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2. INTRODUCTION 

2.1. H i s t o r i c a l  Background and Motivat ion 
. 

P r i o r  t o  1957, c e r t a i n  r e s e a r c h  personnel  i n  t h e  Neutron Physics  Divi- 

s i o n  and t h e  Operat ions Div i s ion  saw t h e  need and u t i l i t y  of a v e r s a t i l e ,  

simply designed c r i t i c a l  f a c i l i t y  t h a t  could be operated i n  t h e  already-  

cons t ruc t ed  Bulk Sh ie ld ing  Reactor (BSR) pool.  The i n t e r e s t  of t h e  Neutron 

Physics  pe r sonne l  w a s  motivated p r i m a r i l y  by t h e  advantages of t h i s  type 

of r e a c t o r  i n  pursuing t h e i r  v a r i o u s  r e s e a r c h  p r o j e c t s .  Since t h e  Oak 

Ridge Research Reactor  (ORR) had n o t  been completed a t  t h a t  t i m e ,  b u t  was 
under c o n s t r u c t i o n ,  Operat ions Div i s ion  personnel  were i n t e r e s t e d  i n  such 

a f a c i l i t y  as a t r a i n i n g  dev ice  and f o r  t h e  purpose of s tudy ing  such t h i n g s  

as f u t u r e  co re  c o n f i g u r a t i o n s  f o r  t h e  ORR, s h i e l d i n g  problems, new i n s t r u -  

mentat ion,  and r e a c t o r  physics .  

The Pool  Cr i t i ca l  Assembly (PCA) was completed i n  1958 and has  s i n c e  

proved i t s  value as a t r a i n i n g  and r e sea rch  t o o l .  

P r i o r  t o  1964, t h e  PCA was ope ra t ed  by personnel  of t h e  Neutron Physics  

Div i s ion ;  i n  1964, t h e  Operat ions Div i s ion  assumed r e s p b n s i b t l i t y  f o r  i t s  
o p e r a t i o n ,  

2 . 2 .  Br ie f  Desc r ip t ion  of t h e  PCA 

The Pool  Cr i t i ca l  Assembly i s  a l i gh t -wa te r  moderated and cooled,  

The c o r e ,  u s u a l l y  r e f l e c t e d  on a l l  s i d e s  by l i g h t  pool-type f a c i l i t y .  

water, i s  of t h e  heterogeneous type and uses  en r i ched  uranium f u e l  i n  t h e  

form of aluminum-clad, aluminum-uranium a l l o y  f u e l  p l a t e s .  

The PCA i s  l o c a t e d  nea r  t h e  northwest  co rne r  of t h e  same pool  i n  

which t h e  2-Mw Bulk Sh ie ld ing  Reactor ,  

D iv i s ion ,  is  l o c a t e d ;  however, u n l i k e  t h e  movable BSR, t h e  suppor t  s t r u c -  

t u r e  f o r  t h e  PCA co re  and c o n t r o l  chamber guides  is  mounted on a p l a t e  

anchored t o  t h e  f l o o r  of t h e  pool.  

a l s o  operated by t h e  Operat ions 

A l oad ing  p l a t fo rm i s  l o c a t e d  above t h e  co re  t o  f a c i l i t a t e  access  

t o  c e r t a i n  i n s t r u m e n t a t i o n  and t h e  core.  The PCA c o n t r o l  room i s  l o c a t e d  

a t  t h e  northwest  s i d e  of t h e  r e a c t o r  bay ( s e e  F igu res  1 and 2) .  

I n  a d d i t i o n  t o  t h e  l a c k  of complexity of t h i s  r e a c t o r  system, one of 

t h e  unique f e a t u r e s  of t h e  PCA i s  t h e  v e r s a t i l i t y  of t h e  c o r e ' s  des ign ,  
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Fig. 2. The Pool  Cr i t ica l  F a c i l i t y  w i t h  t h e  Cont ro l  Room 
Shown i n  t h e  Background 
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which permits  i t  t o  accep t  e i t h e r  t h e  18-p la te  BSR o r  19-p la te  ORR 

f u e l  elements.  

t h e  BSR-type g r i d  p l a t e ,  which has  round ho le s  t o  accommodate t h e  BSR end 

boxes,  may b e  a l igned  on top  of t h e  ORR-type g r i d  p l a t e ,  which has  square  

ho le s  to accommodate t h e  ORR end boxes.)  

(This  i s  accomplished by means of "stacked" g r i d  p l a t e s ;  

Cont ro l  of a co re  ( c o n s i s t i n g  of e i t h e r  BSR o r  ORR f u e l  e lements)  i s  

normally accomplished by means of t h r e e  shim-safety rods and a r e g u l a t i n g  

rod and t h e  a s s o c i a t e d  d r i v e  mechanisms. The rods are moved i n  t h e  v e r t i -  

c a l  d i r e c t i o n  w i t h i n  s p e c i a l  control-rod f u e l  elements.  The t h r e e  shim- 

s a f e t y  rods  con ta in  boron ca rb ide  as t h e  neut ron  absorbing material ,  

whereas t h e  r e g u l a t i n g  rod i s  a s h e l l  of s t a i n l e s s  s t ee l  ( type  347). The 

t h r e e  shim-safety rods are supported by e lec t romagnets ;  t h e  ex tens ion  tubes  

on t h e  magnets are,  i n  t u r n ,  a t t ached  t o  l ead  screws each of which i s  

equipped wi th  an i n - l i n e  d r i v e  motor. The r e g u l a t i n g  rod i s  a t t ached  

d i r e c t l y  t o  i t s  d r i v e  tube  (no c l u t c h )  and may be  pos i t i oned  e i t h e r  by 

manual ope ra t ion  o r  by t h e  se rvo  mechanism. The fou r  s p e c i a l  f u e l  ele- 

ments through which t h e s e  rods  t r a v e l  are i d e n t i c a l ,  each con ta in ing  about 

70 g of 2 3 5 U  i n  n ine  fue l -bear ing  p l a t e s .  

are pos i t i oned  i n  t h e  ORR-type g r i d  p l a t e  by t h e  use of adap te r s  which 

suppor t  t h e  rod elements  a t  t h e  c o r r e c t  h e i g h t  f o r  t h e  ORR f u e l  e lements;  

t hese  same rod elements are used wi thout  adap te r s  i n  t h e  BSR-type g r i d  

p l a t e .  

The s p e c i a l  control-rod elements 

The PCA i s  opera ted  a t  r e l a t i v e l y  low power l e v e l s  ( i . e . ,  a t  o r  below 

10 kw); consequent ly ,  t h e  n a t u r a l  convect ion of t h e  pool  water i s  adequate 
t o  s a t i s f y  t h e  cool ing  requirements .  However, s i n c e  t h e  pool  water i s  

demineral ized and c i r c u l a t e d  f o r  t h e  BSR requirements ,  a b r i e f  descr ip-  

t i o n  of t h e  water systems w i l l  be  g iven  i n  Sec t ion  4 .  

3 .  DESCRIPTION OF THE BULK SHIELDING FACILITY 

3.1. F a c i l i t y  S i t e  

The Bulk Sh ie ld ing  F a c i l i t y  (BSF), which i s  composed of t h e  Bulk 

Sh ie ld ing  Reactor (BSR) and t h e  Pool  Cri t ical  Assembly (PCA), i s  loca ted  

i n  Bui lding 3010 i n  t h e  no r th -cen t r a l  area of t h e  main p o r t i o n  of t he  

Oak Ridge Nat iona l  Laboratory (ORNL). F igure  3 shows i t s  approximate 

. 

. 

. 
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l o c a t i o n  w i t h  r e s p e c t  t o  o t h e r  Laboratory f a c i l i t i e s  and a l s o  p r e s e n t s  a 

g e n e r a l  p l a n  of t h e  Laboratory i t s e l f .  A s  can be  seen ,  Bui ld ing  3010 i s  

i n  t h e  immediate v i c i n i t y  of Bui ld ing  3042,  which houses t h e  Oak Ridge 

Research Reactor  (ORR), and Bui ld ing  3005, which con ta ins  t h e  Low-Intensity 

Tes t ing  Reactor  (LITR).* 

r eg ion  i s  shown i n  F igures  4 and 5 .  

The l o c a t i o n  of ORNL w i t h i n  t h e  East Tennessee 

Data concerning t h e  geophysics ,  geography, meteorology, and popula- 

t i o n  d i s t r i b u t i o n  a t  t h e  ORNL s i t e  are a v a i l a b l e  e l sewhere ,  no tab ly  i n  

OR0 99, A Meteoro logica l  Survey of t h e  Oak Ridge Area, publ i shed  by t h e  
Weather Bureau, USAEC, and i n  ORNL 3572,  The High Flux I s o t o p e  Reac tor ,  

A Func t iona l  Desc r ip t ion ,  F. T. Binford and E. N .  Cramer, e d i t o r s .  

3.2.  Bui ld ing  and Pool 

The PCA i s  l o c a t e d  i n  t h e  same b u i l d i n g  and i n  t h e  same poo l  as t h e  

Bulk S h i e l d i n g  Reactor  (BSR). These f a c i l i t i e s  are maintained as a normal 

requirement  f o r  t h e  BSR; and,  s i n c e  t h e  normal cond i t ions  are completely 

adequate  f o r  t h e  PCA, requi rements  on t h e s e  systems are n o t  inc luded  i n  
t h e  PCA Procedures .  

3.2.1.  Bui ld ing  
The f a c i l i t y  i s  housed i n  a s tee l  frame b u i l d i n g  w i t h  Q (cor ruga ted  

me ta l )  s i d i n g  and is  shown i n  F igu re  6. The b u i l d i n g  i s  7 7  f t  long x 5 1  f t  

wide,  o v e r - a l l ,  and houses t h e  pool  and r e a c t o r  i n  a bay 7 7  f t  long  x 32 f t  

wide x 35 f t  h igh .  The remainder of t h e  b u i l d i n g  con ta ins  o f f i c e s ,  i n s t r u -  

ment rooms, experiment  rooms, and a s m a l l  shop. The f l o o r  p l a n  i s  shown 

i n  F igu re  1. 

3.2.2. Pool  

The r e a c t o r  poo l  i s  of r e i n f o r c e d  o rd ina ry  conc re t e  c o n s t r u c t i o n  

r e s t i n g ,  a t  least  i n  p a r t ,  on bedrock. F igu re  7 shows p l a n  and s e c t i o n a l  

views of t h e  poo l  w i t h  t h e  conc re t e  f i l l e r  b locks  i n  p l ace .  The i n n e r  

s u r f a c e s  of t h e  poo l  are coa ted  w i t h  W . 0 3 0  i n .  of thermose t t ing  p l a s t i c  

p a i n t  t o  improve water t i g h t n e s s ,  t o  a i d  i n  c l ean ing ,  t o  enhance v i s i b i l i t y ,  

*Deact ivated i n  October ,  1968. 
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and t o  minimize co r ros ion  of t h e  r e a c t o r  components by i s o l a t i n g  t h e  pool  

water from c o r r o s i v e  agents  p r e s e n t  i n  t h e  concre te .  

long x 20 f t  wide and has  a nominal depth of 21 1 / 2  f t ;  however, t h e  pool  

f l o o r  con ta ins  a s tepped  p i t  s o  t h a t  a maximum water depth of 2 7  f t  can 

b e  obta ined  ( see  F igure  7 ) .  
( a  small s e c t i o n  9 f t  4 i n .  long and a l a r g e  s e c t i o n  29 f t  4 i n .  long)  by 

a removable dam. The s tepped  p i t  i s  i n  t h e  l a r g e  s e c t i o n  and c o n s i s t s  of 

a s e c t i o n  having dimensions of 1 4  f t  x 1 4  f t  x 5 1 / 2  f t  deep and a second 

s e c t i o n  having dimensions of 7 f t  7 i n .  x 8 f t  x 3 f t  deep (depth measure- 

ments r e f e r r e d  t o  t h e  f l o o r  l e v e l  a t  t h e  21 1/2 f t  depth) .  The 14-ft-sq 

s e c t i o n  may b e  f i l l e d  w i t h  s p e c i a l  conc re t e  b locks  t o  t h e  3- f t  depth t o  

form a s i n g l e - l e v e l  w e l l ,  o r  bo th  w e l l s  may be  f i l l e d  w i t h  s p e c i a l  con- 

crete b locks  t o  provide  a s i n g l e - l e v e l  f l o o r  when d e s i r e d  ( see  F igure  7 ) .  

With no f i l l e r  b locks  i n  t h e  pool ,  t h e  pool  volume i s  ~ ~ 1 3 8 , 0 0 0  g a l  (Q128,OOO 

w i t h  a l l  b locks  i n  p l a c e ) .  S tee l  r a i l s  are mounted on t h e  east and west 

w a l l s  of t h e  pool  t o  accommodate a wheel-mounted b r i d g e  t h a t  spans t h e  

wid th  of t h e  pool  t o  suppor t  t h e  BSR. An a d d i t i o n a l  similar b r i d g e ,  c a l l e d  

t h e  ins t rument  b r i d g e ,  is  used t o  provide a working p l a t fo rm and space  f o r  

s p e c i a l  equipment. 

The pool  i s  40 f t  

The pool  may be  d iv ided  i n t o  two s e c t i o n s  

4 .  REACTORS 

4.1. Br ie f  Desc r ip t ion  of BSR 

From 1950 t o  1963 t h e  Oak Ridge Na t iona l  Labora tory ' s  Bulk Sh ie ld ing  

Reactor  (BSR) w a s  used p r i m a r i l y  as a neut ron  and gamma-ray source  i n  

r a d i a t i o n  s h i e l d i n g  s t u d i e s .  The l-Mw natural-convection-cooled f a c i l i t y  

has  been descr ibed  i n  cons ide rab le  d e t a i l  p rev ious ly  ( see  r e fe rences  1, 2, 

and 3). I t  cons i s t ed  of a small enr iched-fue l  r e a c t o r  ( a  nominal 5 x 6 

a r r a y  of MTR-type f u e l  e lements)  suspended i n  an open pool  of l i g h t  water, 

t h e  pool  and water system, and a p p r o p r i a t e  ins t ruments  and c o n t r o l s .  The 

r e a c t o r  s t r u c t u r e  w a s  suppor ted  by a wheel-mounted c a r r i a g e  which, i n  t u r n ,  

was supported by a wheel-mounted b r i d g e  t h a t  spanned t h e  r e a c t o r  pool .  

The c a r r i a g e  was movable a long t h e  l e n g t h  of t h e  b r i d g e ,  and t h e  b r i d g e  

w a s  movable a long t h e  pool  l eng th .  
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I n  1963 t h e  use  of t h e  BSR was d i v e r t e d  t o  b a s i c  r e s e a r c h ,  p a r t i c u l a r l y  

i n  s o l i d  s ta te  phys ic s ;  and i n  1966 t h e  Bulk Sh ie ld ing  Reactor  and i t s  

a n c i l l a r y  f a c i l i t i e s  were r e v i s e d  t o  permit  continuous o p e r a t i o n  a t  a power 

l e v e l  of 2 Mw. 
coo l ing  system con ta in ing  a h e a t  exchanger,  coo l ing  tower, decay tank,  

f i l t e r ,  and demine ra l i ze r  u n i t s .  Other r e v i s i o n s  included i n c r e a s i n g  t h e  

worth of t h e  control-rod complement and upgrading t h e  containment system. 

The r e v i s e d  system s t i l l  permits  t h e  degree of m o b i l i t y  of t h e  r e a c t o r  

desc r ibed  above. 

moves ensu res  adequate  minimum spac ing  between t h e  BSR and PCA co res .  

This  r e q u i r e d  t h e  i n s t a l l a t i o n  of a forced-convection 

P o s i t i v e  s t o p s  welded t o  t h e  rails  upon which t h e  b r i d g e  

Operat ion of t h e  BSR a t  power l e v e l s  up t o  1 Mw wi th  n a t u r a l  convec- 

t i o n  o r  up t o  2 Mw w i t h  forced-convection coo l ing  i s  pe rmi t t ed  by use  of 
a hand-operated v a l v e  beneath t h e  g r i d  plate.  When open, t h i s  v a l v e  per- 

m i t s  n a t u r a l  convect ion of pool  water upward through t h e  c o r e  (see F igure  

8). 
t h e  same manner as w i t h  the o ld  1-Mw system. When c l o s e d ,  i t  permits  t h e  

e s t ab l i shmen t  of f u l l  forced-convection flow ($1,000 gpm) downward through 

t h e  core, t hus  t h e  r e a c t o r  may be ope ra t ed  a t  power l e v e l s  up t o  2 Mw on a 
continuous b a s i s  i f  r equ i r ed .  The f i l t e r  and demine ra l i ze r  system are 
cont inuously i n  o p e r a t i o n ,  even i f  t h e  BSR i s  s h u t  down, i n  o r d e r  t o  main- 

t a i n  t h e  pool  water p u r i t y  w i t h i n  a c c e p t a b l e  l i m i t s .  

Under t h e s e  c o n d i t i o n s ,  t h e  r e a c t o r  may b e  ope ra t ed  i n  e s s e n t i a l l y  

The BSR c o r e  i s  u s u a l l y  arranged t o  b e s t  accommodate t h e  experiments 

and, t h e r e f o r e ,  may be v a r i e d  cobsiderably.  It u s u a l l y  c o n s i s t s  of a 

nominal 5 x 6 a r r a y  of 18 -p la t e  MTR-type f u e l  elements and f s  l i gh t -wa te r  
r e f l e c t e d  on f o u r  s i d e s  and Seavy-water r e f l e c t e d  on two s i d e s .  (The 

D 0 i s  a consequence of experiment requirements  and n o t  f o r  t h e  expres s  

purpose of a r e a c t o r  r e f l e c t o r .  The control-rod complement may c o n t a i n  
from f o u r  t o  s i x  c o n t r o l  rods  depending upon t h e  p a r t i c u l a r  requirements .  

Fuel  elements d i f f e r  from those  normally used i n  t h e  PCA only i n  t h a t  they 
Contain more f u e l  ($190 gm 235U i n  new f u e l  elements and %go gm 235U i n  

c o n t r o l  rod elements) .  

2 
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I S O M E T R I C  V I E W  OF THE BSR Showing The V a l v e  ( i t e m  2) 
C l o s e d  For Fo rced  Convec t ion  Coo l ing .  A r r o w s  Ind ica te  
The D i r e c t i o n  And F l o w  P a t h  Of  T h e  C o o l i n g  W a t e r .  
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F L E X I B L E  COOLING-WATER L I N E  8 NATURAL-CONVECTION-COOLING 

I N L E T  V A L V E  

@ W I T E R  MANIFOLD AND 

F U E L - E L E M E N T  GRID P L A T E  8 F U E L  E L E M E N T S  (REACTOR CORE) 
@ REACTOR COOLING-WATER I N L E T  

@ IONIZATION CHAMBERS 

@ SHIM-ROD-DRIVE GUIDE T U B E S  
@ WATER SPRAY S Y S T E M  FOR 

N I T R O G E N - I 6  DISPERSION 

@ NORTH-SOUTH TRAVERSING D R I V E  
@ SHIM-ROD-DRIVE L A T C H  BAR 
@ REACTOR SUPPORT CARRIAGE 
@ SHIM-ROD DRIVE MOTOR 

REACTOR GRID SUPPORT 

AND GUIDES 

AND GEAR BOX 

N D -  
@ IONIZATION-CHAMBER 

@ REACTOR SUPPORT T U B E S  

@ I N L E T - V A L V E  OPERATOR 

@ INSTRUMENT AND CONTROLS 

@ REACTOR SUPPORT BRIDGE 

@ REACTOR INSTRUMENT 

@ DAM WITH GATE REMOVED 
@ EXPANSION JOINT 

@ REACTOR COOLING-WATER 

0 POOL PARAPET 
@ REACTOR COOLING-WATER 

@ FLOOR L E V E L  OF BUILDING 

SUPPORT TUBES 

JUNCTION BOX 

( M O B I L E )  

AND CONTROL CABLES 

L I N E  TO HEAT EXCHANGER 

RETURN L I N E  FROM HEAT EXCH. 

Fig. 8. Isometric Drawing of the 2-Mw Forced-Convection-Cooled BSR 
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4.2.  Pool C r i t i c a l  Assembly (PCA) 

The PCA i s  a low-power c r i t i c a l  assembly and i s  ve ry  s imi la r  i n  con- 

s t r u c t i o n  t o  t h e  BSR. It  i s  l o c a t e d  i n  a f i x e d  p o s i t i o n  i n  t h e  northwest  

co rne r  of t h e  pool  as shown i n  F igu res  1 and 2.  The p r i n c i p a l  d i f f e r e n c e  
between t h e  f a c i l i t y  and t h e  former 1-Mw BSR des ign  are t h a t  t h e  g r i d  

p l a t e  i s  arranged t o  accommodate both ORR and BSR f u e l  e lements  and t h a t  

t h e  PCA is  f i x e d  i n  p o s i t i o n  r a t h e r  t han  be ing  mobile. The assembly i s  
used p r i m a r i l y  f o r  performing s p e c i a l  tests which do n o t  r e q u i r e  any appre- 

c i a b l e  power l e v e l  and f o r  t r a i n i n g ,  

l i m i t e d  t o  a maximum power of 10 kw. It is  designed t o  d u p l i c a t e  t h e  

n u c l e a r  c h a r a c t e r i s t i c s  of t h e  BSR and t o  provide p r o p e r t i e s  s imilar  t o  

the  ORR when t h e  l a t t e r  o p e r a t e s  under c o n d i t i o n s  of low power and n a t u r a l -  

convect ion water cool ing.  P o s i t i v e  s t o p s  (welded t o  t h e  r a i l s  upon which 

t h e  BSR b r i d g e  t r a v e l s )  prevent  t h e  BSR b r i d g e  from being moved c l o s e  

enough t o  t h e  PCA t o  b r i n g  t h e  two f a c i l i t y  c o r e s  w i t h i n  range of s i g n i f -  

i c a n t  i n t e r a c t i o n 4  even i f  t h e  instrument  b r i d g e  were removed. 

The assembly is  a d m i n i s t r a t i v e l y  

The PCA i s  l igh t -wa te r  cooled by n a t u r a l  convect ion,  water moderated, 

and, u s u a l l y ,  water r e f l e c t e d .  It i s  f u e l e d  w i t h  aluminum-clad uranium- 

aluminum-alloy f u e l  elements s imi la r  t o  t h e  MTR type.  A s  shown i n  F igu re  
9 ,  each s t anda rd  element c o n s i s t s  of 18 curved, composite-type f u e l  p l a t e s ,  

each 3-in, wide,  24-in, l ong ,  and 0.060-in, t h i c k .  The complete s t a n d a r d  
assemblies  c u r r e n t l y  used c o n t a i n  -140 g of 2 3 5 U  a l though o t h e r  we igh t s  

are a v a i l a b l e  f o r  special  tests. Taking i n t o  account t h e  s t r u c t u r a l  mem- 

b e r s ,  t h e  metal-to-water r a t i o  i n  t h e  f u e l  r eg ion  i s  about 0.7. The PCA 

normally uses  BSR-type f u e l  elements which are equipped w i t h  s i n g l e  

c y l i n d r i c a l  end-boxes t h a t  f i t  i n t o  t h e  g r i d  p l a t e  and have no upper 

end boxes ( s e e  F igu re  9 ) .  

The control-rod-receiving f u e l  elements are similar t o  t h e  s t a n d a r d  

element except  f o r  s l o t s  provided f o r  t h e  e n t r y  of t h e  c o n t r o l  rods.  These 

s l o t s  are ob ta ined  by o m i t t i n g  h a l f  of t h e  f u e l  p l a t e s  and i n s e r t i n g  a 

r e c t a n g u l a r  tube w i t h  i n t e r n a l  dimensions 1 1/8 x 2 5/8 i n .  The c o n t r o l  

rods have c r o s s  s e c t i o n a l  dimensions of about 7 / 8  x 2 1 / 4  i n .  and are 

moved i n s i d e  t h e  channels provided w i t h i n  the  s p e c i a l  f u e l  elements ( s e e  

F igu re  10). The d e t a i l s  of t h e  rods are d i scussed  i n  S e c t i o n  4.3. 
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Fuel  and o t h e r  elements rest i n  an aluminum g r i d  w i t h  dimensions of 

28 x 25 x 5 in .  deep. 

up t o  9 elements by 7 elements.  

us ing  cons iderably  fewer elements ,  b u t  t h i s  g r i d  des ign  permits  f l e x i b i l i t y  

i n  t h e  loading  p a t t e r n .  

and t h e  g e n e r a l  s t r u c t u r a l  ariangement of t h e  r e a c t o r .  

A t o t a l  of 63 ho le s  permi ts  loading  of any a r r a y  

Ac tua l ly ,  c r i t i c a l i t y  i s  usua l ly  a t t a i n e d  

Figure  11 shows d e t a i l s  of t h e  g r i d  s t r u c t u r e  

With t h e  a fd  of s p e c i a l  t o o l s ,  f u e l  e lements  and o t h e r  co re  p i eces  

can be  i n s t a l l e d  o r  removed from t h e  g r i d  by manipuyation from t h e  working 

platform.  The f u e l  elements can b e  handled under water a t  a l l  t i m e s ,  thus  

p r o t e c t i n g  personnel  from r a d i a t i o n  i f  i r r a d i a t e d  BSR o r  ORR elements are 

used. 

s a f e "  f u e l  rack  l o c a t e d  under water o r  i n  t h e  f u e l  s t o r a g e  v a u l t .  

When no t  i n  use ,  t h e  f u e l  elements are s t o r e d  i n  a " c r i t i c a l i t y  

The r e f l e c t o r  normally c o n s i s t s  of pool  water ad jacen t  t o  t h e  c o r e ;  

however, o t h e r  s imple arrangements are p o s s i b l e .  For example, dummy f u e l  

elements can b e  f i l l e d  w i t h  g r a p h i t e ,  be ry l l i um oxide ,  o r  o t h e r  material ,  

as d e s i r e d ,  and i n s e r t e d  i n t o  t h e  g r i d  around o r  w i t h i n  t h e  co re  proper .  

O r ,  as was done dur ing  i n i t i a l  ope ra t ion  of t h e  BSR, a l a r g e  s l a b  of 

r e f l e c t o r  material can be  p laced  along one o r  more s i d e s  of t h e  core  

assembly. 

4.3 .  PCA Cont ro l  Rods and Drives 

The PCA i s  normally opera ted  w i t h  t h r e e  shim-safety rods ,  each of 

which c o n s i s t s  of boron ca rb ide  canned i n  alumfnum and a hollow s t a i n l e s s  

s t e e l  r e g u l a t i n g  rod which has  t h e  same e x t e r n a l  dimensions as t h e  shim 

rods.  The rods are ova l  shaped, having dimensions of 0.875 i n .  t h i c k  

x 2.250 i n .  wide x 24 i n .  long. They have a 24-in. v e r t i c a l  t r a v e l  and 

move w i t h i n  s p e c i a l  f u e l  e lements .  Details of t h e  s p e c i a l  f u e l  e lements  

are shown i n  F igure  10. These elements are f langed  t o  guide tubes  t h a t  
extend s e v e r a l  f e e t  above t h e  working p l a t fo rm and are bracke ted  t o  t h a t  

s t r u c t u r e  ( s e e  F igure  11). The guide tubes  s e r v e  a dua l  purpose i n  t h a t ,  

i n  a d d i t i o n  t o  guiding t h e  c o n t r o l  rods and control-rod-drive tubes ,  they 

hold  t h e  s p e c i a l  f u e l  elements i n  p l a c e  whi le  withdrawing t h e  c o n t r o l  rods.  

An i n - l i n e  d r i v e  u n i t  c o n s i s t i n g  of an e l e c t r i c  motor, p o s i t i o n  trans- 
mitters, l i m i t  sw i t ches ,  e t c . ,  i s  a t t ached  t o  t h e  top  of t h e  guide  tube  

of each rod,  Details of t h e  rod-drive mechanism are shown i n  F igure  12.  
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The motors d r i v e  l e a d  screws which are mechanical ly  a t t ached  t o  t h e  d r i v e  

tubes which move w i t h i n  t h e  guide  tubes.  For t h e  shim r o d s ,  t h e  lower 

end of each guide tube  con ta ins  a shock-absorber cup (not  shown), a sup- 

p o r t i n g  seat  f o r  t h e  top  of t h e  rod ,  and mechanical ly  opera ted  seat  

swi tches .  The top  of each shim rod i s  equipped w i t h  a magnet armature 

and a pis ton-and-spring arrangement t o  provide shock-absorber a c t i o n .  

The lower end of each shim-rod-drive tube  is  equipped w i t h  an e l e c t r o -  

nagnet  which, f o r  r e a c t o r  ope ra t ion ,  is  mated t o  t h e  magnet armature 

( a t t ached  t o  t h e  top  of t h e  shim rod)  and energ ized  by a magnet c u r r e n t  

supply a m p l i f i e r  system. The r e g u l a t i n g  rod is connected mechanical ly  

t o  t h e  d r i v e  tube  and, t h e r e f o r e ,  does n o t  need t h e  shock abso rbe r ,  sea t  

and c l u t c h  swi t ches ,  o r  magnet. The t o t a l  measured r e a c t i v i t y  worth of 

each i n d i v i d u a l  shim rod changes from 2 t o  3% Ak/k, depending upon t h e  

p a r t i c u l a r  co re  loading  and r e f l e c t o r .  

t h r e e  shim rods  is  normally about  7% Ak/k i n  a 28- o r  30-element co re  

(us ing  140-g elements ,  water r e f l e c t e d )  i n  a 5 x 6 a r r ay .  I f  t h e  h ighe r  

va lue  of 3% Ak/k is  ass igned  f o r  each rod ,  t h e  l i n e a r  p o r t i o n  of each 

rod i s  worth about  0.21% Ak/k pe r  i n . ;  t h e r e f o r e ,  w i t h  a maximum shim- 

rod-drive speed of about  1 2  in . /min,  t h e  maximum r e a c t i v i t y  a d d i t i o n  

r a t e  c a p a b i l i t y  could n o t  p o s s i b l y  exceed 0.042% Ak/k pe r  s e c  f o r  i nd i -  

v i d u a l  rods  and 0.126% Ak/k pe r  s e c  f o r  t h e  t h r e e  shim rods  and i s  

a c t u a l l y  about  0.1% Ak/k. 

The measured t o t a l  worth of t h e  

The r e g u l a t i n g  rod has  a motor-driven withdrawal  speed of about  

1 i n . / s e c  ( t o t a l  24-in. withdrawal  i n  23 s e c )  and i t s  worth a t  most i s  

~ 0 . 7 0 %  Ak/k. The d i f f e r e n t i a l  worth of t h e  l i n e a r  p o r t i o n  of t h e  rod 
( a t  0.7% Ak/k t o t a l )  would b e  about  0.05% Ak/k per  i n .  Therefore ,  t h e  

maximum rate  a t  which i t  can add r e a c t i v i t y  t o  t h e  core  i s  about  0.05% 

Ak/k pe r  s e c .  

l i m i t e d  t o  less than  one d o l l a r  i n  o r d e r  t o  prec lude  the p o s s i b i l i t y  

of a prompt c r i t i c a l  cond i t ion  r e s u l t i n g  from f a i l u r e  of t h e  se rvo  

c o n t r o l  system. 

va lue  of t h e  r e g u l a t i n g  rod i s  a t  t h e  d i s p o s a l  of t h e  se rvo  c o n t r o l  u n i t .  

Normally, t h e  f u l l  va lue  of t h e  r e g u l a t i n g  rod i s  l i m i t e d  t o  about  

0.5% Ak/k. 

The r e a c t i v i t y  worth of t h e  r e g u l a t i n g  rod i s  always 

Such a cond i t ion  might o therwise  develop s i n c e  t h e  f u l l  
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4.4. R e a c t i v i t y  Requirements 

I n  g e n e r a l ,  o p e r a t i o n  of t h e  PCA r e q u i r e s  l i t t l e  excess  r e a c t i v i t y .  

This  i s  because of t h e  low maximum power ( r e s u l t i n g  i n  l i t t l e  f u e l  ele- 

ment o r  water temperature  rise and f iss ion-product-poison bui ldup)  and 

t h e  n a t u r e  of t h e  experiments normally performed. 

I n  g e n e r a l ,  t h e r e f o r e ,  r e a c t o r  co re  load ings  are designed t o  provide 

a p r a c t i c a l  minimum excess  r e a c t i v i t y  f o r  p a r t i c u l a r  ope ra t ions .  

cases 
L i m i t s  f o r  t h e  Pool C r i t i c a l  Assembly (Appendix C). 

I n  a l l  -- 
however, c o r e  load ings  are i n  accordance wi th  t h e  Operating Sa fe ty  

-3 

4.5 .  Control  and P r o t e c t i o n  Systems 

A d e s c r i p t i o n  of t h e  c o n t r o l  (nonsafety)  system i s  given i n  Appendix 

A. 
The type of p r o t e c t i o n  system used a t  t h e  PCA has been used a t  many 

ORNL r e a c t o r s  and elsewhere,  5;6 3 

A d e s c r i p t i o n  of i t  i s  given i n  Appendix B. 

and i t s  c h a r a c t e r i s t i c s  are w e l l  known. 

4.6. Parameters Requiring PCA Control  and Sa fe ty  Action 

A. Control  (Nonsafety) System Actions 

1. Slow Scram 

a. Manual 

(1) 

( 2 )  
( 3 )  Raise c l u t c h  mode swi t ch  turned t o  "Raise". 

A c t i v a t i o n  of l o c a l  scram swi t ch  a t  c o n t r o l  panel .  

Key switch turned t o  "Off" p o s i t i o n .  

b. Rad ia t ion  - s i g n a l  from personnel  p r o t e c t i o n  r a d i a t i o n  

monitor. 

c. Loss of c o n t r o l  power. 

F a s t  Scram: 2 .  

3. Reverse 

Log-N channel - Reactor pe r iod  <1 sec p o s i t i v e  

a. Manual o p e r a t i o n  of group rod i n s e r t  switch.  

b. Power l e v e l  d e t e c t e d  by log  N above s e r v o  demand s e t t i n g .  

c. Power l e v e l  >12 kw. 

d. Log-N pe r iod  e 7  s e c .  
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e. Count-rate pe r iod  < 7  sec and t h e  power l e v e l  i s  below 

3 NL (NL % 100 watts f o r  PCA). 
S a f e t y  t r o u b l e  monitor d e t e c t i o n  of f a i l u r e  t o  danger i n  

two power l e v e l  s a f e t y  channels o r  one level  s a f e t y  and 

t h e  log-N channel.  

Power l e v e l  s a f e t y  readout  (any of 3) above s e t p o i n t .  

f .  

g. 
B. P r o t e c t i o n  System Actions 

1. Slow scram: Lobs of magnet a m p l i f i e r  power. 

2.  F a s t  Scram 

a. Power l e v e l  s a f e t y  system. 

(1) 

(2)  

( 3 )  
C. P r i n c i p a l  Annunciators 

No. 1 channel - power p1.5 NF. 

No. 2 channel - power >1.5 NF. 

No. 3 channel - power 31.5 NF. 

\ 

1. Rad ia t ion  

a. Rad ia t ion  l e v e l  too h igh  as d e t e c t e d  by poo l  area o r  

c o n t r o l  room o n i t r o n s .  

b. Monitron o u t  of s e r v i c e .  

2. Reactor System 
a. Log-N r e v e r s e .  

b. Log-N pe r iod  <7 sec .  

c. Count-rate per iod <7  sec .  
d. Any reverse. 

e. Slow scram. 
f .  F a s t  scram. 

g. 
h .  

i. Shim r e q u e s t .  

S a f e t y  i n s t r u m e n t a t i o n  t r o u b l e  (one f a i l u r e ) .  

S a f e t y  i n s t r u m e n t a t i o n  t r o u b l e  (two f a i l u r e s ) .  

A l l  i n - r e a c t o r  experiments are s u b j e c t e d  t o  thorough and d e t a i l e d  

s a f e t y  e v a l u a t i o n s  by t h e  Operat ions Div i s ion  t e c h n i c a l  s t a f f .  P o s s i b l e  

r e a c t i v i t y  e f f e c t s  are always considered i n  t h e  reviews and are measured 

p r i o r  t o  o p e r a t i o n  of an experiment i n  t h e  r e a c t o r .  

approved t h a t  could c r e d i b l y  cause r e a c t i v i t y  changes t h a t  cannot b e  

s a f e l y  handled by t h e  r e a c t o r  c o n t r o l  system. 

No experiments are 



23 

5. ORGANIZATION AND ADMINISTRATION 

The Pool C r i t i c a l  Assembly i s  under t h e  management of t h e  Operat ions 

Div i s ion  of t h e  Oak Ridge Na t iona l  Laboratory,  which a l s o  has  the  respon- 

s i b i l i t y  f o r  t h e  o p e r a t i o n  of t h r e e  o t h e r  r e a c t o r s ,  t h e  Bulk Shie ld ing  

Reac tor ,  the Oak Ridge Research Reactor ,  and t h e  High Flux I so tope  Reactor.  

An o rgan iza t ion  c h a r t  of t h i s  d i v i s i o n  is  shown i n  F igure  13. 
The q u a l i f i c a t i o n s  r equ i r ed  of t h e  ope ra t ing  and t e c h n i c a l  personnel  

of t h e  Operat ions Div is ion  have been descr ibed  i n  d e t a i l  elsewhere.  

Also descr ibed  t h e r e  are t h e  suppor t  and review o rgan iza t ions  which are 
a v a i l a b l e  t o  t h e  d i v i s i o n .  

The P o o l  C r i t i c a l  F a c i l i t y  i s ,  l i k e  a l l  o t h e r  OWL r e a c t o r s ,  opera ted  

only by q u a l i f i e d  personnel  u t i l i z i n g  w r i t t e n  procedures .  

because t h e  PCA i s  normally used i n  a nonrout ine  way, i t s  ope ra t ion  i s  

g e n e r a l l y  permi t ted  only when under t h e  c l o s e  supe rv i s ion  of a q u a l i f i e d  

r e a c t o r  engineer .  

However, 

5.1. Operat ing Procedures 

To minimize t h e  p o s s i b i l i t y  of any type of r e a c t o r  i n c i d e n t ,  oper- 

a t i o n  of t h e  PCA i s  governed by c a r e f u l l y  prepared ,  w r i t t e n ,  s t anda rd  

procedures .  These procedures  are designed t o  ensure  t h a t  t h e  ope ra t ion  

of t h e  r e a c t o r  is  c a r r i e d  on i n  a s a f e ,  wel l - regula ted  manner. The 

ope ra t ing  procedures  d e s c r i b e  i n  d e t a i l  t h e  s t e p s  r equ i r ed  f o r  a l l  r o u t i n e  

ope ra t ions  and f o r  as many nonrourine ope ra t ions  as can b e  a n t i c i p a t e d ,  

I n  a d d i t i o n  t o  step-by-step d e t a i l ,  t h e  procedures  supply informat ion  

concerning t h e  need f o r  t h e  p a r t i c u l a r  method of ope ra t ion ,  s p e c i a l  haz- 

a r d s  which may be  encountered,  and r e fe rences  t o  va r ious  types of descr ip-  

t i v e  material such as b l u e p r i n t s  o r  component ope ra t ing  manuals. The 

ope ra t ing  manual f o r  t h e  PCA con ta ins  material covering t h e  fo l lowing  

s ub j ec t s : 
a. S t a r t u p s  

b.  S teady-s ta te  power o p e r a t i o n  

c. Shutdowns 

d. Ins t rumenta t ion  and c o n t r o l s  

e. S torage ,  r e f u e l i n g ,  and pool  work 



I
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f .  

g*  
h. 

i. 

j. 

k. 

1. 
m. 
n. 

0. 

P *  
The 

In- co r  e work 

Replacement of components 

Replacement of experiments 

R e s  ear ch 

Reactor  primary coo lan t  system 

Reactor  c leanup system 

Maintenance 

Emergency procedures  and evacuat ion  

Radioac t ive  waste systems 

Radia t ion  s a f e t y  and c o n t r o l  

Records and d a t a  accumulation 

ope ra t ing  procedures  are w r i t t e n  by Operat ions Div i s ion  personnel  

and are c a r e f u l l y  reviewed and approved by s e n i o r  s t a f f  members of t h e  

Divis ion.  

manuals f o r  ready r e f e r e n c e  by t h e  ope ra t ing  personnel .  A s  procedure 

r e v i s i o n s  become d e s i r a b l e  o r  as t h e  n e c e s s i t y  f o r  new procedures  arises, 

these  are prepared by Operat ions Div is ion  personnel ;  and, a f t e r  review 

and acceptance by a p p r o p r i a t e l y  des igna ted  s p e c i a l i s t s  and by t h e  Super- 

i n t enden t  of t h e  Reactor  Operat ions Department, they are then  made p a r t  

of t h e  procedure manual. 

I n  some cases  i n  which t h e  ope ra t ion  is  q u i t e  complex o r  i n  which 

e r r o r s  cannot b e  t o l e r a t e d ,  t h e  procedure r e q u i r e s  t h a t  a c h e c k l i s t  b e  

used. 

and are reviewed by t h e  r e a c t o r  supe rv i so r .  

ope ra t ions  wi th  which c h e c k l i s t s  are used are r e a c t o r  s t a r t u p ,  r e a c t o r  

shutdown, and major maintenance ope ra t ions .  

A l l  procedures  are  numbered and maintained i n  books o r  procedure 

Most of t hese  c h e c k l i s t s  are completed by t h e  engineer  i n  charge 

A few examples of t h e  

Temporary procedures  are requ i r ed  when nonrout ine  ope ra t ions  o r  

experiments are performed w i t h  t h e  r e a c t o r .  

i n  advance and approved, as i n  t h e  case  of new o r  r e v i s e d  procedures .  

During shutdowns many ope ra t ions  may be  performed and, i n  such cases, a 

temporary o r  shutdown procedure is w r i t t e n  i n  advance t o  ensure  t h a t  no 

work i s  f o r g o t t e n  and t h a t  a l l  s t anda rd  procedures  are followed. 

Such procedures  are prepared 

Emergency procedures  are  provided f o r  t hose  types  of mal func t ions  

which can b e  a n t i c i p a t e d .  

n a t i o n  o r  r a d i a t i o n  i n c i d e n t s ,  f i r e s ,  loss  of e lec t r ica l  power, loss of 

These inc lude  methods of coping w i t h  contami- 



V e n t i l a t i o n ,  and instrument  malfunct ion.  Closely a s s o c i a t e d  w i t h  t h i s  is 

t h e  Laboratory-wide emergency plan' '  which d e t a i l s  t h e  a c t i o n  t o  b e  taken 

i n  case of a s e r i o u s  emergency. 

Communication from s h i f t  t o  s h i f t  o r  day t o  day i s  augmented by 

means of t h e  PCA l o g  book i n  which t h e  d e t a i l s  of t h e  work of t h e  s h i f t  

are recorded and which i s ,  t h e r e f o r e ,  a h i s t o r y  of t h e  o p e r a t i o n .  I n  

g e n e r a l ,  t h e  in fo rma t ion  contained i n  t h e  l o g  book can b e  summarized 

under t h e  fol lowing headings: 

1. Operat ions 

2. Shutdowns 

3. Trouble 

4 .  Maintenance 

5. S e r v i c e  t o  r e s e a r c h  

6. Routine checks 

7. Experiment d e s c r i p t i o n  

8. Miscellaneous 

The s t r i p  c h a r t s  from t h e  v a r i o u s  r e a c t o r  i n s t rumen t s  serve t o  supplement 

t h i s  information.  

I n  cases i n  which i t  i s  p r a c t i c a l ,  procedures are w r i t t e n  t o  d e s c r i b e  

t h e  v a r i o u s  maintenance o p e r a t i o n s .  For example, t h e r e  are procedures  

f o r  t h e  s t a n d a r d  r o u t i n e  maintenance of t h e  in s t rumen t  and c o n t r o l  com- 

plement. I n  c r i t i c a l  cases, instrument  test  procedures  are supplemented 

by t h e  use  of a c h e c k l i s t  which may be considered a p a r t  of t h e  o p e r a t i n g  

procedure.  I n  a d d i t i o n ,  o p e r a t i n g  parameters are confined w i t h i n  l i m i t s  

which have been judged adequate  t o  ensu re  t h e  s a f e t y  of t h e  r e a c t o r .  
o p e r a t i n g  s a f e t y  l i m i t s  f o r  t h e  PCA are reproduced i n  Appendix C ,  

The 

5.2. Sa fe ty  Reviews 

I n  a d d i t i o n  t o  t h e  i n t r a d e p a r t m e n t a l  s a f e t y  reviews,  independent 

s a f e t y  s u r v e i l l a n c e  i s  provided by a number of s a f e t y - o r i e n t e d  committees 

which r e p o r t  t o  t h e  Laboratory Di rec to r .  

of s e n i o r  members of t h e  ORNL s t a f f  s e l e c t e d  f o r  t h e i r  competence i n  t h e  

p a r t i c u l a r  f i e l d  b u t ,  i n  g e n e r a l ,  n o t  d i r e c t l y  a s s o c i a t e d  w i t h  t h e  p r o j e c t s  

they review. 

These committees are composed 



27 

5.2 .1 .  Reactor  Operat ions  Review 

The Reactor  Opera t ions  Review Committee performs an  independent 

annual  s a f e t y  review of a l l  t h e  Labora to ry ' s  ope ra t ing  r e a c t o r s .  

course  of t h i s  annual  review,the Committee examines ope ra t ing  r e p o r t s  

publ ished by t h e  r e a c t o r  ope ra t ing  groups,  which inc lude  such o p e r a t i o n a l  

d a t a  a s  power l e v e l s ,  shutdown exper ience ,  and an  a n a l y s i s  of unusual  

occur rences .  Cons idera t ion  i s  g iven  by the  Committee t o  the  cond i t ion  

and usage of ope ra t ing  procedures ,  t h e  f a c i l i t y  maintenance program, 

ope ra t ing  personnel  changes,  ope ra to r  t r a i n i n g  programs, and mechanical 

and e l e c t r i c a l  changes t o  the r e a c t o r  system. Each member of t h e  Com- 

mi t tee  i s  ass igned  a con t inu ing  r e s p o n s i b i l i t y  f o r  keeping up t o  d a t e  on 

t h e  ope ra t ing  h i s t o r y ,  major des ign  changes,  and s a f e t y  s t a t u s  of a 

p a r t i c u l a r  Laboratory r e a c t o r .  When a n  annual  i n s p e c t i o n  i s  made, t h e  

cognizant  Committee member and two o the r  Laboratory s t a f f  members who are  

not  a s soc ia t ed  wi th  the  RORC o r  t h e  r e a c t o r  ope ra t ing  o rgan iza t ion  con- 

s t i t u t e  a subcommittee which i n s p e c t s  t h e  r e a c t o r  f a c i l i t y .  This  sub- 

committee meets w i t h  t h e  r e a c t o r  ope ra t ing  s t a f f  as o f t e n  as i t s  members 

deem d e s i r a b l e  t o  f a m i l i a r i z e  themselves w i t h  t h e  des ign ,  ope ra t ion ,  and 

o t h e r  d e t a i l s  of t h e  f a c i l i t y .  The subcommittee observes  s t a r t u p ,  re -  

loading,  and shutdown procedures  and examines f a c i l i t y  l og  books, oper-  

a t i n g  r e p o r t s ,  f a c i l i t y  drawings,  e t c .  The subcommittee submits a 

w r i t t e n  r e p o r t  t o  t h e  RORC p resen t ing  i t s  f i n d i n g s  and sugges t ing  a r e a s  

f o r  d i s c u s s i o n  a t  t h e  annual  review w i t h  t h e  r e a c t o r  ope ra to r s .  A s  a 

r e s u l t  of  t h e  review,  s p e c i f i c  recommendations may be made t o  Laboratory 

management by t h e  Committee. 

I n  the  

I n  a d d i t i o n  t o  i t s  r e c u r r e n t  f a c i l i t y - i n s p e c t i o n  d u t i e s ,  t h e  RORC 

i s  sometimes c a l l e d  upon i n  o the r  s i t u a t i o n s  i n  which ORNL management 

d e s i r e s  an  independent,  s a fe ty -o r i en ted  opin ion  on Laboratory r e a c t o r  

po l i cy .  Such i n s t a n c e s  inc lude  reviews of ORNL r e a c t o r  s a f e t y  a n a l y s i s  

documents p r i o r  t o  t h e i r  d i s semina t ion  from the  Laboratory;  e v a l u a t i n g  

t h e  s i g n i f i c a n c e  of changes i n  l o c a l  r e a c t o r  ope ra t ing  p o l i c i e s ;  and, i n  

s p e c i a l  ca ses ,  j o i n t  e v a l u a t i o n ,  t oge the r  w i t h  t h e  Reactor  Experiment 

Review Committee, of t h e  e f f e c t  of experiment assembl ies  i n s e r t e d  i n t o  

t h e  r e a c t o r .  
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While most of the Committee's tasks originate from its continuing 

inspection function or from management requests, it may also initiate 

inquiries as a result of questions put before it by reactor operating 

groups, requests from Safety and Radiation Control, o r  its own concerns 
on any aspect of local reactor operations. 

5.2.2. Reactor Experiment Review 

The Reactor Experiments Review Committee (RERC) reviews any new or 

unusual experiments proposed for insertion in the Laboratory's reactors. 

The experiments reviewed are generally of the in-pile type where credible 

failure or malfunction of the experiment cannot create a positive change 

in reactivity greater than the reactor protective system was designed to 

accommodate. If a credible experiment failure could create a serious 

reactor transient, it will also be reviewed prior to approval by the 

Reactor Operations Review Committee (RORC). Experiments are reviewed by 

the RERC from the standpoint of personnel and equipment safety and con- 

tinuity of reactor operations. 

materials, systems, components, effluents, or operations that may present 

a hazard to personnel or to the reactor. Experiments proposed for reactor 

operation are first carefully examined for safety by the reactor operating 

group. The experiment may be operated without further review if it is 

similar to experiments previously reviewed and approved by either RERC 

or RORC. If the experiment is of a new or different type or unusual 

potential hazards exist, it is submitted, with the recommendations of the 

reactor operating group, to the RERC. When the Committee concurs with the 

operators that the experiment may be safely operated, the experiment may 

be inserted in the reactor. The Committee may make recommendations or 

establish conditions on the design, construction, and operation of the 

experiment. 

Appropriate limits are placed upon any 

In addition to examining new experiments, the Committee periodically 

reviews all the experiments in the reactor to ensure that they are being 

operated safely. The Committee also has the prerogative of requiring 

additional review of any experiment if it deems this necessary. 
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5 . 2 . 3 .  C r i t i c a l i t y  Review 

The C r i t i c a l i t y  Committee has  review and approval  j u r i s d i c t i o n  over  

ope ra t ions  which involve  t h e  handl ing ,  s t o r a g e ,  t r a n s p o r t a t i o n ,  and d i s -  

posa l  of s i g n i f i c a n t  q u a n t i t i e s  of f i s s i l e  material, The f i s s i l e  materi- 

a l s  inc lude  the  i so topes  

americium and curium. 

of t h e  above materials must b e  obta ined  i n  advance on a Nuclear Sa fe ty  

Review form submi t ted  t o  t h e  Committee. This  form i s  i n i t i a t e d  by the  

r e q u e s t e r  of the ope ra t ion ,  approved by h i s  d i v i s i o n a l  Radia t ion  Cont ro l  

O f f i c e r ,  and f i n a l l y  approved f o r  a l i m i t e d  pe r iod  of t i m e  by t h e  C r i t i c a l -  

i t y  Committee. 

2 3 5 U ,  233U, Pu, and t h e  combined elements of 

Approval f o r  ope ra t ions  wi th  s i g n i f i c a n t  q u a n t i t i e s  

Disposa l  of f i s s i l e  material must b e  i n  accordance w i t h  t h e  procedures  

i n  t h e  Heal th  Phys ics  Manual w i th  t h e  approval  of t h e  Committee, 

Reactor  f u e l  w i t h i n  a r e a c t o r  core  i s  t h e  r e s p o n s i b i l i t y  of t h e  Reactor  

Operat ions Review Committee; however, procedures  f o r  s t o r a g e  and handl ing  

of f u e l  b e f o r e  i n s e r t i o n  and a f t e r  removal must be  approved by t h e  Cri t ical-  

i t y  Committee. The Committee acts i n  many r e s p e c t s  as a consu l t ing  group 

and g ives  assistance i n  problems involv ing  c r i t i c a l i t y .  It a l s o  conducts 

an annual  review of each f a c i l i t y  o r  ba lance  area possess ing  s i g n i f i c a n t  

amounts of f i s s i l e  material t o  ensu re  t h a t  approved procedures  are be ing  

followed. 

5.2 .4 .  Waste Disposa l  

The Radioac t ive  Operat ions Committee reviews Laboratory f a c i l i t i e s  

handl ing  or  process ing  s i g n i f i c a n t  q u a n t i t i e s  of r a d i o a c t i v e  materials 

and t h e  p r a c t i c e s  used i n  d i s p o s a l  of r a d i o a c t i v e  s o l i d ,  l i q u i d ,  and 

gaseous waste, The Committee is  p a r t i c u l a r l y  concerned w i t h  ensur ing  

containment,  t h e  completeness and accuracy of t h e  o p e r a t m s '  s a f e t y  

a n a l y s i s ,  d e t a i l e d  ope ra t ing  procedures ,  and t h e  p o s s i b i l i t i e s  of i n t e r -  

a c t i o n s ,  e i t h e r  chemical,  mechanical,  o r  p rocedura l ,  which might l ead  t o  

unplanned exposure o r  contamination. 

A l l  new radiochemical  f a c i l i t i e s  o r  processes  are reviewed p r i o r  t o  

ope ra t ion ;  e x i s t i n g  f a c i l i t i e s  are reviewed whenever changes i n  purpose 

o r  scope are proposed. The more important  f a c i l i t i e s  are reviewed by t h e  

f u l l  Committee a t  i n t e r v a l s  of one t o  t h r e e  yea r s  even though no changes 
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of purpose o r  scope have been made. 

tude of t h e  o p e r a t i o n  and t h e  hazard involved.  

Frequency i s  dependent on t h e  magni- 

The membership of t h e  Radioact ive Operat ions Committee i s  chosen from 

s e n i o r  Laboratory personnel  experienced i n  v a r i o u s  of t h e  fol lowing 

d i s c i p l i n e s :  h e a l t h  phys i c s ,  eng inee r ing  (mechanical,  chemical, o r  e l e c t r i -  

ca l ) ,  chemistry,  and in s t rumen ta t ion .  

5.2.5. S a f e t y  and Rad ia t ion  Control  

The Laboratory has  e s t a b l i s h e d ,  as a s t a f f  f u n c t i o n  of t h e  D i r e c t o r ' s  

o f f i c e ,  a S a f e t y  and Rad ia t ion  Con t ro l  Department. The r e s p o n s i b i l i t y  of 

t h i s  o r g a n i z a t i o n  is  t o  e s t a b l i s h ,  on beha l f  of Laboratory management, 

p o l i c i e s  w i t h  r e s p e c t  t o  r a d i a t i o n  p r o t e c t i o n  and t o  a s c e r t a i n  t h a t  t h i s  

p o l i c y  i s  m e t  a t  a l l  t i m e s .  It promulgates c r i t e r i a ,  f o r  example, f o r  

f a c i l i t y  containment and provides  a l i a i s o n  f u n c t i o n  between t h e  v a r i o u s  

Laboratory d i v i s i o n s .  S t a f f  members of t h e  S a f e t y  and Rad ia t ion  Control  

Department are a s s igned  r e s p o n s i b i l i t i e s  f o r  fol lowing c l o s e l y  t h e  a c t i v i -  

ties of those  Laboratory d i v i s i o n s  which hand le  s i g n i f i c a n t  q u a n t i t i e s  

of r a d i o a c t i v e  materials. S p e c i a l i s t s  i n  key elements of t h e  r a d i a t i o n  

s a f e t y  program, such as containment,  waste d i s p o s a l ,  c r i t i c a l i t y ,  r e a c t o r  

s a f e t y ,  e t c . ,  are a v a i l a b l e  t o  t h e  s t a f f  of t h e  D i r e c t o r  of S a f e t y  and 

Rad ia t ion  Control .  

6 .  REACTOR CONTAINmNT SYSTEM 

The Bulk Sh ie ld ing  F a c i l i t y  i s  equipped w i t h  a containment system 

similar i n  p r i n c i p l e  t o  t h a t  f o r  t h e  ORR'l ( s e e  F igu re  1 4 ) .  
t h i s  c o n s i s t s  o f :  (1) t h e  b u i l d i n g ,  which i s  reasonably l e a k  t i g h t ;  

( 2 )  a b u i l d i n g  exhaust  system ( i n c l u d i n g  p a r t i c l e  f i l t e rs  and i o d i n e  

abso rbe r s ) ;  ( 3 )  an a i r - c o n d i t i o n i n g  system; and ( 4 )  adequate  in s t rumen t s  

and c o n t r o l  dev ices  t o  e f f e c t  "containment cond i t ions"  a u t o m a t i c a l l y  upon 

t h e  d e t e c t i o n  of predetermined r a d i a t i o n  l e v e l s  e i t h e r  i n  t h e  b u i l d i n g  

o r  i n  t h e  b u i l d i n g  exhaust  duct .  The c o n t r o l  f e a t u r e s  i n c l u d e  p r o v i s i o n s  

f o r  manual o v e r r i d e  of t h e  automatic  dev ices  s o  t h a t  containment c o n d i t i o n s  

can b e  ob ta ined  even i f  t h e  r a d i a t i o n  monitors do n o t  d e t e c t  h igh  l e v e l s  

of r a d i o a c t i v i t y .  The b u i l d i n g  v e n t i l a t i o n  i s  a d j u s t e d  s o  t h a t  under 

B a s i c a l l y ,  



w 
P 

Fig. 14. Sketch of the Containment System of the Bulk Shielding Facility 
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containment cond i t ions  t h e  b u i l d i n g  a i r  leakage i s  inward. The b u i l d i n g  

exhaust a i r  i s  adequately f i l t e r e d  p r i o r  t o  i t s  release t o  t h e  atmosphere 

through a 250-ft-high s t a c k .  

containment system must b e  func t ion ing  p rope r ly  when t h e  BSR i s  ope ra t ed  

a t  2 Mw. 

Although n o t  r e q u i r e d  f o r  t h e  PCA, t h e  

7. NORMAL OPERATIONAL HAZARDS AND SAFEGUARDS 

7.1.  R e a c t i v i t y  Considerat ions 

There are s e v e r a l  p o t e n t i a l  ways i n  which u n d e s i r a b l e  changes i n  

r e a c t i v i t y  could occur.  

t a n t  of t h e s e  along w i t h  c e r t a i n  i n h e r e n t  and engineered sa fegua rds .  

The fol lowing i s  a d i s c u s s i o n  of t h e  most impor- 

7 .1 .1 .  F a i l u r e  of Control  (Nonsafety) and P r o t e c t i o n  (Sa fe ty )  Systems 

The r e a c t o r  system i s  thoroughly checked i n  accordance wi th  PCA 

instrument  check-out procedures.  I n  a d d i t i o n ,  o p e r a t i o n a l  checks,  i n  
accordance w i t h  r e a c t o r  s t a r t u p  procedures ,  are made p r i o r  t o  any r e a c t o r  

ope ra t ion .  However, f a i l u r e  of t h e  c o n t r o l  system i s  c r e d i b l e ;  and, 

under c e r t a i n  c o n d i t i o n s  of f a i l u r e ,  withdrawal  of t h e  shim rods a t  t h e i r  

maximum speeds could conceivably occur e i t h e r  manually o r  au tomat i ca l ly .  

It  i s  emphasized, however, t h a t  no s i n g l e  f a i l u r e  could r e s u l t  i n  t h e s e  

c o n d i t i o n s ;  t h u s ,  t h e  p r o b a b i l i t y  of such an  event  i s  q u i t e  low. 

The PCA p r o t e c t i o n  and c o n t r o l  systems are designed i n  accordance 
wi th  a p r i n c i p l e  o r i g i n a l l y  e s t a b l i s h e d  by Newson12 f o r  t h e  MTR and 

which has been a p p l i e d  t o  all ORNL r e a c t o r s .  This  p r i n c i p l e  assumes a 
s t a r t u p  a c c i d e n t ,  o r i g i n a t i n g  a t  sou rce  l e v e l ,  brought about by t h e  

c a t a s t r o p h i c  f a i l u r e  of t h e  s t a r t u p  i n s t r u m e n t a t i o n ,  t h e  c o n t r o l  system 

inc lud ing  i n t e r l o c k s ,  and manual ope ra t ion .  This  f a i l u r e  i s  p o s r u l a t e d  

t o  l eave  t h e  r e a c t o r  s u p e r c r i t i c a l  w i t h  t h e  shim-safety rods withdrawing 

s imultaneously a t  t h e i r  maximum rate.  

mechanisms, t h e  r e a c t o r  p r o t e c t i o n  system remains t h e  only means of 

s topp ing  t h e  r e a c t i v i t y  a d d i t i o n  and of t u r n i n g  t h e  excur s ion  by r e l e a s i n g  

t h e  shim-safety rods.  The minimum r e q u i r e d  performance of t h e  p r o t e c t i o n  

system i s ,  t h e r e f o r e ,  t h e  p r o t e c t i o n  of t h e  r e a c t o r  co re  from c a t a s t r o p h i c  

f a i l u r e  of t h e  s t a r t u ?  in s t rumen ta t ion  and c o n t r o l  (nonsafety)  system. 

Except f o r  i n t r i n s i c  shutdown 
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This  p r o t e c t i o n  ~ y s t e m ~ , ~ , ~  has been used i n  many ORNL r e a c t o r s  and 

dlsewhere,  and i t s  c h a r a c t e r i s t i c s  are w e l l  known. Usual ly ,  as i n  t h e  

PCA, t h r e e  completely independent neutron l e v e l  channels are so arranged 

t h a t  a c t i o n  of any one of t h r e e  can scram t h e  shim rods i f  t h e  monitored 

v a r i a b l e  exceeds predetermined va lues .  The t i m e  response from f i r s t  

exceeding t h e  p r e s e t  l i m i t s  t o  f irst  motion of t h e  shim-safety rods 

( r e l e a s e  time) is  maintained a t  approximately 10 msec. 

n e t  f l u x  decay t i m e  s t a r t i n g  wi th  a magnet c u r r e n t  s u f f i c i e n t  t o  support  

twice t h e  rod weight.  Extensive o p e r a t i n g  experience has been ob ta ined  

wi th  the  PCA system, as w e l l  as wi th  i d e n t i c a l  systems i n  o t h e r  r e a c t o r s .  

This  i n c l u d e s  mag- 

The BSR I1 (Ref. 13) system, w i t h  e l e c t r o n i c  components i d e n t i c a l  

t o  those  i n  t h e  PCA, has  been t e s t e d  i n  t h e  SPERT f a c i l i t y . 7  

can b e  determined, t h i s  i s  t h e  only p r o t e c t i o n  system which has  been 

r e q u i r e d  t o  i n t e r v e n e  i n  a d e l i b e r a t e l y  i n i t i a t e d  series of excur s ions  

wherein a f a i l u r e  t o  respond would have r e s u l t e d  i n  unacceptable  damage 

t o  t h e  core .  

A s  f a r  as 

The system under test  c o n s i s t e d  of two power-level s a f e t y  channels ,  

two pe r iod  s a f e t y  channels ,  and fou r  shim-safety rods .  

were given an i n i t i a l  a c c e l e r a t i o n  of 6.5 g thus providing somewhat b e t t e r  

performance than  t h a t  o b t a i n a b l e  i n  t h e  PCA system. 

a t  Source l e v e l  a t  t h e  average rate of $20/sec w i t h  t h e  fol lowing r e s u l t s :  

The BSR 11 rods 

R e a c t i v i t y  w a s  added 

Test - 
S h o r t e s t  
Per iod Resu l t  

S e l f  shutdown only 1 4  msec Peak a t  226 M w ;  s l i g h t  damage 

Power-level s a f e t y  4.6 msec Peak a t  92 Mw; no damage 

Pe r iod  t r i p  se t  a t  3.0 msec Peak a t  79 Mw; no damage 

t o  t h e  co re  

t r i p  a t  100 kw 

1 s e c ;  s o u r c e l e s s  
s t a r t  

The e x i s t e n c e  of a p r o t e c t i o n  system of proven high performance 

reduces t o  a minimum t h e  consequence of f a i l u r e  of t h e  c o n t r o l  system. 

The s t a r t u p  instrument  and r e a c t i v i t y  c o n t r o l  system i s  independent 

of t h e  power-level s a f e t y  system and, w i th  c e r t a i n  r e s e r v a t i o n s  r ega rd ing  

t h e  p o s s i b i l i t y  of a s o u r c e l e s s  s t a r t ,  has  no s a f e t y  f u n c t i a n .  The c o n t r o l  
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system does,  however, i n c l u d e  f e a t u r e s  intended t o  reduce t h e  number of 

scrams t h a t  would o the rwise  r e s u l t  from c o n t r o l  system f a i l u r e .  A s  an  

example, t h e  l o g  N and power-level s e r v o  are given i d e n t i c a l  i n s t r u c t i o n s .  

Should t h e  power-level become apprec iab ly  g r e a t e r  t han  t h e  demand l e v e l ,  

t h e  l o g  N w i l l  c a l l  f o r  rod i n s e r t i o n  and thereby avoid an  excur s ion  

r e q u i r i n g  s a f e t y  a c t i o n .  

l e v e l  s a f e t y  channel can c a l l  f o r  rod i n s e r t i o n  should t h e  power--1we.l 

s a f e t y  level  t r i p  p o i n t  d r i f t  o r  o the rwise  become too  c l o s e  t o  t h e  oper- 

a t i n g  p o i n t .  

I n  a s imilar  manner a s i g n a l  from each power- 

During t h e  13  y e a r s  of o p e r a t i n g  expe r i ence ,  t h e  PCA c o n t r o l  system 

has n o t  f a i l e d  s o  as t o  r e q u i r e  i n t e r v e n t i o n  of t h e  p r o t e c t i o n  system. 

Also du r ing  13  y e a r s  of PCA o p e r a t i o n ,  t h e  p r o t e c t i o n  system has n o t  once 

been incapab le  of p r o t e c t i n g  t h e  r e a c t o r  should t h e  c o n t r o l  system have 

allowed an excur s ion  t o  develop. It i s ,  t h e r e f o r e ,  e s t a b l i s h e d  t h a t  t h e  

p r o b a b i l i t y  of f a i l u r e  of each of t h e  t h r e e  s a f e t y  channels is  a l s o  small. 
The p r o b a b i l i t y  of simultaneous f a i l u r e  of t h e  independent p r o t e c t i o n  and 

c o n t r o l  systems becomes t h e  product  of fou r  small p r o b a b i l i t i e s  such t h a t  

t h e  p r o b a b i l i t y  of an  uncon t ro l l ed  excur s ion  by t h i s  mechanism becomes 

van i sh ing ly  small. 

7.1.2. Maximum Rate of R e a c t i v i t y  Addit ion by Shim Rods 

The maximum rate a t  which r e a c t i v i t y  can b e  added t o  t h e  r e a c t o r  

by use of t h e  shim rods is  l i m i t e d  t o  approximately t h e  same v a l u e  as 

t h a t  f o r  t h e  O R R  and t h e  p r e s e n t  BSR rod system; i . e . ,  ~0.1% Ak/k p e r  sec. 
SPERT d a t a  

t h a t  t h e  fo l lowing  maximum c o n d i t i o n s  could b e  expected i n  a PCA s t a r t u p  

runaway; i . e . ,  t h e  shim rods are withdrawn a t  f u l l  speed u n t i l  they are 

scrammed by t h e  s a f e t y  system. 

f o r  a ramp i n s e r t i o n  of r e a c t i v i t y  a t  0.1% k l s e c  i n d i c a t e  14,16 

Rate of r e a c t i v i t y  a d d i t i o n  

Maximum power l e v e l  ob ta ined  

Minimum pe r iod  '4 48 msec 

Maximum energy r e l e a s e d  t o  peak of excur s ion  
Maximum f u e l - s u r f a c e  temperature  a t t a i n e d  

= 0.1% k / s e c  

Lk 70 Mw 

2 4.3 MW sec 
'4 16OOC 
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These d a t a  were ob ta ined  from SPERT tests us ing  a co re  t h a t  w a s  
similar t o  t h e  28-element PCA c o r e  d i scussed  i n  t h i s  r e p o r t ,  t h e  major 

d i f f e r e n c e  be ing  i n  t h e  water head ( 2  f t  f o r  SPERT v s  1 7  f t  f o r  t h e  PCA). 

Tests w i t h  SPERT I V  (Ref. 16)  i n d i c a t e  t h a t  t h e  r e a c t o r  response was n o t  

s i g n i f i c a n t l y  a f f e c t e d  by i n c r e a s i n g  t h e  water head t o  18 f t .  The f u e l  

s u r f a c e  tempera tures ,  however, were inc reased  somewhat by t h e  g r e a t e r  head. 

The peak power l i s t e d  above w a s  s e l f - l i m i t i n g  i n  t h e  SPERT tests 

( tempera ture  i n c r e a s e s ,  vo id  format ion ,  e t c . )  and w a s  n o t  a r e s u l t  of scram- 

ming t h e  c o n t r o l  rods .  The rods  were scrammed several seconds a f t e r  t h i s  

peak was a t t a i n e d  and t h e  power l e v e l  had dec l ined  t o  a much lower va lue  

(only a few megawatts) .  Therefore ,  i t  appears  t h a t  t h e  cond i t ions  s t a t e d  

are upper l i m i t s  f o r  t h e  PCA i f  one assumes proper  func t ion ing  of  t h e  

s a f e t y  system. Moreover, s i n c e  t h e  SPERT test us ing  ramp rates as above 

r e s u l t e d  i n  no f u e l  element me l t ing  o r  mechanical damage t o  t h e  r e a c t o r ,  

i t  is  concluded t h a t  t h e  s t a r t u p  a c c i d e n t  a t  t h e  PCA would n o t  cause  

apprec i ab le  damage t o  t h e  r e a c t o r  system o r  i n j u r y  t o  personnel .  

7 . 2 .  Rad ia t ion  Levels  

F igu re  1 5  shows measured va lues  o f  equ i l ib r ium gamma r a d i a t i o n  levels  

a t  v a r i o u s  p o i n t s  i n  t h e  r e a c t o r  area dur ing  o p e r a t i o n  of t h e  BSR a t  a 

power leve l  of 1 Mw w i t h  n a t u r a l  convec t ion  coo l ing  and a t  2 Mw w i t h  

forced-convection cool ing .  Con t r ibu t ions  due t o  PCA o p e r a t i o n  a t  f u l l  

power (10 kw) are n e g l i g i b l e .  

The pool  coo l ing  system (BSR system) inc ludes  a decay tank  which pro- 

v i d e s  adequate  de l ay  t i m e  t o  r e s u l t  i n  a lmost  complete e l i m i n a t i o n  of 

very  s h o r t  h a l f - l i f e  nuc l ides  such as 16N and a cons ide rab le  r educ t ion  

i n  t h e  a c t i v i t y  of t hose  n u c l i d e s  (genera ted  by o p e r a t i o n  of t h e  BSR) having  

longer  h a l f - l i v e s ,  An of f -gas  connect ion t o  t h e  tank  removes a s u b s t a n t i a l  

p o r t i o n  of t h e  gases  c a r r i e d  by t h e  water. The f i l t e r  and demine ra l i ze r  

systems cont inuous ly  remove a f r a c t i o n  of  any r a d i o a c t i v e  p a r t i c l e s  and 

d i s so lved  materials from t h e  water. The coo l ing  water i s  r e t u r n e d  t o  t h e  

pool  (dur ing  BSR ope ra t ion  a t  s t e a d y - s t a t e  cond i t ion )  a t  a temperature  

s l i g h t l y  lower than  t h e  pool-water temperature  thus  reducing any tendency 

f o r  t h e  r e t u r n  water t o  rise t o  t h e  pool  s u r f a c e .  Therefore ,  t h e  q u a n t i t y  



ORNL- DWG 65-  5f56R2 

- 
22 mr/hr* 5 mr/hrw 
12 mr/hr** 42 mr/hr** 

40 mr/hr * * 
40 mr/hr* 

i PCA 
CONTROL ROOM 

w m 

BSR 
CONTROL ROOM 

I 

Fig. 15. Equilibrium Gamma Radiation Levels Due to BSR Operation: 
(1) **at 1 Mw with natural convection cooling; (2) *at 2 Mw with forced 
convection cooling. 
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Negligible Compared to the Values Shown. 
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of r a d i o a c t i v e  materials i n  t h e  cool ing  water i s  u s u a l l y  of only s l i g h t  

s i g n i f i c a n c e .  

product  inventory  i n  t h e  PCA f u e l  e lements ,  PCA opera t ion  c o n t r i b u t e s  

n e g l i g i b l y  t o  t h e  pool  water a c t i v i t y .  I n  gene ra l ,  except  r e l a t i v e l y  soon 
a f t e r  ope ra t ion  of t h e  PCA, t h e  gamma-ray i n t e n s i t y  from PCA f u e l  elements 

is only a few mr/hr  a t  con tac t .  

Because of t h e  low power l e v e l  and low accumulated f i s s i o n  

7.3. Fuel-Element Rupture 

It  i s  extremely u n l i k e l y  t h a t  a fuel-element r u p t u r e  w i l l  occur  i n  

t h e  PCA. Moreover, i f  such an  event  d i d  occur  i t  could r e s u l t  i n  l i t t l e  

o r  no release of f i s s i o n  products  because of t h e  l o w  f i s s ion -p roduc t  

inventory  i n  t h e  f u e l  e lements  normally used i n  t h e  r e a c t o r .  

i f  t h i s  were n o t  t h e  case ,  r a d i a t i o n  monitor ing and warnings t o  personnel  

would c e r t a i n l y  be  adequate  t o  permit  b u i l d i n g  evacuat ion  wi thout  any 

severe exposure of personnel .  

However, even 

7 .4 .  Loss of Coolant 

The maximum power l e v e l  of t h e  PCA i s  a d m i n i s t r a t i v e l y  l i m i t e d  t o  

10 kw. A t  t h i s  power leve l  t h e  maximum h e a t  f l u x  is  only ~ 1 5 0  Btu /hr - f t  , 

F u r t h e r ,  s i n c e  t h e r e  is  l i t t l e  bui ldup  of f i ss ion-product  inventory  i n  t h e  

PCA f u e l ,  t h e r e  i s  l i t t l e  h e a t  product ion once t h e  r e a c t o r  is  s h u t  down. 

Upon loss  of pool  water t h e  PCA, i f  p rev ious ly  opera ted ,  would be shu t  

down due t o  t h e  l o s s  of moderators and r e f l e c t o r .  It has  been demon- 

s t r a t e d 1 7  that  no damage t o  f u e l  elements occurs  i n  such a reactor under 

these  cond i t ions  even if i t  had p rev ious ly  been opera ted  a t  a power l e v e l  
of 1 Mw o r  g r e a t e r  f o r  s e v e r a l  hours p r i o r  t o  coo lan t  l o s s .  Therefore ,  

coolan t  loss would cause l i t t l e  problem f o r  t h e  PCA; a more s e r i o u s  problem 
would b e  r a d i a t i o n  from t h e  exposed BSR core.  

7.5. Work On O r  Near t h e  Reactor  

Any a l t e r a t i o n  of t h e  r e a c t o r  i s  performed i n  accordance w i t h  t h e  
These g e n e r a l  ope ra t ing  procedures  f o r  t h e  PCA’ (Appendices C and D ) .  

r e q u i r e  t h a t ,  except  f o r  r o u t i n e  ope ra t ions  (covered by s t and ing  d e t a i l e d  

procedures) ,  s p e c i a l  procedures  b e  prepared and approved by t h e  r e a c t o r  
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s u p e r v i s o r  and the  Operat ions Div i s ion  t e c h n i c a l  s t a f f  p r i o r  t o  t h e  per- 

formance of any work t h a t  may a f f e c t  t h e  r e a c t o r .  
I n  a d d i t i o n  t o  t h e s e  p rocedura l  p r e c a u t i o n s ,  o t h e r  s a fegua rds  i n c l u d e  

t h e  fol lowing : 

1. Mechanical s t o p s  (welded t o  t h e  ra i ls  upon which t h e  BSR 

b r i d g e  t r a v e l s )  ensu re  t h a t  t h e  BSR w i l l  n o t  b e  l o c a t e d  c l o s e  

enough t o  t h e  Pool  C r i t i c a l  Assembly (PCA) t o  c r e a t e  prob- 

l e m s  due t o  n u c l e a r  coupl ing of t h e  two r e a c t o r s .  

2. A l l  f u e l  i s  s t o r e d  i n  r acks  t h a t  have been shown t o  b e  

c r i t i c a l l y  safe when f i l l e d  w i t h  240-g f u e l  elements and 

arranged i n  any c r e d i b l e  manner. These are s u f f i c i e n t l y  

s u b c r i t i c a l  when f i l l e d  w i t h  f u e l  elements as t o  p r e s e n t  no 

problem even i f  p l aced  d i r e c t l y  a g a i n s t  t h e  r e a c t o r .  The i r  

u se  has been reviewed and approved by t h e  ORNL C r i t i c a l i t y  

Committee. 

Any work ( r e l a t e d  t o  t h e  PCA) performed i n  o r  over t h e  pool  

r e q u i r e s  p r i o r  approval  by t h e  r e a c t o r  s u p e r v i s o r  and d i r e c t  

s u p e r v i s i o n  by an au tho r i zed  member ( t e c h n i c a l l y  t r a i n e d )  of 

t h e  Operat ions Divis ion.  

3.  

With t h e s e  and o t h e r  a s s o c i a t e d  s a f e g u a r d s ,  t h e  i n a d v e r t e n t  i n s e r t i o n  

of any l a r g e  amount of r e a c t i v i t y  i s  considered i n c r e d i b l e .  

amount'' i s  de f ined  t o  be an amount i n  excess  of t h a t  which can b e  s a f e l y  

compensated f o r  by t h e  c o n t r o l  system o r  which could cause s e r i o u s  per- 

sonne l  i n j u r y  o r  equipment damage. 
t o  b e  a t  l eas t  equa l  t o  t h e  a v a i l a b l e  excess  r e a c t i v i t y , "  t h e  shutdown 

r e a c t o r  could s a f e l y  t o l e r a t e  r e a c t i v i t y  a d d i t i o n s  up t o  approximately 

t h i s  same amount; i . e . ,  t h e  t o t a l  rod worth must b e  a t  least twice t h e  

a v a i l a b l e  excess  k.  Moreover, procedures' r e q u i r e  t h a t  t h e  r e a c t o r  be 

s h u t  down p r i o r  t o ,  and throughout,  t h e  performance of ope ra t ions  which 

may add any s i g n i f i c a n t  amounts of r e a c t i v i t y .  

A " l a r g e  

Since t h e  shutdown margin i s  r e q u i r e d  

*For t h e  purposes of t h e  r e p o r t ,  " a v a i l a b l e  excess  r e a c t i v i t y "  i s  
de f ined  as " t h a t  excess  r e a c t i v i t y  which can b e  added t o  t h e  c o r e  by 
manipulat ion of t h e  c o n t r o l  rods o r  by c r e d i b l e  o r  i n a d v e r t e n t  movement, 
change, o r  f a i l u r e  of experiments o r  o t h e r  materials, systems, o r  com- 
ponents a s s o c i a t e d  wi th  t h e  r eac to r " .  
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8. HAZARDS RESULTING FROM ACTS OF GOD AND SABOTAGE . 
8.1. F i r e s ,  Floods,  and Windstorms 

The f i r s t  f l o o r  of Bui lding 3010, which houses t h e  PCA and BSR, i s  

l o c a t e d  a t  e l e v a t i o n  828 f t ,  which is  40 f t  above t h e  l e v e l  of t h e  h i g h e s t  

known f l o o d ;  hence,  t h e r e  i s  l i t t l e ,  i f  any, p o s s i b i l i t y  of f l ood ing ,  

Even should t h i s  occu r ,  i t  would n o t  cause a r e a c t i v i t y  problem t o  t h e  

r e a c t o r  which is  normally under water. 

Because of t h e  type  of c o n s t r u c t i o n ,  t h e r e  is  l i t t l e  danger of f i r e .  

A f i r e  i nvo lv ing  t h e  r e a c t o r  c o n t r o l  and p r o t e c t i o n  system could conceiv- 

a b l y  cause a malfunct ion of t h e  c o n t r o l  systems; however, because of t h e  

des ign  of t h e  s a f e t y  system, t h i s  would n o t  i n h i b i t  i t s  a b i l i t y  t o  s h u t  

down t h e  r e a c t o r .  

A s e v e r e  windstorm could damage t h e  b u i l d i n g  and perhaps reduce o r  

d e s t r o y  t h e  containment p o t e n t i a l .  A s  i n  t h e  case of f i r e ,  however, t h i s  

would n o t  i n h i b i t  t h e  scram f u n c t i o n  of t h e  p r o t e c t i o n  system. 

8.2. Earthquakes 

The r e a c t o r ,  i f  i n i t i a l l y  o p e r a t i n g ,  would be s h u t  down i n  t h e  event  

of a s e v e r e  ear thquake e i t h e r  by t h e  rods f a l l i n g  o f f  t h e  magnets o r  

because of t h e  f a c t  t h a t  t h e  r e a c t o r  is  undermoderated and thus  s t a b l e  

under crushing deformations.  Even assuming an immediate l o s s  of water 

from t h e  pool  and some c rush ing  of t h e  r e a c t o r  f u e l ,  t h e  f i s s i o n  product  

inventory i n  t h e  PCA f u e l  i s  s o  low t h a t  no r a d i a t i o n  problem would r e s u l t .  

The most probable  consequence of moderately s e v e r e  ear thquake damage l e a d s  

t o  t h e  loss-of-pool-water problem p rev ious ly  discussed.  The Uniform 

Building Code c lass i f ies  t h i s  area as Zone 1 (minor damage) f o r  seismic 

prob ab ili t y  . 
8.3. Sabotage 

Sabotage i s ,  of cour se ,  p o s s i b l e  and could probably b e  most r e a d i l y  

e f f e c t e d  by t h e  use  of some timer-operated exp los ive  placed nea r  t h e  

r e a c t o r  core .  However, t h i s  r e a c t o r  i s  l o c a t e d  i n  t h e  c o n t r o l l e d  area 

of t h e  Oak Ridge Na t iona l  Laboratory and t h e  r e a c t o r  b u i l d i n g  is  e i t h e r  
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locked o r  under t h e  cons t an t  s u r v e i l l a n c e  of o p e r a t i n g  personnel .  When 

t h e  b u i l d i n g  i s  unoccupied by o p e r a t i n g  pe r sonne l ,  i t  i s  inspec ted  on a 

r e g u l a r  schedule .  

9. MAXIMUM HYPOTHETICAL ACCIDENT 

A s  has  been po in ted  ou t  above, bo th  t h e  s i t e  and t h e  n u c l e a r  char- 
ac te r i s t ics  of t h e  PCA are  v i r t u a l l y  i d e n t i c a l  t o  t hose  of t h e  BSR w i t h  

t h e  excep t ion  of t h e  f a c t  t h a t  o p e r a t i o n  of t h e  PCA i s  l i m i t e d  t o  a maxi- 

mum power l e v e l  of 0.005 t h a t  of t h e  BSR. Ac tua l ly  t h e  PCA is  ope ra t ed  

i n t e r m i t t e n t l y ,  u s u a l l y  only f o r  s h o r t  pe r iods  of t i m e  and a t  power l e v e l s  

w e l l  below t h e  au tho r i zed  power l e v e l  of 10 kw. It i s  e s t i m a t e d  t h a t  dur- 

i n g  t h e  pe r iod  s i n c e  i t s  i n s t a l l a t i o n  i n  1958 through ca l enda r  yea r  1969, 

t h e  t o t a l  energy ou tpu t  of t h e  PCA has  been less than  500 kw hours (0.02 

Mw days) .  

It  i s  d i f f i c u l t  t o  c r e d i t  t h e  p o s s i b i l i t y  of an a c c i d e n t  which would 

cause any s i g n i f i c a n t  damage t o  t h e  PCA f u e l ;  however, i f  one cons ide r s  

a maximum h y p o t h e t i c a l  a c c i d e n t  of t h e  same magnitude as t h a t  p o s t u l a t e d  

f o r  t h e  BSR, namely t h e  me l t ing  of 50% of t h e  f u e l  followed by t h e  release 

of 50% of t h e  halogens,  100% of t h e  noble  g a s e s ,  and 2% of t h e  s o l i d s  

from t h e  e f f e c t e d  r e g i o n  of t h e  c o r e ,  t h e  consequences would be f a r  less 

than t h a t  c a l c u l a t e d  f o r  t h e  BSR. 

of Table 1 which g ives  a comparison of t h e  more important  f i s s i o n  product  

i n v e n t o r i e s  p r e s e n t  i n  t h e  two cases. 

This  can e a s i l y  b e  seen  by a p e r u s a l  
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TABLE 1 

Y 

F i s s i o n  Product I n v e n t o r i e s  Associated 
with the Maximum Cred ib le  Accident 

Inventory (Curies)  
Nuclide B S R ~  PCAb 

1311 

1331 

1 3  3 ~ e  

1 3 5 ~ e  

7 K r  

* 8 K r  

9 K r  
9 0 ~ r  

137cs 

4 . 3 4  i o 4  
1.10 l o 5  
1.16 1 0 5  

9.39 i o 4  
4.20 i o 4  
6.02 x i o 4  
7 . 7 4  i o 4  
1.84 i o 3  
2.96 103 

1.86 x l o 1  
3.16 x l o 2  
7.44 x 101 

4 . 8 1  x l o 2  
2.93  x l o 2  
3.69 x l o 2  
2.64 i o 4  

1.10 x 10'1 

6.97 x 

Based on 14 months o p e r a t i o n  a t  2 Nw. a 

bBased on 500 kw h r s  p l u s  24 h r s  r e c e n t  
o p e r a t i o n  a t  10 kw and augmented by a 1 O I 8  
f i s s i o n  b u r s t  . 

The a c c i d e n t  p o s t u l a t e d  above has been analyzed i n  d e t a i l  f o r  t h e  

case of t h e  BSR' and i t  was found t h a t  t h e  consequences b o t h  on and o f f  

s i t e  w e r e  accep tab le .  Since t h e  only d i f f e r e n c e  between t h e  p o s t u l a t e d  

BSR and PCA a c c i d e n t s  i s  t h e  lower f i s s ion -p roduc t  i nven to ry  i n  t h e  l a t t e r ,  

i t  i s  concluded t h a t  t h e  PCA Maximum Hypo the t i ca l  Accident i s  a l s o  accept-  

ab le .  It should perhaps b e  pointed ou t  i n  t h i s  connection t h a t  should i t  

b e  d e s i r a b l e  t o  o p e r a t e  t h e  PCA w i t h  f u e l  con ta in ing  a l a r g e r  i nven to ry  of 

f i s s i o n  products  t han  t h a t  contained i n  t h e  BSR t h i s  would r e q u i r e  an  

i n t e r n a l  s a f e t y  review. 
4 
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APPENDIX A 

A GENERAL DESCRIPTION OF THE PCA 
INSTRUMENTATION AND CONTROL SYSTEM 

A. E. G. Bates 

The purpose h e r e  i s  t o  d e s c r i b e  t h e  s p e c i a l  f e a t u r e s  of t h e  PCA 

i n s t r u m e n t a t i o n  and c o n t r o l  (nonsafety)  system ( s e e  F igu re  A.l) .  R e a c t i v i t y  

c o n t r o l  i s  by means of t h r e e  shim-safety rods which are coupled t o  t h e i r  

d r i v e s  by d i r e c t  l i f t  e lectromagnets  ( c l u t c h e s )  and one r e g u l a t i n g  rod 

which is  d i r e c t l y  coupled t o  i t s  d r i v e .  A l l  shim-safety rods are withdrawn 

simultaneously i n  s t a r t u p  and are he ld  i n  c l o s e  alignment du r ing  o p e r a t i o n  

t o  p l a c e  them i n  t h e i r  most e f f e c t i v e  p o s i t i o n  f o r  t a k i n g  c o r r e c t i v e  a c t i o n  

i f  needed. 

Meanings of Permissive and S e l e c t o r  Designat ions 

The information p resen ted  i n  F igu re  A . l  o c c a s i o n a l l y  is  r e l a t i v e l y  

c r y p t i c .  The d e s c r i p t i o n  of f e a t u r e s  i n  l a t e r  paragraphs w i l l  c l a r i f y  

most of t h e  d e s i g n a t i o n s  b u t  n o t  a l l .  Others  are 
1. Local  Scram - Manual s c r a m - i n i t i a t i n g  switch o r  pushbutton on 

t h e  r e a c t o r  o p e r a t i n g  pane l ,  c u b i c l e ,  o r  console.  

2 .  Monitron Level Too High - This  means t h a t  t h e  r a d i a t i o n  d e t e c t e d  

by one o r  more of s e v e r a l  s u i t a b l y  l o c a t e d  area monitors i s  i n  

excess  by an  e s t a b l i s h e d  maximum. The assumed source  of r a d i a t i o n  
i n  t h i s  ca se  i s  t h e  PCA o r  BSR core.  

3. Servo Level  Too High ( o r  Too Low) - Information t o  t h e  s e r v o  sys- 

t e m  t h a t  t h e  r e a c t o r  power i s  above ( o r  below) t h e  demand set  

p o i n t .  

Log-N Level Greater Than S e t  P o i n t  - Reactor power as determined 

by t h e  log-N channel i s  compared t o  t h a t  e s t a b l i s h e d  by t h e  demand 

set  p o i n t  of t h e  s e r v o  system. I f  t h e  l e v e l  is  apprec iab ly  h i g h e r  

than t h e  s e t  p o i n t ,  t h e  se rvo  i s  s u s p e c t ,  c o r r e c t i v e  a c t i o n  

( r e v e r s e  w i t h  alarm) ensues,  and t h e  s e r v o  is  a u t o m a t i c a l l y  tu rned  

o f f .  

4 .  
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Fig. A-1. PCA Logic Diagram of Cont ro l  



5. P r e f e r r e d  Shim Rod S e l e c t o r  - Means f o r  s e l e c t i n g  t h e  shim-safety 

rod t o  b e  under s e r v o  c o n t r o l  f o r  i n s e r t i o n  only.  

I 

Features  

, assumed t h a t  a l l  ins t rument  channels  have been checked ou t  and t h a t  a l l  

I p a r t s  of t h e  s a f e t y  and nonsafe ty  systems are func t ion ing  proper ly .  I 

The picoammeter and s e r v o  demand are set a t  t h e  d e s i r e d  power l e v e l  

and then  t h e  " ins t rument  s tar t  reques t"  pushbut ton i s  depressed.  Pro- 

v ided  t h a t  t h e  count r a t e  exceeds 20 c p s ,  t he  se rvo  system immediately 

starts withdrawing t h e  r e g u l a t i n g  rod s i n c e  t h e  r e a c t o r  power i s  below 

t h e  demand set po in t .  When t h e  upper l i m i t  of t h e  se rvo  rod i s  reached,  

t h e  uppe r - l imi t  swi tch  e s t a b l i s h e s  t h e  " ins t rumen t - s t a r t "  condi t ion .  A l l  

shim-safety rods  w i l l  beg in  withdrawing a t  f u l l  speed u n t i l  a t r a n s i e n t  

25-sec p o s i t i v e  pe r iod  is  d e t e c t e d  by t h e  count ing channel a t  which p o i n t  

withdrawal  i s  s topped.  The s e l e c t i o n  of 25 s e c  f o r  t h e  minimum ope ra t ing  
pe r iod  i s  a r b i t r a r y .  S h o r t e r  pe r iods  are p r a c t i c a l  f o r  au tomat ic  s t a r t  

b u t  may be  troublesome f o r  t h e  o p e r a t o r  i f  manual s tar t  i s  be ing  used. 

The s t a r t u p  t i m e  saved by us ing  s h o r t  pe r iods  i s  too  s m a l l  t o  b e  of any 

'vterest. Returning t o  t h e  s t a r t u p ,  t h e  t r a n s i e n t  s h o r t  pe r iod  w i l l  grow 

longer  than 25 s e c  and rod withdrawal  w i l l  resume. The process  is  repea ted  

b u t  w i t h  s h o r t e r  and s h o r t e r  run  and longer  and longer  s t o p  i n t e r v a l s  u n t i l  

a s t eady  25-sec p o s i t i v e  pe r iod  i s  e s t a b l i s h e d .  

and, on pass ing  a l e v e l  corresponding t o  8000 counts / sec  on t h e  CRM, two 

I 

' 

The power r ise cont inues  

The f e a t u r e s  found i n  O W L  c o n t r o l  systems f o r  r e a c t o r s  of t h e  PCA 

type inc lude  t h e  fo l lowing  : 
1. Instrument  s ta r t  

2. Automatic fission-chamber p o s i t i o n i n g  

3 .  Raise-clutch mode 

4 .  Automatic rundown of rod d r i v e s  

5. Servo system 

6. Key swi tch  

While two modes of s t a r t i n g  and ope ra t ing  t h e  r e a c t o r  are provided 

i n  t h e  c o n t r o l  system (manual and ins t rument  s t a r t ) ,  only t h e  l a t t e r  w i l l  

be  descr ibed  s i n c e  t h e  manual mode i s  completely s t r a i g h t f o r w a r d .  It  is  



47 

changes occur.  

prevents  f u r t h e r  automatic  rod withdrawal.  Second, t h e  f i s s i o n  chamber 

withdraws u n t i l  i t  reaches a f l u x  corresponding t o  something less than 

100 coun t s / sec  ( t h i s  p u t s  t he  count ing channel back near  t h e  lower end of 

i t s  o p e r a t i n g  range) .  In a d d i t i o n ,  rod withdrawal is  blocked as soon as 

a va lue  of 8000 coun t s / sec  i s  reached and t h e  blockage cont inues u n t i l  t h e  

chamber s t o p s  moving; t h i s  a c t i o n  is  meaningless except  during manual s tar ts ,  

None of t h e s e  changes a f f e c t  rod p o s i t i o n s  and so  t h e  r e a c t o r  power con- 

t i n u e s  t o  rise on a 25-sec pe r iod  u n t i l  a t  log-N >10-4N 

lockout" i s  c l e a r e d .  Except f o r  pe r iod  pe rmis s ives ,  instrument  c o n t r o l  

s h i f t s  from t h e  count ing t o  t h e  log-N channel. I f ,  a f t e r  midrange lock- 

o u t  i s  c l e a r e d ,  t h e  pe r iod  grows longer  than 25 s e c ,  a l l  rods w i l l w i t h -  

draw aga in  as needed t o  s h o r t e n  t h e  per iod.  

na t ed  when t h e  r e g u l a t i n g  rod l eaves  i t s  f u l l y  withdrawn p o s i t i o n .  I n s t r u -  

ment s tar t  is  a l s o  terminated i n s t a n t l y  i n  t h e  event  of a rod drop o r  a 

r e v e r s e .  Both a c t i o n s  are c a l l e d  t o  t h e  o p e r a t o r ' s  a t t e n t i o n  by t h e  

annunciator  system. 

F i r s t ,  t h e  c o n t r o l  i s  placed i n  "midrange lockout" which 

t h e  "midrange 
F 

Instrument  s ta r t  is  termi- 

No automatic  shim rod withdrawal i s  permit ted once instrument  s ta r t  
i s  terminated.  During a long run ,  i f  t h e  r e g u l a t i n g  rod does become f u l l y  

withdrawn, an  alarm i s  sounded and t h e  o p e r a t o r  w i l l  have t o  c o r r e c t  t h e  

s i t u a t i o n  by withdrawing one o r  more shim-safety rods.  

however, i s  pe rmi t t ed  t o  i n s e r t  a s i n g l e  shim-safety rod i f  f u l l  r e g u l a t i n g  

rod i n s e r t i o n  i s  i n s u f f i c i e n t  t o  l i m i t  r e a c t o r  power. Servo f a i l u r e  can 

cause t h e  r e a c t o r  power t o  f l o a t  along o r  go down o r  up. Defense-in-depth 

g ives  ample p r o t e c t i o n  a g a i n s t  power rises and t h e  o t h e r  two f a i l u r e s  have 

only nuisance va lue .  

The s e r v o  system, 

Automatic f i s s i o n  chamber p o s i t i o n i n g  i s ,  of course,  a necessary p a r t  

of t h e  i n s t r u m e n t - s t a r t  system. I t  is  a convenience, however, when start-  

i n g  t h e  r e a c t o r  manually and is used r o u t i n e l y .  

t h e  system r e p o s i t i o n s  t h e  f i s s i o n  chamber as needed t o  keep t h e  count ing 

channel w i t h i n  i t s  o p e r a t i n g  range. Following a r e a c t o r  shutdown, t h e  

chamber is  i n s e r t e d  u n t i l  a count ing r a t e  of a t  least  2 coun t s / sec  i s  

d e t e c t e d .  I f  an instrument  s t a r t  i s  i n i t i a t e d ,  t h e  chamber w i l l  b e  

i n s e r t e d  au tomat i ca l ly  u n t i l  a count ing rate a t  least  20 coun t s / sec  i s  

d e t e c t e d  b e f o r e  rod withdrawal starts.  When t h e  count ing r a t e  reaches 

I n  i t s  automatic  mode 
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8000 coun t s / sec  (upper end of r ange ) ,  t h e  chamber withdraws u n t i l  t h e  low 

end of t h e  range i s  aga in  reached. While manual i n s e r t i o n  of t h e  chamber 

is  pe rmi t t ed  a t  any t i m e ,  manual withdraw1 i s  blocked u n t i l  t h e  log-N chan- 

n e l  assumes c o n t r o l .  The most u n d e s i r a b l e  r e s u l t  of i n a d v e r t e n t  i n s e r t i o n  

of t h e  chamber would b e  t h e  gene ra t ion  of an appa ren t  s h o r t  p e r i o d  which, 

i f  s h o r t  enough, could block rod withdrawal  o r  i n i t i a t e  a r eve r se .  Inad- 

v e r t e n t  chamber withdrawal would i n t e r f e r e  w i t h  an in s t rumen t  s t a r t  w h i l e  

t h e  s t a r t u p  i s  under t h e  c o n t r o l  of t h e  count ing channel  and i s  t h e r e f o r e  

p r o h i b i t e d .  

b u t  doing s o  blocks t h e  instrument  s ta r t .  

The chamber-drive c o n t r o l  may be placed i n  a manual mode, 

The " ra i se -c lu t ch"  mode permits  t h e  shim-safety rod d r i v e s  t o  b e  

withdrawn f o r  maintenance purposes wi thou t  withdrawing t h e  c o n t r o l  rods.  

When t h e  manual s e l e c t o r  i s  turned t o  e s t a b l i s h  t h i s  mode, a "slow" scram 
is e f f e c t e d .  This dec lu t ches  t h e  rods and should permit  t h e  d r i v e s  t o  

withdraw wi thou t  moving t h e  rods.  There i s  an instrumented check on t h i s  

which r e q u i r e s  t h a t ,  i f  t h e  rods do n o t  remain s e a t e d ,  t h e  rod-drive with-  

drawal i s  immediately and a u t o m a t i c a l l y  stopped. 

The "automatic rundown" of t h e  rod d r i v e s  i s  a convenience f o r  t h e  

ope ra to r .  Whenever a rod and i t s  d r i v e  become s e p a r a t e d  (scram o r  i f  a 

rod should f a l l ) ,  t h e  rod-drive a u t o m a t i c a l l y  i n s e r t s  u n t i l  t h e  magnet 

c o n t a c t s  t h e  rod. This  f e a t u r e  i s  blocked when t h e  c o n t r o l  i s  i n  t h e  

"raise clutch ' '  mode t o  permit  d r i v e  withdrawal.  

The s e r v o  system r e l i e v e s  t h e  o p e r a t o r  of t h e  tedium of ho ld ing  t h e  

r e a c t o r  power a t  t h e  d e s i r e d  l e v e l  and, i n  f a c t ,  ho lds  r e a c t o r  power c l o s e r  
t o  the  c o n t r o l  p o i n t  t han  t h e  o p e r a t o r  can. It must b e  on and o p e r a t i n g  

b e f o r e  t h e  in s t rumen t  s t a r t  mode can b e  e s t a b l i s h e d .  It cannot t h e r e a f t e r  
b e  turned o f f  w i thou t  f i r s t  t a k i n g  t h e  r e a c t o r  c o n t r o l s  ou t  of t h e  " i n s t r u -  

ment start' '  mode. When s t a r t i n g  t h e  r e a c t o r  manually, t h e  o p e r a t o r  t u r n s  

t h e  s e r v o  on and checks t o  see t h a t  i t  withdraws t h e  r e g u l a t i n g  rod f u l l y .  

Then, and only then ,  does he withdraw t h e  shim-safety rods.  The i n t e n t  

i s  t o  p l a c e  t h e  r e g u l a t i n g  rod i n  t h e  b e s t  p o s s i b l e  p o s i t i o n  t o  s t o p  t h e  

r e a c t o r  power r ise a t  t h e  s e t  po in t .  

i t  withdraws t h e  r e g u l a t i n g  rod f u l l y  p l a c i n g  t h e  r e a c t o r  on a p o s i t i v e  

per iod.  

i t  w i l l  b e  done f o r  him by t h e  log-N and power-level channels through t h e  

The s e r v o  may f a i l  i n  such a way t h a t  

I f  t h e  o p e r a t o r  does n o t  d i scove r  t h i s  and t a k e  c o r r e c t i v e  a c t i o n ,  
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medium of a r e v e r s e .  

turned back on only by t h e  ope ra to r .  

The s e r v o  i s  turned o f f  by t h e  r e v e r s e  and can be 

The "key switch" i s  an a i d  t o  a d m i n i s t r a t i o n  and i s  used t o  p reven t  

unauthorized manipulat ion of rod d r i v e s .  

r e a c t o r  i s  scrammed and t h e  withdraw c i r c u i t  c o n t r o l  power i s  disconnected. 

The switch can be turned on only when t h e  proper  key i s  in i ts  lock  and, 

f u r t h e r ,  t h e  key cannot b e  removed u n t i l  the switch i s  turned o f f .  

i n s e r t i o n  c i r c u i t s  are n o t  turned o f f  and, i n  f ac t ,  are arranged such t h a t  

rod i n s e r t i o n  r e q u e s t s  always t a k e  precedence over t hose  f o r  rod withdrawal.  

When t h e  switch i s  o f f ,  t h e  

Rod 

4 
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APPENDIX B 

THE PROTECTION SYSTEM 

A. E. G. Bates 

The p r o t e c t i o n  ( s a f e t y )  system, as t h e  name impl i e s ,  i s  in tended  as 

a p r o t e c t i v e  means f o r  t h e  r e a c t o r  r a t h e r  than  ais i n s t rumen ta t ion  p r i m a r i l y  

f o r  opera t ing .  

is  desigped f o r  maximum r e l i a b i l i t y .  Power s u p p l i e s ,  s i g n a l  c i r c u i t s ,  

and connect ing cab le s  are monitored t o  d e t e c t  f a i l u r e s  which might o r ig -  

i n a t e  i n  t h e  equipment i t se l f .  

a t t e n t i o n  t o  t h e  f a c t  t h a t  t r o u b l e  has  developed. 

I n  f a c t ,  i t  is  t h e  " las t  d i t ch"  p r o t e c t o r  and, as such ,  

An a u d i b l e  alarm ca l l s  t h e  o p e r a t o r ' s  

Although t h e  p r o t e c t i o n  a f fo rded  by t h e  system i s  a c t u a l l y  a g a i n s t  

high-temperature  ope ra t ion  of t h e  f u e l  (and, i n  some cases, p o s s i b l y  t h e  

moderator) r a t h e r  than  a g a i n s t  r a d i a t i o n  damage t o  t h e  r e a c t o r  assembly, 

f l u x  measurements under some cond i t ions  may be  s u b s t i t u t e d  f o r  temperature  

measurements i n  a r e a c t o r  s i n c e  t h e  rate of h e a t  gene ra t ion  i n  t h e  c o r e  

i s  p r o p o r t i o n a l  t o  t h e  f i s s i o n  rate. 

i s  t h a t  i t  has  l i t t l e  i n e r t i a ,  responding almost i n s t a n t l y  t o  changes i n  

t h e  f l u x  a t  t h e  chamber. 

chamber p o s i t i o n ,  however. P lac ing  i t  o u t s i d e  a t h i c k  g r a p h i t e  r e f l e c t o r ,  

f o r  example, w i l l  r e s u l t  i n  undes i r ab le  de l ays  i n  t h e  d e t e c t i o n  of f l u x  

changes i n  t h e  c o r e  because of t h e  f i n i t e  v e l o c i t y  of  neut ron  propagat ion  

through t h e  r e f l e c t o r  material. 

F igure  B . l  i l l u s t r a t e s  t h e  b a s i c  arrangement of a t y p i c a l  p r o t e c t i o n  

A major advantage of t h i s  method 

Some care must b e  exe rc i sed  i n  s e l e c t i n g  t h e  

system, It makes use  of t h r e e  independent s a f e t y  channels  each c o n s i s t i n g  

of an i o n  chamber, a s a f e t y  p r e a m p l i f i e r  and a sigma a m p l i f i e r ,  a l l  feed- 

i n g  i n t o  a common sigma bus.  Attached t o  t h i s  bus are t h e  s e v e r a l  magnet 

a m p l i f i e r s  which c o n t r o l  t h e  c u r r e n t  t o  t h e  shim s a f e t y  rod magnets. 

i n g  normal s t e a d y - s t a t e  o p e r a t i o n  of t h e  a s s o c i a t e d  r e a c t o r ,  t h e  sigma 

a m p l i f i e r s  main ta in  t h e  sigma bus a t  a cons t an t  e l e c t r i c  p o t e n t i a l  w i t h  

r e s p e c t  t o  ground. A s  long as t h i s  p o t e n t i a l  is  app l i ed  t o  t h e  i n p u t  of 

t h e  magnet a m p l i f i e r s ,  t h e  c u r r e n t  through t h e  rod magnets w i l l  b e  main- 

t a ined  a t  a va lue  somewhat g r e a t e r  than i s  r e q u i r e d  t o  suppor t  t h e  shim 

s a f e t y  rods .  Dropping t h e  r e a c t o r  power a t  a uniform rate from N w i l l  

Dur- 

F 

. 
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Ampl i f ie rs  Magnets From Log-N 
Period 

Fig.  B-1. Basic Arrangement of Typica l  Sa fe ty  System 

r e s u l t  i n  t he  sigma bus v o l t a g e  f a l l i n g  slowly u n t i l  about 

reached,  b u t  below t h i s  no f u r t h e r  change occurs .  

r e n t s ,  t h e r e f o r e ,  rise slowly and then l e v e l  o f f  a t  a cons t an t  va lue  

which is  maintained a t  a l l  r e a c t o r  powers below 

mum hold ing  f o r c e  dur ing  s t a r t u p  rod withdrawal.  

N i s  F 
The rod magnet cur- 

N t o  provide maxi- F 

Rais ing  t h e  power l e v e l  above N i n c r e a s e s  t h e  sigma bus p o t e n t i a l  

A t  a power l e v e l  s l i g h t l y  
F 

slowly a t  f i r s t  b u t  more r a p i d l y  t h e r e a f t e r .  

below 1.5 N 

t h e  magnets can j u s t  suppor t  t h e  shim s a f e t y  rods.  

rise i n  the  r e a c t o r  power w i l l  r e s u l t  i n  a s u f f i c i e n t  r educ t ion  i n  cur- 

r e n t s  through a l l  t h e  magnets t h a t  t h e  rods w i l l  b e  r e l eased  t o  scram t h e  

r e a c t o r .  

t h e  rod magnet c u r r e n t s  have f a l l e n  t o  such l o w  va lues  t h a t  F 
Any s l i g h t  f u r t h e r  

I t  w i l l  be  noted t h a t  t h e  log-N per iod  channel  a l s o  ties t o  t h e  sigma 

The log-N per iod  scram i s  in tended  t o  l i m i t  t h e  power excurs ion  of bus,  

a r e a c t o r  dur ing  a s t a r t u p  acc iden t .  The power-level s a f e t i e s  a l s o  provide 
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p r o t e c t i o n ,  b u t  they do no t  a c t  u n t i l  t h e  power has  reached 1 .5  N F  o r  s o ,  

wh i l e  t h e  log-N channel  w i l l  normally scram t h e  r e a c t o r  a t  much lower 

l e v e l s  thus  reducing t h e  power excurs ion  p ropor t iona l ly .  The pe r iod  ampli- 

f i e r  of t h e  log-N channel raises t h e  sigma bus v o l t a g e  an  amount which i s  

i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  l eng th  of t h e  per iod  de tec t ed  and is  a d j u s t e d  

t o  scram when t h i s  i s  one second o r  s h o r t e r .  

The one-second pe r iod  va lue  i s  a compromise. I n  t h e  power range t h e  

se rvo  may induce pe r iods  of t e n  seconds o r  s h o r t e r  dur ing  i t s  normal con- 

t r o l  opera t ion .  

a t  pe r iods  s h o r t e r  than  t h e s e  t o  prevent  i t s  i n t e r f e r i n g  w i t h  se rvo  oper- 

a t i o n .  On t h e  o t h e r  hand, w a i t i n g  u n t i l  t h e  pe r iod  i s  q u i t e  s h o r t  b e f o r e  

t ak ing  c o r r e c t i v e  a c t i o n  i s  undes i rab le .  There i s  some de lay  (10 t o  30 

mi l l i s econds )  between t h e  d e t e c t i o n  of an undes i red  pe r iod  and the  t i m e  

when c o r r e c t i v e  a c t i o n  a c t u a l l y  begins  t o  t a k e  e f f e c t .  This  means t h a t  

t h e  s h o r t e r  t h e  pe r iod  s e l e c t e d  f o r  scramming,the g r e a t e r  t h e  power over- 

shoot .  Any scram s e t t i n g  longer  than about  100 mi l l i s econds  i s  adequate ,  

and one second provides  cons ide rab le  margin beyond t h i s .  

Obviously,  t h e  per iod  channel  should be  set  t o  scram only  

The sigma bus was s o  named because i t  i s  a common o r  summing p o i n t  

f o r  t h e  ou tpu t s  of t h e  s a f e t y  and log-N pe r iod  channels .  A more desc r ip -  

t i v e  name might b e  "auc t ion  bus" s i n c e  t h e  v o l t a g e  on t h e  bus i s  very  

n e a r l y  t h a t  of t h e  channel  having t h e  h i g h e s t  ou tput .  Therefore ,  any 

channel  can independent ly  raise t h e  bus p o t e n t i a l  h igh  enough t o  produce 

a r e a c t o r  scram. The sigma bus i s  a c r i t i c a l  p o i n t  i n  t h e  system and i s  
c a r e f u l l y  i n s u l a t e d  e l e c t r i c a l l y  and p ro tec t ed  mechanical ly  i n  every 

i n s t a l l a t i o n .  I n s u l a t i o n  f a i l u r e s  r e s u l t i n g  i n  p a r t i a l  o r  complete grounds 

on t h e  bus might ,  i n  a system such as has  been desc r ibed ,  r e s u l t  i n  

reduced s e n s i t i v i t y  o r  t o t a l  l o s s  of p ro tec t ion .  To guard a g a i n s t  such 

occurrences t h e  magnet a m p l i f i e r s  are designed t o  b e  s e n s i t i v e  t o  bo th  

i n c r e a s e s  and dec reases  i n  bus p o t e n t i a l .  To permi t  o p e r a t i o n  of t h e  

r e a c t o r ,  then,  i t  i s  necessary  t o  main ta in  t h e  sigma bus v o l t a g e  w i t h i n  a 
narrow margin above o r  below a va lue  f i x e d  by t h e  des ign  of t h e  magnet 

a m p l i f i e r s .  

I n  determining t h e  number of s a f e t y  channels  i t  i s  apparent  t h a t  

t he  u s e  of on ly  one would no t  provide s u f f i c i e n t  r e l i a b i l i t y  and would 

no t  be  conducive t o  c o n t i n u i t y  of opera t ion .  Although two channels  would 

. 
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probably provide as h igh  a degree of r e l i a b i l i t y  and s a f e t y  as can b e  j u s t i -  

f i e d ,  t h i s  would n o t  provide f o r  c o n t i n u i t y  of o p e r a t i o n  i n  t h e  event  of 

instrument  t roub le .  With two, t h e  p r o b a b i l i t y  of having instrument  t r o u b l e  

i s  much h ighe r  t han  w i t h  one so  t h e  number of shutdowns due t o  instrument  

t r o u b l e  w i l l  be  g r e a t e r  because i t  is  n o t  p e r m i s s i b l e  t o  o p e r a t e  t h e  r e a c t o r  

when i t  i s  p r o t e c t e d  only by a s i n g l e  channel.  Three,  then,  seems t o  b e  

a minimum t o  ensu re  t h a t  two are always a v a i l a b l e  i n  t h e  event  t h a t  one 

is  ou t  of s e r v i c e  f o r  r e p a i r .  The p r o t e c t i o n  r e l i a b i l i t y  i s  h ighe r  w i t h  

t h r e e  b u t  s o  i s  t h e  p r o b a b i l i t y  of a channel f a i l u r e .  The p o i n t  i s ,  though, 

t h a t  t h e  p r o b a b i l i t y  of two s u c c e s s i v e  f a i l u r e s  i s  very low and t h e r e f o r e  

t h e  number of shutdowns from such causes  i s  reduced t o  an accep tab ly  low 

value.  

The fundamental problem i n  t h e  c o n t r o l  of r e a c t o r s  b u i l t  w i t h  l a r g e  

excess  r e a c t i v i t y  has been d i scussed  by Newson." H e  shows t h a t  f o r  rates 

of change of k c o n s i s t e n t  w i th  reasonable  s t a r t u p  times, prompt c r i t i c a l  

may be reached b e f o r e  a c c u r a t e  instruments  are i n  range t o  i n d i c a t e  t h e  

f l u x .  The s h o r t  pe r iods  on which t h e  r e a c t o r  then rises p rec lude ,  o r  make 

u n l i k e l y ,  c o r r e c t i v e  a c t i o n  by t h e  r e a c t o r  o p e r a t o r  i n  t i m e  t o  a v e r t  a 
d i s a s t e r .  A f a s t  s a f e t y  dev ice  which acts when t h e  r e a c t o r  reaches a 

predetermined va lue  above t h e  normal o p e r a t i n g  l e v e l  may b e  made f a s t  

enough t o  s h u t  down t h e  r e a c t o r  b e f o r e  damage r e s u l t s .  

s h u t  down t h e  r e a c t o r  i n  a t i m e  determined by t h e  pe r iod  of t h e  r e a c t o r ,  

by t h e  delay i n  t h e  s a f e t y  system, and by t h e  ra te  a t  which t h e  s a f e t y  

system can dec rease  k. 

Such a device w i l l  

I n  t h e  PCA t h e  primary s a f e t y  dev ice  is  a system of shim-safety rods.  

These are suspended from electromagnets  and are d r iven  up and down by 

e l e c t r i c  motors. When i t  becomes necessary t o  decrease k qu ick ly ,  t h e  

c u r r e n t  i n  t h e  electromagnets  i s  turned o f f  and t h e  rods f a l l  due t o  
g r a v i t y  t o  t h e  f u l l y  s e a t e d  p o s i t i o n  i n  t h e  core .  

f l i g h t  t i m e  of t h e  PCA rods is  about 500 msec.) 

o r  more rods i s  known as a scram. 

(Normally t h e  t o t a l  

This  l e t t i n g - g o  of one 

-~ ~ 

*H. W .  Newson, The Con t ro l  Problem i n  P i l e s  Capable of Very Shor t  
P e r i o d s ,  MonP-271 ( A p r i l  21, 1947) .  
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A number of e l e c t r i c a l  devices  w i l l  perform t h e  d u t i e s  of some of 

t h e  components of t h e  p r o t e c t i o n  system. I n  p a r t i c u l a r ,  t h e  o r d i n a r y  sen- 

s i t i v e  r e l a y  has  many a t t r a c t i v e  f e a t u r e s .  It  i s  a dev ice  which has  been 

manufactured s u c c e s s f u l l y  f o r  many yea r s .  Its r e l i a b i l i t y  when used con- 

s e r v a t i v e l y  is  very g r e a t .  With l i t t l e  a d d i t i o n a l  t r o u b l e  i t  may, by use  

of m u l t i p l e  c o n t a c t s ,  b e  made t o  s e r v e  s e v e r a l  func t ions .  S ince  i n  t h i s  

a p p l i c a t i o n  t h e  primary s i g n a l s  are generated i n  i o n i z a t i o n  chambers, 

r e l a y s  of adequate  ruggedness cannot be ope ra t ed  d i r e c t l y  w i t h  t h e  smal l  

c u r r e n t s  a v a i l a b l e .  An a m p l i f i e r  of some s o r t  i s  t h e r e f o r e  r equ i r ed .  This 

i s  a drawback, b u t  n o t  a s e r i o u s  one. A much more s e r i o u s  shortcoming of 

t h e  r e l a y  i s  i t s  u n p r e d i c t a b i l i t y  ; t h a t  i s  , t h e  i m p o s s i b i l i t y  of applying 

any tes t  which w i l l  p r e d i c t  i t s  response ( o r  l a c k  of response)  t o  t h e  nex t  

s i g n a l  r e q u i r i n g  ope ra t ion .  Any t r i a l  o p e r a t i o n  by way of such a tes t  i s ,  

by i t s  n a t u r e ,  a "test t o  d e s t r u c t i o n "  proving only t h a t  t h e  r e l a y  - d i d  

work, n o t  t h a t  i t  w i l l .  What i s  r e q u i r e d ,  t hen ,  i s  a dev ice  t h a t  a c t s  

l i k e  a r e l a y  i n  i t s  o p e r a t i o n  b u t  provides  some means of t e s t i n g  o r  moni- 

t o r i n g  i t s  cond i t ion .  The e l e c t r o n i c  systems desc r ibed  b r i e f l y  above 

approach t h i s  mode of o p e r a t i o n  wh i l e  r e t a i n i n g  t h e  f e a t u r e  t h a t ,  w i t h  

c a r e ,  p o s s i b l e  malfunct ion may be d e t e c t e d  b e f o r e  a s u f f i c i e n t l y  dangerous 

c o n d i t i o n  develops t h a t  proper  func t ion ing  of t h e  a i l i n g  c i r c u i t  becomes 

imperat ive.  

. 
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APPENDIX C 

OPERATING SAFETY LIMITS FOR THE POOL CRITICAL ASSEMBLY (PCA) 

R .  A .  Costner ,  J r .  

I n t r o d u c t i o n  

The Pool  C r i t i c a l  Assembly (PCA) o p e r a t i n g  s a f e t y  l i m i t s  de s igna te  

l i m i t s  w i t h i n  which t h e  r e a c t o r  can b e  ope ra t ed  s a f e l y .  

s p e c i f i e d  were determined by des ign  o r  experience and are l i s t e d  accord- 

i n g  t o  t h e  f u n c t i o n a l  components. 

experiments and those  placed on a d m i n i s t r a t i o n  of t he  ope ra t ion .  

approval  i s  r e q u i r e d  f o r  changes t o  t h e  o p e r a t i n g  s a f e t y  l i m i t s .  

The l i m i t s  

Included are l i m i t a t i o n s  placed on 

AEC 

The purpose of t h i s  document i s  t o  e s t a b l i s h  a l i m i t  f o r  each oper- 

Each l i m i t  a t i n g  v a r i a b l e  which has  d i r e c t  r e a c t o r - s a f e t y  s i g n i f i c a n c e .  

des igna te s  a r e a l i s t i c  boundary t o  t h e  o p e r a t i n g  range of t h e  v a r i a b l e ;  

t h e r e f o r e ,  each l i m i t  can b e  approached w i t h  confidence t h a t  t h e  s a f e t y  

of t h e  r e a c t o r  w i l l  n o t  b e  compromised. The o p e r a t i n g  procedures s h a l l  

be prepared so  as t o  provide r easonab le  assurance t h a t  t h e  r e a c t o r  w i l l  

b e  ope ra t ed  w i t h i n  t h e  s t a t e d  o p e r a t i n g  s a f e t y  l i m i t s .  

The PCA does no t  o p e r a t e  cont inuously b u t  on an "as-needed" b a s i s  

f o r  r e sea rch  and t r a i n i n g .  The power l e v e l  i s  l i m i t e d  t o  10 kw (admin- 

i s t r a t i v e l y ) ,  b u t  most of t h e  o p e r a t i o n  i s  a t  ve ry  low power l e v e l s .  

Operating L i m i t s  

A. Reactor Core 
1. Maximum f u e l  loading - The maximum t o t a l  mass of f u e l  i n  t h e  

co re  s h a l l  b e  a d j u s t e d  s o  t h a t  t h e  ganged shim-safety rods w i l l  

have t o  be withdrawn a t  least  50% of t h e i r  worth b e f o r e  c r i t i -  

c a l i t y  i s  achieved. A t  no t i m e  s h a l l  t h e  r e a c t o r  b e  allowed t o  

con t inue  c r i t i c a l  o p e r a t i o n  w i t h  t h e  ganged rods i n s e r t e d  more 

than 50% of t h e i r  worth. 

2. Maximum s t e a d y - s t a t e  power l e v e l  - 10 kw nominal ( a d m i n i s t r a t i v e  

l i m i t ) .  

3. S a f e t y  power-level scram l i m i t  - Maximum s e t t i n g  (nominal) s h a l l  

b e  150% of maximum s t e a d y - s t a t e  power l e v e l  ( a d m i n i s t r a t i v e  

l i m i t ) .  
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4. Maximum h e a t  f l u x  i n  t h e  co re  f o r  natural-convect ion flow and 

120°F i n l e t  water temperature  - 0.96 x l o 5  Btu hr’l ft’2,* 

5. The s e p a r a t i o n  d i s t a n c e  between t h e  BSR core  and t h e  PCA co re  

s h a l l  b e  maintained a t  more than  10 i n .  by means of permanently 

f i x e d  mechanical s t o p s  on t h e  rails  c a r r y i n g  t h e  BSR core .  

B. Primary Cooling System 

1. Maximum pool-water bu lk  temperature  - 120°F. 

2. Minimum flow ra te  - n a t u r a l  convection. 

3.  The r e a c t o r  coo l ing  water i s  monitored p e r i o d i c a l l y  and necessary 

adjustments  are made t o  ma in ta in  a pH of between 5.5 and 6.5.** 

Maximum r a d i o a c t i v i t y  of coo lan t  water - The r a d i o a c t i v i t y  of t h e  

water s h a l l  b e  maintained a t  a l e v e l  such t h a t  no e x c e s s i v e  expo- 

s u r e  t o  personnel  w i l l  occur ,  as s p e c i f i e d  i n  AEC Manual Chapter 

0524. 

4. 

5. The water l e v e l  i n  t h e  r e a c t o r  pool  normally s h a l l  b e  > 1 2  f t  

above t h e  r e a c t o r  core .  

C. Emergency Cooling F a c i l i t y  

I t  has  been determined expe r imen ta l ly  t h a t  t h e  hea t -gene ra t ion  r a t e  

fol lowing shutdown i s  s u f f i c i e n t l y  low t h a t  no s p e c i a l  p r o v i s i o n s  

f o r  a f t e r h e a t  removal a r e  r e q u i r e d .  

D. Control  and S a f e t y  Systems 

1. Mechanical c o n t r o l  system 

a. Minimum number of c o n t r o l  elements - t h r e e .  

b .  Minimum number of c o n t r o l  rods withdrawn t o  a t t a i n  c r i t i c a l i t y  - 
The r e a c t o r  s h a l l  be s o  arranged t h a t  c r i t i c a l i t y  cannot be 

achieved by complete withdrawal of any one c o n t r o l  rod w h i l e  

t h e  o t h e r s  are completely i n s e r t e d .  

*This v a l u e  is  15% below t h e  burnout h e a t  f l u x  i n t e r p o l a t e d  from t h e  
experimental  d a t a  of W. R. Gambill and R. D. Bundy desc r ibed  i n  ORNL-3026, 
Burnout Heat Fluxes f o r  Low-Pressured Water i n  N a t u r a l  C i r c u l a t i o n ,  and 
i s  approximately a f a c t o r  of 6 g r e a t e r  t han  t h e  h i g h e s t  h e a t  f l u x  t o  b e  
expected du r ing  ope ra t ion .  

**These are nominal l i m i t s  which may b e  exceeded f o r  s h o r t  p e r i o d s  
of t i m e  w i thou t  r e q u i r i n g  a r e a c t o r  shutdown. 
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Maximum release t i m e  of c o n t r o l  elements (magnet and l a t c h  C. 

d. 

e. 

f .  

g* 

combined) - 30 msec. 
Maximum scram t i m e  (maximum t ime-of-f l ight  from f u l l y  with- 

drawn t o  bottom seat)  - 800 msec ( inc ludes  release tfme). 

Maximum ra te  of increase of r e a c t i v i t y  (us ing  c o n t r o l  rods)  - 
0.15% Ak/k p e r  sec. 

Servo c o n t r o l  - The amount of p o s i t i v e  r e a c t i v i t y  c o n t r o l l e d  

by t h e  s e r v o  system s h a l l  b e  l i m i t e d  t o  0.5% Ak/k. 

Opera t iona l  checks - Maximum t i m e  between s u c c e s s i v e  checks 

of t he  release t i m e  and t h e  scram t i m e  s h a l l  b e  3 months o r  

b e f o r e  r e a c t o r  o p e r a t i o n  is  r e q u i r e d  (whichever i s  l o n g e s t ) .  

2. Control  and s a f e t y  in s t rumen ta t ion  

a. Minimum r e a c t o r  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  r equ i r ed  

f o r  s t a r t u g . *  

(1) Two power-level s a f e t y  channels.  

(2)  One log-N pe r iod  channel ( t o  i n i t i a t e  a r e a c t o r  scram 

a t  pe r iods  less than 1 s e c ) .  

( 3 )  One neu t ron - l eve l  d e t e c t i o n  channel (log-N o r  f i s s i o n  

chamber) t h a t  i s  r e l i a b l y  d e t e c t i n g  t h e  neutron level  
i n  t h e  r e a c t o r .  

( 4 )  One r a d i a t i o n  monitor l o c a t e d  i n  t h e  r e a c t o r  room. 

( 5 )  One continuous a i r  monitor l o c a t e d  i n  t h e  r e a c t o r  room. 

Minimum s a f e t y  and c o n t r o l  i n s t rumen ta t ion  r equ i r ed  during 

s t e ady - s t a t  e opera t ion. 
(1) Two power-level s a f e t y  channels.  

( 2 )  One r a d i a t i o n  monitor l o c a t e d  i n  t h e  r e a c t o r  room. 

( 3 )  One continuous a i r  monitor l o c a t e d  i n  t h e  r e a c t o r  room. 

b. 

c. Control  and s a f e t y  instrument  checks 

(1) Func t iona l  checks of i n s t rumen t s  - P r i o r  t o  each r e a c t o r  

s t a r t u p  which occurs  more than  e i g h t  hours fol lowing a 

shutdown . 

*When more than  one instrument  of t h e  same kind is  s p e c i f i e d ,  i t  i s  
t o  b e  understood t h a t  e i t h e r  instrument  w i l l  provide t h e  r equ i r ed  s a f e t y  
a c t i o n .  
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(2 )  Maximum p e r i o d  between comprehensive instrument  cali-  
b r a t i o n  and checkout tests - Three months o r  b e f o r e  

r e a c t o r  o p e r a t i o n  i s  r e q u i r e d  (whichever i s  l o n g e s t ) .  

E. Rad ia t ion  Monitoring Systems 

Rad ia t ion  leve l  monitors  - A minimum of two ope rab le  r a d i a t i o n  moni- 

t o r s  which provide a u d i b l e  alarms s h a l l  b e  l o c a t e d  a t  a p p r o p r i a t e  

p o i n t s  w i t h i n  t h e  r e a c t o r  b u i l d i n g .  

F. Experiments 

Each i n - r e a c t o r  experiment i s  s u b j e c t e d  t o  comprehensive reviews and 

hazards  e v a l u a t i o n s  by t h e  Labora to ry ' s  Reactor  Experiment R e v i e w  

Committee and/or  t h e  Operat ions Div i s ion .  I n  t h i s  way, an  experiment 

i s  approved f o r  o p e r a t i o n  w i t h i n  s a f e t y  l i m i t s  a p p l i c a b l e  only t o  t h a t  

s p e c i f i c  experiment.  

systems, o r  components t h a t  may ( f o r  any c r e d i b l e  reason)  a f f e c t  t h e  

r e a c t o r  r e a c t i v i t y  i n  such a manner o r  t o  such a degree t h a t  unsafe  

condi tons could r e s u l t .  

1. With r e s p e c t  t o  r e a c t i v i t y  e f f e c t s ,  experiments* are considered 

Appropriate  l i m i t s  are p l aced  upon any materials, 

and approved as fol lows:  

a. An experiment i s  approved r o u t i n e l y  i f  t h e  maximum change i n  

r e a c t i v i t y  t h a t  can b e  caused by t h e  experiment i s  conserva- 

t i v e l y  less than  t h e  t o t a l  amount of r e a c t i v i t y  c o n t r o l l e d  

by t h e  s e r v o  system ( l e s s  t han  0.5% Ak/k). 

b.  Experiments having r e a c t i v i t y  worths  g r e a t e r  t han  t h a t  i n  

i t e m  F . 1 . a  are considered i n  more d e t a i l - - p a r t i c u l a r l y  i f  

f a i l u r e  o r  malfunct ion of t h e  experiments may cause changes 

i n  t h e s e  worths.  Considerat ion i s  given t o  t h e  t o t a l  worth,  

rates of change of r e a c t i v i t y ,  and t o  p a r t i c u l a r  s i t u a t i o n s  

t h a t  may b e  a s s o c i a t e d  w i t h  t h e s e  changes. 

b e  approved only i f  i t  i s  found i n c r e d i b l e  t h a t  t h e  experiment 

could cause unacceptable  haza rds .  

Reactor Experiment Review Committee i s  r e q u i r e d .  

Experiments s h a l l  

Review by t h e  Labora to ry ' s  

. 

*These l i m i t s  on r e a c t i v i t y  e f f e c t s  of experiments apply t o  those  
experiments f o r  which t h e  r e a c t o r  is  used only as a source  of r a d i a t i o n .  
Those experiments i n  which t h e  r e a c t o r  i t s e l f  i s  p a r t  of t h e  experiment 
( e . g . ,  app roach- to -c r i t i ca l - load ing  experiments) are l i m i t e d  by i t e m  - A . l .  
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2. With r e s p e c t  t o  energy release, experiments are  considered and 

approved as fo l lows  : 

a. The amount of any exp los ive  o r  mixture  of materials (such as 

hydrogen and oxygen) t o  be  placed i n  o r  near  t h e  r e a c t o r  

s h a l l  b e  l i m i t e d  t o  t h e  equ iva len t  of 1 g of TNT (1.1 k c a l ) .  

b. The energy release which might r e s u l t  from t h e  r e a c t i o n  of 
any of t h e  so-ca l led  r e a c t i v e  materials,  such as Nay L i ,  o r  

K ,  w i th  t h e  r e a c t o r  coolan t  o r  wi th  t h e  experiment coo lan t  

by any c r e d i b l e  mechanism s h a l l  b e  l i m i t e d  t o  100 k c a l  un le s s  
a monitored double b a r r i e r  e x i s t s  between the  material and 

t h e  coo lan t .  Experiments of t h i s  type  i n  which t h e  p o t e n t i a l  

energy release i s  g r e a t e r  than  500 k c a l  s h a l l  n o t  b e  i n s t a l l e d  

wi thout  p r i o r  approval  by t h e  AEC. 

G. Adminis t ra t ive  and Procedura l  Safeguards 

1. Personnel  q u a l i f i c a t i o n s  - The r e a c t o r  s h a l l  be  opera ted  only  by 

q u a l i f i e d  personnel  approved by t h e  Operat ions Div i s ion  Superin- 

tendent .  

2. Minimum s t a f f  requirements  f o r  t h e  PCA ope ra t ion  dur ing  any 

s h i f t  - One supe rv i so r  q u a l i f i e d  t o  ope ra t e  t h e  PCA s h a l l  be  i n  

t h e  ope ra t ing  area whenever t h e  r e a c t o r  i s  ope ra t ing .  

3. Procedures  - The r e a c t o r  is  opera ted  i n  conformance w i t h  documented 

ope ra t ing  procedures .  I n  no i n s t a n c e  s h a l l  t h e  ope ra t ing  procedures  

a u t h o r i z e  o p e r a t i o n  of t h e  r e a c t o r  i n  excess  of any ope ra t ing  s a f e t y  

l i m i t  l i s t e d  above. 
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