i v i t y  mon i to rs ;  an area r a d i a t i o n  mon i to r ;  
and a c o n t r o l  console.  The neu t ron  channels use one f i s s i o n  chamber and two 
i o n  chambers, mounted on t h e  pe r ime te r  o f  t h e  r e f l e c t o r ,  which p r o v i d e  power 
i n d i c a t i o n  f rom 
i n s t r u m e n t a t i o n  i s  p r o v i d e d  i n  S e c t i o n  7. 

W t o  300 kW. A d e t a i l e d  d e s c r i p t i o n  o f  t h e  r e a c t o r  

4 .4  Dynamic Design E v a l u a t i o n  

The DTRR i s  opera ted  by  man ipu la t i ng  c o n t r o l  rods  i n  response t o  changes i n  
parameters such as temperature and neu t ron  f l u x  (power) as measured by t h e  
i ns t rumen t  channels. I n t e r l o c k s  p reven t  excess ive  r e a c t i v i t y  a d d i t i o n s ,  and a 
scram system i n i t i a t e s  a r a p i d  shutdown ( r e a c t o r  scram) i f  a p r e s e t  power l i m i t  
has been reached. I n  a d d i t i o n ,  t h e  unique c h a r a c t e r i s t i c s  o f  t h e  U-ZrHx f u e l -  

moderator m a t e r i a l  p r o v i d e  a l a r g e ,  prompt, nega t i ve  temperature c o e f f i c i e n t  
t h a t  reduces t h e  r e a c t i v i t y  o f  t h e  r e a c t o r  i f  t h e r e  i s  a s i g n i f i c a n t  i nc rease  
i n  f u e l  temperature.  T h i s  p rov ides  a d d i t i o n a l  o p e r a t i n g  s t a b i l i t y  and s a f e t y  
d u r i n g  any t r a n s i e n t .  
f rom t h e  neu t ron  spectrum hardening p r o p e r t i e s  o f  Z r H x  a t  e l e v a t e d  tempera- 

t u r e s ,  which i nc rease  t h e  leakage o f  neutrons f rom t h e  f u e l - b e a r i n g  m a t e r i a l  
i n t o  t h e  water  moderator m a t e r i a l ,  where t h e y  a re  absorbed p r e f e r e n t i a l l y .  
r e a c t i v i t y  decrease i s  a prompt e f f e c t  because t h e  f u e l  and Z r H x  a re  mixed 

The nega t i ve  temperature c o e f f i c i e n t  r e s u l t s  p r i n c i p a l l y  

T h i s  
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homogeneously; thus  

f u e l  temperature ( r e a c t o r  power). An a d d i t i o n a l  c o n t r i b u t i o n  t o  t h e  prompt, 
n e g a t i v e  temperature c o e f f i c i e n t  i s  t h e  Doppler broadening o f  U-233 resonances 
a t  h i g h  temperatures,  which inc reases  nonproduct ive neutron capture  i n  these 
resonances (Simnad, 1980; Simnad e t  a l . ,  1976). 

t h e  Z r H x  temperature r i s e s  e s s e n t i a l  l y  s imu l taneous ly  w i t h  

4 . 4 . 1  Excess R e a c t i v i t y  and Shutdown Marg in 

The Technica l  S p e c i f i c a t i o n s  r e q u i r e  t h a t  t h e  c o n t r o l  rods p r o v i d e  a shutdown 
marg in g r e a t e r  than 0.50$ (0.35% Ak/k) w i t h  t h e  h i g h e s t  wor th  c o n t r o l  r o d  f u l l y  
wi thdrawn, t h e  o t h e r  c o n t r o l  rods f u l l y  i n s e r t e d ,  t h e  xenon wor th  n e g l i g i b l e  
[<0.30$ (0.2% Ak/k)],  and t h e  r e a c t o r  core  a t  ambient temperature ( c o l d ) .  

The Technica l  S p e c i f i c a t i o n s  l i m i t  t h e  core  excess r e a c t i v i t y  t o  l e s s  than 
3.00$ (2.l% Ak/k) above c o l d ,  xenon n e g l i g i b l e  [<0.30$ (0.2% Ak/k)] condi -  
t i o n s ,  as measured a t  zero power ( < l o  W ) .  
a p p l i e s  w i t h  o r  w i t h o u t  exper iments i n  p lace .  The Technica l  S p e c i f i c a t i o n s  
a l s o  l i m i t  exper iment r e a c t i v i t y  w o r t h  t o  a maximum o f  1.00$ (0.7% Ak/k) f o r  
a l l  exper iments combined and a maximum o f  0.75$ (0.53% Ak/k) f o r  any s i n g l e  
unsecured exper iment.  

T h i s  3.00$ (2.1% Ak/k) r e s t r i c t i o n  

The c o n t r o l  rod  worths f o r  a t y p i c a l  c o r e  c o n f i g u r a t i o n  a re  3.00$ (2.10% Ak/k) 
f o r  t h e  s a f e t y  rod ,  3.00$ (2.10% Ak/k) f o r  t h e  shim rod,  and 1.00$ (0.70% Ak/k) 
f o r  t h e  r e g u l a t i n g  rod .  
excess, t h e  shutdown marg in i s  1.00$ (0.70% Ak/k). There fore ,  t h e  300-kW core  
c o n f i g u r a t i o n  meets b o t h  t h e  shutdown and t h e  excess r e a c t i v i t y  requirements.  
W i t h  a l l  rods f u l l y  i n s e r t e d ,  t h e  core  i s  s u b c r i t i c a l  by 4.00$ (2.30% Ak/k). 

4 .4.2 Normal Opera t ing  Cond i t ions  

Assuming t h e  DTRR i s  c o n f i g u r e d  w i t h  3.00$ (2.10% Ak/k) 

I n  i t s  l i c e n s e  renewal a p p l i c a t i o n ,  t h e  l i c e n s e e  has requested an inc rease i n  
t h e  a u t h o r i z e d  maximum s teady-s ta te  power f rom 100 t o  300 kW and i n  t h e  
a u t h o r i z e d  maximum excess r e a c t i v i t y  f rom 2.00$ t o  3.00$ (1.4 t o  2.1% Ak/k). 
To ensure s a f e  r e a c t o r  o p e r a t i o n s  under these c o n d i t i o n s ,  t h e  Technica l  Speci-  
f i c a t i o n s  impose a l i m i t i n g  s a f e t y  system s e t t i n g  (LSSS) o f  300 kW (as measured 
by e i t h e r  o f  t h e  two l i n e a r  power l e v e l  channels)  t o  p r e v e n t  t h e  maximum f u e l  
temperature f rom reach ing  t h e  s a f e t y  l i m i t  o f  500OC. The l o c a t i o n  i n  t h e  core  
o f  t h e  aluminum-clad f u e l  element i s  r e s t r i c t e d  by t h e  Technica l  S p e c i f i c a t i o n s  
t o  t h e  E o r  F r i n g ,  where t h e  lowest  f u e l  temperature e x i s t s  under a l l  postu-  
l a t e d  normal o p e r a t i n g  and a c c i d e n t  c o n d i t i o n s .  (See a l s o  S e c t i o n  14 . )  

C a l c u l a t i o n s  per formed by General Atomic and conf i rmed by exper iments i n d i c a t e  
t h a t  no c l a d d i n g  damage occurs a t  peak f u e l  temperatures as h i g h  as approx imate ly  
53OoC f o r  low-hydr ide- type (U-ZrH1.O), aluminum-clad elements (Simnad, 1930), 

and 1175OC f o r  h igh-hydr ide- type (U-ZrH1. 6) ,  s t a i n l e s s - s t e e l - c l a d  elements 

( C o f f e r  e t  a l . ,  1966; Simnad, 1980; Simnad e t  a l . ,  1976). Cladding damage i n  
t h e  h igh-hydr ide- type,  s t a i n l e s s - s t e e l  f u e l  i s  caused by a p ressure  b u i l d u p  i n  
t h e  element as a r e s u l t  o f  t h e  e v o l u t i o n  o f  hydrogen produced by d e h y d r i d i n g  o f  
t h e  f u e l .  C ladding damage i n  t h e  low-hydr ide- type,  aluminum-clad f u e l  i s  caused 
by a phase change t h a t  occurs a t  about 530OC. 
r e a c t o r  i s  determined by t h e  c l a d d i n g  damage t h r e s h o l d  temperature o f  t h e  low- 
hydr ide- type,  aluminum-clad f u e l  element. 

The 5OOOC s a f e t y  l i m i t  f o r  t h e  
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The s a f e t y  l i m i t  o f  50OOC f o r  t h e  h o t t e s t ,  B - r i ng ,  s t a i n l e s s - s t e e l - c l a d  f u e l  
ensures t h a t  t h e  maximum temperature o f  t h e  s i n g l e  aluminum-clad f u e l  element 
w i l l  never approach 5OO0C, s ince  i t s  placement i s  r e s t r i c t e d  t o  t h e  much c o o l e r  
E o r  F r i n g s .  The DTRR Techn ica l  S p e c i f i c a t i o n  LSSS o f  300 kW ensures t h a t  a 
cons ide rab le  marg in o f  s a f e t y  e x i s t s .  
l e v e l  a t  which measurements have shown a maximum f u e l  temperature o f  400OC. 
Scrams shu t  down t h e  r e a c t o r  whenever t h e  r e a c t o r  power reaches t h e  LSSS o f  
300 kW. On t h e  b a s i s  o f  r a d i a l ,  a x i a l ,  and l o c a l  power d i s t r i b u t i o n s ,  these 
requi rements ensure t h a t  t h e  above s a f e t y  l i m i t  o f  50OOC maximum f u e l  tempera- 
t u r e  i s  n o t  exceeded anywhere i n  t h e  core. 

Th is  va lue  i s  o n e - t h i r d  o f  t h e  1-MW power 

4.4.3 Assessment 

The s t a f f  concludes t h a t  t h e  c o n t r o l  and i n s t r u m e n t a t i o n  systems (supplemented 
by t h e  i n h e r e n t ,  l a r g e ,  prompt, nega t i ve  temperature c o e f f i c i e n t  o f  r e a c t i v i t y  
f o r  t h e  U-ZrHx f u e l  moderator) p r o v i d e  t h e  bases f o r  t h e  s a f e  o p e r a t i o n  and 

c o n t r o l l e d  shutdown o f  t h e  DTRR, d u r i n g  b o t h  normal o p e r a t i o n  and t h e  i n s e r t i o n  
o f  a l l  t h e  excess r e a c t i v i t y  [3.00$ (2.10% Ak/k)] a u t h o r i z e d  by  t h e  Techn ica l  
S p e c i f i c a t i o n s .  

b a s i s  f o r  des ign ing  t h e  T R I G A  r e a c t o r s  w i t h  a p u l s i n g  c a p a b i l i t y  as a normal 
mode o f  ope ra t i on .  The au tomat ic  compensation p rov ided  by t h e  prompt, nega- 
t i v e  temperature c o e f f i c i e n t  f o r  excess r e a c t i v i t y  i n s e r t i o n s  i s  capable o f  
t e r m i n a t i n g  r e s u l t i n g  power excurs ions  i n  t h e  p u l s i n g  mode w i t h o u t  us ing  any 
mechanical o r  e l e c t r i c a l  s a f e t y  systems o r  ope ra to r  a c t i o n .  Even though t h e  
DTRR does n o t  opera te  i n  t h e  p u l s e  mode, t h i s  feedback mechanism serves as a 
backup s a f e t y  f e a t u r e  t o  t h e  p r o t e c t i v e  systems f o r  m i t i g a t i n g  t h e  e f f e c t s  o f  
a c c i d e n t a l  r e a c t i v i t y  i n s e r t i o n  and h e l p i n g  m a i n t a i n  cons tan t  power (tempera- 
t u r e )  d u r i n g  normal ope ra t i ons  (Simnad, 1980; Simnad e t  a l . ,  1976). (See a l s o  
Sec t i on  14.2. ) 

The i n h e r e n t  shutdown p r o p e r t y  o f  U-Z rHx  f u e l  has been t h e  

The s a f e t y  l i m i t s  f o r  t h e  DTRR a re  based on t h e o r e t i c a l  and exper imenta l  i n -  
v e s t i g a t i o n s  and a re  c o n s i s t e n t  w i t h  those used a t  o t h e r  TRIGA-type r e a c t o r s .  
A lso,  o p e r a t i n g  da ta  a t  t h e  maximum a u t h o r i z e d  r e a c t o r  power l e v e l  o f  o t h e r  
T R I G A  r e a c t o r s  p r o v i d e  conf idence t h a t  t h e  maximum f u e l  element temperatures 
w i l l  be mainta ined f a r  be low t h e  p resc r ibed  s a f e t y  l i m i t s .  T R I G A  r e a c t o r s  
u s i n g  aluminum-clad f u e l  elements w i t h  a hydrogen- to-z i rconium r a t i o  o f  1 .0  
have demonstrated s a f e  and r e l i a b l e  r o u t i n e  opera t i ons  a t  power l e v e l s  up t o  
250 kW (Simnad e t  a1 . , 1976). A t  250 kW t h e  maximum temperature r i s e  i n  t h e  B 
r i n g  o f  these aluminum-clad f u e l  elements i s  about  180OC. A t  300 kW, t h e  p r o -  
posed maximum power l e v e l  f o r  t h e  DTRR, t h e  maximum temperature r i s e  i n  t h e  E 
o r  F r i n g s ,  t h e  l o c a t i o n  o f  t h e  s i n g l e  aluminum-clad f u e l  element i n  t h e  DTRR, 
i s  es t ima ted  t o  be about 15OOC. Increases  i n  f u e l  temperature o f  t h i s  magnitude 
a re  suppor ted by Merten e t  a l .  (1959), who show average r i s e  i n  f u e l  temperature 
f o r  aluminum-clad T R I G A  f u e l  a t  300 kW t o  be about  1 8 O O C .  Th i s  i s  c o n s i s t e n t  
w i t h  t h e  above-quoted va lue  o f  15OOC because f u e l  temperatures i n  t h e  E and F 
r i n g s  a r e  somewhat below average. These da ta  i n d i c a t e  t h e  temperature o f  t h e  
s i n g l e  aluminum-clad f u e l  element i n  t h e  DTRR w i l l  remain s i g n i f i c a n t l y  below 
t h e  53OOC l i m i t i n g  temperature e s t a b l i s h e d  by  Simnad f o r  aluminum c l a d d i n g  f a i l -  
u r e  i n  low-hydr ide  (U-ZrHleO) T R I G A  f u e l  elements (Simnad, 1980). 

TRIGA r e a c t o r s  u s i n g  s t a i n l e s s - s t e e l - c l a d  f u e l  elements (>1.6 hydrogen-to- 
z i r con ium r a t i o )  compr is ing  a l l  b u t  one f u e l  element o f  t h e  DTRR core  have been 
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opera ted  w i t h  t h e  maximum f u e l  temperature w e l l  below t h e  s a f e t y  l i m i t  a t  power 
l e v e l s  up t o  about 1.5 MW (Simnad, 1980; Simnad e t  a l . ,  1976). 

On t h e  b a s i s  o f  t h e  above cons ide ra t i ons ,  t h e  s t a f f  concludes t h a t  t h e r e  i s  
reasonable assurance t h a t  t h e  DTRR can be operated s a f e l y  a t  300 kW, as l i m i t e d  
by t h e  c u r r e n t  Technical  S p e c i f i c a t i o n  requirements.  

4 .5  Func t i ona l  Design o f  R e a c t i v i t y  Con t ro l  System 

The power l e v e l  i n  t h e  DTRR i s  c o n t r o l l e d  by t h r e e  c o n t r o l  rods (one shim, one 
s a f e t y ,  and one r e g u l a t i n g  rod) ,  a l l  o f  which c o n t a i n  a m i x t u r e  o f  boron ca rb ide  
and aluminum ox ide  as t h e  neut ron  poison. The core  p o s i t i o n s  o f  t h e  t h r e e  con- 
t r o l  rods a re  shown i n  F i g u r e  4.5. I n d i v i d u a l  rack-and-p in ion  e lec t romechan ica l  
d r i v e s  a re  used t o  move each c o n t r o l  rod. Each c o n t r o l  r o d  d r i v e  system i s  
energ ized from t h e  c o n t r o l  console though i t s  own independent e l e c t r i c a l  cables 
and c i r c u i t s ;  t h i s  tends t o  min imize  t h e  p r o b a b i l i t y  o f  common cause ma l func t i ons  
o f  t h e  d r i v e s .  Each c o n t r o l  r o d  can be scrammed manual ly a t  t h e  c o n t r o l  console,  
o r  t hey  can be scrammed as a group, e i t h e r  manual ly o r  a u t o m a t i c a l l y ,  by t h e  
s a f e t y  c i r c u i t s .  

4 . 5 . 1  Con t ro l  Rod D r i v e  Assemblies 

The c o n t r o l  r o d  d r i v e  assemblies f o r  t h e  t h r e e  c o n t r o l  rods a re  mounted on a 
b r i d g e  assembly over t h e  pool  and c o n s i s t  o f  a motor and r e d u c t i o n  gear d r i v i n g  
a r a c k  and p i n i o n .  
p o s i t i o n - i n d i c a t i o n  s i g n a l .  Each c o n t r o l  r o d  has an ex tens ion  tube t h a t  extends 
t o  a dashpot below t h e  su r face  o f  t h e  water.  The dashpot and c o n t r o l  r o d  assem- 
b l y  a re  connected t o  t h e  r a c k  th rough an electromagnet and armature. I f  a power 
f a i l u r e  o r  scram occurs,  t h e  c o n t r o l  r o d  magnet i s  de-energized and t h e  r o d  f a l l s  
i n t o  t h e  core.  The r o d  d r i v e  motor i s  nonsynchronous, s i n g l e  phase, and i n s t a n t l y  
r e v e r s i b l e .  It w i l l  i n s e r t  o r  wi thdraw t h e  c o n t r o l  r o d  a t  a r a t e  o f  about 20 i n . /  
min ( 5 1  cm/min). 
f o r  f a s t  stops. 

A m u l t i t u r n  r h e o s t a t  connected t o  t h e  p i n i o n  generates t h e  

E l e c t r i c a l  dynamics and s t a t i c  b r a k i n g  on t h e  motor a re  used 

L i m i t  sw i tches  mounted on t h e  d r i v e  assembly i n d i c a t e  t h e  up and down p o s i t i o n s  
o f  t h e  magnets, t h e  down p o s i t i o n  o f  t h e  rod,  and armature-magnet con tac t .  The 
complete d r i v e  assembly i s  enclosed i n  an aluminum can. 

4.5.2 Scram-Logic C i r c u i t r y  and I n t e r l o c k s  

The scram- log ic  c i r c u i t r y  and i n t e r l o c k s  ensure t h a t  severa l  r e a c t o r  core  and 
o p e r a t i o n a l  c o n d i t i o n s  a re  s a t i s f i e d  i n  o rde r  t h a t  r e a c t o r  o p e r a t i o n  may occur 
o r  con t inue.  

The scram- log ic  c i r c u i t r y  f u n c t i o n s  by c a l l i n g  f o r  t h e  i n t e r r u p t i o n  o f  t h e  
c u r r e n t  t o  t h e  electromagnets h o l d i n g  t h e  c o n t r o l  rods,  which causes t h e  rods 
t o  drop i n t o  t h e  core  and shu t  down t h e  r e a c t o r .  A scram i s  i n i t i a t e d  manual ly 
o r  on h i g h  r e a c t o r  power, low r e a c t o r  p e r i o d ,  o r  l o s s  o f  h i g h  v o l t a g e  t o  t h e  
i o n  chambers. I n t e r l o c k s  a r e  i n t e g r a t e d  i n t o  t h e  c o n t r o l  r o d  c i r c u i t r y  t o  p ro -  
v i d e  a d d i t i o n a l  s a f e t y ;  f o r  example, i n t e r l o c k s  p reven t  t h e  simultaneous w i t h -  
drawal o f  two c o n t r o l  rods ,  which l i m i t s  r e a c t i v i t y  a d d i t i o n  r a t e s .  Also,  t h e r e  
must be an adequate neut ron  source s i g n a l  a v a i l a b l e  i n  t h e  s t a r t u p  channel o r  
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r o d  w i thdrawal  i s  p r o h i b i t e d .  
i n g  t h e  neut ron  f l u x  and r e l a t e d  c o n d i t i o n s  o f  r e a c t i v i t y .  A d d i t i o n a l  d e t a i l s  
concern ing t h e  scram- log ic  c i r c u i t r y  and i n t e r l o c k s  a re  p r o v i d e d  i n  Sec t i on  7. 

Th i s  ensures t h a t  t h e  i n s t r u m e n t a t i o n  i s  mon i to r -  

4 .5.3 Assessment 

The DTRR i s  equipped w i t h  s a f e t y  and c o n t r o l  systems, c o n t r o l  rods ,  r o d  d r i v e s ,  
scram- log ic  c i r c u i t r y ,  and i n t e r l o c k s  t h a t  have been main ta ined p r o p e r l y  and 
have performed r e l i a b l y  and s a t i s f a c t o r i l y  i n  t h e  DTRR f o r  over  2 1  years.  

The c o n t r o l  systems a l l o w  f o r  an o r d e r l y  approach t o  c r i t i c a l i t y  and f o r  s a f e  
shutdown o f  t h e  r e a c t o r  d u r i n g  normal and abnormal c o n d i t i o n s .  There i s  s u f f i -  
c i e n t  redundancy i n  t h e  c o n t r o l  rods  t o  ensure sa fe  r e a c t o r  shutdown, even i f  
t h e  most r e a c t i v e  r o d  f a i l s  t o  i n s e r t  on r e c e i v i n g  a scram s i g n a l .  
p reven t  i n a d v e r t e n t  w i thdrawal  o f  m u l t i p l e  rods and, thus,  excess ive  p o s i t i v e  
r e a c t i v i t y  changes. 
scram independent ly  f o r  any c o n d i t i o n  r e q u i r i n g  a prompt shutdown. 
t o  t h e  a c t i v e  e lec t romechan ica l  c o n t r o l  and s a f e t y  systems, t h e  l a r g e ,  prompt, 
nega t i ve  temperature c o e f f i c i e n t  o f  r e a c t i v i t y  i n h e r e n t  i n  t h e  U-ZrHx f u e l  

moderator  p rov ides  a backup s a f e t y  fea tu re .  A d d i t i o n a l l y ,  s i n c e  t h e  DTRR i s  
l e s s  than  20 pe rcen t  enr iched,  80 pe rcen t  o f  t h e  f u e l  i s  composed of U-238. 
U-238 e x h i b i t s  s t r o n g  a b s o r p t i o n  resonances i n  t h e  ep i thermal  neu t ron  energy 
range, which widen as t h e  f u e l  temperature inc reases  (Doppler  e f f e c t ) .  
i n  t u r n ,  inc reases  t h e  p r o b a b i l i t y  o f  neut ron  cap tu re  d u r i n g  slowdown, which 
reduces t h e  a v a i l a b l e  neutrons t h a t  can cause f i s s i o n .  Th is  i n h e r e n t  shutdown 
f e a t u r e  enhances t h e  prompt, nega t i ve  temperature c o e f f i c i e n t .  

I n t e r l o c k s  

A manual scram b u t t o n  a l l ows  t h e  opera to r  t o  i n i t i a t e  a 
I n  a d d i t i o n  

Th is ,  

On t h e  b a s i s  o f  t h e  above d i scuss ion ,  t h e  s t a f f  concludes t h a t  t h e  r e a c t i v i t y  
c o n t r o l  systems o f  t h e  DTRR a re  designed adequate ly  and w i l l  f u n c t i o n  t o  p r o v i d e  
reasonable assurance o f  s a f e t y  f o r  t h e  r e a c t o r  as a whole as w e l l  as f o r  t h e  
f u e l  elements f o r  t h e  p e r i o d  o f  t h i s  renewal. A d d i t i o n a l l y ,  i n h e r e n t  shutdown 
c h a r a c t e r i s t i c s  ensure t h e  r e a c t o r  w i l l  remain s a f e  even i n  t h e  ex t remely  
un l  i k e l y  event  t h e  engineered r e a c t i v i t y  c o n t r o l  systems f a i  1. 

4 .5  Opera t iona l  Procedures 

Dow Chemical Company has implemented a d m i n i s t r a t i v e  c o n t r o l s  t h a t  r e q u i r e  
rev iew,  a u d i t ,  and w r i t t e n  procedures f o r  a l l  r e a c t o r  s a f e t y - r e l a t e d  a c t i v i t i e s .  
The Reactor Operat ions Committee (ROC) rev iews a l l  aspects  o f  c u r r e n t  r e a c t o r  
o p e r a t i o n  t o  ensure t h a t  t h e  r e a c t o r  f a c i l i t y  i s  opera ted  and used w i t h i n  t h e  
terms o f  t h e  f a c i l i t y  l i c e n s e  c o n s i s t e n t  w i t h  t h e  s a f e t y  o f  t h e  p u b l i c  as w e l l  
as o f  t h e  o p e r a t i n g  personnel .  The r e s p o n s i b i l i t i e s  o f  t h i s  committee i n c l u d e  
rev iew  o f  o p e r a t i n g  procedures, experiments, and proposed changes t o  t h e  
f a c i l i t y  o r  i t s  Technica l  S p e c i f i c a t i o n s .  

W r i t t e n  procedures rev iewed by  t h e  ROC a r e  e s t a b l i s h e d  f o r  s a f e t y - r e l a t e d  
a c t i v i t i e s ,  i n c l u d i n g  r e a c t o r  s t a r t u p ,  ope ra t i on ,  and shutdown; p r e v e n t i v e  o r  
c o r r e c t i v e  maintenance; and p e r i o d i c  i n s p e c t i o n ,  t e s t i n g ,  and c a l i b r a t i o n  o f  
r e a c t o r  equipment and ins t rumen ta t i on .  The DTRR i s  operated by t r a i n e d  NRC- 
l i c e n s e d  personnel  i n  accordance w i t h  these procedures.  
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4.7 Conclus ion 

The s t a f f  rev iew o f  t h e  DTRR has i n c l u d e d  a s tudy o f  i t s  des ign and i n s t a l l a t i o n  
and c o n t r o l  and s a f e t y  i n s t r u m e n t a t i o n .  As noted p r e v i o u s l y ,  these f e a t u r e s  a r e  
s i m i l a r  t o  those t y p i c a l  o f  t h e  research  r e a c t o r s  o f  t h e  T R I G A  t y p e  o p e r a t i n g  
i n  many c o u n t r i e s  o f  t h e  wor ld ,  25 o f  which a r e  l i c e n s e d  by t h e  NRC. 
10 T R I G A  r e a c t o r s  a re  o p e r a t i n g  a t  1 MW o r  more w i t h  no apparent s a f e t y - r e l a t e d  
problems. 
o p e r a t i n g  exper ience o f  these o t h e r  f a c i l i t i e s ,  t h e  s t a f f  concludes t h a t  t h e r e  
i s  reasonable assurance t h a t  t h e  DTRR i s  capable o f  sa fe  o p e r a t i o n  as l i m i t e d  
by i t s  Technica l  S p e c i f i c a t i o n s .  

About 

On t h e  b a s i s  o f  i t s  r e v i e w  o f  t h e  DTRR and because o f  t h e  s a f e  
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Safety Rod - C11; Shim Rod - C3; Regulating Rod - E13 
Pneumatic Transfer System Terminus - F4; Central Thimble - A1 
Source - F17; Aluminum-clad Fuel Element - F28 
Graphite-loaded Dummy Elements - El, E19, F9, F12, F15, F19, F22, F25, 
F27 

F igu re  4.5 DTRR core  arrangement 
Source: Dow Chemical Company 
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Figure 4.6 Typical TRIGA stainless-steel-clad fuel element 
Source: Dow Chemical Company 
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Table 4 . 1  P r i n c i p a l  des ign parameters f o r  DTRR 
f o r  proposed 300-kW opera t i on  

Parameter ' D e s c r i p t i o n  

Reactor t ype  T R I G A  Mark I 
Maximum l i c e n s e d  power l e v e l  , 300 kW thermal 
Fuel  element des ign  

Fuel  -moderator ma te r i  a1 

Urani  um i n v e n t o r y  
Urani  um con ten t  

Uranium enr ichment 
Shape 
Length o f  f u e l  

Diameter o f  f u e l  

C1 addi  ng m a t e r i a l  and 

Number o f  f u e l  elements 
Weight U-235/fuel  element 

Excess r e a c t i v i t y  

nomi n a l  t h  i c kness 

R e a c t i v i t y  wor ths 

Sa fe ty  r o d  (1) 
Shim r o d  (1) 
Regu la t i ng  r o d  (1) 
T o t a l  r e a c t i v i t y  o f  rods 

Reactor coo l  i ng 
Ref 1 e c t o r  
8 e f f e c t i v e  

U-ZrH1. 6 and U-ZrH1. 

2.73 kg U-235 
8 w t %  [bo th  aluminum ( A 1 ) -  and s t a i n l e s s - s t e e l  

~ 2 0 %  U-235 
Cy1 i n d r i  c a l  
14 i n .  (35.6 cm) - A l - c l a d  element 
15 i n .  (38 .1  cm) - SS-clad element 
1 . 4 1  i n .  (3.58 cm) - A l - c l a d  element 
1.43 i n .  (3.63 cm) - SS-clad element 
S t a i n l e s s  s t e e l  [0.02 i n .  (0.05 cm) t h i c k ]  

78 

(SS)-clad elements]  

o r  aluminum C0.03 i n .  (0 .08 cm) t h i c k ]  

359 

3.00$ (2.10% Ak/k) (Technica l  S p e c i f i c a t i o n  
maximum l i m i t )  

-3.00$ (2.10% Ak/k) 
-3.00$ (2.10% Ak/k) 
-1.00$ (0.70% Ak/k) 
-7.00$ (4.90% Ak/k) 
Natura l  convec t ion  o f  pool  water  
Graph i te ,  water  
0.007 
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5 REACTOR COOLING AND ASSOCIATED SYSTEMS 

The DTRR core  i s  coo led  by t h e  n a t u r a l  upward convec t ion  o f  water ,  which passes 
through ho les  i n  t h e  g r i d  p l a t e s  and around t h e  r e a c t o r  f u e l  elements. The 
water  i n  t h e  r e a c t o r  pool  i s  p u r i f i e d  and cooled,  when necessary, a t  a water  
t rea tment  c e n t e r  l o c a t e d  i n  a room t h a t  i s  ad jacent  t o  t h e  r e a c t o r  room and i s  
about 25 f t  (8 m) west o f  t h e  c e n t e r  o f  t h e  core.  
(4.86 L/s)  i s  ma in ta ined by a c e n t r i f u g a l  pump; most o f  t h i s  f l o w ,  70 gpm 
(4.42 L /s ) ,  i s  r o u t e d  through a heat  exchanger back i n t o  t h e  r e a c t o r  p o o l .  To 
m a i n t a i n  t h e  q u a l i t y  o f  t h e  r e a c t o r  c o o l a n t ,  t h e  remainder o f  t h e  f l o w  [about  
7 gpm (0.44 L /s ) ]  i s  r o u t e d  through a p u r i f i c a t i o n  system. A schematic o f  t h e  
r e a c t o r  c o o l i n g  and p u r i f i c a t i o n  system i s  g i v e n  i n  F i g u r e  5 .1 ,  and t h e  c o o l i n g  
system i n s t r u m e n t a t i o n  i s  descr ibed i n  Sec t ion  7 .  

A c i r c u l a t i o n  o f  about 77 gpm 

I 5 . 1  Coo l ing  System 

The p r i m a r y  c o o l i n g  system s u c t i o n  and r e t u r n  l i n e s  b o t h  e n t e r  t h e  poo l  f rom 
t h e  top .  The p r i m a r y  c o o l i n g  
system pump takes  water  f rom t h e  p o o l ,  f o r c e s  i t  through t h e  s h e l l  s i d e  o f  t h e  
s t a i n l e s s  s t e e l  tube and s h e l l - t y p e  heat  exchanger a t  t h e  r a t e  o f  70 gpm 
(4.42 L /s ) ,  then sends i t  back t o  t h e  poo l .  Secondary c o o l a n t  i s  pumped f rom 
t h e  Dow i n d u s t r i a l  water  supply ,  th rough t h e  tube s i d e  o f  the heat  exchanger, 
then i n t o  t h e  Mid land mun ic ipa l  sewer system. 
main ta ined a t  a h i g h e r  p ressure  than t h e  p r i m a r y  system t o  ensure t h a t  any heat  
exchanger leakage w i l l  be conta ined i n  t h e  p r i m a r y  l o o p  o f  t h e  r e a c t o r  f a c , i l i t ! /  
Any s i g n i f i c a n t  leakage would be de tec ted  by an inc rease o f  c o n d u c t i v i t y  and by 
t h e  poo l  water  l e v e l  m o n i t o r  t h a t  has a l o w - l e v e l  and h i g h - l e v e l  alarm. 

There a r e  no p e n e t r a t i o n s  o f  t h e  r e a c t o r  tank.  

The secondary c o o l i n g  system i s  

F a i l u r e  o f  p r i m a r y  system components o r  p i p i n g  i n  t h e  r e a c t o r  water  t rea tment  
room would l e a d  t o  t h e  l o s s  o f  a t  most 1 f t  (0.3 m) o r  250 ga l  (946 L) o f  c o o l -  
a n t ,  s i n c e  a n t i s i p h o n  holes 1 f t  (0.3 m) below t h e  normal l e v e l  o f  t h e  c o o l a n t  
p r e v e n t  any f u r t h e r  l o s s .  T h i s  p resents  no r a d i o l o g i c a l  r i s k  t o  t h e  p u b l i c  
because t h e  c o o l a n t  would be r e t a i n e d  i n  a p i t  l o c a t e d  i n  t h e  water  t r e a t m e n t  
room. R a d i o l o g i c a l  r i s k  t o  Dow employees i s  cons idered n e g l i g i b l e  because t h e  
p r o b a b i l i t y  o f  t h i s  occurrence i s  v e r y  low ( i n  t h e  21-year o p e r a t i n g  h i s t o r y ,  
t h e r e  has never been a p i p i n g  f a i l u r e )  and, should one occur ,  t h e  r a d i o a c t i v i t y  
o f  t h e  pool  water  i s  v e r y  low (see S e c t i o n  5.2). 
occur ,  however, Dow I n d u s t r i a l  Hygiene Department personnel  would m o n i t o r  and 
d i r e c t  t h e  c leanup opera t ion .  

I f  a p i p e  f a i l u r e  were t o  

5 . 2  Pr imary Coolant  P u r i f i c a t i o n  System 

Approx imate ly  7 gpm (0.44 L/s)  o f  p r i m a r y  c o o l a n t  i s  r o u t e d  th rough a m o n i t o r  
box t h a t  has probes t o  m o n i t o r  c o n d u c t i v i t y  and r a d i o a c t i v i t y  o f  t h e  water ,  then 
th rough a f i l t e r  t o  remove p a r t i c u l a t e  m a t t e r ,  a mixed-bed ion-exchange column 
t o  remove i o n i c  m a t e r i a l ,  another  c o n d u c t i v i t y  probe, and f i n a l l y  th rough a 
f lowmeter  back t o  t h e  poo l .  The c o n d u c t i v i t y  o f  t h e  poo l  water  as measured a t  
t h e  f i r s t  probe i s  ma in ta ined a t  l e s s  than 5 vmhos/cm. I n  a d d i t i o n ,  t h e  Tech- 
n i c a l  S p e c i f i c a t i o n s  l i m i t  p r i m a r y  c o o l a n t  r a d i o a c t i v i t y  t o  0 . 1  pCi/ml o r  l e s s .  
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5.3 Pr imary Coolant Makeup System 

Makeup water t o  rep lace  pool  water  l o s t  as a r e s u l t  o f  evapora t ion  o r d i n a r i l y  
i s  s u p p l i e d  by the  de ion i zed  steam condensate. Under emergency c o n d i t i o n s ,  
water  f rom t h e  secondary s i d e  can be r a p i d l y  added d i r e c t l y  t o  t h e  p r imary  s i d e  
(poo l ) .  Separa t ion  o f  t h i s  secondary water from t h e  c i t y  water supply i s  main- 
t a i n e d  by (1) an a n t i f l o w b a c k  dev ice  i n  t h e  l i n e  and (2) t h e  b u i l d i n g  repres-  
s u r i z i n g  system, which p rov ides  an a i r  break between t h e  c i t y  water system and 
t h e  b u i l d i n g  water supply. 

5 .4  Conclusion 

The s t a f f  concludes t h a t  t h e  DTRR c o o l i n g  system i s  o f  t h e  p roper  s i z e  and 
des ign  t o  ensure adequate c o o l i n g  o f  t h e  r e a c t o r  under r o u t i n e  o p e r a t i n g  con- 
d i t i o n s  a t  100 kW as s p e c i f i e d  i n  t h e  c u r r e n t  DTRR o p e r a t i n g  l i c e n s e .  The 
system has been main ta ined and i s  i n  acceptable c o n d i t i o n  t o  opera te  a t  300 kW 
f o r  t h e  p e r i o d  o f  t h i s  renewal. 
a d d i t i o n a l  c o o l i n g  c a p a c i t y  i s  needed. However, because o f  t h e  l a r g e  heat  s i n k  
a f f o r d e d  by t h e  pool  water and t h e  c a p a c i t y  o f  t h e  p r e s e n t  heat  removal system, 
t h e  s t a f f  concludes t h e  DTRR can be operated s a f e l y  a t  300 kW. 
t h e  p resen t  (100- kW) hea t  exchanger o p e r a t i n g  a t  f u l  I - r a t e d  c a p a c i t y  , t h e  ad i  a- 
b a t i c  heatup r a t e  o f  t h e  pool  water  i s  about 9'C/hr. 
schedule w i l l  be c o n t r o l l e d  by t h e  Technical  S p e c i f i c a t i o n  c o o l a n t  b u l k  temper- 
a t u r e  l i m i t  o f  60'C. 
t h e  same des ign  f e a t u r e s  as those used i n  many o t h e r  o p e r a t i n g  T R I G A  r e a c t o r  
f a c i l i t i e s .  

Opera t ing  exper ience a t  300 kW may i n d i c a t e  

A t  300 kW w i t h  

The r e a c t o r  o p e r a t i n g  

The c o o l i n g  and water p u r i f i c a t i o n  systems a t  DTRR have 

There i s  no new o r  unproven technology i n v o l v e d  i n  t h e  system. 

On t h e  b a s i s  o f  t h e  above obse rva t i ons ,  the s t a f f  concludes t h a t  t h e  p resen t  
n a t u r a l  convec t i ve  c o o l i n g  system and t h e  p u r i f i c a t i o n  system a t  t h e  DTRR a re  
adequate f o r  sa fe  ope ra t i ons  a t  300 kW. Increased o p e r a t i n g  schedules i n  t h e  
f u t u r e  may r e q u i r e  t h e  a d d i t i o n  o f  inc reased c o o l i n g  c a p a c i t y .  
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F igu re  5 . 1  Reactor water  c o o l i n g  and p u r i f i c a t i o n  system 
Source: Dow Chemical Company 
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6 ENGINEERED SAFETY FEATURES 

Engineered s a f e t y  f e a t u r e s  a r e  those f e a t u r e s  o r  systems t h a t  m i t i g a t e  t h e  
p o t e n t i a l  consequences o f  acc idents .  
engineered s a f e t y  f e a t u r e s  r e q u i r e d  a t  t h e  Dow T R I G A  r e a c t o r .  

The s t a f f  concludes t h a t  t h e r e  a re  no 
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7 CONTROL AND INSTRUMENTATION SYSTEMS 

The r e a c t o r  c o n t r o l  and i n s t r u m e n t a t i o n  systems a re  designed t o  p r o v i d e  t h e  DTRR 
w i t h  sa fe  r e l i a b l e  o p e r a t i o n  i n  b o t h  t h e  manual and au tomat ic  o p e r a t i n g  modes. 
The c o n t r o l  console,  which i s  l o c a t e d  i n  t h e  c o n t r o l  room, d i s p l a y s  t h e  r e a c t o r  
parameters, i n c l u d i n g  power l e v e l ,  water temperature,  and r o d  p o s i t i o n .  

7 . 1  Reactor Con t ro l  System 

The r e a c t o r  c o n t r o l  system c o n s i s t s  o f  those components t h a t  c o n t r o l  t h e  opera- 
t i o n  o f  t h e  r e a c t o r  c o n t r o l  rods as w e l l  as assoc ia ted  equipment a p p r o p r i a t e  
f o r  t h e  r e a c t o r  o p e r a t i n g  mode se lected.  The r e a c t o r  c o n t r o l  rods and r o d  
d r i v e  mechanism a r e  descr ibed i n  Sec t i on  4. 

7 .1 .1  Con t ro l  Consol e 

The r e a c t o r  c o n t r o l  console con ta ins  t h e  c o n t r o l ,  i n d i c a t i n g ,  and r e c o r d i n g  
i n s t r u m e n t a t i o n  r e q u i r e d  f o r  o p e r a t i o n  o f  t h e  r e a c t o r .  Th i s  i n s t r u m e n t a t i o n  
i s  l o c a t e d  on e i t h e r  s i d e  o f  a dual-pen reco rde r  and t h e  o p e r a t o r ' s  panel .  

The o p e r a t o r ' s  panel  con ta ins  (1) r o d - p o s i t i o n  i n d i c a t o r s  t o  show t h e  p o s i t i o n  
o f  t h e  shim and r e g u l a t i n g  rods; (2) c o n t r o l  r o d  switches t o  c o n t r o l  t h e  p o s i -  
t i o n  o f  each r o d  and annunc ia to r  l i g h t s  t o  i n d i c a t e  t h e  up and down p o s i t i o n s  
o f  each r o d  and r o d  magnet; (3)  mon i to r  a la rm l i g h t s  i n d i c a t i n g  t h e  sources o f  
scram s i g n a l s ;  and (4) a l o c k i n g  s w i t c h  t h a t  c o n t r o l s  t h e  power t o  t h e  c o n t r o l  
r o d  electromagnet c i r c u i t s ,  w i t h  i t s  assoc ia ted  p o w e r - i n d i c a t i n g  l i g h t .  

The dual-pen reco rde r  p rov ides  a v i s i b l e  and permanent t r a c e  o f  t h e  ou tpu ts  o f  
b o t h  t h e  l o g  power channel and l i n e a r  channel # l .  
t h e  range o f  t h e  l o g  channel c i r c u i t s ,  and t h e  l i n e a r  sca le  rep resen ts  t h e  
swi tched o u t p u t  o f  1 i n e a r  channel #1. 

The l o g  sca le  corresponds t o  

7.1.2 Opera t i ng  Modes 

For  t h e  DTRR, two modes o f  o p e r a t i o n  .are a l l owab le :  manual and automat ic.  The 
r e a c t o r  i s  n o t  c o n f i g u r e d  f o r  p u l s e  opera t i on .  

7 .1 .2 .1  Manual Mode 

The r e a c t o r  i s  always s t a r t e d  up i n  t h e  manual mode. 
manual ly by t h e  swi tches  on t h e  o p e r a t o r ' s  panel .  
power t o  t h e  electromagnets would be i n t e r r u p t e d  a l l o w i n g  t h e  rods t o  i n s e r t  
i n t o  t h e  core  by g r a v i t y .  

The rods a re  c o n t r o l l e d  
Should a scram s i g n a l  occur,  

Two i n t e r l o c k s  p reven t  o p e r a t i o n  i n  c e r t a i n  modes. 
t h e  w i thdrawal  o f  two c o n t r o l  rods s imu l taneous ly  by manual a c t u a t i o n  o f  t h e  
c o n t r o l  r o d  d r i v e  motors. T h i s  p reven ts  p o s s i b l e  i n s e r t i o n  o f  r e a c t i v i t y  a t  
an excessive r a t e .  The second i n t e r l o c k  p reven ts  t h e  w i thdrawal  o f  c o n t r o l  rods 
when t h e  neu t ron  count  r a t e  i n  t h e  l o g  channel i s  l e s s  than  2 counts/ 's (cps). 

The f i r s t  o f  these prevents  
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Th is  i n t e r l o c k  l e v e l  was chosen because below t h i s  l e v e l  t h e  random na tu re  o f  
t h e  neutron- induced counts would n o t  p r o v i d e  a s i g n a l  t h a t  c o u l d  be r e l i e d  on 
t o  p r o v i d e  secure c o n t r o l  o f  t h e  r e a c t o r .  

7 . 1 . 2 . 2  Automatic Mode 

The system t h a t  a u t o m a t i c a l l y  ma in ta ins  t h e  r e a c t o r  a t  a p r e s e t  power l e v e l  
d u r i n g  long- te rm power runs  c o n s i s t s  o f  a s e r v o a m p l i f i e r  t h a t  u t i l i z e s  a s i g n a l  
f rom l i n e a r  power channel #I, a power-demand s i g n a l  s e t  by t h e  opera to r ,  and 
t h e  d e r i v a t i v e  ( r a t e )  s i g n a l  f rom t h e  p e r i o d  c i r c u i t  o f  t h e  l o g  power channel. 
The s e r v o a m p l i f i e r  compares t h e  r e a c t o r  power w i t h  t h e  power demand s e t  by t h e  
opera to r  and a d j u s t s  t h e  i n  o r  o u t  p o s i t i o n  o f  t h e  r e g u l a t i n g  r o d  i n  accordance 
w i t h  t h e  d i f f e r e n c e ,  thus  c o n t r o l l i n g  r e a c t o r  power so t h a t  i t  i s  a t  t h e  se- 
l e c t e d  power l e v e l .  I t  i s  a l s o  p o s s i b l e  t o  use t h e  s e r v o a m p l i f i e r  c o n t r o l  sys- 
t e m  f o r  a u t o m a t i c a l l y  changing power l e v e l  w i t h i n  t h e  l i m i t s  o f  t h e  r e g u l a t i n g  
r o d  wor th.  

7 . 2  I n s t r u m e n t a t i o n  System 

The i n s t r u m e n t a t i o n  system c o n s i s t s  o f  nuc lea r  i n s t r u m e n t a t i o n  and nonnuclear  
process i n s t r u m e n t a t i o n  t h a t  p r o v i d e  t h e  opera to r  w i t h  t h e  i n f o r m a t i o n  necessary 
f o r  t h e  p roper  o p e r a t i o n  o f  t h e  f a c i l i t y .  

7 . 2 . 1  Nuclear  I n s t r u m e n t a t i o n  

Three independent systems (one s t a r t u p  and two power - leve l )  a re  used t o  process 
t h e  i n p u t  s i g n a l s  f rom t h e  v a r i o u s  nuc lea r  de tec to rs .  
wide-range ( f rom 
percent. power, w i t h  a p p r o p r i a t e  over1 aps among t h e  channel s .  

Three d e t e c t o r s  p r o v i d e  
W t o  3 x l o 5  W) i n d i c a t i o n  f rom source range up t o  100- 

A f i s s i o n  chamber and assoc ia ted  c i r c u i t r y  t h a t  a l l ows  t h e  use o f  a s i n g l e  chan- 
ne l  f rom below t h e  s t a r t u p  l e v e l  t o  f u l l  power, w i t h o u t  changing ranges, con- 
s t i t u t e  t h e  s t a r t u p  channel and t h e  wide-range l o g  N and p e r i o d  channel. The 
o u t p u t  f rom t h e  f i s s i o n  chamber i s  f e d  t o  a p o o l s i d e  p r e a m p l i f i e r  and then t o  
t h e  main a m p l i f i e r  a t  t h e  r e a c t o r  c o n t r o l  console.  
i s  a p p l i e d  t o  two a m p l i f i e r s  i n  p a r a l l e l .  One a m p l i f i e r  i s  used i n  t h e  lower  
power ranges and u t i l i z e s  t h e  i n d i v i d u a l  pu l ses  f rom t h e  d e t e c t o r ;  t h e  second 
a m p l i f i e r  i s  used i n  t h e  upper ranges and u t i l i z e s  t h e  ac component o f  t h e  
s i g n a l  f rom t h e  p r e a m p l i f i e r .  The ou tpu ts  o f  these two a m p l i f i e r s  a r e  appro- 
p r i a t e l y  b iased,  and t h e  ga ins  a r e  s e t  so t h a t ,  when t h e  s i g n a l s  a re  summed, 
t h e  r e s u l t  i s  a smooth curve  r e p r e s e n t i n g  t h e  power l e v e l  o f  t h e  r e a c t o r  f rom 
below source l e v e l  t o  t h e  maximum. Th is  s i g n a l  i s  passed th rough a l o g a r i t h m i c  
a m p l i f i e r  and then  on t o  t h e  f r o n t - p a n e l  power l e v e l  meter, t h e  e x t e r n a l  
reco rde r ,  and t h e  source i n t e r l o c k  c i r c u i t ,  which l a t c h e s  whenever t h e  count  
r a t e  f rom t h e  d e t e c t o r  becomes l e s s  than 2 cps. Th is  s i g n a l  i s  a l s o  d i f f e r e n -  
t i a t e d ,  and t h e  r e s u l t a n t  s i g n a l  i s  u t i l i z e d  i n  t h r e e  ways: i t  i s  p resented  
t o  t h e  ra te -o f -power - inc rease ( r e a c t o r  p e r i o d )  meter on t h e  f r o n t  pane l ;  i t  i s  
p resented  t o  a c i r c u i t  t h a t  i n t e r r u p t s  t h e  c o n t r o l  r o d  e lect romagnet  power when- 
ever  t h e  r a t e  o f  power i nc rease  reaches a s e t  p o i n t ;  and i t  i s  p resented  t o  t h e  
au tomat ic  f l u x  c o n t r o l l e r ,  where i t  i s  used i n  a feedback c i r c u i t  t h a t  c o n t r o l s  
t h e  au tomat ic  o p e r a t i n g  mode. 

A t  t h i s  p o i n t  t h e  s i g n a l  
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Power l e v e l  channel #1 c o n s i s t s  o f  a compensated i o n  chamber and a picoammeter 
w i t h  a range s w i t c h  t o  g i v e  accura te  power i n f o r m a t i o n  f rom about  source l e v e l  
t o  f u l l  power on t h e  panel meter and on t h e  l i n e a r  r e c o r d i n g  u n i t  o f  t h e  dua l -  
pen reco rde r .  
c u r r e n t  t o  t h e  c o n t r o l  r o d  e lect romagnets whenever t h e  power l e v e l  exceeds t h e  
l i m i t i n g  s a f e t y  system s e t t i n g  (LSSS).  

Th i s  channel i s  s e t  t o  shu t  down t h e  r e a c t o r  by i n t e r r u p t i n g  t h e  

Power l e v e l  channel #2 c o n s i s t s  o f  an uncompensated i o n  chamber, a picoammeter, 
and a meter c a l i b r a t e d  i n  pe rcen t  o f  f u l l  power. Th is  channel i s  s e t  t o  shu t  
down t h e  r e a c t o r  by i n t e r r u p t i n g  t h e  c u r r e n t  t o  t h e  c o n t r o l  r o d  e lect romagnets 
whenever t h e  power l e v e l  exceeds a s e t  p o i n t  c a l c u l a t e d  t o  p reven t  o p e r a t i o n  
o f  t h e  r e a c t o r  a t  l e v e l s  g r e a t e r  t han  t h e  LSSS. 

Reactor Scram Svstem 

A r e a c t o r  p r o t e c t i v e  a c t i o n  w i l l  i n t e r r u p t  t h e  magnet c u r r e n t  and resu  
immediate r e l e a s e  o f  a l l  rods  when a c t i v a t e d  by  a s a f e t y  channel. The 
r e q u i r e d  s a f e t y  system channels and t h e i r  s e t  p o i n t s  a re  l i s t e d  i n  Tab 

t i n  t h e  
minimum 
e 7.1. 

7 .2.2 Nonnuclear Process I n s t r u m e n t a t i o n  

The nonnuclear  process i n s t r u m e n t a t i o n  measures r e a c t o r  c o o l a n t  (water)  tempera- 
t u r e  and water  c o n d u c t i v i t y .  

The water  temperature mon i to r  u t i l i z e s  a thermocouple centered  i n  t h e  poo l  about  
3 f t  (0.9 m) below t h e  su r face  o f  t h e  water .  The readout  i s  a d i g i t a l  thermom- 
e t e r  mounted on t h e  r e a c t o r  c o n t r o l  console.  A second thermocouple, i n s t a l l e d  
i n  t h e  c o o l i n g  water  supp ly  f o r  t h e  heat  exchanger f o r  t h e  poo l  water ,  can be 
s e l e c t e d  by a s w i t c h  on t h e  console and read o u t  on t h e  same d i g i t a l  thermometer. 

The water  c o n d u c t i v i t y  mon i to r  c o n s i s t s  o f  two c o n d u c t i v i t y  probes and a detec-  
t o r  w i t h  a d i g i t a l  readout .  One probe i s  l o c a t e d  upstream o f  t h e  demine ra l i ze r ,  
and t h e  o t h e r  i s  l o c a t e d  downstream. 
p l a t i n u m  e l e c t r o d e  c o n d u c t i v i t y  c e l l  t h a t  i s  sh ie lded  w i t h  g lass .  The c e l l s  a re  
connected th rough a s e l e c t o r  s w i t c h  t o  t h e  d e t e c t i o n  and readout  c i r c u i t ,  which 
i s  mounted on t h e  r e a c t o r  c o n t r o l  console.  

Each c o n d u c t i v i t y  probe c o n s i s t s  o f  a 

7.3 Conclus ion 

The c o n t r o l  and i n s t r u m e n t a t i o n  systems a t  t h e  DTRR, which a re  s i m i l a r  t o  
those i n  o t h e r  o p e r a t i n g  TRIGA r e a c t o r s ,  a r e  w e l l  designed, have been p r o p e r l y  
ma in ta ined,  and w i l l  p r o v i d e  r e l i a b i l i t y  and f l e x i b i l i t y  d u r i n g  t h e  l i c e n s e  
renewal pe r iod .  A l l  power and i n s t r u m e n t a t i o n  w i r i n g  i s  w e l l  i d e n t i f i e d  and 
i s  p r o t e c t e d  f rom p h y s i c a l  damage by condu i t s .  There i s  redundancy and d i v e r -  
s i t y  i n  t h e  nuc lea r  power m o n i t o r i n g  c i r c u i t s .  I n  p a r t i c u l a r ,  nuc lea r  power 
measurements a re  over lapped i n  t h e  ranges o f  t h e  log-N, l i n e a r  power, and pe r -  
c e n t  power l e v e l  channels. The c o n t r o l  system i s  designed t o  shu t  down t h e  
r e a c t o r  a u t o m a t i c a l l y  i f  e l e c t r i c a l  power i s  l o s t  o r  i n t e r r u p t e d .  

From t h e  above a n a l y s i s  and t h e  formal  a d m i n i s t r a t i v e  c o n t r o l s  r e q u i r e d  i n  t h e  
Techn ica l  S p e c i f i c a t i o n s  f o r  t h e  o p e r a t i o n  o f  t h e  DTRR, t h e  s t a f f  concludes 
t h a t  b o t h  t h e  c o n t r o l  and i n s t r u m e n t a t i o n  systems comply w i t h  t h e  requi rements 

NUREG-1312 7-3 



and performance o b j e c t i v e s  o f  t h e  Technical  S p e c i f i c a t i o n s  and t h a t  they  a re  
acceptab le  t o  adequately ensure t h e  cont inued sa fe  o p e r a t i o n  o f  t h e  r e a c t o r .  

Table 7 . 1  Minimum r e q u i r e d  r e a c t o r  s a f e t y  system channels 

Sa fe ty  channel Func t i on  S e t  p o i n t  
~~ 

Manual scram Scram Manual 
L inea r  power 1 eve1 Scram 100% o f  maximum l i c e n s e d  power 
Percent power l e v e l  Scram 100% o f  f u l l  sca le  
High power supply v o l t a g e  Scram 
Magnet c u r r e n t  Scram Loss o f  o p e r a t i n g  power 
Minimum p e r i o d  Scram N o t  l e s s  than 7 seconds 

Loss o f  h i g h  power supply v o l t a g e  

NUREG-1312 7-4 



8 ELECTRICAL POWER SYSTEM 

The e l e c t r i c a l  power system a t  t h e  DTRR f a c i l i t y  i s  a s tandard e l e c t r i c a l  supply  
system designed and c o n s t r u c t e d  t o  s p e c i f i c a t i o n s  s i m i l a r  t o  those a t  o t h e r  
research r e a c t o r  f a c i l i t i e s .  

8.1 Normal Power 

E l e c t r i c  power i s  s u p p l i e d  t o  t h e  f a c i l i t y  through a ded ica ted  t rans former  
l o c a t e d  i n s i d e  t h e  Dow Chemical Company boundary fence. 
by Consumers Power Company. 

The power i s  s u p p l i e d  

8.2 Emergency Power 

Emergency e l e c t r i c a l  power i s  s u p p l i e d  by t r i c k l e  charged b a t t e r i e s  t h a t  supply  
power t o  t h e  s e c u r i t y  i n t r u s i o n  system and t h e  smoke a la rm system. T r i c k l e  
charged b a t t e r i e s  a l s o  a r e  used t o  power emergency l i g h t i n g  a t  severa l  l o c a t i o n s  
i n  t h e  DTRR f a c i l i t y .  T h i s  ensures t h a t  each o f  these systems w i l l  con t inue t o  
operate normal ly  i n  case o f  a power f a i l u r e .  

8.3 Conclus ion 

The s t a f f  concludes t h a t  t h e  e l e c t r i c a l  power system i s  a s tandard e l e c t r i c a l  
supply  system t y p i c a l  o f  research r e a c t o r  f a c i l i t i e s  and i s  adequate f o r  t h e  
proposed l i c e n s e  renewal p e r i o d .  
a d d i t i o n  t o  t h a t  c u r r e n t l y  a v a i l a b l e  i s  unnecessary. 

I t  a l s o  concludes t h a t  emergency power i n  
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9 AUXILIARY SYSTEMS 

9 . 1  V e n t i l a t i o n  Svstem 

The r e a c t o r  a rea  has a ded ica ted  100- ton  a i r  c o n d i t i o n e r ,  hea te r ,  and humid i t y  
c o n t r o l  system, w i t h  assoc ia ted  f i l t e r s .  Fresh a i r  f o r  t h e  r e a c t o r  room i s  
s u p p l i e d  f rom t h e  o u t s i d e  by t h i s  ded ica ted  system. Reactor room a i r  i s  ex- 
hausted by  a second f a n  t o  t h e  ou ts ide .  The a i r  exhaust i s  f u r n i s h e d  w i t h  a 
manual damper and t h e  a i r  i n t a k e  w i t h  an au tomat ic  damper so t h e  room can be 
sea led  i n  t h e  event  o f  a re lease  o f  r a d i o a c t i v i t y  i n  t h e  room. 
over  r a t e  i s  about  1700 f t 3 / m i n  (8 x l o 5  cm3/s), cor respond ing  t o  an a i r  t u r n -  
over  t ime  o f  about  3.5 minutes. The i n t a k e  and exhaust systems a r e  a d j u s t e d  so 
t h a t  d u r i n g  o p e r a t i o n  t h e  r e a c t o r  rnom i s  kept  a t  a nega t i ve  p ressu re  w i t h  
respec t  t o  b o t h  t h e  o u t s i d e  and t h e  ad jacen t  rooms. There a r e  no sea ls  on t h e  
doors f rom t h e  r e a c t o r  room o r  t h e  pass- through f rom t h e  r e a c t o r  room i n t o  t h e  
h o t  l a b o r a t o r y  o t h e r  than  those on t h e  door t o  t h e  o u t s i d e  t o  p r o v i d e  p r o t e c t i o n  
f rom t h e  weather. There fore ,  normal a i r  f l o w  i s  th rough t h e  doors i n t o  t h e  
r e a c t o r  room. 
ad jacen t  rooms. 

The a i r  t u r n -  

Th is  p reven ts  back f low o f  m a t e r i a l s  f rom t h e  r e a c t o r  room t o  t h e  

A i r  i s  s u p p l i e d  t o  t h e  l a b o r a t o r y  rooms ad jacen t  t o  t h e  r e a c t o r  room by t h e  
ded ica ted  v e n t i l a t i o n  system. 
a r a t i o n  and c o u n t i n g  room i s  exhausted th rough t h e  fume exhaust hoods. The 
exhaust r a t e  o f  t h e  hoods i s  about  4000 f t 3 / m i n  (1.8 x l o 6  cm3/s); t h e  hoods 
a r e  no rma l l y  r u n  con t inuous ly  f o r  p roper  h e a t i n g  and a i r  c o n d i t i o n i n g  o f  t h e  
r e a c t o r  area. The c o n t r o l  room a i r  i s  exhausted i n t o  t h e  ha l lway  n e x t  t o  t h e  
r e a c t o r  area. I n  case o f  a s p i l l  o f  r a d i o a c t i v i t y  i n  t h e  h o t  l a b o r a t o r y ,  t h e  
doors can be c losed,  thus  i s o l a t i n g  t h e  room and h e l p i n g  p reven t  contaminat ion  
o f  t h e  ad jacen t  areas. 

The a i r  f o r  t h e  h o t  l a b o r a t o r y  and sample prep-  

When t h e  r e a c t o r  v e n t i l a t i o n  systems a re  n o t  powered, t h e r e  i s  a n e t  f l o w  o f  a i r  
f r o m  t h e  r e a c t o r  room i n t o  t h e  c o n s o l e / l a b o r a t o r y  area;  t h i s  f l o w  i s  reduced 
b u t  n o t  c u t  o f f  when t h e  o u t s i d e  l ouve rs  o f  t h e  r e a c t o r  room v e n t i l a t i o n  sys- 
tem a re  b o t h  c losed.  
b u i l d i n g  produces a nega t i ve  pressure  w i t h i n  t h e  b u i l d i n g  w i t h  respec t  t o  t h e  
o u t s  i de. 

Th is  f l o w  occurs because t h e  a i r - h a n d l i n g  system f o r  t h e  

The v e n t i l a t i o n  system i n  t h e  r e a c t o r  area can be shu t  down f rom thle console 
by  t h e  opera tor .  
a u t o m a t i c a l l y  c loses .  

Dur ing  such a shutdown a s e t  o f  l o u v e r s  on t h e  i n l e t  d u c t  

9 .2  F i r e  P r o t e c t i o n  System 

The f i r e  p r o t e c t i o n  system f o r  t h e  DTRR c o n s i s t s  o f  t h r e e  p o r t a b l e  f i r e  e x t i n -  
gu ishers  (two carbon d i o x i d e  and one Halon) a t  s t r a t e g i c  l o c a t i o n s  i n  t h e  
r e a c t o r  a rea  and a smoke d e t e c t o r  i n  t h e  r e a c t o r  console room. The smoke detec-  
t o r  i s  powered by a n o n i n t e r r u p t i b l e  power supp ly  and i s  i n t e r f a c e d  w i t h  t h e  
Dow S e c u r i t y  Department console t h a t  i s  s t a f f e d  a t  a l l  t imes.  The Dow F i r e  
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Department, a p a r t  o f  t h e  S e c u r i t y  Department, i s  s t a f f e d  a t  a l l  t imes w i t h  p ro -  
f e s s i o n a l  f i r e f i g h t e r s ,  who, d u r i n g  t e s t  exe rc i ses ,  respond t o  t h e  s i t e  w i t h i n  
a few minutes o f  an a larm and who annua l l y  r e c e i v e  r a d i a t i o n  t r a i n i n g .  

A d d i t i o n a l  f i r e  p r o t e c t i o n  t o  t h e  r e a c t o r  i s  p r o v i d e d  by t h e  Mid land Ci ty  F i r e  
Department, which has a f i r e  hyd ran t  l o c a t e d  o u t s i d e  t h e  fence, about  80 f t  
(25 m) f rom t h e  r e a c t o r  b u i l d i n g .  

9 .3  Communication System 

An i n t e r n a l  communication system and a commercial te lephone are  a v a i l a b l e  t o  
t h e  c o n t r o l  room opera tor .  I n  a d d i t i o n ,  commercial phones a re  a v a i l a b l e  i n  
ad jacen t  l a b o r a t o r i e s .  

9 .4  A i r  C o n d i t i o n i n g  System 

The a i r  i n  t h e  r e a c t o r  area i s  heated and coo led  by t h e  ded ica ted  h e a t i n g  and 
coo l  i ng system. 

9.5 Fuel Hand l ing  and Storage 

I r r a d i a t e d  and new f u e l  elements a re  s t o r e d  i n  t h e  r e a c t o r  room i n  t h r e e  s to rage 
w e l l s  each about 11 f t  (3.35 m) deep, which have s h i e l d i n g  p lugs  and a l o c k i n g  
mechanism a t  t h e  top .  
m a i n t a i n i n g  a s a f e  geometry - d r y  o r  water  f looded.  These w e l l s  can be f i l l e d  
w i t h  water  f o r  s h i e l  d i  ng purposes. A1 so, f u e l  elements a re  manual l y  rear ranged 
i n  t h e  core  o r  moved t o  o r  f rom t h r e e  a d d i t i o n a l  s to rage racks  i n  t h e  r e a c t o r  
t a n k  u s i n g  s p e c i a l l y  designed long-handled t o o l s .  Each o f  these 3 r e a c t o r  t a n k  
s to rage racks  can h o l d  up t o  10 T R I G A  f u e l  elements. 

Each w e l l  can s t o r e  up t o  19 T R I G A  f u e l  elements w h i l e  

9 .6  Concl u s i  on 

The s t a f f  concludes t h a t  t h e  a u x i l i a r y  systems a t  t h e  DTRR f a c i l i t y  a r e  designed 
and main ta ined a p p r o p r i a t e l y  and a r e  adequate f o r  t h e i r  i n tended  purposes f o r  
t h e  renewal p e r i o d .  
quate t o  c o n t r o l  t h e  r e l e a s e  o f  a i r b o r n e  r a d i o a c t i v e  e f f l u e n t s  d u r i n g  normal 
ope ra t i ons  i n  compliance w i t h  r e g u l a t i o n s .  
i t y  i s  adequate t o  p r o v i d e  p r o t e c t i o n  a g a i n s t  t h e  types  o f  f i r e  hazards asso- 
c i a t e d  w i t h  t h e  o p e r a t i o n  o f  a research  l a b o r a t o r y ,  and t h e  f u e l - h a n d l i n g  and 
s to rage c a p a b i l i t y  i s  c o n s i s t e n t  w i t h  t h e  DTRR requi rements and i s  designed i n  
accordance w i t h  good eng ineer ing  p r a c t i c e .  
per formed adequate ly  and r e l i a b l y  over  t h e  21-year o p e r a t i n g  h i s t o r y  o f  t h e  
DTRR. 

The r e a c t o r  a rea  v e n t i l a t i o n  system and equipment a re  ade- 

F i r e  p r o t e c t i o n  a t  t h e  r e a c t o r  f a c i l -  

A l l  o f  these a u x i l i a r y  systems have 
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10 EXPERIMENTAL PROGRAMS 

The OTRR i s  used by t h e  Dow Chemical Company as p a r t  o f  a research  program 
i n v o l v i n g  neut ron  a c t i v a t i o n  a n a l y s i s ,  i s o t o p e  p roduc t i on ,  neu t ron  rad iography ,  
and i r r a d i a t i o n  s tud ies .  
rack ,  a dummy f u e l  element, t h e  pneumatic t r a n s f e r  tube, t h e  c e n t r a l  t h i m b l e ,  
o r  t h e  water volume near t h e  core.  

Specimens can be i r r a d i a t e d  i n  t h e  r o t a r y  specimen 

10 .1  Exper imental  Fac i  1 i t i e s  

1 0 . 1 . 1  Rotary  Specimen Rack 

The r o t a r y  specimen r a c k  c o n s i s t s  o f  an aluminum r i n g  t h a t  can be r o t a t e d  around 
t h e  core.  
specimen ho lde rs .  The r i n g  i s  r o t a t e d  from t h e  r e a c t o r  b r i d g e  a t  t h e  t o p  o f  t h e  
water  t a n k  so t h a t  any cup can be a l i g n e d  w i t h  t h e  s i n g l e  specimen tube t h a t  
runs t o  t h e  t o p  o f  t h e  w e l l .  The cups a r e  p o s i t i o n e d  by an i n d e x i n g  and key ing  
device.  I n  a r a d i a l  d i r e c t i o n  t h e  cups a re  p o s i t i o n e d  about 4 i n .  (10 cm) f r o m  
t h e  i n n e r  edge o f  the r e f l e c t o r  assembly. The cups extend down from t h e  t o p  
g r i d  p l a t e  t o  about 4 i n .  below t h e  t o p  o f  t h e  a c t i v e  l a t t i c e .  

F o r t y  aluminum cups a r e  hung f r o m  t h e  r i n g  and serve  as i r r a d i a t i o n  

10 .1 .2  Dummy Fuel  Elements 

The dummy f u e l  elements (made o f  s t a i n l e s s  s t e e l )  can accommodate smal l  samples 
f o r  l o n g  pe r iods  o f  i n - c o r e  i r r a d i a t i o n .  
o r  g r a p h i t e - f i l l e d  r e f l e c t o r  element i n  t h e  core.  

The u n i t s  may r e p l a c e  any f u e l  element 

10.1.3 Pneumatic T rans fe r  System 

The pneumatic t r a n s f e r  system c o n s i s t s  o f  two tubes connect ing  a sender - rece iver  
s t a t i o n  i n  t h e  h o t  chemis t ry  hood w i t h  a t e r m i n a l  s t a t i o n  i n  t h e  r e a c t o r  core.  
The specimen runs i n  one tube, and a blower evacuates one s i d e  o r  t h e  o t h e r  o f  
t h e  specimen th rough t h e  second tube t o  p r o v i d e  pressure  d i f f e r e n c e  f o r  moving 
t h e  specimen. 

10.1.4 Cen t ra l  Thimble and Beam P o r t  

The c e n t r a l  t h i m b l e  i s  p rov ided  t o  p e r m i t  i r r a d i a t i o n  o f  exper iments i n  t h e  
r e g i o n  o f  maximum neut ron  f l u x .  
mated beam o f  neutrons and gamma rays  when i t  i s  empt ied o f  water.  
i s  an aluminum tube w i t h  an i n s i d e  diameter of 1.33 in .  (3.38 cm). 
f rom t h e  t o p  o f  t h e  t a n k  th rough t h e  two g r i d  p l a t e s  and te rm ina tes  i n  a p l u g  
a t  a p o i n t  about 7.5 i n .  (19 cm) below t h e  lower  g r i d  p l a t e .  
m a l l y  f i l l e d  w i t h  water  b u t  can a l s o  serve  as a beam tube by v o i d i n g  i t  t o  a 
p o i n t  s l i g h t l y  above t h e  upper g r i d  p l a t e ,  u s i n g  a gas such as hel ium. Four 
0.25- in.  (0.64-cm)-diameter ho les  a re  d r i l l e d  i n  t h e  tube d i r e c t l y  above t h e  
upper g r i d  p l a t e  p r e v e n t i n g  t h e  p r o d u c t i o n  o f  a v o i d  i n  t h e  r e g i o n  o f  t h e  core  
d u r i n g  i t s  use as a beam tube. 

I t  can a l s o  be used t o  p r o v i d e  a h i g h l y  c o l l i -  
The t h i m b l e  
It extends 

The tube i s  nor-  
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10.1.5 Water Volume Near Core 

Experiments i n v o l v i n g  i r r a d i a t i o n  i n  t h e  water  volume near t h e  core  a re  p laced  
i n  c losed,  w a t e r t i g h t  p l a s t i c  con ta ine rs  weighted w i t h  l ead  b r i c k s  and lowered 
t o  t h e  su r face  o f  t h e  co re  u s i n g  redundant r e t r i e v a l  equipment. 

Experiments i n v o l v i n g  such i r r a d i a t i o n s  a re  c l a s s i f i e d  as spec ia l  exper iments 
and must have t h e  e v a l u a t i o n  and approval  o f  t h e  Reactor Superv isor  and t h e  
Reactor Operat ions Committee. 

10.2 Exoer imenta l  Review 

Before  any new exper iment  may be conducted u s i n g  t h e  r e a c t o r  o r  t h e  assoc ia ted  
exper imenta l  f a c i  1 i t i e s ,  i t  i s  rev iewed by t h e  Reactor Operat ions Commi t t e e  
(ROC). Th i s  committee c o n s i s t s  o f  t h e  Techn ica l  Manager (who i s  t h e  c h a i r ) ,  t h e  
R a d i a t i o n  Sa fe ty  O f f i c e r ,  t h e  Reactor Superv isor ,  and one o r  more persons who 
a r e  competent i n  t h e  f i e l d  o f  r e a c t o r  opera t ions .  The membership o f  t h e  commit- 
t e e  i s  designed t o  p r o v i d e  a spectrum o f  e x p e r t i s e  f o r  t h e  rev iew o f  t h e  exper i -  
ments and t h e i r  p o t e n t i a l  hazards. The rev iew  and approval  process f o r  exper i -  
ments a l s o  a l l o w s  personnel  exper ienced i n  r e a c t o r  ope ra t i ons  t o  cons ide r  and 
suggest r e s t r i c t i o n s  and a l t e r n a t i v e  o p e r a t i o n a l  c o n d i t i o n s ,  such as d i f f e r e n t  
exper imenta l  f a c i l i t i e s ,  power l e v e l s ,  and i r r a d i a t i o n  t imes,  t h a t  migh t  l e a d  
t o  decreased personnel  exposure and/or decreased p o t e n t i a l  re lease  o f  rad ioac-  
t i v e  m a t e r i a l s  t o  t h e  environment. R e s t r i c t i o n s  g e n e r a l l y  i n c l u d e  requi rements 
t h a t  t h e  exper iment  remain sealed,  t h a t  no m a t e r i a l s  be re leased  t o  t h e  poo l  i f  
t h e  exper iment  shou ld  be breached, and t h a t  t h e  exper iment  and i t s  components 
be mon i to red  f o r  t h e  presence o f  r a d i a t i o n  and o f  loose r a d i o a c t i v e  m a t e r i a l  as 
t h e y  a r e  removed f rom t h e  p o o l ,  S p e c i f i c  r e s t r i c t i o n s  may a l s o  app ly ,  depending 
on t h e  n a t u r e  o f  t h e  experiment. 

The rev iew  process a l s o  cons iders  t h e  e f f e c t  o f  t h e  exper iment  on t h e  convec t i ve  
f l o w  o f  water  th rough t h e  core  o f  t h e  r e a c t o r .  
power l e v e l  must n o t  be d i s t u r b e d  i n  a way t h a t  would l e a d  t o  ove rhea t ing  o f  
any p a r t  o f  t h e  core.  
determine t h e  e f f e c t  on t h e  f l o w  o f  water .  

Convect ive c o o l i n g  f l o w  a t  any 

The s i z e  and p o s i t i o n  o f  t h e  proposed exper iments w i l l  

10.3 Experiment R e a c t i v i t y  L i m i t a t i o n s  

The Techn ica l  S p e c i f i c a t i o n s  i n c l u d e  a 0.75$ (0.53% Ak/k) l i m i t  o f  r e a c t i v i t y  
f o r  each movable exper iment  and a maximum o f  1.00$ (0.70% Ak./k) t o t a l  r e a c t i v i t y  
i n s e r t i o n  f o r  a l l  combined exper iments i n  t h e  r e a c t o r  a t  any one t ime.  In Sec- 
t i o n  14.2, t h e  s t a f f  eva lua tes  t h e  consequences o f  i n a d v e r t e n t  r e a c t i v i t y  i n s e r -  
t i o n s  h i g h e r  than  t h e  above Techn ica l  S p e c i f i c a t i o n  l i m i t a t i o n s .  The s t a f f  
concludes t h a t  t h e  r e a c t i v i t y  l i m i t a t i o n s  i n  t h e  Techn ica l  S p e c i f i c a t i o n s  w i l l  
ensure t h a t  inc reases  i n  f u e l  and c l a d d i n g  temperature w i l l  remain w e l l  below 
t h e  s a f e t y  l i m i t  i n  t h e  u n l i k e l y  event  t h a t  a l l  o f  t h i s  r e a c t i v i t y  i s  added 
t o  t h e  DTRR i n  a s tepwise fash ion .  

10 .4  Conclus ion 

The s t a f f  concludes t h a t  t h e  des ign  o f  t h e  exper imenta l  f a c i l i t i e s  combined w i t h  
t h e  d e t a i l e d  rev iew  and a d m i n i s t r a t i v e  procedures a p p l i e d  t o  a l l  research  a c t i -  
v i t i e s  i s  adequate t o  ensure t h a t  exper iments (1) are  u n l i k e l y  t o  f a i l ,  (2)  a re  
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u n l i k e l y  t o  re lease  s i g n i f i c a n t  r a d i o a c t i v i t y  t o  t h e  environment d i r e c t l y ,  and 
(3 )  a re  u n l i k e l y  t o  cause damage t o  t h e  r e a c t o r  systems o r  i t s  f u e l .  There fore ,  
t h e  s t a f f  b e l i e v e s  t h a t  reasonable p r o v i s i o n s  have been made so t h a t  t h e  e x p e r i -  
mental programs and f a c i l i t i e s  do n o t  pose a s i g n i f i c a n t  r i s k  o f  damage t o  t h e  
r e a c t o r  o r  o f  an u n c o n t r o l l e d  re lease  o f  r a d i o a c t i v e  m a t e r i a l s  t h a t  would pose 
a s i g n i f i c a n t  r a d i o l o g i c a l  r i s k  t o  t h e  f a c i l i t y  s t a f f  o r  t h e  p u b l i c .  
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11 R A D I O A C T I V E  WASTE MANAGEMENT 

The major  r a d i o a c t i v e  waste generated by r e a c t o r  o p e r a t i o n  i s  a c t i v a t e d  gases, 
p r i n c i p a l l y  argon-41 (Ar-41) and n i t rogen-16 (N-16). Small volumes o f  l i q u i d  
and s o l i d  r a d i o a c t i v e  waste a r e  a l s o  generated, p r i m a r i l y  i n  connect ion  w i t h  
t h e  o p e r a t i o n  and exper imenta l  uses o f  t h e  r e a c t o r .  

11.1 As Low As Reasonably Achievable (ALARA) 

11.1.1 ALARA Pol i c y  Statement 

The f o l l o w i n g  ALARA (as low as reasonably  achiveable)  p o l i c y  s tatement  was 
s igned by t h e  V ice  Pres ident ,  D i r e c t o r  o f  App l ied  Research and Development, Dow 
Chemical U . S . A . ,  and was t r a n s m i t t e d  t o  t h e  NRC by l e t t e r  da ted  August 14, 1987. 

The p r i n c i p l e  o f  As Low As Reasonably Achievable (ALARA) forms t h e  
b a s i s  o f  t h e  r a d i a t i o n  p r o t e c t i o n  program o f  Dow Chemical U . S . A .  

Close adherence t o  t h e  p r i n c i p l e  o f  ALARA i s  o f  paramount importance 
t o  t h e  achievement o f  t h e  Dow goal  o f  m i n i m i z i n g  occupat iona l  exposures 
t o  r a d i a t i o n  and re leases  o f  r a d i o a c t i v e  m a t e r i a l s .  

11.1.2 ALARA Commi tment 

A l l  r a d i o a c t i v e  m a t e r i a l s  a r e  handled and r e l e a s e d  and a l l  exposure t o  i o n i z i n g  
r a d i a t i o n  i s  c o n t r o l l e d  i n  accordance w i t h  t h e  ALARA p r i n c i p l e .  The o b j e c t i v e s  
o f  t h e  ALARA p r i n c i p l e  a r e  t o  min imize t h e  exposure o f  i n d i v i d u a l s  t o  i o n i z i n g  
r a d i a t i o n ,  t o  min imize t h e  p r o d u c t i o n  o f  r a d i o a c t i v e  m a t e r i a l s ,  and t o  min imize 
t h e  r e l e a s e  o f  r a d i o a c t i v e  m a t e r i a l s  t o  t h e  u n c o n t r o l l e d  environment. T r a i n i n g ,  
p l a n n i n g ,  s h i e l d i n g ,  p r a c t i c e  sessions, d is tance,  s p e c i a l  t o o l s ,  m o n i t o r i n g ,  and 
des ign  o f  exper iments a r e  used t o  achieve t h e  goa ls  o f  t h e  ALARA program. 

11.2 Waste-Generation and -Hand1 i ng Procedures 

11 .2 .1  S o l i d  Waste 

The d isposa l  o f  spent  f u e l  i s  n o t  expected t o  occur  d u r i n g  t h e  term o f  t h i s  li- 
cense renewal; however, should t h e  r e a c t o r  be decommissioned d u r i n g  t h e  l i c e n s e  
p e r i o d  (which i s  n o t  p lanned a t  t h i s  t ime) ,  t h e  Dow Chemical Company has e n t e r e d  
i n t o  a c o n t r a c t  w i t h  t h e  U. S. Department o f  Energy (Cont rac t  #DE-CR01-83-NE-44483) 
f o r  t h e  u l t i m a t e  d isposa l  o f  t h e  f u e l .  
volume expected o f  s o l i d  r a d i o a c t i v e  waste i s  s l i g h t l y  contaminated paper and 
p l a s t i c  m a t e r i a l .  
i n a c t i v a t e d  samples , components, and equipment. 
r e s i n  [about  2.8 ft3 (0.08 m3) every  3 o r  4 y e a r s ]  i s  a l s o  t r e a t e d  as s o l i d  
r a d i o a c t i v e  waste (see Sect ion  11.2.2). 
marked packages by t h e  Dow I n d u s t r i a l  Hygiene Group s t a f f .  The waste i s  h e l d  
t e m p o r a r i l y  b e f o r e  b e i n g  packaged and shipped t o  an approved d isposa l  s i t e  i n  
accordance w i t h  a p p l i c a b l e  r e g u l a t i o n s .  

D u r i n g  normal o p e r a t i o n ,  t h e  l a r g e s t  

Most o f  t h e  a c t i v i t y  i n  t h e  s o l i d  r a d i o a c t i v e  waste i s  found 
Sol i d i  f i ed spent  i o n  exchange 

The s o l i d  waste i s  c o l l e c t e d  i n  s p e c i a l l y  
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11.2.2 L i q u i d  Waste 

The l a r g e s t  volume o f  contaminated l i q u i d  i s  produced by t h e  water  p u r i f i c a t i o n  
system spent  i o n  exchange r e s i n .  T h i s  l i q u i d  p l u s  waste l i q u i d  f rom exper iment  
s o l u t i o n s  i s  c o l l e c t e d  i n  h o l d i n g  con ta ine rs .  T h i s  waste i s  subsequent ly  d r i e d  
and d isposed o f  as l o n g - l i v e d  l ow- leve l  r a d i o a c t i v e  s o l i d  m a t e r i a l .  

11.2.3 A i rbo rne  Waste 

A i rbo rne  d ischarges f rom t h e  r e a c t o r  f a c i l i t y  i n c l u d e  Ar -41  f rom t h e  a c t i v a t i o n  
o f  a i r  d i s s o l v e d  i n  t h e  poo l  water  and Ar -41  f rom t h e  a c t i v a t i o n  o f  a i r  con ta ined  
i n  t h e  pneumatic sample t r a n s f e r  system. 
e r a t e d  f rom t h e  a c t i v a t i o n  o f  oxygen i n  t h e  poo l  water .  

Small amounts o f  N-16 a re  a l s o  gen- 

Ar -41  f rom t h e  poo l  water  i s  re leased  i n t o  and d i l u t e d  by t h e  r e a c t o r  room a i r ,  
which i s  con t inuous ly  exhausted by  t h e  v e n t i l a t i o n  system d u r i n g  r e a c t o r  opera- 
t i o n .  The l i c e n s e e  c a l c u l a t e s  t h a t  t h e  maximum r e l e a s e  r a t e  o f  Ar -41  f rom t h e  
poo l  water  would be 0 .21  pCi /s  a t  a r e a c t o r  power o f  300 kW. 
b r ium c o n c e n t r a t i o n  o f  Ar-41 a t  a r e a c t o r  power o f  300 kW would be 2.6 x 
pCi/ml, which i s  about  one- ten th  t h e  va lue  l i s t e d  i n  10 CFR P a r t  20, Appendix 6, 
f o r  occupat iona l  exposures i n  r e s t r i c t e d  areas. 

Ar -41  a t  r e a c t o r  room concen t ra t i ons  i s  exhausted f rom t h e  b u i l d i n g  a t  a p o i n t  
8 f t  (2.44 m) above t h e  ground l e v e l  on t h e  e a s t  s i d e  o f  t h e  b u i l d i n g ,  which i s  
an area  c o n t r o l l e d  by t h e  l i c e n s e e  and o n l y  o c c a s i o n a l l y  f requented  by personnel .  

The maximum e q u i l i -  

Ar -41  i s  a l s o  produced i n  and re leased  f rom t h e  pneumatic sample t r a n s f e r  system 
when i t  i s  used d u r i n g  r e a c t o r  ope ra t i on .  The l i c e n s e e  has es t ima ted  t h a t  t h e  
maximum amount o f  Ar -41  produced by  t h i s  system i s  1 . 6  pCi/s, and t h a t  t h e  sys- 
tem i s  used approx imate ly  10 pe rcen t  o f  t h e  r e a c t o r  o p e r a t i n g  t ime.  The Ar -41  
formed i n  t h e  pneumatic t r a n s f e r  system i s  exhausted f rom t h e  b u i l d i n g  d i r e c t l y  
by  way o f  a fume hood exhaust  s tack  9 f t  (2.74 in) above t h e  r o o f  o f  t h e  b u i l d -  
i n g  a t  a r a t e  of 1000 f t 3 / m i n  (4.7 x l o 5  cm3/s) The r e s u l t i n g  maximum concen- 
t r a t i o n ,  i n  occas iona l  p u f f s ,  i s  3 .4  x pC i jm l ,  which i s  l e s s  than  t w i c e  
t h e  c o n c e n t r a t i o n  l i m i t  l i s t e d  i n  10 CFR P a r t  20, Appendix B ,  f o r  cont inuous 
occupat iona l  occupancy i n  a r e s t r i c t e d  area. 

Personnel access t o  t h e  r o o f  i n  t h e  v i c i n i t y  o f  t h e  exhaust s tack  i s  ve ry  i n f r e -  
quent  and i s  under t h e  c o n t r o l  o f  t h e  l i censee .  I t  shou ld  a l s o  be no ted  t h a t  
t h e  o p e r a t i n g  schedule o f  t h e  DTRR has averaged i n  t h e  p a s t ,  and i s  expected t o  
average i n  t h e  f u t u r e ,  l e s s  than  1 0  percen t  o f  t h e  a v a i l a b l e  work schedule, so  
t h e  t o t a l  annual r e l e a s e  o f  a i r b o r n e  A r -41  w i l l  g e n e r a l l y  average o n l y  a smal l  
f r a c t i o n  o f  t h e  amounts d iscussed above. 

S i g n i f i c a n t  q u a n t i t i e s  o f  N-16 a r e  produced i n  t h e  co re  o f  t h e  r e a c t o r  by t h e  
(n,p) r e a c t i o n  on oxygen-16. However, t h e  s h o r t  h a l f - l i f e  o f  N-16 o f  7 seconds 
a long  w i t h  a c o o l a n t  t r a n s p o r t  t ime  t o  t h e  su r face  o f  t h e  poo l  of  about 42 sec- 
onds r e s u l t s  i n  s u b s t a n t i a l  decay. When t h e  r e a c t o r  c o o l i n g  system i s  i n  opera- 
t i o n ,  t h e  i n t e r r u p t i o n  o f  t h e  v e r t i c a l  convec t i on  c u r r e n t  by t h e  d ischarge o f  
t r e a t e d  water  downward f u r t h e r  inc reases  t h e  t r a n s p o r t  t ime.  

Only  a smal l  p r o p o r t i o n  o f  t h e  N-16 atoms p resen t  near  t h e  poo l  sur face  a r e  
t r a n s f e r r e d  i n t o  t h e  a i r  o f  t h e  r e a c t o r  room. When an N-16 atom i s  formed, 
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i t  appears as a r e c o i l  atom w i t h  v a r i o u s  degrees o f  i o n i z a t i o n .  
water  (approx imate ly  2 pmhos), p r a c t i c a l l y  a l l  o f  t h e  N-16 combines w i t h  t h e  
oxygen and hydrogen atoms o f  t h e  water .  Most o f  i t  combines i n  an an ion  form, 
which has a tendency t o  remain i n  t h e  water.  Therefore,  t h e  p r i m a r y  hazard o f  
N-16 i s  t h e  r a d i a t i o n  f i e l d  a t  t h e  sur face  o f  t h e  poo l ,  which i s  d iscussed i n  
Sec t ion  12 o f  t h i s  SER. 
compared w i t h  Ar-14. 

For  h i g h - p u r i t y  

An i n s i g n i f i c a n t  amount o f  N-16 becomes a i r b o r n e  

The neares t  u n r e s t r i c t e d  area a t  t h e  Dow f a c i l i t y  i s  a t  t h e  fence approx imate ly  
140 f t  (40 m) f rom t h e  fume hood exhaust s tack .  
i s  1600 f t  (490 m) f rom t h e  s tack .  None o f  t h e  sources o f  a i r b o r n e  r a d i o a c t i v i t y  
c o u l d  l e a d  t o  average annual concent ra t ions  a t  these l o c a t i o n s  t h a t  exceed t h e  
l i m i t s  s p e c i f i e d  i n  10 CFR P a r t  20, Appendix 6, f o r  u n r e s t r i c t e d  areas (see 
S e c t i o n  12.6.1).  

The neares t  permanent res idence 

11.3 Conclus ion 

The s t a f f  concludes t h a t  t h e  waste management a c t i v i t i e s  a t  t h e  DTRR f a c i l i t y  
have been conducted and a r e  expected t o  be conducted i n  a manner c o n s i s t e n t  
w i t h  10 CFR P a r t  20 and t h e  ALARA p r i n c i p l e .  Among o t h e r  guidance, t h e  s t a f f  
i n  i t s  r e v i e w  has f o l l o w e d  t h e  methods o f  ANSI/ANS 15.11, " R a d i o l o g i c a l  Cont ro l  
a t  Research Reactor F a c i l i t i e s . "  

Because Ar-41 i s  t h e  o n l y  s i g n i f i c a n t  r a d i o n u c l i d e  r e l e a s e d  by t h e  r e a c t o r  t o  t h e  
environment d u r i n g  normal opera t ions ,  t h e  s t a f f  has reviewed t h e  h i s t o r y ,  c u r r e n t  
p r a c t i c e s ,  and f u t u r e  expec ta t ions  o f  r e a c t o r  opera t ions  w i t h  r e s p e c t  t o  t h i s  
r a d i o n u c l i d e .  Because o f  t h e  ext remely smal l  amounts o f  Ar-41 re leased f rom t h e  
DTRR over  t h e  p a s t  2 1  years  a t  t h e  maximum a u t h o r i z e d  power l e v e l  o f  100 kW and 
t h e  maximum expected re leases  o f  Ar-41 a t  t h e  inc reased power l e v e l  o f  300 kW, 
t h e  s t a f f  concludes t h a t  t h e  r e l e a s e  o f  Ar-41 i n  t h e  r e a c t o r  r e s t r i c t e d  areas, 
areas under Dow c o n t r o l ,  and u n r e s t r i c t e d  areas o u t s i d e  t h e  Dow boundary fence 
w i l l  be v e r y  smal l  compared w i t h  t h e  l i m i t s  s p e c i f i e d  i n  10 CFR P a r t  20 when 
averaged over  a year .  
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12 R A D I A T I O N  PROTECTION PROGRAM 

Dow Chemical U.S.A.  has a s t r u c t u r e d  r a d i a t i o n  s a f e t y  program w i t h  a h e a l t h  
phys i cs  s t a f f  t o  implement t h e  program. 
t o  d e t e c t ,  measure, and c o n t r o l  area and personnel  r a d i a t i o n  exposures. Use 
o f  r a d i o a c t i v e  m a t e r i a l  and r a d i a t i o n  sources i s  c o n t r o l l e d  c a r e f u l l y ,  and 
re leases  o f  r a d i o a c t i v e  m a t e r i a l  t o  t h e  environment a r e  k e p t  t o  a minimum. 

The r e a c t o r  f a c i l i t y  has t h e  equipment 

1 2 . 1  ALARA Commitment 

The Dow r a d i a t i o n  p r o t e c t i o n  program i s  designed t o  be c o n s i s t e n t  w i t h  t h e  
p o l i c y  o f  ALARA (as low as reasonably  ach ievab le) .  

Dow Chemical U.S.A. ,  th rough t h e  Rad ia t i on  Sa fe ty  Committee, has developed a 
t r a i n i n g  program t h a t  i nco rpo ra tes  procedures and equipment t o  implement t h i s  
p o l i c y .  Personnel and env i ronmenta l  m o n i t o r i n g  programs ensure t h a t  r a d i a t i o n  
exposures t o  Dow employees and t h e  genera l  p u b l i c  a r e  kep t  ALARA. 

12.2 H e a l t h  Phvs ics Proaram 

12.2 .1  Hea l th  Phys ics S t a f f i n g  

The Dow co rpo ra te  I n d u s t r i a l  Hygiene Department i s  s t a f f e d  by p r o f e s s i o n a l  
h e a l t h  phys i cs  and i n d u s t r i a l  hygiene s p e c i a l  i s t s  who mon i to r  and oversee t h e  
r a d i a t i o n  p r o t e c t i o n  program and serve as resource  persons f o r  a l l  t h e  users 
o f  r a d i a t i o n  and r a d i o a c t i v e  m a t e r i a l s  a t  t h e  Mid land l o c a t i o n .  The normal 
r a d i a t i o n  s a f e t y  f u n c t i o n  a t  t h e  r e a c t o r  f a c i l i t y  i s  implemented by r e a c t o r  pe r -  
sonnel. One o f  t h e  h e a l t h  p h y s i c i s t s  f rom t h e  I n d u s t r i a l  Hygiene Department 
i s  des ignated  t h e  R a d i a t i o n  Sa fe ty  O f f i c e r  and i s  on c a l l  a t  a l l  t imes t o  
respond t o  emergencies. He oversees t h e  r a d i a t i o n  p r o t e c t i o n  program a t  t h e  
r e a c t o r  f a c i l i t y  and p a r t i c i p a t e s  i n  t h e  rev iew and approval  o f  exper iments 
th rough h i s  p o s i t i o n  on t h e  Reactor Opera t i ons  Commit tee ( R O C ) .  The r e a c t o r  
ope ra t i ons  s t a f f  per forms many h e a l t h  phys i cs - t ype  a c t i v i t i e s  and i s  a s s i s t e d  
by and can c o n s u l t  w i t h  t h e  I n d u s t r i a l  Hygiene Department. 

12.2.2 Procedures 

The l i c e n s e e  has prepared d e t a i l e d  w r i t t e n  procedures t h a t  address t h e  r a d i a t i o n  
s a f e t y  suppor t  t h a t  i s  expected t o  be p rov ided  t o  t h e  r o u t i n e  o p e r a t i o n  o f  t h e  
DTRR f a c i l i t y .  These procedures i d e n t i f y  t h e  i n t e r a c t i o n s  between t h e  opera- 
t i o n a l  and exper imenta l  personnel  and a l s o  s p e c i f y  numerous a d m i n i s t r a t i v e  1 i m i  t s  
and a c t i o n  p o i n t s ,  as w e l l  as a p p r o p r i a t e  responses and c o r r e c t i v e  a c t i o n s  i f  
these l i m i t s  o r  a c t i o n  p o i n t s  a re  reached o r  exceeded. 
t i o n  t o  use r a d i o a c t i v e  m a t e r i a l s  a re  rev iewed by t h e  h e a l t h  p h y s i c i s t  and t h e  
R a d i a t i o n  Sa fe ty  Committee. 

Requests f o r  au tho r i za -  
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12.2.3 I n s t r u m e n t a t i o n  

Dow has a v a r i e t y  o f  d e t e c t i n g  and measuring ins t ruments  f o r  m o n i t o r i n g  poten- 
t i a l l y  hazardous i o n i z i n g  r a d i a t i o n  a t  t h e  Mid land s i t e .  The ins t rumen t  c a l i -  
b r a t i o n  procedures and techniques ensure t h a t  any c r e d i b l e  t ype  o f  r a d i a t i o n  
and any s i g n i f i c a n t  i n t e n s i t i e s  can be de tec ted  prompt ly  and measured c o r r e c t l y .  

12.2.4 T r a i n i n g  

The h e a l t h  phys ics  t r a i n i n g  f o r  r e a c t o r  ope ra t i ons  personnel  i s  p r o v i d e d  d u r i n g  
an i n i t i a l  3-hour t r a i n i n g  sess ion  by c e r t i f i e d  h e a l t h  phys i cs  personnel  o f  t h e  
Dow I n d u s t r i a l  Hygiene Department; by a l eng thy  classroom and hands-on program 
conducted by  t h e  t r a i n i n g  c o o r d i n a t o r  and o t h e r  persons exper ienced i n  t h e  
hand l i ng  o f  r a d i o a c t i v e  m a t e r i a l s  d u r i n g  r e a c t o r  ope ra to r  l i c e n s e  t r a i n i n g ;  and 
by an annual r e q u a l i f i c a t i o n  program conducted by b o t h  h e a l t h  phys i cs  personnel  
and t h e  t r a i n i n g  c o o r d i n a t o r .  

The h e a l t h  phys i cs  t r a i n i n g  f o r  r e a c t o r  users i n c l u d e s  bo th  t h e  i n i t i a l  h e a l t h  
p h y s i c s / i  n d u s t r i a l  hygiene t r a i n i n g  and hands-on t r a i n i n g  by exper ienced persons 
on t h e  r e a c t o r  s t a f f ;  annual r e t r a i n i n g / r e v i e w  i s  p rov ided  by t h e  h e a l t h  phys i cs /  
i n d u s t r i a l  hygiene personnel .  

12.3 R a d i a t i o n  Sources 

1 2 . 3 . 1  Reactor 

Sources o f  r a d i a t i o n  d i r e c t l y  r e l a t e d  t o  r e a c t o r  ope ra t i ons  i n c l u d e  t h e  r e a c t o r  
core,  t h e  i o n  exchange column i n  t h e  c o o l i n g  water  cleanup system, and rad ioac -  
t i v e  gases, p r i m a r i l y  Ar-41. 

The f i s s i o n  p roduc ts  a r e  con ta ined  w i t h i n  t h e  f u e l ' s  s t a i n l e s s  s t e e l  o r  aluminum 
c ladd ing .  
l e v e l s  by water  and concre te  s h i e l d i n g .  
r o u t i n e l y  b e f o r e  h i g h  l e v e l s  o f  r a d i o a c t i v e  m a t e r i a l s  have accumulated, thus 
l i m i t i n g  personnel  exposure. 

R a d i a t i o n  exposures f rom t h e  r e a c t o r  core  a r e  reduced t o  acceptab le  
The i o n  exhange r e s i n s  a r e  changed 

The r a d i a t i o n  l e v e l  a t  t h e  g r a t i n g  over  t h e  pool  a t  100 kW w i t h  t h e  p r imary  
c o o l i n g  system i n  o p e r a t i o n  i s  about 10 mR/hr. The r a d i a t i o n  f i e l d  inc reases  
t o  about 1 3  mR/hr when t h e  r e a c t o r  c o o l i n g  system i s  o f f .  T h i s  r a d i a t i o n  f i e l d  
i s  caused by a combinat ion o f  d i r e c t  sh ine  from t h e  r e a c t o r  core  and from N-16. 
Personnel exposure f rom p r o d u c t i o n  o f  N-16 (7-second h a l f - l i f e )  i s  l i m i t e d  by 
t h e  decay t h a t  occurs d u r i n g  t h e  approx imate ly  40 seconds r e q u i r e d  f o r  t r a n s -  
p o r t  o f  t h e  c o o l a n t  f rom t h e  core  t o  t h e  su r face  o f  t h e  poo l .  Th i s  t r a n s p o r t  
t ime  i s  f u r t h e r  inc reased when t h e  p r imary  c o o l i n g  system i s  i n  operati ion. 
sonnel exposure i s  a l s o  l i m i t e d  by r e s t r i c t i n g  t h e  amount o f  t ime  t h a t  i s  spent 
work ing  over t h e  pool  when t h e  r e a c t o r  i s  i n  ope ra t i on .  

A t  t h e  inc reased o p e r a t i n g  power o f  300 kW, i t  i s  es t imated  t h a t  t h e  r a d i a t i o n  
f i e l d  w i l l  i nc rease t o  about 30 mR/hr w i t h  t h e  p r imary  c o o l i n g  system i n  opera- 
t i o n .  The r a d i a t i o n  l e v e l  w i l l  be conf i rmed and eva lua ted  as p a r t  o f  t h e  t e s t -  
i n g  program i n v o l v e d  w i t h  power ascension, Work over t h e  pool  w i t h  t h e  r e a c t o r  
i n  o p e r a t i o n  w i l l  be planned and c a r r i e d  o u t  u s i n g  t h e  ALARA p r i n c i p l e .  

Per- 
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Personnel exposure t o  t h e  r a d i a t i o n  f rom chemica l l y  i n e r t  Ar -41  i s  l i m i t e d  by 
d i l u t i o n  and prompt removal o f  t h i s  gas f rom t h e  r e a c t o r  area and i t s  d ischarge 
t o  t h e  atmosphere, where i t  d i f f u s e s  f u r t h e r  b e f o r e  reach ing  u n r e s t r i c t e d  areas. 

12.3.2 Extraneous Sources 

Sources o f  r a d i a t i o n  t h a t  may be cons idered as i n c i d e n t a l  t o  t h e  normal r e a c t o r  
o p e r a t i o n  b u t  assoc ia ted  w i t h  r e a c t o r  use i n c l u d e  r a d i o a c t i v e  i so topes  produced 
f o r  research, a c t i v a t e d  components o f  experiments, and a c t i v a t e d  samples o r  
specimens. 

Personnel exposure t o  r a d i a t i o n  f rom i n t e n t i o n a l l y  produced r a d i o a c t i v e  m a t e r i a l  
as w e l l  as f r o m  t h e  r e q u i r e d  man ipu la t i on  o f  a c t i v a t e d  exper imental  components 
i s  c o n t r o l l e d  by e x t e n s i v e l y  developed and reviewed o p e r a t i n g  procedures t h a t  use 
t h e  normal p r o t e c t i v e  measures o f  t ime,  d i s tance ,  and s h i e l d i n g .  

12.4 Rout ine M o n i t o r i n g  

12 .4 .1  F i xed  R a d i a t i o n  M o n i t o r i n g  System 

F i x e d  r a d i a t i o n  mon i to rs  a re  l o c a t e d  i n  t h r e e  p laces:  
s e l ,  i n  t h e  r e a c t o r  room over t h e  door l e a d i n g  t o  Lab 51, and a t  t h e  south  w a l l  
o f  t h e  r e a c t o r  room. 

i n  t h e  water  mon i to r  ves- 

The u n i t  i n  t h e  water  mon i to r  vessel  a t  t h e  water p u r i f i c a t i o n  and c o o l i n g  s k i d  
c o n s i s t s  o f  a Geiger tube i n  t h e  r e e n t r a n t  tube o f  t h e  water mon i to r  box and 
assoc ia ted  e l e c t r o n i c s  a t  t h e  r e a c t o r  c o n t r o l  console. When t h e  r a d i o a c t i v i t y  
i n  t h e  water  induces a s i g n a l  g r e a t e r  t han  t h e  a d j u s t a b l e  s e t  p o i n t ,  an a u d i b l e  
s i g n a l  i s  generated a t  t h e  r e a c t o r  c o n t r o l  console. 

The u n i t  i n  t h e  r e a c t o r  room over  t h e  door l e a d i n g  t o  Lab 5 1  i s  a Geiger tube. 
Th is  u n i t  has two readout p o s i t i o n s :  one a t  t h e  s i t e  o f  t h e  d e t e c t o r  and one 
a t  t h e  r e a c t o r  console.  
a d j u s t a b l e  l a t c h i n g  s e t  p o i n t  and b o t h  a u d i b l e  and v i s u a l  alarms. T h i s  u n i t  
mon i to rs  t h e  general  l e v e l  o f  r a d i o a c t i v i t y  i n  t h e  r e a c t o r  room and w i l l  respond 
b o t h  t o  a i rbo rne  r a d i o a c t i v e  m a t e r i a l s  and t o  r a d i o a c t i v e  sources exposed i n  
t h e  room. 

The readout  a t  t h e  r e a c t o r  console i s  equipped w i t h  an 

The u n i t  a t  t h e  south w a l l  o f  the r e a c t o r  room i s  a cont inuous a i r  mon i to r  t h a t  
c o n t i n u o u s l y  pumps a i r  from t h e  r e a c t o r  room th rough a f i l t e r  p laced  near t h e  
window o f  a Geiger tube. 
generate a s i g n a l  above t h e  a d j u s t a b l e  l a t c h i n g  s e t  p o i n t ,  t h e  c i r c u i t s  a c t i v a t e  
a l o u d  b e l l ,  a b r i g h t  f l a s h i n g  r e d  l i g h t ,  and a s i g n a l  t o  t h e  Dow S e c u r i t y  
Department d i s p a t c h e r ' s  desk, which i s  s t a f f e d  a t  a l l  t imes. Power f a i l u r e s  
generate a separate s i g n a l  t o  t h e  d i s p a t c h e r ' s  desk. The s e t  p o i n t  f o r  t h i s  
system i s  approx imate ly  t h r e e  t imes t h e  maximum n a t u r a l  background l e v e l .  

I n  a d d i t i o n  t o  t h e  t h r e e  f i x e d  r a d i a t i o n  mon i to rs ,  p o r t a b l e  survey meters a r e  
a v a i l a b l e  f o r  r o u t i n e  use i n  t h e  l a b o r a t o r i e s  and f o r  checking t h e  r a d i o a c t i v i t y  
o f  samples removed from t h e  core  o f  t h e  r e a c t o r .  Thin-window Geiger- tube detec- 
t o r s  a re  used i n  t h e  l a b o r a t o r i e s  t o  mon i to r  equipment and people f o r  t r a c e s  o f  
r a d i o a c t i v e  contaminat ion .  

When t h e  r a d i o a c t i v e  m a t e r i a l s  t rapped on t h e  f i l t e r  
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12.4.2 Exper imental  Support 

The h e a l t h  phys ics  s t a f f  o f  t h e  I n d u s t r i a l  Hygiene Department p a r t i c i p a t e s  i n  
t h e  p l a n n i n g  o f  exper iments th rough i t s  membership i n  t h e  Reactor Operat ions 
Committee by r e v i e w i n g  a l l  proposed procedures f o r  methods o f  m i n i m i z i n g  person- 
n e l  exposures and l i m i t i n g  t h e  g e n e r a t i o n  o f  r a d i o a c t i v e  waste. 
cedures s p e c i f y  t h e  t y p e  and degree o f  r a d i a t i o n  s a f e t y  suppor t  r e q u i r e d  by 
each a c t i v i t y .  

Approved pro-  

12.5 Occupat ional  R a d i a t i o n  Exposures 

12 .5 .1  Personnel M o n i t o r i n g  Program 

The DTRR s t a f f  and o t h e r  users o f  t h e  DTRR f a c i l i t y  a r e  i ssued f i l m  badges and 
thermoluminescence dos imeters by t h e  h e a l t h  phys ics  personnel  o f  t h e  I n d u s t r i a l  
Hygiene Department t o  mon i to r  t h e i ;  r a d i a t i o n  exposure. V i s i t o r s  a re  normal ly  
i ssued f i l m  badges. 

12.5.2 Personnel Exposure 

The annual exposure h i s t o r y  o f  DTRR personnel  f o r  t h e  years  1982-1986 i s  g i v e n  
i n  Table 12.1. The r e s u l t s  i n d i c a t e  t h a t  t h e  management o f  p o t e n t i a l  r a d i a t i o n  
exposure a t  t h e  DTRR f a c i l i t y  i s  acceptable and w e l l  w i t h i n  10 CFR P a r t  20 gu'ide- 
l i n e s .  
l i c e n s e d  power l e v e l  f rom 100 kW t o  300 kW. 

These r e s u l t s  a r e  n o t  expected t o  be a f f e c t e d  by t h e  inc rease i n  maximum 

12.6 E f f l u e n t  M o n i t o r i n g  

12.6.1 A i rborne  E f f l u e n t s  

As d iscussed i n  S e c t i o n  11, a i r b o r n e  r a d i o a c t i v e  e f f l u e n t s  f rom t h e  r e a c t o r  
f a c i l i t y  c o n s i s t  p r i n c i p a l l y  o f  low c o n c e n t r a t i o n s  o f  Ar-41 i n  t h e  r e a c t o r  room 
from a c t i v a t i o n  o f  a i r  d i s s o l v e d  i n  t h e  pool  water  and i n  t h e  pneumatic sample 
t r a n s f e r  system f rom neut ron  a c t i v a t i o n  o f  a i r .  
i n t o  t h e  r e a c t o r  room f rom t h e  pool  w i t h  t h e  r e a c t o r  o p e r a t i n g  a t  300 kW would 
be d i l u t e d  by t h e  4600 ft3 (1.3 x lo8 cm3) volume o f  a i r  i n  t h e  r e a c t o r  room and 
then exhausted by t h e  v e n t i l a t i o n  system t o  t h e  o u t s i d e  o f  t h e  b u i l d i n g .  
Ar-41 re leased when t h e  pneumatic t r a n s f e r  system i s  ac tua ted  i s  exhausted above 
t h e  r o o f  by way o f  a fume hood exhaust s tack.  

Both o f  these sources r e l e a s e  t h e  r a d i o a c t i v e  m a t e r i a l  t o  t h e  a i r  o u t s i d e  t h e  
r e a c t o r  b u i l d i n g ,  which then may d i f f u s e  toward t h e  neares t  b a r r i e r  t o  t h e  un- 
r e s t r i c t e d  environment,  a fence about 140 f t  (43 m) away. Assuming t h a t  t h e  
Ar-41 i s  f u r t h e r  d i l u t e d  by a t  l e a s t  d u r i n g  t h i s  d i f f u s i o n  pa th ,  t h e  con- 
c e n t r a t i o n s  o f  Ar -41  would be reduced t o  a t  most 6 x pCi/ml. Table B - 1 ,  
Appendix B o f  Regulatory  Guide 1.109 (Rev is ion  1, October 1977) shows t h a t  f o r  
a s e m i - i n f i n i t e  c loud,  t h e  p r o j e c t e d  upper l i m i t  t o  t h e  whole-body dose would 
be 53 mrad/yr assuming t h e  r e a c t o r  i s  i n  c o n s t a n t  o p e r a t i o n .  

When account ing  f o r  t h e  f a c t  t h a t  o n l y  a smal l  f i n i t e  c l o u d  i s  p o s s i b l e  f o r  such 
a r e a c t o r  and a t  such c l o s e  d i s t a n c e s ,  and t h a t  t h e  assumed schedule (cont inuous)  
i s  u n r e a l i s t i c  a t  such a r e a c t o r ,  t h e  maximum p r o j e c t e d  dose i n  t h e  u n r e s t r i c t e d  
environment due t o  Ar-41 would be about 1 mrem/yr. 

The 0 . 2 1  pCi/s o f  Ar-41 r e l e a s e d  

The 

NUREG-1312 12-4 



12.6.2 L i q u i d  E f f l u e n t s  

The r e a c t o r  generates no r a d i o a c t i v e  l i q u i d  waste d u r i n g  r o u t i n e  opera t i ons .  
smal l  q u a n t i t i e s  o f  l i q u i d  waste a re  generated by some c l e a n i n g  o f  contaminated 
equipment o r  replacement of i o n  exchange r e s i n  from t h e  water p u r i f i c a t i o n  sys- 
tem, they  a re  c o l l e c t e d  and s o l i d i f i e d  by t h e  I n d u s t r i a l  Hygiene Department 
s t a f f  and disposed o f  o f f  s i t e  i n  accordance w i t h  a p p l i c a b l e  r e g u l a t i o n s .  

I f  

12.6.3 Environmental M o n i t o r i n g  

The environmental  m o n i t o r i n g  program a t  t h e  Dow Mid land s i t e  c o n s i s t s  o f  perform- 
i n g  r o u t i n e  r a d i a t i o n  surveys a t  s e l e c t e d  l o c a t i o n s  by t h e  I n d u s t r i a l  Hygiene 
Department. 
t h e  r e a c t o r  t o  r a d i a t i o n  l e v e l s  i n  t h e  sur round ing  areas i s  n e g l i g i b l e .  

T y p i c a l  r e s u l t s  of t h i s  program i n d i c a t e  t h a t  t h e  c o n t r i b u t i o n  from 

12.6.4 P o t e n t i a l  Dose Assessment 

Na tu ra l  background r a d i a t i o n  l e v e l s  i n  t h e  c e n t r a l  M ich igan area r e s u l t  i n  an 
exposure o f  about 120 mrem/yr t o  each r e s i d e n t  i n  t h e  area. A t  l e a s t  an add i -  
t i o n a l  7 pe rcen t ,  about 8 mrem/yr, w i l l  be rece ived  by those l i v i n g  i n  a b r i c k  
o r  masonry s t r u c t u r e .  
r a d i a t i o n ,  i n c r e a s i n g  t h e  t o t a l  accumulat ive annual exposure. 

Conservat ive c a l c u l a t i o n s  based on t h e  e f f l u e n t s  f rom t h e  f a c i l i t y  and t h e  r e -  
s u l t s  o f  t h e  environmental  m o n i t o r i n g  program i n d i c a t e  t h a t  r e a c t o r  ope ra t i ons  
do n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  annual exposures i n  u n r e s t r i c t e d  areas. 

Any x - r a y  examinat ion w i l l  add t o  t h e  n a t u r a l  background 

12.7 Conclusion 

The s t a f f  concludes t h a t  t h e  r a d i a t i o n  p r o t e c t i o n  program a t  t h e  DTRR f a c i l i t y  
rece ives  a p p r o p r i a t e  suppor t  f rom t h e  Dow Chemical Company. The s t a f f  f u r t h e r  
concludes t h a t  (1) t h e  s t a f f  and equipment t o  implement t h e  program a re  adequate, 
(2)  t h e  r e a c t o r  h e a l t h  phys i cs  s t a f f  has adequate a u t h o r i t y  and l i n e s  o f  com- 
mun ica t ion ,  (3) t h e  procedures a r e  i n t e g r a t e d  c o r r e c t l y  i n t o  t h e  research  p lans ,  
and (4) surveys v e r i f y  t h a t  ope ra t i ons  and procedures f o l l o w  t h e  ALARA p r i n c i p l e .  

A d d i t i o n a l l y ,  t h e  s t a f f  concludes t h a t  t h e  DTRR r a d i a t i o n  p r o t e c t i o n  program 
i s  adequate on t h e  b a s i s  o f  t h e  r e s u l t s  o f  personnel  m o n i t o r i n g  and t h e  env i ron -  
mental m o n i t o r i n g  programs. Furthermore, t h e r e  i s  reasonable assurance t h a t  
personnel  and procedures w i l l  con t i nue  t o  p r o t e c t  t h e  h e a l t h  and s a f e t y  o f  t h e  
p u b l i c  d u r i n g  r o u t i n e  opera t ions .  
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T a b l e  1 2 . 1  Number o f  i n d i v i d u a l s  moni tored 
f o r  whole-body exposure 

Number o f  i n d i v i d u a l s  

Who1 e-body exposure (rem) 1982 1983 1984 1985 1986 

No measurable exposure 8 7 13 9 6 

- - 0 .01  1 2 - 

0.02 

0.03 

1 1 1 

Number o f  i n d i v i d u a l  s 9 9 13 12 7 
monitored 
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13 CONDUCT OF OPERATIONS 

1 3 . 1  O v e r a l l  O r g a n i z a t i o n  

R e s p o n s i b i l i t y  f o r  t h e  sa fe  o p e r a t i o n  o f  t h e  r e a c t o r  f a c i l i t y  i s  vested w i t h i n  
t h e  c h a i n  o f  command shown i n  F i g u r e  13.1.  
r e s p o n s i b i l i t y  f o r  o v e r a l l  day-to-day f a c i l i t y  opera t ion .  

The Reactor Superv isor  i s  de legated 

13.2 T r a i  n i  ng 

Reactor opera tors  a r e  t r a i n e d  by Dow personnel .  
R e q u a l i f i c a t i o n  Program was r e v i s e d  i n  August 1987 i n  c o n j u n c t i o n  w i t h  t h i s  
l i c e n s e  renewal a p p l i c a t i o n ,  and t h e  s t a f f  concludes t h a t  i t  meets the  a p p l i -  
c a b l e  r e g u l a t i o n s  [ l o  CFR 50.54( i -1)  and 10 CFR 551 and i s  c o n s i s t e n t  w i t h  t h e  
guidance o f  ANSI/ANS 15.4. 

13.3 Opera t iona l  Review and A u d i t s  

The Dow Reactor Operat ions Committee (ROC) p r o v i d e s  independent rev iew and a u d i t  
o f  f a c i l i t y  a c t i v i t i e s .  The Technica l  S p e c i f i c a t i o n s  o u t l i n e  t h e  q u a l i f i c a t i o n s  
t h a t  members must possess. 
t i o n s  t o  t h e  r e a c t o r ,  new and c e r t a i n  c lasses  o f  exper iments,  and propo:;ed changes 
t o  t h e  l i c e n s e  o r  procedures.  
o f  r e a c t o r  f a c i  1 i t y  opera t ions  and management and f o r  r e p o r t i n g  t h e  r e s u l t s  
thereo f  t o  t h e  f a c i l i t y  a d m i n i s t r a t i o n .  

The 1 icensee'  s Operator  

The ROC must rev iew and approve p l a n s  f o r  m o d i f i c a -  

The ROC a l s o  i s  r e s p o n s i b l e  f o r  d i r e c t i n g  a u d i t s  

13.4 Emergency P1 anni  ng 

1 0  CFR 50.54(q) and (r) r e q u i r e  t h a t  a l i c e n s e e  a u t h o r i z e d  t o  possess and/or 
operate a research  r e a c t o r  f o l l o w  and m a i n t a i n  i n  e f f e c t  an emergency p l a n  t h a t  
meets t h e  requi rements o f  Appendix E o f  10 CFR P a r t  50. A r e v i s e d  Emergency 
P lan  dated 1986 was submi t ted  by t h e  l i c e n s e e  i n  c o n j u n c t i o n  w i t h  t h i s  l i c e n s e  
renewal a p p l i c a t i o n .  The s t a f f  concludes t h a t  t h e  r e v i s i o n s  do n o t  decrease 
t h e  e f f e c t i v e n e s s  o f  t h e  Emergency Plan, and t h a t  t h e  Emergency P lan  i s  i n  
compl iance w i t h  t h e  r e g u l a t i o n s .  

13 .5  Phys ica l  S e c u r i t y  P lan  

The l i c e n s e e  has e s t a b l i s h e d  and main ta ins  a program t o  p r o t e c t  t h e  r e a c t o r  and 
i t s  f u e l  and t o  ensure i t s  s e c u r i t y .  The NRC s t a f f  has rev iewed t h e  r e v i s e d  
Phys ica l  S e c u r i t y  P lan i n  c o n j u n c t i o n  w i t h  t h i s  l i c e n s e  renewal a p p l i c a t i o n  and 
concludes t h a t  i t  meets t h e  requi rements o f  10 CFR 73.67 f o r  s p e c i a l  n u c l e a r  
m a t e r i  a1 o f  1 ow s t r a t e g i c  s i  gn i  f i cance. 
m a t e r i a l  f o r  r e a c t o r  o p e r a t i o n  f a 1  1s w i t h i n  t h a t  category.  

Both t h e  Phys ica l  S e c u r i t y  P lan  dated June 1987 and t h e  s t a f f ' s  e v a l u a t i o n  a r e  
w i  t h h e l  d f roin pub1 i c d i  s c l  osure under 10 CFR 2.790( d )  (1). The amendment renew- 
i n g  F a c i l i t y  Opera t ing  License R-108 i n c o r p o r a t e s  t h e  Phys ica l  S e c u r i t y  P lan  as 
a c o n d i t i o n  o f  t h e  l i c e n s e .  

The DTRR i nventory  o f  spec i  a1 nuc l  ear  
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13 .6  Conclus ion 
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Safety 

Committee 

On t h e  b a s i s  o f  t h e  above d i scuss ions ,  t h e  s t a f f  concludes t h a t  t h e  l i c e n s e e  
has s u f f i c i e n t  exper ience,  management s t r u c t u r e ,  and procedures t o  p r o v i d e  
reasonable assurance t h a t  t h e  DTRR w i l l  con t i nue  t o  be managed i n  a way t h a t  
w i l l  cause no s i g n i f i c a n t  r a d i o l o g i c a l  r i s k  t o  t h e  h e a l t h  and s a f e t y  o f  t h e  
pub1 i c .  
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14 ACCIDENT ANALYSIS 

The s t a f f  has eva lua ted  t h e  documentation and analyses o f  p o t e n t i a l  s i t e - s p e c i f i c  
events submi t ted  by Dow Chemical Company. 
types o f  p o s s i b l e  acc iden ts  and t h e  p o t e n t i a l  consequences t o  t h e  p u b l i c  r e s u l t -  
i n g  f rom o p e r a t i o n  o f  t h e  DTRR. 

These analyses i n c l u d e d  t h e  va r ious  

The f o l l o w i n g  p o t e n t i a l  acc iden ts  o r  e f f e c t s  were considered s u f f i c i e n t l y  
c r e d i b l e  and w e r e  eva lua ted  and analyzed: 

(1) f u e l - h a n d l i n g  acc iden t  
(2) 
(3) l o s s - o f - c o o l a n t  acc iden t  
(4) misplaced experiments 
(5) mechanical rearrangement o f  t h e  f u e l  
(6) e f f e c t s  o f  f u e l  ag ing  

r a p i d  i n s e r t i o n  o f  r e a c t i v i t y  (nuc lea r  excurs ion)  

O f  these p o t e n t i a l  events,  t h e  f u e l - h a n d l i n g  acc iden t  w i t h  t h e  l o s s  o f  c l a d d i n g  
i n t e g r i t y  o f  one i r r a d i a t e d  f u e l  element i n  a i r  i n  t h e  r e a c t o r  room would have 
t h e  p o t e n t i a l  o f  r e l e a s i n g  t h e  h i g h e s t  l e v e l  o f  r a d i o a c t i v i t y  t o  t h e  environment 
b o t h  i n s i d e  and o u t s i d e  t h e  DTRR f a c i l i t y .  
w i l l  be des ignated  as t h e  maximum h y p o t h e t i c a l  acc iden t  (MHA). The r e s u l t s  o f  
t h e  analyses o f  t h e  o t h e r  c r e d i b l e  acc iden ts  w i t h  l e s s  severe consequences than 
those o f  t h e  MHA a r e  a l s o  addressed i n  t h e  f o l l o w i n g  sec t i ons .  

Thus, t h e  f u e l - h a n d l i n g  acc iden t  

14 .1  Fuel-Handl ing Acc ident  

Th is  p o t e n t i a l  acc iden t ,  des ignated  as t h e  MHA, i nc ludes  v a r i o u s  i n c i d e n t s  i n -  
v o l v i n g  one o r  more i r r a d i a t e d  f u e l  elements i n  which t h e  f u e l  c l a d d i n g  m igh t  be 
breached o r  rup tu red .  To remain conserva t i ve  t h e  s t a f f  d i d  n o t  t r y  t o  develop 
a d e t a i l e d  scenar io ,  b u t  assumed t h e  l i m i t i n g  scenar io  t o  be t h e  complete c l a d -  
d i n g  f a i l u r e  o f  one f u e l  element o u t s i d e  t h e  r e a c t o r  pool  t h a t  i n s t a n t l y  r e l e a s e s  
t h e  v o l a t i l e  f i s s i o n  p roduc ts  t h a t  accumulated i n  t h e  f r e e  volume (gap) between 
t h e  f u e l  and t h e  c ladd ing .  

Several s e r i e s  o f  experiments by t h e  f u e l  vendor [GA Technologies,  I n c o r p o r a t e d  
(GA) ]  have p rov ided  da ta  on t h e  species and f r a c t i o n s  o f  f i s s i o n  produc ts  re leased  
from U-ZrHx under va r ious  c o n d i t i o n s  (Baldwin e t  a l . ,  1980; Foushee, 1968; Foushee 

and Peters ,  1971; Simnad, 1980; Simnad e t  a l . ,  1976). The nob le  gases were t h e  
p r i n c i p a l  species found t o  be released. When t h e  f u e l  specimens were i r r a d i a t e d  
a t  temperatures below 35OoC, t h e  f r a c t i o n  re leased  c o u l d  be summarized as a con- 
s t a n t  equal t o  1.5 x independent o f  t h e  temperature o r  o p e r a t i n g  h i s t o r y .  
GA accepts as reasonable t h e  i n t e r p r e t a t i o n  o f  these low-temperature r e s u l t s  and 
concludes t h a t  t h e  1 .5  x r e l e a s e  f r a c t i o n  reasonably c o u l d  be a p p l i e d  t o  
T R I G A  r e a c t o r s  o p e r a t i n g  up t o  a t  l e a s t  800 kW. Th is  re lease  f r a c t i o n  i s ,  thus,  
a p p l i c a b l e  t o  t h e  300-kW DTRR. 

On t h e  b a s i s  o f  t h e  above d i scuss ion ,  t h e  s t a f f  assumed a f i s s i o r ,  p roduc t  re lease  
f r a c t i o n  o f  1 .5 x o f  t h e  t o t a l  nob le  gas and halogen i n v e n t o r i e s  f o r  t h e  
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f u e l - h a n d l i n g  acc ident .  On t h e  b a s i s  o f  t h e  GA a n a l y s i s ,  t h i s  f r a c t i o n  i s  a 
conserva t i ve  es t ima te  o f  t h e  p o t e n t i a l  re lease  f o l l o w i n g  pro longed o p e r a t i o n  a t  
300 kW w i t h  a maximum l o c a l  f u e l  temperature o f  26OOC. Because t h e  GA a n a l y s i s  
assumes i n f i n i t e  o p e r a t i n g  t ime,  t h i s  approach g i ves  a c o n s e r v a t i v e l y  h i g h  re lease  
Val ue. 

Since t h e  nob le  gases do n o t  condense o r  combine chemica l l y ,  i t  i s  assumed t h a t  
any nob le  gases re leased  f r o m  t h e  c l a d d i n g  w i l l  d i f f u s e  i n  a i r  u n t i l  r a d i o a c t i v e  
decay has reduced t h e  c o n c e n t r a t i o n  t o  an i n s i g n i f i c a n t  value. Conversely, t h e  
i o d i n e s  a re  chemica l l y  a c t i v e  b u t  a re  n o t  v o l a t i l e  a t  temperatures below approx i -  
mate ly  18OoC. Some o f  these r a d i o n u c l i d e s  w i l l  be t rapped by m a t e r i a l s  w i t h  
which they  come i n  c o n t a c t ,  such as water and s t r u c t u r e s .  
t h a t  most o f  t h e  i o d i n e s  e i t h e r  w i l l  n o t  become o r  w i l l  n o t  remain a i r b o r n e  under 
many acc iden t  scenar ios  t h a t  a r e  a p p l i c a b l e  t o  non-power r e a c t o r s  (NUREG-0771; 
NUREG/CR-2079; Regu la to ry  Guide 3.34). 
i n v o l v i n g  t h e  f a i l u r e  o f  f u e l  c l a d d i n g  leads t o  u p p e r - l i m i t  dose es t imates  f o r  
a l l  p o s s i b l e  events,  t h e  s t a f f  assumed t h a t  100 pe rcen t  o f  t h e  i o d i n e s  i n  t h e  
gap became a i rbo rne .  Th is  assumption leads t o  computed t h y r o i d  doses t h a t  may 
be u n r e a l i s t i c a l l y  h i g h  i n  many scenar ios ;  f o r  example, those i n  which t h e  c l a d -  
d i n g  f a i l u r e  occurs under water.  

Evidence i n d i c a t e s  

However, t o  be c e r t a i n  t h a t  t h e  scenar io  

14.1 .1  Scenario 

The l i c e n s e e  and t h e  s t a f f  analyzed s i m i l a r  scenar ios  t h a t  assumed t h a t  t h e  c l a d -  
d i n g  f a i l u r e  occur red  i n  a i r  and c a l c u l a t e d  subsequent doses t o  an i n d i v i d u a l  
i n  t h e  r e a c t o r  room and i n  t h e  u n r e s t r i c t e d  area a t  t h e  neares t  fence l i n e .  It 
was assumed t h a t  t h e  c l a d d i n g  f a i l u r e  occur red  i n  a B - r i n g  f u e l  element f o l l o w i n g  
an extended r u n  a t  t h e  a u t h o r i z e d  maximum power (300 kW) so t h a t  a l l  f i s s i o n  
p roduc ts  had reached t h e i r  s a t u r a t e d  a c t i v i t y  l e v e l s .  Th i s  i s  a conserva t i ve  
assumption c o n s i d e r i n g  t h e  t y p i c a l  o p e r a t i n g  h i s t o r y  a t  t h e  DTRR f a c i l i t y .  
m a l l y ,  a s i g n i f i c a n t  amount o f  t ime  elapses between r e a c t o r  shutdown and t h e  
removal o f  any f u e l  f rom t h e  r e a c t o r ;  however, i t  was assumed t h a t  a l l  f i s s i o n -  
p roduc t  r a d i o n u c l i d e s  were s t i l l  a t  s a t u r a t e d  a c t i v i t y  l e v e l s  a t  t h e  t ime  o f  
re lease  from t h e  c ladding.  A l l  t h e  nob le  gases and halogens i n  t h e  f u e l  c lad -  
d i n g  gap a re  assumed t o  be re leased  ins tan taneous ly  f rom t h e  f u e l  element and 
d i s t r i b u t e d  u n i f o r m l y  i n  t h e  r e a c t o r  room. Using t h e  conserva t i ve  es t ima te  o f  
t h e  r e l e a s e  f r a c t i o n  o f  1 .5  x t h i s  r e l e a s e  i s  2 1  V C i  i o d i n e s ,  27 V C i  ha lo-  
gens, and 36 V C i  noble gases. Scenar ios i n c o r p o r a t i n g  more r e a l i s t i c  es t imates  
o f  t h e  above conserva t i ve  assumptions would reduce t h e  computed doses s i g n i f i -  
c a n t l y .  However, u s i n g  t h i s  scenar io  as a b a s i s ,  t h e  whole-body immersion dose 
(gamma-ray) and t h e  p o t e n t i a l  t h y r o i d  dose from i o d i n e  i n h a l a t i o n  were c a l c u l a t e d  
f o r  an i n d i v i d u a l  i n  t h e  r e a c t o r  room (occupa t iona l )  and i n  t h e  u n r e s t r i c t e d  area 
immediately o u t s i d e  t h e  neares t  fence ( p u b l i c ) .  

Nor- 

For t h e  occupat iona l  exposure, i t  was assumed t h a t  t h e  t o t a l  re lease  f r a c t i o n  
o f  t h e  maximum expected i n v e n t o r y  o f  r a d i o a c t i v e  m a t e r i a l s  f r o m  one B - r i n g  f u e l  
element was i n s t a n t l y  re leased  and i n s t a n t l y  mixed w i t h  t h e  a i r  i n  t h e  4600- f t3  
(1.3 x l o 8  cm3) r e a c t o r  room. I t was a l s o  assumed t h a t  t h e  v e n t i l a t i o n  system 
was i n  o p e r a t i o n  a t  t h e  t ime  o f  t h e  acc iden t ,  t h e  core  conta ined 78 elements, and 
t h e  f a i l e d  element developed a power l e v e l  about 1 . 4  t imes as h i g h  as t h a t  o f  
an average element. Because t h e r e  i s  no c r e d i b l e  way t h a t  t h e  p o s t u l a t e d  maximum 
h y p o t h e t i c a l  acc iden t  c o u l d  occur w i t h o u t  o p e r a t i n g  personnel  be ing  a l e r t e d  
immediately,  o r d e r l y  evacuat ion  o f  t h e  r e a c t o r  room would be accomplished w i t h i n  
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1 minute.  For t h e  o u t s i d e  exposure, i t  was assumed t h a t  t h e  u n f i l t e r e d  v e n t i l a -  
t i o n  system was o p e r a t i n g  a t  i t s  r a t e d  c a p a c i t y  o f  1700 f t 3 / m i n  (8 x lo5 cm3/s). 
For  t h e  whole-body dose c a l c u l a t i o n s ,  immersion i n  a s e m i - i n f i n i t e  c l o u d  i n  b o t h  
t h e  r e a c t o r  room and t h e  u n r e s t r i c t e d  area o u t s i d e  t h e  fence was assumed. 

14.1.2 Assessment 

The c a l c u l a t e d  doses f o r  t h e  above assumptions and l o c a t i o n s  a r e  presented i n  
Table 14.1. 
t h e  c a l c u l a t e d  o p e r a t i o n a l  and p u b l i c  doses shown i n  Table 1 4 . 1  a r e  h i g h e r  than 
those t h a t  c o u l d  occur  r e a l i s t i c a l l y .  

As a r e s u l t  o f  t h e  ext remely conserva t ive  c a l c u l a t i o n a l  assumptions, 

On t h e  b a s i s  o f  t h e  above d iscuss ions  and a n a l y s i s ,  t h e  s t a f f  concludes t h a t  i f  
t h e  maximal ly  i r r a d i a t e d  f u e l  r o d  f rom t h e  DTRR were t o  r e l e a s e  a l l  o f  i t s  nob le  
gaseous and halogen f i s s i o n  produc ts  accumulated i n  t h e  f u e l  c l a d d i n g  gap, r a d i a -  
t i o n  doses t o  b o t h  occupat iona l  personnel  and t o  t h e  p u b l i c  i n  u n r e s t r i c t e d  areas 
would be below t h e  g u i d e l i n e  va lues fo rming  t h e  bases o f  10 CFR P a r t  20, Appen- 
d i x  B. Accord ing ly ,  t h e  s t a f f  concludes t h a t  t h e r e  i s  reasonable assurance t h a t  
t h e  p o s t u l a t e d  a c c i d e n t  poses no s i g n i f i c a n t  r a d i o l o g i c a l  r i s k  t o  t h e  h e a l t h  and 
s a f e t y  o f  t h e  p u b l i c  o r  t o  t h e  o p e r a t i o n a l  s t a f f .  

14.2 

The U-ZrHx  f u e l  i n  t h e  DTRR e x h i b i t s  a s t rong,  prompt,  n e g a t i v e  temperature 

c o e f f i c i e n t  o f  r e a c t i v i t y ,  as d iscussed i n  Sec t ion  4.5. 
c o e f f i c i e n t  a c t s  t o  t e r m i n a t e  a p u l s e  o r  nuc lear  e x c u r s i o n  by decreas ing t h e  
r e a c t i v i t y  as t h e  temperature o f  t h e  f u e l  increases.  
v e r i f i e d  a t  many o p e r a t i n g  T R I G A  r e a c t o r s .  A l though i t  may be t h e o r e t i c a l l y  
p o s s i b l e  t o  r a p i d l y  i n s e r t  s u f f i c i e n t  excess r e a c t i v i t y  t o  c r e a t e  an excurs ion  
where f u e l  damage would occur  b e f o r e  t h e  excurs ion  c o u l d  be te rmina ted ,  t h e  
r e a c t i v i t y  l i m i t s  imposed by t h e  Technica l  S p e c i f i c a t i o n s  o f  t h e  DTRR are  
in tended t o  p rec lude such an event .  

Rapid I n s e r t i o n  o f  R e a c t i v i t y  (Nuclear Excurs ion)  

T h i s  temperature 

These r e s u l t s  have been 

1 4 . 2 . 1  Scenar io  

The DTRR i s  n o t  l i c e n s e d  o r  c o n f i g u r e d  f o r  p u l s e  opera t ion .  However, s i n c e  i t  
i s  p o s s i b l e  t o  induce a r e a c t i v i t y  t r a n s i e n t  th rough f a i l u r e  o f  an exper iment,  
t h e  maximum p o s t u l a t e d  power excurs ion  i s  t h e  instantaneous i n s e r t i o n  o f  t h e  
t o t a l  a v a i l a b l e  excess r e a c t i v i t y .  However, t h e  s t a f f  has n o t  been a b l e  t o  
i d e n t i f y  a c r e d i b l e  method f o r  i n s t a n t a n e o u s l y  i n s e r t i n g  a l l  o f  t h e  a v a i l a b l e  
excess r e a c t i v i t y .  The DTRR i s  l i m i t e d  by t h e  Technica l  S p e c i f i c a t i o n s  t o  
3.00$ (2.1% A k / k )  excess r e a c t i v i t y  above a c o l d  c r i t i c a l  c o n d i t i o n .  

The s t a f f  has considered t h e  scenar io  o f  t h e  r e a c t o r  o p e r a t i n g  a t  some power 
l e v e l  between 0 and 300 kW, a t  which t i m e  a l l  t h e  remain ing  excess r e a c t i v i t y  
n o t  compensated by t h e  temperature c o e f f i c i e n t  i s  i n s e r t e d  r a p i d l y  i n t o  t h e  core.  
The a n a l y s i s  neg lec ted  t h e  r e a c t i v i t y  l o s s  as a r e s u l t  o f  xenon b u i l d u p .  The 
s t a f f  determined t h a t  t h e  w o r s t  case would be i n i t i a t i o n  o f  a maximum s tep  i n s e r -  
t i o n  w i t h  t h e  core  a t  ambient temperature and e s s e n t i a l l y  zero i n i t i a l  power. 
The l i c e n s e e  has reached a s i m i l a r  conc lus ion .  The p o t e n t i a l  consequences of  
a r e a c t i v i t y  i n s e r t i o n  a c c i d e n t  t h a t  were considered by t h e  s t a f f  a r e  m e l t i n g  o f  
t h e  f u e l  o r  c l a d d i n g  m a t e r i a l ,  f a i l u r e  o f  t h e  c l a d d i n g  as a r e s u l t  o f  h i g h  
i n t e r n a l  gas pressures,  and phase changes i n  t h e  f u e l  m a t r i x .  
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The e f f e c t s  o f  f u e l  temperature may vary  g r e a t l y  depending on t h e  t y p e  o f  mod- 
e r a t o r .  

occurs a t  about 535OC (Simnad, 1980). ZrH1.6-1.7, however, does n o t  undergo a 

phase change even a t  temperatures above 2000°C. 
t h e  h i g h e r  h y d r i d e  f u e l  elements i s  about 1175OC and i s  based on pressure b u i l d -  
up f rom t h e  e v o l u t i o n  o f  hydrogen. 

For ZrHlal, a phase change g r e a t  enough t o  cause c l a d d i n g  f a i l u r e  

The 1 i m i t i n g  temperature f o r  

C a l c u l a t i o n s  performed by General Atomic and conf i rmed by exper iments i n d i c a t e  
t h a t  no f u e l  damage occurs a t  t r a n s i e n t  peak f u e l  temperatures as h i g h  as about 
53OOC f o r  low-hydr ide- type (U-Zrhl. 

and 1175'C f o r  h igh-hydr ide- type (U-ZrHlm7), s t a i n l e s s - s t e e l - c l a d  f u e l  elements 

( C o f f e r  e t  a l . ,  1966; Simnad, 1980; Simnad e t  a l . ,  1976). 

aluminum-clad elements (Simnad, 1980) 

The most l i m i t i n g  scenar io  f o r  any TRIGA r e a c t o r  c o n t a i n i n g  aluminum-clad f u e l  
i s  based on a core  c o n f i g u r a t i o n  w i t h  aluminum-clad elements loaded i n  t h e  
innermost  (B)  r i n g .  I f  any excess r e a c t i v i t y  were i n s e r t e d ,  t h e  maximum f u e l  
temperature reached would be i n  t h e  B - r i n g  core  p o s i t i o n s .  A l though t h e  li- 
censee's a n a l y s i s  would suppor t  placement o f  t h e  s i n g l e  aluminum-clad f u e l  e l e -  
ment i n  t h e  B r i n g ,  i t s  placement i s  r e s t r i c t e d  by t h e  Technica l  S p e c i f i c a t i o n s  
t o  t h e  E o r  F r i n g s  t o  p r o v i d e  f o r  e x t r a  s a f e t y  margin. 

The s t a f f  has reviewed t h e  l i t e r a t u r e  f o r  l a r g e  r e a c t i v i t y  i n s e r t i o n s  i n t o  cores 
c o n t a i n i n g  low-hydr ide,  aluminum-clad elements and found t h a t  GA has performed 
exper iments w i t h  3.00$ s tep  r e a c t i v i t y  i n s e r t i o n s  i n  a TRIGA r e a c t o r  core  con- 
t a i n i n g  about 90 f u e l  elements. T h i s  amount o f  r e a c t i v i t y  i n s e r t i o n  y i e l d e d  
a r e a c t o r  p e r i o d  o f  4 ms, a peak power o f  about 700 MW, a t o t a l  energy o f  
14 megawatt-seconds, and a measured peak f u e l  temperature o f  475'C. The f u e l  
temperature i n  t h e  h o t t e s t  core  p o s i t i o n  was measured, and t h e  f u e l  elements 
were examined a f t e r  each s t e p  r e a c t i v i t y  i n s e r t i o n  (Hopkins e t  a l . ,  1961). 
was no i n d i c a t i o n  o f  f u e l  o r  c l a d d i n g  m e l t  o r  o t h e r  d i s t o r t i o n  t h a t  migh t  r e s u l t  
f rom excess ive i n t e r n a l  gas pressure,  and t h e  maximum temperature never reached 
t h e  phase t r a n s i t i o n  va lue  (about  53OoC) f o r  t h e  low-hydr ide,  aluminum-clad f u e l  
elements (Simnad, 1980). S ince t h e  DTRR Technica l  S p e c i f i c a t i o n s  w i l l  r e s t r i c t  
placement o f  t h e  s i n g l e  aluminum-clad f u e l  element t o  t h e  E o r  F r i n g s ,  t h e  maxi- 
mum temperature inc rease i n  t h i s  element i n  t h e  ext remely u n l i k e l y  event  o f  a 
3.00$ r e a c t i v i t y  i n s e r t i o n  w i l l  be s i g n i f i c a n t l y  below t h e  above c i t e d  475OC. 

There 

14.2.2 Assessment 

Because o f  t h e  des ign s p e c i f i c a t i o n s  f o r  s tandard low-enr iched U-ZrHx TRIGA f u e l ,  

t h e  power and temperature c h a r a c t e r i s t i c s  a r e  e s s e n t i a l l y  independent o f  t h e  
h y d r i d e  conten t .  However, t h e  low-hydr ide  m a t r i x  e x h i b i t s  phase t r a n s i t i o n  a t  
about 53OoC, whereas t h e  h igh-hydr ide  m a t r i x  e x h i b i t e d  no phase t r a n s i t i o n  i n  
T R I G A  t e s t s  a t  a temperature o f  about 1200'C. There fore ,  i n  a mixed core,  as 
l o n g  as t h e  low-hydr ide,  aluminum-clad f u e l  i s  operated i n  a temperature range 
o f  no damage, t h e r e  w i l l  be a v e r y  l a r g e  marg in o f  s a f e t y  a g a i n s t  damage i n  t h e  
h igh-hydr ide ,  s t a i n l e s s - s t e e l - c l a d  f u e l .  

The a n a l y s i s  presented i n  Sec t ion  1 4 . 2 . 1  shows t h a t ,  f o r  t h e  p a r t i c u l a r  s i t u a -  
t i o n  o f  a s tepwise r e a c t i v i t y  i n s e r t i o n  a c c i d e n t  o f  3.00$ i n  t h e  DTRR, t h e  s i n g l e  
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low-hydride, aluminum-clad fuel element could safely be placed i n  any core loca- 
t i o n ,  including the B ring. As s t a t e d  above, the maximum observed (B-ring) fuel 
temperature f o r  a 3.00$ inser t ion i s  475OC, which i s  55OC below the phase t r a n s i -  
t ion  value of 53OoC. Restr ic t ing the placement of t h i s  fuel element t o  the much 
cooler E o r  F r ings ,  coupled with the f a c t  t h a t  no credible  mechanism has been 
ident i f ied  t o  add the 3.00$ i n  a stepwise fashion t o  t h i s  nonpulsing TRIGA, pro-  
vides reasonable assurance t h a t  operation of the D T R R  with 3.00$ excess reac t i -  
v i t y  will  n o t  lead t o  any reactor  condition t h a t  could r e s u l t  i n  a loss  of clad- 
d i n g  i n t e g r i t y  or  mechanical damage t o  the fuel .  

O n  the basis of these considerations,  the s t a f f  concludes t h a t  the rapid inser- 
t i o n  in to  the D T R R  core of the 3.00$ (2.10% Ak/k) avai lable  excess r e a c t i v i t y ,  
even though a very unlikely occurrence, will  n o t  r e s u l t  i n  fuel melting o r  a 
cladding f a i l u r e  as a r e s u l t  of high temperature or high internal  gas pressure. 
Therefore, there  i s  reasonable assurance t h a t  the f i s s i o n  products contained i n  
the fuel wil l  n o t  be released t o  the environment as a r e s u l t  of the rapid inser- 
t ion  of r e a c t i v i t y ,  

14.3 Loss-of-Coolant Accident 

The rapid loss  of shielding and cooling water immediately following reactor  
operation i s  a potent ia l  accident t h a t  would r e s u l t  in the increase of fuel and 
cladding temperatures. 
the loss  of coolant in the reactor  would terminate the neutron chain reaction 
and, thus,  terminate the production of f i s s i o n  power. However, the residual 
rad ioac t iv i ty  resu l t ing  from fission product decay would continue t o  deposit  
heat energy i n  the fuel and would cons t i tu te  an unshielded radiat ion source in 
the bot tom of the tank. 
possible mechanisms: 
tank f a i l u r e  may allow the water t o  drain away. 

Because the water i s  required f o r  moderation o f  neutrons, 

Loss o f  water a t  the D T R R  can occur through one o f  two 
the water may be pumped or  siphoned from the tank, or a 

Each pipe through which the water i s  pumped t o  the water treatment system and 
back in to  the pool i s  equipped w i t h  holes d r i l l e d  t h r o u g h  the piping a t  a level 
about 1 2  i n .  (30 cm) below the normal level o f  the water, o r  about 15 f t  (4 .6  m) 
above the top of the core. These holes serve t o  break any siphon action s o  t h a t  
the pool cannot be drained below t h i s  level accidental ly  because of a malfunction 
i n  th i s  system. 

The aluminum tank l i n e r  was designed and thoroughly tes ted  t o  ensure t ightness  
against  leakage. 
l i n e r  surrounding i t ,  no matter how induced, could lead t o  leakage of water from 
the pool. The level of water i n  the  pool would descend t o  the level of water i n  
the surrounding s o i l  ( the  water tab le ) .  
of water covering the core. 

However, a large break i n  t h i s  tank and the associated concrete 

T h i s  would leave 6 f t  o r  more (about 2 m )  

14.3.1 Scenario 

The l icensee analyzed the case of complete and instantaneous loss  of coolant 
water a t  the D T R R  as the l imit ing loss-of-coolant-accident event. I t  assumed 
the reactor  had operated a t  a power of 300 kW f o r  a time period s u f f i c i e n t  t o  
b u i l d  up the maximum inventory o f  radioactive f i s s i o n  products, then the tank 
has l o s t  a l l  water ins tan t ly .  The loss  o f  moderator terminated the neutron 
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c h a i n  r e a c t i o n ,  b u t  f i s s i o n  p roduc t  decay con t inued  t o  heat  t h e  f u e l .  
l i c e n s e e  assumed t h a t  o n l y  t h e  n a t u r a l  thermal convec t ion  o f  a i r  up th rough 
t h e  core  would remove t h i s  decay heat .  

The 

Dose l e v e l s  were c a l c u l a t e d  f o r  two p o s i t i o n s  i n s i d e  t h e  r e a c t o r  b u i l d i n g :  one 
d i r e c t l y  over t h e  tank  about 18 f t  (5.5 m) over  the  uncovered co re  and t h e  o t h e r  
a t  t h e  s h i e l d e d  t o p  edge o f  t h e  tank,  which was s h i e l d e d  f r o m  t h e  co re  by con- 
c r e t e  b u t  s u b j e c t  t o  s c a t t e r e d  r a d i a t i o n .  
o f  300-kW opera t i on .  

Time was measured from t h e  c e s s a t i o n  
The r e s u l t s  o f  t h i s  s tudy  a r e  presented  i n  Table 14.2. 

For persons o u t s i d e  t h e  one-s to ry  r e a c t o r  l a b o r a t o r y  b u i l d i n g ,  t h e  r a d i a t i o n  
f rom t h e  unsh ie lded core  c o u l d  be c o l l i m a t e d  upward by t h e  tank  and s h i e l d  
s t r u c t u r e  and would n o t  g i v e  r i s e  t o  a p u b l i c  hazard. 

Using very  conserva t i ve  assumptions, t h e  l i c e n s e e  c a l c u l a t e d  a maximum f u e l  
temperature o f  about 307'C t h a t  was reached i n  about an hour. A t  t h i s  f u e l  
temperature,  the changes i n  p ressure  i n s i d e  t h e  f u e l  c l a d d i n g  a re  caused by 
thermal expansion o f  any c o n f i n e d  a i r  and a r e  smal l  compared w i t h  t h e  pressures  
a t  t h e  temperatures d iscussed i n  Sec t i on  14.2. 

14.3.2 Assessment 

The s t a f f  has reviewed t h e  l i c e n s e e ' s  a n a l y s i s  and concurs i n  t h e  assumptions 
and methods. 
l o s s  o f  c o o l a n t  a t  t h e  DTRR f a c i l i t y  i s  a ve ry  u n l i k e l y  event.  
l o s s - o f - c o o l a n t  acc iden t  occur ,  i t  would l e a d  t o  no f u e l  damage o r  consequent 
r e l e a s e  o f  r a d i o a c t i v i t y  t o  t h e  environment o r  undue r a d i a t i o n  exposure o f  t h e  
pub1 i c .  

14 .4  Misp laced Experiments 

T h i s  t ype  o f  p o t e n t i a l  acc iden t  i s  one i n  which an exper imental  sample o r  dev ice  
i n a d v e r t e n t l y  i s  l o c a t e d  i n  an exper imenta l  f a c i l i t y  where t h e  i r r a d i a t i o n  con- 
d i t i o n s  c o u l d  exceed t h e  des ign  s p e c i f i c a t i o n s .  I n  t h a t  case, t h e  sample m igh t  
become overheated o r  develop pressures  t h a t  c o u l d  cause a f a i l u r e  o f  t h e  e x p e r i -  
ment c o n t a i n e r .  As d iscussed i n  Sec t ions  10 and 13, a l l  new exper iments a t  t he  
DTRR f a c i l i t y  a r e  reviewed b e f o r e  they  a r e  i n s e r t e d ,  and a l l  experiments i n  t h e  
r e g i o n  o f  t h e  co re  a r e  separated from t h e  f u e l  c l a d d i n g  by a t  l e a s t  one b a r r i e r ,  
such as t h e  pneumatic t r a n s f e r  and i r r a d i a t i o n  tubes ,  t h e  c e n t r a l  t h imb le ,  o r  
t h e  dummy f u e l  elements. A d d i t i o n a l l y ,  experiments t h a t  c o n t a i n  m a t e r i a l s  t h a t  
c o u l d  damage components o f  t h e  r e a c t o r  a r e  r e q u i r e d  by t h e  Technical  Spec i f i ca -  
t i o n s  t o  be doubly encapsulated. 

On t h e  b a s i s  o f  t h e  above cons ide ra t i ons ,  t h e  s t a f f  concludes t h a t  
However, shou ld  a 

The s t a f f  concludes t h a t  t h e  exper imenta l  f a c i l i t i e s  and t h e  procedures f o r  r e -  
view o f  experiments a t  t h e  DTRR f a c i l i t y  a re  adequate t o  p r o v i d e  reasonable 
assurance t h a t  f a i l u r e  o f  exper iments i s  n o t  l i k e l y ,  and even i f  f a i l u r e  occurred, 
b reach ing  of  t he  r e a c t o r  f u e l  c l a d d i n g  would n o t  occur.  Furthermore, i f  an 
exper iment shou ld  f a i l  and r e l e a s e  r a d i o a c t i v i t y  w i t h i n  an exper imental  f a c i l -  
i t y ,  t h e r e  i s  reasonable assurance t h a t  t h e  amount o f  r a d i o a c t i v i t y  re leased  t o  
t h e  environment would n o t  be more than  t h a t  o f  t h e  proposed maximum h y p o t h e t i c a l  
acc iden t .  
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14.5 Mechanical Rearrangement o f  t h e  Fuel 

Th is  t ype  o f  p o t e n t i a l  acc iden t  would i n v o l v e  t h e  f a i l u r e  o f  some r e a c t o r  system, 
such as t h e  suppor t  s t r u c t u r e ,  o r  c o u l d  i n v o l v e  an e x t e r n a l l y  o r i g i n a t e d  event 
t h a t  would r e s u l t  i n  damage t o  t h e  f u e l  and i n  so do ing  would cause breaches o f  
t h e  c l a d d i n g  o f  one o r  more f u e l  elements and t h e  re lease  o f  f i s s i o n  produc ts .  

The s t a f f  has n o t  developed an o p e r a t i o n a l  scenar io  f o r  such acc idents .  
i t  i s  conce ivab le  t h a t  a heavy we igh t ,  such as a l e a d  t r a n s f e r  cask, c o u l d  be 
dropped on t h e  r e a c t o r  core  f rom above and c o u l d  smash t h e  core  i n  such a way 
as t o  cause breaches o f  t h e  c l a d d i n g  of one o r  more f u e l  elements w i t h  conse- 
quent re lease  o f  r a d i o a c t i v e  m a t e r i a l s .  
gens i n  t h e  pool  water ,  t h e  s t a f f  concludes t h a t  t h e  q u a n t i t y  o f  f i s s i o n  produc ts  
re leased  t o  t h e  room a i r  as a r e s u l t  o f  t h i s  acc iden t  would be lower  than  those 
re leased  as a r e s u l t  o f  t h e  f u e l - h a n d l i n g  acc iden t  (maximum h y p o t h e t i c a l  a c c i -  
dent ,  MHA) eva lua ted  i n  Sec t i on  14.1, even i f  more than  a s i n g l e  f u e l  element 
shou ld  become damaged. There fore ,  t h e  s t a f f  concludes t h a t  t h e r e  i s  reasonable 
assurance t h a t  no c r e d i b l e  i n a d v e r t e n t  mechanical rearrangement o f  f ue l  would 
r e s u l t  i n  an acc iden t  w i t h  more severe consequences t o  t h e  p u b l i c  than t h e  MHA. 

However, 

Because o f  t h e  d i s s o l u t i o n  o f  t h e  halo-  

14.6 E f f e c t s  o f  Fuel Aging 

The s t a f f  has i n c l u d e d  a d i scuss ion  on t h e  phenomenon o f  f u e l  ag ing  f o r  t h e  
purpose o f  address ing  a l l  c r e d i b l e  e f f e c t s  t h a t  m igh t  c o n t r i b u t e  t o  t h e  r e l e a s e  
o f  a i r b o r n e  r a d i o a c t i v i t y  t o  u n r e s t r i c t e d  areas. However, f u e l  ag ing  shou ld  be 
cons idered normal w i t h  r e a c t o r  o p e r a t i o n  and i s ,  i n  f a c t ,  expected t o  occur 
g r a d u a l l y .  React ions i n t e r n a l  t o  t h e  f u e l  c l a d d i n g  a r e  discussed below. 

There i s  evidence t h a t  t h e  U-ZrHx f u e l  tends t o  fragment w i t h  use, p robab ly  

because o f  t h e  s t resses  caused by h i g h  temperature g r a d i e n t s  and t h e  h i g h  heat- 
i n g  r a t e s  d u r i n g  p u l s i n g  opera t i ons  (Simnad, 1980; Simnad e t  a l . ,  1976; West, 
1970). Poss ib le  consequences o f  f ragmen ta t i on  i n c l u d e  (1) a decrease i n  thermal 
c o n d u c t i v i t y  across c racks  l e a d i n g  t o  h i g h e r  c e n t r a l  f u e l  temperatures d u r i n g  
o p e r a t i o n  and (2) an inc rease i n  t h e  amount o f  f i s s i o n  p r o d u c t  re leased  i n t o  t h e  
c racks  i n  t h e  f u e l .  However, because t h e  DTRR i s  n o t  pulsed, t h e  e f f e c t s  o f  
f u e l  ag ing  i n  t h e  U-ZrHx m a t r i x  assoc ia ted  w i t h  t h e  thermal s t resses  r e s u l t i n g  

f rom p u l s i n g  a re  no t  expected t o  occur d u r i n g  normal ope ra t i ons .  

Because p u l s i n g  i s  n o t  a l lowed and because no known d e t e r i o r a t i o n  o f  t h e  m a t r i x  
occurs a t  t h e  low o p e r a t i n g  temperatures a t  300 kW, t h e  d e t r i m e n t a l  e f f e c t s  o f  
ag ing  o f  t h e  U-ZrH, f u e l  moderator l i k e l y  t o  occur i n  p u l s i n g  and/or h i g h e r  
powered TRIGA r e a c t o r s  w i l l  n o t  have a s i g n i f i c a n t  e f f e c t  on t h e  o p e r a t i n g  tem- 
p e r a t u r e  o f  t h e  f u e l  o r  on t h e  r e l e a s e  o f  gaseous f i s s i o n  p roduc ts  i n  t h e  DTRR. 
There fore ,  t h e  s t a f f  concludes t h a t  t h e r e  i s  reasonable assurance t h a t  f u e l  ag ing  
w i l l  n o t  s i g n i f i c a n t l y  change t h e  s a f e t y  margins assoc ia ted  w i t h  cont inued use 
o f  t h e  DTRR f u e l .  

14.7 Conclusion 

The s t a f f  has eva lua ted  t h e  c r e d i b l e  acc iden ts  f o r  t h e  DTRR based on an i nc rease  
i n  t h e  a u t h o r i z e d  maximum power f rom 100 t o  300 kW and an i nc rease  i n  maximum 
excess r e a c t i v i t y  f r o m  2.00 t o  3.00$ (1.4 t o  2.1% Ak/k) and concludes t h a t  t h e  
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p o s t u l a t e d  acc iden t  w i t h  t h e  g r e a t e s t  p o t e n t i a l  e f f e c t  on t h e  environment ( t h e  
maximum h y p o t h e t i c a l  acc iden t  o r  MHA) i s  t h e  f u e l - h a n d l i n g  acc iden t  t h a t  pos tu-  
l a t e s  t h e  l o s s  o f  c l a d d i n g  i n t e g r i t y  o f  an i r r a d i a t e d  f u e l  element i n  a i r  i n  t h e  
r e a c t o r  room. The a n a l y s i s  o f  t h i s  acc iden t  shows t h a t  i f  t h e  c l a d d i n g  o f  one 
o r  more o f  t h e  h o t t e s t  f u e l  rods f a i l e d  s imu l taneous ly  i n s t a n t l y  r e l e a s i n g  a l l  
o f  t h e  a v a i l a b l e  f i s s i o n  produc ts  a t  t h e i r  h i g h e s t  p o s s i b l e  l e v e l  i n t o  t h e  a i r  
o f  t h e  r e a c t o r  room, the  p o t e n t i a l  dose equ iva len ts  i n  u n r e s t r i c t e d  areas s t i l l  
would be below t h e  g u i d e l i n e  values o f  10 CFR P a r t  20. Ra is ing  t h e  core  excess 
f r o m  2.00 t o  3.00$ (1.4 t o  2.1% Ak/k) inc reases  t h e  s e v e r i t y  o f  t h e  consequences 
o f  adding t h i s  e n t i r e  core  excess i n  a stepwise fashion.  However, as shown i n  
Sec t i on  14.2, these h i g h e r  consequences s t i l l  pose no t h r e a t  t o  f u e l  i n t e g r i t y .  
I n  f a c t ,  by r e s t r i c t i n g  t h e  placement o f  t h e  s i n g l e  aluminum-clad f u e l  element 
t o  t h e  E o r  F r i n g s ,  t h e  element would a c t u a l l y  exper ience no more adverse con- 
sequences d u r i n g  a 3.00$ s tep than  i t  would d u r i n g  t h e  p r e v i o u s l y  analyzed 2.00$ 
step, which a l lowed i t  t o  be l o c a t e d  i n  t h e  B r i n g .  Even i f  t h e  n e a r l y  i n c r e -  
d i b l e  event were t o  occur and t h e  aluminum-clad f u e l  element f a i l e d ,  t h e  r a d i o -  
l o g i c a l  consequences a re  enveloped by t h e  MHA, which p o s t u l a t e s  t h e  c a t a s t r o p h i c  
c l a d d i n g  f a i l u r e  o f  a f u e l  element o p e r a t i n g  a t  a much h ighe r  power d e n s i t y  and 
e q u i l i b r i u m  f i s s i o n  p roduc t  i n v e n t o r y .  

O f  t h e  o t h e r  acc iden ts  analyzed, t h e  o n l y  one a f f e c t e d  by t h e  inc reased power 
and excess r e a c t i v i t y  i s  t h e  l o s s - o f - c o o l a n t  acc iden t .  
t h e  p r o b a b i l i t y  o f  a l o s s - o f - c o o l a n t  acc iden t  i s  ex t remely  remote and even i f  
t h e  acc iden t  shou ld  occur under t h e  most p e s s i m i s t i c  assumptions, t h e  maximum 
f u e l  temperature reached would n o t  l e a d  t o  damage o f  t h e  f u e l  c ladd ing .  

As shown i n  Sec t i on  14.3, 

There fore ,  t h e  s t a f f  concludes t h a t  t h e  des ign  o f  t h e  f a c i l i t y  and t h e  Technical  
S p e c i f i c a t i o n s  p r o v i d e  reasonable assurance t h a t  t he  DTRR can be operated w i t h  
a low p r o b a b i l i t y  o f  acc iden ts  and t h a t  even t h e  maximum h y p o t h e t i c a l  acc iden t  
w i l l  pose no s i g n i f i c a n t  r i s k  t o  t h e  h e a l t h  and s a f e t y  o f  t h e  p u b l i c .  

Table 1 4 . 1  Doses r e s u l t i n g  f rom p o s t u l a t e d  
f u e l - h a n d l i n g  acc iden t  

Whole-body T h y r o i d  
immersion dose committed dose 

Exposure and l o c a t i o n  (mrem) (mrem) 

1-min (occupa t iona l )  1.65 750 
exposure i n  r e a c t o r  room 

1 - h r  (pub1 i c )  exposure 0.06 23.0 
immediately o u t s i d e  t h e  
r e s t r i c t e d  area 
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Table 14.2 Rad ia t i on  doses f rom uncovered co re  
a t  DTRR f o l l o w i n g  t h e  maximum loss- 
o f - c o o l a n t  acc iden t  

D i r e c t  r a d i a t i o n  - I n d i r e c t  r a d i a t i o n  - 
18 f t  d i r e c t l y  
over  t h e  co re  t a n k  

s h i e l d  t o p  edge o f  

Time (R/h) (R/h) 

10 seconds 3000 
1 day 360 
1 week 130 
1 month 35 

0.78 
0.090 
0.042 
0.012 
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15 TECHNICAL S P E C I F I C A T I O N S  

The s t a f f  has eva lua ted  t h e  l i c e n s e e ' s  Technical  S p e c i f i c a t i o n s  i n  t h i s  l i c e n s i n g  
a c t i o n .  These Technical  S p e c i f i c a t i o n s  d e f i n e  c e r t a i n  fea tu res ,  c h a r a c t e r i s t i c s ,  
and c o n d i t i o n s  govern ing  t h e  o p e r a t i o n  o f  t h e  DTRR f a c i l i t y  and a r e  e x p l i c i t l y  
i n c l u d e d  i n  t h e  renewal l i c e n s e  as Appendix A. 
mat and con ten ts  o f  t h e  Techn ica l  S p e c i f i c a t i o n s  u s i  ng ANSI/ANS 15.1-1982, 
"Standard f o r  t h e  Development o f  Technical  S p e c i f i c a t i o n s  f o r  Research Reactors , I '  
as a guide. 

The s t a f f  has reviewed t h e  f o r -  

On t h e  b a s i s  o f  i t s  rev iew,  t h e  s t a f f  f i n d s  t h e  Techn ica l  S p e c i f i c a t i o n s  accept-  
ab le  and concludes t h a t  normal p l a n t  o p e r a t i o n  w i t h i n  t h e  l i m i t s  o f  t h e  Technical  
S p e c i f i c a t i o n s  w i l l  n o t  r e s u l t  i n  o f f s i t e  r a d i a t i o n  exposures i n  excess o f  
10 CFR P a r t  20 g u i d e l i n e s .  
and s u r v e i l l a n c e  requirements w i l l  l i m i t  t h e  l i k e l i h o o d  o f  ma l func t i ons  and 
m i t i g a t e  t h e  consequences t o  t h e  p u b l i c  o f  o f f -normal  o r  a c c i d e n t  events. 

Furthermore, t h e  l i m i t i n g  c o n d i t i o n s  f o r  o p e r a t i o n  
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16 FINANCIAL QUALIFICATIONS 

F i n a n c i a l  i n f o r m a t i o n  f o r  t h e  Dow Chemical Company was p r o v i d e d  i n  t h e  renewal 
a p p l i c a t i o n  o f  November 14, 1986. 

The Dow Chemical Company i s  a m u l t i b i l l i o n - d o l l a r  d i v e r s i f i e d  manufacturer  o f  
b a s i c  chemicals and p l a s t i c s  and s p e c i a l t y  p roduc ts  and serv ices .  

The s t a f f  reviewed t h e  f i n a n c i a l  s t a t u s  o f  t h e  Dow Chemical Company and concludes 
t h a t  funds w i l l  be made a v a i l a b l e  t o  suppor t  con t inued o p e r a t i o n s  and, when 
necessary, t o  shut  down t h e  f a c i l i t y  and c a r r y  o u t  decommissioning a c t i v i t i e s .  
The f i n a n c i a l  s t a t u s  i s  i n  accordance w i t h  t h e  requi rements o f  10 CFR 50.33( f ) .  
Therefore,  t h e  s t a f f  concludes t h a t  t h e  Dow Chemical Company's f i n a n c i a l  
q u a l i f i c a t i o n s  a r e  acceptable.  
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17 OTHER LICENSE CONSIDERATIONS 

1 7 . 1  P r i o r  Reactor U t i l i z a t i o n  

I n  t h e  p rev ious  s e c t i o n s  o f  t h i s  SER, t h e  s t a f f  concluded t h a t  t h e  r i s k  o f  r a d i a -  
t i o n  exposure t o  t h e  p u b l i c  as a r e s u l t  o f  t h e  normal o p e r a t i o n  o f  t h e  r e a c t o r  
i s  i n s i g n i f i c a n t  and t h a t  o n l y  an o f f -no rma l  o r  a c c i d e n t  event  cou ld  cause some 
measurable exposure. The maximum h y p o t h e t i c a l  a c c i d e n t  (MHA) was shown t o  
r e s u l t  i n  p o t e n t i a l  r a d i a t i o n  exposures w i t h i n  t h e  a p p l i c a b l e  g u i d e l i n e  va lues 
o f  10 CFR P a r t  20. 

The s t a f f  conc luded t h a t  t h e  r e a c t o r  was i n i t i a l l y  designed and cons t ruc ted  t o  
opera te  s a f e l y .  
whether p r i o r  o p e r a t i o n  would cause s i g n i f i c a n t  degradat ion  o f  t h e  c a p a b i l i t y  o f  
components and systems t o  con t inue  t o  pe r fo rm t h e i r  s a f e t y  f u n c t i o n s .  Because 
f u e l  c l a d d i n g  i s  t h e  component most respons ib le  f o r  p r e v e n t i n g  re lease  o f  f i s -  
s i o n  p roduc ts  t o  t h e  environment, p o s s i b l e  mechanisms t h a t  c o u l d  l e a d  t o  d e t r i -  
mental changes i n  i t s  i n t e g r i t y  were considered.  Prominent among t h e  considera-  
t i o n s  were t h e  f o l l o w i n g :  (1) r a d i a t i o n  degradat ion  o f  c l a d d i n g  i n t e g r i t y ,  
(2 )  h i g h  f u e l  temperature o r  temperature c y c l i n g  l e a d i n g  t o  changes i n  t h e  mech- 
a n i c a l  p r o p e r t i e s  o f  t h e  c ladd ing ,  (3) c o r r o s i o n  o r  e r o s i o n  o f  t h e  c l a d d i n g  
l e a d i n g  t o  t h i n n i n g  o r  o t h e r  weakening, (4) mechanical damage r e s u l t i n g  f rom 
h a n d l i n g  o r  exper imenta l  use, and (5 )  degradat ion  o f  s a f e t y  components o r  systems. 
The e f f e c t s  of f u e l  ag ing  a re  d iscussed i n  Sec t i on  14.6 o f  t h i s  SER. 

Du r ing  t h e  rev iew  f o r  l i c e n s e  renewal, t h e  s t a f f  cons idered 

The s t a f f ' s  conc lus ions  rega rd ing  these parameters, i n  t h e  o r d e r  i n  which they  
were i d e n t i  f i ed above, are: 

Near l y  i d e n t i c a l  f u e l  has been l a b o r a t o r y  t e s t e d  elsewhere and has been 
exposed i n  s i m i l a r  i r r a d i a t i o n s  t o  h ighe r  t o t a l  r a d i a t i o n  doses i n  opera t -  
i n g  r e a c t o r s ,  such as a t  General Atomics and t h e  U n i v e r s i t y  o f  I l l i n o i s .  
No s i g n i f i c a n t  degradat ion  o f  c l a d d i n g  has r e s u l t e d  i n  any o f  t h e s e  
r e a c t o r s .  

The power d e n s i t y ,  c o o l a n t  f l o w  r a t e s ,  and maximum temperatures reached i n  
t h e  DTRR f u e l  a re  below s i m i l a r  parameters i n  some o t h e r  non-power r e a c t o r s  
u s i n g  s i m i l a r  f u e l .  No damage has occur red  d u r i n g  normal ope ra t i ons  i n  any 
o f  these r e a c t o r s .  

Water f l o w  th rough t h e  co re  i s  ob ta ined  by  n a t u r a l  thermal  convect ion.  
There fore ,  e r o s i o n  e f f e c t s  t h a t  m igh t  r e s u l t  f rom h i g h  f l o w  v e l o c i t y  w i l l  
be n e g l i g i b l e .  Cor ros ion  i s  kep t  t o  a minimum by  c a r e f u l  c o n t r o l  o f  t h e  
c o n d u c t i v i t y  o f  t h e  p r imary  coo lan t .  

The f u e l  i s  handled as i n f r e q u e n t l y  as p o s s i b l e ,  c o n s i s t e n t  w i t h  r e q u i r e d  
s u r v e i l l a n c e  and exper imenta l  program requi rements.  Any i n d i c a t i o n s  o f  
p o s s i b l e  damage o r  degradat ion  a re  i n v e s t i g a t e d  prompt ly ,  and damaged f u e l  
w i l l  be removed f rom s e r v i c e  i n  accordance w i t h  t h e  Techn ica l  S p e c i f i c a -  
t i o n s .  A l l  exper iments p laced  near  t h e  co re  a r e  i s o l a t e d  f rom t h e  f u e l  
c l a d d i n g  by a water  gap and a t  l e a s t  one b a r r i e r  o f  encapsu la t ion .  
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( 5 )  The DTRR s t a f f  per forms r e g u l a r  p r e v e n t i v e  and c o r r e c t i v e  maintenance and 
rep laces  components as necessary. Never the less ,  some ma l func t i ons  o f  equip-  
ment have occurred.  The s t a f f  rev iew,  however, i n d i c a t e s  t h a t  most o f  these 
ma l func t i ons  have been one-o f -a -k ind  i n c i d e n t s .  There i s  no i n d i c a t i o n  o f  
s i g n i f i c a n t  degradat ion  o f  t h e  i n s t r u m e n t a t i o n ,  and t h e r e  i s  s t r o n g  evidence 
t h a t  any f u t u r e  degradat ion  w i l l  l e a d  t o  prompt remedia l  a c t i o n  by  t h e  DTRR 
s t a f f .  Therefore,  t h e r e  i s  reasonable assurance t h a t  t h e r e  w i l l  be no 
s i g n i f i c a n t  inc rease i n  t h e  l i k e l i h o o d  o f  a r e a c t o r  acc iden t  o c c u r r i n g  as 
a r e s u l t  o f  component ma l func t i on .  

17.2 Conclus ion 

I n  a d d i t i o n  t o  t h e  cons ide ra t i ons  above, t h e  s t a f f  has rev iewed event  r e p o r t s  
f rom t h e  l i c e n s e e  and i n s p e c t i o n  r e p o r t s  and i n f o r m a l  comments f rom t h e  NRC 
r e g i o n a l  o f f i c e .  On t h e  b a s i s  o f  t h i s  rev iew,  t h e  s t a f f  concludes t h a t  t h e r e  
has been no s i g n i f i c a n t  degradat ion  o f  equipment and t h a t  f a c i l i t y  management 
w i l l  con t i nue  t o  m a i n t a i n  and opera te  t h e  r e a c t o r  so t h a t  t h e r e  i s  no s i g n i f i -  
c a n t  i nc rease  i n  t h e  r a d i o l o g i c a l  r i s k  t o  t h e  employees o r  t h e  p u b l i c .  

NUREG-1312 17- 2 



18 CONCLUSIONS 

On t h e  b a s i s  o f  i t s  e v a l u a t i o n  o f  t h e  a p p l i c a t i o n  as s e t  f o r t h  i n  t h e  p rev ious  
sec t i ons ,  t h e  s t a f f  has determined t h e  f o l l o w i n g :  

The a p p l i c a t i o n  f o r  renewal a t  an i nc reased  o p e r a t i n g  power l e v e l  o f  
Opera t ing  License R-108 f o r  i t s  research  r e a c t o r  f i l e d  by t h e  Dow Chemical 
Company, da ted  November 14, 1986, as supplemented, compl ies w i t h  t h e  
requirements o f  t h e  Atomic Energy Ac t  of 1954, as amended ( t h e  Act ) ,  and 
t h e  Commission's r e g u l a t i o n s  s e t  f o r t h  i n  10 CFR Chapter I .  

The f a c i l i t y  w i l l  opera te  i n  c o n f o r m i t y  w i t h  t h e  a p p l i c a t i o n  as amended, 
t h e  p r o v i s i o n s  o f  t h e  Act ,  and t h e  r u l e s  and r e g u l a t i o n s  o f  t h e  Cornmission. 

There i s  reasonable assurance (a) t h a t  t h e  a c t i v i t i e s  a u t h o r i z e d  by t h e  
o p e r a t i n g  l i c e n s e  can be conducted w i t h o u t  endangering t h e  h e a l t h  and 
sa fe ty  o f  t h e  p u b l i c  and (b) t h a t  such a c t i v i t i e s  w i l l  be conducted i n  
compliance w i t h  t h e  r e g u l a t i o n s  o f  t h e  Commission s e t  f o r t h  i n  10 CFR 
Chapter I .  

The l i c e n s e e  i s  t e c h n i c a l l y  and f i n a n c i a l l y  q u a l i f i e d  t o  engage i n  t h e  
a c t i v i t i e s  a u t h o r i  zed by the 1 i cense i n accordance w i  t h  the r e g u l  a t i  ons 
o f  t h e  Commission s e t  f o r t h  i n  10 CFR Chapter I .  

The renewal o f  t h i s  l i c e n s e  w i l l  n o t  be i n i m i c a l  t o  t h e  common defense 
and s e c u r i t y  o r  t o  t h e  h e a l t h  and s a f e t y  o f  t h e  p u b l i c .  
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