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ABSTRACT 

The BSR is a swimming-pool-type reactor. It has the capabilities 
of continuous operation at a power level of 2 Mw or at any desired lower 
power level, This manual presents descriptive and operational informa- 
tion. The reactor and its ancillary facilities are described from a 
physical and operational viewpoint. Detailed operating procedures are 
included which are applicable from source-level startup to full-power 
operation. A l s o  included are procedures relative to the safety of 
personnel and equipment in the areas of experiments, radiation and 
contamination control, emergency actions, and general safety. 

This manual supercedes all previous operating manuals for the BSR. 
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1. INTRODUCTION 

Reac to r s  and t h e i r  o p e r a t i o n  may be p o t e n t i a l l y  more hazardous t h a n  

many i n d u s t r i a l  e n t e r p r i s e s .  General ly ,  t h i s  i s  due t o  t h e  eve r -p resen t  

p o s s i b i l i t y  of sudden, l a r g e  power i n c r e a s e s  i n  t h e  r e a c t o r  i t s e l f  and 

t.he i n a b i l i t y  of human s e n s e s  t o  d e t e c t  t h e  r a d i a t i o n  r e s u l t i n g  from such 

an  e x c u r s i o n .  The p o s s i b i l i t y  of con tamina t ion  of a l a r g e  area, as w e l l  

as l o c a l  contaminat ion,  i s  an  added haza rd  t h a t  might r e s u l t  from such an  

excur  s i o n .  

To minimize t h e  i n h e r e n t  haza rds  a s s o c i a t e d  w i t h  o p e r a t i n g  a r e a c t o r ,  

i n  a d d i t i o n  t o  t h o s e  common t o  any i n d u s t r i a l  p l a n t ,  d e t a i l e d  procedures  

have been e s t a b l i s h e d  t o  s e r v e  as gu ides  in t h e  v a r i o u s  phases  of r e a c t o r  

o p e r a t i o n s .  These procedures  are  t o  be  acknowledged whenever a p p l i c a b l e .  

I n  cases where t h e  o p e r a t i o n  i s  more complex o r  where e r r o r s  cannot be  

t o l e r a t e d ,  t h e  u s e  of c h e c k l i s t s  w i l l  b e  i n c o r p o r a t e d  i n  t h a t  p a r t i c u l a r  

p rocedure .  

The c o r e  of t h e  ORm Bulk S h i e l d i n g  Reactor  (BSR) c o n s i s t s  of a n  

assembly of MTR-type f u e l  elements.. The c o r e  i s  l o c a t e d  i n  a pool of water 

40 f t  long, 20 ft wide, and 22 f t  deep. The water s e r v e s  as t h e  r e a c t o r  

coo lan t ,  moderator,  s h i e l d ,  and r e f l e c t o r .  The suppor t  s t r u c t u r e  f o r  t h e  

c o r e  i s  a t t a c h e d  t o  a movable r e a c t o r  b r i d g e ;  t h i s  b r i d g e  i s  suppor t ed  

on s t e e l  ra i ls  l o c a t e d  a long  t h e  east  and west walls of t h e  pool .  An 

a d d i t i o n a l  movable b r idge ,  c a l l e d  t h e  in s t rumen t  b r idge ,  is used f o r  a 

working platform and t o  p r o v i d e  space  f o r  s p e c i a l  equipment. T h i s  b r i d g e  

is  suppor t ed  by t h e  same p o o l s i d e  r a i l s  used t o  s u p p o r t  t h e  r e a c t o r  b r i d g e .  

.I .. .. 
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A forced-f low coo l ing  system a l lows  con t inuous  o p e r a t i o n  a t  a power 

l e v e l  of 2 Mw. I n  a d d i t i o n  t o  t h e  normal r e a c t o r  c o n t r o l  i n s t rumen ta t ion ,  

a c l o s e d - c i r c u i t  t e l e v i s i o n  mon i to r ing  s y s  t e m  is  provided, w i t h  remote 

c o n t r o l s  l o c a t e d  a t  t h e  ORR. 
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2. REACTOR OPERATIONS 

2 . 1 .  S t a r t u p  

2 .  l a .  R e s p o n s i b i l i t y  

The most hazardous t i m e  of r e a c t o r  o p e r a t i o n  i s  d u r i n g  a s t a r t u p .  

To avo id  a s i t u a t i o n  i n  which some p r e s t a r t u p  checks are neg lec t ed  o r  

abnormal c o n d i t i o n s  are not  noted because of d u a l  supe rv i s ion ,  on ly  one 

s u p e r v i s o r  w i l l  be  i n  charge d u r i n g  a s t a r t u p .  

w i l l  a s s u r e  h imse l f  t h a t  a l l  checks have been made and t h a t  t h e  r e a c t o r  

and experiments  are ready f o r  o p e r a t i o n .  

t h e  c o n t r o l  room, g i v i n g  i n s t r u c t i o n s  t o  pe r sonne l  a t  o t h e r  s t a t i o n s ,  a s  

needed, v i a  t h e  intercommunicat ion and /o r  pub l i c -addres s  system. The 

s u p e r v i s o r  i n  charge when t h e  s t a r t u p  checks are  made must fo l low through 

w i t h  t h e  s t a r t u p  u n t i l  t h e  d e s i r e d  power l e v e l  is  a t t a i n e d ,  

The s u p e r v i s o r  i n  charge 

He must d i r e c t  t h e  s t a r t u p  from 

The minimum r e q u i r e d  p e r s o n n e l  f o r  a normal reactor s t a r t u p  i s  a 

s u p e r v i s o r  and a reactor o p e r a t o r .  Occasional ly ,  an  in s t rumen t  mechanic 

and /o r  i n s t rumen t  eng inee r  i s  needed f o r  s tandby s e r v i c e .  Other pe r sonne l  

are s u p e r f l u o u s  and may indeed p r e s e n t  confus ion  and d i s t r a c t i o n  t o  t h e  

o p e r a t i o n  e 

During each r e a c t o r  s t a r t u p ,  it s h a l l  b e  t h e  r e s p o n s i b i l i t y  of t h e  

s u p e r v i s o r  i n  cha rge  t o  e v a l u a t e  t h e  number of p e r s o n n e l  r e q u i r e d  f o r  

t h e  o p e r a t i o n  and t o  excuse i n t e r e s t e d  b y s t a n d e r s  from t h e  c o n t r o l  room 

t o  t h e  o b s e r v a t i o n  p o s t  o u t s i d e  t h e  c o n t r o l  room window. There w i l l  b e  

s p e c i a l  occas ions  when extra p e r s o n n e l  ( i . e . ,  t r a i n e e s ,  committees) w i l l  

n e c e s s a r i l y  b e  p r e s e n t .  During such t i m e s ,  t h o s e  obse rv ing  should be  

i n s t r u c t e d  t o  avoid confus ing  a n d / o r  i n t e r f e r i n g  w i t h  t h e  o p e r a t i o n .  
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2 . l b .  Pe r sonne l  Hazards During S t a r t u p  

Although eve ry  e f f o r t  i s  made t o  ensu re  t h e  s a f e t y  of a l l  r e a c t o r  

f a c i l i t i e s ,  t h e  p o s s i b i l i t y  of human e r r o r  o r  equipment f a i l u r e  i s  always 

p r e s e n t ;  t h e r e f o r e ,  t h e  consequences of  r a d i a t i o n  and con tamina t ion  i n c i -  

d e n t s  should be w e l l  understood by Reactor  Opera t ions  pe r sonne l .  S ince  

r e a c t o r  s t a r t u p s ,  i n  g e n e r a l ,  a r e  p o t e n t i a l l y  hazardous,  each should be 

approached w i t h  the same degree  of  c a u t i o n .  A r a d i a t i o n  su rvey  should be 

made once pe r  week (as i n d i c a t e d  on t h e  r o u t i n e  c h e c k l i s t )  whenever t h e  

r e a c t o r  i s  o p e r a t e d ;  and, whenever a p p l i c a b l e ,  Hea l th  Phys ic s  personnel  

should be u t i l i z e d  f o r  mon i to r ing  and checking.  

2 . 1 ~ .  Modes of Opera t ion  

1. Mode 1. - The r e a c t o r  c o r e  i s  cooLed by n a t u r a l  convec t ion  of 

the 130,000 g a l l o n s  of pool water .  A f l a p p e r - t y p e  va lve  ( see  

F i g u r e  2 . 1 . 1  and 2 . 1 . 2 )  on t h e  plenum a t  t h e  lower s e c t i o n  of 

the r e a c t o r  g r i d  i s  open i n  t h i s  mode of o p e r a t i o n ;  when t h i s  

va lve  i s  open, t h e  f l o w  pa th  i s  as shown i n  F igu re  2.1.2.  The 

maximum s t e a d y - s t a t e  power l e v e l  i s  1000 kw nominal. (Reactor 

o p e r a t i o n  i n  t h i s  mode i s  r e s t r i c t e d ,  a d m i n i s t r a t i v e l y ,  t:o t hose  

occas ions  when t h e  forced c o o l i n g  system i s  n o t  a v a i l a b l e  f o r  

use .) 

2 .  Mode 2.  - The r e a c t o r  c o r e  i s  cooled by t h e  forced-f low c o o l i n g  

system. The f l a p p e r  v a l v e  i s  c l o s e d  i n  t h i s  mode of o p e r a t i o n ;  

t h e  f l o w  pa th  i s  as  shown i n  F igu re  2 . 1 . 1 .  The maximum s t eady-  

s t a t e  power l e v e l  i s  2000 kw nominal. 
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L E G E  I_ 

F L E X I B L E  COOLING-WATER L I N E  
N A T U R 4 L -  CONVECTION-COOLING 

I N L E T  V A L V E  

WATER MANIFOLD AND 

F U E L - E L E M E N T  GRID P L A T E  

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  F O R  

NITROGEN-16 DISPERSION 

NORTH-SOUTH T R A V E R S I N G  D R I V E  
SHIM-ROD-DRIVE L A T C H  BAR 
REACTOR SUPPORT CARHIAGE 
SHIM-ROD DRIVE MOTOR 

REACTOR GRID SUPPORT 

AND GUIDES 

AND GEAR BOX 

- 
IONifATION-CHAMBER 

REACTOR SUPPORT T U B E S  

I N L E T - V A L V E  OPERATOR 
INSTRUMENT AND CONTROLS 

JUNCTION BOX 
REACTOR SUPPORT BRIDGE 

(MOBILE)  

REACTOR INSTRUMENT 

DAM WITH GATE REMOVED 
EXPANSION JOINT 

REACTOR COOLING-WATER 
L I N E  TO HEAT EXCHANGER 

POOL PARAPET 
REACTOR COOLING- WATER 
RETURN L I N E  F R O M  HEAT EXCH. 
FLOOR L E V E L  OF BUILDING 

SUPPORT TUBES 

AND CONTROL CABLES 

2.1.1. Isometric Drawing of t he  In-Pool Portion of the 
Forced Convection Cooling System f o r  Mode-2 Operation 
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F i g .  2 .1 .2 .  Res t r i c t ed  I somet r i c  V i e w  of t h e  BSR Showing t h e  Flow 
Pa th  for Natural-Convect ion Cooling During Mode-1 Opera t ion  
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2 . l d .  Genera l  Requirements - Personne l  and I n s t r u m e n t a t i o n  

1. p e r s o n n e l .  - The s u p e r v i s o r  i n  charge  du r ing  a r e a c t o r  s t a r t u p  

should  b e  s u r e  of t h e  proper  o p e r a t i o n  of a l l  a u x i l i a r y  system 

i n s t r u m e n t a t i o n  and nuc lea r  i n s t r u m e n t a t i o n .  He must i n i t i a l  

each p rocedura l  i t e m  on t h e  s t a r t u p  c h e c k l i s t  as r e q u i r e d .  H e  

must remain i n  t h e  c o n t r o l  room dur ing  t h e  s t a r t u p .  A f t e r  it: is  

e s t a b l i s h e d  t h a t  a l l  moni tor ing  channels  are f u n c t i o n i n g  p rope r ly  

and a f t e r  t h e  d e s i r e d  power l e v e l  i s  a t t a i n e d ,  t h e  s u p e r v i s o r  may 

l e a v e  t h e  c o n t r o l  room. 

I f  remote o p e r a t i o n  i s  intended,  t h e  ORR conso le  o p e r a t o r  

should  b e  n o t i f i e d  of t h e  s t a t u s  of t h e  r e a c t o r .  H e  should  then  

check t h e  a u d i o  and v ideo  communication sys tem b e f o r e  t h e  l o c a l  

c o n t r o l - s e l e c t o r  knob i s  p l aced  i n  t h e  REMOTE p o s i t i o n .  (Refer  

t o  S e c t i o n  2.2d f o r  d e t a i l s  on remote o p e r a t i o n . )  

2. I n s t r u m e n t a t i o n .  - Under Normal c o n d i t i o n s ,  t h e  o p e r a t i o n  of t h e  

r e a c t o r  i s  monitored by t h e  fo l lowing  i n s t r u m e n t a t i o n  connected 

t o  t h e  r e a c t o r  s a f e t y  o r  p r o t e c t i v e  c i r c u i t s .  

a .  Mode 1 

(1) Flapper -va lve  p o s i t i o n  i n d i c a t o r .  

(2) Three power- level  s a f e t y  channels .  

(3) One log-N channel  ( inc lud ing  p e r i o d  i n s t r u m e n t a t i o n ) ,  

( 4 )  One f i s s i o n  chamber channel .  

(5) One servo channel .  

(6) Under normal cond i t ions ,  t h e  fo l lowing  a d d i t i o n a l  i n s t r u -  

men ta t ion  w i l l  be  i n  ope ra t ion :  



(2 .  I d  cont inued)  2-6  

(a)  Three r a d i a t i o n  moni tors  l o c a t e d  i n  t h e  containment 

volume. 

(b)  Three cont inuous a i r  moni tors  l oca t ed  i n  t h e  con- 

ta inment  volume. 

(c) One r a d i a t i o n  moni tor ,  l oca t ed  i n  t h e  r e a c t o r  room, 

which i s  capab le  of a c t i v a t i n g  t h e  b u i l d i n g  conta in-  

ment system when a r a d i a t i o n  l e v e l  of 2150 mr/hr  

occur s  . 
b .  Mode 2 

(1) Flapper -va lve  p o s i t i o n  i n d i c a t o r .  

(2)  Three power-level s a f e t y  channels .  

(3) One log-N channel  ( inc lud ing  pe r iod  i n s t r u m e n t a t i o n ) .  

( 4 )  One f i s s i o n  chamber channel .  

( 5 )  One s e r v o  channel .  

(6) One AT channel .  

(7) One r e a c t o r  primary-water f low channel .  

(8) One r e a c t o r  AP channel .  

(9) Under normal cond i t ions ,  t h e  fo l lowing  a d d i t i o n a l  i n s t r u -  

men ta t ion  w i l l  be  i n  opera t ion :  

(a)  Three r a d i a t i o n  moni tors  l o c a t e d  i n  t h e  containment 

volume. 

(b) Three cont inuous a i r  moni tors  l o c a t e d  i n  t h e  con ta in -  

ment volume. 

(c) One r a d i a t i o n  monitor  f o r  r e a c t o r  e x i t  water.  

(a) One r a d i a t i o n  monitor  f o r  decay-tank of f -gas .  

(e )  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 
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which is capable of activating the building con- 

tainment system when a radiation level of 2150 

mr /hr occurs. 

2.le. Requirements and Procedures for Startup in Mode 1 

1. Startup Operation. - Whether the reactor is subcritical or crit- 
ical at zero power, at an intermediate level, or in the power 

range and it is desired to make the reactor critical or to in- 

crease the reactor power level, the minimum instrumentation shall 

be : 

a. Flapper-valve position indicator. 

b. Two level-safety channels. 

c. One log-N period channel. 

d. One neutron-level-detection channel (log-N or fission chamber) 

that is reliably detecting the neutron level in the reactor. 

e .  One radiation monitor located in the reactor room. 

f .  One continuous air monitor located in the reactor room. 

g. One operating radiation-detection monitor which provides 

information on radioactivity in the reactor cooling system. 

h. One instrument, located in the reactor room, which will actu- 

ate the building containment system upon detection of a radi- 

ation level 2150 mr/hr. 

It should be pointed out that the  limitations are set forth 

as an absolute minimum. In all cases where practical, a maximum 

complement of instrumentation will be made available. The fail- 

ure of a particular channel is not necessarily a crucial situa- 

tion in itself if the minimum complement of  instrumentation can be 
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provided;  however, r epea ted  f a i l u r e s  of a s i n g l e  channel o r  s imultaneous 

f a i l u r e s  of more than  one channel  would be cause f o r  concern.  Under such 

cond i t ions ,  an  e v a l u a t i o n  should be made a t  t h e  t i m e .  Operat ion of t h e  

r e a c t o r  w i t h  minimum i n s t r u m e n t a t i o n  requirements  s h a l l  be  preceded by 

a u t h o r i z a t i o n  from t h e  r e a c t o r  s u p e r v i s o r  o r  h i s  des igna ted  r e p r e s e n t a t i v e .  

Should an  occas ion  a r i s e  when t h e  minimum i n s t r u m e n t a t i o n  cannot be m e t ,  

t h e  r e a c t o r  power must not be i n c r e a s e d ;  and immediate a c t i o n  m u s t  be  t aken  

t o  o b t a i n  necessa ry  r e p a i r s .  

2 .  P r e p a r a t i o n  f o r  S t a r t u p  i n  Mode 1 

a. Check of t h e  Reac to r  Area. - The r e a c t o r  area should be 

checked t o  ensu re  t h a t  t h i s  a r e a  i s  i n  a s a f e  c o n d i t i o n  f o r  

r e a c t o r  o p e r a t i o n .  ,(These checks should be made wh i l e  com- 

p l e t i n g  S e c t i o n  A - of  t h e  Check L i s t . )  

Determine t h a t  t h e  r e a c t o r  l oad ing  and t h e  r e a c t o r  pos i -  

t i o n  i n  t h e  pool  i s  p rope r .  

Determine t h a t  a l l  c o r e  p i e c e s  a re  i n  p l a c e  and p rope r ly  

s e a t e d  and t h a t  a l l  experiment r i g s  are i n  t h e i r  proper  

l o c a t i o n s  and secured.  

I n s u r e  t h a t  t h e  shim-rod-drive u n i t s  and t h e  f i s s i o n -  

chamber d r i v e  u n i t s  are  i n  t h e t r  p rope r  p o s i t i o n s  and 

t h a t  t h e s e  u n i t s  are f a s t e n e d  t o  t h e  hold-down a r m s .  

Determine t h a t  a l l  c o r e  work h a s  been completed and make 

a f i n a l  i n s p e c t i o n  of t h e  c o r e  f o r  f o r e i g n  o b j e c t s  and 

f o r  any a b n o r m a l i t i e s .  

Determine t h a t  t h e  r e a c t o r  c a r r i a g e ,  r e a c t o r  br idge,  and 

t h e  instrument  b r i d g e  are  locked i n  p o s i t i o n .  
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b .  Check of Experiment F a c i l i t i e s .  - The experiment  f a c i l i t i e s  

should  be checked t o  i n s u r e  t h a t  t hey  are i n  a s a f e  c o n d i t i o n  

f o r  r e a c t o r  o p e r a t i o n .  (These checks should b e  made w h i l e  

complet ing S e c t i o n  of t h e  S t a r t u p  Check L i s t . )  

(1) Determine t h a t  a l l  changes t o  experiments  are completed. 

(2) Determine t h a t  a l l  experiment  i n fo rma t ion  s h e e t s  are  

c u r r e n t  

(3) Determine t h a t  Experiment Safety-Check Shee t s  have been 

completed by ins t rument  eng inee r s  f o r  a l l  a p p l i c a b l e  

experiments  

( 4 )  Determine t h a t  S p e c i a l  I n s t r u c t i o n  Shee t s  f o r  a l l  e x p e r i -  

ments are complete  and c u r r e n t .  

c. S t a r t u p  o f w a t e r  Systems. - The water systems must be pu t  i n t o  

o p e r a t i o n  and checked f o r  proper  o p e r a t i o n .  (These checks 

should  b e  made w h i l e  complet ing S e c t i o n  $ of  t h e  S t a r t u p  Check 

L i s t  a ) 

Determine t h a t  t h e  pool  i s  f i l l e d  t o  t h e  p rope r  l e v e l  awl 

t h a t  a l l  poo l - l eve l  alarms have been c l e a r e d ,  

Determine t h a t  t h e  f l a p p e r  v a l v e  i s  i n  t h e  f u l l y  ope? 

p o s i t  i o n  

Determine t h a t  t h e  j e t - d i f f u s e r - s y s t e m  f low is ,  o r  has  

been, p r o p e r l y  e s t a b l i s h e d  i f  t h e  r e a c t o r  i s  t o  be  opera- 

t e d  above 100 kw. 

Determine t h a t  f low through t h e  d e m i n e r a l i z e r  and through 

t h e  bypass f i l t e r  is ,  o r  has  been, p r o p e r l y  e s t a b l i s h e d .  

Determine t h a t  t h e  water p u r i t y  is  adequate ,  
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(6) Determine t h a t  t h e  skimmer system i s  i n  o p e r a t i o n .  

d .  I n s t r u m e n t a t i o n  Checks. - (These checks should be made wh i l e  

completing S e c t i o n  E of t h e  S t a r t u p  Check L i s t . )  - 
Determine t h a t  l o c a l  o p e r a t i o n  has  been s e l e c t e d .  

Determine t h a t  a l l  u t i l i t y  s e r v i c e s  a re  i n  o r d e r  as spec i -  

f i e d  by t h e  S t a r t u p  Check L i s t .  

Determine t h a t  a l l  r eco rde r s ,  a m p l i f i e r s ,  etc. ,  are tu rned  

on a t  least  one-half  hour p r i o r  t o  o p e r a t i o n  of t h e  

r e a c t o r .  

Determine t h a t  t h e  i o n i z a t i o n  chambers a re  i n  t h e i r  proper 

l o c a t i o n s  and a t  t h e i r  proper e l e v a t i o n s .  (Check t h e  

log  book f o r  any movement du r ing  t h e  preceding shutdown.) 

Determine t h a t  t h e  f iss ion-chamber channel  i s  c a l i b r a t e d  

and o p e r a t i n g  p r o p e r l y  . 
(a) S e t  t h e  log  c o u n t - r a t e  meter on CALIBRATE and a d j u s t  

u n t i l  t h e  log  c o u n t - r a l e  r e c o r d e r  i n d i c a t e s  60 

coun t s / sec .  Re tu rn  t h e  log  c o u n t - r a t e  meter t o  USE. 

(b)  Withdraw t h e  f i s s i o n  chamber u n t i l  t h e  count ing ra te  

i s  observed t o  d e c r e a s e .  Then i n s e r t  t h e  f i s s i o n  

chamber u n t i l  t h e  coun t ing  ra te  i s  observed t o  

i n c r e a s e .  F i n a l l y ,  withdraw t h e  f i s s i o n  chamber t o  

i t s  withdraw l i m i t .  

(c) While comparing t h e  count ing r a t e  of t h e  channel  t o  

t h e  pos t ed  c a . l i b r a t i o n  curve ( f o r  r e sponse  t o  gamma 

r a y s  only) ,  va ry  t h e  p u l s e  h e i g h t  s e t t i n g  (PHS). 

Determine t h a t  t h e  r e s u l t i n g  r e sponse  curve €or t h e  
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channel  i s  e s s e n t i a l l y  t h e  same as t h a t  pos ted  

( i . e* ,  t h a t  t h e  gamma-ray r e sponse  has not  s h i f t e d ) ,  

(d) S e t  t h e  PHS and t h e  g a i n  on t h e  l o g  coun t - r a t e  meter 

a t  t h e  pos t ed  s t a r t u p  va lue .  

(e )  P o s i t i o n  t h e  f i s s i o n  chamber t o  o b t a i n  a count ing  

rate >20 b u t  <40 c.ounts/sec.  

( 6 )  D e t e r m i n e  t h a t  t h e  log-N channel  i s  a d j u s t e d  p rope r ly .  

( a )  Determine t h a t  t h e  log-N channel  power-supply metzers 

i n d i c a t e  that .  t h e  p o s i t i v e  v o l t a g e  and n e g a t i v e  

v o l t a g e  a p p l i e d  t o  t h e  chamber are w i t h i n  i 1 O ' Z  of 

t h e  pos t ed  v a l u e s .  

(b) Using t h e  b u i l t - i n  "Ground", "Lo Ca l ib ra t e" ,  and 

" H i  C a l i b r a t e "  s i g n a l s ,  c a l i b r a t e  t h e  log-N a m p l i -  

f i e r  w i t h  t h e  log-N r e c o r d e r  u s ing  t h e  "Gad Set", 

"Cal ibra te" ,  and "Gain" po ten t iome te r s ,  r e s p e c t i v e l y  

( 7 )  Determine t h a t  t h e  s e r v o  channel  i s  a d j u s t e d  p r o p e r l y ,  

(a) Determine t h a t  t h e  s e r v o  c.hannel power-supply meters 

i n d i c a t e  t h a t  t h e  p o s i t i v e  v o l t a g e  and n e g a t i v e  

v o l t a g e  a p p l i e d  t o  t h e  chamber are w i t h i n  + l o %  of 

t h e  pos ted  v a l u e s .  

(b) Push t h e  micromicroammeter "zero" bu t ton ,  set t h e  

* 
"power range" s e l e c t o r  swi t ch  on 20 w, and z e r o  

t h e  mic romic roamete r .  Return  t h e  r ange  s e l e c t o r  

swi t ch  t o  i t s  p rev ious  pos i c ion .  

JC 

The micromicroammeter range  s e t t i n g  d e f i n e s  t h e  p e r m i s s i b l e  r e a c t o r  
o p e r a t i n g  power range;  t h e r e f o r e ,  t h e  micromicroammeter range  swi t ch  (or  
s e l e c t o r )  i s  t h e  "power range" swi t ch  (o r  s e l e c t o r ) .  
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(8) Compare t h e  con t ro l - rod  magnet c u r r e n t s  w i t h  t h e  posted 

l lNLt1  va lues  and a d j u s t  t h e  magnet a m p l i f i e r s ,  i E  necessary,  

t o  o b t a i n  t h e  p rope r  v a l u e s .  ( I f  t h e  magnet c u r r e n t s  f o r  

more t h a n  two rods  d i f f e r  by more t h a n  +5 m a  from t h e  

posted values ,  c o n t a c t  t h e  r e a c t o r  s u p e r v i s o r . )  

(9) C a l i b r a t e  t h e  l e v e l - s a f e t y  channels  ( q u a r t e r l y ) .  

(10) Perform t h e  rod -d r ive  and rod-response t e s t  fol lowing 

r e p o s i t i o n i n g  of,  o r  any work on, t h e  d r i v e  u n i t s  ( a l s o  

performed q u a r t e r l y )  . 
(11) Perform t h e  scram checks.  (These checks invo lve  r a i s i n g  

a l l  c o n t r o l  rods  about  1 i n .  and scramming them by the 

manual but ton,  log-N a m p l i f i e r  pe r iod  bu t ton ,  and each 

l eve lmsa fe ty  Jordan but ton,  i n  t u r n .  Th i s  s e c t i o n  of t h e  

check l i s t  i s  s e l f - e x p l a n a t o r y . )  

(12) S e t  t h e  "power range" swi t ch  on t h e  d e s i r e d  range. Then 

se t  t h e  servo-demand po ten t iome te r  f o r  t h e  d e s i r e d  Erac- 

t i o n  of t h a t  r ange  by man ipu la t ing  t h e  l e v e r - t y p e  "demand" 

swi t ch .  

(13) Determine t h a t  all a i r  monitors  and r a d i a t i o n  monitors  

(Monitrons) are  o p e r a t i n g  p rope r ly .  

(14) Determine t h a t  a l l  instrument  channels  a re  working prop- 

e r l y  and t h e  corresponding r e c o r d e r s  are t r a c k i n g .  

(15) If t h e  annunc ia to r  pane l s  a r e  n o t  c l e a r ,  t h e  r e a s o n  f o r  

any alarm should b e  determined and eva lua ted .  

e. Other C'necks (These checks should b e  made whi1.e completing 

S e c t i o n  - F of t h e  S t a r t u p  Check L i s t . )  
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...., 

(1) Determine t h a t  t h e  pub l i c -addres s  system i s  o p e r a t i n g  

p rope r ly  - 
(2) The s u p e r v i s o r  should review t h e  next  power l e v e l  sched-  

u l e .  

( 3 )  An announcement should be made over  t h e  pub l i c -addres s  

system b e f o r e  t h e  r e a c t o r  s t a r t u p  i f  r eques t ed  by ex-  

pe r imen te r s  * 

( 4 )  Determine t h a t  t h e  co re - load ing  c h a r t  i s  up t o  d a t e  and 

p r o p e r l y  approved fo l lowing  any c o r e  changes.  

(5) Determine t h a t  t h e  containment  system i s  i n  t h e  condf-  

t i o n  r equ i r ed  f o r  r e a c t o r  s t a r t u p .  {Refer t o  S e c t i o n s  

7.2d and 1 0 . 1  f o r  t h e  proper  o p e r a t i n g  c o n d i t i o n s  of t h e  

containment  system 1 

( 6 )  I f  t h e  power l e v e l  schedule  i n d i c a t e s  extended pe r iods  

of high-power o p e r a t i o n ,  t h e  a i r - c o n d i t i o n i n g  system 

f o r  t h e  pool  area must be f u n c t i o n i n g  p rope r ly .  

3 .  S t a r t u p  i n  Mode 1 V i a  Opera tor  Start:k 

a. S ince  a l l  checks l i s t e d  i n  S e c t i o n  2 . l e . 2  m u s t  have been sa t -  

i s f a c t o r i l y  completed,, c e r t a i n  r e q u i r e d  c o n d i t i o n s  should 

e x i s t ;  however, t h e s e  c o n d i t i o n s  are r e s t a t e d  below. 

(1) Key swi t ch  S l  i n  t h e  ON p o s i t i o n  

(2) P r e f e r r e d - r o d  s e l e c t o r  swi t ch  S10 i n  t h e  d e s i r e d  p o s i -  

t i o n ;  i . e . ,  t o  s e l e c t  rod  1, 2,  o r  3. 

( 3 )  R a i s e - c l u t c h  mode swi t ch  53 i n  t h e  RUN p o s i t i o n .  

W p e r a t o r  s t a r t  (Manual c o n t r o l )  i s  used on ly  when t h e  s e r v o  system 
i s  n o t  f u n c t i o n i n g  p rope r ly .  
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( 4  1 I n d i v i d u a l  " c l u t c h  ac tua te"  swi tches  S12-Sl5  and S22-S23 

i n  t h e  HOLD p o s i t i o n .  

Remote scram swi t ch  S11 i n  OPERATE and scrams r e s e t  by 

pushing t h e  scram-reset b u t t o n ,  PB-1. (The l o c a l  scram 

swi t ch  i s  a push b u t t o n ,  PB-2.)  

No r e v e r s e  r e q u e s t  e x i s t s .  

F i s s i o n  chamber p o s i t i o n e d  so  t h a t  t h e  ou tpu t  of  t h e  

c o u n t - r a t e  channel  i s  >2 c o u n t s / s e c .  ( I f  it i s  d e s i r e d  

t o  o p e r a t e  t h e  f i s s i o n  chamber i n  t h e  au tomat ic  mode, 

any r e p o s i t i o n i n g  w i l l  be accomplished a u t o m a t i c a l l y . )  

I f  t h e  d e s i r e d  o p e r a t i n g  power l e v e l  i s  <400 kw (20% NF), 

omit s t e p  9 ,  below. 

I f  t h e  d e s i r e d  Opera t ing  powe-t- l e v e l  i s  >400 kr.7 (20% N F ) ,  

t h e  "power range" swi t ch  must b e  on t h e  2-Mw s e t t i n g  and 

t h e  se rvo  demand ( loga r i thmic  po ten t iome te r )  must be a t  

i t s  lower l i m i t  (5% N F ) .  

b .  Move t h e  ' 'group-actuate ' '  swi tch ,  S 4 ,  t o  t h e  WITHDRAW p o s i t i o n  

and hold  t h e  swi t ch  i n  t h a t  p o s i t i o n .  I f  a 25-sec per iod  i s  

d e t e c t e d  by e i t h e r  t h e  c o u n t - r a t e  channel  o r  t h e  log-N chan- 

n e l ,  rod  wi thdrawal  i s  i n h i b i t e d  u n t i l  t h e  pe r iod  becomes 

longer .  (Un t i l  t h e  Log-N channel  i n d i c a t e s  a power l e v e l  of 

0.01% N and log-N conf idence  i s  ob ta ined ,  s e v e r a l  a d d i t i o n a l  

c o n d i t i o n s  of t h e  c o u n t - r a t e  channel  which i n h i b i t  rod wi th -  

drawal  are: t h e  c o u n t - r a t e  meter must,  of cour se ,  be i n  oper -  

a t i o n ;  t h e  coun t ing  ra te  must exceed 2 c o u n t s / s e c  and be less 

than  8000 c o u n t s / s e c ;  and t h e  f i s s i o n  chamber must n o t  be i n  

mot ion .  ) 

F 
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c. During t h i s  s t age ,  t h e  proper  "power range" swi t ch  s e t t i n g  

must b e  s e l e c t e d  (even though t h e  s e r v o  sys tem i s  not  on) 

o r  a r e v e r s e  w i l l  be  i n i t i a t e d .  The s w i t c h  should have been 

set f o r  t h e  d e s i r e d  o p e r a t i n g  range  p r i o r  t o  t h e  s t a r t u p  as 

r e q u i r e d  by t h e  S t a r t u p  Check L i s t .  (The o t h e r  a l t e r n a t i v e  

would r e q u i r e  t h e  o p e r a t o r  t o  increase t h e  range-switch s e t t i n g  

as t h e  power l e v e l  i n c r e a s e s ;  however, t h i s  d i s t r a c t i o n  of t h e  

o p e r a t o r  i s  u n d e s i r a b l e  when t h e  r e a c t o r  i s  under  manual con- 

t r o l .  ) 

If t h e  d e s i r e d  o p e r a t i n g  power l e v e l  i s  S O 0  kw (20% faF)' 

"run" must b e  ob ta ined .  To o b t a i n  "run", t h e  power l e v e l  ( a s  

i n d i c a t e d  by t h e  log-N channel)  must be  >1.5% NF and <lo% NF, 

t h e  "power range' '  sw i t ch  must be  on t h e  2-Mk s e t t i n g ,  t h e  log-N 

pe r iod  must be  >lo0 sec, and t h e  s e r v o  demand ( l o g a r i t h m i c  

po ten t iome te r )  must b e  at i t s  lower l i m i t  (5% N ), even though 

t h e  s e r v o  system is OFF. If these c o n d i t i o n s  exist, t h e  run  

d .  

F 

mode i s  a u t o m a t i c a l l y  ob ta ined .  

e. When t h e  d e s i r e d  power l e v e l  i s  obta ined ,  t h e  p o s i t i o n s  of 

t h e  shim rods  should  b e  a d j u s t e d  so  t h a t  rods 1-4 are evenly 

withdrawn. (Rods 5 and 6 should  b e  evenly  withdrawn t o  t h e  

l a s t  recorded  p o s i t i o n  r e q u i r e d  t o  make t h e  h e a t  power equal  

t o  t h e  ins t rument  power.) 

4 .  S t a r t u p  i n  Mode 1 Via Ins t rument  S t a r t  

a .  S ince  a l l  checks l i s t e d  i n  S e c t i o n  2 . l e .2  m u s t  have been 

s a t i s f a c t o r i l y  completed,  c e r t a i n  r e q u i r e d  c o n d i t i o n s  should 

ex i s t ;  however, t h e s e  c o n d i t i c n s  are r e s t a t e d  below. 
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(1) Key swi tch  S 1  i n  t h e  ON p o s i t i o n .  

(2) P re fe r r ed - rod  s e l e c t o r  swi t ch  SlO i n  t h e  d e s i r e d  p o s i -  

t i o n ;  i .e . ,  t o  s e l e c t  rod 1, 2 ,  or  3 .  

Raise -c lu t ch  mode swi tch  S 3  i n  the RUN p o s i t i o n .  ( 3 )  

( 4 )  I n d i v i d u a l  'Ic1.utch-actuate" swi tches  S12-Sl5 and S22-S23 

i n  t h e  HOLD p o s i t i o n .  

Remote scram swi t ch  S 1 1  i n  OPERATE and s c r a m  r e s e t  by 

pushing t h e  scram-rese t  push b u t t o n ,  PB-1. The l o c a l  

scram swi t ch  i s  a push bu t ton ,  PR-2. 

(5) 

(6) No r e v e r s e  r e q u e s t  e x i s t s .  

(7) F i s s i o n  chamber pos i t i oned  s o  t h a t  t h e  ou tpu t  of t h e  

c o u n t - r a t e  channel  i s  >20 coun t s / sec  b u t  <40 c o u n t s / s e c ;  

t h e  f i s s i o n  chamber should be i n  t h e  au tomat ic  mode, 

i .e. ,  swi t ch  S 1 9  should be i n  t h e  AUTO p o s i t i o n .  

(8) I f  t h e  d e s i r e d  o p e r a t i n g  power l e v e l  i s  n o t  >200 kw (10% 

N F ) ,  o m i t  s t e p  9, below. 

I f  the d e s i r e d  o p e r a t i n g  l e v e l  i s  >200 kw (10% N p ) ,  the 

"power range" swi.t.ch must be  on t h e  2-Mw s e t t i n g  and 

the s e r v o  demand ( loga r i thmic  poten t iometer )  must be  

a t  i t s  lower l i m i t  (5% N p ) .  

(9) 

b .  Turn t h e  i n s t r u m e n t - s t a r t  swi t ch  t o  t h e  ON p o s i t i o n ;  t h i s  

w i l l  i n i t i a t e  the  s t a r t u p  sequence. The fo l lowing  e v e n t s  

w i l l  occur  as demanded by t h e  s t a t u s  01 tlhe r e a c t o r  system: 

(1) The s e r v o  system w i l l  be a c t i v a t e d .  

(2)  The rods  w i l l  be withdrawn con t inuous ly .  I C  a 25-scc 

per iod  i s  d e t e c t e d  by e i t h e r  the c o u n t - r a t e  channel  o r  
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.-. 

t h e  log-N channel ,  rod wi thdrawal  i s  i n h i b i t e d  u n t i l  

t h e  pe r iod  becomes longe r .  (Un t i l  t h e  log-N channel  

i n d i c a t e s  a power l e v e l  of 0+01% N and log-N c o n f i -  

dence i s  ob ta ined ,  s e v e r a l  a d d i t i o n a l  c o n d i t i o n s  of t h e  

c o u n t - r a t e  channel  which i n h i b i t  rod wi thdrawal  a re :  t h e  

c o u n t - r a t e  meter must, of course ,  be i n  OPERATE; t h e  

coun t ing  ra te  m u s t  exceed 20 c o u n t s l s e c  and be less  

t h a n  8000 c o u n t s / s e c ;  and t h e  f i s s i o n  chamber must no t  

be i n  motion.)  

F 

c. When t h e  s e r v o  system senses  a n  " i n s e r t  e r r o r " ,  t h e  i n s t r u -  

ment ( c o n t r o l l e d )  s t a r t u p  w i l l  be  t e rmina ted .  The s e r v o  w i l l  

ma in ta in  t h e  r e a c t o r  power l e v e l  a t  t h e  l e v e l  demanded. 

I f  t h e  d e s i r e d  power l e v e l  i s  >200 kw (10% NF), "run" must 

be  ob ta ined .  "Run" should  be ob ta ined  as soon as t h e  s e r v o  

system s t a b i l i z e s  t h e  r e a c t o r  power a t  t h e  100-kw (5% N ) 

level ;  i .e. ,  t h e  r e q u i r e d  c o n d i t i o n s  should n a t u r a l l y  r e s u l t  

from s e r v o  system a c t i o n .  The s e r v o  demand ( loga r i thmic  

po ten t iome te r )  may t h e n  b e  inc reased  t o  t h e  d e s i r e d  l e v e l  

by manipula t ing  t h e  l e v e r  - type  "demand" swi t ch .  

d .  

F 

e .  When t h e  d e s i r e d  power l e v e l  i s  ob ta ined ,  t h e  p o s i t i o n s  of t h e  

shim rods  whould be a d j u s t e d  so t h a t  rods 1-4 are evenly  wi th -  

drawn. (Rods 5 and 6 should be even ly  withdrawn t o  t h e  l a s t  

recorded  p o s i t i o n  r e q u i r e d  t o  make t h e  h e a t  power e q u a l  t o  t h e  

ins t rument  power. T h i s  o p e r a t i o n  i s  performed so  t h a t  shim 

rods  5 and 6 and t h e  neut ron  chambers are i n  approximately t h e  

same r e l a t i o n s h i p ;  consequent ly ,  t h e  shadowing e f f e c t  from 

r o d s  5 and 6 w i l l  be  about  t h e  same d u r i n g  power o p e r a t i o n .  
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5.  S t a r t u p  i n  Mode 1 V i a  Operator S t a r t  w i t h  S e r i o  

a .  S ince  a l l  checks l i s t e d  i n  S e c t i o n  2 . l e .2  must have been 

f a c t o r i l y  completed, c e r t a i n  r e q u i r e d  c o n d i t i o n s  should e x i s t ;  

however, t h e s e  c o n d i t i o n s  are  r e s t a t e d  below. 

(1) Key swi t ch  S 1  i n  t h e  ON p o s i t i o n .  

(2) P r e f e r r e d  rod s e l e c t o r  swi t ch  SlO i n  t h e  d e s i r e d  p o s i t i o n ;  

i . e . ,  t o  select  rod 1, 2, o r  3. 

(3)  Raise -c lu t ch  mode swi t ch  S 3  i n  t h e  RUN p o s i t i o n .  

( 4 )  I n d i v i d u a l  " c l u t c h - a c t u a t e  I '  swi t ches  ~ 1 2 - ~ 1 5  and ~ 2 2 ~ ~ 2 3  

i n  t h e  HOLD p o s i t i o n .  

(5) Remote scram s w i t c h  S11 i n  OPERATE and scrams reset  by 

pushing t h e  scram-reset  push but ton,  PB-1. (The l o c a l  

scram swi t ch  i s  a push bu t ton ,  PB-2.) 

(6)  No r e v e r s e  r e q u e s t  ex is t s .  

(7)  F i s s i o n  chamber p o s i t i o n e d  s o  t h a t  t h e  ou tpu t  o f  t h e  

c o u n t - r a t e  channel i s  >2 c o u n t s / s e c .  ( I f  i t  is  d e s i r e d  

t o  o p e r a t e  t h e  f i s s i o n  chamber i n  t he  au tomat i c  mode, 

any r e p o s i t i o n i n g  w i l l  b e  accomplished automatica1.J-y.) 

(8) I f  t h e  d e s i r e d  o p e r a t i n g  power l e v e l  i s  n o t  >200 kw 

(10% NF), omit s t e p  9, below. 

(9)  I f  t h e  d e s i r e d  o p e r a t i n g  power l e v e l  is  >200 kw (10% N ), F 

t h e  "power range" swi t ch  must be on t h e  2-Mw s e t t i n g  and 

t h e  s e r v o  demand ( l o g a r i t h m i c  po ten t iome te r )  must be at 

t h e  lower l i m i t  (5% N ) .  
F 

b .  Turn t h e  s e r v o  swi tch ,  S17 ,  t o  t h e  ON p o s i t i o n  a d  t h e n  r e t u r n  

i t  t o  t h e  HOLD p o s i t i o n .  The s e r v o  system w i l l  be  ene rg ized  
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. .  

.... , 

u n l e s s  t h e  r e g u l a t i n g  rod i s  at e i t h e r  t h e  upper o r  lower 

l i m i t  of t h e  r egu la t ing - rod  span.  

c. Move t h e  g roup-ac tua te  swi tch ,  54,  t o  t h e  WITHDRAW p o s i t i o n  

and hold t h e  swi t ch  i n  t h a t  p o s i t i o n ,  I f  a 25-sec pe r iod  i s  

d e t e c t e d  by e i t h e r  t h e  c o u n t - r a t e  channel  o r  t h e  log-N channel,  

rod wi thdrawal  i s  i n h i b i t e d  u n t i l  t h e  pe r iod  becomes longe r .  

( U n t i l  t h e  log-N channel  i n d i c a t e s  a power l e v e l  of 0.01% N 

and log-N conf idence  i s  obta ined ,  s e v e r a l  a d d i t i o n a l  c o n d i t i o n s  

of t h e  c o u n t - r a t e  channel  which i n h i b i t  rod wi thdrawal  are: 

t h e  coun t - r a t e  meter must, of course,  b e  i n  OPERATE; the 

count ing  rate must exceed 2 c o u n t s / s e c  and b e  less t h a n  8000 

c o u n t s l s e c ;  and t h e  f i s s i o n  chamber must no t  b e  i n  mot ion , )  

F 

d .  When t h e  s e r v o  system s e n s e s  a n  " i n s e r t  e r ro r " ,  t h e  s e r v o  

w i l l  m a i n t a i n  t h e  r e a c t o r  power l e v e l  a t  t h e  l e v e l  demanded. 

If  t h e  d e s i r e d  power level  i s  >200 kw (10% NF), " r u n "  must 

b e  ob ta ined .  "Run" should  be ob ta ined  as s o o n  as t h e  s e r v o  

system s t a b i l i z e s  t h e  r e a c t o r  power a t  t h e  100-kw (5% N ) 

level;  i . e . ,  t h e  r e q u i r e d  c o n d i t i o n s  should  n a t u r a l l y  r e s u l t  

from s e r v o  system a c t i o n .  The s e r v o  demand ( l o g a r i t h m i c  

po ten t iome te r )  may t h e n  be  i n c r e a s e d  t o  t h e  d e s i r e d  l e v e l  by 

manipula t ing  t h e  l e v e r - t y p e  ''demand'' swi t ch  

e. 

F 

f .  When t h e  d e s i r e d  power l e v e l  i s  obta ined ,  t h e  p o s i t i o n s  of 

t h e  shim rods  should  b e  a d j u s t e d  s o  t h a t  rods  1-4 are evenly 

withdrawn. (Rods 5 and 6 should  be  evenly  withdrawn t o  t h e  

las t  recorded  p o s i t i o n  r e q u i r e d  t o  make t h e  h e a t  power equa l  

t o  t h e  ins t rument  power.) 
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2 . l f .  Requirements and Procedures  f o r  S t a r t u p  i n  Mode 2 

1. S t a r t u p  Opera t ion .  - Whether t h e  r e a c t o r  i s  s u b c r i t i c a l  or c r i t -  

i c a l  a t  ze ro  power, a t  an  in t e rmed ia t e  l e v e l ,  o r  i n  t h e  powcr 

range and it. i s  d e s i r e d  t o  make t h e  r e a c t o r  c r i t i c a l  o r  t o  i n -  

c r e a s e  t h e  r e a c t o r  power l e v e l ,  t h e  minimum ins t rumen ta t ion  s h a l l  

be : 

a. F lappe r -va lve  p o s i t i o n  i n d i c a t o r .  

b .  Two l e v e l - s a f e t y  channels .  

c .  One log-N per iod  channel .  

d .  One n e u t r o n - l e v e l - d e t e c t i o n  channel  (log-N o r  f i s s i o n  cham- 

b e r )  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  neu t ron  l e v e l  i n  t h e  

r e a c t o r .  

e. One AT channel .  

f .  One pr imary-coolant  f low channel .  

g.  One co re  AP channel  

h .  One r a d i a t i o n  monitor  l oca t ed  i n  t h e  r e a c t o r  room. 

i. One cont inuous a i r  monitor  l oca t ed  in  che r e a c t o r  room. 

j .  One o p e r a t i n g  r a d i a t i o n - d e t e c t i o n  monitor  a s s o c i a t e d  w i t h  

t h e  r e a c t o r  coo l ing  system. 

k. One ins t rument ,  l oca t ed  i n  t h e  react:or room, which w i l l  

a c t u a t e  t h e  b u i l d i n g  containment  system upon d e t e c t i o n  of a 

r a d i a t i o n  l e v e l  2150 mr/hr .  

2 .  P r e p a r a t i o n  f o r  S t a r t u p  i n  Mode 2 

a .  Checks of  t h e  Reactor Area. - The r e a c t o r  a r e a  should be 

checked t o  ensu re  t h a t  t h i s  a r e a  i s  i n  a s a f e  c o n d i t i o n  f o r  

r e a c t o r  o p e r a t i o n .  (These checks shou ld  be made whi le  com- 

p l e t i n g  S e c t i o n  A_ of t h e  S t a r t u p  Check L i s t . )  
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(1) 

(2) 

... 

(3) 

(4 )  

Determine t h a t  t h e  r e a c t o r  l oad ing  and t h e  r e a c t o r  p o s i -  

t i o n  i n  t h e  pool  i s  p rope r .  

Determine t h a t  a l l  c o r e  pieces  a r e  i n  p l a c e  and p rope r ly  

s e a t e d  and t h a t  a l l  experiment  r i g s  are i n  t h e i r  proper  

l o c a t i o n s  and secured .  

Ensure t h a t  t h e  shim-rod-drive u n i t s  and t h e  f i s s i o n -  

chamber d r i v e  u n i t s  a r e  i n  t h e i r  proper  p o s i t i o n s  and 

t h a t  t h e s e  u n i t s  are f a s t e n e d  t o  t h e  hold-down arms. 

Determine t h a t  a l l  c o r e  work i s  completed and make a 

f i n a l  i n s p e c t i o n  of  t h e  c o r e  f o r  f o r e i g n  o b j e c t s  and 

f o r  any a b n o r m a l i t i e s .  

Determine t h a t  t h e  r e a c t o r  c a r r i a g e ,  r e a c t o r  b r i d g e ,  

and t h e  in s t rumen t  b r i d g e  a r e  locked i n  p o s i t i o n .  

b .  Checks of Experiment F a c i l i t i e s .  - The experiment  f a c i l i t i e s  

should  be checked t o  ensu re  t h a t  t hey  are i n  a s a f e  c o n d i t i o n  

f o r  r e a c t o r  o p e r a t i o n .  (These checks should b e  made wh i l e  

comple t ing  S e c t i o n  of t h e  S t a r t u p  Check L i s t . )  

(I-) Determine t h a t  a l l  changes t o  exper iments  are completed.  

(2) Determine t h a t  a l l  experiment  i n fo rma t ion  s h e e t s  a r e  

c u r r e n t .  

( 3 )  Determine t h a t  Experiment Safety-Check Shee t s  have been 

completed by in s t rumen t  e n g i n e e r s  f o r  a l l  a p p l i c a b l e  

exper iments .  

( 4 )  Determine t h a t  S p e c i a l  I n s t r u c t i o n  Shee t s  f o r  a l l  e x p e r i -  

ments are complete  and c u r r e n t .  

c .  S t a r t u p  of Water Systems. - The water systems must be pent i n t o  

o p e r a t i o n  and checked f o r  proper  o p e r a t i o n .  (These checks 
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should b e  made w h i l e  completing S e c t i o n  ?-of t h e  S t a r t u p  Check 

L i s t . )  

Determine t h a t  t h e  pool  i s  f i l l e d  t o  t h e  p rope r  l e v e l  and 

t h a t  a l l  poo l - l eve l  alarms have been c l e a r e d .  

Detertiline t h a t  t h e  primary coo l ing  system has been f i l l e d  

and ven ted .  

Determine t h a t  t h e  f l a p p e r  v a l v e  is  i n  t h e  f u l l y  c losed  

p o s i t i o n .  

Determine t h a t  t h e  primary-cooling-system flow i s  o r  has 

been p r o p e r l y  e s t a b l i s h e d ,  

Determine t h a t  f low through t h e  d e m i n e r a l i z e r  and through 

t h e  bypass f i l t e r  i s  o r  has  been p r o p e r l y  e s t a b l i s h e d .  

Determine t h a t  t h e  water p u r i t y  i s  adequate .  

Determine t h a t  t h e  secondary coo l ing  system i s  f i l l e d ,  

t r e a t e d ,  and ready € o r  s e r v i c e .  

Determine t h a t  bosh Ltie e x i t  water and t h e  decay-tank 

ofE-gas a c t i v i t y  monitors  are o p e r a t i n g .  

Determine t h a t  t h e  skimmer system i s  i n  o p e r a t i o n .  

d .  I n s t r u m e n t a t i o n  Checks. - These checks should be made while  

completing S e c t i o n  g o f  t h e  S t a r t u p  Check L i s t , )  

(1) Determine t h a t  ].oca1 o p e r a t i o n  has been s e l e c t e d .  

(2)  Determine t h a t  a l l  u t i l i t y  s e r v i c e s  are i n  o rde r  as spec i -  

f i e d  by t h e  S t a r t u p  Check L i s t .  

(3)  Determine t h a t  a l l  r e c o r d e r s ,  a m p l i f i e r s ,  e tc . ,  are  

tu rned  on a t  l e a s t  one-half  hour p r i o r  t o  o p e r a t i o n  of 

t h e  r e a c t o r .  
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( 4 )  Determine t h a t  t h e  i o n i z a t i o n  chambers are i n  t h e i r  p roper  

l o c a t i o n s  and a t  t h e i r  p roper  e l e v a t i o n s .  (Check t h e  log  

book f o r  any movement du r ing  t h e  preceding  shutdown.) 

(5) Determine t h a t  t h e  f ission-chamber channel  i s  c a l i b r a t e d  

and o p e r a t i n g  p r o p e r l y .  

(a) S e t  t h e  log c o u n t - r a t e  meter on CALIBRATE and a d j u s t  

u n t i l  t h e  log  coun t - r a t e  r e c o r d e r  i n d i c a t e s  50 counts /  

sec. Return  t h e  log  coun t - r a t e  meter t o  USE, 

(b)  Withdraw t h e  f i s s i o n  chamber u n t i l  t h e  count ing  r a t e  

i s  observed t o  d e c r e a s e .  Then i n s e r t  t h e  f i s s i o n  

chamber u n t i l  t h e  count ing  r a t e  i s  observed t o  

i n c r e a s e .  F i n a l l y ,  withdraw t h e  f i s s i o n  chamber t o  

i t s  withdraw l i m i t .  

(c)  While comparing t h e  count ing  rate of tbe channel  t o  

t h e  pos t ed  c a l i b r a t i o n  curve  ( f o r  response  t o  gamma 

r a y s  on ly ) ,  va ry  t h e  p u l s e  h e i g h t  s e t t i n g  (PHS). 

Determine t h a t  t h e  r e s u l t i n g  r e sponse  curve  f o r  t h e  

channel  i s  e s s e n t i a l l y  t h e  same as t h a t  pos ted ;  i e e G 7  

t h a t  t h e  gamma-ray response  has  n o t  s h i f t e d .  

(d) S e t  the  PHS and t h e  g a i n  on t h e  l o g  c o u n t - r a t e  meter 

a t  t h e  pos t ed  s t a r t u p  v a l u e .  

(e) P o s i t i o n  t h e  f i s s i o n  chamber t o  o b t a i n  a count ing  

ra te  >20 bu t  <40 coun t s / sec .  

( 6 )  Determine t h a t  t h e  l o g 4  channel  i s  a d j u s t e d  p r o p e r l y ,  

(a) Determine t h a t  t h e  log-N chamber power-supply meters  

i n d i c a t e  t h a t  t h e  p o s i t i v e  v o l t a g e  and n e g a t i v e  
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v o l t a g e  a p p l i e d  t o  t h e  chamber ' a r e  w i t h i n  +lo% of 

t h e  posted v a l u e s .  

(b) Using t h e  b u i l t - i n  "Ground", "Lo C a l i b r a t e " ,  and 

" H i  C a l i b r a t e "  s i g n a l s ,  c a l i b r a t e  the log-N a m p l i -  

f i e r  w i t h  t h e  log-N r e c o r d e r  u s i n g  t h e  "Gnd set ' ' ,  

"Ca l ib ra t e" ,  and "Gain" po ten t iome te r s ,  r e s p e c -  

t i v e l y .  Then r e t u r n  t h e  a m p l i f i e r  swi t ch  t o  the  

GROUND p o s i t i o n .  

( 7 )  Determine t h a t  t he  se rvo  channel  i s  a d j u s t e d  p r o p e r l y .  

(a) Determine t h a t  t h e  s e r v o  channel  power-supply 

meters  i n d i c a t e  t h a t  t h e  p o s i t i v e  v o l t a g e  and 

n e g a t i v e  v o l t a g e  a p p l i e d  t o  t h e  chamber are w i t h i n  

510% of  t h e  posted v a l u e s .  

(b) Push t h e  micromicroammeter "zero" b u t t o n ,  s e t  t h e  

"power range" s e l e c t o r  switch on 20 w, and z e r o  t he  

micromicroammeter. Retxrn t h e  r a n g e - s e l e c t o r  switch 

t o  i t s  previ-ous posit i .on.  

(8) Compare t h e  c o n t r o l - r o d  magnet c u r r e n t s  w i t h  t h e  post:ed 

"NLtt  v a l u e s  and a d j u s t  t h e  magnet c u r r e n t s ,  i f  necessa ry ,  

t o  o b t a i n  t h e  proper  v a l u e s .  ( I f  t h e  magnet c u r r e n t s  f o r  

tiiore than  two rods  dif.Erx by more t h a n  &5 m a  from the  

posted v a l u e s ,  c o n t a c t  Lhe r e a c t o r  s i iperv isor  .) 

(9 )  C a l i b r a t e  t h e  l e v e l - s a f e t y  channels  ( q u a r t e r l y ) .  

(10) Perform t h e  rod -d r ive  and rod-response tes t  fo l lowing  t h e  

r e p o s i t i o n i n g  o f ,  o r  any work on, t h e  d r i v e  u n i t s  ( a l s o  

t o  be performed q u a r t e r l y ) .  
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.... 

- ...... 

(11) Perform t h e  scram checks.  (These checks invo lve  

r a i s i n g  a l l  c o n t r o l  rods about  1 i n .  and scramming 

them by t h e  manual b u t t o n ,  log-N a m p l i f i e r  p e r i o d  

b u t t o n ,  and each  l e v e l - s a f e t y  J o r d a n  bu t ton ,  i n  t u r n .  

This  s e c t i o n  o f  t h e  check l i s t  i s  s e l f - e x p l a n a t o r y . )  

(12) S e t  the  "power range" s w i t c h  on t h e  d e s i r e d  range.  

Then s e t  t h e  servo-demand p o s i t i o n  f o r  t h e  d e s i r e d  

f r a c t i o n  of t h a t  r ange .  

(13) Determine t h a t  a l l  r a d i a t i o n  moni tors  are o p e r a t i n g  

p rope r ly  . 
(14) Determine t h a t  a l l  in s t rumen t  channels  are working 

p r o p e r l y  and t h e  co r re spond ing  r e c o r d e r s  are t r a c k i n g .  

(15) I f  t h e  annunc ia to r  pane l s  a r e  not c l e a r ,  t h e  r eason  

f o r  any alarm shou ld  be determined and e v a l u a t e d .  

e.  Other  Checks. - (These checks shou ld  be  made wh i l e  com- 

p l e t i n g  S e c t i o n  - F of t h e  S t a r t u p  Check L i s t . )  

(1) Determine t h a t  t h e  publ ic -address  sys tem is  o p e r a t i n g  

p r o p e r l y  

(2)  The s u p e r v i s o r  should  review t h e  nex t  power l e v e l  

s c h e d u l e -  

(3)  An announcement shou ld  be made over  t h e  pub l i c -addres s  

sys tem b e f o r e  t h e  r e a c t o r  s t a r t u p  i f  r e q u e s t e d  by 

expe r imen te r s .  

( 4 )  Determine t h a t  t h e  c o r e - l o a d i n g  c h a r t  is  up t o  d a t e  

and p r o p e r l y  approved fo l lowing  any c o r e  changes .  

( 5 )  Determine t h a t  t h e  containment sys tem is  i n  t h e  con- 

d i t i o n  r e q u i r e d  f o r  r e a c t o r  s t a r t u p .  (Refer  t o  
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S e c t i o n  7.2d and 10 .1  f o r  proper  o p e r a t i n g  con- 

d i t i o n s  of t h e  containment  system.) 

( 6 )  I f  t h e  next  power l e v e l  schedules  i n d i c a t e  extended 

pe r iods  of  high-power o p e r a t i o n ?  t h e  a i r - c o n d i t i o n i n g  

system f o r  t h e  pool  area must be func t ion ing  p rope r ly .  

3 .  S t a r t u p  i n  Mode 2 V i a  Opera tor  S t a r t + ;  

a.  S ince  a l l  checks l i s t e d  i n  S e c t i o n  2 . l f . 2  must have been 

s a t i s f a c t o r i l y  completed,  c e r t a i n  r e q u i r e d  c o n d i t i o n s  

should  e x i s t ;  however, t h e s e  c o n d i t i o n s  a r e  r e s t a t e d  below. 

(1) Key swi t ch  S I  i n  t h e  ON p o s i t i o n .  

(2) P r e f e r r e d  rod  s e l e c t o r  swi t ch  S10 i n  t h e  d e s i r e d  

p o s i t i o n ;  i . e . ,  t o  s e l e c t  rod  1, 2, OF 3 .  

( 3 )  Kaise -c lu t ch  mode swi t ch  S 3  i n  t h e  RUN p o s i t i o n .  

( 4 )  I n d i v i d u a l  "c l u t c h  a c t u a t e "  swi tches  S 12 -S 15 and 

S 2 2 - S 2 3  i n  t h e  HOLD p o s i t i o n .  

(5) Remote scram swi t ch  S 1 1  i n  OPERATE and scrams reset 

by pushing t h e  sc ram- rese t  push bu t ton ,  PB-1. (The 

l o c a l  scram s w i t c h  i s  a push bu t ton ,  PB-2 . )  

( 6 )  N o  r e v e r s e  r e q u e s t  e x i s t s .  

( 7 )  F i s s i o n  chamber p o s i t i o n e d  s o  t h a t  t h e  o u t p u t  o f  t he  

c o u n t - r a t e  channel is  >2 c o u n t s l s e c .  ( n f  it i s  

d e s i r e d  t o  o p e r a t e  t h e  f i s s i o n  chamber i n  t h e  au to -  

mat ic  mode, any r e p o s i t i o n i n g  w i l l  be  accomplished 

automat i ca l  l y  ) 

*Operator s t a r t  (manual c o n t r o l )  i s  used on ly  when t h e  se rvo  system 
i s  no t  f u n c t i o n i n g  p rope r ly .  
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(8) I f  t h e  d e s i r e d  o p e r a t i n g  power l e v e l  is  <400 k2 (20% 

N ), omit s t e p  9, below. F 
(9) If t h e  d e s i r e d  o p e r a t i n g  power l e v e l  is X O O  kw 

(20% F$), t h e  "power range" s w i t c h  must be on t h e  

2-Mw s e t t i n g  and t h e  s e r v o  demand ( l o g a r i t h m i c  

po ten t iome te r )  must be a t  i t s  lower l i m i t  (5% N ) .  
F 

b. Move t h e  f tgroup-ac tua te ' l  s w i t c h ,  S4, t o  t h e  WITHDRAW 

p o s i t i o n  and ho ld  t h e  s w i t c h  i n  t h a t  p o s i t i o n ,  I f  a 25-sec 

pe r iod  i s  d e t e c t e d  by e i t h e r  t h e  c o u n t - r a t e  channe l  o r  t h e  

log-N channe l ,  rod wi thdrawal  is i n h i b i t e d  u n t i l  t h e  pe r iod  

becomes longe r .  ( U n t i l  t h e  log-N channe l  i n d i c a t e s  a 

power l e v e l  of 0.01% t$ and log-N conf idence  is  ob ta ined ,  

s e v e r a l  a d d i t i o n a l  c o n d i t i o n s  o f  t h e  c o u n t - r a t e  channel  

which i n h i b i t  rod  wi thdrawal  are: t h e  c o u n t - r a t e  meter 

must, o f  c o u r s e ,  be i n  OPERATE; t h e  coun t ing  r a t e  m u s t  

exceed 2 c o u n t s / s e c  and be less Chan 8000 c o u n t s / s e c ;  

and t h e  f i s s i o n  chamber must n o t  be i n  motion.)  

c .  During t h i s  s t a g e ,  t h e  p rope r  "power range" s w i t c h  s e t t i n g  

must be s e l e c t e d  (even though t h e  s e r v o  sys tem is  n o t  on) 

o r  a r e v e r s e  w i l l  be i n i t i a t e d ,  The s w i t c h  shou ld  have 

been set  f o r  t h e  d e s i r e d  o p e r a t i n g  range  p r i o r  t o  t h e  

s t a r t u p  as r e q u i r e d  by t h e  S t a r t u p  Check L i s t .  (The 

o t h e r  a l t e r n a t i v e  would r e q u i r e  t h e  o p e r a t o r  t o  i n c r e a s e  

t h e  r ange - swi t ch  s e t t i n g  as t h e  power l e v e l  i n c r e a s e s ;  

however, t h i s  d i s t r a c t i o n  of t h e  o p e r a t o r  i s  u n d e s i r a b l e  

when t h e  r e a c t o r  is under manual c o n t r o l . )  
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d .  I f  t h e  d e s i r e d  o p e r a t i n g  power l e v e l  is 2 0 0  kw (20% N ) ,  

f f run l l  must be ob ta ined .  To o b t a i n  ' ' run",  t h e  power l e v e l  

( a s  i n d i c a t e d  by t h e  log-N channel)  must be >1.5 N and 

<lo% NF, t h e  "power range" s w i t c h  must be i n  t h e  2-Mw 

s e t t i n g ,  t h e  log-N pe r iod  must be  >lo0 s e c ,  and t h e  s e r v o  

demand ( loga r i thmic  poten t iometer )  must be  a t  i t s  lower 

l i m i t  (5% NF) even though t h e  s e r v o  system i s  OFF. 

t h e s e  c o n d i t i o n s  e x i s t ,  t h e  r u n  mode i s  a u t o m a t i c a l l y  

o b t a i n e d  . 

F 

F 

I f  

e. When t h e  d e s i r e d  power l e v e l  is  o b t a i n e d ,  t h e  p o s i t i o n s  o f  

t h e  shim rods  should  be a d j u s t e d  so  t h a t  rods  1-4 are 

evenly  withdrawn. (Rods 5 and 6 should  be  evenly w i t h -  

drawn t o  t h e  p o s i t i o n  r e q u i r e d  t o  make t h e  h e a t  power 

e q u a l  t o  t h e  ins t rument  power .) 

4 .  S t a r t u p  i n  Mode 2--Via Ins t rument  S t a r t  

a. S i n c e  a l l  checks l i s t e d  i n  S e c t i o n  2 . l f . 2  must have been 

s a t i s f a c t o r i l y  completed,  c e r t a i n  r e q u i r e d  c o n d i t i o n s  

should  e x i s t ;  however, t h e s e  c o n d i t i o n s  are r e s t a t e d  below: 

(1) Key swi t ch  S 1  i n  t h e  QN p o s i t i o n .  

( 2 )  P r e f e r r e d  r o d - s e l e c t o r  s w i t c h  S I0  i n  t h e  d e s i r e d  

p o s i t i o n ;  i . e . ,  t o  s e l ec t  rod 1, 2,  o r  3 .  

( 3 )  R a i s e - c l u t c h  mode s w i t c h  S 3  i n  t h e  RUN p o s i t i o n .  

( 4 )  I n d i v i d u a l  "c lu t ch -ac tua te"  swi t ches  S 12-S 15 and 

S22-S23 i n  t h e  HOLD p o s i t i o n .  
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(5) Remote scram s w i t c h  S11 i n  OPERATE and scrams r e s e t  

by pushing t h e  s c r a m - r e s e t  push b u t t o n ,  PB-1. (The 

l o c a l  scram s w i t c h  is a push b u t t o n ,  PB-2.) 

( 6 )  N o  r e v e r s e  r e q u e s t  e x i s t s e  

(7) F i s s i o n  chamber p o s i t i o n e d  so  t h a t  t h e  o u t p u t  of t h e  

c o u n t - r a t e  channe l  i s  >20 c o u n t s / s e c  b u t  <40 c o u n t s /  

s e e ;  t h e  f i s s i o n  chamber shou ld  be i n  t h e  au tomat ic  

mode; i . e . ,  s w i t c h  S 1 9  should  be i n  t h e  AIJTQ p o s i t i ~ n .  

(8) Xf t h e  d e s i r e d  o p e r a t i n g  power level i s  n o t  S200 kw 

( l0Z  NFIj omit s t e p  9, below. 

(9)  I f  the d e s i r e d  o p e r a t i n g  l e v e l  5s >200 kw (10% N ) E  
F 

t h e  "power range" s w i t c h  must be on t h e  2-Mw s e t t i n g  

and t h e  s e r v o  demand ( l o g a r i t h m i c  po ten t iome te r )  

must be at. i t s  lower l i m i t  ( 5 %  N ) .  
F 

b .  Turn t h e  " i n s t r u m e n t - s t a r t "  s w i t c h  t o  t h e  ON p o s i t i o n ;  

t h i s  w i l l  i n i t i a t e  t h e  s t a r t u p  sequence .  The fo l lowing  

e v e n t s  will occur  as demanded by the s t a t u s  of t h e  

reactor s y s  t e m r  

(1) The s e r v o  system w i l l  be a c t i v a t e d ,  

(2)  The rods w i l l  be withdrawn c o n t i n u o u s l y .  I f  a 2 5 -  

RPC per iod  is d e t e c t e d  by e i t h e r  t h e  c o u n t - r a t e  

channe l  o r  t h e  log-N channe l ,  rod  wi thdrawal  is 

i n h i b i t e d  u n t i l  t h e  per iod becomes longe r .  ( U n t i l  

the log-N channe l  i n d i c a t e s  a power l e v e l  of 0.01% 

N and log-PJ confidence is ob ta ined ,  s e v e r a l  a d d i -  

t i o n a l  c o n d i t i o n s  o f  t h e  c o u n t - r a t e  channc l  which 

F 
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i n h i b i t  rod  wi thdrawal  are: t h e  c o u n t - r a t e  meter  

must,  of cour se ,  be i n  OPERATE; t h e  coun t ing  r a t e  

must exceed 20  c o u n t s / s e c  and be less than  8000 

coun t s / sec ;  and t h e  f i s s i o n  chamber must be i n  

mot ion .  ) 

c .  When t h e  se rvo  system senses  an  " i n s e r t  e r r o r " ,  t h e  i n s t r u -  

ment ( c o n t r o l l e d )  s t a r t u p  w i l l  be  t e rmina ted .  The s e r v o  

will .  ma in ta in  t h e  r e a c t o r  power level  a t  t h e  l e v e l  

demanded. 

d .  I f  t h e  d e s i r e d  power level is >200 kw (10% N ) , "run" 
F 

must be ob ta ined .  "Run" shou ld  be ob ta ined  as soon as 

t h e  s e r v o  system s t a b i l i z e s  t h e  r e a c t o r  power a t  t h e  

100-kw (5% N ) l e v e l ;  i .e.,  t h e  r e q u i r e d  c o n d i t i o n s  should  

n a t u r a l l y  r e s u l t  from servo-sys tem a c t i o n .  The s e r v o  

demand ( loga r i thmic  po ten t iome te r )  may then  be i n c r e a s e d  

t o  t h e  d e s i r e d  l e v e l  by manipulat . ing t h e  l eve r - type  

F 

demand" swi t ch  a 

e .  When the  d e s i r e d  power level  i s  ob ta ined ,  t h e  p o s i t i o n s  

of  t h e  shim rods  should  be adjust-cd s o  t h a t  rods  1-4 

a r e  evenly  withdrawn, (Rods 5 and 6 should  be even ly  

withdrawn t o  t h e  p o s i t i o n  r e q u i r e d  t o  make t h e  h e a t  power 

eque 1 t o  t h e  ins t rument  power .) 

5. S t a r t u p  i n  Mode 2 V i a  Opera tor  S t a r t  w i t h  Servo 

a.  S i n c e  a l l  checks l i s t e d  i n  S e c t i o n  2 . l f . 2  must have 

been s a t i s f a c t o r i l y  completed,  c e r t a i n  r e q u i r e d  condi -  

t i o n s  should  e x i s t ;  however, t h e s e  c o n d i t i o n s  are r e s t a t e d  

be low. 
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Key swi t ch  S 1  i n  t h e  ON p o s i t i o n .  

P r e f e r r e d  r o d - s e l e c t o r  swi t ch  S10 i n  the  d e s i r e d  p o s i -  

t i o n ;  i . e . ,  t o  select  rod 1, 2, o r  3 .  

R a i s e - c l u t c h  mode swi t ch  S 3  i n  t h e  RUN p o s i t i o n .  

I n d i v i d u a l  " c l u t c h - a c t u a t e "  swi t ches  S 1 2 - S l 5  and S22-  

S23 i n  t h e  HOLD p o s i t i o n .  

Remote scram swi t ch  S11  i n  OPERATE and scrams r e s e t  by 

pushing t h e  sc ram- rese t  push b u t t o n ,  PB-1. (The l o c a l  

scram swi t ch  i s  a push b u t t o n ,  PIS-2.) 

N o  r e v e r s e  r e q u e s t  e x i s t s .  

F i s s i o n  chamber p o s i t i o n e d  so t h a t  t h e  o u t p u t  of t h e  

c o u n t - r a t e  channel  i s  >2 c o u n t s / s e c .  ( I f  it i s  d e s i r e d  

t o  o p e r a t e  t h e  f i s s i o n  chamber i n  t h e  au tomat ic  mode, 

any r e p o s i t i o n i n g  w i l l  be accomplished a u t o m a t i c a l l y . )  

I f  t h e  d e s i r e d  o p e r a t i n g  power l e v e l  i s  not 3200 kw 

(10% NF),  omit s tep 9, below. 

I f  t h e  d e s i r e d  o p e r a t i n g  l e v e l  i s  >200 kw (10% N ), t h e  

"power range" swi t ch  must be on t h e  2-Mw s e t t i n g  and 

t h e  s e r v o  demand ( l o g a r i t h m i c  po ten t iome te r )  must be 

a t  i t s  lower l i m i t  (5% N ).  

t h e  "servo" swi t ch ,  S17, t o  t h e  ON p o s i t i o n  and then  

F 

F 

r e t u r n  i t  t o  t h e  HOLD p o s i t i o n .  The servo s y s t e m  w i l l  be 

ene rg ized  u n l e s s  t h e  r e g u l a t i n g  rod i s  a t  e i t h e r  the  upper 

o r  lower l i m i t  of t h e  r e g u l a t i n g - r o d  span. 

c .  Move the "group-ac tua te"  swi t ch ,  S4, t o  the  WITHDRAW p o s i -  

t i o n  and hold t h e  swi t ch  i n  t h a t  p o s i t i o n .  I f  a 25-sec 

per iod  i s  d e t e c t e d  by e i t h e r  t h e  c o u n t - r a r e  channel 
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d .  

e .  

f .  

o r  t h e  log-N channel ,  rod  withdrawal  i s  i n h i b i t e d  

u n t i l  t h e  pe r iod  becomes longe r .  ( U n t i l  t h e  log-N 

channel  i n d i c a t e s  a power l e v e l  of  0.01% N and 

log-N conf idence  i s  ob ta ined ,  several  a d d i t i o n a l  con- 

d i t i o n s  of t h e  c o u n t - r a t e  channel  which i n h i b i t  rod 

wi thdrawal  are: t h e  c o u n t - r a t e  meter  must,  o f  cour se ,  

be i n  OPERATE; t h e  coun t ing  r a t e  must exceed 2 

coun t s / sec  and be less than  8000 c o u n t s l s e c ;  and t h e  

f i s s i o n  chamber must n o t  be in motion.)  

F 

When the  s e r v o  system senses  an " i n s e r t  e r r o r " ,  t h e  s e r v o  

w i l l  ma in ta in  t h e  r e a c t o r  power l e v e l  a t  t h e  l e v e l  

demanded. 

I f  t h e  d e s i r e d  power l e v e l  i s  >200 kw (10% N F ) ,  "run" 

must  be ob ta ined .  "Runt1 should  be  ob ta ined  as soon as 

t h e  s e r v o  system s t a b i l i z e s  t h e  r e a c t o r  power a t  t h e  

100-kw (5% N ) l e v e l ;  i . e . ,  t h e  r e q u i r e d  c o n d i t i o n s  should 

n a t u r a l l y  r e s u l t  from servo-sys tem a c t i o n .  The se rvo  

demand ( loga r i thmic  poten t iometer )  may then  be inc reased  

t o  t h e  d e s i r e d  l e v e l  by manipula t ing  t h e  l eve r - type  

"demand" swi t c h .  

When t h e  d e s i r e d  power l e v e l  is ob ta ined ,  t h e  p o s i t i o n s  

o f  t h e  shim rods  shou ld  be a d j u s t e d  s o  t h a t  rods  1-4 are 

even ly  withdrawn. (Rod.; 5 and 6 shou ld  be even ly  wi th -  

drawn t o  t h e  p o s i t i o n  r e q u i r e d  t o  make the  h e a t  power equal 

F 

t o  t h e  ins t rument  power.) 
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2.18 .  S t a r t u p  Following a Shutdown Due t o  t h e  Dropping of One o r  More 

Shim Rods 

I f  one o r  more rods are dropped as a r e s u l t  of e i t h e r  a mechanical 

f a i l u r e  o r  a f a i l u r e  i n  the  magnet a m p l i f i e r ,  t h e  r e a c t o r  w i l l  drop o u t  

o f  s e r v o  c o n t r o l  and w i l l  be s u b c r i t i c a l  i n s t a n t l y .  The fo l lowing  a c t i o n  

shou ld  be taken. 

1. Inform t h e  s h i f t  eng inee r  of  t h e  even t  immediately. 

2, Observe t h e  composite a m p l i f i e r s  f o r  "abnormal" l i g h t s  

3 .  S i n c e  w i t h  t h i s  r e a c t o r  t h e r e  are u s u a l l y  no xenon problems 

n e c e s s i t a t i n g  an e x p e d i t i o u s  r e t u r n  t o  power, i t  would n o t  

u s u a l l y  be necessa ry  t o  withdraw t h e  rods t h a t  had no t  dropped 

wh i l e  t h e  rod d r i v e s  were r e t r i e v i n g  t h e  rods t h a t  had dropped. 

4 .  A f t e r  t h e  r o d ' s  magnet and armature engage, check and r eco rd  

the  magnet c u r r e n t .  The s h i f t  eng inee r  may a d j u s t  the  c u r r e n t  

i E  needed b u t  o n l y  i f  t h e  ad jus tment  i s  w i t h i n  55  m a  of  the 

pos ted  c u r r e n t s  For  g r e a t e r  ad jus tmen t s ,  t h e  r e a c t o r  s u p e r -  

v i s o r  must approve t h e  a c t i o n .  

5. I f  t h e  rod  f a i l s  t o  make c l u t c h ,  o r  o the rwise  performs i n  an 

abnormal manner, and t h e  c o n d i t i o n  cannot  be c o r r e c t e d  e a s i l y ,  

s h u t  down t h e  r e a c t o r  and n o t i f y  t h e  r e a c t o r  s u p e r v i s o r  of  the  

s i t u a t i o n  a 

6.  I f  o p e r a t i n g  i n  t h e  high-power range  ( i n e . ,  >200 kw) and t h e  

power has n o t  sagged below 0.5% N lower t h e  s e r v o  demand t o  

5% and c o n t i n u e  as fo l lows :  (Note: The demand w i l l  be lowered 

a u t o m a t i c a l l y  t o  5% i f  t h e  power l e v e l  s a g s  t o  <0.5% N which 

takes t h e  r e a c t o r  o u t  of  the  "run" mode when o p e r a t i n g  i n  t h e  

high-power range  .) 

F' 

P 
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a .  Obta in  se rvo .  

b. Ra i se  t h e  rods  which dropped. 

c .  Observe a l l  t h e  power and per iod  r e c o r d e r  r eadou t s  as t h e  

power l e v e l  i s  r a i s e d .  A f t e r  s e rvo  t a k e s  c o n t r o l  a t  100 kw 

and "run" h a s  been ob ta ined ,  r a i s e  t h e  demand t o  t h e  former 

power l e v e l .  A f t e r  t h e  former power l e v e l  h a s  been reached,  

r e - e s t a b l i s h  t h e  prev ious  rod p o s i t i o n s .  I f  any change i s  

necessa ry  due t o  an  i n c r e a s e  i n  xenon c o n c e n t r a t i o n ,  t h i s  

change should be made by r e p o s i t i o n i n g  rods  1-4 evenly .  

(NOTE: A q u a l i f i e d  s u p e r v i s o r  must be p re sen t  d u r i n g  a l l  

r e a c t o r  s t a r t u p s . )  

7 .  If o p e r a t i n g  i n  t h e  low-power range ( i . e . ,  a t  o r  below 200 kw), 

do not  change t h e  s e r v o  demand. 

a .  Obta in  se rvo .  

b .  Raise  t h e  rods  which dropped. 

c .  Observe a l l  of t h e  power and per iod  r e c o r d e r  r eadou t s  as 

t h e  power l e v e l  i s  r a i s e d .  A f t e r  s e r v o  t a k e s  c o n t r o l ,  

r e - e s t a b l i s h  t h e  prev ious  rod p o s i t i o n s .  I f  any change 

i s  necessary  due t o  a n  i n c r e a s e  i n  xenon c o n c e n t r a t i o n ,  

t h i s  change should be made by r e p o s i t i o n i n g  rods  1-4 evenly .  

(NOTE: A q u a l i f i e d  s u p e r v i s o r  must be p r e s e n t  d u r i n g  a l l  

r e a c t o r  s t a r t u p s . )  

2 , l h .  Return  t o  F u l l  Power Fol lowing an  E l e c t r i c a l  Power Outage 

1. The l o s s  of e l e c t r i c a l  power t o  t h e  BSR complex i s  a c o n d i t i o n  

which, on occas ion ,  must be t o l e r a t e d .  While t h e  power outage 

i s  i n  e f f e c t ,  t h e  d i e s e l  g e n e r a t o r  l oca t ed  a t  t h e  ORR (Building 

3042)  w i l l  supply power t o  t h e  fo l lowing:  



.... 
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1. A f t e r  t h e  TVA power is r e s t o r e d ,  t h e  fo l lowing  a c t i o n  should 

a.  

b .  

C .  

d .  

k.  

1, 

A l l  t h e  c o n t r o l  c i r c u i t s  and p i l o t  l i g h t s ,  

A l l  t h e  process  i n s t r u m e n t a t i o n .  

A l l  t h e  r e c o r d e r s  

The rod -d r ive  motors and p o s i t i o n  i n d i c a t o r s .  

The f i s s i o n  chamber d r i v e  motor and p o s i t i o n  i n d i c a t o r .  

The t e l e v i s i o n  mon i to r ing  system. 

The f a c i l i t y  r a d i a t i o n  and con tamina t ion  a la rm s y s t e m .  

The annunc ia to r s  . 
"Reactor on" l i g h t s  a 

Recep tac l e s  on t h e  b r i d g e ,  i n  t h e  cont ro l - room v e r t i c a l  

p a n e l s ,  and i n  cont ro l - room panel  g. 

Bui ld ing  pub l i c -addres s  system. 

Emergency l i g h t s  i n  t h e  c o n t r o l  room and i n  t h e  r e a c t o r  

bay a 

be 

a. 

b. 

C .  

d. 

e .  

f* 

taken: 

Clear a l l  scram c o n d i t i o n s  as needed. 

If the  power w a s  o f f  f o r  any s i g n i f i c a n t  l e n g t h  of t i m e  

L.- more t h a n  30 min) ,  a l low a 5-min warm-up t i m e  on t h e  

s a f e t y  sys  tem i n s t r u m e n t a t i o n .  

I n s e r t  t h e  f i s s i o n  chamber as r e q u i r e d .  

R e c a l i b r a t e  t h e  log-M channe l .  

Perform t h e  Jo rdan  b u t t o n  checks on t h e  composite a m p l i -  

f iers e 

Perform s e r v i c e s  t o  expe r imen te r s  equipment as  r eques t ed  

Xf t h e  power f a i l u r e  a f f e c t e d  t h e  c o o l i n g  system, re- 

e s t a b l i s h  t.he flow i€ a p p l i c a b l e ,  



( 2  a l h  cont inued)  2 - 3 6  

h. Obta in  ins t rument  s t a r t  and r e t u r n  t o  power. 

i. Ensure t h a t  t h e  b u i l d i n g  c e l l - v e n t i l a t i o n  system is in 

s e r v i c e .  

j. Stop  t h e  d i e s e l  g e n e r a t o r  o p e r a t i o n  and r e t u r n  t h e  c o n t r o l -  

s e l e c t o r  swi t ch  t o  AUTOMATIC-., 

k .  Reset t h e  h e a t i n g  and v e n t i l a t i n g  u n i t s  as needed. 

3 .  R e i t e r a t i n g ,  t h e  s u p e r v i s o r  i n  charge  must be p r e s e n t  f o r  any 

withdrawal  o f  rods .  

2 . l i .  P r i o r i t i e s  i n  R e s t a r t i n g  t h e  ORR and/or  BSR 

F requen t ly ,  t h e  ORR and BSR w i l l  be  ope ra t ed  s imul t aneous ly  from t h e  

s a m e  c o n t r o l  room. Genera l ly ,  when o p e r a t i n g  t h e  BSR from t h e  remote con-  

s o l e  i n  t h e  ORR c o n t r o l  room, o n l y  one o p e r a t o r  w i l l  be  involved  i n  

control-room work, w i t h  one s h i f t  eng inee r  d i r e c t l y  r e s p o n s i b l e  f o r  t h e  

o p e r a t i o n s .  ( S p e c i f i c  procedures  p e r t a i n i n g  t o  remote o p e r a t i o n  are p r o -  

v ided  i n  t h e  ORR ope ra t ing  manual and t h e  BSR ope ra t ing  manual, S e c t i o n  

2 ,2d . )  

O n  occas ion ,  a s i t u a t i o n  may ar ise  i n  which b o t h  r e a c t o r s  s imul t ane -  

o u s l y  encounter  an unscheduled shutdown; e . g . ,  because  o f  an e l e c t r i c a l  

power outage .  (Opera t ing  h i s t o r y  i n d i c a t e s  t h a t  t h i s  occu r s  about  fou r  

tFmes each yea r . )  To provide  f o r  an o r d e r l y  recovery  from unscheduled 

shutdowns, i t  is  necessa ry  t o  l i s t  t h e  p r i o r i t i e s  t o  be  used i n  r e s t a r t -  

i n g  t h e  r e a c t o r s .  

When a n  unscheduled shutdown o f  bo th  r e a c t o r s  does occur ,  t h e  fo l low-  

i n g  p r i o r i t i e s  should  be e x e r c i s e d  i n  r e s t a r t i n g  t h e  r e a c t o r s .  However, 

each f a c i l i t y  should  be  cheeked t o  a s s u r e  t h a t  i t  i s  i n  an a c c e p t a b l e  

shutdown c o n d i t i o n  b e f o r e  any restart  beg ins .  
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1. P r i o r i t y  Number One - O m .  - Since  the ORB o p e r a t e s  a t  the 

h i g h e s t  neu t ron  f l u x ,  t h e  problem of xenon poisoning  i s  of 

p r i m e  importance.  Consequently,  fo l lowing  a shutdown t h e  OM 

should be r e s t a r t e d  as soon as p o s s i b l e ,  c o n s i s t e n t  w i t h  e s t ab -  

l i s h e d  o p e r a t i n g  procedures  of  t h e  ORR o p e r a t i n g  manual and 

sound judgment, but never  s a c r i f i c i n g  s a f e t y  t o  minimize reac- 

t o r  downtime. The BSR should  remain i n  a secured  p o s i t i o n  u n t i l  

t h e  ORR h a s  been r e t u r n e d  t o  power u n l e s s  i n d i v i d u a l  r e a c t o r  

s u p e r v i s i o n  i s  a v a i l a b l e .  I n  t h e  even t  t h a t  t h e  ORR h a s  been 

poisoned w i t h  xenon and r e q u i r e s  a r e f u e l i n g ,  t h e  BSR should be  

r e s t a r t e d  as soon as p o s s i b l e  c o n s i s t e n t  w i t h  good o p e r a t i n g  

phi losophy and procedures .  T h i s  should be performed p r i o r  t o  

r e f u e l i n g  t h e  ORR or  concur ren t  w i t h  t h e  r e f u e l i n g  i f  a n  adequate  

number of  q u a l i f i e d  personnel  i s  a v a i l a b l e .  

2 .  P r i o r i t y  Number Two - BSR. - t h e  BSR should b e  r e s t a r t e d  fo l low-  

i n g  t h e  e s t a b l i s h e d  o p e r a t i n g  procedures  as d e t a i l e d  i n  S e c t i o n  

2 .1  of t h e  BSR o p e r a t i n g  manual as soon as t h e  ORR h a s  a t t a i n e d  

fu l l -power  o p e r a t i o n  and c o n d i t i o n s  are normal.  

2 - 1 j e  P r i o r i t i e s  i n  Making O p e r a t i o n a l  Dec i s ions  

S e c t i o n  2 . l i  o u t l i n e s  t h e  s t a n d a r d  p r i o r i t i e s  f o r  d e c i d i n g  which 

r e a c t o r  t o  s ta r t  up f i r s t  i n  c a s e  bo th  a r e  scrammed s imul t aneous ly  by a 

l o s s  of e l e c t r i c a l  power. Other  c i r cums tances  might a r i se  which could 

cause  unusual  o p e r a t i o n  a t  e i t h e r  of t h e  r e a c t o r s  b u t  s t i l l  n o t  s h u t  

e i t h e r  of them down. For  i n s t a n c e ,  an au tomat i c  power s e t b a c k  might 

occurJ a c o n t r o l  system might  suddenly r e q u i r e  c o n s t a n t  a t t e n t i o n ,  o r  

r a d i a t i o n  alarms might sound from s e v e r a l  sou rces .  Unusual occur rences  
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o f  t h i s  type a l s o  r e q u i r e  t h a t  t h e  o p e r a t o r  and t h e  s u p e r v i s o r  make a 

d e c i s i o n  about what t o  do, and sometimes t h e  a c t i o n  t o  be t aken  must 

fo l low some p r i o r i t y  o r d e r .  Here a g a i n ,  t h e  g e n e r a l  p r i o r i t y  would be: 

ORR f i r s t ,  and RSR second. 

Furthermore,  i t  shou ld  a l s o  be  kep t  i n  mind t h a t  e i t h e r  o r  bo th  o f  

t h e  r e a c t o r s  may be s h u t  down by t h e  o p e r a t o r  on h i s  own auChori ty  i f  he 

f e e l s  t h a t  t oo  much is going on f o r  him t o  hand le  h i s  r e s p o n s i b i l i t y  

p rope r ly  a 

It is  p o s s i b l e  t h a t  s p e c i a l  c i rcumstances r e q u i r i n g  new p r i o r i t i e s  

might a r i se .  For i n s t a n c e ,  an experiment a t  t h e  BSR might be  so impor- 

t a n t  t o  t h e  Laboratory t h a t  d u r i n g  t h e  term o f  t he  s p e c i a l  experiment the 

BSR would be kep t  o p e r a t i n g  o r  s t a r t e d  up a f t e r  an e l e c t r i c a l  power ou tage  

i n  p r e f e r e n c e  t o  t h e  ORR. A l l  l i k e l y  c i r cums tances  u s u a l l y  cannot  be 

a n t i c i p a t e d ;  t h e r e f o r e ,  it is imposs ib l e  t o  p r e d i c t  a l l  o f  t h o s e  w i t h  a 

l o w  p r o b a b i l i t y  f o r  occur rence .  

These are t h e  r easons  f o r  having h i g h l y  t r a i n e d  o p e r a t o r s  as w e l l  

as s k i l l e d  t e c h n i c a l  people  on s h i f t .  Tn emergencies such  as t h e s e  when 

normal p r i o r i t i e s  cannot  be used, it is  expected t h a t  t h e  s u p e r v i s o r  on 

du ty  w i l l  u se  all of  t h e  in fo rma t ion  a t  harid i n  d e c i d i n g  what c o u r s e  t o  

t a k e  i n s t e a d  o f  b l i n d l y  fo l lowing  r u l e s  t h a t  have been s e t  up f o r  o t h e r  

s i t u a t i o n s .  
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2 . 2 .  S t e a d y - S t a t e  Opera t ions  

2.2a. Requirements f o r  Continuous Power Opera t ions  

1. Genera l  Requirements.  - The o t h e r  r e a c t o r s  f o r  which the  Opera -  

t i o n s  D i v i s i o n  is r e s p o n s i b l e  a r e  normally ope ra t ed  a t  t h e i r  

f u l l  power r a t i n g .  However, depending upon t h e  requi rements  

of  t h e  v a r i o u s  expe r imen te r s ,  t h e  power l e v e l  and d u r a t i o n  of 

o p e r a t i o n  be tween shutdowns a t  t h e  BSR may vary cons i d e r a b  Ly. 

When t h e  r e a c t o r  i s  o p e r a t i n g ,  numerous checks are t o  be made 

and p e r t i n e n t  d a t a  recorded  on a r o u t i n e  s c h e d u l e .  (Examples 

of t h e  d a t a  s h e e t s  t o  be f i l l e d  o u t  by the  conso le  o p e r a t o r  

are g iven  i n  S e c t i o n  12.) Other  misce l l aneous  d u t i e s  asso- 

ciated w i t h  o p e r a t i n g  t h e  r e a c t o r  a r e  t o  be performed by t h e  

rov ing  o p e r a t o r .  (Examples of t h e  s h i f t  check s h e e t s  are 

also given  i n  S e c t i o n  12.) 

I f  t h e  power l e v e l  is t o  be v a r i e d  du r ing  o p e r a t i o n  o f  

the r e a c t o r ,  a q u a l i f i e d  s u p e r v i s o r  and r e a c t o r  o p e r a t o r  mus t  

be  p r e s e n t  i n  the c o n t r o l  room. I f  t h e  s h i f t  eng inee r  plans 

on t empora r i ly  l eav ing  t h e  immediate a r e a ,  h i s  whereabouts 

s h o u l d  be made known t o  t h e  o p e r a t o r  t o  f a c i l i t a t e  communi- 

c a t i o n ,  if necessa ry  * 

2 a Manning Requirements 

a.  Day S h i f t .  - During t h e  8 :OO a - m ,  t o  4 . 3 0  p . m ,  s h i f t ,  

Mondays through F r idays  ( excep t  f o r  o f f i c i a l  ho l idays )  

t h e  r e a c t o r  bay w i l l  be  unlocked and a t  l e a s t  one member 

of  the  Opera t ions  s u p e r v i s o r y  s t a f f  w i l l  be p r e s e n t  t o  

s u p e r v i s e  ami c o o r d i n a t e  the  a c t i v i t i e s  o f  exper imenters  
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maintenance personnel ,  and v i s i t o r s .  The member of  

s u p e r v i s i o n  should ,  i n  g e n e r a l ,  remain i n  t h e  r e a c t o r  bay 

o r  i n  t h e  o f f i c e  area. However, i t  w i l l  sometimes be 

necessary  f o r  him t o  go t o  t h e  pump house,  t o  the  c o o l i n g  

tower,  o r  t o  t h e  f u e l  v a u l t  w i t h  an o p e r a t o r  o r  w i t h  main- 

tenance  pe r sonne l ;  he  should  a t t empt  t o  keep such  absences 

from h i s  pr imary s t a t i o n  t o  an a b s o l u t e  minimum. 

The above requi rements  a r e  i n  e f f e c t  whether o r  n o t  t h e  

r e a c t o r  is  i n  o p e r a t i o n . )  

(NOTE: 

On occas ion ,  i t  w i l l  be d e s i r a b l e  t o  o p e r a t e  t h e  

r e a c t o r  from t h e  l o c a l  conso le .  During t h e s e  pe r iods ,  t h e  

o p e r a t o r  w i l l  remain a t  t h e  l o c a l  conso le  and w i l l  n o t  

l eave  t h e  c o n t r o l  room u n t i l  p rope r ly  r e l i e v e d  by a 

q u a l i f i e d  o p e r a t o r .  

Except du r ing  t h e  times when t h e  r e a c t o r  i s  be ing  

ope ra t ed  l o c a l l y ,  t h e  c o n t r o l  ruom w i l l  be  locked when 

a member of  Opera t ions  s u p e r v i s i o n  is no t  i n  t h e  imnedi- 

a t e  v i c i n i t y  o f  t h e  c o n t r o l  room. 

personnel  who have been i s sued  t h e  proper  key can,  of 

cour se ,  e n t e r  b r i e f l y  when necessa ry . )  

(Other Opera t ions  

b. O f f  S h i f t s .  - Normally, from 4 : 3 0  p.m. t o  8 : O O  a . m .  on 

Mondays through FrLdays and du r ing  Sa tu rdays ,  Sundays, and 

o f f i c i a l  ho l idays ,  t h e  r e a c t o r  bay and t h e  c o n t r o l  room 

w i l l  be  locked.  (Other Opera t ions  personnel  who have 

been i s sued  t h e  proper  key can ,  o f  cour se ,  e n t e r  f o r  rou -  

t i n e  o r  s p e c i a l  checks and jobs . )  I f  experiment  o r  
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maintenance pe r sonne l  m u s t  en te r  the r e a c t o r  bay du r ing  

"o f f  s h i f t s " ,  they must c o n t a c t  t h e  Opera t ions  s h i f t  

e n g i n e e r  and r e q u e s t  admi t t ance ,  During t h e  time t h e  

expe r imen te r  has access t o  t h e  r e a c t o r  bay, he shou ld  

c o n t a c t  t h e  s h i f t  eng inee r  h o u r l y  and inform t h e  la t ter  

of  h i s  s t a t u s .  I f  t h e  experiment o r  maintenance personnel  

must work over  t h e  pool  ( e . g . ,  on t h e  in s t rumen t  b r idge )  

they are i n s t r u c t e d  by s i g n s  t o  c o n t a q t  t h e  s h i f t  e n g i -  

nee r ,  t h e  l a t t e r  should de te rmine  whether he should f u r -  

n i s h  s u p e r v i s i o n  o r  a s s i s t a n c e  and make arrangements 

acco rd ing ly .  A t  no t ime w i l l  any i n d i v i d u a l  be allowed 

t o  work ove r  t h e  poo l  w i thou t  t h e  presence  of  ano the r  

person  i n  t h e  r e a c t o r  bay. (NOTE: The above requi rements  

are i n  e f f e c t  whether o r  n o t  t h e  r e a c t o r  i s  i n  o p e r a t i o n . )  

I t  w i l l  o c c a s i o n a l l y  be d e s i r a b l e  t o  o p e r a t e  the 

r e a c t o r  from t h e  l o c a l  conso le  du r fng  o f f  s h i f t s ,  During 

those  pe r iods  t h e  o p e r a t o r  w i l l  remain a t  t h e  l o c a l  eon- 

s o l e  and w i l l  no t  l eave  t h e  c o n t r o l  room u n t i l  p r o p e r l y  

r e l i e v e d  by a q u a l i f i e d  o p e r a t o r .  

3 .  Minimum safety and c o n t r o l  i n s t r u m e n t a t i o n  r e q u i r e d  du r ing  

power o p e r a t i o n  i n  mode 1: 

a. F lappe r -va lve  p o s i t i o n  i n d i c a t o r .  

b.  Two l e v e l - s a f e t y  channe l s .  

c .  One o p e r a t i n g  r a d i a t i o n - d c t e c t i o n  moni tor  which provides  

in fo rma t ion  on r a d i o a c t i v i t y  i n  the r e a c t o r  c o o l i n g  sys  t e m .  
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d.  One instrument ,  l o c a t e d  i n  the  r e a c t o r  room, which is  capa-  

b l e  of a c t i v a t i n g  the  b u i l d i n g  containment s y s t e m  when a 

r a d i a t i o n  l e v e l  of 2150 mrlhr  occur s .  

4 .  Minimum s a f e t y  and c o n t r o l  i n s t r u m e n t a t i o n  r e q u i r e d  du r ing  

power o p e r a t i o n  i n  Mode 2: 

a. F l appe r -va lve  p o s i t i o n  i n d i c a t o r .  

b. Two l e v e l - s a f e t y  channe l s .  

c . One AT channe 1. 

d. One co re  AP channe l .  

e .  One pr imary-coolant  flow channe l .  

f .  One o p e r a t i n g  r a d i a t i o n - d e t e c t i o n  moni tor  a s s o c i a t e d  w i t h  

t h e  r e a c t o r  c o o l i n g  system. 

g. One ins t rument  Located i n  t h e  r e a c t o r  room which i s  capa-  

b l e  of  a c t i v a t i n g  the  b u i l d i n g  containment system when 

a r a d i a t i o n  l e v e l  of  2150 mr/hr  occur s .  

2 . 2 b .  Heat-Power Calculations- 

The p r i m a r y  s t a n d a r d  f o r  t h e  power l e v e l  of t h e  r e a c t o r  is  the  c a l -  

culated h e a t  power. These c a l c u l a t i o n s  a r e  based on ehe h e a t  g a i n  i n  

t h e  primary-water system dur ing  Mode-2 o p e r a t i o n  and a r e  computed as 

f 0 1 lows ; 

AT X flow r a t e  X 0.1448 
(OF) (gpm) kw 

gpm - O F  

This  h e a t  power i s  c a l c u l a t e d  and recorded  t h r e e  t imes p e r  s h i f t  

and, as l i s t e d ,  i s  a c t u a l l y  t h e  accumulated energy  f o r  one hour o f  ope r -  

a t i o n  ( see  Example 1 2 . 2 . 2 ) .  To compute t h e  t :otal  energy  fo r  t h e  s h i f t ,  

assuming no v a r i a t i o n s  in power l e v e l ,  the t h r e e  c a l c u l a t e d  va lues  should  

be averaged and the  average  m u l t i p l i e d  by e i g h t .  
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I f  t h e  power l e v e l  i s  v a r i e d  between t h e  times c a l c u l a t i o n s  are 

made, t h e  accumulated energy  w i l l  have t o  be c o r r e c t e d  as i l l u s t r a t e d  i n  

t h e  fo l lowing  example: 

From 2 : 4 0  t o  3:lO p.m. t h e  r e a c t o r  power w a s  v a r i e d ;  preceding  

and fo l lowing  t h i s  i n t e r i m ,  t h e  power l e v e l  w a s  1500 kw ( a c t u a l l y  

1530 by h e a t  ba l ance  preceding  t h e  shutdown and 1510 kw a f t e r  s t a r t -  

up) - 
Assume t h a t :  

The accumulated energy  from 2:OO t o  3 : O O  p.m. w a s  1068 kwh (based 

on in s t rumen t  power). 

The accumulated energy  from 3:OO t o  4 : O O  p.m, was 1300 kwh (based 

on in s t rumen t  power).  

S ince :  c o r r e c t e d  energy,  kwh = accumulated energy  based on ins t rument  

a c t u a l  h e a t  power 
power x 

in s t rumen t  h e a t  power ’ 
Then: kwh f o r  t h e  seven th  hour  = 1068 x - (energy accumulated 

between t h e  hours  of 2:OO and 3 : O O  p.m., column 7 ) ;  

kwh f o r  e i g h t  hours  = 1300 x - 1510** (energy accumulated be tween 1500 

t h e  hour s  of  3:OO and 4 : O O  p.m., column 8) .  

1500 

Also:: t o  c a l c u l a t e  t h e  accumulated energy  f o r  t h e  f i r s t  s i x  hour s ,  

t h e  remain ing  two r o u t i n e l y  c a l c u l a t e d  v a l u e s  should be ave r -  

aged and t h e  ave rage  m u l t i p l i e d  by s i x .  

To e n s u r e  comparab i l i t y  between t h e  d a i l y  summaries of ins t rument  and 

h e a t  e n e r g i e s ,  i t  i s  advantageous,  d u r i n g  p e r i o d s  of var ied-power- leve l  

o p e r a t i o n ,  t o  r e c o r d  t h e  c o r r e c t e d  h e a t  e n e r g i e s  i n  t h e  hour ly  comumns when 

*In t h i s  ca se ,  t h e  a c t u a l  h e a t  power c a l c u l a t e d  preceding  t h e  s h u t -  
down should  be used .  

*k*In t h i s  case, t h e  a c t u a l  h e a t  power  ob ta ined  a f t e r  r e t u r n i n g  t o  
power (and a f t e r  t h e  r e a c t o r  h a s  reached  e q u i l i b r i u m )  should be used .  
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2 .  

a p p l i c a b l e .  Th i s  w i l l  f a c i l i t a t e  summing t h e  energy gene ra t ed  d u r i n g  

t h e  s h i f t  s i n c e  s i m p l e  ave rag ing  would n o t  be a p p l i c a b l e  f o r  pe r iods  o f  

va r i ed -power - l eve l  o p e r a t  i on .  

One o f  t h e  primary uses  f o r  t h e  d a t a  d e s c r i b e d  i n  t h i s  s e c t i o n  i s  

i n  t h e  computation o f  f u e l  consumption. A t  p r e s e n t ,  100 kw (and above) 

is t o  be cons ide red  as an accoun tab le  power l e v e l .  However i f  t h e  reac- 

t o r  is  t o  be o p e r a t e d  a t  a lower power l e v e l  f o r  an  extended p e r i o d  o f  

L i m e ,  t h e  power shou ld  be accounted f o r  i f  i t  is  expected t h a t  more than  

100 kwh w i l l  be accumulated. ( I t  should be no ted  t h a t  any p e r i o d  o f  

t i m e  when t h e  r e a c t o r  is  a t  a power level  o f  100 kw o r  g r e a t e r  is  t o  be 

r e p o r t e d  as " o p e r a t i n g  time"; t h i s  i s  c o n s i s t e n t  w i t h  t h e  p o l i c y  a t  t h e  

o t h e r  r e a c t o r s .  In a d d i t i o n ,  i f  t h e  r e a c t o r  i s  a t  a lower power l e v e l  

b u t  is  p rov id ing  a planned and u s e f u l  i r r a d i a t i o n  o f  an experiment o r  a 

sample, t h e  p e r i o d  involved is t o  be  r e p o r t e d  as " o p e r a t i n g  time".) 

During Mode-1 o p e r a t i o n ,  t h e r e  is  no flow and AT; consequen t ly ,  t h e  

power l e v e l  and energy d a t a  are based s o l e l y  on instrument  v a l u e s  i f  

a c c o u n t a b i l i t y  is  a p p l i c a b l e .  To complete any d a t a  s h e e t  which r e q u i r e s  

heat-power in fo rma t ion ,  r e c o r d  t h e  in s t rumen t  power and "Mode 1". 

2 c .  Shim-Rod P o s i t  ions  

It is d e s i r a b l e  t o  keep rods  1-4 evenly withdrawn. (Rods 5 and 6 

should be evenly withdrawn t o  t h e  p o s i t i o n  r e q u i r e d  t o  make t h e  h e a t  

power e q u a l  t o  t h e  instrument  power.) T w i c e  each s h i f t ,  rods 1 through 

4 should be balanced a t  the  l o c a l  conso le  by an  o p e r a t o r .  Rods 5 and 6 

shou ld  n o t  be r e p o s i t i o n e d  u n l e s s  t h e  s h i f t  eng inee r  determines t h a t  

r e p o s i t i o n i n g  is r e q u i r e d  t o  make t h e  h e a t  power e q u a l  t h e  in s t rumen t  

power. 
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2 . 2 d .  Remote C o n t r o l  of  t h e  BSR - Opera t iog  Procedures  

1. I n t r o d u c t i o n .  - The BSR r emote -con t ro l  i n s t r u m e n t a t i o n  ( s e e  

S e c t i o n  3 . 4 )  al lows t h e  o p e r a t o r  a t  t h i s  conso le  t o  do the  

fo l lowing  : 

a. 

b .  

C .  

d. 

e .  

f .  

I n i t i a t e  an e v a c u a t i o n  s i g n a l ,  s i l e n c e  t h e  e v a c u a t i o n  horn, 

and i n i t i a t e  b u i l d i n g  containment ( u s i n g  t h e  r e d ,  green,  

and b l a c k  b u t t o n s ,  r e s p e c t i v e l y ,  i n  t h e  upper l e f t  c o r n e r . )  

Observe i f  a r o d  i s  s e a t e d  ( u s i n g  t h e  two squa re  i n d i c a t o r -  

l i g h t  pane l s  marked "1, 2, 3 ,  4 ,  5 ,  and 6" i n  t h e  u p p e r  

r i g h t  c o r n e r  .) 

Observe when a n  annunc ia to r  alarms, (An a u d i b l e  alarm w i l l  

sound. I n  a d d i t i o n ,  pane l  l i g h t s  i n d i c a t e  whether t h e  

annunc ia to r  i s  l o c a t e d  i n  t h e  n u c l e a r  group o r  i n  t h e  proc- 

ess group.) 

Observe i f  t h e r e  i s  an  i n c r e a s e  i n  t h e  r a d i a t i o n  l e v e l  

( u s i n g  two me te r s  nea r  t h e  upper l e f t  c o r n e r :  t h e  l e f t  

meter i n d i c a t e s  t h e  o u t p u t  of t h e  12 r / h r  mon i to r ;  t h e  

r i g h t  meter  i n d i c a t e s  t h e  o u t p u t  of  the  high-bay Monitron) . 
Observe t h e  s t a t u s  of  t h e  r e a c t o r  i n  r ega rd  t o  the  key- 

s w i t c h  p o s i t i o n  and t o  t h e  r e m o t e - o r - l o c a l  c o n t r o l  mode 

s e l e c t i o n  ( u s i n g  t h e  " r e a c t o r  on" and t h e  BSR o r  ORR 

i n d i c a t o r  l i g h t s )  I 

Scram t h e  r e a c t o r  ( u s i n g  r ed -co lo red  swi t ch )  This  con- 

t r o l  i s  e f f e c t i v e  when i n  e i t h e r  l o c a l  o r  remote o p e r a t i o n .  

Ra i se  and lower t h e  demand po ten t iome te r .  

h .  I n s e r t  and ( w i t h i n  l i m i t s )  withdraw the  p r e f e r r e d  rod .  
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i. 

j. 

k.  

I. 

Acknowledge and r e s e t  annunc ia to r  a la rms .  

Observe t h e  power l e v e l  as monitored by t h e  No. 1 l e v e l -  

s a f e t y  channel  (us ing  t h e  l e f t  meter  a t  t h e  c e n t e r  of t h e  

cons o l e )  . 
Operate  t h e  control-room t e l e v i s i o n  cameras.  

Monitor t h e  c o n t r o l  room f o r  abnormal sounds (us ing  t h e  

s u r v e i l l a n c e  microphone system).  

2 .  Procedure f o r  T r a n s f e r r i n g  t o  Remote Opera t ion .  - After  t h e  BSR 

i s  s t a r t e d  up and a l l  t h e  necessa ry  checks a r e  made, t he  r e a c t o r  

may be opera ted  remotely from t h e  remote console  loca t ed  i n  

Bui ld ing  3042. The procedure f o r  t r a n s f e r r i n g  c o n t r o l  of t h e  

r e a c t o r  i s  a s  fo l lows:  

a .  

b. 

C .  

a .  

e .  

Have t h e  remote o p e r a t o r  v e r i f y  proper  aud io  and vi-deo com- 

munica t ion .  ( I f  n e i t h e r  c o n t r o l  room t e l e v i s i o n  camera i s  

ope rab le ,  t he  r e a c t o r  should not  be opera ted  r emote ly . )  

Turn t h e  c o n t - r o l - s e l e c t o r  swi t ch  on t h e  BSR c o n t r o l  panel  

c lockwisc u n t i l  t h e  "remote" l i g h t  comes on a t  t h e  l o c a l  

conso le ;  t h e  "ORR" l i g h t ,  l oca t ed  on t h e  remote pane l ,  should 

a l s o  come on. 

S imula te  a n  alarm c o n d i t i o n  f o r  t h e  remote o p e r a t o r  t o  ob- 

s e rve ,  acknowledge, and rese t ;  v e r i f y  t h a t  t h e  remote opera-  

t o r  can r e p o s i t i o n  the  p r e f e r r e d  r o d .  

Inform t h e  remote o p e r a t o r  of any p e r t i n e n t  i n fo rma t ion ;  t hen  

t e l l  him t o  assume t h e  r e s p o n s i b i l i t y  f o r  o p e r a t i n g  t h e  BSR. 

Request a l l  i n d i v i d u a l s  i n  t h e  l o c a l  BSR c o n t r o l  room t o  

l eave ;  t hen  lock  a l l  doors  t o  t h e  c o n t r o l  room. (NOTE: i f  
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i t  i s  necessa ry  f o r  any Reac to r  Opera t ions  Department p e r -  

sonne l  t o  remain i n  t h e  c o n t r o l  room, t h e y  should r e c e i v e  

permiss ion  from t h e  s u p e r v i s o r  i n  charge . )  

3 .  Procedure f o r  Remote Opera t ion .  

a. Rout ine  Opera t ion  a t  Equ i l ib r ium Cond i t ions .  - A t  a mini -  

mum, r o u t i n e  su rveys  u s i n g  t h e  c o n t r o l  room TV w i l l  be  made 

on a n  h o u r l y  b a s i s  by scanning  t h e  in s t rumen t  pane l s  t o  

observe  f o r  p o s s i b l e  t r e n d s  i n  t h e  e q u i l i b r i u m  of t h e  sys -  

t e m .  (The s u r v e i l l a n c e  microphone system w i l l  be  used t o  

l i s t e n  f o r  any abnormal sounds i n  t h e  l o c a l  c o n t r o l  room.) 

Any i n d i c a t i o n  of abnormal c o n d i t i o n s  w i l l  be  i n v e s t i g a t e d  

immediately by making d e t a i l e d  c lose - r ange  r ead ings ;  and, i f  

f u r t h e r  a c t i o n  i s  needed, s u p e r v i s i o n  w i l l  be  con tac t ed  

immediately . 
b .  Da ta  C o l l e c t i o n .  - Once p e r  hour t h e  r eadou t  of t h e  t h r e e  

l e v e l - s a f e t y  channels ,  t h e  AT r e c o r d e r ,  and t h e  flow r e c o r d -  

er should be r eco rded .  A t  least  t h r e e  times p e r  s h i f t ,  t h e  

p o s i t i o n s  of t h e  shim rods ,  t h e  i n l e t  t empera ture ,  t h e  o u t -  

le t  tempera ture ,  t h e  e x i t - w a t e r  r a d i o a c t i v i t y ,  and t h e  log-N 

channel  o u t p u t  should be  r eco rded ;  i n  a d d i t i o n ,  a h e a t  b a l -  

ance should be c a l c u l a t e d .  

c.  Power Level  Adjustments .  - Minor ad jus tmen t s  i n  power l e v e l  

are p e r m i t t e d  u s i n g  t h e  remote l o g a r i t h m i c  po ten t iome te r  

t o  compensate f o r  minor v a r i a t i o n s  caused by tempera ture ,  

change i n  rod p o s i t i o n ,  e t c .  These ad jus tmen t s  a r e  t o  be 

made d u r i n g  t h e  c lose - r ange  o b s e r v a t i o n s  of t h e  s a f e t y  
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r e c o r d e r s  and o n l y  a f t e r  t h e  r e g u l a t i n g  rod i s  i n  t h e  proper  

range (10-90%) wi th  r e s p e c t  t o  t h e  r e g u l a t i n g - r o d  l i m i t  

sw i t ches .  

d .  Regulating-Rod P o s i t i o n  Adjustments .  - It w i l l  be necessary  

from t i m e  t o  t ime t o  r e p o s i t i o n  t h e  p r e f e r r e d  rod t o  main- 

t a i n  t h e  r e g u l a t i n g - r o d  l i m i t  w i t h i n  t h e  d e s i r e d  range (10- 

90%) w i t h  respect t o  t h e  l i m i t  sw i t ches .  T h i s  i s  accom- 

p l i s h e d  wh i l e  viewing t h e  log-N r e c o r d e r  a t  c l o s e  range  w i t h  

t h e  TV and then  moving t h e  p r e f e r r e d  rod a small increment.?? 

Fol lowing each movement of  t h e  p r e f e r r e d  rod ,  a scan  of t h e  

a p p r o p r i a t e  i n s t rumen t s  should be made t o  a s s u r e  t h a t  t h e  

system i s  s t i l l  i n  e q u i l i b r i u m .  Th i s  procedure should be 

r epea ted  u n t i l  t h e  d e s i r e d  r ead ing  on t h e  r egu la t ing - rod  

r eco rde r  is  ob ta ined .  

e .  Annunciator  S t a t i o n .  - Should an  annunc ia to r  be a c t u a t e d ,  

t h e  o p e r a t o r  should immediately look a t  t h e  remote con- 

s o l e  i n d i c a t o r  l i g h t s  ( to  de termine  i f  t h e  a c t u a t e d  annun- 

c i a t o r  i s  i n  t h e  nuc lea r  group o r  i n  t h e  p rocess  group) .  

Then he should scan  t h e  l o c a l  annunac i to r  s t a t i o n s  w i t h  t h e  

TV t o  i d e n t i f y  t h e  i n d i v i d u a l  annunc ia to r  b e f o r e  acknowl- 

edging i t .  I f  c o r r e c t i v e  a c t i o n  cannot  be  taken  from 

t h e  remote c o n t r o l s ,  t h e  supeEvisor  should be n o t i f i e d  

immediately.  The s u p e r v i s o r  w F 1 1  i n v e s t i g a t e  and t a k e  

c o r r e c t i v e  a c t i o n .  ( I f  t h e  s h i f t  eng inee r  cannot  be 

*The remote meter f o r  t h e  No. 1 s a f e t y  channel  shouSd a l s o  be 
observed.  
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l o c a t e d  immediately,  t h e  o p e r a t o r  has  a u t h o r i t y  t o  scram 

t h e  r e a c t o r  i f  he dec ides  it is  necessa ry . )  

f .  Emergency Act ions 

(1) TV F a i l u r e .  - I f  a f a i l u r e  shou ld  occur  i n  bo th  of 

the. c o n t r o l  room TV systems, t h e  r e a c t o r  s h o u l d  be 

scrammed immediately.  The s h i f t  eng inee r  shou ld  be 

informed of  t h i s  a c t i o n  immediately so  t h a t  f u r t h e r  

a c t i o n  can  be t aken ,  Opera t ion  of the BSR may be 

resumed w i t h  pe r sonne l  a t  t h e  l o c a l  c o n t r o l s  u n t i l  

t h e  TV sys tem has been r e p a i r e d  and d e c l a r e d  r e l i a b l e ,  

(2)  Servo  F a i l u r e  

I f  t he  "servo  o f f "  annunc ia to r  alarms, the  rea.c- 

t o r  is  no longe r  be ing  controlled by the s e r v o  

system. The o p e r a t o r  should r ende r  t h e  reactor  

s u b c r i t i c a l  by i n s e r t i n g  the prefer red  rod t o  

i ts  seat  p o s i t i o n .  Unless  an o p e r a t o r  can t h e n  

be d i spa tched  t o  the local c o n t r o l  room immedi- 

a t e l y ,  t h e  r e a c t o r  s h o u l d  be scrammed, I f  at., 

opera tor  E be s t a t i o n e d  a t  the loca l  c o n t r o l  

room, o p e r a t i o n  may be resumed w i t h  t h e  r e a c t o r  

i n  manual c o n t r o l ,  (Of c o u r s e 9  t h e  phift 5uper-  

v i s o r  must be p r e s e n t  u n t i l  t h e  o p e r a t i n g  power 

leve 1 i s  re -es t ab l i s h e d  o )  

I f  t h e  remote o p e r a t o r ' s  o b s e r v a t i o n s  l ead  h i m  

t o  b e l i e v e  tha t  t h e  s e r v o  system is improperly 

c o n t r o l l i n g  t h e  r e a c t o r ,  he should immediate& 

scram t h e  r e a c t o r  and n o t i f y  the s h i f t  engineer. 
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(3)  Evacuation Alarms. - If the building-evacuation-alarm 
system is actuated by the instruments, the following 

action should be taken: 

(a) Scram the reator. 

(b) Check the following instruments to aid in evalu- 

ating conditions: : 

1) The two radiation-indicating meters (on the 

remote console). 

2) The local facility radiation and contamination 

alarm system at the local control room should 

be scanned with the control-room television 

s ys t em. 

3)  The miscellaneous radiation recorder at the 

local control room should be scanned with the 

control-room television system. 

( c )  The shift engineer will direct activities as pre- 

scribed by the emergency procedures for the Reactor 

Operations Department (Section 10.6). 



2 - 5 1  

2.3. Shutdowns 

2.3a, S h u t t i n g  Down t h e  Reac to r  

The r e a c t o r  w i l l  u s u a l l y  be s h u t  down a t  some t i m e  s p e c i f i e d  by an 

exper imenter  as a requi rement  f o r  h i s  p a r t i c u l a r  t es t .  The r e a c t o r  i s  

u s u a l l y  s h u t  down by scramming w i t h  t h e  scram b u t t o n  on t h e  l o c a l  con- 

s o l e .  Following t h e  t e r m i n a t i o n  of  qny p a r t i c u l a r  run,  t h e  fo l lowing  

ace ion  should  be t aken  i f  t h e  r e a c t o r  is  t o  remain down f o r  t h e  remainder 

of t h e  s h i f t .  

1. Be s u r e  r.hat all s i x  s e a t  l i g h t s  are on. 

2 .  Lower t.he demand t o  t h e  lower l i m i t .  

3 .  Place t h e  r a n g e - s e l e c t o r  s w i t c h  on t h e  lowest v a l u e  pract ical  

wi thou t  having  the  s e r v o  r e c o r d e r  i n d i c a t o r  d r i v e  f u l l  s c a l e .  

4 .  Place  t h e  log-N a m p l i f i e r  made knob on GROUND. 

5. De-energize t h e  secondary sys tem as fol lows:  

a. Fans i n  OFF. 

lo. Pump i n  OFF. 

c .  Blow-down v a l v e s  c l o s e d .  

d o  Acid -add i t ion  sys tem OFF. 

e .  Chemical a d d i t i o n  sys tem OFF. 

f. Bypass v a l v e  OR riser t o  b a s i n  OPEN. 

g .  Air -cond i t ion ing  pump o p e r a t i n g .  

6 ,  De-energize t h e  primary pump motor., 

7 .  Close  v a l v e  HCV-9 and open v a l v e  HCV-3 t o  c o n t i n u e  deminera l -  

i z e r  o p e r a t i o n  wh i l e  t h e  primary flow is  o f f .  

8. F lappe r  v a l v e  OPEN. 

9 .  I n s e r t  t h e  f i s s i o n  chamber t o  g i v e  about 20 c o u n t s l s e c ;  l eave  

t h e  chamber d r i v e  i n  t h e  AUTOMATIC mode. 
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10. Place the  key swi t ch  i n  OFF, remove t h e  key, and p l a c e  t h e  key 

i n  t h e  lock-box loca ted  i n  the  c o n t r o l  room. 

11. P lace  t h e  RIM-5 and t h e  R I M - 1 8  micromicroammeter swi t ches  i n  

" - 11" 
t h e  10 pos i t  ion .  

12. Inform t h e  ORR conso le  o p e r a t o r  o f  t h e  s t a t u s  of t h e  r e a c t o r  

(have him v e r i f y  proper  audio  and v ideo  communication i f  a p p l i -  

c a b l e )  

2 .3b.  Re fue l ing  Shutdowns 

Although t h e  number of  shutdowns r e q u i r e d  f o r  r e f u e l i n g  t h e  BSR w i l l  

be r e l a t i v e l y  n e g l i g i b l e ,  t h e r e  w i l l  be  occas ions  when dec reases  o f  excess  

r e a c t i v i t y  w i l l  r e q u i r e  some f u e l  changes.  

A l l  work t o  be performed d u r i n g  t h e  shutdown shou ld  be  governed by 

S e c t i o n  4 .  

2 . 3 ~ .  Unscheduled Shutdowns 

When an unscheduled shutdown occurs ,  t h e  s h i f t  eng inee r  o r  h i s  d e s i g -  

na t ed  r e p r e s e n t a t i v e  should  r e p o r t  immediately t o  t h e  l o c a l  c o n t r o l  room. 

I f  t h e r e  a r e  no unexplained abnorma l i t i e s ,  t h e  r e a c t o r  should  be r e s t a r t -  

ed .  

2 .3d.  Rad ia t ion  C o n t r o l  Measures During Shutdowns 

The r a d i a t i o n  c o n t r o l  measures du r ing  shutdown of  t h e  r e a c t o r  va ry  

acco rd ing  t o  t h e  n a t u r e  of  t h e  shutdown. I f  wa te r  is  t o  be d r a i n e d  from 

any p a r t  of t h e  pr imary-water  system f o r  p o s s i b l e  removal of  components 

o r  any o t h e r  maintenance work, a h e a l t h  p h y s i c i s t  should  be r eques t ed  t o  

monitor  t h e  a r e a  t o  determine i f  a Rad ia t ion  Work Permit  (RWP) might be 

r e q u i r e d  and t o  be s u r e  t h a t  no a r e a s  a r e  contaminated by t h e  primary 

wa te r .  (See S e c t i o n  6 . l g .  f o r  procedures  and requi rements  f o r  d r a i n i n g  

the  pr imary-water  system and S e c t i o n  9 f o r  s a f e t y  procedures  .) 



(2.3d con t inued)  2-53 

.... 

... . .  .. 

If t h e  water is t o  be d r a i n e d  from a p a r t  o r  a l l  of  t h e  r e a c t o r  pool ,  

all r a d i o a c t i v e  materials shou ld  be removed o r  i s o l a t e d  p r i o r  t o  t h e  

d r a i n i n g .  After t h e  pool  o r  t h e  p o r t i o n  of t h e  pool  has been d r a i n e d ,  

e n t r y  t o  t h e  pool  is s u b j e c t  t o  "contaminat ion  zone" and " r a d i a t i o n  zone" 

r e g u l a t i o n s .  These r e g u l a t i o n s  are as fol lows:  

1. The pool  and a s s o c i a t e d  area must be e s t a b l i s h e d  as a contam- 

i n a t i o n  zone .  

2 .  A v a l i d  "Rad ia t ion  Work Permi t"  must be on hand. 

3 .  Personne l  e n t e r i n g  t h e  poo l  shou ld  have on two p a i r s  of  C-zone 

c l o t h i n g  an4 c a r r y  two p e n c i l  meters, one d i r e c t - r e a d i n g  pocket 

dos ime te r ,  and a f i l m  badge. 

4 .  Upon l e a v i n g  t h e  pool ,  each  person  s h a l l  be checked f o r  contam- 

i n a t i o n ,  and h i s  r a d i a t i o n - e x p o s u r e  r eco rd  s h a l l  be brought up 

t o  d a t e  by a r e a c t o r  o p e r a t o r .  

5 .  I f  an i n - p o o l  Monitron is r e q u i r e d ,  i t  shou ld  be checked occa-  

s i o n a l l y  du r ing  each  s h i f t  f o r  proper  o p e r a t i o n .  

It is t h e  r e s p o n s i b i l i t y  of t h e  s h i f t  eng inee r  t o  e n s u r e  t h a t  a l l  

r e g u l a t i o n s  a r e  fol lowed.  

2 . 3 e  Repor t ing  Shutdowns 

Each shutdown should  be r e p o r t e d  i n  t h e  log book r e g a r d l e s s  of the  

number of shutdowns t h a t  occu r .  (See S e c t i o n  2 .2b  f o r  t h e  d e f i n i t i o n s  

of  " o p e r a t i n g  t i m e "  and of  "shutdown t i m e " . )  

Fo l lowing  any unscheduled shutdown, a d e t a i l e d  d e s c r i p t i o n  o f  t h e  

shutdown should  be prepared  i n  w r i t i n g  and submi t t ed  t o  t h e  r e a c t o r  s u p e r -  

visor by t h e  s h i f t  s u p e r v i s o r  i n  charge. Such r e p o r t s  w i l l  n o t  on ly  a i d  

i n  p r e v e n t i v e  maintenance b u t  w i l l  a l s o  a i d  i n  t h e  d e t e r m i n a t i o n  of t h e  

sou rce  of  t r o u b l e ,  thus p reven t ing  f u t u r e  unscheduled shutdowns 
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If the shutdown was the result of equipment €ailure, the shift engi- 

neer should report whether the failure was due to a mechanical or an 

instrument failure. (At times it is difficult to distinguish between 

instrument and mechanical failures; the shift engineer should use his 

best estimate in making his report.) 
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2 .4 .  Annunciator Procedures 

2 .4a .  I n t r o d u c t i o n  

I n  g e n e r a l ,  annunc ia to r  alarms i n d i c a t e  abnormal c o n d i t i o n s  i n  t h e  

p rocess  o r  n u c l e a r  sys tems.  T h e i r  purpose i s  t o  alert  t h e  o p e r a t o r  t o  

t h e  abnormal c o n d i t i o n s  s o  qha t  a p p r o p r i a t e  a c t i o n  may be t aken .  

2.4b. D e s c r i p t i o n  

An annunc ia to r  s t a t i o n  c o n s i s t s  of a s i g n a l  can  which is mount.ed 

behind two t r a n s l u c e n t  pane l s  c a l l e d  s t a t i o n  s e c t i o n s .  One s e c t i o n  is 

r e d  and t h e  o t h e r  i s  white. A l l  s t a t i o n s  a r e  connec ted  t o  t h e  alarm 

horn .  When one of  t h e  r e a c t o r ' s  monitored parameters exceeds a p r e d e t e r -  

mined s e t p o i n t ,  both, s e c t i o n s  w i l l  be l i g h t e d  and t h e  ho rn  w i l l  sound. 

Located on t h e  BSR conso le  is a t o g g l e - t y p e  e l e c t r i c a l  s w i t c h .  When 

t h e  s w i t c h  is  pushed t o  the l e f t ,  t h e  alarm is acknowledged (white  s e c -  

t i o n  is darkened) and t h e  ho rn  is  s i l e n c e d .  The r e d  s e c t i o n  w i l l  remain 

l i g h t e d  u n t i l  t h e  c o n d i t i o n  becomes normal; when t h e  c o n d i t i o n  becomes 

normal, t h e  r e d  s e c t i o n  w i l l  darken and t h e  wh i t e  s e c t i o n  w i l l  be l i g h t -  

ed.  

t h e  wh i t e  s e c t i o n  w i l l  t hen  darken.  (When o p e r a t i n g  i n  t h e  remote mode, 

t h e  acknowledge- rese t  swi t ch ,  l o c a t e d  nea r  t h e  lower r i g h t  c o r n e r  of t h e  

remote conso le ,  a l s o  f u n c t i o n s  as d e s c r i b e d  above .) 

The annunc ia to r  may t h e n  be r e s e t  by pushing t h e  s w i t c h  t o  the  r i g h t ;  

2 . 4 ~ .  Operator Response 

I n  t h e  e v e n t  of  any alarm, t h e  o p e r a t o r  i s  t o :  

1. I d e n t i f y  t h e  a f f e c t e d  a n n u n c i a t o r ,  

2 .  Acknowledge t h e  alarm. 

3 .  Make p r e l i m i n a r y  o b s e r v a t i o n s  t o  h e l p  de te rmine  t h e  r eason  f o r  

t h e  alarm and t o  see if any a d d i t i o n a l  a b n o r m a l i t i e s  r e s u l t .  
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4 .  No t i fy  t h e  s u p e r v i s o r  of t h e  s t a t u s  u n l e s s  i n s t r u c t e d  o the rwise .  

5 .  D o  n o t  a t t e m p t  t o  withdraw rods  t o  c o r r e c t  f o r  au tomat ic  reduc-  

t i o n s  i n  t h e  power l e v e l  u n l e s s  t h e  s u p e r v i s o r  i n  charge  i s  

p r e s e n t .  

2 .4d .  Annunciators--Parameters ,  S e t p o i n t s ,  and Suggested Act ions 

I n  t h i s  s e c t i o n  t h e  sugges ted  cour se  of  a c t i o n  t o  be t aken  fol low- 

ing  each of t h e  v a r i o u s  alarms is d e t a i l e d .  I n  a d d i t i o n ,  whenever t h e  

power l e v e l  of the r e a c t o r  i s  lowered a u t o m a t i c a l l y  o r  manual ly ,  t h e  con- 

d i t i o n  r e q u i r i n g  t h e  a c t i o n  should  be i n v e s t i g a t e d ,  unders tood ,  and c o r -  

r e c t e d  b e f o r e  a t t empt ing  t o  r e - e s t a b l i s h  t h e  i n i t i a l  r e a c t o r  power l e v e l .  

The s u p e r v i s o r  i n  charge  must be p r e s e n t  whenever t h e  r e a c t o r  i s  made 

c r i t i c a l  o r  t h e  power l e v e l  i s  t o  be i n c r e a s e d .  

It should  a l s o  be r e a l i z e d  t h a t  a f a i l u r e  i n  t h e  annunc ia to r  can  

i t s e l f  w i l l  a l s o  i n i t i a t e  an alarm. I f  t h i s  is  suspec ted ,  remove t h e  mal- 

func t ion ing  u n i t  and r e p l a c e  i t  w i t h  a s p a r e  u n i t .  Although ma l func t ion -  

i n g  i n s t r u m e n t a t i o n  should  always be suspec ted ,  t h e  p r e l i m i n a r y  inves  t i -  

g a t i o n  of any annuncia tor  a larm should  be mot iva ted  by t h e  assumption 

t h a t  t h e  alarm w a s  due t o  a r ea l  cause .  

1. Nqclear Annuncia tors ,  R igh t  Pane l .  - One o f  t h r e e  annuncia tor  

groups i s  loca t ed  on cont ro l - room pane l  C and appears  as i n d i -  

c a t e d  i n  F igu re  2.4.1. 

a. Log-N Reverse (C-1). - This  annunc ia to r  alarms i f  t h e  power 

l e v e l ,  as i n d i c a t e d  by t h e  log-N r e c o r d e r ,  i s  50% h i g h e r  

t h a n  t h e  power l e v e l  i n d i c a t e d  on t h e  power-range swi t ch .  

The s e t p o i n t s  f o r  t h e  f i v e  r e c o r d e r  swi t ches  t h a t  a c t u a t e  

t h i s  alarm a r e  a t  30 w (0.0015% M ), 300 w (0.015% NF)9 
F 
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C - 1  c - 2  c -3  c -4 c -5 C - 6  6 -  7 
Log-N Two S a f e t y  S a f e t y  20% NF Exp Exp Exp - 

Reverse Troubles  Trouble  Not i n  Run No. 1 N o ,  2 N o ,  3 

c -8 c-9  c-10 c-11 c -12 C-13 C-14 
Shim Servo  Rec o r  d e r  F u t  e P u t .  F u t .  

Request Off xxxx Power Off No. 4 No. 5 No. 6 

F i g u r e  2.4.1.  Annunciator Right  P a n e l  

3 kw (0.15% NF) , 30 kw (1.5% NF) , and 300 kw (15% NF) 

This alarm w i l l  no t  be i n i t i a t e d  i f  a n e g a t i v e  pe r iod  of  , 

100 s e c  o r  f a s t e r  occu r s  w i t h i n  1 ,5  s e c .  This  alarm i s  

most l i k e l y  t o  occur  d u r i n g  a s t a r t u p  v i a  o p e r a t o r  s ta r t  

( i . e . ,  w i thou t  u se  of t h e  s e r v o  system) when the  r ange -  

s e l e c t o r  s w i t c h  cou ld  i n a d v e r t e n t l y  be s e t  on t h e  improper 

range.  P r i m a r i l y ,  however, t h e  log-N r e v e r s e  c i r c u i t  i s  

provided t o  l i m i t  t h e  r e s u l t s  of  a f a i l u r e  of t h e  se rvo  

sys tem when t h e  r e a c t o r  i s  be ing  ope ra t ed  i n  one of  the 

lower power r anges .  Normally, an alarm on t h i s  annunci -  

a t o r  w i l l  occur  s imul t aneous ly  w i t h  an alarm on t h e  re- 

v e r s e  annunc ia to r  and wich an actual r e v e r s e .  Th i s  r e -  

v e r s e  w i l l  c o n t i n u e  i n t e r m i t t e n t l y  u n t i l  the  log-N s e t -  

p o i n t  is  no longer  exceeded ,  (Each t i m e  r e v e r s e  a c t i o n  

has produced a n e g a t i v e  pe r iod  of  100 see o r  f a s t e r  

r e v e r s e  w i l l  be t e m p o r a r i l y  i n h i b i t e d . )  

I f  t h i s  alarm occur s  a t  any t i m e  when the r e a c t o r  i s  

supposed t o  be under s e r v o  c o n t r o l ,  t h e  c o n d i t i o n  of  t he  
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s e r v o  channel  and i t s  a s s o c i a t e d  c o n t r o l  c i r c u i t s  should  

be i n v e s t i g a t e d  be fo re  t h e  r e a c t o r  i s  subsequen t ly  ope ra t ed  

under  s e r v o  c o n t r o l .  

b.  Two S a f e t y  Troubles  ((2-2). - This  annunc ia to r  alarms i f  

two l e v e l - s a f e t y  channels  are ma l func t ion ing  s imul taneous-  

l y .  S i n c e  t h i s  type d i f f i c u l t y  w i l l  i n i t i a t e  a r e v e r s e ,  

no e f f o r t s  t o  resume o p e r a t i n g  t h e  r e a c t o r  shou ld  be made. 

I n  f a c t ,  i f  t h e  r e v e r s e  is no t  i n i t i a t e d  a u t o m a t i c a l l y ,  

i t  should  be performed manually.  

The o p e r a t o r  should  observe  t h e  n a t u r e  of t h e  s a f e t y  

t r o u b l e ,  i f  p o s s i b l e ,  and repor t ,  t o  t h e  s u p e r v i s o r  i n  

charge, which "abnormal1' l i g h t s  were l i g h t e d  on t h e  compos- 

i t e  ampl i€ ie rs .  In s t rumen ta t ion  and C o n t r o l s  D i v i s i o n  

pe r sonne l  should  ensu re  t h a t  two p r o p e r l y  f u n c t i o n i n g  

l e v e l - s a f e t y  channels  are a v a i l a b l e  b e f o r e  s t a r t i n g  up t h e  

r e a c t o r .  

c .  S a f e t y  Trouble. ( e - 3 )  e - This  annunc ia to r  alarms i f  t h e r e  

is any mal func t ion  o f  a l e v e l - s a f e t y  channel  o r  o f  t h e  

p e r  iod-s a €e t y c hanne 1. 

The o p e r a t o r  should  observe  which s a f e t y  channel  i n -  

i t i a t e d  the  alarm and what e f f e c t  it had on t h e  r e a c t o r .  

If the  remaining two s a f e t y  channels  are o p e r a t i n g  s a t i s -  

f a c t o r i l y ,  the  s a f e t y  i n i t i a t i n g  t h e  a la rm may be d i scon-  

nec ted  from t h e  sigma bus by t h e  s u p e r v i s o r  i n  charge .  

NOTE: The e l e c t r i c a l  power t o  t h e  r e c o r d e r  shou ld  be 

turned  o f f  b e f o r e  d i sconnec t ing  t h e  w i r i n g  t o  t h e  sigma 

bus.  (The s a f e t y  t r o u b l e  annunc ia to r  w i l l  remain i n  t h i s  
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.... 

alarm c o n d i t i o n .  I n  a d d i t i o n ,  i f  t h e  f a i l u r e  w a s  t h a t  o f  

a l e v e l - s a f e t y  channel ,  f a i l u r e  of a second l e v e l - s a f e t y  

w i l l  c ause  a r e a c t o r  shutdown. However, i f  t h e  i n i t i a l  

f a i l u r e  w a s  t h a t  o f  t h e  log-N channe l ,  no a t t e m p t  t o  r e -  

s t a r t  t h e  r e a c t o r  shou ld  be made fo l lowing  any subsequent 

power r educ t ion . )  

20% NF - Not i n  Run ((2-4) a - This  annunc ia to r  alarms when 

t h e  r e a c t o r  power l e v e l  is  400 kw o r  g r e a t e r  (as  d e t e r -  

mined by t h e  log-N r e c o r d e r )  and i f  t h e  c o n d i t i o n s  f o r  

"run" have n o t  been s a t i s f i e d  d u r i n g  a s t a r t u p  o r  i f  the  

power- leve l  s e l e c t o r  s w i t c h  p o s i t i o n  was changed from t h e  

2-Mw s e t t i n g  after having a t t a i n e d  "run" and a f t e r  t h e  

power l e v e l  w a s  g r e a t e r  than 400 kw. 

d. 

S i n c e  t h i s  c o n d i t i o n  would i n i t i a t e  a r e v e r s e ,  t h e  

power l e v e l  w i l l  a u t o m a t i c a l l y  be lowered t o  c l e a r  t h e  

abnormal c o n d i t i o n .  To p reven t  t h i s  c o n d i t i o n  from r e c u r -  

r i n g ,  t h e  c o n d i t i o n s  f o r  o b t a i n i n g  "run" must be s a t i s -  

f i e d  on t h e  nex t  a t t e m p t  a t  i n c r e a s i n g  t h e  power l e v e l .  

These c o n d i t i o n s  are as fol lows:  

(1) 

(2) Demand a t  5%. 

( 3 )  P o s i t i v e  p e r i o d  g r e a t e r  t h a n  100 s e e .  

(4) The log-N r e c o r d e r  i n d i c a t e s  >1.5% N and <lo% NF. 

(5) E i t h e r  t h e  s e r v o  sys tem m u s t  not. d e t e c t  a withdraw 

Power- leve l  s e l e c t o r  s w i t c h  on 2 Mw- 

F 

e r r o r  o r  t h e  r e a c t o r  must no t  be under s e r v o  c o n t r o l .  

(Remember, a r e v e r s e  resul ts  i n  t h e  loss o f  s e r v o  

c o n t r o l . )  
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e .  Experiment N o .  1 ( C - 5 ) .  - See i tem g, below. 

f .  Experiment N o .  2 ( C - 6 )  . - See i t e m  g, below. 

g.  Experiment No. 3 (C-7).  - This  annunc ia to r  w i l l  alarm i f  

t h e  E-panel  swi t ch  f o r  t h e  p a r t i c u l a r  experiment is i n  t h e  

NORMAL p o s i t i o n  when one o f  the s e t p o i n t s  f o r  t h e  e x p e r i -  

ment is exceeded. I n  a d d i t i o n ,  t h i s  annunc ia to r  w i l l  be 

i n  an alarm c o n d i t i o n  i f  t h e  E-panel s w i t c h  is  i n  t h e  TEST 

o r  DISCONNECT p o s i t i o n .  

I f  t h e  E-panel swi t ch  is i n  t h e  NORMAL p o s i t i o n ,  a 

s e t b a c k ,  r e v e r s e ,  o r  scram may accompany t h i s  annunc ia to r  

alarm. Check t h e  experiment i n s t r u m e n t a t i o n  r eadou t ,  r e f e r  

t o  t h e  experiment; i n fo rma t ion  c l i p b o a r d  f o r  the  s t a t u s  o f  

t h e  experiment,  and c o n t a c t  the  exper imenter  f o r  i n s t r u c -  

t i o n s ,  i f  r e q u i r e d .  NOTE: The experiment c o n t r o l  room 

must be manned i f  an alarm c o n d i t i o n  e x i s t s  wh i l e  t h e  E -  

pane l  swi t ch  i s  i n  t h e  NORMAL p o s i t i o n .  

h. Shim Request ( C - 8 ) .  - This annunc ia to r  alarms whenever t h e  

r e g u l a t i n g  rod  u p p e r - l i m i t  s w i t c h  i s  a c t u a t e d  wh i l e  t h e  

r e a c t o r  i s  i n  se rvo .  This a l a r m  is  bypassed i f  t h e  reac- 

t o r  is  i n  the  i n s t r u m e n t - s t a r t  r e q u e s t  mode o r  i n  t h e  

i n s t r u m e n t - s t a r t  mode; t h e  alarm is a l s o  bypassed when- 

eve r  t h e  s e r v o  demand ( l o g a r i t h m i c  po ten t iome te r )  i s  be ing  

r a i s e d .  

A s  f u e l  is consumdd, the  r e g u l a t i n g  rod  (No. 4 )  w i l l  

be withdrawn by t h e  s e r v o  s y s t e m .  

i f  t h e  r e g u l a t i n g  rod i s  n o t  made t o  i n s e r t  w i t h  r e s p e c t  

During normal o p e r a t i o n ,  
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t o  t h e  l i m i t  sw i t ches  o c c a s i o n a l l y ,  t h e  r e g u l a t i n g  rod 

w i l l  a c t u a t e  i t s  u p p e r - l i m i t  s w i t c h  and au tomat ic  w i th -  

drawal  o f  t h e  r e g u l a t i n g  rod  w i l l  be i n h i b i t e d .  As a 

r e s u l t ,  t h e  r e a c t o r  w i l l  soon become s u b c r i t i c a l  and the  

power w i l l  s ag .  From t h e  remote conso le ,  t h e  r e g u l a t i n g  

rod  may be made t o  i n s e r t  o n l y  by withdrawing t h e  p r e f e r r e d  

r o d ;  from t h e  l o c a l  conso le ,  t h i s  may be achieved  by wi th -  

drawing any o t h e r  c o n t r o l  rod  o r  by withdrawing t h e  l i m i t  

s w i t c h e s  w i t h  respect t o  t h e  r e g u l a t i n g  rod .  

During normal o p e r a t i o n  an o p e r a t o r  should  ba l ance  

rods 1 ~ 4 .  from t h e  l o c a l  conso le  a t  l e a s t  t w i c e  p e r  s h i f t  

and r e p o s i t i o n  t h e  l i m i t  sw i t ches  w i t h  r e s p e c t  t o  t h e  regu-  

l a t i n g  rod.  ( I f  t h e  r e g u l a t i n g  rod  has been con t inuous ly  

i n s e r t i n g ,  i t  shou ld  be r e p o s i t i o n e d  fu r the r  o u t  w i t h  r e -  

s p e c t  t o  t h e  l i m i t  sw i t ches  t h a n  t h e  midsca le  p o s i t i o n  

and v i c e  v e r s a .  The p o r t i o n  of  t h e  span  of  t h e  r e g u l a t i n g  

rod  r e c o r d e r  which shou ld  be used is  10-90%*) 

i. Servo  Off ( C - 9 ) .  - This  annunc ia to r  alarms i f  t h e  r e a c t o r  

is b e i n g  ope ra t ed  remote ly  and i f  t h e  r e a c t o r  is no longer 

under c o n t r o l  o f  t h e  servo system. The o p e r a t o r  a t  t h e  

remote conso le  shou ld  r ende r  t h e  r e a c t o r  s u b c r i t i c a l  by 

i n s e r t i n g  t h e  p r e f e r r e d  rod  t o  i t s  seat p o s i t i o n .  The 

BSR shou ld  no t  be o p e r a t e d  remote ly  i n  manual c o n t r o l  

(see S e c t i o n  2 .2d ) .  , 

j .  Annunciator (C-10). - This  annunc ia to r  i s  p r e s e n t l y  no t  

i n  u s e .  
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k. Recorder Power Off (C-11).  - This  annuncia tor  alarms i f  

e l e c t r i c a l  power is  turned  o f f  t o  any one of  t h e  fo l low-  

ing  r e c o r d e r s :  No. 1, 2 ,  o r  3 s a f e t y  l e v e l ,  log-N, log-N 

pe r iod ,  count  r a t e ,  c o u n t - r a t e  pe r iod ,  r e g u l a t i n g  rod po- 

s i t i o n ,  and se rvo .  

The o p e r a t o r  should  t r y  t o  de te rmine  which r eco rde r  

i n i t i a t e d  t h e  alarm; a t  t h e  same t i m e ,  t h e  s u p e r v i s o r  

should  be n o t i f i e d .  I f  one of  t h e  r e c o r d e r s  had been 

tu rned  o f f ,  i t  should  be turned  on. (NOTE: I f  t h e  regu-  

l a t i n g  rod  r e c o r d e r  has f a i l e d  and cannot  be tu rned  on, 

t h e  s t a t u s  of  t he  r e a c t o r  should  be cons ide red  t o  be t h e  

same as i f  t h e  s e r v o  sys tem has f a i l e d . )  It should  be 

r e a l i z e d  t h a t  a f a i l u r e  of ano the r  r e c o r d e r  would no t  be 

known, s i n c e  t h e  annunc ia to r  would a l r e a d y  be i n  t h e  a la rm 

c o n d i t i o n .  

1. Fu tu re  No. 4 (C-12). - This  annunc ia to r  w i l l  be used f o r  

a f u t u r e  experiment  t i e - in . .  

m. Fu tu re  No. 5 (C-13).  - This  annunc ia to r  w i l l  be used f o r  

a f u t u r e  experiment  t i e - i n .  

n.. F u t u r e  No. 6 (C-14).  - This  annunc ia to r  w i l l  be  used f o r  

a f u t u r e  experiment  t i e - i n .  

2.  Nuclear  Annunciator ,  L e f t  Panel .  - The second group o f  annun- 

c i a t o r s  is  loca ted  on cont ro l - room panel  2 and a p p e a r s  as i n d i -  

c a t e d  i n  F igu re  2.4.2. 
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D- 1 D - 2  D- 3 D-4 D - 5  D - 6  D-7 
Flappe r  Low RS&C Monitron Log-N Pe r iod  Se tback  Slow 

A€' System High Level  <7 s e c  Scram 

D - 8  D - 9  D-10 D- 11 D- 12 D- 13 D -  14 
Pool Level Low Jet Midrange C.R. Per iod  F a s t  

Low Flow Off Lockout 47 s e c  Reverse Scram 

F i g u r e  2 .4 .2 .  Annunciator P a n e l s  

a, Flappe r  (D-1) e - This  annunc ia to r  alarms i f  t h e  f l a p p e r  

v a l v e  i s  no t  f u l l y  open o r  f u l l y  c l o s e d .  

The alarm occurs  r o u t i n e l y  when t h e  f l a p p e r  v a l v e  i s  

r e p o s i t i o n e d  t o  change from one mode of o p e r a t i o n  t o  t h e  

o t h e r .  (This r e p o s i t i o n i n g  is performed o n l y  when t h e  

r e a c t o r  i s  s h u t  down and on ly  under t h e  d i r e c t i o n  of  s u -  

p e r v i s i o n . )  I f  t h e  alarm cannot  be c l e a r e d ,  r e t u r n  t h e  

f l a p p e r  v a l v e  t o  an i n t e r m e d i a t e  p o s i t i o n ,  t h e n  r e t u r n  i t  

t o  t h e  d e s i r e d  p o s i t i o n ;  i t  may no t  have s e a t e d  p rope r ly  

on t h e  f i r s t  a t t e m p t .  

I f  t h e  alarm occur s  d u r i n g  normal o p e r a t i o n ,  the  r e -  

a c t o r  shou ld  scram. I f  the  r e a c t o r  does no t  scram whi le  

o p e r a t i n g  i n  Mode 2 ,  observe  t h e  L1p r eadou t  and t h e  con- 

s o l e  i n d i c a t o r  " f l a p p e r  open" o r  " f l a p p e r  c losed"  l i g h t s ;  

t h e  annunc ia to r  c a n  may have ma l func t ioned .  I f  the  r e a c -  

t o r  d i d  n o t  scram whi l e  o p e r a t i n g  i n  Mode 1, observe  t h e  

conso le  i n d i c a t o r  l i g h t s  and then  scram t h e  r e a c t o r .  
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b.  Low AP ( D - 2 ) .  - This  annunc ia to r  alarms when t h e  d i f f e r -  

e n t i a 1  p re s su re  a c r o s s  t h e  c o r e  dec reases  t o  5.0 i n .  

whi le  t h e  f l a p p e r  i s  c l o s e d .  (Normally, t h i s  d i f f e r e n t i a l  

p r e s s u r e  is  8 i n .  H 0 when t h e  flow r a t e  is  1100 gpm.) 

H2° 

2 

Observe t h e  f l o w - r a t e  r e c o r d e r  and the  c o r e  @P r eco rd -  

er  t o  de te rmine  i f  a l eak  may have developed i n  t h e  i n -  

pool  p ip ing .  ( I f  t h i s  alarm c o n d i t i o n  cannot  be c l e a r e d  

when e s t a b l i s h i n g  flow, check t h e  s t a t u s  of t h e  swive l  

j o i n t .  This  j o i n t ,  which i s  loca t ed  a t  t h e  eas t  w a l l  o f  

t h e  pool ,  may be loose .  The f l a p p e r  v a l v e  should  be v i s -  

u a l l y  in spec ted  t o  be s u r e  t h a t  it i s  comple te ly  c l o s e d . )  

c .  RSM: System (D-3). - This  annunc ia to r  alarms i f  t h e r e  i s  

an  alarm i n i t i a t e d  by one of  t h e  r a d i a t i o n  moni tors  (Moni- 

t r o n s )  o r  cont inuous  a i r  monitors  (CAM's )  i n  t he  f a c i l i t y  

r a d i a t i o n  and contaminat ion  a l a r m  system. 

alarms occur  a t  7 . 5  mr /hr  (on Monitrons) and 1000 coun t s /  

min (on C A M ' s ) ;  t h e  h igh  l e v e l  alarms occur  a t  23 mr/hr  

(on Monitrons) and 4000 counts /min (on C A M S ) ;  and t h e  

i n o p e r a t i v e  alarms occur  upon f a i l u r e  of  a u n i t  o r  i t s  

e l e c t r i c a l  power supply .  

The c a u t i o n  

The o p e r a t o r  should  observe  t h e  f a c i l i t y  r a d i a t i o n  

and contaminat ion  alarm system c o n t r o l  pane l  t o  see which 

u n i t  i n i t i a t e d  t h e  alarm and any o t h e r  p e r t i n e n t  informa- 

t i o n .  

I f  two Monitrons o r  two cont inuous  a i r  moni tors  i n i -  

t i a t e  a h igh -  l e v e l  alarm s imul t aneous ly ,  the gas -opera ted  
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. ... . . 

e v a c u a t i o n  horn w i l l  be a u t o m a t i c a l l y  e n e r g i z e d .  I f  t h i s  

o c c u r s ,  t h e  r e a c t o r  shou ld  be scrammed and t h e r e  shou ld  

be an immediate e v a c u a t i o n  o f  personnel  from the  b u i l d i n g  

as i n s t r u c t e d  i n  S e c t i o n  10.6.  

d .  Monitron High Level  (D-4). - This  annunc ia to r  alarms i f  

the  r a d i a t i o n  l e v e l  i n c r e a s e s  as i n d i c a t e d  a t  any one of 

t h e  fo l lowing  mon i to r ing  u n i t s :  

(1) 12 r / h r  a t  t h e  r a d i a t i o n  moni tor  o u t s i d e  the  c o n t r o l  

room (east  w a l l ) .  

125 mr /hr  q t  t h e  h igh-bay  r a d i a t i o n  moni tor .  (2)  

(3)  50 mr/hr a t  t h e  e x i t - d u c t  r a d i a t i o n  moni tor  ( l o c a t e d  

i n  the  c e l l - v e n t i l a t i o n  duc t  a t  t h e  s o u t h  end of 

B u i l d i n g  3010). 

The o p e r a t o r  should  n o t i f y  t h e  s u p e r v i s o r  i n  charge  

i m e d i a t e l y .  I f  the  r a d i a t i o n  l e v e l s  are c o r r o b o r a t e d  by 

more than  one ins t rument ,  e v a c u a t i o n  procedures  shou ld  be 

i n i t i a t e d  a 

e.  Log-N Per iod  <7 Seconds ( D - 5 ) .  - This  annunc ia to r  alarms 

i f  t h e  r e a c t o r  p e r i o d ,  as i n d i c a t e d  by t h e  log-N pe r iod  

r e c o r d e r ,  dec reases  t o  7 sec.  (This alarm shou ld  be accom- 

panied by a r e v e r s e  and a subsequent  l o s s  of s e r v o  eon- 

t r o l . )  The r e a c t o r  s u p e r v i s o r  should  be n o t i f i e d .  

I f  t h e  c o u n t - r a t e  channe l  c o r r o b o r a t e d  a p o s i t i v e  

7 - sec  pe r iod ,  i t  wovld a p p e a r  t h a t  t h e r e  was an unexpla ined  

a d d i t i o n  of  p o s i t i v e  r e a c t i v i t y  t o  t h e  core. However, i f  

the log-N channe l  is  u n r e l i a b l e  and causes  momentary 
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u p s c a l e  s p i k e s  on t h e  r e c o r d e r ,  do not  proceed w i t h  any 

s t a r t u p  which may be i n  p rogres s .  Shut  down t h e  r e a c t o r  

and n o t i f y  the  r e a c t o r  s u p e r v i s o r  and I n s t r u m e n t a t i o n  and 

Con t ro l s  D i v i s i o n  personnel  of t h e  s t a t u s .  

f. Setback  (D-6)  - This  annunc ia to r  alarms when any of t h e  

fo l lowing  c o n d i t i o n s  occur : 

(1) Any experiment s e t b a c k  se tpoin t .  is exceeded and the  

p a r t i c u l a r  E-panel s w i t c h  i s  i n  t h e  NORMAL p o s i t t o n .  

(2)  The AT i n c r e a s e s  t o  17'F. 

( 3 )  The f l a p p e r  v a l v e  is  open and any o f  the  l e v e l - s a f e t y  

channels  d e t e c t  an i n c r e a s e  i n  power l e v e l  t o  1.1 Mw 

(55% NF) . 
( 4 )  Any of  the  l e v e l - s a f e t y  channels  d e t e c t  an i n c r e a s e  

i n  power l e v e l  t o  2 . 2  Mw (110% N ) . 
F 

(5) "Run" mode has not  been a t t a i n e d  o r  has been l o s t  

and the  power-se lec tor  knob on t h e  micromicroammeter 

i s  on the  2-Mw s e t t i n g .  

During a normal r e a c t o r  s t a r  t u p ,  t h i s  annunc i a t o r  

w i l l  be i n  the  alarm c o n d i t i o n  i f  the  2-Mw power range is 

s e l e c t e d .  When t h e  power l e v e l  reaches 100 kw (5% demand 

of 2000 kw), t h e  s e r v o  system should  t ake  c o n t r o l .  A t  

t h i s  t i m e ,  "run" should  be ob ta ined  and t h e  annunc ia to r  

w i l l  c l e a r .  (Following a se tback ,  no a t t e m p t  a t  r a i s i n g  

the  demand should  be made u n t i l  t h e  s u p e r v i s o r  has a r r i v e d  

and e v a l u a t e d  the c o n d i t i o n . )  
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h 

g .  S l o w  Scram ( D - 7 ) .  - This  annunc ia to r  alarms i f  any one 

of  t h e  fo l lowing  c o n d i t i o n s  occur s :  

(1) The c o n s o l e  key i s  t u r n e d  t o  t h e  OFF p o s i t i o n .  

( 2 )  One of t h e  manual scram swi t ches  i s  a c t u a t e d  (one a t  

the  l o c a l  conso le ,  one a t  t h e  remote conso le ,  and 

seven  throughout  t h e  b u i l d i n g )  See F igu re  2 . 4 . 3  

f o r  t h e  Loca t ion  o f  t h e  seven  l o c a t e d  throughout t h e  

b u i l d i n g  

( 3 )  The f l a p p e r  v a l v e  is n e i t h e r  f u l l y  open nor f u l l y  

c l o s e d  

( 4 )  The r a i s e - c l u t c h  s w i t c h  is i n  R A I S E .  

(5) An experiment scram s e t p o i n t  is exceeded whi le  t h e  

E-panel  s w i t c h  i s  i n  NORMAL. 

( 6 )  The f l a p p e r  is  c l o s e d  and t h e  flow ra te  dec reases  t o  

750 gpm o r  t h e  c o r e  AP dec reases  t o  3 . 8  i n .  H20.  

(7)  The pool water l e v e l  dec reases  4 f t  below the normal 

o p e r a t i n g  l eve  1 

A f t e r  t h e  c o n d i r i o n  i n i t i a t i n g  t h e  alarm i s  c o r r e c t e d ,  

t h e  r e a c t o r  may be r e t u r n e d  t o  the  o p e r a t i n g  power l e v e l  

under t h e  s u p e r v i s i o n  of  t h e  s h i f t  e n g i n e e r .  

Pool Level Low ( D - 8 )  - This annunc ia to r  alarms when t h e  

pool  water l e v e l  is  lowered 2 f t .  (The normal o p e r a t i n g  

level is a t  t h e  8 3 0 - f t  e l e v a t i o n . )  The r e a c t o r  w i l l  be 

scrammed if t h e  water l e v e l  dec reases  an a d d i t i o n a l  2 f t  

( t o  4 f t  below t h e  normal l e v e l )  

If t h e  alarm occurs  d u r i n g  r e a c t o r  opepa t ion ,  the 

poo l  l e v e l  s h o u l d  be checked v i s u a l l y .  J n  a d d i t i o n ,  the 
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flow r a t e ,  AP, decay- tank  l e v e l ,  and f i e l d  area should  be 

checked. If a l e a k  has developed, t h e  r e a c t o r  should  be 

s h u t  down, Any time an alarm occur sg  t h e  o p e r a t i n g  crew 

should  f o l l o w  a p p l i c a b l e  r a d i a t i o n  p r e c a u t i o n s .  

i. Low Flow ( D - 9 ) .  - This  annunc ia to r  alarms when t h e  p r i -  

mary flow ra te  i s  850 gpm o r  less whi l e  the  f l a p p e r  v a l v e  

is  c l o s e d  ( t h e  alarm is n o t  a c t u a t e d  i f  t h e  v a l v e  is open) 

I f  the  LIP and a T  i n s t rumen t  r eadou t s  have n o t  changed 

from t h e i r  i n i t i a l  e q u i l i b r i u m  v a l u e s ,  a m a l f u n c t i o n  of 

t h e  flow-metering i n s t r u m e n t a t i o n  may be expec ted .  Xf the 

flow has a c t u a l l y  decreased  du r ing  normal o p e r a t i o n ,  the  

p o s s i b l e  causes  might be:  

(1) 

(2)  An o b s t r u c t i o n  a t o p  t h e  c o r e .  

( 3 )  A r u p t u r e  i n  t h e  primary water  l i n e .  

( 4 )  HCV-3 (a  h a n d - c o n t r o l l e d ,  a i r - o p e r a t e d  v a l v e  on t h e  

F a i l u r e  of  t h e  primary pump. 

e x i t  wa te r  l i n e )  cou ld  have f a i l e d .  

I f  t h e  flow rate c o n t i n u e s  t o  dec rease ,  t h e  r e a c t o r  w i l l  

be scrammed a u t o m a t i c a l l y  a t  750  gpm. Under any circum- 

s t a n c e s ,  i t  would no% be a d v i s a b l e  t o  c o n t i n u e  o p e r a t i n g  

t h e  r e a c t o r  i n  Mode 2 w i t h  t h i s  annunc ia to r  i n  t h e  alarm 

c ond i t  ion  

J e t  Off ( D - 1 0 ) .  - This  annunc ia to r  alarms when the  1 6 N  

d i s p e r s i o n  j e t s  are not i n  s e r v i c e  while t h e  f l a p p e r  valve 

i s  open. I f  t h i s  a n n u n c i a t o r  alarms d u r i n g  normal ope rz -  

t i o n ,  t h e  most l i k e l y  cause  would be due t o  shutdown of 

j. 
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t h e  skimmer pump which s u p p l i e s  water  t o  the  j e t s .  This 

pump should  be r e s t a r t e d  i f  o p e r a t i o n s  above 100 kw a r e  

t o  c o n t i n u e .  

k.  Midrange Lockout (D-11). - This annunc ia to r  alarms dur ing  

r e a c t o r  s t a r t u p  when t h e  coun t ing  r a t e ,  as i n d i c a t e d  on 

t h e  c o u n t - r a t e  r e c o r d e r ,  becomes g r e a t e r  t han  8000 c o u n t s /  

s e c  b e f o r e  log-N conf idence  has been a t t a i n e d  a t  0.01% 

N on t h e  log-N r e c o r d e r .  This alarm i s  normal du r ing  

s t a r t u p s  and w i l l  c l e a r  when t h e  above c o n d i t i o n s  are 

s a t i s f i e d .  

F 

1. Count-Rate Per iod  <7 Sec (D-12). - This  annunc ia to r  w i l l  

alarm when t h e  r e a c t o r  pe r iod ,  as i n d i c a t e d  by the  coun t -  

r a t e - p e r i o d  r e c o r d e r  r eadou t ,  dec reases  t o  7 s e c .  If  the  

power l e v e l  is less than 20% N (400 kw), t h i s  alarm w i l l  

be accompanied by a r e v e r s e  and a subsequent l o s s  of s e r v o  

c o n t r o l .  

F 

The r e a c t o r  s u p e r v i s o r  should  be n o t i f i e d  of t h e  s i t -  

u a t i o n  i f  t h e  log-N channel  co r robora t ed  a pos i t i -ve  7-sec 

pe r iod .  It would appear  t h a t  t.here w a s  an unexplained 

a d d i t i o n  of p o s i t i v e  r e a c t i v i t y  t o  t h e  c o r e .  I f  t h e  coun t -  

r a t e  channel  is  determined t o  be u n r e l i a b l e ,  do not  pro-  

ceed w i t h  a s t a r t u p  u n l e s s  log-N conf idence  has been ob- 

t a i n e d .  

m.  Reverse (D-13). - This annunc ia to r  alarms i f  any of t h e  

fo l lowing  c o n d i t i o n s  develop: 
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(1) The power l e v e l ,  as i n d i c a t e d  on the log-N r e c o r d e r ,  

i s  50% h i g h e r  than  t h e  power- leve l - range  s e t t i n g  on 

t h e  micromicroammeter and i f  a n e g a t i v e  pe r iod  o f  

100 sec o r  f a s t e r  does n o t  occur  w i t h i n  1.5 s e c .  The 

log-N r e c o r d e r  s e t p o i n t s  are a t  30 w (0.0015% N ), 

300 w (0.015% NF), 3 kw (O*lS% NF), 30 kw (1,5% NF). 

and 300 kw (15% NF) . 

F 

(2)  An experiment r e v e r s e  s e t p o i n t  is exceeded whi le  t h e  

E-panel  s w i t c h  is i n  WORMAL and i f  a n e g a t i v e  p e r i o d  

of  100 s e c  o r  f a s t e r  does not  occur  w i t h i q  4 s e e .  

( 3 )  Two l e v e l - s a f e t y  channels  are s imul t aneous ly  inope r -  

a b l e .  

( 4 )  The r e a c t o r  p e r i o d ,  as i n d i c a t e d  on t h e  log-N pe r iod  

r e c o r d e r ,  dec reases  t o  7 sec. 

(5) The r e a c t o r  pe r iod ,  as i n d i c a t e d  on t h e  c o u n t - r a t e  

p e r i o d  r e c o r d e r ,  dec reases  t o  7 s e c  wh i l e  t h e  r e a c -  

t o r  power l e v e l  is  below 20% N (400 kw) o r  wh i l e  t h e  

f i s s i o n  chamber is  no t  be ing  i n s e r t e d .  

F 

(6) If t h e  power l e v e l ,  as i n d i c a t e d  on any of t h e  three 

s a f e t y  r e c o r d e r s ,  i n c r e a s e s  t o  1 , 2  Mw (60% N ) whi le  

t h e  f l a p p e r  v a l v e  is  open. 

F 

(7)  I f  t h e  power l e v e l ,  as i n d i c a t e d  on any of t h e  t h r e e  

s a f e t y  r e c o r d e r s ,  i n c r e a s e s  t o  2.4 Mw (120% NF> 

(8) I f  t h e  power l e v e l ,  a s  i n d i c a t e d  on t h e  log-N r e c o r d -  

e r ,  is  >20% N w i t h  t h e  power range  s w i t c h  on t h e  

2-Mw s e t t i n g  and i f  "run" has no t  been o b t a i n e d .  

F 
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Whenever a r e v e r s e  i s  i n i t i a t e d ,  t h e  cause  should  be 

determined,  unders tood ,  and c o r r e c t e d  b e f o r e  a t t e m p t i n g  t o  

s t a r t  up t h e  r e a c t o r .  

n. F a s t  Scram (D-14). - This  annunc ia to r  alarms i f  a f a s t  

scram i s  i n i t i a t e d  by any o f  t h e  th.ree l e v e l - s a f e t y  chan- 

n e l s  (when t h e  power l e v e l  i s  135% NF) o r  by t h e  log-N 

channel  (when t h e  r e a c t o r  i s  on a p o s i t i v e  1-sec pe r iod . )  

The composite a m p l i f i e r s  should  be observed t o  note  any 

"abnormal" l i g h t s .  I f  t h e r e  w a s  on ly  a mal-funct ion i n  

one of t h e  s a f e t y  channels  and n o t  a r e a l  i n c r e a s e  i n  

power, t u r n  t h e  a f f e c t e d  s a f e t y  r e c o r d e r  o f €  and d iscon-  

n e c t  t h a t  channel  from t h e  sigma bus.  (NOTE: F a i l u r e  of 

a second l e v e l - s a f e t y  channel  w i l l  i n i t i a t e  a r eve r se . )  

3 .  Process  Annunciators .  - The t h i r d  group of  annunc ia to r s  i s  

loca ted  on cont ro l - room panel  and appears  as i n d i c a t e d  i n  

F igu re  2 . 4 . 4 .  

G -  1 G - 2  G - 3  G - 4  G- 5 G - 6  G - 7  
S ec  Tower Tower Decay 

Coolant  Bas i n  Bas i n  XXX Decay Tank Tank H i  PCA Room 
p1-I H i  Lo Temp H i  Temp Hi/Lo Level  R a d i a t i o n  H i  Temp 

G - 8  G - 9  G -  10 G - 1 1  G-12 G-  13 G -  14 
Secondary Primary Reac to r  

Lo Flow H i  Temp H i  R a d i a t i o n  H i  AT 
R e s i s t i v i t y  XXX Coolant  I n l e t  Pool  O u t l e t  Core 

F igure  2.4.4. Annunciator  Pane l  



(2 .4d con t inued)  2-73 

- ..... 

..... 

a. 

b.  

C .  

d,  

Secondary Coolant  pH H i  ( G - 1 )  - This  annunc ia to r  alarms 

i f  t h e  pH of  t h e  secondary  wa te r  i n c r e a s e s  t o  8,2. (The 

pH probe is  l o c a t e d  a t  t h e  secondary tower sump j u s t  n o r t h  

of  t h e  a i r - c o n d i t i o n i n g  pump .) 

I f  t h i s  annunc ia to r  alarms, i t  would i n d i c a t e  t h a t  

t h e  a c i d  supply  t o  t h e  tower b a s i n  shou ld  be i n c r e a s e d ,  

(This  c o n d i t i o n  should be v e r i f i e d  u s i n g  t h e  bench i n s t r u -  

ment , )  I f  t h i s  c o n d i t i o n  i s  p r w e d  t o  be t r u e ,  t h e  a c i d -  

a d d i t i o n  sys tem shou ld  be checked; a l s o ,  check t h e  a c i d  

supply  (by v i s u a l  i n s p e c t i o n  o f  t h e  supp ly  t a n k ) .  

Tower Basin Lo Temp ( G - 2 ) .  - This  annunc ia to r  alarms when 

t h e  t empera tu re  of t h e  water i n  t h e  tower b a s i n  dec reases  

t o  65'F. This  alarm may occur  f r e q u e n t l y  d u r i n g  t h e  w i n t e r  

months i f  t h e  r e a c t o r  is not  ope ra t ed  c o n t i n u o u s l y ,  

Tower Bas in  H i  Temp ( G - 3 ) .  - This  annunc ia to r  alarms i f  

t h e  tempera ture  of t h e  water  i n  the tower basin. i n c r e a s e s  

t o  89°F.  This  a la rm may be i n i t i a t e d  i f  t h e  r e a c t o r  i s  

o p e r a t i n g  and t h e  fans  f a i l  t o  o p e r a t e  a s  des igned .  I n  

t h i s  e v e n t ,  the  condit . ion of  t h e  l o c a l  e l e c t r i c a l  b reake r s  

and c o n t r o l  swi t ches  should  be checked. I f  r e s e t t i n g  t h e  

c o n t r o l  b r e a k e r s  and swi t ches  f a i l s  t o  c o r r e c t  the  cond i -  

t i o n ,  n o t i f y  t h e  s h i f t  e l e c t r i c i a n ,  Tn a l l  p r o b a b i l i t y ,  

t h e  c o n d i t i o n  can  be c o r r e c t e d  b e f o r e  i t  would be neces -  

s a r y  t o  c o o l  t h e  b a s i n  water by o t h e r  means ( f o r  example, 

by r e p l a c i n g  t h e  process  w a t e r . )  

Annunciator ( G - 4 )  a - This  annunq ia fo r  i s  p r e s e n t l y  no t  i n  

u s e ,  
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e .  Decay Tank Hi/Lo Level ( G - 5 ) .  - This  annunc ia to r  alarms 

i f  t h e  w a t e r  l e v e l  i n  the  decay t ank  i n c r e a s e s  t o  160 i n .  

o r  dec reases  t o  80 i n .  This  alarm w i l l  e x i s t  b e f o r e  t h e  

primary flow is e s t a b l i s h e d .  (To lower t h e  water l e v e l  

i n  the  tank,  lower t h e  flow r a t e  e n t e r i n g  t h e  decay tank 

by c l o s i n g  va lve  HCV-3. To r a i s e  t h e  water  l e v e l  i n  the  

t ank ,  i n c r e a s e  t h e  flow r a t e  t o  t h e  t ank  by opening v a l v e  

I-ICV-3 ; HCV-3 i s  t h e  hand-con t ro l l ed ,  a i r - o p e r a t e d  v a l v e  

on t h e  e x i t  l i n e  from t h e  p o o l , )  

I f  t h i s  a la rm occurs  du r ing  r e a c t o r  o p e r a t i o n ,  ob- 

s e r v e  t h e  l e v e l - i n d i c a t i n g  gauge, t h e  f l ow- ra t e  i n d i c a t o r ,  

t h e  AP i n d i c a t o r ,  and t h e  pool water l e v e l  t o  h e l p  a s c e r -  

t a i n  t h e  s t a t u s  of t h e  c o o l i n g  system. I f  t h e  alarm cannot  

be c l e a r e d  by man ipu la t ing  the va lves  as i n d i c a t e d  above, 

inform the  r e a c t o r  s u p e r v i s o r  of t h e  c o n d i t i o n ,  I f  a l e a k  

has developed i n  t h e  primary-water system, t h e  r e a c t o r  

should  be s h u t  down. 

f .  Decay Tank H i  Rad ia r ion  (G-6)  - This  annunc ia to r  alarms 

i f  the  r a d i a t i o n  l e v e l  i n  the o f f - g a s  l i n e  from t h e  decay 

t ank  i n c r e a s e s  t o  t h e  s e t  p o i n t  . I f  t h i s  alarm occurs  

du r ing  normal o p e r a t i o n ,  observe  t h e  r eadou t s  of t h e  o t h e r  

r a d i a t i o n  moni tor ing  u n i t s  f o r  c o r r o b o r a t i n g  ev idence  t h a t  

t h e  c o n d i t i o n  w a s  r e a l  and f o r  t h e  p o s s i b l e  cause .  I f  the  

c o n d i t i o n  is determined t o  be real ,  check t o  be s u r e  t h a t  

t h e  v a l v e  t o  the  o f f - g a s  system i s  open. (Remember: a t  

l e a s t  one r a d i a t i o n - m o n i t o r i n g  u n i t  €or  t h e  primary-water 

s y s t e m  must be r e l i a b l e  t o  a l low o p e r a t i o n  of t h e  r e a c t o r . )  

JC 

?k 
Var iab le  s e t  p o i n t ,  a d j u s t e d  to -2 times normal l e v e l .  
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PCA Room H i  Temp (G-7). - This  annunc ia to r  alarms when 

t h e  tempera ture  i n  t h e  ETA c o n t r o l  room has i n c r e a s e d  t o  

90aF. I f  t h e  PCA c o n t r o l  room a i r  c o n d i t i o n e r  cannot  be 

r e s t a r t e d ,  t h e  fo l lowing  PCA c i r c u i t s  should  be s h u t  o f f :  

L - 1  ( i n  t h e  upper o r  "normal1' power panel)  and 2-18 and 

2-22 ( i n  t h e  lower o r  "c lean"  power panel)  NOTE: L-2,  

- 4 ,  -6, and -8 i n  t h e  upper o r  "normal" power pane l  shou ld  

always be s h u t  o f f  when t h e  r e a c t o r  is not  a t t e n d e d ,  

R e s i s t i v i t y  Lo ( G - 8 ) .  - This  annunc ia to r  alarms when t h e  

r e s i s t i v i t y  of  t h e  demine ra l i zed  water dec reases  t o  about 

300,000 ohm-cm. The s e n s i n g  element is l o c a t e d  i n  t h e  e x i t  

l ine  from t h e  an ion  column, 

I f  t h i s  alarm occur s  d u r i n g  normal o p e r a t i o n ,  v e r i f y  

the  c o n d i t i o n  u s i n g  the  bench in s t rumen t .  Then remove the 

d e m i n e r a l i z e r  from s e r v i c e  * (The d e m i n e r a l i z e r  i o n  e x -  

change columns shou ld  be r e g e n e r a t e d  as d e s c r i b e d  i n  Sec- 

t i o n  6 - 1 i . )  

Annunciator (G-9). - This  annunc ia to r  i s  p r e s e n t l y  no t  i n  

use 

Secondary Coo lan t  Lo Flow (G-10). - This  annunc ia to r  alarms 

when t h e  flow rate  of t h e  secondary water system dec reases  

t o  300 gpm. The me te r ing  o r i f i c e  i s  l o c a t e d  on t h e  e x i t  

l i n e  of  t h e  h e a t  exchanger.  

I f  t h i s  alarm occur s  d u r i n g  normal o p e r a t i o n ,  check 

t h e  s t a t u s  of  t h e  secondary  pump, t h e  secondary-flow con- 

t r o l  va lve ,  and t h e  water v a l v e  i n  t h e  tower-bas in  r i s e r .  
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k.  Primary I n l e t  H i  Temp (G-11). - This  annunc ia to r  alarms 

when t h e  temperature  of t h e  water l eav ing  t h e  pr imary s i d e  

of  t h e  h e a t  exchanger i n c r e a s e s  t o  about  105°F. The sen-  

s i n g  element  i s  l o c a t e d  a t  t h e  h e a t  exchanger .  

I f  t h i s  alarm occurs  d u r i n g  normal o p e r a t i o n ,  check 

t h e  fo l lowing:  

(1) The mul t ipo in t - r eco rde r  r eadou t s  ( t o  v e r i f y  a n  i n -  

c r e a s e  i n  t empera tu re ) .  

(2) The pr imary flow ra te .  

(3) The c o n d i t i o n  o f  t he  secondary c o o l i n g  system. 

1. Pool O u t l e t  H i  R a d i a t i o n  ( G - 1 2 ) .  - This  annunc ia to r  alarms 

when t h e  r a d i a t i o n  level of  t h e  water l eav ing  t h e  pool  i n -  

creases t o  1000 r / h r .  The s e n s i n g  element  is  l o c a t e d  on 

t h e  e x i t  water l i n e  i n  t h e  va lve  p i t .  

I f  t h i s  alarm occurs  du r ing  normal o p e r a t i o n ,  observe 

t h e  r eadou t s  of  t h e  o t h e r  radiat- ion-monitor ing u n i t s  f o r  

c o r r o b o r a t i o n  t h a t  t h e  c o n d i t i o n  is r ea l  and f o r  t h e  prob- 

a b l e  cause .  I f  t h e  c o n d i t i o n  i s  determined t o  be r e a l ,  t h e  

r e a c t o r  should  be s h u t  down. (Remember, a t  least  one 

r a d i a t i o n - m o n i t o r i n g  u n i t  €o r  t h e  primary-water system 

m u s t  be r e l i a b l e  t o  a l low o p e r a t i o n  of  t h e  r e a c t o r . )  

m. Reac tor  Core H i  AT (G-13). - This  annunc ia to r  a larms when 

t h e  d i f f e r e n t i a l  t empera ture  of t h e  pr imary c o o l i n g  water 

i n c r e a s e s  t o  17'F. (For a d e s c r i p t i o n  o f  t h e  c o r e  AT moni- 

t o r i n g  system, see S e c t i o n  3.2b.l.) 
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When this alarm occur s ,  a s e t b a c k  is  a l s o  i n i t i a t e d .  

The s u p e r v i s o r  i n  cha rge  should  be n o t i f i e d  immediately.  

I f  t h i s  alarm occurs du r ing  normal o p e r a t i o n ,  s u s p e c t  

a d e c r e a s e  i n  f l o w  ra te  o r  a l e a k  i n  t h e  pool  p ip ing .  

n .  Annunciator ( G - 1 4 ) .  - This annunc ia to r  i s  p r e s e n t l y  n o t  

i n  u s e .  

... 



... 
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3 .  INSTRUMENTATION AND CONTROLS 

3 . 1 .  Reac to r  Con t ro l s  and S a f e t y  Systems 

3.La. I n t r o d u c t i o n  

The BSR c o n t r o l s  c o n s i s t ,  e s s e n t i a l l y ,  of f a i r l y  s t anda rd  O W L  c i r -  

c u i t r y  and i n s t r u m e n t a t i o n  and t h e  r e l a t e d  hardware.  These components 

serve t o  h e l p  t h e  o p e r a t o r  e f f e c t  o r d e r l y  o p e r a t i o n  of t h e  r e a c t o r  through-  

o u t  s t a r t u p ,  s t e a d y - s t a t e ,  and shutdown phases .  The s a f e t y  system, by 

c o n t r a s t ,  s e r v e s  t o  p r o t e c t  a g a i n s t  t h e  r e s u l t s  of e r r o r s  o r  ma l func t ions  

by moni tor ing  t h e  r e a c t o r  per iod  and power l e v e l  s e p a r a t e l y  and by pro- 

v i d i n g  scram s i g n a l s  should  unsa fe  c o n d i t i o n s  be  approached.  

3 .  I b .  Nuclear-Monitor ing Channels 

The BSR n u c l e a r  i n s t r u m e n t a t i o n  i s  comprised of s t anda rd  ORNL i n s t r u -  

ment channels  as d e s c r i b e d  b r i e f l y  i n  Table  3.1.1. 

Table  3.1.1. Ins t rumenr  Channels ,  Details 

Funct ion  Type N o .  of Range Type 
Channel Channels  Covered -. -. Chamber 

Count ra te  1 Source l e v e l  F i s s i o n  cham- S t a r t - u p  channel  pro-  
be r  v i d e s  per iod  i n t e r -  

l ocks  f o r  c o n t r o l  
c i r c u i t  

F t o  N 

Log N 1 Log-N c o n f i -  Compensated I n t e r m e d i a t e  channel  
dence t o  i o n i z a t i o n  p rov ides  per iod  scram 
300 NL chamber s i g n a l  f o r  s a f e t y  

system, per iod  i n t e r -  
l ocks  f o r  c o n t r o l  
c i r c u i t  

..... 
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Table  3.1.1 (cont inued)  

Funct ion  Type No. of Range Type 
Channel Channels Covered Chamber 

Servo 

S a f e t y  

l -1 w (do- Compensated Automatic c o n t r o l  of 
s i g n )  t o  i o n  cham- r e a c t o r  power through 
2 Mw be r  l i m i t e d  movement of 

t h e  r e g u l a t i n g  rod 
( s e l e c t e d  shim rod)  

1% N toNF Uncompensated High l e v e l  scram channel  
i o n i z a t i o n  ( f a s t  scram), r eco rd -  
chamber e r  swi tches  provide  

i n t e r l o c k s  i n  t h e  
se tback  and r e v e r s e  
c i r c u i t s  

F 
3 

The e l e c t r o n i c s  c h a s s i s  used throughout  t h e  nuc lea r  ins t rument  chan- 

n e l s  a r e  s t anda rd  ORNL vacuum-tube t y p e s .  However, because of l i m i t e d  

pane l  space ,  fou r  composite a m p l i f i e r s  (combining s a f e t y  p r e - a m p l i f i e r ,  

s a f e t y  a m p l i f i e r ,  per iod  a m p l i f i e r ,  and magnet a m p l i f i e r  i n  one case )  were 

i n s t a l l e d .  

3 . 1 ~ .  The S a f e t y  System 

A s  t h e  name i m p l i e s ,  t h e  s a f e t y  system i s  in tended  t o  safeguard  t h e  

r e a c t o r  r a t h e r  t han  t o  provide i n s t r u m e n t a t i o n  p r i m a r i l y  f o r  o p e r a t i n g  

t h e  r e a c t o r ;  t h e  s a f e t y  system i s  i n  t h e  " f a s t "  scram ins t rumen ta t ion .  

( I f  t h e  c u r r e n t  t o  t h e  e l ec t romagne t s  suppor t ing  t h e  s ix  rods  i s  decreased  

s u f f i c i e n t l y ,  t h e  rods  are dropped i n t o  t h e  co re .  This  i s  t h e  qu ickes t  

way t h a t  t h e  r e a c t o r  may be s h u t  down--by scramming.) 

The " f a s t "  scram i s  so named because  t h e  s i g n a l  from t h e  s a f e t y -  

l e v e l  channels  and t h e  p e r i o d - s a f e t y  channel  i s  t r a n s m i t t e d  e l e c t r o n i -  

c a l l y  t o  t h e  magnet a m p l i f i e r s  and i s  n o t  s u b j e c t e d  t o  t i m e  d e l a y s  of 
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- .... 

e l e c t r i c a l  swi t ches  o r  r e l a y s ,  as i n  t h e  c a s e  w i t h  "slow" scrams. 

(Measured de lays ,  s i g n a l - t o - r o d - t o - r e l e a s e ,  show v a l u e s  of  -10 msec f Q r  

"East" scrams and approximate ly  f i v e  t i m e s  t h i s  v a l u e  f o r  "slow" scrams.) 

Past  scrams are e f f e c t e d  independen t ly  by each i n d i v i d u a l  s a f e t y - l e v e l  

channe l  i f  t h e  r e a c t o r  power l e v e l  exceeds 145% N o r  by t h e  p e r i o d - s a f e t y  

p o r t i o n  o f  t h e  log-N channe l  i f  t h e  r e a c t o r  power l e v e l  is i n c r e a s i n g  on  

F 

a per lod  of  one second o r  less 

3 , i d .  'The C o n t r o l  ( o r  P r o t e c t i v e )  System 

A l l  o f  t h e  o u t p u t  signaldj from t h e  nuc lea r -mon i to r ing  channe l s  func- 

t i o n  w i t h i n  t h e  c o n t r o l  sys tem w f t h  the e x c e p t i o n  of those  o u t p u t  s i g n a l s  

which f u n c t i o n  w i t h i n  t h e  s a f e t y  system, 

The f u n c t i o n s  and i n t e r a c t i o n s  of t h e  c o n t r o l - s y s t e m  c i r c u i t s  cannot  

be d e s c r i b e d  comple te ly  i n  n a r r a t i v e  form. The re fo re ,  t o  o b t a i n  a 

d e t a i l e d  unde r s t and ing  o f  t h e  c o n t r o l  sys tem t h e  fo l lowing  r e f e r e n c e  draw- 

ings  should  be s t u d i e d :  

T i t  le  
_s_ 

NO .I - 
RC 15-1-4A Elementary Diagram - Shee t  1 o f  5 

RC 15-1-41s Elementary Diagram - Shee t  2 o f  5 

RC 15-1-4c Elementary Diagram - Shee t  3 

RC 15-1-4D Elementary Diagram - Shee t  4 

RC 15-1-4E Elementary Diagram - Rods 5 & 6 - Shee t  5 

However, t o  p r o v i d e  a qu ick  r e f e r e n c e ,  some o f  t h e  impor tan t  f e a -  

Cures o f  t h e  c o n t r o l  sys tem of t h e  BSR are p r e s e n t e d  as fol lows:  

1. Ins t rument  S t a r t .  - I n i t i a l l y ,  t h e  fo l lowing  c o n d i t i o n s  must 

e x i s t :  key s w i t c h  ON, no " r eve r se"  c o n d i t i o n ,  a l l  rods  

"c lu tched" ,  r e a c t o r  n o t  .in "run'l, no s e r v o  " i n s e r t  e r r o r " ,  no 
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"log-N s e t p o i n t "  c o n d i t i o n ,  c o u n t - r a t e  m e t e r  i n  OPERATE, and 

f i ss ion-chamber  d r i v e  i n  AUTOMATIC. When the  " ins t rument  s t a r t "  

s w i t c h  is momentarily swi tched  t o  t h e  ON p o s i t i o n ,  an i n s t r u -  

m e n t - s t a r t  r e q u e s t  is  ob ta ined .  Th i s  w i l l  i n i t i a t e  i n s e r t i o n  

o f  t h e  f i s s i o n  chamber t o  o b t a i n  a coun t ing  r a t e  of  20 c o u n t s /  

s e c  and w i l l  p l ace  t h e  r e a c t o r  under s e r v o  c o n t r o l ;  t h e  regu-  

l a t i n g  rod w i l l  then be withdrawn to  i ts  upper l i m i t  s i n c e  t h e  

r e a c t o r  power is below the  servo-demand s e t p o i n t .  Th i s  e s t a b -  

l i s h e s  t h e  " ins t rument  s ta r t "  c o n d i t i o n .  A l l  sh im-sa fe ty  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  coun t ing  channel ,  a t  which 

t i m e  wi thdrawal  w i l l  be i n h i b i t e d .  

S ince  t h e  s h o r t  t r a n s i e n t  pe r iod  i s  caused b y - a  cha0ge'i .n 

s u b c r i t i c a l  m u l t i p l i c a t i o n  du r ing  rod movement, t h e  pe r iod  w i l l  

i n c r e a s e  t o  a pe r iod  g r e a t e r  than 2 5  sec and rod wi thdrawal  

w i l l  resume. The process  is  r epea ted  wi th  eve r -dec reas ing  

withdraw and eve r  - inc  reas ing  withdraw - i n h i b i t  i n t e r v a  1s u n t  i 1 

a s t a b l e  p o s i t i v e  pe r iod  of  about 25 s e c  is  e s t a b l i s h e d .  The 

power r ise w i l l  c o n t i n u e  u n t i l  a power l e v e l  cor responding  t o  

8,000 c o u n t s / s e c  on t h e  c o u n t - r a t e  m e t e r  is achieved. 

l e v e l  two even t s  occur .  One, t h e  f i s s i o n  chamber w i l l  beg in  t o  

withdraw u n t i l  i t  d e t e c t s  a coun t ing  r a t e  of  l e s s  t h a n  100 

c o u n t s / s e c ;  two, t h e  c o n t r o l  system is placed i n  the "midrange 

lockout" c o n d i t i o n  which p reven t s  rod wi thdrawal  i n  t h e  

i n s t r u m e n t - s t a r t  mode. None o f  t h e s e  changes a l t e r  t h e  c o n t r o l -  

rod  p o s i t i o n s ,  and so  t h e  r e a c t o r  power l e v e l  w i l l  c o n t i n u e  t o  

A t  t h a t  
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i n c r e a s e  on a 25-sec per iod  u n t i l ,  a t  0.01% NF, log-PJ conf idence  

w i l l  be obta ined  i f  t h e  log-N a m p l i f i e r  i s  i n  OPERATE and i f  t h e  

l o g - N  channel  i s  "cabled".  When l o g - N  conf idence  i s  obta ined ,  

t h e  "midrange-lockout" c o n d i t i o n  w i l l  be  c l e a r e d .  I f ,  a f t e r  

''midrange lockout"  i s  c l e a r e d ,  t h e  pe r iod  becomes longer  than  

25 sec (as determined by both  t h e  count  r a t e  and t h e  log-N per iod  

channel ) ,  all rods  w i l l  withdraw a g a i n  as r e q u i r e d  t o  r e - e s t a b l i s h  

a 25-sec pe r iod .  F i n a l l y ,  " ins t rument  s t a r t "  i s  te rmina ted  when 

t h e  s e r v o  s e n s e s  a n  " i n s e r t  e r r o r "  o r  when "run" i s  ob ta ined .  

("Instrument spar t"  i s  also t e rmina ted  i n s t a n t l y  i f  a r e v e r s e  

occur s  or i f  a rod d rops . )  

2 .  Automatic P o s i t i o n i n g  of t h e  F i s s i o n  Chamber. - Automatic f i s -  

s ion  chamber p o s i t i o n i n g  i s  a n  e s s e n t i a l  p a r t  of t h e  in s t rumen t -  

s tar t  mode. I n  i ts  au tomat i c  mode, the c o n t r o l  system r e p o s i -  

t i o n s  t h e  f i s s i o n  chamber a s  needed t o  keep t h e  c o u n t - r a t e  chan- 

n e l  w i t h i n  i t s  o p e r a t i n g  range .  I f  i n s t rumen t  s t a r t  i s  r eques t ed ,  

t h e  chamber w i l l  be i n s e r t e d  ( i f  a p o s i t i v e  25-sec pe r iod  i s  not  

d e t e c t e d )  when au tomat i c  p o s i t i o n i n g  is s e l e c t e d  u n t i l  a t  l e a s t  

20 c o u n t s / s e c  are d e t e c t e d .  

s e c  i s  d e t e c t e d  and i f  au tomat i c  p o s i t i o n i n g  i s  s e l e c t e d ,  t h e  

chamber i s  withdrawn u n t i l  less than  100 c o u n t s / s e c  are d e t e c t e d .  

I n s e r t i o n  of t h e  chamber may be manual ly  i n i t i a t e d ,  even i f  t h e  

au tomat i c  mode i s  selected,  provided t h a t  a p o s i t i v e  per iod  

<25 sec does  n o t  e x i s t ;  manual wi thdrawal  i s  blocked when t h e  

reactor i s  i n  t h e  in s t rumen t  s t a r t  mode u n t i l  log-N conf idence  

i s  obtained. Fol lowing a r e a c t o r  shutdown, t h e  chamber w i l l  be 

I f  a coun t ing  r a t e  of 8,000 coun t s /  
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i n s e r t e d  by t h e  au tomat ic  p o s i t i o n i n g  c i r c u i t  t o  ma in ta in  a 

coun t ing  r a t e  of a t  l eas t  2 coun t s / sec .  

- Raise-Clu tch  Mode. - The " r a i s e - c l u t c h "  mode p e r m i t s  t h e  shim- 

s a f e t y  rod d r i v e s  t o  be withdrawn f o r  maintenance purposes  w i t h -  

o u t  withdrawing t h e  sh im-safe ty  poison  rods .  When t h e  master 

' ' r a i s e -c lu t ch"  mode swi tch  i s  put i n  t h e  RAISE-MODE p o s i t i o n ,  a 

slow scram i s  i n i t i a t e d .  When i n d i v i d u a l  rod -d r ive  "raise-mode" 

swi tches  a r e  p laced  i n  t h e  RAISE p o s i t i o n ,  t h e  d r i v e s  w i l l  w i t h -  

draw wi thou t  moving t h e  poison  rods .  

l i f t e d  from i t s  seat ,  wi thdrawal  of that: rod d r i v e  i s  immedi- 

a t e l y  s topped.  

3.  

I f  any poison rod i s  

4 .  Servo Con t ro l .  - With t h e  "servo-on" c o n d i t i o n ,  a r e s t r i c t e d  

p o r t i o n  of t h e  No. 4 rod i s  c o n t r o l l e d  by t h e  se rvo  system and 

i s  withdrawn and i n s e r t e d  as needed t o  reach  and ma in ta in  t h e  

d e s i r e d  r e a c t o r  power l e v e l .  The "servo-on'' c o n d i t i o n  should be 

obta ined  whenever t h e  " i n s t r u m e n t - s t a r t - r e q u e s t "  c o n d i t i o n  i s  

ob ta ined .  This  system must be  on and must withdraw t h e  r e g u l a -  

t i n g  rod t o  i t s  upper l i m i t  b e f o r e  t h e  ins t rument  s t a r t  mode can 

be e s t a b l i s h e d .  It cannot  t h e r e a f t e r  be turned  of f  w i thou t  

f i r s t  going out  of '* ins t rument  s ta r t " .  

When t h e  se rvo  system i s  s t a t e d  t o  be on, i t  i s  implied 

t h a t  t h e  se rvo  a m p l i f i e r  i s  allowed t o  c o n t r o l  a p o r t i o n  of t he  

N o .  4 rod as r e s t r i c t e d  by t h e  r e g u l a t i n g  rod l i m i t  swi tches-"  

t o  be worth less  than  0.5%Ak/k--and as r e s t r i c t e d  by t h e  con- 

t r o l  system. Normally, t h e  s e r v o  a m p l i f i e r  i s  always on o r  
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o p e r a t i n g ;  b u t  when t h e  c o n t r o l  sys tem is i n  manual, t h e  s e r v o  

a m p l i f i e r  i s  no t  allowed t o  c o n t r o l  t h e  r e a c t o r .  The s e r v o  

cou ld  f a i l  i n  such  a way t h a t  a f t e r  withdrawing t h e  r e g u l a t i n g  

rod and 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  period t h e  power l e v e l  

could  c o n t i n u e  t o  i n c r e a s e  beyond the servo-demand s e t p o i n t .  I f  

t h e  o p e r a t o r  does no t  d i s c o v e 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 ,  

t h i s  a c t i o n  w i l l  be performed by t h e  c o n t r o l  sys tem by a r e v e r s e .  

The s e r v o  is t u r n e d  off by the r e v e r s e  and c a n  b e  t u r n e d  back 

on o n l y  by  t h e  o p e r a t o r .  

The c o n d i t i o n s  necessa ry  t o  o b t a i n  s e r v o  c o n t r o l  a r e  as 

fol lows:  key s w i t c h  ON, no r e v e r s e ,  a l l  rods c l u t c h e d ,  and 

t h e  r e g u l a t i n g  rod  above t h e  lower L i m i t  and below t h e  upper 

l i m i t .  I f  t h e s e  c o n d i t i o n s  e x i s t ,  s e r v o  c o n t r o l  may be i n i t i -  

a t e d  by t e m p o r a r i l y  t u r n i n g  t h e  s e r v o  s w i t c h  t o  t h e  ON p o s i t i o n  

o r  by t h e  i n s t r u m e n t - s t a r t - r e q u e s t  c i r c u l t ,  

5 ,  &, - During a r e a c t o r  s t a r t u p ,  i f  c t runl '  has n o t  been o b t a f n e d ,  

the  r e a c t o r  power w i l l  be r e v e r s e d  when a l e v e l  o f  400 kw (20% 

NF)? as de termined  by t h e  log-N channel ,  is r eached ,  To o b t a i n  

I 1  run", t h e  fo l lowing  c o n d i t i o n s  must be s a t i s f i e d :  power-range 

s e l e c t o r  on t h e  2-Mw r ange ;  servo-demand a t  5% ( t h e  combination 

of  t h e s e  f i r s t  two c o n d i t i o n s  r e s u l t s  i n  a servo-demand set-  

p o i n t  o f  5% N o r  100 kw); p o s i t i v e  pe r iod  g r e a t e r  t h a n  100 

sec; t h e  log-N r e c o r d e r  r eadou t  >1,5% N 

e i t h e r  t h e  r e a c t o r  m u s t  be i n  "manual" o r  a "withdraw e r r o r "  

must no longe r  e x i s t .  I f  t h e  c o n d i t i o n s  a r e  s a t i s f i e d ,  "run" 

is o b t a i n e d  a u t o m a t i c a l l y  and t h e  power l e v e l  may be r a i s e d  

above 100 kw. 

F 

and <lo% NF; and 
F 
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Once t h e  r e a c t o r  is i n  the  r u n  mode, on ly  two c o n d i t i o n s  

may con t inue  t o  e x i s t .  F i r s t ,  t h e  power range s e l e c t o r  m u s t  

remain on t h e  2-Mw range. Second, t h e  power l e v e l  as d e t e r -  

mined by t h e  log-N r e c o r d e r  must be ma in ta ined  X.5% N 
F' 

6 .  Key Switch. - The key s w i t c h  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  prevent  unauthor ized  man ipu la t ion  of  rod  d r i v e s .  When 

t h e  s w i t c h  i s  o f f ,  t h e  r e a c t o r  i s  scrammed and w i t h d r a w - c i r c u i t  

c o n t r o l  power i s  d isconnec ted .  However, rod  i n s e r t i o n  c i r c u i t s  

are n o t  tu rned  o f f .  The swi t ch  c a n  be tu rned  on on ly  when t h e  

key i s  i n  i t s  lock and, f u r t h e r ,  t h e  key cannot  be removed u n t i l  

t h e  swi t ch  i s  t u r n e d  o f f .  (The key i s  main ta ined  i n  a locked 

key box when t h e  s w i t c h  i s  i n  t h e  OFF p o s i t i o n . )  

7 .  Setback .  - See SecCion 2.4d. ( I n  a d d i t i o n  t o  t h e  c o n d i t i o n s  

l i s t e d  i n  t h i s  s e c t i o n ,  p l a c i n g  the  l o c a l  demand s w i t c h  i n  t h e  

lower p o s i t i o n  and, i f  remote o p e r a t i o n  is s e l e c t e d ,  p l a c i n g  

the  rem0i-B demand s w i t c h  i n  t h e  LOWER p o s i t i o n  w i l l  i n i t i a t e  

a se tback . )  

8. Slow Scram. - See S e c t i o n  2.4d. 

9. Reverse.  - See S e c t i o n  2.4d. 

3 . l e .  Procedures f o r  Checkinv t h e  C o n t r o l  and S a f e t y  Sys tem 

Example 3.1.1 i l l u s t r a t e s  t h e  p rocedura l  checks used by pe r sonne l  

of  t h e  Ins t rument  and C o n t r o l s  D i v i s i o n  t o  e v a l u a t e  the  performance of 

t h e  v a r i o u s  channe l s .  Ass i s t ance  by Opera t ions  pe r sonne l  shou ld  be 

g iven  as needed. 
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BULK SHIELDING REACTOR 

REACTGR iNSTRLiMENTATION R, CONTROLS MAINTENANCE PRDCEDURES, 

CALlBRATilON AND DATA 

PROCEDURE NO. BSR 202 -- 

PROCEDURE A?PROVAL: 

Example 3.1.1. Reactor Instrumentation and Controls Maintenance Procedures 

(Pages 3-9 through 3-96) 
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"-.-iT2L~X __-___. 
Reactor Controls Dcpt. I & C Div. 

EQUlFWJV ~K!XJFJ: 

The following t e s t  equi.pment i s  used f u r  this checkout procedure: 

Volt Box 

Pi l e  Period and Current Simulator (RC15-10-23) 

Release Time Ri-ser (RC15-10-24) 

Digit61 Timer 

Rod-Drop Tes t  Un i t  (RC-30-22) 

Eigm Respons? Generator 

Dig i ta l  Voltmeter 

Mil l ivol t  Potentiometer 

Porcable PicoaTeter ana var isble  voltage power supply 

Recorder Cal ibrat ion 

Saturation Curve T e s t  Unit 

Level Safety Pover Supply Test Box 

Signa Amplifier Lozd Simdator  

Megger 

Before s t a r t i c g  these checks, obtain p m i s s i o n  from t he  Operation 

Supervisor on duky. 
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PAGZ 2 

RATE 7/1/68 

HEVIS I O N  0 

Reacior Coritrois ikp t .  I .> C Div. 

1.1 
_I 

... 

.... 

K'S h T ' X T C d  CiiECY3 

1.1.1 Ioi75zation Chr_.?ber Lehkage Check 

Before stsrting t h i s  c k c k ,  turn the control  power key sxi tch 

O f f .  

(E.) Disconnect c'mmber and preamp grid offset  leads from the  Ho. l. 

Level  Sclfety Cmposite Amplifier and temporarily jumper the  

"chanber" and "grid offset! '  connectors with it 330 K ohm res t s tor .  

&: 

(b.) Connect Vie chmher lead t o  a portable picoanrmeter. 

record current on Check Sheet No. BSR 203 page 2. 

readings < 3 x 10-9 are acceptable,* 

Grounrl shield or' grid offse t  cable. 

Read am3 

Leakzge cLurrent 

(c.)  Remove the 330 K ohm juuper and res tore  chamber and preaxp grid 

offset leads t o  appropriate connectors. 

(d.)  Bepeat steps (e . )  t b u  (c.) for NO. 2 & 3 l eve l  safety ionization 

chambers. 

( e . )  Turn the se lec tor  switch on the Log N Amplifier t o  the ''GROUi?il" 

pot; it ion. 

( f . )  Disconnect, the Log M conpensated chamber lead from the Log N 

Amplifier chamber input conrector, an3 connect the lead t o  a 

portable picoarwneter . 
( g . )  Rea? and record the  current on Cheek Sheet No. ESR 203 page 1. 

Le- L ~ G ~ , ~  8-7 rr. c u r e n :  r?zciin?,s < 3 x are acce2tzble. 

%?~y use 175 v d t  b h t t e r y  as chaober E+ I n  order t o  stabilize these 

lo\? cu-rrenc readings. 
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PROCEDURE NO. BSR 202 

Reactor Supv. ’- Operations Div. 

PAGE 3 

DATE 7/1/68 

RIEVISION 0 

(h.) Reconnect the chamber lead t o  the Log N Amp. input connector. 

( i . )  Read and record %he i n s t a u e d  servo picoarmeter current on 

Check Sheet No. BSR 203 page 1,. 

< 3 x are acceptable. 

Leakage current readings 

1.1.2 Clutch & Seat Switch Lea?awe Resistance Checks 

(a.) Raise the No. 1 Shim Rod approxinately one inch above seat.  

(b.) Disconnect the seat switch a t  the side connector on the drive. 

Measure the sea t  switch open resistance a t  t h i s  connector with 

a portable ohm-metes and record on Check Sheet BSR 203 page &. 

Resistances greater than 5 K o ’ m  are  acceptable. Measure and 

record the resistance of each seat  switch lead t o  ground. 

Leave the side connector open. 

(c.) Slow scram the Ea. 1 S h h  Rod. 

(d.) Following completion of the  automatic rundown, disconnect t h e  

Reset scram. 

Nc. 1 rod drive ;Jinchiester connector. 

(e.) Measure the clutch switch open resistance between pFns J & K 

w i t h  a portable oin-raeter and record on Check Sheet No. BSR 203 

page 1. 
Measure an2 record each clutch switch lead t o  ground. 

R e s i s t a x e s  greater than 5 K ohms a r e  acceptable. 

(f.) Reconnect the No. 1 seat  switch s ide  conmctor and t’ne No. 1 

rod drive Winchester connector . 
(g.) Repeat steps (a , )  t h ru  ( f . )  for  No” 2,3,4, 5 & 6 ShLnRadds. 
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Reactor Sup?. - Gpr-rations D i v a  

1.1.3 Shim Rod. Drive Magnet Resistance Checks 

(a . )  Disconnect t he  ~ t -  and B F  re turn magnef leads from the NO. J. 

magnet amplifier and connect one -lead t o  a portable SO0 volts 

megohm-neter. Connect t h e  other terninal o f  the megohm-meter 

t o  building ground. 

(b.) Reed and record the magnet resistance t o  ground on Datu Sheet 

No. El7 203 page &. 

Resistances > 100 rne~o'hms are  acceptable. 

IC.) Repeat s teps  (a.) a& (b.) for rtagnets 2 tkru 6. 

(d.) Using a portable volt-ob-meter,  measure and record the No. 1 

magnet; coil resis tance between the B+ and Bt- r e tu rn  leads on 

ChekSheet Bo. BSR 203 page I. 

Nominal resistance of 80 ohms is acceptable. 

(e.) Reconnect the No. 1 magnet at and B-t return leads t o  the No. 1 

W n e t  amplifier. 

(f.) Repeat steps (d.! and (e.) for magnets 2 thru 6. 
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PAGE 5 

MTE 7/1/68 

REVISION 0 

2.1 RECO3DE3 CHECKS 

Check and r e  -calibrate,  if necessary, the recorders i n  accordance with 

the following table: 

Input NO. 1, 2, 3 Log N & Log N Log CII Servo Reg Rod 

Mill ivol ts  Safety m47 Posit ion 

-0.91 

0.00 

+o .91 
1.00 

2.73 

3.00 

4.50 

5.00 

5.46 

7.00 

9.00 

9.10 

10.OQ 

X 

0 

X 

20 

X 

60 

X 

100 

X 

140 

180 

X 

200 

-30 

m 

+30 

X 

10 

X 

X 

X 

5 

X 

X 

3 

X 

X X 

0 * 0001 1 

X X 

0.00045 2.6 

X X 

.0092 16 

X X 

0.163 102 

X X 

3.5 625 

70 4000 

X X 

300 Id. 

X 

0 

X 

11.5 

X 

33.5 

X 

55.5 

X 

77.5 

100 

X 

X 

X 

X 

X 

0 

X 

25 

x 
50 

X 

75 

100 

X 

X 

Record informa%ion on Check Sheet No, BSF. 203 p & e  a 25. 
-_. 
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3.1 COUNT FUTE CFfiTaI, TESTS 

3.1.1 Log Count Rate Meter 

PAGE 6 

DATE ?/l. 168 

REVISION 0 

Record s teps  (b.) , ( e . ) ,  & (k.) on Check Sheet No. BSR 203 

P Q e  3. 

(a.) Turn the "Cal..-Use" switch on the Log Count Rate Meter t o  the 

"Calibrate" pos it ion. 

(b.) Adjust the "6C) cycle'' potentiometer on the Log Coun't Rzte 

Pricter t o  give a reading of 60 on the Log Cokllat Rnte Meter 

recorder. 

( c . )  Turn the "Ca1.-Use" switch on t he  Log Count R a t e  Meter t o  the 

"Use" posit ion.  

(d.) Adjust the pf3s on the Pulse Pmphifier i n t o  tlne noise region, 

mtfi a 1000 count/sec. rate is obtained on the sca le r .  

( e . )  Adjirst t he  "sl.ope" potentiom?ter on the Log Count Rate Meter 

t o  obtain 8 reading of LOO0 on the Log Count Rate :deter recorder. 

(f .  1 Turn the "Cal. -Use" switch on the LCRM t o  the " C a l .  " position. 

(g.) Connect the Pile Period Simulator (Count R a t e  Output) i n  t'ne 

T e s t  Cabinet, t o  ' 'Utility 2" on the t e s t  panel. CoraecL the 

cable from "Uti l i ty  2" t o  the "Period Test'* connector on the 

rear of the Log Courit Rate Meter chessis. 

(h.) With the  s h u l a t o r  power switch ""CY'", ad2tlst the  "C.5.  Adjui;t" 

pat;ent.ioueter (32 t he  S imdator  t o  givz a reaf i i rg  of 5 cn the 

Lo,: Count Rate ?wid recorder. 

(i.) Turn the "Period" selector switch on the s i w l a t o o r  t o  the  ' 'Ca l . "  

posit ion.  Turn the  Simalator pwer switch %o "CPI". 



3-18 

FEOCEDURE: NO. BSR 202 
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DATE 7/1/68 

R F n r I S I O N  0 

(j.) Adjust the "Pile Power Adjust" potentiomter on the Simulator, 

t o  give a reading of 600 counts/sec. on the Log Count Rate 

Meter recorder. 

(k.) Set  the "PeriodCalibrate" switch cn the Simulator t o  the values 

below, and check f o r  accuracy on the Log Count Rate Period 

recorder. 

Set t ing on Period 

S b d a t  or 

30 sec. 

7 seca 

5 sec, 

3 sec. 

u=R Period Recorder 

- Reading 

30 5 5 sec. 

7 * 1/2 set* 

5 * 1/2 sec. 

3 - 1/2 sec. 

If accuracy is found t o  be out of the above tolerance, correct 

t he  trouble before proceedhg. 

(1.) Remove the cable from the  "Period Test" connector on the r ea r  

of the  Log Count Rate Metes chassis. 

(m.) Turn the  "Ca1.-Use" switch on Log Count Rate Meter t o  the "Use" 

pos it ion. 

3.1.2 Plot PHS Curves 

(a.) Turn the Fission chamber switch t o  the "Withdxaw" position, 

and hold mil. the f i s s ion  chamber i s  f u l l y  wi th&am.  



3-19 

(b.) Adjust t h e  "EE" potentioEeter on the Pulse Knplifier,  t o  

obtain a reading of' 10,000 cps on t'ne Log Count Rate Meter 

recorder. 

(c.) Record the PHs s e t t i n g  on 4 cycle semi-log paper i n  Check Sheet 

No. E R  203 p g e  4. 

Record t h e  PHS s e t t h g s  required to obtain the various countLrg 

rates l i s t e d ,  and plot  the c w e .  

This c w e  should be, in general, a straight line w i t h  a EE 

of less than 8 volts at 3.0 cps and less than 4 vo l t s  a t  10,000 cps. 

(d.) Turn the Fission Chamber switch to t he  ' 'b~~tr t ' '  positicn, and 

hold until the  Fission Chamber inserts t o  < 20 inches. 

Plot the neutron curve on the same graph used in step (c.) , 
from 10 t o  10,090 cps . 

( e . )  Select the RE operating voltage t o  operate on W i i  neutron curve.  

The PHS chosen s h a l l  be greater than 2 tin;es the PHs required 

for 30 cps 09 alpha, and or noise, as determined by the alpha- 

nofse curve, and shall produce aneutron counting rate greater 

than 2 cps. 
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Reactor Coritsols L)c?t. I T ?  C iliv. 

PAGE _I 9 

DATE 7/1/68 

R E V I S I O N  0 

L+ .1 L E  N C%w?,TI, TESTS 

Composite Lq3iifier - Tesi Comec+,ions 

(a,)  Remove the transfer plug from the 5-5 connector on the rear of 

the  Period Composite h p l i f i e r  chassis,  and connect the  t e s t  

cable from the 'Tes t  B n e l " '  t o  J-5. 

(b.) Connect f r o m  t'ne "Signa Input" connector on the "Test Panel", 

t o  the  "Output" connector on t,he Volt Box i n  the  Test Fanel. 

( c . )  Connect frcm the  "Si@ Out" ccmector on the 'Srest Panel" t o  

the d i g i t a l  voltmeter, 

4.1.1 S f m a  Output Check 

Record s teps  (d.) ,  (f.), (g.) & (h.) on Check Sheet No. SSR 203 

page 5 

(a.) Adjust the valtage from the Volt Box i n  the Test Panel t o  22 vol t s .  

Adjust the  '"Recorder Zero" potentiometer on the Composite Amplifier, 

un t i l  the panel mcter reads zero. 

(b.) Adjust the voltage from the  Volt Box t o  32 vol t s .  

Adjust the "Recorder Gain" potentiometer t o  read 100 on the  

p n e l  mter. 

(c.) Repeat s teps  (a,) and (b.) mbil no fur ther  adjustments are 

necessary . 
(d.) A d j u s t  the voltage fron the  Volt Box t o  37 v o l t s ,  

The p r 2 l  m t e r  on th,e Ccapcsi+,e ELQplifier should read 150 * 2s. 
Xf the  reading does plot come wLthin %his range, repair or replace 

the Coapos i t e  A q b i f i e r  . 
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( e . )  P-aju:;i LIE VOX?, aoz t o  35.5 v o l t s .  

A d j a s t  the '8cwa.m" po ien t iomte r  on the Composite h p l i f i e r ,  

unt,ill. t h ~  "Abnor:Orzl" l i g h t  on -the Scmm Level  Monitor cones 

I 1  h I t  OJ , arid the  "Normal" l i g h t  gws "OFF". 

(f.) Adjust the  Volt Box t o  22 vol t s .  

Observe the Sigm B u s  vo l t r i e  on the d i g i t a l  v o l ~ m t e r .  

Should read 38 v0L-t;~ t 1 v o l t .  

(g . )  Ad jus t  the V o l t  Bax t o  32 v o l t s .  

Observe the Sigma Bus  voltage ox? the  digital voltmeter. 

Should read 39 volts  k 1 vol t .  

(he) Adjust the V o l t  Box t o  37 volts.  

Disconnect the  Sigm Eus cable from connector (J-6) on the 

rear of the Composite Amplifier chassis. 

D i g i t a l  v o l t m t e r  should read P 43.5 volts .  

4.1.2 Periorl Aapli-F'ler 9. C. Level 

(a.) Disconnect the  d i g i t a l  vo l tne t e r  rrom the "signa Out" cmnector,  

and connect t he  voltmeter to the "Period Amplifier Output" 

conriector on the Test Panel. 

Observe the  "Pile Period" meter on the Log N Amplifier. 

Period m u s t  be infiaite before mking the following adjustaent . 
(b.) A d j u s t  the "D. C. Level'! potentiometer on the Composite Amplifier, 

t o  give a 22 vol t  reading on the dieikal voimeter .  

Record the zdjusted vol tage read-inii; on Check Skeet No.  P?X 203 

wee 2. 
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DATE 7/1/68 

REm I O N  0 

4.1.3 LOF N an& Period h p l i f i e r s  

Record steps ( i . )  and (p.) on Check Sheet BSR 203 page 6. 

(a.) Disconnect the d i g i t a l  v o l t w t e r  from the "Period Amplifier 

Output" connector on the Test Panel. 

Disconnect the Volt Box fron t'ne "Sigma Input" connector on 

the T e s t  Panel. 

Connect a jumper cable between the "Period Amplifier Output" 

and the  "Sigma Input" connectors on tine Test Panel. 

(b.) Turn the selector  switch on the Log N Amplifier t o  the l'GROUN"' 

posi t  ion. 

A d j i l s t  the  "GROUND SET" patenttometer 

reads 0.0001. 

until the Log N recorder 

(c.) Turn the selector  switch an the  Log N Amplifier t o  the "Lo- 

Calibrate '' posi t  ion. 

A d j u s t  the  "Calibrate" potentiometer u n t i l  t he  Log N Recorder 

reads 0.00022 I 

(2.) Turn the selector  switch on the  Log N Akaplifier t o  the "Hi -  

Calibrate '' position. 

A d j u s t  the "Gain" potentiometer u n t i l  the Log N Recorder reads 22. 

m: R e p e a t  s teps (be), (e.), and (d.) until the spm is correct. 

(e.) Turn t he  selec%or switch on the Log N Amplifier t o  the '%ROlJKD" 

pos It ion. 

( f . )  Disconnect the Log N chamber cable from the "Input" connector 

on the rear of the Log N Amplifier chassis and connect t e s t  

cable Tram Test Panel "Utility-2". 
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g ives  Lhe indicated reedirg. 

(5 x 16-8) .1 NL 

pTL 

%L 

3. .o ( 5  x 10-7) 1.0 

10 -0  ( 5  x 10-6) 10 .Q 

100.0 (5  x 20-5) 100.0 q N F ,  

(3.1 Turn  the se lec to r  switch on Log N Amplifier tu the  "'GRCKD" 

psit.02. 

(k.) 9isconnezt the cable from t'ne 'Log N" connector on the  Chamber 

S i m d e t o r  i n  the Test. Cabinet, and connect t o  t h e  ?wid. Sindatoor 

"Lag li Oitgut" connector in the T e s t  Cabinet. 

(1.1 t h e  selector svitch an Lh.2 Log N Amslifier to the  "Operate" 

pos ibion. 
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(m.) Turn the "Power" switch on the Period Simulator t o  the "OX" 

pos it ion. 

Turn the "Period-Calibrate" switch on the Period Simulator t o  

the "Calibrate" position. Adjust t he  "Pile Power Adjust " 

poter,tiometer on the Period Simulator 

recorder reads 0.012. 

until, the Log N 

( i . e . ,  the  blaek cal ibrate  l ine)  - 
(n.) Turn the "Period Slope" switch t o  the  "+ Period" position. 

(0.) Connect the d i g i t a l  voltmeter t o  the  "Signxi Out" connector on 

the Test Panel. 

(p.) Set the "Periad-Calibrate" switch on the Simulator to the l i s t e d  

values, and observe t h a t  the Log N Period Recorder and panel 

meter corresponds v i t h  the fallowing. 

Set t ing on Log N 

Period Simulator Period 

(Seconds 1 Reccrder Reading 

30 30 f 5 

7 7 * 1/2 
5 5 +- 1/2 

3 3 * 1/2 
1 off scale 

Period S i p  

output 

(Volts) 

38 (+ 1 - . 5 ~ . )  

38 (+ 1 - . 5 ~ . )  

38 (+ 1 -.sv.) 

38 (+ 1 -.5v.) 

> 42.5 

(9.) Turn the selector  switch on the Log N A-rcplifier t o  the "GROUND" 

posi t  ion. 

Connect the? Log N cham3er cable Lo t k e ' " I n ~ a t ' '  connector on the 

Lag N h p l i f i e r .  
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(r.) Comec-t t h e  Si;gii Bus cable to connector J-6 on the rear of 

the Corrrpos ite Amplifier 

( s . )  Disconnect the test cable from connector 5-5 on t h e  rear of the 

Composite Amplifier, and install the 5-5 ''Transtlsfer" plug. 

... 



3-26 

FXOCEDUia NO. PAGE 15 

DATE 7/1/68 

REVIS Iori 0 

5.1 SKFTTY SYSTfD4 TESTS 

No rod movement wiU be :p?mit%e& during these t e s t s ,  since the l e v e l  

safetys wfiill. be out of service,  All rotis must remain i n  t h e i r  seabs, 

and mode. switches s e t  i n  the f 'OFF" position. 

5.1.1 Level Safety Test 

Record steps (d.I9 (e . ) , (g . ) ,  (h.) K ( k a )  on Check Sheet No. 

- 203 pages J & 8. 

(ae) Remove the J-5 connectors from the No. 1, 2, & 3 Level Safety 

Composite h?l i . f iers  and connect t he  t e s t  cable from the 'Test 

Panel" t o  the J-5 connectors. 

(b.) Connect t'fle Volt Box t o  the No. 1, 2, & 3 "Sigma I 8 c o m e c t o r s  

on the Test Panel. 

(c.) Conxiect jumpers frm the NO. 1, 2, R 3 "sigma. out" connectors, 

t o  the  No. 1, 2, K 3 "Si- Bus"  connectors. 

(d.) A d j u s t  the  Volt Box to 22 vol ts .  

Adjust t he  '%corder Zero" potentiometer on the  front  pecel of 

the No. 1 Level Safety Composite Amplifier, u n t i l  the  corres- 

ponding Level Safety recorder reads zero. 

Repeat t h i s  s teg  for  the No. 2 h 3 Level Safety Composite Amplifier. 

CAUTION: D o  not adjust below zero. 

(e . )  Adjust the Volt Box to 32 vol ts .  

A d j u s t  the "Recorder ~ain" potentiomter on the front panel of 

the No. 1 Level Safety Cornpasite Arplifier, until the correspond- 

Lng Level Safety recorcier recds 130. 

Repeat t h i s  s t ep  for No. 2 3, 3 Level Safety Composite Amplifiers. 
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(fa) Repeat steps (il.) and (e.) u n t i l  no furttier acij-etments are 

necessary. 

(ge l  Adjust the Volt Box t o  37 vol t s .  

The No. 1, 2, & 3 Level Safety Recorders should read 150 5 2. 

(la.) Adjust the Volt Box t o  35 vol t s .  

Push t h e  "Scram Reset" button on the Bo. 1, 2, & 3 Level Safety 

Composite Anplilliers . 
Observe t h a t  the "Norreal" scram level l i g h t s  a r e  "ON". 

Ad jus t  the V o l t  Box 35.5 v o l t s .  

Observe that the "Abnormal" 5crm Level l i g h t s  are "OOM". 

I f  the  above conditions a r e  not observed, adjust  the  "Scmm" 

potentionieter on the  appropriate Level Safety Composite h p l i f  isr . 
( i .1  Discomeet the  Volt Box fron the No. 1, 2, & 3 "Sigma In" connectors. 

(j.) Connect jumpers from tk NO. 1, 2 ,  & 3 "Preamp out" connectors, 

t o  the Xo. 1, 2 ,  3. 3 "Sippa In" connectors on t h e  Test Panel. 

(k.) Read and record the "Preamp Grid Or"fseti' patentiometer on the 

No. 1, 2, & 3 Level Safety Composite Amplifiers. 

Adjust t h e  "Preamp Grid Offset" potentiometer on the No. 1, 2, QL 3 

Level Safety Composite Amplifiers un t i l  t h e  corresponding Level 

Safety Recorder reads zero e 

5 -1 - 2  Lineari+,y Checks 

(a.) Disconnzct the chanber input conniztcs J-2 Zrcci t h e  Eo. l Level. 

Safety CouposLtite .hpli.** A Lex. 
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Comect a t e s t  cable from connector J-2 on the No. 1 Level 

Safety Conposit:: h2l. if ier,  t o  the 'FLtility-l" connector on 

the  rear  of the T e s t  EQnel. 

Connect the Sigma iiesponse Generator t o  the "Uti l i ty- l rs  

connector on tine front of the Test Panet. 

(b.) Renove the jumpers r'rom "Sigma Out" t o  "Sigma Bus"  on the No. 1, 

2, & 3 Level Safety Composite Amplifiers. 

(c.) Connect a T-connector t o  the No. 1 "Sigma Out" connector on the 

front  of T e s t  Fanel. 

C o m c t  the Digi ta l  Voltmeter Znto one side of the T-connector. 

Connect the Sigma Amplifier Load S h u l s t o s  i c t o  the other side 

of the T-conm:tor. 

(d.) Set  the Sigma Resporse GeEerator "Percent" selector  to zero and 

adjust  the "Zero" control on the Sigma Response Generator u n t i l  

the corresponding Level Safety recorder reads zero. 

(e.) Set  the Sigma Response Generator "Percent" selector  t o  100, 

and adjust  the ''Span" control on the Signa Response Generator 

u n t i l  the corresponding Level Safety recorder reads 10. 

(f.) Repeat steps (d.) and (e.) u n t i l  both conditions are  sa t i s f l ed .  

(g.) Record t'ne in fo rmt ion  requested on Check Sheet No. ESR 203 

page snd plot  the correspond-hg curve. 

(h.) Response curve analysis. 

Reactor COntrGlS Depar tnent  shall verify t h a t  the curves fall 

w5th'Ln acce+DteC l h i t s  as follows : 
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(ae) The signa isus response curve shall  intercept the accepked 

l i m i t  lines at 02 (38 _+. ~ / 2  Y . ) ~  100% (39 

150% (13  * I v.) as shown on data s k e t  

31’ne slope s Y L ~ L ~ .  ztlw~ys be posit ive and the curve shall 

be continuous . 
The recorder response c m c  sha l l  pass through 0,G and 

shall. have a linear ration 09 1:l within 25 full scale. 

l / z  v,) ana 

(b .) 

(c.) 

m: If the  c w v e  cbes not f a l l  within the acceptable limits, 

then repirs or  adjustments nust be =de. If such r e p i r s  or 

adjustments are ineffect ive then investigation ana evaluation 

w S 1  be required. The eraluat ion w i l l  be made by the Reactor 

Supervisor, ar  his designated representative and t‘ne Reactor 

Controls Er4ineer responsible -for reactor instrument mintenance . 
(i.) Remove the test cable between connector 5-2 on Yfle Level Safety 

Composite Pmpiifier and the “Util i ty-1“ connector on T e s t  Panel. 

Connect the cliaaber input connector 5-2 t o  the Safety Level 

Composite Arnplif ier . 
Disconnect the  T-connector from the “Sigma Out” connector on 

Test Faneel. 

( j . )  Repeat steps (a.) th ru  (i.) f o r  So. 2 & 3 Safety Level Composite 

Amplifiers using Check Sheets Nos. -W-R 203, pages and gc. 

(k.) Disconmct the  Sipps Response Generator froz the “Utility-1“ 

I - 

ccnnectol-. 
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(I.) Connect the Juxpers from the "Sigma Out" t o  the "Sigma Rus" 

on the No. I, 2, & 3 Level Safety Composite Amplifiers. 

5.1.3 Magnet A n p l i f i e r  Check 

(a") Remove the three jumpers from the "Preamp Out" t o  the " S i g m a  

In" connectors on the T e s t  Fariel. 

(b.) Connect t he  Volt Box t o  the three "Sigm In" connectors on the 

T e s t  Panel. 

(c.) Adjust the Volt Box t o  37 volts output. 

(d.) Adjust the magnet current potent iowters  on the front of each 

Magnet and Composite Amplifiers t o  read 35 Ma on the magnet 

current meters. 

( e . )  Record the data required on Check Sheet No. BSR 203 pages&@ 

t h r u  F, and p lo t  the corresponding curves. 

(f .)  Response curve analysis. 

Reactor Controls Deprtment Personnel shsll ver i fy  that the curves 

f a l l  within the  accepted limits as follows: 

(1.) T'ne response curve s h a l l  intercept the accepted l i m i t  

l i n e s  a t  22 v. (70 5 4 M a ) ,  32 v. (65 5 3 Ma), and 37 v. 

(35 * 2. Ma) as shown on cbeck sheet. 

The slope shall a lmys  be negative and the curve shal l  be (2 . )  

C 311% bl.lollS . 
h m :  

the2 reAw.Lrs 01" adjustmenix m u s t  be mae. 

If the c a n e s  do not f a l l  w i t i i n  the zcceptable l i ; n i . t s ,  
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If such rapj:rs or z d j u s t ~ e n t s  are ineffective, theo investi- 

gat ion and evaluazion w i l l  be required. The evaluation w i l l  

be mtde by the Reactor Sulex-r iaor or his  des lgmted  repx?sentative, 

&a& Vie Reactor Contxols E x i x e r  responsiijle f o r  reactor hs'cru- 

x n t  maintenance, 

(g.) F.;.elr,mre test caij3-e fro= the J-5 connector on the  No. 1, 2 ,  3, 3 

Level Szfety Cmposite h p l i f i e r s .  

R e c c m x t  the cor& operating J-5 connector t o  the No. 1, 2, 

L 3 L z ~ i e l  Safety Cmposite Amplifiess. 

(h.) 5 a ~ w e  tesz ?:m?ers fro= t h e  T e s t  Panel. 

.... 
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Reactor Con 

6.1 SERVO CHANNEL TESTS 

6.1.1 Servo kmflA.fier & ~l.u Anmeter Test 

Record steps (a.) , (e.) , ( f.) , (g.) , (h.) , QL (L) on Check Sheet 

No. BSR 203 page s. 
(a.) Disconnect the compensated ion chzmiber from the  input of the 

pp Ammeter. 

(b.) Ccnnect the Current Simulator t o  the ' fJt1li ty-l tr  connector on 

the Test Fanel, and connect ' v t i l i t y -1"  t o  pp Ammeter inpdt* 

%See Note Below. 

( c . )  Set t he  range switch on the wp Anmeter a t  the 2 Kw range. 

Zero the  p , ~  A m t e r .  

(d.) Adjust the input current t o  2.25 x 

Observe t h a t  the "Insert" l i g h t  comes "ON". 

(e.) Raise t he  "Demand" u n t i l  both rlIxlSert" a d  ''Withdraw9' l igh ts  are 

" 0 ~ "  , 

Demand should be 50 5 2$. 

(f.) Lower the "Demand" approximtely 18. 

%$hen a new Servo Aapllfier h a s  been instal led,  p r f o m  these two steps 

before proceeding t o  step ( c . )  

(1.) Adjust the "Gain" potentiometer on the front panel or' the Servo 
Amplifier t o  &pproxin~-tttly 50s. 

(2.) Adjust the "Dax2irG" potenzicr-eicr on the front p n c l  o r  the Servo 
h p l i f i e r  t o  approximtely 25;. 
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( g.) Repeat step (e.) . 
(h.) Raise the  %emand" approximately l$. 

Observe that the  "IlithcYraw" l i g h t  comes "ON". 

(1.) Check the  pp Ammeter for the  correct reading with input currents 

a6 follows : 

Input 

Current Meter Range 

4.5 x iow9 ~ P S .  9.0 200 w 

4.5 x 10- Amps. 9.0 2Kw 

4.5 x ~ P S .  9.0 20 Kw 

4.5 x 10-6 Amps. 9.0 200 Kw 

4.5 10-5 mS. 9.0 2 Mw* 

%emand should automtt ical ly  reduce t o  5%. 

6.1.2 Regulating Rod T e s t  

Record s teps  (f.) & (E . )  on Check Sheet; No. E 3  203 page 

This t e s t  m u s t  be made under t h e  supervision of authorized 

personnel i n  the Operations Department. 

(a.) Obtain the necessery condi-t;ions to raise the  Eo. 4 r d  approxi- 

mately 3 inches. 

(b.) S e t  the  r m g e  switch on the cu; Anrmeter a t  200 Pi. 

(c.) Adjust the Current SinuJ-ator t o  give an input currelit of 2.25 x 

Amperes. 

.- .... 
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(d.) Set  the  "Demand." at; approximately 505 (echieve balance) . 
(e.) Obtain servo. 

The drive w i l l  be balanced with born "Jhsert" and "Withdraw" l igh ts  

w i l l  be "OFF I f .  

( f  .) Lower Yne "Dermnd" t o  appsoxinately 49$, and obswve on the  

Regulating Rod Synchro t h a t  the  Regulatirg Rod inserts, 

(g.) Raise the  "Demand" t o  approxhately 51$, and observe on the  

Regulating Rod Synchro Ynat the Hzgulating R o d  withdraws. 

(h.) Switch the Reactor mat  of servo. 

(i.) Disconnect the  Cwrent S%tnuletor *om t he  p w  Amneter and recomect 

the chanber s ignal  cable. 

( j  .) Set Lhe range switch on the UI.L hmete r  t o  20 watts. 

(k.) Inser'c tine No. [+ R c d  t o  the seat posit ion.  

(1.) Lower the  "Demand" t o  5$ (LLS). 
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7.1 SIIIbJ ROD TESTS 

All rod movements m u s t  be made under the  d i rec t ion  of the Operatiori's 

Supervisor. 

7.1.1 Mamet Drop Currents 

(a.) Turn the "Bus Protect" potentiometer on each Maknet Amplifier 

to the f u l l  cloc'mise posit ion.  

(b. 1 AdJust the '&ignet Current; 'I potentiometer on each Magnet M p l i f i e r  

to 80 Ma. 

(e . )  Raise a l l  rods 1 inch and slow scram the  reactor. 

Reset 5eram before t h e  rods mire clutch. 

(a,) Raise NO. 1  ROC^ 12 inches. 

(e.)  Slowly reduce the magnet current,  by turning t'ne "Magnet Current" 

potentiometer on t'ne Nagnet Auplifier, until the  rod drops, as 

indicated by the c lu t ch  light. 

If.) Aft;er t he  rod has clutched, read and record the magnet current 

on Check Sheet No. BSR 203 page UA. - 
(g.) Repeat s teps  ( 5 . )  t h r u  (f.) f o r  3" and Upper L i m i t .  

(h.) Repeet steps (b.) t h r u  (g.) f o r  ShimRRoas KG. 2 t h r u  6 .  

(i.) Post the drop currents (those obtained a t  129 on the console 

data card. 

7.1.2 Drop Point 

(a.) Disconnect t'ne normal operating J-5 comechx f roa  one of the 

Level Sacety Corzzosite h-&i$iers a ~ d  t h e  Period Coaposite h p l i f i e r .  
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(b.) Connect the  appropriate 5-5 t e s t  connector t o  the Level Safety 

Conposite and the Period Caaposite Amplifiers. 

(c.)  Coricct a jumper cable fro11 the "Signa Out" t o  the "Sigma Bus" 

connectors on the  front  of T e s t  Panel, f o r  the Level Safety 

composite an& Period Composite Amplifiers selected i n  s t e p  (a,). 

(d.) Connect the  "Output" connector on the Volt Box Lo the  " S i g m a  

Input" connectors f o r  the  Level Safety Composite and Period 

C o q o s i t e  Amplifiers selected i n  step ( e . ) .  

( e . )  Adjust the Volt Box t o  22 vol t s .  

Observe that the Period ConPosite Monitor Keter (in posi t ion No. 1) 

reads zero. 

The appropriats Level Safety recorder should read zero. 

(f.) Adjust the  Volt Box t o  36.5 vol t s .  

Obsenre thzt the  Period Coz~posi'ie Meter an2 the  appropriate 

bevel Safety recorder reads 145 5 2 .  

(g.) S e t  the  magnet current f o r  each rod t o  the  drop current recorded 

i n  Section 7.1.1 s t e p  (I.). 
ver i f  Led by the Operation Supervisor. 

Titis s e t t i n g  must be observed and 

(h.) Adjust the  Volt Box Lo 22 vol ts .  

Slowly t u r n  the  "Bus Protect 'I potentiometer counter clockwise 

on tcch Congosite and Magnet Amplifier u n t i l  t'ne nagnet current 

Lrops - l Ma. 

( i . )  R a i s e  311 rads I tnch and slow scrzm the reactor .  

Reset scrambefore rods make ciuzch. 
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(j.) Raise the No. 1 s h i n  rod 22 inckes. 

I r i i b i t  rod reverse by o,pening, c b c u i t  breaker L-2, Located i n  

Panel E2 on east  wa3.L of the control rooa. 

(k.) Sloxly increase the  voltage inp;Lt $0 the two Cmposite hj?lif icrs 

m t S  No. 1 s h h  rcb'l drops as inZiceted by cl.Gtch Zl&. 

Observe the S a f e t y  Becorder readmng, and record on Check Sheet 

i6o. p-ge 

306 .-hops x i th  8 Safety 3ecoxder readirig of 145 k 5 WE' acceptable. 

(1,) ~ d d ~ s t  the volt 3ox t o  22 volcs. 

Clcsc c i r c u i t  'a;-skar L-2. 

?..spezt. s'c,eps ( j  . f a&. (k.1 for rotis 2 thru 6. 

7.2.3 ;,f&LYs&ease TLze 

(a,) Recrr;e test comector J-5 fron the k v e 1  Safety CoEpositt? timpli"' icr 

seleczed ir, Section 7.1.2 s tep  ( % . I J  and connect the  n o m 1  

o:&rcting J-5 coraector . 
(b.) 9env.re the  jmpers f roa  the "Output" connector on the Volt Box 

t o  the "Sigma T3prt1' connectors for  the Level Safety Conposite 

&@.if ier and ?eriod Amplifier 

(c.) ~ o ~ e c t  the  Release ~ i m e  M s e r  (RC15-10-24.) to t h e ' ' S i m  In" 

conmetor on Period Section of Test Panel. 

(6 . )  T'Xi? t1.e P d s e r  "ON". 

T&-n tke ''PULse Vic',tl=" potentiometer to 20 IliiLLiseconds, ana with 

the osc a h t o r  switch turned ''OW, ad j u s t  the "iiepetitiotl Rate" 

t o  give one pulse per secoad. 
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Return the "Pulse Width" poten t imeter  Lo zero. 

(e.) Set  the  'ID. C .  Level" a t  22 vol t s .  

Pdsh Yne "€%+utput" but ton Z A ~ .  a d j u t  the  "PfIS" control u n t i l  

the  rragnet currents on a l l  xeters read less than I Ha. 

Re-check between the "D. C .  Level" of 22 vo l t s  and "ZrS" wit'n 

t'nc Sutton pushed, un t f i  both condi t ions a re  sa t i s f i ed .  

(f.) S e t  tS2 "~ulse-i.~ici-t:?" mu.~-tiplier t o  tlie x .I $asition. 

( z . )  3aisc all ro6s om inch znd slow s c r m  the  reactor. 

Reset S C T % . ~  before .the rods mke c7.utch. 

(h.) ~ ~ i s e  the ~ o .  I SSLT rod. 12 icches. 

S10vl.y twc the "-Pulse --!.lidth" potentiometer i n  hal.f-nillisecond 

steps, ~ U E L  *' bfie rd, d r o p .  

b a d .  end reeord tie "Pulse -Vi.dt?i" potentiometer. value (i .e., 

release t i c e )  on Check Sheet Ro. HSK 203 page a. 
( i . )  3epez.t s tep  (h.) f o r  shim rods 2 t h r u  6. 

(j.) _",-n=ve the J-5 tes t  connector -om the  Period Compostte Amplifier 

and connect t'ne norEal aperati-i-i J-5 connector. 

(k . )  Ciisconmct the  &lease T h e  PLiLser from the  Test Panel. 

7.1.l+ T k e  of F l i & t  --- 
CALTZQX: Place Log E .hp l i f i e r  i n  "Operate" position. 

(a.) S& the Tihe-of-FlbghZ; timr es follows: 



3-39 

Reactor  sup.^. '- Cperatiors Div. 

Reactor Controls Dept;. I C Div. 

Function. . . . . . .  Period h t o  B 

Sens i t i v i ty  + 100 

. . . .  Trigger Slope + Input "A" 

Trigger Level 9 o'clock 

S e n s i t i v i t y  + 100 

T r a e r  Slope f 

1 
Input; '73'' . . . .  

i g e r  Level 9 o'clock 

Parer . . . . . . . . . .  ON 
Reset . . . .  Push h Release Reset Button 

(b.) U s e  the  "Sitpa S t a r t "  s c l e c t a r  switch on the rod drop t e s t  panel 

t o  s e l e c t  the  Safety Level Composite Amplifier for  scram i n i t i a t i o n .  

Use the  "Seat Stop" se l ec to r  swltch t o  s e l e c t  the  rod t o  be checked. 

(c.) Raise the  selected rod one inch. 

Initiate scram by pushing the  "Rod Drop" puskbu%ton on the selected 

Safety Level Comosi te  Anplifier.  

Observe t k p t  the! timer functioned properly (Tee., the  % h e r  read- 

out should display - U O  rnilliseeoris) . 
Push the %se t "  pushbutton. 

... 
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Reactor Controis 1'~?t. I C Div- 

(d.) CAVI1ICN: This s t e p  must be done under the siipervision of an 

Operat ion's Departzent Foreman o r  Supnr isor  

Raise the  rod t o  be checked t o  the  upper limit switch. 

(e.) Push and hold the "Rod Drop" button on the  selected Safety 

Level Compos i t e  fmplif i e r  . 
Observe the displayed t ine ( i n  milliseconds) rcaaout . 
Record t h i s  readLng i n  the  operations log book and on Check 

Sheet KO. ESR 203 p g e  12~. 

(f.) Repeat s teps  (b.) t h ru  (e.) for all rods t a  be checked. 

(g.) Turn the  "Signa S t a r t "  and "Seat Stop" switches t o  "OFF". 

- 

Turn the  timer power switch "OFF". 

7.1.5 Simulation of N and N Currents 
L- F 

( a . )  Remove the J-5 connector f roa the  No. I, 2, & 3 Level Sa-fety 

Composite AmpLi?iers. 

(b.) Connect ti?e 5-5 t es t  connectors From Test Panel t o  correspondtng 

amplifiers. 

( c . )  I n s t a n  jmpers frtorii the "sigma Out" t o  the  "sippa BUS" on Test 

Panel Tor the  No. 1, 2, & 3 Safety Level Composite Amplifiers. 

(6.) Connect a jumpe;. rrom tlie Volt BOX "Oxtput" connector t o  ti2 

three "Sigxa In" connectors on Test a n e l .  
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c Reactor S ~ p v .  - 02era'iiorc; Div. 

(e.) A d j u s t  t he  volt, EOX to 32 volts (%I. 

Observe t h a t  the  Safety Recorders read 100. 

Xesd and record the magnet curreat for eech rod on Check Ehee't 

?To. &'d 203 pa.&$ 

(f.) A d j u s t  the Vol't 2ox to 22 vol t s  ( N L ) .  

Obserre tht %:he Safety Recorders read zero. 

Re& ezd reeoril the E g x t  currcnk for each sod. on Check Sheet; 
1 

xo. 353 2c3 gxqe U?d& 

(g.1 Rerxwf;  the t h e e  5-5 t e s t  connectors and connect the normal 

~:xrpr,irig 3-5 coxectcrs bo ;he No. 1, 2 ,  & 3 Level Safety 

Cmps i+ ,e  Am?liliers 

(h.) X 3. C aad S p r n t k ? , ~ '  personnel shall verif'y t h a t  a l l  t e s t  

x~uipr-eat  hzs been diseomeetec? from the systea. 

{i.) Adjust the " P e a 2  Grid Offset" potentiometers on the No. 1, 2, 

ZL 3 %-vel Safety Capos i t e  Anplifiers u n t i l  the  corrcspo&-in.g 

Safety RecorCer reat?s zero. 
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P K O C E D U J  NO. BSR 202 PAGE 31. 

DATE '7/1/68 

mvIs IOH 0 

G&&-F~~WY SYSTD4 buI;:zi! I@I$t& cmcm 

Recoz-3 steps (b.), ( c . )  & ( f . )  on Check Sheet No. mmm -page & 

A X 1  red moi-emmts nust be mad- u&-er the d i rec t ion  of the OFerations 

S-Apervisor . 
( E . )  Reise a l l  rods t o  clear sezts. 

(b.)  PUS^ ihr "Joraon" 3iitton on t!ie NO. I Level Safety Cmposite 

Do not raise & ~ f e  1 ;-r?ch. 

fLEpllfier. 

ALL rocis skolda 

(c . )  Repeat s k g s  (a") anC (b.) for the No. 2 & 3 Level Safety Com2osite 

h P '  1.1 .-. L iers . 
(d.) Turn the selector switch on the Log IN Amplifier t o  the  " G R O W ' '  

posi t  icn . 
( e . )  R ~ L S C  a ~ .  PAS 1 inch. 

(f.) Push am3 hold the ''Scram Test" button on the Log N fuaplirier. 

A U -  rods should drop. 

( E . )  Tuzn the  Log M Amplifier se lec tor  s w l t c h  t o  the  "Operate" 

posi t  ion  e 
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.... 

PAGE 32 

DATE 7/1/68 

REVLSLON 0 

the amount of time to check the recor6er switches. 

.... 
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PAGZ __ 33 

DATE 7/1/68 

REVLSIOI? 0 

10.1 TE0XL.Y MOUZP03 CIECX 

Record steps (a.) ,  (c.) ,  (d.) ,  (e . ) ,  & (g.) on Check Sheet No. BSR 203 

pages a& g. 
(a.) Turn the selector switch on the front  pnel. of the Log N Amplifier 

t o  the "GROUKI" posit ion.  

Observe that the "Safety Trouble" axmmciator i s  i n  an tilarm 

condition, and the Period Channel "Normal" l i g h t  on the Trouble 

Monitor Fancl is "OFF". 

(b,) Turn the selector  switch on t'le Log N Amplifier t o  the "OPEBATE" 

posi t  ion. 

(c.) Disconnect the "Sigma Bus" connector from one of the Level Safety 

Coqos  i t e  Amplifiers . 
Observe t h a t  t he  "Safety Trouble" annunciator is i n  an alarm 

condition, and the Safety "llorml" l i g h t  on the Trouble Monitor 

Panel i s  "OFF '* . 
(d.) Reconnect the "Signa B u s "  connector t o  the Level Safety Composite 

Amplifier and repeat steps (c.) and (d.) far the two remainLng 

Level Safety Composite . h p l i f  i e r s  e 

( e . )  Disconnect the " S i g n a  BUS" cunnectors from two of the Level Safety 

Composite hslifiers.  

Observe that two o f  the Safety "Normal" lights on the Trouble 

Monitoi- Pdnel a re  'OFF", and the "Safety Trouble", "Two Safety 

Trouble" and "Reverse" annmciatsrs are  Ln an alarm con&ition. 
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... 
PAGE .?,A 

DATE 7/1/68 

r n r n 1 O K  0 

(f .) Reconxct the "Sigm Bus'' connectors to the Level Safety Com- 

pos i te &@if iers . 
(g.) Observe that  a l l  " N o m l "  lights on the Trouble Monltor Panel 

are "ON", and annunciztors in a clear condition. 

... .... 

..... 
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IROCEDURE NO. BSR 202 PAGE: 35 

IY.m 7/1/68 

REVlcSION 0 

u.1 MfUiwlL YrnAMS- 

Record on Check Sheet No. EBSR 203 page 25. 

I n i t i a t e  a scram a t  each of t'le following scraa pushbutton stations. 

Observe t h a t  t he  MU (Makeup) and DO (Dropout) l i g h t s  on the Control 

Room Console come "ON", and the "slow Scram" annuncbi;or a la rms  for 

each scram. Operate the "Reset" switch following each scram t e s t .  

('I.) 

(2.) 

( 3 . )  

( 4 . )  

( 5 . )  

(6 . )  

~ 0 ~ 3 . 1 -  NO. 1 Sta t ion  - BSR Console 

Remote- No. 2 Station - O W  Console 

No. 3 S ta t ion  - East s i d e  o f  high bay area 

NO. 4 Stat ion - E a s t  side of high bay area 

N o .  5 Sta t ion  - West s ide of high bay area 

No. 6 StatTon - West s ide  of high bay area 

(7 . )  No. 7 StaLbn  - Rest Room 

(8 . )  

(9.) 

(10.) 

No. 8 Stat ion - Bldg. 3010 Annex 

No. 9 Stat ion - Bldg. 3080 

Raise-Test Switch - ESR Console (Place switch. i n  " R A I ~ ; E "  

posit ion 1 

(11.) Control Power Key Switch - JBR COIX50le (Place switch in "Om" 

posi t ion)  " 
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PAGE 36 

DATE 7/1/68 

REVISlOM 0 

12.1 A I W C g T O R S  

Record on Check Sheet BSR 203 pclges 26 ZC 27. 

Check the  annunciators according t o  t he  schedule below. 

A1\JNUNCUTOE & TITI23 

Cl - Log N Reverse 

(No negative period) 

C 2  - Two Safety Trouble Two l e v e l  safetys out of service 

C3 - Safety Trouble One leTrel safety out of sexvice 

C 4  - 205% Not in RM Log PJ > 20 not i n  R u n  

fpp  m t e r  < 2 MW) 

C 8  - Shim Request Reg. Rod Span i n  U. L. while i n  servo 

Cll - Recorder Power O f f  Turn off any recorder power 

Dl - Flapper Mid Position Flapper between open & Closed 

D 2  - LCW A P Flapper closed with zero f l o w  

D3 - Radiation & Contamination Radiation l eve l  > s e t  point 

W - Mcnitron H i  Level. Radiation level > set; point. 

135 - Log N T < 7 sec. 

D6 - Setbsck Safety Level recorder > 55, flapper open 

Log N Period recorder < 7 sec. 

D7 - Slow Scram Manual slow scram 

D8 - Pool Level Low Apply air sowce t o  pool. Level switches 

D9 - Low Flow 
housing. 

No coolant f l ~ f o ~ ,  f l a p p r  closed 

1310 - j e t  O f f  

WAWPION: Bold c o n t z i m n t  b~ypss  switch vhile testiw this 

Turn off j e t  flaw i n  conirection m d e  

annunc iat or. 
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PilOCEDU2E NO. BSR 202 

D13 - Reverse 
D14 - Fast  Scram 

Safety Level yecorder > 60, f l a p p r  open 

S i g w  TJevel > 135% (35.5 vol t s  h p i ~ t )  

G1. - See,  Coolant 9E H1 1;II > s e t  p i n t  

G2 - To-,ier Basin Lo Terns. Te rq .  > 60" F 

03 - Tornr  Eas in  Hi T e q .  Temp. > 89" F 

G 5  - Decsy Tar& Hi/Lo Lzvel. Level > 160" 
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PAGE 38 

DATE 7/1/68 

IUWISIQIY 0 

13.1 I&WL E.&?'EJ!Y CIG.$G3PL9 H.V. PO:*-qa SUATLY TEST 

Th i s  test is to verify tna t  the H.V. Powe-r Supply for  each Safety C M o e r  

will. deliver 0.9 milliaaperes. 

operatfng c w r e n t  of 45 micrcarnpres et full power. 

This is 20 t h e s  greater  t h n  the norm1 

(a ) Disconnect the "B+ Return" cable from the  No. L Conposite 

Amplifier. 

(b.) ~ormact  t h i s  ezblc t o  tke "l;tivel Safety Pover ~ u p p i y "   est BOX. 

( c . )   he curer?; ;  aeter 03 tfie "Level Safety Power supp~-y"  est BOX. 

shod& read 0.9 xa * LO$, 
(de) Re3caL sf,cps (a.), (b.) and ( e . )  for the No. 2 13c No. 3 Composite 

Aqlifiers . 
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PAGE 3’3 

D E E  7/1/68 

REVIS IOX 0 

--- lyW?d&-z- 
Heactcr Controls 3cpt .  I S. C Div. 

I l l  R k : ~ T o ~ u I o ? i  OF SYSTXkl 

Op-mtions 

connected for normal opeeratirg coniittions, and all t e s t  equLpent 

has been disconnectecl. frm the system. 

Recmd on Cneck Sheet Do. ESR 203 p g e  

and I 6L. C Personnel shalt  verlfy t ha t  al.1 cables Ere 
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PAGZ 40 

D42E 11/21/68 

mvIS I O B  0 

15. l I O ~ ~ L ~ . T I O ~ i  C?J.i>BZR E~*.TmiTION CKkT.~CTERISTICS 

These measurements are t o  be made durb !  reactor aperation et full 

paye? anr? with all nilclear cor;trol znir safety channels i n  o s r a t i o n .  

C.:.TUTfOX: 

vision of the reactor s ~ p e r ~ i s o r  &id the I t C f i e l d  engineer. 

Thcse maswements my be made only under the d i r e c t  super- 

(a . )  Disconnect the NO. I Level Safety Cmposite hp1if ie .s  ~ F G E  

4. &E: sim  LE.. Ko-Le the% "Safety Trouble" is znq&~c:ated. 

(b.) Turn O'PI: t'ne Na. 1 Safety iiecorder. 

(c.) Discortnect; t'ne Brio3 Ccnposite h$ l i f ie r  from the si- bus. 

(&.I ~ m n  O~T the  LO^ I; level and period recorders. 

(e.) Turn the selector switch oa the Log N Amplifier to the '%ROUD" 

3c3G i-L Lon. 

(fa) Discorsect the  E W E Q  ca3le connector from the PCP - I11 r p -  

106 Interconrict ing Junction Box a t  the reactor  bridge box and 

corinecf, t:his cable t o  the "Saturation Curve Test Unit". 

(g.) Comect the portable picommeter and vzriable voltage poiier 

su@.y to t h e  "Satwat ion Curve Test Unit". 

(h.) 3ea3 and record the current on Check Sheet No. BSR 203 p g e  a 
and plot  the corresponding curves on Check Sheets Eo. E R  203 

p g z s  3U. 319 , & 31c _. 
SGfeL Continue t o  raise the applied VOlwge u n t i l  two ciirrent 

r e p  - L ~ - ~ ~  2 i r"r  arc idcstLcal a t  po ten t i a l s  100 volts a p r t  but do noi 

exi-.e.l 800 ~ o l t s .  
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DATE 11/21/68 

R?PLLSION I_ 0 

(i.) Saturation cu=e analysis fo r  uncompensated safety chambers. 

Reactor Controls Department personnel shall ver i fy  tjflat the 

saturat ion cu-ves f a l l  within accepted l b i t s  as follows: 

(1.) A t  norml  operating voltage the current s h a l l  be > 95% 

of the 1005 saturated plateau. 

(2.) A t  100 vol ts  less than n o r m l  operating voltage, the 

current s h a l l  be > 90$ of the loO$ saturated plateeu. 

( 3 . )  The slope, i n  the unsaturated poAion of the carve above 

20 vol ts ,  shall always be positPfe and the curve shall 

be continuous . 
Note: Repeat steps (a.) t h r u  ( 2 . )  for  No. 2 & No. 3 chambers. 

Refer t o  Maintenance Schedule X R  201 before proceeding. 

( 3 . )  Apply norml operating voltage v i a  the variable voltage power 

supply an6 inser t  the chamber t o  1.5 t imes normal operating 

current. 

(k.) Repeat s t ep  (h.). 

(1.) Apply normal operating v d t a g e  v ia  the variable voltage power 

supply and in se r t  the chGmber to 1Q.G times normil operatling 

current {or t he  mechanical i n se r t  l i m i t  which ever QCCUS 

first). 

(n.) Repeat s t e l  (h.). 

(3.1 R e p s i t i o n  chadoer for n o m 1  oixretfr,g c m r e z t  with r?ormal 

operating voltage applie2.. 
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.... 

(0.) Remove the "Saturation Curve Test Unit" and restore the 

chauber cable connector to norml.  

(p.) Turn on the Bo, 1 Safety recorder anfi, if necessary, reposit ion 

the  cliaaIxx for loo$ reading. 

(9.) Turn the Log N Amplifier selector  switch t o  "OFERATE" posi t ion.  

(r.) Turn on the Log N Level and Perlod recorders zna veriFj for  

propel- reading. 

( s . )  Recomect the Period ConiposLte to the siqz bus. 

(t.) Reconnect the No. 1 Level  Cozpnsite to tine sigcna bus. 

(u.) Verify t h a t  all Trouble Monitor Lamps and annunciators are 

no-mal. 

Note: Repeat steps ( j .1  tk-u (u.) for the KO- 2 R. No. 3 charubers 

aecordaace with IGiLntemxice Schedule EhSR 201. 

... ... 



3 -54 

BULK SHIELDING REACTOR 

CHECK SHEET NO. BSR 203 

TO BE USED WITH PROCEDURE NO. BSR 202 

PROCEDURE APPROVAL: -. DATE OF CHECK 

- PERFORMED BY 

._I_ 

ACCEPTED BY 
Operations Supv. 
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CHECK SHEET NO. BSR 203 

PROCEDURE REFERENCE: Sec. 2.1 

PAGE 28 

DATE 7/ 1 /68 

REV1 SION 0 

BSR RECORDER CALIBRATION g, MAINTENANCE CHECK SHEET 
1 
1 
~ 

7- t---- I 

j Recorder 1 Span 
I I 

/ 1 0 - 5 0 m c  

v 

Span as 
Found 

-- 
I 
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Should A d j u s t e d  
Read Headirq -- 

(b.) Log Count Hate Meter Ziecorder . . . . . . . .  60 

Sh0ul.d Adjusted 
Read R e  ad ing  

(e.) Log C o u n t  Hate Meter Recorder . . . . . . . .  1000 

(k.) Sett ing on Period E R  Period Recorder K R  Period 
S imulat Oi- Should Read RLcorLer Xeads 

30 see .  . . . . .  3 0 . 5 s e c .  . . . .  
7 sec. . . . . .  7 9 1/2 sec. . . .  
5 sec. . . . . .  5 * 1/2 . . . . . . .  
3 see. . . . . .  3 . n/2 sec. . . .  



CtiECK SHEET NO. BSR 203 
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PAGE 4 

PROCEDURE REFERENCE: Section 3.1 
Part 3.1.2 

HPFM& 
Reactor Coritrcls D e p t .  I $. C Div. 

DATE 7/1/68 

REVlSlON 0 
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PAGX 5 

DATE 7/1/68 

REVIS ION 0 

.A;2/"&cI ___. 

Reactor Controls Dept. 1 L C Div. 

l+.l m N cwL.hmIJ TESTS 

4.1.1 SLWB Output Check 

(a.) vo l t  BOX adjusted t o  37 volts .  

Should Actual 

Read Readin< 

Panel Meter on Composite Amplifier . . . . .  150 2 2% 

(f.) Volt i3ox adjusted t o  22 volts .  

Should Actual. 

Read Read€= 

S i g m a  Sus Voltage . . . . . . . . . . . . .  38 v +- 1 

(g.) Volt Box adjusted t o  32 vol ts .  

Should Actual 

Read Rerding 

Sigma B u s  Voltage . . . . . . . . . . . . .  39 v 5 l 

(h.) Volt Box adjusted t:, 37 vol t s  and Sigma. B u s  cable disconnected 

from connector 5-43 on Composite Amplifier. 

Should A c t a a l .  

Read Reading 

Si@ Bus Voltage . . . . . . . . . . . . .  X 3 . 5  v. 

COElMENTS : 

4.1.2 Period Amplifier D.C. Le- el 

Adjusted 

Readinp: 

(b.) Digi ta l  Voltmeter should read 22 vo1t.s . . . . . . . . . .  
c m m s  : 
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CKECK SHEET NO. 9SR 203 

4.1.3 Log N and P e r i d  Eimplifiers 

(i..) Set  Chamber Simulator t o  values below. 

Set t ing  & Current; Source 

value ( ~ m p  S .I 

.0001 (5 x 10-11) 

.OO1 ( 5  x 10-10) 

.01 ( 5  x 10-91 

.1 ( 5  x 10-8) 

1.0 ( 5  x 10-7) 

Recorder 

Readim 

10.0 ( 5  x 10-6) 

100.0 (5 x 10-5) 

(p.) Set Period SimiLator to values below. 

M e t e r  

Reading; 

S e t t i n g  on Log N Period M e t e r  Period Sigma 

Period S5-tm.l.a- Recorder Reading Reading output 

30 sec. 

7 sec. 

5 sec. 

3 sec. 

.... 
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CHECK SKEXT NO. B R  203 

5.1 s m  SYSTEN TESTS 

5.1.1 Level Safety Test 

( d e )  Adjust Volt Box t o  22 volts.  

Level. Safety Recorder Ro. 1 . . . . . . . . 
Level Safety Recorder No. 2 . . . . . . . . 
Level Safety Recorder No. 3 . . . . . . . . 

(e.) ABjust Volt Box t o  32 volts.  

Level Safety Recorder No. 1 . . . . . . . . 
Level Safety Recorder No. 2 . . . . . . . . 
Level Safety Recorder No. 3 . . . . . . . . 

(g.) Adjust Volt Bcx t o  37 volts.  

PAGE 7 

DATE ?/1/68 

PljEVISION 0 

Should 

Read 

0 

Adjusted 

Readiw 

Q 

Should 

Rea.d 

100 

100 

loo 

Adjusted 

Readhg 

Should Actual 

~ e a a  Reading 

Level Safety Recorder No. 1 . . . . . . . . 150 F 2 

Level Safety Recorder No. 2 . . . . . . . . 150 2 2 

Level Safety Recorder No. 3 . . . . . . . . 150 2 
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PAGE 8 

DATE 7/1/68 

m s  LON 0 

-/222kcgd 
Reactor Controls &pt. I '< C Div. 

(h.) A u j u s t  V o l t  Box t o  35 volts .  Push "scram reset" button on 

Composite Amplifiers. 

NO. 1 Composite Amp. "Norma.l" scram 1i&t . u . oIT- m- 
No. 2 Composite Amp. "Norma;l." s c r a  l i gh t  . . . ON- OFF 

No. 3 Composite Amp. "EJbrrnl." scram l ight . . . ON- OFF 

Ac?Just the Volt Box t o  35.5 volts.  

Eo. 1 Composite Amp. "Abnosd"  scram l i gh t  . . ON- OlT 

No. 2 C q o s i t e  Amp. "Abnosma2" s c s m  l i g h t  . . ON- OFF 

No. 3 Composite Amp. ''Abnormal" scram light . . ON- OFF-- 

(k,) Adjust "Preamp. Grid Offset" potentiometer t o  give zero readirq 

on Level Sax'ety Recarders. 

Should Adjusted 

Read Read- 

Level Safety Recorder No. 1 . . . . . . . 0 

Level Safety Recorder No. 2 . . . . . . . . 0 

Level Safety Recorder No. 3 . . . . , . . . 0 
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CHECK SHEET NO. BSR 203 

PROCEDURE REFERENCE: Section 5.1 
Part 5.1.3 

100 
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0 

PAGE 1c1? 

DATE 7/1/68 

R E V I S I O N  0 

SIGMA I N T I J T - V O L T S  
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CHECK SHEET NO. BSR 203 

PROCEDURE REFERENCE: Section 5.1 
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CtiECK SHEET NO. 6% 203 

PROCEDURE REFERENCE: Section 5.1 
Part 5.1.3 

l& PAGE 

DATE 7/1/68 

0 REV1S 10 N 

SIGMA INPUT-VOLTS .- 
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CHECK SHEET NO. BSR 203 

PROCEDURE REFERENCE: Section 5.1 
Part 5.1.3 

PAGE 1oD 

DATE 7/ 1/68 

REV1 SlON 0 

SIGMA INPUT-VOLTS 
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CHECK SHEET NO. 3% 203 

PROCEDURE REFERENCE: Section 5.1 
Port 5.1.3 
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DATE 7/1/68 
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CHECK SHEET NO. BSR 203 

PRQCEDURE REFERENCE: Section 5,l  
Part 5.1.3 

0 

PAGE im 

DATE 7/1/68 

REVISION 0 

.- 
SI GhM IN PLJ T-VO LTS 
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6.1. SEIRYG C%i€REL TESTS 

6.1.1 Servo Amplifier 7w GU Armter Test 

(a,) Input C3xrren-L 2.25 x Amperes. 

"Ins e rt L Qh'G . . . . . . . . . . . .  ON OFF 

( e . )  Demmd raised mtU both "Inser t"  and "k?ithdraw" 1LgW-t;~ m e  "OFF". 

Derand Should Be Actuel Demand 

50 1- 2 &.-. 
( f.) ~ o ~ ~ e r  Demand - l$. 

"Inse-&" L i g h t  . . , . . . . , ON O F F  

(g.) Demand raised until both " Inse r t "  w.3 '2.iithdratr" lights are  "OFF". 

DSanZ ShouLd Be Actual Demand 

5 0 5  2$ 

( h) Raise Denand - 1$. 
"Withdraw" Light. . . . . . . . .  .OlT O F F  

( i.) Check the p , ~  Amrxter with lnput cu_rren",s as follows: 

Input 

Range - Meter -- Current 

. . . . . . . . . .  4.5 x 10-9 Amps. -- 
4 3  x h P S .  . . . . . . . . . .  
4.5 x 10-7 ATQS. . . . . . . . . . .  
45 x lo--& imps. . . . . . . . . . .  
4.4 x l o m 5  hTp8. . . . . . . . . . .  
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6.1.2 Regulating Rod T e s t  

(f.) Demand Lowered t o  - 49$* 

Regulating Rad Synchro shows. . . VITHDRAW ILSrnT I 

(g.) Demand reised t o  - 51%. 
Regulating Rod Synchro shows. . . VI!LIKDRAW INSSERT 

COh@rnT.pTS : 
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... 
CHECK SHEET NO. - BSR 203 

PROCEDURE REFERENCE: Section 7.1 
Parts 7.1 a 1, 

7.1.3. 7.1.3, 7.1.4.7.1.5 

PAGE 1 3  

DATE 7/1/68 

SHIM ROD TEST SHEET 

..... 

---_.I._- 

- 

........... 

euch shim rod ut upper l i m i t  

.. I..__ ...I--- -I_ I..I- 

Upper limit - inches above clutcti 

...... II_____-- 
* 

Safety channe! No. 
used for above drop point. 

BY s 

Date 
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CHECK SHEET NC. BSR 203 PAGE 1.33 

DATE 7/1/68 

- 

_I_ 

REVISION 0 

__I z v h r  
Reactor Controls  Dept. 1 2 C Div. 

i ._._ By; .- 
Date: 

i 
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8 .Z SAFE33 SYSTEM FUKTLOI4AL Cll?3xKs 

(b.) Push "Jurd8n bu2ton" on Bo. 1 Level Safety Collposite Amplifier. 

- A l l  Hods Drop - R o d s  t na t  Failed to Drap 

(c.) NO. 2 Level Safety Co~posite ibplifier 

A l l  R o d s  Drop 

No. 3 Level Sal'cty Composite Agplifier 

A l l  R o d s  Drop 

R o d s  that Faf.led to Drop 

Rods that Faj led to Drop - 
(?.) a s h  and hold "Fast Period" t e s t  button on the Log N Amplifier. 

All Rods Drop Rods that Failed to Drop 

C9P3E;ms : 
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CHECK SHEET NO. W R  203 PACE 15 

D.UE 1/15/69 

REvls I O N  1 

/?fVM& 
Reactor Controls Dept. X C D i v .  

9.1 h'UCLEEIx mc933m S I ~ r r r C i ~  

The following conditions must exis t  before making these checks. 

(1.) Control Parer Key Switch (SI) "ON". 

(2.) Shim safety rod nation switches (S6, 7, 8, 9, 20, 21) in  the 

"OFF If posit ion. 

( 3 . )  Grou? actuate mi.tch (SA)  i n  "Hold" position. 

( 4 . )  KO "Fieverse" arid no llSetbackT'. 

( 5 . )  A 7 1  Troable Monitor l i gh t s  rrOH''. 

(6.) %actor I n  "SLOT Scrm". 

9.1.1 Log IT e3Ci Loa C o ~ n t  R % t e  Recorders 

(a.) Turn the I'Cal.-Use" switch on the Log Count Rate Meter t o  the 

" c ~ L  p ~ s  it ion. 

(b.) Ttwn t h e  Log 1: & r i d  and Count Fate Meter Period recorders 

"OFT", and move the recorder pens t o  inf ini ty .  

Turn the  Log R and Count Rate Meter recorders "OFF". 

Count Hate Metes recorder pen t o  > 2 counts per second. 

Move the 

( e . )  Turn the pp Amneter range switch t o  the 200 KW posit icn.  

(d.) ?lace tbe Fission Chaxber drive switch in the '%Ianual" position. 

( e . )  Set  the '%e;nand" potentiometer i n  the lower limit. 

( f . )  T u r n  the  Servo sw2tch on the "OF.5"' position and release.  

( g . )  1.lcve the Log N recorder pen t o  tine r ight  through 0.01. 

Observe t h a t  tLe L'ithdraw Permit lignt cows "OIT". . . . 
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.... 
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(h.) Tiu-n the Log B Amplifier w i t c h  t o  the '%ROU?D" posT-Liori. 

Observe that the Withhaw Permit l t z h t  goes "OFF". . . 
(i.) Turn the Log Cam% Rate Meter I'CaL.-tTse" switch t o  the "WE" 

pos it ion. 

Observe t h a t  the  Withdraw P e d t  l i g h t  comes "ON". '--- 

(j .) Move tihe Log Count Rate Meter recorder pen t o  the left t o  

< 2 counts per second. 

Observe t h a t  the  Withdraw P e r m i t  L i g h t  goes "0-ET". . . . .  
R e t u r n  the Log Count Rate Meter recorder pen t o  > 2 

counts per second. 

Observe tha5 the Withdraw Permit light cones "OW", . e . . 
(k.) Place the  Fission Chanbes drive switch 5.21 tine "AUT@vR%'I'IC" 

pos it ion. 

Move the Log Count Rate Meter recorder pen t o  the right; t o  

> 8000 counts per second. 

Observe t h a t  the Fission Chmber begins t o  w i t h d r a w  and. the 

Withdraw PErmit light i s  "oc~". . . . . . . . . . . . . .  
(1.) Move the Log Cour r t  Rate Meter recoraer pen t o  the left to 

< 100 counts p r  secona. 

Observe t h a t  the Fission Clmber s tops VithdrawirG and the 

W i t h j r a w  Permit l2ght comes "ON". . . . . . . . . . . . . .  
(m.) Elwe the LOG Count R a t e  Meter recorder pen t o  the  left of 

< 2 counts per second. 

Observe that the  Fission Chmcixr s%csrC,s imertbg aslS C i h  

With5rti.w Permit Ii@t goes "OFF" . . . . . . . . . . . . .  
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(n.) K0-w the Log Count Rate Meter recorder p e r 1  t o  the r igh t  to 

> 20 counts per second. 

Obse-me tha t  the Fis s ion  Chamber stops inserting end the 

iv'ithdrav Perni t  Light comes "ON". . . . . . . . . . . . . 
Note: Confirm that the  inserLion of the Fission Chamber ~nzis 

EO% s t o p &  by the lower lhit switch. 

(0 . )  Place t'ne Fission C h 3 e r  drive switch in the "Hanual" position. 

(p.)  Txrn t'ne Log 13 Amplifier selector  switch t o  the  "07)er2ter' 

posi t  102. 

(9.1 6stablish anc? observe the conditiozls in the folloiving table: 

p& Ameter Log N Withdraw PermLt Verification 
Light o~~ Range  Level ON 

20 'VJ 

20 Y 

200 w 

200 i.? 

2 Fd 

2 Kw 

23 K;J 

20 rr/ 
203 Kb7 

200 K? 

0.0001 

0.0015 

0 c 0015 

0.015 

0.015 

0.15 

0.15 

1.5 

1.5 

1.5 -0 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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(r.) MOYC the Log N Recorder pen t o  the l e f t  t o  < 0.5. 

(s.) Turn the pu Ammter range switch t o  2 Mw. 

(t.) Move the Log N Recorder pen t o  > 1.5 (but c: 10) .  

Observe t'nz?S the "Hun" 1igl-t- comes "OM". . . . . . . . 
(u.) Move the Log N Recorder wn t o  < 0.5, 

Observc that; the "Run"  l i g h t  goes "OFT"'. . . . a . . e 

(v.) Nove the Log N Period Recorder p n  t o  t h e  right t o  a period 

af < 100 seconds (but > 25 seconds) 

(w.) Move Yne Log N E,xorder pen to the  right t o  > 20. 

Observe tinat the Wi-th&aw Permit light goes "OET". . a . 
(x.) Move the Log N Recorder pepen to < 20 (bu% > 10). 

Observe thai; the Withdraw Permit 1igIi-t comes "OH"- . . . 
(y.1 Move the Log N Recorder pen t o  inf ini ty .  

(2.) Move the Log N Recorder pen t o  t h e  r igh t  t o  < 10 ("but > 1.59. 

Observe t h a t  t'ne "'Run" lLght comes "ON". e . + . . . . e 

9.1.2 Lor?: N Perlod and Cow-t Rate Perid Recorders 

Establ i sh  the same conditions Tor this test as found in Section 

9.1.3. steps (a.) -through (&I. 

(a.) Move the Log PT Recorrler pen to > .OX. 

Observe tnat the YithlLraw Permit Light cmes  "ON". a . . 
(b.) Move the  CoLnt Rate Period Recmdei- pen t o  the  r&&t t o  c 25 

seconds 

Observe that t h e  Wi-tkdraw Permit light goes "0°F". . . . 
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de/z- 
ReacLor S u p .  '- Operations D f v .  

PAGZ l o  

DATE 1/15/69 

R E V I S I O N  1 -  

-- 
3eactor Controls Dept. I S C Div. 

(c . )  Kove the  Count Rate Period Recorder pen t 3  the r igh t  t o  < 7 

seconds. 

@bse-rve t h a t  the  "Reverse" relay K-18 energizes. 

(d.) Move the Count Rate ? e r i d  Recordes pea t o  i n f h i t y .  

(e.) Move the Log N Period Recorder pen t o  the r igh t  t o  < 25 S C ? C G ~ C ? S .  

. . . .  

Observe tha t  the  Wit'ntTzaw Permit Ugh% i s  "OkT" . . . . .  .-. 

(f  .) Move the Log N Period Recorder pen t o  the r igh t  t o  < 7 seconds. 

Observe that the 'Qeverse" re lay K-18 energizes. . . . .  
( g . )  Move the Log N Period Recorder pen t o  the l e f t  t o  > 7 secor?ds 

(but < 100 seconds). 

Obseme t h a t  the 'FReverse" condition clears.  . . . . . .  
(h.) Move the  Log N Recorder pen t o  > 1.5 (but < lo). 

(i.) T u r n  the t b ~ l  h e t e r  range switch t o  the 2 MW position. 

( 3 . )  Move the Log N Period Recorder pen t o  > 300 seconds. 

Observe that the "Hun" l i g h t  comes "ON". . . . . . . . . .  
(k.) Turr,  the bu Axmeter range switch t o  the 20 KW position. 

Observe that tile r ' R ~ ' '  l i g h t  goes 'OFF", and the  "Reverse" relay 

K-18 energizes af'ter -1 second &lay. . . . . . . . . .  
(1.) Move the Log N Period Recorder pen t o  < -100 seconds. 

OSserve that the "'Reverse" relay X-18 de-energizes. . . .  
9.1.3 Safety Level Recorders 

Establish tine same conditions for  t h i s  t e s t  as found i n  Sectian 

9.1.1 steps (d through (u. 
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In addi.%Lon t o  these: 

(I.) 

(2.) 

Raise the Dewnd tp 50%. 

Position the c o o ~ i n g  flapper i n  the "OPE:R" posit ion.  

[a") ~ u r r -  ~ize NO. I. Safety Recorder "OFF'". 

(b.) Have the No. 1 Safety Recorder pen t o  55. 

Observe Ymt the Denan3. starts t o  decrease. . . a . . 
(e.)  Xove the 121- 1 Safety Recorder pen to 60. 

Obsez-ve that, the 'Vieverse" relay K-3-8 energizes. a e . 
la.) Idme the XO. i Safety Recorder pepen t o  zero. 

(e.) ,Peperst stepG ( a . )  through (d.) f o r  No. 2 & 3 Safety Recorders. 

BO. 2 ~ a f e t y  Recorder . . . .step (b.) . stea (c.) a 

Ha. 3 Safety R-corder * . . .step (b.) step ( c . )  . 
(f.) Positiion the cool ing f l - e p p ~  in .t;'ne "C1osed" postt.t.on. 

(g.)  Mere t2e  ~ 9 .  I Safety Recorder pen to uO. 

0Sr;ervf: tha t  the I~IEEXL& sterts to decrease. . , . . . . . 
(b.) Move t.he No. 1 Safety Recorder pen t o  120. 

Observe t h a t  the "Reverse" relay K-18 energizes. , . . 
(i.) MCW 

(j .) Repat steps ( g . )  through (j.) for the Bo. 2 &. 3 Safety Recorc?ers. 

EO. z Safety Recorder pen t o  zero. 

EC. %. ~ a f e t y  ~ e c o ~ d e r  . . . .step (g.) . step (h.) . 
XO. 3 Sefe ty  Recarder . . . .step (g.) . step (h.) . 

(IC.) st'% ~ I E  -mnd a t  ninjmm. 

(I.) TKXI t :rs Gx i m t e s  range switch t o  20 W, 
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(m.) Beplace 

(n.)  Place a l l  recor:ie:: an;plifier switches i n  the " O V  position. 

(0.) Position the cooling flapper en thz I ' O E W t  position. 

rceors.er sli.tie wire covers. 

9.1.4 Remlatinz R o i  Span Recorder 

Establish the fo3los~ing conditions : 

(1.) No Reverse 

(2.) NO Setback 

( 3 . )  

( 4 . )  Slow scram Clear 

(5 . )  

CAUTION: 

Reactor Supervisor, Foreman, or Operatar. 

(8.) Witheaw the RewlatingBhim Rod t o  2 inches. 

N1 Trouble Monitor L i g h t s  "ON" 

Count Rate Meter switch i n  the  "UliE" position. 

Tnis t e s t  must be =de under the supervision of a 

Upper Limi t  l i gh t  shoL?ld be "ON". . . . . . . . . . . . .  
(be) Stop Regulating-Shim Rod withdrawal. 

Observe tha t  span continues t o  withdraw until the Reg. R o d  Smn 

Recorder reads < 60 8.  . . . . . . . . . . . . . . . . .  
(c.) Manually insert the Regulating-Shim R o d ,  unti l  the Reg. Rod Span 

Recorder reaches its lower linit as i d i c a t e d  by F'L8 lower lMt 

light * 

(d . )  Stop tine Regdating-shim ROCI insertion. 

Observe that spm continues t o  Inser t ,  untu t'ne Reg, R o d  Span 

Secorder reeds > GO$. . . . . . . . . . . . . . . . . . .  
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( e . )  Ir'sert t'ne Re@aCvlng-Shim R d  Lo the seat  posL%.C,ion. 

Observe that t'k Reg. Rod Span Recorder reaas N 60$, . . 
(f.) Lo-der t he  Regulating Shim Rod to the seat  posiLion. 
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DATE: 7/1/68 

mvLsIori 0 

Reactor Controls Dept. I L C Div. 

(a.) Log N hnplifier selector  switch turned t o  "GRQUX3" posi t ion.  

"Sefety TrouSle" Amuiiciator I_ - Mern - Clear 

+?,ecord the nimber of the  Composite Ampl . i . f i e r  iz the blank. 
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"Safety Trouble" Annmciator I - Alarm Clear 

"Two Safety Trouble Annlmciator- A l a r m  C1..ar 

"Reverse" Annunciator - - I I A L w m  Clear 
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PAGE .25 

DATE 7/1 /68  

R E V I S  ION 0 
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12. I. AMUNC mr oiis 

AIflvTJNCLATOFi & TITLE 

C1 - Log N Reverse 

C 2  - Two Safety Trouble 

C3 - Safety Trouble 

C 4  

Cif - Shim Request 

Cn - Recorder Power Off 

Dl - Flap-r Mid Position 

- 20s l’$, Not in R u n  

D2 - Latr A I’ 

D 3  - Radiation d Contamination 

D4 - Moriitron I I I  Level 

D 5  

D6 - Setback 

D7 - Slow Scram 

D8 - Pool Level Low 
D9 - LOLT Flow 

D10 - J e t  O f f  

D12 - CX c: 7 seconds 

D13 - Reverse 

D14 - Fast Scram 

- Log N T < 7 seconds 

C W E D  
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A!WJ?;C LQ 93 h TITLE 

G3 - T m e r  Basin Ei'a'exrq. 

G5 

G6 

G7 - I T A  C 0 r ; t i - d  Room TCILIP. H i  

~8 - R e s i s t i v i t y  X,O 

- Dewy Ted< E:i/LLo Level 

- 3ecay Tad: I i i  Rsdlat ion 

(310 - S ~ C .  Coolant Lo Flotr 

G1.1 - Pr i .  In le t  Hi Tzap. 

G12 - Pool Outlet H i  Radiation 

G 1 3  - Rerctar  Core I I i  f i  T 

~ O r n ~ F ~ m  : 
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DATE 7/1/68 

REVIS I O N  ci 
Reactor s u p .  '- Gperations Div. 

f l 7 / ~ 8  
Reactor Controls Dept+ I 2 C Div. 

13.1 LEWL SC\FE117Y CEAMBEX? H.V. SUPPLY TEST 

Current Meter 

Readhr, on Test € 3 ~  

(c.) 80. 1 Composite Atnpliri.er . . . e . . . . . 
' no. 2 Composite Amplifier . , . . . . . . 

(a*)  
Xo. 3 Cmposite Amplifier . . . . . . . . 

... 
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- J 7 / ~ &  
Reector Controls  a2pt. I 2 C Div. 

PAGE 29 

DATE 7/3./68 

R E V I S I O N  __ 0 

In i t ia l .  

All t e s t  equipment removed from system . . . . . 
I : & C  Operat tons 

All operating cables connected t o  system . . . . 
Z & C  ?&rat ions 
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PAGE 30 

DATE 11/21/68 

R E V I S I O N  0 

Chamber Type s. m. Core Position l_l 

Reactor Heat Power Accmulated Heat Power to Date 

%o not eppLy these voltages unless necessary to obtain plateau. 

Date T i n e  By 



3-94 

CHECK SKEET NO. SSR 203 

sec t ion  15.1 

10-3 

10-4 

10- 

10 - 

Reactor Conko l s  3e$.  I 2 C C 

PAGS 31A __ 
DATX 11/21/68 

II 
3EVIS IOR 0 



I 
... 

56-F 
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CIECK SEEhT NO. BSR 203 

Section 15.1 

PAGE 31c 

DATE 3.3_/21/68 

R E V I S I O N  0 

H7J$!di.& 
Reactor Controls Dept. 1 ?x C Div. 

10 

10-4 

100 200 3 00 400 
Chamber 5-t - volts  
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3 . 2 .  Process  Ins t rumenta t ion  

3.2a. In t roduc t ion  

.... 

The process  in s t rumen ta t ion  monitors t h e  s t a t u s  of  t h e  r e a c t o r  

p r i m a r y  water system, secondary water sys t em,  b u i l d i n g  v e n t i l a t i o n  sys t em,  

and off-gas  system, Some of  t h e  ou tpu t  s i g n a l s  from t h i s  ins t rumenta t ion  

func t ion  i n  t h e  r e a c t o r  c o n t r o l  system; these  s i g n a l s  are a s s o c i a t e d  wi th  

the r e a c t o r  p r i m a r y  water system ( l o w  flow r a t e ,  low d i f f e r e n t i a l  p re s su re  

ac ross  t h e  co re ,  h igh  d i f f e r e n t i a l  t e m p e r a t u r e  ac ross  t h e  core ,  low water 

l e v e l  i n  t h e  pool ,  and f l a p p e r  va lve  i n  improper p o s i t i o n , )  The remain- 

ing ou tpu t  s i g n a l s  o p e r a t e  annuncia tors ,  r eco rde r s ,  o r  i n d i c a t o r s .  

3 c 2 b .  Primary-Water-Sysrem Ins t rumenta t ion  

1,  Flow-Rate Ins t rumenta t ion ,  - The ra te  o f  flow of  t h e  primary 

water  t o  t h e  decay tank  is  monitored j u s t  upstream o f  t h e  decay 

tank  by FE-10, which is  a 1 /8- in . - th ick  o r i f i c e  p l a t e  w i th  a 

6 , l086- in0-d iam bore.  The primary flow t r a n s m i t t e r ,  FT-10, 

t r ansmi t s  an e l e c t r i c a l  s i g n a l  t o  an ECT r eco rde r ,  FR-PO, and 
9: 

a s s o c i a t e d  ins t rumenta t ion  i n  t h e  r e a c t o r  c o n t r o l  room. When 

the  r e a c t o r  is ope ra t ing  i n  Mode 2 ( i * e * ,  w i th  t h e  f l a p p e r  

va lve  c l o s e d ) ,  t h e  a s s o c i a t e d  ins t rumenta t ion  w i l l  i n i t i a t e  an 

alarm i f  t h e  flow r a t e  decreases  t o  850 gpm and w i l l  i n i t i a t e  

a r e a c t o r  scram i f  t h e  flow ra te  decreases  t o  750 gpm. I n  

a d d i t i o n ,  a pneumatic flow t r a n s m i t t e r ,  FT-1OA t r ansmi t s  

flow informat ion  t o  an i n d i c a t i n g  gauge, F T - l O A ,  a t  t h e  pump 

house 

>k * 
Foxboro E l e c t r o n i c  Con t ro l  Ins t rumenta t ion  
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2 .  D i f f e r e n t i a l - P r e s s u r e  I n s t r u m e n t a t i o n .  - The d i f f e r e n t i a l  

p r e s s u r e  a c r o s s  t h e  c o r e  i s  monitored by a system which d e t e c t s  

t h e  d i f f e r e n c e s  between t h e  s t a t i c  head i n  t h e  pool  a t  t h e  e le -  

v a t i o n  of  t h e  plenum and t h e  s t a t i c  head i n  t h e  plenum i t s e l f .  

(The d i f f e r e n c e  which r e p r e s e n t s  t h e  dynamic head l o s s  a c r o s s  

t h e  c o r e  is  t r a n s m i t t e d  from PdT-22 t o  an E C I  r e c o r d e r ,  PdR-22, 

and a s s o c i a t e d  i n s t r u m e n t a t i o n  i n  t h e  c o n t r o l  room. ) When t h e  

r e a c t o r  is o p e r a t i n g  i n  Mode 2 ( i . e . ,  w i t h  t h e  f l a p p e r  v a l v e  

c l o s e d ) ,  t h e  a s s o c i a t e d  i n s t r u m e n t a t i o n  w i l l  i n i t i a t e  an  alarm 

i f  t h e  c o r e  AP i s  5 i n .  H 0 o r  less and w i l l  i n i t i a t e  a scram 

i f  t h e  c o r e  AP i s  3.8 i n .  H 0 o r  less.  

2 

2 

3 .  F l a p p e r  -Valve - P o s i t i o n  Switches e - The p o s i t i o n  o f  t h e  f l a p p e r  

v a l v e  is monitored by s w i t c h e s  which are i n s t a l l e d  a t  t h e  top  

o f  t h e  f l a p p e r - v a l v e  a c t u a t o r  a r m .  I f  t h e  v a l v e  is  f u l l y  

open, t h i s  c o n d i t i o n  is sensed  by LS-17 and LS-18 and is  t r a n s -  

m i t t e d  t o  t h e  c o n t r o l  room. I f  t h e  v a l v e  is  f u l l y  c l o s e d ,  

t h i s  c o n d i t i o n  is  sensed  by LS-19 and LS-20 and i s  t r a n s m i t t e d  

t o  t h e  c o n t r o l  room. ( I n  a d d i t i o n  t o  t h e  o t h e r  f u n c t i o n s  o f  

t h e s e  s w i t c h e s ,  t h e y  w i l l  i n i t i a t e  a s low scram i f  t h e  f l a p p e r  

v a l v e  is  n o t  f u l l y  open o r  f u l l y  c l o s e d . )  

4 .  D i f f e r e n t i a l - T e m p e r a t u r e  I n s t r u m e n t a t i o n .  - The d i f f e r e n t i a l  

t empera ture  a c r o s s  t h e  c o r e  d u r i n g  Mode-2 o p e r a t i o n  ( f l a p p e r  

c l o s e d  and forced  c o o l i n g  flow) is monitored by a matched s e t  

o f  r e s i s t a n c e - b u l b  thermometers:  one, TdE-l7A, i n  t h e  e x i t  

water l i n e  and one, TdE-l7B, i n  an i n s u l a t e d  l i n e  which ex tends  

from a manifold l o c a t e d  j u s t  above t h e  t o p  o f  t h e  c o r e  t o  t h e  
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ex i t  water l i n e .  (The.manifold and . t h e  i n s u l a t e d  l i n e  are 

s i z e d  s o  t h a t  t h e  t r a n s i t  t i m e  o f  t h e  water is e s s e n t i a l l y  

t h e  same as t h a t  f o r  t h e  water going t o  the  e x i t  temperature-  

sensor  bulb  v i a  t h e  core.) The output  o f  t h e  thermometers is  

t r ansmi t t ed  t o  TdM-17 which genera tes  t h e  d i f f e r e n t i a l  tempera-  

t u r e  s i g n a l ;  t h i s  s i g n a l  is i n  t u r n  t r ansmi t t ed  t o  an ECI 

r eco rde r ,  TdR-17, and a s s o c i a t e d  in s t rumen ta t ion  i n  t h e  c o n t r o l  

room. T h i s  i n s t rumen ta t ion  w i l l  i n i t i a t e  an alarm and EL se t -  

back i f  the  d i f f e r e n t i a l  temperature  inc reases  t o  17'F. (This 

s e tback  is not  bypassed e l e c t r i c a l l y  inMode 1; however, t h e  

senso r s  are bypassed by t h e  r o u t e  o f  t h e  coo l ing  flow.) 

5* Pool-Outlet  Radia t ion  Ins t rumenta t ion .  - An i o n i z a t i o n  chamber, 

ORNL 4-2045 Type, is mounted i n  t h e  va lve  p i t  ad j acen t  t o  t h e  

poo l -ou t l e t  cool lqg-water  l i n e  t o  monitor t h e  r a d i a t i o n  l e v e l .  

This  chamber is  connected t o  a logar i thmic  e l ec t rome te r ,  

RIM-5, i n  t h e  c o n t r o l  room; t h e  ou tpu t  s i g n a l  o f  t h i s  e lec t rom-  

e te r  is d isp layed  on a meter wi th  an a d j u s t a b l e  a larm-point  

mechanism. A t  2000 kw t h e  e l ec t rome te r  ou tpu t  i s  equ iva len t  

t o  10 r / h r  and t h e  alarm po in t  is  set  equ iva len t  t o  100 r / h r e  

The ou tpu t  o f  t h e  e l ec t rome te r  is also disp layed  on t h e  miscel- 

laneous r a d i a t i o n  r eco rde r ,  RR-5, e 

6 .  Decay-Tank-Level Ins t rumenta t ion .  - The water l e v e l  i n  t h e  decay 

tank  is  monitored by a bubble-type l e v e l  s enso r  and t h e  ou tpu t  

s i g n a l  is t r ansmi t t ed  t o  an i n d i c a t i n g  gauge, LI-4A,  and t o  

p re s su re  swi tches  i n  t h e  c o n t r o l  room. An alarm w i l l  be i n i t i -  

a t e d  (by LS-4A) if the water l e v e l  i nc reases  t o  160 in .  W2Q o r  
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(by LS-4R) i f  t he  water l e v e l  decreases  t o  80 in .  H20. 

(With the  p r i m a r y  flow system shu t  down, the  normal wa te r - l eve l  

i n d i c a t i o n  w i l l  be >300 i n .  H 0.)  
2 

7 .  Reactor  I n l e t  -Temperature Instrumentat ion.  - The r e a c t o r  i n l e t -  

temperature sensor ,  TE-16-1, a l / l 6 - i n .  -diam, s t a i n l e s s  s t e e l  

sheathed Chromel-Alumel thermocouple is  supported i n  a 1/4-in.  - 
OD aluminum tube which extends from t h e  pool s u r f a c e  t o  j u s t  

above the  top of t h e  core .  The lower end o f  t h e  support  tube 

i s  inc l ined  a t  a 45" angle  with r e spec t  t o  t he  hor izonta l ;  a l so ,  

i n  t he  lower end four  rows o f  1/8-in.-diam holes  were d r i l l e d  

t o  allow the  water t o  con tac t  t h e  shea th  of  t he  thermocouple. 

This  sensor  t ransmi ts  temperature informat ion t o  the  'miscel-  

laneous temperature recorder  '(TR-16) as poin t  TR-16-1. 

8. Reactor Ou t l e t  -Temperature Instrumentat ion.  - The r e a c t o r  

ou t le t - tempera ture  sensor ,  TE-16-2, a 1/16-in.-diam, s t a i n l e s s  

s t e e l  sheathed Chromel-Alumel thermocouple, is supported i n  a 

l /Lc - in . -OD aluminum tube which extends from the  pool su r face  

i n t o  the  south po r t ion  of t he  r e a c t o r  o u t l e t  plenum. The lower 

end o f  the  thermocouple which extends 3 i n .  i n t o  the  plenum is 

pro tec ted  by the  lower end of t he  support  tube which is  pene- 

t r a t e d  by four  rows of 1 /8- in .  ho les .  This sensor  t ransmi ts  

t e m p e r a t u r e  information t o  t h e  miscellaneous temperature recorder  

(TR-16) as  po in t  TR-16-2. 

9. Pool Inlet-Temperature Instrumentat ion,  - The p o o l - i n l e t  t emper -  

a t u r e  i s  monitored a t  t he  e x i t  of t he  h e a t  exchanger by a 

Chromel-Alumel thermocouple, TE-13. This thermocouple i s  con- 

nected t o  an E C I  recorder ,  TR-13, and t o  an ECI c o n t r o l l e r ,  
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TC-13, ( v i a  a temperature transmitter,  TT-13) and t o  a s soc i -  

a t e d  ins t rumenta t ion .  The a s soc ia t ed  ins t rumenta t ion  i n i t i a t e s  

an alarm i f  t h e  pool i n l e t  temperature  increases  t o  105°F. 

The r eco rde r -con t ro l l e r ,  by r e p o s i t i o n i n g  the  secondary-cooling- 

flow t h r o t t l e  va lve ,  TCV-13, maintains  t h e  p o o l - i n l e t  tempera- 

t u r e  a t  t h e  d e s i r e d  temperatures .  (See Sec t ion  3 . 2 ~ .  f o r  d e t a i l s  

of t h i s  c o n t r o l  system.) 

10. Heat-Exchanger I n l e t  Temperature and Heat-Exchanger O u t l e t  Tern- 

p e r a t u r e  Instrumentt i t ion.  - The heat-exchanger pr imary- in le t  

and t h e  heat-exghanger pr imary-out le t  temperatures are moni- 

t o red  by Chromel-Alumel thermocouples TE-16-5 and TE-16-6, 

r e s p e c t i v e l y .  These sensors  t r ansmi t  temperature  information 

t o  t h e  miscel laneous temperature  r eco rde r  (TR-16) as po in t s  

TR-16-5 and TR-16-6, r e s p e c t i v e l y .  

11. Miscellaneous Temperature Instrumentat ion.  - Three po in t s  on 

the  miscel laneous temperature r eco rde r  (TR-16) are used to 

i n d i c a t e  t h e  t e m p e r a t u r e  o f  miscel laneous i t e m s  as shown i n  

Table 3 . 2 . 1 ,  

Table 3 e 2 1 T e m p e r a t u r e  Ins t rymentat  ion 
f o r  Miscellaneous I t e m s  

Thermocouple Recorder Poin t  Item 

Normal o f f - g a s  lFne TE 16-4A TR 16-4 

Normal off-gas surge tank TE 16-3A TR 16-3 

Degasser tank TE 16-104 TR 16-10 
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12. Pool-Water-Temperature I n s t r u m e n t a t i o n .  - S i x  thermocouples 

a r e  i n s t a l l e d  on t h e  s o u t h  s i d e  o f  t h e  dam jam on t h e  east  s i d e  

o f  t h e  r e a c t o r  pool  as shown i n  Table  3.2.2. 

Table  3 i2 .2 .  P o o l  Water Temperature I n s t r u m e n t a t i o n  

E l e v a t  i o n  
Above Pool Thermocouple Recorder 
F l o o r  ( f t )  Po i n  t 

1 TE 16-4 No ne 

4 TE 16-3 None 

7 TE 16-12 TR 16-12 

10 TE 16-11 TR 16-11 

13 TE 16-10 None 

16 TE 16-9 TR 16-9 

13. Primary-Cooling- Pump-Inhibit  C i r c u i t .  - Valve HCV-54, which is 

l o c a t e d  a t  t h e  d i s c h a r g e  o f  t h e  primary s i d e  of  t h e  h e a t  

exchanger,  is  used as a t h r o t t l e  v a l v e  when e s t a b l i s h i n g  p r i -  

mary w a t e r  flow. A s w i t c h  11s-54, which i s  i n s t a l l e d  on t h e  

housing o f  t h i s  valve, f u n c t i o n s  i n  t h e  primary-cooling-pump 

s t a r t  c i r c u i t ;  t h e  pump cannot  b e  s t a r t e d  u n l e s s  HCV-54 is 

f u l l y  c l o s e d ,  

3 . 2 ~ .  Secondary-Water-System I n s t r u m e n t a t i o n  

1. Flow-Rate I n s t r u m e n t a t i o n .  - The ra te  of  flow o f  t h e  secondary 

water t o  t h e  c o o l i n g  tower is  monitored j u s t  downstream from 

t h e  h e a t  exchanger  by FE-11 which is  a 1 / 8 - i n . - t h i c k  o r i f i c e  

p l a t e  w i t h  a 6.3343-in,-diam bore .  The secondary  flow t r a n s -  

m i t t e r ,  FT-11, t r a n s m i t s  a pneumatic s i g n a l  t o  flow- i n d i c a t o r  
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FI-11  a t  t h e  pump house and t o  FR-11, TR-15 (a two-pin, Foxboro 

Pneumatic C o n t r o l  r e c o r d e r )  l o c a t e d  i n  t h e  c o n t r o l  room.. An 

a s s o c i a t e d  p r e s s u r e  swi tch ,  FS-11A, w i l l  sound a n  annuncia tor  i f  

t h e  f low d e c r e a s e s  t o  <300 gpm. The flow r a t e  i s  c o n t r o l l e d  by 

t h e  p o s i t i o n  of t h e  t h r o t t l e  v a l v e ,  TCV-13; t h e  p o s i t i o n  of t h i s  

v a l v e  i s  a d j u s t e d  by t h e  p o o l - i n l e t - t e m p e r a t u r e  c o n t r o l l e r ,  

TC-13. 

I n  a d d i t i o n ,  t h e  secondary f l o w  r a t e  i s  t h e  parameter  which 

i s  used t o  c o n t r o l  o p e r a t i o n  of t h e  c o o l i n g  tower f a n s .  The 

sequence of o p e r a t i o n  of t h i s  system is i n d i c a t e d  i n  Table  

3.2.3. 

Table  3.2.3. Fan Speed C o n t r o l  

Switch* Change of  Flow Rate Fan Speed 

FS-11F I n c r e a s e  t o  1200 gprn South i n  low 

FS-1lD I n c r e a s e  t o  1250 gpm North i n  low 

FS-11E I n c r e a s e  t o  1390 gpm South i n  h i g h  

FS-11C I n c r e a s e  t o  1410 gpm North i n  h i g h  

FS-11C Decrease t o  1250 gpm North i n  low 

FS-11E Decrease t o  1200 gpm South i n  low 

FS-11D Decrease t o  1040 gprn North o f f  

Decrease t o  1000 gpm South o f f  FS-11F 

*These are d i f f e r e n t i a l - t y p e  p r e s s u r e  s w i t c h e s  w i t h  a n  
a d j u s t a b l e  low-pressure  s e t p o i n t  and w i t h  a n  a d j u s t a b l e  span  
which i s  used  t o  de te rmine  t h e  h i g h - p r e s s u r e  s e t p o i n t .  
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I f  on ly  one fan is s e l e c t e d  f o r  use o r  i f  only one f an  

is a v a i l a b l e  f o r  use, t h e  above switch s e t p o i n t s  and fan  ac t ion  

w i l l  apply f o r  t h a t  fan.  (The fan  s e l e c t o r  switch a t  the pump 

house has t h r e e  pos i t ions :  BOTH, SOUTH, o r  NORTHI) 

2 .  Tower Basin Temperature. - The temperature of t h e  bas in  water  

i s  monitored by a g a s - f i l l e d  r e s i s t a n c e  bulb thermometer, TE-15. 

This  1/2-in.-OD and 16- f t - long  u n i t  is  housed i n  a 16- f t - long  

1- in .  (schedule  40) s t a i n l e s s  s t e e l  p i p e  which is penet ra ted  

by four  rows of 1/4-in.-diam holes .  

top of  t he  sou theas t  corner  of  t he  bas in  sump t o  the  bottom 

of  t he  no r theas t  corner  of  t h e  sump. The temperature t r a n s -  

m i t t e r ,  TT-15, which is  ad jacent  t o  the  top  of  t h e  pipe, t r a n s -  

m i t s  a pneumatic s i g n a l  t o  temperature i n d i c a t o r  TI-15 loca ted  

i n  the  pump house and t o  FR-11, TR-15 ( a  two-pen recorder )  

loca ted  i n  t h e  c o n t r o l  room. Two as soc ia t ed  pressure  switches,  

TS-15A and TS-l5B, sound annunciators  i f  t he  temperature 

increases  t o  89°F o r  i f  t he  temperature decreases  t o  60°F, 

r e spec t ive ly  e 

The p i p e  extends from the  

3 .  PH Instrumentat ion.  - The pH probe (AphE-14) i s  loca ted  a t  t he  

cool ing  tower. Water is  suppl ied  t o  the  probe from t h e  d i s -  

charge of  the  a i r - cond i t ion ing  pump; a f t e r  pass ing  over  t he  

probe, t he  water is re turned  t o  t h e  bas in  sump. The probe 

t ransmi ts  an e l e c t r i c a l  s i g n a l  t o  the  pH ampl i f i e r - ind ica to r  

(AphT) which i n  t u r n  t ransmi ts  an e l e c t r i c a l  s i g n a l  t o  t h e  

r eco rde r -con t ro l l e r  (Aph R-14, Aph C-14) i n  the  c o n t r o l  room. 

The c o n t r o l l e r  t ransmi ts  a v a r i a b l e  c u r r e n t  s i g n a l  t o  the  motor 
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c o n t r o l l e r ,  Aph G O - 1 4 ,  l oca t ed  a t  t h e  pump house. The motor 

c o n t r o l l e r  t r ansmi t s  a propor t iona l  vo l t age  s i g n a l  t o  the  motor 

o f  t he  Minipump, which feeds a c i d  t o  t h e  coo l ing  tower b a s i n ?  

An a d j u s t a b l e  alarm c o n t a c t  on the  recorder  (Aph R-14)  w i l l  

sound an  annunciator  i f  t h e  pH i nc reases  t o  8.2. 

4 Tower -Fan-Speed Ind ica to r s  - Ind ica to r  l i g h t s  i n  t h e  con t ro  1 

room d i s p l a y  t h e  speed of e i t h e r  o r  borh coo l ing  tower fans 

as follows: ST.-15A is  i l lumina ted  i f  t h e  nor th  fan  i s  i n  

high-speed ope ra t ion ;  SI-15B is i l lumina ted  i f  t h e  sou th  fan 

is i n  high-speed ope ra t ion ;  SI-15C is i l lumina ted  i f  t he  nor th  

fan is  i n  low-speed ope ra t ion ;  and SI-15D is  i l lumina ted  i f  t he  

south  f an  is i n  low-speed operation. 

5. Heat-Exchanger Inlets Tempera ture  and Heat-Exchange Ou t l e t  

Temperature Ins t rumenta t ion .  - The heat-exchanger secondary- 

i n l e t  and the  heat-exchanger secondary-out le t  temperatures are 

monitored by  Chromel-Alumel thermocouples TE-16-7 and 73-16-8, 

r e spec t ive ly .  These sensors  t ransmi t  temperature  information 

t o  the miscel laneous temperature recorder  (TR-16) as po in t s  

TR - 16 -7 and T R -  16 -8, r e s  pec t i ve  l y  

3 . 2 d ,  Bui ld inP-Vent t la t ion  System 

The ins t rumenta t ion  i n d i c a t i n g  the  s t a t u s  of t he  bu i ld ing  v e n t i l a -  

t i o n  system c o n s i s t s  of a p i t o t  tube  i n s t a l l e d  i n  the  e x i t  duct  (no r th  

o f  Bui lding 3010) and a r a d i a t i o n  monitor loca ted  i n  t he  e x i t  duct. The 

only  automatic c o n t r o l  a c t i o n  a s soc ia t ed  wi th  this ins t rumenta t ion  is 

that t h e  bu i ld ing  is  placed i n  t h e  contalnrnent mode i f  t he  duct  monitor 

senses a r a d i a t i o n  l e v e l  o f  50 rnr/hr, (Refer t o  Sec t ions  7.2d and 10.1 
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f o r  d e t a i l s  of the bu i ld ing  v e n t i l a t i o n  system; t h i s  system is more 

commonly r e f e r r e d  t o  as t h e  c e l l - v e n t i l a t i o n  system.) 

3.2e. Normal Off-Gas System 

The ins t rumenta t ion  i n d i c a t i n g  the  s t a t u s  of t h e  normal of f -gas  

s y s t e m  a t  t he  BSR c o n s i s t s  o f  a d i f f e r e n t i a l  p r e s s u r e  t r a n s m i t t e r  (956, 

connected t o  the  o f f  -gas surge  tank) which t r ansmi t s  a pneumatic s i g n a l  

t o  a vacuum gauge mounted i n  the  v e r t i c a l  c o n t r o l  room panel.  (See 

Sec t ion  7 . 2 ~  f o r  d e t a i l s  o f  t he  normal o f f -gas  system.) 

3.2f. Process Instrumentat ion Checkout Procedures 

The performance checks made on t h e  process ins t rumenta t ion  are 

included i n  t h e  procedures given i n  Sec t ion  3. le .  
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3.3. The Local  Console  

F i g u r e  3 . 3 . 1 .  i l l u s t r a t e s  t h e  l o c a l  BSR c o n t r o l  room. A l l  t h e  con- 

t r o l s  and i n d i c a t i n g  i n s t r u m e n t s  a r e  l a b e l e d  t o  f a c i l i t a t e  complete  com- 

prehens ion  of  t h e  o p e r a t i n g  procedures .  

3.3a.  Left-Hand S i d e  of  Console  

The l e f t - h a n d  s i d e  of  t h e  c o n s o l e  has  t h e  fo l lowing  s w i t c h e s  and 

r e a d o u t s  (exc luding  t h e  r e c o r d e r s  and a n n u n c i a t o r s )  : 

1. The s e l s y n s  ( p o s i t i o n  i n d i c a t o r s )  f o r  c o n t r o l  rods  1, 2 .  3 ,  and 

4 .  NOTE: Above each  s e l s y n  t h e  fo l lowing  i n f o r m a t i o n  is d i s -  

p layed by l i g h t e d  i n d i c a t o r s :  

a.  "LL" when t h e  rod  d r i v e  is a t  itrs lower limit of  t r a v e l .  

b. "S" when t h e  r o d  is  f u l l y  i n s e r t e d  i n  t h e  c o r e j  i . e . ,  a t  

s ea t .  

c. "C" when t h e  magnet and armature  are engaged, i . e . ,  

c l u  tched . 
d.  "UL" when t h e  rod  d r i v e  is  a t  i t s  upper  l i m i t  o f  t r a v e l .  

2. B e l o w  each  s e l s y n  a t o g g l e - t y p e  e l e c t r i c a l  s w i t c h  i s  l o c a t e d .  

When i n  t h e  UP p o s i t i o n ,  i n d i v i d u a l  rod wi thdrawal  is  r e q u e s t e d ,  

When i n  t h e  DOWN p o s i t i o n ,  i n d i v i d u a l  rod i n s e r t i o n  is r e q u e s t e d .  

3 .  Below t h e  i n s e r t  and withdraw s w i t c h  for t h e  N o .  1 c o n t r o l  rod ,  

t h e  red "bui ld ing-evacuat ion"  b u t t o n  and t h e  green  "horn- 

s i l e n c e "  b u t t o n  a r e  l o c a t e d .  (The f u n c t i o n s  o f  t h e s e  s w i t c h e s  

are d e s c r i b e d  i n  S e c t i o n  3.5.) 

4 .  Below t h e  b u i l d i n g - e v a c u a t i o n  b u t t o n ,  t h e  a n n u n c i a t o r  "acknow- 

ledge  reset" s w i t c h ,  a t o g g l e - t y p e  e l e c t r i c a l  s w i t c h ,  is  loca-  

t e d .  (See S e c t i o n  2.4b fo r  a d e s c r i p t i o n  o f  t h e  f u n c t i o n s  o f  

t h i s  swi tch . )  
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5 .  Under t h e  metal door, seven toggle- type e l e c t r i c a l  switches 

are loca ted .  The swi tch  on t h e  r i g h t  is t h e  master raise- 

c l u t c h  switch.  The s i x  switches on t h e  l e f t  are t h e  i n d i v i -  

dua l  rod-dr ive  r a i s e - c l u t c h  switches.  (The func t ion  of  t hese  

switches i s  descr ibed  i n  Sec t ion  3. ld . )  Normally, t he  s i x  

rod-dr ive  switches are i n  t h e  c e n t e r  p o s i t i o n  and t h e  master 

r a i s e - c l u t c h  swi tch  i s  i n  t h e  run pos i t i on .  

3e3b. Right-Hand Side o f  Console 

The r igh t -hand s i d e  of  t h e  console  has t h e  fol lowing switches and 

readouts  (excluding t h e  r eco rde r s  and annuncia tors ) :  

1. Selsyn  i n d i c a t o r s :  "LL", "S", IT" , and "UL" i n d i c a t o r s ;  and 

i n s e r t  and withdraw switches f o r  c o n t r o l  rods 5 and 6 .  

2 .  A s e l s y n  i n d i c a t o r  showing the  p o s i t i o n  of  t h e  f i s s i o n  chamber 

(0 t o  50 in .  o f  t r a v e l )  and 'ILL" and 'WL" i n d i c a t o r s .  The 

manual c o n t r o l s  f o r  t h e  f i ss ion-chamber-pos i t ion ing  mechanism 

is a toggle- type  e l e c t r i c a l  swi tch  loca ted  below t h e  s e l s y n  

ind ica to r .  When the  swi tch  is i n  t he  UP pos i t i on ,  f i s s i o n -  

chamber withdrawal is reques ted ;  when t h e  swi tch  is i n  the  

DOWN pos i t i on ,  f ission-chamber i n s e r t i o n  is requested.  

3 .  A s e l s y n  i n d i c a t o r  showing t h e  percentage ( 5  t o  100%) of  t h e  

demanded power range. I f  5% is  s e l e c t e d ,  t h e  lower l i m i t  l i g h t  

(LL) above t h e  i n d i c a t o r  w i l l  come on;  t h e  u p p e r  l i m i t  (UL) 

w i l l  come on a t  about 110%. The c o n t r o l s  f o r  t h e  demand 

( logar i thmic  potent iometer)  is a toggle- type  e l ec t r i ca l  swi tch  

loca ted  below t h e  d i a l  i n d i c a t o r .  When t h e  switch is  i n  the  

UP pos i t i on ,  r a i s i n g  of t h e  demand is  reques ted ;  when it is i n  

the  DOWN pos i t i on ,  lowering of t he  demand i s  reques ted .  
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4. There are nine i n d i c a t o r - l i g h t  and/or switch panels  on the  

r ight-hand s i d e  of t h e  console .  They appear as shown below 

and t h e i r  func t ions  a r e  as ind ica t ed .  

a. The switch i n  the  cen te r  of ~1 the  panel a l lows one t o  s e l e c t  

rod 1, 2, o r  3 as the  p re f -  

f e r r ed  rod (see Figure 3.3.2). Rod 
Pref.  

b. The switch i n  t h e  c e n t e r  of 
Figure 3.3.2 

the  panel a l lows one t o  s e l e c t  

manual o r  automatic c o n t r o l  of 

t he  fission-chamber d r i v e  (see 

Figure 3.3.3). 

c. I f  t he  top  s e c t i o n  b r igh tens ,  

the  condi t ions  requi red  t o  

withdraw rods a r e  s a t i s f i e d .  

If t h e  lower l e f t  s e c t i o n  

b r igh tens ,  the  r e g u l a t i n g  rod 

i s  a t  i t s  lower l i m i t  (1% of 

t r a v e l ) .  I f  t he  lower r i g h t  

s e c t i o n  br ightens ,  the  regu- 

l a t i n g  rod i s  a t  i t s  upper 

l i m i t  (99% of t r a v e l ;  see  

Figure 3.3.4). 

d.  The switch i n  t h e  c e n t e r  of 

the panel i s  the  group-actuate  

switch.  When the  switch i s  

F i s s i o n  

Figure 3.3.3 

Permit I WDR 

Figure 3.3.4 
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J; 

t 
F i g u r e  3.3.5 

h e l d  i n  t h e  c lockwise  p o s i -  

t i o n ,  group withdraw of a l l  

r o d s  i s  r e q u e s t e d .  When t h e  

s w i t c h  i s  placed i n  t h e  coun- 

t e r c l o c k w i s e  p o s i t i o n ,  group 

i n s e r t i o n  of a l l  r o d s  i s  r e -  

q u e s t e d ,  "Hold" i s  t h e  n e u t r a l  

p o s i t i o n  (see F i g u r e  3.3.5).  

e .  The s w i t c h  i n  t h e  c e n t e r  o f  t h e  pane l  i s  t h e  s e r v o - s e l e c t o r  

s w i t c h ,  When t h e  s w i t c h  i s  turned  c lockwise ,  s e r v o  i s  

o b t a i n e d  (assuming o t h e r  c o n d i t i o n s ,  l i s t e d  i n  S e c t i o n  

3 . ld  a r e  s a t i s f i e d )  and t h e  

s e c t i o n  w i l l  b r i g h t e n .  l l o n l l  

Unless  t h e  r e a c t o r  i s  i n  i n s t r u -  

ment s ta r t  when t h e  s w i t c h  i s  

turned  counterc lockwise ,  servo 

i s  no longer  r e q u e s t e d  and t h e  

" o f f "  s e c t i o n  b r i g h t e n s .  "Hold" 

i s  t h e  n e u t r o n  p o s i t i o n  ( see  

F i g u r e  3.3.6).  

f .  The s w i t c h  i n  t h e  c e n t e r  of t h e  

pane l  i s  t h e  i n s t r u m e n t - s t a r t  s e l e c t o r  swi tch .  When t h e  

s w i t c h  i s  turned  c lockwise ,  i n s t r u m e n t  s t a r t  r e q u e s t  i s  

o b t a i n e d  (assuming o t h e r  c o n d i t i o n s ,  l i s t e d  i n  S e c t i o n  

3 . ld  a r e  s a t i s f i e d ) .  Once i n s t r u m e n t  s t a r t  i s  o b t a i n e d ,  

t 
F i g u r e  3 . 3 . 6  

$:The arrows i n d i c a t e  t h e  d i r e c t i o n  of s p r i n g  a c t i o n .  



(3.3b cont inued)  3-112 

t h e  "on" s e c t i o n  w i l l  b r i g h t e n .  

when t h e  s w i t c h  i s  turned  coun- 

t e r c l o c k w i s e ,  i n s t r u m e n t - s t a r t  

i s  no longer  r e q u e s t e d  and t h e  

"off"  s e c t i o n  b r i g h t e n s .  "Hold" 

i s  t h e  n e u t r a l  p o s i t i o n  (see 

F i g u r e  3 . 3 . 7 ) .  

The t o p  s e c t i o n  of t h i s  pane l  

b r i g h t e n s  when "run" i s  o b t a i n e d ;  

the bottom s e c t i o n  b r i g h t e n s  when 

t h e  c o n d i t i o n s  for  "run" a r e  n o t  

s a t i s f i e d  ( see  F i g u r e  3 . 3 . 8 ) .  

h .  The t o p  s e c t i o n  of t h i s  pane l  

b r i g h t e n s  when t h e  key s w i t c h  i s  

i n  t h e  ON p o s i t i o n .  The lower 

l e f t  s e c t i o n  of t h i s  pane l  

g.  

b r i g h t e n s  when t h e  f l a p p e r -  

v a l v e  i s  f u l l y  c losed  (see 

F i g u r e  3 . 3 . 9 ) .  

i. The upper  l e f t  s e c t i o n  of t h i s  

pane l  b r i g h t e n s  if t h e  r e a c t o r  

i s  scrammed by t h e  "make-up" 

- :i. 
Off Hold 

I n s t .  
S t a r t  

F i g u r e  3 . 3 . 7  

F i g u r e  3 . 3 . 8  

Power 

F i g u r e  3 . 3 . 9  

scram c i r c u i t .  The upper r i g h t  

s e c t i o n  of t h i s  panel  b r i g h t e n s  i f  t h e  r e a c t o r  i s  scrammed 

by t h e  "drop-out" scram c i r c u i t .  The lower s e c t i o n  i s  

*The arrow i n d i c a t e s  t h e  d i r e c t i o n  of s p r i n g  a c t i o n .  
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F i g u r e  3 . 3  e 10 

always b r i g h t e n e d  and s imply 

i d e n t i f i e s  t h e  s w i t c h  i n  t h e  

c e n t e r  of t h e  p a n e l .  T h i s  

s w i t c h  must be depressed  t o  

reset t h e  slow scram c i r -  

c u i t s  ( s e e  F i g u r e  3.3.10),  

6 .  There are two o t h e r  s w i t c h e s  on 

t h e  r igh t -hand s i d e  of t h e  con- 

s o l e .  

a. Key Switch.  - Only w i t h  t h e  key s w i t c h  i n  the ON p o s i t i o n  

i s  e l e c t r i c a l  power s u p p l i e d  t o  t h e  r e a c t o r  s t a r t - u p  con- 

t r o l  c i r c u i t s .  I n  t h e  OFF p o s i t i o n ,  t h e  e l e c t r i c a l  power 

t o  t h e  s t a r t - u p  c o n t r o l  c i r c u i t s  i s  o f f ;  t h e  r e a c t o r  i s  

scrammed and r e m D t e  o p e r a t i o n  cannot  be s e l e c t e d .  

b .  Scram But ton .  - Depress ing  t h e  l a r g e ,  r e d - c o l o r e d  b u t t o n  

on t h e  c o n s o l e  w i l l .  i n i t i a t e  a slow scram. 

7.  On panel  I B t h e  f o l l o w i n g  swi tches  are  l o c a t e d :  

a.  The "power-range" s e l e c -  

to r  d i a l .  - Seven p o s i t i o n s  

are i n d i c a t e d  (2 w j ~ :  20 w, 

200 w, 2 kw, 200 kw, and 2 

M w ) ;  see F i g u r e  3.3.11. 

Power Range 

20 kw 2 kw 

200 k 

2 Mw 

b.  Above t h e  "power-range" 

~ 

F i g u r e  3.3.11 

s e l e c t o r  d i a l ,  t h e  l o c a l  remote c o n t r o l  s w i t c h  i s  l o c a t e d .  

When t h i s  s w i t c h  i s  turned  c lockwise ,  remote o p e r a t i o n  i s  

*Although t h i s  p o s i t i o n  i s  i n d i c a t e d ,  i t  i s  n o t  a v a i l a b l e  f o r  use.  
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se l ec t ed .  When t h i s  switch i s  turned counterclockwise,  

l o c a l  opera t ion  is  se l ec t ed .  This  switch i s  spr ing  ac tua ted  

t o  r e t u r n  t o  the  n e u t r a l  (or HOLD) pos i t i on .  
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3.4. The Remote Console 

The i n s t r u m e n t a t i o n  a l l o w i n g  remote c o n t r o l  o f  t h e  KSR i s  l o c a t e d  

on t h e  r i g h t - h a n d  s i d e  of t h e  ORR conso1.e ( s e e  F i g u r e  3.4.1) .  

3.4a. Left-Hand S i d e  of Panel  

I n  t h e  upper  l e f t - h a n d  c o r n e r  of t h e  pane l ,  t h r e e  emergency-control  

b u t t o n s  a r e  l o c a t e d .  

1. The red-colored  b u t t o n  w i l l  a c t u a t e  t h e  gas-opera ted  e v a c u a t i o n  

horn a t  t h e  BSR. 

2 .  The green-colored  b u t t o n  w i l l  s i l e n c e  t h e  horn  as long as the  

b u t t o n  i s  b e i n g  d e p r e s s e d .  

3. The b l a c k - c o l o r e d  b u t t o n  w i l l  p l a c e  t h e  BSR i n  containment .  

NOTE: These s w i t c h e s  are e f f e c t i v e  a t  a l l  t imes . ; ' :  

3.rCb. U p p e r  Right-Wand S i d e  of Panel  

1. I n  t h e  upper r i g h t - h a n d  c o r n e r ,  two i n d i c a t o r - l i g h t  p a n e l s  a r e  

l o c a t e d .  If t h e  s e c t i o n  l a b e l e d  1, 2 ,  3, 4 ,  5, or  6 b r i g h t e n s ,  

t h e  r e s p e c t i v e  rod i s  s e a t e d  i n  t h e  c o r e .  I f  t h e  "Pro" s e c t i o n  

b r i g h t e n s  (on t h e  bottom s e c t i o n  of t h e  r igh t -hand a n n u n c i a t o r )  ~ 

a process-sys tem a n n u n c i a t o r  i n  p a n e l  - G a t  t h e  BSR i s  i n  t h e  

alarm c o n d i t i o n  and h a s  riot been aclinowledged. I f  t h e  "NUC" 

s e c t i o n  b r i g h t e n s ,  a t ir iclear-system a n n u n c i a t o r  i n  pane l  - C o r  

D_ a t  t h e  BSR i s  i n  t h e  alarm c o n d i t i o n  and has not  been acknowl- 

edged. 

W x c e p t  f o r  those  swi tches  i n d i c a t e d  in t h i s  manner, all. remote- 
c o n s o l e  s w i t c h e s  are onLy e f f e c t i v e  when remote o p e r a t i o n  i s  s e l e c t e d .  
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I 

F i g .  3 . 4 . 1 .  BSR Remote Control Console 
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. -  

2.  Two meters are loca ted  d i r e c t l y  below the  two annunciators  l i s t e d  

above. 

a .  The r ight-hand meter i n d i c a t e s  the  r a d i a t i o n  l e v e l  a s  d e t e r -  

mined by the  "12 r /hour  monitor" ( loca ted  west of the  BSR 

l o c a l  con t ro l  room); the meter s c a l e  reads  0-12. 

b .  The le f t -hand  m e t e r  i n d i c a t e s  t he  r a d i a t i o n  l e v e l  as d e t e r -  

mined by t h e  "high-bay monitor" ( loca t ed  w e s t  of and above 

t h e  BSR l o c a l  c o n t r o l  room). The meter s c a l e  reads  0-25; 

mul t ip ly  the meter reading by 5 t o  o b t a i n  the  r a d i a t i o n  dose 

r a t e  i n  mr/hr.  

3 .  Below these  two meters, a t h i r d  i n d i c a t o r - l i g h t  panel  and a scram 

switch are loca ted .  

a .  I f  t he  top  s e c t i o n  of  t he  i n d i c a t o r - l i g h t  pane l ,  " r eac to r  on", 

i s  br ightened ,  no scram cond i t ion  e x i s t s .  I f  t he  93SR" sec- 

t i o n  i s  br ightened ,  l o c a l  c o n t r o l  i s  s e l e c t e d ;  i f  the  "ORR" 

s e c t i o n  i s  br ightened ,  remote con t ro l  hqs been s e l e c t e d .  

b. Turning the  scram swi tch  i n  e i t h e r  d i r e c t i o n  o f f  t he  cen te r  

p o s i t i o n  w i l l  scram the  r e a c t o r .  NOTE: This  switch i s  

e f f e c t i v e  a t  a l l  t i m e s .  

4 .  Below the  two instruments  descr ibed  above, two more meter posi-  

t i o n s  a r e  provided. 

a. The le f t -hand  meter (0-to-200 s c a l e )  i n d i c a t e s  the  r e a c t o r  

power l e v e l  a s  determined by the  N o .  1 s a f e t y  recorder .  

b. The r ight-hand meter p o s i t i o n  i s  not  i n  use.  

5 .  Below these  two meters, two toggle- type e l e c t r i c a l  switches a r e  

loca t ed  e 
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a. The left-hand switch is the logarithmic potentiometer demand 

adjustment switch; its range is for 5% to 100% (the same as 

the range at the local control). 

The right-hand switch allows manipulation of the preferred 

rod. In the UP position, rod withdrawal is requested; in 

the DOWN position, rod insertion is requested. (Preferred- 

rod withdrawal will not occur unless the reactor is under 

servo control and unless the regulating rod is above its 

midrange limit switch. Preferred-rod insertion is allowed 

until the seat switch or the lower limit switch for that rod 

is actuated even if the reactor is not in servo control.) 

This switch should be used to maintain the regulating-rod 

position between 10 to 90% of its range as indicated on the 

local regulating-rod recorder. 

b. 

6 .  Below the two switches described above, the annunciator "acknowl- 

edge-reset" switch (a toggle-type electrical switch) is located. 

When the reactor is in remote operation, the functions of this 

switch are the same as that of the local BSR annunciator "ac- 

knowledge-reset" switch (see Section 2.4b for functions of this 

switch). 

7. Below the instruments described above are the controls for the 

high-bay and control-room television cameras. The controls are 

labeled sufficiently well to allow one to manipulate this monitor- 

ing system. 

a. When improved quality of the picture is desired, zoom the 

lens in fully; i.e., until the objects viewed are as large 
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as possible. (To zoom the lens in, move the zoom swi-tch to 

the far position; to zoom the lens out, move the zoom switch 

to the near position.) Adjust the lens focus for the sharp- 

est picture of the desired object. Focus for that object will 

then remain while the lens is zoomed in or out. 

on an object at a different distance is desired, zoom the lens 

in fully and adjust the lens focus again. 

If focusing 

b. Operations Division personnel should not attempt to adjust 

any television-system controls except the following console 

controls: focus, iris, and zoom; and receiver controls H 

hold (horizontal. hold), V hold (vertical hold), and brightness. 

Adjustment of all. other controls should be made by Instrumen- 

tation and Controls Division personnel. Abnormal conditions 

which Operations Division personnel may attempt to correct 

and the procedures to be followed are as follows: 

(1) If the picture "rolls" vertically, the "V hold" control 

should be adjusted. 

(2 )  If the p i c t u r e  seems ta move across the tube or if the 

picture becomes a series of slanted lines, the '11 hold" 

control should be adjusted. 

( 3 )  If neither of the adjustments listed above restore the 

picture, make no further adjustments and notify Instru- 

mentation and Controls Division personnel. 

( 4 )  I f  the picture tube goes blank, adjust the "brightness" 

control until the picture tube is illuminated. If no 

picture is present, make no further adjustments and 

notify Instrumentation and Controls Division personnel. 
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(NOTE: Once t h e  p i c t u r e  d isappears ,  i t  cannot be re- 

s to red  by the  normal console  c o n t r o l s ;  i . e . ,  focus,  

i r i s ,  zoon, pan, and tilt .  No a t tem.pt  should be made 

t o  a d j u s t  these  c o n t r o l s  s ince  t h i s  w i l l  probably 

r e s u l t  i n  ru in ing  the  motors operated by these  con- 

t r o l s  .) 

c.  During per iods when t h e  r e a c t o r  i s  shut  down o r  i s  being 

operated l o c a l l y ,  t h e  i r i s  should be kept  s u f f i c i e n t l y  c losed 

so t h a t  only a very f a i n t ,  bu t  l e g i b l e ,  p i c t u r e  i s  d isp layed .  

(This w i l l  prolong t h e  camera-tube l i f e  and w i l l  he lp  prevent  

image burn.) A t  no time should the  camera be l e f t  focused on 

any b r i g h t  ob jec t  f o r  long per iods of t i m e .  (This would 

r e s u l t  i n  t h e  image being permanently impressed upon the  

f ace  of t h e  camera tube.)  

d. During per iods when the  r e a c t o r  i s  being operated remotely 

and when the  v e r t i c a l  c o n t r o l  panel i s  not being scanned, the  

camera should be zoom,ed out  so t h a t  most of t he  nuc lear -  

ins t rumenta t ion  recorders  can be observed. (Of these  r e -  

corders ,  the  regula t ing- rod  recorder  i s  the  least  s i g n i f i c a n t  

t o  watch cons t an t ly . )  I f ,  when the  camera i s  zoomed i n  on an 

ob jec t ,  i t  i s  d e s i r e d  t o  view an o b j e c t  not  immediately ad ja -  

cen t ,  zoom out  u n t i l  t h e  second ob jec t  i s  i n  view o r  u n t i l  

t h e  maximum area i s  i n  view. Then move the  camera t o  br ing  

the  second ob jec t  t o  the  cen te r  of t he  p i c t u r e  tube;  f i n a l l y ,  

zoom i n  on the  second ob jec t .  NOTE: I f ,  dur ing remote oper- 

a t i o n ,  only one of t he  two channels i s  a v a i l a b l e  and i f  t h a t  

channel f a i l s ,  t h e  opera tor  should immediately scram the  

r e a c t o r .  
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3.5. Radiation and Contamination Monitors 

1 3.5a. The Facility Radiation and Contamination Alarm System (FRCAS) 

The facility radiation and contamination alarm system, installed 

in the reactor facility, continuously and automatically monitors gamma 

radiation (by three gama Monitrons) and air contamination (by three 

beta-gamma monitors.) 

These instruments and other components in the network provide health 

physics monitoring information, sound local alarms when abnormal condi- 

tions occur, and indicate abnormal conditions on  a central panel board 

in the control room. These local alarms also sound the local "RS&C Sys- 

tem" annunciator; this is used to bring the situation to the attention 

of the remote-desk operator. 

Operating personnel are first given warning when a "caution level'' 

is detected by a radiation Monitron or an air monitor. A second warning 

is given when a "high level" is detected. 

The building evacuation and containment systems operate automati- 

cally when two or more radiation Monitrons dete.ct a high level of radiation 

or when two or more air monitors detect a high level of air contamination. 

Radiation, contamination, and instrument-failure signals from the 

local continuous air monitors and Monitrons are collected and processed 

at the radiation warning panel in the control room. It is intended that 

the reactor operator monitor the radiation warning panel and report 

J. A .  Russel, Jr., and D. J. Knowles, Description of Facility 
Radiation and Contamination Alarm Systems Installed in the Bulk Shielding 
Facility, Building 3010, ORNL TM-1874, (August 22, 1967). 

1 
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promptly to local representatives of the Applied Health Physics Department 

any abnormal condition that appears. The Health Physics personnel are 

responsible for determining the extent of any radiation or contamination 

hazard, according to their procedures, and for establishing suitable safe- 

guards. They are also responsible for maintaining the system and for all 

operations on, and routine surveillance of, the local continuous air 

monitors and Monitrons. 

In monitoring the radiation warning panel, the reactor operator is 

concerned with the following features: 

1. Indicator Modules. - Alarm lamps, normally glowing dimly, become 
bright to signal their respective alarm conditions: white lamp 

for instrument failure; yellow lamp for intermediate level 

(7.5 mr/hr for the radiation Monitron and 1,000 counts/min for 

the air monitors); and red lamp for high level (23 mr/hr for 

the radiation Monitron and 4,000 counts/min for the air moni- 

tors). A reset button on each module dims the alarm lamps; they 

remain dimmed after release of the push button provided the alarm 

condition no longer exists. 

2. Buzzer Modules. - Any alarm condition signaled by an indicator 
module is called to the operator's attention by an audible alarm. 

The audible alarm is acknowledged and silenced by the push button 

on the buzzer module. (The "RS & C" annunciator at the BSR con- 

trol room will, simultaneously, alarm and must also be acknowl- 

edged and silenced a ) 

3. Evacuation-Alarm Modules. - One evacuation-alarm module is actu- 

ated by any two radiation-Monitron high-radiation signals and 
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t h e  o t h e r  by any two a i r -moni tor  h igh - rad ia t ion  s i g n a l s .  A 

red l a m p  glows b r i g h t l y  on the module which i s  i n  t h e  "alarm" 

cond i t ion .  

4 .  Evacuation System 

a. Horn, - The evacuat ion-alarm module i n  ALARM t u r n s  on the  

evacuat ion  horn which cont inues  t o  sound €or  3 o r  4 minutes 

u n t i l  i t s  compressed-gas r e s e r v o i r  i s  exhausted.  Af t e r  

dep le t ion ,  t he  r e s e r v o i r  must be replaced and the  solenoid 

t r i p  va lves  manually r e s e t  whi le  the  green "s i lence"  but ton  

i s  being depressed t o  keep the  n i t rogen  cy l inde r  from be- 

coming deple ted .  

b. Beacons. - The evacuat ion-alarm module i n  ALARM t u r n s  on 

the  f l a s h i n g  beacons. They remain i n  ope ra t ion  u n t i l  the  

alarm cond i t ion  i s  c l ea red ;  i.e., u n t i l  s u f f i c i e n t  i n d i -  

c a t o r  tqodules have been reset so t h a t  n e i t h e r  of t he  two 

evacuat ion-alarm modules remains i n  t h e  alarm condi t ion .  

c .  Manual Control  f o r  Evacuation A l a r m .  - The t h r e e  red evacua- 

t i o n  alarm push bu t tons  ( loca ted  on t h e  l o c a l  console,  on 

the  remote console ,  and on a sepa ra t e  module o f  t h e  r ad ia -  

t i o n  panel )  a c t u a t e  the  evacuat ion horn and beacons; t h e  

beacons s top  when t h e  push bu t ton  i s  r e l eased .  

5. System Monitor and Tes t  Fea tu res  

a. Power Supply. - The "power supply" l a m p  (green) glows 

b r i g h t l y  when t h e  power supply i s  normal. 

b .  Horn Trouble.  - The red l a m p  f o r  t he  horn normally blows 

dimly; t he  l a m p  glows b r i g h t l y  when t h e  supply pressure t o  

the  horn i s  abnormal. 
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c. Local Instrument (i.e*, Radiation Monitor or Air Monitor) 

Removal. - All three lamps on the associated indicator 

module glow brightly when the local instrument is discon- 

nected. If the instrument is a part of the evacuation 

system, its removal is equivalent to a high-radiation 

alarm. 

d. Normal-Disable Test Switch. - When in the DISABLE position, 
this key-operated switch prevents the evacuation horns 

and beacons from operating when an evacuation-alarm module 

is in the ALARM condition. However, in.the DISABLE posi- 

tion, the switch signals an evacuation-alarm condition to 

the Emergency Control Center; the center (3-6646) should, 

therefore, be notified before the switch is operated. 

3.5b. Miscellaneous Radiation Monitors 

In addition to the facility radiation and contamination alarm Sys- 

tem, there are three radiation monitors of primary concern. These are 

the high-bay radiation Monitron (alarms at 125 mr/hr), the cell-venilation- 

duct monitor (alarms at 50 mr/hr), and the radiation monitor west of the 

control room (alarms at 12 r/hr). The instrumentation for these three 

units should be checked occasionally, in addition t o  those checks required 

on the checklist, to be sure the "power on" lights are on. (The first two 

of these three instruments will place the building in containment when 

their alarm points are reached.) 

3.5~. Procedure for Checking the Systems by Operations Personnel 

1. Once a week the 12-8 shift will make a performance test on the 

evacuation horns and the radiation monitors as follows: 
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a.  

b. 

C .  

d .  

e .  

f .  

g *  

h.  

Notify the  Emergency Control  Center (3 -6646)  t h a t  t h e  evac- 

u a t i o n  horns a t  the  BSR w i l l  be t e s t e d .  

S t a t i o n  an opera tor  a t  t he  l o c a l  c o n t r o l s  f o r  the horn and 

i n s t r u c t  him t o  c l o s e  the  va lves  on a l l  n i t rogen  tanks con- 

nected t o  the  horn.  

Announce over the  publ ic-address  system t h a t  t h e r e  w i l l  be 

a t e s t  of t he  bu i ld ing  evacuat ion horns.  

Depress t h e  evacuat ion-horn bu t ton  ( e i t h e r  t he  one on the  

console ,  t he  one on the FRCAS panel ,  o r  the one on the  remote 

console .  Af t e r  about 5 sec ,  t he  horn w i l l  sound a s h o r t  

b l a s t ,  the  bu i ld ing  beacon l i g h t s  should s t a r t  f l a sh ing ,  and 

the  horn t roub le  l i g h t s  should b r igh ten .  

Reset t he  FRCAS panel ;  have the  opera tor  r e s e t  t he  horn 

solenoid valve manually and open the  n i t rogen  tank va lves .  

Announce over t he  publ ic-address  system t h a t  the  t e s t  i s  

over .  

No t i fy  the  Emergency Control  Center t h a t  the  t es t  i s  over .  

Check t o  be su re  t h a t  the n i t rogen  gas supply i s  not  deple ted .  

(If deple ted ,  t he  red-colored "horn" l i g h t  w i l l  b r igh ten  on 

the  FRCAS panel . )  

2 .  Also, once a week on the 12-8  s h i f t  r eques t  a h e a l t h  p h y s i c i s t  

t o  supply a r ad ioac t ive  source and t o  a s s i s t  i n  checking the  

alarm l e v e l s  f o r  each r a d i a t i o n  monitoring u n i t .  This  check 

should be performed as follows: 

a. Announce over t h e  publ ic-address  system t h a t  t h e r e  will be a 

t e s t  o f  t h e  bu i ld ing  r a d i a t i o n  monitors.  



( 3 . 5 ~  c o n t i n u e d )  3-.126 

b. A s  t h e  "caut ion" and "h igh- leve l"  alarms are i n i t i a t e d ,  

announce over  t h e  p u b l i c - a d d r e s s  system which u n i t  was a c t u -  

a t e d  and t h e  alarm l e v e l .  Reset t h e  i n d i c a t o r  module f o r  

each u n i t  b e f o r e  t e s t i n g  t h e  next  u n i t .  

c .  Log any a b n o r m a l i t i e s .  

d .  Announce over  t h e  p u b l i c - a d d r e s s  system t h a t  t h e  t e s t  i s  

completed.  

I n  a d d i t i o n  t o  t h e  checkouts  d e s c r i b e d  above, t h e r e  i s  a 

r o u t i n e  performance check made on t h e  r a d i a t i o n  moni tors  by a 

h e a l t h  p h y s i c i s t  once each  month. 

4 ,  On a monthly b a s i s ,  personnel  from t h e  I n s t r u m e n t a t i o n  and Con- 

t r o l s  D i v i s i o n  r o u t i n e l y  check v a r i o u s  components of t h e  FRCAS. 

The check-out procedure i s  shown i n  Example 3.5.1. 
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E x a m p l e  3.5.1. Facility R a d i a t i o n  and C0ntamina.t Lon System Checkout 
Procedure 

FAClLlrY RADIATION AND CONTAMINATION SYSTEM CVECK-OJT PRGCEDURF (Cnntinved) 

~ _ _ _ _ _  ....... ______ __ __ __ ____ . ......... ...... ......... 
b r p a c  o w l  Procedure C n r r r t  operdio" 

......... ........ ...... 1-1 
.......... ...... ~ _ _ _  .......... 

a. l n ~ r e a r e  rodintion at w e  oiv monitor to 
high-alnrm Icvcl .  

b.  Increore radioiion at r e r o d  air mni iw in 
lorn syitsm to high-alnrm level .  

c .  Remove rodiotion I Y ! ; ~ C D I  

4. Sat t w  coinci&nt "High-Lpvel" rilmtns on 
the Facility Contomirvt im Syifern. 

7. Twt high-preswrc darn by miring ?ei;cre 
reyulotor 
pi. 

i n  htxn box to mme than 110 

8. Close tank YOIYCI. Set two coincidence 
a l i m i  on Focility Radiation Ty+sm. 

C .  Concluje rev 

9. Rspcot stop 5 .  

I O .  Repeat step 6. 

I I. Close vdvcs on tunkr a d  p i i h  r . c n ~ o l  
w o w o t i m  button. 

h z r e i ,  channnl olurn..~, ond coirridcrsce d o r m  
noted on irntiol panel, Ham sound D r h w  
b b t ,  a l i m  ihcmld indicate at Emrr,ancy Con- 
trol Center, ond flashing lights outside bui ld ing  
rhwld 5tmt. *n trovble lights ot cenhol 
poml becore b i p h t .  Low pesure n!am lights 
on test bon me lightad. 
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Example 3.5.1 (continued) 

FAClLllY RP.DIATION AND CONTAMINATION SYSTEM CHECK-WT PROCEDURE 

BUII.DiNG MI0 

caricct Operotion Test hrpore ord Roccdure 

I. 

a. 

b. 

2. 

a. 

b. 

C .  

Relimimty 

Dimble e v ~ c w t i o n  porticn of iydem 

Check ~ n e l  lamp 

Focility BetoGamna Contamidion 5y.t- 

' lnoprmtirr"  a lum 

'High-Level" d a m  

3. Facility Rodieicn Sptcm 

(I. "lnopereiva" d o m  

c .  "High L e v c l " a l a m  

d. Return qrtsm to mrml 

4. Evacuation S p h m  

a. 

Repme l o  test iyrtem. 

I. 
3-td.46) aid notif,y dirpotchs of coming ohm. 

2. Obtoln cleuoncc f r m  the o v a t o r  ond 
hove test a ~ r . w n c a d  on plbl ic  adheu z p t e m .  

3. Twn key w i t c h  to "Disable" ond c1cs.c 
volves on N tanks for r h i i t l c i .  

Contoct Ernrrgenry Ccnhol Centw &w.e 

Emmine 011 p"el lamps 

Test a11 monitai  irdividvolly (me chcckwt 
rhectr fa IocOtioni). 

I .  Unplug in5trument. 

2. Plug in inrtnJmnt. 

I. Inmeme gommo C W P ~  rote with IWTW to 
Emtion-alarm levsl .  

2. Reme\* m r c e  until he cwnt rote i s  below 
covtim level. 

1. lnaecse coynt rote with rwce  to high- 
o l i r m  level. 

2. R*move wurce, r a e t  inrhumnt. 

Test a l l  M n i t r i l l i  individually (see chockwt 
rhsetr f a  locotionr). 

1 .  Unplug initrumnt. 

2. Plug in inrhumnt. 

1 .  lnaeme rrnliation level with m r c e  to 
7.5 m r h .  

2. Remove S M C ~  until rodioticn level i s  la511 
thon 7.5 m r h r .  

1. lnaeose radiation I c w I  w i h  -me to 23 
m h r  . 

2. Remove until d i c t i o n  level i, 1-1) 
tho7 7.5 mhr.  

Turn key switch tu "Namol."  

Dircmneitr cvncvotien whistler a d  b a c o n  
lights. Give5 cvocuatirin alarm sign01 01 
Emergency Conhcl G n t a .  

All la- arc dim. 

hzzer w.mdr 04 white lamp glows tr ight lv.  
h r r e r  can br reset, but lamp cawot be relet 

After I-min delav, white lmmp .wi l l  rnet 

b z r e r  scundr a d  yellow lomp glewr bight lv.  
h z z e r  coo he reret, hrt lamp cannot be reset 

Yellow lomp C"" b reset 

b r i e r  rounds Md yellow ord rad lamp glow 
biyht1.y. h z z w  con be rewt, but nettki 
lomp con be reset. 

Yellow a d  red lamps can be reset 

& n e ,  rounds md white lamp glwm b igh t lv .  
b u e r  cm" h reset, 1 1  lamp carnot bc re-1. 

After I-mindelov, white Imp wi l l  m e t .  

Buzzer s w d  4 yellow lomp g l o w  b igh t lv .  
b z z e r  can b reset, hrt lamp cannot be r t r t .  

Y e l l o r l m p c o n b c l e r e l .  

Permits beacon lights <sod Energelxy Control 

Enagency Control Cent- slmm wi l l  m e t .  

A coincidence of two high-level d a r n  from 
Fac i l ih  Codaminatim Syitcm a Facility 
Rrnliation System ihovld q a o t e  t k  ewcwtion 
hwn, m n l a  lights wuhide buildir) r h w l d  
flarh, and L i l d i n g  2Y)Orhmld receive c m e c t  
almm l ight. Key-witch l d w t  of b n  o d  
lights, o d  g m  tar* p--re switch ihar ld olio 
tC tested. 

Check Emsrgency CoMrol Cantsr. A d i o t i m  
a d  contonimtian o l o m  r h l d  be KIal t h e .  

A coincibnce d t* rohi#v-kvr l  al- hon 
FociliFy Contomirdim Syxtcn 01 FrrCiliFy 
Radiotim Syrlem sharld apcrata thc ' p p o p i o h  
"Evacuation' &le. &d I m n p  on w a p i a t c  

Centa idicotcrr I O  uprate On o l o m  cordition. 

modrls 'harld bc b igh t .  
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Examp 1 e 3 -5 .I ( e  ont  i nued 
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4 .  REACTOR COMPONENTS AND REACTIVITY CONTROL 

4.1. In t roduc t ion  

There a r e  four  p r i n c i p a l  a r e a s  of concern regard ing  the  handl ing of 

f u e l  a t  t he  BSR. The f i r s t  i s  the  problem of  maintaining the  r e a c t o r  i t -  

s e l f  w i t h i n  s p e c i f i e d  l i m i t s  of excess  r e a c t i v i t y .  The second involves  

maintaining a p lace  of s to rage  ou t s ide  the r e a c t o r  t h a t  i s  s a f e  by both 

c r i t i c a l i t y  and r a d i a t i o n  s tandards .  Third,  f u e l  movements must be sched- 

uled and performed t o  minimize personnel r a d i a t i o n  exposure, as w e l l  as 

t o  r e t a i n  c r i t i c a l i t y  s a f e t y .  Fourth,  records  must be maintained t o  

i n d i c a t e  t h e  loca t ion ,  amount, and cond i t ion  of a11 f i s s i o n a b l e  ma te r i a l  

w i t h i n  t h e  BSR area. 
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4.2.  General Precautions 

1. All procedures involving the moving of  fuel, experiments, or the 

reactor must be understood before attempting any of these tasks. 

2 .  Heavy or  ordinary water should never be stored in the BSR vault. 

3 .  Care must be taken not to subvert criticality safety by s u s -  

pending experiments containing fissionable material near fuel 

storage racks; as a general rule, at least 12 in. of separation 

should be maintained. 

4 .  The reactor may never be repositioned while it is being operated. 

5. It should always be assumed that all material stored in the BSR 

pool is highly radioactive unless proven otherwise. 

6 .  The lids on the fuel racks should be closed after fuel transfers 

are completed. 
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4.3. Fuel  U n i t s  

4.3a. References 

1. M 20310 E J  002, BSF Standard Fuel  Element - Assembly 

2 .  M 20310 E J  003, BSF Standard Fuel Element - D e t a i l  Sheet 1 

3. M 20310 E J  004, BSF Standard Fuel  Element - D e t a i l  Sheet 2 

4 .  M 20310 E J  005, BSF Control  Rod Fuel  Element - Assembly 

5.  M 20310 E J  006, BSF Control  Rod Fuel Element - D e t a i l  Sheet 1 

6 .  M 20310 E J  007, BSF Control  Rod Fuel Element - D e t a i l  Sheet 2 

7.  M 20310 E J  008, BSF Control  Rod Fuel  Element - Guide 

4.3b. Descr ip t ion  

1. Regular Fuel  Elements. - The f u e l  elements used a t  the  BSR a r e  

18-p la te  assemblies  equipped wi th  a c y l i n d r i c a l  end box a t  the  

bottom s e c t i o n  and a handl ing  bar  a t  the  top  sec t ion .  Each new 

f u e l  element has -190 g of  235U d i s t r i b u t e d  equa l ly  among the 18 

f u e l  p l a t e s  (see F igure  4.3.1).  Se lec ted  re ference  dimensions 

f o r  BSR f u e l  e lements  a r e  g iven  i n  Table 4.3.1. 

2 .  Control-Rod Fuel  Elements. - There are special  f u e l  elements f o r  

t h e  f i v e  shim rods  and t h e  one shim-regulat ing rod.  These e l e -  

ments (see Figure 4 . 3 . 2 )  a r e  sometimes c a l l e d  "half"  f u e l  e l e -  

ments because the  c e n t r a l  nine f u e l  p l a t e s  a r e  omitted from the 

assembly. Ins tead  of t h e  f u e l  p la tes ,  a shim-rod-guide s e c t i o n  

i s  loca ted  i n  the  c e n t r a l  po r t ion  of t he  element. When the  shim 

rods  and the  shim-regulat ing rod a r e  i n s t a l l e d  i n  t h e  r e a c t o r ,  

they occupy t h i s  c e n t r a l  po r t ion  o f  t he  element. A t  t he  upper 

end of the  assembled element i s  a f l ange  t o  which the  lower 
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Light-water-moderated Reactor: T y p e  11. Heterogeneous-Enriched Fuel 

I I T  . 

GUIDE 
_....___. _ _ _ ~ ~  ..... ~ .... .. . ..... . 

SECTION A - A  OF FUEL E L E M E N T  ASSEMBLY 

A J 
F i g .  4.3.1. BSR F u e l  Element  
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Research Reactors 

T 

1.. 
MALE GUI 

SECTION A - A  OF SPECIAL FUFL E L E M E N T  A S S E M B L Y  

A 

A 

P i g .  4 . 3 . 2 .  S p e c i a l  Fuel Element f o r  Cont-rol- Kod 
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Table 4 .3 .1 .  Se lec ted  Reference Dimensions f o r  BSR Fuel  Elements 

Nominal 
Unit Dimens ion  ( i n .  ) 

Element Assembly 

Length 

Width ( thraugh s i d e  p l a t e s )  

Width (through ou t s ide  f u e l  plates)  

P l a t e  spacing 

34 318 

2.996 

3.069 

0.117 

Ins ide  Fuel  P l a t e s  

Thickness ( o v e r a l l )  0.060 

Length ( o v e r a l l )  24 518 

Clad th ickness  0.020 

Core ( a l l o y )  th ickness  0.020 

Core ( a l l o y )  length  23  518 

Width (before  bending) 2.845 

Outside Fuel  Plates 

Thic knes s (over a 11) 0.060 

Length (ove ra l l )  28 5 / 8  

Clad th ickness  0.020 

Core ( a l l o y )  thickness  0.020 

Core ( a l l o y )  length  23 5 /8  

Width (before  bending) 2.845 
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s e c t i o n  of t h e  magnet gu ide  t u b e  i s  b o l t e d ,  as shown i n  F i g u r e  

4.3.2.  

i n  l e n g t h .  

Each new element  c o n t a i n s  -95 g of 235U and i s  36 718 i n .  

4 . 3 ~ .  Fue l  S t o r a g e  - General  Requirements 

F u e l  s t o r a g e  i s  d e f i n e d  as t h e  temporary r e t e n t i o n  of f i s s i o n a b l e  

m a t e r i a l  o u t s i d e  of t h e  r e a c t o r  c o r e .  T h i s  m a t e r i a l  w i l l  normally be i n  

t h e  form of s t a n d a r d  and " h a l f "  f u e l  u n i t s ;  however, f i s s i o n a b l e  material  

be longing  t o  r e s e a r c h  groups may a l s o  be s t o r e d .  

The methods of p r e v e n t i n g  and/or  h a n d l i n g  c r i t i c a l i t y  h a z a r d s  o u t -  

s i d e  of t h e  r e a c t o r  c o r e  must be approved by t h e  ORNL C r i t i c a l i t y  Keview 

Committee. The d e s i g n  of f u e l - u n i t  s t o r a g e  r a c k s  and t r a n s f e r  c a s k s  i s  

approved, i n  w r i t i n g ,  by t h e  chairman of t h a t  committee.  Design of s t o r -  

age r a c k s  f o r  BSR f u e l  i s  based on d a t a  o b t a i n e d  from c r i t i c a l - m a s s  ex- 

p e r  iment s . 
Two 30-place aluminum s t o r a g e  r a c k s ,  f o r  i r r a d i a t e d  f u e l  e lements ,  

s i t  on t h e  f l o o r  of t h e  n o r t h  pool .  Each r a c k  has s a f e t y  l i d s  t h a t  may 

be locked i n  t h e  c l o s e d  p o s i t i o n .  There i s  a l s o  one p o o l s i d e  r a c k  c a p a b l e  

of s t o r i n g  1 2  f u e l  e lements  i n  a 2 x 6 c o n f i g u r a t i o n .  T h i s  r a c k  i s  sus-  

pended from t h e  east  w a l l  o f  t h e  n o r t h  pool and can be used f o r  h o l d i n g  

t h e  c o n t r o l - r o d  e lements  d u r i n g  assembly o r  d i sassembly  of c o n t r o l - r o d  

d r i v e  u n i t s .  

F u e l  e lements  p r e s e n t i n g  no r a d i a t i o n  hazard  (new, u n i r r a d i a t e d  e le-  

ments and some used e lements )  a r e  s t o r e d  i n  a v a u l t  wes t  of t h e  BSR b u i l d -  

i n g .  S t o r a g e  of heavy water o r  o r d i n a r y  water i n  t h i s  area i s  forb idden .  

S t o r a g e  of f i s s i o n a b l e  material be longing  t o  r e s e a r c h  groups i s  more 

f l e x i b l e .  Experiments  are normally suspended i n  t h e  pool  from t h e  b r i d g e  
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o r  from the  s i d e  of  t h e  pool.  Care must be taken not t o  subvert  c r i t i c a l -  

i t y  s a f e t y  by suspending experiments conta in ing  f i s s i o n a b l e  ma te r i a l  near 

s tandard s to rage  r acks ;  as a genera l  r u l e ,  a t  l e a s t  1 2  i n .  of s epa ra t ion  

should be maintained. (Special  problems assoc ia ted  wi th  a p a r t i c u l a r  

experiment a r e  brought t o  the a t t e n t i o n  of the  BSR opera t ing  s t a f f  by the  

Technical  Ass is tance  Department, Operat ions Divis ion.)  

4.3d. Shipping Fuel  Elements from the  BSR Pool  

Procedures and equipment f o r  shipping i r r a d i a t e d  f u e l  elements from 

the  BSR pool must be approved by t h e  C r i t i c a l i t y  Review Committee. Ordi- 

n a r i l y ,  these  elements a r e  removed one a t  a t i m e  i n  an LITR f u e l  c a r r i e r .  

With the  use  of the  crane,  t he  c a r r i e r  i s  lowered i n t o  the  water t o  

a depth of approximately 10 f t .  The c a r r i e r  l i d  i s  removed (normally 

wi th  a rope) ;  and the  element, a f t e r  being i d e n t i f i e d ,  i s  t r a n s f e r r e d  

i n t o  the c a r r i e r .  (A hook and a rope have been u t i l i z e d  t o  make t h i s  

t r a n s f e r . )  Af te r  the l i d  i s  replaced and a s  the c a r r i e r  i s  r a i s e d  out 

of t he  water ,  a h e a l t h  p h y s i c i s t  must be present  t o  monitor t he  r a d i a t i o n  

l e v e l .  He w i l l  record a l l  p e r t i n e n t  information on the  s tandard r a d i a -  

t i o n  t a g  and t i e  t h i s  t a g  t o  the c a r r i e r .  A p l a s t i c  bag i s  t o  be placed 

around the  bottom s e c t i o n  of the  c a r r i e r .  (See Sect ion  9.2f f o r  d e t a i l s  

on shipping i r r a d i a t e d  ma te r i a l s . )  
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4 . 4 .  C o n t r o l  Rods and D r i v e s  

4.4a. R e f e r e n c e s  

1. RC 15-3-3A, Shim R e g u l a t i n g  Rod 

2 .  RC 15-3-3B, Shim-Safety Rod Dr ive  - Assembly 

3. RC l5-3-3C, Shim-Safety Rod Dr ive  De ta i l  - Shee t  1 

4 .  RC 15-3-3D, Shim-Safety Rod Drive Detai l  - S h e e t  2 

5 .  KC 15-3-3E, Shim-Safety Rod Drive D e t a i l  - S h e e t  3 

6.  RC 15-3-3F, Shim-Safety Rod Drive Deta i l  - S h e e t  4 

7.  RC 15-3-4A, Magnet C o i l  - Assembly and Details 

8. RC -3-4I3, S h i m  and R e g u l a t i n g  Rod Guide Tube A c c e s s  - Detai l  

Shee t  3 

9. RC 15-3-LcC, L i f t  Tube and Dr ive  A c c e s s o r i e s  - Dctlai ls  

10.  RC 15-3-4D3, Magnet C o i l  - Detai ls  

11. RC 15-3-6A, Dual Synchro Mount - D e t a i l s  

1 2 .  RC 15-3-6R, D u a l  Synchro Mount - Assembly and De ta i l s  

1 3 .  M 11240 PF 001, P a r c s  for KSK B o r o n - S t a i n l e s s  S t e e l  Shim Rod - 
D e t a i l s  

14. M 20310 PF 002, U n i v e r s a l  J o i n t  f o r  Magnet Keeper - Assembly 

and Detai ls  

4.4b. D e s c r i p t i o n  

The K S R  no rma l ly  c o n t a i n s  s ix  cc)ntrol  rods, each of which c o n t a i n s  

a boron,  s t a i n l e s s  s t e e l  "neutron-poison" s e c t i o n .  The r o d s  a re  o v a l  

( s e e  Figure  4 . 4 . 1 ) .  They have a 2 4 - i n .  v e r t i c a l  s t r o k e  w i t h i n  t h e  c o n t r o l -  

r o d  f u e l  e lements .  These e l e m e n t s  are f l a n g e d  t o  g u i d e  t u b e s  t h a t  extend 

s e v e r a l  feet:  above t h e  r e a c t o r  b r i d g e  and are f a s t e n e d  L O  t h e  b r i d T e  

: ; t r u c t u r e  by t h e  hold-down arms (see F i g u r e  4.7 .1) .  The guide t u b e s  
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s e r v e  a d u a l  purpose i n  t h a t  they  b o t h  guide  t h e  rod d r i v e  and hold  t h e  

s p e c i a l  f u e l  e lement  i n  p l a c e  d u r i n g  c o n t r o l - r o d  wi thdrawal .  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  t r a n s m i t t e r s ,  l i m i t  

s w i t c h e s ,  e t c . )  i s  a t t a c h e d  t o  t h e  t o p  of each guidc  tube.  ( D e t a i l s  of 

t h e  r o d - d r i v e  mechanism a r e  shown i n  F i g u r e  Lc.4.2.) The motors  d r i v e  

l e a d  screws which are  mechanica l ly  a t t a c h e d  t o  t h e  L i f t  t u b e s  l o c a t e d  

w i t h i n  t h e  guide  t u b e s .  The lower end o f  each guide  tube  c o n t a i n s  a 

shock-absorber  cup (not  shown), a bottom s t o p  (or  sea t )  € o r  t h e  t o p  of  

t h e  rod ,  and mechanica l ly  o p e r a t e d  s e a t  s w i t c h e s .  The top  of each  shim 

rod i s  equipped w i t h  a magnet armature and a p i s t o n - a n d - s p r i n g  assembly 

t o  provide  shock-absorber  a c t  ion .  T h e  Lower end of each shim-rod - d r  i v e  

l i f t  tube i s  equipped w i t h  an e lec t romagnet  which, d u r i n g  r e a c t o r  opera-  

t i o n ,  i s  mated t o  t h e  magnet: armature ( a t t a c h e d  t o  t h e  t o p  of t h e  shim 

r o d ) .  

The i n t e g r a l  react i .vi . ty  worth of each rod i n  a t y p i c a l  loading  i s  

a s  f o l l o w s :  

Rod No. % Aklk 

1.340 

1.849 

2.759 

2.953 

0.946 

1.015 

The r e g u l a t i n g  r o d  i n  t h e  BSR c o n s i s t s  of a r e s t r i c t e d  amount of 

the  s t r o k e  of  the  No. 4 c o n t r o l  r o d ;  t h e  s e r v o  system i s  allowed t o  con- 

t r o l  t h e  rod w i t h i n  t h i s  r e s t r i c t e d  amount of s t r o k e .  A l l  of t h e  BSR 

c o n t r o l  r o d s  have a motor -dr iven  wi thdrawal  speed of about  0 . 1  i n l s e c .  



I 
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S i n c e  t h e  r e g u l a t i n g  rod has a maximum d i f f e r e n t i a l  worth of s l i g h t l y  

more t h a n  0.2% Ak/k per: i n . ,  t h e  maximum r a t e  a t  which i t  can add r e a c -  

t i v i t y  t o  t h e  c o r e  i s  about  0.02% Oklk per s e c .  The t o t a l  s t r o k e  of t h e  

r e g u l a t i n g  rod  i s  always l i m i t e d  t o  50.5% Dklk; t h i s  l i m i t  p r e v e n t s  f a i l -  

u r e  of t h e  se rvo  system from c a u s i n g  t h e  r e a c t o r  t o  be made prompt c r i t i -  

c a l .  (For d e t a i l e d  i n f o r m a t i o n  on rod worths,  s e e  S e c t i o n  4 . 5 b . )  

... 
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4 .5 .  Core Loadings 

4.5a.  I n t r o d u c t i o n  

Decis ions  t o  reLoad t h e  BSR c o r e  and any changes in tended  i n  t h e  

c o n f i g u r a t i o n  of  t h e  c o r e  w i l l  o r i g i n a t e  w i t h  t h e  r e a c t o r  s u p e r v i s o r .  

This  s e c t i o n  c o v e r s  those  s p e c i a l  p rocedures  t h a t  are r e q u i r e d  when such 

changes a r e  t o  be made. 

4.5b. R e a c t i v i t y  Worth of t h e  C o n t r o l  Rods 

When p r e p a r i n g  r e a c t o r  l o a d i n g s ,  t h e  e f f e c t  on rod wor ths  i s  always 

e v a l u a t e d .  I n  a d d i t i o n  t o  t h e  l i m i t s  on maximum e x c e s s  r e a c t i v i t y  and 

maximum worth of  t h e  c o r e  (wi th  r e s p e c t  t o  rod wor th) ,  a minimum s h u t -  

down margin i s  a l s o  inc luded  i n  t h e  e v a l u a t i o n .  The minimum shutdown 

margin (50% of t h e  worth of t h e  c o n t r o l  r o d s )  i s  always g r e a t e r  t h a n  t h e  

worth of  t h e  experiment  w i t h  t h e  g r e a t e s t  r e a c t i v i t y  e f € e c t .  

T y p i c a l  r e a c t i v i t y  wor ths  of t h e  r o d s ,  as determined by t h e  per iod  

measurement technique ,  a r e  shown i n  F i g u r e s  4 .5 .1  through 4.5.9;  from 

2 
t h e s e  v a l u e s ,  r e a c t i v i t y  worths  of exper iments  have been determined.  

4 . 5 ~ .  Core Loadings 

On o c c a s i o n  i t  w i l l  be  n e c e s s a r y  t o  make changes i n  t h e  f u e l  c o n t e n t  

of t h e  c o r e  by r e p l a c i n g  low-weight f u e l  e lements  w i t h  e lements  c o n t a i n -  

i n g  more f u e l .  T h i s  i s  n e c e e s s a r y  t o  r e t a i n  s u f f i c i e n t  e x c e s s  r e a c t i v -  

i t y  t o  p e r m i t  t h e  d e s i r a b l e  f l e x i b i l i t y  i n  meet ing o p e r a t i n g  s c h e d u l e s .  

The c r i t e r i o n  e x e r c i s e d  i n  p r e p a r i n g  and obtaini .ng t h e s e  c o n d i t i o n s  f o r  

c o n t i n u i t y  of o p e r a t i o n  i s  t h a t  t h e  maximum e x c e s s  r e a c t i v i t y  i n  t h e  c o r e  

does n o t  exceed 50% of t h e  shutdown c a p a b i l i t i e s  of t h e  c o n t r o l  rods .  

2W. 11. Tabor,  Bulk S h i e l d i n g  F a c i l i t y  Q u a r t e r l y  Report  - J a n u a r y ,  
February ,  and March of 1967 (May 23, 1967) .  
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Replacement core  loadings which a r e  used t o  meet these  condi t ions  

are prepared by an engineer  of t he  Operations Div is ion  and presented on 

the  form ind ica t ed  i n  Example No. 4 .5 .1 .  This proposed f u e l  a d d i t i o n  

and/or  f u e l  element r e l o c a t i o n  w i t h i n  the  core  is  reviewed and approved 

by the r e a c t o r  superv isor  o r  h i s  designated r e p r e s e n t a t i v e .  Addit ional  

information approved by the  r e a c t o r  superv isor  o r  h i s  designated r ep re -  

s e n t a t i v e  supplements t h i s  core  loading g iv ing  d e t a i l e d  information re l -  

a t i v e  t o  sequence of f u e l  moves, where i n  the  schedule ,  i f  needed, a 

c r i t i c a l  run  i s  needed t o  o b t a i n  a d d i t i o n a l  information f o r  maximum add- 

i t i o n  of excess r e a c t i v i t y ,  and o the r  p e r t i n e n t  i n s t r u c t i o n s .  

The movement of t h e  f u e l  elements w i th in  the  core  reg ion  is per -  

formed under the  superv is ion  of a BSR supe rv i so r .  Each f u e l  element is 

i d e n t i f i e d  immediately before  i n s e r t i o n  and a f t e r  removal from the  core  

and/or during t h e  r e l o c a t i n g  wi th in  the  core .  S p e c i f i c  i n s t r u c t i o n s  are 

given by the  superv isor  f o r  each f u e l  movement and he a s su res  t h a t  move- 

ments comply wi th  the  w r i t t e n  schedule .  A Transfer  Memo, Example 4 .8 .3 . ,  

i s  completed by the  superv isor  and t r ansmi t t ed  t o  the department account- 

a b i l i t y  foreman. This information becomes a p a r t  of t he  permanent records  

as  documented i n  Sec t ion  4.8b. of t h i s  manual. 

4.5d. Approach-to-Cri t ical  Procedures 

This procedure i s  provided fo r  special  condi t ions  and i s  t o  be 

followed when s i g n i f i c a n t  changes a r e  made i n  the core  conf igu ra t ion .  

A c t i v i t i e s  r e q u i r i n g  the use of t h i s  w i l l  be designated by the  r e a c t o r  

superv isor  and approved d e t a i l e d  i n s t r u c t i o n s  of t he  a c t i v i t i e s  w i l l  be 

provided. 



4-25 

Example 4.5.1. BSR Keplacement Loadings (UCN-2274) 

BSR REPLACEMENT LOADING 
- I 

ENDING CYCLE PREPARE0 B Y  C H E C K E D  BY PURPOSE: 0 SCHEDULED RELOADING 
a UNSCHEDULED RELOADING BLGINNING C Y C L E  

DATE: ELEMENTS REMOVED ELEMENTS INSERTED - CHANGE IN 

CORE POSlTtON OR NUMBER WEIGHT U2” WEIGHT U z s n  OR NUMBER WEIGHT U Z a e  LOCATION 

---i----tt------i-------------t------I-- 

._-.-_.._-I_ -. 

SHIM RODS 

JCN-2274 
19 2.671 
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Unless s p e c i f i c a l l y  d i r e c t e d  by an  approved procedure,  t h e  loading  

should  proceed from t h e  i n n e r  r e g i o n  t o  t h e  o u t e r  edges (any unloading  

s h o u l d  be performed by working inward from t h e  o u t e r  edges) .  With t h i s  

method, no unoccupied p o s i t i o n  o r  "hole" w i l l  be  c r e a t e d  d u r i n g  t h e  

f u e l  handl ing .  In a d d i t i o n ,  a l l  requi rements  f o r  h a n d l i n g  f u e l  ( l i s t e d  

i n  S e c t i o n  4 . 6 a )  s h a l l  be f u l l y  s a t i s f i e d .  

1. Movement of F u e l  i n t o  t h e  Core 

a. Dut ies  o f  p e r s o n n e l  

(1) S u p e r v i s o r  - The s u p e r v i s o r  w i l l  s e l ec t  t h e  f u e l  

u n i t  t o  be p l a c e d  i n  the c o r e .  (His c h o i s e  must n o t  

v i o l a t e  t h e  a p p l i c a b l e  d e t a i l e d  procedure governing 

t h e  p a r t i c u l a r  t es t  i n  p r o g r e s s . )  H e  w i l l  inform 

t h e  loading  s u p e r v i s o r  as t o  t h e  u n i t  i d e n t i f i c a t i o n  

number and t h e  r e c e i v i n g  c o r e  p o s i t i o n .  (Fuel  t r a n s -  

f e r  memos, Example 4 , 8 . 3 ,  should  be used whenever 

f u e l  e lements  are moved from one l o c a t i o n  t o  a n o t h e r . )  

The s u p e r v i s o r  w i l l  v e r i f y  that.  t h e  c o n t r o l  rods  are 

f u l l y  i n s e r t e d .  During t h e  movement o f  t h e  f u e l  

u n i t ,  t h e  s u p e r v i s o r  w i l l  p e r s o n a l l y  moni tor  t h e  

nucl-ear i n s t r u m e n t a t i o n  and de termine  i f  t h e  u n i t  

may remain i n  t h e  c o r e  o r  must be removed. He w i l l  

inform the l o a d i n g  s u p e r v i s o r  of h i s  d e c i s i o n .  During 

subsequent  c o n t r o l - r o d  movement, he must be p r e s e n t  

i n  t h e  c o n t r o l  room and must moni tor  the  n u c l e a r  

i n s t r u m e n t a t i o n  t o  de te rmine  t h a t  t h e  assembled load-  

i n g  i s  n o t  o v e r l y  r e a c t i v e .  
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.... 

(2) Loading Superv isor  - The loading supe rv i so r ,  a f t e r  

r e c e i v i n g  i n s t r u c t i o a s  from the  supe rv i so r ,  w i l l  

determine t h e  source  ( f o r  example, s to rage - rack  

pos i t i on )  of t he  u n i t .  He w i l l  i n s t r u c t  the  f u e l  

handler  t o  remove t h e  unit. from i ts  s t o r a g e  loca t ion ;  

he w i l l  pe rsonal ly  v e r i f y  t h a t  t he  i d e n t i f i c a t i o n  

number on the  unit. i s  that. of the  des-lred unik. When 

the  u n i t  is  about t o  be moved i n t o  the  v i c i n i t y  of  

t h e  c o r e  reg ion ,  he w i l l  s i g n a l  t he  supe rv i so r  that. 

he is ready t o  load,  When the unit is over t he  

des i r e d  g r i d  p o s i t  ion  s o  t h a t  only v e r t i c a l  movement. 

(and minor h o r i z o n t a l  movement) i s  r equ i r ed ,  he w i l l  

v e r i f y  t h i s  and s i g n a l  the  supe rv i so r  t h a t  t he  unit. 

is  e n t e r i n g  the  co re ,  In  a d d i t i o n  t o  being alert  

t o  i n s t r u c t i o n s  from the  supe rv i so r  t.o remove the  

u n i t ,  he w i l l  ensure  t h a t  the f u r l  handler  docs not 

u n l a t c h  the  handl ing  t o o l  and he w i l l  v e r i f y  t h a t  the 

u n i t  is s e a t e d  proper ly .  When i n s t r u c t e d  by the. 

supe rv i so r ,  the loading supe rv i so r  w i l l  have the  f u e l  

handler  un la tch ,  remove, and s t o r e  the handl ing  t o o l .  

The loading supe rv i so r  w i l l  then  c l e a r  the br idges  of  

any personnel  and r e p o r t  t o  t h e  c o n t r o l  room f o r  

f u r t h e r  i n s t r u c t  ions.  

(3)  Fuel  Handler - The f u e l  handler  w i l l  act  under the  

d i r e c t  supe rv i s ion  of t h e  loading supe rv i so r  and w i l l  

t ake  no a c t i o n  on h i s  own i n i t i a t i v e .  
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b Requirements 

(1) P r i o r  t o  any t e s t  involving a s e r i e s  of f u e l  add i t ions ,  

t he  BSR s t a r t u p  c h e c k l i s t  s h a l l  be completed unless  

t he  t e s t  follows a previous one f o r  which t h i s  check- 

l i s t  was completed and fol lowing which the  key swi tch  

and a l l  ins t rumenta t ion  has remained on. (A r e a c t o r  

superv isor  o r  a r e a c t o r  foreman of t he  Operations 

Divis ion s t a f f  must be present  i n  the  c o n t r o l  room 

o r  i n  the  ad jacent  o f f i c e  ac a l l  times when t h e  con- 

t r o l  switch is  i n  the  ON p o s i t i o n  and t h e  r e a c t o r  is  

down e ) 

The minimum ins t rumenta t ion  r equ i r ed  during movement 

of f u e l  i n t o  the co re  i s  i d e n t i c a l  t o  t h a t  requi red  

f o r  s t a r t u p  of t he  reaccor  i n  Mode 1 ( l i s t e d  i n  

Sec t ion  2 .  l e ) .  However, an a d d i t i o n a l  f ission-chamber 

channel w i l l  be requi red  during any c r i t i c a l i t y  t e s t  

which immediately follows replacement of the  log-N 

chamber; i . e . ,  any t e s t  which precedes opera t ion  at 

power l eve l s  s u f f i c i e n t  t o  allow the  proper opera t ion  

of t he  log-N channel t o  be determined. This add i t ion -  

a l  f i ss ion-channel  s h a l l  provide information, but  n o t  

c o n t r o l  ac t ion .  

(2) 

(3) P r i o r  t o  each f u e l  add i t ion ,  khe c o n t r o l  rods w i l l  

be fully i n s e r t e d .  ( In  most s i t u a t i o n s  f u e l  u n i t s  

which are p a r t  of con t ro l - rod  assemblies w i l l  be 

i n s e r t e d  i n t o  the core  reg ion  before  any o the r  f u e l  
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u n i t  i s  so  i n s e r t e d .  I f  i t  becomes necessary t o  

r e l o c a t e  a con t ro l - rod  assembly i n  an a l r eady  

assembled a r r a y  o r  p a r t i a l l y  assembled a r r ay ,  s u f f i -  

c i en t  f u e l  u n i t s  w i l l  be removed from the  v i c . in i ty  

of t he  s u b j e c t  con t ro l - rod  assembly so  t h a t  i t  can 

be demonstrated t h a t  t he  r e a c t o r  is  s u b c r i t i c a l  wi th  

a l l  t h e  c o n t r o l  rods f u l l y  withdrawn.) 

( 4 )  Following any f u e l  a d d i t i o n ,  t he  e f f e c t  of the f u e l  

a d d i t i o n  w i l l  be determined by withdrawing the  con- 

t r o l  rods.  I f  the  r e a c t o r  i s  subcr i t . i ca1 ,  the  

inverse  count ing  ra te  versus  f u e l  inventory  (mass 

of  235U) w i l l  then  be p l o t t e d  t o  g ive  an ex t r apo la t ed  

va lue  f o r  t he  c r i t i c a l  mass. If, due t o  some d i f f i -  

c u l t y  ( f o r  example, instrument  malfunct ion) i t  is 

not  poss ib l e  o r  prudent t o  withdraw the  c o n t r o l  rods 

and determine the cond i t ion  o f  the  r e a c t o r ,  only two 

a l t e r n a t i v e s  are allowed. 

(a )  Remove the  l a s t  f u e l  added ( r e t u r n i n g  t o  a core  

loading f o r  which t h e  c o n d i t i o n  was previously 

determined) and complete t h e  shutdown c h e c k l i s t .  

Have t h e  d i f f i c u l t y  c o r r e c t e d  and any involved 

system checked ou t .  ( I f  t h i s  a l t e r n a t i v e  is  

s e l e c t e d ,  t h e  supe rv i so r  o r  a r e a c t o r  foreman 

must; remain i n  the  c o n t r o l  room o r  i n  the  o f f i c e  

u n t i l  t he  e f fec t :  of the f u e l  a d d i t i o n  is  d e t e r -  

mined * ) 

(b) 

Jx 

* 
Immediately ad jacent  t o  t he  c o n t r o l  room. 
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( 5 )  Unless ex t r ao rd ina ry  circumstances a r i s e  ( f o r  exam- 

p l e ,  a mandatory evacuat ion) ,  the r e a c t o r  supe rv i so r  

o r  foreman w i l l  remain i n  the c o n t r o l  room following 

a f u e l  a d d i t i o n  u n t i l  t he  shim rods have been with-  

drawn s u f f i c i e n t l y  t o  determine the  s t a t u s  of the  

r e s u l t  a n t  loading. 

2 .  Movement of Fuel  out  of t he  Core. - It may be necessary during 

some tes t  t o  remove a f u e l  u n i t  t o  ad jus t  the  core  r e a c t i v i t y .  

This would normally be followed by i n s e r t i o n  o f  a u n i t  con ta in -  

ing  more (o r  l e s s )  f u e l .  Therefore ,  f u e l  movement of t h i s  type 

w i l l  be performed by ind iv idua ls  approved t o  occupy the  pos i -  

t i ons  ind ica t ed  ea r l i e r .  The procedure t o  be followed w i l l  be 

e s s e n t i a l l y  t h a t  o u t l i n e d  i n  previous s e c t i o n s  i n  which the  

d u t i e s  of the ind iv idua ls  were def ined.  Wri t ten  i n s t r u c t i o n s  

from the  superv isor ,  us ing  the  s tandard  t r a n s f e r  memo form 

(Examplc 4 .8 .3 )  are f i r s t  requi red .  The loading superv isor  

and the  f u e l  handler  w i l l  then remove the  f u e l  u n i t  t o  the  

requi red  s to rage  loca t ion .  The superv isor  i s  not requi red  t o  

be present  i n  the c o n t r o l  room during t h i s  type of move; how- 

ever ,  s i n c e  the  c o n t r o l  swi tch  w i l l  be i n  the  ON pos i t i on ,  the  

c o n t r o l  room must be at tended by a r e a c t o r  superv isor  o r  a 

r e a c t o r  foreman. 

4 .5e .  Operat ional  Procedures 

When a core  i s  t o  be reloaded o r  a r e a c t o r  conf igu ra t ion  assembled, 

records of previous r e a c t o r  conf igu ra t ions  and co res  should be reviewed 

t o  e s t a b l i s h  ( i f  poss ib le )  a r e fe rence  o r  s tandard  of comparison f o r  t he  
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... 

... 

proposed r e a c t o r  conf igu ra t ion .  

prepared by an engineer  of t he  Operat ions Div is ion  and submitted t o  the  

r e a c t o r  superv isor  on a s p e c i a l  form (Example 4.5.1) f o r  h i s  approval .  

Addi t iona l  information p e r t i n e n t  t o  the  a c t i v i t i e s  w i l l  be  suppl ied .  

The completed proposal  must be signed by t h e  BSR superv isor  and proper 

approvals  must be obtained as ou t l ined  i n  the  fol lowing sec t ions .  The 

fo l lowing  informat ion  should be included i n  t h e  loading proposal  fo r  a 

change i n  core  conf igu ra t ion :  

The proposed core  loading w i l l  be 

1. Fuel-element and shim-rod-element numbers, l oca t ions ,  and 

weights  . 
2.  Shim-rod p o s i t i o n s  and shim-rod numbers. 

3 .  Fission-chamber l a t t i c e  pos i t i on .  

4.  Experiment l o c a t i o n s  (and types ,  where impor tan t ) .  

5.  Locat ion,  type,  and quan t i ty  of a l l  o the r  m a t e r i a l s  or  com- 

ponents i n  o r  near  t he  co re .  

6 .  The order  i n  which f u e l  elements (and o the r  components) should 

be loaded. 

P o i n t s  dur ing  assembly a t  which c r i t i c a l  r u n s  should be made. 7. 
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4 .6 .  Core Work - S p e c i f i c  Procedures 

4.6a. Requirements f o r  Fuel  Handling 

F u e l  handling a t  the  BSR i s  accomplished by t r a n s f e r  of an i d e n t i -  

f i e d  f u e l  u n i t  from a s p e c i f i e d  l o c a t i o n  and p l ac ing  i t  i n  another  s p e c i -  

f i e d  loca t ion  without  subvertling c r i t i c a l i t y  s a f e t y  and with minimum 

r a d i a t i o n  exposure t o  personnel.  Ce r t a in ly ,  no f u e l  element is ever  t o  

be moved t o  o r  from the  core  with the  r e a c t o r  opera t ing .  No f u e l  u n i t  

should be moved unless  s p e c i f i e d  by a w r i t t e n  order  from the  r e a c t o r  

superv isor  o r  h i s  designated a l t e r n a t e .  

F u e l  handl ing i s  accomplished by the  ope ra t ing  crew under the  

d i r e c t  supe rv i s ion  of t he  supervisor ,*  and each f u e l  u n i t  moved must be 

i d e n t i f i e d .  The superv isor  must personal ly  v e r i f y  the  co re  o r  s to rage -  

rack  p o s i t i o n  r ece iv ing  each previous ly  i d e n t i f i e d  u n i t .  This procedure 

w i l l  r e q u i r e  the  s u p e r v i s o r ' s  presence;  however, i d e n t i f i c a t i o n  of f u e l  

u n i t s  may be made by an opera tor ,  provided the proper i d e n t i t y  number is  

unknown t o  him beforehand. A minimum of two persons s h a l l  be p a r t i c i p a t -  

ing  i n  the glovemenc o f  f u e l  e lements;  one of which must be of superv isory  

rank 

The s u p e r v i s o r ' s  r e s p o n s i b i l i t y ,  as ou t l ined  above, may be de l e -  

gated t o  no one except  the  r e a c t o r  foreman. A superv isor  t r a i n e e  i n  

f i n a l  s t ages  of t r a i n i n g  may be de lega ted  t h i s  r e s p o n s i b i l i t y  i f  he is  

an a c t i n g  superv isor  ( i . e . ,  wi th  the  incumbent s e rv ing  i n  c a r e t a k e r  

s t a t u s ) .  At: the  completion of f u e l  re loc-a t ion ,  a r r a n s f e r  memorandum 

i s  prepared by the  person who superv ised  t h e  t r a n s f e r .  

3; 
A day s h i f t  superv isor ,  a s h i f t  engineer ,  o r  a r e a c t o r  foreman. 
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... 

The i n f o r m a t i o n  on t h e  t r a n s f e r  memorandum s h o u l d  a l s o  be recorded  

... 

i n  t h e  c u r r e n t  BSR l o g  book. The f o l l o w i n g  p r e c a u t i o n s  must be fol lowed 

dur  ing  f ue 1 trans f e r  . 
1. Ver t ica l  movement of f u e l  u n i t s  (except  when i n  a s h i p p i n g  

c a r r i e r )  must b e  performed manual l y .  

2 .  H e a l t h  Phys ics  coverage  i s  r e q u i r e d  when removing a f u e l  u n i t  

s h i p p i n g  car r ie r  from t h e  pool .  A crew member o r  s u p e r v i s o r  

may moni tor  t h e  r a d i a t i o n  l e v e l  d u r i n g  f u e l  t r ans fe r s  w i t h i n  

t h e  pool .  

3 .  F u e l  u n i t s  must be handled w i t h  t o o l s  s p e c i f i c a l l y  designed 

f o r  t h i s  work. Nooks wi thout  guards which prevent  t h e  hook 

f r o m  h i t t i n g  t h e  f u e l  p l a t e s  w i l l  n o t  be used e x c e p t  d u r i n g  

t r a n s f e r  o f  d e p l e t e d  f u e l  e lements  t o  t h e  s h i p p i n g  car r ie r .  

4.6b. Procedure f o r  Trans f e r r i n v  F u e l  Elements 

1. Removal o f  a S t a n d a r d  F u e l  Element from t h e  Core 

a. With one o f  t h e  t w o  t o o l s  provided  ( s e e  F i g u r e  4.6.1 and 

4 . 6 . 2 ) ,  engage t h e  h a n d l i n g  b a r  oE t h e  f u e l  element w i t h  

t h e  t o o l  i n  t h e  u n l a t c h e d  p o s i t i o n .  ( A  knob near  t h e  top  

o f  t h e  t o o l  w i l l ,  when r a i s e d ,  unlock t h e  l a t c h  mechanism.) 

When t h e  f u e l  e lement  has  been s e c u r e d  (check v i s u a l l y  

and p h y s i c a l l y  by r o t a t i n g  t h e  t o o l ) ,  ra ise  t h e  element  

from t h e  g r i d  p l a t e  sea t .  

b .  Remove t h e  element  from t h e  c o r e  and i d e n t i f y  i t .  Record 

a l l  da ta  as r e q u e s t e d  on t h e  s t a n d a r d  f u e l  t r a n s f e r  s h e e t .  

c .  T r a n s f e r  t h e  element  t o  i t s  d e s i g n a t e d  p o s i t i o n  i n  t h e  

s t o r a g e  r a c k  and d isengage  t h e  t o o l  by r a i s i n g  t h e  a c t u a t i n g  

knob and t h e n  l i f t i n g  t h e  e n t i r e  t o o l  from t h e  e lement .  
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Fig .  4.6.1. Top of Fuel-Handling Tool 
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Fig. 4.6 .2 .  Bottom of Fuel-Handling Tool 
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2 .  I n s e r t i o n  of  a Standard Fuel  Element i n t o  t h e  Core 

a. Engage the  handl ing bar  of t he  f u e l  element,  as descr ibed  

above, and remove the  element from the  s t o r a g e  rack.  

b. I d e n t i f y  the element t o  v e r i f y  the  numbers l i s t e d  i n  the  

loading schedule .  

c.  I n s e r t  t he  element i n t o  the  designated co re  p o s i t i o n  and 

v i s u a l l y  check t o  determine proper s e a t i n g  of t he  end box 

i n t o  the  g r i d  p l a t e .  (The convex s i d e  of  t he  f u e l  p l a t e s  

faces  toward the  c o n t r o l  room.) I f ,  dur ing the  i n s e r t i o n  

of an element, abnormal dev ia t ions  of t h e  count ing r a t e  

a r e  ind ica t ed  by the aud ib le  f i s s  ion-chamber count ing  ra te  

system o r  by personnel  s t a t i o n e d  i n  the  c o n t r o l  room, the  

element should be immediately removed from the  core .  An 

eva lua t ion  should be made t o  determine the  cause of t he  

dev ia t ion  noted. 

d. Disengage the  t o o l  and remove i t  from the  element.  Upon 

completion of t he  f u e l  t r a n s f e r ,  a l l  f u e l  t o o l s  should be 

locked t o  the  r e a c t o r  br idge .  

4 . 6 ~ .  Procedure f o r  T rans fe r r ing  a Control-Rod-Drive Assembly 

The con t ro l - rod -d r ive  assembly inc ludes  t h e  d r i v e  u n i t ,  guide tube,  

and con t ro l - rod  element.  Normally, t he  t r a n s f e r  of a con t ro l - rod -d r ive  

assembly w i l l  be r equ i r ed  f o r  only t h r e e  reasons :  replacement of the 

s e a t  swi tch ;  replacement of  t he  con t ro l - rod  element;  o r  temporary removal 

of  t he  poison rod f o r  phys i ca l  checks.  Due t o  the  design of t he  BSR d r i v e  

assemblies ,  t h e  same procedure m u s t  be followed before  any of t hese  ob- 

j e c t i v e s  can be achieved. 
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1. Removal and Disassembly of a Drive Assembly* 

a. S u f f i c i e n t  f u e l  u n i t s  must be removed from t h e  v i c i n i t y  of 

the  sub jec t  cont ro l - rod  d r i v e  assembly so  t h a t  i t  can be 

demonstrated t h a t  t h e  r e a c t o r  i s  s u b c r i t i c a l  wi th  a l l  con- 

t r o l  rods f u l l y  withdrawn. ( I f  t he  s u b j e c t  c o n t r o l  rod 

cannot i t s e l f  be withdrawn, t he  r e s u l t s  of withdrawal of 

the  o the r  f i v e  c o n t r o l  rods should be used as a guide t o  

f u r t h e r  a c t i o n .  The BSR superv isor  should be informed of  

t h i s  s i t u a t i o n . )  

b. Using the  r a i s e  mode, withdraw t h e  rod-dr ive  u n i t  t o  t he  

withdraw l i m i t ;  i .e . ,  wi th  t h e  r e a c t o r  i n  t h e  scram con- 

d i t  ion ,  

c .  Disconnect t h e  signal-and-motor-lead connector .  

d .  Attach a choker t o  the  assembly j u s t  below the  d r i v e  motor.  

This  should be a t tached  so as not  t o  damage the  sea t - swi tch  

lead.  (NOTE: This  procedure desc r ibes  t h e  removal of t h e  

d r i v e  assembly as a u n i t .  However, i n  many cases  i t  i s  

d e s i r a b l e  i n i t i a l l y  t o  remove and s t o r e  t h e  d r i v e  u n i t  before  

removing the  guide tubes  and the  a t tached  f u e l  element which 

con ta ins  the  neutron-poison rod .  I n  t h i s  case,  complete 

procedure 4.6d and a t t a c h  the  choker t o  t h e  upper guide 

tube u t i l i z i n g  one of the screw ho le s . )  

e .  P o s i t i o n  the  overhead-crane hook over the  top of  t h e  d r i v e  

assembly and f a s t e n  the  f r e e  end of t h e  choker t o  the  hook. 

f .  S t a t i o n  a man a t  t h e  overhead crane  breaker  box. (This 

s t e p  i s  requi red  dur ing  a l l  t i m e s  when the  crane hook i s  

*The term “ d r i v e  assembly” i s  intended t o  desc r ibe  a l l  p a r t s  from the  
drive-motor and l imi t - swi t ch  subassembly t o  the cont ro l - rod  f u e l  element. 
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g *  

h .  

i. 

j. 

k.  

7. . 

m. 

n .  

0 .  

t o  be r a i s e d  o r  lowered w i t h  p o t e n t i a l l y  h i g h l y  r a d i o -  

a c t i v e  components a t t a c h e d  t o  t h e  hook.) 

Raise t h e  c r a n e  hook u n t i l  t h e  choker  i s  no longer  s l a c k .  

Detach t h e  d r i v e  assembly from i t s  hold-down a r m .  (During 

t h i s  s t e p  t h e  d r i v e  assembly and any o t h e r  d r i v e  assem- 

b l i e s  f a s t e n e d  t o  t h e  hold-down a r m  must be h e l d  i n  place 

manual ly  .) 

Manually l i f t  t h e  d r i v e  assembly u n t i l  i t  i s  f r e e  o f ,  and 

on top  o f ,  t h e  g r i d  p l a t e .  

Raise t h e  c r a n e  hook u n t i l  the choker  i s  no longer  s l a c k .  

Move t h e  assembly w i t h  t h e  c r a n e  and w i t h  manual guidance 

t o  t h e  v i c i n i t y  of t h e  s p e c i a l  s t o r a g e  r a c k  on t h e  east  

w a l l  of  t h e  pool .  

With Heal th  Phys ics  s u r v e i l l a n c e ,  s lowly  ra ise  t h e  assem- 

b l y  u n t i l  t h e  f l a n g e  between t h e  upper and lower guide 

t u b e  is  a c c e s s i b l e .  

Disconnect  t h e  lowcr s e a t - s w i t c h - l e a d  connec tor .  Lower 

t h e  assembly i n t o  t h e  s p e c i a l  s t o r a g e  r a c k .  

Unscrew t h e  f l a n g e - r e t a i n i n g  screws9 and remove t h e  upper  

guide t u b e  t o  s t o r a g e  (may i n c l u d e  t h e  d r i v e  assembly).  

With t h e  s p e c i a l  magnet and power supply ,  remove the  

poison  rod  from o u t  of t h e  c o n t r o l - r o d  element  and the 

lower guide  t u b e ,  At tach  t h e  poison  r o d  t o  t h e  poison-  

rod  t o o l .  ( I f  t h e  c o n t r o l - r o d  d r i v e  assembly was removed 

f o r  p h y s i c a l  checks of  t h e  poison  rod ,  t h e s e  checks c a n  

be accomplished w i t h o u t  proceeding  f u r t h e r  w i t h  t h i s  s p e c -  

i f i c  procedure ;  o t h e r w i s e ,  c o n t i n u e  t o  t h e  n e x t  s t e p . )  
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p .  Working down through the  lower guide tube,  unscrew t h e  

control-rod-element  r e t a i n i n g  screws The lower guide 

tube may then be removed from the  con t ro l - rod  element ,  

(Now, the  remaining two poss ib l e  o b j e c t i v e s ,  replacement 

of the seat  swi tch  o r  replacement of the  cont ro l - rod  e l e -  

ment, may be accomplished.) 

2 .  Assembly and I n s e r t i o n  of a Drive Assembly. - This procedure 

is, i n  a l l  gene ra l  d e t a i l s ,  the  r eve r se  of  t he  procedure f o r  

removal and disassembly of a con t ro l - rod  d r i v e  assembly. 

4 6d Procedure f o r  T r a n s f e r r i n g  a Control-Rod-Drive Uni t:k 

Normally, removal of t he  cont ro l - rod-dr ive  u n i t  w i l l  not  be requi red  

except  f o r  replacement o r  readjustment  o f  t he  c l u t c h  switch o r  except  f o r  

replacement of t he  magnet subassembly. ... 

1. Removal of a Drive Uni t  

a. S ince  the  paison u n i t  w i l l  no t  be removed, no change i n  

c o r e  1oad.ing w i l l  be r equ i r ed .  

b.  Using t h e  raise mode, withdraw the  rod-drive u n i t  t o  the  

withdraw l i m i t ;  i o e . g  w i t h  the  r e a c t o r  i n  the  scram con- 

d i t i o n ,  

c. Disconnect t he  s ignal-and-motor- lead connector .  

d .  Disconnect t h e  upper sea t - swi tch- lead  connector .  

e. Remove the  screws which a t t a c h  the  d r i v e  u n i t  t o  t h e  

upper d r i v e  tube., 

*The term "cont ro l - rod-dr ive  u n i t "  i s  intended t o  desc r ibe  a l l  
p a r t s  o f  t h e  "dr ive  assembly" except  f o r  t he  guide tube,  the  c o n t r o l -  
rod element,  and the c o n t r o l  rod i t s e l f .  
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f .  Manually l i f t  t h e  d r i v e  u n i t  u n t i l  t h e  motor hous ing  and 

t h e  upper j u n c t i o n  box are f r e e  o f  t h e  upper guide  t u b e .  

I n s t a l l  t h e  l i f t i n g  j i g  f o r  t h e  d r i v e  assembly. 

g.  S t a t i o n  a man a t  t h e  overhead c r a n e  breaker  box. (This  

s t e p  i s  r e q u i r e d  d u r i n g  a l l  t imes when t h e  c r a n e  hook i s  

t o  be r a i s e d  o r  lowered w i t h  p o t e n t i a l l y  h i g h l y  r a d i o a c t i v e  

components a t t a c h e d  t o  t h e  hook.) 

h .  P o s i t i o n  t h e  c r a n e  hook d i r e c t l y  above t h e  d r i v e  t o  be 

removed, and p l a c e  t h e  l i f t i n g - j i g  c a b l e  loop on t h e  hook. 

i. R a i s e  t h e  c r a n e  hook u n t i l  t h e  c a b l e  i s  no longer  s l a c k .  

j .  Manually guide t h e  d r i v e  u n i t  (and a t  t h e  same time r a i s i n g  

i t  w i t h  t h e  c r a n e )  u n t i l  i t  i s  f r e e  of  t h e  upper guide tube .  

k .  Slowly move t h e  u n i t  t o  t h e  l o c a t i o n  d e s i r e d .  S u r v e i l l a n c e  

by H e a l t h  P h y s i c s  personnel  i s  r e q u i r e d  f o r  t h i s  s t e p .  

2 .  I n s e r t i o n  of a Drive U n i t .  - This  procedure i s ,  i n  a l l  g e n e r a l  

d e t a i l s ,  t h e  r e v e r s e  of t h e  procedure f o r  removal o f  a c o n t r o l -  

r o d - d r i v e  u n i t .  
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4.7.  Moving t h e  Reac tor  Assembly 

4.7a.  Requirements 

P r i o r  t o  t h e  movement of t h e  r e a c t o r  t o  a new l o c a t i o n  ( i . e e ,  a 

p o i s t i o n  a d j a c e n t  t o ,  o r  i n  the proximi ty  o f ,  any materials o t h e r  t h a n  

l i g h t  water of which t h e  exact magnitude of t h e  r e a c t i v i t y  e f f e c t  i s  

unknown) a procedure  w i l l  be p r e p a r e d  f o r  removing a s u f f i c i e n t  number 

of f u e l  e lements ,  exper iments ,  and/or  o t h e r  components and m a t e r i a l s  and 

f o r  r e l o a d i n g  t h e s e  i n  an  a p p r o a c h - t o - c r i t i c a l i t y  procedure ( i f  r e q u i r e d ) .  

These procedures  r e q u i r e  t h e  a p p r o v a l  o f  t h e  r e a c t o r  s u p e r v i s o r  or h i s  

d e s i g n a t e d  r e p r e s e n t a t i v e  and,  i n  some cases, approval  of t h e  T e c h n i c a l  

A s s i s t a n c e  Department.  The r e a c t o r  may be r e p o s i t i o n e d  t o  a p r e v i o u s l y  

used c o n f i g u r a t i o n  under  t h e  d i r e c t i o n  of  a q u a l i f i e d  s u p e r v i s o r .  NOTE: 

The r e a c t o r  must be i n  a shutdown s ta te  p r i o r  t o  any r e p o s i t i o n i n g .  

F i g u r e  4.7.1 f o r  d e t a i l s  of t h e  r e a c t o r  b r i d g e . )  

(See 

4.7b O p e r a t i o n a l  Procedures  

1. Check t h e  f o l l o w i n g :  

a .  P r o x i m i t y  of t h e  r e a c t o r  t o  o t h e r  f u e l e d  materials. 

b .  The c o n d i t i o n  of a l l  exper iments ,  i n  p a r t i c u l a r  any connec- 

t i o n s  between t h e  r e a c t o r  and exper iments  o t h e r  t h a n  those  

which are des igned  t o  be moved as a consequence o f  movement 

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

c.  The mechanical  "s tops"  on t h e  b r i d g e  f o r  p o s s i b l e  damage. 

2 .  A c t u a t e  t h e  a u d i b l e  c o u n t - r a t e  system ( t u r n  t h e  t o g g l e  s w i t c h  

t o  t h e  EXTERNAL p o s i t i o n  and t u r n  on t h e  e l e c t r i c a l  power t o  t h e  

a u d i o  a m p l i f i e r . )  
.... 
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ORNL DWG. 67-5973 

- L E G E  
F L E X I B L E  COOLING-WATER L I N E  
N A T U R A L -  CONVECTION-COOLING 

I N L E T  V A L V E  

WATER MANIFOI -0  AND 

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

REACTOR GRID SUPPORT 

AND GUIDES 
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  D ISFERSION 
N O R T H - S O U T H  T R A V E R S I N G  D R I V E  
SHIM-ROD-DRIVE L A T C H  BAR 
REACTOR SUPPORT CARRIAGE 
SHIM-ROD DRIVE MOTOR 

AND G E A R  BOX 

d 1 

N D -  
IONIZATION-CHAMBER 

SUPPORT TUBES 
REACTOR SUPPORT T U B E S  
I N  L E T  - VA L V  E 
INSTRUMENT AND CONTROLS 

JUNCTION BOX 

(MOB1 L E  ) 

0 PER A T 0  R 

REACTOR SUPPORT BRIDGE 

REACTOR INSTRUMENT 
AND CONTROL C A B L E S  

DAM WITH GATE REMOVED 
EXPANSION JOINT 
REACTOR COOLING-WATER 
L I N E  TO HEAT EXCHANGER 
POOL PARAPET 
REACTOR COOLING-  WATER 
RETURN L I N E  FROM HEAT EXCH 
FLOOR L E V E L  OF BUILDING 

F i g .  4 .7 .1 .  I s o m e t r i c  Drawing of the  BSR 
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..... 

3 .  Loosen t h e  f o u r  b o l t s  on t h e  s w i v e l  f l a n g e  f o r  t h e  ex i t  water  

l i n e .  (This s t e p  i s  n o t  n e c e s s a r y  i f  t h e  r e q u i r e d  movement i s  

o n l y  i n  t h e  east-west d i r e c t i o n  and i s  less  t h a n  3 f t . )  

4 .  Loosen t h e  two s e c u r i n g  b o l t s  on each s i d e  of t h e  b r i d g e  (use 

t h e  T-handle t o o l  l o c a t e d  on t h e  b r i d g e ) .  

5. Unlock and remove t h e  l a c k  on t h e  b r i d g e - g e a r  c o n t r o l s  ( l o c a t e d  

a t  t h e  w e s t  end of t h e  b r i d g e )  and t h e  l o c k  on t h e  c a r r i a g e - g e a r  

c o n t r o l s  ( l o c a t e d  a t  t h e  east  s i d e  of t h e  c a r r i a g e ) .  

6. To move t h e  r e a c t o r  i n  t h e  n o r t h - s o u t h  plane,  r o t a t e  t h e  handle  

on t h e  w e s t  s i d e  of t h e  b r i d g e  as needed. 

7.  To move t h e  r e a c t o r  i n  t h e  east-west plane,  p l a c e  t h e  wheel- 

h a n d l e  t o o l  on the g e a r  p i n  a t  t h e  east  s i d e  of t h e  c a r r i a g e  

and r o t a t e  t h e  h a n d l e  as needed, 

8. A s  t h e  r e a c t o r  i s  r e p o s i t i o n e d ,  t h e  count  ra te  should be ob- 

s e r v e d ;  and t h e  f l e x i b l e  p i p i n g  should be moved as needed t o  

avoid damage t o  t h e  piping.. 

9. A f t e r  t h e  r e a c t o r  h a s  been r e p o s i t i o n e d ,  a t t a c h  t h e  l o c k s  and 

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

10. T i g h t e n  t h e  s e c u r i n g  b o l t s  on both  s i d e s  of t h e  b r i d g e .  

11. T i g h t e n  t h e  b o l t s  on t h e  s w i v e l  f l a n g e .  

... 
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4.8.  Fuel  A c c o u n t a b i l i t y  

4.8a.  I n t r o d u c t i o n  

The r e c o r d s  t h a t  a r e  maintained on f u e l  u n i t s  ( f u e l  e lements  o r  

c o n t r o l - r o d  e lements )  a r e  as fo l lows:  

I-. F u e l - a c c o u n t a b i l i t y  l e d g e r  books a r e  maintained w i t h  i n d i v i d u a l  

f u e l - u n i t  l e d g e r  s h e e t s  f i l e d  i n  s e c t i o n s  accord ing  t o  u n i t  

l o c a t i o n ;  i . e . ,  c o r e ,  v a u l t ,  o r  pool .  These s h e e t s  c o n t a i n  t h e  

p a s t  and c u r r e n t  i n v e n t o r y  of t o t a l  uranium, 235U, and 236u 

Each s e c t i o n  of t h e  l e d g e r  h a s  a master c o n t r o l  s h e e t  showing 

t h e  t o t a l  i n v e n t o r y  of uranium and 235u i n  t h a t  l o c a t i o n .  

2 .  A f u e l - i n v e n t o r y  c a r d  f i l e  i s  a l s o  main ta ined .  A card  f o r  each 

f u e l  u n i t  shows t h e  p a s t  and c u r r e n t  235U i n v e n t o r y  and i s  f i l e d  

i n  s e c t i o n s  accord ing  t o  l o c a t i o n ;  i . e . ,  pool o r  c o r e  (Example 

4.8.1) .  These two s e c t i o n s  a r e  d i v i d e d  i n t o  s u b s e c t i o n s  accord-  

i n g  t o  t h e  U i n v e n t o r y ;  e .g . ,  a l l  u n i t s  c o n t a i n i n g  140 g of 

235U would comprise one s u b s e c t i o n .  

235 

3.  Tags b e a r i n g  i n d i v i d u a l  u n i t - i d e n t i t y  numbers a r e  k e p t  on 

l o c a t i o n - i n d i c a t i o n  boards  which g r a p h i c a l l y  d i s p l a y  t h e  c o r e  ,, 
pool s t o r a g e  r a c k s ,  e t c ,  (see F i g u r e  4.8.1) .  

4 .  A notebook i.s a l s o  maintained i n  t h e  c o n t r o l  room c o n t a i n i n g  a l l  

c o r e  c o n f i g u r a t i o n s  used i n  t h e  pas t .  (The s t a n d a r d  form i s  

shown i n  Example 4.8.2.)  The most r e c e n t  form i s  t o  be checked 

f o r  p o s s i b l e  changes and f o r  conformi ty  w i t h  the i d e n t i f i c a t i o n  

t a g s  on t h e  board a t  p o o l s i d e  p r i o r  t o  s t a r t i n g  up t h e  r e a c t o r .  

5 .  Fue l  t r a n s f e r  memos, Example 4 .8 .3 ,a re  u t i l i z e d  whenever f u e l  e l e -  

ments are moved from one l o c a t i o n  t o  a n o t h e r  i n  t h e  r e a c t o r  pool .  
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1 BSR FUEL RECORD 
E L E M E N T  N O  

E x a m p l e  4.8.1.  ESR Fuel  Record Card (UCN-7453)  
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PHOTO 93846 

D*O 
TANK TANK 

F i g .  4.8.1.  BSR Core Configuration Board 



Example 4.8.2. BSR Core (UCN-8504) 

89 

129 

84 

74 

64 

ROD NO. 

1 

2 

3 

4 

5 

6 

R E M A R K S :  

IN. WITHDRAWN 

13 14 

BSR CORE 

L O A D I N G  NO. 

D A T E  

17 18 13 5 2 
C R I T I C A L  MASS 

'7 

O P E R A T I N G  MASS 

79 2 '3 '5 

c 
I 

f 6 i 7  69 2 55 

i6  57 59 i2 53 55 58 

48 

54 

44 16 47 49 12 43 45 

35 

41 

3.1 36 39 37 38 32 33 

27 28 23 24 25 26 22 21 

11 

~ 

12 16 17 15 18 

UCN-8504 

( 3  1-68) 
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FROM D A T E  

TO SHIFT 

UCN-1000A 
19 10-02) 

SOURCE TYPE U N I T S  NO. UNITS R E C E I V E R  REMARKS 
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4.8b. Respons ib i l i t y  and Procedure f o r  Maintaining Records 

Accountabi l i ty  records  a r e  maintained by t h e  BSK sub-balance area 

r e p r e s e n t a t i v e  under the  supe rv i s ion  of the  balance a r e a  r e p r e s e n t a t i v e  

f o r  Code No. 20, t he  balance a r e a  f o r  t h e  Reactor Operat ions Department, 

Operat ions Div is ion  ( the  ORNL Accountabi l i ty  Of f i ce  i s  Code No, 1). 

Accountabi l i ty  records  a r e  maintained i n  the  fol lowing manner: 

1. A t  t he  end of each month the  c u r r e n t  inventory of uranium and 

235U a r e  compiled and repor ted  t o  t h e  balance a r e a  r ep resen t -  

a t i v e ,  who, i n  tu rn ,  forwards t h i s  information t o  t h e  ORNL 

Accountabi l i ty  Of f i ce  (form UCN-3683, Example 4.8.4 i s  used) .  

2 .  F o r  t r a n s f e r s  between balance a r e a s  o r  sub-balance a reas ,  form 

UCN 2681 (Example 4 .8 .5 ) ,  i n  t r i p l i c a t e ,  i s  used. (An except ion 

t o  t h i s  procedure i s  t h a t ,  a l though the  BSR pool and core a r e  

i n  the same sub-balance a r e a  as the  BSR v a u l t ,  t h i s  forin i s  

requi red  f o r  t r a n s f e r s  from t h e  v a u l t  t o  t hese  o ther  l oca t ions . )  

3. For t r a n s f e r s  w i t h i n  t h e  RSR sub-balance a rea ,  form UCN-1909A 

(Example 4.8.3) i s  used, The form i s  f i l l e d  out by t h e  s h i f t  

engineer  i n  charge of t he  a c t u a l  t r a n s f e r  and i s  sen t  t o  the  

sub-balance a r e a  r e p r e s e n t a t i v e .  Information requi red  f o r  each 

u n i t  t r a n s f e r  i s :  

a. 

b .  

C .  

d .  

Source - former l o c a t i o n  of u n i t .  

Uni t  number - fuel-element ,  shim-rod, o r  f ission-chamber 

i d e n t i t y  number. 

Receiver - new l o c a t i o n .  

Remarks - a d d i t i o n a l  information as may be requested,  such 

as cond i t ion  of element,  r a d i a t i o n  l e v e l  e x t e r n a l  t o  sh ip-  

ping casks,  e t c .  



I 
I 
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Example 4 .8 .5 .  Source, Nuclear, and Special Materials Transfer (UCN-2681) E..... TYPE O F  MATERIAL F. 
0 NORMAL URANIUM c] THORIUM 

0 DEPLETED URANIUM r] PLUTONIUM 

0 ENRICHED URANIUM n TRITIUM 
0 URANIUM-233 DEUTERIUM 
0 SPECIAL MATERIAL SPECIFY - 

OAK RIDGE NATIONAL LABORATORY 
SOURCE, NUCLEAR, AND SPECIAL MATERIALS TRANSFER 

(Intro-Laborotory Only) 

_I___ 

F R O M  l e A L A H C E  A R E A )  C O D E  T O  ( B A L A N C E  A R E A )  CODE 

I I .......... ....... I -____ 
D A T E  D A T E  

S H I P P E R ' S  S IGNATURE R E C E I V E R ' S  S I G N A T U R E  

S H I P P E R ' S  M E A S U R E M E N T  M E T H O D  

R E C E I V E R ' S  M E A S U R E M E N T  METHOD 

ITEM 1 ITEM 2 ITEM 3 ITEM 4 ITEM 5 ITEM 6 FOR SS OFFICE USE 
Chemical or Physlcol Quota Number 
Farm 

..... Number of Pieces 
Batch or  L o t  Jev Number 
Number 

Container Number 
Analyt ic0 I Report 
Number 

~ -I.-- 

Analy t lco l  Resulls 

( 1 g/g or ( 1 m d m l  
Volume In L i te rs  
Gross Welght of 
Container & Material 

TOTALS 
- 

Analy t lco l  Resulls 

( 1 g/g or ( 1 m d m l  
Volume In L i te rs  
Gross Welght of 

TOTALS 
- 

Container & Material 1 I I I I I I 

Materlal to SS Ne 

Net Weight of 
U233( ) Pu ( ) 

ss L i m i t s  of 
Recognized 
Uncertainty 

I I I I I 1 
NOTE: Shipper- receiver differences must be reported to the 55 Accountab//ity Of f i ce  immediately for reconciliation. 

IF M A T E R I A L  WAS N O T  M E A S U R E D  B Y  E I T H E R  S H I P P E R  OR R E C E I V E R  S T A T E  WHY 

. ..___ ...... 
O T H E R  P E R T I N E N T  COMMENTS 

. .... _._I____.. .................... ............................. 
Distribution: (White) Accollntobitity Office - (Canary) Receiver - (Pink) Shipper 

UCN-268 1 
13 2-61] 
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4 . 8 ~ .  Procedure  f o r  C a l c u l a t i n g  Consumption of Uranium 

Normally, 235U consumption by n e u t r o n  a b s o r p t i o n  i s  n o t  cons idered  

f o r  small i t e m s ;  e .g . ,  f i s s i o n  chambers, f o i l s ,  e t c .  I n  f u e l  e lements  

and c o n t r o l  e lements ,  t h e  consumption of 235U by n e u t r o n  a b s o r p t i o n  i s  

c a l c u l a t e d  due b o t h  t o  f i s s i o n  (burnup) and n e u t r o n  c a p t u r e  (forming 

236 
U) - 

Fol lowing  any p a r t i a l  o r  complete  r e l o a d i n g  of t h e  r e a c t o r ,  t h e  num- 

b e r  of  kwh accumulated d u r i n g  t h e  preceding  per iod  of r e a c t o r  o p e r a t i o n s  

i s  o b t a i n e d  from t h e  BSR log  book. With t h i s  in format ion ,  t h e  number of 

grams of 235U consumed may be computed as f o l l o w s :  

235 
G r a m s  U f i s s i o n e d  = (kwh/24) x 1.07 g 235U/1000 kwh-day 

S i n c e  the  consumption of  238U and 236U i s  n e g l i g i b l e  i n  BSR f u e l  e lements ,  

t h e  consumption of 235U due t o  f i s s i o n  i s  e q u a l  t o  t o t a l  l o s s  of uranium. 

Next, t h e  f r a c t i o n  o f  t h e  t o t a l  uranium consumption (burnup) i s  c a l -  

c u l a t e d  f o r  t h e  i n d i v i d u a l  e lement .  T h i s  F r a c t i o n  i s  c a l l e d  t h e  burnup 

f a c t o r  (BF) and i s  d e f i n e d  a s :  

Average f l u x  i n  f u e l  u n i t  

Average f l u x  i n  c o r e  

2 3 5 ~  i n  f u e l  u n i t  

2 3 5 ~  i n  c o r e  
BF = X 

Following t h i s ,  t h e  burnup f a c t o r s  are  m u l t i p l i e d  by t h e  p r e v i o u s l y  c a l -  

c u l a t e d  burnup t o  de te rmine  t h e  burnup p e r  e lement  d u r i n g  t h e  prev ious  

o p e r a t i n g  p e r i o d .  The c u r r e n t  burnup i s  t h e n  s u b t r a c t e d  from t h e  uranium 

c o n t e n t  of t h e  element  a t  t h e  s t a r t  of t h e  o p e r a t i n g  p e r i o d  t o  o b t a i n  t h e  

c u r r e n t  uranium c o n t e n t .  

c u r r e n t  burnup t o  t h e  p r e v i o u s  t o t a l  burnups.  

A = t o t a l  burnup i s  computed by adding t h e  
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To c a l c u l a t e  t h e  c u r r e n t  product ion  of 236U, t h e  c u r r e n t  burnup i s  

used i n  t h e  fo l lowing  formula: 

236 
G r a m s  U produced = (0.183 g 236U/g burnup) x grams burnup 

The number t h u s  o b t a i n e d  p l u s  t h e  c u r r e n t  burnup i s  s u b t r a c t e d  from t h e  

235U c o n t e n t  of t h e  element  a t  t h e  s t a r t  of the o p e r a t i n g  per iod t o  ob- 

t a i n  t h e  c u r r e n t  235Ll c o n t e n t .  To o b t a i n  t h e  new t o t a l  236U product ion ,  

t h e  new t o t a l  burnup i s  used i n  t h e  above e q u a t i o n .  

The c u r r e n t  burnup, new r o t a s  burnup, uranium c o n t e n t ,  235U c o n t e n t ,  

and 236U product ion  are recorded i n  t h e  l e d g e r  book. 

It should be noted t h a t  numerous checks must be made by the sub- 

b a l a n c e  area r e p r e s e n t a t i v e  t o  prevent  cumula t ive- type  e r r o r s .  . 
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5. EXPERIMENTS 

5.1.  I n t r o d u c t i o n  

Although t h e  RSR was o r i g i n a l l y  b u i l t  t o  s t u d y  r a d i a t i o n  s h i e l d i n g ,  

i t s  h i g h  d e g r e e  o f  a c c e s s i b i l i t y  makes i t  i d e a l  f o r  performance of  a wide 

c h o i c e  of exper iments .  The experiment  f a c i l i t i e s  c u r r e n t l y  i n  use a r e  

d e s c r i b e d  b r i e f l y  i n  t h e  f o l l o w i n g  s e c t i o n s .  The s h i f t  e n g i n e e r s  and 

o p e r a t o r s  should become f a m i l i a r  wiXh t h e  s e r v i c e s  r e q u i r e d  by each 

experiment  a 
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5.2. Experiment Facilities 

5.2a. Thermal-Neutron-Irradiation Facility (East D20 Tank) 

1. References 

a. Drawings. - SDD-D-l427a, High Thermal Neutron Flux Facility - 
Bulk Shielding Reactor - Building 3010 

b. Reports. - C. E. Klabunde and B. C .  Kelley, "Irradiation 

Facilities in the Oak Ridge National Laboratory Bulk Shield- 

ing Reactor", International Symposium on Developments in 

Irradiation Capsule Technology, Held at Pleasonton, Cali- 

fornia, May 3 - 5 ,  1966, TID-4500 (Conf-660511), paper 8.7 

(March, 1967). 

2. Purpose. - The purpose of this facility is to provide readily 
available space for irradiating material in a well-thermalized 

neutron flux. 

3 .  Brief Description. - Figure 5.2.1 shows the facility as installed 

on the east side of the BSR. Figure 5.2.2 illustrates the impor- 

tant dimensions of the facility. The lower end of the central 

tube is surrounded by a thin-walled aluminum container filled 

with bismuth. (The bismuth was intended to shield the central 

tube from gamma rays; however, as shown in Table 5.2.1, the 

gamma-ray.dose rate in this tube is relatively large. This dbse 

rate is primarily due to thermal-neutron capture gamma rays 

which are produced in the walls of the aluminum sample tube.) 

Not illustrated in Fi-gure 5.2.2 are flanged joints on each tube 

which are 9 ft 4 in. above the reactor centerline. These joints 

a l low the upper portion of the tubes to be modified without 
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Fig. 5.2.1.  Thermal Neutron I r r a d i a t i o n  Facility 
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Table 5.2.1.  Neurron-Flux and G a m m a  Data 
Measbred i n  C e r t a i n  BSR I r r a d i a t i o n  F a c i l i t i e s  a t  2 Mw 

- ..-.- -. -- -- _n - 
Cadmium G a m m a  Gamma Heat 

Fasr Fi e r m a  L" 
F a c i l i t y  o r  Sample 

Tube P o s i t i o n  
Neut ran  Flux" Neutron F l u x  

Rat io  (Gold)  (r / h r  j (watt 5 / g )  
II- - ___ ---- (n/_cm* set) -_ ---- (n/ c x 2 .  secj- _--. __ 
Liqu id  Helium C r y o s t a t  9.4 x 10 (S) 91 0.015 2 . 7  x 10 

12 8 

12 1 3  Liquid Ni t rogen  C r y o s t a t  1.3 x 10 (N) 1.1 x 10 

12 13 Core -Position-15 Tube 1 . 7  x 10 (N> 1.3 x 10 

E a s t  

Thermal Neutron I r r a d i a t i o n  F a c i l i t y  ( D 2 0  Tank) 

5 
1 .5  x 10 

2 
9 .9  x 10 

12  
0 . 4  x 10 

7 
0 .5  x 10 (S) 

5 
2.8 x 10 

2 
8.5 x 10 

12 
1 . 9  x 10 

7 C e n t e r l i n e  9.6 x 10 

0.2  

5 
7 . 3  x 10 3 1 . 7  x 10 

1 2  
1 . 5  x 10 

7 North,  South 7 .0  x 10 

6 
2 .7  x 10 

2 
2 . 0  x 10 12 5.5 x LO 

9 Northwest,  Southwest 1.4 x 10 

y k W G n - f u ? f u r  and (N) =-Nickel 
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having e i t h e r  t o  d r a i n  t h e  r e a c t o r  pool comple te ly  o r  t o  remove 

t h e  t a n k  from t h e  p o o l ;  t h e  upper p o r t i o n s  of t h e  c e n t e r ,  n o r t h ,  

and s o u t h  tubes  a r e  o f f s e t  from t h e  c e n t e r l i n e  of t h e  bottom 

p o r t i o n  of t h e  tube  t o  e l i m i n a t e  a d i r e c t  r a d i a t i o n  beam from 

t h e  r e a c t o r .  

The s i x  aluminbm walls of t h e  tank  are 1 /2  i n .  t h i c k .  I n  

a d d i t i o n ,  t h e  e a s t  and west wal l s  are r e i n f o r c e d  w i t h  aluminum 

p la t e s  314 i n .  t h i c k ,  30 i n .  h igh ,  and 22 i n .  w i d e .  The tank  

i s  p o s i t i o n e d  by two f o o t p i e c e s  on i t s  west  end which f i t  i n t o  

a b r a c k e t  f a s t e n e d  t o  t h e  e a s t  edge of t h e  r e a c t o r  g r i d  p l a t e ;  

t h e  t a n k  i s  suppor ted  by f o u r  s t ee l  c a b l e s  which a r e  f a s t e n e d  

t o  a r o l l i n g  suppor t  mechani-sm which i s ,  i n  t u r n ,  supported by 

t h e  r e a c t o r  b r i d g e .  The suppor t  mechanism i s  a t t a c h e d  t o  t h e  

r e a c t o r  c a r r i a g e ,  and movement of t h e  l a t t e r  w i l l  cause  an  e q u a l  

movement of t h e  former;  t h u s ,  t h e  tank  i s  r e p o s i t i o n e d  w i t h  t h e  

r e a c t o r .  

The w e s t  w a l l  of t h e  t a n k  i s  about  114 i n .  east  of t h e  

n e a r e s t  edges of  t h e  r e a c t o r  f u e l  e lements .  R e a c t i v i t y  measure- 

ments i n d i c a t e  t h a t  complete removal of  t h e  tank  would cause  a 

change i n  r e a c t i v i t y  of -0.82% Ak/k. 

4 .  Routine Checks. - A 1 / 2 - i n .  aluminum tube  ex tends  from t h e  t o p  

of t h e  t a n k  between t h e  c e n t r a l  sample t u b e  and t h e  east  sample 

tube t o  above t h e  pool  w a t e r  s u r f a c e .  A p l a s t i c  tube  a t t a c h e d  

t o  t h i s  1 / 2 - i n .  tube e n t e r s  t h e  t o p  and ex tends  t o  t h e  bottom of 

a heavy-walled p o l y e t h e l e n e  b o t t l e  which c o n t a i n s  D 0. T h i s  

p o l y e t h e l e n e  b o t t l e ,  which provides  an expansion volume f o r  t h e  

t a n k ,  i s  l o c a t e d  j u s t  east  of t h e  east  working p l a t f o r m .  

2 
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... 

Once p e r  s h i f t  t h e  l e v e l  i n  t h e  b o t t l e  w i l l  be v i s u a l l y  

checked t o  de te rmine  that i t  i s  n e i t h e r  t o o  low nor  t o o  h igh .  

5. I n s t r u m e n t a t i o n .  - Although ins t rumented  samples may a t  times 

be i n s t a l l e d  i n  t h i s  f a c i l i t y ,  no i n s t r u m e n t a t i o n  i s  a s s o c i a t e d  

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

6. I n s t a l l a t i o n  and Removal Procedures .  - T h i s  f a c i l i t y  i s  intended 

t o  be a permanent ly  i n s t a l l e d  f e a t u r e  of t h e  r e a c t o r .  I n s t a l l a -  

t i o n  o r  removal of t h i s  f a c i l i t y  c o n s t i t u t e s  a major o p e r a t i o n  

and c a u s e s  a s i g n i f i c a n t  change i n  r e a c t i v i t y ;  t h e r e f o r e ,  a 

s p e c i a l  procedure would have t o  be w r i t t e n .  T h i s  procedure 

would r e q u i r e  rev iew and a p p r o v a l  a s  d e s c r i b e d  i n  S e c t i o n  4.5 .  

5 . 2 b .  West D2O Tank 

1. R e f e r e n c e s  .. . 

a .  Drawings 

(1) 

(2) M 2031.0 E J  010, Low Temperature Experiment - D 0 Box - 
M 20310 E J  009, Low Temperature Experiment - D20 Box 

2 

De ta i l  Shee t  1 

M 20310 E J  011, Low Temperature Experiment - D20 Box - 
Deta i l  Shee t  2 

M 20310 E J  012, Low Temperature 

Detail  Shee t  3 

M 20310 E J  013, Low Temperature Experiment - D 2 0  Box - 
Detai l  Sheet  4 

(3) 

( 4 )  Experiment - D 2 0  Box - 

(5) 

b .  Repor ts .  - C .  E .  Klabunde and B. C .  K e l l e y ,  " I r r a d i a t i o n  

F a c i l i t y  i n  t h e  Oak Ridge N a t i o n a l  Labora tory  Bulk S h i e l d -  

i n g  Reac tor" ,  I n t e r n a t i o n a l  Symposium on Developments i n  
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I r r a d i a t i o n  Capsule Technology, Held a t  P l e a s o n t a n ,  C a l i -  

f o r n i a ,  May 3-5 ,  1966, TID-4500 (Conf-660511), paper 8 .7  

(March, 1967) .  

2 .  Purpose.  - The purpose of t h i s  f a c i l i t y  i s  t o  provide a t h e r -  

mal ized n e u t r o n  c u r r e n t  a t  t h e  w e s t  f a c e  01 t h i s  t a n k .  Although 

t h e  tank  w a s  o r i g i n a l l y  des igned  and i n s t a l l e d  f o r  use  i n  con- 

j u n c t i o n  w i t h  t h e  l i q u i d  hel ium c r y o s t a t ,  i t  i s  a v a i l a b l e  f o r  

use  w i t h  o t h e r  experiment  f a c i l i t i e s .  

3 .  B r i e f  D e s c r i p t i o n .  - F i g u r e  5.2.1 shows t h e  f a c i l i t y  a s  i n -  

s t a l l e d  on t h e  r e a c t o r  g r i d  p l a t e ;  t h e  f a c i l i t y  occupies  t h e  

32 westernmost g r i d  p o s i t i o n s .  The t a n k  i s  25 i n .  wide and 

11 15/16 i n .  deep. The h e i g h t  of t h e  t a n k  v a r i e s  from 20 1 / 4  

i n .  a t  t h e  s o u t h e a s t  c o r n e r  t o  28 114 i n .  a t  t h e  nor thwes t  c o r -  

n e r .  F i v e  of t h e  s i x  aluminum w a l l s  of t h e  tank  a r e  318 i n .  

t h i c k ;  t h e  west w a l l  i s  5 /16  i n .  t h i c k .  T h e r e f o r e ,  t h e  tank  

i n t e r p o s e s  a 11 3 / 8 - i n .  s l a b  of D 0 between t h e  r e a c t o r  c o r e  

and any a s s o c i a t e d  experiment  l o c a t e d  a d j a c e n t  t o  t h e  w e s t  w a l l  

of t h e  t a n k .  

2 

The b a s e  p l a t e  i s  equipped w i t h  two f o o t p i e c e s  which a r e  

a lmost  i d e n t i c a l  t o  f u e l  e lement  end boxes;  t h e s e  f o o t p i e c e s  

p o s i t i o n  t h e  base  p l a t e  i n  t h e  r e a c t o r  g r i d  p l a t e .  I n  a b d i -  

t i o n ,  t h e  base p l a t e  c o n t a i n s  h o l e s  which l i n e  up w i t h  t h e  

dowel p i n  a s s o c i a t e d  w i t h  each r e a c t o r  g r i d - p l a t e  p o s i t i o n .  

Between t h e  b a s e  p l a t e  and t h e  t a n k  i s  a s l i d e - p l a t e  w i t h  

s l i d i n g  ways and a screw adjus tment .  T h i s  arrangement a l lows  

t h e  tank p o s i t i o n  t o  be a d j u s t e d  i n  t h e  e a s t - w e s t  d i r e c t i o n  
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.... 

... 

4 .  

... .... 

u s i n g  a s p e c i a l  t o o l .  This adjus tment  w i l l  a l l o w  t h e  water 

gap (between t h e  t a n k  and t h e  edges of t h e  concave s i d e s  of 

t h e  a d j a c e n t  f u e l  e lements )  t o  be changed over  a range from 

e s s e n t i a l l y  z e r o  t o  1.135 i n .  Changing t h e  water gap changes 

t h e  cadmium r a t i o  of t h e  n e u t r o n  c u r r e n t  which emerges from 

t h e  w e s t  w a l l  o f  t h e  t a n k .  R e a c t i v i t y  measurements i n d i c a t e  

t h a t  w i t h  t h e  t a n k  i n i t i a l l y  c l o s e s t  t o  t h e  c o r e  complete re-  

moval would c a u s e  a change of -1.85% Ak/k; w i t h  t h e  t a n k  i n i -  

t i a l l y  a t  m i d p o s i t i o n ,  complete  removal would c a u s e  a change 

of -0.96% Ak/k; and,  w i t h  t h e  t a n k  i n i t i a l l y  a t  t h e  f a r t h e s t  

p o s i t i o n ,  complete  removal would r e s u l t  i n  a change of -0.47% 

Ak/k. Movement of  t h i s  t a n k  r e l a t i v e  t o  t h e  r e a c t o r  c o r e  i s  

not  permi t ted  d u r i n g  r e a c t o r  o p e r a t i o n .  

Rout ine  Checks. - A 1 / 2 - i n .  schedule-40,  aluminum p i p e  e x t e n d s  

from t h e  s o u t h e a s t  c o r n e r  of t h e  top  of t h e  tank  t o  above t h e  

pool w a t e r  s u r f a c e .  A p l a s t i c  t u b e  a t t a c h e d  t o  t h i s  1 / 2 - i n .  

p i p e  e n t e r s  t h e  t o p  and e x t e n d s  t o  t h e  bottom of a heavy-walled 

p o l y e t h e l e n e  b o t t l e  which c o n t a i n s  D 0. T h i s  p o l y e t h e l e n e  b o t -  
2 

t l e ,  which p r o v i d e s  a n  expans ion  volume f o r  t h e  tank ,  i s  l o c a t e d  

j u s t  eas t  of t h e  eas t  working p l a t f o r m .  

Once per  s h i f t  t h e  l e v e l  i n  t h e  b o t t l e  w i l l  be  v i s u a l l y  

checked t o  d e t e r m i n e  t h a t  i t  i s  n e i t h e r  t o o  l o w  nor  t o o  low. 

5. I n s t r u m e n t a t i o n .  - No i n s t r u m e n t a t i o n  i s  a s s o c i a t e d  w i t h  t h i s  

f ac i 1 i t y  . 
6. I n s t a l l a t i o n  and Removal P r o c e d u r e s .  - T h i s  f a c i l i t y  i s  in tended  

t o  b e  a permanent ly  i n s t a l l e d  f e a t u r e  of t h e  r e a c t o r .  I n s t a l l a -  

t i o n  o r  removal of t h e  f a c i l i t y  c o n s t i t u t e s  a major o p e r a t i o n  
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and c a u s e s  a s i g n i f i c a n t  change i n  r e a c t i v i t y ;  t h e r e f o r e ,  a 

s p e c i a l  procedure would have t o  be w r i t t e n .  T h i s  procedure 

would r e q u i r e  review and a p p r o v a l  as d e s c r i b e d  i n  S e c t i o n  4 .5 .  

5 . 2 ~ .  Liquid-Helium C r y o s t a t  

1. Refe rences  

a. Drawings 

(1) Q-2853-1, Low Temperature I r r a d i a t i o n  F a c i l i t y  J o u l e -  

Thomson Valve S a f e t y  - F r o n t  and Rear o €  Panelboard 

and L o c a t i o n  

(2)  4-2853-2, Low Temperature I r r a d i a t i o n  F a c i l i t y  J o u l e -  

Thomson Valve S a f e t y  - Pane l  Layout,  Cutout  and D e t a i l  

( 3 )  4-2853-3, Low Temperature I r r a d i a t i o n  F a c i l i t y  J o u l e -  

Thomson Valve S a f e t y  - E l e c t r i c a l  Schematic and Wiring 

Diagrams 

b.  R e p o r t s .  - C .  E .  Klabunde and B .  C .  K e l l e y ,  " I r r a d i a t i o n  

F a c i l i t y  i n  t h e  Oak Ridge N a t i o n a l  Labora to ry  Bulk S h i e l d -  

ing Reactor" ,  I n t e r n a t i o n a l  Symposium on Developments i n  

I r r a d i a t i o n  Capsule  Technology, Held a t  P l e a s o n t o n ,  Ca l i -  

f o r n i a ,  May 3 -5 ,  1966, TID-4500 (Conf-660511), p a p e r  8.7 

(March, 1967).  

2 .  Pu rpose .  - The purpose of t h i s  f a c i l i t y  i s  t o  p rov ide  t h e  capa-  

b i l i t y  f o r  i r r a d i a t i n g  m a t e r i a l  i n  a w e l l - t h e r m a l i z e d  n e u t r o n  

f l u x  a t  l i q u i d  hel ium t e m p e r a t u r e .  (Liquid hel ium t e m p e r a t u r e s  

are n e c e s s a r y  t o  immobilize c r y s t a l .  l a t t i c e  i m p e r f e c t i o n s  

[damage] induced i n  pure metals by r e a c t o r  i r r a d i a t i o n .  Reac- 

t o r  f l u x e s  induce  damage i n  m e t a l s  no t  o n l y  by f a s t  n e u t r o n  
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c o l l i s i o n s ,  b u t  a l s o  by r e c o i l s  from t h e  [n,  y ]  r e a c t i o n  upon 

c a p t u r e  of thermal  n e u t r o n s .  S i n c e  t h e  l a t t e r  mechanism pro-  

duces a r e l a t i v e l y  s i m p l e  damage c o n f i g u r a t i o n ,  i t  can  be a 

v a l u a b l e  b a s i c  r e s e a r c h  t o o l  i f  p r o p e r l y  i s o l a t e d  from f a s t  

n e u t r o n  damage.) 

3 .  D e s c r i p t i o n .  - The i n - p o o l  p o r t i o n  of t h i s  f a c i l i t y  i s  l o c a t e d  

i n  t h e  southwest  c o r n e r  of t h e  r e a c t o r  pool .  F i g u r e  5 .2 ,3  

d e p i c t s  t h i s  E a c i l i t y  w i t h  t h e  r e a c t o r  p o s i t i o n e d  a g a i n s t  i t  

as viewed from t h e  s o u t h .  The s a m p l e  chamber i s  a I- in . -diam, 

8 - i n , - l o n g  s e c t i o n  a t  the bottom of an  18-f t  t u b e .  The cham- 

~ C ' P  walls a r e  cooled by t h e  l i q u i d  hel ium c i r c u l a t i n g  i n  a 

c l o s e d - c y c l e  r e f r i g e r a t o r  system. The sample chamber and 

a s s o c i a t e d  r e f r i g e r a n t - t r a n s f e r  l i n e s  and vacuum j a c k e t i n g  are 

housed i n  a 6- ina-d iam p i p e  which i s  surrounded by a heavy- 

w a t e r - f i l l e d  tank  a t  t h e  e l e v a t i o n  of t h e  r e a c t o r  c o r e .  (For 

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

t h e  ref( .renced r e p o r t .  1 

R e a c t i v i t y  measurements i n d i c a t e  t h a t  moving t h e  r e a c t o r  so 

that. t h e  wes t  D 0 tank  i s  a g a i n s t  t h i s  f a c i l i t y  h a s  no measur- 

a b l e  e f f e c t  Table  5.2.1 shows t h e  neut ron-€  lux and gamma-ray 

d a t a  o b t a i n e d  i n  t h i s  f a c i l i t y ,  

2 

4 ,  Rout ine  Checks I) - Reactor  O p e r a t i o n s  Department personnel  have 

n o t  been r e q u e s t e d  t o  make rout ine> checks of t h i s  f a c i l i t y  

except  f o r  t h e  s h i f t  walk- through checks .  

5 .  Lns t rumenta t ion .  - Although t h e  l i q u i d - h e l i u m  c r y o s t a t  f a c i l i t y  

h a s  e l a b o r a t e  i n s t r u m e n t a t i o n  ( p r i m a r i l y  tempera ture-moni tor ing  
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i n s t r u m e n t a t i o n ) ,  o n l y  two i n s t r u m e n t a t i o n  s y s t e m s  a r e  of con- 

c e r n  t o  the  Reac tor  O p e r a t i o n s  Department p e r s o n n e l .  These s y s -  

tems a r e  t h e  boron thermopi le ,  which i s  i n s e r t e d  i n  one of t h e  

tank-access  t u b e s  and which moni tors  t h e  thermal  n e u t r o n  f l u x  of 

n e u t r o n s  w i t h  e n e r g i e s  >0.1 M e V ,  and t h e  Joule-Thomson ( J . T . )  

v a l v e  tempera ture  moni tor ,  which u s e s  c a r b o n - r e s i s t a n c e  thermom- 

e te rs  t o  measure t h e  tempera ture  of t h e  l i q u i d  hel ium j u s t  up- 

stream from t h e  Joule-Thoinson f l o w - c o n t r o l  v a l v e .  (This  va lve  

c o n t r o l s  t h e  flow o f  l i q u i d  hel ium through t h e  c o i l s  sur rounding  

t h e  wal l s  of t h e  sample chamber.) 

The boron thermocouple i s  of concern  s i n c e  i t  i s  an  a c c u r a t e  

i n d i c a t o r  of  n e u t r o n  f l u x  leakage  t o  t h e  f a c i l i t y .  This  param- 

e te r  i s  an i n d i c a t o r  of r e a c t o r  power l e v e l  and, i n  p a r t i c u l a r ,  

de te rmines  t h e  l e n g t h  of an  i r r a d i a t i o n  a t  a d e s i r e d  exposure 

ra te  - 
The J . T .  v a l v e  tempera ture  i s  of primary concern  s i n c e  t h i s  

parameter  i s  used t o  i n i t i a t e  a c t i o n  by t h e  r e a c t o r  c o n t r o l  

(or  p r o t e c t i o n )  system. I f  t h e  E - p a n e l  s w i t c h  ( swi tch  No. 1)  

i s  i n  t h e  NORMAL p o s i t i o n ,  t h e  J . T .  t empera ture-moni tor ing  

i n s t r u m e n t a t i o n  w i l l  i n i t i a t e  a n  alarm if t h e  tempera ture  i n -  

c r e a s e s  t o  3.9"K ( - 2 6 9 . 2 5 " C )  and w i l l  i n i t i a t e  a s e t b a c k  i f  

t h e  tempera ture  i n c r e a s e s  t o  4 3 ° K  (-268.65"C) a In t h i s  c a s e ,  

t h e  E - p a n e l  s w i t c h  t i e - i n  i s  provided for  t h e  protection of  

experiment  d a t a ;  t h e r e f o r e ,  the  s w i t c h  f o r  t h i s  experiment i s  

u s u a l l y  p laced  i n  t h e  NORMAL p o s i t i o n  d u r i n g  r e a c t o r  o p e r a t i o n  

only  a t  t h e  r e q u e s t  of t h e  exper imenter  and o n l y  d u r i n g  p e r i o d s  

when t h e  experiment  i s  n o t  a t t e n d e d .  
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This  s i t u a t i o n  i s  unusual  when compared w i t h  experiments  

i n s t a l l e d  i n  o t h e r  r e a c t o r s  opera ted  by t h e  Reactor  Opera t ions  

Department.  More unusual ,  however, i s  t h e  f a c t  t h a t  i f  t h e  

r e a c t o r  i s  n o t  be ing  opera ted  f o r  some o t h e r  experiment  and even 

if t h e  r e a c t o r  i s  not  p o s i t i o n e d  a g a i n s t  t h e  l i q u i d  hel ium c r y o -  

s t a t  t h e  E-panel swi tch  may be l e f t  i n  t h e  NORMAL p o s i t i o n .  

T h i s  s i t u a t i o n  may occur  d u r i n g  t h e  p o s t i r r a d i a t i o n  per iod  when 

cont inued  low-temperature  exposure of  t h e  sample  i s  r e q u i r e d .  

Normally, d u r i n g  t h i s  p e r i o d ,  t h e  Labora tory  P a t r o l ,  which i s  

a f u n c t i o n  of t h e  Labora tory  F a c i l i t i e s  Department of t h e  Opera- 

t i o n s  D i v i s i o n ,  checks the .  experiment  l a b o r a t o r y  every  f o u r  

h o u r s  and moni tors  c e r t a i n  a la rms  from t h e  l a b o r a t o r y .  These 

a la rms  may be r e l a y e d  t o  t h e  Waste Monitor ing C o n t r o l  C e n t e r ,  

B u i l d i n g  3105, by o p e r a t i o n  of a s w i t c h  i n  t h e  experiment  labo-  

r a t o r y .  

6 .  I n s t a l l a t i o n  and Removal Procedures .  - When it i s  nQt  d e s i r a b l e  

t o  expose t o  i r r a d i a t i o n  e i t h e r  t h i s  f a c i l i t y  o r  a sample r i g  

i n  t h i s  f a c i l i t y ,  t h e  r e a c t o r  i s  moved s u f f i c i e n t l y  f a r  from 

t h e  f a c i l i t y  ( 3  f t )  so t h a t  t h e  r e a c t o r  may be opera ted  a t  f u l l  

power w i t h o u t  exposing t h e  f a c i l i r y  t o  a s i g n i f i c a n t  n e u t r o n  

f l u x  o r  gamma-ray dose r a t e .  T h e r e f o r e ,  removal of t h i s  f a c i l -  

i t y  o r  of a s a m p l e  r i g  from t h i s  f a c i l i t y  i s  governed by t h e  

u s u a l  r u l e s  f o r  removal of r a d i o a c t i v e  m a t e r i a l s  from t h e  reac- 

t o r  pool .  

I n s t a l l a t i o n  procedures  involve  d e c r e a s i n g  t h e  r e l a t i v e  

d i s t a n c e  between t h e  r e a c t o r  and t h e  f a c i l i t y .  P o s i t i o n i n g  
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t h e  r e a c t o r  a g a i n s t  t h e  f a c i l i t y  p r i m a r i l y  i n v o l v e s  fo l lowing  

S e c t i o n  4.7.  A f t e r  t h e  f i n a l  n o r t h - s o u t h  r e p o s i t i o n i n g  of t h e  

r e a c t o r  b r i d g e  and a f t e r  t h e  s e m i f i n a l  e a s t - t o - w e s t  p o s i t i o n i n g  

of t h e  r e a c t o r  b r i d g e ,  t h i s  r e a c t o r  c a r r i a g e  i s  moved west u n t i l  

t h e  w e s t  D 0 t a n k  i s  i n  c l o s e  c o n t a c t  w i t h  t h e  f a c i l i t y .  Then 

t h e  compression between t h e  f a c i l i t y  and t h e  t a n k  i s  allowed t o  

2 

determine  t h e  f i n a l  p o s i t i o n  of t h e  r e a c t o r  c a r r i a g e ;  i . e . ,  t h e  

c a r r i a g e  i s  al lowed t o  move eas tward  s l i g h t l y .  

The removal procedure c o n s i s t s  of moving t h e  r e a c t o r  car-  

r i a g e  u n t i l  t h e  f a c i l i t y  and t h e  w e s t  D20 t a n k  are  s e p a r a t e d  

by a minimum of 3 f t  (see S e c t i o n  4 . 7 ) .  

S i n c e  t h e  r e a c t o r  c a r r i a g e  must be moved t o  change t h e  r e l -  

a t i v e  p o s i t i o n  o f  t h e  r e a c t o r  and t h e  f a c i l i t y ,  such changes 

are p r o h i b i t e d  when t h e  r e a c t o r  i s  o p e r a t i n g  even though no 

r e a c t i v i t y  e f f e c t s  r e s u l t .  

5 .2d .  C o r e - P o s i t i o n  F i f t e e n  F a c i l i t y $ <  

L .  References  

a. Drawings 

(1) M 10258 EL 010, Access Equipment - G r i d  5 - BSR Assem- 

b l y  

(2)  M 10258 EL 011, Access Equipment - Grid 5 - BSR A s s e m -  

b l y  D e t a i l  Shee t  N o .  1 

*This f a c i l i t y  w a s  former ly  r e f e r r e d  t o  as t h e  p o s i t i o n  f i v e  f a c i l -  
i t y .  The change i n  name r e s u l t e d  from t h e  change i n  t h e  r e a c t o r  g r i d  
p l a t e  and i n  t h e  r e a c t o r  g r i d - p l a t e  numbering system which occurred  
d u r i n g  t h e  m o d i f i c a t i o n  f o r  2-Mw o p e r a t i o n .  The r e l a t i v e  p o s i t i o n  of 
t h e  f a c i l i t y  tube ,  w i t h  r e s p e c t  t o  t h e  w e s t  D20 t a n k  and t o  t h e  core ,  
was unchanged from t h a t  i n  t h e  1-Mw r e a c t o r .  
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(3)  M 10258 EL 012, Access Equipment - Grid 5 - BSR Assem- 

b l y  D e t a i l  S h e e t  No. 2 

(4) M 10258 EL 013, Access Equipment - Grid 5 - BSR Assem- 

b l y  D e t a i l  Shee t  No. 3 

(5) M 10258 EL 014, Access Equipment - Grid 5 - BSR Assem- 

b l y  D e t a i l  Shee t  No. 4 

(6) M 10258 EL 015, Access Equipment - Grid 5 - BSR A s s e m -  

b l y  D e t a i l  Shee t  No. 5 

(7)  M 10258 EL 016, Access Equipment - G r i d  5 - BSR Assem- 

b l y  Deta i l  S h e e t  No. 6 

(8) M 10258 EL 017, (This drawing has been d e l e t e d )  

(9) M 10258 EL 118, Access  Equipment - Grid 5 - BSR Assem- 

b l y  De ta i l  Shee t  No. 8 

(10) M 10258 EL 119, Access Equipment - Grid 5 - BSR Assem- 

b l y  Detai.1 S h e e t  No. 9 

(11) M 10258 EL 120, Access Equipment - Grid  5 - BSR A s s e m -  

b l y  Deta i l  Shee t  No. 10 

b.  R e p o r t s .  - C .  E .  Klabunde and R .  C .  Ke l l ey ,  " I r r a d i a t i o n  

F a c i l i t y  i n  t h e  Oak Ridge N a t i o n a l  Labora to ry  B u l k  S h i e l d -  

i n g  Reactor" ,  I n t e r n a t i o n a l  Symposium on Developments i n  

I r r a d i a t i o n  Capsule  Technology, Held a t  P l e a s o n t o n ,  C a l i -  

f o r n i a ,  May 3-5,  1966, TID-4500 (Conf-660511), p a p e r  8.7 

(March , 1967) . 
2.  Purpose.  - The purpose of t h e  p o s i t i o n  f i f t e e n  f a c i l i t y  (PFF) 

i s  t o  p rov ide  space f o r  r ad ia t ion -damage  expe r imen t s  d u r i n g ,  o r  

f o r  p o s t i r r a d i a t i o n  expe r imen t s  fo l lowing ,  exposure  t o  r e a c t o r -  

spectrum n e u t r o n - f l u x  and gamma-ray i r r a d i a t i o n s .  
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3 .  B r i e f  D e s c r i p t i o n .  - A s  d e p i c t e d  i n  F i g u r e  5.2.4,  t h e  f a c i l i t y  

i s  l o c a t e d  a t  t h e  nor thwes t  c o r n e r  of t h e  r e a c t o r  c o r e .  It 

c o n s i s t s  of  a curved a c c e s s  tube ,  4 i n .  i n  o u t e r  d i a m e t e r ,  which 

i s  welded t o  a hol low c o r e  p i e c e  having t h e  same o u t e r  dimen- 

s i o n s  as a BSR f u e l  e lement .  The t o p  of t h e  t u b e  i s  s e a l e d  w i t h  

a p lug  which h a s  i n c o r p o r a t e d  i n  i t  a p o r t  f o r  p r e s s u r i z i n g  t h e  

system and s e v e r a l  e l e c t r i c a l  feed- throughs .  There i s  a neut ron  

and gamma s h i e l d  p lug  suspended from t h e  seal  p lug .  A s i d e  arm 

i s  a l s o  provided f o r  e v a c u a t i n g  t h e  system. A l e a d  b a l l a s t ,  

shea thed  i n  aluminum, sur rounds  t h e  t u b e  near  t h e  bottom end t o  

compensate f o r  buoyancy. A s  can  be  s e e n  i n  F i g u r e  5 . 2 - 1 ,  t h e  

t h e  t o p  of t h e  tube  e x t e n d s  above t h e  s u r f a c e  of t h e  w a t e r .  A 

l a r g e  t r a n s f e r  c a s k  h a s  been c o n s t r u c t e d  t h a t  may be lowered 

around t h e  t o p  of t h e  t u b e  and i n t o  which t h e  i r r a d i a t e d  assem- 

b l i e s  may be removed. 

R e a c t i v i t y  measurements i n d i c a t e  t h a t  complete  removal of 

t h e  f a c i l i t y  t u b e  would r e s u l t  i n  a change of -0.13% &/k. 

Table  5 . 2 . 1  shows t h e  n e u t r o n - f l u x  and gamma-ray d a t a  measured 

i n  t h i s  f a c i l i t y .  

4 .  Rout ine  Checks. - Reactor  O p e r a t i o n s  Department personnel  have 

n o t  been r e q u e s t e d  t o  make r o u t i n e  checks of t h i s  f a c i l i t y  

e x c e p t  f o r  t h e  s h i f t  walk- through checks.  

5. I n s t r u m e n t a t i o n .  - Although ins t rumented  samples o r  exper iments  

may a t  times be i n s t a l l e d  i n  t h i s  f a c i l i t y ,  no i n s t r u m e n t a t i o n  

i s  r e q u i r e d  f o r  t h e  f a c i l i t y  i n  t h e  absence of an  experiment .  

6. I n s t a l l a t i o n  and Removal P r o c e d u r e s .  - Removal r e q u i r e s  phys i -  

c a l  removal of t h e  f a c i l i t y  from CP-15 and replacement  w i t h  a 
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r e a c t o r  g r i d - p l a t e  p lug;  i n s t a l l a t i o n  r e q u i r e s  removal o f  a 

r e a c t o r  g r i d - p l a t e  p lug  and rep lacement  w i t h  a CP-15 f a c i l i t y  

tube .  T h e r e f o r e ,  such changes r e q u i r e  r e a c t o r  shutdown b u t  no 

r e a c t o r  cool ing- f low shutdown. F a c i l i t y  t u b e s  which are empty 

o r  f a c i l i t y  t u b e s  c o n t a i n i n g  exposed samples are s t o r e d  a t t a c h e d  

t o  t h e  p o o l s i d e  s t o r a g e  mechanisms o r  t o  t h e  i n s t r u m e n t  b r i d g e .  

(General ly ,  s a m p l e s  are p laced  i n  t h e  f a c i l i t y  b e f o r e  i n s t a l l a -  

t i o n  of t h e  f a c i l i t y  i n  t h e  r e a c t o r  and samples  remain i n  t h e  

f a c i l i t y  a f t e r  t h e  f a c i l i t y  i s  removed from t h e  r e a c t o r  t o  a l l o w  

t i m e  f o r  r a d i o a c t i v e  decay . )  

During i r r a d i a t i o n ,  t h e  f a c i l i t y  i s  p r e s s u r i z e d  w i t h  hel ium 

g a s  u s i n g  t h e  arrangement shown i n  F i g u r e  5.2.4. 

5.2ea Liquid-Ni t rogen  C r y o s t a t  

1. R e f e r e n c e s  

a.  Drawings 

(1) SSD D 1468 I, Assembly 

(2) SSD D 1468 2, Detai ls  

(3) SSD D 1468 3 ,  Tube Flanges  and Base D e t a i l s  

(4) SSD C 1468 4, Sample Chamber Assembly and Details 

(5) SSD D 1468 5, Ins t rument  Br idge  Hanger 

(6) SSD D 1468 6, T h r o t t l e  Valve 

(7) SSD D 1468 7 ,  T h r o t t l e  Valve Deta i l s  

(8) SSD C 1468 8, Flange  D e t a i l s  

(9) SSD A 1468 9, S p a c e r s  

(10) SSD A 1468 10, Thermocouple F lange  

(11) SSD A 1468 11, S p a c e  Requirement 
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(12) SSD A 1468 12, Compressor and C o n t r o l  System 

(13) SSD A 1468 13, P l a n  and S i d e  V i e w  t o  BSR 

(14) SSD D 1468 L4, Secured t o  BSR 

(15) SSD C 1468 15, BSR Grid Support  

(16) SSD C 1468 16, Wedge, S t r a p s ,  and Alignment P i n s  - 

D e t a i l s  

(17) SSD A 1468 1 7 ,  S h i e l d i n g  

(18) SSD D 1468 18, P i c t o r i a l  Schematic 

(19) SSD C 1468 19, Remote T h r o t t l e - V a l v e  C o n t r o l  

b. R e p o r t s .  - C .  E .  Klabunde and B .  C .  K e l l e y ,  " I r r a d i a t i o n  

F a c i l i t y  i n  t h e  Oak Ridge N a t i o n a l  L a b o r a t o r y  Bulk S h i e l d -  

i n g  Reactor" ,  I n t e r n a t i o n a l  Symposium on Developments i n  

I r r a d i a t i o n  Capsule  Technology, Held a t  P l e a s o n t o n ,  C a l i -  

f o r n i a ,  May 3 -5 ,  1966, TID-4500 (Conf-660511), p a p e r  8 . 7  

(March, 1967) .  

2 .  Purpose.  - The purpose of t h i s  f a c i l i t y  i s  t o  p rov ide  space  t o  

conduct  r ad ia t ion -damage  expe r imen t s  i n  r e a c t o r - s p e c t r u m  e n v i -  

ronments a t  t e m p e r a t u r e s  w e l l  below normal ambient t e m p e r a t u r e s .  

This c a p a b i l i t y  i s  provided by a c r y o s t a t  which i s  cooled by 

hel ium g a s .  The g a s  i s  precool.ed by l i q u i d  n i t r o g e n .  On occa-  

s i o n s ,  a combinat ion of  e l e c t r i c  h e a t e r s  and t h e  f a c i l i t i e s '  

c o o l i n g  equipment are used t o  i r r a d i a t e  samples a t  t e m p e r a t u r e s  

such as  +5OoC. 

3 .  B r i e f  D e s c r i p t i o n .  - The c r y o s t a t  i s  mounted on t h e  i n s t r u m e n t  

b r i d g e  such t h a t  i t  may be moved t o  a lmost  any s p o t  i n  t h e  

r e a c t o r  poo l .  (F igu re  5.2.5 shows a schemat i c  l a y o u t  of t h e  
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c r y o s t a t . )  Helium gas  pumped through a l i q u i d - n i t r o g e n - c o o l e d  

counter - f low h e a t  exchanger e n t e r s  t h e  bottom of t h e  s a m p l e  

chamber and flows upward, c o o l i n g  t h e  chamber. The gas  t h e n  

r e t u r n s  t o  t h e  h e a t  exchanger and f lows through t h e  i n n e r  annu- 

l u s ,  h e l p i n g  t o  c o o l  t h e  hel ium which i s  e n r o u t e  t o  t h e  chamber. 

Next t h e  hel ium g a s  f lows t o  t h e  hel ium pump where t h e  c y c l e  

begins  a g a i n .  The co ld  r e g i o n s  a r e  i n s u l a t e d  by a vacuum 

j a c k e t  sur rounding  t h e  assembly. 

I n  t h e  c o n f i g u r a t i o n  shown i n  F i g u r e  5.2.5, t h e  samples a r e  

i r r a d i a t e d  w h i l e  i n  t h e  hel ium f low.  T h i s  arrangement somewhat 

c o m p l i c a t e s  removal of samples w h i l e  t h e y  are  co ld  and r e q u i r e s  

a new hel ium change each time a s a m p l e  i s  removed. S i n c e  most 

i r r a d i a t i o n s  w i l l  r e q u i r e  co ld  removal of samples,  a sample 

t u b e  1 118- in .  OD by 20 f t  long i s  i n s e r t e d  i n  t h e  1 7/%-in.-OD 

chamber. Once a sample i s  i n s e r t e d  i n  t h e  i n n e r  chamber, t h e  

chamber i s  evacuated and b a c k - f i l l e d  w i t h  hel ium g a s  f o r  h e a t  

t r a n s E e r .  

When t h e  i r r a d i a t i o n  i s  completed,  the  hel ium i s  pumped o u t  

and t h e  chamber b a c k - f i l l e d  w i t h  n i t r o g e n  g a s  which i s  t h e n  

l i q u i f i e d ,  f a c i l i t a t i n g  cold-sample removal.  (For more d e t a i l s ,  

s e e  t h e  r e f e r e n c e d  r e p o r t . )  

R e a c t i v i t y  measurements i n d i c a t e  t h a t  t h e  complete removal 

of t h e  f a c i l i t y  tube  would r e s u l t  i n  a change of  -0.18% Ak/k. 

(Table 5 . 2 . 1  shows t h e  n e u t r o n - f l u x  and gamma-ray d a t a  measured 

i n  t h i s  f a c i l i t y .  
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4 .  Routine Checks. - Reactor  O p e r a t i o n s  Department personnel  have 

n o t  been r e q u e s t e d  t o  make r o u t i n e  checks of t h i s  f a c i l i t y  

except  f o r  t h e  s h i f t  walk- through checks .  

5. I n s t r u m e n t a t i o n .  - Although t h e  l i q u i d - n i t r o g e n  c r y o s t a t  f a c i l -  

i t y  h a s  e l a b o r a t e  i n s t r u m e n t a t i o n ,  checks of t h i s  ins t rumenta-  

t i o n  are made o n l y  on s p e c i a l  r e q u e s t .  

6 .  I n s t a l l a t i o n  and Removal Procedures .  - T h i s  f a c i l i t y  i s  a t t a c h e d  

t o  t h e  r e a c t o r  by a b r a c k e t  i n t o  which f i t  f o o t p i e c e s  t h a t  

o r i e n t  t h e  f a c i l i t y  on t h e  c e n t e r l i n e  of t h e  r e a c t o r .  When 

i n s t a l l e d ,  t h e  f a c i l i t y  i s  p o s i t i o n e d  on t h e  n o r t h  f a c e  of t h e  

r e a c t o r .  

When i t  i s  n o t  d e s i r a b l e  t o  expose e i t h e r  t h i s  f a c i l i t y  o r  

sample  r i g s  i n  t h i s  f a c i l i t y  t o  i r r a d i a t i o n ,  t h e  r e a c t o r - t o -  

f a c i l i t y  d i s t a n c e  i s  i n c r e a s e d  s u f f i c i e n t l y  t o  a l l o w  fu l l -power  

o p e r a t i o n  of t h e  r e a c t o r  w i t h o u t  expos ing  t h e  f a c i l i t y  t o  a 

s i g n i f i c a n t  n e u t r o n  f l u x  o r  gamma-ray dose  r a t e .  T h e r e f o r e ,  

once s e p a r a t e d  from t h e  r e a c t o r ,  removal of t h i s  E a c i l i t y  o r  of 

a sample r i g  from t h i s  f a c i l i t y ,  i s  governed by t h e  u s u a l  r u l e s  

f o r  removal of r a d i o a c t i v e  m a t e r i a l s  from t h e  r e a c t o r  pool .  

The i n s t a l l a t i o n  procedure  i n v o l v e s  d e c r e a s i n g  t h e  r e l a t i v e  

p o s i t i o n  of t h e  r e a c t o r  and t h e  f a c i l i t y .  P o s i t i o n i n g  t h e  

r e a c t o r  r e l a t i v e  t o  t h e  f a c i l i t y  p r i m a r i l y  i n v o l v e s  fo l lowing  

S e c t i o n  4.7 .  A f t e r  f i n a l  r e l a t i v e  e a s t - w e s t  r e p o s i t i o n i n g  of 

t h e  r e a c t o r  c a r r i a g e ,  w i t h  r e s p e c t  t o  t h e  ins t rument  b r i d g e ,  and 

a f t e r  s e m i f i n a l  r e l a t i v e  n o r t h - s o u t h  r e p o s i t i o n i n g  of  t h e  r e a c -  

t o r  b r i d g e ,  w i t h  r e s p e c t  t o  t h e  ins t rument  b r i d g e ,  t h e  f i n a l  
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adjus tments  should be  made. The l i f t i n g  eye  on t o p  of t h e  f r o n t -  

f a c e  aluminum wedge should be engaged and t h e  wedge r a i s e d .  

A f t e r  t h e  f i n a l  n o r t h - s o u t h  movement h a s  been completed,  t h e  

wedge can be lowered s o  t h a t  i t s  f o o t p i e c e s  can engage t h e  h o l e s  

i n  t h e  b r a c k e t  a t t a c h e d  t o  t h e  n o r t h  f a c e  of t h e  r e a c t o r  g r i d  

p l a t e .  (This wedge, which d i s p l a c e s  w a t e r ,  i s  e s s e n t i a l l y  

t r a n s p a r e n t  t o  f a s t  n e u t r o n s  and a l l o w s  t h e  sample chamber t o  

be exposed t o  a r e a c t o r  neut ron  spectrum r a t h e r  t h a n  t h e  more 

thermal ized  spectrum t h a t  would o t h e r w i s e  be  p r e s e n t  .) 

The removal procedure i s  e s s e n t i a l l y  t h e  r e v e r s e  of t h e  

i n s t a l l a t i o n  procedure.  The r e a c t o r  and t h e  f a c i l i t y  should be 

s e p a r a t e d  a minimum of 3 f t  fo l lowing  t h e  i r r a d i a t i o n .  

5 . 2 f .  North-Face F a c i l i t y  

1. References  

a .  Drawings. - F i g u r e  5.2.6. 

b .  Repor ts .  - None. 

2 .  Purpose.  - The purpose of t h i s  f a c i l i t y  i s  t o  provide r e a d i l y  

ava i lahLe space f o r  i r r a d i a t i n g  r e l a t i v e l y  l a r g e  c a p s u l e s  on 

the n o r t h  f a c e  of t h e  r e a c t o r .  I n  a d d i t i o n ,  t h i s  f a c i l i t y  

m a i n t a i n s  t h e  c a p s u l e s  a t  a c o n s t a n t  and r e p r o d u c i b l e  p o s i t i o n .  

3 .  B r i e f  D e s c r i p t i o n .  - T h i s  f a c i l i t y  i s  a 3 1/2-in.-OD aluminum 

t u b e  w i t h  0 . 0 6 2 5 - i n . - t h i c k  w a l l s .  The t u b e ,  when i n s t a l l e d ,  

ex tends  from t h e  e l e v a t i o n  of  t h e  r e a c t o r  g r i d  p l a t e  t o  above 

t h e  pool w a t e r  s u r f a c e  (See F i g u r e  5 . 2 . 6 ) .  A t  t h e  bottom of 

t h i s  tube  i s  a b a s e  p l a t e  w i t h  f o o t p i e c e s  which f i t  i n t o  t h e  

h o l e s  i n  t h e  b r a c k e t  a t t a c h e d  t o  t h e  n o r t h  si.de of t h e  r e a c t o r  
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4 .  

5.  

6 .  

g r i d  p l a t e .  Three rows of 1/2- in . -diam h o l e s  (on 6- in .  c e n t e r s  

a long  t h e  e n t i r e  l e n g t h  of t h i s  t u b e )  a l low c o o l i n g  by n a t u r a l  

convec t ion  of t h e  pool w a t e r .  When i n s t a l l e d  a t  t h e  n o r t h  f a c e  

of t h e  r e a c t o r ,  a n  arm a t t a c h e d  t o  t h e  t o p  of t h e  t u b e  i s  clamped 

t o  one of t h e  hold-down arms. 

Rout ine Checks. - Routine checks of t h i s  f a c i l i t y  a r e  n o t  r e -  

q u i r e d  e x c e p t  f o r  t h e  s h i f t  walk-through checks d u r i n g  p e r i o d s  

when t h e  f a c i l i t y  i s  i n s t a l l e d  a g a i n s t  t h e  r e a c t o r .  

I n s t r u m e n t a t i o n .  - No i n s t r u m e n t a t i o n  i s  a s s o c i a t e d  w i t h  t h i s  

f a c i l i t y  . 
I n s t a l l a t i - o n  and Removal Procedures .  - When t h e  f a c i l i t y  i s  t o  

be  i n s t a l l e d ,  i t  i s  l i f t e d  by hand from i t s  p o o l s i d e  s t o r a g e  

p o s i t i o n  by an  o p e r a t o r  s t a n d i n g  on t h e  ins t rument  b r i d g e .  The 

ins t rument  b r i d g e  should be moved s o u t h  u n t i l  t h e  f o o t p i e c e s  

can  be i n s e r t e d  i n  t h e  r e a c t o r - g r i d - p l a t e  b r a c k e t .  The arm a t  

t h e  t o p  of t h e  tube can t h e n  b e  clamped t o  one of t h e  hold-down 

arms. 

The removal procedure f o r  t h e  f a c i l i t y  i s  e s s e n t i a l l y  t h e  

r e v e r s e  of t h e  i n s t a l l a t i o n  procedure.  

5.2g. Core-Pos i t ion-11  F a c i l i t y  

1. References  

a .  Drawings. - None. 

b .  R e p o r t s .  - None. 

2 .  Purpose.  - Core p o s i t i o n  11 normally c o n t a i n s  o n l y  a g r i d - p l a t e  

plug.  A simple i r r a d i a t i o n  f a c i l i t y  was c o n s t r u c t e d  which could 

be i n s t a l l e d  i n  t h i s  c o r e  p o s i t i o n .  When i n s t a l l e d ,  t h i s  f a c i l -  

i t y  does n o t  prevent  i n s t a l l a t i o n  o r  use of any of t h e  more 
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.. . 
commonly used f a c i l i t i e s ;  t h e r e f o r e ,  i t  i s  convenient  f o r  i r r a -  

d i a t i o n  of low p r i o r i t y  samples r e q u i r i n g  r e l a t i v e l y  long expo- 

s u r e  times. 

3 .  B r i e f  D e s c r i p t i o n .  - T h i s  f a c i l i t y  i s  a 3-in.-OD aluminum tube  

w i t h  0 .0625- in . - th ick  w a l l s .  The tube ,  when i n s t a l l e d ,  ex tends  

from t h e  e l e v a t i o n  of t h e  r e a c t o r  g r i d  p l a t e  t o  above t h e  pool  

w a t e r  s u r f a c e .  A s p a r e  g r i d - p l a t e  p lug  i s  welded t o  t h e  bottom 

of t h e  t u b e  and s e r v e s  a s  a f o o t p i e c e ;  f o u r  rows of 1 / 2 - i n . -  

diam h o l e s  (on 7 - in .  c e n t e r s  a long  t h e  e n t i r e  2 1 - f t  l e n g t h  o f  

t h e  tube)  a l l o w  c o o l i n g  by n a t u r a l  convec t ion  of t h e  pool  w a t e r ,  

(The l e n g t h  g i v e n  i s  from t h e  t o p  of t h e  t u b e  t o  t h e  t o p  of t h e  

f o o t p i e c e . )  When i n s t a l l e d  i n  t h e  r e a c t o r ,  a n  arm a t t a c h e d  t o  

t h e  t o p  of t h e  t u b e  i s  clamped t o  t h e  s u p p o r t  arm t o  which t h e  

f i s s i o n  chamber i s  f a s t e n e d .  

4 .  Rout ine  Checks. - Rout ine  checks of t h i s  f a c i l i t y  a r e  n o t  re- 

q u i r e d  except  f o r  the s h i f t  walk- through checks d u r i n g  p e r i o d s  

when t h i s  f a c i l i t y  i s  i n s t a l l e d  a g a i n s t  t h e  r e a c t o r .  

5 .  I n s t r u m e n t a t i o n .  - No i n s t r u m e n t a t i o n  i s  a s s o c i a t e d  w i t h  t h i s  

f a c i l i t y .  

6 .  I n s t a l l a t i o n  and Removal Procedures .  - Before i n s t a l l a t i o n  of 

t h i s  f a c i l i t y ,  t h e  g r i d - p l a t e  plug should be  removed from CP-11 

and s t o r e d  on t h e  pool f l o o r .  The f a c i l i t y  should t h e n  be 

l i f t e d  by hand from i t s  p o o l s i d e  s t o r a g e  p o s i t i o n  by an o p e r a t o r  

s t a n d i n g  on t h e  i n s t r u m e n t  b r i d g e .  The i n s t r u m e n t  b r i d g e  should 

be moved s o u t h  u n t i l  t h e  f a c i l i t y  f o o t p i e c e  can be i n s e r t e d  i n  

CP-11. The arm a t  t h e  t o p  of t h e  t u b e  can  then  be c lamped t o  

t h e  s u p p o r t  arm. 
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The removal procedure f o r  t h i s  f a c i l i t y  i s  e s s e n t i a l l y  t h e  

r e v e r s e  of t h e  i n s t a l l a t i o n  p rocedure .  

5.2h. Neutron-Col l i m a t o r  F a c i l i t y  

1. Refe rences  

a.  Drawings. - F i g u r e  5 . 2 . 7 .  

b .  R e p o r t s .  - None. 

2 .  Purpose.  - O r i g i n a l l y ,  t h i s  f a c i l i t y  w a s  c o n s t r u c t e d  t o  p rov ide  

t h e  c a p a b i l i t y  f o r  e x t r a c t i n g  a c o l l i m a t e d  beam of n e u t r o n s  from 

t h e  r e a c t o r ;  however, i t  i s  more f r e q u e n t l y  used as a g e n e r a l -  

purpose d r y  f a c i l i t y  i n  which o b j e c t s  ( e .g . ,  r a d i a t i o n  d e t e c t o r s )  

a r e  i r r a d i a t e d .  

3 .  B r i e f  D e s c r i p t i o n .  - T h i s  f a c i l i t y  p r i m a r i l y  c o n s i s t s  of  20  f t  

of aluminum t u b i n g .  The lower 1 3  f t  i s  4-in.-OD t u b i n g  which 

h a s  1 / 8 - i n . - t h i c k  wal l s ;  t h e  upper 7 f t  i s  5-in.-OD t u b i n g  which 

h a s  3 / 1 6 - i n . - t h i c k  wal l s .  

can occupy t h e  upper 7 f t  of t h e  f a c i l i t y ;  t h i s  p lug ,  which can  

be f i l l e d  w i t h  water, has a n  o u t s i d e  d i ame te r  of 4 112 i n .  and 

a n  i n s i d e  d i a m e t e r  of 1 i n .  

A c o l l i m a t o r  p lug  i s  provided which 

An aluminum-clad l ead  s h i e l d  su r rounds  a p o r t i o n  of t h e  

l e n g t h  of  t h e  t u b e ;  t h e  bottom of t h e  s h i e l d  i s  about  one f o o t  

above t h e  r e a c t o r  c e n t e r l i n e .  The s h i e l d  a b s o r b s  t h o s e  gamma 

r a y s  t r a v e l i n g  i n  d i r e c t i o n s  such t h a t  they  would have a h i g h  

p r o b a b i l i t y  of be ing  t r a n s m i t t e d  th rough  t h e  t o p  of t h e  f a c i l i t y .  

(The s h i e l d  a l s o  p r o v i d e s  t h e  n e c e s s a r y  b a l l a s t  f o r  t h e  faci .1- 

i t y . )  About one f o o t  below t h e  s h i e l d  a s p a c e r  a r m  may be f a s -  

tened t o  f i x  t h e  minimum d i s t a n c e  t o  t h e  n o r t h  face  of the 

r e a c t o r .  
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A t  t h e  top  of t h e  f a c i l i t y  t u b e  an  a n g l e  b r a c k e t  and 

clamps a r e  provided t o  f a s t e n  t h e  f a c i l i t y  t o  t h e  ins t rument  

b r i d g e .  The w e s t  working p l a t f o r m  and t h e  p i e c e  of  g r a t i n g  

behind i t  must be removed t o  make room f o r  t h i s  b r a c k e t .  

Rout ine  Checks. - Routine checks of t h i s  f a c i l i t y  a r e  n o t  

r e q u i r e d  except  f o r  t h e  s h i f t  walk-through checks d u r i n g  

per iods  when t h e  f a c i l i t y  is  i n s t a l l e d  on t h e  ins t rument  

b r i d g e .  (When n o t  i n  use ,  t h e  f a c i l i t y  is s t o r e d  i n  t h e  n o r t h -  

east  end of t h e  p o o l . )  

4 .  

5. I n s t r u m e n t a t i o n .  - No i n s t r u m e n t a t i o n  i s  a s s o c i a t e d  w i t h  t h i s  

f ac i 1 it y . 

6.  I n s t a l l a t i o n  and Removal P r o c e d u r e s .  - Before i n s t a l l a t i o n  o f  

t h i s  f a c i l i t y ,  t h e  west working p l a t f o r m  and t h e  p i e c e  of 

g r a t i n g  behind i t  must be removed t o  make room f o r  t h e  

f a c i l i t y  s u p p o r t  b r a c k e t .  A choker  should  be a t t a c h e d  t o  t h e  

f a c i l i t y  and t o  t h e  c r a n e  hook. Under h e a l t h  phys ics  s u r v e i l -  

l ance ,  t h e  f a c i l i t y  should  be r a i s e d  u n t i l  i t  i s  above t h e  

pool  water s u r f a c e .  (CAUTION: Although t h e  f a c i l i t y  is 

g e n e r a l l y  exposed t o  a r e l a t i - v e l y  l o w  n e u t r o n  f l u x  f o r  a 

r e l a t i v e l y  s h o r t  t ine  and is  t h e r e f o r e  onJy s l i g h t l y  r a d i o -  

a c t i v e ,  h e a l t h  physics  s u r v e i l l a n c e  by H e a l t h  Phys ics  D i v i s i o n  

personnel  o r  by Opera t ions  D i v i s i o n  personnel  i s  r e q u i r e d .  

Also d u r i n g  t h i s  phase of  i n s t a l l a t i o n ,  a man should  be 

s t a t i o n e d  a t  t h e  overhead c r a n e  b r e a k e r  box. This  s t e p  is  

r e q u i r e d  d u r i n g  a l l  t ines when t h e  c r a n e  hook i s  t o  be r a i s e d  

o r  lowered w i t h  h i g h l y  radioacizive components a t t a c h e d  t o  t h e  



(5.2h c o n t i n u e d )  5-31 

.- ..... 

.... 

hook.) The f a c i l i t y  should be moved t o ,  and r a i s e d  above, t h e  

ins t rument  b r i d g e .  Once t h e  f a c i l i t y  tube  i s  s o u t h  of t h e  

ins t rument  b r i d g e  i t  may b e  lowered u n t i l  t h e  s u p p o r t  b r a c k e t  

rests on t h e  i n s t r u m e n t  b r i d g e ;  a f t e r  t h e  b r a c k e t  i s  clamped t o  

t h e  ins t rument  b r i d g e ,  t h e  choker can be removed. 

The r e a c t o r  can t h e n  be moved west t o  l i n e  up w i t h  t h e  

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

t h e  c e n t e r  of t h e  f a c i l i t y  i s  25.8 c m  from t h e  n o r t h  f a c e  of 

t h e  r e a c t o r .  ( A t  t h i s  d i s t a n c e  t h e  n o r t h - f a c e  wedge of t h e  

l i q u i d  n i t r o g e n  c r y o s t a t  i s  a g a i n s t  t h e  n o r t h  s i d e  of t h e  east  

D 0 t a n k ;  experiment  personnel  should be c o n s u l t e d  i f  t h e  r e a c -  

t o r  must be o p e r a t e d  a t  a power l e v e l  g r e a t e r  t h a n  50 w w i t h  

t h e  f a c i l i t y  i n  t h i s  p o s i t i o n . )  

2 

The removal procedure f o r  t h i s  f a c i l i t y  i s  e s s e n t i a l l y  t h e  

r e v e r s e  of t h e  i n s t a l l a t i o n  procedure.  

5 . 2 i e  Misce l laneous  F a c i l i t i e s  

Because t h e  n o r t h  f a c e  of t h e  r e a c t o r  i s  r e a d i l y  a c c e s s i b l e ,  cap- 

s u l e s  c o n t a i n i n g  materials t o  be i r r a d i a t e d  can  be placed a d j a c e n t  t o  

t h i s  f a c e  of t h e  c o r e .  I f  t h e i r  e f f e c t  on t h e  r e a c t i v i t y  of t h e  r e a c t o r  

i s  immeasurably low, such samples may b e  suspended from t h e  r e a c t o r  

b r i d g e  by meta l  w i r e .  

method of p r e v e n t i n g  such  samples from moving must be provided .  

I f  t h e i r  r e a c t i v i t y  e f f e c t  can be measured, some 

A s p e c t r o m e t e r  c r a n e ,  a l t h o u g h  no longer  used, i s  a v a i l a b l e  ( r e f e r  

t o  S e c t i o n  11.5 f o r  d e t a i l s ) .  

The i n s t r u m e n t  b r i d g e  may a l s o  b e  used t o  accommodate v a r i o u s  e x p e r i  

m e r i t  i n s t a l l a t i o n s .  T h i s  b r i d g e  may be moved n o r t h  o r  s o u t h  by a gear  

arrangement  similar t o  t h a t  provided on t h e  r e a c t o r  b r i d g e .  (A q u a l i f i e d  
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supervisor must be present during movement of the instrument bridge also.) 

A grid-type structure, which is attached to the bridge, extends almost 

t o  the bottom of  the shallow portion of the pool; i .e . ,  almost to the 

8 0 9 - f t  elevation. This structure is used to support the in-pool portion 

of the liquid nitrogen cryostat facility. 
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5.3. Experiment I n s t r u m e n t a t i o n  

The i n s t r u m e n t s  used by e x p e r i m e n t e r s ,  p a r t i c u l a r l y  t h o s e  r e l a t e d  t o  

t h e  r e a c t o r  c o n t r o l  c i r c u i t s ,  are  c a r e f u l l y  chosen f o r  r e l i a b i l i t y  and 

performance. A s  noted i n  S e c t i o n  1, * ' In t roduct ion" ,  t h e  s a f e t y  of t h e  

r e a c t o r  and i t s  personnel  i s  as dependent  upon t h e  experiment  i n s t r u -  

m e n t a t i o n  as it  is  upon t h e  r e a c t o r  i n s t r u m e n t a t i o n .  For t h i s  reason ,  

a l l  experiment  v a r i a b l e s  which are  cons idered  s a f e t y  problems are d u a l l y  

monitored and doubly t r a c k e d .  For  example, i n  t h e  c a s e  of a tempera ture  

v a r i a b l e  (measured w i t h  thermocouples)  having  s a f e t y  i m p l i c a t i o n s ,  two 

thermocouples would be s u p p l i e d  w i t h  a r e c o r d e r  f o r  each thermocouple;  

and each r e c o r d e r  would have one c i r c u i t  t o  i n i t i a t e  a n  alarm, one c i r -  

c u i t  f o r  s e t b a c k ,  one c i r c u i t  f o r  r e v e r s e ,  and two c i r c u i t s  t o  scram t h e  

r e a c t o r  .. 
S i n c e  t h e  BSR i s  a lmost  always o p e r a t e d  f o r  o n l y  one experiment  a t  

a t i m e ,  e x p e r i m e n t e r s  a r e  allowed t h e  o p t i o n  of provid ing  i n s t r u m e n t a t i o n  

t h a t  i n i t i a t e s  r e a c t o r  power r e d u c t i o n s  t o  p r o t e c t  experiment  d a t a ,  

i . e . ,  where no s a f e t y  i m p l i c a t i o n s  are p r e s e n t .  (This  o p t i o n  i s  some- 

times allowed a t  t h e  ORR: however, t h e r e  t h e  v a l u e  of t h e  p a r t i c u l a r  

e x p e r i m e n t ' s  d a t a  must be e v a l u a t e d  w i t h  r e s p e c t  t o  t h e  needs of o t h e r  

exper iments . )  When d a t a  p r o t e c t i o n  i s  t h e  o n l y  o b j e c t i v e ,  t h e  e x p e r i -  

menter must d e c i d e  f o r  h imsel f  t h e  degree  of redundancy and t h e  method 

of  power r e d u c t i o n  r e q u i r e d .  
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3 5 . 4 .  Experiment - to-Reac t o r  Switches (The E -Panel)  

To prevent  e x t e n s i v e  w i r i n g  changes each t i m e  an experiment  i s  

i n s e r t e d  i n t o ,  o r  removed from, t h e  r e a c t o r  f l u x ,  s p e c i a l  t h r e e - p o s i t i o n  

swi tches ,  o r  E-swi tches ,  are used t o  e f f e c t  t h e  r e a c t o r  " t i e - i n " .  These 

swi tches  a r e  l o c a t e d  on v e r t i c a l  pane l  A - ( s e e  Figure  5.4.1)  i n  t h e  con- 

t r o l  room and a r e  key-opera ted .  T h e i r  use i s  l i m i t e d  t o  t h e  r e a c t o r  

s u p e r v i s o r  o r ,  d u r i n g  shutdown, t o  ins t rument  e n g i n e e r s  d i r e c t l y  i n  con- 

t a c t  w i t h  t h e  s u p e r v i s o r .  Each E-panel  c o n s i s t s  of a complex of w i r i n g  

and r e l a y s  which e n a b l e s  s i g n a l s  from t h e  experiment  i n s t r u m e n t a t i o n  t o  

be convere ted  t o  a s p e c i f i c  a c t i o n ;  i . e . ,  alarm, s e t b a c k ,  and/or  scram. 

5.4a.  Modes of E-Switches 

The t h r e e  swi tch  p o s i t i o n s  a r e  somewhat s e l f - e x p l a n a t o r y .  The 

NORMAL p o s i t i o n  i s  t o  b e  used when t h e  experiment  i s  i n  t h e  r e a c t o r .  I n  

th i s  mode, t h e  experiment  i s  connected t o  t h e  a n n u n c i a t o r  panel  and, i f  

a p p l i c a b l e ,  t o  t h e  r e a c t o r  c o n t r o l  c i r c u i t s .  An i n d i c a t o r  l i g h t  a t  the  

E-pariel should be i l l u m i n a t e d  i n d i c a t i n g  t h a t  power h a s  been suppl ied  t o  

t h e  E-panel .  The s w i t c h  i s  n o t  t o  be turned from t h i s  mode w h i l e  t h e  

experiment i s  i n  t h e  r e a c t o r  u n l e s s  s p e c i a l  i n s t r u c t i o n s  a r e  i s s u e d .  

The TEST mode on t h e  E-panel  a l l o w s  t h e  exper imenter  t o  s i m u l a t e  

any d e s i r e d  c o n d i t i o n  (scram, s e t b a c k ,  e t c . )  wi thout  a f f e c t i n g  t h e  r e a c -  

t o r .  During t e s t s ,  t h e  feedback of i n f o r m a t i o n  from t h e  c o n t r o l  room i s  

t h e  same a s  i f  t h e  experiment  were connected t o  t h e  r e a c t o r ,  except  t h a t  

3 J. T.  DeLorenzo, Guide f o r  t h e  Design of S a f e t y  I n s t r u m e n t a t i o n  f o r  
Experiments i n  t h e  L I T R  and ORR, ORNL-TM-77 (December 11, 1961) .  
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Fig. 5.4.1. E-Panel Switches 
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e x c e p t  t h a t  t h e  e x p e r i m e n t e r ' s  " t i e - i n "  a n n u n c i a t o r  w i l l  be i n  t h e  alarm 

c o n d i t i o n .  I n  t h e  TEST p o s i t i o n ,  t h e  c o n t r o l  room annuncia tor  s t a t i o n  

f o r  t h e  experiment  w i l l  a l s o  remain i n  t h e  alarm c o n d i t i o n .  I n  a d d i t i o n ,  

t h e  "power" i n d i c a t o r  l i g h t  a t  t h e  E-panel  w i l l  be i l l u m i n a t e d .  

The DISCONNECT p o s i t i o n  comple te ly  s e v e r s  t h e  experiment  power from 

t h e  E-panel .  I n  t h i s  p o s i t i o n ,  t h e  "power" i n d i c a t o r  l i g h t  w i l l  n o t  be 

i l l u m i n a t e d .  The " t i e - i n "  a n n u n c i a t o r  a t  t h e  experiment  c o n t r o l  room 

and t h e  experiment  a n n u n c i a t o r  s t a t i o n  a t  t h e  r e a c t o r  c o n t r o l  room w i l l  

both be i n  t h e  alarm c o n d i t i o n .  

5.4b. Experiment Alarm 

C o n t a c t s  i n  r e c o r d e r s  o r  o t h e r  d e v i c e s  a t  t h e  experiment  panel  o r  

a p p a r a t u s  s e r v e  t o  a c t u a t e  l o c a l  a n n u n c i a t o r s .  A u x i l i a r y  c o n t a c t s  w i t h i n  

t h e  l o c a l  a n n u n c i a t o r s  open i n  t h e  e v e n t  of a n  alarm and, i n  t h e  E-panel ,  

d e - e n e r g i z e  a r e l a y  ( K 1  s e r i e s )  t o  a c t u a t e  t h e  experiment  annuncia tor  i n  

t h e  c o n t r o l  room. Annuncia tors  o t h e r  t h a n  those  a s s o c i a t e d  w i t h  scrams, 

r e v e r s e s ,  o r  s e t b a c k s  may be made t o  cause  only  l o c a l  a la rms  i f  t h e  ex-  

per iment  i s  manned. (This  may be accomplished by bypass ing  t h e  a u x i l i a r y  

c o n t a c t s  f o r  those  a n n u n c i a t o r s . )  

5 . 4 ~ .  Experiment Se tback  o r  Reverse 

The s i g n a l  f o r  a s e t b a c k  o r  r e v e r s e  comes from c o n t a c t s  i n  t h e  ex- 

per iment  i n s t r u m e n t a t i o n  i t s e l f  and n o t  th rough t h e  experiment  annuncia-  

t o r  a s  i n  t h e  c a s e  of an  a la rm.  A s e t b a c k  s i g n a l  from a r e c o r d e r  o r  

o t h e r  d e v i c e  e n e r g i z e s  a r e l a y  (K3  se r ies )  i n  t h e  E-panel  which, i n  t u r n ,  

e n e r g i z e s  r e l a y  K 1 1 9  ( r e a c t o r  s e t b a c k )  i f  t h e  E-panel  i s  i n  t h e  NORMAL 

mode. Other  c o n t a c t s ,  w i t h i n  t h e  same ins t rument ,  open t o  d e - e n e r g i z e  a 

r e l a y  (K2 s e r i e s )  i n  t h e  E-panel  which i n  t u r n  e n e r g i z e s  r e l a y  K118 
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( r e a c t o r  r e v e r s e )  i f  t h e  E-panel  i s  i n  NORMAL. An experiment  r e v e r s e  

w i l l  n o t  occur  i f  t h e  r e a c t o r  i n s t r u m e n t a t i o n  d e t e c t s  a n e g a t i v e  per iod  

<IO0 sec (as d i s p l a y e d  by t h e  log-N per iod  r e c o r d e r )  w i t h i n  4 s e c  a f t e r  

t h e  E-panel  relay (K2 series) i s  de-energ ized .  

5.4d. Experiment Scram 

A scram i s  i n i t i a t e d  by c o n t a c t s  ( two p e r  i n s t r u m e n t ,  one normally 

open and one normally c l o s e d )  w i t h i n  t h e  e x p e r i m e n t e r ' s  r e c o r d e r s  o r  

o t h e r  d e v i c e s .  The normally c l o s e d  c o n t a c t s  open t h e  c i r c u i t  t o  d e -  

e n e r g i z e  a r e l a y  (K4 s e r i e s )  i n  t h e  E-panel  which, i n  t u r n ,  d e - e n e r g i z e s  

r e l a y  K 1  i f  t h e  E-panel  is i n  NROMAL. T h i s  r e s u l t s  i n  a slow scram. 

The normal ly  open c o n t a c t s ,  s i m i l a r l y ,  cause  a s low scram by e n e r g i z i n g  

a r e l a y  (K5 series) i n  t h e  E-panel  which i n  t u r n  e n e r g i z e s  r e l a y  K2  i f  

t h e  E-panel  i s  i n  NORMAL. 

NOTE: S i n c e  power t o  each of t h e  E-panels  i s  s u p p l i e d  from each 

of the experiment  c o n t r o l  room ins t rument  power s u p p l i e s ,  l o s s  of t h i s  

power supply  i n  an  experiment  w i l l  a u t o m a t i c a l l y  i n i t i a t e  a r e v e r s e  and 

a "drop-out" scram. The scram will normally obscure t h e  f a c t  t h a t  t h e  

r e v e r s e  w a s  a l so  i n i t i a t e d ;  however, i f  t h e  scram c i r c u i t  should  f a i l ,  

the  r e v e r s e  a c t i o n  would provide  t h e  d e s i r e d  r e a c t o r  shutdown. T h i s  

f e a t u r e  i s  inc luded  f o r  a l l  exper iments  even  though normal experiment  

sa fe ty  a c t i o n  i s  r e s t r i c t e d  t o  a n  a n n u n c i a t o r  alarm. 
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5.5. Genera l  Rules  f o r  Review 
and Approval Procedure f o r  Experiments 

5 .5a .  I n t r o d u c t i o n  

I n  o r d e r  t o  d i s c u s s  t h e  review and approval  procedure f o r  e x p e r i -  

ments? i t  i s  n e c e s s a r y  t o  d i s t i n g u i s h  between r o u t i n e  exper iments?  non- 

r o u t i n e  experiments ,  and new exper iments .  These a r e  d e f i n e d  as fol lows:  

1. Routine experiments  a r e  t h o s e  which a r e  i d e n t i c a l  i n  a l l  

r e s p e c t s  t o  an  experiment  which w a s  p r e v i o u s l y  reviewed and 

approved and w a s  subsequent ly  i r r a d i a t e d  and shipped s u c c c s s -  

f u l l y .  For a sample t o  be judged as i d e n t i c a l  t o  t h a t  of a 

prev ious  experiment? t h e  f o l l o w i n g  c r i t e r i a  must be unchanged 

from t h e  previous  i r r a d i a t i o n :  

a.  Sample m a t e r i a l  and i n t e r n a l  packaging m a t e r i a l s ;  i . e . ,  

chemical composi t ion,  p h y s i c a l  form, and w e i g h t .  

b .  Sample c o n t a i n e r ;  i . e . ,  type,  s i z e ,  and number. 

c .  T r r a d i a t i o n  f a c i l i t y .  

d . I r r a d i a t i o n  t i m e  . 
e .  Reac tor  power l e v e l .  

2 .  Nonrout ine exper iments  are t h o s e  which a r e  e s s e n t i a l l y ?  but  n o t  

e x a c t l y ,  i d e n t i c a l  i n  a l l  r e s p e c t s  t o  an  experiment  which was 

p r e v i o u s l y  reviewed and approved and which was subsequent ly  

i - r r a d i a t e d  and shipped s u c c e s s f u l l y .  Review of nonrout ine  ex-  

per iments  i s  similar t o  review of new experi-mcnts; however, i n  

c e r t a i n  speci-f ied c i rcumstances  t h e  r e a c t o r  s u p e r v i s o r  may 

approve t h e  exper iment .  When approval  o f  t:he Technica l  Assis t -  

ance Department i s  r e q u i r e d ,  t h i s  approval  may be g iven  v e r b a l l y  

t o  the  BSR s u p e r v i s o r .  



.... ..... 

(5.5a cont inued)  5-39 

3 .  New exper iments  a r e  t h o s e  which, i n  t h e  o p i n i o n  of t h e  Techni-  

c a l  A s s i s t a n c e  Department,  are s i g n i f i c a n t l y  d i f f e r e n t  from any 

p r e v i o u s  experiment .  W r i t t e n  approval  of t h e  T e c h n i c a l  Assist- 

ance Department i s  r e q u i r e d ,  (Design and i n s t a l l a t i o n  of a new 

experiment  f a c i l i t y  must be approved i n  t h e  same manner as a 

new exper iment . )  When review of a new experiment  i s  made, t h e  

exper imenter  w i l l  be  r e q u e s t e d  t o  provide  d e t a i l e d  i n f o r m a t i o n ;  

and, depending on t h e  complexi ty  of t h e  experiment ,  t h e  ORNL 

Reac tor  Experiment Review Committee may be asked t o  review i t .  

I n  such c a s e s ,  t h e  exper imenter  w i l l  be  informed so t h a t  appro-  

p r i a t e  documentat ion of  t h e  proposed experiment  can be prepared 

Thus, 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 h a z a r d s  e v a l u a t i o n s  by t h e  ORNL Reac tor  Experiment Review 

Committee a n d l o r  by t h e  O p e r a t i o n s  D i v i s i o n .  

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  o n l y  t o  t h a t  

s p e c i f i c  experiment .  A p p r o p r i a t e  l i m i t s  a r e  p laced  upon any m a t e r i a l s ,  

systems,  o r  components t h a t  may ( f o r  any c r e d i b l e  r e a s o n )  a f f e c t :  the  

r e a c t o r  r e a c t i v i t y  o r  r e a c t o r  p h y s i c a l  components i n  such a manner o r  t o  

such a d e g r e e  t h a t  u n s a f e  c o n d i t i o n s  c o u l d  r e s u l t .  

I n  t h i s  way, an  experiment  

5.510. Genera l  C r i t e r i a  

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 ,  exper iments  a r e  cons idered  

and approved as fo l lows:  

a .  An experiment  i s  approved more o r  l ess  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 be  caused by t h e  

experiment  i s  c o n s e r v a t i v e l y  less t h a n  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 (less than  0.5% 

Ak/k). 
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b. Experiments  h a v i n g  r e a c t i v i t y  wor ths  g r e a t e r  t h a n  t h a t  i n  

i tem a, above, are  cons idered  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  mal func t ion  of t h e  experiments  may c a u s e  

changes i n  t h e s e  v a l u e s .  C o n s i d e r a t i o n s  a r e  w i t h  r e s p e c t  

t o  t o t a l  worth,  ra tes  of change, 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 be a s s o c i a t e d  w i t h  t h e s e  changes.  ExperL- 

ments a r 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  unacceptab le  h a z a r d s .  Review by t h e  

ORNL Reactor  Experiment Review Committee i s  r e q u i r e d .  

c .  No experiment  w i l l  be  approved which can cause  a r a p i d  

change i n  t h e  r e a c t o r  r e a c t i v i t y  >1.6% Ak/k. 

2 .  With r e s p e c t  t o  energy r e l e a s e ,  exper iments  are cons idered  and 

approved as  fo l lows:  

a .  Any e x p l o s i v e  o r  mixture  o f  m a t e r i a l s ,  such as hydrogen 

oxygen, t o  be p l a c e d  i n  o r  near  t h e  r e a c t o r  w i l l  be l i m i t e d  

t o  t h e  e q u i v a l e n t  of  1 g of TNT (1.1 kcaL).  

b .  The energy r e l e a s e  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  s o - c a l l e d  r e a c t i v e  m a t e r i a l s ,  such as N a ,  L i ,  o r  

K,  w i t h  t h e  r e a c t o r  c o o l a n t  o r  t h e  experiment  c o o l a n t  by 

any c r e d i b l e  mechanism s h a l l  be l i m i t e d  t o  100 k c a l  u n l e s s  

a monitored,  double  b a r r i e r  e x i s t s  between t h e  m a t e r i a l  and 

t h e  cooLant.  Experiments o f  t h i s  type  i n  which t h e  poten-  

t i a l  energy r e l e a s e  i s  g r e a t e r  t h a n  500 k c a l  w i l l  n o t  be 

i n s t a l l e d  w i t h o u t  p r i o r  approval  by t h e  A E C .  
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5.6. Review, Approval,  and I r r a d i a t i o n  

of Rout ine  Experiments  

5 .6a .  Review and Approval of Rout ine  Experiments  

Reques ts  f o r  review of r o u t i n e  exper iments ,  as d e f i n e d  i n  S e c t i o n  

5.5a,  are i n i t i a l l y  p r e s e n t e d  t o  t h e  BSR foreman. The BSR foreman com- 

pares t h e  i n f o r m a t i o n  presented  i n  a completed "Experiment Information" 

s h e e t  (Example 5.6.1) w i t h  t h e  experiment  i n f o r m a t i o n  s h e e t  f o r  t h e  

r e f e r e n c e d  ( i . e . ,  p r e v i o u s l y  approved) experiment .  I f  t h e  c r i t e r i a  

p r e s e n t e d  i n  S e c t i o n  5.5a are n o t  comple te ly  s a t i s f i e d ,  t h e  r e q u e s t  €or 

review must: be r e f e r r e d  t o  t h e  BSR s u p e r v i s o r ;  however, i f  t h e  c r i t e r i a  

p r e s e n t e d  i n  S e c t i o n  5 . 5 a  are comple te ly  s a t i s f i e d ,  t h e  BSR foreman may 

approve t h e  experiment  (by s i g n i n g  t h e  "Experiment Information" s h e e t ) ,  

i n s t a l l ,  and perform t h e  i r r a d i a t o n .  

t o  t he  d e t a i l s  of t h e  experiment  o r  as t o  t h e  i n t e r p r e t a t i o o  of t h e  c r i -  

t e r i a ,  he should r e f e r  t h e  experimenter t o  t h e  BSR s u p e r v i s o r . )  Once 

d a i l y ,  t h e  BSR foreman shouLd inform t h e  BSR s u p e r v i s o r  of a l l  e x p e r i -  

ments f o r  which rev iew h a s  been r e q u e s t e d ,  f o r  which approval  h a s  been 

g r a n t e d  by the  foreman, o r  f o r  which i r r a d i a t i o n  h a s  been accomplished. 

I n  a d d i t i o n ,  t h e  BSR s u p e r v i s o r  should inform t h e  BSR foreman of t h e  

( I f  t h e  foreman h a s  any doubt  as 

s t a t u s  of a l l  exper iments  f o r  which review by t h e  BSR s u p e r v i s o r  o r  t h e  

T e c h n i c a l  A s s i s t a n c e  Department h a s  been r e q u e s t e d .  

5.6b. I r r a d i a t i o n  of Rout ine  Experiments  

During i r r a d i a t i o n  i n  a r e a c t o r  i r r a d i a t i o n  f a c i l i t y  and b e f o r e  

removal of t h e  experiment  hardware from a " r e a c t o r - f l u x ' '  p o s i t i o n ,  t h e  

experiment  i n f o r m a t i o n  s h e e t  and a l l  supplementary i n f o r m a t i o n  w i l l  be  

k e p t  on t h e  s p e c i a l  i n s t r u c t i o n s  c l i p b o a r d ,  which i s  hung on t h e  e a s t  
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Example 5.6.1. Experiment Information Form (UCN-4404) 
k 
I U C N - 4 4 0 4  

___ __ .-......._I_ ___L .--....__I 
F A  U LI T Y D A T E  I N S E R T E D  ------J .............. __ 

~. 

E X P E R I M E N T  

LOCATION 
E X P E C T E D  D U R A T I O N  O F  E X P E R I M E N T  

.................... . ... 
B R I E F  D E S C R I P T I O N  O F  E X P E R I M E N T  

-. ...................... 

................. _...___ 

W H O M  TO NQTlFY IN C A S E  OF TROUBLE 

.................... .......... 

... 

___ .............. - 

................. ..... 

W H A T  T O  DO IN T H E  E V E N T  OF A N  A C C I D E N T A L  S I - L U T D O W N  

.......... _ _ ~  ......................... 

...... .- _ ~ _ _ _ _ _  ... ... I 
W H A T  S E R V I C E S  ( G A S .  S T E A M .  C A S K S ,  E T C . )  A R E  R E Q U I R E D  F O R  T H I S  E X P E R I M E N T  

______. .......... .. 

.... .............................. __ ... _ _ ~  ................. 

.............. ... . ~. ..................... 

. ........ __.__ 

N O T I F Y  E X P E R I M E N T E R  B E F O R E  S C I i E D U L E O  S H U T D O W N S ?  
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..... *. 

... 

Example 5.6.1 (continued) 

....... . .- ....... .... -I -I_. -. _I_ 
-I___ 

5 P E C l A L  C H E C K  O F k - - - -  

POSS1BL.E TROUBLES 
SIGNAL RESPONSE CAUSED BY WHAT TO DO 
A L A R M  O N L Y  I 

A L A R M  A N D  S C - R A M  

.....I__-......._.__I__ I ._______ 

A N Y  O T H E R  I N S  T H U C T I O N S  

.......... .._I__ .- ~ _I__ ....... ................ .............. 

..- ...-..I._II__ -. ............ ._- 

I..__I .......... ............-I___ 

....... l____l. ........... ....-._.__I__ 

. .... . ........... 

............. ....... _ I__...........I__ ....-._I__ _. __ .. 

I_ .... i___ ..... . 

_........_...._I_ ... .. - I._.̂ _.__. I_ 

................ ............... .......... _ _.-__ _.__ -.._I _l_l ____ 

.. ............ -....--.-___I __ . il__ 
- II_ 

_̂.l_l___ _. . 
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wall of t h e  r e a c t o r  bay o u t s i d e  of t h e  c o n t r o l  room. Fol lowing i r r a -  

d i a t i o n  i n  a r e a c t o r  i r r a d i a t i o n  f a c i l i t y  ( e i t h e r  a f t e r  removal of t h e  

f a c i l i t y  t o  a s t o r a g e  l o c a t i o n  o r  a f t e r  removal of t h e  experiment  hard-  

ware from a " r e a c t o r - f  lux" p o s i t i o n )  t h e  experiment  i n f o r m a t i o n  s h e e t  and 

a l l  supplemental  i n f o r m a t i o n  w i l l  be k e p t  a t  t h e  $SR foreman's  desk  

u n t i l  t h e  experiment  hardware i s  claimed ( i . e . ,  shipped)  by t h e  e x p e r i -  

menter .  Af te r  t h e  experi-ment hardware h a s  been claimed,  the experiment  

i n f o r m a t i o n  Shee t  and a l l  supplementary in€ormat ion  w i l l  be placed i n  

t h e  experiment i n f o r m a t i o n  notebook. 



5 -45 

5.7.  Review, Approval and I r r a d i a t i o n  
of Nonrout ine Experiments  

. i. 

... 

5 - 7 a .  Review and Approval of Nonrout ine Experiments  

Reques ts  f o r  rev iew of n o n r o u t i n e  exper iments ,  as d e f i n e d  i n  Sec- 

t i o n  5.5a should b e  presented  i n i t i a l l y  t o  t h e  BSR s u p e r v i s o r .  ( I f  t h e y  

are p r e s e n t e d  i n i t i a l l y  t o  t h e  BSR foreman, t h e y  should be forwarded t o  

t h e  BSR s u p e r v i s o r . )  The BSR s u p e r v i s o r  should compare t h e  i n f o r m a t i o n  

presented  i n  a completed experiment  i n f o r m a t i o n  s h e e t  {complete e x c e p t  

f o r  t h e  s e c t i o n s  d e s i g n a t i n g  t h e  " r e a c t o r "  and t h e  " f a c i l i t y " )  w i t h  t h e  

experiment  i n f o r m a t i o n  s h e e t  f o r  t h e  r e f e r e n c e d  { i . e . ,  p r e v i o u s l y  a p -  

proved) exper iment .  The BSR s u p e r v i s o r  should t h e n  de termine  t h e  a v a i l -  

a b i l i t y  of t h e  d e s i r e d  r e a c t o r  f a c i l i t y  and (with t h e  c r i t e r i a  presented  

i n  S e c t i o n  5.5a) should c a r e f u l l y  e v a l u a t e  t h e  e f f e c t  of t h e  d i f f e r e n c e s  

between t h e  proposed experiment  and t h e  p r e v i o u s l y  approved exper iment .  

H e  must d e t e r m i n e  t h a t  t h e  d i f f e r e n c e s  do n o t  r e s u l t  i n  exceeding p r e -  

v i o u s l y  e s t a b l i s h e d  s a f e t y  l i m i t s .  While making t h i s  d e t e r m i n a t i o n ,  he 

should c o n s i d e r  f a c t o r s  such as, b u t  n o t  l i m i t e d  t o ,  t h e  fo l lowing:  

1. C o m p a t i b i l i t y  o f  m a t e r i a l s  w i t h  one a n o t h e r  and w i t h  v a r i o u s  

envi ronments .  

2 .  Behavior and d u r a b i l i t y  of materials d u r i n g ,  and subsequent  t o ,  

i r r a d i a t i o n .  

3 .  Temperature e f f e c t s  on m a t e r i a l s .  

4 .  Heat -product ion  and - d i s s i p a t i o n  mechanisms i n  t h e  i r r a d i a t i o n  

f a c i l i t i e s .  

5 .  Handl ing of r a d i o a c t i v e  m a t e r i a l s .  

6. C o r r o s i o n .  
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7 .  Use and l i m i t a t i o n  of t h e  waste d i s p o s a l  systems f o r  r a d i o a c t i v e  

l i q u i d s ,  gases ,  and s o l i d s .  

8. Reac tor  power l e v e l  and i r r a d i a t i o n  t ime.  

I f ,  a f t e r  h i s  review, t h e  BSR s u p e r v i s o r  de te rmines  t h a t  p r e v i o u s l y  

e s t a b l i s h e d  s a f e t y  l i m i t s  w i l l  be exceeded o r  might be exceeded, h e  

should r e q u e s t  review by t h e  T e c h n i c a l  A s s i s t a n c e  Department;  subsequent  

approval  by t h a t  deparement may be g i v e n  v e r b a l l y  t o  t h e  BSR s u p e r v i s o r .  

However, i f ,  a f t e r  h i s  review, t h e  BSR s u p e r v i s o r  d e t e r m i n e s  t h a t  no p r e -  

v i o u s l y  e s t a b l i s h e d  s a f e t y  l i m i t  w i . 1 1  be exceeded, h e  should v e r b a l l y  

n o t i f y  t h e  Technica l  A s s i s t a n c e  Department t h a t  he f i n d s  t h a t  t h e  proposed 

experiment  does n o t  exceed p r e v i o u s l y  e s t a b l i s h e d  s a f e t y  l i m i t s  ( a s  

e s t a b l i s h e d  by t h e  p r e v i o u s l y  approved e x p e r i m e n t ) .  Upon r e q u e s t  he 

w i l l  p rovide  t h e  Technical. AsSis tance  Department w i t h  i n f o r m a t i o n  as t o  

t h e  d i f f e r e n c e  between t h e  proposed and t h e  prev ious  experiment .  I f ,  

i n  t h e  o p i n i o n  of t h e  T e c h n i c a l  A s s i s t a n c e  Department,  no f u r t h e r  review 

i s  r e q u i r e d ,  t h e  RSR s u p e r v i s o r  w i l l  approve t h e  experiment .  

When approval  i s  g r a n t e d ,  t h e  BSK s u p e r v i s o r  should s i g n  t h e  ex-  

p e r i m e n t  i n f o r m a t i o n  s h e e t  a f t e r  f i l l i n g  i n  t h e  " r e a c t o r "  and "faci.l.i.ty" 

b l a n k s ;  t h e  BSK foreman should be informed verbalLy.  

I f  review by t h e  T e c h n i c a l  A s s i s t a n c e  Department i s  r e q u i r e d  and i f  

t h e  review cannot  be accomplished q u i c k l y  ( e i t h e r  because p r e v i o u s l y  

e s t a b l i s h e d  s a f e t y  l i m i t s  mi.ght be exceeded, because more i n f o r m a t i o n  

i s  r e q u i r e d ,  because a n o t h e r  BSR f a c i l i t y  i.s more s u i t a b l e  f o r  t h e  ex- 

per iment ,  o r  because a f a c i l i t y  i n  a n o t h e r  r e a c t o r  i s  more s u i t a b l e ) ,  

the Technical. A s s i s t a n c e  Department should inform t h e  BSR s u p e r v i s o r  and 

t h e  exper imenter .  I f  t h e  Technica l  A s s i s t a n c e  Department de te rmines  



.... 
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t h a t  t h e  experiment  d e v i a t e s  from t h e  d e f i n i t i o n  of r o u t i n e  exper iments  

s u f f i c i e n t l y  t o  c o n s t i t u t e  a new experiment ,  as d e f i n e d  i n  S e c t i o n  5.5a, 

t h e  procedure o u t l i n e d  i n  S e c t i o n  5 .8  a p p l i e s .  

5 .7b .  I r r a d i a t i o n  of Nonrout ine Experiments 

T h i s  procedure i s  i d e n t i c a l  i n  a l l  r e s p e c t s  t o  t h a t  p r e s e n t e d  i n  

S e c t i o n  5.6b. 
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5.8.  Review, Approval,  and I r r a d i a t i o n  
of N e w  Experiments* 

5 8a .  $.vi.ew and Approval of New Experiment s i t  

The fo l lowing  procedures  are f o r  t h e  h a n d l i n g  of new r e s e a r c h  ex-  

per iments  from t h e  time of i n i t i a l  c o n t a c t  by t h e  r e s e a r c h  personnel  

w i t h  Opera t ions  personnel  u n t i l  t h e  t e r m i n a t i o n  of t h e  experiment  opera-  

t i o n .  

1. P r e l i m i n a r y  Contac t  of  O p e r a t i o n s  by Research.  - Research p e r -  

sonnel  may i n i t i a l l y  c o n t a c t  anyone i n  t h e  Reac tor  Opera t ions  

Department. When t h i s  occurs ,  t h e  r e s e a r c h  man s h . a l l  be 

d i r e c t e d  t o  t h e  Technica l  A s s i s t a n c e  Department.  I n  some c a s e s ,  

i n i t i a l  d i s c u s s i o n s  may be d e s i r a b l e  w i t h  t h e  r e a c t o r  super -  

v i s o r  t o  de te rmine  t h a t  i r r a d i a t i o n  space i s  a v a i l a b l e .  

2 .  P r e l i m i n a r y  Review and Space Assignment. - The r e a c t o r  super -  

v i s o r  w i l l  handle  t h e  space assignments  and w i l l  o b t a i n  t e c h -  

n i c a l  a i d  from t h e  T e c h n i c a l  A s s i s t a n c e  Department.  A f t e r  a l l  

space assignments  and o t h e r  i n i t i a l  d e c i s i o n s  have been made 

by t h e  Reac tor  Opera t ions  Department and t h e  T e c h n i c a l  Assist- 

ance Department,  t h e  exper imenter  w i l l  work d i r e c t l y  w i t h  t h e  

General  Engineer ing  D i v i s i o n  and/or  t h e  I n s t r u m e n t a t i o n  and 

C o n t r o l s  D i v i s i o n ,  i f  a p p l i c a b l e ,  on t h e  experiment  d e s i g n .  

3 .  Assignment of t h e  Experiment t o  Technica l  P e r s o n n e l .  - Afte r  

a l l  p r e l i m i n a r i e s  have been completed,  t h e  h a n d l i n g  of t h e  

experiment  w i l l  be  tu rned  over  t o  a member of t h e  Technica l  

;tThis procedure a l s o  a p p l i e s  t o  new i r r a d i a t i o n  f a c i l i t i e s .  
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... 

A s s i s t a n c e  Department s e l e c t e d  by t h e  s u p e r i n t e n d e n t  of t h a t  

department .  The d u t y  of t h i s  t e c h n i c a l  man i s  t o  s e e  t h a t  

i n i t i a l  requi rements  i n  t h e  d e s i g n  and i n s t a l l a t i o n  of t h e  

experiment  are met by t h e  exper imenter .  H e  w i l l  a l s o  s e e  t h a t  

any n e c e s s a r y  changes o r  developments i n  d e s i g n  and i n s t a l l a -  

t i o n  have t h e  a p p r o v a l  of t h e  Reac tor  O p e r a t i o n s  Department.  

H e  w i l l  e n s u r e  t h a t  t h e  i n i t i a l  requi rements  of t h e  O p e r a t i o n s  

D i v i s i o n  o r  of t h e  Reac tor  Experiment Review Committee f o r  t h e  

d e s i g n  and i n s t a l l a t i o n  of t h e  experiment  are met by t h e  experi-  

menter.  H e  w i l l  a l s o  see t h a t  any n e c e s s a r y  changes o r  deve lop-  

ments i n  d e s i g n  and i n s t a l l a t i o n  have t h e  a p p r o v a l  of t h e  

Opera t i a s  D i v i s i o n .  He  w i l l  r e q u i r e  t h a t  t h e  r e s e a r c h  p e r -  

sonnel  complete ,  a t  t h e  ear l ies t  p o s s i b l e  d a t e ,  a q u e s t i o n n a i r e  

f o r  experiment  review and submit i t  t o  t h e  T e c h n i c a l  A s s i s t a n c e  

Department f o r  o b t a i n i n g  t h e  n e c e s s a r y  a p p r o v a l s .  T h i s  ques- 

t i o n n a i r e  may be of a rudimentary  n a t u r e  t o  e s t a b l i l s h  t h e  oper -  

a b i l i t y  of t h e  experiment  and t o  be reviewed o n l y  by O p e r a t i o n s  

D i v i s i o n  p e r s o n n e l .  I f  t h i s  i s  done, p r e p a r a t i o n  of a more 

d e t a i l e d  q u e s t i o n n a i r e  may be r e q u i r e d  l a t e r  f o r  s a f e t y  review 

by t h e  O p e r a t i o n s  D i v i s i o n  and,  i n  many c a s e s ,  by t h e  Reac tor  

Experiment Review Committee. The experiment  must be approved 

b e f o r e  t h e  experiment  can  b e  i n s t a l l e d .  I f  t h e  r e s e a r c h  p e r -  

sonnel  so d e s i r e ,  t h e  d e t a i l e d  q u e s t i o n n a i r e  may be completed 

i n i t i a l l y  and may a l s o  s e r v e  as t h e  o p e r a b i l i t y  q u e s t i o n n a i r e ;  

however, t h e  o p e r a b i l i t y  review should g e n e r a l l y  be done b e f o r e  

t h e  experiment  i s  c o m p l e t e l y . d e s i g n e d .  (For r e l a t i v e l y  non- 

complex exper iments ,  a l e t t e r  c o n t a i n i n g  a d e t a i l e d  d e s c r i p t i o n  
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and s k e t c h e s  may sometimes b e  s u b s t i t u t e d  f o r  e i t h e r  o r  both 

types  of q u e s t i o n n a i r e .  For  complex experiments ,  a formal  

r e p o r t  c o n t a i n i n g  a d e t a i l e d  d e s c r i p t i o n  and s a f e t y  a n a l y s i s  

may sometimes be s u b s t i t u t e d  f o r  e i t h e r  o r  bo th  t y p e s  of ques-  

t i o n n a i r e  .) 

4 .  O p e r a b i l i t y  Review by O p e r a t i o n s  D i v i s i o n .  - The o p e r a b i l i t y  

review should be made i n  t h e  e a r l y  s t a g e s  of d e s i g n .  T h i s  may 

involve  only  a meeting w i t h  O p e r a t i o n s  D i v i s i o n  personnel  t o  

review t h e  f o l l o w i n g  items: 

a .  O p e r a t i o n a l  f e a s i b i l i t y  and c o m p a t i b i l i t y  w i t h  o t h e r  ex-  

per iments  and w i t h  r e a c t o r  o p e r a t i o n s .  

b. Adequacy of equipment d e s i g n  from t h e  s t a n d p o i n t  of i n -  

s t a l l a t i o n  i n t o ,  and removal from, t h e  r e a c t o r .  

c .  P r o v i s i o n s  f o r  n e u t r a l i z i n g  t h e  equipment,  i n  c a s e  of f a i l -  

u r e ,  s o  t h a t  o p e r a t i o n  can  c o n t i n u e .  

5 .  F i n a l  Review by t h e  Technica l  A s s i s t a n c e  Department and Opera- 

t i o n s  D i v i s i o n .  - When t h e  t e c h n i c a l  man i s  s a t i s f i e d  w i t h  t h e  

review q u e s t i o n n a i r e ,  i t  w i l l .  be turned  over  t o  t h e  head O K  t h e  

Technica l  A s s i s t a n c e  Department f o r  f i n a l  approval  by t h e  Opera- 

t i o n s  D i v i s i o n .  I f  t h e  experiment  i s  n o t  approved by t h e  Opera- 

t i o n s  D i v i s i o n ,  t h e  q u e s t i o n n a i r e  and comments w i l l  be g i v e n  

back t o  t h e  t e c h n i c a l  man f o r  r e v i s i o n  by t h e  r e s e a r c h  p e r s o n n e l .  

I n  some i n s t a n c e s ,  f o r  t h e  purpose of c l a r i f i c a t i o n ,  i t  may be 

d e s i r a b l e  t o  a r r a n g e  a meet ing between r e s e a r c h  personnel ,  t h e  

Opera t ions  T e c h n i c a l  A s s i s t a n c e  Department head, and o t h e r  O p e r -  

a t i o n s  D i v i s i o n  personnel  b e f o r e  approval  i s  g i v e n .  
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6 .  Review by t h e  R e a c t o r  Experiment Review Committee. - When t h e  

r e q u i r e m e n t s  of t h e  O p e r a t i o n s  D i v i s i o n  f o r  t h e  o v e r a l l  e x p e r i -  

ment are  m e t ,  t h e  head of t h e  T e c h n i c a l  A s s i s t a n c e  Department 

may r e q u e s t  t h a t  t h e  I n s t r u m e n t a t i o n  and C o n t r o l s  D i v i s i o n  make 

a f i n a l  rev iew of sa feguard  i n s t r u m e n t a t i o n ,  i f  a p p l i c a b l e .  

When t h e  f i n a l  rev iew i s  s a t i s f a c t o r y ,  w r i t t e n  a p p r o v a l  f o r  t h e  

experiment  w i l l  b e  g i v e n  by t h e  head of t h e  T e c h n i c a l  A s s i s t a n c e  

Department (or h i s  d e s i g n a t e d  a l t e r n a t e ) .  A t  t h e  same t i m e  t h e  

head of t h e  T e c h n i c a l  A s s i s t a n c e  Department w i l l  r e q u e s t  t h a t  

t h e  experiment  be reviewed by t h e  R e a c t o r  Experiment Review 

Committee i f  i t  i s  cons idered  s u f f i c i e n t l y  complex, hazardous,  

o r  d i f f e r e n t  from a l r e a d y  approved exper iments ;  o t h e r w i s e ,  t h e  

experiment  w i l l  be c o n s i d e r e d  approved f o r  o p e r a t i o n  i n  a reac- 

t o r .  Those exper iments  r e q u i r i n g  rev iew by t h e  Reac tor  Exper i -  

ment Review Committee w i l l  be  c o n s i d e r e d  r e a d y  f o r  o p e r a t i o n  

o n l y  a f t e r  b e i n g  reviewed and approved by t h e  Committee. 

7 .  I n s t a l l a t i o n  and I n s p e c t i o n  of t h e  As-Bui l t  Experiment 

a. A l l  a s p e c t s  of t h e  i n s t a l l a t i o n  of t h e  experiment ,  i n c l u d i n g  

t h e  s c h e d u l i n g  of t h e  time of i n s t a l l a t i o n ,  w i l l  b e  handled 

by t h e  r e a c t o r  s u p e r v i s o r  w i t h  T e c h n i c a l  A s s i s t a n c e  D e p a r t -  

ment a i d  ( i f  any a i d  i s  d e s i r e d  by t h e  s u p e r v i s o r ) .  A f t e r  

t h e  i n s t a l l a t i o n  is  complete ,  a f i n a l  i n s p e c t i o n  i s  made by 

t h e  r e a c t o r  s u p e r v i s o r  and T e c h n i c a l  A s s i s t a n c e  Department 

p e r s o n n e l  i n  o r d e r  t o  de te rmine  t h a t  t h e  " a s - b u i l t ' '  equip-  

ment meets t h e  r e q u i r e d  s p e c i f i c a t i o n s .  Also ,  t h e  specimens 

t o  be i r r a d i a t e d  should be i n s p e c t e d ,  by t h e  same personnel ,  

i f  p o s s i b l e ,  b e f o r e  i n i t i a l  i r r a d i a t i o n  i n  t h e  system. 
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b. After the experiment equipment is installed, the respon- 

sibility f o r  liaison between Operations Division and re- 

search becomes the responsibility of the reactor supervisor 

who may, at any time, request assistance from t:he Technical 

Assistance Department. 

5.8b. Irradiation of New Experiments 

This procedure is identical in ail respects to that presented in 

Section 5.6b. 
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5 .9 .  Changes i n  O p e r a t i n g  Experiments  

From t i m e  t o  t i m e ,  e i t h e r  due t o  mal func t ioning  i n s t r u m e n t a t i o n  o r  

f o r  v a r i o u s  o t h e r  r e a s o n s ?  a n  exper imenter  may wish t o  change t h e  s ta-  

t u s  of h i s  exper iment .  Usual ly ,  t h e s e  changes c o n s i s t  of a l t e r i n g  a 

monitored parameter's alarm s e t p o i n t  o r  d i s c o n n e c t i n g  t h e  experiment  

from t h e  s a f e t y  c i r c u i t  (E-panel) .  Before any a c t u a l  changes are made, 

t h e  exper imenter  must submit t o  t h e  r e a c t o r  s u p e r v i s o r  an  "Experiment 

S t a t u s  Change Request" form (Example 5.9.1)  i n d i c a t i n g  t h e  changes t o  

be made. bJhen t h e  s u p e r v i s o r  i n  charge  a t  t h e  BSR r e c e i v e s  t h e  form, 

he should check  t o  see t h a t  i t  h a s  been signed and f i l l e d  o u t  p r o p e r l y ;  

he w i l l  t h e n  p l a c e  t h e  form i n  t h e  experiment  notebook l o c a t e d  i n  t h e  

BSR c o n t r o l  room o f f i c e .  

... 
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Exarnp le  5.9.1. E x p e r i m e n t  S t a t u s  Change. R e p o r t  (UCN-2166) 

.......... ......... ... ......... .................... - -. .......... ....____ ___.. ... .......... ~ ~. -~ - IDATE -- 
R EQU E S T  E R  

E X P E R I M E N T  I U E N T I F I C A T I O N  

-- 
C H A N G E ( S )  R E Q U E S r E D  

......... ................... .- .......... ....... ..-. . _ _ _ ~ . . .  ....... 

.......... .......... ... .......... .......... .......... __ 

.......... .......... ... ..... .......... __ 

R E A S O N  F O R  C H A N G E  

. 
P R E C A U T I O N S  T O  B E  T A K E N  I 

........ _I-.. I _ _ - -  

CHANGE(S9 APPROVED BY 
-~ ___ ........ .......... .......... . .  ............ ~.__ 

OP E R A T  IONS- 

......... ... ......... .......... ~ . ~ ~~~ ..... .- 
E X P E R I M E N T E R  I 

......... .......... ......... ........ ........... ____ ~ -~ 
O T H E R  

......... 
CIIAMGE(S) C o w L E - r E D  EIY 

I -  
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5.10. O p e r a t i o n a l  Procedures  

5.LOa. S a m p l e  Schedul ing  and Records 

Upon r e c e i v i n g  a s a m p l e  t o  b e  i r r a d i a t e d ,  t h e  BSR foreman w i l l  p r e -  

pare a "Sample Schedule  Sheet"  (Example 5.10.1). T h i s  form, f i l l e d  out  

i n  d u p l i c a t e ,  w i l l  c o n t a i n  t h e  f o l l o w i n g  i n f o r m a t i o n :  

1. Date t h e  sample  w a s  s u b m i t t e d .  

2 .  E x p e r i m e n t e r ' s  name, d i v i s i o n ,  and charge  number. 

3 .  Material t o  be i r r a d i a t e d .  

4 .  I r r a d i a t i o n  f a c i l i t y .  

5 .  Power level .  

6 .  S a m p l e  number. 

7 .  Approval s i g n a t u r e s .  

The s a m p l e  numbers are coded as i n d i c a t e d  i n  t h e  f o l l o w i n g  example: 

68-7-6 - t h e  f i r s t  set  of d i g i t s ,  68, i n d i c a t e s  t h e  y e a r  (1968); t h e  

n e x t  d i d i t ,  L, i n d i c a t e s  t h e  month ( J u l y ) ;  and t h e  l a s t  d i g i t ,  6, i n d i -  

cates t h a t  t h e  s a m p l e  i s  t h e  s i x t h  r e c e i v e d  d u r i n g  t h a t  month. These 

numbers are t o  b e  p laced  on t h e  s a m p l e .  

The approval  s i g n a t u r e  may b e  t h a t  of t h e  foreman i f  t h e  sample 

i s  i d e n t i c a l  w i t h  one p r e v i o u s l y  i r r a d i a t e d ;  i f  t h e r e  are any d e v i a t i o n s ,  

t h e  BSR r e a c t o r  s u p e r v i s o r  must s i g n  t h e  s h e e t .  

A "sample notebook" i s  a l s o  main ta ined  by t h e  BSR foreman. T h i s  

book c o n t a i n s  t h e  same i n f o r m a t i o n  as t h e  s a m p l e  s c h e d u l e  s h e e t  and i s  

f i l e d  on t h e  foreman's  desk .  

It  should be noted  t h a t  t h e  exper iments  d e s c r i b e d  i n  t h e  preceding  

s e c t i o n s ,  and f o r  which "Experiment Informat ion"  s h e e t s  have been p r e -  

p a r e d ,  w i l l  a l s o  r e q u i r e  p r e p a r a t i o n  of t h e  "Sample  Schedule  Sheets" .  
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E x a m p l e  5.10.1.  Sample  Schedule Shee t  (UCN-8894) 

SAMPLE SCHEDULE SHEET 
BSR 

D A T E  

................... r APPROVED i'....f NAME 

1 - ....... __ .............. 

I .... 
M A T E R 1  A L  A N D  W E I G H T  I ................ .......... ............. I 

.___ 
M A T E R I A L  A N D  H O L D E R  W E I G H T  I ...__ 
C U S T O M E R  D i V l S l O N  

-____ 
CENTER E SE NE SW 

P O S I T I O W  ( B O T T O M  T O  T O P )  

1 2 3 

D ISPOS IT1 ON PICKUP BY D A T E  TIME 

SCHEDULED 
.~ __ 

ACTUAL 

C H A R G E  C O D E  POWER L E V E L  

R E M A R K S  
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.... 

- .... 

However, s i n c e  many samples are c a t e g o r i c a l l y  r o u t i n e ,  t h e y  w i l l  r e q u i r e  

o n l y  t h e  "Sample Schedule  Sheet" .  

Four  c l i p b o a r d s  on which t h e  "Sample Schedule  Sheets"  a r e  p laced  

are  l o c a t e d  i n  t h e  c o n t r o l  room annex and are l a b e l e d  as f o l l o w s :  

1. Samples t o  b e  i n s e r t e d .  

2 .  Samples  b e i n g  i r r a d i a t e d .  

3 .  Samples p u l l e d  up f o r  decay.  

4 .  S a m p l e s  i n  s t o r a g e .  

For i r r a d i a t i o n s  which w i l l  be  completed d u r i n g  t h e  8-4 s h i f t  on 

t h e  day  t h e  s a m p l e  i s  scheduled,  b o t h  c o p i e s  of t h e  "Sample Schedule  

Sheet ' '  are kept  on t h e  a p p r o p r i a t e  c l i p b o a r d  a t  t h e  BSR. For  i r r a d i a -  

t i o n s  which c o n t i n u e  i n t o  o r  th roughout  t h e  evening  a n d / o r  midnighk 

s h i f t ,  t h e  o r i g i n a l  copy of t h e  "Sample Schedule  Sheet" w i l l  be t r a n s -  

f e r r e d  t o  t h e  ORR c o n t r o l  room and p laced  i n  r a c k s  which are a l s o  l a b e l e d  

w i t h  t h e  f o u r  above c a t e g o r i e s .  The BSR foreman i s  r e s p o n s i b l e  f o r  t h e  

t r a n s f e r  of s a m p l e  schedule  s h e e t s  t o  t h e  ORR c o n t r o l  roome 

When t h e  i r r a d i a t i o n  i s  completed and the exper imenter  claims t h e  

sample ,  t h e  carbon copy of t h e  "Sample Schedule  Sheet" i s  g iven  t o  t h e  

e x p e r i m e n t e r ;  and t h e  o r i g i n a l  copy i s  f i l e d  i n  t h e  BSR foreman 's  desk.  

5.1Ob. S a m p l e  H a n d l i n g  

1 .  S t o r a g e  P r i o r  t o  I r r a d i a t i o n .  - The samples ,  p r o p e r l y  i d e n t i -  

f i e d ,  w i l l  be p laced  i n  t h e  s t o r a g e  r a c k  l o c a t e d  under t h e  c l i p -  

b o a r d s  by t h e  person  who s c h e d u l e s  t h e  s a m p l e .  I f  r a d i o a c t i v e ,  

t h e  sample  w i l l  be  p laced  i n  a n  a p p r o p r i a t e  s h i e l d .  

2 .  P r e p a r a t i o n  f o r  I r r a d i a t i o n .  - P r i o r  t o  t h e  t i m e  f o r  t h e  i r ra-  

d i a t i o n  t o  b e g i n ,  t h e  sample should  be prepared  by t h e  a t t a c h -  

ment of  s t r i n g  o r  w i r e  f o r  s u p p o r t  i n  t h e  f a c i l i t y  as f o l l o w s :  
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a .  In t h e  East D 0 Tank 2 

(1) For i r r a d i a t i o n s  up t o  one hour ,  small nylon (-1/16- 

i n .  d iam)  s t r i n g  i s  used.  

(2)  For  i r r a d i a t i o n s  up t o  s i x  hours ,  l a r g e  nylon (-1/8- 

i n .  diam) s t r i n g  i s  used.  

( 3 )  For i r r a d i a t i o n s  of  g r e a t e r  t h a n  six hours ,  aluminum 

wire  should be used i n  t h e  f l u x  r e g i o n .  

b .  I n  o t h e r  f a c i l i t i e s ,  such a s  t h e  n o r t h - f a c e  t u b e  and CP-15 

o r  CP-11, aluminum wire w i l l  g e n e r a l l y  be used t o  suppor t  

t h e  s a m p l e .  

3 .  I r r a d i a t i o n .  - The s a m p l e  w i l l  be lowered i n t o  t h e  i r r a d i a t i o n  

f a c i l i t y  d e s i g n a t e d  a t  t h e  scheduled time u s i n g  t h e  f o l l o w i n g  

g u i d e l i n e s :  

a.  E a s t  D 2 0  Tank 

(1) Lower t h e  sample t o  t h e  bottom of t h e  tube .  

(2)  Allow t h e  second sample, o r  t h i r d ,  t o  come t o  rest  

a t o p  t h e  sample below i t .  

(3)  Record t h e  a c t u a l  "time in" on b o t h  c o p i e s  of t h e  

"Sample Schedule  Sheet"  and i n i t i a l  t h e  e n t r y .  

NOTE: Only t h e ' n o r t h  and s o u t h  rubes a t  t h e  east  D20 

t a n k  a r e  t o  be opened w h i l e  t h e  r e a c t o r  i s  o p e r a t i n g .  

b. Other  F a c i l i t i e s  

(1) Lower t h e  s a m p l e  t o  t h e  p o s i t i o n  d e s i g n a t e d  on t h e  

"Sample Schedule  Sheet"  o r  i n  o t h e r  s p e c i a l  i n s t r u c -  

t i o n s .  
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.... 

(2) F o l l o w  any s p e c i a l  p r e c a u t i o n s  r e l a t i v e  t o  r a d i a t i o n  

h a z a r d s  which might b e  encountered .  

( 3 )  Record t h e  a c t u a l  " t i m e  in" on b o t h  c o p i e s  of t h e  

"Sample Schedule  Sheet" and i n i t i a l  t h e  e n t r y .  

4 .  P o s t i r r a d i a t i o n  Handl ing.  - A t  the end of t h e  i r r a d i a t i o n  p e r i o d ,  

p u l l  t h e  s a m p l e  from t h e  f lux  and: 

a .  East D 2 0  Tank 

(1) A l l o w  s u f f i c i e n t  decay t i m e  t o  p e r m i t  removal t o  s t o r -  

age  o r  t o  a s h i e l d .  

(2) Allow t o  decay i n  accordance w i t h  i n s t r u c t i o n s  on t h e  

"Sample Schedule  Sheet".  

Record t h e  a c t u a l  "time out", on both  c o p i e s  of t h e  ( 3 )  

"Sample Schedule  Sheet"  and i n i t i a l  t h e  e n t r y .  

b .  Other  F a c i l i t i e s  

(1) Follow s p e c i a l  i n s t r u c t i o n s  on t h e  "Sample Schedule  

Sheet" 

(2)  Record t h e  a c t u a l  " t i m e  out"  on both  c o p i e s  of  t h e  

"Sample Schedule  Sheet"  and i n i t i a l  t h e  e n t r y .  

5 .  Shipping  S a m p l e s  

a .  Fol low approved procedures  f o r  s h i p p i n g  r a d i o a c t i v e  mate- 

r ia l s .  Refer  t o  N o .  2 8  o f  t h e  ORNL H e a l t h  P h y s i c s  Manual 

and No. 4.1 of t h e  ORNL H e a l t h  P h y s i c s  Procedure  Manual. 

b .  H e a l t h  p h y s i c s  coverage should be provided t o  a s s u r e  rad ia-  

t i o n  c o n t r o l .  
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6. REACTOR COOLING SYSTEMS 

6 -  1. The Primary-Water Cooling System 

6 *  la.  References 

1. P 20310 EC 001, Cooling Water System - Flow Sheet 

2 .  P 20310 EC 010, Cooling Water Plan - Sheet  1 

3, P 20310 EC 012, Cooling Water - S e c t i o n  

4 .  P 20310 EC 012, Cooling Water - Sect ions  and Details 

5, P 20310 EC 013, Decay Tank Modif ica t ion  

6 .  P 20310 EC 020, Underground Reactor  Water, A i r  Off-gas - Plan 

7. P 20310 EC 021, P r o f i l e  of  8-111. Underground Reactor  Water Lines 

- t o  and from Heat-Exchanger Pump House 

8. P 20310 EX 031, Heat-Exchanger Piping - Plan 

9. P 20310 EC 032, Heat-Exchanger P ip ing  - Sec t ions  Sheet  1 

10, P 20310 EX 033, Heat-Exchanger P ip ing  - Sec t ions  Sheet  2 

11. M 20310 YC 043, Demineralizer Assembly 

12. M 20310 YC 044, Demineralizer Regenerant System 

13.  P 11246 PF 001, Degasser Tank - I n s t a l l a t i o n  Plan and Sec t ion  

14, S 11274 PF 001, Reloca t ion  of dp Cells - Plan  Eleva t ion  and 

D e  t a i  1s 

6 l b  . I n t r o d u c t i o n  

The major components of the p r i m a r y  coo l ing  system are: 

1. The c e n t r i f u g a l  pump, which is r a t e d  a t  1230 gpm flow wi th  a 

discharge  p res su re  o f  -35 p s i g .  

2 .  A s h e l l - t u b e  h e a t  exchanger r a t e d  a t  2 Mw. 

3 .  The r e a c t o r  pool  i t s e l f ,  which holds  approximately 130,000 g a l  

of water .  

... 
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4 .  The r e a c t o r  c o r e  and lower plenum. 

5 .  A decay tank ,  which a l s o  s e r v e s  as a r e c e i v i n g  t a n k .  

6 .  The p i p i n g  n e c e s s a r y  t o  i n t e r c o n n e c t  t h e s e  components. 

I n  a d d i t i o n ,  t h e  primary system i s  equipped w i t h  surge  and gas-  

removal t a n k s ,  vent  systems,  and a c leanup system, which i n c l u d e s  a two7 

column d e m i n e r a l i z e r .  The r e a c t o r  c o o l i n g  systems a r e  shown s c h e m a t i c a l l y  

i n  F i g u r e  6.1.1.  

6 . 1 ~ .  D e s c r i p t i o n  

The r e a c t o r  g r i d  p l a t e  i s  supported on a plenum ( r e f e r r e d  t o  a s  t h e  

“water  manifold and r e a c t o r - g r i d  suppor t” ,  which i s  shown a s  i t e m  3 i n  

F i g u r e s  6.1.2 and 6.1.3) .  The e n t i r e  south  end of t h i s  plenum c o n s i s t s  

of a f l a p p e r - t y p e  v a l v e  which, when opened, a l l o w s  t h e  r e a c t o r  t o  be 

cooled by n a t u r a l  convec t ion  of t h e  pool water ;  t h e  flow pate  f o r  n a t u r a l -  

convec t ion  c o o l i n g  is  shown i n  F i g u r e  6.1.3. Opera t ion  of t h e  r e a c t o r  

i n  t h i s  mode (Mode 1) is  p e r m i t t e d  a t  power l e v e l s  of 1,000 kw or  less .  

(Reactor  o p e r a t i o n  i n  Mode 1 i s  r e s t r i c t e d ,  a d m i n i s t r a t i v e l y ,  t o  those  

o c c a s i o n s  when t h e  forced  c o o l i n g  system i s  n o t  a v a i l a b l e  f o r  u s e . )  

By c o n t r a s t ,  power l e v e l s  up t o  2000 kw are permi t ted  when t h e  r e a c -  

t o r  i s  opera ted  i n  Mode 2 ( forced flow w i t h  t h e  f l a p p e r - t y p e  v a l v e  c l o s e d ) .  

Forced c o n v e c t i o n  i s  e s t a b l i s h e d  by pumping w a t e r  from t h e  decay t a n k  

t o  t h e  pool ,  t h u s  c r e a t i n g  a d i f f e r e n t i a l  s t a t i c  head between t h e  pool 

w a t e r  l e v e l  and t h e  l e v e l  i n  t h e  decay t a n k .  T h i s  d i f f e r e n t i a l  head 

c a u s e s  water  t o  flow downward through t h e  r e a c t o r  c o r e ,  through t h e  plenum, 

and t h e n  through both  movable and f i x e d  p i p i n g  t o  t h e  decay t a n k .  The 

moving p i p i n g  c o n s i s t s  o f :  t h e  i - in . -d iam (schedule  40 p i p e )  r i s e r ;  t h e  
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DRNL DWG. 67-5973 

- L E G E N D -  
@ F L E X I B L E  COOLING-WATER L I N E  
@ NATURAL-CONVECTION-COOLING 

I N L E T  V A L V E  
@ WATER MANIFOLD AND 

@ F U E L - E L E M E N T  GRID P L A T E  
@) 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 

@ NORTH-SOUTH T R A V E R S I N G  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 

N I T R O G E N - I 6  DISF'ERSION 

AND GEAR BOX 

IONIZATION -CHAMBER 

REACTOR SUPPORT TUBES 
I N L E T - VALVE 
INSTRUMENT AND CONTROLS 

JUNCTION BOX 
REACTOR SUPPORT BRIDGE 

( M O B I L E )  
REACTOR INSTRUMENT 

DAM WITH GATE REMOVED 
EXPANSION JOINT 
REACTOR COOLING-WATER 
L I N E  TO HEAT EXCHANGER 
POOL PARAPET 

RETURN L I N E  FROM HEAT EXCH 
FLOOR L E V E L  OF BUILDING 

SUPPORT TUBES 

0 PER A TOR 

AND CONTROL CABLES 

REACTOR COOLING- WATER 

Fig. 6.1.2.  I somet r ic  Drawing o f  t h e  In-Pool Por t ion  of t h e  
Forced-Convection Cooling System f o r  Mode-2 Operation 
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Fig. 6.1.3. Restricted Isometric V i e w  of the BSR Showing t h e  
Flow Path for Natural-Convection Cooling During Mode-1 Operation 

.... . .  
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8- in . -diam i n v e r t e d  U-sec t ion ;  t h e  f l e x i b l e  s t a i n l e s s  s t e e l  p ipe ; '  and t h e  

s h a f t  swive l  arm which i s  l o c a t e d  j u s t  n o r t h  of t h e  jam f o r  t h e  e a s t  dam. 

(On both  ends of  t h e  f l e x i b l e  s t a i n l e s s  s t e e l  p ipe  and on t h e  end of t h e  

s h a f t  swivel  arm which t e r m i n a t e s  j u s t  n o r t h  of t h e  east-dam j a m  a r e  

swive l  j o i n t s .  2 9 3  These j o i n t s  and t h e  f l e x i b l e  s t a i n l e s s  bel lows a l low 

t h e  reacf:or t o  be p o s i t i o n e d  a t  any l o c a t i o n  w i t h i n  a 1.2-f t - long by 

2 5 - f t - 2 i d e  a r e a ) .  The swivel  arm i s  a t t a c h e d  a t  one end t o  t h e  f i x e d  

p i p i n g  which i s  d e s c r i b e d  below. 

From t h e  n o r t h  s i d e  of t h e  e a s t  pool jam t o  t h e  s o u t h e a s t  corner  of 

the pool w a l l ,  t h e  f i x e d  e x i t  p i p i n g  i s  8- in . -diam aluminum pi.pe (except  

f o r  a s h o r t  8 - i n .  s t a i n l e s s  s t e e l  expansion j o i n t ) .  From t h e  s o u t h e a s t  

c o r n e r  of t h e  pool w a l 4  past  r a d i o a c t i v i t y  monitor  RIM-5,through t h e  

h a n d - c o n t r o l l e d ,  a i r - p o s i t i o n e d  e x i t  va lve  (HCV-3) t o  j u s t  o u t s i d e  t h e  

s o u t h e a s t  w a l l  of t h e  b u i l d i n g ,  t h e  p i p i n g  i s  1 2 - i n . ,  schedule  40 s t a i n -  

l e s s  s t e e l  p i p e .  From t h e  s o u t h e a s t  w a l l  of t h e  b u i l d i n g  t o  t h e  decay 

tank ,  t h e  e x i t  water  f lows through 8 - i n .  schedule  10 s t a i n l e s s  s t e e l  

p i p e .  The r e a c t o r  flow o r i f i c e  p l a t e  i s  l o c a t e d  i n  t h i s  p o r t i o n  of 

the  l i n e .  (The o r i E i c e  p l a t e  i s  1 / 8 - i n .  t h i c k  and has  a 6.1086-in.  

b o r e . )  The water  i s  d i s c h a r g e d  i n t o  t h e  bottom of t h e  e a s t  s i d e  of t h e  

'The f l e x i b l e  p ipe  i s  cor ruga ted  s t a i n l e s s  s t e e l ,  8 - i n .  d i a m  w i t h  

2 
0 .020- in .  - t h i c k  w a l l s .  

Swivel a c t i o n  a t  t h e  ends of t h e  be l lows  i s  permi t ted  simply by 
use of moderately l o o s e - f i t t i n g  s t r a i g h t  t h r e a d s  on t h e  s t a i n l e s s  b e l -  
lows c u f f s  and t h e  mating aluminum f i t t i n g s .  About 2 i n .  of t h r e a d s  
a r e  used t o  minimize leakage and t h e  l o o s e  f i t  p e r m i t s  f r e e  r o t a t i o n .  
A maximum r o t a t i o n  of 1 112 t u r n s  of t h e  f l e x i b l e  pipe i s  permi t ted .  

The swive l  arm i s  a t t a c h e d  t o  t h e  f i x e d  pi-ping by u s e  of a l a p -  
3 

j o i n t  f l a n g e  having machined T e f l o n  g a s k e t s  between t h e  meta l  s u r f a c e s .  
This  p e r m i t s  easy  r o t a t i o n  o f  t h e  swive l  arm w i t h  o n l y  a s l i g h t  loosen-  
i n g  of  t h e  f l a n g e  bel-ts. 
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decay t a n k .  A f t e r  p a s s i n g  around t h e  t r a n s v e r s e  b a f f l e ,  t h e  water  i s  

withdrawn from t h e  bottom of t h e  west end of t h e  decay t a n k  by t h e  p r i -  

mary c i r c u l a t i n g  pump. From t h e  d i s c h a r g e  of t h e  pump, t h e  w a t e r  i s  

f o r c e d  through t h e  s h e l l  s i d e  of t h e  h e a t  exchanger  v i a  HCF-9 t o  t h e  

d e g a s s e r  t a n k  (HCV-9 i s  an  a i r - o p e r a t e d ,  h a n d - c o n t r o l l e d  v a l v e ) .  The 

water i s  in t roduced  t o  t h e  d e g a s s e r  t a n k  and swir l s  c lockwise  u n t i l  i t  

i s  removed and al lowed t o  r e t u r n  t o  t h e  poo l .  (The a i r  volume above 

t h e  water l e v e l  i n  t h e  d e g a s s e r  t a n k  i s  connected t o  t h e  normal o f f - g a s  

system. I n  a d d i t i o n ,  t h e  a i r  volume above t h e  water  l e v e l  i n  t h e  decay 

t a n k  i s  connected t o  t h e  normal o f f - g a s  system v i a  t h e  o f f - g a s  surge  

t a n k .  The r a d i o a c t i v i t y  of t h e  gas  i n t r o d u c e d  t o  t h e  normal o f f - g a s  

system i s  monitored a t  t h i s  p o i n t  by RIM-18.) 

The by-pass  d e m i n e r a l i z e r  i s  s u p p l i e d  -26 gpm from t h e  d i s c h a r g e  

of t h e  s h e l l  s i d e  of t h e  h e a t  exchanger;  t h e  d e m i n e r a l i z e r ,  which con- 

s i s t s  of a c a t i o n  bed and a n  a n i o n  bed, r e t u r n s  i t s  e f f l u e n t  j u s t  up- 

stream from t h e  pr imary c i r c u l a t i n g  pump. (When t h e  pr imary pump i s  

s h u t  down and HCV-9 i s  c l o s e d ,  t h e  d e m i n e r a l i z e r  c i r c u l a t e s  water back- 

ward through t h e  system. The i n l e t  water i s  s u p p l i e d  by t h e  2 - i n . -  

bypass  l i n e  around t h e  d e g a s s e r  t a n k  and the  e x i t  w a t e r  i s  r e t u r n e d  t o  

t h e  pool v i a  t h e  normal pool water e x i t  l i n e . )  

6 . l d .  Genera l  P r e c a u t i o n s  

1. Before e s t a b l i s h i n g  f o r c e d  c o o l i n g  flow, e n s u r e  t h a t  t h e  main 

i n l e t  and e x i t  l i n e  v a l v e s  (HCV-3 and HCV-72), l o c a t e d  i n  t h e  

v a l v e  p i t ,  are open and t h a t  HCV-9, l o c a t e d  a t  t h e  d i s c h a r g e  of 

t h e  pr imary c i r c u l a t i n g  pump, i s  c l o s e d .  (It i s  p o s s i b l e  t o  

over f low t h e  pool and t o  shock t h e  d e g a s s e r  t a n k  i f  f o r c e d  

c o o l i n g  f low i s  improper ly  e s t a b l i s h e d . )  
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2. Avoid l a rge  o r  sudden changes i n  the  decay tank water  l e v e l .  

(Improper va lv ing  could r e s u l t  i n  such changes ,) 

3 .  Before e s t a b l i s h i n g  forced coo l ing  flow, ensure t h a t  proper 

communication is e s t a b l i s h e d  between personnel  i n  the  c o n t r o l  

room and personnel i n  the  pump house o r  i n  o ther  similar a reas .  

4 .  Never energ ize  the  primary pump motor when ope ra t ing  t h e  r e a c t o r  

i n  Mode 1. (With the  f l appe r  va lve  open, t h e r e  would be some 

i n t e r f e r e n c e  wi th  n a t u r a l  convection cool ing  i f  t h e  primary 

pump were s t a r t e d . )  

5. Ensure t h a t  any changes i n  the s t a t u s  of  t he  cool ing  system a r e  

understood before  any r e a c t o r  s t a r t u p .  

S o l e .  Operat ional  Procedures 

1. To Es t ab l i sh  Flow i n  the  P r i m a r y  System 

a.  Determine t h a t  condi t ions  i n  the  primary loop are i n  compli- 

ance wi th  Sec t ion  6.1d.4, "General Precaut ions .I1 

b. Energize the  c i r c u l a t i n g  pump us ing  the  c o n t r o l s  on the con- 

t r o l  room panel.  (The e l e c t r i c a l  switchgear  a t  the pump 

house would normally remain energized.  i f  t h e  pump does not 

s tar t ,  check the l o c a l  con t ro l s . )  

c .  Slowly open va lve  XCV-9 (HCV-9 is  remotely operated from 

X I C - 9  loca ted  on the  c o n t r o l  room panel) u n t i l  a flow rate  

of approximately 1125 gpm is ind ica t ed  by the  recorder  i n  

the  c o n t r o l  room. Also observe t h e  decay-tank-level  i nd ica -  

t o r .  The water l e v e l  i n  the  decay tank should remain above 

160 in .  
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d .  Slowly c l o s e  v a l v e  HCV-3 (HCV-3 i s  remote ly  o p e r a t e d  from 

H I C - 3  on t h e  c o n t r o l  room panel )  u n t i l  a flow r a t e  of about  

1100 gpm i s  i n d i c a t e d  by t h e  r e c o r d e r  i n  t h e  c o n t r o l  room. 

Also observe  t h e  d e c a y - t a n k - l e v e l  i n d i c a t o r ;  it should s ta -  

b i l i z e  a t  about  135 i n .  

NOTE: 

withdrawn and w i t h  a f low r a t e  of approximate ly  1100 gpm; i f  i t  

i s  a p p r e c i a b l y  l o w e r  t h a n  t h i s ,  check t h e  f l a p p e r  v a l v e  and check 

t h e  swive l  j o i n t  l o c a t e d  i n  t h e  nor thwes t  s i d e  of t h e  dam jam. 

I f  t h e  î v) i s  much t o o  h i g h ,  check t h e  c o r e  f o r  o b s t r u c t i o n s .  

The c o r e  AJ? should b e  about  6.5 i n .  H 2 0  w i t h  t h e  shim r o d s  

2 .  T o  S top  Flow i n  t h e  Primary System 

a. Turn t h e  pump c o n t r o l  knob on t h e  c o n t r o l  room panel  t o  t h e  

OFF p o s i t i o n .  (NOTE: Flow from t h e  pump t o  the pool  w i l l  

be s topped very  soon a f t e r  t h e  pump i s  turned  o f f ;  however, 

f low from t h e  pool t o  t h e  decay t a n k  w i l l  c o n t i n u e  u n t i l  

t h e  decay t a n k  and i t s  a s s o c i a t e d  v e n t  l i n e s  are f i l l e d  t o  

t h e  pool l e v e l . )  

b .  Open t h e  f l a p p e r  v a l v e .  

c .  Close  v a l v e  HCV-p (pump e x i t )  which is remote ly  o p e r a t e d  

from HIC-9 i n  t h e  c o n t r o l  room. 

d .  Open v a l v e  HCV-3 ( r e a c t o r  e x i t )  t o  t h e  f u l l y  open p o s i t i o n .  

I f .  Cool ing  System S t a r t u p  Checks f o r  Mode-1 O p e r a t i o n  

Mode 1 i s  c a t e g o r i c a l l y  t h e  “low-power-range’‘ of o p e r a t i o n .  Reac- 

t o r  power l e v e l  i n  t h i s  mode of o p e r a t i o n  i s  r e s t r i c t ed  t o  1 Mw o r  l e s s ;  

i n  t h i s  mode t h e  f l a p p e r  valve i s  open and t h e  c o r e  i s  cooled by n a t u r a l  

c o n v e c t i o n .  (NOTE: T h i s  mode i s  a d m i n i s t r a t i v e l y  r e s t r i c t e d  t o  t h o s e  



(6  e I f  cont  inued) 6-10 

t i m e s  when r e a c t o r  ope ra t ion  is requi red  while  t h e  forced cool ing  system 

i s  not  operable.)  

Sec t ion  C_ of the  "BSR S ta r t -up  Check L i s t "  s h a l l  be completed p r i o r  

t o  ope ra t ing  the  r e a c t o r  i n  t h i s  mode. The following items s h a l l  be 

checked o r  accomplished before  ope ra t ing  the  r e a c t o r  i n  Mode 1; these  

i t e m s  a r e  l i s t e d  i n  t h e  o rde r  i n  which they appea r  i n  Sec t ion  C of the  

BSR S ta r t -up  Check L i s t .  

1, Poo l  F i l l e d  t o  Proper Level and A l l  Pool-Level Alarms Cleared. - 

The pool water  is  maintained a t  a l e v e l  between 4 and 7 i n .  from 

the top o f  t he  pool p a r a p e t .  I f  t he  water i s  r a i s e d  above t h e  

4 - in .  l eve l ,  i t  w i l l  overflow t o  the  storm d r a i n  through the  

1 112-in. overflow pipes  loca ted  a t  each corner  of  t he  pool. 

I f  t he  water level. is lowered below 8 in .  from the  p a r a p e t ,  the  

skimmer cannot be used. (See Sec t ion  6 . lh  f o r  procedural  

d e t a i l s  on f i l l i n g  and d ra in ing  t h e  pool.) 

2 .  F l a p p e r  Valve i n  F u l l y  Open Pos i t i on .  - To open the  f lapper  valve,  

unlock the  yellow-handled l eve r  on the r e a c t o r  br idge  and r o t a t e  

t he  l e v e r  180' ( u n t i l  t he  handle poin ts  e a s t  and the  guide p in  

on the gear  mechanism f a l l s  i n t o  p o s i t i o n ) ;  v i s u a l l y  in spec t  t he  

f l appe r  va lve  and check the  annunciator  and i n d i c a t o r  l i g h t s  i n  

the  c o n t r o l  room. 

3 .  Demineralizer i n  Serv ice .  - The primary deminera l izer  u n i t  

loca ted  a t  t he  pump house and descr ibed i n  Sec t ion  6 . l j  o f  t h i s  

manual i s  normally i n  s e r v i c e  cont inuously;  however, when t h i s  

u n i t  is  unavai lab le  f o r  use during extended per iods of t i m e ,  the  

a u x i l i a r y  u n i t  should be placed i n  s e r v i c e .  



( 6 . l f  c o n t i n u e d )  6-11 

... 
The a u x i l i a r y  u n i t ,  l o c a t e d  on t h e  west s i d e  of B u i l d i n g  

3010, i s  normally i n  s tandby.  I f  i t  i s  t o  be placed i n  s e r v i c e ,  

refer  t o  S e c t i o n  6 . 1 j ,  P a r t  2.  

Water P u r i t y  Adequate. - The normal r e s i s t i v i t y  of  t h e  water  

e n t e r i n g  t h e  pr imary d e m i n e r a l i z e r  i s  approximate ly  1,000,000 ohm- 

cm; t h e  normal r e s i s t i v i t y  of t h e  water l e a v i n g  i t  i s  2,000,000 

4 .  

ohm-cm. (The cor responding  v a l u e s  f o r  t h e  a u x i l i a r y  deminera l -  

i z e r  a r e  700,000 and 1,000,000, r e s p e c t i v e l y . )  The pH of t h e  

r e a c t o r  c o o l i n g  water should be between 5.5 and 6.5.  The l a s t  

two f i g u r e s  are nominal l i m i t s  which may be exceeded f o r  s h o r t  

p e r i o d s  of t i m e  w i t h o u t  r e q u i r i n g  a r e a c t o r  shutdown. I f  t h e  

r e s i s t i v i t y  of t h e  water l e a v i n g  t h e  d e m i n e r a l i z e r  i s  n o t  h i g h e r  

t h a n  t h a t  of t h e  water e n t e r i n g ,  t h e  d e m i n e r a l i z e r  should be 
... 

removed from s e r v i c e .  

5. Skimmer System i n  Opera t ion .  - The skimmer system s e r v e s  t o  

remove f l o a t i n g  d e b r i s  from t h e  water. Opera t ion  i s  d e s i r a b l e ,  

b u t  n o t  mandatory.  The system i s  d e s c r i b e d  i n  S e c t i o n  6 . l i  of 

t h i s  manual. 

6. Je ts  on f o r  O p e r a t i o n  a t  Above 100 kw. - The water j e t s  a r e  used 

t o  h e l p  minimize d i r e c t  r a d i a t i o n  from t h e  s u r f a c e  of t h e  pool  

due t o  N a c t i v i t y .  Procedures  € o r  t h e i r  o p e r a t i o n  are included 
16 

i.n S e c t i o n  6 . l i .  

6 . l g .  Cool ing System S t a r t u p  Checks f o r  Mode-2 O p e r a t i o n  

Mode 2 i s  c a t e g o r i c a l l y  t h e  " forced  convect ion ' '  mode of o p e r a t i o n ;  

t h e  f l a p p e r  v a l v e  i s  c l o s e d  and the c o r e  i s  cooled by the forced- f low 

system. I n  t h i s  mode, t h e  r e a c t o r  may be o p e r a t e d  a t  power l e v e l s  up 

t o  2 Mw. 
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S e c t i o n  9 of  t h e  "BSR S t a r t u p  Check L i s t "  s h a l l  be completed p r i o r  

t o  o p e r a t i n g  t h e  r e a c t o r  i n  t h i s  mode. The fo l lowing  items s h a l l  b e  

checked o r  accomplished b e f o r e  o p e r a t i n g  t h e  r e a c t o r  i n  Mode 2: t h e s e  

i t e m s  are l i s t e d  i n  t h e  o r d e r  i n  which t h e y  appear  i n  S e c t i o n  g o f  t h e  

BSR s t a r t u p  check l i s t .  

1. Pool  F i l l e d  t o  Proper  Level .  - Same as i n d i c a t e d  i n  S e c t i o n  6.1f .  

2 .  A l l  Pool  Level  A l a r m s  C l e a r e d .  - Sane as i n d i c a t e d  i n  S e c t i o n  

6 . l f .  

-- P r i m a g  -- Cool ing  System F i l l e d  and Vented. - Under normal o p e r -  

a t i n g  c o n d i t i o n s ,  i t  is  n o t  necessary  t o  f i l l  o r  v e n t  a l l  por-  

t i o n s  o f  t h e  pr imary system. Normally, t h e  system remains 

f i l l e d  w i t h  water and v e n t i n g  may be accomplished,  b e f o r e  s t a r t -  

i n g  t h e  primary pump, by momentarily opening v e n t  v a l v e s  HCV-75 

and HCV-76 (both  l o c a t e d  i n  t h e  heat-exchanger  room) However, 

i f  any p o r t i o n  o f  t h e  system had been d r a i n e d  f o r  any reason ,  

t h e n  t h a t  p o r t i o n  would have t o  be r e f i l l e d  w i t h  pool  water a s  

d e t a i l e d  i n  S e c t i o n  6 . l h .  

3 .  

H t  should  be r e a l i z e d  t h a t  some bubbles  o f  a i r  would, i n  

a i l  p r o b a b i l i t y ,  be d i s c h a r g e d  t o  t h e  pool  even a f t e r  ventFng 

is accomplished i f  t h e  system had r e c e n t l y  been f i l l e d .  However, 

e x c e s s i v e  bubbl ing  should  c a l l  f o r  an i n v e s t i g a t i o n  o f  p o s s i b l e  

l e a k s ,  The primary pump has been t h e  s o u r c e  of  such d i f f i c u l -  

t i e s  i n  the p a s t  and should be checked f o r  e x c e s s i v e  n o i s e  and 

t o  i n s u r e  t h a t  t h e r e  is s u f f i c i e n t  water flow t o  t h e  seals. 

4 .  HCV-3 F u l l y  Open and IICV-9 F u l l y  Closed .  - These h a n d - c o n t r o l l e d  

a i rmopera ted  v a l v e s  are p o s i t i o n e d  by a i r - p r e s s u r e  r e g u l a t o r s  

l o c a t e d  i n  v e r t i c a l  p a n c l  i n  the c o n t r o l  room. 
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5 .  F lapper  Valve i n  Fu l ly  Closed Pos i t i on .  - To c l o s e  t h e  f l appe r  

va lve ,  unlock the  yellow-handled l e v e r  on the  r e a c t o r  b r idge  and 

r o t a t e  t h e  l e v e r  180" ( u n t i l  t h e  handle  poin ts  west and t h e  guide 

p in  on t h e  gear  mechanism f a l l s  i n t o  p o s i t i o n ) ;  v i s u a l l y  i n s p e c t  

t h e  f l a p p e r  va lve  and check t h e  annuncia tor  and console  i n d i -  

c a t o r  l i g h t s  i n  the  c o n t r o l  room. 

6. Primary Cooling System Flow Es tab l i shed ,  - Forced convect ion 

is r equ i r ed  ( admin i s t r a t ive  requirement) f o r  2-Mw opera t ion ,  

The primary flow should  be s t a b l e  a t  a r a t e  of  approximately 

1100 gpm. The decay-tank l e v e l  should be about 135 i n , ,  and 

t h e  c o r e  AP about 6.5 in .  o f  H20. 

e s t a b l i s h i n g  fluw i n  t h e  primary system is presented  i n  

Sec t ion  6. l h .  

A d e t a i l e d  procedure f o r  

7 .  Demineral izer  i n  Se rv ice ,  - This  is  t h e  same as i n  S e c t i o n  

6 - 1 f -  

8. Water P u r i t y  Adequate, - This  is t h e  same as i n  S e c t i o n  6 . l f .  

9 .  Secondary Cooling System F i l l e d ,  T rea t ed ,  and Ready f o r  Se rv ice .  - 
k f  t h e  temperature  of t he  wa te r  r e t u r n i n g  t o  the  pool i nc reases  

above 105" F (measured a t  t h e  e x i t  l i n e  of t he  h e a t  exchanger),  

t h e  secondary water system should be placed i n  s e r v i c e .  For 

d e t a i l s  o f  t h i s  procedure,  r e f e r  t o  S e c t i o n  6.2e, 

10. Both t h e  Exit-Water and Decay-Tank Off-Gas-Activity Monitors 

Operat ing.  - Rota te  t h e  knob on each e l ec t rome te r  ( loca t ed  on 

t h e  c o n t r o l  room panel) t o  each o f  t h e  t h r e e  c a l i b r a t i o n  pos i -  

t i o n s  i n d i c a t e d ;  t h e  meter readout  should be i n  agreement. Leave 

t h e  knobs on t h e  OPERATE p o s i t i o n  
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Check t o  s e e  t h a t  t h e  r a d i a t i o n  l e v e l s  i n c r e a s e  as t h e  

power l e v e l  i s  r a i s e d  t o  2 Mw ( i n d i c a t e d  on t h e  m u l t i p o i n t  

r e c o r d e r  c h a r t ) .  A t  2 Mw, normal r a d i a t i o n  l e v e l s  a r e  10 r / h r  

a t  t h e  e x i t  water  l i n e  and -5 mr/hr a t  t h e  normal o f f - g a s  s u r g e  

t a n k .  

11. Skimmer System i n  Opera t ion .  - This  i s  t h e  same as i n  S e c t i o n  

6. I f .  

6 . l h .  F i l l i n g  and Dra in ing  t h e  Poo l  and Primary Water Lines  

Under normal o p e r a t i n g  c o n d i t i o n s ,  water  w i l l  have t o  be added  t o  

t h e  pool p e r i o d i c a l l y  t o  compensate f o r  l o s s e s  due t o  e v a p o r a t i o n  and 

p o s s i b l e  leakage .  

1. To Add Water t o  t'he Pool  

a. Open t h e  deminera l ized-water -supply  v a l v e  i n  B u i l d i n g  3004. 

(This  va lve  normally remains open.)  

b.  Open v a l v e  C - 1  l o c a t e d  on t h e  w e s t  w a l l  of B u i l d i n g  3010. 

c .  Close v a l v e  C - l  when t h e  proper  water l e v e l  i s  a t t a i n e d .  

(Also c l o s e  t h e  deminera l ized-water -supply  v a l v e  i n  B u i l d i n g  

3004 i f  opening i t  w a s  r e q u i r e d  t o  complete S t e p  1.) 

2 .  To D r a i n  t h e  Poo l  

a. Determine t h e  l e v e l  t o  whi.ch t h e  water  w i l l  be lowered; 

i f  s i g n i f i c a n t  enough t o  c r e a t e  a r a d i a t i o n  hazard ,  r e l o c a t e  

t h e  r a d i o a c t i v e  material a c c o r d i n g l y .  (Also , n o t i f y  a l l  

experiment  personnel ,  e s p e c i a l l y  t h e  1iqui .d-hel ium-cryostat  

experiment  personnel  and t h e  f i ss ion-spec t rum-exper iment  

personnel . )  

b. Close v a l v e s  HCV-3 and HCV-72 l o c a t e d  i n  t h e  va lve  p i t  i f  t h e  

pool i s  t o  be d r a i n e d  below t h e  8 2 5 - f t  LO-in. e l e v a t i o n .  
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.... 
c .  Open t h e  d r a i n  v a l v e  i n  t h e  pool ;  u s e  t h e  T-handled t o o l  

provided.  

d .  Open v a l v e  A-18 on t h e  s u c t i o n  s i d e  of t h e  pump ( l o c a t e d  i n  

t h e  BSR v a u l t ) .  

e .  E n e r g i z e  t h e  pump motor.  I f  t h e  pump needs pr iming,  open 

v a l v e  C - 1 1  on t h e  d i s c h a r g e  s i d e  of t h e  pump. (NOTE: There 

a r e  no w a t e r - s t o r a g e  f a c i l i t i e s ;  water i s  d r a i n e d  t o  t h e  

s torm d r a i n s . )  

3 .  To F i l l  t h e  Decay Tank 

a. Close v a l v e  HCV-50 a t  t h e  pump ( i f  t h i s  v a l v e  had been used 

t o  d r a i n  t h e  l i n e ) .  

b. Close  v e n t  v a l v e  HCV-73 on t h e  syphon-break l i n e  ( i f  t h i s  

v a l v e  i s  open) .  

c .  Slowly open v a l v e  HCV-3 i n  t h e  v a l v e  p i t  w h i l e  observ ing  

t h e  d e c a y - t a n k - l e v e l  i n d i c a t o r  i n  t h e  c o n t r o l  room. 

d .  When t h e  decay t a n k  i s  f i l l e d  t o  about  150 i n . ,  c l o s e  

v e n t  v a l v e  HCV-83; and, i f  i t  i s  n o t  a l r e a d y  opened, open 

o f f - g a s  v a l v e  HCV-84 about  4 t u r n s .  

4.  To D r a i n  t h e  Decay Tank 

a. Close v a l v e  HCV-3 i n  t h e  v a l v e  p i t .  

b .  Close  v a l v e  HCV-51, -53, and -65 a t  t h e  i n l e t  t o  t h e  c i r -  

c u l a t i n g  pump. 

c .  C l o s e  v a l v e  HCV-84 t o  t h e  o f f - g a s  system ( l o c a t e d  a t  t h e  

s o u t h e a s t  c o r n e r  of B u i l d i n g  3010). 

d .  Open v a l v e  BCV-50 a t  t h e  pump. (A f i r e  hose must be con- 

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

t o  t h e  s torm d r a i n . )  
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e .  Open v a l v e  HCV-83 (vent  l i n e  on t o p  of t a n k ) .  

f .  Open v a l v e  HCV-73 (vent  l i n e  on syphon-break l i n e ) .  

NOTE: Due t o  t h e  e l e v a t i o n  of t h e  d r a i n  va lve ,  t h i s  proce-  

dure  w i l l  lower t h e  water  l e v e l  i n  t h e  decay t a n k  t o  about  60 

i n . ,  as i n d i c a t e d  on t h e  gauge. To empty t h e  tank  completely,  

t h e  water  w i l l  have t o  be pumped o u t .  I f  o n l y  1imLted d r a i n i n g  

i s  n e c e s s a r y ,  t h e  primary pump and HCV-9 can be used t o  lower 

t h e  water  l e v e l  i n  t h e  decay tank .  

5 .  To F i l l  t h e  Pr imary ( S h e l l )  S ide  of t h e  Heat Exchanger 

a .  Be s u r e  a l l  d r a i n -  and v e n t - l i n e  v a l v e s  are c l o s e d .  

b. Open v a l v e  HCV-54 a t  t h e  h e a t  exchanger .  

c.  Open v a l v e  HCV-72 i n  the  v a l v e  p i t  (east walkway). 

d .  Open v e n t  va lve  HCV-77. 

6 .  To Drain t h e  Primary ( S h e l l )  S ide  of t h e  Heat Exchanger 

a .  Close  v a l v e s  HCV-72 and HCV-54. 

b .  Open d r a i n - l i n e  v a l v e  HCV-76 undernea th  t h e  h e a t  exchanger .  

(A hose must be connected t o  t h e  d i s c h a r g e  of t h i s  va lve  t o  

r o u t e  t h e  water t o  t h e  s torm d r a i n . )  

c .  Open v e n t - l i n e  v a l v e  HCV-77 on top  of  t h e  h e a t  exchanger.  

7 .  To F i l l  t h e  I n l e t  and E x i t  L ines  and t h e  C i r c u l a t i n g  Pump 

a.  F i l l  t h e  l i n e s  t o  t h e  pump i n l e t  and pump e x i t  v a l v e s ,  a s  

d e s c r i b e d  i n  t h e  above procedures .  

b .  Close d r a i n - l i n e  v a l v e s .  

c .  Open v a l v e s  HCV-3 and HCV-72. 

8. To D r a i n  t h e  I n l e t  and E x i t  L i n e s  and t h e  C i r c u l a t i n g  Pump 

a .  Close v a l v e s  HCV-51 and HCV-87. 

b.  Open t h e  d r a i n - l i n e  v a l v e  l o c a t e d  on t h e  bottom s i d e  of  t h e  

pump. 
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6.1 i .  Operat ion of Skimmer and Nitrogen-16 Jets  

A water skimming device ,  loca ted  i n  the  southeas t  corner  of t he  

pool,  i s  used t o  he lp  keep d e b r i s  from the  su r face  of t he  water .  Water 

i s  drawn from the  skimmer bucket by an e l e c t r i c a l l y  d r iven  pump and 

pumped through a f i l t e r i n g  u n i t ,  loca ted  on the  w e s t  s i d e  of t h e  pool, 

before  being re turned  t o  the  pool.  To p lace  the  skimmer i n  se rv i ce :  

1. P o s i t i o n  t h e  skimmer bucket s l i g h t l y  below the  su r face  of t h e  

water 

2 .  Open valve A - 1  a t  t h e  i n l e t  t o  t h e  pump. 

3 .  Close va lves  A - 2 ,  A - 4 ,  A-6, A-7, and A-9. 

4 .  Open va lves  A - 5 ,  A - 8 ,  A-13 ,  and A - 1 5 .  

5. Energize t h e  pump motor ( " F i l t e r  Pump" c o n t r o l s  on t h e  south 

w a l l  of t h e  r e a c t o r  bay) .  

NOTE: I f  s u f f i c i e n t  a i r  e n t e r s  t h e  pump s u c t i o n  l i n e ,  t he  pump w i l l  

be shut  o f f  by the pump-discharge pressure  switch,  which i s  s e t  a t  10 p s i .  

I f  t h i s  occurs ,  open the  vent  va lve  on top of t h e  pump af te r  t h e  pump s tops  

r o t a t i n g  and bleed t h e  air from the  pump. R e s t a r t  t h e  pump temporar i ly  

and then a l low the  pump t o  s top  r o t a t i n g .  Open t h e  vent  valve again.  

(Continue t h i s  sequence u n t i l  t h e  pump cont inues  t o  opera te . )  

To he lp  minimize the d i r e c t  r a d i a t i o n  from the  su r face  of t h e  pool 

16 
due t o  N a c t i v i t y ,  j e t s  of water are d i r e c t e d  ac ross  and above the  

r e a c t o r  core  t o  de lay  the  su r fac ing  of i r r a d i a t e d  water. To place the  

j e t s  i n  s e r v i c e :  

1. Place  t h e  skimmer i n  ope ra t ion  ( the  pump i s  common t o  both 

systems) .  
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2 .  Open v a l v e  A-14 and c l o s e  v a l v e  A-15 ( l o c a t e d  on t h e  wes t  

w a l l  of t h e  r e a c t o r  b a y ) .  

To remove t h e  j e t s  from s e r v i c e ,  open v a l v e  A-15 and c l o s e  v a l v e  A - 1 4 ,  

6 m 1 j -  Demine ra l i ze r  U n i t s  (Pr imary and A u x i l i a r y )  - D e s c r i p t i o n  and Pro-  

c e d u r e s  

I n  a r e a c t o r  c o o l i n g  system, t h e  r a d i o a c t i v i t y  l e v e l ,  t h e  r a t e  o f  

c o r r o s i o n ,  and t h e  ra te  of  d e p o s i t  fo rma t ion  must be c l o s e l y  c o n t r o l l e d .  

A t  t h e  BSR t h e s e  o b j e c t i v e s  are m e t  by d e m i n e r a l i z i n g  t h e  c o o l i n g  water.  

A l l  o f  t h e  components i n  t h e  r e a c t o r  c o o l i n g  loop a r e  made o f  alumi-  

num or s t a i n l e s s  s t ee l .  T h a t  p o r t i o n  of these materials which d i s s o l v e s  

i n  the  w a t e r ,  d i s s o l v e d  gases ,  and f i s s i o n  p roduc t s  which d i f f u s e  th rough  

the f u e l  c l a d d i n g  c o n s t i t u t e  most of  t h e  i m p u r i t i e s  found i n  t h e  pr imary 

loop.  A s l i g h t  amount of demine ra l i zed  water is added t o  t h e  s y s t e m  

p e r i o d i c a l l y  t o  supplement t h a t  l o s t  t h rough  e v a p o r a t i o n .  It  is e s s e n -  

t i a l  t h a t  t h e  pr imary water have as few i m p u r i t i e s  as p o s s i b l e  s i n c e  i t  

passes th rough  t h e  h igh -neu t ron - f  l ux  c o r e  r e g i o n  where i m p u r i t i e s  become 

h i g h l y  a c t i v a t e d ,  so  some c o o l i n g  water is  c o n t i n u a l l y  bypassed th rough  

one o f  t h e  d e m i n e r a l i z e r s  t o  remove t r a c e  i m p u r i t i e s .  

Three checks are a v a i l a b l e  f o r  j u d g i n g  t h e  p u r i t y  of  t h e  water i n  

t h e  r e a c t o r  sys t em.  The f i r s t  is  t h e  r a d i o a c t i v i t y  l e v e l  measured i n  

d i s i n t e g r a t i o n s  p e r  minute p e r  m i l l i l i t e r .  The second is pK, a measure 

of  t h e  a c i d i t y  o r  b a s i c i t y  of  t h e  water .  The t h i r d  i s  t h e  e l e c t r i c a l  

r e s i s t a n c e  o r  r e s i s t i v i t y  of the w a t e r .  All three pa rame te r s  a r e  measured 

once p e r  week. I n  g e n e r a l  p r a c t i c e ,  t he  water  r e s i s t i v i t y  and t h e  

water a c t i v i t y  checks have been t h e  b e s t  gu ides  t o  t h e  e f f e c t i v e n e s s  of 

a u n i t  and t o  t h e  need f o r  rc ignerat ion.  
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There are two deminera l izer  u n i t s  s e r v i c i n g  the  p r i m a r y  water system. 

One u n i t ,  loca ted  i n  the pump house, i s  r e f e r r e d  t o  as t h e  primary demin- 

e r a l i ze r .  A second u n i t ,  loca ted  on the  w e s t  s i d e  of Bui lding 3010, is 

r e f e r r e d  t o  as the  a u x i l i a r y  deminera l izer .  The a u x i l i a r y  deminera l izer  

is normally not  i n  s e r v i c e ,  The primary deminera l izer  i s ,  by c o n t r a s t ,  

normally i n  s e r v i c e  cont inuous ly ,  

With primary flow, p a r t  of t he  water from the  hea t  exchanger, en 

r o u t e  t o  the  pool, i s  pumped through the  deminera l izer  and then re turned  

t o  the  i n l e t  l i n e  of t h e  primary pump. Without: primary water flow and 

wi th  the  primary-pump exi t .  va lve ,  HCV-9, c losed ,  water taken d i r e c t l y  

from the  pool  i n  the  reverse-of-normal  coo l ing  flow is pumped through the 

deminera l izer ,  then i t  is re turned  t o  the  i n l e t  l i n e  of the  primary pump. 

From the  in l e t .  of the  primary pump, t h e  demineral ized water flows through 

the  decay tank ( i n  reverse-of-normal  f l o w )  t o  t h e  pool.  

1, The Primary Demineral izer ,  - There are two flow paths f o r  t he  

water pass ing  through the  primary deminera l izer .  The pa th  

followed depends upon the  s t a t u s  of t he  primary cool ing  system, 

i . e . ,  flow o r  no flow. 

a.  Descr ip t ion .  - The u n i t  is  a dual-bed deminera l izer  w i t h  

a r a t e d  flow of 30 gpm. The c a t i o n  u n i t  c o n s i s t s  of a 

PVC (polyvinyl  ch lo r ide )  l i ned  tank (30-in.  diam and 72 i n ,  

h igh ) ,  con ta in ing  14 f t 3  of  IR-200 reson .  .The r e s in ’bed  

i s  34 i n .  high.  . 

The ca t ion- regenerant  tank (24 i n .  i n  diam and 36 i n ,  

high)  has a volume of 1.95 g a l  p e r  inch of depth,  

... 
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The an ion  u n i t  c o n s i s t s  of a PVC-lined tank  (30 i n .  

i n  diam and 96 i n .  h i g h )  c o n t a i n i n g  23 f t 3  of IRA-400 

r e s i n .  The r e s i n  bed i s  56 i n .  h i g h .  

The an ion- regenerant  t a n k  (36-in.  d i a m  and 48 i n .  h i g h )  

h a s  a volume of 4.4 g a l  p e r  inch  of d e p t h .  

b. Procedures .  - The u n i t  i s  t o  be removed from s e r v i c e  and 

r e g e n e r a t e d  i f  t h e  r e s i s t i v i t y  of t h e  e f f l u e n t  i s  lower 

t h a n  t h a t  of t h e  primary w a t e r  o r  i f  t h e  pH i s  n o t  w i t h i n  

t h e  l i m i t s  o f  5.5 and 6 .5 .  (NOTE: I f  42" Be n i t r i c  a c i d  

i s  used t o  r e g e n e r a t e  t h e  c a t i o n  r e s i n ,  1 .5  carboys  w i l l  be 

r e q u i r e d  f o r  each r e g e n e r a t i o n ;  2 1 . 7  g a l  of SO% sodium 

hydroxide w i L l  be r e q u i r e d  f o r  each r e g e n e r a t i o n  of t h e  

an ion  r e s i n . )  

The fo l lowing  t a b l e  (Table  6.1.1) i n c l u d e s  procedures  

f o r  removing the  d e m i n e r a l i z e r  from s e r v i c e ,  r e g e n e r a t i n g  

t h e  u n i t ,  and p l a c i n g  i t  back i n  s e r v i c e .  

2 .  The A u x i l i a r y  Deminera l izer  

a .  D e s c r i p t i o n .  - The a u x i l i a r y  d e m i n e r a l i z e r  i s  an E l g i n  Ultra  

Deionizer  c o n s i s t i - n g  of a mi.xed-bed column ( 1 8  i n .  i n  d i a m  

and 7 2  i n .  h i g h ) ,  a r e g e n e r a n t  t a n k  (18- in .  d i a m  and 18 i n .  

h i g h ) ,  a Micro-Klean f i l t e r ,  and a u x i l i a r y  p i p i n g  f o r  regen-  

e r a t i n g .  The column h a s  a maximum o p e r a t i n g  p r e s s u r e  of 100 

p s i g  and a maxihum flow r a t e  of 18 gpm. 'The column c o n t a i n s  

4.5 f t  of Amberl i te  IRA-400 anion  r e s i n  and 3.0 f t  of 

Amberl i te  IR-120 c a t i o n  r e s i n .  

3 3 

Water t o  the d e m i n e r a l i z e r  l e a v e s  t h e  pool through a 

1 - i n .  l i n e  on t h e  w e s t  w a l l  of  t h e  pool  and p a s s e s  through 



Table 6 .1 .1 ,  Procedure f o r  Regenera t ing  t h e  Primary Deminera l izer  

Remarks O b j e c t i v e s  Procedures  
Y 

1. Remove t h e  deminer- De-energize t h e  d e m i n e r a l i z e r  pump The c o n t r o l s  a r e  l o c a t e d  i n  a 
a l i z e r  f r o n  s e r v i c e .  motor. b reaker  box a t  t h e  lower l e f t  of  

t h e  breaker  panel  on t h e  west w a l l  
of t h e  pump house.  

2 .  Obtain i n t e g r a t o r  
reading .  

3 .  Remove t h e  spool  
p i e c e s .  

Close va lve  HCV-56. 

Close va lve  HCV-57.  

Close va lve  HCV-64. 

Close va lve  HCV-65. 

Call  t h e  Tank Farm o p e r a t o r  and 
o b t a i n  permiss ion  t o  send -3500 g a l  
of l i q u i d  waste  t o  t h e  ILW ( i n t e r -  
mediate l e v e l  waste)  system. 

Record t h e s e  d a t e  i n  t h e  BSR l o g  
book a t  t h e  f i r s t  o p p o r t u n i t y .  

Valve HCV-56 i s  l o c a t e d  i n  t h e  i n -  
l e t  l i n e  t o  t h e  pump. 

Valve HCV-57 i s  l o c a t e d  on t h e  pump 
s i d e  of t h e  90" spool  p i e c e .  

Valve HCV-64 i s  l o c a t e d  on t h e  de-  
m i n e r a l i z e r  s i d e  of t h e  1 8 - i n .  a 
s p o o l  p i e c e .  N 

I 

F 

Valve HCV-65 i s  l o c a t e d  on t h e  p r i -  
mary s i d e  of t h e  1 8 - i n .  spool  p i e c e .  

Remove t h e  i n l e t  and e x i t  spool  T h i s  s t e p  h e l p s  e n s u r e  t h a t  t h e  
p i e c e s ;  t h e y  a r e  i d e n t i f i e d  by red r e g e n e r a n t  f l u i d s  w i l l  not  be added 
t a p e  on t h e  f l a n g e s .  I n s t a l l  t h e  i n a d v e r t e n t l y  t o  t h e  r e  ae  t o r  w a t e r  
18- in .  s p o o l  p i e c e  between t h e  i n -  system. 
l e t  l i n e  t o  t h e  d e m i n e r a l i z e r  and 
v a l v e  HCV-58 i n  t h e  process  water  
l i n e -  
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4. Close t h e  wa te r -  Close v a l v e  HCV-59. 
supply v a l v e s .  

Th i s  i s  t h e  wa te r - supp ly  v a l v e  t o  
t h e  acid-mix t a n k .  

5. P r e p a r e  a c i d  and Open v a l v e s  101, 100, and ACV-2 i n  Valve  101 i s  i n  t h e  a c i d - f i l l  l i n e  
c a u s t i c  r e g e n e r a n t s .  i n  t he  a c i d - f i l l  system. Observe a d j a c e n t  t o  t h e  s t o r a g e  t a n k .  With 

t h e  i n c r e a s e  i n  t h e  l e v e l  of t h e  t h e  l i q u i d  a t  t h e  f i r s t  mark on t h e  
l i q u i d  i n  t h e  mix t a n k  (as i n d i -  s i g h t  g l a s s ,  t h e  mix t a n k  w i l l  con- 
c a t e d  by t h e  s i g h t  g l a s s ) .  When 
t h e  l i q u i d  l e v e l  i s  a t  t h e  f i r s t  
mark, c l o s e  v a l v e s  ACV-2 and 100 i n  
t h i s  o r d e r .  

t a i n  2 2 . 5  g a l  of H2S04. 

P o s i t i o n  t h e  bottom t i p  of t h e  The P r o b a t r o l  ( a  l i q u i d - l e v e l  s e n -  
P r o b a t r o l  e x a c t l y  5 - i n .  below t h e  s i n g  d e v i c e )  can be a d j u s t e d  v e r t i -  m 
s u r f a c e  l e v e l  of  t h e  c a u s t i c .  c a l l y  from 1 - i n .  above t h e  bottom of w 

1 

(NOTE: F i l l  t h e  c a u s t i c  mix t a n k  t h e  c a u s t i c  mix t a n k  t o  6 i n .  below 
per  s t e p  22 i f  n e c e s s a r y . )  t h e  top of t h e  t ank .  

6 .  Bleed a i r  from t h e  Open v a l v e  HCV-58 and e s t a b l i s h  a 
l i n e s  and e s t a b l i s h  flow r a t e  of 8 gpm t o  t h e  c a t i o n  
the  p rocess  wa te r  column. 
f low.  

Open v e n t  v a l v e s  1 (on the c a t i o n  
column) and 2 (on t h e  a n i o n  c o l -  
umn). 

A f t e r  a l l  t h e  a i r  h a s  been b l ed  
from t h e  column, c l o s e  v a l v e s  1 and 
2 .  
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6 (cont  inued'j I f  t h e  p rocess -wa te r  p r e s s u r e  i s  The f u l l  l i n e  p r e s s u r e  (60 p s i g )  i s  
normal (about  60 p s i g ) ,  open v a l v e  r e q u i r e d  t o  o p e r a t e  t h e  p i s t o n s  of 
HCV-58 a l l  t h e  way a f t e r  c l o s i n g  t h e  Cylof l o w  v a l v e s  - 
v e n t  v a l v e s  1 and 2 .  

7 .  P l a c e  t h e  e l e c t r i c a l  Turn t h e  "Acid S u c t i o n  Valve" 
swi t ches  i n  t h e  prop- s w i t c h  t o  AUTOMATIC, 
e r  mode. 

Turn t h e  "Caus t i c  S u c t i o n  Valve" 
swi t ch  t o  AUTOMATIC. 

Turn  t h e  "Rinse Valve" s w i t c h  t o  
CLOSE a 

T u r n  t h e  " E f f l u e n t  Valve" switch t o  
CLOSE. 

Turn t h e  "Standby-Service' '  s w i t c h  
t o  SERVICE. 

8. Check t h e  index p o s i -  Observe t h e  p o s i t i o n  of t h e  c a t i o n  
t i o n  of t h e  p i l o t  p i lo t -  v a l v e  and t h e  an ion  p i l o t  
v a l v e s  v a l v e  t o  be 3ure t h a t  t hey  a re  i n  

p o s i t i o n  N o ,  1, 

10 Perform a d d i t i o n a l  I f  t h e  qua1it.y of t h e  e f f l u e n t  i s  
r i n s i n g  i f  r e q u i r e d .  no t  a c c e p t a b l e  ( a f t e r  tht .  7 0 - m i n  

through-f low r i n s e ) ,  a d d i t i o n a l  
r i n s i n g  may be accomplished by 
t u r n i n g  t h e  "Rinse Valve" swi t ch  t o  
OPEN. I n  t h i s  mode o f  o p e r a t i o n ,  
t h e  r i n s e  w i l l  c o n t i n u e  u n t i l  t e r -  
minated by t h e  o p e r a t o r .  

The va lve  p o s i t i o n s  are i n d i c a t e d  
on t h e  v a l v e - p o s i t i o n  d i a l  which 
may be seen through a s l o t  i n  t h e  
v a l v e  h o u s i n g -  

The through-f low f a s t  r i n s e  i s  p r e s -  
sent137 programmed f o r  70 min on t h e  
timer., A f t e r  t h i s  t i m e ,  t h e  system 
w i l l  be  s h u t  down a u t o m a t i c a l l y  
r e g a r d l e s s  of t h e  e f f l u e n t  q u a l i t y .  
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11. Check the  p o s i t i o n  of I f ,  a f t e r  a r e a s o n a b l e  l e n g t h  of 
t h e  p i s t o n s  i n  t h e  t ime, t h e  q u a l i t y  of t h e  e f f l u e n t  
Cycloflow va lve .  i s  no t  w i t h i n  t h e  r e s i s t i v i t y  o r  

pH s p e c i f i c a t i o n s ,  check t h e  p o s i -  
t i o n  of t h e  p i s t o n s  i n  t h e  Cyclo- 
flow v a l v e s .  They should be a s  
fo l lows  : 

a .  For  p o s i t i o n  No. 1 on t h e  The numbering system i s  as fo l lows:  
p i l o t  va lve ,  p i s t o n s  1, 3 ,  looking  from t h e  r i g h t  s i d e  of 
and 4 should be o n  t h e  l e f t  e i t h e r  va lve ,  t h e  No. 1 p i s t o n  i s  
s i d e  of t h e  Cycloflow va lve  a t  t h e  top  r i g h t  and t h e  No. 2 p i s -  

and p i s t o n  No. 2 should be t o n  i s  a t  t h e  top  l e f t ;  t h e  No. 3 m 
on t h e  r i g h t .  p i s t o n  i s  a t  bottom l e f t  and t h e  N 

I 

No. 4 p i s t o n  i s  a t  t h e  bottom r i g h t .  

b .  For  p o s i t i o n  No. 2 on t h e  
p i l o t  va lve ,  p i s t o n s  1 and 
2 should be  on t h e  l e f t  s i d e  
of t h e  Cycloflow v a l v e  and 
p i s t o n s  3 and 4 should be on 
t h e  r i g h t  s i d e .  

c .  For p o s i t i o n  No. 3 on t h e  
p i l o t  va lve ,  p i s t o n s  1 and 3 
should be on t h e  r i g h t  s i d e  
of t h e  Cycloflow v a l v e  and 
p i s t o n s  2 and 4 should be  on 
t h e  l e f t  s i d e .  



T a b l e  6 - 1  a 1 (con t inued)  
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O b j e c t i v e s  P rocedures  Remarks 

11. (con t inued)  d .  For p o s i t i o n  No. 4 on t h e  
p i l o t  va lve ,  p i s t o n s  1 and 4 
should be on t h e  l e f t  s i d e  
of t h e  Cycloflow v a l v e  and 
p i s t o n s  2 and 3 should be on 
t h e  r i g h t  s i d e .  

12. Prepa re  t o  r e r u r n  t h e  Close v a l v e  HCV-58 (p rocess  water).  
system t o  s e r v i c e .  Turn t h e  "Standby Service ' '  s w i t c h  

t o  SERVICE. 

Turn t h e  "Rinse Valve" s w i t c h  t o  
CLOSE a 

Turn t h e  "Acid Suct ion" swi t ch  t o  
CLOSE. 

Turn t h e  "Caus t i c  Suct ion" s w i t c h  
t o  CMSE. 

Close va lve  HCV-60 .  

Close v a l v e  BCV-78. 

Close v a l u e  HCV-62. 

T h i s  v a l v e  i s  l o c a t e d  i n  t h e  l i n e  
t o  t h e  a c i d  e d u c t o r .  

T h i s  v a l v e  i s  l o c a t e d  be low t h e  
s o l e n o i d  v a l v e  i n  t h e  a c i d - s u c t i o n  
l i n e  a 

T h i s  va lve  i s  l o c a t e d  i n  t h e  l i n e  
t o  the  c a u s t i c  e d u c t o r .  



Table  6.1.1 (cont inued)  

O b j e c t i v e s  Procedures  Remarks 
-_^ _._I___- 

1 2 .  (cont inued)  Close va lve  HCV-61. T h i s  va lve  i s  l o c a t e d  below t h e  
s o l e n o i d  v a l v e  on t h e  c a u s t i c -  
s u c t i o n  l i n e .  

13. Replace t h e  spool  
p i e c e s .  

Close va lve  HCV-59. 

Close va lve  HCV-63. 

Remove t h e  18- in .  spool  p i e c e  from 
between va lve  HCV-58 and t h e  i n l e t  
l i n e  t o  t h e  d e m i n e r a l i z e r  and 
i n s t a l l  i t  between v a l v e s  HCV-64 
and HCV-65. 

I n s t a l l  t h e  90" s p o o l  p i e c e  between 
v a l v e  HCV-57 and t h e  i n l e t  t o  t h e  
d e m i n e r a l i z e r .  

14. Check the  p o s i t i o n  of  Observe t h e  index  p o s i t i o n s  on t h e  
t h e  p i l o t  va lve .  p i l o t  v a l v e s  t o  be s u r e  t h a t  they  

are i n  t h e  No. 1 p o s i t i o n .  

15.  Continue p r e p a r a t i o n s  Open va lve  HCV-56 ( i n l e t  t o  t h e  
f o r  p l a c i n g  t h e  sys-  d e m i n e r a l i z e r ) .  
tem i n  s e r v i c e .  

Open va lve  HCV-57. 

T h i s  v a l v e  i s  l o c a t e d  i n  t h e  water- 
supply  l i n e  t o  t h e  acid-mix tank .  

T h i s  v a l v e  i s  l o c a t e d  i n  t h e  water- 
supply  l i n e  t o  t h e  c a u s t i c - m i x  
tank.  

T h i s  v a l v e  i s  l o c a t e d  on t h e  pump 
s i d e  of  t h e  90" spool  p i e c e .  



Table 6 .1  ' 1 (cont inued)  

O b j e c t i v e s  Procedures  Remarks 

15 (cont inued)  

16.  Bleed a i r  from t h e  
columns e 

1 7 .  C l e a r  t h e  "High Con- 
d u c t i v i t y "  a larm i f  
r e q u i r e d  

18. Purge a i r  from t h e  
sample l i n e  and check 
t h e  pH. 

Open va lve  HCV-64. 

Turn t h e  " E f f l u e n t  Valve" swi tch  t o  
AUTOMATIC - 
Energize  t h e  d e m i n e r a l i z e r  pump 
motor 

This  va lve  i s  l o c a t e d  on t h e  demin- 
e r a l i z e r  s i d e  of t h e  1 8 - i n .  spool  
p i e c e .  

The c o n t r o l s  a r e  l o c a t e d  a t  a 
breaker  box a t  t h e  lower l e f t  of 
t h e  b r e a k e r  pane l  on t h e  west w a l l  
of t h e  pump house.  

Open v a l v e s  V - 1  and V - 2  u n t i l  a l l  
t h e  a i r  h a s  been bled from t h e  c o l -  
umns, t h e n  c l o s e  t h e  v a l v e s .  

I f  t h e  "High Conduct ivi ty"  a larm i s  
a c r u a t e d ,  t u r n  t h e  " E f f l u e n t  Valve" l o c a t e d  a t  t h e  pump house.  
swi tch  t o  OPEN, 

The "High Conduct iv i ty"  a larm i s  

Open t h e  sampling va lve  i n  t h e  e x i t  
l i n e  and a l l o w  a 5-min purge of 
t r a p p e d  a i r .  

Obta in  a w a t e r  sample and measure 
t h e  pH. 

T h i s  check should de te rmine  i f  any 
r e g e n e r a n t  has leaked through t h e  
e f f l u e n t  v a l v e .  (NOTE: Water may 
be allowed t o  d r a i n  onto  t h e  f l o o r . )  



Table 6.1.1 ( con t inued)  

O b j e c t i v e s  P rocedures  Re  marks 

18. (cont inued)  

T i g h t e n  t h e  f l a n g e .  

Close t h e  ILW v a l v e ,  HCV-91. 

19. P l a c e  t h e  system i n  Open v a l v e  HCV-65 u n t i l  a f l o w - r a t e  
s e r v i c e .  of  20 gpm h a s  been e s t a b l i s h e d  

through t h e  d e m i n e r a l i z e r  system. 
F i n a l  ad jus tmen t  of v a l v e  HCV-65 
w i l l  be made t h e  f i r s t  subsequent  
t ime t h a t  pr imary flow i s  e s t a b -  
l i s h e d .  

20.  Record t h e  i n t e -  When conven ien t ,  r e c o r d  t h i s  data 
g r a t o r  r e a d i n g .  i n  t h e  BSR l o g  book. 

2 1 .  Ac tua te  t h e  au tomat i c  Turn t h e  " E f f l u e n t  Valve'' s w i t c h  t o  
s e r v i c e  v a l v e .  AUTOMATIC. When the  c o n d u c t i v i t y  

alarm i s  i n i t i a t e d ,  t h e  e f f l u e n t  
v a l v e  w i l l  c l o s e  a u t o m a t i c a l l y .  

I f  t h e  q u a l i t y  of  t h e  e f f l u e n t  i s  
a c c e p t a b l e ,  proceed t o  t h e  n e x t  
s t e p .  I f  i t  i s  n o t ,  t h e  pr imary 
s i d e  of t h e  1 % - i n .  s p o o l  p i e c e  
should be loosened t o  a l l o w  a 
c l ean -up  of t h e  l i n e .  

The f i n a l  ad jus tmen t  should be  such 
t h a t  flow from t h e  sample l i n e  can cn 
be ob ta ined  ( t h i s  f l o w - r a t e  w i l l  N 

L 

03 
be  abou t  26-27 gprn). Th i s  w i l l  
p r e v e n t  a n e g a t i v e  p r e s s u r e  on t h e  
a n i o n  t ank .  

T h i s  must be performed b e f o r e  
l e a v i n g  t h e  pump house.  T h i s  v a l v e  
i s  a s a f e t y  d e v i c e  t o  p reven t  poor 
q u a l i t y  water from e n t e r i n g  t h e  
pr imary water system. 



Table 6 .1  1 (con t inued)  
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O b j e c t i v e s  P rocedures  Remarks ---- 
22. F i l l  t h e  c a u s t i c - m i x  Connect t h e  hose (provided)  from The c a u s t i c - m i x  t a n k ,  formerly used 

t a n k  . t h e  o u t l e t  connec t ion  
c a u s t i c  - t a n k  t r u c k  t o  
n e c t i o n  a t  v a l v e  97. 

Open v a l v e  97 and t h e  
l i n e  v a l v e .  

C lose  v a l v e  99.  

Open v a l v e  98. 

on t h e  on ly  as a mix t ank ,  i s  now used as 
t h e  con- well. The t a n k  h a s  a c a p a c i t y  of 

132 g a l  (when t h e  l e v e l  of t h e  
l i q u i d  i s  1 i n .  below t h e  ove r -  
f l o w ) .  The t a n k  w i l l  normally 
requi re  f i l l i n g  on ly  once a y e a r ; ,  

t r u c k ' s  dump- 

E n e r g i z e  t h e  c a u s t i c  pump. 

Observe t h e  l e v e l  o f  t h e  l i q u i d  i n  
t h e  mix t a n k ;  when t h e  l e v e l  is 1 
i n .  below t h e  overf low l i n e  (on t h e  
mix t ank) ,  d e - e n e r g i z e  the pump. 

C lose  v a l v e s  98 and 97 and t h e  
t r u c k ' s  dump-line v a l v e .  Reconnect 
the  t r u c k  end of t h e  un load ing  hose 
t o  t h e  s torm d r a i n  l i n e .  

m. 
I 
N 
LD 

Open v a l v e  97. 
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( 6 . l j  cont inued)  4 - 3 1  

... 

... 

v a l v e  B - 1  p r i o r  t o  e n t r y  i n t o  t h e  pump. The Tr i -Clover  pump 

f o r c e s  t h e  water through t h e  mixed-bed column and t h e  f i l t e r  

and r e t u r n s  i t  t o  t h e  p a o l .  

b .  Procedure  f o r  Regnera t ing  t h e  Res ins .  - The u n i t  i s  t o  be 

removed from s e r v i c e  and r e g e n e r a t e d  i f  t h e  r e s i s t i v i t y  of 

t h e  e f f l u e n t  i s  n o t  more t h a n  t h a t  of t h e  pool  water o r  i f  

t h e  pH i s  not  w i t h i n  t h e  l i m i t s  of 5.5 and 6.5-  

The f o l l o w i n g  t a b l e  (Table 6.1.2) i n c l u d e s  procedures  

f o r  removing t h e  d e m i n e r a l i z e r  from s e r v i c e ,  r e g e n e r a t i n g  

t h e  u n i t ,  and p l a c i n g  i t  back i n  s e r v i c e .  

h , l k ,  F i l t e r i n g  Beds - D e s c r i p t i o n  and Procedures  - 
There are t h r e e  f i l t e r  beds s e r v i c i n g  t h e  pr imary water system. Two 

of t h e  beds ,  l o c a t e d  on t h e  w e s t  s i d e  of t h e  r e a c t o r  bay ,  are r e f e r r e d  t o  

as t h e  skimmer f i l t e r s .  The t h i r d  bed, l o c a t e d  i n  t h e  pump house ,  i s  

r e f e r r e d  t o  as the primary f i l t e r  bed. 

l o  Skimmer F i l t e r  Beds 

a. D e s c r i p t i o n .  - The two skimmer f i l t e r  beds a r e  i n s t a l l e d  i n  

series.  The f i r s t ,  a D o l l i n g e r  Staynew L i q u i d  f i l t e r ,  u s e s  

W-12 w o o l - f e l t  f i l t e r s  w i t h  bronze backup w i r e  as a f i l t e r  

media. The second, a F u l  Flow f i l t e r ,  u s e s  78  Gun0 Micro- 

Klean f i l t e r  c a r t r i d g e s  as a f i l t e r  media. The f i l t e r s  

should b e  changed when t h e  p r e s s u r e  drop i s  20 p a i g  through 

t h e  u n i t .  

b .  Procedure  f o r  Replac ing  the  D o l l i n g e r  Staynew L i q u i d  F i l t e r  

Media 

(1) A f t e r  d e - e n e r g i z i n g  t h e  pump motor,  i s o l a t e  the f i l t e r s  

by c l o s i n g  v a l v e s  A - 8  and A - 1 3 .  



Table 6.1.2.  P rocedure  f o r  Regene ra t ing  t h e  A u x i l i a r y  Demine ra l i ze r  

P 

O b j e c t i v e s  P rocedures  Remarks 
~ ~~~~ ~- ~-~ 

1. Remove t h e  deminer- 
a l i z e r  from s e r v i c e .  

2 .  Remove t h e  spoo l  
p i e c e s .  

3 .  Backwash t h e  r e s i n  t o  
remove f o r e i g n  m a t t e r  
and prepare t h e  r e s i n  
f o r  a more e f f i c i e n t  
r e g e n e r a t i o n .  

De-ene rg ize  t h e  pump. Close v a l v e s  
B-1 ,  B-2, E-3 ,  and B-7.ik Close 
v a l v e s  1 and 3 i n  t h e  d e m i n e r a l i z e r  
room. 

Remove t h e  i n l e t  and e x i t  spool  
p i e c e s .  

Open v a l v e s  C - 4 ,  C - 5 ,  and C - 6 .  

Open v a l v e  5 .  Slowly a d j u s t  back- 
wash supp ly  v a l v e  2 u n t i l  t h e  back- 
wash f l o w - r a t e  i s  about  7 gpm. 
Cont inue t h e  backwash f o r  a t  l ea s t  
10 min. t h e n  c l o s e  a l l  v a l v e s .  

The e l e c t r i c a l  s w i t c h  i s  l o c a t e d  i n  
t h e  r e a c t o r  bay, ove r  t h e  deminer- 
a l i z e r  pump. 

The spoo l  p i e c e s  a r e  p a i n t e d  red f o r  
i d e n t i f i c a t i o n .  The s p o o l  p i e c e  on 
t h e  i n l e t  l i n e  i s  l o c a t e d  on t h e  
s u c t i b n  s i d e  of t h e  pump. The 
spoo l  p i e c e  on t h e  e x i t  l i n e  i s  i n  
t h e  d e m i n e r a l i z e r  room. 

m 
1 
W 

T h i s  s t e p  a s s u r e s  t h a t  r e g e n e r a n t  
f l u i d s  canno t  be i n a d v e r t e n t l y  
added t o  t h e  r e a c t o r  w a t e r  system. N 

These v a l v e s  are t h e  p rocess -wa te r  
supp ly  v a l v e s .  B e  c a r e f u l  no t  t o  
wash any c o u r s e - g r a i n  r e s i n  from t h e  
columns. 

i'iNormally t h e s e  v a l v e s  a r e  c l o s e d  s i n c e  t h i s  u n i t  i s  i n  s t andby .  



Table 6 - 1 . 2  (cont inued)  

O b j e c t i v e s  Procedures  Remarks 
. .-- I 

4 .  Prepare  t h e  c a u s t i c  Add 8 i n .  o f  water  t o  t h e  regen-  Caution: Remember t h a t  t h e  c a u s t i c  
r e g e n e r a n t  e r a n t  rank  v i a  v a l v e  1 2 .  While i s  a hazardous chemical i f  handled 

s t i r r i n g  t h e  water i n  t h e  regen-  improperly.  Wear rubber  g l o v e s ,  
e r a n t  tank ,  s l o w l y  add 3 .5  g a l  of shoe covers ,  f a c e  s h i e l d ,  and a 
50% NaOK and c o n t i n u e  s t i r r i n g  rubber  apron w h i l e  p r e p a r i n g  t h e  
u n t i l  t h e  c a u s t i c  i s  thoroughly r e g e n e r a n t  s o l u t i o n  
mixed e 

5.  Regenerate t h e  an ion  Open va lves  4 and 7 .  Adjus t  t h e  
r e s i n .  r e g e n e r a n t  f l o w - r a t e  t o  1.8 gpm by 

t h r o t t l i n g  w i t h  va lve .11 .  

Open v a l v e  6 and a l low t h e  regen-  I f  t h e  r e g e n e r a n t  i s  n o t  be ing  drawn 
e r a n t  t o  be drawn i n t o  t h e  r e s i n  i n t o  t h e  column o r  i f  t h e  water I 

w 
column a t  a ra te  o f  0.5 in , /min .  backs up i n  t h e  r e g e n e r a n t  tank ,  w 

i n c r e a s e  t h e  f l o w - r a t e  by opening 
v a l v e  11 u n t i l  t h e  r e g e n e r a n t  i s  
be ing  drawn a t  a r a t e  of 0 .5  in./rnin.  

A s  soon as t h e  r e g e n e r a n t  i s  a l l  I f  t h e  regenerant  i s  be ing  drawn t o o  
drawn i n ,  open v a l v e  1 2  and 3 i n .  f a s t ,  t h r o t t l e  it w i t h  v a l v e  6. 
of water  t o  t h e  r e g e n e r a n t  tank .  

6. Rinse w i t h  deminer- Change from process water  t o  demin- 
a l i z e d  water  e r a l i z e d  water f o r  t h e  r 4 n s i n g  s t e p  

by opening v a l v e  C - 3  and c l o s i n g  
v a l v e s  G - 4  and C - 5  and a l l  v a l v e s  
a t  t h e  d e m i n e r a l i z e r .  



Tab le  6 .1 .2  ( con t inued)  

0 b j e c t i v e  s P rocedures  Remarks 

6. ( con t inued)  Move t h e  r i g h t - h a n d  s w i t c h  of t h e  
"Qua l i ty  I n d i c a t o r "  from i t s  normal 
SERVICE p o s i t i o n  t o  t h e  RINSE p o s i -  
t i o n  e 

Open v a l v e  4 .  Adjus t  t h e  r i n s e  
f l o w - r a t e  t o  about  7 gpm by manip- 
u l a t i n g  v a l v e  1. Rinse  t h e  column 
f o r  50 min. The pH should then  be 
between 8 and 8.5. 

7 .  P r e p a r e  t h e  a c i d  Add 10 i n .  o f  water t o  t h e  r egen-  
r e g e n e r a n t  s o l u t i o n .  e r a n t  t a n k  v i a  v a l v e  1 2 ,  t h e n  c lose  

t h e  v a l v e .  While s t i r r i n g  t h e  
w a t e r ,  c a r e f u l l y  add 2 112 n i n e -  
pound b o t t l e s  of s u l p h u r i c  a c i d  and 
c o n t i n u e  s t i r r i n g  u n t i l  thoroughly 
mixed. Close v a l v e  7 .  

8. Regenerate  t h e  c a t i o n  Open v a l v e  8.  Using v a l v e  11, 

as i n d i c a t e d  on t h e  rotorneter .  
r e s i n .  r e g u l a t e  t h e  f l o w - r a t e  t o  1.8 gpm 

Open v a l v e  6 t o  a l l o w  t h e  r egen-  
e r a n t  t o  be drawn i n t o  t h e  column 
a t  a r a t e  of 0.5 in./rnin.  

Caut ion:  Remember t h a t  t h e  a c i d  i s  
a dangerous chemical  i f  handled 
imprope r ly .  Wear rubber  g loves ,  I 

rubbe r  ap ron  w h i l e  p r e p a r i n g  t h e  
r e g e n e r a n t  s o l u t i o n .  

cn 
w 

shoe c o v e r s ,  f a c e  s h i e l d ,  and a c 

I f  t h e  r e g e n e r a n t  i s  not b e i n g  drawn 
i n t o  t h e  column o r  i f  t h e  water 
backs up i n  t h e  tank,  i n c r e a s e  t h e  
f l o w - r a t e  by opening v a l v e  11 u n t i l  
0.5 in/rnin i s  a t t a i n e d .  

When t h e  r e g e n e r a n t  i s  112 i n .  from I f  t h e  r e g e n e r a n t  a d d i t i o n  r a t e  i s  
t h e  bottom o f  the t a n k ,  add 3 i n .  t o o  g r e a t ,  r e g u l a t e  i t  w i t h  va lve  
of wa te r  by opening va lve  1 2 .  6 .  



Table 6-1 2 (cont inued)  

-----.------- - -I_p_- 

O b j e c t i v e s  Procedures  Remarks 
-- 

8. (continued) Close  v a l v e  1 2 .  

After  t h e  r e g e n e r a n t  i s  a l l  drawn 
i n ,  c l o s e  a l l  v a l v e s .  

9,  Rinse w i t h  demin- 
e r a l i z e d  w a t e r  a 

10. Mix t h e  r e s ins .  

Open valve 4 .  Adjust t h e  r i n s e  
f l o w - r a t e  t o  about 7 gpm by manip- 
u l a t i n g  v a l v e  1. 

Rinse u n t i l  t h e  pH i s  3.8 t o  4 .  

Change t h e  swi tch  on t h e  " Q u a l i t y  
I n d i c a t o r ' '  from t h e  RINSE t o  t h e  
SERVICE p o s i t i o n .  

Open v a l v e  9 t o  a l l o w  water t o  
d r a i n  from t h e  column ( f o r  abou t  
10 min o r  u n t i l  t h e  water a t  t h e  
d r a i n  s t o p s  f lowing) .  

Close v a l v e  4 .  

Open v a l v e  5 ,  

Adjust  va lve  2 u n t i l  t h e  flow 
i n d i c a t o r  shows a water-mixing rate 
of 5 gpm, 

Normally t h i s  s t ep  r e q u i r e s  about 
2 h r s .  

The "Quality I n d i c a t o r "  i s  l o c a t e d  
on t h e  west w a l l  of t h e  pool a r e a .  cn 

Q\ 
1 
w 

Open v a l v e  LO.  



Table 6.1.2 (cont inued)  

O b j e c t i v e s  Procedures  Remarks 

10. (cont inued)  Adjus t  va lve  13 u n t i l  t h e  a i r  r a t e  

3 
on t h e  flow i n d i c a t o r  shows a n  
a i r -mixing  f l o w - r a t e  of 2 .5  f t  / i n .  

When water appears  a t  t h e  d r a i n ,  
c l o s e  v a l v e s  13, 10, 5,  and 2 ( i n  
t h e  o r d e r  l i s t e d ) .  

Open va lve  1 t o  a l l o w  t h e  u n i t  t o  
r e f i l l  w i t h  water .  

11. P l a c e  t h e  u n i t  i n  
s e r v i c e .  

When t h e  water s tar ts  f lowing 
s t e a d i l y  a t  t h e  d r a i n ,  c l o s e  v a l v e  
9. 

Open v a l v e  4. 

Rinse u n t i l  t h e  r e s i s t i v i t y  of t h e  Normally, t h i s  s t e p  r e q u i r e s  about 
d e m i n e r a l i z e r  e f f l u e n t  i s  g r e a t e r  2 hrs .  
than t h e  r e s i s t i v i t y  of t h e  pool 
primary water .  

Close va lve  4 and r e p l a c e  t h e  spool  NOTE: The f l o w - r a t e  should be 
p i e c e s .  about 18 gpm. 

Close v a l v e s  C - 3  and C-6. 

Open v a l v e s  B - 1 ,  B-2, and B - 7 .  

Open v a l v e s  1 and 3 .  

Energize  t h e  pump. 
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.... 

(2) Open v a l v e s  A-10, A - 1 1 ,  and A - 1 2 .  T h i s  w i l l  d r a i n  

both f i l t e r s .  

(3) Remove the f i l t e r  access cover  and remove t h e  n u t  which 

s e c u r e s  t h e  i n s e r t  assembly. I n s t a l l  t h e  l i f t i n g  b a r  

on t o p  of t h e  i n s e r t  assembly and, u s i n g  t h e  c r a n e ,  

c a r e f u l l y  l i f t  the i n s e r t  assembly from t h e  t a n k .  The 

i n s e r t  assembly should b e  covered w i t h  a p l a s t i c  bag 

as t h e  assembly i s  b e i n g  removed from t h e  tank  ( t o  

c o n t a i n  any contaminat ion  that  may b e  p r e s e n t ) >  The 

e n t i r e  o p e r a t i o n  should be performed i n  a "contamina- 

t i o n  zone" and a Keal th  P h y s i c s  r e p r e s e n t a t i v e  should 

b e  p r e s e n t  d u r i n g  i n i t i a l  removal of t h e  assmbly. 

Remove t h e  f o u r  t i e  r o d s  from t h e  upper and lower 

r a d i a l - p i n - i n s e r t  a s s e m b l i e s  and d i s p o s e  of t h e  f i l t e r  

media and g a s k e t s .  Wash the r a d i a l - p i n  i n s e r t s  and 

i n s t a l l  new f i l t e r  media s l i p - o n  i n s e r t s  and g a s k e t s .  

To re-assemble t h e  u n i t ,  u s e  t h e  same procedure i n  

Leverse o r d e r .  

c .  Procedure  f o r  Replac ing  t h e  F u l  Flow F i l t e r  Media. - Remove 

t h e  f i l t e r  a c c e s s  cover  and d i s p o s e  of t h e  s p e n t  f i l t e r  

c a r t r i d g e s .  A s  i n  t h e  o p e r a t i o n  d e s c r i b e d  above, t h i s  work 

w i l l  be  performed i n  a contaminat ion  zone w i t h  a H e a l t h  

P h y s i c s  r e p r e s e n t a t i v e  p r e s e n t  d u r i n g  t h e  removal of t h e  

f i r s t  c a r t r i d g e .  I n s t a l l  7 8  new Cuno Micro-Klean f i l t e r  

c a r t r i d g e s .  To re-assemble t h e  u n i t ,  use  t h e  same procedure 

i n  r e v e r s e  o r d e r .  
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6. 

2 .  D e s c r i p t i o n  of t h e  Primary F i l t e r  Bed 

a.  D e s c r i p t i o n .  - The primary f i l t e r  bed i s  a P u r o l a t e r  Prod- 

u c t s  t y p e  PAGR-200V (modi f ied) .  This  u n i t  i s  1 8 - i n .  OD 

and 24 718 i n .  h i g h .  

i n . - h i g h  Micronic  5-micron c a r t r i d g e s  a s  t h e  f i l t e r  media. 

When t h e  f i l t e r s  are c l e a n ,  t h e  p r e s s u r e  drop a c r o s s  t h e  

f i l t e r  bed i s  3 p s i  w i t h  a f l o w - r a t e  of 200 gpm. 

The bed u s e s  e i g h t  4-in.-OD and 12- 

b. Procedure f o r  Replacing the P u r o l a t o r  F i l t e r  Media. - Close 

v a l v e s  HCV-52 and HCV-53 t o  i s o l a t e  t h e  b e d .  D e p r e s s u r i z e  

t h e  bed by opening t h e  v e n t  v a l v e  on t h e  top .  (If i t  i s  

n e c e s s a r y  t o  d r a i n  t h e  bed, t h e  p ipe  plug on t h e  bottom m u s t  

be removed.) Remove t h e  top  head and d i s p o s e  of t h e  s p e n t  

f i l t e r  c a r t r i d g e s .  T h i s  work w i l l  be performed i n  a con- 

t a m i n a t i o n  zone w i t h  a H e a l t h  P h y s i c s  r e p r e s e n t a t i v e  p r e s e n t  

d u r i n g  t h e  removal of t h e  f i r s t  c a r t r i d g e .  

11. Routine Checks 

I n  o r d e r  t o  m a i n t a i n  proper  s u r v e i l l a n c e  over  t h e  v a r i o u s  components 

throughout  t h e  r e a c t o r  complex, t h e  r o v i n g  o p e r a t o r  i s  t o  i n s p e c t  t h e  

a r e a  and perform a l l  t h e  checks l i s t e d  on t h e  c h e c k l i s t  f o r  t h a t  p a r -  

t i c u l a r  s h i f t .  These checks a r e  t o  be performed a t  t h e  beginning  of  each 

s h i f t ;  t h e  area i s  t o  be i n s p e c t e d  a g a i n  d u r i n g  t h e  middle of each s h i f t  

f o r  proper  o p e r a t i n g  c o n d i t i o n s .  See S e c t i o n  12  f o r  t h e  s p e c i f i c  i tems 

t o  be checked by each s h i f t .  The i n d i v i d u a l  i t ems  r e l a t e d  t o  t h e  primary 

water  which a r e  on t h e  s h i f t  c h e c k l i s t  a r e  s e l f - e x p l a n a t o r y .  
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6.2 The Secondary-Water Cooling System 

6.2a.  References 

1. P 20310 EC 001, Cooling Water System - Plow Sheet  

2 .  P 20310 EC 023, Plan of Secondary Underground Lines from 

Heat Exchanger t o  and from Cooling Tower 

3.  P 20310 EC 027 ,  Pump Sump and Cooling Tower Piping - Plan 

4 ,  P 20310 EC 028, Pump Sump and Cooling Tower P ip ing  - Sec t ion  

5. P 20310 EC 031, Heat Exchanger Piping - Plan 

6 ,  P 20310 EC 032, Heat Exchanger Piping - Sec t ions  Sheet  1 

7 .  P 20310 EC 033, Heat Exchanger Piping - Sec t ions  Sheet  2 

8. S 20310 EA 014, Cooling Tower Basin- Plan, Sec t ions ,  and 

De ta i  1s 

S 20310 PF 003, Cooling Tower Acid S torage  Tank--Acid Storage 9. 

Tank, Location, Plan and Sec t ions ,  Sa fe ty  Shower Pad, and 

Piping Details 

10. P 20310 PF 004, Cooling Tower Acid Storage  Tank - -  Piping 

Plan, Sec t ions  and D e t a i l s  

6 e 2b (I Xntroduc tion 

The secondary water  system c o n s i s t s  b a s i c a l l y  of an induced-draf t  

coo l ing  tower, a pump, t h e  t u b e  s i d e  of a s t a i n l e s s  s t e e l  hea t  exchanger, 

and the  p ip ing  necessary  t o  convey t h e  water. The secondary loop is  

equipped wi th  an automatic tempera ture-cont ro l  system. Auxi l ia ry  systems 

se rve  t o  t rea t  the  process water  w i t h  va r ious  chemicals t o  prevent  

cor ros ion ,  s c a l i n g ,  and accumulation of microorganisms 

6 . 2 ~  e Descr ip t ion  

Water, from t h e  approximately 40,000-gal-capaci ty  cool ing-tower 

bas in ,  i s  pumped through metal s t r a i n e r s ,  through the  tube s i d e  of the  
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s t a i n ] - e s s  s t e e l  h e a t  exchanger ,  through an  a u t o m a t i c a l l y  c o n t r o l l e d  v a l v e ,  

and through t h e  c o o l i n g  tower.  The f l o w - r a t e  of t h e  secondary water  i s  

v a r i e d  by t h e  a c t i o n  of t h e  a u t o m a t i c a l l y  c o n t r o l l e d  v a l v e .  Act ion  of 

t h i s  v a l v e  and v a r i a t i m  of  t h e  c o o l i n g  tower f a n  speed  are  used t o  con- 

t r o l  and m a i n t a i n  t h e  tempera ture  of t h e  primary water a t  95'F ( l e a v i n g  

t h e  h e a t  exchanger ) .  The process  water l o s t  due t o  e v a p o r a t i o n  and due 

t o  tower blowdown i s  a u t o m a t i c a l l y  r e p l a c e d  a t  t h e  tower b a s i n .  

The ra ted c a p a c i t y  of t h e  c o o l i n g  tower i s  5 Mw. A p o r t i o n  of t h e  

3-Mw-excess c a p a c i t y  i s  used t o  provide  cooli-ng water f o r  a i r - c o n d i t i o n i n g  

u n i t s  Nos. 5, 6, and 7 i n  t h e  l a b o r a t o r i e s  and o f f i c e s  on t h e  f i r s t  and 

second f l o o r s  e a s t  of the r e a c t o r  bay. A s e p a r a t e  pump (with a f u l l -  

f low r a t i n g  of 220 gpm) i s  used t o  provide  secondary c o o l i n g  water t o  

t h e s e  u n i t s .  T h i s  pump n e c e s s a r i l y  o p e r a t e s  a l l  d u r i n g  t h e  y e a r  s i n c e  

t h e s e  a i f - c o n d i t i o n i n g  u n i t s  provide  h e a t i n g  d u r i n g  t h e  c o o l e r  months. 

It i s  sometimes d e s i r a b l e ,  d u r i n g  f r e e z i n g  weather ,  t o  byapss t h e  tower 

when only  t h e  a i r - c o n d i t i o n i n g  pump i s  o p e r a t i n g .  Water from t h e  a i r -  

c o n d i t i o n i n g  u n i t s  i s  then  routed  through HCV-94 d i - r e c t l y  t o  t h e  tower 

b a s i n .  Use o f  t h i s  f low-path p r e v e n t s  t h e  accumulat ion of i c e  on t h e  

tower under such c o n d i t i o n s .  (NOTE: For  d e t a i l e d  d e s c r i p t i o n  of t h e  

c o o l i n g  tower,  see  S e c t i o n  6.3, "The Cooling Tower".) 

6.2d. General  P r e c u a t i o n s  

1. B e  s u r e  t h a t  t h e  sump i s  f i l l e d  and t h a t  automatic-water-supply 

v a l v e  LV-20 i s  o p e r a b l e  and v a l v e  HCV-81 i s  opened b e f o r e  oper -  

a t i n g  t h e  system. 
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... 

2 Maintain the chemical-concentrat ion parameters w i t h i n  s p e c i f i e d  

1 i m i t . s  e 

3 .  Follow t h e  i n s t r u c t i o n s  i n  the  s e c t i o n  concerning hazards 

involved i n  handl ing t h e  chemicals used f o r  t r e a t i n g  the second- 

a ry  water. 

4 .  Avoid pe rmi t t i ng  excess ive  accumulation of  i c e  on t h e  tower 

dur ing  the  win te r  months 

6.2e. Opera t iona l  Procedures 

Normally, when Mode-2 ope ra t ion  is s e l e c t e d ,  t he  d u r a t i o n  of opera-  

t i o n  a t  s i g n i f i c a n t  power l e v e l s  w i l l  r e q u i r e  p lac ing  t h e  secondary 

coo l ing  system i n  service.  The procedure f o r  accomplishing t h i s  is  as 

fQ L l O W S  2 

1. Assure t h a t  t he  system is  f i l l e d ,  vented, and ready f o r  s e r v i c e .  

2. P lace  t h e  fans i n  AUTOMATIC; t he  c o n t r o l s  are loca ted  on the  

w e s t  w a l l  of  t he  pump house. S e l e c t  t he  fans t o  be opera ted ;  

normally, both fans w i l l  be s e l e c t e d .  

3 ,  Observe t h e  temperature increase ind ica t ed  by the  r eco rde r  
L) 

readout  i n  the  c o n t r o l  room. 

4 .  When the  temperature of  t he  primary wat.er leav ing  t h e  h e a t  

exchanger reaches about 105°F p l ace  the  c o n t r o l - s e l e c t o r  

l eve r  of t he  r e c o r d e r - c o n t r o l l e r  i n  MANUAL (see F igure  6.2.1) 

5 .  Move t h e  demand s e t p o i n t  t o  r eques t  13 t o  14 p s i  of a i r  pressure  

on the  secondary t h r o t t l e  va lve ;  t h i s  w i l l  cause the  c o n t r o l  

va lve  to be p a r t i a l l y  open. (The black-colored a i r - p r e s s u r e  

i n d i c a t o r  should move t o  a l i g n  i t s e l f  w i t h  t h e  demand knob.) 

6. When the  va lve  i s  about 80% c losed  (b lack  i n d i c a t o r  a t  about 
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F i g u r e  6.2.1.  Reactor  I n l e t  Water Temperature C o n t r o l l e r  

OPEN CLOSED 
3 A A  7 is 
50 9‘5 €3 LS’O 

I 

C 

V D  

CHART 

A - T h i s  b l a c k  p o i n t e r  i n d i c a t e s  t h e  o u t p u t  a i r  p r e s s u r e  of t h e  pneu- 
mat ic  t r a n s m i t t e r .  A s  t h e  a i r  p r e s s u r e  i n c r e a s e s ,  t h e  secondary 
v a l v e  c l o s e s .  

B - The “Demand-Setpoint“ p o i n t e r  i n d i c a t e s  t h e  p r e f e r r e d  tempera ture  
of  t h e  water returning t o  t h e  poo l  when t h e  c o n t r o l - s e l e c t o r  Lever 
i s  i n  t h e  AUTO p o s i t i o n  and i n d i c a t e s  t h e  d e s i r e d  v a l v e - o p e r a t o r ,  
p r e s s u r e  when t h e  c o n t r o l  s e l e c t o r  l e v e r  i s  i n  t h e  MANUAL p o s i t i o n .  

C - The demand-setpoint  knob i s  used t o  se t  t h e  demand-setpoint  p o i n t e r .  

D - T h i s  p o i n t e r  i n d i c a t e s  t h e  a c t u a l  tempera ture  of t h e  w a t e r  l e a v i n g  
t h e  pr imary s i d e  of t h e  h e a t  exchanger .  

E - C o n t r o l - s e l e c t o r  l e v e r .  
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13 or 14 p s i ) ,  ene rg ize  the secondary pump motor us ing  the  

pane l  c o n t r o l  knob. This  a c t i o n  should minimize surges  in the  

water  flow. The panel  pump-motor indicator l i g h t  should be 

ON and t h e  secondary flow reco rde r  should i n d i c a t e  flow. 

7.. Continue t o  a d j u s t  t h e  demand s e t p o i n t  knob u n t i l  t h e  tempera- 

t u r e  s t a b i l i z e s  at approximately 95°F.  

$, Flace t h e  c o n t r o l - r e l e e t o r  lever i n  SEALo T h i s  f i x e s  the air 

pres su re  at rhe va lve  o p e r a t o r  a t  t h e  prev ious ly  demanded 

p res su re  0 

9. Place t h e  ~ ~ n t r o l - s e l e ~ t o r  l eve r  :n AUTOMATIC. (MOTE: Due 

to the t i m e  delays i n  the i n s t rumen ta t ion  a s soc ia t ed  w i t h  t h e  

tempera ture-cont ro l  system, it is not  p a r t i c u l a r l y  d e s i r a b l e  t o  

place the c o n t r o l - s e l e c t o r  1evt.r i n  AUTOMATIC and ene rg ize  the  

pump i n d i s c r i m i n a t e l y ,  The r e s u l t ,  i n  a l l  p r o b a b i l i t y ,  could  

be ehcessfve oscillations i n  k e m p e r a t u r e  and surges i n  the  water  

flow, The above procedure i s  intended t o  minimEze these  

e f f e c t s  .) 

The se~ondary f low- ra t e  w i l l  increase and decrease t o  compensate 

fo r  any increases o r  decreases  o f  tower baa in  temperature;  t h i s  is  nec-  

e s s a r y  t o  cont inue  removing h e a t  from the hea t  exchanger a t  a c o w t a n t  

ra te  D 

The secondary f low- ra t e  is  the  paraanet.er which is used to con t ro l  

ope ra t ion  of t h e  coo l ing  tower f ans .  The sequence of operation of t h i s  

system is i n d i c a t e d  i n  Table  6 .2 ,1,  

The r a t e  of flow of t h e  secondary water  t o  t he  cool ing  tower i s  

monitored j u s t  downstream from the  hea t  exchanger by FE-11, which is  a 
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Table  6.2.1. Fan Speed  C o n t r o l  

Change of 
F 1 ow -Rate Fan S p e e d  

S w i t c hit 

FS-11F I n c r e a s e  t o  1.200 gpm South i n  low 

FS-11D 

FS-11E 

FS-11C 

FS-11C 

FS-11E 

I n c r e a s e  t o  1250 gpm 

I n c r e a s e  t o  1390 gpm 

I n c r e a s e  t o  1410 gprn 

Decrease t o  1250 gpm 

Decrease t o  1200 gpm 

North i n  low 

South i n  h i g h  

North i n  h i g h  

North i n  low 

South i n  low 

FS-11D Decrease t o  1040 gpm North,  o f f  

FS-11F Decrease t o  1000 gprn South,  o f f  

9cThese a re  d i f f e r e n t i a l - t y p e  p r e s s u r e  swi tches  w i t h  a n  a d j u s t a b l e  
low-pressure s e t p o i n t  and w i t h  an  a d j u s t a b l e  span used t o  de te rmine  
t h e  h i g h - p r e s s u r e  s e t p o i n q .  

1 / 8 - i n . - t h i c k  o r i f i c e  p l a t e  w i t h  a 6.3343-in.-diam bore .  The secondary-  

flow t r a n s m i t t e r ,  FT-11, t r a n s m i t s  a pneumatic s i g n a l  t o  f l o w - i n d i c a t o r  

FI -11  a t  t h e  pump house and t o  FR-11, TR-15 (a two-pen r e c o r d e r )  l o c a t e d  

i n  t h e  c o n t r o l  room. An a s s o c i a t e d  p r e s s u r e  swi tch ,  FS-11A,  w i l l  sound 

a n  a n n u n c i a t o r  i f  t h e  flow d e c r e a s e s  t o  <300 gpm. The f l o w - r a t e  i s  con- 

t r o l l e d  by t h e  p o s i t i o n  of t h e  t h r o t t l e  v a l v e ,  TCV-13; t h e  p o s i t i o n  of 

t h i s  v a l v e  i s  a d j u s t e d  by t h e  pool - in l -e t - tempera ture  c o n t r o l l e r  (TC-13). 

6.2E. Chemical Condi t ion ing  of t h e  Tower Water 

1 .  O b j e c t i v e s .  - To h e l p  m a i n t a i n  a n  e f f i c i e n t  secondary c o o l i n g  

system i t  i s  n e c e s s a r y  t o  t rea t  t h e  p r o c e s s  w a t e r  used i n  the  

system w i t h  v a r i o u s  chemica ls .  The main o b j e c t i v e s  of t h e  

t r e a t m e n t  are as f o l l o w s :  
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a. Th c o n t r o l  scale format ion  and c o r r o s i o n .  

b.  To c o n t r o l  m i c r o b i o l o g i c a l  growth., 

c .  To c o n t r o l  t h e  pH of t h e  secondary w a t e r .  

The r e a s o n s  f o r  a t t e m p t i n g  t o  c o n t r o l  s c a l e  f o r m a t i o n  and c o r r o s i o n  

are r a t h e r  obvious .  Both cause  a l o s s  o f  h e a t - t r a n s f e r  c a p a b i l i t y ;  

s c a l i n g  can  s e r i o u s l y  a f f e c t  f low rates ,  and c o r r o s i o n ,  i f  unchecked, 

w i l . 1  e v e n t u a l l y  r e s u l t  i n  a l e a k y ,  p o s s i b l y  u n s a f e  and unusable  sys temo 

The r e a s o n s  f o r  a t t e m p t i n g  t o  c o n t r o l  m i c r o b i o l o g i c a l  growths are 

t o  minimize h e a t - t r a n s f e r  l o s s e s  and d e t e r i o r a t i o n  of t h e  wood. The 

wet ted  wooden p o r t i o n s  of t h e  c o o l i n g  tower are redwood, which res is ts  

d e t e r i o r a t i o n ;  however, i t  i s  s t i l l  s u b j e c t  t o  a t t a c k  by chemical  a g e n t s  

and f u n g i  

Chemical a t t a c k '  on tower lumber i s  a form of d e t e r i o r a t i o n  i n  which 

o x i d i z i n g  a g e n t s ,  such as c h l o r i n e ,  and a l k a l i e s  a t t a c k  l i g n i n  and r e -  

move m a t e r i a l s ,  n a t u r a l l y  p r e s e n t ,  which are t o x i c  t o  wood-destroying 

organisms;  t h i s  can cause  v e r y  s e r i o u s  damage. Chemical t r e a t m e n t  i s  

des igned  t o  minimize t h i s  d e t e r i o r a t i o n  a l t h o u g h  i t  cannot  be e l i m i n a t e d  

comple te ly .  

Evidence of chemical  a t t a c k  ( d e l i g n i f i c a t i o n )  can probably be found 

d u r i n g  the  ea r l i e s t  s t a g e s  of development i n  t h e  most h e a v i l y  w e t t e d  and 

washed p o r t i o n s  of t h e  tower wood. 

Fungus a t t a c k  may be d e s c r i b e d  as t h e  decomposi t ion of  wood by 

microorganisms., These microorganisms u t i l i z e  wood a s  food,  They are 

ever  p r e s e n t  i n  decaying wood i n  t h e  f o r e s t ,  and t h e i r  s p o r e s  a r e  e a s i l y  

blown by t h e  wind i n t o  t h e  c o o l i n g  cower, 

Fungus a t t a c k  can be c l a s s e d  as whi te  r o t ,  brown r o t ,  and s o f t  r o t p  

l d f m i t e  r o t  decomposes a11 components of t h e  wood l i g n i n  and c e l l u l o s e .  
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Look f o r  a spongy, s t r i n g y  c o n d i t i o n  of t h e  wood and pockets  of w h i t e  o r  

yel low f i b r o u s  material .  Brown r o t  decomposes t h e  c e l l u l o s e ,  l e a v i n g  t h e  

l i g n i n  more o r  less  u n a f f e c t e d .  The wood i s  reduced t o  a brown mass 

which powders e a s i l y  i n  t h e  f i n g e r s .  Both w h i t e  and brown r o t s  u s u a l l y  

leave t h e  s u r f a c e  i n t a c t  and i t  i s  n e c e s s a r y  t o  probe benea th  t h e  s u r f a c e  

of t h e  wood t o  d e t e c t  t h e i r  p resence .  These f u n g i  a r e  u s u a l l y  found i n  

t h e  nonflooded zones of t h e  tower. 

S o f t  r o t  u s u a l l y  t a k e s  p l a c e  i n  t h e  f looded zones.  A t t a c k  s t a r t s  

on t h e  s u r f a c e  and p r o g r e s s e s  inward. It i s  i d e n t i f i e d  by loosening  of 

s u r f a c e  f i b e r s ,  eroded s u r f a c e ,  and l o s s  of s t r e n g t h .  S u r f a c e  checks 

a c r o s s  t h e  g r a i n  a r e  f r e q u e n t l y  v i s i b l e  a f t e r  t h e  wood h a s  d r i e d .  

Samples of f i l l  and d r i f t  e l i m i n a t o r  bo th  should be broken and t h e  

i n t e r i o r  examined f o r  a darkening  i n  c o l o r .  The manner i n  which t h e  wood 

b r e a k s  should be n o t e d - - i n f e c t e d  woods tend t o  break  s t r a i g h t  a c r o s s  t h e  

g r a i n  w i t h  l i t t l e  o r  no s p l i n t e r i n g .  

Although damage t o  wooden components by microorganisms i s  f a i r l y  

obvious,  damage t o  metal components i s  n o t ;  however, c e r t a i n  organisms 

of t h e  s u l f a t e - r e d u c i n g  type g e n e r a t e  c o r r o s i v e  hydrogen s u l f i d e  which 

c a u s e s  s e v e r e  p i t t i n g  a t t a c k .  I n  a d d i t i o n ,  slime can  a c c e l e r a t e  c o r r o -  

s i o n  by d e p o s i t i n g  on meta l  s u r f a c e s  and p r e v e n t i n g  p r o t e c t i v e  f i l m  

format ion .  B i o l o g i c a l  f o u l i n g  on meta l  s u r f a c e s  will a l s o  c r e a t e  d i f -  

f e r e n t i a l  oxygen c o n c e n t r a t i o n  c e l l s  and r e s u l t  i n  s e r i o u s  p i t t i n g  of 

t h e  s u r f a c e .  Other  s o u r c e s  of d i f f i c u l t y  are t h e  i r o n - d e p o s i t i n g  c a t e -  

g o r i e s  of  b a c t e r i a .  Those b a c t e r i a  have t h e  c a p a c i t y  t o  absorb  and t o  

accumulate  i r o n  a n d f o r  manganese when t h e y  a r e  p r e s e n t  i n  environments  

which c o n t a i n  t h e s e  elements.  L a t e r ,  t h e s e  organisms d e p o s i t  i r o n  and 

manganese s a l t s  around t h e i r  c e l l s .  



(6.2f cont inued)  6-47 

..... . 
An a t t e m p t  i s  made t o  c o n t r o l  the pH of t h e  secondary water i n  

o r d e r  t o  p r o t e c t  t h e  metal p o r t i o n  of t h e  system. The s o l i d s  i n  t h e  

p r o c e s s  water f e d  t o  t h e  b a s i n  are c o n c e n t r a t e d  because of t h e  h i g h  

e v a p o r a t i o n  rate.  T h i s  t e n d s  t o  r a i s e  t h e  pH p r i m a r i l y  due t o  t h e  i n -  

c r e a s e d  c o n c e n t r a t i o n  o f  ca lc ium c a r b o n a t e  (CaCO >. A high  pH i s  d e l e -  

t e r i o u s  t o  t h e  wood i n  t h e  tower,  so  s u l p h u r i c  a c i d  i s  fed i n t o  t h e  

water t o  m a i n t a i n  t h e  a c i d i t y  a t  a l e v e l  a t  which t h e  chemica ls  used t o  

c o n t r o l  t h e  c o r r o s i o n  and b i o l o g i c a l  growth are most e f f e c t i v e .  How- 

e v e r ,  t h i s  a c i d  a d d i t i o n  must be v e r y  c a r e f u l l y  c o n t r o l l e d  s i n c e  a n  

3 

e x c e s s i v e  amount of a c i d  would b e  v e r y  harmful  t o  t h e  m e t a l l i c  components 

of t h e  system. 

2 .  Treatment  f o r  Scale  Formation and Corros ion .  - Nalco 390 i s  

used t o  i n h i b i t  scale format ion ,  c o r r o s i o n ,  and f o u l i n g  of  t h e  

components i n  t h e  secondary system ( r e f e r  t o  S e c t i o n  6.2g f o r  

h a n d l i n g  procedures) .  The Nalco 390 c o n t e n t  i s  maintained a t  

50 ppm as determined by a s p e c i f i c  a n a l y s i s  procedure.  The ra te  

of a d d i t i o n  n e c e s s a r y  t o  m a i n t a i n  t h e  d e s i r e d  c o n c e n t r a t i o n  w i l l  

vary  wide ly ,  depending upon weather  c o n d i t i o n s ,  h e a t  load on t h e  

tower ,  and o t h e r  v a r i a b l e s  

3. Treatment  f o r  M i c r o b i o l o g i c a l  Growth. - Nalco 207 and Nalco 21-S 

are used t o  i n h i b i t  t h e  growth of microorganisms i n  t h e  second- 

a r y  water ( r e f e r  t o  S e c t i o n  6,2g f o r  h a n d l i n g  p r o c e d u r e s ) .  

These chemica ls  are added as needed. The q u a n t i t i e s  added and 

t h e  f requency  of a d d i t i o n  are based on c a r e f u l  o b s e r v a t i o n  of 

the c o n d i t i o n  of t h e  tower and on b a c t e r i a  c o u n t s  of  s a m p l e s  of 

t h e  secondary  w a t e r  t a k e n  p e r i o d i c a l l y .  
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4 .  pH C o n t r o l . -  The pH probe, ApHE-14, i s  l o c a t e d  a t  t h e  c o o l i n g  

tower.  Water i s  s u p p l i e d  t o  t h e  probe from t h e  d i s c h a r g e  of t h e  

a i r - c o n d i t i o n i n g  pump; a f t e r  p a s s i n g  over  t h e  probe, t h e  water 

i s  r e t u r n e d  t o  t h e  b a s i n  sump. The probe t r a n s m i t s  an e l e c t r i -  

c a l  s i g n a l  t o  t h e  pH a m p l i f i e r - i n d i c a t o r  (ApHT), which i n  t u r n  

t r a n s m i t s  an e l e c t r i c a n  s i g n a l  t o  t h e  r e c o r d e r - c o n t r o l l e r  (ApH 

R - 1 4 ,  ApH C-14) i n  t h e  c o n t r o l  room. The c o n t r o l l e r  t r a n s m i t s  

a v a r i a b l e  c u r r e n t  s i g n a l  t o  t h e  motor c o n t r o l l e r ,  ApH C O - 1 4 ,  

l o c a t e d  a t  t h e  pump house.  The motor c o n t r o l l e r  t r a n s m i t s  a 

p r o p o r t i o n a l  DC-voltage s i g n a l  t o  t h e  motor o f  t h e  Minipump 

which f e e d s  s u l p h u r i c  a c i d  t o  t h e  c o o l i n g  tower b a s i n .  An 

a d j u s t a b l e  a larm c o n t a c t  on t h e  r e c o r d e r ,  ApH R r 1 4 ,  w i l l  sound 

an a n n u n c i a t o r  i f  t h e  pH i n c r e a s e s  t o  8 .2 .  

6.2g. Procedures  €or  Handling, Hazardous Chemicals 

A s  d e s c r i b e d  i n  prev ious  s e c t i o n s ,  Nalco 390, Nalco 207,  Nalco 21-S, 

and s u l p h u r i c  a c i d  are used t o  t r ea t  t h e  r e a c t o r  secondary water system 

f o r  v a r i o u s  r e a s o n s .  S ince  i t  i s  reaLized  t h a t  f o u r  chemicals  a r e  poten-  

t i a l  s a f e t y  h a z a r d s  i f  t h e y  are n o t  handled p r o p e r l y ,  a b r i e f  d e s c r i p t i o n  

of t h e  tox ico logy  and d i s a s t e r  h a z a r d s  f o r  t h e s e  chemica ls  i s  l i s t e d  

below followed by t h e  recommended s a f e - o p e r a t i n g  practices.  

1. Nalco 21-S 

a. D e s c r i p t i o n  and Purpose.  - T h i s  b lend  of chemica ls  c o n s i s t s  

of  c h l o r i n a t e d  phenols  w i t h  d i s p e r s a n t s  f u r n i s h e d  i n  b a l l -  

b r i q u e t t e  o r  p e l l e t  form. The h i g h  s o l u b i l i t y  of t h e  blend 

a s s u r e s  thorough d i f f u s i o n  o f  chemiCals i n t o  slime masses 

sur rounding  b a c t e r i a .  It i s  e f f e c t i v e  a g a i n s t  a wide v a r i -  

e t y  of b a c t c r i a  and i s  a g e n e r a l  purpose t r e a t m e n t  f o r  
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b.  

C .  

d .  

c o n t r o l  of slime and m i c r o b i o l o g i c a l  growths.  Use of t h i s  

blend c a n s t i t u t e s  a t r e a t m e n t  w i t h  nonoxid iz ing  c h a r a c t e r -  

i s t i c s  f o r  t h e  p r e v e n t i o n  of wood r o t  i n  t h e  c o o l i n g  tower,  

(NOTE: Each 21-5 b a l l  weighs 16 02; a d d i t i o n  of one b a l l  

i n c r e a s e s  t h e  t o t a l  s o l i d  by -2.8 ppm.) 

Handl ing.  - Nalco 21s may be i r r i t a t i n g  t o  t h e  s k i n  and 

e y e s .  Avoid c o n t a c t  w i t h  t h e  s k i n ,  e y e s ,  and  c l o t h i n g ;  

avoid  b r e a t h i n g  t h e  d u s t  o r  s o l u t i o n  s p r a y .  Do n o t  t ake  

i n t e r n a l l y  

Disaster Hazards.  - C h l o r i n a t e d  phenols ,  i n  g e n e r a l ,  a r e  

dangerous when h e t a e d ;  when h e a t e d  t o  decomposi t ion,  t h e y  

e m i t  h i g h l y  t o x i c  fumes, (Normally, Nalco 21-S  does not  

d e t e r i o r a t e  d u r i n g  s t o r a g e . )  

Counter Measures.  - 1.n case of e x t e r n a l  c o n t a c t ,  immedi- 

a t e l y  f l u s h  t h e  s k i n  o r  e y e s  w i t h  l a r g e  amounts of water f o r  

at least  15 min; a l s o  g e t  medical  a t t e n t i o n .  (Remove and 

wash c h e m i c a l l y  contaminated c l o t h i n g  b e f o r e  r e - u s e . )  I f  

i n g e s t e d ,  d o  n o t  induce  vomit ing b u t  u s e  "Universa l  A n t i -  

dote"  and n o t i f y  t h e  Medical  D i v i s i o n .  

2 .  Nalco 207 

a. D e s c r i p t i o n  and Purpose. - T h i s  b lend  of  chemica ls  c o n s i s t s  

of b i s  t h i o c y a n a t e  w i t h  d i s p e r s a n t s  and a s t a b l i z e r  i n  b a l l -  

b r i q u e t t e  form. T h i s  b lend  w i l l  p revent  m i c r o b i a l  d e p o s i t s  

by p r o v i d i n g  economical c o n t r o l  of b a e t . e r i a  and f u n g i .  

(NOTE: Each 207 b a l l  weighs 1 7  o z ;  a d d i t i o n  of one b a l l  

i n c r e a s e s  t h e  t o t a l  s o l i d s  by -3.0 ppm.) 
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b .  Handling. - Nalco 207 i s  i r r i t a t i n g  t o  t h e  s k i n  and eyes .  

Absorp t ion  through t h e  s k i n  i s  harmful ;  i t  i s  harmful  i f  

swallowed. Do n o t  g e t  i t  i n  t h e  e y e s  o r  on t h e  s k i n  or  

c l o t h i n g .  Wear goggles  o r  a f a c e  s h i e l d  and rubber  g loves  

when handl ing  Nalco 207.  

c .  Disaster Hazards.  - Thiocyanates  i n  g e n e r a l  a r e  dangerous 

when h e a t e d ;  when h e a t e d  t o  decomposi t ion or  on c o n t a c t  

w i t h  a c i d  o r  a c i d  fumes, t h e y  e m i t  h i g h l y  t o x i c  fumes of 

cyanides .  

d .  Counter Measures. - I n  c a s e  of e x t e r n a l  c o n t a c t ,  immedi- 

a t e l y  wash t h e  s k i n  w i t h  p l e n t y  of soap an3 water f o r  a t  

least  15 min; f o r  t h e  eyes ,  immediately f l u s h  w i t h  l a r g e  

amounts of w a t e r  f o r  a t  l eas t  15 min and g e t  medical  a t t e n -  

t i o n .  (Remove and wash chemica l ly  contaminated c l o t h i n g  

b e f o r e  r e - u s e . )  I f  i n g e s t e d ,  induce vomit ing and n o t i f y  

t h e  Medical D i v i s i o n .  

3 .  Nalco 390 

a. D e s c r i p t i o n  and Purpose.  - T h i s  blend of chemica ls  c o n s i s t s  

o f  modified n a t u r a l  and s y n t h e t i c  o r g a n i c s  and of i n o r g a n i c  

z i n c .  It i s  a combinat ion c o r r o s i o n  inh ib i t .o r  and a n t i -  

f o u l a n t .  (This blend does n o t  c o n t a i n  e i t h e r  chromates o r  

phosphates . )  A s  a c o r r o s i o n  i n h i b i t o r ,  Nalco 390 forms a 

t h i n  p r o t e c t i v e  f i l m  on meta l  s u r f a c e s ;  t h i s  t i g h t l y  bonded 

c a t h o d i c  f i l m  p r e v e n t s  p i t t i n g  a t t a c k .  A s  a n  a n t i f o u l a n t ,  

t h i s  blend c o n t r o l s  troublesome i o n s  an3 d i s p r e s s e s  s ludge  

o r  i n s o l u b l e  m a t t e r ;  t h e  chemical  blend i t s e l f  w i l l  n o t  
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c o n t r i b u t e  t o  fou l ing .  (NOTE: Each 390 Nalco b a l l  weighs 

15 o z ;  a d d i t i o n  of one b a l l  i nc reases  the  t o t a l  s o l i d s  and 

the  390 concen t r a t ion  by -2.6 ppm.) 

b. Handling. - I n  the  handl ing  of Nalco 390, ca re  should be 

exerc ised  t o  prevent  eye and nose! con tac t  wi th  the  d u s t .  

Avoid prolonged o r  repeated s k i n  con tac t ;  do not  take 

i n t e r n a l l y .  S to re  Nalco 390 i n  a d r y  loca t ion .  This  mate- 

r i a l  does not  d e t e r i o r a t e  with age. 

c .  Counter Measures. - I n  case  of e x t e r n a l  con tac t ,  wash the  

s k i n  thoroughly wi th  soap and water. I f  inges ted ,  induce 

vomiting and n o t i f y  the  Medical Divis ion.  

4 .  Sulphuric  Acid 

a .  Desc r ip t ion  and Purpose.  - Sulphuric  ac id ,  a commonly used 

i n d u s t r i a l  chemical, i s  used t o  c o n t r o l  t h e  pH of t he  sec-  

ondary cool ing  water. 

b. Handling. - I n  handl ing su lphur i c  ac id ,  c a r e  should be 

exerc ised  t o  prevent  eye and nose con tac t  wi th  t h e  vapor. 

The handler  should wear gLoves and a p l a s t i c  f ace  s h i e l d .  

c .  Toxicology. - I n  concent ra ted  form, su lphur i c  ac id  a c t s  as 

a powerful c a u s t i c  t o  t h e  sk in ,  des t roying  t h e  epidermis ,  

and pene t r a t ing  t o  t he  underlying t i s s u e .  This  causes  

g r e a t  pa in  and, if much of t h e  sk in  i s  involved, i s  accom- 

pained by shock, co l l apse ,  and symptoms similar t o  those 

experienced i n  severe burns.  The fumes cause coughing and 

i r r i t a t i o n  i n  the  mucous membranes of t h e  eyes and upper 

r e s p i r a t o r y  t r a c t .  
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d .  Disaster Hazards.  - Dangerous--when h e a t e d ,  i t  emits  h i g h l y  

t o x i c  fumes. 

e .  Counter Measurements. - I n  a l l  cases of c o n t a c t  i n  any form, 

immediately g i v e  prolonged a p p l i c a t i o n s  of running  water t o  

wash t h e  material from t h e  body. I f  t h e  eyes  are involved,  

t h e y  shodld b e  i r r i g a t e d  immediately w i t h  copious  q u a n t i t i e s  

of water f o r  a t  least  15 min. 

vomit ing.  If t h e  p a t i e n t  i s  consc ious ,  have him wash o u t  

h i s  mouth w i t h  water and d r i n k  as much water  as p o s s i b l e  

(milk i s  p r e f e r a b l e  b u t  i s  n o t  as r e a d i l y  a v a i l a b l e ) .  

If swallowed, do n o t  induce 

5.  General  

a. T r a n s p o r t i n g .  - When loading ,  t r a n s p o r t i n g ,  and/or  un loading  

t o x i c  o r  c o r r o s i v e  materials,  h a n d l e  t h e  c o n t a i n e r s  c a r e -  

f u l l y  t o  avoid p o s s i b l e  damage and subsequent  leakage.  

P r o t e c t i v e  c l o c h i n g  should a l s o  be u t i l i z e d .  I f  a leaky 

c o n t a i n e r  i s  d iscovered ,  r e p o r t  i t  inmedi-akely t o  t h e  s h i f t  

e n g i n e e r .  Normally, f l u s h i n g  t h e  s p i l l e d  chemical  w i t h  

water  t o  a f l o o r  d r a i n  w i l l  be ehe proper c o r r e c t i v e  a c t i o n .  

b .  S t o r a g e .  - The f i b e r  drums c o n t a i n i n g  Nalco 21-S and t h e  

m u l t i w a l l  paper bags c o n t a i n i n g  NaLco 207 and 390 should 

be s t o r e d  i n  a c o o l ,  d r y ,  arid v e n t i l a t e d  a r e a .  These con- 

t a i n e r s  should n o t  be s t o r e d  near  steam p i p e s  o r  o t h e r  

s o u r c e s  of h e a t .  

I n  g e n e r a l ,  c o n c e n t r a t e d  a c i d s  r e a c t  w i t h  mois ture  t o  

evolve h e a t ;  consequent ly ,  t h e  s u l p h u r i c  a c i d  should a l s o  

be s t o r e d  i n  a c o o l ,  d r y ,  v e n t i l a t e d  a r e a .  
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6.2h. F i l l i n g  and D r a i n i n ?  t h e  Tower Bas in  and Secondary System 

1. F i l l i n g  t h e  Tower B a s i n  and Secondary System. - To f i l l  t h e  

tower b a s i n  w i t h  p r o c e s s  water, open v a l v e  HCV-66 l o c a t e d  on 

t h e  w e s t  s i d e  of t h e  tower;  e n s u r e  t h a t  HCV-81  i s  open, Use 

t h e  long T-handle t o o l  provided .  A f t e r  t h e  b a s i n  i s  f i l l e d ,  

c l o s e  v a l v e  HCV-66. Normal make-up water i s  s u p p l i e d  a u t o -  

m a t i c a l l y  through v a l v e  LV-20, provided t h a t  HCV-81 i s  open. 

(NOTE: B e  s u r e  t h a t  d r a i n  v a l v e s  HCV-79 and HCV-80 are c losed  

b e f o r e  f i l l i n g  t h e  system.)  

To f i l l  t h e  secondary-system p i p i n g  and heat-exchanger  

tubes, e n e r g i z e  t h e  secondary pump motor and open v a l v e  TCV-13, 

(NOTE: TCV-13 i s  o p e r a t e d  from t h e  c o n t r o l  room.) The second- 

a r y  system w i l l  v e n t  th rough t h e  c o o l i n g  tower whenever second- ... 

a r y  f low i s  e s t a b l i s h e d .  

2 .  D r a i n i n g  t h e  Tower Basin and Secondary System. - To d r a i n  t h e  

sump, open v a l v e  HCV-79 a f t e r  e n s u r i n g  t h a t  BCV-66 and HCV-81 

are c l o s e d .  Also e n s u r e  t h a t  TCV-13 i s  c l o s e d .  (NOTE: TCV-13 

i s  o p e r a t e d  from t h e  c o n t r o l  room,) 

To d r a i n  t h e  secondary-system p i p i n g  and heat-exchanger 

t u b e s ,  connect  a hose  from t h e  d i s c h a r g e  s i d e  of HCV-89 t o  t h e  

f l o o r  d r a i n .  Ensure t h a t  t h e  secondary  pump motor is de-  

e n e r g i z e d  and tagged.  Close TCV-13 and open HCV-89. (HCV-89 

i s  a 1 1 / 2 - i n .  g a t e  v a l v e  connected t o  t h e  i n l e t  l i n e  on t h e  

secondary  s i d e  of t h e  h e a t  exchanger . )  Open vent: v a l v e  HCV-90 

o r  HCV-91. 

.... 
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6 . 2 i .  De- ic ing  t h e  Cooling Towers 

During f r e e z i n g  weather ,  i c e  may accumulate  on t h e  tower f i l l  and 

on t h e  d i s t r i b u t i o n  pans t o  t h e  e x t e n t  t h a t  t h e  s t r u c t u r e  may be unable  

t o  suppor t  t h e  weight .  To enusre  t h a t  breakage does n o t  occur ,  t h e r e  

should be f r e q u e n t  checks of t h e  a r e a  when t h e  tempera ture  drops  below 

f r e e z i n g ,  and t h e  tower should be de- iced  as o f t e n  as n e c e s s a r y .  

To d e - i c e  t h e  tower,  o p e r a t e  t h e  f a n s  i n  "reverse" .  The procedure 

i s  as fo l lows:  

1 Turn t h e  f a n  "mode" swi tches  t o  MANUAL. (The two "mode" 

swi tches  are  mounted i n  aluminum box l o c a t e d  on t h e  west  w a l l  

of t h e  pump house;  normally,  bo th  swi tches  would be i n  t h e  

AUTOMATIC p o s i t i o n .  

2.  Depress both  "Off" b u t t o n s  f o r  t h e  c o o l i n g  tower f a n s ;  t h e s e  

b u t t o n s  a r e  l o c a t e d  i n  t h e  panel  west of t h e  c o o l i n g  tower.  

3 .  A f t e r  t h e  f a n s  have s topped,  t u r n  b o t h  of t h e  "Forward-Reverse" 

s w i t c h e s  t o  t h e  REVERSE p o s i t i o n .  (NOTE: These s w i t c h e s  a r e  

l o c a t e d  i n  t h e  pane l  w e s t  of t h e  c o o l i n g  tower. There i s  a 

3-min d e l a y  b e f o r e  t h e  f a n s  w i l l  s t a r t  i n  t h e  r e v e r s e  mode.) 

4 .  A f t e r  t h e  i c e  has  mel ted,  depress  t h e  "Stop" b u t t o n ;  t h e s e  

b u t t o n s  a r e  l o c a t e d  i n  t h e  pane l  w e s t  of t h e  c o o l i n g  tower.  

5 .  A f t e r  t h e  f a n s  have s topped,  t u r n  t h e  "Forward-Reverse" 

s w i t c h e s  t o  t h e  FORWARD p o s i t i o n .  

6. P l a c e  t h e  swi tches  mentioned i n  I t e m  1 i n  t h e  AUTOMATLC p o s i -  

t ion .  

6 . 2 j .  Rout ine  Checks 

I n  o r d e r  t o  m a i n t a i n  proper  s u r v e i l l a n c e  over  t h e  v a r i o u s  components 

throughout  t h e  r e a c t o r  complex, t h e  roving  o p e r a t o r  i s  t o  i n s p e c t  t h e  
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area and perform a l l  checks l i s t e d  on the  c h e c k l i s t  f o r  t h a t  p a r t i c u l a r  

s h i f t ;  t h e  area i s  t o  be inspected aga in  dur ing  t h e  middle of t he  s h i f t  

f o r  proper ope ra t ing  cond i t ions .  

t o  be checked by each s h i f t . )  The ind iv idua l  i tems r e l a t e d  t o  the p r i -  

(See Sec t ion  1 2  f o r  t he  s p e c i f i c  i tems 

mary water  systems a r e  se l f - exp lana to ry .  

6.2k. Spec ia l  Chemical Procedures 

1. Procedures f o r  t he  Nalco 390 T i t r a t i o n  Tes t  

a.  Take a 50-ml s a m p l e  of t h e  secondary water .  

b. Add 2.5 m l  of Nalco 390-T1 t o  the  sample. 

c .  Add 1 /4  ml of Nalco 390-T2 t o  the  s a m p l e  s o l u t i o n ,  

d.  Add 50 m l  of Nalco 390-T3 t o  the  sample s o l u t i o n .  

e .  While s t i r r i n g  the  s a m p l e  s o l u t i o n ,  add t h e  "prepared so lu-  

t ion" u n t i l  a s t rong  pink co lo r  develops.  

f .  S t a r t  t h e  t i t r a t i o n  us ing  Nalco 390-T5 s o l u t i o n .  The 

co lo r  of t he  sample s o l u t i o n  w i l l  change from a s t rong  

pink t o  a grey-blue.  The number of m i l l i l i t e r s  of Nalco 

390-T5 s o l u t i o n  requi red  t o  produce the  l a s t  co lo r  change 

i s  an i n d i c a t o r  of t he  concen t r a t ion  ( i n  ppm) of Nalco 

390. 

(Concentrat ion of Nalco 390) i n  ppm = ( m l  of Nalco 390-T5) 

x 20 + 15 

2 .  Procedure f o r  Prepar ing  the  "Prepared Solut ion" used i n  Sec t ion  

6.2h. l .  - F i l l  t h e  small b o t t l e  ( t h a t  i s  p re sen t ly  being used) 

wi th  Nalco 390-T4A. Then add -114 scoop of Nalco 390-T4. Shake 

the  s o l u t i o n  and immediately a dark-blue co lo r  will develop. 
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(NOTE: Nalco 390-T4A solution is received in a pint-sized 

brown bottle; Nalco 390-T4 is received in a small jar and is 

in a damp powder state.) 
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6 . 3 ,  The Cooling Tower 

6 .3a .  Descr ip t ion  of Tower Components 

To a i d  i n  t h e  proper in spec t ion  of the  coo l ing  tower, the  var ious  

components, t h e i r  purposes,  and the  method of ope ra t ion  w i l l  be b r i e f l y  

d iscussed .  These items should be f a m i l i a r  t o  everyone in spec t ing  the 

secondary system. 

Before d i scuss ing  each component, the  r e l a t i o n s h i p  of t h e  components 

t o  each o t h e r  should be e s t a b l i s h e d .  For each fan,  power i s  suppl ied  by 

the  motor t o  the  Flexdyne coupl ing which i s ,  i n  turn,  connected t o  the  

j ack  s h a f t .  

The f an  hub assembly ( t o  which the  f a n  blades are connected) is turned 

by the  speed reducer .  

The j ack  s h a f t  d r ives  t h e  speed reducer  v i a  t h e  d r i v e  s h a f t .  

1. Speed Reducer. - The speed reducer  i s  the  h e a r t  of t he  tower. It 

r ece ives  power from the  high-speed motor, reduces t h e  speed, and 

increases  the  torque t o  d r i v e  t h e  f a n  b lades .  It is s u b j e c t  

t o  extreme s e r v i c e  wear and warran ts  c a r e f u l  a t t e n t i o n  and 

maintenance. 

The power-input s h a f t  is  he ld  i n  p lace  w i t h i n  t h e  p in ion  

cage by a s e t  of r o l l e r  bear ings .  The output  s h a f t ,  o r  f a n  

s h a f t ,  is  perpendicular  t o  the  input  s h a f t  and I s  a l s o  he ld  i n  

place by r o l l e r  bea r ings .  S p i r a l  beve l  gears  w i th in  the  reducer  

change the  d i r e c t i o n  and reduce t h e  speed of r o t a t i o n .  

Wear develops f i r s t  i n  the  s h a f t  bear ings ,  both p in ion  and 

ax le ,  r e s u l t i n g  i n  loose s h a f t s .  Wear can  a l s o  develop between 

the  gears ,  r e s u l t i n g  i n  excess ive  backlash ,  ~ 



(6.3a cont inued)  (j-58 

As a p r e l i m i n a r y  check on t h e  c o n d i t i o n  of  t h e  speed 

reducer :  

a. Try  t o  move t h e  p i n i o n  s h a f t  up and down o r  sideways 

(movement i n d i c a t e s  p i n i o n - b e a r i n g  wear) . 
b .  Try t o  move a f a n  b l a d e  up and down ( e x c e s s i v e  movement 

i n d i c a t e s  f a n - s h a f t  -bear ing  wear ) .  

c .  Hold t h e  f a n  s t i l l  and rock  t h e  d r i v e  s h a f t  back and f o r t h  

( a  check f o r  i n d i c a t i n g  b a c k l a s h ) .  

I f  e x c e s s i v e  movement is  noted a t  any p o i n t ,  have t h e  dri-ve 

s h a f t .  d i sconnec ted  and see i f  t h e  p i n i o n  s h a f t  c a n  be moved i n  

and o u t  of t h e  p i n i o n  cage .  The p i n i o n  s h a f t  b e a r i n g s  are s e t  

t o  s l i g h t l y  p r e l o a d  t h e  r o l l e r  b e a r i n g s ;  t h e r e f o r e ,  any move- 

m e n t  of t h e  p i n i o n  s h a f t  i n d i c a t e s  wear of t h e  r o l l e r  b e a r i n g s .  

I f  movement is  d e t e c t e d ,  t h e  b e a r i n g s  should  be removed f o r  

i n s p e c t i o n  and r e p l a c e d  i f  damaged o r  s e v e r e l y  worn. 

The b e a r i n g s  on t h e  fan  s h a f t  can b e  checked for wear by 

moving a f a n  b lade  up and down and o b s e r v i n g  t h e  movement of  t h e  

f a n  s h a f t  w i t h  r e f e r e n c e  t o  t h e  top  of t h e  speed-reducer  c a s t i n g .  

R e l a t i v e  movement o f  t h i s  s h a f t  s h o u l d  be s l i g h t .  Any e x c e s s i v e  

movement i n d i c a t e s  t h a t  t h e  speed reducer  should  be opened and 

t h e  s h a f t  b e a r i n g s  i n s p e c t e d .  

Excess ive  g e a r  wear can  be determined by t h e  degree of 

backlash  or movement of  one of t h e  s h a f t s  w i t h  t h e  o t h e r  s h a f t  

locked. Too much backlash  i n d i c a t e s  wear of t h e  g e a r  t e e t h  and 

b e a r i n g s .  These should  be i n s p e c t e d  and r e p l a c e d  i f  n e c e s s a r y .  
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2. 

The speed reducer  m u s t  ope ra t e  as a u n i t ,  Excessive wear 

o r  v i b r a t i o n  a t  any one po in t  may impose loads on o t h e r  pa r t s  

which lead  t o  t h e i r  f a i l u r e .  Therefore ,  the e n t i r e  unFt should 

be inspec ted  f r equen t ly  and kept  w e l i  a d j u s t e d .  

Due t o  the seve re  atmospheric cond i t ions  encountered a t  

the  top of a cool ing  tower, it: is easy f o r  moisture  t o  contam- 

i n a t e  the  gear-reducer  l u b r i c a n t ,  Any time t h i s  o i l  becomes 

contaminated i t  must be dra ined ,  t he  case  f lushed  o u t ,  and the  

l u b r i c a n t  proper ly  rep laced .  Two types of con tan ina t ion  may be 

present - - s ludge  and water condensation. 

T o  check f o r  condensat ion,  heat a metal  p l a t e  t o  between 

300' and 35Q'F and p lace  a few drops 05  gear - reducer  o i l  on 

i t .  If the  o i l  b o i l s  and foams, it i n d i c a t e s  t h e  presence of 

w a t e r .  I f  i t  merely spreads ou t  and smokes, t h e r e  is  no water  

p re sen t  a 

If e i t h e r  s ludge  QT mois ture  &re found i n  the lub r i can t ,  

it: must be drained,  the case must be f lushed  out  wi th  f lu sh ing  

o i l ,  and the  case r e f i l l e d  w i t h  c lean  o i l .  

Drive S h a f t s .  - The d r i v e  s h a f t  connects  t he  jack s h a f t  t o  rhe 

speed reducer  i n  the  c e n t e r  o f  t h e  fan  cy1 inder., A t  the  ends 

of t h e  d r i v e  s h a f t  fodr bonded rubber  b w h i n g s  are used to 

provide a f l e x i b l e  connect ion both t o  the jack chaft and t o  the 

gear  reducer .  However, the d r i v e  s h a f t  is$ skill t h e  major  

source  o f  v i b r a t i o n  i n  the  mechanical e q u i p m e n t -  Excessive 

v i b r a t i o n ,  whether de t ec t ed  dur lng  r o u t i n e  d a i l y  checks o r  

dur ing  s p e c i a l  inspections, is cause f o r  s h u c t i n g  the f a n  clown 

t o  permit checks of t he  alignment and ba iance  of t he  d r i v e  s h a f t .  
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I n s p e c t i o n  of t h e  complete d r i v e  s h a f t  should  be made 

Look f o r  checking  o r  c r a c k i n g  of rubber  e v e r y  s i x  months. 

bushings,  looseness  of b o l t s ,  and misal ignment  of any p a r t s  i n  

t h e  f l e x i b l e  s h a f t s .  

I n  t h e  e v e n t  t h a t  t h e  d r i v e - s h a f t  guards a r e  removed f o r  

maintenance, they must be r e i n s t a l l e d  b e f o r e  t h e  tower is  put  

back i n t o  s e r v i c e .  F a i l u r e  of t h e  d r i v e  s h a f t ,  u n p r o t e c t e d  by 

t h e  d r i v e - s h a f t  guards,  c a n  r e s u l t  i n  e x c e s s i v e  damage t o  t h e  

f a n  and speed reducer .  

3 .  -. - The Flex idyne  coupl ing  is  b a s i c a l l y  a 

f l u i d - d r i v e - t y p e  d e v i c e  i n  which metal  s h o t  a r e  used as t h e  

"flow charge!'.  ( A t  t h e  BSR, s t a i n l e s s  s t e e l  s h o t  i s  used.)  

When t h e  motor i s  no t  e n e r g i z e d  and t h e  c o u p l i n g  is not  r o t a t -  

ing ,  t h e  s h o t  res ts  i n  t h e  bottom h a l f  of  t h e  doughnut-shaped 

h o l e  ( t o r o i d )  formed by t h e  d r i v e  housing and t h e  housing 

c o v e r .  When t h e  motor i s  energ ized ,  t h e  motor end o f  t h e  

c o u p l i n g  r o t a t e s  b u t  t h e  d r i v e n  end does n o t .  R o t a t i o n  of  t h e  

iuotor end d i s t r i b u t e s  t h e  s h o t  outward around t h e  i n n e r  s u r f a c e  

of t h e  t o r o i d .  (This d i s t r i b u t i o n  is caused by c e n t r i f u g a l  

f o r c e  and by t h e  a g i t a t o r  a c t i o n  o f  t h e  r o t o r . )  As t h e  s h o t  

begins  t o  b u i l d  up on t h i s  s u r f a c e ,  t h e  r o t o r  of  the d r i v e n  

end, which is a l s o  l o c a t e d  i n  t h e  t o r o i d ,  begins  t o  be more 

f i r m l y  "locked" t o  t h e  i n n e r  s u r f a c e  oE t h e  d r i v e  hous ing  and 

of t h e  hous ing  c o v e r  due t o  f r i c t i o n .  When a l l  of t h e  s h o t  a r e  

r e d i s t r i b u t e d ,  t h e  d r i v e n  end i s  s o l i d l y  coupled t o  t h e  motor 

end. The Flex idyne  c o u p l i n g  t h u s  reduces  s i g n i f i c a n t l y  t h e  

s t a r t i n g  t o r q u e  on t h e  motor e 
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4 .  Fan Motor. - The fan  motor is  a 440-v, 3-phase, 60 H Z  induc- 

t i o n  motor, The power output  i s  7.5 hp f o r  low-speed fan opera-  

t i o n  and is  30 hp f o r  high-speed f an  ope ra t ion .  

5.  Fan Assembly. - The f a n  assembly c o n s i s t s  of an  aluminum hub 

turned  by t h e  f an  s h a f t ,  w i th  the  n ine  blades a t tached  i n  r a d i a l  

s o c k e t s ,  (The diameter of t he  assembly is 144 in . )  Normally, 

the f an  does not  r e q u i r e  much maintenance, bu t  any unusual no i se  

o r  v i b r a t i o n  is cause f o r  s h u t t i n g  the u n i t  down f o r  inspec t ion .  

The e n t i r e  assembly should be checked c a r e f u l l y  every two months 

t o  determine t h a t  a l l  p a r t s  a r e  i n  good cond i t ion  and t h a t  a l l  

assembly b o l t s  are t i g h t .  The blades should  a l s o  be inspecred 

f o r  c racks  a t  t h e  b lade  attachment and a t  po in t s  where f a t i g u e  

might be concent ra ted .  

The cool ing-tower fans  were f a c t o r y  balanced. I f  i t  is  

necessary t o  r ep lace  o r  repair  any p a r t  of t h e  f an  assembly, 

t he  balance must be checked when the  f an  is f i r s t .  put  back  i n t o  

ope ra t ion -  An unbalanced fan  assembly w i l l  r e s u l t  i n  v i b r a t i o n  

and abnormal loads being imposed on the  o t h e r  u n i t s  of t he  f an  

clr ive  e 

6 .  Tower Hardware. - A l l  metal p a s t s  i n  the  coo l ing  tower are sub- 

j ec t  t o  seve re  c o r r o s i v e  cond i t ions .  S p e c i a l  a t t e n t i o n  should 

be g iven  t o  s u r f a c e  p ro tec t ion .  S t r u c t u r a l  b o l t s  must be kept  

reasonably t i g h t  and i n  good cond i t ion .  I n  the  event  of  f a i l u r e  

through c o r r o s i o n  o r  o t h e r  causes ,  b o l t s ,  n u t s ,  and o t h e r  h a r d -  

ware must be rep laced  as r equ i r ed .  
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6.3b. P r e v e n t i v e  Maintenance 

The c o o l i n g  tower and secondary c i r c u l a t i o n  system were des igned  t o  

o p e r a t e  c o n t i n u o u s l y ,  2 4  h o u r s  a day. However, dependable o p e r a t i o n  

demands t h a t  t h e r e  be a s y s t e m a t i c  schedule  of i n s p e c t i o n ,  l u b r i c a t i - o n ,  

maintenance, and u l t i m a t e  replacement  of a l l  t h e  components. To f a c i l i -  

t a t e  t h i s  s y s t e m a t i c  check, an  i n s p e c t i o n  form i s  completed e v e r y  two 

months d u r i n g  t h e  r e g u l a r  end-of -cyc le  shutdown, (This  i n s p e c t i o n  form 

i s  Example 6 . 3 . 1 . )  

1. Routine Checks. - The f o l l o w i n g  checks should be made a t  t h e  

i n d i c a t e d  frequency : 

a. Check once each s h i f t  when t h e  tower i s  i n  o p e r a t i o n  f o r :  

(I.) Unusual n o i s e  o r  v i b r a t i o n  of t h e  mechanical equipment.  

(2)  I n d i c a t i o n  of  t h e  motor o v e r h e a t i n g  o r  b e a r i n g  t r o u b l e .  

( 3 )  Proper  water l e v e l  i n  t h e  tower b a s i n .  

( 4 )  Proper  water d i s t r i b u t i o n  and break-up i n  t h e  tower- 

€ i l l  a r e a .  

(5) Opera t ion  of t h e  c i r c u l a t i n g  pumps. 

( 6 )  S u c t i o n  s c r e e n s ,  f o r  c logging .  

(7)  I n d i c a t i o n  of o i l  l eakage  on t h e  motors,  pumps, and g e a r  

r e d u c e r s .  

b .  EvcJry two months i n s p e c t  t h e  tower w i t h  s p e c i a l  emphasis 

on t h e  f o l l o w i n g  checks:  (WARNING: R e  s u r e  t h a t  t h e  m a i n  

swi tch  i s  locked out  b e f o r e  e n t e r i n g  t h e  f a n  c y l i n d e r . )  

(1) Check t h e  speed-reducer  l u b r i c a n t  f o r  ev idence  of  

s ludge  o r  condensa t ion .  

( 2 )  Check t h e  d r i v e - s h a f r  a1 ignment-and-coupling c o n d i t i o n .  
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i.. -. 

( 3 )  Check t h e  c o n d i t i o n  of t h e  f a n  b l a d e s  and hub. Be 

s u r e  t h e  a t t a c h i n g  b o l t s  and cap screws a r e  i n  good 

c o n d i t i o n .  

( 4 )  Check and t i g h t e n ,  as r e q u i r e d ,  t h e  b o l t s  h o l d i n g  t h e  

mechanical  equipment and the tower framing,  

(5) Clean t h e  w a t e r - d i s t r i b u t i o n  system as r e q u i r e d .  

c .  Every s ix  months: 

(1) Dra in ,  f l u s h ,  and r e f i l l  t h e  s p e e d  reducer  w i t h  o i l .  

(2) Check t h e  c o n d i t i o n  of  t h e  tower s t r u c t u r a l  members, 

end-wall  c a s i n g ,  l o u v e r s ,  s t a i r w a y ,  d i s t r i b u t i o n  s y s -  

t e m ,  and f i l l  and d r i f t  e l i m i n a t o r s .  Replace o r  repa i r  

any damaged members .  T i g h t e n  t h e  s t ruc tura l -member  

b o l t i n g  i f  n e c e s s a r y .  Test t h e  s t r u c t u r a l  wood f o r  

i n d i c a t i o n  of  a fungus a t t a c k  by probing  o r  t e s t i n g  

w i t h  a hammer f o r  s o f t  s p o t s .  I n f e c t e d  members should 

be r e p l a c e d ,  

(3) I n s p e c t  t h e  c o n d i t i o n  o f  t h e  F lex idyne-coupl ing  shot 

( 4 )  Check t h e  a x i a l  and t h e  r a d i a l  a l ignment  of a l l  d r i v e -  

t r a i n  components, 
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Example 6 . 3 . 1 .  RSR Coo l ing  Tower Inspection (UCN-5595) 

ORR COOLING TOWER lNSPECTlON 
.- --- 

... .... ... .......... .............. - 
OWNER D A T E  I N S P E C T E D  

.................... ..................... I_... ~. .- .___. 
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........ 
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.......... 
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...... 
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- __ 

..... - ~. . 
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............. 
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UNIFORM 
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_ _  
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- 
I 1  

~ - ~ 

W ALXW AY S 
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S T E E L  PIPE 

COLLFCTING BASIN ~ ~ _ _ _ _  
CONCRETE 

SUMP ! I  
CAST-IRON PIPE I /  SCREENS 

OVERFLOW 
~~ ~ _ _ -  . . . . . . . . . . . . . . . .  

FLOW V A L V E  I 
DISTRIBUTION BASIN I 1  FAN 

~- 

BLADES NEEDS CLEANING 

FAN DECK FLOOR I 1  T I P  C L E A R A N C E  1 1 1  
B L A D E  P ITCH 1 1  FAN DECK FLOOR SUPPORTS 

F A N  CYLINDERS 
~~ 

V I  BRAT ION NO V IBRATION 

WOOD 1 1 I GEAREDUCER 
S T E E L  I1 QUIET NOISY 

FAN BEAMS AND CONNECTING FRAMING OIL L E V E L  

O I L  VENT I 1  MOTORANDGEAREDUCERMOUNTS 

DOORS BACK LASH I 1  
PART IT1 ONS 1 1  
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G E N E R A L  COMMENTS A N 0  R E P A I R  

. .. ................ -__ --....I__ ...... ........................... ..... 
UCN-5595 
I3 3 - 6 4 )  
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7 . 1  Waste D i s p o s a l  System 

7 . 1  Liquid-Waste D i s p o s a l  

7 l a .  References  

1. P 20310 EA 011 D ,  S a n i t a r y  Sewer R e l o c a t i o n  P l a n ,  P r o f i l e  and 

D e t a i l  

P 20310 EA 010 D,  LLWJ; and P r o c e s s  Waste L i n e s  P l a n ,  P r o f i l e s ,  

and Deta i l s  

P 20310 EC 034 D ,  Heat Exchanger Bldg, Hot and P r o c e s s  Dra ins  

and Heat ing  P i p i n g  P l a n ,  S e c t i o n s  and Detai ls  

2. 

3. 

4 .  P 20310 EC 031 D,  Rev. 2, Heat-Exchanger P i p i n g  P l a n  

5 .  P 20310 EA 010 D,  LLW?* and P r o c e s s  Waste L i n e s  P l a n ,  P r o f i l e  

and Details 

P 20310 EA 011 D ,  S a n i t a r y  Sewer R e l o c a t i o n  P l a n ,  P r o f i l e  

and Details 

6 .  

7 . l b .  I n t r o d u c t i o n  

A l l  of  t h e  l i q u i d  was te  f rom t h e  BSR i s ,  a f t e r  s u i t a b l e  t r e a t m e n t  

a n d / o r  decontaminat ion  when needed, e v e n t u a l l y  d i s c h a r g e d  t o  t h e  Cl inch  

River  v i a  one of t h e  small streams f lowing  through t h e  ORNL a r e a .  Lab- 

o r a t o r y  procedures ,  d e s c r i b e d  i n  d e t a i l  e l sewhere ,  

c e n t r a t i o n  of r a d i o a c t i v e  material i n  t h e  r i v e r  remains w e l l  below t h e  

maximum p e r m i s s i b l e  l e v e l .  

1 
e n s u r e  t h a t  the con- 

* I n t e r m e d i a t e - l e v e l  waste.  

' 3 .  F.  Manneschmidt and E .  J .  Witkowski, The D i s p o s a l  of R a d i o a c t i v e  
Liquid  and Gaseous Waste a t  ORNL, ORNL-TM-282 (August 1 7 ,  1962) .  
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7 . 1 ~ .  D e s c r i p t i o n  

Aqueous w a s t e s  may be d i v i d e d  i n t o  f o u r  c a t e g o r i e s  a c c o r d i n g  t o  t h e  

type  of t r e a t m e n t  g iven  t h e  was te :  

1. 

2 .  

3 .  

4.  

Storm Sewage. - T h i s  i s  u n t r e a t e d  n o n r a d i o a c t i v e  was te  c o l l e c t e d  

from storm and roof  d r a i n s  o r  from d r a i n s  i n  t h e  a r e a s  n o t  sub- 

j e c t  t o  contaminat ion .  This  was te  i s  d i s c h a r g e d  d i r e c t l y  t o  

White Oak Creek. 

S a n i t a r y  Sewage. T h i s  i n c l u d e s  waste from showers,  s i n k s ,  and 

t o i l e t  f a c i l i t i e s .  It  i s  processed by t h e  ORNL sewage t r e a t m e n t  

p l a n t ,  t h e  e f f l u e n t  of which i s  d ischarged  t o  Whitci Oak Creek. 

P r o c e s s  Waste. - T h i s  o r i g i n a t e s  from v a r i o u s  p r o c e s s e s  which 

normally produce n o n r a d i o a c t i v e  o r  on ly  s l i g h t l y  r a d i o a c t i v e  

was te .  T h i s  d i s p o s a l  system f o r  t h i s  type of was te  water  i s  

designed t o  handle  an  a c t i v i t y  c o n c e n t r a t i o n  of <10 p c / g a l  

(-5700 d i s  min m l  ) .  The waste i s  t r e a t e d  i n  t h e  ORNI; 

r a d i o a c t i v e - w a s t e - d i s p o s a l  system and r e l e a s e d  t o  White Oak 

Creek. (F igure  7 . 1 . 1  i s  a flow diagram of t h a t  p o r t i o n  of t h e  

waste system t h a t  s e r v e s  t h e  KSR and r e a c t o r  a r e a . )  

In te rmedia te -Level  Waste (ILFI) . - This  o r i g i n a t e s  a s  deminer- 

a l i z e r  r e g e n e r a t i o n  f l u i d s  and o t h e r  d e l i b e r a t e  d i s c h a r g e s  of 

r a d i o a c t i v e  l i q u i d s .  I n  g e n e r a l ,  it i n c l u d e s  d i s c h a r g e s  which 

have, o r  a r e  l i k e l y  t o  have, a c t i v i t y  c o n c e n t r a t i o n s  i n  e x c e s s  

of 10 p c / g a l .  T h i s  was te  i s  c o n c e n t r a t e d  by a f a c t o r  of approxi -  

mately 25 i n  the ORNL was te  e v a p o r a t o r  b e f o r e  be ing  d isposed  of 

by h y d r o f r a c t u r e  methods o r  s t o r a g e .  (F igure  7 . 1 . 1  i s  a f low 

diagram of t h a t  p o r t i o n  of the  ILW system t h a t  s e r v e s  t h e  BSR 

and r e a c t o r  a r e a . )  

-1 -1 
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F i g .  7 .1 .1 .  L i q u i d  Waste Services 
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7 . l d .  O p e r a t i o n a l  Procedures  

I n  g e n e r a l ,  t h e  r e a c t o r  o p e r a t i n g  crew should be f a m i l i a r  w i t h  t h e  

purpose of each l i q u i d  was te  system and know t o  which system t h e  was tes  

from t h e  v a r i o u s  p r o c e s s e s  should be r o u t e d .  S p e c i f i c  v a l v i n g  procedures  

and sampling t e c h n i q u e s  r e l a t i v e  t o  l i q u i d  was te  d i s p o s a l  are d e t a i l e d  

elsewhere i n  t h e s e  procedures  and need n o t  be repea ted  h e r e .  Rather ,  

t h e  fo l lowing  g e n e r a l  procedure f o r  h a n d l i n g  w a s t e s  i s  o f f e r e d .  

1. The r a d i o a c t i v i t y  l e v e l  and type  of contaminant  should be 

determined o r  known from p r e v i o u s  samples o r  e x p e r i e n c e .  

2 .  The chemical  o p e r a t o r  o r  o t h e r  personnel  r e s p o n s i b l e  for  t h e  

d i s p o s i t i o n  of l i q u i d  wastes should be c o n s u l t e d  r e g a r d i n g  t h e  

q u a n t i t y  and q u a l i t y  of t h e  l i q u i d  was te  t o  be d isposed  o f .  

3 .  The v a l v i n g  s t eps  and o t h e r  o p e r a t i o n s  r e l a t i v e  t o  l i q u i d  

w a s t e s  should be c a r e f u l l y  car r ied  o u t  and any d e i v a t i o n s  from 

normal should r e c e i v e  immediate a t t e n t i o n .  



7 -5 

7.2. Gaseous Waste D i s p o s a l  

7.2a. References  

1. P 20310 EC 020 D Rev. 2, Underground Reac tor  Water,  Air, and  

O f f  -Gas P l a n  

2.  P 20310 EC 022 D Rev. 2 ,  P r o f i l e  of 2- In .  and e - I n .  Off-Gas L i n e s  

3. P 20310 EC 025 D Rev. 1, Decay Tank Off-Gas Loop 

7.2b. I n t r o d u c t i o n  

Two s e p a r a t e  systems a r e  used a t  t h e  BSK f o r  t h e  decontaminat ion  and 

d i s p o s a l  o f  r a d i o a c t i v e  g a s e s  and a i r b o r n e  p a r t i c l e s ;  t h e s e  a r e  t h e  normal 

o f f - g a s  system (NOG) and t h e  c e l l - v e n t i l a t i o n  system (CV)$c. The NOG i s  

designed t o  h a n d l e  r0utin.e r e l e a s e s  of h i -gh-concent ra t io0  r a d i o a c t i v e  

gases  emanating p r i m a r i l y  from p r o c e s s  equipment o r  exper iments .  ' L t  i s  

n o t  in tended  t h a t  p i p i n g  f o r  t h i s  system become p r e s s u r i z e d .  The NOG 

i s  exhausted by p o s i t i v e - d i s p l a c e m e n t  blowers  which form a s e a l  when 

s h u t  down; consequent ly ,  i t  i.s u n d e s i r a b l e  t o  v e n t  h i g h - p r e s s u r e  and/or 

high-volume-f low r a d i o a c t i v e  g a s  s o u r c e s  i n t o  i t  si.nce a p o s i t i v e  p r e s s u r e  

w i t h i n  t h e  s y s t e m  would cause  a backflow i n t o  t h e  s e v e r a l  b u i l d i n g s  which 

u s e  i t .  A t  o t h e r  ORNL r e a c t o r s ,  where systems are  expected t o  become 

p r e s s u r i z e d ,  s e p a r a t e  off-gas systems (FOG) a r e  u t i l i z e d  (see F i g u r e s  

7 .2 .1  and 7.2.2, schemat ics  of t h e  o f f - g a s  systems s e r v i c i n g  t h e  BSR and 

t h e i r  connec t ing  l i n e s  w i t h  t h e  LITK and ORR). 

The c e l l - v e n t i  l a t i o n  system i s  des igned  t o  remove a i r  from t h e  r e a c -  

t o r  b u i l d i n g ,  f i l t e r  i t ,  t h e n  d i s c h a r g e  i t  t o  t h e  atmosphere v i a  a 250- 

f t - h i g h  s t a c k .  The p r i m a r y  purpose of t h i s  system i s  t o  minimi-ze t h e  

spread of a i r b o r n e  r a d i o a c t i v i t y  i n  t.he e v e n t  a n  a c c i d e n t a l  r e l e a s e  of 

such m a t e r i a l  o c c u r s  i n  t h e  r e a c t o r  b u i l d i n g .  

aThe  c e l l - v e n t i l a t i o n  system i s  a l s o  r e f e r r e d  t o  as t h e  b u i l d i n g -  
vent  i l a  t i o n  system. 



7-6  

I 
.O.G. 

CATCH TANK 
I 

24.1 16mGRILL 2 9 0 0  C.FY. ADDITIONAL CONTAINMENT 

I 
[AUTO. y&k - 18'. 18'GRlLL I600 C FM NORMAL 6LDG EXHAUST 

l 6 r  DAMPER I 

AUTOMATIC CONTROLLED DAMPERS 

EXHAUST 

CHARCOAL FILTER 
FIRST STAQE W I N E  FILTER 

HIGH EFTlClENCY FILTER, 

"GAUGE( TYP) 3 1  
E N L A R G E D  P L A N  OF BLDG. 3098 

I 

/ I  
I 1 O R R  BLDG 3 0 4 2  I 

- -  

LEGEND - VESSEL OFF GAS - PRESSURIZED OFF GAS 

-N-tG- NORMAL OFF GAS 
2:- CELLVENT 

wc-IS 

BLDG. 3096 
ENLARGED 

4 5 0 0  AREA 

TO 1836 STACK AREA REFERENCE DRAWlhGS i NUMBER 

OAK I(lb6t H~TIOIIU hBOK'ATQlY 

UNl5N C A R B I D E  CORPORATION 
OPERATED BY 

OAK RIDGE TENNESSEE 
BLDG. B S R  SERVICES NO. 

Fig .  7.2.1. Gaseous Waste D i s p o s a l  System 
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D H N L  0WYG SI-5000 

- - C € l L  VFNTILATION 
FYOM 4500 BLDG AgFA 

F i g .  7.2.2. Flow Diagrams of Gaseous Waste D i s p o s a l  Systems 
i.n the Stack Area 
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7 . 2 ~ .  D e s c r i p t i o n  o f  t h e  Normal Off-Gas System'(NOG) 

I n  a d d i t i o n  t o  t h e  BSR, t h e  normal o f f - g a s  system s e r v i c e s  t h e  ORR, 

and v a r i o u s  l a b o r a t o r i e s  and h o t  c e l l s  i n  t h e  a r e a .  'The 3- in . -diam l i n e  

from the  BSR t i e s  i n t o  t h e  8 - in . -d i am s t a i n l e s s  s t e e l  underground d u c t  

from t h e  ORR (nea r  t h e  s o u t h e a s t  c o r n e r  of B u i l d i n g  3042).  The 8 - i n .  1.ine 

from t h e  OKR c o n n e c t s  i n t o  t h e  common o f f - g a s  system i n  t h e  3039 S t a c k  

area. The g a s  decon tamina t ion  equipment f o r  t h e  system c o n s i s t s  of a con- 

t i n u o u s l y  o p e r a t i n g ,  r e c i r c u l a t i n g  sc rubbe r  which uses 1% NaOH s o l u t i o n  

f o r  i o d i n e  removal and a p a r t i c l e - f i l t e r i n g  system c o n s i s t i - n g  of a rough- 

i n g  p r e f i l t e r ,  an a b s o l u t e  f i l t e r ,  and, downstream from t:he s c r u b b e r ,  a 

washable  s t a i n l e s s  s t e e l  p a r t i c l e  f i l t e r .  

Normally, s u c t i o n  i s  s u p p l i e d  f o r  t h e  system by e l e c t r i c a l l y  d r i v e n ,  

p o s i t i v e - d i s p l a c e m e n t  blowers .  I n  t h e  e v e n t  o f  an e l e c t r i c a l  power ou tage  

o r  ma1.Eunction of  t h e  e l e c t r i c a l l y  o p e r a t e d  blowers ,  a n  a u x i l i a r y  s team-  

t u r b i n e  powered blower i s  s t a r t e d  a u t o m a t i c a l l y  t o  p rov ide  c o n t i n u i t y  oE 

o p e r a t i o n .  

I n s t r u m e n t a t i o n  f o r  t h e  system i s  l o c a t e d  i n  t h e  B u i l d i n g  3105 con- 

t r o l  room and i n c l u d e s  mon i to r s  of  t h e  blower s t a t u s ,  f low, p r e s s u r e ,  

p r e s s u r e  drop a c r o s s  t h e  f i l t e r s  and s c r u b b e r ,  and the r a d i a t i o n  l e v e l  of 

t h e  e f f l u e n t  g a s .  The system i s  o p e r a t e d  and maintained by t h e  Labora to ry  

F a c i l i t i e s  Department of  t h e  O p e r a t i o n s  D i v i s i o n .  

A t  t h e  BSR, t h e  NOG s e r v i c e s  t h e  decay t a n k ,  t h e  d e m i n e r a l i z e r  u n i t s ,  

t h e  d e g a s s e r  t ank ,  and c e r t a i n  pool  p i p i n g .  A t  p r e s e n t ,  t h e r e  i s  no 

a n n u n c i a t i o n  o r  c o n t r o l  a c t i o n  i n  t h e  even t  of a l o s s  i n  t h e  n e g a t i v e  

p r e s s u r e .  The p r e s s u r e  i n d i c a t o r s  f o r  t h i s  o f f - g a s  system a r e :  (1) a 

gauge i n  t h e  c o n t r o l  room (norma1l.y showing t h e  n e g a t i v e  p r e s s u r e  t o  be 

minus 2 8  i n .  of H 2 0 )  and (2) a gauge mounted a t o p  a capped 3-in.-di.am 
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l i n e  l o c a t e d  a t  t h e  s o u t h e a s t  c o r n e r  of t h e  pool .  It should be noted 

that a l though t h e r e  i s  no c o n t r o l  a c t i o n  upon t h e  l o s s  o f  t h e  NOG a t  t h e  

BSR, t h e  NOG l i n e s  a t  t h e  BSR should never  be opened w i t h o u t  n o t i f y i n g  

p e r s o n n e l  a t  t h e  ORR, A l o s s  i n  NOG a t  t h e  BSR w i l l  a f f e c t  t h e  n e g a t i v e  

p r e s s u r e  a t  t h e  ORR; and t h e r e  a r e  au tomat ic ,  r e a c t o r  shutdown f e a t u r e s  

i n  t h e  ORR i n s t r u m e n t a t i o n .  

7.2d. D e s c r i p t i o n  of t h e  C e l l - V e n t i l a t i o n  System, (CV) 

During normal o p e r a t i o n ,  o u t s i d e  a i r  e n t e r s  t h e  BSR b u i l d i n g  v i a  

seven a i r - c o n d i t i o n i n g  u n i t s ,  t w o  g r a v i t y - o p e r a t e d  dampers, and normal. 

b u i l d i n g  i n - l e a k a g e *  A i r  i s  removed from t h e  b u i l d i n g  v i a  t h e  c e l l -  

v e n t i l a t i o n  system, roof  exhaus t  f a n s ,  and r e s t  room exhaus t  f a n s ,  

The c e l l - v e n t i l a t i o n  system c o n s i s t s  mainly of two d u c t s  connec t ing  

t h e  BSR b u i l d i n g  w i t h  a 24-in.-diam d u c t ,  a f i l t e r  systems,  f low r a d i a -  

t i o n  moni tor ing  channels ,  and t h e  s e r v i c e s  of t h e  s t a c k  a r e a  (see F i g u r e  

7 * 2 * 1 ) *  During normal o p e r a t i o n ,  t h e  f l o w - r a t e  th rough t h i s  sytem i s  

about 1600 cfm. The a i r  p r e s s u r e  w i t h i n  t h e  b u i l d i n g  i s  subsequent ly  

main ta ined  s l i g h t l y  below a tmospher ic  p r e s s u r e  (normally,  about  0 . 1  i n .  

H20 below). 

which is o p e r a t e d  by a s t a t i c  p r e s s u r e  r e g u l a t o r  l o c a t e d  i n  the west  

d u c t  ( immediately o u t s i d e  t h e  b u i l d i n g )  

T R e  Elow-rate i s  c o n t r o l l e d  by an  opposed b l a d e - t y p e  damper 

When containment  i s  e f f e c t e d ,  e i t h e r  manually o r  a u t o m a t i c a l l y ,  a 

v a l v e  i n  t h e  east  d u c t  opens and a l l o w s  t h e  f l o w - r a t e  t o  i n c r e a s e  t o  

4500 cfm. A t  t h i s  t i m e  a l l  a i r - c o n d i t i o n i n g  equipment and e x h a u s t  f a n s  

w i l l  be  d e - e n e r g i z e d .  I n  a d d i t i o n ,  t h e  l o u v e r s  f o r  tho. a i r - c o n d i t i o n i n g  

u n i t s  and exhaust  f a n s  w i l l  c l o s e  a l o n g  w i t h  t h e  g r a v i t y - o p e r a t e d  damp- 

e r s .  A s  a r e s u l t ,  a l l  t h e  a i r  e n t e r i n g  t h e  b u i l d i n g  w i l l  be t h a t  from 
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i n c i d e n t a l  in - leakage  only ,  and a l l  t h e  a i r  l e a v i n g  t h e  b u i l d i n g  w i l l  

be v i a  t h e  c e l l - v e n t i l a t i o n  system. 

Before be ing  d ischarged  t o  t h e  atmosphere through t h e  250-f t -h igh  

3039 Stack ,  t h e  a i r  exhausted from t h e  BSR i s  f i l t e r e d  t o  remove a i r b o r n e  

par t ic les  and r a d i o i o d i n e .  The f i l t e r  system c o n s i s t s  of t h r e e  p a r a l l e l  

f i l t e r  banks i n  which p a r t i c l e  and i o d i n e  f i l t e r s  a r e  a r ranged  i n  s e r i e s .  

The f i l t e r s  a r e  housed i n  s e a l e d  meta l  hous ings .  Each f i l t e r  bank con- 

s i s t s  of ( i n  t h e  d i r e c t i o n  of f low) a p r e f i l t e r ,  an  i o d i n e  f i l t e r ,  an  

a b s o l u t e  p a r t i c l e  f i l t e r ,  a second i o d i n e  f i l t e r ,  and a second a b s o l u t e  

p a r t i c l e  f i l t e r .  Fol lowing i s  a d e s c r i p t i o n  of each type  of f i l t e r :  

1. P r e f i l t e r s .  - These c o n s i s t  of two f i l t e r  e lements  each i n  

metal f rames whose o v e r a l l  dimensions are  24 x 24 x 14 i n .  deep. 

Each f i l t e r  element has  a c a p a c i t y  of 200 scfm w i t h  an  i n i t i a l  

p r e s s u r e  drop of 0.41 i n .  of H 0 and an  e f f i c i e n c y  of 90% (NBS 
2 

s p o t  t e s t )  when loaded w i t h  approximate ly  700 g of N R S  C o t t r e l l  

P r e c i p i t a t e  (no l i n t e r s ) .  The F i b e r g l a s  f i l t e r  media i s  h e l d  

between l a y e r s  of sc r im c l o t h  and i n s e r t e d  i n t o  a r i g i d  a s b e s t o s  

frame. The f i l t e r  e n c l o s u r e  i s  valvanized  s t ee l  w i t h  1 / 4 - i n .  

c losed-pore ,  s o f t  neoprene, d o v e t a i l  g a s k e t s  on both  f l a n g e  

f a c e s .  The f i l t e r  u n i t s  a r e  d e s i g n a t e d  a s  Mine S a f e t y  Appliance 

Company, Dus t foe  B-2000, o r  an  approved e q u a l .  

2.  F i r s t - S t a g e  I o d i n e  F i l t e r s .  - The i o d i n e  f i l t e r i n g  medi-urn i s  

f l e x i b l e ,  k n i t t e d  m e t a l l i c  mesh made of 32-gauge, s i l v e r - p l a t e d  

copper w i r e  f l a t t e n e d  t o  s i z e ,  18 x 2 m i l s .  The k n i t t e d  mesh 

forms a 2 - i n . - t h i c k  f i l t e r  which i s  supported by a r i g i d  frame 

2 f t  w i d e  by 4 f t  t a l l  c o n s t r u c t e d  of t y p e  347 s t a i n l e s s  s t ee l .  
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3 .  Absolu te  F i l t e r s .  - Each of t h e  two a b s o l u t e  p a r t i c l e  f i l t e r s  

c o n s i s t s  of two f i l t e r  u n i t s  which measure 24 x 24 x 1 7  1 1 2  i n .  

deep and have a c a p a c i t y  of  1000 cfm. These a b s o l u t e  f i l t e r s  

a r e  t h e  s t a n d a r d ,  p l e a t e d ,  F i b e r g l a s  t y p e  w i t h  aluminum s e p a r a -  

t o r s  ( a v a i l a b l e  from ORNL s t o r e s  under s t o c k  No. 07-644-0512). 

These f i l t e r s  remove 99,95% of p a r t i c l e s  0.3 microns i n  diame- 

t e r  o r  l a r g e r .  

4 .  Charcoal  Iod ine  F i l t e r s .  - Each assembly c o n s i s t s  of two u n i t s  

i n  p a r a l l e l  h a v i n g  dimensions of 24 x 24 x 11 112 i n .  and a n  

i n i t i a l  c a p a c i t y  of LOO0 cfm, w i t h  a p r e s s u r e  drop  of 1 - 0  i n .  

of H 2 0 .  

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

w i t h  i o d i n e  t o  c o n t a i n  a minimum of 50 mg of e l e m e n t a l  i o d i n e  

p e r  gram of c h a r c o a l  i n  a uniform bed t h i c k n e s s  of 1 i n .  +1/8 

i n .  -0. The c h a r c o a l  i s  thoroughly  compacted t o  prevent  f u r -  

t h e r  s e t t l i n g  d u r i n g  use .  The f i l t e r  f l a n g e s  a r e  seated i n  

t h e  s u p p o r t  f rames on 1 / 2 - i n e - t h i c k ,  c l o s e d - c e l l ,  s o f t  neoprene,  

d o v e t a i l  g a s k e t s .  F i l t e r s  c u r r e n t l y  i n  use a r e  Barnebey Chaney 

No. 7 2 7 .  

Each f i l t e r  e lement  i s  a p l e a t e d ,  p e r f o r a t e d  s t e e l  

The s u c t i o n  f a n s  f o r  t h e  BSR c e l l - v e n t i l a t i o n  system a r e  

t h e  same ones used f o r  o t h e r  L a b o r a t o r y  c e l l - v e n t i l a t i o n  systems 

and are l o c a t e d  i n  t h e  3039 S t a c k  a r e a  (see F i g u r e  7 .2 .2  i n  

which t h e  f a n s  are l a b e l e d  " e l e c t r i c  f a n  f o r  c e l l  v e n t i l a t i o n " ) .  

O p e r a t i o n  of t h e  f a n s  i s  t h e  r e s p o n s i b l i t y  of t h e  Labora tory  

F a c i l i t i e s  Department,  which i s  a l s o  i n  t h e  O p e r a t i o n s  Div is ion . .  
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Normally, the two e l e c t r i c a l l y  d r i v e n  blowers  a r e  i n  o p e r a t i o n - -  

one producing a f l o w - r a t e  of 60,000 cfm. A steam t u r b i n e  d r i v e s  

t h i s  emergency f a n  and t h e  t u r b i n e  i s  kept  h o t  by a s m a l l ,  con- 

t i n u o u s  flow of steam so t h a t  t h e  emergency system can  be i n  

f u l l  o p e r a t i o n  30 s e c  a f t e r  t h e  s i g n a l  t o  s t a r t .  The emergency 

system i s  s t a r t e d  a u t o m a t i c a l l y  when flow s t o p s  i n  t h e  d i s -  

charge d u c t  of e i t h e r  f a n  o r  when t h e  n e g a t i v e  p r e s s u r e  i n  t h e  

s u c t i o n  d u c t  of  t:he system i s  l o s t .  Two p a r a l l e l ,  steam supply 

l i n e s  a r e  provided f o r  t h e  emergency turb ine- -one  i s  opened by 

an au tomat ic  a i r - o p e r a t e d  v a l v e ,  t h e  o t h e r  by an au tomat ic  steam 

opera ted  v a l v e .  When t h e  steam f a n  i s  s t a r t e d ,  aut0mati.c damp- 

e r s  t h a t  c l o s e  when t h e  AP i s  i n  t h e  proper  d i r e c t i o n  i s o l a t e  

t h e  e l e c t r i c a l l y  powered f a n s ;  and o t h e r  au tomat ic  d a m p e r s  open 

t o  put  t h e  steam-powered f a n  on t h e  l i n e .  

7.2e. Requirements and F u n c t i o n a l  Checks 

S ince  t h i s  system extends  from t h e  BSR b u i l d i n g  (3010) t o  t h e  s t a c k  

a r e a  ( 3 0 3 9 ) ,  d i v i s i o n  of r e s p o n s i b i l i t y  i s  r e q u i r e d .  The Reactor Opera- 

t i o n s  Department h a s  t h e  r e s p o n s i b i l i t y  f o r  a l l  system components i n s i d e  

Bui ld ing  3010 and t o  t h e  e x i t  s i d e  of t h e  f i l t e r  p t t ;  t h e  Labora tory  

F a c i l i t i e s  Department assumes f u l l  r e s p o n s i b i l i t y  for  a l l  components 

from t h e  e x i t  s i d e  of  t h e  f i l t e r  p i t  t o  t h e  s t a c k .  Each department  w i l l  

m a i n t a i n  an o p e r a t i n g  procedure,  t e s t  procedure,  maintenance schedule ,  

and s p a r e - p a r t s  i n v e n t o r y  f o r  t h e i r  r e s p e c t i v e  areas of r e s p o n s i b l i t y .  
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Routine t e s t i n g  and checkout of t he  system, both on a component 

b a s i s  and as a u n i t ,  are made on a schedule  compatible wi th  the  opera t ion  

of  t he  BSR. Reactor Operations engineers  are r e spons ib l e  f o r  a s su r ing  

t h a t  a l l  c r i t e r i a  r e l a t i v e  t o  system r e l i a b i l i t y  have been m e t  p r i o r  t o  

ope ra t ion  of t he  r e a c t o r  

On a d a i l y  b a s i s ,  t h e  f i l t e r  house (Building 3098) i s  r o u t i n e l y  

checked, and the  pressure  d i f f e r e n t i a l s  ac ross  the  f i l t e r  banks are 

recorded on a d a t a  s h e e t  a t  t he  i n d i c a t o r s  ( see  F igure  7 . 2 , 3  f o r  t h e  

d a t a  shee t )  If the  f i l t e r s  are becoming plugged, i t  should be possfb le  

t o  r e l o c a t e  the  of fending  s e c t i o n  of the  bank by comparing the  readings 

obta ined  on previous s h i f t s .  I f  f i l t e r  banks a r e  t o  be switched, p lace  

the  new bank i n  s e r v i c e  before  removing the  u n r e l i a b l e  bank, then  record 

a l l  p e r t i n e n t  pressure  informat ion  as reques ted ,  

To ensure  f i l t e r  r e l i a b i l i t y ,  t he  u n i t s  are sub jec t ed  t o  removal 

e f f i c i e n c y  tests every s i x  months and must meet the  minimum Laboratory 

requirement of 99.95% f o r  p a r t i c l e s  l e s s  than 0 - 3  micron and 99.9% f o r  

iod ine  ( p a r t i c l e  f i l t e r s  and cha rcoa l  f i l t e r s ,  r e s p e c t i v e l y ) .  For the  

d i o c t y l  p h t h a l a t e  (DQP) tes t  of t h e  par t ic le  f i l t e r s ,  t he  f i l t e r  bank 

must be valved out  of  s e r v i c e .  For t h e  e lementa l  i od ine  t e s t  of t he  

cha rcoa l  f i l t e r s ,  t he  f i l t e r  bank being t e s t e d  must remain i n  s e r v i c e ,  

The r a d i a t i o n  monitors are a l s o  sub jec t ed  t o  a func t iona l  check 

both  by t h e  r e a c t o r  ope ra t ing  crew (on the  12-8 s h i f t )  and by Instrumen- 

t a t i o n  & Contro ls  Div is ion  personnel .  (Any abnormal i t ies  should be r e -  

por ted  t o  the Ins t rumen ta t ion  and Cont ro ls  Div is ion ,  3-6875.) 
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Fig. 7.2.3. B u i l d i n g  Ventilation Filters 
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7 , 2 f .  Removing the  C e l l - V e n t i l a t i o n  System from Serv ice  

I n  the  event  f i l t e r  banks are t o  be switched, s e rv i ced ,  o r  t e s t e d ,  

t h e  only  manipulat ion of va lv ing  r equ i r ed  is t o  c l o s e  the  i n l e t  and e x i t  

va lves  a t  t he  f i l t e r  (Bldg. 3098). R e i t e r a t i n g ,  t h e r e  must be a minimum 

of  one f i l t e r  bank i n  s e r v i c e  f o r  t he  BSR i f  t h e  r e a c t o r  i s  t o  be admin- 

i s t r a t i v e l y  permi t ted  t o  opera te .  

It should be noted t h a t  t h e  BSR c e l l - v e n t i l a t i o n  system and the  LITR 

c e l l - v e n t i l a t i o n  system are common a f t e r  the  underground j o i n t  e a s t  of 

Bldg. 3042 (see Figure  7 - 2  1). The automatical ly-Operated b u t t e r f l y -  

type va lve  i n  the  LITR l i n e  has been deac t iva t ed  and l e f t  i n  t h e  open 

p o s i t i o n .  Tests have been conducted which i n d i c a t e  t h a t  flaws a,t the  

LITR and BSR are acceptab le  i n  both  the  normal and containment cond i t ion .  

The LXTR was placed i n  a r e t i r e d  s t a t e  on October 10, 1968, b u t  t he  c e l l -  

v e n t i l a t i o n  system f o r  the  LITR w i l l  s t i l l  remain ac t ive  u n t i l  the  f u e l  

has been removed e For a d d i t i o n a l  information concerning the  c e l l -  

v e n t i l a t i o n  system, r e f e r  t o  S e c t i o n  10.1. 
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7.3.  S o l i d  Waste Disposa l  

7.3a.  I n t r o d u c t i o n  

S tandard  ORNL p r a c t i c e  i s  fol lowed i n  t h e  d i s p o s a l  of  s o l i d  waste. 

Nonradioac t ive ,  burnable ,  s o l i d  was te  i s  d isposed  of  by i n c i n e r a t i o n  i n  

a c e n t r a l  f a c i l i t y  provided by t h e  Labora tory .  Nonburnable, n o n r a d i o a c t i v e ,  

s o l i d  waste  i s  d isposed  of  i n  t h e  L a b o r a t o r y ' s  s a n i t a r y  l a n d - f i l l  area. 

Low-level r a d i o a c t i v e  waste is  p laced  i n  ye l low-pain ted  cans which 

have been l i n e d  w i t h  p l a s t i c  bags.  The f i l l e d  p l a s t i c  bags are t r a n s -  

f e r r e d  t o  s p e c i a l  ye l low-pain ted  1)umps ters r o u t i n e l y  by t h e  o p e r a t i n g  

crew. These Dumpsters are t r a n s f e r r e d  t o  t h e  b u r i a l  ground f o r  s p e c i a l  

d i s p o s a l  handl ing .  ( I t  should  b e  noted  t h a t  wastes producing r a d i a t i o n  

of  less t h a n  3 m r l h r  a t  the s u r f a c e  may be t e m p o r a r i l y  s t o r e d  a t  t h e  work 

s i t e  i n  yel low p a i n t e d  cans.)  

F o r  h i g h l y  r a d i o a c t i v e ,  s o l i d  w a s t e ,  special  h a n d l i n g  procedures  

a r e  p r a c t i c e d .  Sometimes i t  i s  n e c e s s a r y  t o  d isassemble  o r  c u t  up com- 

ponents under w a t e r  o r  i n  h o t  c e l l s ,  then  remove t h e  smaller  pieces i n  

l e a d  c a s k s  t o  t h e  b u r i a l  ground. I n  some e a s e s ,  t r u c k s  w i t h  s h i e l d e d  

cabs must be used.  

In t h e  c a s e  of  f i l t e r s  removed from t h e  o f f - g a s  systems,  s p e c i a l  

s h i e l d s  are provided.  The f i l t e r s  can  be drawn i n t o  t h e s e  s h i e l d s  which 

are t h e n  removed by t r u c k .  I n  a l l  c a s e s ,  r a d i o a c t i v e  mater ia l s  i n  t r a n s i t  

must c o n t a i n  a t a g  f i l l e d  o u t  by a h e a l t h  p h y s i c i s t  ( i n d i c a t i n g  r a d i a t i o n  

level and d e s t i n a t i o n )  ; f i n a l  d i s p o s a l  i s  accomplished by b u r i a l  u s i n g  

e x i s t i n g  ORNL equipment and f a c i l i t i e s .  
2 

F.N, Browder, R a d i o a c t i v e  Waste Management a t  ORNL, ORNL-2601 2 

( A p r i l  14, 1959).  
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7.3b. R e s p o n s i b i l i t i e s  

The s u p e r v i s o r  i n  charge should assume t h e  fol lowing r e s p o n s i b i l i t i e s  

concerning d i s p o s a l  of  s o l i d  r a d i o a c t i v e  waste: 

1. Ensure t h a t  ORNL sh ipp ing  requirements  w i l l  be m e t  concerning 

r a d i o a c t i v e  materials ( see  S e c t i o n  9 . 2 f )  e 

2 .  Ensure t h a t  each c o n t a i n e r  (Dumpster, carr ier ,  etc.) is  s u r -  

veyed, inspec ted ,  and tagged by Heal th  Physics  personnel  before  

i t  is  picked up. 

3 .  When handl ing nonrout ine,  s o l i d ,  r a d i o a c t i v e  wastes  ( those  

r e s u l t i n g  i n  r a d i a t i o n  levels,  at: t he  e x t e r i o r  s u r f a c e s  of t h e  

yellow cans, o f  200 mr/hr o r  g r e a t e r  and of 400 mr/hr  o r  g r e a t e r  

a t  t h e  e x t e r i o r  s u r f a c e  o f  t h e  yellow Dumps te r s ) ,  materials 

must meet r ad ia t ion -zone  requirements  dur ing  s t o r a g e ;  and, when 

shipped, form UCN-2822 (Example 7 .3 .10)  must be f i l l e d  o u t ,  
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Example 7.3.1. Bur ia l  Author iza t ion  f o r  Radioactive-Contaminated 
Solid Waste (UCN-2822) 

RAQIOAC1I"IVE-CONTAMlNATED SOLID WASTE 

T H E  F O L L O W I N G  M A T E R I A l . 5  A R C  TO B E  B U R I E D  

--I-- _______ ~- 
O R I G I N  B L D G  SEC r1vt.i O F  B L D G  P R  I N C I 0 LE R A D l O  A C i G m P F 5  P RE S E N  T 

- 
P R O T E C T I V E  C L O T H I N G  REQUIRED FOR B O T H  T R A N S P O R ~ A T I O N  AND B U R I A L  ( B E  SPECIFICI 

PRECAUTIONS: H E A L T H  P H Y S I C I S T  M U S T .  n ACCOMPANY SHIPMENT TRANSFER 0 BE PRESENT A T  B U R I A L  
- - ~ ~~ ~~ ~- 

a OTHER 
p - ~  _______ - ~ 

......... ~~~ ___ ~~ ........ ~~ ~~ 
........ . ........... ~ ~ -~ 
B U R I A L  I N S T R U C T I O N S  (See HPPa32 ,  Responsibilities, 1 . 0  Ares SupPrvision) 

-________ ~- -~ -~ ~ 

TELEPHONE B U R I A L  GROUND FOREMAN PRIOR TQ M A T E R I A L  T R A N 5 F F ( E X T E N S I O N  6356 OR 6046) 
IN= ~ JBPDGENUM~ER RUILDING 1 

R E Q U E S T E R ' S  A U T H O R I Z A T I O N  1 
F O R  DISPOSING M A T E R I A L S  I O A T E  

I D I V I S I O N  

I 

I- 
I D E P A R T M E N T  

. .... 
A C C O U N T  C H A R G E  

I I 
HEALTH PHYSICS: COMPLETED AT POINT OF ORIGIN OF SOLID WASTE AND BEFORE TRANSFER OF MATERIAL TO BURIAL GROUND 

- ~ ~~ .~ ___p- __ ~ 

UNUSUAL HAZARDS - 
D CAUTION: U O  NOT TEAR OR DAMAGE PACKAGING! 0 CAUTfQN.  FACE MASKS MUST BE USED DURING DUMPING OPERATIONS! 

~ -~ -~ _ _ _ ~ ~  ~ _ _ ~  

0 OTHER 

~ ~ ~ _ _ _ _ _ _ _ _ _  - 
R A D  I A T  I O N L E  7 6  b 

B E T A  -GAMMA-SHI E L D  ED, mrem @ Inches; UNSHIELDED,  rnrem @ inches 

- -~ ~ 

- __ - ~~ __ ~ ~ - ~ _ _ _ _  
d/minute Alpha SUR F A C E  CONTA Ml N A T  I ON- d/minute BO 

~- ~- ~ 

P R E C A U T I O N A R Y  M E A S U R E S  T O  BE O B S E R V E D  

..- MATERIAL TRANSFER TO BURIAL 

BURIAL GROUND: COMPLETED BEFORE RETURNING COPY TO ORIGINATOR 
0 S E E  BELOW 

~ 

A L L  lNSTKUCTlONS N O T E D  WERE CARRIED O U l :  L-1 YES u NO 
~~~ _ _ _ _ ~ _ _ ~ _ _  ~ ~~~ ~ - ~~ 

U N U S U A L  O C C U R R E N C E S  O B S E R V E D  

~ A D G E  NUMBER / D A T E  ~ 7""' 
I 

- 
B U R I A L  GROUND SUPERVISOR'S N A M E  

~ ~ - -~ -~ ~ Lp_ R E C E I P T  OF M A T E R I A L S  
- 

D\STRIBUTION: Origina I - E u r i o i  Ground Foreman 
U C N  2 8 2 2  1 s t  Copy -  Returns Completed t o  O r i g i n a t o r  

1123 3 641 2ndCopy Reta ined  by Originator __ 
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8. UTILITIES  

8.1. P o t a b l e  Water 

.... ..... 

8 l a .  R e f e r e n c e s  

1. E-46902,  Schematic of ORNL P o t a b l e  and P r o c e s s  Water Distr i -  

b u t i o n  system 

2 .  P 20310 EC 018 D Rev. 3 ,  O u t s i d e  Steam, A i r ,  P r o c e s s  Water and 

S p r i n k l e r  Lines  - P l a n s  

3 .  P 20310 EC 019 D Rev. 1, O u t s i d e  Steam, A i r ,  P r o c e s s  Water and 

S p r i n k l e r  L i n e s  - P r o f i l e s ,  S e c t i o n s ,  and Detai ls  

8. l b  I I n t r o d u c t i o n  

The BSR p o t a b l e  water supply  i s  o b t a i n e d  through e i t h e r  of two 24- 

in . -diam water mains. The normal water main i s  fed from t h e  ORNL ( p o t a -  

b l e )  water r e s e r v o i r  l o c a t e d  j u s t  n o r t h  of t h e  Labora tory  area a t  an  

e l e v a t i o n  of 1000 f t .  The a l t e r n a t e  water main i s  fed  from a 3 - m i l l i o n -  

g a l  ( p o t a b l e )  water r e s e r v o i r  l o c a t e d  on Haw Ridge a t  a n  e l e v a t i o n  o f  

1035 f t .  Both mains a r e  connected i n  such a manner t h a t  water 4s sup-  

p l i e d  from e i t h e r  o r  b o t h  s o u r c e s  on demand. 

The p o t a b l e  water supply  a t  t h e  BSR i s  used t o  s e r v i c e  d r i n k i n g  

f o u n t a i n s ,  t h e  f i r e  s p r i n k l e r  system, rest  room plumbing, and t h e  emer- 

gency showers.  

8.Lc. D e s c r i p t i o n  

(F igure  8.2.1 i s  a schematic  diagram of t h e  system.) 

One of  t h e  main potab le-water  h e a d e r s  s e r v i c i n g  t h e  r e a c t o r  area i s  

l o c a t e d  on t h e  west  s i d e  of t h e  BSR b u i l d i n g .  From t h i s  h e a d e r ,  f o u r  

l i n e s  e n t e r  t h e  b u i l d i n g ;  two l i n e s  s e r v i c e  t h e  f i r e  s p r i n k l e r  system 

( c o n t r o l  v a l v e s  l a b e l e d  w i t h  a n  E), one s u p p l i e s  t h e  plumbing i n  t h e  

res t  rooms,and t h e  remain ing  l i n e  s u p p l i e s  misce l laneous  equipment.  
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8 . ld .  Operat ional  Procedures 

The superv isor  i n  charge of t he  BSR should be  n o t i f i e d  i f  any s e c t i o n  

of  the potab le  water  system is t o  be i s o l a t e d  f o r  maintenance purposes o r  

i s  t o  be r e tu rned  t o  s e r v i c e  fol lowing maintenance, a l t e r a t i o n s ,  or addi -  

t i o n s .  The supe rv i so r  w i l l  d i r e c t  ope ra t iona l  a c t i v i t i e s  i n  accordance 

with Laboratory procedures concerning the use and t e s t i n g  o f  potable  water  

and w i l l  work wi th  the  U t i l i t i e s  Department i n  a r ranging  for the manipula- 

t i o n  of valves  ou t s ide  the  conf ines  of t he  bui ld ing .  



8-3  

8.2.  P r o c e s s  Water 

8.2a.  References  

1. E-46902, Schematic of ORNL P o t a b l e  and P r o c e s s  Water D i s t r i -  

b u t i o n  System 

2 .  P 20310 EC 018 D Rev. 3 ,  O u t s i d e  Steam, A i r ,  P r o c e s s  Water and 

S p r i n k l e r  L i n e s  - P l a n s  

P 20310 EC 019 D Rev. 1, O u t s i d e  Steam, A i r ,  P r o c e s s  Water and 3 .  

S p r i n k l e r  L i n e s  - P r o f i l e s ,  S e c t i o n s ,  and D e t a i l s  

8.2b. I n t r o d u c t i o n  

The p r o c e s s  w a t e r  supply  a t  t h e  BSR i s  used t o  provide  emergency 

s h i e l d i n g  f o r  t h e  r e a c t o r  pool ,  t o  provide  s e r v i c e  t o  a i r - c o n d i t i o n i n g  

u n i t s ,  t o  supply  makeup water f o r  t h e  tower b a s i n ,  and t o  r e g e n e r a t e  t h e  

d e m i n e r a l i z e r  u n i t s  l o c a t e d  i n  t h e  hea t -exchanger  b u i l d i n g .  P r o c e s s  

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

n o r t h e a s t  c o r n e r  of t h e  r e a c t o r  bay and t o  two s i n k s .  (This i s  n o t  a 

s t a n d a r d  p r a c t i c e ;  hence,  water  from t h e s e  s o u r c e s  should n o t  be used 

f o r  d r i n k i n g  purposes . )  See F i g u r e  8 . 2 . 1  f o r  d e t a i l s  of t h e  f low schemes. 

8 . 2 ~ .  D e s c r i p t i o n  

The main header  (6 i n .  i n  d iam)  i s  1oc.ated on t h e  w e s t  s i d e  of t h e  

ESR b u i l d i n g .  From t h i s  header ,  a l i n e  e n t e r s  t h e  underground v a u l t  

( through v a l v e  125 l o c a t e d  on t h e  h i l l s i d e  wes t  of t h e  b u i l d i n g ) .  The 

p i p i n g  i n  t h e  v a u l t  i n c l u d e s  a hand-operated v a l v e  and a motorized v a l v e  

i n  s e r i e s  i n  an  8-in.-diam p i p e .  These v a l v e s  have no f u n c t i o n  s i n c e  t h e  

p i p i n g  downstream from t h e  v a l v e s  i s  no longer  i n  u s e ;  and they ,  conse-  

q u e n t l y  remain c l o s e d .  P r e c e d i n g  t h e  hand-operated v a l v e  ( i n  t h e  8 - i n .  - 

d i a m  l i n e ) ,  a 6- in . -diam lS.ne branches  t o  t h e  pool ;  t h i s  i s  t h e  source  

of  t h e  p r o c e s s  water f o r  emergency s h i e l d i n g .  
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A 6-in.-diam branch header ,  loca ted  no r th  of  t h e  r e a c t o r  f a c i l i t y ,  

supp l i e s  process  water t o  t h e  coo l ing  tower b a s i n  and t o  t h e  heat-exchanger 

b u i l d i n g ,  

It should be  noted t h a t  process  water l i n e s  are s t i l l  connected t o  

such obsole te  i t e m s  as the  hea t  exchanger loca ted  on t h e  w e s t  s i d e  of t he  

r e a c t o r  bu i ld ing .  However, t h e  p r o b a b i l i t y  that: t hese  i t e m s  w i l l  be used  

i s  q u i t e  low; and, should they  be  used, s p e c i a l  procedures  w i l l  be 

r equ i r ed  

8,2d. Opera t iona l  Procedures 

Opera t iona l  procedures f o r  those  p a r t s  of t he  process  water system 

used f o r  f i l l i n g  and d r a i n i n g  t h e  tower, r egene ra t ion  of  t h e  deminera l izer ,  

and emergency s h i e l d i n g  f o r  t h e  pool  are presented  i n  d e t a i l  elsewhere i n  

t h i s  procedure.  I f  any s e c t i o n  of t h e  system is t o  be i s o l a t e d  f o r  main- 

tenance purposes ,  i t  should be brought  t o  t h e  a t t e n t i o n  of t he  super- 

v i s o r  i n  charge of t h e  BSR who w i l l  provide d e t a i l e d  i n s t r u c t i o n s  i n  

compliance w i t h  Laboratory procedures  and r u l e s .  
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8.3. Demineralized Water 

8 . 3  a ,  R e  f e r  enc es 

1. Opera t ing  Manual f o r  t h e  Low-In tens i ty  T e s t  Reac tor ,  S e c t i o n  

8 .2 .  ) Bui ld ing  3004 Deminera l izer .  

8.3b. I n t r o d u c t i o n  

Demineralized w a t e r  is added t o  t h e  BSR pool  r o u t i n e l y  t o  compensate 

f o r  l o s s e s  caused by e v a p o r a t i o n .  I n  t h e  e v e n t  o f  an emergency r e q u i r -  

i n g  t h e  a d d i t i o n  of  water t o  t h e  p o o l  f o r  s h i e l d i n g  purposes ,  deminera l -  

i z e d  water should  be used u n l e s s  t h e  s u p p l y  is  t o o  l i m i t e d  f o r  t h i s  pur -  

pose.  I f  t h e  supply  of  deminera l ized  w a t e r  i s  i n s u f f i c i e n t ,  p rocess  water 

should  be u s e d .  (See F i g u r e  8 . 2 . 1  fo r  d e t a i l s  o f  t h e  flow schemes.) 

8 . 3 ~ .  Descr ip t i o n  

The s o u r c e  o f  deminera l ized  water  is  t h e  deminera l ized  water p l a n t  

and s t o r a g e  t a n k  l o c a t e d  i n  B u i l d i n g  3004. A 3- in . -diam l i n e  from t h e  

supply  manifold,  l o c a t e d  on  t h e  west w a l l  o f  B u i l d i n g  3004, e n t e r s  t h e  

west w a l l  of t h e  BSR b u i l d i n g .  A t  t h e  l o c a t i o n  of  t h e  west p a r a p e t ,  two 

main v a l v e s  c o n t r o l  t h e  flow of deminera l ized  water t o  t h e  BSR pool  ( s e e  

Figure. 8 . 2 . 1  f o r  v a l v e  numbers). 

8 .3d .  O p e r a t i o n a l  Procedures  

The procedure f o r  adding deminera l ized  water  t o  t h e  pool  ( r o u t i n e  

a d d i t i o n )  i s  d e t a i l e d  i n  S e c t i o n  6 . l h  of  t h i s  procedure,  w i t h  emergency 

procedures  covered i n  S e c t i o n  10.3b. Otherwise,  it i s  impor tan t  t h a t  t h e  

o p e r a t i n g  crew should  remain aware of t h e  s t a t u s  of  t h e  deminera l ized  

w a t e r  ( q u a l i t y  and l e v e l  i n  t h e  s t o r a g e  tank)  and t h e  emergency proce-  

dure  c o v e r i n g  a l o s s  of  water ( s h i e l d i n g )  from t h e  r e a c t o r  p o o l .  
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8.4.  Compressed A i r  

8.4 a. R e  f erenc es 

1. 

2. 

3 .  

4 .  

5. 

6 .  

7 .  

P 20310 EC 024 D Rev. 1, Steam, A i r  and Condensing Water-Plan 

and Sec t ions  . 
P 20310 EC 025 D Rev. 1, Steam, A i r  and Condensing Water-Plan 

and Sec t ions ,  Sheet  2 .  

P 20310 EC 031 I) Rev. 2, Heat Exchanger Piping Plan. 

P 20310 EC 033 D Rev. 2 ,  Heat Exchanger Piping Sec t ions  

P 20310 EC 020 11 Rev. 2 ,  Underground Reactor  Water, A i r ,  Off-Gas 

Plan.  

H 20310 EG 008 D, Pneumatic Cont ro l  System Piping Sheet N o .  1 

RCl5-1-3 Rev. 5,  Instrument  Flow Diagram 

8.4b. In t roduc t ion  

Compressed a i r  a t  t he  BSR i s  used p r imar i ly  f o r  pneumatic instrumen- 

t a t i o n  such as recorders ,  a i r -ope ra t ed  va lves ,  a i r - o p e r a t e d  louvers ,  and 

a i r - o p e r a t e d  p i s tons  on the deminera l izer  u n i t s .  (See F igure  8.4.1 f o r  

the d i s t r i b u t i o n  of the a i r  s e r v i c e s  a t  t he  BSR complex.) 

8 . 4 ~ .  Descr ip t ion  

Two I-%n.-diani a i r  1.ines e n t e r  the  west s i d e  of  t he  BSR bu i ld ing  v i a  

the  v a u l t .  One I- in . -diam l i n e  i s  routed  t o  the w e s t  s i d e  of the  pool 

a r e a ;  from t h i s  l i n e ,  1 / 2 - i n . -  and 1 /4 . . i n .  -diam t r i b u t a r y  1.i-nes supply 

a i r - cond i t ion ing  louvers and the pneumatic c o n t r o l s  f o r  the  spectrometer  

c rane  ( t h i s  instrument is obso le t e ;  see Sec t ion  11.5, Auxi l ia ry  Equip- 

ment). These l i n e s  cont inue  t o  the  e a s t  s i d e  of  the  bu i ld ing  and s u p p l y  

the c e l l - v e n t i l a t i o n  louvers .  Another branch from t h i s  1- in .  l i n e  supp l i e s  

the  experiment annex loca ted  on the  south  s i d e  of the BSR bu i ld ing .  
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The second 1-in.-diam l i n e  ( a l s o  from the  v a u l t )  is loca ted  on the  

south  and east  s i d e s  of t he  BSR bu i ld ing ;  a t  present ,  t h e r e  is  no major 

u s e  of t h i s  a i r - supp ly  l i n e .  

A 3-in.-diam header  i s  loca ted  on t h e  south  s i d e  of the  BSR bu i ld ing .  

From t h i s  main supply l i n e ,  a 1-in.-diam l i n e  i s  routed  t o  t h e  ORR pump 

house. It i s  from t h i s  1-in.-diam l i n e  t h a t  a branch l i n e  is taken t o  

supply a i r  f o r  t he  pneumatic ins t rumenta t ion  and a i r -ope ra t ed  equipment 

a t  t he  BSR c o n t r o l  room, decay tank, and pump house. 

8.4d. Opera t iona l  Procedures 

1. Valving ope ra t ions  r e l a t e d  t o  s p e c i f i c  p a r t s  of the  r e a c t o r  

complex o r  t o  the  va r ious  experiments w i l l  be o u t l i n e d  i n  o t h e r  

s e c t  ions of t h i s  manual. 

2 .  When p a r t  or  a l l  of  t he  system is t o  be removed from s e r v i c e ,  

t h e  supe rv i s ion  i n  charge of t he  BSR w i l l  n o t i f y  personnel  as 

requi red  and provide d e t a i l e d  i n s t r u c t i o n s .  A i r  l i n e s  which 

supply pneumatic ins t rumenta t ion  r e q u i r e  spec ia l  a t t e n t i o n  

and should not  be removed from s e r v i c e  without  approval  of  the  

BSR supe rv i so r .  
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8.5. S t e a m  

8.5a. References 

1. P 20310 EC 018 D Rev. 3 ,  Outside Steam, A i r ,  Process  Water, and 

S p r i n k l e r  Lines .  

2. P 20310 EC 024 D Rev. 1, Steam, A i r ,  and Condensing Water P lan  

and Sec t  ions .  

3 .  P 20310 EC 034 D, Heat Exchanger Bui lding,  Hot and Process Drains 

and Heating P ip ing  Plan, Sec t ions ,  and Details.  

8.5b, In t roduc t ion  

Steam a t  t h e  BSR i s  used f o r  t h r e e  purposes:  A s  a source  of  b u i l d i n g  

hea t  (hea te r s  loca ted  throughout t he  b u i l d i n g  and a t  t h e  pump house),  t o  

prevent  f r eez ing  of water  i n  p ip ing  a t  t h e  coo l ing  towers, and t o  j e t  

water  from t h e  sump i n  t h e  v a u l t  (Bui lding 3009). The steam is a t  a 

p re s su re  of 125 p s i g  and is supp l i ed  by the  ORNL steam p l a n t .  (See 

F igure  8.5.,1 f o r  d e t a i l s  of  t h e  flow schepe.)  

8 a 5c. Desc r ip t ion  

One of  t h e  steam-supply l i n e s  i s  routed  t o  the v a u l t  (Bui lding 3009) 

. I  befo re  e n t e r i n g  t h e  r e a c t o r  b u i l d i n g ;  t h i s  l i n e  s e r v i c e s  t h e  air-r 

cond i t ion ing  h e a t e r  u n i t s .  

A second steam-supply l i n e  i s  loca ted  no r th  of t he  coo l ing  tower. 

From t h i s  main l i n e ,  a branch is routed  t o  t h e  BSR coo l ing  tower and t h e  

pump house. 

8.5d. Opera t iona l  Procedures 

Normally, t h e  only  o p e r a t i o n a l  requirements  a s s o c i a t e d  w i t h  t h e  steam 

supply is  t o  be s u r e  t h a t  t h e r e  are no f r eez ing  problems dur ing  the  win te r .  

T o  avoid f r eez ing  a t  t he  secondary-water r i s e r s  t o  t h e  tower, va lves  
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HCV-202, HCV-203, HCV-204, and HCV-205 should be opened when the ou t s ide  

temperature drops t o  f r eez ing .  Unless the re  a r e  abnormal hea t ing  t rends  

dur ing  the  day, t hese  va lves  a r e  norma1l.y l e f t  open dur ing  the  win ter  

months. Valve HCV-201, the  main-supply- l ine va lve  t o  t h e  tower, remains 

open. 

Although used in f r equen t ly ,  t he  automatic steam je t  i n  the  v a u l t  

should be checked r o u t i n e l y .  (This check c o n s i s t s  mainly of observing 

t h a t  the water l e v e l  i n  the sump is  below the  f l o o r  l e v e l  and t h a t  the 

f l o a t  -operated va lve  has no obs t ruc t ions  .) 

The steam s u p p l y  va lves  t o  the  h e a t e r  loca ted  i n  the  pump house remain 

open. 

I n  t he  event  c e r t a i n  s e c t i o n s  of t h e  steam supply l i n e s  are  t o  be 

i s o l a t e d  f o r  maintenance purposes,  r e f e r  t o  the  schematic diagrams t o  s e e  

which a reas  a r e  a f f e c t e d  before  c l o s i n g  valves  and be s u r e  t h i s  a c t i o n  has 

been approved by the  supe rv i so r  i n  charge of the  BSR. 
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8.6. E l e c t r i c a l  S y s t e m  

8.6a.  References 

1. RC15-1-15, Power D i s t r i b u t i o n  S ing le  Line Diagram, Rev. 4 .  

2. RC15-1-218 D Rev. 5,  E l e c t r i c a l  Schematic Pumps Tower Fans, 

Etc. ,  Sheet  1. 

8.6b. Normal E l e c t r i c a l  Power 

During normal ope ra t ion ,  the  BSR i s  suppl ied  wi th  e l e c t r i c a l  power 

from s u b s t a t i o n  3000. (The Tennessee Val ley Authori ty  supp l i e s  161- kv, 

3-phase,  60-cycle power t o  p r imary  s u b s t a t i o n  0901 where the  vo l t age  i s  

s tepped down t o  13.8 kv; t h i s  is  s u b s t a t i o n  3000's supply.)  The output  

of s u b s t a t i o n  3000 i s  2.4  kw with  a capac i ty  of 10,000 kva. 

The power d i s t r i b u t i b n  from s u l + s t a t i o n  3000 t o  the  BSR complex i s  

v i a  t h r e e  main t ransformers  which decrease the  vo l t age  from 2400 v t o  

480 v and 120 v.  Two of t hese  t ransformers  a r e  f o r  "c lean  power'' d i s -  

t r i b u t i o n  panels  i n  the BSR and ETA c o n t r o l  rooms. (Clean power, as used 

here ,  r e f e r s  t o  power supp l i e s  which should be l e f t  a v a i l a b l e  f o r  s e n s i -  

t i v e  e l e c t r o n i c  equipment; t hese  s u p p l i e s  a r e  not  io be used f o r  e l e c t r i c  

motors, e t c . ,  which may cause vo l t age  d is turbances  i n  the  l i n e s . )  

One 2400/480/277 v o l t s ,  3-phase t r a n s  former supp l i e s  power t o  the  

remainder of t he  r e a c t o r  complex, Bui lding N o .  3680, and the  S o l i d  S t a t e  

annex. From t h i s  source,  e l e c t r i c a l  power i s  supp l i ed  t o  the  r e a c t o r  con- 

t r o l  c i r c u i t s .  (For d e t a i l s  of the e l e c t r i c a l  plan,  s e e  Figure 8.6.1.) 

8 . 6 ~ .  Emergency E l e c t r i c a l  Power 

Although the  co re ,  a f t e r  2-Mw ope ra t ion ,  r equ i r e s  no forced coo l ing  

arid presents  n e g l i g i b l e  xenon bui ld-up problems, emergency e l e c t r i c a l  

power i s  suppl ied  t o  c e r t a i n  i t e m s  by a d i e s e l - d r i v e n  genera tor  i n  the  
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event  t h e r e  i s  an i n t e r r u p t i o n  i n  t h e  e l e c t r i c a l  power suppl ied  by the  

TVA. 1.f t he  vo l t age  drops below 70% of normal f o r  2 sec ,  an automatic 

t r a n s f e r  switch w i l l  t r a n s f e r  t h e  load t o  the  emergency genera tor  

( loca t ed  i n  Bldg, 3 0 4 2 ) ;  and, a f t e r  approximately 7 t o  10 sec ,  t he  load 

w i l l  be assumed by the  genera tor .  (For f u r t h e r  d e t a i l s  on t h i s  s u b j e c t ,  

r e f e r  t o  Sec t ion  10.2.) 

It should be noted t h a t  t h e r e  are enough r e a c t o r  components on the  

emergency power system t o  al low ope ra t ion  of t he  r e a c t o r  i n  Mode 1 

(no forced coo l ing  r equ i r ed ;  maximum power l e v e l  of 1 Mw); however, t h i s  

i s  a d m i n i s t r a t i v e l y  p roh ib i t ed .  
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8 . 7 .  Communication Systems 

8.7a.  References 

1. E 10282 D 005 D Rev. 1, F a c i l i t y  Radia t ion  and Contamination 

A l a r m  System, Sheet 1. 

2. E 10282 D 006, F a c i l i t y  Contamination and Radia t ion  A l a r m  

System, Sheet  2 .  

3 .  RC 15-10-30, Intercom Elementary Diagram. 

8.7b. In t roduc t ion  

Serving the  BSR complex, t he re  are nine alarm and communication 

systems. These are: 

1. 

2 .  

3 .  

4 .  

5. 

6 .  

7 .  

8 .  

9. 

The Laboratory-wide publ ic  -address sys t em.  

The r eac to r -a rea  publ ic-address  system. 

The BSR publ ic-address  system. 

The d i a l  (Bell. System) phones. 

The sound-powered phones. 

The intercom system. 

The evacuat ion alarms. 

The a r e a  f i r e -a l a rm syscem. 

The c losed -c i r c u i t  te l e v i s  ion-moni t o r  ing  s y s  tern. 

8 . 7 ~  Descr ip t ion  

1. The Laboratory-Wide Public-Address System, - Both l o c a l  and 

Laboratory-wide i n s t r u c t i o n s  are given over t he  l o c a l  publ ic -  

address  sys  tern. Announcements over t h i s  s y s t e n  a r e  r e l a t i v e l y  

in f r equen t ,  The source of such announcements would normally 

be the  Laboratory S h i f t  Supervisor  a t  t he  ORNL Emergency Center  

( s e e  Sect ion  10 f o r  Emergency Procedures) ,  
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2. 

3 .  

4 .  

5.  

6 ,  

The Reac tor-Area Public-Address System, - Microphones f o r  t h i s  

system are loca ted  i n  two o f f i c e s  occupied by s e c r e t a r i e s  and 

i n  t h e  maintenance foreman's o f f i c e .  These o f f i c e s  are i n  the  

ORR bu i ld ing .  Incoming ca l l s  t o  personnel  v i a  t h e  d i a l  phones 

are rece ived  by the  secretaries,  and they use  the  publ ic-address  

system t o  summon personnel  t o  the  phone. The microphone i n  

t h e  maintenance foreman's o f f i c e  is used q u i t e  f r equen t ly  t o  

page craf tsmen i n  the  f i e l d .  This  system s e r v i c e s  t h e  BSR-QRR- 

LITR c omp l ex  

The BSR Public-Address System, - Microphones f o r  t h i s  sya tcm 

are loca ted  i n  the  BSR c o n t r o l  roomg the  PCA c o n t r o l  room, and 

t h e  ORR c o n t r o l  room. These are gene ra l ly  used f o r  announcing 

r e a c t o r  s t a r t u p  and shutdown information o r  paging ope ra t ing  

personnel  w i t h i n  the  BSR complex. 

The D i a l  ( B e l l  System) Telephones. - Standard te lephones are 

loca ted  i n  the  o f f i c e s  and control-room annex; these  are 

equipped wi th  a t h r e e - l i n e  r o t a r y  system on 3-6451, 2 ,  and 

3 and one communication l i n e  ( t h e  communication l i n e  serves  

the  ORR-LITR-BSR complex). 

The Sound-Powered Phones. - The sound-powered phone system con- 

s i s t s  of  2 two-conductor cab le s  ( c i r c u i t  & and c i r c u i t  

p lug - in  jacks ,  and head-se t  phones I The system is provided 

f o r  communication i n  h igh-noise  a reas  o r  i n  in f r equen t ly  used 

areas 

The Intercom System. - "Tele ta lk"  intercom sets a r e  1ocat.ed i n  

the  BSR c o n t r o l  room, the experiment room on the  w e s t  s i d e  o f  

t he  poo l ,  t h e  pump house, t he  ORR c o n t r o l  room, var ious  o f f i c e s  
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i n  the  ORR bui ld ing ,  and i n  t h e  LITR bu i ld ing .  The master  

c o n t r o l  s e t s  a r e  opera ted  by s e l e c t i n g  the p a r t i c u l a r  s t a t i o n s  

wi th  which communication is d e s i r e d  ( l e v e r  i n  t h e  up pos i t i on )  

then  depress ing  the  " t a l k - l i s t e n "  l e v e r  whi le  t a l k i n g  and 

r e l e a s i n g  t h e  l e v e r  whi le  l i s t e n i n g .  The a u x i l i a r y  sets  (as  

i n  t h e  pump house) have only two but tons  a top  a s m a l l  speaker  

box; the  but tons  a r e  used t o  summon the  master c o n t r o l  se t s ,  

A second, l e s s  e l a b o r a t e  intercom system connects  t h e  pool 

area and the  u p s t a i r s  o f f i c e  occupied by ope ra t ing  personnel .  

This system is used p r i m a r i l y  t o  summon ope ra t ing  personnel  

i f  the control-room annex is  temporar i ly  unoccupied. 

7 .  The Evacuation Alarms. - The b u i l d i n g  evacuat ion  alarnis may 

be i n i t i a t e d  manually from the  BSR o r  the ORR c o n t r o l  room. 

It may be i n i t i a t e d  au tomat i ca l ly  by the  f a c i l i t y  r a d i a t i o n  

and contaminat ion alarm system. These a r e  cont inuous b l a s t s  

from air-operaEed horns For a Laboratory-wide evacuat ion ,  tlie 

s i g n a l  w i l l  be a 30-second warbl ing,  s i r e n - l i k e  w a i l  over  t he  

Laboratory-wide publ ic  -address  s y s t e m  followed by v e r b a l  

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

8 .  The Area F i r e  A l a r m  System. - The area f i r e - a l a r m  system has 

one box, No. 215, loca ted  west of t he  t r u c k  doors o u t s i d e  t h e  

bu i ld ing .  

a coded s i g n a l  is  t r ansmi t t ed  over  t he  ORNL f i r e - a l a r m  system 

i n d i c a t i n g  the  source  of t h e  alarm; coded alarms a r e  a l s o  given 

by r e p e a t e r  b e l l s  throughout t he  Laboratory.  A t  t h e  source  of 

t he  alarm, a f i r e -a l a rm horn a l s o  sounds. 

When ac tua ted  by a swi tch  i n  t h e  ESR s p r i n k l e r  system, 
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9.  With t h e  excep t ion  of r e a c t o r  s t a r t - u p s  and shutdowns, the  BSR 

is opera ted  remotely from t h e  ORR c o n t r o l  room. S ince  t h e  

remote console  w a s  designed t o  have only  a few instrument  r ead -  

o u t s ,  remote o p e r a t i o n  of  t h e  r e a c t o r  i s  made poss ib l e  by two 

c l o s e d - c i r c u i t  t e l e v i s i o n  cameras i n  t h e  BSR c o n t r o l  room and 

two monitors  i n  t h e  ORR c o n t r o l  room. For d e t a i l s  o f  t h i s  

system, r e f e r  t o  S e c t i o n  3.4. 

... .... 

... 
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8.8. L i q u i d  Ni t rogen  

P r i m a r i l y  f o r  t h e  convenience of t h e  exper imenters ,  a l i q u i d - n i t r o g e n  

supply  l i n e  i s  l o c a t e d  on t h e  w e s t  w a l l  of t h e  r e a c t o r  bay;  t h e  s o u r c e  

of t h e  n i t r o g e n  is  a supply  tank  l o c a t e d  o u t s i d e  t h e  BSR b u i l d i n g  ( n o r t h  

end) .  Normally, o n l y  t h e  exper imenters  use  t h e  l i q u i d  n i t r o g e n  ( f o r  t h e  

c r y o s t a t  on t h e  b r i d g e ) ;  consequent ly ,  no o p e r a t i o n a l  procedures  are 

a p p l i c a b l e .  
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9. SAFETY PROCEDURES 

9.1.  Genera l  S a f e t y  Requirements 

9. la.  References  

1. ORNL S a f e t y  Manual 

2 .  R a d i a t i o n  S a f e t y  and C o n t r o l  Manual 

9 . l b .  I n t r o d u c t i o n  

The r e f e r e n c e  m a t e r i a l  c i t e d  c o v e r s  t h e  s a f e t y  r e g u l a t i o n s  f o r  much 

of t h e  r o u t i n e  a c t i v i t i e s  engaged i n  a t  t h e  BSR. Some of  t h e  work per-  

formed a t  t h e  r e a c t o r  f a c i l i t y  i s  unique,  however; and s p e c i a l  emphasis 

must be p laced  on t h e  s a f e t y  a s p e c t s  of t h e s e  a c t i v i t i e s .  

9 . 1 ~ .  Requirements  f o r  Work Around t h e  Reac tor  P o o l  

1. The s u p e r v i s o r  i n  charge  of t h e  BSR o p e r a t i o n  must be informed 

when anyone (Reactor  O p e r a t i o n s  p e r s o n n e l ,  exper imenters ,  o r  

o t h e r s )  w i l l  b e  engaged i n  work over  o r  around t h e  r e a c t o r  pool .  

2 .  A l l  pocket  meters, badges,  e t c . ,  should be taped t o  t h e  i n d i v i d -  

u a l ' s  c l o t h i n g  t o  prevent  t h e i r  f a l l i n g  i n t o  t h e  pool.  

3 .  Walking a l o n g  t h e  t o p  of t h e  pool  parapet i s  p r o h i b i t e d .  

4.  I f  t h e  job i s  such t h a t  someone must l e a n  over  t h e  b r i d g e  o r  

s t a n d  on t h e  parapet ,  t h e  presence  of a second i n d i v i d u a l  i s  

r e q u i r e d .  I n  a d d i t i o n ,  two people  must be  p r e s e n t  when t h e  

f o l l o w i n g  work i s  performed: 

a. Hand l i n g  f u e l  elements o r  shim r o d s .  

b .  Handling exper iments .  

c .  Handl ing s p e c i a l  s a m p l e s  t h a t  have been i r r a d i a t e d .  
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5.  When removing m a t e r i a l s  from t h e  pool ,  t h e  presence of a h e a l t h  

p h y s i c i s t  may be d e s i r a b l e .  I n  a d d i t i o n ,  contaminat ion  and/or  

r a d i a t i o n  zones must be e s t a b l i s h e d  i f  such zones a r e  r e q u i r e d .  

(See S e c t i o n  9.2 f o r  s p e c i f i c  r e q u i r e m e n t s . )  

6 .  Transparent  m a t e r i a l s  (such as  Tygon hose)  should not  be used 

on equipment over  o r  i n  t h e  pool .  (Colored Tygon hose i s  a v a i l -  

a b l e . )  

7 .  Wrenches and o t h e r  smal l  t o o l s  should be secured t o  t h e  i n d i v i d -  

u a l  o r  working b r i d g e  v i a  a s t r i n g ,  c h a i n ,  o r  o t h e r  means. 

8.  I f  a bosun’s  c h a i r  i s  suspended from t h e  c r a n e  t o  a l l o w  someone 

t o  perform maintenance over  t h e  pool ,  t h e  c r a n e  o p e r a t o r  w i l l  

g i v e  f u l l  and undivided a t t e n t i o n  t o  t h e  o p e r a t i o n  of t h e  c r a n e  

d u r i n g  t h e  e n t i r e  t ime t h e  person  i s  i n  t h e  c h a i r .  An observer  

must a l s o  be p r e s e n t .  

9 . l d .  Requirements f o r  Handling Chemicals 

Rout ine work a t  t h e  r e a c t o r  f a c i l i t y  r e q u i r e s  t h e  use  o f  s e v e r a l  

p o t e n t i a l l y  hazardous chemicals  (such a s  HN03, H2S04, NaOH, and t h e  com- 

m e r c i a l  m i x t u r e s  used t o  t r ea t  t h e  c o o l i n g  tower b a s i n ) .  The f o l l o w i n g  

s a f e t y  p r e c a u t i o n s  should be observed when h a n d l i n g  t h e s e  m a t e r i a l s .  

1. A f a c e  s h i e l d ,  rubber  g loves ,  and a rubber  apron must be worn 

when t r a n s f e r r i n g  aci.d o r  c a u s t i c  and when checking t h e  s p e c i f i c  

g r a v i t y  o r  l e v e l  of  b a t t e r y  a c i d .  (See S e c t i o n  6 .2  f o r  h a z a r d s  

of chemicals  used i n  t r e a t i n g  t h e  c o o l i n g  w a t e r  f o r  t h e  second-  

a r y  systems .) 

2 .  Two men must be p r e s e n t  when f i l l i n g  a c i d  o r  c a u s t i c  s t o r a g e  

tanks.  
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9 , l e .  Securing Systems w i t h  Locks and Tags 

Components of c e r t a i n  systems are r equ i r ed  t o  remain i n  a p a r t i c u l a r  

mode of ope ra t ion  a t  t he  BSR complex. Inadver ten t  o r  i n c o r r e c t  opera-  

t i o n  o f  such components (valves  and e l e c t r i c a l  swi tches)  could have an 

adverse e f f e c t  on t h e  r e a c t o r  and subsequent ly  present  a poss ib l e  r a d i a -  

t i o n  hazard t o  personnel  i n  the  BSR area, Locks and t ags  are used t o  

ensure  t h a t  i nadve r t en t  and unauthorized manipulat ions are not  made. 

Personnel  of t h e  Reactor  Operations Department keep the  var ious  s y s  terns 

under s u r v e i l l a n c e  and assure t h a t  appropr i a t e  c o n t r o l  i s  maintained by 

secu r ing  the  systems by one of t he  fol lowing methods: 

1. Locked va lves  and equipment. - Any member of Reactor  Operations 

Department supe rv i s ion  s h a l l  be r e spons ib l e  €or  secur ing  any 

system w i t h  a Best padlock (3-A series) i f  i t  i s  deemed s u f f i -  

c i e n t l y  iwportant  t h a t  misuse of t he  c o n t r o l s  w i l l  j eopard ize  

t h e  s a f e t y  of t h e  r e a c t o r .  I n  add i t ion ,  each locked va lve  w i l l  

be  tagged wi th  a "DO Not Operate" t a g  bear ing  a s ta tement  of  

t h e  reason f o r  locking t h e  valve,  t he  da t e ,  and t h e  s i g n a t u r e  

of t he  person who locked t h e  va lve  o r  equipment. Any member 

of t h i s  supe rv i s ion  s h a l l  have the  a u t h o r i t y  t o  unlock the  lock, 

provided: (a) he has t h e  approval  of  the  person who locked 

t h e  lock and s igned  the  t a g  and/or  (b) he has completed a 

thorough i n v e s t i g a t i o n  which i n d i c a t e s  t h a t  unlocking t h e  

lock and performing the  ope ra t ion  i n  ques t ion  is s a f e .  

2 .  Tagged va lves  and equipment. - Any member of  Reactor Operations 

Department supe rv i s ion  s h a l l  be r e spons ib l e  f o r  a f f i x i n g  a 

s igned  and da ted  "DO Not Operate" t a g  t o  a component of a 
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sys tem when, i n  h i s  judgment, t h i s  is  necessary  t o  p r o t e c t  

equipment. Such a c t i o n  would g e n e r a l l y  be t a k e n  when t h e  normal 

s t a t u s  of  a system has been t e m p o r a r i l y  

a s p e c i f i c  purpose.  Any member of t h i s  

t h e  a u t h o r i t y  t o  remove a t a g  provided:  

of t h e  person who a u t h o r i z e d  t h e  i n s t a l  

changed t o  accomplish 

s u p e r v i s i o n  s h a l l  have 

( a )  he has  t h e  approval  

a t i o n  of  t h e  t a g  and/or  

(b) he has  completed a thorough i n v e s t i g a t i o n  which i n d i c a t e s  

t h a t  t h e  t a g  is no longer  necessary .  

For a l i s t  o f  t h e  v a l v e s  i n  t h e  two c a t e g o r i e s  d e s c r i b e d  above, r e f e r  

t o  Table  9.1.1. 

Act ions which a l t e r  t h e  s t a t u s  of a system s h a l l  be recorded  i n  t h e  

BSR d a i l y  log  book. 

ORNL O f f i c i a l  B u l l e t i n  AR-194 (Revised) o u t l i n e s  t h e  procedure t o  

be fol lowed when a l t e r a t i o n s  t o  e l ec t r i ca l  c i r c u i t s  are r e q u i r e d .  A 

copy of t h i s  b u l l e t i n  is inc luded  as Example 9.1.1. 

Requirements Concerning t h e  Use of Mercury 

The u s e  of  mercury around t h e  r e a c t o r  complex should  be avoided 

9 .  I f .  

due t o  i t s  s e v e r e  c o r r o s i v e  a c t i o n  on aluminum. The u s e  of  mercury 

around t h e  pool. is d e f i n i t e l y  p r o h i b i t e d  i n  o r d e r  t o  avoid  t h e  most 

remote p o s s i b i l i t y  of c o n t a c t  w i t h  t h e  aluminurn c l a d d i n g  of  t h e  f u e l  

e lements  . 
Except ions t o  t h e  "mercury-prohibi ted" r u l e  have been p e r m i t t e d  

o n l y  under r e g u l a t e d  c o n d i t i o n s .  Requests f o r  d e v i a t i o n s  (made t o  t h e  

r e a c t o r  s u p e r v i s o r )  are reviewed by t h e  r e a c t o r  s u p e r v i s o r  and/or  members 

of t h e  T e c h n i c a l  A s s i s t a n c e  Department. I f  t h e  r e q u e s t  is  g r a n t e d ,  

a procedure f o r  h a n d l i n g  t h e  mercury i s  developed.  This  r u l e  i s  a l s o  

a p p l i c a b l e  t o  mercury-operated s w i t c h i n g  d e v i c e s  
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Table  9 . 1 . 1 .  Valves i n  t h e  BSR Area That  Should E i t h e r  be Tagged 
O r  Locked i n  T h e i r  Normal P o s i t i o n  

Tagged Locked Purpose of Valve Valve Normal P o s i t i o n  
N o .  Opened Closed 

6-1 X X Demineral ized water  makeup 
t o  pool  

C - 8  1 1 X P r o c e s s  water supply  t o  
t h e  l i q u i d  n i t r o g e n  
c r y o s t a t  f a c i l i t y  

6-14 X 

C-20 X 

c -22  X 

C-23 X 

HCV-82 X 

RCV - 106 X 

HCV-201 X 

H C V - 3 0 1  

HCV-302 

HCV- 3 11 

CHV-85 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

P r o c e s s  water supply t o  
v a l v e s  C - 8  and C-20 

P r o c e s s  water supply t o  
a i r - c o n d i t i o n i n g  u n i t  
i n  B u i l d i n g  3080 

P r o c e s s  water supply  t o  
l i q u i d  hel ium f a c i l i -  
t i e s  

P r o c e s s  water  supply  t o  
l i q u i d  hel ium f a c i l i -  
t i e s  

Secondary c o o l i n g  w a t e r  t o  
c o r r o s i o n  s a m p l e  h o l d e r  

Emergency p r o c e s s  water 
supply  t o  t h e  pool  

Steam t o  c o o l i n g  pump 
(secondary and a i r -  
c o n d i t i o n i n g  u n i t s  

Air supply  t o  B u i l d i n g  
3119 (BSR pump house) 

A i r  supply  t o  j e t  f o r  
t r a n s f e r r i n g  a c i d  t o  
r e g e n e r a n t  t a n k  

A i r  supply  t o  BSR c o n t r o l -  
room i n s t r u m e n t s  

E x i t  pr imary water Line 
v e n t  on t h e  r e a c t o r  
b r i d g e  

'Variable--depending on exper imenter  
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Tab le  9 .1 .1  ( con t inued)  

Valve Normal P o s i t i o n  
No. Opened Closed Tagged Locked Purpose of  Valve 

H C V - 7 1  X 

HCV-73 

HCV- 72 

H C V - 8 6  

HCV-50 

HCV-51 

HCV-52 

H C V - 5 3  

HCV-54 

HCV-55 

X 

X 

X 

X 

X 

HCV-75 

HCV - 95 X 

X 

X 

X 

Var i a g l e  X 

X X 

X 

Exit  pr imary water l i n e  
ven t  ( e a s t  pool  s i d e )  

Syphon b r e a k  ven t  on p r i -  
mary water system ( e a s t  
w a l l  bay a r e a )  

I n l e t  p r i m a r  y water t o  
pool  ( e a s t  walkway 
v a l v e  p i t )  

Vent on i n l e t  pr imary 
w a t e r  l i n e  ( o u t s i d e  
e a s t  of  c o n t r o l  room) 

Water t e s t  v a l v e  on l i n e  
t o  pr imary wa te r  pump 
(pump house )  

I n l e t  pr imary water t o  
pr imary water pump 
(pump house)  

I n l e t  pr imary flow t o  
bypass  f i l t e r  column 
(pump house)  

E x i t  pr imary flow from 
bypass  f i l t e r  column 
(pump house )  

E x i t  pr imary f low from 
h e a t  exchanger (pump 
h 011 s e )  

Water t e s t  v a l v e  on d i s -  
cha rge  s i d e  of h e a t  
exchanger 

High-po in t  v e n t  t o  'neat 
exchanger  f o r  pr imary 
f low 

Normal o f f - g a s  from de -  
g a s s e r  t a n k  
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Table  9 .1  - I (cont inued)  

Normal P o s i t i o n  
No Opened Closed 

Purpose of Valve Valve Tagged Locked 

HCV-95a X X Normal o f f - g a s  from d e -  
g a s s e r  tank  

HCV- 95b X X Normal o f f - g a s  from d e -  
g a s s e r  t a n k  

HCV-84 X X Off -gas  l i n e  ( o u t s i d e  e a s t  
of c o n t r o l  room) 

HCV - 8 3 X X A i r  s w e e p  l i n e  on t o p  of 
t h e  decay t a n k  

HCV-89 X Water t e s t  v a l v e  on s e c -  
ondary c o o l i n g  l i n e  
(under h e a t  exchanger)  

X 

HCV-92 X Vent on o r i f i c e  i n l e t  t o  
secondary c o o l i n g  
(above h e a t  exchanger) 

Vent on o r i f i c e  e x i t  t o  
secondary c o o l i n g  
(above h e a t  exchanger) 

HCV- 93 X 

Secondary c o o l i n g  water,  
header  f o r  sample, 
blowdown l i n e s  

HCV-80  X X 

1 1 HCV-80a 

HCV- 80b X 

HCV-82 X 

HCV-56 X 

Secondary c o o l i n g  blowdown 
va 1 ve 

Secondary c o o l i n g  water 
sampling v a l v e  

Secondary c o o l i n g  water t o  
c o r r o s i o n  s a m p l e  h o l d e r  

I n l e t  primary water t o  
d e m i n e r a l i z e r  pump 
(pump house)  

E x i t  primary water from 
d e m i n e r a l i z e r  pump 

HCV-57 X 

HCV-60 X X 

'Depends on t o t a l  s o l i d s  

X 

Water supply  t o  j e t  a c i d  
from r e g e n e r a n t  t a n k  t o  
c a t i o n  column 
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Tab le  9.1.1 ( con t inued)  

Valve Normal P o s i t i o n  
No. Opened Closed 

Tagged Locked Purpose of Valve 

HCV-78 X 

HCV-64 X 

HCV-65 

HCV - 62 

X 

X 

HCV-61 X 

HCV-76  

HCV-77 

X 

X 

X 

X 

X Regenerant  v a l v e  f o r  a c i d  
t o  c a t i o n  column 

E x i t  pr imary f l o w  from 
d e m i n e r a l i z e r  

Ex i t  p r imary  f l o w  f roin 
dem i n e r  a I. i z e  r 

Water supp ly  t o  j e t  caus -  
t i c  i n t o  a n i o n  column 
of  d e m i n e r a l i z e r  

x Regenerant  v a l v e  f o r  c a u s -  
t i c  t o  a n i o n  column 

Heat-exchanger  d r a i n  f o r  
pr imary water 

Vent on t o p  of h e a t  
exchanger  f o r  pr imary 
f l o w  
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-Example 9.1 .1 .  Procedure f o r  Locking Out Electrical Switches ( A R - 1 9 4 )  

X-I6 
Aft - 194 O a k  Ridge National ~ a ~ ~ ~ a ~ o ~ ~  (Revised) 

bad RdAPc, ?e*(ccd*cc 

O F F I C I A L  B U L L E T  
September 5 ,  1961 

PROCEDURE FOR LOCKING OETT ELECTRICAL SWITCHES 

To prevent accidental  e l e c t r i c a l  damage t o  property o r  i n ju ry  t o  personnel, 
t he  following e l e c t r i c a l  lock o u t  procedure should be adhered to: 

1. 

2 .  

3 .  

4. 

5 .  

Authorized personnel. working on e l e c t r i c a l  c i r c u i t s  or  e l e c t r i c a l l y  
control led equipment operating i n  excess o f  50 v o l t s  s h a l l  obtain a 
Best padlock from t h e  North Field Service Shop, Building 3074; the  
South F ie ld  Service Shop, Building 3587; t he  E l e c t r i c a l  and Refriger- 
a t i o n  Shops, Building 3502; t h e  Cencral Mechanical Shops, Building 7012; 
o r  the Fabricat ion Department - Shop A ,  Building 2525. 

Whenever i t  becomes necessary t o  perform work on an e l e c t r i c a l  c i r c u i t  
o r  e l e c t r i c a l l y  control led equipment, tne craftsman o r  authorizeti pe r -  
sonnel w i l i  de-energize t h e  c i r c u i t  by opening the main or branch dis- 
connect switch. 
i n  an "open" posi t ion.  A l l  switches locked i n  an ''open" pos i t i on  must 
be secured by as many padlocks a s  t he re  a r e  r L o r i P  warking an the  e l ec -  
t r i c a l l y  control led equipment. 

The Best padlock w i l l  then be used t o  secure Ehe swirch 

Whenever the  switching gear i s  noc equipped with adequate locking con- 
t r o l s ,  fuses w i l l  be removed from the c i r c u i t  disconnect cabinet by a 
q u a l i f i e d  e l e c t r i c i a n .  I n  add i t ion ,  t he  de-fused c i r c u i t  s h a l l  be tagged 
with a "DO NOT OPERATE" rag which must bear proper craftsman and circuit 
i d e n t i t y .  Authorized personnel s h a l l  be responsible f o r  t h e  removal of 
t h e i r  tag or  lock from the c i r c u i t  con t ro l s  a t  the conclusion of cheir  
work assignments, and under no circumstance w i l l  they remove a t a g  or a 
lock not bearing t h e i r  i d e n t i t y .  
of i s sue  a f t e r  use. 

The Best Sock is returned t o  the  point 

I n  t h e  i n r e r e s t  of plane s e c u r i t y ,  the e l e c t r i c a l  c r a f t  foreman is aurh- 
or ized t o  set a s ide  t h i s  procedure in t he  event energized high voltage 
c i r c u i t  work becomes necessary. 

A master key SO che Best locks w i l l  be re ta ined by rhe Safety Department 
supervisor.  

The p r inc ip l e s  of t h e  National Safety Council 's  da t a  sheelt, No. 237 - 
Methods of Locking Out E l e c t r i c a l  Switches, is t o  be followed i n  carrying 
out provisions of this procedure. 

. Swartout 

D l s t r ibu t  ion: 
A l l  Supervisors 
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I n  t h e  case  of mercury b a t t e r i e s  f o r  t he  personal  r a d i a t i o n  moni- 

t o r  c a r r i e d  by each of the  ope ra t ing  personnel,  e x i s t i n g  p o l i c i e s  on 

d i sca rd ing  used b a t t e r i e s  must be prac t iced .  

s ea l ed  i n  masking tape and placed i n  a yellow dumpster.) 

(A  used b a t t e r y  must be 

9. lg .  Location of Sa fe ty  Equipment 

Sa fe ty  and/or  emergency equipment intended t o  promote s a f e  opera t ing  

p r a c t i c e s  during normal ope ra t ing  condi t ions  as w e l l  as t o  a i d  the  oper-  

a t i n g  crew i n  the  event  of an  emergency has been placed ilt var ious  loca-  

t i ons  throughout t h e  r e a c t o r  complex. This  equipment includes remote 

scram switches,  f i r e -a l a rm boxes, f i r e - f i g h t i n g  equipment, s a f e t y  showers,* 

and r a d i a t i o n  monitors.  A l l  ope ra t ing  personnel  are r e spons ib l e  f o r  

becoming f a m i l i a r  w i th  these  items and t h e i r  l oca t ions .  (See Figures  

9.1.1,  9.1.2, and 9.1.3.  f o r  t he  loca t ion  of the  above-mentioned i tems.)  

9 . lh .  Miscellaneous Requirements 

1. During the  day s h i f t  (8:OO t o  4 : 3 0 ,  Monday through F r iday ) ,  a 

q u a l i f i e d  superv isor  must be i n  t h e  r e a c t o r  bu i ld ing  i f  the  

r e a c t o r  is  opera t ing  and/or  the  doors t o  the  r e a c t o r  bay a r e  

unlocked. With the except ion of a r e a c t o r  s t a r t u p ,  shutdown, 

o r  maintenance, the  control-room doors should always remain 

locked. When unlocked, the  l o c a l  c o n t r o l  room must be at tended 

by q u a l i f i e d  ope ra t ing  personnel .  

be a t  the  l o c a l  console  during a s t a r t u p  and must remain t h e r e  

u n t i l  t h e  r e s p o n s i b i l i t y  f o r  ope ra t ion  has been t r a n s f e r r e d  t o  

the  opera tor  a t  t he  remote c o n t r o l s .  During o f f  s h i f t s ,  the  

A q u a l i € i e d  opera tor  must 

.J- 

‘There are only two s a f e t y  showers i n  the  BSR complex; one is  loca ted  
i n  the  pump house and one i s  on the  south  s i d e  of  t h e  coo l ing  tower. 
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F i g .  9.1.1.  Locat ion of Seven R e m o t e  Sc ram Swi.t:ches on F i r s t  
F l o o r  of BSF, Building 3010 
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F i g .  9.1.2. F i r e  P r o t e c t i o n  System 



.... 
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Fig. 9 . 1 . 3 .  Locat ion of Monitrons and Cont i n u o u s  A i r  Monitors 
in BSF, Bvi . ld ing  3010 
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2.  

3.  

4 .  

5. 

r e a c t o r  bay doors must remain locked i f  the  bay area is  

unattended by the  supe rv i so r  i n  charge.  

A l l  personnel working i n  the proximity of the r e a c t o r  must 

c a r r y  two dosimeters and an ORNL s e c u r i t y  badge. All personnel  

i n  the  Reactor Operations Department should a l s o  c a r r y  t h e i r  

PRM'S (personal  r a d i a t i o n  monitor) .  

I n  genera l ,  two persons w i l l  be present  when work is  performed 

i n  confined o r  out-of-the-way p laces  (such as a t  sumps, tower 

bas i n s ,  tower fans , e tc .) . 
Whenever an ind iv idua l  intends t o  work alone i n  the  a r e a  a f t e r  

normal working hours,  he should n o t i f y  the  s h i f t  engineer  

(3-6451) when he a r r i v e s  and when he leaves.  

A l l  personnel r e spons ib l e  f o r  opera t ions  of t he  r e a c t o r s  i n  

the  department a r e  r equ i r ed  t o  a t t e n d  an annual f i r e -p reven t ion  

l e c t u r e .  Members of t he  emergency squads a r e  requi red  t o  com- 

p l e t e  per iodic  f i r s t  a i d  t r a i n i n g  courses .  
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9.2. Radia t ion  Sa fe ty  and Con t ro l  

... . 

9.2a. References 

1. Procedures and P r a c t i c e s  f o r  Radia t ion  P r o t e c t i o n  

2 .  Reactor  Operator Study Handbook 

3 .  Reactor  Operations F ia sco  F i l e  

9.2b e In t roduc t ion  

It is the  po l i cy  of t h e  ope ra t ions  Divis ion,  Reactor  Operations 

Department , to: 

1. Carry  ou t  a l l  opera t ions  wi th  t h e  lowest reasonable  personnel  

exposure t o  r a d i a t i o n  and contarnination. I n  no case s h a l l  

i n t e r n a l  and e x t e r n a l  exposures exceed t h e  recommendations 

of t he  Fede ra l  Research Counci l  and the  Nat ional  Committee on 

Radia t ion  P ro tec t ion .  

2 .  Perform a l l  work i n  such a manner t h a t  l o s ses  r e s u l t i n g  from 

contaminat ion a r e  minimized. Such lo s ses  may inc lude  research ,  

development, and product ion t i m e ;  f a c i l i t y  and/or  equipment 

abandonment; and the  c o s t  of c l ean ing  up contaminat ion.  

3 .  Maintain environmental  contaminat ion of a l e v e l  as low as is  

c o n s i s t e n t  w i th  sound ope ra t ing  practice.  I n  no case  s h a l l  

t he  atmospheric and water contaminat ion exceed t h e  maximum 

pe rmis s ib l e  concen t r a t ion  values  for  the neighborhood of an 

atomic energy i n s t a l l a t i o n .  1 

'Radiation Sa fe ty  and Con t ro l  T ra in ing  Manual, ORNL, p. iii. 
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9 e 2c e R e s  pons i b  i 1 i t  ies 

According t o  Labora tory  p o l i c y ,  t h e  pr imary r e s p o n s i b i l i t y  €or  r a d i -  

a t i o n  s a f e t y  rests on d i v i s i o n  s u p e r v i s i o n  and H e a l t h  Physics  D i v i s i o n  

f u n c t i o n s  are e s s e n t i a l l y  a d v i s o r y ;  however, H e a l t h  Phys ics  p e r s o n n e l  are 

a l e r t  t o  r a d i a t i o n  hazards  and do r e p o r t  them. Only t h e  d i v i s i o n  concerned 

i s  assumed t o  be f a m i l i a r  enough w i t h  i t s  own o p e r a t i o n s  t o  e v a l u a t e  t h e  

hazards  i.nvo1ved; however, H e a l t h  Phys ics  p e r s o n n e l ' s  a d v i c e  on r a d i a t i o n  

and contaminat ion  c o n t r o l  i s  sought  when deemed n e c e s s a r y ,  It is ,  t h e r e -  

f o r e ,  t h e  r e s p o n s i b i l i t y  of  s u p e r v i s i o n  t o :  

1. 

2 .  

3 .  

4 .  

5. 

6 .  

See t h a t  a l l  a r e a s  a r e  surveyed f o r  r a d i a t i o n  as r e q u i r e d .  

E s t a b l i s h  a p p r o p r i a t e  boundaries  and p o r t a l s  f o r  zoned areas. 

Assist H e a l t h  Phys ics  i n  t h e  p o s t i n g  of  zone s i g n s  w i t h  u p - t o -  

d a t e  i n s t r u c t  ions  . 
Provide  s u i t a b l e  c lo th ing-change  s t a t i o n s  f o r  p e r s o n n e l  work- 

i n g  i n  contaminat ion  zones,  w i t h  p r o v i s i o n  €or  s t o r a g e  o f  p e r -  

s o n a l  e f f e c t s  i f  needed. 

Provide a supply  of  r e q u i r e d  contaminat ion  zone c l o t h i n g  and 

equipment.  

Es t .ab l i sh  e a t i n g  p l a c e s  as r e q u i r e d  and i n  accordance w i t h  

H e a l t h  Phys ics  s p e c i f i c a t i o n s .  

H e a l t h  Physics  provides  p e r s o n n e l  moni tor ing ,  b u i l d i n g  and area s u r -  

veys,  exposure and survey  r e c o r d s ,  c o n s u l t a t i o n ,  and o t h e r  s e r v i c e s  a s  

r e q u i r e d  

9.2d. Exposure L i m i t s  

The p e r m i s s i b l e  o c c u p a t i o n a l  dose f o r  an  i n d i v i d u a l  i s  t h a t  dose,  

accumulated over  a long p e r i o d  o f  t i m e  o r  r e s u l t i n g  from a s i n g l e  expo- 

s u r e ?  which c a r r i e s  a n e g l i g i b l e  p r o b a b i l i t y  of  s e v e r e  somat ic  o r  g e n e t i c  

i n j u r i e s  e 
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1. Maximum P e r m i s s i b l e  Dose--Normal Condi t ions .  - The v a l u e s  i n d i -  

c a t e d  i n  t h e  f o l l o w i n g  t a b l e s  are maximum v a l u e s ,  and o n l y  i n  

e x c e p t i o n a l  cases should  t h e  accumulated RBE ( r e l a t i v e  b i o l o g i c a l  

e f f e c t i v e n e s s )  dose  b e  p e r m i t t e d  t o  exceed 10% of t h e  va lues  

g i v e n .  

Table  9 .2 .1 .  Maximum P e r m i s s i b l e  Dose (MPD) i n  Rems 

MPD Age 
P r o r a t i o n  T o t a l  

(N = P r e s e n t  Age) 

MPD per  
Year 

F P D  i n  Any 

(rems/ 13 weeks) 
Organ 13-Week P e r i o d  

T o t a l  body, head and 3 12 5 (N-18) 
t r u n k ,  l e n s  of e y e s ,  
gonads,  o r  b lood-  
forming organs  

Skin  of whole body, 
t h y r o i d  

8 30 30(N-L8) 

Hands and forearms,  f ee t  ' 20 75 75 (N-18) 
and a n k l e s  

Bone 3 0 / 4na 30/n* (30/n)  ( N - 1 8 ) *  

Other  s i n g l e  organs  4 15 15 ( N - 1 8 )  

*This 2 i s  r e f e r r e d  t o  as t h e  " r e l a t i v e  damage f a c t o r " .  It i s  one 
f o r  radium i s o t o p e s  and f o r  gamma r a d i a t i o n ;  o t h e r w i s e ,  i t  i s  set  e q u a l  
t o  f i v e  f o r  a l l  r a d i o n u c l i d e s  i n  bone. 
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Table  9 . 2 . 2 .  Weekly Maximum Exposure L i m i t  Recommendations 

Weekly Maximum Recommended 
L i m i t *  ( E x t e r n a l )  i n  m r e m s  

Organ 

T o t a l  body, head and t r u n k ,  l e n s  of e y e s ,  lOO?V* 

Skin  of t h e  whole body 600 

gonads o r  blood-forming organs  

Hands and forearms,  f e e t  and a n k l e s  1,500 

y%aboratory-wide s t a n d a r d s .  
;\*The Reactor  O p e r a t i o n s  Department l i m i t s  a re  50 mrem/week on whole- 

body d o s e s  t o  f u l l y  ensure  compliance w i t h  Labora tory  s t a n d a r d s ,  w i t h  t h e  
o t h e r  l i m i t s  cor respondingly  c u t  i n  h a l f .  

Table  9 . 2 . 3 .  Approval Required f o r  Exposure t o  High Dose R a t e s  

Dose Rate  S p e c i a l  Approvals Required 

(r em/ h r  ) D i r e c t  o r  D i v i s i o n  D i r e c t o r  Labora tory  D i r e c t o r  
Range Area D i v i s i o n  H e a l t h  P h y s i c s  Deputy 

5 - 2 0  X 

20-50 X X 

Over 50 X X X 

I n  a d d i t i o n ,  when planned d o s e s  exceed t h e  weekly l i m i t s ,  t h e  

f o l l o w i n g  a p p r o v a l s  are r e q u i r e d :  

Authorized Dose Accumulation S p e c i a l  Approvals Required 

>60 m r e m  p e r  s i n g l e  day t o  D i v i s i o n  D i r e c t o r  i n  charge 

>1 

nonopera t ing  personnel  
and/or  >300 m r e m  p e r  s i n -  
g l e  week t o  o p e r a t i n g  
p e r  sonne 1 

r e m  p e r  s i n g l e  exposure 

of i n d i v i d u a l  

D i v i s i o n  D i r e c t o r  i n  charge 
of i n d i v i d u a l  and Deputy 
Labora tory  D i r e c t o r  
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2. Maximum Permiss ib le  Dose--Emergency Conditions.  - The emergency 

condi t ions  which j u s t i f y  the  maximum permiss ib le  dose a person 

may r ece ive  are: 

a. When another  person ' s  l i f e  may be saved. 

b.  When l a r g e - s c a l e  r e l e a s e s  of r a d i o a c t i v e  material (dust ,  

gas,  or  l i q u i d )  t h a t  may endanger o the r  peoples '  l i f e s  o r  

h e a l t h  may be aver ted .  

c .  When cons iderable  damage t o  a f a c i l i t y  may be ave r t ed .  

It i s  obvious t h a t  i f  s u f f i c i e n t  time e x i s t s  t he  h e a l t h  phys i c i s t  

should be consul ted and an accep tab le  technique f o r  a planned dose should 

be followed. 

The Labora tory ' s  acceptab le  emergency dose t o  persons r e g u l a r l y  sus-  

t a i n i n g  measurable exposures i s  10 rem. For a l l  o t h e r s  i t  i s  25 rem. 

9 e 2e. Zoning Requirements 

1. Radia t ion  Zone. - A r a d i a t i o n  zone is  an a rea  i n  which con t ro l  

measures a r e  e s t a b l i s h e d  t o  prevent o r  minimize e x t e r n a l  rad ia-  

t i o n  exposure ( see  Table 9.2.4).  

Table 9.2.4. Regula t ions  f o r  Pos t ing  
and Es tab l i sh ing  Radia t ion  Zones 

Dose-Rate Range Immediate Act ion Follow-up Action 

2.5 mrem/hr t o  Pos t  low-level  t a g  i f  the  Pe r iod ic  review 
5.75 mrem/hr accumulated d a i l y  dose 

t o  personnel may be 20 
mrem 

6 mrem/hr t o  Pos t  warning s i g n s  o r  
1 rem/hr t a g s  

Rope o f f  t h e  a r e a  i f  the  
accumulated weekly 
dose may be 1 rem ... 
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Table  9.2.4 (cont inued)  

Dose-Rate Range Immedia t e  Act ion  Follow-up Act ion  

1 remlhr t o  3 P o s t  warning s i g n s  or  E r e c t  a b a r r i c a d e  which 

c l u s i o n  of  personnel  
i f  t h e  accumulated 
weekly dose i n  t h e  
a r e a  may be 12 rem; 
l o c k  o r  b lock  t h e  
e n t r a n c e  

rem/hr t a g s ,  rope  o f f  a r e a  provides  a b s o l u t e  ex- 

>3 rem/hr P o s t  a guard u n t i l  a tem- 
porary  b a r r i c a d e  h a s  
been e r e c t e d ;  l o c k  
and/or  b lock  e n t r i e s  

2 .  Contaminat ion Zone. - A contaminat ion  zone i s  an  area i n  which 

c o n t r o l  measures are e s t a b l i s h e d  t o  prevent  o r  minimize i n t e r n a l  

r a d i a t i o n  exposure and t h e  spread of t h e  r a d i o a c t i v e  contami- 

n a n t .  

A contaminat ion  zone should be e s t a b l i s h e d  when one o r  m.ore 

of t h e  f o l l o w i n g  v a l u e s  i s  exceeded. 

A i r  Direct Reading Trans  f e r a b  l e  
Type of Contaminat ion S u r f a c e  S u r f a c e  Contaminat ion 

Rad i a  t i o n  (pc / c c )  Contaminat ion - ( d/m/100 cm2) 

30 A 1 ph ai'; 2 x lo-12 300 d/rn/100 cm 

Beta-Gamma 3 x 0 .25  m r a d h r  1000 

2 

??The a l p h a  sur face-contaminat ion  l e v e l s  a r e  maximum v a l u e s  
and are d e r i v e d  p r i m a r i l y  t o  s e r v e  as a guide  when t h e  contamina- 
t i o n  i n v o l v e s  a smal l  a r e a  such a s  a s i n g l e  room o r  c e l l .  When 
t h e  contaminat ion  i s  e x t e n s i v e  and i n v o l v e s  r a d i o n u c l i d e s  such as 
plutonium o r  some o t h e r  l o n g - l i v e d  emi t t e r  of comparable t o x i c i t y ,  
t h e  a l p h a  l e v e l s  p e r m i t t e d  should average  no more t h a n  1/10 of 
t h e  above v a l u e s .  
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3 .  Regulated Zone. - A regulated zone is an area in which opera- 

tions are restricted in order to control contamination. This 

zone may contain radiation zones, contamination zones, or both, 

ranging in size from a small spot t o  a large area. 

4 .  General Entry Requirements 

a. Radiation Zones. - Operating personnel, when entering a 
radiation zone, should always carry their film badges, 

pocket pencil meters, and personal radiation monitors* In 

addition, radiation surveys, monitoring instruments, and 

direct-reading dosimeters may be required. 

b. Contamination Zones. - In addition to film badges, pocket 
pencil meters, and personal radiation monitors, operating 

personnel should wear "C" clothing (coveralls or l a b  coats), 

gloves, and shoe covers when entering contamination zones. 

Other items which may be necessary are: cap; assault mask, 

for air contamination; survey instruments; paper towels or 

smear papers; direct-reading dosimeters; and a continuous 

air monitor. 

In situations in which gross contamination is known or 

may be expected, two pairs of coveralls should be worn; the 

outer pair should be removed immediately upon leaving the 

C zone to prevent spreading the contamination. In all 11 11 

cases, persons and equipment leaving a "C" zone must be 

monitored at the exit of the zone for contamination to pre- 

vent the spread of radioactive materials into places where 

people normally take no protective precautions. 
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c .  Regulated Zone. - Persons  e n t e r i n g  t h e  r e g u l a t e d  zone from 

a contaminat ion  zone must be monitored f o r  contaminat ion .  

9 . 2 f .  Requirements f o r  Shipping  I r r a d i a t e d  M a t e r i a l s  

It i s  t h e  r e s p o n s i b i l i t y  of t h e  s u p e r v i s o r  i n  charge t o  ensure  t h a t  

al.1. c o n t a i n e r s  h o l d i n g  i r r a d i a t e d  m a t e r i a l s  a r e  w i t h i n  r a d i a t i o n  and con- 

t a m i n a t i o n  t o l e r a n c e s  b e f o r e  a l lowing  them t o  be t r a n s f e r r e d  from t h e  

b u i l d i n g .  T h e  c o n t a i n e r s  must be surveyed by a h e a l t h  phys ics  surveyor ;  

he must a l s o  a f f i x  a t a g  d e s i g n a t i n g  t h e  c o n t e n t s ,  t h e  l e v e l  of r a d i a -  

t i o n ,  and t h e  l eve l  of contaminat ion  ( see  Example 9 . 2 . 1 ) .  S h i e l d i n g  and 

c l e a n i n g  requi rements  should be such t h a t  t h e  r a d i a t i o n  l e v e l s  l i s t e d  i n  

t h e  fo l lowing  t a b l e  (Table 9 .2 .5)  a r e  n o t  exceeded. 

Table  9 .2 .5 .  Shipping Requirements,  Radioac t ive  Mater iaLs 

T r a n s f e r a b l e  
D i r e c t  Reading Contamination 

(d/m/lOO cm’) R a d i a t i o n  Level  
Alpha Beta-Gamma 

Nature of  Shipment 

C o n t a i n e r s  f o r  shipment 1 r / h r  a t  one f o o t  30 1000 
wi.thin t h e  p l a n t  a r e a  

C o n t a i n e r s  f o r  shipment 200 mr/hr a t  c o n t a c t  30 500;k 
o u t s i d e  t h e  p l a n t  a r e a  
(by commercial c a r r i e r )  

+:The i jolerance allowed on t h e  Idaho f u e l  c a r r i e r s  i s  1000 
d /m/100 cm ; t h e s e  c o n t a i n e r s  a r e  shipped on s p e c i a l  consignment.  

9.2g. R a d i a t i o n  Surveys 

S ince  i t  i s  conce ivable  t h a t  r a d i a t i o n  l e v e l s  may change from t ime 

t o  t ime o r  i n c r e a s e  s l i g h t l y  w i t h o u t  r e a c h i n g  t h e  preset  p o i n t s  of t h e  

r a d i a t i o n  alarm system, t h e  r e a c t o r  complex i s  surveyed weekly on a rou-  

t i n e  b a s i s  and r e c o r d s  on background r a d i a t i o n  l e v e l s  a r e  main ta ined .  
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The s p e c i f i c  a r e a s  surveyed a r e  l i s t e d  on a s p e c i a l  form (Example 9 . 2 . 2 ) .  

It i s  t h e  r e s p o n s i b i l i t y  of  t h e  s u p e r v i s o r  i n  charge t o  e v a l u a t e  t h e s e  

d a t a  on a comparat ive b a s i s  w i t h  p r e v i o u s l y  obta ined  d a t a  and i n v e s t i g a t e  

any unexplained,  s i g n i f i c a n t  changes.  (Completed forms a r e  f i l e d  i n  t h e  

BSR control.  room o f f i c e . )  

9.211. R a d i a t i o n  and Contamination Monitors  

TO h e l p  m a i n t a i n  a h i g h  degree  of o p e r a t i n g  s a f e t y  i n  regard  t o  

r a d i a t i o n  h a z a r d s ,  t h e r e  a r e  a number of r a d i a t i o n  alarm u n i t s  throughout  

t h e  r e a c t o r  complex. These u n i t s  a r e :  

1. The Monitrons and cont inuous  a i r  moni tors  of t h e  f a c i l i t y  r a d i a -  

t i o n  and contaminat ion  alarm system (Monitrons i n i t i a t e  a low- 

l e v e l  a larm a t  7 . 5  mrfhr  and a high-level .  alarm a t  2 3  m r f h r ;  

t h e  cont inuous  a i r  monitors  i n i t i a t e  a low- leve l  alarm a t  1000 

counts /min and a h i g h - l e v e l  alarm a t  4000 counts /min) .  

2 .  The high-bay M o n i t r o q w h i c h  a la rms  a t  125 mr/hr .  

3 .  The c e l l - v e n t i l a t i o n  d u c t  monitor ,  which a la rms  a t  50 mr/hr .  

4 .  The r a d i a t i o n  monitor wes t  of t h e  c o n t r o l  rootn,which alarms a t  

12 r / h r .  

For  a d e t a i l e d  d e s c r i p t i o n  of  t h e s e  systems,  r e f e r  t o  S e c t i o n  3.5.  

9 . 2 i .  A n a l y s i s  of Reac tor  Pr imary Water 

A knowledge of t h e  n a t u r e  of t h e  r a d i o a c t i v i t y  i n  t h e  r e a c t o r  primary 

w a t e r  i s  of  importance f o r  q u a l i t y  c o n t r o l ;  and, i n  t h e  e v e n t  t h e r e  were 

a contaminat ion  problem or  a n  abnormal i n c r e a s e  i n  t h e  amount of s p e c i f i c  

r a d i o a c t i v e  n u c l i d e s  i n  t h e  w a t e r ,  t h i s  knowledge would b e  b e n e f i c i a l  i n  

e v a l u a t i o n  procedures .  
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Example 9.2.2. BSR Area R a d i a t i o n  Survey {UC~-9;45) 

8 S R  AREA RADIATION SURVEY 

.- ......... ........... 
R E A S O N  7 P E R F O R M E D B Y  

- .................................................. 
T I M E  

.............................. I L ............................ D A T E  

MITE:  A survey meter ( 6 - i M  counter) which will read a mazirnwn of 20 mr/hr  shall be u s e d  for this survey with a cutir 

p i e  used when the radiution. lriieb i s  greater than 20rnrIhr. 

____ .......................... - _- 
_l_l_ __ I__ _..___..._II.i ... ....... 

PRE-SET POINT MAXIMUM BACKGROUND 
L O C A T I O N  

RAD. R E A D .  (mr/hr) READING ( m r h r )  

1. Control Room 

2. Reactor Bay 

3. PumpHouse 

4. Outside Area 

6. Shops 

7. Second Floor 

UCN-9145 
(3 4-69] 

Control Console 
....................................... - 

East 
..... ... 

Walkwa Y S  1 
.. 

. ............... .............. ......... 

.......... 
Over Reactor (at bridge) 

i 
Skimmer System Fi l ter  Columns I I 

.............. 

........ ............ ......... ....... 

Primary Pump Inlet 

Demineralizer-North o f  Shield Wall 

. I ..... ....... 
Demineralizer - Cation 

Demineralizer - Anion 

Heat Exchanger 
_ I - ~  . , .. ...j~ 

Fi Iter Column I I 
Decay Tank 

Degasser Tank 

..__ ........ 

NOG Catch Tank 

Manhole for Primary F low Orif ice I 
South Lab and Equipment Room 

West Lab - North Section i 
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A d a i l y  check of t h e  g r o s s  f3,y a c t i v i t y  of t h e  r e a c t o r  w a t e r  i s  

made by O p e r a t i o n s  personnel .  The r e s u l t s  of t h i s  check, r e p o r t e d  as 

d is /min/ml ,  a r e  recorded and used as a guide  t o  i n d i c a t e  changes i n  t h e  

r a d i o a c t i v e  c o n t e n t  of t h e  w a t e r .  I n  a d d i t i o n ,  y e a r l y  s a m p l e s  a r e  sub-  

m i t t e d  f o r  i o n i c  and r a d i o a c t i v e  a n a l y s e s .  The s a m p l e  schedule  i s  

s t a g g e r e d ;  i . e . ,  a t  a s p e c i f i e d  d a t a  a one-ga l lon  sample o f  r e a c t o r  p r i -  

mary water  i s  submit ted t o  t h e  General  Analys is  Labora tory  f o r  a s t a n d -  

a r d  q u a l i t a t i v e  and q u a n t i t a t i v e  a n a l y s i s ;  s i x  months l a t e r ,  a one-ga l lon  

sample i s  submi t ted  t o  t h e  Radiochemical Analys is  Labora tory  f o r  an  

a n a l y s i s  of t h e  r a d i o a c t i v e  n u c l i d e s .  (These samples should be accom- 

panied by a "Request f o r  Cont ro l  Analysis"  form, UCN-1910.) 

A s  w i t h  t h e  d a i l y  checks,  t h e  s u p e r v i s o r  i n  charge  i s  responsi-ble  

f o r  scanning t h e  d a t a  r e c e i v e d  (and logged) f o r  any abnormal t r e n d s .  

T y p i c a l  a n a l y t i c a l  r e p o r t s  ( f i l e d  i n  t h e  BSR c o n t r o l  room o f f i c e )  

r e v e a l  t h e  fo l lowing  informat ion:  

- - 
1. From t h e  General  A n a l y s i s  Labora tory  - F , 0 . 7 6  ppm; NO3 , 

<1 ppm; SO4 

<0.03 ppm; F e y  <0.02 ppm; C r y  <0.02 ppm; S i ,  <1.7 ppm; A l ,  

<0.02 ppm; U,  <0.001 ppm; Cay <0.02 ppm; Mg <0.005 ppm; and 

Nay <0.11 ppm. 

- -  , <0.2 ppm; C 1 ,  <0.5 ppm; Cu, CO.03 ppm; N i ,  

2. From t h e  Radiochemical A n a l y s i s  Labora tory  ( i n  d is /min/ml)  - , 
24Na, 3.2 x 10 3 ; 133 I, 5.9; I3lI, <0 .2 ;  '03Ru, <0.2;  lo6Ru, <0.2; 

137Cs,  <0.06; 91Sr, < 3 ;  89Sr ,  <0.3;  239Np <3; 143Ce, <0.3;  l4ICe,  

<0.2; and B a y  <2.2. 
140 



9-27 

9 . 3 .  Work P e r m i t s  

... 

9 . 3 ~ ~ .  In t roduc t ion  

Oak Ridge Nat iona l  Laboratory p o l i c i e s  r e q u i r e  t h a t  t he  necessary 

s a f e t y  precaut ions  be exe rc i sed  i n  connect ion wi th  work performed a t  t he  

Laboratory and, i n  c e r t a i n  in s t ances ,  t h a t  a work p e r m i t  be completed 

p r i o r  t o  t he  performance of t he  work. It i s  t h e  r e s p o n s i b i l i t y  of t h e  

Reactor  Operations supe rv i so r  i n  charge t o  be aware of the  need f o r  such 

p e r m i t s  and t o  main ta in  t h e  records  as ind ica t ed  on the  forms. 

9.3b, Radia t ion  Work Permits 

The "Radiat ion Work Permit" (Example 9.3.1) is used i n  s i t u a t i o n s  

where personnel  may be exposed t o  r a d i a t i o n  o r  contaminat ion i n  excess 

of  c e r t a i n  l i m i t s .  Operat ing personnel  ass igned to a p a r t i c u l a r  process 

may not  need a r a d i a t i o n  work permit f o r  r o u t i n e  work where t h e r e  are 

posted r egu la t ions .  The r a d i a t i o n  work p e r m i t  is r equ i r ed  as follows: 

1. For  nonoperat ing personnel .  

2 Where s p e c i f i e d  by o t h e r  procedures o r  spec ia l  s i t u a t i o n s .  

3. When an i n d i v i d u a l  may r ece ive  g r e a t e r  than  20 m r e m s ,  whole 

body dose. 

4 .  When r a d i a t i o n  f i e l d s  exceed 5 rems/hr.  

5 a When a i r  contaminat ion exceeds t h e  maximum permiss ib le  concen- 

t r a t i o n .  

The r a d i a t i o n  work p e r m i t  s p e c i f i e s  t he  precaut ions  and monitor ing 

r equ i r ed  and provides  a record  of t he  necessary  appsovals and doses 

accumulated i n  doing the  work. This  form is completed only by a q u a l i -  

f i e d  h e a l t h  physics  surveyor  a f t e r  a survey is  made, The p e r m i t  m u s t  be 

s igned  by t h e  h e a l t h  physics  surveyor  making t h e  survey, by the  c r a f t  



Example 9 . 3 . 1 .  Radiat ion Work Permit (UCW-2779) 
.I 

WORK P E R M I T  NO. 

: :)d%31413 
D A T E  AND T I M E  E X T E N D E D B Y  

A H  RADIATION WORK P E R M I T  (RWP) 1 FROM :: To P H  TO -- 
LOCATION d JOB DESCRIPTION 

RADIATllON SURVEY DATA (To be filled in by Health Physics) 

1 R A Dl A T I O N  S U R V E Y  WORKING T I M E  FOR C O N T A M I N  A T I O N  LOC. SPECIFIC LOCA’IfON A N 0  TYPE OF 
COO€ DISTANCE FROM SOURCE RADIATIOH mrem/hr. -mmm TYPE MEASUREMENT BY DATE AND TIME 

I I I I I 

C-ZONE SHOES i 

INSTRUCTIONS* 

D 

1 E INTERMITTENT E CONTINUOUS HEALTH PHYSICS MONITORING REQUIRED: 0 START OF J63 

_- 
REATHING ZON 

ASAL SMEAR REQUIRED 
_-____---I-- 

- . __- RUBBERS ! 

LAB COAT 

POCKET HEsrERS ---t DOSi M E T E R 

FILM RING 1 
ALARM 

! 
DOSE ALARM j 

CUT1 t PIE I ;;r;;IT-..;”.q SPECiAL F ILM 

I 

SPECIAL APPROVALS 
O I V l B l O N  D I R E C T O R  

n.p. D I V I S I O N  DIRKCTOR 

_- 
DEPUTY L A B  D l R t C T P R  



Example 9 . 3 . 1  (continued) - -, 

-_I-- - ._ - - 
1. H e a l t h  Physics shall be present for llne breoks or removal of shielding. 
2. Notify Hsohh Physics of  any deviations from instructions and changes in working conditlons. 
3, Personnci survey I S  required when leaving contominotion zones. 
4. Return work permit to Health Physicist upon completion of lob or expirattoq of permit. 

TIMEKEEPING BY 

DEPT. 

1. Rodlotion Work Permlt Is rsquirod' whm: 
(a) experced dose i s  >20 mrem to the body or 300 mrem to extremities for an 

(b) dose rate > 'j rem/hr (rotd body); 
( c )  airborne radioactivity i s  > (MpC)a for a 40-hr week; 

(d) specified by divisional operating rules and procedures or by posted regu- 

individual during a &Eke vork assignment; 

lations. 

2. Supplemmntory Time Sheet 
To be used if er t ta  space is needed for the timing of individuals into and out 

of an area, etc. 
3. Special Approvals 

(a) D u v e  Rate rem/hr ( f o t d  body) 
> 5  Division Director In charge of Oral or aricten; noted And ini- 

work area C ~ : ~ Z J  u the prrmic by the  

per,.). L 5innlng the apgro*ds, 

> 20 
>SO 

>a mrcw/day for nonoperating person- 
net, or > 300 mrem/wk for operating 
personnel 

Above and Health Physics Division Director. 
Above and Laboratory DepEty Director. 

(b) Dose (total body) 
Uivision Director in charge of 

individual 

> 1  rem Above nnd Laboratory Deputy 
Director 

4. b p l e r  
(a) The R W  must be posted or avaiirble at work site. 

(b) Health Physics  maincams a copy tor record and reference purposes. 
(c) A copy must be distributed to appropriate line supervision. 

'P~sred regulations may be used ia lieu of on RW for c@mdmg Persvml under 
specified randirroas. (See Regulation 3, Ptocedue No. 26, OKNL Health Physics 
Mamal.) 
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foreman i n  charge of the  job,  and by a member of Reactor Operations 

superv is ion  (usua l ly  the  s h i f t  supe rv i so r ) .  Radia t ion  work p e r m i t s  

expi re  a t  the  end of  e i g h t  hours but  may be extended f o r  an a d d i t i o n a l  

e i g h t  hours by the  h e a l t h  p h y s i c i s t .  

9 . 3 ~ .  Hazards Work Permit 

A "Hazards Work P e r m i t "  (Example 9 . 3 . 2 )  i s  r equ i r ed  when s e r v i c e  

personnel  are exposed t o  environmental  hazards  a r i s i n g  out  of work i n  

an a rea ,  on equipment, o r  wi th  ma te r i a l s  which they do not  have complete 

knowledge o f  and over which they do not  e x e r c i s e  complete c o n t r o l .  

Permits 

1. 

2 .  

3. 

4 .  

5. 

a r e  r equ i r ed  f o r ,  bu t  not l imi ted  to ,  t he  following s i t u a t i o n s :  

Any welding o r  burning opera t ion .  

Any ope ra t ion  i n  which i g n i t i o n  of flammable gases o r  l i qu ids  

is  poss ib l e .  

Any a c t i v i t y  i n  which r e l e a s e  of t ox ic ,  co r ros ive ,  o r  h ighly  

r e a c t i v e  chemicals is poss ib le .  

Work t o  be performed i n  the  presence of  mechanical o r  phys ica l  

hazards such as moving machinery, dangerous he igh t s ,  h igh  

pressures , etc .  

Any change i n  the  s t a t u s  of equipment, f a c i l i t i e s ,  o r  system 

t h a t  would c r e a t e  a d d i t i o n a l  hazards o r  e l imina te  any s a f e -  

guards aga ins t  hazards.  

Hazards Work P e r m i t  forms must be completed by the  c r a f t  foreman 

and s igned by t h a t  foreman and by a member of Reactor Operations D e p a r t -  

ment superv is ion .  
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... ... Example 9.3.2. Hazards Work Permit (UCN-3226) 

HAZARDS WORK PERMIT i 
... . I ___ -_ 

B A D G E N U M B E R  D E P A R T M E N T  I II- 

ISSUSO TO: F O R E M A N  O R  R E P R E S E N T A T I V E  

FIRE PREVENTION GENERAL PREPARATION 

-_I.. 

VALVES CLOSED AN-OAG-G-ED V A L V E  NUMBERS T E S T F O R F L A M M A B L E V A P O R S  

_-- PIPEL INES BLANKED __I .................. ..... I_____..__ 
WELDING AND SURN-FN-G REQUIRED 
INSTRUCTiONS ON R E V E R S E  SIDE COMPLXED WETH 

A R E A R O P E D O F F  WELDER’S NAME 

SPECIFY VESSELS VENTED 

.. ..... 
IGNITION SOURCES R E M O Y E ~  ......... EQUIPMENT O R Z E D  AND C L E A N E L - -  .............. 

MOVl U C MACH I HER Y .G_Ue_R.DE 0 
I__- 

I 

_I--___ 

F I R E  WATCHER’S NAME 

. .___ 
=HER OBSERVERS 

1 1 ]I NON-ELECTRIC __ - TEST FOR TOXIC MATERIAL  ~ _ _  
- -_ . 

AZARDS* I E L E C T R I C A L  H 

CIRCUITS DEENERGIZED, _I__.._._ TAGGED, LOCKED OUT -.__-I 2 1  SPEC1 F Y  

SP EClA L VENTILATION REQUIRE_O_---.- 
PROTECTIVE E~ULP-MENT REQUIRED-------.-._ 

0 RESPIRATOR a GLOVES 0 E Y E P R O T E C T I O N  

......... 
CLOTHING 

.. c] GASMASK ___- 
O T H E R  P R E C A U T I O N S  

I have personally inspected the work s i t e  and cer t i fy  that the area i s  cleared for work and ?hat conditions are safe for the work indicated. 

S U P E R V I S O R  R E Q U f C S T I N G  WORK P H O N E  N U M B E R  E L E C T R I C A L  D E P A R T M E N T  F O R E M A N *  P H O N E N U M B E R  

........ ... 
M A I N T E N A N C E  F O R E M A N  

..... ............ r _I .- 

S U P E R V I S O R  R E Q U E S T I N G  WORK 

C O M P L I A N C E  W I T H  C - 5  I O N  R E V E R S E  SIDE) 
CHECKED ay: 

~ ................... ...__.................-__I.. ... . ._ .... ...... .. 
Distribution: 
permit, duplicate i s  completed and maintained for d iv is ion file. 
Safety Department (to the F i re  Department when welding and burning has been performed). 

* Approval o f  Electr ical Department Foreman i s  required when personnel other than electr icians w i l l  be exposed to electr ical hazards. 

Original given to  Maintenance Foreman for display at work site. Duplicate retained by issuing supervisor. Upon termination of the 
The original i s  completed by the Maintenance Foreman and forwarded to the 

(SEE REVERSE SIDE FOR INSTRbCTIONS) 
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Example  9.3.2 ( C o n t i n u e d )  

A. A Hazards Work Permit i s  required where service persomiel are expased to environmental hazards 
arising out of work in a n  area, or on equipment, or with materials of which they do not ,have com- 
plete knowledge, and over which they d o  not exercise complete control. Situations requiring pes- 
mits, but not limited to these are: 

1. Any welding or burning operation. 

2. Where ignition of flammable gases and liquids is possible. 

3. Where release of toxic, corrosive or highly reactive chemicals is possible. 

4. Work to be performed in the presence of mechanical or physical hazards such as: moving 
machinery, dangerous heights, high pressures, etc. 

5. Any change in status of equipment, facilities or system which wouldcreate additional hazards 
or eliminate m y  safeguards against hazards. 

f3. Workers Authorized by Permit shall ensure that equipment being used is in good condition and 
that the manufacturer's instructions for maintenance ure followed. 

C. Necessary precautions Agalask Fire (Responsibility of Supervisor Requesting Work) when Welding 
and Burning is being performed. 

1. Before welding, make sure sprinklers are in service. Cali the Fire Department if in doubt. 

2. Before starting, sweep floors clean, wet down wooden floors, or cover them with sheet metal 
metal or equivalent. In outside work, don't let sparks enter doors or windows. 

3. Move combustible muterial 35 ft. away; cover what can't be moved with asbestos curtains or 
sheet metal, carefully and coinpletely. 

4. Arranges for cl~l employee or employees, equipped with hose, extinguishers, or fire pails to 
watch sparks and see that they do not start fire. Where fire hazard is slight, the authorizer 
may assign the task to the observer. 

5. After completion, watch scene of work a half how for smoldering fires, md inspect adjoining 
rooms and floors above and below. (To be made by authorizer or his designated representative.) 

6. Don't use the equipment near flammable liquids or on closed tanks which have held flammable 
liquids until properly purged and tested, so that formation of an explosive atmosphere inside 
is impossible. The Safety and/or Fire Department will advise in this matter. If work is to be 
done on pipes, ducts, etc., any Lmmbustible insulation or inside deposits shall be removed. 
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lo. EMERGENCY PROCEDURES 

10.1. Emergency Ventilation and Building Containment 

10.la. References 

1. F. T .  Binford and T.  H. J. Burnett, A Method €or the Disposal 

of  Volatile Fission Products from an Accident in the ORR, 

ORNL-2086 (August 2, 1956). 

2. E 20310 ED 007 D Rev. 4 ,  Electrical Schematic Containment, 

Heating and Ventilating, Sh. No. 1. 

3, E 20310 ED 008 D Rev. 1, Electrical Schematic Containment, 

Heating and Ventilating, Sh. No. 2. 

4 .  H 20462 EG 001 D Rev. 1, Exhaust System for Containment Plan, 

Section and General Notes. 

5. H 20310 EG 005 D Rev. 0, Exhaust System for Containment and 

Connection at Bldg. - Plan and Details 
6 ,  H 20310 EG 006 D Rev. 0, Exhaust System for Containment - Details 

and Aletration to Exhaust Duct at Bldg. 3005. 

7. H 20310 EG 007 D Rev. 0 ,  Containment Pneumatic Control System - 
Schematic. 

8. H 20310 EG 008 D Rev. 0, Pneumatic Control System - Piping Sh. 
N o .  1. 

9, H 20310 EG 023 D Rev. 0 ,  Pneumatic Control System - Piping She. 
No. 2. 

10. A 20309 EB 005 D Rev. 1, Containment Area - Plans and Sections. 
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10. l b  . In t roduc t ion  

To safeguard personnel  and the proper ty  surrounding a r e a c t o r  com- 

plex aga ins t  r ad ioac t ive  contaminat ion r e s u l t i n g  from an inc iden t  occur- 

r i n g  w i t h i n  the  r e a c t o r  bu i ld ing ,  the  p r a c t i c e  a t  ORNL has been t o  place 

a r e a c t o r  bu i ld ing  i n  containment when a p o t e n t i a l l y  hazardous cond i t ion  

a r i s e s .  (Containment i s  t h a t  cond i t ion  when a l l  a i r  exhausted from the  

bu i ld ing  leaves v i a  a v e n t i l a t i o n  system which conta ins  appropr i a t e  f i l t e r  

media, and a l l  a i r  en te r ing  the bu i ld ing  is through leakage pa ths .  In  

add i t ion ,  a l l  a i r - cond i t ion ing  u n i t s ,  a u x i l i a r y  v e n t i l a t i o n  systems, and 

exhauster  u n i t s  are shu t  down and a l l  r e l a t e d  louvers and dampers are 

closed.)  This method of containment is used a t  the  2-Mw BSR. (See 

Sec t ion  7 . 2 .  f o r  d e t a i l s  on f i l t e r i n g  s p e c i f i c a t i o n s  and requirements.)  

10. IC Descr ip t ion  

Refer t o  Sec t ion  7 . 2 ~  f o r  a d e t a i l e d  d e s c r i p t i o n  of t he  system. 

10. Id. Cont ro ls  f o r  Bui lding Containment 

The bu i ld ing  can be placed i n  containment e i t h e r  manually o r  au to-  

ma t i ca l ly  as ind ica t ed  below: 

1. 

2. 

Manual opera t ion  is e f f e c t e d  by: 

a. By tu rn ing  the  "Test-Normal" swi tch  ( loca ted  on the  w e s t  

w a l l  of  t he  c o n t r o l  room) t o  TEST ( see  F igure  10.1.1) 

b .  By depress ing  the  black-colored but ton  on the  ORR console  

(remote ope ra t ion  of BSR) . 
Automatic containment occurs ("Tes t-Normal'' switch i n  NORMAL) 

when any one of the  following condi t ions  develops: 

a. Two Monitrons i n  the  coincidence c i r c u i t  of  t he  f a c i l -  

i t y  r a d i a t i o n  and contamination alarm system simul-  

taneously i n d i c a t e  an inc rease  i n  the  r a d i a t i o n  
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“p- 

a 

Fig. 10.1.1. Controls f o r  Building Containment 
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b. 

C .  

d. 

l e v e l  t o  23 mr/hr o r  when two continuous a i r  monitors 

i n  the  coincidence c i r c u i t  i n d i c a t e  an inc rease  i n  a i r  

a c t i v i t y  t o  4000 counts/min. 

The high-bay r a d i a t i o n  monitor i n d i c a t e s  an inc rease  i n  

the  r a d i a t i o n  l e v e l  t o  150 mr/hr.  

The r a d i a t i o n  monitor o u t s i d e  the  c o n t r o l  room door i n d i -  

cates an  inc rease  i n  the  r a d i a t i o n  l e v e l  t o  12 r / h r .  

The r a d i a t i o n  monitor loca ted  i n  t h e  duct (ou t s ide  of  

bu i ld ing)  i n d i c a t e s  an inc rease  i n  t h e  r a d i a t i o n  l e v e l  t o  

50 mr/hr.  

The "Test-Normal" swi tch  should remain i n  NORMAL during normal oper-  

a t i o n .  S ince  it i s  conceivable  t h a t  s i t u a t i o n s  could develop making con- 

tainment d e s i r a b l e  wi th  t h e  a i r - cond i t ion ing  u n i t s  t h a t  s e r v i c e  the  

o f f i c e s  remaining i n  s e r v i c e ,  t he re  are c e r t a i n  by-pass f ea tu res  incor  - 

porated i n  the  design of t h i s  system. For example, i f  i t  i s  a n t i c i p a t e d  

t h a t  handling a r a d i o a c t i v e  source  w i l l  i n i t i a t e  containment,  i t  would 

be d e s i r a b l e  t o  "d isab le"  the  bu i ld ing  evacuat ion f e a t u r e s  of  the  r a d i -  

a t i o n  monitor ing system, r e q u i r i n g  containment when the r a d i a t i o n  moni- 

t o r s  reach the  high l e v e l  bu t  a l lowing the  a i r - c o n d i t i o n i n g  u n i t s  i n  t h e  

o f f i c e  t o  remain i n  s e r v i c e .  This may be accomplished by depress ing  the  

"by-pass" bu t ton  on the  c o n t r o l  box. ( I t  should be noted t h a t  depress -  

i ng  t h e  "by-pass" bu t ton  before  containment i s  a t t a i n e d  w i l l  r e s u l t  i n  

immediate by-pass a c t i o n ;  i f  it i s  depressed a f t e r  containment i s  a t t a i n e d ,  

t h e r e  w i l l  be a 3-min de lay  before  t h e  a i r - cond i t ion ing  u n i t s  a r e  ener -  

gized.)  
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In o rde r  t o  r e t u r n  the  b u i l d i n g  t o  normal s t a t u s ,  t he  "Reset" 

bu t ton  may be depressed and a l l  Bui lding 3010 a i r - cond i t ion ing  u n i t s  and 

exhaus te r  u n i t s  w i l l  be  r e s t a r t e d  a f t e r  a 3-min delay.  The louvers f o r  

the  exhaus te r  u n i t s  w i l l  a l s o  be re-opened. 

10. le .  Normal Operations - Procedures 

As p a r t  of t he  requirements f o r  ope ra t ing  t h e  r e a c t o r ,  t he  con ta in -  

ment system m u s t  be func t ioning  as designed. To acknowledge t h i s  r e q u i r e -  

ment on t h e  r e a c t o r  s t a r t - u p  c h e c k l i s t ,  do the  fol lowing:  

1. 

2. 

3 ,  

4 .  

5. 

6 .  

7. 

Observe t h e  c o n t r o l  box, loca ted  on the  w e s t  w a l l  of  t h e  con- 

t r o l  room, f o r  the  cond i t ions  l i s t e d  below: 

a. The "Test-Normal" swi t ch  should be i n  t h e  NORMAL p o s i t i o n .  

b. The "Normal" l i g h t  below the  "Test-Normal" swi tch  should 

be ON; t h e  two l i g h t s  t o  t h e  r i g h t  should be OFF. 

Observe t h e  readout  for  t h e  c e l l - v e n t i l a t i o n  flow meter. The 

flow should be approximately 1600 cfm. 

Check the continuous a i r  monitor readouts  i n  t h e  pool area. 

Contamination l e v e l s  should be normal. 

Observe the  monitors ;  t h e  "Power On" l i g h t s  should be ON, 

Observe t h e  f a c i l i t y  r a d i a t i o n  and contaminat ion a l a r m  system 

panel  i n  the  c o n t r o l  room f o r  any abnormal cond i t ions  { rad ia -  

t i o n  Levels h igher  t han  they should be, n i t r o g e n  pressure  low 

f o r  t h e  gas-operated horns,  i nope ra t ive  l i g h t s ,  key swi tch  not  

i n  NORMAL, e tc . ) ,  

Observe the  e l ec t rome te r  f o r  t he  high-bay r a d i a t i o n  monitor ;  

t h e  "Power On" l i g h t s  should be ON. 

Observe the e l ec t rome te r  f o r  t h e  r a d i a t i o n  monitor i n  the  

c e l l - v e n t  i l a t i o n  duc t ;  t he  "Power On" l i g h t  should be ON. 
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8. Observe t h e  e l e c t r o m e t e r  f o r  t h e  12 r / h r  r a d i a t i o n  monitor 

l o c a t e d  o u t s i d e  t h e  c o n t r o l  room; t h e  "Power On" l i g h t  should 

be O N .  

I f  t h e  b u i l d i n g  i s  placed i n  containment ,  e i t h e r  manually o r  a u t o -  

m a t i c a l l y ,  t h e  "Normal" l i g h t s  on t h e  c o n t r o l  box ( l o c a t e d  on t h e  west  

w a l l  of t h e  c o n t r o l  room) w i l l  go o u t  and t h e  "In Containment" l i g h t  w i l l  

come on. The b u i l d i n g  a i r - c o n d i t i o n i n g  u n i t s  i n  t h e  b u i l d i n g  w i l l  be  

s h u t  down and t h e  f low ra te  through t h e  c e l l - v e n t i l a t i - o n  system w i l l  

i n c r e a s e  from -1600 cfm t o  4 5 0 0  cfm. 

S ince  t h e r e  i s  no a u d i o  alarm c a l l i n g  a t t e n t i o n  t o  t h e  f a c t  t h a t  

t h e  b u i l d i n g  w a s  placed i n  containment ,  a mal func t ioning  ins t rument  may 

have i n i t i a t e d  t h e  a c t i o n .  I f  t h i s  i s  t h e  c a s e ,  t h e  e l e c t r o m e t e r s  should 

be checked f o r  p o s s i b l e  a b n o r m a l i t i e s ,  such a s  gauge i n d i c a t o r s  s p i k i n g  

u p s c a l e  i n t e r m i t t e n t l y ) .  The a r e a  should a l s o  be checked f o r  p o s s i b l e  

a b n o r m a l i t i e s .  

I f  no adverse  c o n d i t i o n s  e x i s t ,  t a k e  t h e  b u i l d i n g  out  of c o n t a i n -  

ment and r e s e t  t h e  i n s t r u m e n t a t i o n  by d e p r e s s i n g  t h e  "Reset" b u t t o n  on 

t h e  c o n t r o l  box. T h i s  w i l l  a u t o m a t i c a l l y  e n e r g i z e  t h e  a i r - c o n d i t i o n i n g  

u n i t s  a f t e r  a 3-min d e l a y .  

I f  a hazardous c o n d i t i o n  h a s  developed,  t h e  r a d i a t i o n  and contami- 

n a t i o n  alarm system i n s t r u m e n t a t i o n  w i l l ,  i n  a l l  p r o b a b i l i t y ,  be t h e  

f i r s t  t o  i n i t i a t e  t h e  containment .  I n  t h i s  c a s e ,  t h e r e  would be audio  

a la rms  from t h e  i n d i v i d u a l  r a d i a t i o n  moni tors ,  t h e  c o n t r o l  room annuncia-  

t o r s ,  and t h e  e v a c u a t i o n  h o r n s .  The a c t i o n  t o  be t a k e n  i s  as fo l lows:  

I. Scram t h e  r e a c t o r s .  

2 .  Evacuate personnel  from t h e  b u i l d i n g  ( r e f e r  t o  t h e  e v a c u a t i o n  

procedures  a p p l i c a b l e  t o  t h i s  r e a c t o r  complex, S e c t i o n  10 .6) .  
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3 .  With the  a s s i s t a n c e  o f  a h e a l t h  p h y s i c i s t ,  eva lua te  the  na ture  

and se r iousness  of  t h e  i n c i d e n t  i f  and when p r a c t i c a l .  

4 .  Not i fy  t h e  r e a c t o r  supe rv i so r  and d i v i s i o n  super in tendent  of  

t h e  s t a t u s  as soon as poss ib l e .  

When t h e  cond i t ions  are aga in  favorable  t o  a l low r e - e n t r y  i n t o  the  

bu i ld ing  ( r a d i a t i o n  l e v e l s  normal, no areas contaminated above to le rance)  

take  tlhe b u i l d i n g  ou t  of  containment by depress ing  t h e  "Reset" but ton.  
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10 .2 .  Emergency E l e c t r i c a l  Power 

10.2a. References  

1. KC 15-1-15, Pmer  D i s t r i b u t i o n  S i n g l e  Line  Diagram 

2 .  I 20310 QE 006 D - 1  D - C y  Schematic Diagram 

3. E 20393 ED 043 D ,  480-Volt ,  3 @ Emergency S e r v i c e  f o r  3010 RLdg. 

4 .  E 20311 ED 001 D Rev. 3, E l e c t r i c a l  One Line Diagram - Bulk 

Shie  I d  ing  F a c i  1 i t y  

10.2b. I n t r o d u c t i o n  

I n  t h e  event  t h e r e  i s  a n  i n t e r r u p t i o n  of  TVA e l e c t r i c a l  power t o  

t h e  BSK, emergency e l e c t r i c a l  power from t h e  ORR motor-generator  u n i t  

w i l l  be suppl ied  t o  most of t h e  components i n  t h e  r e a c t o r ' s  ins t rumenta-  

t i o n  and c o n t r o l  systems and t o  a number of a u x i l i a r y  systems.  A c t u a l l y ,  

t h e  r e a c t o r  may be opera ted  a t  a power l e v e l  of 1 Mw w i t h  a l l  r e q u i r e d  

components o p e r a t i n g  on e l e c t r i c a l  power s u p p l i e d  by t h e  d i e s e l - d r i v e n  

g e n e r a t o r ;  however, i t  is d o u b t f u l  t h a t  t h e  r e a c t o r  will e v e r  be opera ted  

i n  t h i s  f a s h i o n  (see  F i g u r e  10 .2 .1  f o r  emergency power d i s t r i b u t i o n ) .  

1 0 . 2 ~  D c s c r i p t  i o n  

Emergency e l e c t r i c a l  power i s  s u p p l i e d  t o  t h e  BSR by a 350-kw, 410-v, 

3-phase,  60-cyc leY d i e s e l - d r i v e n  g e n e r a t o r  which a l s o  s u p p l i e s  emergency 

e l e c t r i c a l  power t o  t h e  ORR. The d i e s e l  w i l l  s t a r t  immediately when t h e  

l i n e  v o l t a g e  drops  t o  -70% of normal;  however, a t i m e  d e l a y  of 7 t o  LO 

s e c  i s  exper ienced  b e f o r e  t h e  g e n e r a t o r  c a r r i e s  the f u l l  Load. The d i e s e l  

i s  s t a r t e d  by 32-v DC motors .  When normal TVA power i s  r e t u r n e d  t o  -90% 

of normal, t h e  au tomat ic  t r a n s f e r  swi tch  a u t o m a t i c a l l y  r e t u r n s  power t o  

t h e  TVA supply ( a f t e r  about  30 s e c ) .  
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The emergency genera tor  supp l i e s  e l e c t r i - c a l  power (120/240 v, 100 amp) 

t o  the  fol lowing:  

1. 

2 .  

3 .  

4.  

5. 

6 .  

7.  

8 .  

A l l  t he  c o n t r o l  c i r c u i t s  and p i l o t  l i g h t s .  

A l l  t he  nuc lear  ins t rumenta t ion .  

A l l  the  process ins t rumenta t ion .  

The t e l e v i s i o n  monitor ing system. 

The publ ic-address  s y s t e m .  

The f a c i l i t y  r a d i a t i o n  and contaminat ion alarm system. 

The communications sys  t e m .  

The e l e c t r i c a l  r ecep tac l e s  on the  br idge  and i n  the  v e r t i c a l  

panels i n  the  c o n t r o l  room and t h e  s t r i p  i n  panel  g ( a l s o  i n  

the  c o n t r o l  room). 

The annunciat ion f o r  t he  d i e s e l  is  loca ted  i n  the  ORR c o n t r o l  room; 

t h i s  c o n s i s t s  of f i v e  l i g h t s  (mounted below the  "Emergency Serv ices"  s ign )  

and an audio alarm ( t h e  acknowledge bu t ton  is a t  the  rear of  t he  pane l ) .  

These l i g h t s ,  l i s t e d  below, w i l l  b r igh ten  under the  fol lowing circum- 

s tances :  

1. Generator Running. - There has been e i t h e r  an i n t e r r u p t i o n  i n  

TVA power t o  one of t he  above-mentioned f a c i l i t i e s  and the d i e s e l  

has begun t o  ope ra t e  au tomat i ca l ly  o r  t he  d i e s e l  has been s t a r t e d  

manually us ing  t h e  l o c a l  c o n t r o l s .  

2 .  Low O i l  P ressure  o r  High Water Temperature. - The d i e s e l  o i l  

p ressure  is low o r  t h e  w a t e r  temperature is  g r e a t e r  than  208" F.  

3 .  Building 3042. - TVA power has been i n t e r r u p t e d  t o  the  ORR 

bu i ld ing .  
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4 .  Building 3010. - TVA power has been i n t e r r u p t e d  t o  the  BSR 

bu i ld ing  

5. MSR-GCR. - TVA power has been i n t e r r u p t e d  t o  the  e l e c t r i c a l  

components of t h i s  experiment f a c i l i t y .  

The l o c a l  c o n t r o l s  f o r  t he  d i e s e l  genera tor  are loca ted  on the nor th  

wa l l  of the d i e s e l  room. The c o n t r o l s  are secured behind a Plex ig la s  

loc. ke d box e 

10.2d.  Opera t iona l  Procedures 

If TVA power i s  i n t e r r u p t e d  t o  t he  BSR whi le  the  r e a c t o r  is opera t ing ,  

the ope ra t ing  crew should check t o  see t h a t  t he  r e a c t o r  has been s h u t  

down, t h a t  the  seat  l i g h t s  are on, and t h a t  no abnormal cond i t ion  is i n d i -  

c a t e d  by the  c o n t r o l  room ins t rumenta t ion .  

Af t e r  t he  TVA power is  r e s to red ,  t h e  following a c t i o n  should be 

taken: 

1. 

2. 

3 .  

Check the  experiment notebook f o r  any spec ia l  s t a r t u p  i n s t r u c -  

t i o n s  

Return the  r e a c t o r  t o  the  des i r ed  ope ra t ing  l e v e l  i n  accord- 

ance w i t h  the  requirements s p e c i f i e d  i n  Sec t ion  2 * lh, 

"Return t o  F u l l  Power Following an E l e c t r i c a l  Power Outage". 

When ope ra t ing  cond i t ions  have r e tu rned  t o  normal, r e t u r n  the 

d i e s e l  genera tor  t o  s tandby s t a t u s  as follows: 

a ,  Place t h e  local c o n t r o l  switch i n  t.he EMERGENCY STOP pos i -  

t i o n .  

b .  As soon as; the engine has stopped, r e t u r n  t h e  swi tch  t o  

t he  AUTOMATE p o s i t i o n  s o  the  d i e s e l  w i l l  be ready f o r  the  

next  emergency, 
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c .  Lock t h e  l o c a l  c o n t r o l  pane l .  

4 ,  Reset  t h e  b u i l d i n g  containment .  

5. S t a r t  t h e  skimmer pump. 

6 .  S t a r t  t h e  d e m i n e r a l i z e r  pump. 

( R e i t e r a t i n g ,  t h e  r e q u i r e d  complement o f  s t a r t u p  ins t ruments  do o p e r -  

a t e  on emergency e l e c t r i c a l  power; hence,  t h e  r e a c t o r  c a n  b e  o p e r a t e d  a t  

a powcl- l e v e l  o f  1 Mw. However, u n l e s s  t h e r e  are some s p e c i a l  c i rcum- 

s t a n c e s  r e q u i r i n g  o p e r a t i o n  of  t h i s  n a t u r e ,  t h e  r e a c t o r  should  remain s h u t  

down u n t i l  TVA power is  a v a i l a b l e . )  

1 0 . 2 ~ .  R e l i a b i l i t y  Checks 

The d i e s e l - d r i v e n  g e n e r a t o r  i s  t e s t e d  weekly by p e r s o n n e l  o f  t h e  

P l a n t  and Equipment D i v i s i o n  t o  a s s u r e  s t a r t i n g  r e l i a b i l i t y ,  and checks 

are made on c r i t i c a l  components o f  t h e  system: e .g . ,  c o o l i n g  system, o i l  

system, i g n i t i o n  system, e t c .  The t es t  c o n s i s t s  of  s w i t c h i n g  t h e  t o g g l e  

swi tch ,  l o c a t e d  a t  t h e  au tomat ic  t r a n s f e r  s w i t c h  box a t  t h e  Om, from 

NORMAL t o  t h e  TEST p o s i t i o n .  This  a c t i o n  s t a r t s  t h e  d i e s e l - d r i v e n  gen- 

e r a t o r .  The t o g g l e  s w i t c h  is  t h e n  r e t u r n e d  t o  t h e  NORMAL p o s i t i o n .  A f t e r  

t h e  d i e s e l - g e n e r a t o r  has  o p e r a t e d  f o r  one hour ,  t h e  t es t  is te rmina ted  by 

t u r n i n g  t h e  s w i t c h  on t h e  c o n t r o l  p a n e l  l o c a t e d  on t h e  n o r t h  w a l l  o f  t h e  

d i e s e l - g e n e r a t o r  room from AUTOMATIC t o  EMERGENCY STOP. A f t e r  t h e  d i e s e l  

has s topped,  t h e  s w i t c h  must be r e t u r n e d  t o  t h e  AUTOMATIC p o s i t i o n .  

In a d d i t i o n  t o  t h e  weekly "s tar t"  r u n s ,  a 5-hr  performance r u n  i s  

made d u r i n g  each  o f  t h e  end-of -cyc le  shutdowns. The purpose i s  t o  d e t e r -  

mine the  r e l i a b i l i t y  under emergency load c o n d i t i o n s  and t o  check t h e  

system f o r  any m a l f u n c t i o n i n g  components. 
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Routine s h i f t  checks are made t o  a s su re  t h a t  t he  system is ready 

for an emergency. These checks c o n s i s t  of checking t h a t  the  t r a n s f e r  box 

mode-switch is  i n  NORMAL, t h a t  t he  c o n t r o l  mode i s  i n  AUTOMATIC, and t h a t  

t h e  f u e l  va lve  on t h e  t o p  of t h e  d i e s e l  engine is  pointed w e s t .  
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10.3. Emergency Shie ld ing  f o r  the  Reactor Pool 

1 .3a. In t roduc t ion  

Provis ions a r e  made f o r  a l l e v i a t i n g  a p o t e n t i a l  r a d i a t i o n  hazard 

t h a t  could r e s u l t  i n  t he  bay area upon the  loss  of water from the  r eac -  

t o r  pool. Such a cond i t ion  might be caused by a leak  i n  the  pool w a l l  

o r  a rupture  i n  the  water-cool ing l i n e s .  Since the re  i s  no automatic 

make-up of water losses  i n  t h e  pool ( i . e . ,  due t o  evapora t ion) ,  water 

m u s t  be added manually. (The volume of t he  BSR pool is -300,000 g a l , )  

10.3b. Operat ional  Procedures 

I f  adverse condi t ions  due t o  lo s s  of water are eminent, t he  follow- 

ing s teps  should be taken: 

1. 

2. 

3 .  

4 .  

Shut down the  r e a c t o r  i f  i t  i s  opera t ing .  

Add water from the  9000-gal demineralized water s t o r a g e  tank 

i n  Building 3004. This is  accomplished by opening va lve  C - 1  

loca ted  on the west s i d e  w a l l  ad jacent  t o  the pool. 

Immediately i n i t i a t e  e f f o r t s  toward a s c e r t a i n i n g  the  cause of 

t he  leak.  

I f  the  demineralized water supply is no t  adequate t o  compensate 

f o r  the  lo s ses ,  allow process water t o  e n t e r  the  pool.  This i s  

accomplished by opening the  va lve  labe led  "Process Water Valve" 

( t h i s  is a l s o  loca ted  a t  the  wes t -s ide  parapet ,  over t he  pool ) .  

The demineralized water i s ,  of course,  p re fe rab le  i f  the leak  is 

not  s u b s t a n t i a l ;  however, i f  t he  lo s s  i n  pool water cont inuos,  process 

water  should be used t o  minimize any p o t e n t i a l  r a d i a t i o n  hazard.  
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10,4 Emergency Coo l i n g  

N o  forced coo l ing  is  r equ i r ed  t o  remove t h e  afterheat i n  t he  core  

I n  the  event  t he  coo l ing  system f a i l s  while fol lowing 2-Mw opera t ion .  

the  r e a c t o r  is being operated,  t he  r e a c t o r  would be scrammed automat ica l ly .  

(The f l appe r  valve may be opened fol lowing a r e a c t o r  shutdown to improve 

n a t u r a l  convect ion coo l ing ;  however, t h i s  i s  not  a necess i ty . )  
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10.5. Emergency Serv ices  

10.5a. In t roduc t ion  

When an emergency occurs,  the  person d iscover ing  the  emergency is 

respons ib le  f o r  tak ing  immediate a c t i o n  t o  p ro tec t  personnel  and property 

and br inging  t h e  emergency under c o n t r o l .  This  app l i e s  t o  f i r e ,  r a d i a -  

t i o n ,  explosions,  personal  i n ju ry ,  o r  any o the r  emergency and should be 

accomplished by one o r  more of t he  following methods: 

1, 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

Contro l  the  emergency s ingle-handedly,  i f  poss ib l e  

Telephone -_ 3 -63 58 (Emergency Contro I Center)  f o r  he lp  e 

Actuate the  nea res t  f i r e  -alarm box e 

C a l l  t he  l o c a l  emergency supe rv i so r .  

C a l l  a l o c a l  emergency squad member o r  anyone near .  

Sound the  bui ld ing  evacuat ion alarm, if necessary.  

Meet and o r i e n t  the  emergency u n i t s .  

When a c a l l  is  received by the  Emergency Cont ro l  Center  a t  3-6358 ,  

t he  d i spa tche r  immediately n o t i f i e s  t.he labora tory  s h i f t  superv isor  and 

d ispa tches  t.he emergency s e r v i c e  u n i t s  needed ( f i r e ,  guard, e t c . ) .  

10.5b. F i r e  Department 

The F i r e  Department. conta ins  two sec t ions - - a  f i r e - f i g h t i n g  s e c t i o n  

and a bui ld ing- inspec t ion  s e c t i o n .  The f i r e - f i g h t i n g  group is a v a i l a b l e  

a t  a l l  times ; the  bui . lding-inspect ion gr0u.p is  a v a i l a b l e  on the  r egu la r  

8: 00 -4 : 30 shift 

The inspec t ion  group makes per iodic  inspec t ions  of Bui lding 3010 and 

r epor t s  f i r e  hazards t o  the  bui ld ing  superv isor .  Reactor Operations 

personnel can a i d  i n  f i r e  prevent ion by r epor t ing  f i r e  hazards t o  e i t h e r  

the  s h i f t  engineer  o r  t he  F i r e  Department Inspec t ion  Group. 
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A f i r e  may be repor ted  t o  t h e  F i r e  Department by telephone ( c a l l  

3 - 6 3 5 8 )  o r  by a c t u a t i n g  the  n e a r e s t  f i r e -a l a rm box. If the  telephone is 

used, t h e  c a l l e r  should s t a t e  h i s  name and badge number as w e l l  as h i s  

l o c a t i o n  and t h e  type of  f i r e .  I n  e i t h e r  case ,  t he  person should remain 

i n  the  area and d i r e c t  F i r e  Department personnel  t o  the  f i r e .  

Immediately a f t e r  a f i r e  ex t ingu i she r  is used, a c a l l  should be 

made t o  the  f i r e  c a p t a i n  on duty,  r e p o r t i n g  t h e  use  of t h e  f i r e  e x t i n -  

gu isher  and the na tu re  of t h e  emergency. 

ex t ingu i she r  w i l l  be r e f i l l e d  and placed back i n  s e r v i c e  f o r  f u t u r e  emer- 

This  wFl1,ensure 

gent i e s  

Personnel  of t he  F i r e  Department are equipped and t r a i n e d  t o  adminis- 

ter  f i r s t  a id ,  Rules f o r  f i r e  f igh t ing :  

1. P u t  ou t  a small f i r e  if you a r e  s u r e  you can, then  c a l l  t he  

F i r e  Department by phone. 

2 .  Report a l l  o t h e r  f i r e s  t o  t h e  F i r e  Department at: once and sound 

the  necessary alarm. 

3 .  Direct the  F i r e  Department t o  the  scene. 

10 e 5e e Guard Department 

The Guard Department Headquarters i s  loca ted  i n  Bui lding 2500. The 

main func t ion  of  t h i s  department is p l a n t  s e c u r i t y ;  however, many o the r  

s e r v i c e s  are performed by t h e  department personnel .  P l an t  employees can 

a i d  t h e  guards i n  t h e  performance of t h e i r  d u t i e s  by proper ly  wearing t h e  

p i c t u r e  f i l m  badge and observing p l a n t  r u l e s .  The badge should be worn 

on the  l e f t  side i n  the  s h i r t - p o c k e t  area. 

The Guard Department works i n  conjunct ion  w i t h  t h e  F i r e  Department 

on f i r e  alarms. Both departments have i d e n t i c a l  alarm code systems. Upon 

r ece iv ing  a f i r e  alarm by phone o r  f i r e - a l a r m  box, the  F i r e  Department 
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d i spa tche r  w i l l  accompany the  f i r e  t rucks  t o  the emergency and the  Guard 

Department d i spa tche r  w i l l  opera te  t h e  alarm code system u n t i l  the  f i r e  

d i s p a t c h e r ' s  r e t u r n .  Designated guards on a l l  s h i f t s  are t r a i n e d  as 

a u x i l i a r y  firemen. These men a l s o  have been t r a i n e d  i n  f i r s t  a i d .  

P e r m i t s  f o r  t he  ope ra t ion  of p l an t  veh ic l e s  a r e  i ssued  by the  day- 

s h i f t  guard cap ta in .  P e r m i t s  f o r  ope ra t ing  veh ic l e s  up  t o  a 3/4- ton 

t ruck  w i l l  be i ssued  upon p resen ta t ion  of a Tennessee s t a t e  p e r m i t .  To 

opera te  veh ic l e s  l a rge r  than the  3 /4- ton  t ruck ,  t he  department w i l l  g ive  

sp d r i v e r ' s  t e s t .  

The p l an t  ambulance is operated by guards.  In  a n  inc iden t  i n  which 

ambulance s e r v i c e  is  needed, a phone c a l l  should be made t o  the  Emergency 

Cont ro l  Center ,  phone 3-6358. The ambulance d r i v e r  w i l l  s t o p  a t  the 

dispensary,  and a nurse and/or  doctor  w i l l  accompany the  d r i v e r  t o  the  

emergency. 

10.5d. Heal th  Physics 

The Heal th  Physics Divis ion has o f f i c e s  and personnel  i n  Bui ldings 

3001 and 3042 on the day s h i f t ,  Monday through Friday.  On the  4-12 and 

12-8 s h i f t s ,  ho l idays ,  and weekends, the Heal th  Physics o f f i c e  is  loca ted  

near  the  west p l an t  p o r t a l ,  Bui lding 2016. At least two h e a l t h  phys i -  

c i s t s  are on duty during each s h i f t .  I f  the  h e a l t h  p h y s i c i s t  cannot be 

loca ted  i n  h i s  o f f i c e ,  he can be paged by c a l l i n g  the  Guard Department 

d i spa tcher  ( 3  -6646) . 
A l l  c a l l s  t o  the  Guard and/or  F i r e  Department inc lude  a n  almost 

simultaneous summons o f  the  h e a l t h  p h y s i c i s t ,  who m u s t  monitor t he  a r e a  

f o r  any r a d i a t i o n  o r  contamination hazards.  
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10.5e. Dispensary 

The Heal th  Div i s ion ' s  main d ispensary  i s  loca ted  i n  Bui ld ing  4500, 

Wing 5. The d i v i s i o n  is  s t a f f e d  wi th  doctors  and nurses .  F i e l d  o f f i c e s  

a r e  loca ted  i n  Bui ldings 2418, 7009, and 4500. The f i e l d  o f f i c e s ,  w i t h  

one nurse on duty a t  each o f f i c e ,  a r e  open Monday through Fr iday  on the  

day s h i f t .  The main dispensary i s  always open, However, on ly  one nurse 

i s  02a duty on the  4-12 s h i f t ,  ho l idays ,  and weekends; and the re  a r e  only 

l imi t ed  s e r v i c e s  on the  12-8 s h i f t ,  

Se rv ices  of  the  d ispensary  can be rece ived  a t  any t i m e ;  however, an 

appointment must be made t o  o b t a i n  a d o c t o r ' s  s e rv i ces ,  except  i n  case 

of an emergency. 14 case of an in ju ry ,  r ega rd le s s  of how s l i g h t ,  t he  

employee must r e p o r t  t o  t he  Heal th  Div is ion  f o r  t reatment .  

10.5 f Maintenance 

For emergency maintenance, arrangements may be made f o r  immediate 

repairs by each r e a c t o r  supe rv i so r .  For emergency maintenance during 

hours o t h e r  than the  normal 8:OO t o  4:30  week days, t he  labora tory  s h i f t  

supe rv i so r  will be n o t i f i e d  of t h e  s i t u a t i o n  and he w i l l  make the  neces- 

sary  arrangements for1 c a l l i n g  i n  t he  proper personnel .  

NOTE: I f  e i t h e r  t h e  a i r -ho rn  o r  publ ic-address  bu i ld ing  evacuat ion 

system f a i l s ,  i t  must be r epa i r ed  promptly; because f a i l u r e  of the  second 

before  repairs are. made t o  t h e  one a l r eady  out  of s e r v i c e  r equ i r e s  t h a t  

t he  b u i l d i n g  be evacxated u n t i l  r e p a i r s  can  be made. 
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10.6. Evacuat ion  Procedures  

10.6a. Emergency Pers  onne 1 

1. 

2.  

3 .  

4 .  

I. n 

B u i l d i n g  3001 

a. Loca l  emergency s u p e r v i s o r  

b .  Warden 

e. S e a r c h e r s  

B u i l d i n g  3004 and 3005 

a.  Loca l  emergency s u p e r v i s o r  

b .  Warden 

c .  S e a r c h e r s  

B u i l d i n g  3010 

a. Loca l  emergency s u p e r v i s o r  

b. Warden 

c .  Searchers  

Bui ld ing  3042 

a. Loca l  emergency s u p e r v i s o r  

b. Warden 

c .  S e a r c h e r s  

ORR S u p e r v i s o r  

Opera t ions  S h i f t  Engineer  

R e a c t o r  Opera tors  

ORR S u p e r v i s o r  

Opera t ions  S h i f t  Engineer  

Reac tor  Opera tors  

BSR S u p e r v i s o r  

Opera t ions  S h i f t  Engineer  

Reac tor  Opera tors  

ORR S u p e r v i s o r  

Opera t ions  S h i f t  Engineer  

Reac tor  Opera tors  

t h e  absence of t h e  d e s i g n a t e d  i n d i v i d u a l  l i s t e d  above, t h e  d u t i e s  

d e s c r i b e d  i n  t h i s  s e c t i o n  w i l l  devolve t o  t h e  n e x t  i n d i v i d u a l  i n  t h e  l i n e  

o r g a n i z a t i o n .  I n  t h e  event  t h i s  i n d i v i d u a l  is t h e  Opera t ions  s h i f t  e n g i -  

neer, he w i l l  d i s c h a r g e  t h e  d u t i e s  of t h i s  p o s i t i o n  ( i n  a d d i t i o n  t o  t h o s e  

of warden) u n t i l  r e l i e v e d  by h i g h e r  a u t h o r i t y .  
1 

10.6b. R e s p o n s i b i l i t i e s  of Emergency Personnel  

An emergency squad c o n s i s t s  of  a l o c a l  emergency s u p e r v i s o r ,  wardens 

'ORNL Emergency Manual, 1961. 
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sea rche r s ,  and o t h e r  squad members. The r e s p o n s i b i l i t i e s  of each are 

ou t  1 ined be low : 

1. The Local EmerPency Superv isor  

a. Organizes and t ra ins  the l o c a l  emergency squad and plans 

f o r  i t s  use  i n  handl ing the  va r ious  types of a n t i c i p a t e d  

emergencies always ensur ing  t h a t  the  l o c a l  plans are con- 

s i s t e n t  w i t h  the  o v e r a l l  Laboratory plans.  

b.  I n  the  event  of  a l o c a l  emergency, d i r e c t s  h i s  squad and 

ensures  t h a t :  

(1) Personnel have been evacuated from t h e  a f f e c t e d  area. 

(2) The Emergency Con t ro l  Center  has been n o t i f i e d .  

(3)  Emergency service u n i t s  are m e t ,  b r i e f e d  on t h e  s i t u -  

a t i o n ,  and d i r e c t e d  t o  the  scene. 

( 4 )  Equipment and processes  are s h u t  down as necessary for 

s a f e t y .  

(5) The Laboratory emergency d i r e c t o r  is kept  advised of 

t he  s t a t u s  of t h e  emergency and of any needed assist-  

ance ., 
( 6 )  Addi t iona l  manpower is secured i f  needed. 

c. I n  t h e  event  of a Laboratory-wide emergency, complying wi th  

t h e  i n s t r u c t i o n s  of t h e  Laboratory emergency d i r e c t o r ,  which 

may inc lude :  

(1) Evacuation of personnel.  

( 2 )  Shu t t ing  down of process and bu i ld ing  equipment. 

( 3 )  Assembling h i s  l o c a l  emergency squad and d ispa tch ing  

it as d i r e c t e d .  
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The War dens 
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a. 

b. 

C.  

d. 

e .  

f .  

g *  

Sound the  l o c a l  evacuat ion alarm. 

Direc t  employees from the  emergency a r e a  t o  the  l o c a l  

ass emb l y  po i n t  . 
Prevent r e  -en t ry .  

Check the  s a f e t y  of the  assembly poin t  and move i t  i f  

necessary.  

Account f o r  a l l  employees i n  h i s  a r e a  a f t e r  an evacuat ion.  

Have employees monitored f o r  r a d i o a c t i v i t y ,  i f  the  need i s  

ind ica ted ,  before  dismissing them. 

Direc t  employees t o  o the r  assembly po in t s  as i n s t r u c t e d  

over the  publ ic-address  system. 

The Searchers  

a. Search a l l  a reas  of the bu i ld ing  t o  make s u r e  a l l  employees 

have evacuated. 

b. Assi.st the wardens. 

Other squad members 

a. Notify o r  summon a s s i s t a n c e  from the  proper emergency s e r -  

v i c e  u n i t .  

b. Meet and o r i e n t  t he  emergency s e r v i c e  u n i t  when it  a r r i v e s .  

c .  Make the  necessary ope ra t iona l  changes. 

d. Combat the  emergency as requi red .  

1 0 . 6 ~  Laboratory Emergency Signals  

1. General A l e r t  S igna l .  - On a genera l  a l e r t ,  the  s i g n a l  w i l l  come 

from the f i r e -a l a rm system. This w i l l  be i n  the  form of Box 14 

sounded four  times followed by the  f i r e  alarm box nea res t  the  
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2. 

3 .  

l o c a t i o n  a f f e c t e d ,  (This s i g n a l  i s  sounded f o r  second alarm 

f i r e s  as w e l l  as f o r  gene ra l  a ler t  condi t ions . )  

Laboratory Evacuation S ignal .  - On a Laboratory evacuat ion,  the  

s i g n a l  w i l l  be a 30-sec warbl ing s i r e n - l i k e  w a i l  over the  

Laboratory-wide B e l l  Telephone publ ic  -address system, followed 

by v e r b a l  i n s t r u c t i o n s  e 

Other S igna l s  - Other emergency s i g n a l s  are t r ansmi t t ed  v i a  

the  f i r e -a l a rm system; however, on ly  two of t hese  might. involve 

Reactor  Operations Department personnel .  Box I1 sounded four  

t i m e s  s i g n i f i e s  an " a l l  c l ea r "  condi t ion .  Box 12 sounded one 

t i m e  s i g n i f i e s  t h a t  a "box test" is be ing  conducted. 

... ... . 

18.6d. Laboratory Evacuation (Emergency Outside t h e  Department. Area) 

I f  an emergency r e q u i r i n g  a plant-wide evacuat ion occurs o u t s i d e  

t h e  Reactor Operations Department area, personnel  w i l l  be n o t i f i e d  as 

ind ica t ed  i n  Sect.ion 1 0 . 6 ~ ~  above, The fol lowing a c t i o n  w i l l  be taken: 

1, Operations personnel. ( e i t h e r  the  warden o r  l o c a l  emergency super -  

v i sor )  w i l l :  

a ,  Scram t h e  r e a c t o r s  (if they are ope ra t ing ) .  

b. Report the  s i t u a t i o n  t o  a l l  bu i ld ing  occupants over t he  

publ ic  -address sys  tem. 

c.  I n i t i a t e  c" bu i ld ing  evacuat ion.  

d. S e l e c t  deputy sea rche r s ,  i f  requi red ,  from t h e  Reactor 

Operations Department personnel  i n  t h e  area assembly 

poin t  (on Reactor Drive between Buildings 3001 and 3 0 4 2 ) .  

e .  D i s m i s s  a l l  o t h e r  department personnel  and d i r e c t  them t o  

evacuate  the Laboratory.  
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f .  A f t e r  a s ses s ing  the  s i t u a t i o n ,  the  bu i ld ing  may be 

searched f o r  people who have not  ex i t ed .  

2 ., Operations Personnel (General.) 

a. 

b. 

C .  

Leave the  bu i ld ing  v i a  the  most convenient e x i t .  ( I f  

a department member i s  in ,  o r  ad jacent  t o ,  a r e a c t o r  con- 

t r o l  room a t  the  t i m e  t he  evacuat ion i s  i n i t i a t e d ,  he 

should take the  emergency package w i t h  him when he leaves 

t h e  bui ld ing . )  

Assemble a t  t he  department area assembly po in t  (on Reactor 

Drive between Buildings 3001 and 3042) f o r  poss ib l e  s e l e c -  

t i o n  as a deputy sea rche r .  

Comply wi th  i n s t r u c t i o n s  from l o c a l  emergency personnel .  

3 .  Other Personnel i n  a Reactor Operations Department Building: 

a. Leave the bu i ld ing  immediately v i a  the most convenient e x i t .  

b .  Proceed t o  the  nearest  e x i t  from the  Laboratory unless  

otbcrwis e d i r e c t e d  v i a  the  Laboratory -wide pub 1 i c  -address 

sys  tern. 

10 ., 6e .  Local Area Evacuation (Emergency Outside the  Department Area) 

I f  an emergency r equ i r ing  a l o c a l  a r e a  evacuat ion occurs ou t s ide  

the Reactor Operations Department, the l o c a l  emergency superv isor  (or  

warden) w i l l  be n o t i f i e d  by the  Laboratory emergency d i r e c t o r  o r  by o the r  

respons ib le  departments.  (This n o t i f i c a t i o n  may be received i n i t i a l l y  

by the  r e a c t o r  c o n t r o l  desk opera tor  who w i l l  immediately c o n t a c t  the 

respons ib le  l o c a l  emergency superv isor  o r  warden.) 

1. Operations personnel ( e i t h e r  the warden o r  l o c a l  emergency 

supervisor ,  f o r  each bui ld ing)  w i l l :  
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a. 

b.  

C .  

d. 

e. 

f. 

g-  

h. 

S c r a m  the  r e a c t o r s  ( i f  they  are ope ra t ing ) .  

Report t he  s i t u a t i o n  t o  a l l  bu i ld ing  occupants over the 

pub l i e  -address sys  t e m .  

I n i t i a t e  a bu i ld ing  evacuat ion.  

Assemble h i s  l o c a l  emergency squad and a l l  bu i ld ing  occu- 

pants a t  t he  l o c a l  assembly point., Determine t h a t  the  

assembly po in t  is i n  a s a f e  area. Move t o  a secondary 

assembly po in t ,  i f  necessary.  

Appoint a squad member as temporary warden. Go t o  the  

department a r e a  assembly poin t  (on Reactor Drive between 

Buildings 3001 and 3042) and s e l e c t  deputy sea rche r s ,  if 

r equ i r ed ,  from t h e  Reactor Operations Department personnel  

who have assembled the re .  

D i s m i s s  a l l  department personnel  not  s e l e c t e d  and d i r e c t  

them t o  evacuate the  a r e a  and w a i t  f o r  f u r t h e r  i n s t r u c -  

t i o n s  v i a  t h e  Laboratory-wide publ ic-address  system. 

A f t e r  a s ses s ing  the  s i t u a t i o n ,  t he  bu i ld ing  may be searched 

f o r  people who have not  e x i t e d .  

Wait f o r  f u r t h e r  i n s t r u c t i o n s  from t h e  Laboratory e m e r -  

gency d i r e c t o r  v i a  t he  ‘Laboratory-wide publ ic-address  

system. 

2 .  Operations Personnel (General) 

a. Leave the  bu i ld ing  v i a  t h e  most convenient  e x i t .  ( I f  

a department member is  i n ,  or adjacent  to ,  a r e a c t o r  

c o n t r o l  room a t  the t i m e  t he  evacuat ion  is  i n i t i a t e d ,  

he should t ake  t h e  emergency package wi th  him when he 

leaves the  bui ld ing . )  
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b. Assemble a t  the  l o c a l  assembly po in t  f o r  poss ib l e  s e l e c t i o n  

as a deputy searcher .  

c .  Those ind iv idua l s  not  s e l e c t e d  should r e p o r t  t o  the  depa r t -  

ment assembly poin t  f o r  poss ib l e  s e r v i c e  a t  the o the r  r eac -  

t o r s .  

d. Comply wi th  i n s t r u c t i o n s  from l o c a l  emergency personnel .  

e.  Wait f o r  f u r t h e r  i n s t r u c t i o n s  from the  Laboratory emer- 

gency d i r e c t o r  v i a  t he  Laboratory-wide public-address 

system. 

3 .  Other Personnel i n  Department Bui ldings 

a. Leave the  bu i ld ing  by t h e  most convenient e x i t .  

b. Assemble a t  the  l o c a l  assembly po in t .  

c .  Comply wi th  i n s t r u c t i o n s  from l o c a l  emergency personnel .  

d.  Wait f o r  f u r t h e r  i n s t r u c t i o n s  from the  Laboratory emer- 

gency d i r e c t o r  v i a  the  Laboratory-wide publ ic-address  

sys  tern. 

Since condi t ions  a s soc ia t ed  wi th  an emergency ou t s ide  the  r e a c t o r  

bu i ld ings  may vary  considerably,  t he  i n s t r u c t i o n s  one would be advised 

t o  follow may vary accordingly.  It is conceivable  t h a t  under c e r t a i n  

circumstances the  i n s t r u c t i o n s  i n  t h i s  s ec t ion ,  p e r t a i n i n g  t o  bu i ld ing  

evacuat ion,  perhaps would not  be the  wi ses t  t o  follow. An example of t h i s  

would be an occurrence of  an inc iden t  i n  another  par t  o f  the  Laboratory 

i n  which a i r -borne  a c t i v i t y  r e l eased  i n t o  the  atmosphere would present  a 

p o t e n t i a l  h e a l t h  hazard t o  personnel i n s i d e  the  r e a c t o r  bu i ld ings  (by 

v i r t u e  of the  nega t ive  pressure  i n s i d e  of the  bui ld ings)  bu t  would 

present  a g r e a t e r  hazard i f  the  personnel were t o  leave the  bu i ld ings .  
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In a case such as t h i s ,  t h e  l o c a l  emergency s u p e r v i s o r  (or  warden) 

would have r e c e i v e d  i n f o r m a t i o n  of t h e  i n c i d e n t  from t h e  Labora tory  

emergency d i r e c t o r .  A t  t h i s  t i m e ,  t h e  l o c a l  emergency s u p e r v i s o r  (or 

warden) f o r  each  b u i l d i n g  should perform t h e  f o l l o w i n g  i n  t h e  o r d e r  

l i s t e d .  

1. Scram t h e  r e a c t o r  ( i f  i t  i s  o p e r a t i n g ) .  

2 .  Announce over  t h e  b u i l d i n g  p u b l i c - a d d r e s s  system: " A t t e n t i o n !  

A l l  personnel  remain i n s i d e  t h e  b u i l d i n g  u n t i l  f u r t h e r  n o t i c e .  

The o u s t i d e  a i r  has becorrie s l i g h t l y  contaminated a s  a r e s u l t  of 

a n  i n c i d e n t  i n  a n o t h e r  area. P e r s o n n e l  i n  t h e  i m m e d i a t e  area 

who are o u t s i d e  t h e  containment  volume would be advised  t o  

e n t e r . "  

3. Monitor t h e  b u i l d i n g  cont inuous  a i r  moni tors  f r e q u e n t l y .  

When t h e  c o n d i t i o n  of t h e  o u t s i d e  a i r  i s  no longer  cons idered  t o  

r e p r e s e n t  a hazard  (as determined by t h e  Labora tory  emergency d i r e c t o r ) ,  

t h e  i n f o r m a t i o n  should be announced over  t h e  b u i l d i n g ' s  p u b l i c - a d d r e s s  

system and normal o p e r a t i o n s  should be resumed a s  soon as p o s s i b l e .  

10.6f.  S p e c i a l  Emergency Evacuat ion  Procedure  f o r  B u i l d i n g  3001 

A p o r t i o n  of t h e  ORNL G r a p h i t e  Reac tor  (now a N a t i o n a l  H i s t o r i c  

Landmark) h a s  been opened Lo t h e  p u b l i c  and connected t o  a s p e c i a l  v i s i -  

t o r s '  parking l o t  on t h e  n o r t h  s i d e  of t h e  Labora tory  by a fenced walkway. 

T h i s  a l l o w s  t h e  g e n e r a l  p u b l i c  t o  v i s i t  t h e  OGR d u r i n g  c e r t a i n  h o u r s  

w i t h o u t  passes o r  advance n o t i c e .  The OGR i s  n e a r  t h e  ORR and t h e  P i l o t  

P l a n t  as w e l l  as o t h e r  p r o c e s s  b u i l d i n g s  of t h e  Labora tory .  The f o l -  

lowing procedure w i l l  b e  used f o r  e v a c u a t i n g  OGR v i s i t o r s  i f  any emergency 

e l sewhere  i n  t h e  Labora tory  should make t h i s  d e s i r a b l e .  
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1. Respons ib i l i t y ,  - The ope ra t ing  crew a t  the  ORR w i l l  be 

respons ib le  f o r  evacuat ing t h e  v i s i t o r s  from the  area. The 

two genera l  ca t egor i e s  of occurrences t h a t  might r e q u i r e  evacu- 

a t i o n  of the  OGR are: 

a. A major inc iden t  a t  the  Om. 

b. A major inc iden t  elsewhere i n  the Laboratory which would 

r e q u i r e  evacuat ion of the  area inc luding  t h e  Graphi te  

Reactor.  

In  the  f i r s t  type of  i nc iden t  t he  s h i f t  engineer  w i l l  make 

the  dec i s ion  t o  evacuate the  OGR. If an evacuat ion is  necessary 

due t o  an inc ident  i n  another  p a r t  of the  Laboratory,  t h e  dec i -  

s i o n  w i l l  be made a t  t he  Emergency Cont ro l  Center  and the  s h i f t  

engineer  w i l l  r ece ive  i n s t r u c t i o n s  accordingly,  When the  

dec is ion  t o  evacuate  the  people from the  v i s i t o r s '  access area 

i s  made, a dec i s ion  m u s t  a l s o  be made as t o  which rou te  t o  take-  

no r th  v i a  the  pathway by which the  v i s i t o r s  en tered  or south  

through t h e  La.boratory e 

2. Procedure. - Since an evacuat ion could occur on a hol iday  o r  

weekend, t h e  crew on duty a t  the  ORR area might c o n s i s t  of 

t h ree  people:  the  s h i f t  engineer  and two r e a c t o r  opera tors .  

a. Evacuation Southward. - If i t  is  necessary f o r  t h e  v i s i -  

t o r s  t o  go south  through the  Laboratory,  two men w i l l  

e n t e r  Bui lding 3001 through the  e a s t  door and pass  through 

the  emergency door on the  r i g h t  i n t o  the publ ic  area. This  

door i s  equipped wi th  a panic ba r  on each s i d e  and wi th  a 

swi tch  t o  i n i t i a t e  an alarm a t  Guard Headquarters when the  
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door i s  opened i n  e i t h e r  d i r e c t i o n .  Also,  the  Guard Depart-  

ment has  placed an  o f f i c i a l  seal on the  door s o  t h a t  v i s u a l  

inspec t ion  w i l l  reveal whether i t  has  been opened. One of 

t h e  two men w i l l  go northward along the  fenced walkway t o  

the  parking l o t ,  d i r e c t i n g  any v i s i t o r s  a long the  pathway 

t o  r e t u r n  t o  the  nor th  parking lot. He w i l l  c l o s e  t h e  g a t e  

and do whatever i s  necessary  f o r  t he  s a f e t y  of the  group, 

inc luding  having checks made by a h e a l t h  phys i c i s  surveyor 

i f  t h i s  seems d e s i r a b l e .  The o the r  man w i l l  d i r e c t  a l l  

v i s i t o r s  i n  the  bu i ld ing  through the  emergency e x i t  as 

r a p i d l y  as poss ib l e .  He w i l l  accompany t h e  group t o  one 

of t he  Laboratory g a t e s  where he w i l l  determine whether a 

h e a l t h  physics  survey should be made. H e  w i l l  attempt t o  

o b t a i n  t r a n s p o r t a t i o n  t o  t h e  nor th  parking l o t  where the  

v i s i t o r s '  c a r s  w i l l  be parked and do whatever i s  poss ib l e  

f o r  t h i e r  s a f e t y  and comfort. The Emergency Control  Center 

should be n o t i f i e d  of t he  completion of t he  evacuat ion and 

asked f o r  f u r t h e r  i n s t r u c t i o n s .  I f  any problem should 

a r i se  r equ i r ing  a d d i t i o n a l  a s s i s t a n c e ,  the  Emergency Con- 

t r o l  Center  should be c a l l e d  immediately. 

b. Evacuation Northward. - If the  dec i s ion  i s  t o  evacuate 

northward, one man (usua l ly  a r e a c t o r  ope ra to r )  w i l l  e n t e r  

the  v i s i t o r  a r e a  by the  rou te  noted above and evacuate a l l  

v i s i t o r s  from t h e  bu i ld ing  as quick ly  as poss ib l e  v i a  the  

access  pathway. A s  t he  v i s i t o r s  leave,  t he  opera tor  should 
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follow them, g iv ing  any a s s i s t a n c e  t h a t  is  needed. When 

t h i s  group leaves the  nor th  ga te ,  t he  opera tor  w i l l  c l o s e  

the  ga t e  and do whatever i s  necessary f o r  the  s a f e t y  of 

the  group. I f  r a d i a t i o n  and contaminat ion condi t ions  a r e  

suspected,  t he  v i s i t o r s  should be i n s t r u c t e d  to  remain a t  

the  ga t e  u n t i l  a h e a l t h  physics  surveyor  can be c a l l e d  t o  

check f o r  poss ib l e  contamination. 

Center  should be n o t i f i e d  of t h e  completion of t he  evacu- 

a t i o n  and asked f o r  f u r t h e r  i n s t r u c t i o n s .  I f  any problem 

should a r i s e  r equ i r ing  a d d i t i o n a l  a s s i s t ance ,  t he  Emergency 

Cont ro l  Center  should be c a l l e d  immediately. 

The emergency Cont ro l  

10.6g. Bui lding Evacuation - - Emergency i n  Buildings 3004 and 3005 

Emergency evacuat ions of Bui lding 3005, f o r  the  purpose of t h i s  

procedure, are d iv ided  i n t o  two c l a s s e s .  Class one evacuat ions are those 

t h a t  are au tomat ica l ly  s t a r t e d  by ins t rumenta t ion .  Class two evacuat ions 

are those i n i t i a t e d  manually. 

The suggested course of  a c t i o n  f o r  the  l o c a l  emergency supervisor  

(or  warden) is given below. The r eade r  should understand t h a t  i t  is not  

poss ib l e  t o  provide a procedure which w i l l  apply i n  f u l l  for  every con- 

d i t i o n  which could a r i s e .  Rather,  sound guide l ines  based on experience 

a r e  provided. The proper execut ion  of emergency procedures under a c t u a l  

condi t ions  res ts  wi th  we l l - t r a ined  and experienced personnel .  

1. Class One Evacuation, Instrument I n i t i a t e d .  - An instrument-  

i n i t i a t e d  (automatic) evacuat ion may be caused by: h igh  a i r -  

a c t i v i t y  ind ica t ions  a t  two continuous a i r  monitors i n  the a i r  

contamination coincidence c i r c u i t ,  o r  high r a d i a t i o n  ind ica t ions  
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a t  two of t h e  Monitrons i n  the  Monitron coincidence c i r c u i t .  

Bui lding containment is a l s o  au tomat ica l ly  e f f e c t e d  under these  

cond i t ions .  
1 

If the  evacuat ion  s i g n a l  i s  i n i t i a t e d  au tomat ica l ly ,  a sudden in -  

c r e a s e  in t he  a i r  a c t i v i t y  o r  r a d i a t i o n  background w i t h i n  the  bu i ld ing  

would be suspected s i n c e  a gradual  i nc rease  would usua l ly  have been 

de tec t ed  by var ious  low-level  monitors and would have prompted a 

manually i n i t i a t e d  evacuat ion.  The fol lowing s t e p s  are sugges ted ,  

NOTE: It is  assumed t h a t  a l l  personnel  w i l l  evacuate  the  3005 

containment s h e l l  upon a c t u a t i o n  of t h e  evacuat ion  s i g n a l .  

a .  

b. 

C .  

I f  t i m e  p e r m i t s ,  the  s i t u a t i o n  o r  cond i t ions  should be announced 

over the  publ ic-address  system while  depress ing  the  s i l e n c e  

bu t ton  f o r  the  evacuat ion  horn. This  announcement w i l l  he lp  

t o  make it  poss ib l e  f o r  o t h e r s  t o  ass is t  i n  combating the  

emergency. 

The Emergency Con t ro l  Center ,  phone 3-6358, should be n o t i -  

f i e d  of the  magnitude and cause o f  t he  emergency. 

Re-entry of t he  containment s h e l l  by  sea rche r s  o r  o t h e r  per-  

sonnel  ( f o r  r a d i a t i o n  surveys,  e t c . )  w i l l  be d i r e c t e d  by the  

l o c a l  emergency supe rv i so r  i f  s a f e  and/or necessary;  and such  

r e - e n t r y  w i l l ,  whenever poss ib le ,  follow t h e  h e a l t h  physics 

procedures and recommendat ions.  

The l o c a l  emergency supe rv i so r  w i l l  combat t he  emergency 

u n t i l  r e l i e v e d  by h igher  a u t h o r i t y .  

1 
J . A .  Russe l l ,  Jr. ,  and D . J .  Knowles, Descr ip t ion  of  F a c i l i t y  Radia- 

t i o n  and Contamination A l a r m  Systems I n s t a l l e d  i n  the  Low-Intensity Tes t  
Reactor,  Bui lding 3005, ORNL TM-1460 (Feb. 28, 1966). 
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2 .  Class Two Evacuat ion,  Manually I n i t i a t e d .  - An emergency con- 

d i t i o n ,  o t h e r  t h a n  a suddenly o c c u r r i n g  r a d i a t i o n  o r  a i r -  

contaminat ion  i n c i d e n t ,  w i l l  u s u a l l y  develop a t  a r a t e  which 

w i l l  permit  some pre-evacuat ion  planning,  however l i m i t e d .  T h i s  

type  of emergency would i n c l u d e  a pending o r  p o t e n t i a l  h i g h -  

r a d i a t i o n  o r  a i r - c o n t a m i n a t i o n  l e v e l ,  a f i r e ,  o r  a r e l e a s e  of 

u n d e s i r a b l e  g a s  i n t o  the b u i l d i n g  atmosphere.  

The l o c a l  emergency s u p e r v i s o r  (or ,  i n  h i s  absence,  the  

control-room o p e r a t o r )  w i l l  g e n e r a l l y  be forewarned of i n c r e a s -  

i n g  r a d i a t i o n  o r  a i r - c o n t a m i n a t i o n  l e v e l s  through t h e  r a d i a t i o n  

and contaminat ion  alarm system. The control-room o p e r a t o r  w i l l  

n o t i f y  t h e  s h i f t  e n g i n e e r  of r a d i a t i o n  and/or  contaminat ion  

alarms as t h e y  o c c u r .  

Automatic e a r l y  warning r e g a r d i n g  f i r e ,  gas  l e a k s ,  o r  o t h e r  

emergency c o n d i t i o n s  i s  not  probable ;  however, such emergency 

c o n d i t i o n s  may n o t  r e q u i r e  t h e  h a s t e  u s u a l l y  a s s o c i a t e d  w i t h  an  

a u t o m a t i c a l l y  announced r a d i a t i o n  o r  a i r - c o n t a m i n a t i o n  i n c i d e n t  

It should be recognized t h a t  i t  i s  n o t  t h e  i n t e n t  of t h i s  pro-  

cedure t o  minimize t h e  h a z a r d s  a s s o c i a t e d  w i t h  f i r e .  Rather ,  

t h e  p o i n t  t o  be made i s  t h a t  t h e  f i r e  danger  t o  equipment and 

m a t e r i a l s  i s  much g r e a t e r  t h a n  t h e  f i r e  danger t o  personnel .  

a .  Upon r e c e i p t  of i n f o r m a t i o n  r e g a r d i n g  an  emergency condi -  

t i o n  which w a r r a n t s  an  e v a c u a t i o n ,  t h e  l o c a l  emergency 

s u p e r v i s o r  o r  h i s  a l t e r n a t e  w i l l ,  i f  t ime permi ts ,  announce 

t h e  c o n d i t i o n  over  t h e  p u b l i c - a d d r e s s  sytem. 

b .  The l o c a l  emergency s u p e r v i s o r  o r  h i s  a l t e r n a t e  w i l l  t h e n  

a c t u a t e  t h e  evacuat ion  horn,  i n t e r r u p t i n g  t h e  s i g n a l  
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a f t e r  10 sec  t o  announce t h e  cond i t ion  aga in  and g ive  

p e r t i n e n t  d i r e c t  ions t o  evacuat ing  personnel .  (Actuat ion 

of t h e  evacuat ion  s i g n a l  p laces  the  bu i ld ing  i n  conta in-  

ment.) NOTE: S t e p s  5 and can be accomplished from the  

ORR c o n t r o l  room. 

c .  The l o c a l  emergency supe rv i so r  o r  h i s  a l t e r n a t e  w i l l  

n o t i f y  the  Emergency Con t ro l  Center  (phone 3-6358) o f  

the  emergency cond i t ion  ( i f  t h i s  has not  been done p r e -  

v i o u s l y ) ,  I n  case of f i r e ,  he w i l l  a c t u a t e  the  nea res t  

f i r e - a l a r m  box. 

d. The l o c a l  emergency supe rv i so r  o r  h i s  a l t e r n a t e  w i l l  con- 

t i n u e  t o  combat t he  emergency. 

3 .  A l l  Evacuations, Extended, Gonditions 

a. I f  t he  l o c a l  emergency supe rv i so r  deems i t  necessary,  he 

w i l l  i n i t i a t e  t he  evacuat ion  p lan  f o r  Bui ldings 3001, 

9010, and 3042. 

b.  For a more s e r i o u s  emergency, the  local  emergency super -  

v i s o r  o r  h i s  a l t e r n a t e  will recommend t o  the  Emergency 

Con t ro l  Center  t h a t  t he  en t i re  Laboratory be evacuated,  

I f  such be t h e  case ,  f u r t h e r  i n s t r u c t i o n s  w i l l  be  announced 

over the  plant-wide publ ic -address  system. 

10.6h. Bui lding Evacuation Emergency i n  Building 3010 

Emergency evacuat.ions of Bui lding 3010, f o r  t he  purpose of t h i s  pro- 

cedure,  are d iv ided  i n t o  two classes. Class one evacuat ions a r e  any 

evacuat ions au tomat i ca l ly  s t a r t e d  by ins t rumenta t ion .  6 lass two evacu- 

a t ions  are evacuat ion  i n i t i a t e d  manually.  
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The sugges ted  c o u r s e  of a c t i o n  f o r  t h e  l o c a l  emergency s u p e r v i s o r  

( o r  warden) i s  g iven  below. The r e a d e r  should  unders tand  t h a t  i t  is 

n o t  p o s s i b l e  t o  provide  a procedure t h a t  w i l l  apply  i n  f u l l  f o r  every  

c o n d i t i o n  which could  ar ise .  Rather ,  sound g u i d e l i n e s  based on e x p e r i -  

ence are provided.  The proper  e x e c u t i o n  of  emergency procedures  under 

a c t u a l  c o n d i t i o n s  rests w i t h  w e l l - t r a i n e d  and exper ienced  p e r s o n n e l ,  

During any emergency i n  B u i l d i n g  3010, u s e  should  be made of t h e  

i n d i c a t i o n s  of  r a d i a t i o n  l e v e l  d i s p l a y e d  on t h e  "12 r l h r  monitor"  

meter and on t h e  "High Bay Monitron" m e t e r ;  b o t h  of  t h e s e  meters are 

l o c a t e d  a t  t h e  BSR remote c o n s o l e ,  

1. C l a s s  One Evacuat ion ,  Ins t rument  I n i t i a t e d .  - An i n s t r u m e n t -  

i n i t i a t e d  (au tomat ic )  e v a c u a t i o n  may be caused by: h i g h  a i r -  

a c t i v i t y  i n d i c a t i o n s  at: two cont inuous  a i r  monitors  i n  t h e  a i r  

contaminat ion  c o i n c i d e n c e  c i r c u i t  , o r  h i g h  r a d i a t i o n  i n d i c a -  

t i o n s  a t  two of t h e  Monitrons i n  t h e  Monitron co inc idence  

c i r c u i t .  B u i l d i n g  containment  is  a l s o  a u t o m a t i c a l l y  e f f e c t e d  

under  t h e s e  c o n d i t i o n s .  
2 

I f  t h e  e v a c u a t i o n  s i g n a l  is  i n i t i a t e d  a u t o m a t i c a l l y ,  a 

sudden i n c r e a s e  i n  t h e  a i r  a c t i v i t y  o r  r a d i a t i o n  background 

w i t h i n  t h e  b u i l d i n g  would be s u s p e c t e d  s i n c e  a g r a d u a l  i n c r e a s e  

would u s u a l l y  have been d e t e c t e d  by v a r i o u s  l o w - l e v e l  monitors  

and would have prompted a manually i n i t i a t e d  e v a c u a t i o n .  The 

fo l lowing  s t eps  are sugges ted .  

J.A. R u s s e l l ,  Jr.  , and D . J .  Knowles, D e s c r i p t i o n  of F a c i l i t y  
2 

R a d i a t i o n  and Contaminat ion A l a r m  Systems I n s t a l l e d  i n  t h e  Bulk S h i e l d i n g  
F a c i l i t y ,  B u i l d i n g  3010, ORNL TM-1874 (August 22,  1967) .  
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2.  

(NOTE: It is assumed that all personnel will evacuate the 

Building 3010 containment shell upon actuation of the evacuation 

signal. ) 

a, Shut down the BSR and PCA (if either is operating). 

b. If time permits, the situation or conditions should be 

announced over the public-address system while depressing 

the silence button for the evacuation horn. This announce- 

ment will help to make it possible for others to assist in 

combating the emergency. 

c. The Emergency Control Center, phone 3 - 6 3 5 8 ,  should be noti- 

fied of the magnitude and cause of the emergency. 

d. Re-entry-of the containment shell by searchers or other 

personnel (for radiation surveys, etc.) will be directed by 

the local emergency supervisor if safe and/or necessary; 

and such re-entry will, whenever possible, follow the 

health physics procedures and recommendations. 

The local emergency supervisor will combat the emer- 

gency until relieved by higher authority. 

Class Two Evacuations, Manually Initiated. - An emergency con- 
dition, other than a suddenly occurring radiation or air- 

contamination incident, will usually develop at a rate which 

will permit some pre-evacuation planning, however limited. This 

type of emergency would include a pending or potential high- 

radiation or air-contamination level, a fire, or a release of 

undesirable gas into the building atmosphere. 

The local emergency supervisor (or, in his absence, the 

control-room operator) will generally be forewarned of increasing 
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r a d i a t i o n  o r  a i r - c o n t a m i n a t i o n  l e v e l s  through t h e  r a d i a t i o n  and 

contaminat ion  alarm system. The control-room o p e r a t o r  w i l l  

n o t i f y  t h e  s h i f t  e n g i n e e r  of r a d i a t i o n  a n d l o r  contaminat ion  

a la rms  as t h e y  occur .  

Automatic e a r l y  warning r e g a r d i n g  f i r e ,  g a s  l e a k s ,  o r  o t h e r  

emergency c o n d i t i o n s  i s  n o t  p r o b a b l e ;  however, such emergency 

c o n d i t i o n s  may n o t  r e q u i r e  t h e  h a s t e  u s u a l l y  a s s o c i a t e d  w i t h  

an a u t o m a t i c a l l y  announced r a d i a t i o n  o r  a i r - c o n t a m i n a t i o n  i n c i -  

d e n t .  It should he recognized t h a t  i t  i s  n o t  t h e  i n t e n t  of 

t h i s  procedure t o  minimize t h e  h a z a r d s  a s s o c i a t e d  w i t h  f i r e .  

Rather ,  t h e  p o i n t  t o  be made i s  t h a t  t h e  f i r e  danger  t o  equip-  

ment and m a t e r i a l s  i s  much g r e a t e r  t h a n  t h e  f i r e  danger t o  

personnel .  

a .  Upon r e c e i p t  o f  i n f o r m a t i o n  r e g a r d i n g  a n  emergency condi -  

t i o n  which w a r r a n t s  an  evacuat ion ,  t h e  l o c a l  emergency 

s u p e r v i s o r  o r  h i s  a l t e r n a t e  w i l l ,  i f  t ime permi ts ,  announce 

t h e  c o n d i t i o n  over  t h e  p u b l i c - a d d r e s s  system. 

b. The l o c a l  emergency s u p e r v i s o r  o r  h i s  a l t e r n a t e  w i l l  t h e n  

a c t u a t e  t h e  e v a u c a t i o n  horn,  i n t e r r u p t i n g  t h e  s i g n a l  a f t e r  

10 sec t o  announce t h e  c o n d i t i o n  a g a i n  and g i v e  p e r t i n e n t  

d i r e c t i o n s  t o  e v a c u a t i n g  personnel .  (Actua t ion  of t h e  

e v a c u a t i o n  s i g n a l  places t h e  b u i l d i n g  i n  containment .  

NOTE: 

t r o l  room as w e l l  as from t h e  BSR.)  

S t e p s  - a and b_ can  be accomplished from t h e  ORR con- 

c .  The l o c a l  emergency s u p e r v i s o r  (or  t h e  warden) w i l l  s h u t  

down t h e  BSR should he deem such a c t i o n  necessary  o r  h e l p f u l  
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toward combating t h e  emergency. 

r equ i r ed  i n  any case.) 

(PCA shutdown w i l l  be 

d .  The l o c a l  emergency supe rv i so r  o r  h i s  a l t e r n a t e  w i l l  n o t i f y  

the Emergency Cont ro l  Center  (phone 3-6358) of the  emer- 

gency cond i t ion  ( i f  t h i s  has not  been done previous ly) .  

In case of f i r e  he w i l l  a c t u a t e  the  n e a r e s t  f i r e - a l a r m  

box. 

e .  The l o c a l  emergency supe rv i so r  o r  h i s  a l t e r n a t e  w i l l  con- 

t i n u e  t o  combat t he  emergency. 

3 .  A l l  ,&acuat ions,  Extended &ndi t ions  

a. If the  l o c a l  emergency supe rv i so r  deems i t  necessary,  he 

w i l l  i n i t i a t e  t h e  evacuat ion  p lan  f o r  Bui ldings 3001, 3004, 

3005, and 3042. 

b .  For a more s e r i o u s  emergency, t h e  l o c a l  emergency super -  

v i s o r  o r  h i s  a l t e r n a t e  w i l l  recommend t o  the Emergency 

Cont ro l  Center  t h a t  t he  e n t i r e  Laboratory be evacuated,  

I f  such be the  case ,  then  f u r t h e r  i n s t r u c t i o n s  w i l l  be 

announced over the  plant-wide publ ic  address  system. 

1 0 . 6 i .  Bui lding Evacuation--Emergency i n  Building 3042 

Emergency evacuat ions of Bui lding 3042, f o r  the  purpose of t h i s  pro- 

cedure,  are d iv ided  i n t o  two c l a s s e s .  Class one, ins t rument - in i t ia . ted  

evacuat ion,  includes any evacuat ion au tomat ica l ly  s t a r t e d  by instrumen- 

t a t i o n .  Class two, manually i n i t i a t e d  evacuat ion,  includes evacuat ion 

i n i t i a t e d  manually from the  c o n t r o l  room o r  from the  emergency box ou t -  

s i d e  the  northwest personnel  door.  

The suggested course  of a c t i o n  f o r  t he  l o c a l  emergency supe rv i so r  o r p  

i n  h i s  absence, t he  c o n t r o l  desk ope ra to r  is given below. The reader  
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should understand t h a t  i t  is  not poss ib le  t o  provide a procedure which 

w i l l  apply i n  f u l l  f o r  every cond i t ion  which could ar ise .  Rather,  sound 

guide l ines  based on p a s t  experience a r e  provided. The proper execut ion 

o f  emergency procedures under a c t u a l  condi t ions  r e s t s  wi th  w e l l - t r a i n e d  

and experienced personnel.  

1. Class One Evacuation, Instrument I n i t i a t e d .  - An instrument-  

i n i t i a t e d  (automatic) evacuat ion may be caused by: h igh  a i r -  

a c t i v i t y  ind ica t ions  a t  two continuous a i r  monitors i n  the  a i r -  

contaminat ion coincidence c i r c u i t ,  o r  h igh - rad ia t  ion ind ica-  

t i ons  a t  two of the Monitrons i n  the  Monitron coincidence c i r -  

c u i t .  Bui lding containment is a l s o  au tomat ica l ly  e f f e c t e d  

under these  condi t ions  (see Operating Manual f o r  t he  Oak Ridge 

Research Reactor,  TM-506, Sec t ion  9.2, F a c i l i t y  Radia t ion  and 

Contamination A l a r m  System, Building 3042) . I f  t he  evacuat ion 

s i g n a l  is  i n i t i a t e d  au tomat ica l ly ,  a sudden increase  i n  the  a i r  

a c t i v i t y  o r  r a d i a t i o n  background wi th in  the  buil-ding would be 

suspected s i n c e  a gradual  increase  would usua l ly  have been 

de tec t ed  by var ious  low-level monitors and would have prompted 

a manually i n i t i a t e d  evacuat ion.  The fol lowing s t e p s  a r e  

suggested,  

(NOTE: It i s  assumed t h a t  a l l  personnel w i l l  evacuate 

the  Building 3042 containment s h e l l  upon ac tua t ion  of the evacu- 

a t i o n  s i g n a l .  The l o c a l  emergency superv isor  may e l e c t  t o  evacu- 

a te  t o  the  c o n t r o l  room i f  h i s  p o s i t i o n  wi th in  the  containment 

s h e l l  is  favorable . )  



( 1 0 . 6 ~  cont inued)  10-39 

a .  If the evacuat ion  s i g n a l  i s  accompanied by an alarm from 

the c o n t r o l  room h igh- l eve l  r a d i a t i o n  monitor (>5 r / h r ) ?  

then t h e  c o n t r o l  room opera tor  (warden) should scram the  

ORR (and any o t h e r  r e a c t o r  being operated from t h i s  con- 

t r o l  room) and evacuate  the  c o n t r o l  room, t ak ing  t h e  emer- 

gency equipment package wi th  him i f  poss ib l e .  

b, I€ t he  r a d i a t i o n  l e v e l  i n  the  c o n t r o l  room is l e s s  than 

5 r / h r ,  then  the  l o c a l  emergency supe rv i so r  o r ,  i n  h i s  

absence, t h e  c o n t r o l  room ope ra to r  (warden) should survey 

the  ins t rumenta t ion  t o  determine: 

(1) Radia t ion  and a i r -contaminat ion  l e v e l s  i n  the  c o n t r o l  

room (from the c o n t r o l  room r a d i a t i o n  monitor and con- 

t inuous air  monitor) .  

(2)  The cause of  t he  evacuat ion  s i g n a l ,  i.e., h igh - l eve l  

s i g n a l s  f r o m  two Monitrons o r  two continuous a i r  moni- 

t o r s  o r  both (from the  r a d i a t i o n  and contamination 

alarm system panel ) .  

(3)  The cond i t ion  ( r a d i o a c t i v i t y )  of  t he  r e a c t o r  and pool 

systems as r e f l e c t e d  by the  r e a c t o r  and pool water 

a c t i v i t y  recorders  and the  1 6 N  r eco rde r s  a 

c .  Emergency a c t i o n  t o  be taken a f t e r  t h e  above l i s t e d  i n f o r -  

mation i s  gathered must be decided upon by t h e  l o c a l  e m e r -  

gency supe rv i so r  o r  h i s  a l t e r n a t e  ; however, dec i s ions  must 

be made quick ly  and, t he re fo re ,  the  fol lowing gu ide l ines  

are o f f e r e d .  
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(1) I f  it i s  s u s p e c t e d  t h a t  t h e  o p e r a t i n g  r e a c t o r  is con- 

t r i b u t i n g  t o  t h e  c o n d i t i o n ,  t h e n  t h e  ORR should  be 

s h u t  down. 

(2) I f  t i m e  p e r m i t s ,  t h e  s i t u a t i o n  o r  c o n d i t i o n s  s h o u l d  

be announced over  t h e  p u b l i c - a d d r e s s  sys tem whi le  

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

horns .  This  announcement w i l l  h e l p  t o  make it 

p o s s i b l e  f o r  o t h e r s  t o  ass i s t  i n  combating t h e  emer- 

gency. 

(3) The Emergency C o n t r o l  C e n t e r ,  phone 3-6358, s h o u l d  

be n o t i f i e d  of  t h e  magnitude and c a u s e  o f  t h e  emer- 

gency. 

( 4 )  If r a d i a t i o n  o r  a i r - c o n t a m i n a t i o n  levels i n  t h e  con- 

t r o l  room a r e  s u f f i c i e n t l y  h igh ,  o r  are i n c r e a s i n g  

r a p i d l y ,  t h e  ORR and any o t h e r  r e a c t o r  b e i n g  o p e r a t e d  

from t h i s  c o n t r o l  room s h o u l d  be scrammed and t h e  

c o n t r o l  room evacuated .  

(5) If, however, r a d i a t i o n  and a i r - c o n t a m i n a t i o n  l e v e l s  

i n  t h e  c o n t r o l  room are n o t  e x c e s s i v e l y  h igh ,  t h e  

l o c a l  emergency s u p e r v i s o r  can  u s e  t h e  c o n t r o l  room 

as a base  from which t o  d i r e c t  a c t i o n  toward c o r r e c t -  

i n g  t h e  emergency s i t u a t i o n .  

(6) Re-ent ry  of t h e  containment  s h e l l  by s e a r c h e r s  o r  

o t h e r  personnel  ( f o r  r a d i a t i o n  surveys ,  e t c . )  w i l l  

be  d i r e c t e d  by t h e  l o c a l  emergency s u p e r v i s o r  i f  

s a f e  and/or  n e c e s s a r y ;  and such r e - e n t r y  w i l l ,  whenever 
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.... 

........ 

p o s s i b l e ,  f o l l o w  h e a l t h  p h y s i c s  procedures  and recom- 

mendat i o n s .  

d .  The l o c a l  emergency s u p e r v i s o r  w i l l  combat t h e  emergency 

u n t i l  r e l i e v e d  by h i g h e r  a u t h o r i t y .  

2 .  Class Two Evacuat ion ,  Manually I n i t i a t e d .  - An emergency con- 

d i t i o n ,  o t h e r  t h a n  a suddenly o c c u r r i n g  r a d i a t i o n  o r  a i r -  

contaminat ion  i n c i d e n t ,  w i l l  u s u a l l y  deve lop  a t  a r a t e  which 

w i l l  p e r m i t  some pre-evacuat ion  p lanning ,  however l i m i t e d ,  T h i s  

t y p e  of emergency would i n c l u d e  a pending o r  p o t e n t i a l  h i g h -  

r a d i a t i o n  o r  h i g h  a i r - c o n t a m i n a t i o n  l e v e l ,  a f i r e ,  o r  a release 

of u n d e s i r a b l e  gas  i n t o  t h e  b u i l d i n g  atmosphere.  

The l o c a l  emergency s u p e r v i s o r  o r ,  i n  h i s  absence,  t h e  

cont ro l - room o p e r a t o r  (warden) w i l l  g e n e r a l l y  be forewarned 

of i n c r e a s i n g  r a d i a t i o n  o r  a i r - c o n t a m i n a t i o n  l e v e l s  through t h e  

r a d i a t i o n  and contaminat ion  alarm system. The control-room 

o p e r a t o r  w i l l  n o t i f y  t h e  s h i f t  e n g i n e e r  of r a d i a t i o n  and/or  

c o n t a m i n a t i o n  a la rms  as t h e y  o c c u r .  

Automatic e a r l y  warning r e g a r d i n g  f i r e ,  g a s  l e a k s ,  o r  o t h e r  

emergency c o n d i t i o n s  i s  n o t  probable ;  however, such emergency 

c o n d i t i o n s  may n o t  r e q u i r e  t h e  h a s t e  u s u a l l y  a s s o c i a t e d  w i t h  

a n  a u t o m a t i c a l l y  announced r a d i a t i o n  or a i r - c o n t a m i n a t i o n  i n c i -  

d e n t .  It should be recognized  t h a t  i t  i s  not  t h e  i n t e n t  of 

t h i s  procedure t o  minimize t h e  h a z a r d s  a s s o c i a t e d  w i t h  f i r e .  

Rather ,  t h e  p o i n t  t o  be made i s  t h a t  t h e  f i r e  danger  t o  e q u i p -  

ment and materials i s  much g r e a t e r  t h a n  t h e  f i r e  danger  t o  

personnel .  
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a. Upon r e c e i p t  of information regard ing  an emergency condi- 

t i o n  t h a t  warrants  an evacuat ion,  t he  l o c a l  emergency 

superv isor  o r  h i s  a l t e r n a t e  w i l l ,  i f  time permits ,  announce 

the  cond i t ion  over t h e  publ ic-address  system. 

b .  The l o c a l  emergency d i r e c t o r  o r  h i s  a l t e r n a t e  w i l l  then 

ac tua te  the  evacuat ion horn, i n t e r r u p t i n g  the  s i g n a l  a f t e r  

10 s e c  t o  announce the cond i t ion  again and give p e r t i n e n t  

d i r e c t i o n s  t o  evacuat ing  personnel .  (Actuat ion of the 

evacuat ion s i g n a l  places  the  bu i ld ing  i n  containment.  

NOTE: Steps 2 and b can be accomplished from the  emer- 

gency microphone box ou t s ide  the northwest personnel  door .) 

c .  The l o c a l  emergency superv isor  o r ,  i n  h i s  absence, the 

c o n t r o l  desk opera tor  (warden) w i l l  s h u t  down the  ORR 

(and any o the r  r e a c t o r  being operated from t h i s  c o n t r o l  

room) should he deem such a c t i o n  necessary or  h e l p f u l  

toward combating the  emergency. However, i f  t h e  s i t u a t i o n  

permits ,  l o c a l  ope ra t ion  a t  t he  o ther  r e a c t o r  should be 

i n i t i a t e d .  

d .  The l o c a l  emergency d i r e c t o r  o r  h i s  a l t e r n a t e  w i l l  n o t i f y  

the Emergency Cont ro l  Center  (phone 3-6358) of  t he  emer- 

gency cond i t ion  ( i f  t h i s  has no t  been done previous ly) .  

I n  case  of f i r e ,  he w i l l  a c tua t e  the  n e a r e s t  f i r e -a l a rm 

box. 

e .  The l o c a l  emergency superv isor  o r  h i s  a l t e r n a t e  w i l l  con- 

t i nue  t o  combat t he  emergency, ope ra t ing  from the  c o n t r o l  

room as long as condi t ions  p e r m i t .  
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3 .  A l l  Evacuations,  Extended Conditions 

a. If the  l o c a l  emergency supe rv i so r  deems it necessary,  he 

w i l l  i n i t i a t e  the  evacuat ion  p l an  f o r  Bui ldings 3001, 3004, 

3005, and 3010. 

b. For a more s e r i o u s  emergency, t he  l o c a l  emergency super -  

v i s o r  o r  h i s  a l t e r n a t e  w i l l  recommend t o  the Emergency 

Con t ro l  Center  t h a t  t h e  e n t i r e  Laboratory be evacuated a 

I f  such be the case ,  then  f u r t h e r  i n s t r u c t i o n s  w i l l  be 

announced over t h e  plant-wide publ ic-address  system, 

10.6j .  Response t o  A i r  Attack Warnings 

If the  Laboratory r ece ives  information concerning an a i r  a t t a c k  of 

any type,  a 30-sec,  cont inuous,  s i r e n - t y p e  sound w i l l  be broadcast  from 

the  plant-wide publ ic-address  system. The Laboratory emergency d i r e c t o r  

w i l l  then  broadcas t  on t h e  publ ic-address  syscern any i n s t r u c t i o n s  t h a t  

are necessary f o r  t he  p r o t e c t i o n  of Laboratory employees. 

The d i r e c t i o n s  given w i l l  depend upon the  s i t u a t i o n  and w i l l  g ive  

the  ind iv idua l  t he  opt ion  of evacuat ing  the  ORNL area o r  t ak ing  cover ,  

I n  e i t h e r  event ,  opera t ions  at. the  r e a c t o r s  w i l l  c ease .  The fol lowing 

s t eps  should be taken by each cont ro l -desk  opera tor ,  assuming t h a t  each. 

r e a c t o r  is  opera t ing .  

1. Scram the  r e a c t o r s .  

2 .  Sound the evacuat ion  horns The bu i ld ings  w i l l  au tomat ica l ly  

be placed i n  the  containment mode, 

3 .  Shut down a l l  pumps of the  fol lowing types:  

a,  Reactor  secondary water pumps. 

b .  Reactor primary water  pumps, (Do not  shut  o f f  any 

ba t t e ry -d r iven  motors .) 
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c .  Pool  secondary w a t e r  pumps. 

d .  Poo l  pr imary water pumps. 

4 .  Shut  o f f  a l l  cool ing- tower  f a n s .  

5 .  S i l e n c e  t h e  e v a c u a t i o n  horn  and make an  announcement on t h e  

b u i l d i n g  p u b l i c - a d d r e s s  system concern ing  t h e  s i t u a t i o n .  

6.  Leave t h e  b u i l d i n g  o r  t a k e  cover ,  as i s  dec ided  a t  t h e  t i m e .  

I f  employees are i n s t r u c t e d  t o  l e a v e  t h e  b u i l d i n g s ,  t h e y  should  t a k e  

w i t h  them p o r t a b l e ,  r a d i a t i o n - d e t e c t i o n  ins t ruments  f o r  u s e  i n  any e m e r -  

gency which may ensue.  I f  t h e  r e a c t o r  is  down a t  t h e  t i m e  o f  t h e  warn- 

i n g ,  t h e  work should  cease immediately;  and t h e  employees should  t a k e  

t h e  i n d i c a t e d  s t eps  t o  p r e s e r v e  t h e i r  s a f e t y .  

10.6k. Evacuat ion  Procedure Dril ls  

Each crew, w h i l e  on t h e  12 -8  s h i f t ,  w i l l  t e s t  one o f  t h e  emergency 

procedures .  

s o  t h a t  a l l  l o c a l  emergency p e r s o n n e l  remain w e l l  t r a i n e d  i n  t h e i r  d u t i e s .  

The procedures  w i l l  be chosen f o r  d r i l l  on a r o t a t i n g  b a s i s  

Laboratory -wide e v a c u a t i o n s  w i  11 be scheduled  of  ten enough t o  keep 

t h e  remainder o f  t h e  people  a c q u a i n t e d  w i t h  t h e  procedures .  
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11. AUXILIARY EQUIPMl3NT 

11.1. Reactor-Bay Crane 

1 l . l a .  I n t r o d u c t i o n  

An overhead c r a n e  i s  provided i n  t h e  bay area f o r  t h e  moving of 

heavy o b j e c t s ,  such as carriers and v a r i o u s  equipment.  

l l . l b -  D e s c r i p t i o n  

The t r a c k s  of t h e  b r i d g e  r u n  i n  t h e  n o r t h - s o u t h  d i r e c t i o n  and a r e  

suppor ted  by t h e  b u i l d i n g  s t r u c t u r a l  members. The h o i s t  h a s  a load l i m i t  

of 15,000 l b s .  The t r a v e l  speed f o r  t h e  

D ire c t i o n  Slow T r a v e l  

Forward 8 i n . / s e c  

Reverse 1 f t l s e c  

L e f t  o r  r i g h t  4 i n . 1 s e c  

Raise o r  lower 3 i n . / s e c  

c r a n e  i s  as fo l lows:  

F a s t  T r a v e l  

2 f t l s e c  

2 f t l s e c  

1 f t  2 i n . / s e c  

4 i n . 1 s e c  

1 1 . 1 ~ ~  R e s p o n s i b i l i t y  

Each s u p e r v i s o r  i n  charge  a t  t h e  BSR i s  r e s p o n s i b l e  f o r  t h e  proper  

u s e  of t h e  c r a n e .  H e  should b e  a s s u r e d  t h a t  on ly  competent personnel  

o p e r a t e  t h e  c r a n e  and t h a t  t h e  o p e r a t i o n a l  p r e c a u t i o n s  l i s t e d  below are 

fo l lowed.  A s a f e t y  check of t h e  c r a n e  by t h e  P l a n t  and Equipment D i v i -  

s i o n  i n  accordance w i t h  S a f e t y  Code ASAB 30.2 w i l l  be performed on a n  

annual  b a s i s .  

l l - l d .  O p e r a t i o n a l  P r e c a u t i o n s  

1. Only q u a l i f i e d  personnel  are  p e r m i t t e d  t o  o p e r a t e  t h e  c r a n e .  

2 .  Any o p e r a t i o n  of t h e  c r a n e  i n  o r  over  t h e  pool must be by 

O p e r a t i o n s  personnel  o r  by q u a l i f i e d  "crane  o p e r a t o r s " .  I f  by 

a c r a n e  o p e r a t o r ,  the o p e r a t i o n  must b e  under t h e  s u r v e i l l a n c e  

of O p e r a t i o n s  p e r s o n n e l .  
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A loaded crane  should never be moved over the BSR o r  PCA. When- 

ever  i t  i s  d e s i r a b l e  t o  t r a n s f e r  a "load" v i a  the  c rane ,  i t  

should be routed around the  pool r a t h e r  than over i t - - excep t  

by s p e c i a l  permission of the  BSR supe rv i so r .  

When approaching the  "stops",  cease  a l l  movement about 12 i n .  

from the  "s topst1 then cont inue the movement wi th  an inching 

mot ion.  

Always v i s u a l l y  inspec t  the  cab le  and cab le  drum t o  ensure 

proper t r ack ing  of the  cab le .  

Never overload the c ranes .  The load l i m i t s  a r e  as follows: 

15,000 lbs  on the overhead crane  and 40,000 lbs  on the  spec-  

t rometer  c rane .  

Before any c a r r i e r  is  lowered i n t o  the pool,  t he  l i f t i n g  device 

must be approved by the  BSR supe rv i so r .  

A l l  l i f t s  should be made i n  the  v e r t i c a l  plane,  i f  poss ib l e ,  t o  

ensure proper t r ack ing  of t he  cab le  on the  cab le  drum. 

P r i o r  t o  us ing  the  c rane  f o r  l i f t i n g  f u e l  and/or  f u e l  racks,  

a "checkout" should be made on the overhead crane  c o n t r o l s  t o  

ensure proper opera t ion .  The check i s  as fol lows:  

a. 

b .  

C .  

d .  

Press  the  "s topt t  bu t ton .  

Attempt t o  r a i s e  and lower the  c rane  hook. I f  t he  system 

i s  i n  order ,  no a c t i o n  of the  c rane  should r e s u l t .  

I f  the system i s  i n  order ,  press the " s t a r t "  bu t ton  and 

proceed. 

I f  the  system is not  i n  order ,  d i scont inue  i t s  use and 

r e p o r t  the cond i t ion  t o  the  BSR supe rv i so r .  
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10. When l i f t i n g  i r r a d i a t e d  f u e l ,  always pos t  a man a t  the  c rane  

swi tch  box l oca t ed  on the east w a l l  next  t o  the  northeast:  corner  

of the pool.  

... ~ .... 
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11.2.  S c i n t i l l a t i o n  Counter  

11.2a.  I n t r o d u c t i o n  

The s c i n t i l l a t i o n  c o u n t e r  i s  an ins t rument  used t o  count  t h e  number 

of  n u c l e a r  d i s i n t e g r a t i o n s  o c c u r r i n g  i n  a sample of  some m a t e r i a l .  I n  

t h e  p a r t i c u l a r  c a s e  of  concern  h e r e ,  it i s  a one m i l l i l i t e r  sample of 

water t a k e n  from t h e  r e a c t o r  pr imary water system, t h e  r e a c t o r  secondary 

system, t.he r e a c t o r  d e m i n e r a l i z e r  system, o r  v a r i o u s  sumps a These s a m -  

p l e s  are counted f o r  one minute  and t h e  d a t a  a r e  logged i n  t h e  back sec- 

t i o n  o f  t h e  BSR d a i l y  log .  Opera t ions  s u p e r v i s i o n  i s  r e s p o n s i b l e  f o r  

i n s p e c t i n g  t h e s e  r o u t i n e  e n t r i e s  f o r  t h e  purpose of d e t e c t i n g  any p o s s i -  

b l e  d e v i a t i o n s  o r  t r e n d s  from t h e  normal.  (This  ins t rument  is l o c a t e d  

i n  t h e  basement of  t h e  ORR and services t h e  ORR-BSR complex.) 

11.2b. P r e c a u t i o n s  

The fo l lowing  p r e c a u t i o n s  should  be acknowledged: 

1. Wipe t h e  o u t s i d e  o f  t h e  t e s t  tube  c o n t a i n i n g  t h e  s a m p l e  w i t h  

a t i s s u e  and avoid  s p i l l i n g  any of  t h e  s a m p l e  i n  t h e  c o u n t i n g  

w e l l ;  any contaminat ion  w i l l  r e s u l t  i n  e r roneous  d a t a .  

2.  Main ta in  an a c c u r a t e  r e c o r d  of t h e  background counts  and t h e  

c a l i b r a t i o n  f a c t o r .  (A  c l i p b o a r d  is  l o c a t e d  a t  t h e  c o u n t e r  

f o r  t h e s e  d a t a . )  

3 .  Should t h e  background i n c r e a s e  a p p r e c i a b l y  (more t h a n  +7% from 

t h e  average of prev ious  f i v e  measurements) i t  is m o s t  l i k e l y  

t h a t  t h e  w e l l  has  become contaminated .  I f  s o ,  it should  be 

decontaminated immediately.  ( I n  most cases, wiping w i t h  a 

piece of damp c h e e s e c l o t h  i s  s u f f i c i e n t  f o r  decontaminat ion 

of  t h e  w e l l . )  
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1 1 . 2 ~ .  Voltage Adjustments 

Under normal c i rcumstances the  power t o  the  equipment w i l l  remain 

on. This is t o  ensure  s t a b i l i z a t i o n  of t he  high-vol tage supply.  Usually,  

t he  equipment w i l l  not  r e q u i r e  adjustments ,  except  f o r  perhaps a monthly 

h igh-vol tage  check t o  ensure t h a t  ope ra t ion  is  wi th in  the  p l a t eau  reg ion  

o f  t he  counter  a 

This p la t eau  reg ion  w i l l  be determined on a monthly basis,  The 

method of p l a t eau  de termina t ion  w i l l  be t o  take  a series of one-minute 

counts  a t  var ious  high-vol tage s e t t i n g s .  

age can  then  be p l o t t e d  and the  p l a t eau  w i l l  be the  f l a t  p a r t  of the  

curve.  The high vo l t age  should be s e t  midway on t h e  p l a t eau .  To t u r n  

the  power on: 

A curve of  counts/min vs  v o l t -  

1. Turn the  h igh-vol tage  power supply t o  H.V. 

2 .  'Increase the  h igh-vol tage  c o n t r o l  s lowly,  s t a r t i n g  a t  p o s i t i o n  

- A, u n t i l  t he  d e s i r e d  l e v e l  i s  ob ta ined .  

3.  The d e s i r e d  ope ra t ing  vo l t age  w i l l  be  determined i n  the manner 

descr ibed  above. 

1 1 . 2 d  - C a l i b r a t i o n  

A s  i s  the  case  f o r  a l l  types of count ing  equipment, t h i s  u n i t  m u s t  

be c a l i b r a t e d  t o  g ive  an abso lu te  measurement. This is accomplished by 

us ing  the  cesium source,  wi th  a c a l i b r a t i o n  suppl ied  by the  Ana ly t i ca l  

Chemistry Group, as a s tandard .  

To determine the  c a l i b r a t i o n  f a c t o r :  

1, I n s e r t  t h e  cesium s t anda rd  i n t o  the  counter  w e l l ,  

2 .  Rep lace  the  lead  plug s h i e l d  which reduces background r a d i a t i o n .  

3 .  Reset  t he  t i m e r ;  r e s e t  the  t o t a l - c o u n t  r e g i s t e r .  



(11 .2d .  cont inued)  11-6 

4 .  Take a one-minute count  by u s i n g  t h e  c o u n t e r  "on-off" s w i t c h .  

5. Record t h e  d a t a .  The t o t a l  count  r e g i s t e r  may be se t  on any 

one of t h e  fo l lowing  scales: 16, 6 4 ,  256, o r  1024. To o b t a i n  

a t o t a l  count ,  t h e  r e g i s t e r  count  must be m u l t i p l i e d  by t h e  

scale f a c t o r  and t h e  neon l i g h t  count  added t o  t h e  s c a l e  count .  

6 .  Remove t h e  cesium s t a n d a r d ;  r e p l a c e  t h e  lead  plug.  

7 .  Reset t h e  t i m e r ;  reset  t h e  t o t a l - c o u n t  r e g i s t e r .  

8. Take a one-minute count  f o r  g e n e r a l  background. 

9 .  Record t h e  d a t a  and o b t a i n  t h e  c o u n t s  p e r  minute  by m u l t i p l y -  

i n g  t h e  t o t a l  counts  on t h e  r e g i s t e r  by t h e  scale  and t h e n  

adding t h e  number of  l i g h t s .  

10. The t o t a l  count  o b t a i n e d  i n  S t e p  N o .  9 i s  due t o  background and 

should  be s u b t r a c t e d  from t h e  number o b t a i n e d  i n  S t e p  No. 5 

t o  give  t h e  n e t  counts  due t o  t h e  cesium s t a n d a r d .  

11. The c u r r e n t  v a l u e  of  t h e  s t a n d a r d  i s  o b t a i n e d  by t a k i n g  t h e  

decay f a c t o r  and m u l t i p l y i n g  i t  by t h e  i n i t i a l  v a l u e  of  t h e  

s t a n d a r d  as i n d i c a t e d  on t h e  s t a n d a r d  f o r  aluminum a b s o r b e r .  

12. A f t e r  the. c u r r e n t  v a l u e  has  been determined,  i t  shou1.d be 

d i v i d e d  by t h e  n e t  count  o b t a i n e d  i n  S t e p  10. This  w i l l  g ive  

t h e  c a l i b r a t i o n  f a c t o r  t o  be used .  

11.2e.  Sample P r e p a r a t i o n  

I n  p r e p a r i n g  t h e  water  s a m p l e s  f o r  count ing ,  observe  t h e  fo l lowing  

procedures :  

1 .  Using t h e  s c i n t i l l a t i o n  s a m p l e  t u b e ;  place 1 m l  of water i n  

t h e  tube .  

2 .  P l a c e  a cork  s t o p p e r  i n  t h e  t u b e .  
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.... ..... 

3. Label each tube t o  ensure proper i d e n t i f i c a t i o n  of samples .  

4 .  Dry each sample tube wi th  f a c i a l  t i s s u e  before  p lac ing  it  i n  

the  counter  w e l l .  

5 .  Maintain the  fol lowing sample decay time on the  var ious  water 

sys t ems  p r i o r  t o  count ing.  

a .  LITR, BSR, and ORR water sample  - twenty minutes .  

b .  The Graphi te  Canal and samples from the process and 

in te rmedia te - leve l -was te  systems r e q u i r e  a s p e c i f i c  de lay  

o r  decay time p r i o r  t o  being counted. 

1 1 . 2 f .  Countinq 

The count ing procedure i s  as follows: 

1. Determine t h e  c a l i b r a t i o n  f a c t o r .  

2 .  I n s e r t  the sample i n t o  the  w e l l  of  the  counter .  

3 .  Reset the  t i m e r ;  r e s e t  the  to t a l - coun t  r e g i s t e r ,  

4 .  Turn the  counter  on and count f o r  one minute.  

5 .  Sub t rac t  the background count ,  which is posted on t h e  s c a l e r ,  

from the counts  ob ta ined  i n  s t e p  4 above. 

6 .  Mult ip ly  the  count obtained i n  s t e p  5 by the  c a l i b r a t i o n  f a c t o r  

-1 - l * ,  
posted on the  s c a l e r  t o  g ive  the counts  min m l  .. 

7 .  Record the  r e s u l t s  i n  t h e i r  r e spec t ive  p laces- -c l ipboard ,  

log-book, e t c .  
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11.3.  The Beckman pH Analyzer 

1 1 .3a.  I n  t r oduc t i o n  

The a c i d i t y  of t h e  r e a c t o r  water  systems i s  monitored once each 

s h i f t  by o b t a i n i n g  samples and de termining  t h e i r  pH w i t h  t h e  a n a l y z e r  

l o c a t e d  i n  t h e  pump house.  

11.3b.  D e s c r i p t i o n  

1. Push But tons .  - The p r i n c i p a l  o p e r a t i o n a l  f u n c t i o n s  o f  t h e  

"Zeromatic" a r e  c o n t r o l l e d  by s i x  push b u t t o n s  on t h e  f r o n t  

panel  of t h e  i n s t r u m e n t .  These push b u t t o n s  a c t u a l l y  c o n s t i -  

t u t e  two swi tches ,  p rovid ing  a convenient  means o f  s e l e c t i n g  

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

e l e c t r o d e s  t o  t h e  i n p u t  of  t h e  i n s t r u m e n t ,  and p l a c i n g  t h e  

"Zeromatic" a m p l i f i e r  i n  o p e r a t i o n  f o r  pH d e t e r m i n a t i o n s  o r  

m i l l i v o l t  measurements. 

The two e l e c t r o d e  push b u t t o n s  (marked "Standby" and "Read") 

a r e  i n t e r l o c k e d ;  d e p r e s s i n g  e i t h e r  of  t h e s e  a u t o m a t i c a l l y  

r e l e a s e s  t h e  o t h e r .  These push b u t t o n s  c o n t r o l  t h e  r e l a t i o n -  

s h i p  of t h e  e l e c t r o d e s  t o  t h e  i n p u t  of t h e  ins t rument  and t h e  

o p e r a t i o n  o f  t h e  r e l a y  i n  t h e  "Zeromatic" c i r c u i t .  

The f o u r  remaining push b u t t o n s ,  grouped i n  pa i r s  under 

" ~ € 1  Temp Comp" and "MiI I ivol t s" ,  a r e  i n t e r l o c k e d  and provide 

a means of s e l e c t i n g  t h e  f u n c t i o n  of t h e  i n s t r u m e n t .  The "pH 

Temp Comp" push b u t t o n s  o f f e r  choice  o f  manual tempera ture  com- 

p e n s a t i o n  ("Man") o r  au tomat ic  tempera ture  compensation ("Auto"). 
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The two "Mil l ivo l t "  push but tons o f f e r  a choice between 

a 700-0-700-mil l ivol t  span (+700 push but ton)  and a 1400 

m i l l i v o l t  span (1400 push bu t ton ) .  When the 1400 push bu t ton  

is  depressed,  ze ro  may be s e t  a t  any des i r ed  po in t  on the 

s c a l e  by ad jus t ing  the  Asymmetry Cont ro l  (llA.symmlt) 

2 .  A s s y m e t r y  Cont ro l .  - The Asymmetry Cont ro l  (r'Asyml') provides 

a means of  ad jus t ing  the  "Zeromatic" t o  compensate f o r  v a r i a -  

t i o n s  i n  e l e c t r o d e  "zero-poten t ia l s" .  This c o n t r o l  is a l s o  

used t o  s e t  the  d e s i r e d  ze ro  p o s i t i o n  on the  meter s c a l e  when 

the  instrument i s  used f o r  m i l l i v o l t  measurements i n  the  1400- 

mv range. 

3 .  Temperature Adjustment Cont ro l .  - The temperature adjustment con- 

t r o l  ("Temp 'C") provides a means of making manual temperature 

compensation adjustments when the  "Zeromatic" i s  used without  

the  thermo-compensator I This c o n t r o l  i s  i nope ra t ive  when the  

''Auto" push bu t ton  is depressed;  thus ,  i t  is n o t  i n  the  c i r c u i t  

when pH measurements are made wi th  the  thermo-compensator 

connected o r  f o r  m i l l i v o l t  measurements. 

11,3c.  Opera t iona l  Procedures 

To determine t h e  sample  pH, u s ing  the  "Zeromatic" equipped wi th  the 

Beckman 39096 thermo-compensator, proceed as follows: 

1 e Standard ize  the  instrument as ind ica t ed  below e 

2 .  Depress the  "Standby" push but ton .  

a .  Innnerse the  e l e c t r o d e s  ( re ference  and g l a s s )  and thermo- 

compensator i n  the  appropr i a t e  bu f fe r  s o l u t i o n .  

b .  Depress the  "Auto" push but ton .  
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3 .  

4 .  

5.  

6 .  

c .  Depress the  "Read" push but ton .  

d. Adjust t he  Asymmetry Cont ro l  (r*Asymml') u n t i l  t he  meter 

needle ind ica t e s  t he  c o r r e c t  va lue  o f  t he  bu f fe r  s o l u t i o n .  

Rinse the  e l ec t rodes  and thermo-compensator i n  d i s t i l l e d  water .  

Immerse the  e l ec t rodes  and thermo-compensator i n  the  sample 

s o  l u t  ion.  

Depress the  "Read" push but ton  and read the  pH va lue  of the 

sample s o l u t i o n  from the  meter.  

Discard the  sample s o l u t i o n  and r i n s e  the  e l ec t rodes  i n  d i s -  

t i l l e d  water .  
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11.4.  Underwater P e r i s c o p e  

11.4a.  I n t r o d u c t i o n  

The underwater  p e r i s c o p e  i s  a n  o p t i c a l  ins t rument  used f o r  t h e  remote 

viewing of submerged o b j e c t s .  A t  t h e  r e a c t o r  f a c i l i t i e s ,  t h e  per i scope  

h a s  become a u s e f u l  t o o l  f o r  t h e  d e t a i l e d  i n s p e c t i o n  of h i g h l y  r a d i o a c t i v e  

i tems  t h a t  must remain s h i e l d e d  by water. The p e r i s c o p e  i s  a p r e c i s i o n  

ins t rument  and i s  valued a t  approximate ly  $7,000. 

11.4b.  D e s c r i p t i o n  

The p e r i s c o p e  k i t  c o n s i s t s  of s e v e r a l  i t e m s  which are p i c t u r e d  i n  

F i g u r e s  11.4.1,  11 .4 .2 ,  and 11.4.3 and are d e s c r i b e d  as follows: 

1. A Viewing S e c t i o n .  - T h i s  s e c t i o n  p e r m i t s  t h e  viewer t o  focus  

t h e  i n s t r u m e n t .  An eye hook i s  mounted on t h e  top  s i d e  of t h i s  

p i e c e  t o  a l l o w  t h e  p e r i s c o p e  t o  be suspended from an  overhead 

c r a n e .  

2 .  A 1 5 - f t  Tubular  S e c t i o n .  - T h i s  s e c t i o n  i s  t h e  "middle piece" 

of t h e  p e r i s c o p e - - t o  t h e  t o p  connec t ion ,  t h e  viewing s e c t i o n  i s  

a t t a c h e d .  Located a t  t h e  top  s e c t i o n  i s  a v a l v e  t o  a l l o w  pres- 

s u r i z a t i o n  of t h e  p e r i s c o p e .  (The v a l v e  i s  similar t o  t h a t  on 

a n  automobile  t i r e . )  

3.  Four 4 - f t  E x t e n s i o n  Tubes.  - Each e x t e n s i o n  t u b e  used i n  t h e  

assembly e x t e n d s  t h e  minimum p e r m i s s i b l e  d i s t a n c e  between t h e  

viewing l e v e l  and o b j e c t  l e v e l  approximate ly  55 i n .  (The mini-  

mum d i s t a n c e s  t h a t  can be o b t a i n e d ,  a l l o w i n g  f o r  focus ,  a r e  

15 f t ;  19 f t  8 i n . ;  24 f t  5 i n ;  29 f t  1 i n . ;  and 33 f t  9 i n .  

.___j .... 
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ORNL DWG. 6 8 - 9 5 2 1  

DERQTATION 
ROUGH FOCUS 

HORIZONTAL SECTION 

PROTECTIVE CAP 

F i g .  11.4.1. Underwater P e r i s c o p e  
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ORNL IMG. 68-9522 

Fig. 11.4.2. Objectives 



11-14. 

ORNL DWG. 68-9523 

Fig. 11.4.3. Tools  
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4 .  Three Viewing Heads. - These at tachments  a r e  as fol lows:  

a .  An Omniscope. - This  piece i s  used  f o r  wide-angle (140")  

viewing; the  o p t i c s  do not magnify t h e  ob jec t .  (NOTE: Sub- 

t rac t  6 in .  from the  d i s t a n c e  l i s t e d  i n  item 3 when us ing  

t h i s  head s ince  t h e  6- in .  cap t ive  coupl ing i s  not  used f o r  

wide-angle viewing.)  

b.  A Forward Viewing, 4X Objec t ive .  - This  piece w i l l  al low the 

viewer t o  observe the  top  s i d e  of t he  ob jec t  ( the  f i e l d  of  

v i s i o n  i s  s t r a i g h t  down when the  per iscope i s  suspended i n  

the  v e r t i c a l  p o s i t i o n ) ;  the  o p t i c s  w i l l  magnify the  o b j e c t  

by four  times. (NOTE: The 6- in .  cap t ive  coupl ing precedes 

t h i s  p iece  i n  the  assembly.) 

c .  A Right-Angle, 4X Objec t ive .  - This  piece w i l l  a l low the  

viewer t o  observe the  s i d e s  of an o b j e c t  ( the  f i e l d  of 

v i s i o n  i s  a t  a r i g h t  angle  t o  t h e  per iscope when the  p e r i -  

scope is  suspended i n  a v e r t i c a l  p o s i t i o n ) ;  t he  o p t i c s  w i l l  

magnify the  ob jec t  four  times. (NOTE: The 6- in .  cap t ive  

coupl ing precedes t h i s  p iece  i n  the  assembly.) 

5 .  A 6-In.  Capt ive Coupling. - This  p iece  i s  a t tached  t o  t h e  15 - f t  

t ubu la r  s ec t ion  d i r e c t l y  when e i t h e r  of t h e  two magnifying heads 

a r e  used. 

6. An Allen-Head Wrench, - This  i s  t o  be used t o  a t t a c h  t h e  viewing 

p iece  t o  the  15-f t  t ubu la r  s e c t i o n .  

7.  A Spanner Wrench. - This  i s  used t o  secure  the  var ious  tubu la r  

p ieces  t o  each o the r  (viewing heads,  ex tens ion  tubes ,  e t c . )  

.... ... . 
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8. An Attachment t o  Allow P r e s s u r i z a t i o n  of The 15-Ft Tubular 

Section. - This  attachment i s  s i m i l a r  t o  those used a t  a s e r v i c e  

s t a t i o n  t o  p re s su r i ze  an automobile t i r e .  

A l l  t he se  pieces  a r e  s t o r e d  i n  two instrument boxes. 

1 1 . 4 ~ .  Assembly Procedures 

1. Prepare a working a rea .  This should c o n s i s t  mainly of p lac ing  

a 20 - f t  s e c t i o n  of b l o t t i n g  p a p e r  on a c l e a r e d  a rea  of the 

f l o o r  where the  instrument i s  t o  be assembled. 

2 .  Remove the  viewing p iece  and the  1 5 - f t  tubular  piece t o  t he  

working area. (Precaut ion:  Two ind iv idua l s  should remove the  

15 - f t  s e c t i o n  t o  f a c i l i t a t e  a s a f e  t r a n s f e r .  Do not allow 

t h i s  s e c t i o n  t o  "sag" i n  the  middle.)  

3 .  Remove the  3 al len-head screws secur ing  the  black-colored 

caps on the  viewing p iece  and on the  1 5 - f t  t ubu la r  piece.  

4 .  Attach the viewing piece t o  the  tubu la r  piece us ing  the  5 

al leo-head screws provided. (Align the  p re s su r i z ing  va lve  

fac ing  the  eyepiece.)  

5 .  Attach the  6 - i n .  cap t ive  coupl ing s e c t i o n  t o  the  bottom end 

of the  1 5 - f t  s e c t i o n .  (Precaut ion:  Ca re fu l ly  match the  keys 

i n  the  keyways when connect ing t h e  viewing heads, extension,  

tubes,  e t c . ,  t o  the  per iscope.  Use the  spanner wrench t o  pro- 

v ide  the  proper torque f o r  a t i g h t  s e a l  around the  rubber 

O-rings .) 

6.  Attach e i t h e r  of the  two magnifying viewing heads t o  the  6 - i n .  

cap t ive  coupl ing.  (NOTE: I f  the  wide-angle viewing head is 

t o  be used, the  cap t ive  coupl ing is omit ted from the  assembly. 
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I f  a 4 - f t  ex tens ion  is  needed, i t  should be a t tached  d i r e c t l y  

t o  t h e  15 - f t  s e c t i o n ,  preceding the  6 - in .  c a p t i v e  coupl ing.)  

7 .  P re s su r i ze  the  per iscope w i t h  dry n i t rogen .  T o  prevent  water  

from leaking  i n t o  t h e  per iscope 

the  o p t i c a l  c h a r a c t e r i s t i c s ,  the  per iscope should be pressur -  

and subsequent ly  d i s t o r t i n g  

ized  t o  a va lue  s l i g h t l y  i n  excess  o f  t h e  maximum hydros t a t i c  

head t o  be expected,  I n  genera l ,  p re s su r i ze  t o  an a d d i t i o n a l  

1 ps ig  f o r  each 2 f t  t he  viewing head w i l l  be submerged, 

(Precaut ion:  The pressure  should be increased  s lowly,  in 

increments;  and t h e  f i n a l  pressure  should be rechecked after 

about 10 min.) 

11.4d. Procedure f o r  T rans fe r r ing  the  Periscope t o  t he  Pool 

1. Secure a rope through the  eye hook on the  viewing s e c t i o n  and 

prepare a loop t o  a t t a c h  t o  t h e  s m a l l  c r ane .  Allow about 3 f t  

of rope t o  separate the  c rane  from t h e  per i scope  so  t h a t  the  

c rane  does not  present  any o b s t a c l e  problems t o  the  viewer,  

2 .  Raise  the  c rane  very  slowly t o  take the  s l a c k  out  of the rope.  

When the  viewing s e c t i o n  of  t he  per iscope i s  r a i s e d  s l i g h t l y  

o f f  the  f l o o r  and u n t i l  t h e  per iscope is  suspended completely 

from the rope, two ind iv idua l s  should suppor t  the  1 5 - f t  tubu- 

l a r  s e c t i o n  i n  such a manner as t o  prevent  any poss ib l e  sagging 

o r  bowing of t he  c e n t e r  s e c t i o n .  

3.  Transfer  t h e  per iscope t o  t h e  pool.  Do not allow unnecessary 

“swinging around” of the  viewing head while  t he  per iscope i s  

hanging from the  c rane .  A s  t he  viewing head is  being submerged, 

be c e r t a i n  t h a t  i t  does not  s t r i k e  any o the r  o b j e c t s  i n  the  pool.  
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11.4e. Focusing Procedures 

1. Rotate  the  knurled eyepiece b a r r e l  u n t i l  t he  eyepiece i s  roughly 

i n  t h e  middle of i t s  f ine- focus ing  t r a v e l .  

2 .  Loosen t h e  knurled locking r i n g  ou t s ide  the  o f f - s e t  b r idge  

s t r u c t u r e .  S l i d e  the  eyepiece tube back and f o r t h  u n t i l  the  

image comes i n t o  approximate focus and then t i g h t e n  the  

locking r i n g  . 
3 .  The image may be reversed o r  t i l t e d ,  depending on the number of 

ex tens ions  used and on the o r i e n t a t i o n  of the r igh t - ang le  

viewing attachment.  The o r i e n t a t i o n  of t he  image can be 

changed by r o t a t i n g  the  knurled r i n g  loca ted  i n s i d e  the o f f - s e t  

br idge s t r u c t u r e  ( r i n g  f a r t h e s t  from eyepiece) . 
NOTE: A camera adapter  f o r  a 4x5 Graphic-  camera i s  furn ished  wi th  

the per iscope i f  photographs a r e  des i r ed .  (See "Operating I n s t r u c t i o n s  

f o r  Underwater Per iscope Model No. 5000", Lerma Engineering Corporat ion,  

Northamp ton, Mass achuse t ts . ) 
11.4f .  Procedures f o r  Disassembling the  Periscope 

1. 

2.  

3 .  

Remove the per iscope from the pool water wi th  the same degree 

of ca re  as ou t l ined  previous ly .  With c l e a n  rags ,  wipe the  

per iscope dry as i t  i s  being r a i s e d  from the  water .  

Transfer  the  per iscope t o  the  b l o t t i n g  paper.  Two indiv idua ls  

a r e  aga in  needed t o  support  the  tubu la r  s e c t i o n  as  i t  i s  l a i d  

down. Remove the  rope from the  crane.  

Wipe the  per iscope wi th  c l e a n  wet rags  and have the  hea l th  

phys i c i s t  check the  assembly f o r  contamination. Decontaminate 

the assembly i f  i t  is necessary.  The t r a n s f e r a b l e  su r face  
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2 
contaminat ion l i m i t s  are: 30 d/m/100 c m  f o r  a lpha  and 

1000 d/m/100 c m  f o r  beta-gamma emit ters .  However, when the  
2 

contaminat ion involves rad ionucl ides  such as plutonium o r  some 

o t h e r  long- l ived  emitter of  comparable t o x i c i t y ,  the  alpha 

l eve l s  permit ted should average no more than 1/100 the  given 

va lue .  

4 .  To depressur ize  the  per iscope,  depress  the  c e n t e r  p in  i n  the  

va lve  (similar t o  method used 

5. To disassemble the per iscope:  

i n  r eve r se .  

6 .  S t o r e  t h e  disassembled pieces 

(Precaut ion:  Two i nd iv idua l s  

1 5 - f t  s e c t i o n ) .  

t o  d e f l a t e  an automobile t i r e )  e 

follow the  assembly procedures 

i n  the  two instrument boxes. 

are requi red  to t r a n s f e r  t he  

..... 
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11.5. Spectrometer Crane 

11.5a.  In t roduct ion  

This device moves on t r acks  running i n  the nor th-south  d i r e c t i o n ,  

as does the  overhead br idge  c rane ;  t he  r a i l s  f o r  the spectrometer  c rane  

a r e  a t  a lower e l e v a t i o n  than  the  r a i l s  f o r  t he  overhead c rane .  

The spectrometer  crane i s ,  i n  essence,  obso le t e .  It was i n s t a l l e d  

i n  1958 f o r  s p e c i a l  t e s t s  conducted by experimenters i n  the Neutron 

Physics Divis ion when ope ra t ion  of  the  r e a c t o r  was t h e i r  r e s p o n s i b i l i t y .  

This equipment is no longer of any use and, i n  a l l  p r o b a b i l i t y ,  w i l l  

be removed. However, s i n c e  t h i s  equipment i s  space consuming, i t  must 

be moved from t i m e  t o  time t o  allow repos i t i on ing  of equipment brought 

i n t o  the  t ruck  bay area. 

11.5b. Descr ip t ion  

(For reasons mentioned above, the  d e s c r i p t i o n  of t h i s  equipment, as 

given here ,  w i l l  be very l imi t ed . )  

The power supply t o  the  spectrometer  c rane  i s  loca ted  on the  w e s t  

w a l l  by the  e x i t  door;  t h i s  440-v panel box remains o f f  and locked o u t ,  

The c o n t r o l s  f o r  t he  spectrometer  c rane  a r e  on the  s m a l l  p la t form sus -  

pended from the  c rane .  These include a key-operated switch ( t h e  key 

remains i n  the lock box i n  the  BSR c o n t r o l  room). Above the  key switch 

(overhead) the re  a r e  th ree  l eve r s  ( l abe led  "Bridge", "Tro l ley t t ,  and 

"Hoist") ;  one w i l l  move the  assembly i n  a nor th-south  d i r e c t i o n ,  one w i l l  

move the  assembly i n  the  east-west d i r e c t i o n ,  and one w i l l  maneuver the  

j a w s  of the spectrometer .  Normally, only the f i r s t  two of these  c o n t r o l s  

a r e  r equ i r ed  f o r  t he  inf requent  ope ra t ion  of t h i s  equipment. (Precaut ion:  

D o  not  ra ise  the c e n t e r  s e c t i o n  too high s i n c e  i t  w i l l  i n t e r f e r e  wi th  the  

overhead br idge  crane.)  
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12. RECORDS AND DATA ACClJNULATION 

........ 

12.1 In t roduc t ion  

The proper  a c q u i s i t i o n  and accumulation o f  opera t ing  d a t a  on an 

hourly,  d a i l y ,  o r  weekly bas i s  i s  of  t he  utmost importance and cannot 

be overemphasized. 

they are necessary t o  eva lua te  the  cont inuing  ope ra t ing  s t a t u s  of  the 

var ious  sys  terns throughout t he  r e a c t o r  complex. 

These d a t a  are no t  only needed t o  prepare r e p o r t s ,  

The ope ra to r  is  r e spons ib l e  f o r  ob ta in ing  and record ing  m o s t  of 

t he  d a t a  r equ i r ed  and r e p o r t i n g  any dev ia t ions  from normal. The super -  

v i s o r  i s  r e spons ib l e  f o r  c a r e f u l l y  s tudying  a l l  the  rou t ine  d a t a  (hourly 

readings,  water systems da ta ,  log-book e n t r i e s ,  e tc . )  f o r  the  purpose of 

d e t e c t i n g  any poss ib l e  t r ends  away from normal va lues .  
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12.2. D a i l y  Report  Forms 

On t h e  fo l lowing  pages a r e  examples of t h e  v a r i o u s  forms of d a t a  

s h e e t s  used a t  t h e  BSR. The items l i s t e d  on each s h e e t  a r e  s e l f -  

e x p l a n a t o r y ;  consequent ly ,  d e t a i l e d  d e s c r i p t i o n s  of each i tem w i l l  n o t  

be g iven .  

12 .2a .  BSR Hourly Readings (Example 12.2.1) 

Three t imes d u r i n g  each s h i f t  t h e  o p e r a t o r  a t  t h e  console  w i l l  o b t a i n  

and record  t h e  r e q u i r e d  da ta .  Any d e v i a t i o n  from normal v a l u e s  should be 

c a l l e d  t o  t h e  a t t e n t i o n  o f  t h e  s h i f t  e n g i n e e r .  I f  t h e  r e a c t o r  i s  be ing  

opera ted  remotely,  t h e  d a t a  s h e e t s  w i l l  be t r a n s f e r r e d  t o  t h e  ORR c o n t r o l  

room. These completed s h e e t s  are f i l e d  i n  t h e  BSK c o n t r o l  room o f f i c e .  

12.2b. BSR Power Changes and Accumulated Power (Example 12.2.2) 

T h i s  form i s  used t o  m a i n t a i n  a r e c o r d  of t h e  r e a c t o r  power l e v e l  on 

an  h o u r l y  b a s i s  and a r e c o r d  of t h e  accumulated energy f o r  a 24-hour 

p e r i o d .  I f  t h e r e  a r e  changes i n  power l e v e l  due t o  unscheduled shutdowns 

o r  t e r m i n a t i o n  of s h o r t - d u r a t i o n  runs ,  t h e y  are  recorded a f t e r  each power 

change r e g a r d l e s s  of  t h e  t ime.  

12.2~. BSK S h i f t  Check Shee ts  (Examples 12.2.3,  12 .2 .4 ,  and 12.2.5) 

To e n s u r e  a h i g h  degree  of o p e r a t i n g  s a f e t y  and performance, a num- 

b e r  oE checks on t h e  v a r i o u s  r e a c t o r  systems and components have been 

s e l e c t e d  t o  be made  on a r o u t i n e  b a s i s .  

Each s h i f t  on d u t y  w i l l  have a "roving" o p e r a t o r  i n s p e c t  t h e  r e a c t o r  

complex f o r  each of t h e  i tems l i s t e d  on t h e  check s h e e t  a p p l i c a b l e  f o r  

t h a t  p a r t i c u l a r  s h i f t .  When each i tem i s  completed,  i t  i s  checked on 

t h e  s h e e t .  Any a b n o r m a l i t i e s  should be r e p o r t e d  t o  t h e  s h i f t  e n g i n e e r .  

These check s h e e t s ,  prepared f o r  t h e  midnight  (12-8) s h i f t  (Example 12.2.3) ,  
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the day  (8 -4)  s h i f t  (Example 1 2 . 2 . 4 ) ,  and t h e  evening  (4-12) s h i f t  

(Example 12.2.5) ,  are f i l e d  i n  t h e  BSR c o n t r o l  room o f f i c e .  

12 .2d .  BSR D a i l y  Summary (Example 12.2.6) 

Toward t h e  c o n c l u s i o n  of each  evening  s h i f t ,  a n  o p e r a t o r  w i l l  b e g i n  

t o  p r e p a r e  t h e  d a i l y  summary (Example 12 .2 .6) .  

p l e t e d  by t h e  12-8 s h i f t ,  c o n t a i n s  t h e  h o u r s  o p e r a t e d ,  t h e  accumulated 

T h i s  form, normally com- 

energy  for the day,  and i n f o r m a t i o n  on the d e m i n e r a l i z e r  u n i t s .  These 

s h e e t s  a r e  f i l e d  i n  t h e  BSR c o n t r o l  room o f f i c e .  

12.2e.  BSR Log Book 

A t  t h e  end of each  s h i f t ,  t h e  s u p e r v i s o r  i n  charge  of o p e r a t i n g  t h e  

r e a c t o r  should w r i t e  t h e  l o g  u s i n g  t h e  f o l l o w i n g  format:  

1. O p e r a t i o n s .  - L i s t  the t o t a l  t i m e  t h e  r e a c t o r  was opera ted  above 

100 kw d u r i n g  t h e  s h i f t .  

Shutdown. - L i s t  t h e  number of shutdowns o c c u r r i n g  d u r i n g  t h e  

s h i f t  and t h e  d u r a t i o n  of each .  A r e d u c t i o n  i n  power l e v e l  

below 100 kw should be c o n s i d e r e d  a shutdown. 

2 .  

3 .  Troubles .  - T h i s  i t e m  i s  s e l f - e x p l a n a t o r y ;  i t  should n o t  i n c l u d e  

t r i v i a .  Any a b n o r m a l i t i e s  concern ing  the ins t rument  r e a d o u t s  

should be d e s r i b e d  i n  d e t a i l .  

Checks. - I f  a l l  the r o u t i n e  checks r e q u i r e d  f o r  t h e  p a r t i c u l a r  

s h i f t  have been made, i t  should be n o t e d .  Also,  any checks 

which were n o t  made should be l i s t e d ,  so  t h a t  t h e  oncoming s h i f t  

can  complete  them when p o s s i b l e .  

4.  

5.  Maintenance. - L i s t  a l l  work performed a t  t h e  r e a c t o r  complex by 

i n d i v i d u a l s  i n  t h e  maintenance groups.  
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6 .  

7.  

8. 

9 .  

Research. - L i s t  any s e r v i c e  performed f o r  any of the i n d i v i -  

duals  i n  t h e  research  group. Also l i s t  t h e  p e r t i n e n t  a c t i v i -  

t i es  of the  experimenters .  

Samples. - L i s t  a l l  p e r t i n e n t  information on materials i r r a d i -  

a ted a t  the BSR ( i d e n t i f i c a t i o n ,  du ra t ion  i n  f lux ,  p resent  

loca t ion ,  e t c  .). 

Miscellaneous.  - L i s t  a l l  items worthy of a t t e n t i o n .  I n  the 

back of the BSR log book, the ope ra to r  is t o  record the  da t a  

on the water system (pH, r e s i s t i v i t y ,  t o t a l  s o l i d s ) .  

Housekeeping. - List s p e c i f i c  i tems.  



BSR HOURLY READINGS 

a Local  Operation 

n Remote Operation 
Check One: 

I 

Temperature Reactor Water Out, OF (Pt.  2 )  

AT, O F  (TdR-17) 

A T  x F law x 0.1448 = k w  

No. 1 Safety 

No. 2 Safety 

No. 3 S a f e t y  

P 
N 
I 

wl 



I 
1 4 - 1 2  

S H I F T  S U P E R V I S O R  
1 2 - 0  S H I F T  S U P E R V I S O R  YSHIFT S U P E R V I S O R  

I I ! 

U C N - 7 9 7 3  
I3  2 - 6 7 )  
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Example 12.2.3.  BSR Routine Check Sheet (12-8 S h i f t )  (UCN-81UOB) 

3% ROWTlME CHECK SHEET 
12-8 SHIFT 

- ...................... . -. ...................... ...................... ...................... 
S T A H I I N C :  D A T E  

i l  A l l  doots leading to pool aiea and coritrol room are locked 
.............. ............. .. _ ............ I _ ................. 

Pool water level i s  adequate. Record level on clipboard. SE corner 
of pool 

CAM's and Monitrons operating properly 
.............. ................... _ ................... ~ ............... 

CAM'S and Monitrons checked with source 
... ..................... I___.. ............... .- 

Cutie pies and survey meters i n  proper locations 

A l l  yellow not cans emptied 
............................................... .. 

Evacuation horn tested 
I___. ............. ......................... .................. ............... 

Experiment panels checked and servtces completed I I I I I 1 1 
I_I . II_ ............... 

I__ .... ~ ... I Evacuation package checked 

Nz supply and pressure for evacuation horn checked 

Secondary pH and total sol ids checked and logged i f  secondary i s  
operating 

Area inspection including core, pumps, fans, motors (Log 
abnormalities) 

Turn al l  steam tracing on when outside temperature drops to "_I ~ P F  

- ^I._. __ ................ II_ ......... ~- . .. 

..................... ......................... ............. ........... i - 

.. ..... .. __ ... .... . .................................. __ .- 

....................... ........ __ .- .................................. 
Dernineralizer integrator reading 12:OI a.m. 

........_......._-.I__ ..... ~ . 

Skimmer operating properly I I I I I I I 

. ............... 

......................... .... ............................. 

Check level of 0 , O  i n  overflow bottles to east and west D,O tanks 

Hand cranks on reactor, reactor bridge, and instrument bridge 
chained and locked 

_..___...._I I_ _I___- I_ 

............ ................... ....................... ..... ........................... 
Fuel-handling tools (PCA and €3.58) locked in place when not in use 

Overhead and spectrometer crane switches locked in off position 
when not in use 

Check special instruct ion c I  i pboard 

Check tower fans for vibration and o i l  level when secondary i s  operating , 

..... ____ 

.... ........ ....................... .- - 

. ...................................... ..... ..- 

.......................... ....................................... II__ 

......... . 

I 

........... .............. ! I -. 

UCN 
ra 4 - 8 7 ]  
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E x a m p l e  1 2 . 2 . 4 .  BSR Routine Check Sheet ( 9 - 4  S h i f t )  (UCN-8100) 

8-4 SHIFT 
-~ _ _ _ _  

1 
~~~ 

S T A R T I N G  D A T E  

CHECKED BY ( In i t ia ls )  

__.. 
All doors leading to pool area and control room are locked 

Fool  water level i s  adequate. Record level on clipboard at 
southeast corner of pool 

...... ........ ....... .........__I ..... 

J .... ..... ..___ ~. ...... ___ .... ~ 

CAM's and Monitrons operating properly 

I 

I Experiments checked and services completed I I I I 
' I 

~~ ___..____.___ .___ + ..... 
Secondary pH and total solids checked and logged when secondary i s  
owrat ing.  Cr04 checked and added i f  needed. 

c- 1-- L -  T- c- 

- __ ~ ~ ~ _ _ _ ~ -  

Secondary water counts taken and logged when operating 

Biocide treatment (F-14) added 

- _ _ ~ _ _ _ _ _ _  ~- ___ 

~ ~ ~ _ _ _ _ _ _ _  
Skimmer operating properly 

t I -+-  4 -  

I 1 --, ~- 1 ~ 

Check level i n  oveiflovr bottles on east and west D z 0  tanks 

Overhead and spectrometer crane switches locked in off position when 
not in use 

Area Inspection including core, pumps, fans, motors (log abnormalities) 

Check special instruction clipboard 

_ _ ~  _ _ _ _ _ _  ~ _ _ _ -  

7- ~ -- ~ ~ - _ _  

_ _ _ _ ~  ___ ~ _ _ _ _ _ _  

- - ______~-  ~- - ~ ~ ___ p____ ~- - 
Hand cranks on reactor, reactor bridge, and instrument bridge chained 
and locked 

Check sump pump in old vault for proper operatlon 
~ _ _ _ _ _ _ _ _ ~  ~p~ 

I- 
1 -: c- t- 

Turn a l l  steam tracing on i f  outside temperature drops to "32'F I I I I 
- - - -_ - - - - - - 

BSR Radiation Survey (Co be t a k m  when reactor i s  opziatingl 
- __ - -  - _  

Fuel handling tools (FCA and BSR) locked in place when not i n  use 

Supplies inventoried and orders placed for items needed 

Check to<ver fans for vibration and o i l  level i f  secondary i s  operating 

' 
_ _ - ~  ___ _ _ _ _ _ _  

~ _ _ _ - _ _ _  ~ - 

. _ _ _ _ _ _ _ _ _ _ _ _ _ ~  ~ 

pH and resistance on demineralizer in let  and exit 

Water counts on demineralizer in let  and ex i t  

~ _ ~ _ _ _ _ _ _  ~ -- 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  
Safety checked 1. Secondaw cooling tower 

Cell ventilation pressure diop reading 

2. BSR putilp house __ ~ _ _ _ _ _ _ _ _ _ ~  

_ _ _ _ _ _ _ _ _ _ _ _ ~  __ ~ 
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Example 1 2 , 2 . 5 .  BSR Routine Check Sheet  (4 -12)  Shift (UCN-81OOA) 

BSR ROUTINE CHECK SHEET 
4-12 SHIFT 

I_ ...... _I_ ........ _I_ . II ..... -I_...._ ll_l_ 

F r i i e r  S T A R T I N G  D A T E  

Pool water level i 5  adequate. Record level on clipboard at 
southeast corner of pool 

CAM's and Monitron's operating properly 

Everiment panels checked and services completed 

Secondary pH and total solids checked and logged i f  secondary 
is operating 

Skimmer operating properly 

Check k v e l  in overflow bottles on east and west D, 0 tanks 

Area inspections including core, pumps, fans, motors (Log 
abnormalities ) 

Check special insttuction clipboard 

Hand cranks on reactor, reactoc bridge, and instrument bridge 
chained and locked 

..-.I__ ........ ...... I_ l__l I_ I__ _I_ 

II ........ I_ ........ 1_ ......... I_ ......... II_ ...... II____ 

___ I_ .... 

I _...___ . -. __ 

.... I_ ......... I_ ......... - I_ 

-_-._I_ _I ..... _I_ 

II_ ....... I__ _. . . ..... 

--.-.-I_ ........ II_ ..... ~ . . - ~  ......... I_ ......... II 

-I___ ...... _______l__l . 

.......... .. 

........ .. ..... II_ I_ I_ _I_..~ 

__ 
Turn all steam tracing on i f  outside temperature drops to "32UF 

Fuel-handling tools (PCA and BSRJ locked in place when not in use 

Check tower fans for vibration and o i l  level i f  secondary 
i s  operating 

Overhead and spectrometer crane switches locked in off position 
when not in use 

Cutie-pies and survey meters i n  proper IOCatIQnS 

....... ...... ... ....... 

___ 

- L_I _..I_ ....-..̂̂I.-.-.... ...-I_.... .- 

. . .......... ....... ....... _..I_ _I_ I__ 

. ....... ......... ............ ....... ......................... _._I__ I_ __ 

-..........I__ ........ I_ II_ ........ __ ....... 

l_l_ ........ I__..~ ____ .......... 1_ ......... 

II_ I__ .. _l._l__ .. 

____. 111 .. __ I___ ....... 

-..._..I__ ...... _...I__ ___ ....... ~ . . ~  ._....I____._.. 

....-.. . __ ..... 

I_ ........ __I ......... . _. . _ ......... 
I__ 111 ______ 
U C N - 8  1 oa- a 
(3 12-67: 



-___ ..... ~ ....... __..._____ __.__...__... __._____ ........ ...... 
I 

01-21 
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12.3. Miscellaneous Report Forms 

.... 

12.3a. BSR Weekly Report (Example 12.3.1). 

This  r e p o r t  is a summation of t he  ope ra t ing  d a t a  obta ined  during 

the  week. It includes information on maintenance performed a t  the 

r e a c t o r  complex, t roub le s ,  modi f ica t ions ,  e t c .  This r e p o r t  is  prepared 

by t h e  supe rv i so r  ass igned t o  the  BSR and i s  d i s t r i b u t e d  through the  

Reactor  Operations Department. 

12.3b BSR Quar te r ly  Report 

This  r e p o r t ,  prepared by the  r e a c t o r  superv isor ,  is a compilat ion 

of ope ra t ing  da ta ,  and experiences covering a per iod of t h ree  months. 

It normally inc ludes  an a n a l y s i s  of r e a c t o r  shutdowns, r e a c t o r  c o n t r o l s ,  

information on experiments,  and special  s t u d i e s  performed. 

1 2 . 3 ~ .  BSR S t a r t u p  Check l i s t  (Example 12.3.2),  

P r i o r  t o  a r e a c t o r  s t a r t u p ,  i t  is imperat ive t h a t  a 

func t ioning  as  designed and t h a t  a l l  ins t rumenta t ion  and 

requirements f o r  s t a r t u p  of t he  r e a c t o r  are met. This i 

1 systems are 

admin i s t r a t ive  

the  respons i- 

b i l i t y  of t he  supe rv i so r  i n  charge of the  s t a r t u p .  To ensure a proper 

checkout o f  the  var ious  systems, a s t a r t u p  c h e c k l i s t  is provided. The 

supe rv i so r  m u s t  i n i t i a l  each i t e m  as the  des igna ted  requirements a r e  

s a t i s f i e d .  I n  add i t ion ,  the supe rv i so r  i n  charge of  t he  s t a r t u p ,  upon 

completion of t he  s t a r t u p ,  should f i l l  i n  t he  information (personnel  

performing the  s t a r t u p )  r equ i r ed  on the r e a c t o r  s t a r t u p  record s h e e t .  

This s h e e t  is on the  BSR panel  below the  key cab ine t .  

12.3d. BSR Reactor Shutdown Check l i s t  (Example 12*3*3J 

To ensure  t h a t  a l l  systems are proper ly  s h u t  down o r  placed i n  a 

s tandby s t a t u s  fol lowing the  shutdown of  the  r e a c t o r ,  a c h e c k l i s t  is 
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provided.  This form must  be completed by the  superv isor  i n  charge of 

the  shutdown. 



12-13 

... 

Example 1 2 . 3 . 1 .  BSR Weekly R e p o r t  (UCN-7260) 

BSR WEEKLY REPORT 
......... ................................ 

F-E-K ENDING 

I 
ACCUMULATED 

DATE ENERGY (kwh) HOURS OPERATED HOURS DOWN 

.......................... ........ ..... .. .- -- ~~~ ... .. 

. ................................ ............................. ....................... ~~ ...... .- . - ~. 

.................. ............................... ........ -~ _____ -~~ .--.I ..... 

.................. . ......................... ^- - . 
.............. .................... i 

................... . ..................... .... I- .... - 

-- --- 

- 

........ .. ......................................... - I ; 
____ 

.. ......... __.__ .............. 

Total 

-. ---_I 

UCN-7260 
(9  8 - 6 8 )  P A G E  1 
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Example 12 - 3 .  L (continued) 

-. ..... -. .... .... -. ...... ...... - ~ __ I_ . ....... _.._______ 
D. REACTQR CQOLING WATER 

I 
~...........___ll.l~_I_-... 

S K I M M E R  . .... .................. .......................... 

.- ___l_l ..... _- 
M A K E U P  WATER Ai;; :':AT ION - . 

BYPASS F ILTERS 
DATE OF LAST CHANGE 

(GALL ON 5)  _............................-.___I__ .---________ 

---- 

..... ............ .. ................. 
E .  MISCELLANEOUS INFORMATION ( G E N E R A L  IMPROVEMENTS. TOUBLES, E T C . )  
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BSR START-UP CHECK LIST 

NOTE: The s u p e r v i s o r  making t h e  s t a r t - u p  checks should  i n i t i a l  each  b l a n k  
a f t e r  comple t ion  of t h e  i t e m .  ( I n  a d d i t i o n ,  t h e  i n d i v i d u a l  s t a r t -  
i n g  t h e  checks s h o u l d  remain on d u t y  u n t i l  t h e  r e a c t o r  is made 
c r i t i c a l  and s t a b i l i z e d  a t  t h e  d e s i r e d  power l e v e l ;  o therwise ,  t h e  

1. 

2. 

3 .  

4 .  

5. 

6 .  

7. 

8 .  

1. 

2 .  

3 .  

checks should  be r e p e a t e d  by t h e  next  

S u p e r v i s o r  

Date 

Core No. 

A. Reac tor  Area 

Proper  loading  and r e a c t o r  pos i t  i o n .  

A l l  c o r e  p i e c e s  i n  p l a c e  and p r o p e r l y  
seated.  

A l l  experiment  r i g s  i n  proper  l o c a t i o n  
and s e c u r e d .  

Proper  s o u r c e  l o c a t  ion .  

Shim-rod-drive u n i t s  and f i s s i o n -  
chamber-drive u n i t s  i n  proper  
p o s i t i o n  and f a s t e n e d  t o  hold-down 
arms 

A l l  work i n  c o r e  completed and f i n a l  
i n s  pec t i o n  made. 

Reac tor  c a r r i a g e  and b r i d g e  locked i n  
pos i t  i o n .  

Ins t rument  b r i d g e  locked i n  p o s i t i o n .  

i n d i v i d u a l  i n  charge . )  

- - - I _ -  

----- 
I _ . - - - -  

B .  Experiment F a c i l i t i e s  

----- A l l  changes t o  experiments  completed.  

Experiment in format ion  s h e e t s  c u r r e n t .  __ 

Experiment s a f e t y - c h e c k  s h e e t s  com- 
p l e t e d  by ins t rument  e n g i n e e r s  ( f o r  
a l l  a p p l i c a b l e  exper iments ) .  

- - - I_ -  

Example 1 2 . 3 . 2 .  
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4 .  

1. 

Z *  

3 -  

4 ,  

5 .  

6 .  

1. 

2 "  

3 .  

4 .  

5. 

6 .  

7 .  

8. 

9 .  

10 e 

11, 

- - - - _ I _  

S p e c i a l  i n s t r u c t i o n  s h e e t s  completed. 

C .  Water Systems--Mode 1 (Convection Coolinp)* 

Pool f i l l e d  t o  proper l e v e l  and 
a l l  pool - leve l  alarms c l e a r e d .  

---- Flapper  va lve  i n  f u l l y  open pos i t i on .  

---- Demineralizer i n  s e r v i c e .  

- - _ I _ L  

Water p u r i t y  adequate.  

Skimmer system in opera t ion .  

Jets on f o r  ope ra t ion  >lo0 kw. 

- - _ _ I -  

---- 
D. Water Systems--Mode 2 (Forced Cooling)* 

---- Poo l  f i l l e d  t o  proper l e v e l .  

---- A l l  poo l - l eve l  alarms c l e a r e d .  

Primary cool ing system f i l l e d  and 
vented a 

HCV-3 f u l l y  opened and HCV-9 f u l l y  
e losed a 

Flapper  va lve  i n  f u l l y  c losed  pos i t i on .  

---- 
---- 

Primary coo l ing  system f l o w  e s t a b -  
1ishe.d ---- 
Demineralizer i n  s e r v i c e .  

Water p u r i t y  adequate.  

Secondary coo l ing  s y s t e m  f i l l e d ,  
t r e a t e d ,  and ready f o r  s e r v i c e .  

Both the e x i t  w a t e r  and the  decay tank 
t r e a t e d ,  and ready f o r  s e r v i c e .  ----- 

----- Skimmer system i n  ope ra t ion .  

*Ei ther  Sec t ion  C o r  Sec t ion  D must be completed. ..... 



1. 

2 .  

3 .  

4 .  

5 .  

6 .  

E .  I n s t r u m e n t a t i o n  Checks 

Local  o p e r a t i o n  s e l e c t e d .  

A l l .  u t i l i t y  s e r v i c e  i n  o r d e r :  

a. Power c i r c u i t s  L - 1  through L-9, 
l o c a t e d  i n  "Norma 1 -Emergency" 
pane 1. 

b o  Power c i r c u i t s  L - 2 1  through L-23 ,  
l o c a t e d  i n  "clean" p a n e l .  

c .  A i r  supply .  

A l l  r e c o r d e r s ,  a m p l i f i e r s ,  e tc . ,  turned 
on a t  l eas t  112  hour p r i o r  t o  opera-  
t i o n  of t h e  r e a c t o r .  

I o n i z a t i o n  chamber p o s i t i o n s .  (Check 
log  book f o r  any movement d u r i n g  s h u t -  
down. ) 

Log count  - ra te  channe 1. 

a .  C a l i b r a t e  CRM t o  60 c o u n t s l s e c  
on r e c o r d e r  and s e t  on USE. 

b .  Check t h a t  as f i s s i o n  chamber is 
i n s e r t e d  counts  i n c r e a s e  and v i c e  
versa.  

c .  Check f i s s i o n  chamber u s i n g  
c a l i b r a t i o n  c u r v e .  

d .  S e t  PHS and g a i n  a t  t h e  posted 
s t a r t u p  v a l u e  

e .  P o s i t i o n  f i s s i o n  chamber s o  t h a t :  
2 0  c o u n t s / s e c  <CR <40 c o u n t s / s e c .  

Log-N c h a n n e l .  

a .  Chamber v o l t a g e :  + ? 

- , + 10%. 

b .  C a l i b r a t e  log-N a m p l i f i e r  w i t h  
r e c o r d e r  and se t  on GROUND. 

----- 
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7 .  

8 .  

9 .  

10 * 

11, 

12 L) 

13 

1, 

2.  

3 .  

4 .  

Servo channe 1. 

a.  Chamber vo l t age :  + 9 

- 
- - - I _ -  

, * 10%. 

- - _ _ c - -  
b Zero micromicroammeter. 

Magnet c u r r e n t  checked and ad jus t ed  
proper ly  a 

Scram checks.  

- - - _ L -  

a ,  Raise rods -1 i n . .  and scram by 

----- manual bu t ton  and reset .  

b .  Raise rods -1 i n .  and scram by 
pushing t h e  1-sec but ton  on the  
log-N a m p l i f i e r .  S e t  t h e  log-N 
a m p l i f i e r  on OPERATE. . 

- -_ I - -  

c .  Raise rods -1 in. and scram by 

- - - I _ -  

N o ,  1 Jordan but ton .  

d .  Same f o r  N o .  2 Jordan  bu t ton .  

----- e. Same f o r  No .  3 Jordan but ton .  

S e t  micromicroammeter range swi tch  
on d e s i r e d  range.  S e t  s e rvo  demand 
f o r  des i r ed  f r a c t i o n  of range.  

- - I _ - -  

A l l  a i r  monitors and Monitrons normal. - __ - 
A l l  ins t rument  channels  working p rope r ly  
and corresponding r eco rde r s  t r ack ing .  

__.-I_-- 

Annunciator panels  c l e a r  ( i f  not ,  
reason  f o r  any alarm m u s t  be known). 

-_ I - - -  

F a  Other Checks 

----- PA s y s t e m  ope ra t ing  p rope r ly .  

Next power l e v e l  schedule  reviewed and 
understood 

- - - _ _ c -  

P r e s t a r t u p  warning i ssued  over  PA 
system i f  reques ted  by experimenters .  ----- 
Core loading  c h a r t  up t o  d a t e  and 
proper ly  approved - 

- - I _ - -  
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5 .  Containment s y s  t e m  ope ra t iona l .  - _ L c _ - -  

6 .  P o o l  a r e a  a i r  condi t ion ing  func t ioning  
properly ( f o r  extended per iods of  high-  
power r e a c t o r  ope ra t ion ) .  ----- 



12 -2 1 

.... 

BSR SHUTDOWN CHECKLIST 

NOTE: The ind iv idua l  completing t h i s  c h e c k l i s t  should i n i t i a l  each item 

1. 

2. 

3 .  

4 .  

5. 

6 .  

7. 

8. 

9. 

as it i s  completed. 

Supervisor  

Date 

Core No. 

A l l  rods  i n  seat p o s i t i o n  and seat  
l i g h t s  ON 

Servo demand a t  NL and range switch 
as l o w  as poss ib l e  whi le  "on sca le"  

Log-N a m p l i f i e r  on GROUND p o s i t i o n  

Reactor secondary loop: 

a .  Fans i n  OFF 

b .  Pump i n  OFF 

c .  Blow-down va lves  c losed  

d .  Acid-addi t ion system OFF 

Reactor primary loop: 

a. HCV-3 f u l l y  open 

b. HCV-9 f u l l y  c losed 

c .  F l a p p e r  valve open 

d. Demineralizer flow normal 

F i s s i o n  chamber in se r t ed  t o  g ive  
20 counts / sec  and s e t  i n  automatic  

Key switch i n  OFF and key removed; 
key locked i n  key box 

RIM-5 pool o u t l e t  r a d i a t i o n  micro- 
ammeter switch placed on t h e  10-l '  
p o s i t  ion  

R I M - 1 8  decay tank  off-gas r a d i a t i o n  
microammeter switch p l a c e d  on the 
10-11 p o s i t i o n  

_I_-- - -  

Example 1 2 . 3 . 3  
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