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1. OPERATING PROCEDURES 

1.1. Introduction and General Principles 

The operation of a research reactor requires careful attention to 

details and strict adherence to safety precautions so that an orderly 

and safe operation will be ensured. Added to the well-recognized 

industrial hazards present are those associated with a high-performance 

nuclear reactor. A serious accident could release large amounts of 
radioactive materials with possible large-area contamination. The 

probability that such a release will occur is not large; however, the 

significance of such an event makes safety the prime consideration in 

every operation. 

The ORR operating manual is devoted to the presentation of detailed 

procedures and descriptions for every phase of operation. 

dures, in accordance with the above remarks, are designed to ensure safe 

and orderly operation of the facility. Adherence to these procedures is 

required and enforced to: 

These proce- 

1. provide a standard, safe method of performing all operations; 

2. ensure that the safety implications of routine jobs do not lose 

Significance; and 

3 .  ensure that non-routine operations, which quite often affect 

more than one part of the reactor complex, are done with due 

consideration of such intereffects. 

Because revisions and additions are expected frequently, copies of 

the manual are printed in loose-leaf form. 

revised, are distributed throughout the Reactor Operations Section. One 

copy remains in the ORR control room for use by the shift personnel. 

These copies which are easily 

The control room copy of the ORR Operating Manual is the "of€icial" 

copy and should not be defaced with extraneous markings or unofficial 

corrections. 
- 

If errors are discovered, they should be brought to the attention of 

the Reactor Supervisor or his designated representative. 

corrections will be made by the Reactor Supervisor or his designated 
representative, dated, and initialed. Formal corrections will be handled 

in the manner described in Section 6.2.5 of this manual. 

Temporary 



It i s  t h e  r e s p o n s i b i l i t y  of each member of t h e  s e c t i o n  to be v i g i l a n t  

and a i d  i n  keeping our  o p e r a t t n g  manuals c u r r e n t  a t  a l l  t i m e s .  

P rocedure  changes o r  a d d i t i o n s  must be  fo rma l ly  w r i t t e n  and approved 

by s e n i o r  s t a f f  members as d e t a i l e d  i n  S e c t i o n  6 .2 .5 .  A copy of each  

change o r  a d d i t i o n  i s  then  p laced  i n  each loose- leaf  manual, t h u s  ensu r ing  

t h a t  up-to-date procedures  are always Q~-I hand. 

T h i s  procedure manual sha l l .  be reviewed (and updated as necessa ry )  

once every  t w o  y e a r s  as s p e c i f i e d  i n  t h e  "Opera t ions  D i v i s i o n  Procedures ."  

The A s s i s t a n t  Reac tor  Supe rv i so r  s h a l l  be r e s p o n s i b l e  f o r  t h e  review wi th  

h e l p  from a p p r o p r i a t e  s t a f f  members. 

Each b i e n n i a l  review s h a l l  be docurnent:ed by i s s u i n g  a one-page 

r e v i s i o n  t o  t h e  manual t o  be i n s e r t e d  immediately preceding  t h e  Table  

of Contents .  The documentat ion s h a l l  i n c l u d e  a s t a t emen t  t h a t  t h e  

manual has  been reviewed and updated,  sha l l  g i v e  t h e  d a t e  of t h e  review,  

and s h a l l  be s igned  by t h e  A s s i s t a n t  Reac tor  Supe rv i so r  as w e l l  as by 

t h e  s t a f f  members who normally s ign  procedure revLsfons.  

1 . 2 .  S p e c i f i c  S t a r t u p  Procedures  

1.2.1. Personnel  Requirements --.- 

A s  a minimum, one q u a l i f i e d  Opera t ions  s u p e r v i s o r  and one q u a l i f i e d  

r e a c t o r  o p e r a t o r  are r e q u i r e d  i o  be i n  t h e  c o n t r o l  room f o r  a normal 

s t a r t u p .  Occas iona l ly ,  a Reactor  C o n t r o l s  S e c t t o n  t e c h n i c i a n  o r  super-  

v i s o r  i s  needed on a s tandby b a s i s .  Persol inel  not  r e q u i r e d  f o r  the 

s t a r t u p  may prove d i s t r a c t i n g  t o  t h e  o p e r a t i o n .  

1 .2 .2 .  R e s p o n s i b i l i t y  -._I. ~ 

One q u a l i f i e d  Opera t ions  s u p e r v i s o r  s h a l l  be i n  charge  of t h e  s t a r t u p  

o p e r a t i o n .  This w i l l  u s u a l l y  be t h e  s h i f t  s u p e r v i s o r  on duty .  Dual 

s u p e r v i s i o n  t e n d s  to  i n c r e a s e  t h e  p o s s i b i l i t y  of ove r look ing  an  abnormal 

c o n d i t i o n  o r  n e g l e c t i n g  one o r  m o r e  s t a r t u p  checks and is  t o  be avoided.  

The s u p e r v i s o r  i n  charge  must be s a t i s f i e d  t h a t  a l l  of t h e  r e a c t o r  complex 

and t h e  a s s o c i a t e d  e x p e r l n e n t s  have been p rope r ly  checked and are ready 

f o r  o p e r a t i o n .  Re must d i r e c t  t h e  s t a r t u p  from t h e  c o n t r o l  room, g i v i n g  
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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  l o c a t i o n s ,  as needed,  v i a  t h e  i n t e r -  

communication systems.  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 

a r e  performed must f o l l o w  through wi th  t h e  s t a r t u p  u n t i l  t h e  power l e v e l  

o f  NL i s  a t t a i n e d .  

The o p e r a t o r  a s s i g n e d  t o  t h e  c o n t r o l  desk  w i l l ,  under  t h e  d i r e c t i o n  

o f  t h e  s u p e r v i s o r ,  per form t h o s e  o p e r a t i o n s  n e c e s s a r y  t o  e f f e c t  t h e  

s t a r t u p .  The o p e r a t o r  must be aware o f  t h e  s t a t u s  of  t h e  f a c i l i t y  a t  a l l  

t i m e s  d u r i n g  t h e  s t a r t u p .  H e  w i l l  a s s i s t  t h e  s u p e r v i s o r  i n  e v a l u a t i n g  

unusual  s i t u a t i o n s  and w i l l  c a l l  h i s  a t t e n t i o n  t o  any abnormal c o n d i t i o n  

o r  e v e n t  r e l a t e d  t o  t h e  s t a r t u p .  

Other  pe r sonne l  p r e s e n t  i n  t h e  c o n t r o l  room may have s p e c i f i c  

r e s p o n s i b i l i t i e s  r e l a t e d  t o  a t e s t ,  exper iment ,  main tenance ,  o r  t r a i n i n g .  

T h e i r  f u n c t i o n s  s h a l l  be  c l e a r l y  unders tood  by t h e  s u p e r v i s o r  i n  charge  

and any  changes t o  p rocedures  o r  t e s t s  must be approved by him. Those 

people  n o t  d i r e c t l y  involved  i n  t h e  o p e r a t i o n  may obse rve  from t h e  obse r -  

v a t i o n  p l a t fo rm.  

..... 1.2.3, Pe r sonne l  Hazards During S t a r t u p  

There a re  many p o t e n t i a l  haza rds  a s s o c i a t e d  wi th  a r e a c t o r  s t a r t u p .  

The o f t e n  d i s c u s s e d  and well-known " s t a r t u p  a c c i d e n t "  i s  of  prime cons i -  

d e r a t i o n ;  however,  t h e r e  are  many l e s s - seve re  p o t e n t i a l  haza rds  which 

a l s o  must r e c e i v e  a t t e n t i o n .  The s t a r t u p  s e r v e s  a s  a f i n a l  t es t  o f  t h e  

i n t e g r i t y  o f  t h e  f u e l ,  t h e  expe r imen t s ,  t h e  i n s t r u m e n t a t i o n ,  t h e  s h i e l d i n g  

- i n  s h o r t ,  t h e  r e a c t o r  complex i t s e l f .  Th i s  i s  p a r t i c u l a r l y  t r u e  o f  new 

exper iments  and components and o f  equipment which h a s  undergone main- 

t enance  o r  a l t e r a t i o n .  Such items should  be  g iven  s p e c i a l  a t t e n t i o n ,  bu t  

c a r e f u l  a t t e n t i o n  must be  g i v e n  t o  t h e  e n t i r e  complex. 

Although much e f f o r t  i s  expended toward e n s u r i n g  t h e  s a f e t y  o f  t h e  

r e a c t o r  and t h e  expe r imen t s ,  t h e  p o s s i b i l i t y  o f  human e r r o r  o r  equipment 

f a i l u r e  i s  e v e r  p r e s e n t .  I t  i s ,  t h e r e f o r e ,  cons ide red  e s s e n t i a l  t h a t  a 

background r a d i a t i o n  su rvey  o f  t h e  complex be made as soon as p o s s i b l e  

a f t e r  each  beginning-of-cycle  s t a r t u p  and d u r i n g  o t h e r  s t a r t u p s  fo l lowing  

exper iment  a l t e r a t i o n s  ( r e f e r  t o  S e c t i o n  1.2.11, "Radia t ion  Background 

Survey" f o r  a d d i t i o n a l  i n s t r u c t i o n s  on r a d i a t i o n  background s u r v e y s ) .  



1.2.4.  General  Procedures  

There are c e r t a i n  g e n e r a l  requi rements  i n  t h e  s t a r t u p  procedure 

which apply  i n  a l l  cases. Even though t h e y  may be r e p e a t e d  l a t e r ,  they  

a re  s e p a r a t e l y  s t a t e d  here f o r  emphasis. 

1. Sflartup checks ,  i t emized  i n  t h e  s t a r t u p  c h e c k l i s t  ( S e c t t o n  8 . 1 . 3 ) ,  

a r e  r e q u i r e d  p r l o r  t o  every s t a r t u p  fo l lowing  any work i n  t h e  

r e a c t o r  tank  and f o l l o w i n g  any maintenance on components i n  t h e  

r e a c t o r  complex. S t a r t u p s  fo l lowing  b r i e f  unscheduled shutdowns 

a re  d i s c u s s e d  i n  S e c t i o n  1.2.10. 

2. The s u p e r v i s o r  i n  charge  must he s a t i s f i e d  t h a t  t h e  r e a c t o r  and 

a l l  r e l a t e d  equipment and experiments  are ready f o r  s ta r t iup  

and/or  power o p e r a t i o n .  

3. The s u p e r v i s o r  i n  charge mus t  remain i n  t h e  c o n t r o l  room any 

t i m e  t h a t  c o n t r o l  rods  are be ing  withdrawn o r  any tilne t h a t  t h e  

r e a c t o r  power i s  be ing  i n c r e a s e d .  

4 .  In no case s h a l l  s a f e t y  be compromised. A proven and s a t i s f a c -  

t o r y  answer t o  any problem must e x i s t  b e f o r e  s t a r t u p  i s  per- 

m i t t e d  o r  a l lowed t o  c o n t i n u e  i f  i n  p r o g r e s s .  

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

1. Determine d t h o u t  q u e s t i o n  t h a t  t h e  minimum i n s t r i m e n t a t i o n  

requi rements  are m e t .  These requi rements  are set f o r t h  1.n Table  

1.1. It should be poin ted  o u t  t h a t  t h e  l i m i t a t i o n s  i n d i c a t e  an 

a b s o l u t e  minimum.. I n  a l l  cases where p r a c t i c a l ,  t h e  normal 

complement of i n s t r u m e n t a t i o n  will bc made a v a i l a b l e .  The 

f a i l u r e  of a p a r t i c u l a r  channel  i s  not  n e c e s s a r i l y  a c r u c i a l  

s i t u a t i o n  i n  i t s e l f  If t h e  minimum complement of i n s t r u m e n t a t i o n  

can  s t i l l  be provided;  however, r e p e a t e d  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 two o r  more channels  would 

be cause  f o r  concern.  Under such c o n d i t i o n s ,  a very  c a r e f u l  

e v a l u a t i o n  should be made a f t e r  c o n s u l t i n g  w i t h  t h e  Reac tor  

S u p e r v i s o r  and a Reactor  Con( 1-01s S e c t i o n  r e p r e s e n t a t i v e .  

Should an o c c a s i o n  arise when t h e  minimim i n s t r u m e n t a t i o n  cannot 

b e  m e t ,  t h e  r e a c t o r  must be s h u t  down. 
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Table 1.1. Minimum instrumentation requirements 
for reactor operations 

Instrument 
channel 

Startup to NL with 
Normal forced flow or with Power 

compl erne 11 t natural convention operation 

Power-level-safety 
Log N 
Count rate 
Servo 
1% 
Tout 
T 
Reactor water flow* 
Reactor P* 
Gamma 
Primary water makeup 
POG pressure 
NOG pressure 
N-facility flow 
S-facility flow 
Cell-vent flow 
Pool-water flow 

3 
2 
2 
1 
2 
2 
2 
1 
1 
2 

rate 2 
2 
2 
1 
2 
2 
1 

2 
1 
1 

none 

1 
none 
none 
none 
none 
none 

1 
none 
1 

none 
none 
1 

none 

2 
none 
none 
none 

1 
2 
1** 
I*** 
I*** 

none 
1 
I**** 
1 
1 
2 
1 
1 

.-. 

*The sensitivity of the Nos. 1 and 2 safety channels is increased by 
a factor of ~ 4 5  for operation with the primary-water main flow <12,000 
gpm and the reactor AP corresponding to a main flow of (12,000 Fpm, 
respectively. 
by a factor of d 5  when the raise-test switch is turned to the TEST posi- 
tion. In TEST, the primary-water main flow and reactor AP scram-circuit 
relays are bypassed. Under this condition, protection is effected in the 
following sequence: (1) when in servo control, the maximum power is 
limited by a setback at a 60% reading on the power-level safety recor- 
ders, which is equivalent to 4 0 0  kW; ( 2 )  a reverse will be effected when 
a reading of 1.8 NL on the log-N recorder is reached. This is equivalent 
to d ~ 4 O  kW; and ( 3 )  a reverse w i l l  be effected at a reading of 120% on any 
one of the three power-level safety recorders. This is equivalent to 
2800 kW. 

and therefore need not be redundant. 

of core AP using flow-calibrated AP instrumentation. 

are connected to the POG system. 

The sensitivity of the No. 3 safety channel is increased 

** AT channels serve as backup instrumentation for the power channels 

***Flow channels may utilize direct flow measurement, or measurement 

****Pressurizable off-gas monitor is required only if experiments 

- ..... 



1-6 

2. V i s u a l l y  i n s p e c t  t he  fo l lowing  areas f o r  proper  s t a t u s :  

a .  Reac tor  pool ,  beam h o l e s ,  experiment  f a c i l i t i e s ,  and sub- 

p i l e  room 

b.  I n s i d e  t h e  r e a c t o r  v e s s e l  

(1) I n s p e c t i o n  must be made t o  check t h e  tank  f o r  f o r e i g n  

o b j e c t s .  Any f o r e i g n  o b j e c t s  s h a l l  be removed p r i o r  

t o  s e c u r i n g  t h e  access cover  i n  posit : ion.  

( 2 )  The c o r e  e lements  must be i n s p e c t e d  and i n v e n t o r i e d  a t  

l e a s t  t w i c e  wh i l e  r e f e r r i n g  t o  an  ORR c o r e  sheet: 

(Example 1.1) which i n d i c a t e s  t h e  c u r r e n t  co re  conf ig-  

u r a t i o n .  The f i r s t  i n s p e c t i o n  should be made p r i o r  t o  

t h e  i n s t a l l a t i o n  of the  a c c e s s  cover  and t h e  second 

whi l e  t h e  r e a c t o r  power i s  near  t h e  6-MW l e v e l .  The 

s t a r t u p  s u p e r v i s o r  s h a l l  v e r i f y  t h a t  a1.l co re  e lements  

a re  s e a t e d  p r i o r  t o  t h e  i n s t a l l a t i o n  of t h e  access 

cover .  The I n s p e c t i o n  s h e e t  must  be s igned  by the  

s u p e r v i s o r  performing t h e  i n s p e c t i o n .  

3 .  Determine t h a t  t h e  exper iments  are ready f o r  power o p e r a t i o n  o r  

s t a r t u p  by ensu r ing  t h a t :  

a .  a l l  maintenance o r  changes have been s a t i s f a c t o r i l y  completed; 

b.  i n fo rma t ion  r e l a t i v e  t o  each experiment  i s  complete  and 

a v a i  1-able ; and 

c .  experiment  pe r sonne l  are informed of t h e  s t a r t u p  and any 

s p e c i a l  s t a r t u p  r e q u e s t s  are noted.. 

4 .  Put  t h e  water system I n t o  o p e r a t i o n  i n  the  fo l lowing  sequence. 

a .  F i l l  t h e  t h r e e  poo l s  and observe  t h a t  t h e  pool - leve l  alarms 

are p r o p e r l y  c l e a r e d  by t h i s  a c t i o n .  

b. S t a r t  c i r c u l a t i o n  of t h e  r e a c t o r  pr imary coo lan t  water and 

a d j u s t  i t  t o  t h e  d e s i r e d  f low ra te  ( r e f e r  t o  S e c t i o n  5.2.1.1 
f o r  sequence of s t a r t i n g  i h e  primary pumps). 
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ORR CORE 

(Inspection checklist) 

POOL 
w 

A 4  

Be 

8-8 

Be 

c-a 
111 

D-8 

F 

E-E 

F 

F-8 

F 

G-8 

Be 

- 

~ 

~ 

E 

Examole 1.1. T v o i c a l  Core ConfiEuration 

A-9 

F 

8-9 

Be 

c-9 

B e  

D-9 

B e  - 
E-9 

Be - 
F - 9  

E 

G-9 
- 

Be 

LEGZND 

F = Fuel 

E = Experiment 

I S 0  = Isotope 

F/SR = Euel Shim Rod 

Be = Beryllium 

A1 = Solid Aluminum 

N 

" C N  5 1 5 2  
13 9-131 
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C .  

d. 

e. 

f .  

g -  

h.  

i. 

j- 

k. 

S t a r t  c i r c u l a t i o n  of t h e  pool  water through t h e  h e a t  

exchanger .  

P l a c e  t h e  secondary c o o l i n g  loops  i n  o p e r a b l e  c o n d i t i o n  and 

s e t  t h e  systems on AU'b'OMATTC. 

E s t a b l i s h  t h e  a e t p o i n t  f o r  the reactor and pool  primary 

tempera ture  c o n t r o l s  and se t  t h e  systems can AU'LVMATTC. 

E s t a b l i s h  water f low t o  the h o r i z o n t a l  beam-hole l i n e r s  and 

p l u g s  accord ing  tis t h e  d i r e c t i o n s  on t h e  s t a t u s  sheet. T t  

i s  impor tan t  t o  n o t e  any change i n  t h e  status of t h e  

beam-hole l i n e r s  s i n c e  changes here will a f f e c t  f l u x  "'seen" 

by t h e  c o n t r o l  chambers. 

E s t a b l i s h  water f low t o  t h e  n o r t h  and s o u t h  experiment 

f a c i l i t i e s  a c c o r d i n g  i-o t h e  d i r e c t i o n s  on the s t a t u s  s h e e t .  

P lace  t h e  reac tor -water  d e m i n e r a l i z e r  in s e r v i c e .  

P l a c e  t h e  pool-water d e m i n e r a l i z e r  i n  s e r v i c e .  

P l a c e   he d e g a s i f i e r  i n  s e r v i c e  i n  t h e  r e a c t o r  w a t c r  system. 

P l a c e  t h e  d e g a s i f i e r  d e m i n e r a l i z e r  i n  service i n  t h e  r e a c t o r  

water system. 

5. Determine t h a t  t h e  e lec t r ica l  and c o n t r o l  c i r c u i t s  are p r o p e r l y  

e n e r g i z e d  and t h a t  t h e  i n s t r u m e n t a t i o n  i s  p r o p e r l y  checked. 

T h i s  i n c l u d e s  a s s u r a n c e  t h a t :  

a .  t h e  i o n i z a t i o n  chambers are p r o p e r l y  p o s i t i o n e d  and any 

changes are noted and accounted f o r ;  

b. a l l  i n s t r u m e n t a t i o n  and c o n t r o l s  have been p r o p e r l y  checked 

and a d j u s t e d  i n  accordance w i t h  the p r e s t a r t u p  ins t rument  

checks sect:ion d u r i n g  t h e  prev ious  shutdowns o r  t h e  c u r r e n t  

shutdown, i f  a p p l i c a b l e ;  and 

c.  t h e  log-N a m p l i f i e r s  and count ing- ra te  meters are c a l i b r a t e d  

just  p r i o r  t o  t he  s t a r t u p .  
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6 .  Turn the "reactor-operate" key switch to ON. Announce over the 

public address system that the startup horn will sound. 

the "operator-start" push button. 

When the horn has "timed out," the green light above the group 

"rod-withdrawal" switch should come on, indicating that condi- 

tions are normal for rod withdrawal. 

Press 

The startup horn will sound. 

7.  Check the electronic scram circuitry and mechanism by raising 

the rods o f f  their seats and scramming with the "Jordan" button 

at each level-safety sigma amplifier and the period-scram test 

button at each log-N amplifier (five tests). 

8 .  Review and initial the startup checklist which, in effect, 
* ensures that the preceeding preparations have been made. 

Certain other details are also covered by the startup checklist. 

Correct any abnormal conditions encountered during the prepara- 

tion for startup before continuing. 

After being assured that the complex is ready for reactor start- 

up, announce over the public address system that reactor startup 

is imminent. 

9 .  

10. 

11. The following routine startup procedures are offered as general 

guidelines. 

slight variations, or even combinations of the various modes of 

startup. In this case, special instructions will be issued by 

the Reactor Supervisor and the technical staff as the need 

requires. 

Reactor and experiment conditions may require 

*The startup checklist is to be initialed by the supervisor in charge 

of reactor startup. 
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1.2.6. Rout ine  S t a r t u p  ( v i a  Opera to r -S ta r t  t o  NT>)* 

1 .  A f t e r  uiaking s u r e  t h a t  a l l  checks under S e c t i o n  1.2.5 have been 

s a t i s f a c t o r i l y  completed,  r e a c t o r  s t a r t u p  may proceed as follows: 

a .  

b .  

c .  

d .  

e .  

f .  

8 -  

h .  

S e t  one "shim-rod mode" s w i t c h  on t h e  PREFERRED p o s i t i o n ,  and 

t u r n  a l l  o t h e r  "rod-mode" swi t ches  t o  t h e  NQRHAL p o s i t i o n .  

S e l e c t i o n  o f  a p r e f e r r e d  rod  r a i l 1  deppnd upon rod worth,  

c o r e  l o a d i n g ,  and d e s i r e d  e f f e c t  of  p re fe r r ed - rod  c o n t r o l  

a c t  i on .  

Set the " r a i s e - t e s t "  swi t ch  t o  t h e  NORMAT, p o s i t i o n .  

S e t  t h e  "scram" swi tch  to NORMAL arid c l e a r  t h e  slow scram 

c i r c u i t s  by p r e s s i n g  t he  "scram-reset" push b u t t o n .  

S e t  t h e  "bypass-reverse"  swi t ch  t o  NORMAL. 

Adjus t  t h e  s e l e c t e d  f i s s i o n  chamber t o  o b t a i n  a t  l ea s t  1 .5  

coun t s  pe r  second (preferab l -y  10-50 c p s )  on the  coun t - r a t e  

m e t e r ,  and swi t ch  t h e  selectcad channel  t o  t h e  AUTOMATIC 

mode. 

Observe t h a t  t h e  s e r v o  demand i s  a t  N L ,  and s e t  t h e  v e r n i e r  

a t  midsca le .  

Manually withdraw shim-rods Nos, 1 atid 2 t o  15 i n .  

Set: t h e  "graup-rod-wi thdraw" swi t ch  t o  INTERMITTENT (I A l l  

r o d s  w i l l  withdraw i n t e r m i t t e n t l y  under t i m e r  s u p e r v i s i o n .  

T f  a 30-s p e r i o d  i s  i n d i c a t e d  by  e i t h e r  t h e  coun t - r a t e  o r  

log-N channc?ls, rod  withdrawal  w i l l  be i n h i b i t e d  u n t i l  t h e  

"group-rad-withdraw" swj.tch i s  reset  by t u r n i n g  i t  t o  

NEUTRAL and then  back t o  INTERMITTENT,** While i n  s t a r t ,  

*Operator  s t a r t  (manual o p e r a t i o n )  is used on ly  when t h e  s e r v o  c o n t r o l  
system i s  n19t f u n c t i o n i n g  o r  i n  s p e c i f i c  c a s e s  when r e q u i r e d  t o  "chase" 
xenon. 

**The 30-s  i n h i b i t  can. be bypassed by t u r n i n g  t h e  spr ing- loaded  
"reverse-bypass"  s w i t c h  t o  BYPASS, t h u s  p e r m i t t i n g  a 20-s p e r i o d .  The 
20-s p e r i o d ,  i n  t u r n ,  can  be  bypassed b y  ho ld ing  t h e  "reverse-bypass"  
s w i t c h  i n  t h e  BYPASS p o s i t i o n  and d e p r e s s i n g  t h e  " f a s t -pe r iod  permit"  
b u t t o n .  E i t h e r  o f  t h e  above a c t i o n s  r e q u i r e s  t h e  immediate s u p e r v i s i o n  
o f  t h e  s u p e r v i s o r  in charge  o f  t h e  s t a r t u p ,  
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. ..?. . 
rod withdrawal is inhibited if the CRM drops below 1.5 cps 

or exceeds 8,000 cps. During this phase of startup, when 

the log-N recorder indicates less than 0.001 NL, the CRM is 

the only nuclear instrument channel that provides a reliable 

indication of  neutron level or changes in neutron level. 

When a level of 0.001 NT, is reached on the log-N channel, 

set the "group-rod-withdraw" switch to HIGH.  The rods will 

be withdrawn continuously, bypassing the timer. The shim- 

rod withdrawal inhibits, as described in Section h, above, 

also apply to this mode of rod withdrawal. 

i. 

2. A s  the reactor power level approaches and reaches 1% of full 

power (NL), the fallowing steps should be followed: 

a. For startups when xenon growth is not a problem: 

(1) Maintain the period at slightly greater than 30 s until 

NL is reached. 

Stabilize the power at NL until reasonable equilibrium 

is reached on all instrument channels and until it is 

determined that all conditions are normal. 

( 2 )  

( 3 )  Review the startup instructions and special requests 

before proceeding to power. 

b. For startups following unscheduled shutdowns when xenon 

poisoning is a problem, refer to Section 1.2.10. 

3 .  During normal startup, there should be no reason to insert the 

rods except for minor adjustments to balance or maintain certain 

desired relative rod positians. For such adjustments, indivi- 

dual rod withdraw and insert push buttons will be used. If a 

situation should develop requiring a rapid reduction of power, 

the "bypass-reverse" switch should be turned to the REVERSE 

position. This inserts all rods simultaneously at full speed. 
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1.2.7. Routine Startup (via Instrnmnent--Start to NL) 
- 

Make sure that all checks under Section 1.2.5 have been s a t i s f s c t o r -  

ily completed. Reactor startup may then proceed as  follows: 

1. Turn one "shim-rod-mode" switch to the PREFERRED position and 

all other "rod-mode" switches t o  NORMAL. 

2. Set the "raise--test'R switch t o  N O W L .  

3 .  Sel the "scram" switch t o  NORMAL and clear the slow-scram cir- 

cuits by pressing the "scram-reset" push button. 

4 .  Set the "bypass-reverse" switch to NO 

5 .  Set the selected fission chamber on AUTOMATIC. 

6 .  Observe that servo demand is at NL and set the servo vernier a t  

midscale. 

7. Manually withdraw shim-rods Nos. 1 and 2 t n  15 in. 

8. Press the "instrument-start" push button. The startup will 

proceed automatically to a power level of NL. 

instrument s l a r t ,  the follo~ing events will occur as demanded by 

the status of start conditions. 

a. The servo mechanism will be energized. 

b. The servo limit switches will bc repositioned, 

c .  The selected fission chamber will be automatically inserted 

During the 

i f  necessary to produce an indicated counting rate of 20 c p s .  

d, The rods will be withdrawn intermittently a s  long as the 

power level is below 0,001 NL on t h e  log-N recorder. 

The rods will be withdram a s  a group i n  high speed when the 

power is above 0.001 NL on the log-N resorder. 

e ,  

f. The servo will take control of the  reactor when the power 

level reaches NL; and, when an insert error is indicated by 

the servo system, instrument start is ter 
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1.2.8. Routine Startup (via Operator-Start with Servo to NL) 

Make sure that all checks under Section 1.2.5 have been satisfac- 

torily completed. Reactor startup may then proceed as follows: 

1. 

2.  
3.  

4. 

5. 

6 .  
7. 

8 .  

9 .  

Turn one "shim-rod-mode'' switch to the PREFERRED position and 

all other "rod-mode" switches to NORMAL. 

Set the "raise-test" switch to NORMAL. 

Set the "scram" switch to NORMAL and clear the slow-scram cir- 

cuits by pressing the "scram-reset" push button. 

Set the selected fission chamber to MANUAL and adjust it until 

the count-rate meter indicates at least 1.5 cps - preferably 10 
to 50 cps. Return the selector switch to the AUTOMATIC position. 

Observe that servo demand is at NL and set the servo vernier at 

midscale. 

Manually withdraw shim-rods Nos. 1 and 2 to 15 in. 

Set the "group-rod-wi thdraw'" switch to INTERMITTENT and push the 

servo push button. All rods will. withdraw intermittently as 

controlled by the timer. The rods will continue to withdraw 

until a 30-s period is attained on log-N or the count-rate period 

meters. If this period is reached or if a "group-rod-withdraw" 

or "insert" button is pushed, the *'group-rod-withdraw'' switch 

must be reset by returning it to NEUTRAL and back to INTERMITTENT. 

Rod withdrawal will cease if the count-rate meter reads lower 

than 1.5 cps or greater than 8,000 cps. When the count-rate 

meter shows 8,000 cps, the fission chamber should withdraw auto- 

matically to read approximately 100 cpa. While the fisston 

chamber is in motion, rod withdrawal Ls prohibited. 

At 0.001 NL, the log-N channel is considered reliable. 

"group-rod-withdraw'' switch may then be turned to HIGH to with- 

draw rods. 

The servo system should assume control of the reactor at NL and 

maintain the_ power at that 1-eve1 by the automatic positioning of 

the servo-controlled rod (No. 6 )  within the span of the servo 

limits. 

The 
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1.2.9.  Power E s c a l a t i o n  (from NT, t o  t h e  Des i red  Power Leve l )  

I t  h a s  been s t a t e d  e a r l i e r  i n  t h i s  procedure t h a t  t h e  s t a r t u p  and 

power e s c a l a t i o n  o p e r a t i o n s  a re  t h e  t r u e  t e s t s  o f  t h e  i n t e g r i t y  of  t h e  

r e a c t o r  complex, i n c l u d i n g  t h e  a s s o c i a t e d  exper iments .  Exper ience  h a s  

proven t h a t  t h e s e  o p e r a t i o n s  r e q u i r e  t h e  undiv ided  a t t e n t i o n  o f  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  i n  charge .  P t  h a s  a l s o  been c l e a r l y  i n d i -  

c a t e d  t h a t  t h e  p rocess  of  b r i n g i n g  t h e  r e a c t o r  t o  power should  n o t  be 

h u r r i e d ,  p a r t i c u l a r l y  d u r i n g  s t a r t u p s  fo l lowing  refrielirng o r  o t h e r  work 

i n  t h e  r e a c t o r  t a n k  o r  pr imary system. The fo l lowing  procedure  i s  based 

upon t h e s e  premises .  

1. General  p rocedures  ._I and c o n s i d e r a t i o n s  

a .  The power l e v e l  should  be h e l d  a t  NL u n t i l  a l l  ins t rumented  

parameters  have reached  e q u i l i b r i u m  o r  nea r  e q u i l i b r i u m  and 

i t  i s  determined t h a t  a l l  c o n d i t i o n s  a r e  normal.  Any m a l -  

f u n c t i o n i n g  ins t rument  and/or  equipment r e q u i r e d  f o r  s t a r t u p  

and /o r  c o n s t a n t  power o p e r a t i o n  o f  t h e  r e a c t o r  should  be 

r e p a i r e d  immediately.  Should i t  be  necessa ry  t o  make 

r e p a i r s  and t h e  n a t u r e  o f  t h e  r e p a i r s  i s  such t h a t  i f  per-  

formed a t  a power l e v e l  o f  NL i t  may endanger personnel  o r  

t h e  r e a c t o r ,  t h e  r e a c t o r  s h a l l  be s h u t  down. 

b .  S p e c i a l  i n s t r u c t i o n s  r e g a r d i n g  t h e  r a t e  of  power i n c r e a s e  

and r e q u e s t s  from exper imenters  f o r  v a r i a t i o n s  from r o u t i n e  

o p e r a t i o n  should  be r e a d  c a r e f u l l y  and a l l  q u e s t i o n s  regard-  

i n g  t h e  power e s c a l a t i o n  should  be answered b e f o r e  proceeding .  

c .  S tandard  procedure s h a l l  be t o  i n c r e a s e  t h e  power i n  s t e p s  

wh i l e  c a r e f u l l y  ana lyz ing  t h e  behav io r  o f  t h e  r e a c t o r ,  t h e  

equipment a s s o c i a t e d  wi th  t h e  r e a c t o r  complex, and t h e  exper -  

iments .  A s  a minimum, t h e  power w i l l  be  s t a b i l i z e d  a t  l e v e l s  

of  3-MW i n t e r v a l s  f o r  such o b s e r v a t i o n s .  The t i m e  spent a t  
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each power level shall be determined by the supervisor in 

charge, but must be sufficient to permit the measurements 

specified in the detailed procedures which follow. 

d. Partial flow blockage through the fuel elements by foreign 

materials could produce localized boiling due to insuf- 

ficient heat removal. To prevent such an event from 

occurring, an additional inspection of the core through the 

access-cover viewing port will be made at a lbw power (6 Nw 

o r  less). If any obstructions are detected which have an 

equivalent diameter of 1/2 in. o r  greater, the reactor 

should be shut down and the flow restrictor removed. 

e. A reactor-noise instrument channel has been provided for use 

during startups and at other times when unusual conditions 

prevail. 

each startup. Although this channel is valuable as a data 

gathering device and as a comparator, it is not to be used 

as a startup channel. A detailed procedure for use of the 

noise channel is included as Section 2.6.16. 

This channel should be used to obtain data during 

2. Detailed procedure 

When it is determined that everything is in order and that all 

conditions are ready €or the power to be raised to the desired 

operating level, proceed as follows: 

a. Announce over the public address system that the ORR power 

level will be increased. Specify the power level for the 

first step (normally 3 MW). 
Adjust the rod positions as needed to satisfy current oper- 

ating instructions and to maintain the servo-controlled rod 

(No. 6 rod) in a position suitable for startup demands.* 

Repeat once. 

b. 

*Rods 1 and 2 will usually be at their upper limits, i.e., fully 
withdrawn. Rods 3 ,  4, 5 ,  and 6 will usually be ganged between 15 and 20 
in. withdrawn. However, the servo-controlled rod should be maintained 
below 2 5  in. withdrawn if at all possible. 
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e .  Determine t h a t  t h e  n o i s e  channel  i s  ready for  o p e r a t i o n  and 

p r o p e r l y  s e t  f o r  t h e  f i r s t  s t e p  i n  power. 

d .  S e t  t h e  s e l e c t e d  f i s s i o n  chamber on AUTOMATIC. 

e.  Depress the  "run" b u t t o n  and detesrnlne that t h e  reactor i s  

i n  t h e  run  mode. 

E .  Raise t h e  power t o  t h e  des t r ed  f i r s t - s 8 e p  l e v e l  by t u r n i n g  

the "servo-demand" s w i t c h  t o  t h e  RAISE p o s i t i o n  and h o l d i n g  

i t  t h e r e  u n t i l  t h e  d e s i r e d  s e t p o i n t  i s  reaehed.  The s e r v o  

system w i l l  withdraw the s e r v o - c o n t r o l l e d  rod,  No. 4. If 

the power i n c r e a s e  i s  s u f l i c i e n t l y  l a r g e ,  t h e  r e g u l a t i n g  rod 

wtll be withdrawn u n t l l  a u t o m a t i c a l l y  s topped by t h e  "with- 

draw l i m i t ' c  sw-bteh. The " p r e f e r r e d "  shim KOd w f l l  t h e n  be 

a u t o m a t i c a l l y  withdrawn u n t i l  the r e g u l a t i n g  rod l e a v e s  the  

withdraw l i m f t ,  i . e . ,  when the  power exceeds t h e  demand. If 

t h e  change in demand i s  s m a l l . ,  t h e n  t h e  s e r v o - c o n t r o l l e d  rod 

will probably i n c r e a s e  t h e  r e a c t i v i t y  s u f f i c i e n t l y  f o r  t h e  

change and wdlt t h e r e f o r e  n o t  be witlidram t o  i t s  upper l i m i t .  

g e  A% t h e  d e s i r e d  f i r s t  s t e p  i n  t h e  power e s c a l a t i o n  program, 

normally 3 m, and a t  each succeedtng s tep:* 

( 1 )  Observe t h e  response  of t h e  instrumerntat ton.  Part Lcu- 

l a r  a t t e n t i o n  should be g i v e n  t o  t h e  n u c l e a r  inslrurnent-  

a t i o n ;  however, process i n s t r u m e n t s  and r a d i a t i o n  

d e t e c t o r s  should a l so  be cheeked. 

It  should be emphasized t h a t  a s t a r t u p  should never  be h u r r i e d .  
The s u p e r v i s o r  i n  charge ,  w i t h  t h e  h e l p  of t h e   pera at or, should be 
a s s u r e d  t h a t  a l l  e s s e n t i a l  systems are F ~ i ~ t i o n i n g  noriiaally b e f o r e  pro- 
ceeding  t o  the next  power e s c a l a t i o n  s t e p ,  r e g a r d l e s s  of t h e  time element.  
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Determine that the response of the servo control system 

is normal. If it is not, then the power level should 

not be increased until the cause of abnormal servo 

operation can be found and corrected. 

Obtain data from the reactor-noise instrumentation as 

detailed in Section 2.6.16. 

Check the performance and condition of the process 

system. 

If at 6 or 24 MW, see below. 

When the above items have been completed, and the 

supervisor in charge is satisfied that the complex is 

in order, proceed to the next power level desired. 

h. At 6 MW: 

(1) Obtain a heat balance, i.e., calculate the power from 

temperature and flow readings. 

(2 )  Visually inspect the core in detail using viewing 

instruments if needed. This inspection may be made at 

slightly lower power levels if such a deviation fits 

the operation. It must, however, be made at 6 MW or 

below. Record the results of this inspection on an ORR 

lattice configuration form (see Example 1.1). This 

form is to be initialed by the supervisor i n  charge of 

the startup. 

( 3 )  If during the inspection, a particle(s) I s  detected on 

top of the fuel plates, and a single object is >1/2-in. 

diam,* the reactor should be shut down and the parti- 

cle(s) removed. Such a condition should immediately be 

*Based on a decision recorded in intra-divisional correspondence, 
J .  F. Wett, Jr. to J. A. Cox, dated August 8, 1960. 
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brought to the attention of the Reactor Supervisor o r  

his designated representative. If a foreign object(s> 

(>1/2--in. d i m )  is observed inside the vessel (but not 

on fuel plates), the Reactor Supervisor or his desig- 

nated representative should be contacted immediately. 

i. At 24 MW: 

(1) Following major shutdowns, and after significant 

changes in the core OK instrumentation, a heat balance 

should be made after waiting at least 112 hour at 24 

( 2 )  Following refueling shutdowns, and after minor changes, 

the waiting time at 24 MW may be reduced if the super- 

visor in charge has determined that the response of the 

instrumentation and the system is essentially the same 

as before the shutdown. 

NOTE: It may be necessary t o  adjust the chambers for 

the safety channels in order to obtain satisfactory 

agreement between the heat power and the indicated 

level-safety readout. The procedure f o r  such adjust- 

ments is detailed in Section 2.6.1. 

j .  At 30 MW: 

(1) Frequent visual inspections (usually once per shift at 

the beginning of each shift) should be made of  the 

areas inside the reactor vessel and in the immediate 

vicinity external to the reactor vessel. Specific 

points of interest should be:  ( a >  the core region, 

especially the fuel elements, the shim rods, the hold- 

down arms, and the facility tubes; ( b )  inside the reac- 

tor vessel outside the core region; and ( c )  the areas 
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of the poolside window and the ionization chambers 

external to the reactor vessel. Unusual conditions 

should be brought to the attention of the Reactor 

Supervisor or his designated representative, 

( 2 )  If during the inspection, a particle(s) is detected on 

top of the fuel plates, and a single object is >1/2-in. 

diam, the reactor should be shut down and the parti- 

cle($) removed. Such a condition should immediately be 

brought to the attention of the Reactor Supervisor or 

his designated representative. If a foreign object(s) 

(>1/2-in. diam) is observed inside the vessel (but not 

on fuel. plates), the Reactor Supervisor or his designated 

representative should be contacted immediately. 

1.2.10. Startup Following an Unscheduled Shutdown 

Tn most instances, it will prove desirable t o  return the reactor to 

full power without refueling following unscheduled shutdowns. Time is an 

important consideration if this i s  to be accomplished before the xenon 

concentration increases sufficiently to prevent criticality. In no case, 

however, should safety be jeopardized regardless of  the time element. A 

refueling schedule is maintained ready for use at any time. 

operation can be accomplished in only three to four hours and, therefore, 

does not represent a very great loss of operating time. 

sent an inconvenience to the experimenters and perhaps an increase in 

operating costs, and f o r  these reasons should be avoided when it is 

possible t o  do so in a completely safe manner. 

The refueling 

It does repre- 

... ..,_. . . 



1-20 

A p l o t  of gang-rod p o s i t i o n  ve r sus  elme follow-bng a power r educ t ion  

from 30 HW to  NL is inc luded  as Fig.  1.1. 

informat ion*  can be used t o  e s t i m a t e  the  time a v a i l h b l e  to  e f f e c t  a 

This curve a long  wfth o t h e r  

s t a r t u p .  

1. 

The 

2. 

Precau t ions  

s h i f t  s u p e r v i s o r  should be a s su red  t h a t :  

a .  t h e  checks s p e c i f i e d  on the "Check l i s t  f o r  t h e  ORR Restart 

Following an Unschedul ed Shutdown"* aK@ completed ( S e c t i o n  

1.4 .4 ,  Example 1-3); 

b. a l l  p a r t s  of t h e  r e a c t o r  complex are f u n c t i o n l n g  c o r r e c t l y  o r  

t h a t  any v a r i a t i o n s  from normal are understood and 

nonhazardous; 

c. a l l  experiments  are ready f o r  t h e  r e a c t o r  t o  bc r e s t a r t e d ;  

and 

d. i n  the case of an electrical power outage :  

(1) 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  has s u f f i c f e n t  warmup t i m e  

fo l lowing  the  r e s t o r a t i o n  of e l e c t r i c a l  power ( s e e  

S e c t i o n  l . 4 e 6 ,  Example 1 . 4 ) ,  

( 2 )  t h e  checks s p e c i f i e d  on the "QRR Power-Outage Check Sheet"  

a re  completed (Sec t i l  on 1 .4 .6 ,  Example 1.41,  and 

( 3 )  t h e  r e l i a b i l i t y  of t h e  l e v e l - s a f e t y  channe l s  is  v e r t f i e d  

through "Jordon but ton"  t e s t s .  

Procedure 

a. The cont ro l -desk  o p e r a t o r  should n o t i f y  t h e  s h i f t  s u p e r v i s o r  

of t he  unscheduled shutdown i m e d i a t e l y .  I n  tuKt1, the  s h i f t  

s u p e r v i s o r  vLll provide  spec i f i c .  i n s t r u c t i o n s  t o  t he  o p e r a t o r  

as t o  what a c t i o n s  he should t ake .  If the  s h i f t  s u p e ~ ~ i s ~ r  

i s  i n  ano the r  a r e a ,  he should proceed immediately t o  t h e  

c o n t r o l  room. I n  most i n s t a n c e s  t h e  shift s u p e r v i s o r  should  

a r r i v e  in t h e  c o n t r o l  room be fo re  all- t h e  d r i v e s  have 

completed t h e i r  au tomat ic  rrmndo~m. 

*T. P. Hamrick, "Xenon Concen t r a t ion  i n  the OKR Core ar 45-MW 
Opera t ion ,  " ORNL @F-64--10-34. 
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F i g .  1.1. Graph of gang-rod p o s i t i o n  versus time following a power 
reduction from 30 MW t o  NL. 
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b. I n  a l l  cases, Ctie precaaLlons l i s t e d  above should be 

observed. "Jordon b u t t o n "  checks are r e q u i r e d  a f t e r  a power 

outage  and UBY be warranted following o the r  unschedttled shut -  

downs. 

c. The r e a c t o r  sliould t h e n  be r e t u r n e d  to  power us ing  t h e  s ta r t -  

up mode which, i n  t h e  judgment of the persofinel. on duty ,  

b e s t  fits t h e  ci rc i imstanccs.  The fo l lowing  s t a t e m e n t s  are 

o f f e r e d  as g u i d e l i n e s .  

(1) Ins t rument  s tar t  a f lo rds  a quick  r e t u r n  t o  NL and f r e e s  

t h e  o p e r a t o r  from c e r t a l n  manual t a s k s ,  making i t  

p o s s i b l e  f o r  him t o  observe  t h e  i n s t r u m e n t a t i o n  almost  

c o n s t a n t l y .  H e  i s ,  t h e r e f o r e ,  b e t t e r  prepared t o  e f f e c t  

t h e  change t o  t h e  ''runn' mode wi thout  de lay .  The "bypass'u 

and " fas t -pcr iod-pcr~ni  two swi  tcher; m y  be used w i t h  

i n s t r u m e n t  s tar t  i f  needed. 

( 2 )  I f  a d e l a y  a t  NL i s  t o  be avoided,  p a r t i c i i l a s l y  w h e n  i n  

i n s t r u m e n t  s t a r t ,  t h e  c o n t r o l s  should be manually 

swi tched  to  "Operator  S t a r t "  w h i l e  t h e  r e a c t o r  i s  

s l i g h t l y  below NL. 

s l i g h t l y  g r e a t e r  than  30 s t o  permit  o b t a i n i n g  "run" 

mode 

The per iod  can then  be a d j u s t e d  t o  

( 3 )  The servo-cont ro l led  rod should be h e l d  below 2 5  in. 

withdrawn whenever p o s s i b l e .  Power changes under se rvo  

c o n t r o l  when t h e  servo-cont ro l led  rod i s  withdrawn beyond 

t h i s  p o i n t  are u s u a l l y  troublesome and must be made care-- 

f u l l y .  The d i f f i c u l t y  stems f rom t h e  f a c t  t h a t  t h e  worth 

p e r  i n .  of t h e  shim rads is q u i t e  l o w  i n  t h i s  range.  The 

r e a c t i v i t y  asslgned t o  t h e  s e r v o  d e c r e a s e s  p r o p o r t i o n a l l y  

s i n c e  t h e  servo-cont ro l led  rod span i s  f i x e d .  

( 4 )  When i t  is necessary  t o  w l t h d r m  shiim rods 1 through 5 t o  

t h e  upper l i m i t ,  and the  s ~ r v o - s o n t r o i i e a  rod is beyond 

25 i n .  w i thd ram,  very ca re fu l  manual o p e r a t i o n  m y  prove 

t o  be t h e  most e f f e c t f v e  means t o  i n c r e a s e  t h e  power 

l e v e l .  The servo demand can then  be matched t o  t h e  power 

l e v e l  b e f o r e  r e t u r n i n g  t o  s e r v o  c o n t r o l .  
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__.._ 
1.2.11. Radiation Background Survey 

Due to the many potential hazards associated with the reactor 

startup, Health Physics personnel should be present during all startups 

following all shutdowns involving maintenance on experiments and/or the 

reactor to monitor the most critical areas. In general, the following 

radiation surveys should be made during the startup and subsequent 

operation. 

1. The beam holes, north and south facilities, and the pipe chase 

should be monitored during the startup if maintenance has been 

performed in these areas. They should be checked for fast and 

thermal neutrons and beta-gamma radiation. 

2. A complete "Background Radiation Survey" (refer to "Background 

Survey" in Section 8.1.3) should be made soon after operating 

power is attained. 

3. During continuous reactor operation, a complete "Background 

Radiation Survey" should be made each week. 

Additional radiation surveys should be made by Health Physics or  

Reactor Operations Section personnel whenever necessary. 

4 .  

1.2.12. Priorities in Restarting the QRR and BSR 

Specific procedures pertaining to remote operation are provided in 

the ORR Operating Manual, Section 1.3.7 and the BSR Operating Manual, 

Section 2.2.4. 

On occasion, a situation may arise in which both reactors simultan- 

eously encounter an unschedulaed shutdown, e . g . ,  because of an electrical 

power outage. Operating history indicates that this occurs about four 

times each year. To provide for an orderly recovery from unscheduled 

shutdowns, it is necessary to list the priorities to be used in restart- 

ing the reactors, 
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l a e n  an unscheduled s h t d o m  of both r e a e t o i s  occurs,  t h e  fo l lowing  

p r i o r i t i e s  shau1.d be e x e r c i s e d  i n  r e s t a r t i n g  she r e a c t o r s .  However each 

f a c i l i t y  should be checked t o  ensure that: i t  is i n  an ac.ceptable s b i ~ t d o m  

c o n d i t i o n  befor -  any restart begins. 

1. P r i o r i t y  number one .- Q P a  x__ -_ ............... .--I-_ 

Since  Che ORR opera tes  a t  t h e  highest: neutron fJ.uic, t h e  p r o l ~ l m  

of xenon polsoil ing i s  u\ore preening. Conseq1reot'Py, foll.owing a 

ShutdoTm, the ORR should he ~rcsI:;nrteB as SOQLI 8s possibl.d,  con- 

6 is ten . r  wLth es tsbltshec? o p e ~ < ~ t i o i l  procedures  as listea! i n  

Sec t i -ons  1.2.10 and 1.4 ,6  of t h e  OKK Operat ing Manual. The FSSR 

should remain i r r  8 secured cond:Lion u n t i l  -the (3RR has been 

returned LO p m e r  unl.ess i n d i v i d u a l  r e a c t o r  s q e m i s i o n  i s  

a v a i l a b l e , ,  I n  t h e  e v e n t  that t he  ORR has been po-l.soned w3-!:11 

xenon and r e q u i r e s  r e f u e l i n g ,  the BSR shou ld  be restarted. This  

should  be performed p r i o r  t o  r e fue l ing  the  OKK or concurren t  

w i t h  the r e f u e l i n g  i f  an adeqca te  number of q u a l f f i e d  personnel  

i s  a v a i l a b l e  * 

2. P r l o r i t y  number t w o  .- MSR -I.._ ......... 
The BSR s h a d d  be r e s t a r t e d  foll.owing 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 deta-hled in S e c t i o n  2.1 of 'ihe BSR Opera t ing  Manual., 

1 . 2 . 1 3 .  P r i o i i t b r s  i n  14aking .......... OperationaJ. ..... DecisLsns ---_I : OKR and 1_- BSR .- 

Sect ion  1 .2 .12  o u t l i n e s  the s t a n d a r d  priorities f o r  d e c i d i n g  whLeh 

r e a c t o r  t o  s tar t  up f i r s t  i n  case both  art: scrammed simi1ltizneolxsI.y by a 

l o s s  of e lec t r ica l  powei. Other c i rcumstances  might a r i s e  which c o u l d  

c a u s e  unusual. o p e r a t i o n  a t  both  reactors bu t  s t i l l  n o t  sliut e i t h e r  of them 

down. For i n s t a n c e ,  an automat:lc power sethack mighk occur,  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 l o n ,  o r  r a l i a t i o n  alarms 

might soeilnd f porn se-vera1 sources .  Unusual  occur rences  of t h i s  type  al.so 
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.......... 

... ...... 

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 a k e n  m u s t  f o l l o w  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 BSR 

second,  

I t  should  be emphasized t h a t  e i t h e r  o r  bo th  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 a u t h o r i t y  i f  h e  f e e l s  t h a t  t o o  much i s  

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 r o p e r l y .  

I t  i s  p o s s i b l e  t h a t  s p e c i a l  c i r cums tances  r e q u i r i n g  new p r i o r i t i e s  

might  a r i s e .  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  Labora to ry  t h a t ,  d u r i n g  t h e  t e r m  o f  t h e  s p e c i a l  expe r imen t ,  

the BSR would be k e p 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  a n  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 ,  i t  i s  imposs ib l e  t o  p r e d i c t  a l l  o f  t h o s e  wi th  

a low p r o b a b i l i t y  f o r  occur rence .  

1.3. S t eady  S t a t e  Opera t ions  

1.3.1. Cont inuous Power Opera t ion  

During con t inuous  power o p e r a t i o n ,  equipment checks must be made and 

d a t a  r eco rded  on a r o u t i n e  schedu le .  Other  d u t i e s  a s s o c i a t e d  wi th  r eac -  

t o r  exper iment  s e r v i c e s  m u s t  a l s o  b e  performed.  

The r e a c t o r  power is h e l d  c o n s t a n t  a t  a prede termined  l e v e l .  Power 

a d j u s t m e n t s ,  i f  r e q u i r e d ,  a r e  made w i t h  t h e  s e r v o  demand i n  c o n j u n c t i o n  

w i t h  t h e  s e r v o  v e r n i e r .  When t h e  r e a c t o r  r e a c h e s  e q u i l i b r i u m ,  fewer 

a d j u s t m e n t s  a r e  r e q u i r e d ;  however, no l e s s  a t t e n t i o n  should  be g iven  t o  

t h e  o p e r a t i o n  o f  t h e  r e a c t o r .  The c o n t r o l  conso le  must n o t  be l e f t  una t -  

tended a t  any t i m e  when t h e  shim r o d s  are  withdrawn. 
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The t a s k s  of t h e  s h i f t  s u p e r v i s o r  are q u i t e  v a r i e d  a a d ,  on o c c a s i o n ,  

r e q u i r e  t h a t  h e  be i n  o t h e r  a r e a s .  T o  c a r r y  o u t  h i s  r e s p o n s i b i l i t i e s  i n  

o t h e r  a r e a s ,  a s  w e l l  as i n  &he ORR b u i l d i n g ,  t h e  fo l lowing  g e n e r a l  r u l e s  

should  be obse rved ,  

1. When l e a v i n g  t h c  ORR b a i l d i n g ,  h e  must  alweys i n f o r m  the OKK 

c o n t r o l  desk  oppuator  where h e  can be reached .  

2 .  I f  h i s  absence from t h e  ORW b u i l d i n g  i s  of a long d u r a t i o n ,  h e  

should  make p e r i o d i c  c a l l s  t o  thc ORR c o n t r o l  desk  (approximate ly  

e v e r y  70 ain), 

D u r i n g  cont inuous  po7,'er o p e r a t i o n ,  t h e  Eollowiog d u t i e s  m i i s t  be p e r -  

f o rme d . 
1 .  S h i f t  s u o e r v i s o r  

The s h i f t  s u p e r v i s o r  h a s  t h e  d i r e c t  r e s p o n s i b i l i t y  f o r  the 

o p e r a t i o n  o f  t h e  r e a c t o r  a t  a l l  tim.es d u r i n g  h i s  s h i f t ,  Ne 

d i r e c t l y  s u p e r v i s e s  s t a r t u p  o f  t h e  r e a c t o r  and any i n c r e a s e  i n  

power l eve l .  Me makes cea r t a i i~  t h a t  p rocedures  a r e  followed, 

d u r i n g  r e a c t o r  o p e r a t i o n  arid shutdown. I t  i .s h i s  responsibi1i . t .y  

t o  see t h a t  t h e  o p e r a t o r s  on h i s  s h i f t  meet the  t r a i n i n g  and 

q u a l i f i c a t i o n  s tandards o f  t he  Opera t ions  D i v i s i o n  and r e c e i v e  

t r a i n i n g  on any new procedures  o r  equipment which may be  added. 

Cansole  ope ra to r  . . . . . . . 

The console ~ p e ~ - ~ i t o r ' s  aai-n dirty i s  t o  obse rve  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 .  H e  should  be on t h e  a l e r t  f o r  i n d i e a t i o n s  o f  

abnormal behav io r ;  i f  t h i s  should  be  observed ,  he  n o t i f i e s  h i s  

s u p e r v i s i o n .  H e  also records  d a t a  r e g u l a r l y  o n  t h e  s p e c i a l  d a t a  

accumula t ion  s h e e t s  ( r e fe r  t o  S e c t i o n  8.1). 

2.  -. . . . . . . . . . . . . . . . . . . . 
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_ _ _ _  
3 .  Roving o p e r a t o r s  

The r o v i n g  o p e r a t o r s  make p e r i o d i c  checks on t h e  water  systems 

i n  t h e  r e a c t o r  b u i l d i n g  and i n  t h e  pump area,  r e c o r d  m i d s h i f t  

r e a d i n g s  as p e r  t h e  d a t a  accumula t ion  s h e e t s ,  ( r e f e r  t o  S e c t i o n  

8.11, per form pool  and h o t  c e l l  work, a s s i s t  expe r imen te r s  as 

needed,  make r o u t i n e  b u i l d i n g  r a d i a t i o n  s u r v e y s ,  check t h e  opera-  

t i o n  o f  emergency equipment such a s  t h e  emergency power genera-  

t o r ,  complete  t h e  r o u t i n e  check s h e e t s ,  and perform o t h e r  d u t i e s  

o f  a n o n r o u t i n e  n a t u r e  as may be r e q u i r e d .  

1.3.2. Heat-Power C a l c u l a t i o n s  

1. The power l e v e l  of a r e a c t o r  i s  based  upon t h e  c a l c u l a t e d  h e a t  

power; ( i . e . ,  t h e  h e a t  g a i n  i n  t h e  r e a c t o r  and pool  c o o l i n g  

water sys t ems) .  Accura te  c a l c u l a t i o n s  of h e a t  power u s i n g  t h e  

4 T  i n  O F ,  f low i n  gpm, and conve r s ion  f a c t o r  of 1.448 x 10-4 must 

be made a t  a l l  r e a c t o r  power l e v e l s  above NL on t h e  log-N meter. 

D e t a i l e d  i n s t r u c t i o n s  f o r  c a l c u l a t i n g  h e a t  power a r e  on t h e  "ORR 

Hourly Readings" d a t a  s h e e t  ( r e f e r  t o  S e c t i o n  8.1). 
Heat-power c a l c u l a t i o n s  d u r i n g  reduced-power o p e r a t i o n  and s t a r t -  

ups wil.1 be made a s  fo l lows  f o r  f r a c t i o n s  o f  an hour :  

a .  

2 .  

Shutdown n o t  r e s u l t i n g  i n  a r e l o a d i n g  o f  t h e  c o r e :  

( 1 )  I n t e g r a t e d  h e a t  F r a c t i o n  of  Most r e c e n t  

hour  p r i o r  t o  h o u r l y  h e a t  
X - - f o r  t h a t  p o r t i o n  

o f  hour  p r i o r  t o  shutdown ba lance  

s h u t  down 
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( 2 )  I n t e g r a t e d  heaL I n t e g r a t e d  

power f o r  t h a t  i n s  t rume n t 

p o r t i o n  o f  hour  = power f o r  

subsequent  t o  p o r t i o n  of  

s t a r t u p  hour  subsequent  

t o  s t a r t u p  

d iv ided  by 30 M1w 

Subsequent h o u r l y  

h e a t  ba l ance  a f t e r  

X a minimum o f  30 

rain a t  f u l l  power 

(NF) 

b.  S t a r t u p  a f t e r  r e f u e l i n g :  s a i w  as a ( 2 ) .  

1 . 3 . 3 .  V a r i a t i o n s  and Adjustment i n  Heat P o w r  and Instrciments .. -.. ... . . .. 

There i n h e r e n t  c h a r a c t e r i s t i c s  i n  t h e  method of o p e r a t i n g  t h e  

OKM which cause  a cont inuous  s low changing of t h e  power l e v e l  d u r i n g  a 

s u s t a i n e d  p e r i o d  o f  o p e r a t i o n .  

w i t h  t h i s  f a c t  and t o  a l e r t  them t o  the importance o f  knowing t h e  "whys" 

o f  power-level changes.  

T h i s  i s  p o i n t e d  o u t  t o  a c q u a i n t  pe r sonne l  

In normal o p c r a t i o n ,  t h e  h e a t  power w i l l  slowly i n c r e a s e  due t o  the  

change i n  p o s i t i o n  o f  t h e  shim r o d s  as  f u e l  i s  d e p l e t e d  d u r i n g  the c y c l e .  

T h i s  occur s  because t h e  i o n i z a t i o n  chamhers see a s l o w l y  d e c r e a s i n g  f l u x  

a s  t h e  cadmium s e c t i o n s  o f  t h e  shim r o d s  movt? apward; and ,  s i n c e  t h e  s e r v o  

system c o n t r o l s  t h e  r e a c t o r  by m a i n t a i n i n g  a c o n s t a n t  f l u x  a t  t h e  chamber 

l o c a t i o n ,  t h e  hea t  power ( a c t u a l  power) will s lowly  i n c r e a s e .  Also some 

dewiaclons i n  power l e v e l  will occur  due t o  t h e  va ry ing  temperatLire of  

the r e a c t o r  c o o l i n g  wa te r .  

Dev ia t ions  i n  power l e v e l  due to t h e  above a r e  n o t  t o  be  confused 

w i t h  power changes from o t h e r  causes  such as  experiment  changes,  t h e  

f i l l i n g  o r  emptying of  h o r i z o n t a l  beam h o l e s  o r  f a c i l i t i e s ,  or o t h e r  

unexpected changes.  I n  t h e  even t  o f  any unexp la inab le  power change,  t h e  

r e a c t o r  should  be scrammed and t h e  OBR s u p e r v i s o r  must be n o t i f i e d .  
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The basis f o r  power level adjustments shall be as follows: 

1. adjustments in power level shall be made when the change is 

greater than 1% of  full power f o r  two hours ;  

2. adjust the power level to full power; 

3 .  adjust the sensitivity switches on the level-safety channels 

Nos. 1, 2, and 3 to read 100; and 

4 .  if unable to obtain 100, see Section 2.6.1, Safety Chambers. 

1.3.4. Shim-Rod Positions 

In order to maintain a reasonable uniform flux distribution, the 

Nos. 1 and 2 sh im rods are kept at the upper limits and the Nos. 3 ,  4 ,  

5 ,  and 6 are kept as nearly even as is practical. During normal operation, 

keep the servo-controlled rod within 1 in. of  the position of the other 

rods  at all positions less than 25  in. The nonservo-controlled rods, 

exeluding the Nos. 1 and 2 rods which are kept at the upper limit, are 

k e p t  a t  equal distances withdrawn. 

As the reactivity decreases due to fuel burnup and the shim rods are 

withdrawn to compensate, the servo-controlled rod is maintained at 25 in.* 

t o  retain adequate sensitivity for reactor control. 

At least once per shift, all rod positions, excluding Nos. 1 and 2, 

are equalized and the rod positions, including Nos. 1 and 2, read both on 

the selsyns and on the measuring sticks in the subpile roam. 

Occasionally it is necessary to recover from a reactor shutdown 

after a single shim rod has dropped. To minimize the time required to 

atkain full power so as to avoid a shutdown due to xenon poisoning, the 

remaining shim rods may be withdrawn while the dropped rod is being 

retrieved, This type of rod operation is permissible at 1% of  €ull power 

( N L )  or below; however, the reactor power should not be increased above 

NL until the dropped rod has been withdrawn at Least 14.5 in. 

*As the other rods in gang position exceed this position. 

.... 
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1.3.5. E v a l u a t i n g  t h e  Performance of  Power-Indicat ing -.......~.....II Ins t rumen t s  

The r e a c t o r  power i s  d i s p l a y e d  on s e v e r a l  i n s t rumen t s  i n  t h e  contirol  

room. Inc luded  i n  t h i s  group are t h e  r e c o r d e r s  f o r  t h e  t h r e e  l e v e l -  

s a f e t y  channels  , t h e  microii i icroarmster c h a ~ n e l ,  t h e  t w o  16N channe l s ,  and 

t h e  two gamma-chamber channels .  The r e a c t o r  power - ind ica t ing  instrrimerm-- 

t ia t ion  i s  p e r i o d i c a l l y  a d j u s t e d  t o  ag ree  wi th  the  h e a t  power as  ca l cu -  

l a t e d  f rom a h e a t  ba l ance  across t h e  r e a c t o r .  

A s  mentioned i n  S e c t i o n  1 . 3 . 3 ,  some v a r i a t i o n s  and ad jus tmen t s  En 

power a r e  expec ted  - some norma1. and  some abnormal. It: i s  most impor tan t  

that abnormal conditions be  recognized  and c o r r e c t e d .  An improperly 

a d j u s t e d  s e r v o  a m p l i f i e r  c a n  cause  t h e  s e r v o - c o n t r o l l e d  rod t o  move i n  

and o u t  o f  the: r e a c t o r  more o f t e n  t h a n  norma l ,  

may develop  i n  t h e  r e a c t o r  c o r e  which wil .1 .  c ause  f l u c t u a t i o n s  i n  r eac -  

t i v i t y .  The s e r v o  system w i l . 1  t r y  t o  compensate f o r  t h e s e  changes and iil 

doi.ng so  w i l l  move t h e  se rvo -con t ro l l ed  rod  more t h a n  u s u a l .  When t h e  

se rvo-con t ro l l ed  r o d  moves i n  t h i s  manner from e i t h e r  i :ausc,  t h e  r e s u l t  

i s  t h e  same. Reac tor  power r e c o r d e r s  w i 1 . I  show abnormal f l u c t u a t i o n s .  

Also ,  c e r t a i n  c o n d i t i o n s  

I t  i s  impor tan t  t o  de te rmine  a s  q u i c k l y  as p o s s i b l e  which o f  t h e s e  

two g e n e r a l  causes  ( in s t rumen t  trouble o r  o t h e r  t r o u b l e ?  i s  a f f e c t i n g  t h e  

o p e r a t i o n .  T o  do t h i s ,  use  t he  Eollowifilg procedure :  

1. wi th  t h e  r e a c t o r  a s  n e a r  s t a b l e  as p o s s i b l e  ( i . e . ,  r e a c t o r  should 

be on a n  i n f i n i t e  p e r i o d )  p l a c e  t h e  r eac to r  i n  the manual iuode 

o f  o p e r a t i o n ;  

2 .  with t h e  r e a c t o r  in manual,  obse rve  t h e  power s t a b i l i t y  f o r  a t  

l ea s t  5 min as i n d i c a t e d  on t h e  r e c o r d e r s  o f  t h e  t h r e e  l e v e l -  

s a f e t y  charinsls , t h e  micromicroammeter channe l ,  and two g a m a -  

chamber channe l s ;  
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. .  
3 .  if the servo system is faulty, power fluctuations will not per- 

sist in manual operation (When this is the trouble, continue 

operation in manual and notify the proper personnel of Reactor 

Operations and Instrumentation and Controls.); 

4 .  if power oscillations continue after switching to manual control, 

a condition in the reactor causing changes in reactivity can be 

suspected; and 

if the power variation is due to an unknown cause, the reactor 

should be shut down, and the Reactor Supervisor should be 

not i f ied . 
5. 

If during manual operation, abnormal, unexpected variations in power 

are indicated simultaneously on two or more independent power instru- 

ments, the reactor must be shut down and the Reactor Supervisor notified. 

1.3.6. Minimum Instrumentation Limits for Constant Power Operation 

1. When the reactor is at constant power > 3  NL, the minimum instru- 
mentation shall be: 

a. two power-level safety channels, 

b. one AT channel, 

c. two reactor-water exit temperature channels, 

d. two reactor primary-coolant flow channels (Flow channels may 

- 

utilize direct flow measurement or measurements of core AP 

using flow calibrated AP instrumentation.), 

e. one 16N channel, 

f. one POG channel (POG monitor is required only if experiments 

are connected to the POG system.), 

g. one NOG channel, 

h. one north-facility water-flow channel, 

i. two south-facility water-flow channels, 

,_... 
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j .  one cell-ventilat-ion [low channel (including the building 

and filter pit radioactivity anoraltors), 

k. one operating radisactlvity moni tor  associated with the  

reactor primary coolfng sys tern, 

1. one pool primary-water flow channel, and 

m. one primary make-up rate channel. 

The above limitations are set forth as an abso lu te  uii~zirnurn. In all 

cases where practical, the m a x i m u m  complement of instrumentation w i l l  be 

maintained. Should an occasion arise when t h e  minimum cannot be met, 

the reactor must be shut dotm imwe izately,  and action taken to obtain 

necessary repairs. Operation o f  the reactor with m i r n l m i m  instrumentation 

requirements shall be a u t h o r i z e d  by the Reactor Superwlssr o r  hEs 

designated representative, 

1 . 3 . 7 .  OR2 and BSR Operation from QRR ContraP Room 

The BSR remote console  located in the ORR control ~ O Q I I I  contains: the  

remote control instrumentatlon Ineluding two closed-circuit television 

sets. The BSR must be under servo concr~l before remote operatton is 

permtssible. M ~ r m a l l g ~ ,  one operator loeatcd in (.he OWR control rooin can 

operate both reactors. The shift s ~ p e r v i ~ ~ r  w i l l  decide when t h e  BSR is 

t o  be operated remotely and the number of operators requ-lred to  operate 

the reactors 

1.3 .8 .  KesponsPbilities of the Operator Manning the ORR and HSR Controls -.-_- -_ ~ . . . . . ... . .. . . . . . .. . ... . . ... . .- 

I n  addition t o  his responsibilities as t h e  ORR o p e r a t o r ,  as described 

in Section 1.2, he must also attend the BSW remote console. Re must be 

alert for any changing trends in recording information on t:he reactors. 

At the :El.rst indication of abnormallties, he I s  to contact the shift 

supervisor. For details on both the local and remote operations, rffer 

t o  Section 2.2.4 o f  the BSR Operating Manual. 
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1.3.9. Number of  Opera to r s  Required t o  Opera te  t h e  ORR and BSR from t h e  

ORR Con t ro l  Room 

When t h e  r e a c t o r s  are  o p e r a t i n g  a t  a c o n s t a n t  power l e v e l  under 

s e r v o  c o n t r o l  and c o n d i t i o n s  a r e  normal ,  one o p e r a t o r  can o p e r a t e  both  

r e a c t o r s  from t h e  ORR c o n t r o l  room. Also ,  i f  e i t h e r  r e a c t o r  i s  s h u t  

down, o n l y  one o p e r a t o r  i s  r e q u i r e d  i n  t h e  c o n t r o l  room, If d e s i r a b l e ,  

t h e  BSR can be  o p e r a t e d  from t h e  BSR l o c a l  conso le  when t h e  ORR i s  s h u t -  

down t h e r e b y  n e g a t i n g  t h e  need f o r  an o p e r a t o r  i n  t h e  ORR c o n t r o l  room. 

I f  a s i t u a t i o n  develops  t h a t  r e q u i r e s  t h e  o p e r a t o r  t o  c o n c e n t r a t e  

e x c l u s i v e l y  on one r e a c t o r ,  h e  shou ld  immediately n o t i f y  t h e  s h i f t  super -  

v i s o r  so  t h a t  ano the r  o p e r a t o r  can be  a s s i g n e d  t o  t h e  c o n t r o l s  o f  t h e  

o t h e r  r e a c t o r .  For example, two o p e r a t o r s  a r e  r e q u i r e d  i f  t h e  ORR i s  

o p e r a t e d  i n  manual c o n t r o l  € o r  more than  a s h o r t  p e r i o d  o f  t i m e .  Also ,  

d u r i n g  t h e  s t a r t u p  of  t h e  ORR, two o p e r a t o r s  a r e  r e q u i r e d .  On occas ion  

d u r i n g  ORR shutdown work, e.g., I & C  performance checks ,  i t  may be 

d e s i r a b l e  t o  have two conso le  o p e r a t o r s .  Assignments a r e  made a t  t h e  

d i s c r e t i o n  o f  t h e  s h i f t  s u p e r v i s o r .  

l o c a l  c o n t r o l  room when i n  manual c o n t r o l ,  d u r i n g  i t s  s t a r t u p  from source  

l e v e l ,  o r  d u r i n g  a scheduled  i n c r e a s e  i n  power. 

1.3.10. Procedure  f o r  Accept ing R e s p o n s i b i l i t y  of  Reac tor  Opera t ions  by 

The BSR m u s t  be o p e r a t e d  from t h e  

t h e  Oncoming S h i f t  S u p e r v i s o r  a t  t h e  ORR and BSR 

I t  i s  n o t  p o s s i b l e  t o  p rov ide  a procedure  t h a t  w i l l  app ly  i n  f u l l  

The fo l lowing  proce-  f o r  e v e r y  o p e r a t i n g  c o n d i t i o n  which cou ld  a r i s e .  

d u r e s  p r o v i d e ,  i n s t e a d ,  sound g u i d e l i n e s  based on expe r i ence .  The proper  

e x e c u t i o n  o f  t h e  d u t i e s  of  t h e  s h i f t  s u p e r v i s o r  and c o n t r o l l e r s  rests 

w i t h  w e l l - t r a i n e d  and expe r i enced  pe r sonne l .  
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1. During normal, routine operation - ..... 

During normal, steady-state operation, the shift supervisor 

coming on duty will perform the following checks in order to 

become aware of  any changes in the status of any system, instru- 

mentation, requirements , schedules , e t e .  that may have occurred 

during his absence: 

a. 

b. 

c. 

d. 

e. 

E .  

check the m a i l  box, change-memo notebooks, and sample sheets; 

check with the shift supervisor o n  duty regarding the status 

of operat ions ; 

check the logbook and special-instructions notebook (new 

entries 1 ; 
check all intrument readouts in the control room; 

check attendance to determine that the required certified 

personnel are present f o r  the oncoming shift; and 

make sure that the oncoming controllers are aware of  any 

operational changes. 

If t he re  a re  any questions on w ~ r k  assignments, change 

memos, or the status of  any routine work in progress, the 

answers should be obtained and understood in detail p r i o r  t o  

assuming the responsibility o f  the  oncoming shift supervisor. 

NOTE: If the oncoming shift supervisor has  been away from the 

operating facility for an extended period of  time (i-e., 

exceeding four days) due to vacation, illness, etc., he will 

review all log entries from the time he last made an entry in 

the logbook. 
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.. 7.. 
2. During shutdown activities 

During shutdown conditions, special attention will be given to 

all operational activities and control room indications prior 

to assuming responsibility for supervising the oncoming shift. 

In addition to the items t o  be checked during normal, steady- 

state operation, the oncoming shift supervisor will also check 

the following items. 

a. Check each work assignment listed in the shutdown schedznle 

book. Any questions on possible conflicts in work or per- 

sonnel scheduling, materials, etc., that might evolve on 

his shift will be directed at the Reactor Supervisor, 

Assistant Reactor Supervisor, o r  day shift supervisor. 

b. If the shutdown is already in progress, check the status of 

each j o b  by going down the list of Operations, P&E, and I & C  

work assignments and checking on each with the shift super- 

visor on duty. 

c. Check with the P&E and/or I & C  supervisors, as appropriate, t o  

learn t h e  status of their projects, as needed. 

If there are any questions on the shutdown, maintenance, or startup 

activities, the answers will be obtained in detail prior to 

assuming the responsibility of the oncoming shift supervisor. 

NOTE: 

supervisor is not fully informed of the status of the facility 

and/or jobs in progress at the time of shift change, the shift 

supervisor on duty will remain over on the next shift until all 

points in question are clarified with the oncoming shift supervisor 

so that he can assume his supervisory duties in a safe and reliable 

manner. 

If at any time activities are such that the oncoming shift 

If emergency conditions exist, o r  t h e  necessary certified per- 

sonnel are not present for the oncorning shift, then the controllers 

on duty will remain until relieved, o r  until adequate additional 

personnel are present and i n  control of the situation. 

.... 
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1.4.  Shutdowns 

1.4.1. Scheduled -.-_ Shutdowns 

A l l  scheduled  shutdowns should  have a shutdown s h e e t  o r  s chedu le ,  

p repa red  i n  advance ( i f  p o s s i b l e )  by a s u p e r v i s o r ,  l i s t i n g  i n  d e t a i l  a l l  

o f  t h e  work t o  be done. Th i s  may be f a i r l y  e l a b o r a t e  i n  t h e  c a s e  o f  a 

q u a r t e r l y  shutdown. Shutdown schedu les  may be s imple r  when t h e  shutdown 

i s  f o r  some s p e c i a l  r eason .  I n  g e n e r a l ,  t h e  number of shutdowns i s  kep t  

t o  a minimum c o n s i s t e n t  w i th  t h e  exper iments .  Whenever p o s s i b l e ,  a t  l e a s t  

24 hours  advance n o t i c e  i s  g iven  f o r  a scheduled  shutdown. T h i s  n o t i c e  i s  

pos t ed  on t h e  "Shutdown Board" g i v i n g  t h e  shutdown t ime ,  approximate dura-  

t i o n ,  and the: r eason  f o r  t h e  shutdown. 

1.4.2.  S h u t t i n g  t h e  Reac tor  Down 

1. Ten minutes  p r i o r  t o  shutdown t ime ,  announce t h e  for thcoming 

shutdown ove r  t h e  publ ic -address  system. 

2 .  Shut  t h e  r e a c t o r  down accord ing  t o  t h e  i n s t r u c t i o n s  on t h e  

shutdown s h e e t .  Th i s  w i l l  v a r y  f rom t i m e  t o  t ime due t o  

exper iments  which may be  t h e  r e a c t o r .  

3. Turn t h e  scram swi t ch  t o  "scram" and l eave  i t  i n  t h i s  p o s i t i o n .  

4 .  Turn t h e  key swi t ch  t o  the "of f"  p o s i t i o n  and remove t h e  key. 

5 .  Lower t h e  reac tor -water  i n l e t - t e m p e r a t u r e  s e t - p o i n t  t o  e q u a l i z e  

t h e  r e a c t o r  and pool  wa te r  t empera tu res .  

A f t e r  postshutdown cooldown requi rements  have been s a t i s f i e d ,  

c l o s e  t h e  motor ized  v a l v e s  and t h e n  s t o p  t h e  r eac to r -p r imary  

6000-gpm pumps ( r e f e r  t o  S e c t i o n  5.2.1) .  The shutdown pump w i l l  

a u t o m a t i c a l l y  s t a r t  when t h e  6000-gpm pumps are  s topped  o r  when 

t h e  f low drops  t o  (1500 gpm. 

6 .  

7 .  S top  t h e  r eac to r -poo l  pr imary and secondary  pumps. 

8. Complete t h e  ORR "Shutdorwn Check l i s t "  ( r e f e r  t o  S e c t i o n  8.1.3). 
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1 . 4 . 3 .  Reporting Reactor Shutdowns 

In order to maintain consistency in repor-ing reactor shutdowns, a 

rubber stamp form, Example 1.2, is used in the logbook. Each shutdown 

from an accountable power level should be reported in this manner regard- 

less of the number of shutdowns that occur. The minimum accountable 

power level is NL. 

No more than one form should be used for each shutdown. The super- 

visor on whose shift the shutdown occurs will make initial use of the 

form for reporting the shutdown. The supervisor on whose shift the 

reactor reaches the minimum accountable power level following startup 

will be responsbile for completing the form with respect to "up," "lost 

time , I '  and "time distribution." 

SHUTDOWN INFORMATION I- 
TIME: down UP lost time h 

SCHEDULE: scheduled [R] [O] unscheduled [ R ]  [O] 

MODE: scram setback reverse 

CAUSE: equipment [MI [I] HE 1 1 other [ I unknown [ ] 

TIME DIST: operations h res ear ch h 

CIRCUMSTANCES: 

Example 1.2 
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A guide  t o  t h e  use  o f  t h e  form fo l lows .  

T i m e  -- 
D O ~ .  Re fe r s  t u  t h e  t i m e  t h a t  t h e  r e a c t o r  power ' level  d rops  below 

t h e  r n i n b ~ u m  accoun tab le  power l e v e l .  

Up. Re fe r s  t o  the time t h a t  t h e  r e a c t o r ,  upon s t a r t u p ,  r eaches  a 

power l e v e l  e q u a l  t o  o r  i n  excess  o f  t h e  minimum accoun tab le  power 

l e v e l .  

- 

Schedule .  Check t h e  a p p r o p r i a t e  squa re  
11 R 11 and "0" r e f e r  t o  "Research" and  "Operat ions"  and t h e  checked 

s q u a r e  i n d i c a t e s  t h e  group r e s p o n s i b l e  f o r  t h e  shutdown, whether 

scheduled  o r  unscheduled.  An unscheduled shutdown i s  d e f i n e d  as 

any shutdown which i s  r e q u i r e d  t o  c o r r e c t  an abnormal i ty .  

Mode. _l___ Check t h e  a p p r o p r i a t e  squa re  

Scram. A shutdown caused by t h e  r e l e a s e  o f  shim r o d s .  

Setback.  An automat ic  r e d u c t i o n  i n  power by se rvo .  I f  t h e  s e t b a c k  

c l e a r s  b e f o r e  t h e  r e a c t o r  power f a l l s  below the minimum accoun tab le  

power l e v e l ,  i t  does n o t  c o n s t i t u t e  a shutdown and  t h e  form should  

not be used .  A l l  s e t b a c k s ,  however, mus t  be r e p o r t e d  i n  t h e  c u s t o -  

m a r y  way i n  t h e  logbook. 

Reverse.  

o f  a shim rod .  I f ,  a s  i n  t h e  c a s e  o f  t h e  s e t b a c k ,  t h e  r e a c t o r  

power does n o t  f a l l  below t h e  minimum accoun tab le  l e v e l ,  t h e  

r e v e r s e  does no t  c o n s t i t u t e  a shutdown and t h e  form s h o u l d  n o t  be  

used .  

A r e d u c t i o n  i n  power by an  au tomat i c  o r  manual i n s e r t i o n  

Cause. Check t h e  a p p r o p r i a t e  squa re  

Equipment. I f  t h e  shutdown was a r e s u l t  o f  equipment f a i l u r e ,  

check whether t h e  f a i l u r e  was mechanical ( M )  or a n  ins t rument  ( I )  

f a i l u r e .  A t  t i m e s  i t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  between i n s t r u -  

ment and mechanical  f a i l u r e s .  The mechanical  f a i l u r e  of  a l i m i t  
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. .-..- 
switch or a similar device in an instrument, for example, i s  

confusing; however, since the switch is a component of the instru- 

ment, the failure is classed as instrument failure. Compressor 

failures, motor failures, pump failures, etc., are clear-cut 

examples of mechanical fai.lures. 

HE. Indicates human error, whether due to poor judgment or inadver- 

tence. 

Other. Calls for an explanation under the heading "Circumstances," 

as to the cause of the shutdown. If adequate space is not pro- 

vided, a continuation of the explanation should be made i n  the 

customary manner. 

- 

Unknown. Self-explanatory. 

T ime D i s t r i bu t ion 

Fill in a reasonable estimate of the downtime for which the research 

group and/or the operating group are responsible. 

._ ___._. 

-. ..... 
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1.4.4.  Unscheduled Shutdowns 

When a n  unscheduled shutdown o c c u r s ,  t h e  s h i f t  s u p e r v i s o r  should  

make an immediate e v a l u a t i o n  and i n i t i a t e  c o r r e c t i v e  a c t i o n  as  needed 

and complete  "Check l i s t  f o r  ORR R e s t a r t  Fol lowing an  Unscheduled 

Shutdown" (Example 1 . 3 )  i f  a p p l i c a b l e .  The r e s u l t s  should  bc d e t a i l e d  

i n  the  logbook. The Reac tor  Supe rv i so r  o r  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  

should  be made aware of t h e  anomaly a s  c o n d i t i o n s  d i c t a t e .  I f  maintenance 

work (mechanica l ,  e l e c t r i c a l ,  o r  i n s t r u m e n t )  i s  r e q u i r e d  d u r i n g  o t h e r  t han  

r e g u l a r  du ty  h o u r s ,  t h e  Reac tor  Supe rv i so r  o r  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  should  be n o t i f i e d  immediately.  

1.4.5. R a d i a t i o n  Cont ro l  Measures .__- 

1 .  Regu la t ions  f o r  pool  e n t r y  d u r i n g  shutdown o p e r a t i o n s  

E n t r y  t o  t h e  ORR poo l s  d u r i n g  shutdown a c t i v i t i e s  i s  s u b j e c t  t o  

" contamina t: ion-zone" and " rad  iat ion-zone" r e g u  13 t ions .  These 

r e g u l a t i o n s  are  r e s t a t e d  t o  ensu re  f a m i l i a r i t y  t o  a l l  pe r sonne l .  

a .  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 

contaminat ion  zone .'I I 1  

b .  A v a l i d  "Radia t ion  Work Permit"  m u s t  be  on hand,  

c .  The minimum pe r sonne l  mon i to r ing  requi rements  s h a l l  be :  

p e n c i l  meters, 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. 

d .  The s p e c i a l  pool  g a m a  monitor  must be  i n  position and 

checked f o r  proper  o p e r a t i n g  c o n d i t i o n .  

e .  The r e g u l a r  pool  moni t ron  must be checked f o r  proper  opera- 

t i o n ,  as p e r  p a r t  2 ,  below. 

f .  Upon e x i t i n g  from t h e  p o o l ,  each  pe r son  s h a l l  be  checked f o r  

con tamina t ion ;  and h i s  exposure  r eco rd  s h a l l  be brought  up 

t o  d a t e .  

I t  i s  t h e  r e s p o n s b i l i t y  o f  t h e  s h i f t  s u p e r v i s o 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  are followed. 

2 .  Use of  mon i to r s  i n  r e a c t o r  pool  d u r i n g  DRIP shutdown 

A s p e c i a l l y  adapted  gamma moni tor  h a s  been made a v a i l a b l e  t o  

moni tor  g e n e r a l  r a d i a t i o n  background i n  t h e  r e a c t o r  pool  d u r i n g  

shutdown o p e r a t i o n s .  Th i s  i n s t rumen t  has a remote chamber which 
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CHECKLIST FOR ORR RESTART FOLLOWING AN UNSCHEDULED SHUTDOWN 

The start-up checks indicated on the following checklist shall be 
completed before or while restarting the ORR after an unscheduled shut- 
down. As noted in the list, a startup following a power outage requires 
that an additional set of checks be accomplished and documented, i.e., 
another checklist completed. 

Initial 

1. The cause of the shutdown is understood 

2. I f  due to power outage, complete additional check- 
list (Power Outage Recovery Checklist for the ORR) 

3 .  Any trouble or malfunction corrected or compensated €or 

FOR ANY STARTUP 

4 .  One counting channel operable and responsive if neutron 
level is below log-N confidence 

5. One log-N channel operable and responsive 

6. Two safety channels operable 

7.  One 16N channel operable 

8. 

9. 

One NOG vacuum monitor operable 

One building ventilation flow monitor operable 

10. One AT channel operable 

11. 

12. 

13. Two south-facility flow channels operable 

14. One POG vacuum monitor operable (only if 
experiments are connected to the POG) 

15.  Primary-system cooling flow normal 

16. Pool cooling system normal 

17. Secondary systems normal 

18. Building containment system operable 

19. Electrical power supply t o  the area is normal 

2 0 .  Reactor startup procedure followed (see ORR 

Two reactor-water exit-temperature channels operable 

One north-facility flow channel operable 

Procedure Manual) 

SHIFT SUPERVISOR DATE 

... ..... 

Example 1.3 
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can be  p laced  nea r  t h e  t o p  of t h e  reactor v e s s e l  w i th  t h e  neees- 

s a r y  Q e r s a t i l i t y  t o  a d j u s t  ihe alarm p o i n t  o n l y  s l i g h t l y  above 

t h e  backgsounti a t  t h e  p a r t i c i i l a r  l o c a t i o n -  P r o p e r  use  of t h i s  

i nstr-unzn'- .\7jL1 1 d e t e c t  l n c r c a s e s  i n  r a d ;  a t i o n  l e v e l  by  so?andiag 

t v  l o c a l  2larms - one a lac t i  from t h e  imster  gama monitor a t  

poo l s ide  .?nd one r e m o t r  a l n r ~ a  near  t h e  r e i a ~ j t ~  chamber. The 

r e g u l a r  rnonitron, whose chamber i s  s t a sppnded  from the n o r t h  

pool  p a r a p e t ,  a l s o  srrves a s  a "hackup," f o r  t h e  s p e c i a l  monltron.  

'The s t a n d a r d  o p ~ a a t i n g  procedure f o r  u s i n g  t h e  s p e c i a l  gamma 

moni to1 du r ing  shutdown o p e r a t i o n s  s h a l l  be as fo l lows :  

a .  Imiiediately a f t P r  lower ing  t h e  r e a c t o r  poo l  water ,  t h e  

chamber of  t h e  " s p e c i a l "  gama  monitor should  be p l aced  

n e a r  t h e  r e a c t o r  t a n k  t o p ,  and t h e  ad jus tment  made on t h e  

monitor  t o  g i v e  a n  a la rm i f  a s l i g h t  i n c r e a s e  i n  t h e  r a d i a -  

tinn l e v e l  o c c a i s .  

b .  rhe s p e c i a l  moni tor  i s  u s u a l l y  a d j u s t e d  wi th  t h e  alarm 

p o i f i t  approximate ly  9 5  m r / h  above t h e  normal r a d i a t i o n  

backgiotlrltl l e v e l .  Th i s  o p e r a t i o n  i s  sanc t ioned  by  t h e  OWR 

Hea l th  Phys ic s  r e p r e s c n t a t i v e s ,  I f  ncard~cl ,  t h c  s h i f t  

Hea l th  Phys ic s  r e p r e s e n t a t i v e  mag be  c o n t a c t e d .  

c .  The proper  opesation o f  t h e  gama  monitor caw be  checked in 

t h e  50 1 lowing ways 

( 1 )  The a la rm condition can  be  checked  by p l a c i n g  t h e  g°Co 

source  ( s t o r e d  i n  t h e  Hea l th  Phys ic s  O f f i c e )  c l o s e  t o  

t h e  chamber o f  t h e  in s t rumen t .  

The a l a r m  pondit  i o n  r a n  be  checked by p r e s s i n g  t h e  

a la rm check biittcpn on t h e  gamia a o n i t o t  h i c h  w i l l  

d r i v e  t h e  r eadou t  of t h e  m i z i t o r  u p s c a l e  t o  t h e  a la rm 

p o i n t .  

( 2 )  

( 3 )  Tho s e n s i t i v i t y  of t h e  moni tor  can be observrd as t h e  

remote  chamber i s  lowered i n t o  i h c  r a d i a t i o n  f i e l d  

above t h e  r e a c t o r . p o o 1  g r a t i n g  l e v e l .  
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During the shutdown, activities may be such that the pool level 

is raised and lowered several times. Each shift supervisor is 

responsible for replacing the monitor near the reactor tank 

each time the pool level is to remain down for any appreciable 

time . 
In order t o  apply the intended usage of the special gama 

monitor effectively, each shift should check to ensure that the 

rnonitron is set properly. This check should be made each shift 

by Operations personnel during shutdown week. Following the 

completion of the shutdown activities and just prior to raising 

the pool level, the "special" chamber should be removed and 

placed in proper storage. 

1.4.6. Power Outage - Checks to be Made 
The loss of  electrical power to the QRR-BSR complex is a condition 

which must, on occasion, be tolerated; and precautions have been taken 

t o  minimize the undesirable effects of such an incident. The outage can 

be of two types: (1) unscheduled and (2) scheduled. Various components 

(which are checked periodically following standard procedures) have been 

installed t o  provide protection when outages are unscheduled. For the 

power outages which are scheduled, additional precautions are taken. 

Checklists f o r  each reactor facility are to be used as guides in: (1) 

preparing the systems to limit the possibility of hazardous conditions 

in the building and also limit the possibility of  damage to experiment 

equipment and reactor components and ( 2 )  completing the necessary 

requirements f o r  returning the reactor to power operation. The priority 

to be exercised in completing the checks should be based upon sound 

judgment and Sections 1.2.2 and 1.2.3 of this manual. 

are listed as Examples 1.4 through 1.7. 

These checklists 
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POWER-OUTAGE WCOVERY CHECKLIST FOR THE ORR 

The check3.i.st below was prepared  f o r  I:he s i t u a t i o n  where t h e  r e a c t o r  
was a t  power o p e r a t i o n  when t h e  e lec t r ica l  outage  w a s  exper ienced  and t h e  
r e a c t o r  w i l l  be ree.i.irned t o  power i r i e d i a t e l y .  

1. The fo l lowing  i t e m s  must be completed b e f o r e  t h e  r e a c t o r  can be 
res tar tea .  

a. 

b. 

C. 

a.  

e. 

f. 

g *  

h. 

i. 

2. me 

I N I T I A L  

A 5-niin warm-up t i m e  on t h e  l e v e l - s a f e t y  channels ,  
a f t e r  r e s t o r a t i o n  of TVA power, must be observed.  

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

R e c a l i b r a t e  both  log-N channels .  

Perform t h e  Jordan b u t t o n  tese on ac least  
one sigma a m p l i f i e r .  

Perform experiment  checks as r e q u i r e d  by t h e  
experiment  i n f  orinat i o n  book. 732s  experiment 
i n f o r m a t i o n  notebook should be checked f o r  
c u r r e n t  r e q u e s t s *  

P l a c e  t h e  pool  c o o l i n g  system i n  s e r v i c e ,  
e n s u r i n g  t h a t  the SR s w i t c h  i s  reset and i n  
"au to ,"  and t h a t  t h e  main pump, t h e  secondary 
pump, and f a n  are r e s t a r t e d .  

P lace  t h e  r e a c t o r  c o o l i n g  system i n  s e r v i c e ,  
e n s u r i n g  t h a t  t h e  secondary pumps are r e s t a r t e d  
t h e  secondary fans are r e s t a r t e d ,  t h e  primary 
bypass  system is  i n  "au to ,"  and t h a t  t h e  tem- 
p e r a t u r e  s e t p a i n t s  have been e s t a b l i s h e d .  

Restart the f a c i l i t y  cooPfng p ~ m p  ( n o r t h  and/or  
s o u t h )  and e s t a b l i s h  f l o w  t o  the n o r t h  and 
s o u t h  f a c i l i t i e s  - 
The r e a c t o r  can now be r e t u r n e d  t o  f u l l  power 
f o l l o w l n g  p r e s c r i b e d  procedures .  

.I_I_ 

-_I 

fo l lowing  i t e m s  may be completed a f t e r  f u l l  
power o p e r a t i o n  i s  obta-ined. 

a.  Return  t h e  emergency d i e s e l - g e n e r a t o r  system t o  

b.  Restart t h e  Trane "Centravac" a i r - c o n d i t i o n i n g  
______ "standby" c o n d i t i o n .  

u n i t  and a s s o c i a t e d  ch i l led-water  pumps, f a n ,  etc.  
I 

Example 1.4 



C. 

d. 

e .  

f .  

8 -  

h. 

i. 

j. 

k. 

1. 

m. 
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I N I T I A L  
Restart the cell-ventilation electric blower 
and stop the standby-blower operation by 
request to the chemical operator. 

Restart the control room air conditioner. 

Restart the pressurizable off-gas  blower and 
stop the steam blower operation by request 
to the chemical operator. 

Restart the overhead (roof) exhaust fans. 

Return the electrically operated shutdown 
pump t o  "standby" condition. 

Restart the building H&V units. 

Restore the counting-room H&Y unit and air- 
conditioning unit to normal operation. 

Restart the pool demineralizer pump and place 
a demineralizer unit in service. 

Restore degasifier to normal service. 

The Nash-Hytor vacuum pumps should be returned 
to service. 

Check all sump pumps and restart if necessary. 

If a power outage occurs as a scheduled item, only those checks 
pertinent to "shutdown operation" need be checked at this time. 

- 
SHIFT SUPERVISOR DATE 

Example 1.4 (continued) 

- ..... 



1-46 

POWER-OUTAGE PREPARATION CHECKLIST FOR THE ORR 

The items l i s t e d  below are to he completed i f  ir- is  known t h a l  a 

power outage will occur. It 1s assumed t h a t  t he  r e a c t o r  i s  not oper- 

a t i n g .  If the reactor is o p e r a t i n g ,  it should be shut down p r i o r  to the 

outage e 

1. Announce over the public-address system t h e  expected power outage. 

2. Experliiient checks should be colupleted as required by t h e  expert- 

ment informatfon book. This  experiment  book shonld be checked 

for c u r r e n t  r e q u e s t s .  

3 .  Not i fy  I h t  Ceills perss~nnell of the planned outage. 

4 .  Place  log-N amplifiers on "grotmd-set" p o s i t t o o .  

5. Remove the  Nash-Eytor v a c u ~ m  puilpps from service. 

6 .  Remove the degasifier lrom service. 

7. The Buflding 3039 stack off-gas and cell-ventilation system 

will switch to the  diesel g e n e r a t o r  loca ted  i n  Euflding 3125,  

t he reby  alkowlng the continued use of the ORR cel-1-ventilat:iaii 

and off -gas systems e 

Example 1.5 
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POWER-OUTAGE RECOVERY CHECKLIST FOR THE BSR 

The diesel generator located at the ORR furnishes emergency power 

to specified circuits at the BSR in addition to circuits at the OFtR and 

OGR. Refer to Section 2.1.8 of the BSR Operating Manual for detailed 

information on emergency electrical power circuits serving the BSR. 

These circuits will be automatically re-energized, upon a TVA electrical 

power failure, by the diesel-generator power plant. 

1. The items listed below were prepared for the situation where 

the reactor was at power operation when the electrical outage 

was experienced and the reactor is to be returned to power. 

a. Return the ORR emergency diesel-generator system to 

"standby" condition. (NOTE: The diesel generator also 

supplies emergency power to the ORR and OGR. Certain 

requirements at the ORR and/or OGR could dictate when the 

diesel generator could be placed on standby.) 

b. Reset the building containment. The control room A/C unit 

and the pool room A/C units (Nos. 1 and 2) should start 

after a 3-min delay. 

c .  Start the tower A/C pump and check the following A/C units 

for operation: 

A/C unit No. 7 located outside room 103 

A/C unit No. 6 located in room 204 

A/C unit No. 5 located in the north section o f  the second 

floor. 

d. Check the PCA control-room A/C unit No. 3 for operation. 

e .  Complete the BSR prestartup checklist. 

2. The items listed below were prepared for the situation where the 

reactor was not operating when the power outage was experienced. 

a. Complete items a, b, c, and d of the previously listed 

Section 1. 

b. Restart the skimmer pump. 

c. Restart the demineralizer pump. 

Example 1.6 
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POWER-OUTAGE CHECKS FOR THE OGR 

Fol lowing t h e  d e a c t i v a t i o n  of  t h e  OGR,  t h e  emergency e l e c t r i c a l  

c i r c u i t  supp ly ing  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 

(FRCAS) was r e v i s e d  s o  t h a t  i t  i s  normal ly  powered from t h e  TVA e l e c t r i -  

c a l  bus a t  the ORR and,  upon power f a i l u r e  t h i s  c i r c u i t ,  r e c e i v e s  power 

from t h e  QRR d i e s e l - g e n e r a t o r  power p l a n t .  I n  a d d i t i o n ,  t h e  steam 

eng ine  a t  t h e  OGR f a n  house was r e p l a c e d  wi th  an  e l e c t r i c  motor which 

also r e c e i v e s  power du r ing  TVA power f a i l u r e  from t h e  ORR d i e s e l  genera-  

t o r .  Three a r e a s  of i n t e r e s t  r e q u i r e  a t t e n t i o n  fo l lowing  a TVA e l e c t r i -  

c a l  power outage  a t  the OGR and/or  t h e  OGR f an  house :  (1) t h e  FRCAS 

which mon i to r s  t h e  OGR b u i l d i n g  area,  ( 2 )  t h e  blower system a t  t h e  OGR 

f a n  house which i s  des igned  t o  ma in ta in  a n e g a t i v e  P T ~ S S U ~ ~  on t h e  OGR,  

and  ( 3 )  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  and the  c a n a l  demine ra l i ze r  i n  

t h e  OGR b u i l d i n g .  

1. S ince  t h e  FRCAS i s  powered from t h e  ORR under both normal and 

emergency c o n d i t i o n s ,  t h e  fo l lowing  checks should  be  made a f t e r  

a TVA e l e c t r i c a l  power f a i l u r e  t o  t h e  ORR has occur red  and 

r e s t o r a t i o n  t a  normal has  been made. 

a .  Check a l l  cont inuous  a i r  moni tors  t o  e n s u r e  p rope r  

o p e r a t i o n .  

b .  Check a l l  n ion i t rons  t o  ensu re  proper  o p e r a t i o n .  

2 .  The blower S Y S ~ ~ K ~  a t  t h e  OGR f a n  house (Bu i ld ing  3003) i s  

powered by  a n  e l e c t r i c a l  motor which, d u r i n g  normal condi . t ions ,  

r e c e i v e s  i t s  power from t h e  TVA e l e c t r i c a l  bus ;  and ,  du r ing  

abnormal c o n d i t i o n s  of a TVA e l e c t r i c a l  power f a i l u r e ,  power 

i s  s u p p l i e d  through a n  au tomat i c  t r a n s f e r  system from t h e  ORR 

Example 1 . 7  
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.- ..... 

diesel-powered generator. There are no specific normal opera- 

tions required by personnel either immediately following a 
power outage or upon restoration of TVA power; however, a 

patrol check at the site should be made to ensure that: the auto- 

matic transfer functioned properly. An annunciator system in the 

ORR control room (refer to Section 7.1.2 for a description) will 

inform control room personnel when a TVA power failure occurs 

to Building 3003 and when the TVA power is restored. 

3.  The following checks should be completed following the restora- 

tion of TVA electrical power. 

a. A patrol check should be made through both the OGK (Build- 

ing 3001) and the OGR fan house (Building 3003) to ensure 

that the return to normal conditions has been effected. 

(1) At the OGR, check the FRCAS t o  ensure proper operation. 

( 2 )  At the OGR fan house, check the blower for proper 
operation. 

b .  The OGR canal demineralizer pump motor, which is not on the 

emergency power circuit, should be restarted. 

c. The OGR heating and ventilation units should be restarted 

as outside weather conditions warrant. 

Example 1.7 (continued) 

.- ... 
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1.5.  Disassembly and Maintenance -I o f  Reac tor  --___. Components . . .- -._.._..... 

1.5.1. Removal and ..._.. I n s t a l l a t i o n  o f  t h e  Reactor-Vessel  Access _..... Cover 

1. Relnoval o f  . . . .. . . . . t h e  r e a c t o r - v e s s e l  a c c e s s  cover  

a. Stop  t h e  main c o o l i n g  pumps and  remove t h e i r  t e s t  b locks .  

b .  P l a c e  t h e  access-cover  t oo l  on the c e n t e r  post  and t u r n  

c lockwise  (approximate ly  8 t u r n s )  u n t i l  t h e  foiir  keepers  

a r e  fu l . ly  r e t r a c t e d  inward. 

c .  L i f t  t h e  a c c e s s  cover  us ing  t h e  access-cover  s a f e t y  hook 

( a t t a c h e d  t o  a c h a i n  f a l l  on t h e  one-ton c r a n e )  by  t h e  

fo l lowing  method: 

( 1 )  Lower t h e  s a f e t y  hook and  a t t a c h  to t h e  access-cover  

b a i l  I 

( 2 )  Using t h e  c h a i n  f a l l ,  r a i s e  the a c c e s s  cover  approxi -  

ma te ly  1 2  i n .  t o  ensu re  t h a t  t h e  cover  i s  f r e e  o f  the 

access-cover  f l a n g e  and  guide  p i n s .  

NOTE: D o  n o t  l i f t  t h e  a c c e s s  cover  w i t h  the c rane  

u n t i l .  i t  h a s  been moved o u t  o f  t h e  access-cover  f l ange  

by  u s i n g  t h e  c h a i n  f a l l .  

( 3 )  Using slow crane  speed u n t i l  t he  a c c e s s  cover  i s  f r e e  

o f  t h e  experiment  f a c i l i t i e s ,  uiove i t  t o  s t o r a g e  i n  

t h e  t h i r d  l e v e l  'IC" zone. 

2 .  I n s t a l l a t i o n  of t h e  r e a c t o r - v e s s e l  a c c e s s  cover  

a .  The shutdown c o o l i n g  pump may be s topped  o r  o p e r a t i n g .  

b .  Move t h e  a c c e s s  cover  from s t o r a g e  u s i n g  t h e  a c c e s s  cover  

s a f e t y  hook ( a t t a c h e d  t o  a c h a i n  f a l l  on t h e  one-ton c r a n e )  

b y  t h e  fo l lowing  method: 

(1) Using s low s p e e d ,  p o s i t i o n  t h e  a c c e s s  cover  approximate ly  

12 i n .  above t h e  access-cover  f l a n g e  and guide p i n s  w i t h  

t h e  one-ton c rane .  
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C .  

d. 

(2) Using the chain fall, lower the access cover onto the 

access-cover flange. 

Detach the safety hook from the access-cover bail. ( 3 )  
Place the access-cover tool on the center point and turn 

counterclockwise (approximately 8 times) until the four 

keepers are fully extended outward. Install torque wrench on 

tool and tighten center post t o  35 ft-lb. 

NOTE: If the shutdown pump is operating and the access 

cover is removed, a small (approximately 25 gpm) amount of 

primary coolant will flow out of the reactor vessel into the 

pool. An equivalent amount of flow will re-enter the system 

through the equalizer line; this flow will be observable on 

the primary makeup rate meter in the control room. As the 

access cover is sealed, the make-up rate meter should drop 

markedly. 

Run the shutdown pump for several minutes to sweep out any 

air that may be trapped in the primary system. 

will minimize the probability of tripping the main cooling 

pumps immediately after starting them due to fluctuations in 

the make-up rate meter. 

This action 

1.5.2. Removal and Replacement of Hold-Down Arms, Fig. 1.2 

Reference Drawings 

D-24090C, D-24091D, D-24092A, D-240938, D-24094B, D-24095C, 

D-24096B, D-240978, D-24098A, D-24099D, D-24100C, D-24101E, 

D-24102B, D-24103C, D-43558 

The proper handling of the hold-down arms in the ORR core cannot be 

overemphasized. 

these hold-down arms after each movement since severe trouble can arise 

It is necessary to check thoroughly the position of 
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QRNL- LR-  DWG 6825 

I 

F i g .  1 . 2 .  OKR hold-down a m .  
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,... 

th rough ben t  shim rods  i f  t h e  r o d s  should  be r a i s e d  wi thou t  t h e  ha ld -  

down arms be ing  p r o p e r l y  s e a t e d .  The hold-down arms s e r v e  t h e  d u a l  

purpose of  h o l d i n g  t h e  c o r e  p i e c e s  around t h e  shim rod  i n  p o s i t i o n  and 

s e r v i n g  a s  t h e  upper shim-rod-bearing frame. A t  t i m e s  it is necessa ry  

t o  remove t h e  hold-down arms from t h e  c o r e  f o r  i n s p e c t i o n .  Th i s  a c t i o n  

w i l l  be d e s c r i b e d  a l s o .  

1. Removing t h e  hold-down arms - 
a.  

b.  

C .  

d .  

e .  

f. 

Ensure t h a t  a l l  rods  a r e  on s e a t  p o s i t i o n .  

Engage t h e  h inge  l a t c h  l o c a t e d  ove r  t h e  h inge  on  t h e  e a s t  

end of  t h e  arm wi th  a hook, and p u l l  s l i g h t l y  upward. 

t h e  l a t c h  i s  f r e e ,  move t h e  assembly eas tward  and i t  w i l l  

f a l l  f r e e  from t h e  arm and can be l a i d  on t h e  h inge  suppor t .  

Engage t h e  hold-down arm. t o o l  on t h e  handle  and r a i s e  t h e  

hold-down arm t o  a 45" a n g l e .  

Engage a hook i n  t h e  b a r  on t h e  east  end of t h e  arm and 

app ly  a s l i g h t  upward p r e s s u r e .  

Gent ly  app ly  an  up-and-down motion wi th  t h e  hold-down arm 

t o o l  u n t i l  t h e  arm seems t o  l o c k  i n  one p o s i t i o n .  

By l i f t i n g  wi th  bo th  t h e  hold-down arm t o o l  and t h e  hook, 

t h e  arm w i l l  d i sengage  from t h e  h inge  and can  be l i f t e d  

from t h e  r e a c t o r  t ank .  

When 

2 .  Replac ing  t h e  hold-down arms 

a ,  Ensure t h a t  a l l  rods  a r e  on s e a t  p o s i t i o n .  

b .  Engage t h e  hold-down arm t o o l  on t h e  handle  of t h e  arm and 

lower t h e  arm i n t o  t h e  t a n k .  

c .  Due t o  t h e  ba l ance  of  the arm, i t  w i l l  hang a t  approximate ly  

S l i d e  t h e  arm over  t h e  proper  a n g l e  f o r  engaging t h e  h inge .  

t h e  h i n g e ,  and t h e  s l o t s  on t h e  arm shou ld  engage. 
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d .  By app ly ing  an up-and-down movement w i t h  t h e  hold-down arm 

t o o l ,  t h e  arm w i l l  l ock  i n t o  p o s i t i o n  on t h e  h inge .  

e .  Lower t h e  hold-down arm i n t o  s e a t  p o s i t i o n  and lock  a s  i n  

t h e  above procedure .  

Engage t h e  h inge  l a t c h  wi th  a hook and swing i t  ove r  t h e  

h i n g e  whi le  app ly ing  a s l i g h t  upward p r e s s u r e .  The t i p s  o f  

t h e  h inge  l a t c h  w i l l  l o c k  i n t o  s l o t s  i n  t h e  hold-down a r m s .  

f .  

g. Disengage t h e  hook; t h e  hold-down arms a r e  now ready  f o r  

normal s e r v i c e .  

1.5.3. Rout ine  Ra i s ing  and Lowering t h e  Hold-Down A r m s  f o r  Core Work 

1. R a i s i n g  t h e  hold-down a r m s  

a .  Ensure t h a t  a l l  s e a t  l i g h t s  a re  a c t u a t e d ,  t h e  d r i v e s  are  

n e a r  t h e  lower l i m i t ,  t h e  d r i v e  u n i t  i s  i n  t h e  locked  pos i -  

t i o n ,  and t h e  magnet c u r r e n t  i s  o f f .  

b .  With a hook, engage t h e  hand le  o f  t h e  arm and g e n t l y  r a i se  

2. 

t h e  a r m .  

c .  When a s s u r e d  t h a t  t h e  hold-down a r m  i s  f r e e ,  ra i se  i t  

f u r t h e r ,  t i l t i n g  t h e  arm e a s t ,  and l e t  i t  r e s t  i n  t h e  

r a i s e d  p o s i t i o n .  

Lowering t h e  hold-down arms 

a .  Ensure t h a t  t h e  shim r o d s  a r e  i n  t h e  sea t  p o s i t i o n  and t h a t  

t h e  magnet c u r r e n t  i s  o f f .  

b .  Engage t h e  hand le  of  t h e  r a i s e d  hold-down a m ,  and lower i t  

i n t o  t h e  pre-seat p o s i t i o n .  Then p l a c e  t h e  hook t o o l  on 

t h e  hand le .  

c ,  With o n l y  s l i g h t  downward p r e s s u r e  on t h e  h a n d l e ,  i n s e r t  a 

s t r o n g  rod  wi th  a s p e c i a l  t a p p i n g  b lock  t o o l  a t t a c h e d .  Use 

t h e  b lock  t o  t a p  t h e  hold-down arm (approximate ly  6 i n .  

f rom t h e  west end)  downward. The movement of t h e  hold-down 

arm i n t o  t h e  locked p o s i t i o n  can  be  f e l t  through t h e  t o o l  

on t h e  handle .  
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1.5.4. 

I.. . 

d. To ensure seating and locking, use a small hook and attempt 

to pull the hold-down arm up by applying the hook under the 

hold-down arm body ( 6  in. from the west end). 

movement of the hold-down arm will indicate improper 

seating and locking. 

Any upward 

e. For a final check, perform the following. 

(1) Using the raise-test switch, raise the drives 6 in. 

( 2 )  Using a hook, raise each shim rod (one at a time) to 

ensure free movement. While this test is being 

performed, have the "popper" in service or post a man 

at the console to observe the CRM and have communica- 

tion at all times. 

f .  With both hold-down arms fully seated and locked, the 

handles should be in similar positions. 

Oak Ridge Research Reactor Shim-Safety Control-Rod Drive and 

Associated Assemblies 

A notebook in the ORR control room entitled "Procedures for ORR 
Shim-Safety Control-Rod Drives and Associated Assemblies" contains the 

procedures for removal, installation, and maintenance of the assemblies. 

The notebook also contains the associated check sheets and method of 

record keeping. 

1.5.5. Inserting or Removing an End-Box Adapter in the ORR Core 

An end-box adapter is a stainless steel lattice component used to 

adapt a shim-rod position in the lower grid for fuel elements. 

normally used in all twelve possible shim-rod positions except those six 

which contain shim rods. The openings provided in the lower grid for 

shim-rod passage are slightly larger than the openings that accommodate 

regular fuel-element end boxes; thereEore, the end-box adapters are used 

It is 

..-. . 
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t o  s i z e  these shim-rod openings t o  accommodate the fuel elements .  A 

s p e c i a l  t oo l ,  fabricated for use i n  handl ing  t h e s e  end-box a d a p t e r s ,  is 

of sufficient l e n g t h  to  be used from the pool- br ldge.  TI-IP t o o l  i s  

a t t a c h e d  to  t h e  a d a p t e r  and locked securely p r i o r  t o  removing the 

a d a p t e r .  

It 1s n e c e s s a r y  t h a t  t h e  i n s e r t i o n  or  removal of an adapter $E done 

i n  t h e  fo l lowing  o r d e r .  

1. 

2.  

3 .  

4.  

Remove t h e  c o r e  pieces from around t h e  p o s i t i o n  contalmlng 

t h e  a d a p t e r  ( a l l  e igh t  pd eces )  . 
If t h e  a d a p t e r  i s  to be t r a n s f e r r e d  t o  a n o t h e r  core p o s i t t o n ,  

ready t h e  p o s i t i o n  t o  accommodate t h e  a d a p t e r  by removing 

the sur rounding  e i g h t  core p i e c e s .  

Lower t h e  t o o l  i n t o  the adapter t o  be removed, rotrare t h e  knob 

on i o p  o f  t h e  t o o l  c10ck~Ese to  lock t h e  to01 t o  t h e  a d a p t e r .  

Mte r  s e c u r i n g  t h e  tool t o  the adapter, ra ise  t h e  "unit" so  

the a d a p t e r  i s  free from t h e  g r i d .  The end-box a d a p t e r  can 

be e i t h m  t r a n s f e r r e d  to a n o t h e r  pOSj.tj.Qn or  removed from 

t h e  r e a c t o r  vessel and s t o r e d  under water Ln t h e  pool .  
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2. INSTRUMENTATION AND CONTROLS 

2.1. Introduction 

The development of reactors introduced nuclear-instrumentation 

problems which were new to the instrument engineer and the solving of 

which usually required the efforts of specialists. A s  a consequence, 

process instrumentation came to be differentiated from nuclear instru- 

mentation in the design of reactors. Instrumentation at the ORR is so 
divided; however, it should be remembered that a reactor functions as a 

complete system and no one variable should be overemphasized. Most engi- 

neers and scientists are aware of the consequences of the loss of nuclear 

measurement and rod control, but they may need reminding that the conse- 

quences can be just as serious with the loss of coolant flow and the 

coolant-flow meter. 

In keeping with the above discussion, the importance of the instru- 

mentation associated with the various research experiments also cannot be 

overlooked. Here again the consequences of loss of measurement and 

control could prove serious; and, therefore, at the ORR, experiment 

instrumentation must j o in  with process and nuclear instrumentation in the 

function of safeguarding the reactor and its personnel. 

To describe each instrument or even each instrument system would be a 

very difficult task and is beyond the scope of these procedures. It is 

more important that the major systems be described here and that those 

procedures which have proven essential to operation be presented. 
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2.2. General 

The i n s t a l l a t i o n  and maintenance 01 i n s t r u m e n t a t i o n  i s  the  r e s p s n s i -  

b i l i l y  02 rh.~ Xnstrumentat tou and C o n t r o l s  D i v i s i o n  0 E  OIPPTE. Engineers ,  

f o r e n e n ,  and t e c h n j  cians from t h i s  d i v l s i o n  are assigned permanently t o  

t h i s  task and similar d u t i e s  a t  t h e  RSR. It is  t h e  r e s p o n s i b i l i t y  of t h e  

Opera t ions  D i v i s i o n  to assist with t h i s  work when necessary  and t o  par-  

t i c i p a t n -  i n  thoroughly checking each Ins t rument  and ins t rument  clnznnel 

f o r  proper  o p e r a t i o n  borh a f t e r  r e p a i r s  arid on a r o u t i n e  bas l s .  

As stated i n  t h e  I n t r o d i l c t i o n ,  108s of measurement o r  c o n t r o l  might 

be s e r i o u s .  It f o l l o w s  t h a t  p r e v e n t i o n  of a m i s s p e r a t i o n  i s  one of the  

most impor tan t  f u n c t i o n s  of i n s t r u m e n t a t i o n .  

T h i s  i s  accomplished through e l ec t r i ca l  or  e l e c t r o n i c  s a f e t y  c i r c u i t s  

which are so devised  that  u n s a f e  c o n d i t i o n s  w t l l  r e s u l t  i n  a r e a c t o r  

shutdown o r  a reduct:on in nrrclear power l e v e l .  Such a r e d u c t i o n  i n  

r e a c t o r  pow~s lev21 will g e n e r a l l y  e i t h e r  remove t h e  source  af p o s s i b l e  

t r o u b l e  or  g r e a t l y  reduce it. 

The s a f e t y  c i r c u i t s  (power r e d u c t i o n  and/or  shuLdown) employed at t h e  

ORR are  l a b e l e d  Se tback ,  Reverse,  Slow Scram, and Pastr Scram. To avoid 

confus ion ,  a b r l e f  and s imple  e x p l a n a t i o n  of each i s  g iven  below. 

Elementary diagrams of t h e  e lec t r ica l  c i r c u i t s  involved  are presented  on 

ORNL Drawings RC2-1-3AA through RC2-1-36, RC2-10-2, and KC2-1-3E through 

RC2-1-31. 

2.2.1. Setback 

This  c i r c u i t  i s  devised  so t h a t  t h e  a c t u a t i o n  s f  ins t rument  swt tches  

w i l l  r e s u l t  i n  I.owerirng t h e  deffiand s e t t f n g  ( s e t p a i n t )  of t h e  autxmntic  

c o n t r o l  system. This a c t i o n  c o n t i n u e s  u n t i l  t h e  cause  i s  removed o r  

u n t i l  c e r t a i n  low-power i n t e r l o c k s  are a c t u a t e d .  Under t h e s e  ( s e t b a c k )  

c o n d i t i o n s  the c o n t r o l  system will a t t e m p t  t o  m a i n t a i n  t h e  n u c l e a r  power 

e q u a l  t o  t h e  s e t p s i n t .  
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2.2.2. Reverse 

Activation of the reverse circuit results in simultaneous insertion 

of all the shim-control rods through rod-drive-motor action. Automatic 

control of the reactor is discontinued when the reverse occurs. 

2.2.3. Slow Scram 

In this action, electrical circuits, employing relays and other 

electrical or mechanical devices, cause a loss of current to the electro- 

magnets supporting the shim-control rods. Time response of this system 

is approximately 250 ms. The complete insertion of all the shim-control 

rods should occur. 

2.2.4. Fast Scram 

This circuit with a time response of (10 ms employs electronic 

devices t o  vary the magnet current indirectly as the nuclear power or as 

the rate of power increases. Thus, the shim-control rods are dropped 

immediately when unsafe power levels are reached, or when the rate of 

power increase is too great. 

2.3. Alarm Annunciator Panel 

2.3.1. General Description 

Reactor instrumentation, through the alarm annunciator panel, brings 

to the attention of the operator any abnormal condition of the monitored 

parameters. Automatic setback, reverse, or scram may occur simultan- 

eously depending upon the seriousness of the malfunction. 

The alarm annunciator panel (Fig. 2.1) consists of several stations, 

each of which is related to a particular variable or experiment. The 

stations themselves are nearly identical in construction and function 

and, for this reason, are described below in general terms. A detailed 

relationship between station and variable or station and experiment will 

be given later. 
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ORNL-DUG 84-8313 

I EMERGENCY 
POWER 1 

V.B.#l I V.B.#Z 

AE AE 
19 21 

AE AE 
20 22 

AP AP 
3 5  

AP AP 
4 6  

---- 
V.B.#3 V.B.#4 I 

CLQCK PANEL 

F i g .  2 . 1 .  Nuclear, p r o c e s s ,  experiment,  and outside annunciators. 
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... 7. 

2 . 3 . 2 .  Station Description 

An annunciator station consists of a signal can which is mounted 

behind two small translucent panels called station sections. One section 

is red or yellow; the other is white. A yellow section generally indi- 

cates that no setback, reverse, or scram will accompany an alarm. All 

stations are connected to the alarm horn. 

2.3 .3 .  Station Function 

Any malfunction or abnormal condition resulting in a signal to the 

annunciator panel will: 

1. sound the alarm horn, and 

2. cause both sections (white, and red or yellow) of the receiving 

station to be lighted. 

If aril automatic setback, reverse, or scram is a l s o  initiated: 

1. both sections, of the station indicating the action taken, will 

be lighted, and 

2 .  a setback, reverse, or scram should occur. 

2.3.4. Alarm Acknowledge 

Pushing the acknowledge button at the console will silence the alarm 

and result in one of  the following conditions. 

1. The white section of the offending station will be darkened; and 

the red or yellow section will remain lighted, indicating that 

the abnormal condition still exists, or 

2 .  the red  or yellow section will darken; and the white section 

will remain lighted, indicating that the abnormal condition no 

longer exists and that the annunciator panel can be reset. 

2 . 3 . 5 .  Alarm Reset 

If the abnormal condition clears after the acknowledge button has 

been pushed, the red or yellow section of the offending station will be 

darkened; and the white section will become lighted. The annunciator 

paiiel is then reset by pushing the reset button adjacent to the 

acknowledge button at the console at which time the white section will be 

darkened 

, ... 
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2.3.6. Opera to r  Response 

I n  t h e  even t  of  an  a l a rm f o r  a n  unknown r e a s o n ,  t h e  o p e r a t o r  i s  t o :  

1. p r e s s  t h e  acknowldge b u t t o n  o n l y ,  

2 .  obse rve  t h e  n a t u r e  of  t h e  a l a rm t o  see i f  i t  r e s u l t s  i n  a set-  

back o r  scram, and 

3.  c o n t a c t  h i s  s u p e r v i s o r  immediately u n l e s s  h e  h a s  s p e c i f i c  

i n s t r u c t i o n s  t o  do o the rwise .  

2.3.7. T e s t i n g  a l l  Annuncia tors  I- 

To f a c i l i t a t e  t e s t i n g  of  t h e  a n n u n c i a t o r s ,  a s i n g l e  pushbut ton  

( annunc ia to r  t e s t )  l o c a t e d  on t h e  l e f t  i n c l i n e d  pane l  o f  t h e  conso le  

a c t u a t e s  a l l  annunc ia to r s  s imul t aneous ly  when p res sed  t o  v e r i f y  t h e i r  

a b i l i t y  t o  respond t o  a l a rm c o n d i t i o n s .  The t e s t  shou ld  be accomplished 

a s  f o l l o w s :  

1. P r e s s  t h e  annunc ia to r  t es t  b u t t o n  and observe  t h a t  t h e  a c t i o n  

causes  a l l  t e l e a l a r m  s t a t i o n s  i n c l u d i n g  p o o l s i d e  t o  be  l i g h t e d  

(wh i t e  and r e d  o r  ye l low)  and t h e n  re lease t h e  t e s t  b u t t o n .  

2. P r e s s  t h e  acknowledge b u t t o n  ( i n  t h e  c o n t r o l  room and a t  pool- 

s i d e )  t o  c l e a r  t h e  r e d  o r  ye l low s e c t i o n  of  t h e  t e l e a l a r m  s ta-  

t i o n s .  The wh i t e  s e c t i o n  of t h e  s t a t i o n s  vi11 be l i g h t e d .  T h e  

a n n u n c i a t o r  pane l  i s  then  r e s e t  by pushing t h e  reset  b u t t o n  ( i n  

t h e  c o n t r o l  room and a t  p o o l s i d e )  and t h e  wh i t e  s e c t i o n  w i l l  be 

darkened a t  t h e  s t a t i o n s .  

2.3.8. Process  Annuncia tors  - I- D e t a i l e d  D e s c r i p t i o n  

T h e  p rocess  alarm annunc ia to r  s t a t i o n s  f o r  t h e  p rocess  instrumen- 

A d e s c r i p t i o n  o f  t a t i o n  a r e  d e p i c t e d  on Elementary Diagram RC2-1-36, 

each annunc ia to r  i s  g iven  in t h e  fol lowi-ng pages a l o n g  wi th  p r e s c r i b e d  

o p e r a t o r  a c t i o n s  i f  t h e  annunc ia to r  i s  a c t u a t e d .  
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..^ 
Annunciator: 

Alarm Condition: 

AP-1, "Test Blocks" 

Main coolant pump safety blocks are removed. 

(These are normally removed during shutdown as 

a precaution t o  prevent inadvertent starting of 

- Sensor Name: Safety blocks 

Type : NA 

Posit ion: NA 

Physical Location: ORR Control Room 

Set Points: NA 

- Equipment Response: NA 

Operator Actions: NA 

1. This alarm is manually activated and should not occur during 

normal power operations. 
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AP-2 ~ "Low Pool  Temperature" -. . - . ~ - ~ -  Annunciator  : 

A l a r m  Condi t ion :  Low tempera ture  of  pool r e t u r n  water  a t  85°F - 
Sensor Name: 

Type : 

TE-42 

Gas f i 1 1 e B bu 1 b 

P o s i t i o n :  Pool  r e t u r n  from heat. exchanger  

Pfn-ysical Loca t ion:  ORR basement west (end)  on exchanger n u t l e t  elbow 

S e t  P o i n t s :  85°F - l o w  a l a rm 

95°F - h i g h  alarm ( M - 9 )  

Pool tower c i r c u l a t i o n  pump i n  t h e  au tomat i c  

mode t r i p s  o u t  ( w i t h  a l a rm s e t t i n g  a t  8 5 ° F ) ;  

t h e  pump s t a r t s  a u t o m a t i c a l l y  when t h e  alarm 

c l e a r s  . 

Equipment Response: ._..-__I 

Operator  Actions: 

1. Check poo l  c o o l i n g  t empera tu res  QLI control room r e c o r d e r s  and 

d i g i t a l  r e a d o u t s .  Determine if problems arc  i n  pool  pr imary 

o r  p o o l  secondary systems.  

2 ,  Check operation o f  poo l  tempera ture  c o n t r o l l e r  v a l v e ,  Take 

manual c o n t r o l  i f  necessa ry .  

3 .  De-energize pool  c o o l i n g  system if necessa ry .  

NOTE: I f  p o s s i b l e ,  do n o t  a l l o w  pool  water  tempera ture  t o  

d e c r e a s e  below 78°F t o  p reven t  e x c e s s i v e  thermal  s t ress  i n  

t h e  r e a c t o r  v e s s e l  and pool m a t e r i a l s .  
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Annunciator: AP-3,  "Pool Tower Basin Low Level" 

Alarm Condition: Pool tower basin is 5 in. below normal level of 

12 in. 

Sensor Name: LX-2 7 

Conductive electrode probe level indicator 

Posit ion 2 Tower basin 

Physical Location: South wall of pool basin 

Set Points: 5 in. below normal 
Equipment Response: None 

ODerator Actions: 

1. Check pool cooling system readings in control room. 

2. Check drain and process water makeup system a t  tower basin. 

3 .  Monitor pool secondary temperatures while restoring proper 

levels. 

- ..... 
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Annunciator: 

Alarm Condition: Pool  tower basin temperature decreases to 40°F. 

Sensor Name: TX-27 

A P - 4 ,  "Pool Tower  -.... Basin Low Temperature'' 

Type : Bimetallic temperature switch 

Position: Pool Tower basin 

Physical Location: South wall of basin, next t o  level indication 

probe 

Set Points: Alarm: 40°F 

E quipme nt Res ~ n s  _- e : 

aerator Actions: 

None 

1. Check automatic fan control operation. 

2. If fans are in manual, check f o r  proper settings. 

3. If necessary, stop tower fans t o  prevent icing of the cooling 

tower . 
Monitor primary temperature and v e r i E y  proper operation of 

temperature controller. 

4 .  

5. If alarm condition i s  received during a reactor shutdown, open 

a valve on a steam line into the basin water to maintain the 

basin temperature above freezing. 
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. .. 
Annunciator: 

Alarm Condition: 

Sensor Name: 

m: 
Posit ion: 

Physical Location: 

Set Points: 

Equipment Response : 

Operator Actions: 

AP-5, “Pool Demineralizer Exit Resist’v 

Alarms at 80% normal reading (variable setpoint) 

of pool demineralizer exit resistivity 

ACE-3 

Conductivity element 

Exit line of pool demineralizer anion column 

upstream of  ACV-3B 

NW corner of 3042 basement directly beneath 

anion tank 

80% normal operating range 

Pool demineralizer block valve, ACV-3, closes 

automatically, therefore removing demineralizer 

from service. 

1. 

2. 

3. 

4 .  

5. 

Check water quality from Building 3004.  
Determine if demineralizer resins require regeneration by 

checking conductivity and pH at exit. 

If demineralizer conductivity is acceptable (approximately 

1,000,000 ohm-cm), place block valve (ACV-3) in override and 

investigate source of  fault in sensors. 

If demineralizer conductivity is not acceptable, remove the 

demineralizer from service. 

If necessary, provide pool makeup flow from poolside water 

supply (in event makeup flow is stopped while the demineralizer 

is secured). 

. .- 
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Annunciator: AP-6.  "Storage Tank Level H i  Lo" 

_____ NOTE: 

level, north, poolside railing 

Also  displays at panel located at 3rd 

Alarm Condition: Alarms when water- level in eitht?r primary water 

storage tank is below 10% or greater than 90% 

Sensor Name: NA 

Type : 

posit ion :: 

AP cells 

Mounted on the primary water storage tanks 

Physical Location: 

Set Points: Low level - 10% full 

On north s i d e  between two tanks 

High level - 90% Full 
II Equipment Response: None 

Operator Act ions : 

1. Investigate actual storage t a n k  levels and flow directions. 

2. Check makeup and discharge piping lineups, as necessary. 

3 .  If water i s  being pumped into t he  stcrage tanks, stop the 

operation on the high level-90% full alarm t o  prevent overflow 

of the tanks t o  the surrounding ground. 

4 .  If water i s  being pumped from the  storage tanks, stop the 

operation on the low level-lO% full alarm t o  prevent possible 

cavitation of the fill and drain pump. 
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. .  

Annunciator :  AP-7, "Pool Water A c t i v i t y "  

Alarm Condi t ion :  A l a r m s  when a c t i v i t y  of  pool  water r e t u r n i n g  

from t h e  h e a t  exchanger  rises t o  30 mr/h 

Sensor  Name: E-3A 

Type : Geiger-Miiller t u b e  

P o s i t i o n :  

P h y s i c a l  Loca t ion:  On h o r i z o n t a l  s e c t i o n  o f  p i p i n g ,  a long  west w a l l  

Pool h e a t  exchanger  r e t u r n  to pool 

o f  basement,  i n s i d e  l e a d  s h i e l d i n g  

S e t  P o i n t s :  30 mr/h 

E quipmen t Res ponse : 

Onera to r  Act ions :  

None ( r e c o r d e r  i n  c o n t r o l  room) 

1. P o s s i b l e  causes  i n c l u d e  r e a c t o r  pr imary  t o  pool primary water 

l e a k s ,  r u p t u r e  o r  l e a k  o f  an  expe r imen t ,  o r  f u e l  e lement  f a i l u r e .  

I n v e s t i g a t e  s o u r c e  of a c t i v i t y .  

Check a l l  a c t i v i t y  meter r e a d i n g s .  2 .  

3 .  Take water samples. Have Hea l th  Phys ic s  i d e n t i f y  i s o t o p i c  

s o u r c e s  o f  contaminat ion .  

4 .  Take background r e a d i n g s  i n  v i c i n i t y  o f  alarm s e n s i n g  element  

i n  basement. Determine i f  r a d i a t i o n  s o u r c e  i s  e x t e r n a l  t o  t h e  

pool  system. 

...... .. 
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Annunciator: 

Alarm Condition: 

Sensor Name: 

- Type: 
Position: 

Physical Location: 
1__- 

Set Points: 

Equipment Response: 

AP-8, "Pool  Water Low Resist" 

Indicates poor quality pool  water with variable 

setpoint normally 80% normal reading 

ACE-2 

Conductivity probe 

Pool demineralizer inlet 

N!d corner of basement 05 Building 3042 along 

floor in elbow on cation tank inlet 

(80% normal operating resistivity 

(Recorder in control room) 

Operator Actions: 

1. Check water quality from Building 3004 with water samples and 

by alarm panels in the control room and Building 3004. 

2. In additfon, pool water could be checked €or conductivity to 

ascertain that it is not the source of poor quality water. 

3. I€ necessary, regenerate resdn in Bullding 3004 demineralizer 

following procedures. 
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.. . 

Annun c i a t or : 

Alarm Condition: 

AP-9, "Pool Cooling Temp >95"F" 
Alarms when pool heat exchanger pool water 

discharge temperature is greater than 9 5 ° F .  
Indicates that the cooling system's capacity is 

exceeded. 

Sensor Name: TE-42 (same a s  AP-2) 

Type : Gas-filled bulb 

Posit ion: Pool heat exchanger 

Physical Location: 3042 basement, NW corner 

Set Points: High temperature alarm - 9 5 ° F  

Low temperature alarm - 85'F ( A P - 2 )  

Equipment Response: None 

Operator Actions: 

1. Check multipoint and digital records and determine pool primary 

and secondary temperatures at heat exchanger inlet/outlet. 

If the pool secondary temperatures are high: 

a. 

2. 

check the manual set point adjustment on the regulating 

valve controller to assume proper set point; and 

check pool secondary system for loss of flow, fan, etc. b. 
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Annunciator: AP-10. "Pool  Level" 
Alarm Condition:: 

Sensor Name: 
.̂ ~ .._. _____. 

rrw : 
Position: 
PhysPcaP Location: - 
Set Points: 

Alarms :*hen the  water level in either reactor, 
center, o r  wfit pool drops 8 in. below overflow 
NOTE: Also displays on annunciator panel located 
3rd level, north pool side raPl j ng 
LS--26A - Reactor 

- 2 7 A  - Center 
-28A - West 

Magnetic float witch 

One in cach pool 
A l l  on north side of pool near dam abritmenLs 
8 in. below overllow 

Equipment  Response 5 No ne 
Operator Actions: ---.. . 

1. Check actaal pool level on standpipe recorder. 
2. Check makeup rate. Comnerace makcrip actkons if necessary. 

Ensure normal makeup system hac; been f u n c t i o n i n g .  

a. visual cheek of pool and pool Tloor region i n  basement, 
3 .  Deterralne leak o r  discharge locations, I.ee, 

pipe Gunnel, T Y ~ C  tor deminrl-ali z e r  cubic1 e\s , subpile room, 
et-c. ;  

b. check fill and drain system l i n e u p ;  and 

c .  check pool cooling and degasifler lineups. 

refer t o  Abnormal Operating Instructions, AOI-1 o r  AOI-2, 
Section 7.9.  
CAUTION: - 
would emit approximately 1,000,800 R/h In air .  l'iowever, tests 
have shorn t h a t  if thc  fue l  has been removed from the  core 
at least 24 hours, it is unlikely it would melt i t s  
cladding, even in air .  N o r m a l  radiation levels above the  
spent  fuel will be about 50 mR/h with water level at the 
grating l e v e l .  Fue l  left i n  the "saw box" or in "seven-up" 
racks on the grating, or on the Isotope racks w m l d  result 
in unacceptable radiation level  8 - Those elements should he 

4 .  If leak I.s in prlmary system, o r  a rapid loss a f  pool water, 

Each s p e n t  fuel rod i n  stozagc on the  pool bottom 

moved to the pool bottom. 
Mechanical damage to fuel elements, which would release f i s s i o n  
product into the pool water, would r e s u l t  i n  unacceptable radi- 
ation l e v e l s  and severely csmplicare cleanup and recovery of 
pool leakage ./ 
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,, . . ._ 

Annunciator: AP-11 , "Reactor Pressure" 
Alarm Condition: Alarms when reactor inlet pressure drops below 

6 psig 
Sensor Name: PX-38 

Type : Bellows actuated pressure switch 

posit ion : Inlet to facility pumps 

Physical Location: In overhead, in extreme NE section of pipe tunnel 

(i.e., north facility pump cubicle) 

Set Points: Low level alarm: 6 psig 
None 

Alarm only 

NOTE: This alarm is misnamed. It will not alarm 

unless reactor pool level drops to the grating 

level (due to static head). This indication 

function is amply protected elsewhere, i.e., 

equalization leg. 

Equipment Res pons e : 

- - 

Operator Actions: 

1. Acknowledge alarm. 

2. Notify the shift supervisor. 



2-18 

Annunciator: 

A l a m  Condition: 

AP-12 )D “Facility Cooling“ 

Alarms on (1) l o w  pressure on facility cooling 

pump discharge maniEold, (2) low flow to  south 

facility (plug and annulus) of 80 gpm, ( 3 )  low 

flow to south faci-lity annulus of 75 gpin, or 

( 4 )  low flow t o  north facility of 100 gpm. 

Sensor Name: Px-39 

Type: Pressure switch 
I_ 

Position: Facility pimp discharge 

Physical Location: North pump cubicle  i n  overhead 

S e t  Points: <6 psig 

Sensor Name: PS-73%-A1, -131 

Type : Diaphragm switch and flow orffice 

PO S i t 1011 : Inlet line, acsiach facility 

Physical .Loeation: Panel, basement, north pool wall 

Set  Points: 

c__ 

Al-amn: <75 gpm 

Setback: <61 gpm 

Reverse: <59  gpm 

- 
- 
I” 

Sensor Name: FS-75E-A1, -B1 

Type : Diaphragm switch and flow orifice 

Position: I n l e t  line, s o u t h  facility 

Physical Location: Panel basement, north pool  wall 

___. 

__l-l_l_ 

Set Points: Alarm: - <65 &pin 

Setback: <51 gpin - 

Sensor Name: 

Reverse: <49  gpm - 
FT-302-Al, --I31 

Diaphragm swltch and flow ortfice 

Position: :Cn:Let line, north facility 

Physical --- Location: Panel, basement, subpile door 

S e t  Points: Alarm: <loo  gprn - __l_ll.-.~ 

Setback: <71 gpm 

Reverse: <69 gpm 
I 

- 
Equipment Response: Pump failure causes alarm only; furlther reduction 

causes setbacks. Even more reduction causes 

reverses, unless the power level is decreasing 

(at least 100 s negative per iod )  
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Operator Actions: 

1. 

2. 

3.  

4 .  

5 .  

Check total facility cooling flow on control room recorder. 

If facility cooling pump failure, place facility cooling pump 

that is in standby into service. 

Check south facility flow readings in north basement on panel 

near reactor degasifier cell. 

Check north facility flow on flow switch 302As and 302B in the 

north facility instrument rack near the subpile room door. 

If flows are low in either facility, notify supervision, and 

consider a reactor shutdown to avoid heatup of facility 

systems. 
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AP-13 " AT" -.._.. Annunciator: 

Alarm Condition: Alarms at (1) high AT = 13°F o r  (2 )  loss of power 
-. .. 

I~ 

on either recorder 
Sensor Name: TdE 1A3,  lR3, 1 A 4 ,  l B 4  ._.- 

Type : Kr 13 ..___._ 

P O S  i 2' <.on : Reactor inlet and exit lines 

P h y s i c a l  Location: Inside p i p e  chase 

Set Points: A l a r m s  13.0*F 

E a u i m e n t  Response: At 

Set back 13.5"P 

Slow S C K ~  15.5'F 

Possible Causes: 

O m r a t o r  Act'bons: 

A t  

1. 

2. 

13.5"F, a set back pltaa backup reverse 

15.5"F, a slow scram 

Low core f l o w  

High core power 

1. Determine 

2. Verify AT 
T i n l e t  and Toutlet 
reading; 3.: necessary reduce power manually using 

servo demand. If fur the^ reduction is necessary, use t he  nanual 

reverse, and scram. 

3. Verify adequate flow rates, Use pKilnary f low indicator. 

4 ,  Check pressure drops aCKOCrS inlet l eg  straJ.neT and primary 

header strainer. 

5. Check primary bypass  valve positZsn f o r  failure. 

6 .  Check secondary system temperatures. 
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Ap-14. "Reactor Demin. Exit Resist*' Annunclator: 

Alarm Condition: 

Sensor Name: 

Type : 

Poai t ion: 
-- 

Physical LOC ti 

Set Points: 

Equipment Response: 

Operator Actions: 

Alarm indicates poor quality water at the exit of 
either reactor demineralizer 

ACE-4A (north), ACE-4B (south) 

Conductivity probe 

Outlet line of reactor demineralizer 

Basement pipe tunnel 

Alarms - resistivity - <900,OOO ohm-cm 
Will shut its associated demineralizes discharge 

valve on alarm (i.e., ACV4A o r  ACV4B) 

1. Determine resistivity of demineralizer discharge water. If 

low (i.e., 900,000 ohm-cm or  less) ,  take the demineralizer out 

of service and regenerate demineralizer. 

2. Place reactor demineralizer that is in standby into service. 
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Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : 

Pos it ion: 

AP-15, "Reactor Outlet Temperature" 

Alarms (1) high reactor outlet temperature o f  

134°F in either header or (2) loss of  power to 

re corder 

TE-43 (south), TE-44 ( n o r t h )  

RTDs 

Exit water lines 

Physical Location: Pipe chase 

Set Points: Alarm - power failure to recorder (Wheatstone 
bridge ) 

Alarm - 134°F 
Setback - 135°F 
Scram - 140°F 

Equipment Res ponse : Increasing temperatures ( a s  shown above) result 

in set.backs or scrams. A backup reverse will 

occur unless there is at least a 100-s negative 

period e 

Possible Causes: High Tin3 high AT, low flow, high power 

ODerator Actions: 

1. Check inlet temperature, AT,  and flow indications on control 

pane 1. 

2. Check power levels. 

3. If temperatures and power level are abnormal or inconsistent; 

reduce power manually by servo demand, manual reverse, or scram. 
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... .. . 

Annunciator :  

A l a r m  Condi t ion :  

Sensor  Name:  

Type : 
- 
- 
P o s i t  ion :  

P h y s i c a l  Loca t ion :  

S e t  P o i n t s :  

Equipment Response: 

AP-16, "Reac tor  I n l e t  Temperature" 

A l a r m s  when r e a c t o r  i n l e t  t empera ture  is out of 

normal c o n t r o l  band, <117 o r  >123"F 

'IX-l lA 

Gas-filled b u l b  

Reac tor  i n l e t  water l i n e  

I n  round manhole, a long  s idewalk ,  s o u t h  of 

c o n t r o l  v a l v e  p i t  

Wi th in  normal band 117 t o  123°F 

1. C o n t r o l s  TCV-11 - primary bypass  v a l v e  

2.  Supp l i e s  one s i g n a l  t o  set p o i n t  computer f o r  secondary 

bypass  v a l v e  

3. No au tomat i c  p r o t e c t i v e  f u n c t i o n s  

P o s s i b l e  Causes: TCV-11 f a i l u r e  

Secondary system f a i l u r e  

Opera to r  Act ions :  

1. 

2. Check p o s i t i o n  of TCV-11, pr imary bypass  va lve .  

Determine i f  T i n  is h igh  o r  low and check AT. 

3. I f  T i n  i s  low 

a. check TCV-11 f a i l e d  i n  t h e  shu t  p o s i t i o n ,  and 

b. check secondary system t empera tu re  low. Take a c t i o n s  

as n e c e s s a r y  t o  r e s t o r e  proper  secondary tempera ture .  

4 .  If T i n  is h igh  

a .  check TCV-10 f a i l e d  i n  open p o s i t i o n ,  and 

b. check secondary  system t empera tu re  h igh .  Take a c t i o n s  

as n e c e s s a r y  t o  r e s t o r e  proper  secondary tempera ture .  
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m-17, '"Reactor Water A c t i v i t y "  _.-_I Annunciator :  

A l a r m  Condi t ion :  Alarms on i n c r e a s e  of pnrimea~y water i n l e t  

r a d i o a c t i v i t y  a t  300 mr/h 

Sensor Name: 

Type : 

Po s i t  i o n  : .....- 

RE-1A 

I o n i z a t i o n  chamber 

In l e t  l i n e  near Ventizrl 

Physical Locat ion:  I n  Ventur i  p i t  

Se t  Points: Alarms 300 mr/h 

Equipment Response: NQW 

Omrator  Act ions :  

1. I n v e s t i g a t e  source of a c t i v i t y  and i s o l a t e  SOU KC^ for  

i n c r e a s e d  a c t  ',vi t y . 
2.  Check gamma chambers, and co re  flux no i se  monitor .  T f  

abnorinal r ead ings  a r e  p r e s e n t ,  reduce power o r  shu t  dom. 

3 .  I f  d u p l i c a t e  h igh  r ead ings  e x i s t ,  proceed wi th  sampling of 

primary;  use s p e c i a l  preeauttons f o r  r a d i a t i o n  exposure con- 

trol ( i . e - ,  t a k e  " c u t i e  p i e "  r ead ings  a t  sample s i t e ,  wear 
p r o t e c t d v e  g loves ,  ecc.). 

4 .  I f  only t h e  Ventur i  p i t  r a d i a t i o n  alarm i s  a f f e c t e d ,  take 

r a d i a t i o n  r ead ings  I n  the  v i c i n i t y  of p i t  to  determine the 

r a d i a t l o n  B Q U ' S C ~ .  
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. . .~ ... 

Annunciator: 

Alarm Condition: 

Sensor Name: 

lLpe 

Position : 

Phvsical Location: 

Set Points: 

EcluiDment ReSDOnse: 

AP-18, "R Water Low Resist"' 

Alarm indicates poor quality primary water by 

decreasing resistivity 

ACE-1 

So lubr idge 

Facility pump bypass line, 118-in. SS tubing 

3042 basement on 1/8-in. SS tubing 

Adjustable; usually <270 K ohm-cm 

None 

Operator Actions: - 
1. Monitor reactor demineralizer exit/inlet alarms. 

2. Sample the primary for conductivity. 

3.  Investigate the. cause of the alarm. 

. .- . 



2-26 

Annunciator :  AP-19, "Main Plow" 

A l a r m  Condi t ion :  A l a r m s  when main f low d e c r e a s e s  t o  17,000 gprn 

Sensor  Name:  Ven tu r i  tube ,  JX-1 

Type : Ventu r i :  d i f f e r e n t i a l  p r e s s u r e  c e l l  

P o s i t i o n :  I n l e t  l i n e  upstream of s t r a i n e r  baske t  

P h y s i c a l  Loca t ion:  I n  p i t  i n  f r o n t  of pump house 

S e t  P o i n t s :  Alarms - 17,000 gprn 

Se tback  - 17,000 ( t o  60% power) 

Scram - 14,000 

Equipment Response: - Setback - 17,000 ( i f  above 60% power) 

Scram - 14,000 (if not  i n  eD'lkst'') 

I n c r e a s e s  s a f e t y  channel  s e n s i t i v i t y  - 12,000 gym 

P o s s i b l e  Causes: C i r c u l a t i n g  'pump ma l func t ion  

P ipe  system blockage 

Flow d i v e r s i o n  between t h e  pump d i s c h a r g e  and t h e  

Ven tu r i  

Opera tor  Ac t ions :  

1. Perform s e t b a c k  recovery  procedures  and, i f  necessa ry ,  scram 

recove ry  procedures .  

2. Determine t h e  cause  of low flow. 

a.  

b. 

c .  

Check f low r e a d i n g s ,  s t r a i n e r  APs, and primary makeup 

r a t e  t o  a s c e r t a i n  t h e  sou rce  of f low l o s s .  

I f  a l o s s  of pump is  i n d i c a t e d ,  shu t  t h e  pump d i s c h a r g e  

v a l v e ,  i n v e s t i g a t e  t h e  pump problem by e n t e r i n g  t h e  pump 

house ,  r e s t o r e  t h e  pump i f  p o s s i b l e .  I f  t h e  pump cannot  

be r e s t o r e d ,  perform a shutdown. 

I f  a p ipe  system blockage or f low d i v e r s i o n  ( o r  l e a k )  is 

i n d i c a t e d  s h u t  down t h e  r e a c t o r .  Take emergency procedures  

t o  remove decay h e a t  i f  adequate  shutdown f l o w  i s  not  pro- 

vided by t h e  system. 
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...... 

Annunciator  : 
I_ 

AP-20, "LO Shutdown Coolant"  

Alarms when r e a c t o r  f low d rops  below A l a r m  Condi t ion :  

Sensor  Name:  V e n t u r i  FE-9 

V e n t u r i  

P o s i t i o n :  I n l e t  l i n e  

1000 gpm 

P h y s i c a l  Loca t ion :  I n  p i t  

Se t  P o i n t s :  Alarms - 1000 gpm 

S t a r t s  shutdown pump a t  1500 gpm 

Equipment Response: S t a r t s  shutdown pump a t  1500 gpm flow; no o t h e r  

a c t i o n s  

P o s s i b l e  Causes: Loss of power t o  t h e  shutdown c o o l i n g  pump 

P i p e  b lockage  

Dive r t ed  f low upstream of t h e  V e n t u r i  

h e r a t o r  Act ions :  

/.?.. 

1. I f  t h e  r e a c t o r  w a s  a t  power, t h i s  alarm should  have been 

accompanied by a "Main flow" AP-15 alarm and scram. Refe r  

t o  t h i s  procedure.  

2. I f  t h e  r e a c t o r  has  been shu t  down w i t h  fo rced  c o o l a n t  f l o w  

f o r  a t  least  30 minu tes ,  l o s s  of a l l  pumping c a p a b i l i t y  does 

n o t  r e p r e s e n t  a s a f e t y  haza rd ,  as long as t h e  pr imary is  i n t a c t .  

3. I n  t h e  u n l i k e l y  even t  t h a t  a l l  t h r e e  c o o l a n t  pumps, a l l  t h r e e  

pony motors,  and t h e  emergency c o o l i n g  pump are a l l  inopera-  

t i v e  on a r e a c t o r  scram, t h e  c o r e  should  be kep t  covered wi th  

water. C a l c u l a t i o n s  and exper iments  i n d i c a t e  t h a t  damage 

w i l l  n o t  occur  t o  the ORR core i f  i t  i s  k e p t  covered.  

NOTE: A f t e r  shutdown, t h e  decay h e a t  remaining i n  t h e  c o r e  w i l l  
d e c r e a s e  t o  about  2 .1  MW immediately and t o  about  1.0 MW a t  1 min. 
I n  a d d i t i o n ,  even w i t h  a t o t a l  l o s s  of a l l  pumping power, i t  would 
t a k e  almost  1 min f o r  t h e  f low through the c o r e  t o  c o a s t  down t o  
z e r o  assuming pr imary i n t e g r i t y .  C a l c u l a t i o n s  show t h a t  1 min 
a f t e r  shutdown, w i t h  no f low,  t h e  c o r e  w i l l  be p r o t e c t e d  by n a t u r a l  
convec t ion  with a s a f e t y  f a c t o r  of about  5. It would be impor t an t ,  
however, t h a t  bo th  t h e  i n l e t s  and o u t l e t s  of t h e  f u e l  e lements  and 
t h e  r e a c t o r  t ank  be k e p t  unobs t ruc t ed .  Extremely low f o r c e d  f l o w  
rates (abou t  300 gpm o r  less) through t h e  c o r e  may a c t u a l l y  be 
d e t r i m e n t a l  t o  t h e  n a t u r a l  convec t ion  f o r c e s  of decay h e a t  removal 
and may not  remove t h e  h e a t  as w e l l  as no flow, e s p e c i a l l y  du r ing  
t h e  f i r s t  few minu tes  and hour s  fo l lowing  a shutdown. 

P 
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Annunciator: AP-21, "Makeup Tank Leve 1 HI-ZO" 

Alarm Condition: Alarms o n  high level ( 3 3  in.> and on low level 

9 in-1 in reservoir tank 

Sensor Name: 

Type : 

Posit ion: 

LT-Pending- P 

"Bubbler" AP cell 

Mounted on top of makeup tank 

Physical Location: Basement, makeup tank,  in overhead above heat 

exchangers. 

Set Points: 20%, 90% 

Equipment Response: None 

Possible Causes: 1 .  Sudden displacement o f  water from the pool t o  - 
the makeup tank 

2. Failure o f  makeup valve 

ODerator Actions: 

1. Check the pool overflow rate. 

2. 

3 .  Check the makeup valve operation. 

4 .  Check valves f o r  demineralizer water makeup to reactor p o o l s .  

Check the pool demineralizer system lineup. 
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,._._ 

Annunciator: 

Alarm Condition: 
m 

Sensor Name: 

Type : 

Posit ion: 

Physical Location: - 
Set Points: 

E quipmen t Response : 

AP-22, "Water Test" 

Alarms when "raise-test" switch is in TEST posi- 

tion. Note equipment responses below. 

"Ra ise -t e s t 'I s wi t ch 

NA 

Test switch in test 

Reactor control panel 

NA 

Test position on the raise bypass switch will: 

1. bypass the low flow and low AP scram 

protection, and 

2. activate low-level scram circuit f o r  No, 3 
safety channel. 

This allows reactor operation in subpower levels 

(less than NL) with no flow or variable flow 

rates. 

Operator Actions: - 
1 .  Use low-power test precaution and procedures. 

,_.... 
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Annunciator: 

Alarm Condition: Alarms at low pool primary cooling flow of 500 

AP-23, I__ "No Pool Cooling -.-...__. Pu& 

gpm 
Sensor Name: FE-3 

Type : 

I Posit ion: 

Physical Location: Overhead, in line 203, in pipe tunnel 

Set Points: Alarms: 500 gpm 

Orifice and AP cell 

Pool return from heat exchanger 

Reverse: 500 gpm (if above 1.8 NL) 

E qu i pme n t Re s pons e : 

1. Kicks reactor out of "run'a mode. This causes a reverse t o  

1 . 8  NL. 

2. Will trip pool secondary pump to s t o p  pool secondary €low. 

Operator Actions: 

1. Recover from reverse. 

2. Determine the cause of  the loss of pool cooling flow. Check 

blockage in heat exchanger and filters. 

3 .  Monitor pool level on control panels to ensure no major loss 

of pool coolant. 

NOTE: A major concern with the low pool cooling pump flow is the 

supplied to the beam-tube liners joining the l o s s  of cooling spray 

reactor tank. 

4 .  Restore pool coo ing flow or shut d o m  the reactor. 
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...-- 

Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : 

Posi t ion : 

- 

AP-24, "Emergency Pump Blocked" 

Alarms when an electric shutdown emergency pump 

is blocked out (i.e., the switch block has been 

removed from its receptable or the graphic 

control panel). 

NA 

Physical Location: 

Set Points : 

EcnuiDment ResDonse : NA 

Operator Actions: - 
1. Monitor safety conditions for de-energized emergency coolant 

P W P  
2. This alarm is manually activated by removing blocks. 

. .-.. 

... 



Annuncla tor  : 

A l a r m  Condi t ion :  

Sensor Name: 

Type : 

P o s i t i o n :  

P h y s i c a l  Loca t ion:  

Se’; P o i n t s :  
_-.____ 

EcuiDment Response: 

NOTE: AP s e t t i n g s  

2-32 

AP-25, “Reactor  AP’. 

A l a r m s  on a low A?? a c r o s s  tine c o r e ,  cor responding  

t o  a f low rate  of 17,000 gpiu 

PdT-55 

R e l l O W s  2LCtu3ted l E i C P O S W f  tC11 

South i n l e t  l i n e  

I n e i d c  p I p e  chase ,  near RTDs,  c l o a r  to  entrdrace 

AI arm: 19,800 gpm ( e q u i v a l e n t  f l o w  because core  

c o n f i g u r a e € o n  can change A‘S) 

Setback to  60%: 17,000 gpm 

Scram: 14,800 gpm 

I n c r e a s e s  s a f e t y  channel  sensitPvlty: 12,000 

Setback a t  17,000 gprn 

Scram a t  14,000 gpm 

w r e  chosen so as t o  be measwed by e q u i v a l e n t  
f l o w  rates,  s i n c e  the a c t u a l  AP a c r o s s  t h e  core would vary  w i t h  core 
c o n f i g u r a t i o n ,  exper iments  i n  core, etc. S e t  p o i n t s  are changed 
Cdit:h each c o r e  t o  match 

P o s s i b l e  Causes:  1. 

2. 

3 .  

NOTE: During extreme1.y 

the! above f low rates,  

Malfunct ion  of t h e  primary bypass valve 

H%gh outdoor  ainhient temp, oratare 

F a i l u r e  of a s i n g l e  primary pump 

w a r m  weether, the bypass valve  i s  s h u t  
forcing all primary water through the hueat exchanger.  Thjls h igh  AP 
a c r o s s  the h e a t  exchanger will lower the c o r e  i n l e t  presslare and 
t h e r e f o r e  t h e  AP.  For sowe c o r e  c o n f i g u r a t i o n s ,  t h i s  v a l u e  can 
approach the  alarm set  p o i n t .  

Operator  Actions: . ... . . . 
1. 

2. 

3 .  

4 .  

Perform setback o r  scram procedures  as necessary  and deter- 
mine t h e  cause  o f  the  alarm. 

X f  s e t b a c k  So 602,  2nd conditione will not a l l o w  2 r e tu rn  t o  
f u l l  power n o t f f y  concenied researchers and/or  experiment 
o p e r a t o r s  and de termine  t h e i r  needs.  

I f  experiment  needs cannot  be satisfled, recommend a shutdown 
t o  t h e  reactor s u p e r v i s o r .  

If h o t  weather has  caused t h e  bypass v a l v e  t o  shut,  AP condi -  
t f o n s  can be improved by t a k i n g  manual c o n t r o l  of the bypass 
v a l v e ,  opening t h e  v a l v e ,  and i n c r e a s i n g  T i n .  Do not  exceed 

= 1 2 3 ° F  or Tout = 134°F. T i n  
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AP-26. "Reactor Tower Fans" 

<. ..... 

Annunciator: 

Alarm Condition: Alarms when either secondary cooling tower fan is 

de-energized 

Sensor Name: 

Type : 

Posit ion : 

Physical Location: In secondary pump house 

Set Points: 

I_ Equipment Response: 

Possible Causes: 1. Power outage 

- 

2. Mechanical/electrical failure of fan/motor 

3.  Vibration switch cut off 

NOTE: In hot weather, loss  of cooling fans can result in a rapid 

increase in primary temperatures and a subsequent shutdown. 

Omrator Actlons: 

1. Determine the cause of fan loss .  

2. Monitor primary temperatures and reduce power if necessary. 

3 .  If tripped by the vibration switch, visually check the fan 

and attempt to locate the damage. If none is located, reset 

the switch and operate the fan in manual slow speed, monitor- 

ing for problem areas. Increase speed and continue monitoring. 

If, at any time, vibration or other abnormal signs develop, 

de-energize the fan or reduce speed. 
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Annunciator :  

A l a r m  Condition: 

Sensor Name: 

Type : 

P o s i t i o n :  
..........-. " 

Phpr s t ca 1 Lo ea 1: i. on : 

Set Poin t s :  -. 

Oaesator Act ions:  

AP-27, "Degasi f ie re '  

A l a r m s  on abnormal vacum, l e v e l ,  o r  flow i n d i c a -  

t i o n s  i n  reactor d e g a s i I i e r  system 

LE-3, Pw-53 (Vacuum s w i t c h )  

DI f f e r e n t i a l  prcssure c e l l  

Cia degas i f - l e r  tank 

Taps on bottom and top  of tank 

Low l e v e l :  <2 t n .  from bottom o f  sight gauge 

High l e v e l :  <1/6 i n .  from t o p  of sight gauge 

Low vacuum: 20 i n .  Hg in degasif:t.r tank 

H-IP/Low 1 . ~ ~ 1  in condenseT drain separator t a n k  

Degas i f  ier  pimp fat 1 ure 

Sensor c o n t r o l s  fPow through LCV5A to d e g a s i f i e s  

t a n k  

~. . ~ ..... _.- I 

1. I n v e s t i g a t e  the source of alarm and r a m e  of f a i l u r e .  

2 .  N o t t f y  t h e  s i t p e r v i s o r .  

NOTE: The degas i f i e r  removes gaseous f i s s i o n  p r o d u c t s  froin the 

reactor water ,  which i f  l e f t .  u n t r e a t e d  f o r  an extended length  of 

time, would increase t h e  airborrxe radiation l e v e l  i n  t he  reactor 

b u i l d i n g  + 

.. ~ . .. - 
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.. . 
- Annunciator: AP-28, "Main Pump Bearing HI Temp" 

Alarm Condition: Alarms when temperatures of pump bearings exceed 

200°F ( 9 5 ° C )  on the electric shutdown/emergency 

pump o r  the primary pumps. Also alarms on loss 

of  electrical power, 

Sensor Name: 

Type : Thermocouples (chromel-alumel) 

Position: On pump bearing housing 

Physical Location: 

Set Points: 200°F (94°C) 

In primary pump house 

Equipment Response: None 

Operator Actions: 

1. Determine the cause of the alarm. 

2. At the pump house, determine the degree of severity of tem- 

perature rise. Attempt to correct the abnormality. 

3 .  If the bearing is excessively hot, shut down the reactor and 

the associated pump. 
_..... . 
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AP-29 "Catch Tank" -.9...--- Annunciator :  .. . 

Alarm Condi t ion :  A l a r m s  when NOG c a t c h  t a n k  l e v e l  exceeds 314 f u l l  

o r  when tank i s  emptied 

Sensor N a m e :  

9E: F l o a t  swi t ch  

P o s i t i o n :  A t  NOG c a t c h  t a n k  

P h y s i c a l  Loca t ion:  NW co rne r  o f  c a t c h  tank l o c a t e d  SE co rne r  o f  

basement 

S e t  P o i n t s :  High: 314 f u l l  -.I 

Low: empty 

Equipment Response: _... ^ None 

P o s s i b l e  Causes.  Water ca r ryove r  i n t o  NOG system .._ 
F a i l u r e  of  f l o a t  v a l v e s  a t  t?OG s e r v i c e  p o r t s  

O J ~ J ~ ~ O K  Act ions :  

1. Purge t ank  w i t h  a i r  t o  remove water t o  WC-19 ( a i r  supply  

v a l v e  l o c a t e d  a t  t he  sump o r  west w a l l  o f  basement) .  

2 .  I f  abnormally h i g h  amounts of  water  ace  d e t e c t e d ,  i n v e s t i g a t e  

t h e  sou rce .  

NOTE: 

p l u s  s p e c i a l  b u i l d i n g  r a d i a t i o n  c o n t r o l  areas such a s  expe r imen ta l  

c e l l s  and h o t  c e l l s .  Abnormally e x c e s s i v e  water in t h e  WOG system 

s h o u l d  be i n v e s t i g a t e d  i n c l u d i n g  p o s s i b l e  causes  a d  e f f e c t s  upon 

t h e  components s e r v i c e d  by  NOG. 

NOG system s e r v i c e s  a v a r i e t y  o f  primary system components 
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Annunciator: 

- Alarm Condition: 

- ._.= ... 

Sensor Name: 

Type : 

Posit ion: 

Physical Location: 

Set Points: 

Equipment Response: 

Possible Causes: 

AP-30, "Sump Hi Water" 

Alarms when high-level sump pump is energized. 

Indicates that the 3042 ORR basement sump in-flow 

is greater than the capacity of the low-level 

sump pump. 

Ball float switch 

In ORR basement sump 

Under steel door grating in pipe tunnel floor 

None 

1. 

2. 

3 .  
4 .  
5. 

Operator 

1. 

2. 

3. 

4 .  

Excessive flow of  ground water springs into pipe chase and/or 

sump. 

Rupturelleak of primary in pipe chase. 

Rupture/leak of pool system piping in pipe tunnel. 

Regenerating activities of demineralizer in the ORR basement. 

Water line breaks inside or outside the building (possible 

lines include process, potable, demineralizer, o r  fire main 

lines). 

Act ions : 

Check low-level sump pump for proper operation. 

Investigate the source of the leak. Note the sump level. 

Determine if level is rising. Locate and isolate the leak. 

Monitor pool and primary makeup rates. If these indicate 

leaks, take actions as described in AOI-1 or AOI-2 (Section 

7.9). Locate and isolate the leak. 

If the sump level continues to rise: 

a. obtain a sample of sump water to help identify the 

source; 

notify the Laboratory Shift Supervisor and request assis- 

tance in locating sources outside the building, i.e., 

process water, etc.; and 

b. 

...._ 
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c. commence acti-ons to provide extra dewatering capabili- 

ties to the sump and/or basement areas. 

CAUTION: The ORR basememt is compXete1.y below ground level and 

could be flooded. Located in the basement are electrical motors, 

transformers, etc. and radioactive contaminated materials, equipment, 

resins, and filters, which can cause hazards t o  human safety. 

5. If necessary, provide dewatertng capacity in the followl.ng 

priority: 

a. 

b .  

C. 

a. 

CAUTION: 

portable pump(s)(such as 'Adorley pumps) discharging from 

sump to the sump discharge header; 

portable pump($) discharglng from the sump or  trench p l  t 

ta overhead process drain accesses (for example, through 

floor openings near t h e  overhead reservoir tank to f l o o r  

drains on the 1st floor); 

lining up the fill-and-draln pump to take a suction via 

line 235 in the trench pit and discharging to a srorage 

tank via valves 2358 and 218R (close valve 2058 to prevent 

discharging to the pool). This action requires removal. of 

a blank flange - special care should be taken to prevent 
clogging the suctlon with debris; and, 

for extreme flooding, the use of large-scale emergency 

dewatering capabilities, such as the F i r e  Department pumper 

truck. 

Severe flooding will cause (1) a loss  of pool cooling 

and facility cooling capabilities, which necessltates an emergency 

reactor shutdown and cooldo as well as (2) de--energizing of electri- 

cal equipment in the basement. The elevator shaft, subpile room, and 

NOG systems would become inoperative. Expensive laboratory equip- 

ment as w e l l  as reactor protective and conraminated equipment could 

be severely damaged. 
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Annunciator: 

Alarm Condition: 

Sensor Name: 

5pe: 
Position: 

Physical Location: 

Set Points: 

Equipment Response: 

ODerator Actions: 

AJ?-31, "Pool Tower pH*' 

Alarms on (1) high pH of 7.8; ( 2 )  low pH of 7.3; 
or ( 3 )  loss of power to pH recorder for the pool 

tower 

AphE-6 

pH probe 

Secondary inlet to heat exchanger 

In basement at heat adapter i n l e t  

High alarm - 7.8 

Low alarm - 7.3 
1. Starts/stops acid pump 

2 .  No other action 

1. Check float sticking on sample block discharge line. (NOTE: - 
The pH meter samples a continuous stream of pool secondary 

water drawn from the inlet thorugh the pH probe and dumping 

into the sump next to the pool heat exchanger.) 

2. Check pool tower basin pH samples and check operation of pH 

pump and correct if necessary. 

3 .  If necessary, control pH with manual acid addition until the 

system can be restored to normal. 
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Annunciator: .__..._ AP-32 ~ "Freezing" ..- 

Alarm Condition: Outside temperature drops to 35°F 

Sensor Name: NA 

Type : Thermistor 

P a s i c .  110n : 

Physical Location: 

Set EsoiAts: Alarm: 35°F 

On b u i l d i n g  roof  

Control room roof  near  access ladder 

Buiprnent Response: None 

%$rator Actions : 

1. ']Cake freezing precautions for outside or exposed equipinebnt. 

These i n e l u d e :  

a ,  check to ensure a l l  steam tracing is turned on ( t h e  

tracing provides hea t  to instrumentation and structural 

components or towers). 
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. ... . .. - 

Annunciator :  AP-33, "R Exch. Sec. Pump P r e s s u r e  LO" 

A l a r m  Condi t ion :  Alarms when secondary  pump d i s c h a r g e  header  drops  

below 25  p s i g ;  i n d i c a t e s  f a i l u r e  of secondary 

Pumps 
Sensor Name: PX-56 

5 P e  Bellows a c t u a t e d  p r e s s u r e  u n i t s  

P o s i t i o n :  Secondary pump d i s c h a r g e  header 
- P h y s i c a l  Loca t ion :  West end, secondary  pump house,  pump d i s c h a r g e  

heade r  

S e t  P o i n t s :  Low alarm: 25 p s i g  

No o t h e r  

Equipment Response: None 

P o s s i b l e  Causes: 1. Loss of secondary  pump - 
2. Loss of pump s u c t i o n  

3.  Loss of secondary  water on pump d i s c h a r g e  

Opera to r  Act ions :  

1. Monitor pr imary t empera tu res .  Reduce power n e c e s s a r y  t o  

c o n t r o l  Tin < 123°F. 
2. I n v e s t i g a t e  cause  of alarm. Kes to re  secondary  pumps i f  

p o s s i b l e .  P l a c e  s p a r e  secondary pump i n  s e r v i c e ,  i f  one 

pump has  s topped  and cannot  be r e s t a r t e d .  

3.  If  t h e  secondary  system i s  u n a v a i l a b l e  as a h e a t  sink, s h u t  

down t h e  r e a c t o r  and c o n t i n u e  pr imary f low f o r  decay h e a t  

removal. 
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Annunciator :  

A l a r m  Condi t ion :  
.____ 

Sensor N a m e :  

Type : 

Po s i t  i o n  : 

P h y s i c a l  Loca t ion :  ---- 

S e t  P o i n t s :  

Equipment R e s  pons e : - 

P o s s i b l e  Causes: 

,4p-34, " R  Tower  Bashn II,O Level"  

Alarms on (1) h i g h  l e v e l ,  51 i n .  o r  ( 2 )  low 

l e v e l ,  45  i n .  i n  tower b a s i n  

LX-30 LE-30 

Conduc t iv i ty  water l e v e l  P c e l l  

A t  tower b a s i n  

South end of b a s i n  I n s i d e  pump house 

n e a r  s t r a l n e r s  NW c o r n e r  (SW 

(ups t ream of s t r a i n e r s )  co rne r  of b a s i n  - 
downstream of 

s t r a i n e r s )  

Both s e n s o r s  feed  same alarm l e v e l  switches 

1. None on LX-30 (probe  d e v i c e )  

2 .  LE-30 c o n t r o l s  makeup water f o r  b a s i n  from 

p rocess  water  

1. Low l e v e l s  

Ruptured secondary p i p i n g  

Ruptured b a s i n  

Malfunct ioning  makeup v a l v e  

Loss of makeup water supply  

Malfunctfon of d r a i n  v a l v e  

2. High l e v e l s  

F la l func t ioning  makeup valve 

Opera tor  Ac t ions :  

1. 

2 "  

3 .  

Determine f f  l e v e l s  are h igh  or low 

I f  l o w ,  t a k e  steps t o  add water t o  inventory. 

a.  Check makeup v a l v e  o p e r a t i o n .  Take manual c o n t r o l  t o  

v e r i f y  proper  mechanical  Sunct lons .  

b.  Check d r a i n  v a l v e  operation. 

e. I f  a h igh  makeup r a t e  i s  a p p a r e n t ,  investigate f o r  

secondary  p i p i n g  l e a k s  e 

I f  h igh  water  l e v e l :  

a. check makeup va lve  f o r  proper  o p e r a t i o n .  
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Annunciator :  

A l a r m  Condi t ion :  

Sensor  N a m e :  

Type : 

P o s i t i o n  : 
__I 

P h y s i c a l  Location: 

S e t  Poin ts :  

Equipment Response: 

A€'-35, "R Exch -- Sec Temp" 

A l a r m s  a t  (1) low tempera ture  80°F ( 2 )  h i g h  tern- 

p e r a t u r e  123°F 

TE-47A TE-47B 

G a s - f i l l e d  bu lbs  

Exchanger i n l e t  Exchanger outlet 

I n l e t  secondary ~n p i t ,  west s i d e  

pump house of tower near by- 

p a s s  c o n t r o l  v a l v e  

LOW 80°F - h i g h  123°F 

Sensors  p rov ide  i n p u t  f o r  t h e  secondary  pneumatic 

c o n t r o l l e r .  No emergency a c t i o n s  i n i t i a t e d  on 

any p a r t  of t h e  system. 

P o s s i b l e  Causes: 1. Low t emperarufe  

a. Primary water f low s topped  

b. Towers having  ove rcoo l ing  e f f e c t  

c. Tower for c o n t r o l l e r s  ma l func t ion  t o  ove rcoo l  

d. Secondary bypass  v a l v e  f a i l e d  shut  

2. Hfgh t empera tu res  

a. High ambient. t empera tu re  

b. Tower f a n s  not f u n c t i o n i n g  

e .  Secondary bypass  v a l v e  f a i l e d  open 

d .  Primary t empera tu re  h i g h  

Opera tor  Ac t ions :  
-I 

1. Determine h i g h  or low t empera tu res .  

2 .  If l o w ,  

a. moni tor  pr imary t empera tu res  and n o t e  pe rcen tage  of f l o w  

bypass ing  h e a t  exchanger ,  

b.  check Tin$ 

c. check cooling towers f a n s  - reduce  t h e i r  speed or  s e c u r e  

them, and 

d. check secondary  bypass  v a l v e  f a i l e d  shut. 
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3. I f  high, 

a. monitor primary temperatures, 

b. check t h e  function o f  the secondary bypass valve and t h e  

reactor tower f a n s ,  and 

reduce reactor power if ~iecessary to maintain Tin < 123°F 
and Tout < 134°F.  

if the secondary system cannot be returned to normal. 

c .  

Shu t  down the reactor I f  necessary or 

Sensor Name:  

Posit ion: 
~ 1 -  

Physical Location: 

Set Points: 

Equipment Response: 

Possible Causes: 

AP-36 

S p a r e  

Operator Actions: 
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Annunciator: 

Alarm Condition: 

Sensor Name: 

5pe: 
Posit ion: 

Physical Location: 

Set Points: 

E cl 'u i Dme n t Res DO ns e : 

Possible Causes: 

AP-37, "Reactor Tower Basin Tempgs 

Alarms when water in secondary cooling tower 

basin is (1) low at 65'F, ( 2 )  high at 88°F 
73-48 

Gas-filled bulb 

Submerged in south end of basin pool 

Mounted inside a p i p e  running from south end 

of basin to 2 ft from basin floor 

LOW 65'F - high 88'F 
Same sensor provides control sensor t o  tower fan 

speed controller. No protective functions are 

generated with the alarm. 

1. Low temperature 

a. tower fans overcooling, 

b. low ambient temperature, 

c. secondary bypass valve failed shut, and 

d .  low pr€mary demand. 

2. High temperature 

a. tower fans not functioning to provide 

cooling, 

b. high ambient temperature, 

e. secondary bypass valve failed open, and 

d. high primary demand 

Operator Actions: - 
1. Monitor primary temperature. Determine if basin temperature 

is high or  low. 

2. Assume manual control of bypass valve if necessary. 

3.  Check tower fans, pumps, etc. for proper functioning. Take 

manual control if necesssary. 
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Annunciator: 

Alarm Condition: 

Sensor Name: 

Type: 
Posit ion:  

Physical Location: 

Set Points: 

E qii ipment Res pons e : 

Possible Causes: 

ODera to r  Actions: 

AP-38, "Blank - spare' '  

Spa re  
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Annunciator :  

A l a r m  Condi t ion :  
- 

.___. 

Sensor  N a m e :  

P o s i t i o n :  

P h v s i c a l  Loca t ion :  

S e t  P o i n t s :  

AP-39, "Reactor  Tower pH" 

Alarms when r e a c t o r  secondary water (1) drops  

below 7.3 o r  ( 2 )  rises above 7.8 
ApHE 7 

pH meter  

Takes con t inuous  t r i c k l e  sample from pump d i s -  

cha rge  heade r ,  th rough pH meter, t o  d r a i n  

Sample p o i n t  off t h e  d i s c h a r g e  l i n e  n e a r  w e s t  

wall;  pH probe;  n e a r  t h e  sample s i n k  

Low 7.3; h i g h  7.8; a c i d  a d d i t i o n  system 6.8 
Equipment Response: - 

1. Same sensor c o n t r o l s  v a r i a b l e  s t r o k e  p u l s e  f e e d e r  t o  main ta in  

b a s i n  pH a t  7.6 

2 .  No p r o t e c t i o n  f u n c t i o n s  

Opera tor  Ac t ions :  

1. I n v e s t i g a t e  t h e  cause  of thE pH anomaly. 

2 .  Check t h e  o p e r a t i o n  of t h e  a c i d  a d d i t i o n  pump and sys tem.  

Take special  p r e c a u t i o n s  f o r  hand l ing  a c i d s .  

3. I f  a c i d  pump is n o t  working p r o p e r l y ,  p l a c e  t h e  a c i d  pump t h a t  

i s  in s tandby i n t o  s e r v i c e .  

4. I f  n e c e s s a r y ,  c o r r e c t  pH of  t h e  secondary by manual a d d i t i o n  

of a c i d .  
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nnllllnc l a  t o r  : 

Alarm Condi t ion :  

Se r.3 o r  N a m e  : 

Type : 

Po s i  c i o n  f 
..I_.II_ 

M-40, "NOG Hi Temp" 
----I- 

A l a r m s  on power f a l l u r e  t o  r e c o r d e r ,  o r  high 

tempera ture  i n  f i l t e r  p i e  e x i t  l i n e  ( i n d i c a t e s  

p o s s i b l e  f i r e  i n  f i l t e r  p i t )  

E--902-1, -2 ,  -3, - 4  

ThermocoupEss 

I'm i n  each P P l t e r  bank 

.. Yhysical  .... LocatLon: I n  t h e  NOG f i l t e r  p i t ,  all downstraem of charcoal .- ................ - 

f i l t e r s .  TWO each 111 b o t h  east: and west f i l t e r  

banks 

se: P o i n t s :  A l a r m s  a t  100°F (38°C) 
-11----1____-_ 

-_ Equipincint Response: A l a r m  o n l y ,  no equipment p r o t e c t i o n  

P o s s i b l e  Causes:  1. F i r e  i n  t h e  NOG p i t  
l_. . 

2. High tempera ture  g a s  S O I I T C ~  i n  t h e  NOG system 

NOTE: R a d i o a c t i v e  Iodine ( f i s s i o n  p r o d u c t ) ,  i f  

r e l e a s e d  i n f o  t h e  NOG sys tem i-ii s u f f i c i e n t  quan- 

tity, cou ld  generate enough h e a t ,  when t rapped  by 

t h e  charcoal, t o  i g n i t e  the c h a r c o a l  f i l t e r s .  

Opera tor  Act ions :  
__l.l 

1. Check r e a d i n g s  on a l l  four  thermocouples to v e r i f y  t h e  

a b n o r m a l i t y  . 
2.  Repor t  f i n d i n g s  t o  t h c  s h i f t  s u p e r v i s o r  aild t h e  T e c h n i c a l  

Advisor  

3. Shut down t h e  r e a c t o r  and i s o l a t e  t h e  f i l t e r  p l t  i f  a l l  r ead ings  

valldato a fire i n  t h e  f i l t e r  p i t .  
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. . . ._ 
Annunciator: 

. .*._ 

Alarm Condition: 

Sensor Name: 

5 P e  : 
Position : 

Physical Location: 

Set Points: 

- Equipment Response: 

Possible Causes: 

Operator Actions: 

AP-41, "Pressure Off Gas Act Hi" 

Alarms at POG activity greater than 4.5 mr/h 
RE-62 

Geiger-Muller tube 

PQG filter pit exit line 

In lead shield, an exit line elbow above ground 

level at POG filter pit, south of cell ventila- 

tion filter pit 

High alarm: 4.5 mr/h 

Alarm only 

1. Failure of an experiment 

2. Purging actions by experimenters 

NOTE: The PQG (pressurizable off-gas) system is not in operation unless 

a particular experiment has special needs for its service. The POG 

system piping is rated to withstand a positive pressure of 108 psig. 

1. Check instrument status in the experiment control room, and 

information in the Experiment Information Book. 

2. Contact the experimenter to determine causes, needs, or 

objectives. 

3 .  If necessary, contact the Operations Division Experiment 

Coordinator or the Technical Advisor for further information. 

4 .  If necessary, shut down the reactor. 

..... 
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Annunciator :  

Alarm Condition: __  

Type : 

P o s i t  ion: 

Fhys i c a l  Locat ion : 
~ ............. 

P o s s i b l e  Causes: 
~ 1-1 - - I - 

AP-42, "Secondary Radiation ~ 1111 H I ' '  

Alarms a t  1 .25 m r / h  r a d i a t ; n n  levels at secondary 

exit he,zder from r e a c t o r  h ~ n t  (Axehanger. ( E i t h e r  

oE t$>:o separate channels vi11 activate.) 

RE,  5 R E - 3 3  

Ceiger MUller Lube p robes  

Two channels n e 8 ~  exchanger d i scha rge  hpade r  

A t  ground level j u s t  north o f  fxxchanger pit 

1.25 mr/li  

No p ~ o t ~ c t i i l e  functions 

Failure i n  h e a t  exchanger  tmbe(s)  

Operator Actions: ............................... 

1. Check b o t h  channels  of secondary cadiation t~ v e r i l y  indications. 

7,  Sample t h e  secondaty  water to determine  ~adiation. 

3 .  if sampling v e r i f i e s  gross  secondary contamination, s h s t  dnwri 

t h e  r e a r  tor. 
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- Annunciator: AP-43, "NOG Hi Radiation" 

Alarm Condition: Alarms at 40 mr/h in NOG air water separator 

Sensor Name: RIM-67 RE-68 

Type Ge iger -Mi 11 er tube Ge iger-MU1 ler t ube 

posit ion: On air-water separator Filter pit exit 

on NQG header 

Physical Location: I n  ORR basement 

NOG water trap 

Set Points: Alarm: 40 mr/h 

South end of  pit at 

ground level (in lead 

shield) 

(Dual sensor actuated) 

Twice normal background 

Equipment Response: Alarm only, no protective functions 

Possible Causes: 1. Failed experiment 

2. Purging beam holes 

3. Release during hot cell work 

Operator Actions: 

1. Determine if experimenters have been purging beam ho les  and 

initiated the alarms, or if work within the building's hot cells 

initiated the alarms. 

2. Check t h e  instrument status in the experiment control rooms and 

information in the  Experiment Information Book to determine 

possible causes of the alarm. 

3 .  Contact the applicable experimenter and/or the Division Experi- 

ment Coordinator o r  Technical Advisor to determine needs, causes, 

and objectives. 

4 .  If necessary, shut down the reactor. 
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Annunciator :  ___ 

A l a r m  Condi t ion :  __._ 

Sensor  Name : PT-61 PT-60 

AP-44, " P r e ~ ~ u r e  Off Gas Press  ............. H i "  I. 

A l a r m s  a t  POG pressi.ire g r e a t e r  t han  -25 in. wate r  

I- T y E :  

P o s i t  i on  : 

AP c e l l s  AP c e l l s  

Reac tor  poo l  POG F i l t e r  p i t  i n l e t  

header  

P h y s i c a l  Loca t ion:  North ba lcony FOG f i l t e r  p i t  i n l e t  ..... .I_.I___. ._ 

r e a c t o r  poo l  

Se i  P o i n t s :  Alarm: -25  i n .  N7O 

Setback:  -20 in. H20 

Equipment  Response: ___I._. __ 
Reverse:  -19 i n .  H20 

Setback:  -20 i n .  1120 

Reverse:  -19 i n .  I-120 

No o t h e r  respanses 

- P o s s i b l e  ......... .... Causes:  1. F a i l u r e  o f  POG blower 

2 .  Clogged €il.teers a t  tank f a r m  

Opera tor  Act ions :  I 

- NOTE: The POG s y s t e m  i s  normal ly  n o t  i n  s e r v i c e  u n l e s s  a s p e c i f i c  

experiment  has POG demands. 

1. Check wiLth t a n k  farm pe r sonne l  t o  determine  t h e  s t a t u s  of  

blowers .  A backup blower systein cou ld  r ecove r  the PO@ system. 

2, Recover from the s e t b a c k  and reverse .  
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_...._. 

Annunciator :  

Alarm Condi t ion :  

Sensor  Name: 

Type : 

P o s i t i o n :  

- 
- 

P h v s i c a l  Loca t ion:  

S e t  P o i n t s :  

Equipment Response: 

ODerator Ac t ions :  

AP-45, "Normal Off Gas P r e s s  H i "  

Alarms on l o s s  of vacuum t o  -25 i n .  H 2 0  

PT-63 PT-64 

AP c e l l s  AI? c e l l s  

Reac tor  pool  POG 

heade r  Subp i l e  room header  

North ba lcony Outs ide  p i p e  chase  

r e a c t o r  poo l  door 

Alarm: -25 i n .  W28 

Setback:  -20 i n ,  W20 

Reverse:  

P i p e  chase - 

-19 i n .  H20 ( u n l e s s  100-s n e g a t i v e  

p e r i o d )  

Se tback:  -20 i n .  

Reverse:  a t  -19 i n .  ( u n l e s s  100-a n e g a t i v e  

p e r i o d  on log-N p e r i o d )  

No o t h e r  equipment r e sponses  

1. Check wi th  t a n k  farm pe r sonne l  t o  de te rmine  t h e  s t a t u s  of 

blowers .  A backup blower system cou ld  r ecove r  t h e  NOG system. 

2 .  Recover from t h e  s e t b a c k  and r e v e r s e .  
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Aniiiinceator : AP-46, ““Degas. Activity H i ”  

Alarm Condition: 1.1 

_l__-.-- 
Alarms on increase of radioactlvity of gaseous 
effluent from degasifier t o  55 mr/h 

1.- 

Sensor Name: RE-6 

QPe : Ge i g F? f - M d  le r tube pro be s 

Position: On reactor degasijSier condenser d r a i n  moi s tu re  
--.- 

_11___1 

s eparat, o r  

Physical Location: ORR Building basement 

._......I-I Set Points: ____ Alarm: 55 mrlh 
._ .. . .- ._ .-.-- 

Equipment Response: None -.-_I --- 
Possible Cause: Gasenus release into primary from f u e l  or expert- 

ments 

Operator Actions: - 

1. Cheek other primary a c t - i v i t y  m o n i t o r s ,  

2. Check primary water samples ,  

3 .  Notify HI” for assistance. 

4 .  T f  activity is increasing above normal, n o t i f y  Reactor 

Supervisor. 

If grossly high, or f f  l 6 N  shows an increase, shut  dawn the  

reactor. 

5. 

NOTE: If pr imary  Is grossly contaminated, I6N detectors are 

expected to shut down the reactor automatbcally. 
I_ 
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. 

Annunciator: AP-47,  "POG Pit Hi Temp" 

Alarm Condition: Alarms on high temperature in POG filter pits at 

8 5 ° F  

Sensor Name: TE-OGF-lB, and -2B 

Type : Thermocouples 

Posit ion: Downstream section of filter bank 

Physical Location: 

Set Points: High level alarm at 85°F 

Within POG filter pit 

Equipment Response: Alarm only; no other function. 

Operator Actions: 

1. Check readings on all four thermocouples to verify the 

abnormality. 

2. Report findings t o  the shift supervisor and the Technical 

Advisor. 

3 .  Shut down the reactor and isolate the filter pit. 

NOTE: Radioactive iodine (fission product), if released into the 

system in sufficient quantity could generate enough heat, when 

trapped by the charcoal, to ignite the charcoal filters. 
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Annunciator :  

Alarm Condit  i o n  : 

Sensor Name:  -. . . .. . .-. . . . 
Type: 
pos i. t i on  : 

P h y s i c a l  Loca t ion:  

S e t  P o i n t s :  

- Eq&ment Response: 

O ~ ~ - ~ ~ t o r  Ac t ions  : 

A P - 4 8 ,  "Annuli H i  Bress" 

A l a r m s  a t  +2 p s i g  p r e s s u r e  i n  a n n u l i  (whi-ch are 

a c t u a l l y  T i  lied w i t h  i n s u l a t i o n )  i n  p o o l  wal l  

c o n c r e t e .  Normal readings i n  t h i s  a rea  i s  -10 

i n .  Mg (vacuum). 

I_..____ 

Four p r e s s u r e  S W ~ ~ C ~ P S  

Both s i d e s  of embedded n o r t h  and sou th  i n l e t  

l i n e s  

North l i n e ' s  p r e s s u r e  s w i t c h e s :  l o c a t e d  1st  

f l o o r ,  f l o o r  Level ,  at n o r t h  c e n t e r  pool  f a c e .  

South l i n e ' s  p r e s s u r e  s w i t c h e s :  l o c a t e d  i n  base-- 

ment ,  i n s i d e  cell 2 equipment room, i n  overhead 

west  end.  

High alarm: +2 p s i g  pressure 

Normal r a d i n g s :  -9 t o  -12 i n .  water (vacuum) 

A l a r m  o n l y ;  no o t h e r  f u n c t i o n .  

NOTE: Alarm i n d i c a t e s  a p o s s i b l e  l a r g e  leak  from p r e s s u r i z e d  

( i . e . ,  30-35 p s i g )  pr imary in l e t .  wa te r  l i n e s  embedded i n  c o n c r e t e  

i n t o  t h e i r  a n n u l i .  A l a r m  swi t ches  a r e  i n s t a l l e d  on i n l e t  l ines:  

o n l y  and have separate d r a i n s  t o  n o r t h  and sou th  c o l d  t r a p  s t a t i o n  

i n  basement. Primary d i s c h a r g e  l i n e s  and the pool  l i n e s  a l s o  

drain t o  t h e s e  c o l d  t r a p  stations. 

1. Check pr imary makeup r a t e  on c o n t r o l  p a n e l .  I f  g r e a t e r  than 

norma l ,  manual ly  scram t h e  r e a c t o r ,  s e c u r e  main c o o l a n t  

pumps, and perform a r e a c t o r  cooldown on pony motors o r  t h e  

shutdown pump 

2 ,  N o t i f y  s u p e r v i s o r  and t r y  t o  l o c a t e  l e a k  s o u r c e ,  
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.___ 

Annunciator: 

Alarm Condition: 
- AP-49, "Filter Pit Hi Temp'* 

Alarms when any one of 14 thermocouples in the 

cell-ventilation filter pit reach 100°F ( 3 8 O C )  or 
on l o s s  of power to recorder 

Sensor Name: TECF 1-14 

Type : Iron-constantan thermocouples 

Posit ion: Located throughout filter bank 

Physical Location: Cell-vent filter pit 

Set Points: Alarms : 100°F 

Equipment Response : Alarm only 

Possible Causes: 
I 

1. Fire in the cell-ventilation filter pit 

2. High temperature gases in the cell-ventilation system 

ODerator Actions: 

NOTE: Should radioactive iodine (fission product) be released into 

the system in sufficient quantity it could generate enough heat, 

when trapped by the charcoal, to ignite the charcoal filters. 

1. Check readings on all thermocouples to verify the abnormality, 

2. Report findings to the shift supervisor and the Technical 

Advisor. 

3 .  Shut dawn the reactor and isolate the filter pit. 
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Annunciator: AP-50, ""Mal.n Duct Mi Press" . . .. . _. . _. . .. ._ 

Alarm Condition: Alarms on l o s s  of vacuum i n  main d u c t  to -3 in. 
I 

H P  
Sensor Name : PS-109 

Type : Diaphragm operated differential pressure 

microswitch 

Po sf . . . ._ t .--.- ion : Basement ce 11-ven t header 

Physical Location: East end of basement near east stairwell 

Set P o t n t s :  High alarm: -3 in. R 2 8  -- 
Low alarm: -7 In. H2O (AP-59) 

Equipment Response: 

Possib1.e. Causes : 

Overator Actions: 

Failure of blower 

1. Check with tank farm personnel to determine the s t a t u s  of 

blowers and backup blowers. A backup blower can recover the 

system pressure. 

NOTE:: Before a backup blower can rega in  the system it is likely 

that t h e  reactor will experience a setback or  reverse on low cell- 

ventilation flow (AP-57). Note a l so ,  that even i f  the system I s  

recovered, the Technical Specifications require khat a backup blower 

be available i f  the reactor is to continue operation (Para. 3 . 8 . 1 . e ) .  

2. If necessary, shut down the reactor. 

--- 



_.-- 
Annunciator: 

2-59 

AP-51. "Spare Blank9' 

Alam Condition: 

Sensor Name: 

Type : 
Position: 

Phvsical Location: 

- 

Set Points: 

Equipment Response: 

Passible Causes: 

ODerator Actions: 
- 

. .-. 
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AP-52, " S t r a i n e r  H i  Lo" 

A l a r m s  a t  h i g h  o r  low pressure drops  across  p r i -  

m a r y  s t r a i n e r s  

-~ .I--.-x Annunciator :  

A l a r m  Condi t ion :  

Sensor  Name: PI-1, PI -2  

Type: 
P o s i t  ion :  Across the p r i m a r y  s t r a i n e r  p i t  ( p i t  and v a l v e )  

P h y s i c a l  Loca t ion:  

S e t  P o i n t s :  LOW a la rm:  (for r u p t u r e )  6 . 5  p s i g  o r  p r e s e t  

Pr imary pump house s t r a i n e r  p i t  

cor responding  tc:, c o r e  

High a l a rm:  ( f o r  s t r a i n e r  p lugg ing)  8.0 p s i g  

or p r e s e t  v a l u e  

Equipment Response: - None 

P o s s i b l e  Causes:  Plugged s t r a i n e r  (h igh  A P )  

F a i l e d  s t r a i n e r  basket ( low AP) 

Opera tor  Act ions :  

1. Check c o n t r o l  room i n d i c a t o r  t o  de te rmine  i f  p r e s s u r e  i s  high 

(p lugg ing)  OF low ( s t r a i n e r  r u p t u r e ) .  

2. Check o t h e r  pr imary i n d i c a t o r s  t o  de te rmine  s y s t e m  s t a t u s .  



Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : 

Posit ion: 

Physical Location: 

Set Points: 

Equipment Response: 

Possible Causes: 

Operator Actions: 

2-6 1 

AP-53, "Spare Blank" 

. .-.. 

.- . 



Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : 

Posit ion: 

Physical Location: 

Set Points: 

2-62 

AP-54, "Spare Blank" 

Equipment Response: 

Possible Causes: 

Operator Actions: 
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Annunciator: AP-55, "Wind Speed >15 MPH" 

Alarm Condition: Alarms when wind speed on roof exceeds 15 mph 

Sensor Name: 

Type : Propeller gear weather vane 

Posit ion: Building roof, 3042 

Physical Location: Recorder is 2nd level west, sensor is NE corner 

Set Points: High level alarm greater than 15 mph wind speed 

EQu iDment Res~onse : 

Possible Causes: Impending storm 

NOTE: The original intent of this alarm was to alert the operators 

t o  initiate data collection for a negative pressure study on the 

building containment system. After the study was completed, the 

annunciator was left for operator information only. 

w r a t o r  Actions: No special actions required. 
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Annunciator :  

A l a r m  Condi t ion :  - 

Sensor Name: 

AP-56 "Bui ld ing  I Containment" 

A l a r m s  when b u i l d i n g  h a s  been p l aced  i n  eon- 

tainrnent by ( 1 )  manual o r  au tomat i c  actirati .on 

of  t h e  containment: c i r c u i t  ( see  A P - 5 8 ) ,  ( 2 )  

manual o r  automatic a c t u a t i o n  of t h e  F a c i . l i t y  

R a d i a t i o n  and Contaminati.on A l a r m  System 

(FRCAS), o r  ( 3 )  manual o r  aixtoniatic a c t u a t i o n  

o f  t h e  f i r e  a l a rm sys tem 

Gama mon-btors, moni t rons  

'l'hronxghout t h e  b u i l d i n g  

Ph s i c a l  Loca t ion:  Bu i ld ing  3042 94 _______ 
Set P o i n t s :  

Equipment Response: 

1. A l l  dampers a l lowing  a i r  i n t o  t h e  biJ i ldiog are s h u t  

a ut o m  t i c  a 1 1 y . 
2 .  A l l  roo f  f a n s  drawing bui ldi-ng a i r  t o  the atmosphere a r e  

s h u t  o f f ,  and t h e i r  dampers shut a u t o m a t i c a l l y .  

NOTE: I n  t h e  containment mode a l l  b u i l d i n g  a i r ,  as  w e l l  a s  NOG, 

POGY and c e l l  v e n t s ,  is drawn through the  f i l t e r  p i t s  t o  t h e  s t a c k s .  

P o s s i b l e  Causes:  1. R a d i a t i o n  r e l e a s e d  from a n  experiment  
~ 

2 .  Ruptured f u e l  p l a t e s  

3 .  F i r e  i n  the b u i l d i n g  

4 .  Ruptured or exposed s p e n t  f u r l  

I Opera tor  Act ions :  

1. N o t i f y  t h e  s h i f t  s u p e r v i s o r .  

2. Determine s t a t u s  o f  the b u i l d i n g :  especially r a d i a t i o n  l e v e l s  

i n  t h e  c o n t r o l  room. 

3 .  Determine i f  a haza rd  e x i s t s  f o r  t h e  c o r e ,  s p e n t  f u e l  

storage, or per sonne l .  

4 ,  I f  n e c e s s a r y ,  scram t he  r e a c t o r  and evacua te  t h e  b u i l d i n g .  
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Annunciator: 

Alarm Condition: 

Sensor Name: - 
Type: 

Posi t ion : 

AP-57, "Building Vent Lo" 

Alarms when the flow of air through the 

building cell-ventilation exit duct decreases 

from 9000 to 6000 cfm 

FE-65 

Pitot 

E - 6  6 

Venturi 

Downstream of cell Upstream of pump 

ventilation filter bank suction 

Physical Location: 

Set Points: Low level alarm: 6000 cfm 

About 10 ft downstream of filter pit 

Low level setback: 5000 cfm and reverse 

Equipment Response: At 5000 cfm, control-room air conditioning unit is 

de-energized (to close air conditioning dampers) 

Possible Causes: 1. Failure of blower 

2. Misvalving in the tank farm 

Omrator Actions: 

- NOTE: 

4000 cfm. 

1. At low alarm, notify the supervisor. 

2. If necessary, perform applicable setback/recover procedures. 

NOTE: If backup blowers fail and cell ventilation goes to zero, 

the filter pit must be valved out to prevent backflow from filter 

pit into the building. 

Technical Specifications do not allow operation below 
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Annuncia tor :  

Alarm Condi t ion :  
_. ... . .. AP-58, "Containment -. E Xectrsmeters"  

Alarms when e i t h e r  o f  twrs  containment  

e l e  c tr ome t e r  s" ( gamma mt9n i tors 

r a d i a t i o n  l e v e l s  

i nd  P ca t e h igh 

Sensor  N a m e :  RE -4 E . . - 5  -~ 
Type : G e  i ge  r-Min '11 e P t ubct Geiger-Miiller t ube  

probe probe  

P o s i t  ion:  i n  b u i l d i n g  a i r  Wi. t.h i n c e 1 1 -vent. 

d u c t i n g  
.-__l___m- 

P h y s i c a l  J.,ocation: Above c o n t r o l  i-oom I m e  di.a t e 1 y ups  i r e  a m  ..l.l.__.l - 
door  w i t h i n  l e a d  o f  f i l t e r  p i t  

s h i e l d  

S e t  P o i n t s :  75  mr/h 7.5 mr/h 

. Equipment ,. . ...... . Response: 
1.  A l l  dampers allowirig a i r  i n t o  t h e  b u i l d i n g  are  s h u t  

a u t  omat i. ca 11 y . 
2 .  A l l  r o o f  f a n s  drawing b u i l d i n g  ai.r t o  t h e  atmosphere a re  s h u t  

o f f ,  and  t h e i r  dampers s h u t  a u t o m a t i c a l l y .  

NOTE: In the containment  mode a l l  building a i . r3  as well as NOG, 

POG,  and c e l l  v e n t s ,  i s  drawn through t h e  f i l t e r  p i t s  t o  t h e  s t a c k s .  

P o s s i b l e  I Causes:  ._ ._. ._. .-. 1. Rad ia t ion  r e l e a s e d  from a n  experiment  

2 ,  Ruptured f u e l  p l a t e s  

3 .  Ruptured or exposed s p e n t  f u e l  

Opera tor  Ac t ions :  
..--I- 

1. N o t i f y  t h e  s h i f t  s u p e r v i s o r .  

2 .  Deiermine s t a t u s  of t he  building, e s p e c i a l l y  r a d i a t i o n  l e v e l s  

i n  t h e  control .  room, 

3 .  Determine i f  a haza rd  e x i s t s  f o r  t h e  c o r e ,  s p e n t  f u e l  

s t o r a g e ,  o r  personnel .  

4 .  If n e c e s s a r y ,  scram t h e  r e a c t o r  a n d  evacua te  the b u i l d i n g .  
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Annunciator: 

Alarm Condition: 
-- 

Sensor Name: 

Type : 
.--_--___1 

- 

Position: 

Phvsical Location: 

Set Points: 

AP-59, “Main Duct Lo PressQ‘ 

Alarms when static pressure in maln duct 

decreases to -7 in. H20 (i.e., excessive 

negative pressure) 

PS-109 

Diaphragm operated differential pressure 

microswitch 

Basement cell-vent header 

East end of basement near east stairwell 

High alarm: 

Low alarm: -7 in. H2O 

-3 in. M 2 0  (AP-50) 

Equipment Res pons e : 

Possible Causes: Both normal and standby blowers running simultaneously 

Operator Actions: 

~ 

1. Stop backup blower operation. 
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PS-111 

Physical Location: E a s t  end of basement near east  stairwell 

S e t  Points: 75 p s i g  

^_I. Equipment Response : A t  62 p s i ,  t h e  backup steam blower w i l l  s t a r t .  

Operator  Actions: I-..- 

1. Check with tank farm and nutify supervisor. 

NOTE: Mmis a i r  system provides  c o n t r o l  instrument a d r  to t hp  cell- 

v e n t f l a t i o n  blower controls and dampers. Loss of tnatrument air 

can have direct e f f e c t s  on the cell-ventilation S Y S L ~ Q  and, 

therefore reactor o p e r a t t o n .  Without i h l s  system ( o r  even a 

backup blower), the  r e a r l o r  system shou ld  be shut  down. 
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Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : 

Posit Ion : 

AP-61, "Turbine Steam Lo Press" 

Alarms when the steam header pressure drops to 

75 psig 

Steam inlet header 

Physical Location: At steam turbine inlet at stack area 3039 
Set Points: Alarms at 75 psig 

Equipment Response: 

Possible Causes: Break in steam lines 
I 

Operator Actions: 

1. If the steam supply is lost to the steam driven blowers and a 

backup blower is not available, then the reactor must be shut 

down according to Technical Speelficatlons. 

NOTE: Steam turbine temporarily abandoned in 1983 stack modifica- 

tion project . 
. .-. . 
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AP-62, "Low Air F l o w  to Stack" 
I__ I.-....lp. Annunciator: 

Alarm Condition: Alarm on low air flow of 0.1 in. H20 AP in 

the  cell ventilation system to the stack 

Sensor Name: FE-119 

V P e  Pitot tube 

Position: In duct to stack (abandoned in stack modifica- -_____ 
tion during project February 1983) 

Physical Location: 

Set Points: 

Equi prnent Response: Reactor may be set back because oC 5000 cfrn --. .- --.. 
"building vent low" AP-37 

Poss ib l e  Causes: Both normal and backup tslowers in c e l l  venti- 

lation system are o f f  

Owrator Actions: 

1. Take same ac t ions  and concerns with backflow as in AP-57, 

c e l l  ventilation l o w  f l o w .  

.-__ NOTE: 
stack m o d i f i c a t l o n  p r o j e c t  of February 1983. 

T h f s  p o r t i o n  of the system was temporarily abarrdoned in the  



2-7 1 

Annunciator: AJ?-63, "Filter Seal Hi Level" 

Alarm Condition: Alarm at high water level in cell-ventilation - 
filter pit seal tank 

Sensor Name: 

Type : Float switches (2 each)(both also supply AP-64) 

Position: In water seal tank for cell-ventilation filter 

Pit 

Physical Location: East side of filter pit 

Set Points: High: 0.75-in.-€E20 differential between high 

and low actuation points 

LOW: (AP-64) 

Equipment Response: Sensors also control process water flow 

control valves for seal tank makeup 

Possible Causes: 1. Water level in seal tank too high 

2. 

3.  Excessive negative pressure in NOG system 

Rain/ground water leakage into vent pit 

(draining through CW-19) 

Operator Actions: 

1. Check seal tank makeup valves for proper operation. 

2. Notify supervisor. 
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Annunciator: 

Alarm Condition: 
-I.-__ 

AP-64, "Filter Sen1 Lo Level" 

Alarms on a low level in the  ce l l  ventilation 

f i l t e r  pit, warning o f  impending l o s s  of sea4 

water in the pit 

___ -. 

Sensor Name: _. 

Type T Float switches ( 2  each)(Both also supply  A!?-63) 

Position: In water seal tank f o r  cell-ventilation filter 

pit 

Physical Location: East side o f  filter p i t  

Set Polnts: High: (AP-63)  -.-- ... 
Low: 0.75-1A.-.II20 differential between high 

and  low actuation points 

Equipment Response: Sensors also control p r o c e s s  water control. 

valves  for seal tank makeup. 

Possible Causes: 1. Excessive negative pressure in c e l l  vent 

2. Failure QE makeup v a l ~ e  to open 

Operator Actions: 

1. Check the makeup valves for p r o p e r  o p e r a t i o n .  

2 .  Restore proper  tank l e a e l .  
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..-. 
Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : 

Posit ion : 

AP-65, "Hi Lo Curr Volt dc 1" 

Alarms on (1) overvoltage or undervoltage on 

primary pony motor batteries, (2) overcurrent 

or undercurrent on pony motor, and ( 3 )  removal 
of safety block 

B6 R7 

Solid state bridge Solid state bridge 

circuit voltmeter circuit voltmeter 

Measures voltage drop Measures current in 

across the pony motor the dc supply line to 

the pony motor 

Physical Location: Pump room north wall Pump room north wall 

Set Points: Overvoltage alarm: 41 V 
Undervoltage alarm: 37 V 

Overcurrent alarm: 10 A 

Undercurrent alarm: 5 A 

Equipment Response : All the above give alarms only; no protective 
functions. 

NOTE: Technical Specifications (Para. 3.8.2b)  require that two of 

the three pony motors must be functional to continue reactor 

operation. 

Operator Actions: 

c_I 

1. Check local panel in the applicable pump room to determine 

which of the four factors caused the alarm. 

2. If the reactor system is operating normally, alarms may indi- 

cate a faulty battery charger or battery bank. 

NOTES: 1. Battery charger may drop out on loss of power to the 

charger, etc. This circuit must be reset locally. 

2. The battery charger has an internal protective c o i l .  

Should this activate, an undervoltage alarm would result 

and the associated pony motor could still have the bat- 

tery bank to run in event of emergency. 
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Annunciator; Al?-66. "ac W r  dc  1" 

Alarm Condition: 

Sensor Name: 

Type : 

Po s -1. t: ion : 

Physical Location: 

Set Points: 

Equipment Response: .-. 

O D e r r a t o r  AcCIons: 
.I- 

Alarms when (1) 246-V ac electrlcal supply (TVA) 

to the battery charger is lost, (24 when safety 

block in eontrol room panel is removed, or ( 3 )  

overcurrent t o  battery charger 

Hagnetie disconnect switch (with overcurrent 

protection) 

Between battery charger and 240-V TVA supply 

Pump cubicle 

Alarms: L o s s  of power or overcurrent 

Alarm function on overcurrent to battery charger 

1. If alarm is only on one p m p ,  have battery charger checked 

€or overloading. 

2. If battery bank is sti.11 good (i.e., no overlundervoltage 

alarm), then pony I I I Q ~ O ~ S  are still functional. 

NOTE: ORR Technical Specifications (p. 3-12, para. 3.8.2.b) 

require that a minimum of two pump units must be available 

to provide at least 750 gpm f o r  30 min while at operation 

above 20 MW. 

3.  If all three pumps alarm, investigate circuit faults at panel 2 

at the doorway of the  electric shutdown pump room. 
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. .~ .  . .  

Anmnciator : 

Alarm Condition: - 

Sensor Name: 

AP-67, "S1 dc 1" 

Alarms when (1) the manually operated electrical 

disconnect switch between the battery charger and 

the batteries i s  opened or ( 2 )  the test block at 

the eontrol room panel is removed 

S1 

Type : Knife switch 

Position; In line between battery charger and battery 

Physical Location: North w a l l ,  pump cubicle 

Set Points : Open or shut 

Equipment Response: Alarm only; no other function. S1 switch has no 

automatic or protective function 

Operator Actions: 

1. This alarm is manually activated and should not occur during 

normal operations. 

2. If this occurs during operation: 

a. investigate for faulty alarm circuitry, and 

b. investigate the pump house and control room f o r  unauthor- 

ized personnel actions. 
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Annunciator: 

Alarm Condition: 

AP-68, *-s2 dc -__^ 1- -I._ 

Alarms when (I.) the manually operated S2 discon- 

nect switch between the battery and pony motor 

is opened o r  ( 2 )  the safety block at the control 

panel is removed 

Sensor Name: s2 

Type Knife switch 

Position: In 'bine between battery and pony motor 

Physical Location: North wall, pump cubicle 

Set Points: Open or shut 
I______ 

Eq ui pmen t R e  s pons e : Alarm only; S2 switch has no automatic or 

protective function 

Operator Actions: 

1. This alarm is manually activated and should not occur during 

normal operations. 

2. If t h i s  occurs during operation: 

a. investigate f o r  faulty alarm circuitry, and 

b .  investigate the pump house and control room for unathor- 

€zed personnel actions. 
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. .-. 

Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : - 

Po sit ion : 

Physical Location: 

Set Points: 

Equipment Response: 

Ap-69, "Hi Lo Curr Volt dc 2" 

Alarms on (1) overvoltage or undervoltage on 

primary pony motor batteries, (2 )  overcurrent or 

undercurrent on pony motor, and ( 3 )  removal of 
safety block 

R6 R7 

Solid state bridge Solid state bridge 

circuit volemeter ci r cu i t vo 1 tme e er 
Measures voltage drop Measures current in 

across the pony motor the de supply line to 

the pony motor 

Pump room north wall Pump room north wall 

Overvoltage alarm: 41 V 

Undervoltage alarm: 37 V 

Overcurrent alarm: 10 A 

Undercurrent alarm: 5 A 

All the above give alarms only; no protective 

functions . 
NOTE: Technical Specifications (Para. 3 .8 .2b)  require that two of 

the three pony motors must be functional to continue reactor 

operation. 

Operator Actions: 

- 

1. Check local panel in the applicable pump room to determine 

which of the four factors caused the alarm. 

2. If the reactor system is operating normally, alarms may indi- 

cate a faulty battery charger or battery bank. 

NOTES: 1. Battery charger may drop out on loss of power to the 
charger, etc. This circuit must be reset locally. 

2. The battery charger has an internal protective coil. 

Should this activate, an undervoltage alarm would result, 

and the associated pony motor could still have the bat -  

tery bank to run in event of emergency. 
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Annunciator: 

Alarm Condition: 

Sensor Name: 

Type: 

Position: 

AP-70, “ac Wr dc 2“ 

Alarms when (1) 240-V ac electrical supply (TVA) 

to the battery charger is lost, (2) when safety 

block in control room panel is removed, o r  ( 3 )  
overcurrent to battery charger 

Magnetic disconnect switch (with overcurrent 

protection) 

Between battery charger and 240-V TVA supply 

Physical Location: Pump cubicle 

Set Points: Alarms: Loss of power or overcurrent 

Equipment Response: Alarm €‘unction on overcurrent to battery charger 

Operator Actions: 

1. If alarm i s  only on one pump, have battery charger checked 

f o r  overloading. 

2. If battery bank is still good (i.e., no over/undervoltage 

alarm), then pony motors are still functional. 

NOTE: ORR Technical Specifications (p. 3-12, para. 3.8.2.b) 

require that a minimum of two pump units must be available 

to provide at least 750 gpm for 30 min whlle at operation 

above 20 MW. 

3. If all three pumps alarm, investigate circuit faults at panel 2 

at the doorway of the electric shutdown pump room. 
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Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : 

Posit ion: 

AP-71, "S1 dc 2" 
Alarms when (1) the manually operated electrical 

disconnect switch between the battery charger and 

the batteries is opened or ( 2 )  the test block at 

the control room panel is removed 

s1 
Knife switch 

In line between battery charger and battery 

Physical Location: North wall, pump cubicle 

Set Points: Open or shut 

Equipment Response: Alarm only; no other function. S1 switch has no 

automatic or  protective function 
Operator Actions: - 

1. This alarm is manually activated and should not occur during 

normal operations. 

2. If this occurs during operation: 

a. investigate for faulty alarm circuitry, and 

b. investigate the pump house and control room for unauthorized 

personnel actions. 
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Annunciator: AP-72, “52 d e  2” 

Alarm C ond i ti. o IZ : _- 

Sensor Name: 

Alarms when (1) t h e  manually operated S 2  dis- 

connect switch between the bat.tery and pony motor 

is opened o r  (2) the safety block a t  the control 

p a n e l  is removed 

S2 

Type : Knife switch 

Position : In line between battery aid pony motor 

Physical Lacatlori: North wall, pump cubicle 
11---̂ 19 

Set Points: Open o r  shut . . .. . . ... . .. . 
Equipment Response: Alarne only ;  S2 stdrteh h a s  no nut-omatic o r  

pi”ott~c.t ive function 

-I Operator Actisns: 

1. T h i s  allarm is manually activated and should not occur during 

normal ope ra t ions .  

2. If this occurs d u r i n g  operation: 

a. investigate fop. faulty alarm c€rcuitry, and 

b. investigate the pump house and c o n t r o l  room f o r  unatksrized 

personnel ac t l o a s  
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Ap-73. "Hi Lo Curr Volt dc 3" Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : 

Position: 

Alarms on (1) overvoltage or undervoltage on 

primary pony motor batteries, (2 )  overcurrent or 

undercurrent on pany motor, and ( 3 )  removal of 
safety block in control room panel 

R6 R7 
Solid state bridge Solid state bridge 

circuit voltmeter circuit voltmeter 

Measures voltage drop Measures current in 

across the pany motor the dc supply line to 

the pony motor 

Physical Location: Pump room north wall Pump room north wall 

Set Points: Overvoltage alarm:: 38 V 
Undervoltage alarm: 33.5 V 

Overcurrent alarm: 10 A 
Undercurrent alarm: 5 A 

- Equipment Response: All above give alarm only; no protective functions. 

NOTE: Technical Specifications (Para. 3.8.2b) require that two of 

the three pony motors must be functional to continue reactor 

operation. 

Operator Actions: 

1. Check local panel in the applicable pump room to determine 

which o f  the four factors caused the alarm. 

2. If the reactor system is operating normally, alarms may indi- 

cate a faulty battery charger or battery bank. 

NOTES: 1. Battery charger may drop out on loss of power to the 

charger, etc. This circuit must be reset locally. 

2. The battery charger has an internal protective coil. 

Should this activate, an undervoltage alarm would result 

and the associated pony motor could still have the bat- 

tery bank to run in event of emergency. 

.... 
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AP-74. "ac Pwr dc 3'' 

Sensor Name: 

Alarm when (1) 24-0-V ac e,ectrieal supply (TVA) 

t o  the battery charger is lost, ( 2 )  when safety 

block i.n c o n t r o l  room panel 1.s removed, o r  ( 3 )  

overcurrent t o  b a t t e r y  chargar. 

Nagnetic disconnect s w i t c h  (with overcurrent 

proeclc t t o n )  

Po s i. t i o n  : 

.. Physical Location: .-._I 

Sell Y O I A t S :  Alarms: Loss of power or overc:urrent 

Between battery charger and 24Q.-V 'mi% supply 
Pump cubicle 

......... ~ 

.... 

- Equipmi?ilt Rssgonse: ........ 

Opera to r  Actions: 

A l a r m  function on overcurrent to battery ehargea- ........ 

----___. 

1. If alarm is only on one pump, have battery charger checked 

for overloading. 

2. If battery bank i s  still good ( i . .e. ,  no over/unde-svoltage 

alarm), then pony motors are still functional. 

NOTE: ORR Technical Specifications ( p .  3-12, para. 3 . 8 . 2 . b )  
require that a minimum of two pump units must be available 

t o  provide at least 750 gpm far 38 min while at operation 

3 .  If all three pumps alarm, investigatr cfrcuit f a u l t s  at panel 2: 

at the doorway Q €  the  e l ec t r i e  shutdown pump room. 



Annunciator: 

Alarm Condition: 

..-. 

Sensor Name: 

Type : 

Position: 

AP-75, "S1 dc 3" 
Alarms when (1) the manually operated electrical 

disconnect switch between the battery charger and 

the batteries is opened or ( 2 )  the test block at 

the control room panel is removed 

S1 

Knife switch 

In line between battery charger and battery 

Physical Location: North wall, pump cubicle 

Set Points: Open or shut 

Equipment Response: Alarm only; no other function. S1 switch has no 

automatic or protective function 

Operator Actions: 

1. This alarm is manually activated and should not occur during 

normal operations. 

2. If this occurs during operation: 

a. investigate €or faulty alarm circuitry, and 

b. investigate the pump house and control room for unauthor- 

ized personnel actions. 
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Annunciator : 

Alarm Conditlonr 

Sensor  Name: 

Type : 

Po si t i  on: 

Phvs i tal. Lo ca t i 0 n : 
-- 

Sec P o f n t s :  

Equipment Response: 

Alarms  when (1) t h e  manually o p e r a t e d  52 dis- 

connect swPIch between the b a t t e r y  and pony motor 

i s  opened or ( 2 )  t h e  safety block a t  t h e  control 

panel  i s  removed 

s2 

W i f e  switch 

In l i n e  between battery and pony motor 

North wall, pump cubicle 

Open or  shur  

Alarm only ;  S2 switch has no au tomat ic  or  

protective f u n c t i o n  

Operator A c t P o m s :  

1. This  alarm i s  manually a c t i v a t e d  arid should n o t  occur  d u r i n g  

normal o p e r a t i o n s .  

2. I f  t h i s  o c c u r s  d u r i n g  operation: 

a. Investigate f o r  Eatnlty alarm c i r c u i t r y ,  and 

b. i n v e s t i g a t e  che pump house and c o n t r o l  room f o r  unauthor- 

ized personnel  ac t tons .  



Annunciator: 

Alarm Condition: 

2-85 

AP-77, "Spare" 

.-. 

Sensor Name: 

Type : 

Posit ion: 

Physical Location: 

Set  Points: 

Equipment Response: 

Operator Actions: 

Annunciator: 

Alarm Condition: 

S e m o r  Name: 
- - ~  

Type : 

Position: 

Physical Location: 

Set Points: 

Equipment Response: 

*rator Act ions:  

-_I_ 

Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : 

Position: 

Physical Location: 

Set Points: 

Equipment Response: 

AP-78 "Spare'f I 

AP-79, "Spare" 

ODerator Act ions : 

.... 
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Annunciator :  AP-80, “Pr.hmary Makeup Flow H i ’ !  

A l a r m  Condi t ion :  Alarms when pr imary makeup r a t e  i s  g r e a t e r  t h a n  
~ .- 

30 gpm 

Sensor N a m e :  

Type: AI? c e l l s  

P o s i t  ion :  E q u a l i z e r  l e g  o r i f i c e  

Physical Locat ion:  ... 

S e t  Points: A l a r m s :  30 gpm 

Slow scram: 60 gpm 

Shutdown primary pumps: 75 gpm 

Equipment Response: 

Possi .ble  Causes:  1. Forced cooldown 

2. Primary l e a k s  

= ra to r  ... Act ions  : 

1. I n v e s t i g a t e  t h e  sou rce  of  water  l o s s  from primary inven to ry .  

2 .  I f  p o s s i b l e ,  valve o u t  t h e  s y s t e m  t h a t  c o n t a i n s  t h e  l e a k .  

3 .  I f  e x c e s s i v e  l e a k s  cannot  be  i s o l a t e d ,  s h u t  down the  r e a c t o r .  

4 .  I f  major  leaks a r e  i n d i c a t e d ,  re fe r  t o  AOI-I, S e c t i o n  7.9. 
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Annunciator: 

Alarm Condition: 

Sensor Name: 

Type: 

Posit ion: 

Phvsical Location: 

Set Points: 

Equipment Response: 

ODerator Actions: 

AN-1, "16N South" 

Alarms at 110%, scrams at 145% 

Gamma ionization chamber (not compensated) 

4-2818 (ORNL design) 

Reactor discharge line (sauth) 

Pipe chase about same height as thermocouple, 

clamped t o  outside pipe 
Alarm: 110% 

Scram: 145% 

None other 

1. Check other 

1613 monitor 

primary radiation meters, especially the other 

and the reactor water activity monitor. 

2. If these readings are also high, scram the reactor and inves- 

tigate the cause of the alarm. 

NOTE: 

active material release from the core into the primary system. 

16N monitors will probably be the first indication of a radio- 
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Annunciator: 

Alarn Condition: ._.. . .- 

Sensor  Name: 

AN-2 "Experiment I Reverse.!:. 

Wi.11 alarm and indicate a reverse has been 

requested b y  a specific experiment's protective 

c i.rcu it 

Pressure switches, pressure transducers, 

thermocouples ,  e t c .  

-._.....- Posit i o n :  In experiment 

Phys ita! L o c a t i o n :  In experiment 

S e t  Points: Varied 

m. Equipment . Response: Reverse, i . e . ,  all r o d s  d r i v e  in 

ODerator Actions: 

1. Investigate the cause o f  t h e  r eve r se :  

a. monitor readings in t he  experiment c o n t r o l  room, and 

b. contact experimenteris). 

2. If conditions cannot be corrected, shut down the reactor. 



2-89 

Annunciator: 

Alarm Condition: 

Sensor Name: 

Type: 

Posit ion: 

I 

Physical Location: 

Set Points: 

AN-3, 1116N North" 

Alarms at 110%, scrams at 145% 

Gamma ionization chamber (not compensated) 

9-2818 (ORNL design) 

Reactor discharge line (north) 

Pipe chase about same height as thermocouple, 

clamped to outside: pipe 

Alarm: 110% 

Scram: 145% 

Equipment Response: None other 

Operator Actions: - 
1. Check ather primary radiation meters, especially the other 

l6N monitor and the reactor water activity monitor. 

2. If these readings are also high, scram the reactor and inves- 

tigate the cause of the alarm. 

NOTE: 

active material release from the core into the primary system. 

16N monitors will probably be the first indication of a radio- 
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Annunciator: 

Alarm Condition:: 

Sensor Name: 

Type :: 

Pa sit ion : 

Physical Location: 

Set PoFnts: 

AN-4, “Experiment- -.-.- _.. §etbackmu 

Will alarm and I n d i c a t e  a setback to NL has been 

requested by a specific experiment s protective 

c ivcui t s 

Varied 

Varied 

Within experiment circuits or expertmcnts 

Withi l l  eXperiUEnt CiKetlitS OL” eXper~mt?ntS 

Varied 

Equipment Response: 

P. If the alarm condition is not cleared i n  5 s ,  and a 100-s 

negattve period i s  not  measured, an experiment reverse i s  

initiated. 

Operator Actions: 

1. Investigate the  cause of the setback: 

a. monitor readings in the experiment control room, and 

b. contact experimenter(s). 

2. If conditions cannot: be corrected, shut down the reactor. 



2-9 1 

Annunciator: 

Alarm Condition: 

Sensor Name: -- 

Position: 

Physical Location: 

Set Poin ts :  

AN-5, "Inst Start Tripout" 

Alarms when the "instrument start" condition is 

lost 

NA 

Limit switches 

Startup circuitry 

Control console 

NA 

Equipment Response: 

1. Returns to manual operation. 

NOTE: The alarm will not clear until the "instrument-start- 

request" button is depressed or until log-N = 0.6 Nt* 

Possible Causes: 1. Any reverse - 
2. 74omentary break in clutch power (i.e., during 

momentary power outage) 

Operator Actions: - 
1. Notify startup supervisor; locate cause of alarm. 

2. Return to instrument start or  continue manual startup. 



2-92 

Annunciator:  

Alarm Condit ion:  .- Alarms i f  t he  f i s s i o n  chambet: t h a t  i s  n o t  

s e l e c t e d  ( f o r  au tomat ic  operi3tion) i s  n o t  a t  

i t s  withdrawal  l i m i t  

Sensor Name:  

____- Type 
Pos i t i on :  

E f m i  t s w i t c h  

F i s s i o n  chamber d r i v e  

Physical ‘LocatPon: 

S e t  P o i n t s :  

Along t h e  f i s s i o n  chamber d r i v e  c h a i n  

Equipment Response: Warning alarm t o  keep t h e  non-selected f i s s i o n  

chamber from beEng damaged. 
--. 

Operator Act ions  : 
I 

1. Withdraw t h e  i n a c t i v e  f i s s i o n  chamber. 
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Annunciator: 

Alarm Condition: 

Sensor Name: 

_I Type 

Position : 

Physical Location: 

Set Points: 

EauiDment Response: 

Possible Causes: 

AN-7, " 1 Gamma" 

Alarms at 110% power level 

PCP- 10 5 

Gamma sensitive ionization chamber 

In  pool on west side of reactor tank 

Inside either north QT south tubes which posi-  

tion the chamber at the midplane of the Core 

Alarms: 110% 

Scrams: 145% 

Alarm 110% 

Scrams 145% 

1. High reactor power indication 

2. Flooding of beam holes 

NOTE: Originally installed to verify that safety channel neutron 

detectors were not shielded due to beam hole flooding. 
are presently drained and require special action to pipe water 

into beam holes. 

Beam holes 

Operatar Actions: 

1. Verify other power detectors indications. 

2. 

3. If other instruments indicate high levels, take corrective 

Verify reactor AT readings and 16N readings. 

actions with servo, a reverse, or a scram, as circumstances 

demand e 



2-94 

Annunc l a  t o r : AM-8. '' 2 Gamma" 

A l a r m  Condi t ion :  Alarms a t  110% power l e v e l  

Sensor  Name:  PCP-105 

5 P e  : Gamma s e n s i t i v e  i o n i z a t i o n  chamber 

P o s i t  i o n  : I n  poo l  on w e s t  s i d e  ~f reactor t a n k  

P h y s i c a l  Locat ion:  I n s i d e  e i t h e r  n o r t h  o r  south t u b e s  which pos t -  

t i o n  the chamber a t  t h e  midplane of t h e  c o r e  

S e t  P o i n t s :  Alarms: 110% 

Scrams: 145% 
Eqiifprnent Response : Alarm 110% 

Scrams 145% 
P o s s i b l e  Causes: 1. High reactor power i n d i c a t i o n .  

2. Flooding O €  beam h o l e s  

NOTE: O r i g i n a l l y  i n s t a l l e d  t o  v e r i f y  t h a t  s a f e t y  channel  neutron 

d e t e c t o r s  were n o t  s h i e l d e d  due t o  beam h o l e  f l o o d i n g .  Beam h o l e s  

are  p r e s e n t l y  d r a i n e d  and r e q u i r e  special .  a c t i o n  t o  p i p e  water 

i n t o  beam h o l e s .  

- 

ODerator Act ions :  

1. V e r i f y  o t h e r  power d e t e c t o r s  i n d i c a t i o n s .  

2 .  

3. If o t h e r  I n s t r u m e n t s  i n d i c a t e  h i g h  levels ,  t a k e  c o r r e c t i v e  

V e r i f y  r e a c t o r  AT r e a d i n g s  and ''N r e a d i n g s .  

a c t i o n s  w i t h  s e r v o ,  a r e v e r s e ,  o r  a scram, as c i rcumstances  

demand. 



2-95 

. .- 

Annunciator: 

- ..... 

Alarm Condition: 

Sensor Name: 
I 

Type: 
Posit ion: 

Physical Location: 

Set Points: 

__ Equipment Response: 

AN-9, "Fast Scram" 

Alarms when ( 1 )  a fast scram or an approach to a 

fast scram occurs, or (2 )  sigma-bus voltage 

decreases to the bus protection voltage 

Alarms when sigma-bus voltage = 1 .35  NF or log-N 

period =I 3 s 

Fast scrams when sigma-bus voltage = 1.45 NF or 
log-N period = 1 s 

Fast scram signals reduce electrical power to 

sigma bus which lowers voltage to the scram point 

on the magnet amplifier thus ensuring dropping of 

rods 

Operator Actions: 

1. Perform scram recovery actions. 

2. Investigate the cause of the scram. 



2-96 

Annunciator :  
I____ 

Alarm Condition: 

Sensor  Name:  .. . ..-. 

~ h y s  icaI Locat  ion : 

S e t  P o i n t s :  

Equipment Res pons e : ~. 

AN- 1 0 ~ I' 5 --B P e r  i o  d It 

A l a r m s  when e i t h e r  count  r a t e  p e r i o d  r e c o r d e r  o r  

when log-W perisd recorder i n d i c a t e s  a p e r i o d  

less  than 5 s 

-. .. .. ._ .- 

RS-96, KS-38, RS-3, a.r;,d RS-63 

Recorder c o n t a c t s  

Alarms - 5 s 

Reverse - 5 s ( c o u n t  r a t e  r e v e r s e  i n h i b i t e d  if 

log-N >1.8 "1,) 

Reverse a t  5-s p e r i o d  

+!.ator Act ions  ..- : 

1. Recover f r o m  reactor r e v e r s e .  

2 .  Deterinine cause  O €  t h e  r e v e r s e .  Clear t h e  c o n d i t i o n  and  r e t u r n  

t o  power. 



2-97 

_. ..... 

Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : 

Posit  ion : 

Phvsi cal Location : 

Set Points: 

Equipment Response: 

AN-11. "Insert 5 Rods" 

Alarms when five rod insert signal is generated 

from servo-reverse-limit swltch 

Servo-reverse-limit switch 

Limit switch 

Servo-limit-switch chassis 

Control console  

NA 

Simultaneous insert of all rods other than servo- 

controlled rod 

Operator Actions: 

1. Determine cause of servo system to c a l l  for power reduction. 

2. Take appropriate actions for reverse recovery. 

- 



2-98 

Annunciator :  

A l a r m  condition: 
- 

Sensor Name:  

Type : 

Position: 

Phrs i ca 1- Lo ea t Bo n E 

~- 

- - _ ~  

Set Points: 

AN-12, "1.8 NL i n  S t a r t "  

Alarms when the s e l e c t e d  log-N recorder  reads 
l____l______ __̂ .. ~ .._.. ______ 

1.8 NL and the 

Conciirrently a 

ws-7, RS-60 

Limit switch 

r e a c t o r  i s  sti.11 i n  "star?." mode. 

reverse is inl. t i a t d .  

I n  t h e  log-N recorders 

Recorder c a b i n e t  

1.8 NT, 

Revrl-se i n i t i a t e d  with the alarm 

NOTE: 1"n.l~ alarm does n o t  O G C U ~  if t h e  r e a c t o r  Is i n  "RUN" mode. 

Operator  Act ions :  ........................... ~ 

1. Recover from reverse .  Reduce power b e l ~ ~  1.8 NyA. 

2. Shift to "RUN" as d e s c r i b e d  i n  startup procedure i n  Section 1. 



2-99 

-. .... 
Annunciator: 

- 

Alarm Condition: 

Sensor Name: 

Type 

Position: 

Physical Location: 

Set Points: 

AN-13, "Safety Level" 

Alarms (simultaneous setback) when any one of the 
three safety recorders indicate 1.1 NF 

Limit switches 

Safety level recorders 

Control Room 
Alarm: 1.1 NF 

Setback: 1.1 NF 

Reverse: 1.2 NF 

Equipment Response : Setback: 1.1 NF 

Reverse: 1.2 NF 

Possible Causes: 1. Servo malfunction - 
2. Sudden reactivity increase 

Operator Actions: 

1.  Assure power is reversed and lowered. 

2. Perform setback or reverse recovery procedures. 

3. Investigate the cause of the high power signal. 

4 .  Correct: condition and return to power. 



Annunciator :  

A l a r m  Condi t ion :  

2 -  AM-14 "Sa fe ty  'Trouble" 

A l a r m s  when &he f a s t  scram c i r c u i t  t r o u b l e  moni- 

t o r  r e c e i v e s  a & r o u b l e  s i g n a l  from any one o f  

fou r  p o s s i b l e  channe l s  ( t h r e e  s a f e t y  and one 

p e r i o d ) .  Thesr t r o u b l e  signals i n d i c a t e  f a u l t s  

w i t h i n  the  c i r c u i t s  ( i - e . ,  l o s s  o f  i o n  chamber 

v o l t a g e ,  g r i d  v o l t a g e ,  e t c . )  and n o t  n e c e s s a r i l y  

abnormal c o r e  p h y s i c a l  paramcters. 

Sensor  Name: Various 

Type: Various 

pas i t  ion :  Fast scram c i r c u i t s  

P h y s i c a l  Loca t ion:  

S e t  P o i n t s :  Various 

C o n t r o l  room scram c a b i n e t s  

Equipment Response I- : None 

P o s s i b l e  Causes: 

%rator Ac t ions :  

1. No t i fy  t h e  s h i f t  s u p e r v i s o r .  

2 .  Check t r o u b l e  moni tor  pane l  t o  de te rmine  which of f o u r  channels  

s e n t  s i g n a l s  t o  i t s  sigma a m p l i f i e r .  

Check t h e  a p p r o p r i a t e  sigma a m p l i f i e r  tQ d e t e r n i n e  what s i g n a l  

was r ece ived  

3 .  

4 .  The s h i f t  s u p e r v i s o r  m u s t  e v a l u a t e  t h e  consequences of  t h e  

f a u l t s .  Should t h e  f a u l t  a f f e c t  one s a f e t y  channe l ,  h e  may 

e l e c t  t o  d i sconnec t  that: one channel  f r o m  t h e  sigma bus t o  

remove t h e  s o u r c e  of t h e  f a u l t  and t o  e f f e c t  r e p a i r s .  

NOTE: TWO s a f e t y  channels  a r e  r e q u i r e d  f o r  o p e r a t i o n .  

second channel  o r  a second s a f e t y  t r o u b l e  s i g n a l  w i l l  r e s u l t  in an 

au tomat i c  shutdown ( s e e  AN-16, "TWO Safety Troubles") .  

Loss  o f  a 



2-101 

Annunciator: 

Alarm Condition: 

Sensor Name: 

AN-15. "Servo Wdr Limit"' 

Alarms when the servo rod reaches the servo 

withdraw-limit. NOTE: This alarm is bypassed 

when (1) servo demand swlitch is in raise posi- 

tion or ( 2 )  the reactor is not in '"run." 

5 P e :  Limit switch 

Posit ion : 
I-- 

Limit switch chassis 

Physical Location: ORR control console 

Set Points:  

Equipment Response: Stops withdrawal of servo rod 

Operator Actions: 

NOTE: This darn alerts operator that the servo sod can no longer 

be withdrawn automattcally and thac power wi l l  sag if operator 

actlon fs not taken. 

1. Manually raise the servo limit switch using the servo rod 

- 

withdrawal button. CAUTION: Always observe nuclear instru- 

mentation when manipulating rod controls. 

2. In addition, servo limit switch may be raised by withdrawing 

other rods. 

3. Maintain servo indicator in middle posltion. 



2-102 

Annunciator :  

A l a r m  Condi t ion :  

Sensor  Name : ...I- 

-: 

AN-16, "Two S a f e t y  Troubles" 

Alarms when a second s a f e t y  t r o u b l e  a l a rm 

(AN-14) i s  r e c e i v e d .  A s imul taneous  r e v e r s e  i s  

i n i t i a t e d .  

i n i t i a t e  a r e v e r s e .  It takes two s a f e t y  t r o u b l e  

s i g n a l s .  

Various 

Various 

I_s_ NOTE: A per iod  channel  w i l l  n o t  

P o s i t  i o n :  F a s t  scram c i r c u i t s  

P h y s i c a l  Loca t ion:  ._.." Cont ro l  room scram c a b i n e t s  

Set P o i n t s :  Various 
___I- 

A s imul taneous  r e v e r s e  i s  i n i t i a t e d .  

Opera tor  Act ions :  

I.__._._- NOTE: 
and n o t  n e c e s s a r i l y  core  parameters o u t  o f  normal. 

1. Shut  down t h e  r e a c t o r  and i n v e s t i g a t e  t h e  f a u l t s  w i t h i n  t h e  f a s t  

Th i s  alarm i n d i c a t e s  f a u l t s  w i t k i n  t h e  f a s t  scram c i r c u i t r y  

scram c i r c u i t r y .  



2-103 

... 

__.-... 

Annunciator:  

Alarm Condi t ion :  

Sensor  Name:  

AN-17, "Slow Scram" 

W i l l  alarm and i n d i c a t e  a slow scram when a 

dropout  o r  makeup r e l a y  i n  t h e  scram c i r c u i t  has  

been a c t u a t e d  by a s p e c i f i c  r e a c t o r  c o n t r o l ' s  

p r o t e c t i v e  c i r c u i t s  

Relays 

Type : Cont ro l  r e l a y  

P o s i t i o n :  Within r e a c t o r  c o n t r o l  pane l  

P h y s i c a l  Loca t ion:  Wi th in  r e a c t o r  c o n t r o l  pane l  

S e t  P o i n t s :  Varied 

Equipment Response: The magnet c u r r e n t  t o  t h e  s i x  shim-safety c o n t r o l  

rods w i l l  be du t  o f f ,  t he reby  dropping t h e  s i x  

sh im-safe ty  c o n t r o l  rods. 

Opera tor  Ac t ions :  - 
1. I n v e s t i g a t e  t h e  cause  of t h e  slow scram. 

2. S t a r t  up t h e  r e a c t o r  when t h e  cause of t h e  slow scram has  been 

s a t i s f a c t o r i l y  c o r r e c t e d .  

. . .. 



2-104 

Annunciator :  

Alarm Condit ion:  

Sensor Name: 

Type : 
_I 

Pos i thon :  _ _ _ _ _ _ . ~  

AN-18, " R e ~ e r ~ t ? "  

W i l l  alarm and indicate a r e v e r s e  when a relay 

i n  the reverse circuit has been a c t u a t e d  by a 

Relays 

Control relay 

W i t h i n  reactor control panel 

_.I. P h y s i c a l  Loca t ion:  

Set P o i n t s :  Varied 

Within reactor ~ 0 n t r o 1  panel 

Eqtiipment - Response: 

1. The s i x  shim-safety c o ~ t r d  r o d s  w i l l  be inserted as long as the 

reverse r e l a y  i s  a c t u a t e d  or t int11 the respective seat s w t t c h  i s  

a c t u a t e d .  

2 .  'The r e a c t o r  will be switched from servo control to manual con- 

t r o l  when the reverse swltc l i  i s  a c t u a t e d .  

Opera tor  Ac t ions  : ... 
1. Investtgate t h e  cause of  t h e  reverse. 

2. S t a r t  up t h e  r e a c t o r  o r  re turn  t h e  r e a c t o r  power t :o t h e  d e s i r e d  

l e v e l  aa a p p r o p r i a t e .  



2-185 

Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : 

Position : 
- 
Physical Location: 

Set Points: 

Equipment Response: 

Possible Causes: 

O p e r a t o r  Actions: 
I 

AN-19, "Spare Blank" 



2-106 

AN- 2 0. '' S e t ba ck" Annunciator :  

A l a r m  Condit ion:  Will. alarm and i n d i c a t e  a se tback  when a r e l a y  

i n  the se tback  c i r c u i t  has  been actuated by a 

s p e c i f i c  p r o t e c t i o n  clrcuit 

Sensor N a m e :  Relay 

Cont ro l  r e l a y  

PO s i  e Ion : Within r e a c t o r  control panel  

P h y s i c a l  Location: Within r e a c t o r  c o n t r o l  panel  

S e t  Poin ts :  Varied 

- 
-__.I 

Equipment: Response: 

1. The servo  de~aand w i l l  be lowered as long as the se tback  r e l a y  i s  

a c t u a t e d ,  t h u s  i n s e r t i n g  t h e  No. 6 shim-safety con t ro l  rod. A 

s e t b a c k  i s  te rmina ted  a t  NL. 

2. If t h e  r e a c t o r  is i n  manual o p e r a t i o n ,  an experiment se tback  

will i n s e r t  t h e  No. 6 shim-safety c o n t r o l  rod as long as the 

s e t b a c k  r e l a y  Is a c t u a t e d  QP u n t f l  t h e  No. 6 shim-safety con t ro l  

rod seat  swlltch is a c t u a t e d .  

Operator  Act ions :  

1. l n v e s t l g a t e  t h e  cause of t h e  se tback .  

2.  S t a r t  up t h e  r e a c t o r  o r  r e t u r n  t h e  r e a c t o r  t o  the d e s i r e d  power 

l e v e l  as a p p r o p r i a t e .  



.... 

- Annunciator: 

2-107 

Ap-21, *'Spare Blank" 

Alarm Condi t ion :  

Sensor Name: 

Type : 
I 

- 
P o s i t i o n :  

Physical Location: 

Set Points: 

- Equipment Kes ponse ." 

P o s s i b l e  Causes: 

Operator Actions: 



2-108 

Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : 

Post  t i on  : 

Physical Location: 

Set Points: 

Equipment Response: 

Possible Causes: 

Operator Actions: 

AP-21 "Spare Blank" 



2-109 

_*. ., 

Annunciator: 

A l a r m  Condition: 

Sensor Name: 

AN-23, "Sigma ac Line Mon" 

Alarms when the sigma ac voltage decreases from 

normal value (approximately 120 V ac) to 105 V ac. 

and remains at or below this value f o r  5 s 

Type : 

Posit ion: 

Physical Location: 

Set Points: Alarms: 105 V ac for 5 s 

- 

Slow scram: 105 V ac for 5 s (clears at 108 V ac) 

Equipment Response: 

Possible Causes: Power fai 
NOTE: The circuit's function 

vided by fas t  scram circuits. 

affected by off-site power "b 

Operator Actions: 

ure or  voltage drop 
is to reinforce the protection pro- 

The fast scram circuits would be 

ownuut" or momentary loss .  

1. Start up and recover from scram whenever abnormal conditions 

clear using procedures in Sectton 1. 

- 



2-110 

Annunciator: 

A l a r m  Condition: 
I- 

-- 
Sensor  Name: 

Type : 

Position: 

Physical Location: 

Set Points: 

Equipment Response: - 
Possible Causes: 

Opera to r  Actions: 

AN-24, “ S p a r e  Blank“ .- 



2-111 

Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : 

Position: 

Physical Location: 

Set Points: 

EauiDment ReSDOnSe: 

Possible Causes: 

ODerator Actions: 

AO-1, "3004 Demineralizer Resistance Low" 

Alarms when the  conductivity of the effluent of 

the in-service demineralizer columns increases 

to 250,000 ohm-cm 

Conductivity probe 

Demineralizer(s) common effluent to the storage 

canal 

Sensing element in overhead above alley-way 

between the two cation tanks. The set point 

controller for this sensor is mounted on the 

west demineralizer column. 

About 250,000 ohm-cm 

With alarm the effluent line valve will close 

stopping f l o w  to the storage tank 

1. Depletion of demineralizer 

2. Inadvertent sending of caustic or acid to the 

storage tank 

1. Check the condition of in-service demineralizer by sampling pH 

and conductivity of effluent. If necessary, regenerate the 

depleted demineralizer. 

2. If during regeneration the alarm sounds, check the valve line- 

up to ensure causticlacid is not being sent to storage tank. 

CAUTION: Do not raise the alarm set point for the purpose of 

silencing the alarm. Notify the shift supervisor if the set p o i n t  

needs to be raised. 



Annunciator :  

Alarm Condit ion:  

Sensor N a m e :  

AO-2, "Hot C ~ 1 1 "  

Alarms on a c t i v a t i o n  of (I) f i r e  d e t e c t i o n  sys -  

t e m  o r  ( 2 )  p r e s s u r e  increases t o  -0.1 i n .  R 2 0  i n  

e i t h e r  the no r th  o r  s o u t h  ORR pool  ho t  c e l l  

Type : Pressure swl tch 
-I.- 

Posltion: 
___1- 

P h y s i c a l  Locat.ionn Reactor  pool  hot  c e l l  

S e t  P o i n t s :  Alai-ms: -0.1 H 2 0  p r e s s u r e  
I-. _....-___ 

-~ 
Equipment Response: F i r e  alarm a l s o  n o t i f i e s  t h e  f i r e  department 

Possible Causes: 1. Loss nf c e l l - v e n t i l a t i o n  service t o  hot cell. 
--.-.__1_1 

- 
(NOG i s  a backup s e r v i c e . )  

2. I n c r e a s e  i n  p r e s s u r e  t n  h o t  c e l l .  

3 .  Removl-ng top  plug t o  load  hot c e l l  w i t h  carrier.  

Operator  Act ions  s 
-_ll___s__ 

1. V e r i f y  t h e  alarms. 

2 .  N o t i f y  s h i f t  s u p e r v i s o r .  
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.- 
Annunciator: 

Alarm Condition: 

Sensor Name: 

Type : 

Posit ion: 

Phvsical Location: 

I__ 

Set Points: 

Equ.ipment Response : 

Possible Causes: 

Operator Actions: 

AO-4, "Neutralization Tank H-Level" 

Alarms when the neutralizer tank is >75% 

filled (or full) 

Pressure switch 

Building 3004, 1st Floor 

Neutralization tank 

- >75% filled 

None 

Tank is - >75% filled 

1. Add acid or caustic to the liquid in the neutralization as 

applicable t o  achieve a pH between 6 and 9 .  

2. Dump the neutralized liquid to the creek. 

... ... 
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Annunciator  : AO-3,  "3004 Demineral ized S to rage  . . . . . .. Tank _. Water 

Leve 1" 

Alarm Condi t ion :  Alarms when t h e  10,000 g a l l o n  d e m i n e r a l i z e r  
...______lp 

water  s t o r a g e  t a n k  i n  Bu i ld ing  3004 drops  below 

6 - f t  l e v e l  

S e n s o r  Name: . . .. .- 

TyDe : pr e s s ur c s wi t: ch +.- 

P os i t i o n  : Sto rage  t a n k  ( l e v e l  i n d i c a t i o n  O R  3004 1st  f l o o r )  

P h y s i c a l  -_____I Locat ion:  S to rage  tank 

S e t  P o i n t s :  Low alarm: 6 ft ~- 
E q 11 i pm? n t R e  s pons e : 

P o s s i b l e  Causes:  1. Using e x c e s s i v e  water  

None 

~........_I____ ~ 

2. No d e m i n e r a l i z e r  i n  s e r v i c e  

3 .  Water l i n e  b r e a k  

4 .  Buildi.ng 3019 e x c e s s i v e  water usage 

5 .  Leak t o  3001 canal  

6 .  Deni inera l i -zer  no& -valved i n  p r o p e r l y  

Opera to r  Act ions :  
-.1 

1. Locate  sou rce  o f  excess ive  usage ,  

2 ,  Ensure d e m i n e r a l i z e r s  in s e r v i c e .  

3 .  Ensure demine ra l i zes  v a l v i n g  arrangement  i s  c o r r e c t .  
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.- . ,.... 

Annunciator: AO-5, "OGR Trouble" 

I Alarm Condition: Alarms on (1) high radiation levels in Building 

3001, (2 )  high radiation in the canal water, or 

( 3 )  manual activation of the OGR elevator 

emergency button 

Sensor Name: 

Type : FRCAS monitrons and C A M ,  elevator manual switch, 

canal gamma monitor 

Posit ion: Various 

Physical Location: - 1. The FRCAS alarm panel i s  located on 1st floor 

SE corner o f  3001. It gives all monitor 

locations. 

2. The canal gama monitor is located in the 

canal storage tank discharge line supplying 

t he  canal demineralizer. 

3 .  The elevator emergency button is on the 
elevator. 

Set Points : Various 

Equipment Response: The canal gamma monitor alarm should stop flow to 

the demineralizer. 

Possible Causes: 1. OGR elevator stuck 

2. High canal water activity level (from isotope 

storage tank) 

3 .  FRCAS alarms f o r  OGR building 

%erator Actions: 

1. Investigate the cause of the alarm. 

2. Make necessary corrections and notify shift supervisor. 

3 .  I f  the canal water activity is high, take the demineralizer 

out of service. 

- .  



Annunciator :  _ . - ~  

Alarm C o n d i t i o n :  

Sensor  N a m e :  
-- 

I...__ 

Type : 

Pos  it i o n  : 

Physical Location: 

S c t  Points: 

E qu i pme n t Re. s pon 5 e : 

P o s s i b l e  Causes: 

Orserator Act ions :  

_I_- 

__-__ 
I 

___--..____- 
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Annunciator: 

A l a r m  Candition: 

Sensor Name: 

Type : 

Posit i o n  : 
-~ 

AO-7, "L-9 Monitor'* 

Under normal conditions, the annunciator light 

is on. An alarm will de-energize the light 

indicating a loss of power (or short )  on any one 

of the ten L-9 subgroups of annunciator power 

circuits .. 
Various 

Various 

Annunciator circiil ts 

Physical Location: Various 

Set Poin t s :  Various 
- 

EquPpment Response: I 
I 

P o s s i b l e  Causes: The L-9 circuit supplies power to a l l  ORR -. . . . ... 

annunciators. It is divided into IO subgroups. 

Should any single annunciator  circuit short ar 

€ault, it will de-energtze its associated sub- 

groups and therefore result in the above alarm. 

Operator Actions: 

1. Notify shift supervisor. 

2. Push annunci.ator test button t o  detertnlne which annunciator 

test i s  not functioning. 

3 .  Consideration should be given to those parameters that are not 
energized in the alarm circuit. Increased monitoring activi- 

ties of those parameters should be in ef fec t  until the cl.rcutt 

is repaired. 



Annunciator: 
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AO-8 " Spare" 

A l a r m  Condition: 

Sensor Name: 

Type : 

Posit ion : 

Physical Location: 

Set Points: 

Equipment Response: 

Possible Causes: 

Operator  Actions: 
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2 .I 3.9. Experiment Annunciators 

These annunciators are actuated through the experiment instrumenta- 

tion and serve to warn the operator of trouble at the experiment. The 

exact nature of  the alarm condition must be determined by observing the 

experiment instrumentation. Sfnce all of the stations of the panel are 

quite similar, a general description will be given here which will include 

the alarm, setback, reverse, and scram circuits- It should be noted, 

however, that all of these circuits are not necessarily involved for every 

experiment. 

1. Experiment instrumentation 

The instruments used by experimenters, particularly those 

related to the reactor control circuits, are carefully chosen f o r  

reliability and performance. The safety of the reactor and its 

personnel is as dependent upon the experiment instrumentation as 

it is upon the reactor instrumentation. For this reason, all 

experiment variables which are considered safety problems are 

dual monitored and double tracked. For example, in the case of a 

temperature variable measured wlth thermocouples, two thermo- 

couples would be supplied with a recorder for each thermocouple; 

and each recorder would have one circuit to relay an alarm, one 

circuit for setback, one circuit €or reverse and two circuits t o  

scram the reactor. 

2. Experiment switches ( "E-panel") 

To prevent extensive wiring changes each time an experiment 

is inserted into or removed from the reactor flux, special three- 

position switches, o r  "E" switches, Fig. 2.2, are used to effect 

reactor "tie-in." These switches are located on a vertical 

panel, Fig. 2 . 3 ,  at the east end of the control room and are key 

operated. Their use is limited to the Reactor Supervisor or, 
during shutdown, to instrument engineers directly in contact with 

the supervisor. Each "E-panel'' consists o f  a complex of wiring 

and relays which enable signals from the experiment instrumen- 

tation to be converted to a specific action; i.e., alarm, set- 

back, and/or scram. 
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4 9 14 3 

.............................................. . ____. . ... -. .- I 

F i g .  2 . 2 .  "E" switch. 



-. ..... 

2-121 

4 9 1 4 2  

Fig. 2 . 3 .  Panel o f  "E" switches. 
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3. - Normal, t es t ,  d i s c o n n e c t  .... .... 
T h e  t h r e e  s w i t c h  p o s t  Lions are somewhat s e l f - e x p l a n a t o r y .  

The "noraaal" p o s i t i o n  i s  t o  be used any t i m e  t h e  experiment i s  in 

t h e  r e a c t o r .  I n  t h 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  pane l  and,  i f  a p p l i c a b l e ,  t o  -the r e a c t o r  c o n t r o l  c i r -  

c u i t s .  A l i g h t  a t  t h e  ""E' panel  i n d i c a t i n g  t h a t  power has  been 

s u p p l i e d  should be l i g h t e d .  The s w i t c h  1.s not  t o  be turned from 
t h i s  mode whi le  t h e  experiment i s  i n  the 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  are i s s u e d .  

The "Lest" mode on t h e  "E'" pane l  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 tc . )  wi thout  

a f f e c t i n g  t h e  r e a c t o r .  During tests,  the feedback o f  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  the  same as if t h e  experiment  were con- 

n e c t e d  t o  t h e  r e a c t o r ,  except  t h a t  t h e  experimenrer's " t i e - i n "  

a n n u n c i a t o r  wl.11 be l i g h t e d .  I n  t he  "test '? p o s i t i o n ,  t h e  c o n t r o l  

room a n n u n c i a t o r  s t a t i o n  f o r  t h e  experi .nent w i l l  a l s o  remain 

l i g h t e d  and should be covered w i t h  an  opaque rnaterlal i f  t h e  

s w i t c h  i s  t o  remain i n  t h t s  mode d u r i n g  r e a c t o r  o p e r a t i o n .  

The "d isconnec t"  position comple te ly  severs t h e  experiment 

power from the "E" pane l .  In t h i s  p o s i t i o n ,  t h e  "power" l i g h t  

should  n o t  burn. The c o n t r o l  room experiment  annuncia tor  sta- 

t i o n ,  however, should be l i g h t e d  and covered i f  t h e  r e a c t o r  i s  

o p e r a t i n g .  

4.  Experiment a.l.am 
-__I_ 

Contac ts  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 

pane l  or 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 .  Auxil- 

i a r y  c o n t a c t s  w i t h i n  t h e  local .  a n n u n c i a t o r s  open 011 alarm and, 

ehrough the "E" p a n e l ,  de-energize 3 r e l a y  (FR-100 s e r i e s )  t o  

a c t u a t e  t h e  experiment a n n u n c i a t o r  i n  t h e  c o n t r o l  room. A l a r m s  

o t h e r  t h a n  t h o s e  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  

can  be made l o c a l  alarms only  i f  t h e  experiment  i s  manned. 
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5. Experiment setback or reverse 

The signal €or a setback or reverse comes from contacts in 
the experiment instrumentation itself and not through t he  experi- 

ment annuniciator as in the ease of an alarm. A setback signal 

from a recorder or  other device energizes a relay (RE-300 series) 

which in turn energizes relay R24Y (reactor setback) if the  ""e' 

panel is in the "normal" mode. Other contacts,  within the  same 

instrument, open to de-energize a relay in the RE-209 series and 

relay R-27 (reactor reverse) if the "E'" panel is in "normal." An 

experiment reverse will not occur if the reactor instrumentation 

is indicating a negative period <lo0 s as displayed by the log-N 

period recorder. 

6. Experiment Scram 

A scram is initiated by contacts (two per instrument, one 

normally open and one normally closed) within the experimenter's 

recorders or other devices. The normally closed contacts open a 
circuit through the "E" panel to a relay (RE400 series) which 

de-energizes relay R-28 if the "E'* panel is in "normal." This 

results in a slow scram. The normally open contacts, similarly, 

cause a slow scram by energizing a relay in the RE-500 series 
which, in turn, energizes relay R-28X. 

2.3.10. Outside Annunciators 

The outside annunciator panel is designed to accommodate eight alarms 

(A0 group) which could occur from operating conditions outside the ORR 

complex or which have little relation to the reactor. 

..-. . 
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2.4. ORR Console 

The r e a c t o r  c o n t r o l  desk ,  o r  c o n s o l e ,  i s  l o c a t e d  near  t h e  c e n t e r  o f  

t h e  c o n t r o l  room and is  so s i t u a t e d  t h a t  t h e  a t t e n d i n g  o p e r a t o r  i s  imr- 

mal ly  f a c i n g  t h e  p r o c e s s  and n u c l e a r  ins t rument  p a n e l s ,  F i g s .  2.4 and 

2.5. This  s e c t i o n  d e s c r i b e s  t h e  v a r i o u s  components t h a t  make up t h e  

c o n s o l e  and l i s t s  t h e  f u n c t i o n s  of each. 

2.4.1.  L e f t  I n c l i n e d  Panel  - S t a r t u p  Components 

1. "Scram" s w i t c h  

When not  i n  NO p o s i t i o n ,  t h i s  switch t u r n s  o f f  t h e  c u r r e n t  to  

t h e  magnets a l lowing  a l l  shim rods  t o  drop. 

2. "Scram-reset" b u t t o n  

With t h e  "Scram" s w i t c h  i n  NORNAL, t h e  "Scram-reset" b u t t o n  rnust 

be pushed t o  g e t  c u r r e n t  t o  t h e  magnets. 

3. Key-operated swi tch  

OFF: With t h e  swi tch  i n  OFF p o s i t i o n ,  t h e r e  I s  no power to  

t h e  r e a c t o r  c o n t r o l s  f o r  t h e  s t a r t u p  of t h e  r e a c t o r .  

OPERATE: This  p o s i t i o n  provides  power t o  t h e  r e a c t o r  

c o n t r o l s  for t h e  s t a r t u p  and o p e r a t i o n  of t h e  r e a c t o r .  -.- NOTE: A t  

any t i m e  t h a t  t h e  key i s  i n  t h e  s w i t c h ,  Reactor  Opera t ions  

S e c t i o n  personnel  rnust be i n  a t t e n d a n c e .  The s h i f t  s u p e r v i s o r  

should  have t h e  key i n  h i s  p o s s e s s i o n  should t h e  c o n t r o l  room be 

l e f t  unat tended.  

4. "Evacuation-alarm" b u t t o n  

T h i s  b u t t o n ,  when depressed ,  a c t u a t e s  t h e  b u i l d i n g  evacua- 

tion alarm and i s  t o  be used i n  accordance w i t h  t h e  evacuat ion  

procedure  a t  any t i m e  an emergency arises. 

R a d i a t i o n  and Contarninatton A l a r m  System, Sec t ion  9.1.3, -I_ The 

manual evacuation button. 

Refer  to F a c i l i t y  

5. "Raise-test" s w i t c h  -_ 
RAISE: With t h e  s w i t c h  i n  t h i s  p o s i t i o n ,  t h e  c u r r e n t  t o  t h e  

magnets i s  turned  o f f .  T h i s  p e r m i t s  t h e  r a i s i n g  of t h e  rod-drive 

a s s e m b l i e s  wi thout  t h e  s h i m  rods  attached when t h e  shim-rod )node 

s w i t c h  i s  set in RAISE. 
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TEST: Use of this position permits bypassing of the scram 

circuits of both the main flow and AP across the reactor. It 

permits checking out of the shim. rod drives and operation at 

low power without water flow. I n  addition, the sensitivity of 

the No. 3 safety channel is increased by a factor of 45 when 

the "Raise-test" switch is in the TEST position. 

6 .  "Bypass-reverse" switch 

BYPASS: This is a spring-return position that allows the 

period indicated by the count-rate and log-N period recorders 

to be less than 30 s during the startup of the reactor. It 

also allows the period to be less than 20 s if the "Fast-period 

permit" button has been depressed during startup. 

allows group rod withdrawal after the reactor controls are in 

the RUN mode. 

and log-N-period recorders cannot be bypassed. 

It also 

The 10-s period inhibit on the count-rate-period 

REVERSE: This is a spring-return position that inserts 

all rods at once. The reactor, if under servo control, is 

switched to manual control. 

7. "Group-rod-withdrawal" switch 

INTERMITTENT: In this position, those rods that are in 

either PREFERRED or NORMAL position will be withdrawn intermit- 

tently if the reactor controls are in the OPERATOR-START mode 

and a group withdrawal permit is obtained. A timer control 

supplies power to the  shim-rod motors one out of six seconds. 

The rod-in-motion light, located in the dial of the rod- 

position indicator, blinks on and off with the application and 

removal of power to the motor. When the period decreases to 

less than 30 s ,  this "intermittent" relay is tripped out and 

must be reset by turning the switch to NEUTRAL and back to 

INTERMITTENT. 

HIGH: This is a spring-return position so the switch must 

be held in this position by the operator. After the log-N 

recorder exceeds 0.001 NL, log-N confidence, this position 

becomes active and allows all six shim rods to be *ithdrawn 

simultaneously at full speed. This circuit is deactivated 

whenever the reactor period becomes less than 30 s ,  unless the 
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"bypass - T P V ~ T S ~ "  s w i t c h  is h e l d  i n  the BYPASS p o s i t i o n  to a l l o w  

the  p e r i o d  t o  bQ as shor t  as 20 s. Weact ivat ion i s  accomplished 

by tiirnlng the  s w l t c h  to NKIJTKAL. The 20-s p e r i o d  inhibit can 

be bypassed  by depressing t h e  "Fas t  -period-pesmC<-" b u t t o n ,  t he  

10-s period inhf h i  t cannot  be bypassed. 

operafor-  t o  r a i s e  Liie i c a r f o r  porger l e v e l  f rom shutdown i o  NL 

under s r r v c i  c o n t r o l .  T ~ P  mode of  o p e r a t i o n  I s  changed from 

O P E M l O R  START t o  RUN when fhc " ~ i l f i "  b u t t o n  i s  pushed, provided 

r u n  c o l i d i t i o n s  are net .  \*.an ~ k i e  ' O p e r ; ~ t ~ r - s t a r t "  s w i t c h  i s  

a c i u a t c d ,  tlie starlup horn sounds and a t  t h e  ternrinatPon of 

t h e  horn  sound,  t h e  c i r c u i t  w i t h  t h e  "G~oup-rod-?~~l thdrawal"  

swi tch  bccornes energizt?d . 
3 " I n s t r u r n c n t - s t a r t "  s v i t c h  

ThTs sw-ltrh p e r m i t s  L E ~ P  reackor  power 1evc.l t o  he r a i s e d  

from shuttlcnm 1-13 NL cemplet-ely under instramerxi supervision. 

The INSTRLRfENT-STAU mode i s  terminated vhen a s e r v o  insert 

error occurs  (normal ly  at N L ) .  When the i n s t z u m c n t - s t a r t "  

s w i t c h  is a c t u a t e d ,  t h e  s t a k t d p  horn sounds,  t h e  servo l i m i t  

switches lower t o  i h c  w-kthdraw l i m i t  s w i t c h ,  and t h e  f i s s i o n  

chamber (which should  be in AUTOMAPIC) i n s e r t s ,  if necessary, 

t o  glve a count ing  race  of a t  least 20 c p s  on t h e  c o u n t - r a t e  

recrarder. The count - ra te  reclcrder reading  must  be >20 cps  

beFore the INSTRUMENT-STAWT m ~ d p  can be obta ined  

10. "Fas t -per iod  permfr" . s v j t e h  -_____. .- 
This switch p e r m i l s  t h e  20-s period i n h i b i r s  on Lhe count-  

ratp and log-N r e c o r d e r s  t o  be bypassed ashen Dhe "Bypass- 

reverse" s w t t c h  i s  i n  the BYPASS p o s i t l o n .  The IC-s p e r i o d  

cannot  be bypassed. 

"Annunciator - .- reset -acknowl edge" button __ 11. 

ACKNOWLEDGE: This h u t t o n  p e r d t s  the alarm on the annun- 

c i a t o r  p a n e l  t o  be s i l e n c e d .  
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RESET: When depressed, this button permits the annunciator 

white section to be cleared after the abnormal condition is 

cleared. 

When an alarm sounds, both the redlyellow and white sec- 

tions of  the offending station will be lighted. 

push button must be pressed to acknowledge the signal. When this 

is done, the alarm will be silenced. When the abnormal condition 

has cleared, the red or yellow section will darken and the white 

section will remain lighted. The "reset" push button will darken 

the white section. 

The "acknowledge" 

12 . "Run" s wi t ch 

The RUN mode must be obtained before the power can be 

increased above 1.8 NL. 

button switch to obtain RUN; this ensures his presence at this 

time. 

be pushed if conditions are favorable for going to full power. 

If RUN mode is not obtained and the power continues to increase, 

all rods will be reversed when the log-N recorder reading reaches 

1.8 NL. The period on the log-N and count-rate recorders must be 

greater than 30 s before the reactor controls will go into RUN. 

The operator must depress the push- 

When the log-N recorder reaches NL, the push button should 

13. Meters indicating high sensitivity 

Microammeters indicate a condition of high sensitivity of 

the slow scram circuit which is active during low flow (<12,000 - 
gpm), low AP (corresponding to a main flow of - <12,000 gpm), and 

when the "raise-test" switch is in the TEST position. Each 

microammeter (one for each condition, i.e., low flow, lowAP, 

TEST position) has a 0-50 range and should indicate a reading of 

>10 when the conditions which it monitors exist. 

14. Annunciator test button for telealarm stations 

The push button will actuate all annunciators in the control 

room and poolside simultaneously to verify their abililty to 

respond to alarm conditions. After the annunciator test button 

is released, the acknowledge and reset switches will function to 

acknowledge and reset the annunciators. 

... ̂  
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2 . 4 . 2 .  Center  I n c l i n e d  Panel  - Opera t ing  . . .. . . . . . . Components _..I- 

1. D i g i t a l  v o l t m e t e r  
I_-_- 

T h i s  i n s t rumen t  i s  connected t o  a s e l e c t o r  swi t ch  which per -  

m i t s  t h e  con t ro l -desk  o p e r a t o r  t o  s e l e c t  , f o r  close-hiand obser -  

v a t i o n ,  the: reado1.11: of  one of  t h e  fo l lowing :  ( 1 )  t he  No. 1 

s a f e t y  channe l ,  ( 2 )  t h e  No. 1 g a m a  c h a n n e l ,  ( 3 )  t h e  north N-16 

channel  os  ( 4 )  the.  microrn icroametes  channel .  'This i n s t rumen t  

can be. u s e f u l  as a secondary  sowrce o f  i n fo rma t ion  which can be 

r e a d  a c c u r a t e l y  and e a s i l y  by t h e  console o p e r a t o r  d u r i n g  c r i L i -  

c a l  r u n s ,  shirn--rod c a l i b r a t i o n s  and manual o p e r a t i o n .  During 

norma? ope ra t i - an ,  t h e  ope ra to r  can a l s o  o b t a i n  a r e a d o u t  o f  any 

of  t h e s e  channels  a t  h i s  d i s c r e t i o n .  When not i n  u s e ,  the 

e l e c e r i c a l  power swi t ch  of  t h e  s n i t  shou ld  be t u r n e d  o f f  t o  p ro -  

long  t h e  l i f e  o f  t h e  u n i t .  The power swi t ch  shou ld  be tu rned  on 

m i n u t e s  b e f o r e  i is ing t h e  in s t rumen t ,  t o  a l l o w  s u f f i c i e n t  warmup 

t iwc 

2 .  Se rvo  and manual Dush-button swi t ches  

These swi t ches  a r e  used  L Q  swi t ch  f r o m  servo c o n t r o l  t o  

manual c o n t r o l  and v i c e  v e r s a  when t h e  r e s p e c t i v e  push b u t t o n  i s  

depres sed .  

3 .  _I____ "Servo ..._. se t -po in t "  _I._ s e l e c t o r  swi t ch  

The s e l e c t o r  swi t ch  i s  used t o  e s t a b l i s h  t h e  demand t o  t h e  

s e r v o  as  i n d i c a t e d  on the demand d i a l  i n  megawatts.  The demand 

s e l e c t o r  s w i t c h  p rov ides  a rough ad jus tment .  F ine  ad jus tment  i s  

o b t a i n e d  by use  o f  t h e  v e n i e r  c o n t r o l  knob l o c a t e d  above t h e  

"Se-sars--demand" s e l e c t o r  s w i t c h ,  LOWER: I n  t h i s  pos i t i .on ,  the 

s e r v o  demand i s  reduced on a n  approximate 20-.a p e r i o d .  I€ t h e  

r e a c t o r  i s  under se rvo  c o n t r o l  and a t  power ,  t h e  No. 6 r o d  and 

add i t io i sa l  r o d s ,  i f  needed,  will be i n s e r t e d  t o  lower t h e  r e a c t o r  

power l e v e l  a s  t h e  demand dec reases .  
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- ..... 
RAISE: I n  t h i s  p o s i t i o n ,  a withdraw e r r o r  i s  e s t a b l i s h e d  

v i a  t h e  s e r v o  a m p l i f i e r  (when t h e  demand s i g n a l  i s  g r e a t e r  t han  

t h e  power s i g n a l )  and t h e  se rvo-con t ro l l ed  rod  (No. 6 r o d )  

withdraws t o  r a i s e  t h e  r e a c t o r  power l e v e l .  Should t h e  servo-  

c o n t r o l l e d  rod r each  t h e  s e r v o  withdraw l i m i t  b e f o r e  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  l l p r e f e r r e d "  rod  w i l l  be withdrawn. 

Under t h e s e  c o n d i t i o n s ,  t h a t  i s ,  s e r v o  s e t - p o i n t  s e l e c t o r  i n  

RAISE and s e r v o - c o n t r o l l e d  rod  a t  t h e  s e rvo  withdraw l i m i t ,  t h e  

wi thdraw- l imi t  annunc ia to r  i s  n o t  a c t i v a t e d .  

I t  shou ld  be noted  t h a t ,  i f  t h e  r e a c t o r  i s  under  servo 

c o n t r o l  and t h e  s e r v o - c o n t r o l l e d  rod  has  been s e l e c t e d  a s  t h e  

" p r e f e r r e d "  r o d ,  t h e  s e r v o  l i m i t  sw i t ches  w i l l  be withdrawn when 

t h e  withdraw l i m i t  i s  r eached ,  provided  t h a t  t h e  s e r v o  s e t - p o i n t  

s e l e c t o r  swi t ch  is i n  t h e  RAISE p o s i t i o n .  

INSERT ERROR: When t h e  " i n s e r t  e r r o r "  i s  a c t u a t e d  by t h e  

s e r v o  a m p l i f i e r ,  t h e  N o .  6 rod  w i l l  be i n s e r t e d  t o  ma in ta in  a 

c o n s t a n t  power l e v e l  when t h e  r e a c t o r  i s  under  s e r v o  c o n t r o l .  

WITHDRAW ERROR: When t h e  "withdraw e r r o r ' '  is a c t u a t e d  by 

t h e  s e r v o  a m p l i f i e r ,  t h e  No. 6 rod  w i l l  be withdrawn t o  ma in ta in  

a c o n s t a n t  power l e v e l  when t h e  r e a c t o r  i s  under  s e r v o  c o n t r o l .  

4 .  "Fission-chamber d r i v e "  s e l e c t o r  swi t ch  

AUTOMATIC: Th i s  pe rmi t s  t h e  f iss ion-chamber d r i v e  t o  

o p e r a t e  a u t o m a t i c a l l y  when t h e  swi t ch  handle  i s  p u l l e d  t o  i t s  

outmost p o s i t i o n .  The swi t ch  m u s t  be i n  au tomat i c  f o r  a n  

in s t rumen t  s t a r t .  

MANUAL: This  p e r m i t s  t h e  chamber t o  be i n s e r t e d  o r  

withdrawn by manual ly  o p e r a t i n g  t h e  swi t ch  when t h e  swi t ch  

hand le  i s  pushed i n  t o  i t s  inmost p o s i t i o n .  

INSERT: This  p e r m i t s  t h e  chamber t o  be i n s e r t e d  by 

manual ly  o p e r a t i n g  t h e  swi t ch  when t h e  swi t ch  handle  i s  i n  t h e  

MANUAL p o s i t i o n .  Any t i m e  t h e  f i s s i o n  chamber is being  i n s e r t e d  

o r  withdrawn, t h e  shim rods  cannot  be withdrawn. 

WITHDRAW: This  pe rmi t s  t h e  chamber t o  be withdrawn by 

manual ly  o p e r a t i n g  t h e  swi t ch  when hand le  i s  i n  t h e  MANUAL pos i -  

t i o n .  
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5. "Shim-rod mode"" ..._. switches - 
c__.... 

RAISE: This p o s i t i o n  pe-mlts the shiiu-rod drive assembly 

to be r a i s e d  without  the shim rod attached when the "Raise-Test" 

switch i.s i n  the KAISE position. 

OFF: This  p o s i t i o n  prevents withdrawal of the shim rod ;  

however, the rod can be inserted by manua1.J.y pushing i t s  "InserZ" 

push button o r  by an automatic rod reverse?. Thi.s p o s i t i o n  pre- 

vents automatic "drive-doam" of the drive assembly following a 

scram. 

BLOCK: T h i s  p o s l i i o n  prevsn-ts w i t h d r a w a l  of the shim rod; 

h o w w e r ?  the r o d  can be f nse r ted  hy inanzrally operating its 

"Insert" push button or by an autsrnatic rod  rev:xse. It also 

permits automatic "drive--dowma sf the d r i v e  assembly following 

a scram. 

NQKMAL: Th€a povLtPon permPts d I h t l r a w a l  of the s h b  rod  

by either the  "Group-Rod-Wd hdrawal" o r  "Instrument-Start" 

switch. When us3 ng the individual rod-wi t h d  r a w 1  push but tons , 
only  one shin rod can be w%r.hdrara at a time. The tliner does 

not control The individual- rod--wj thdraaqal push-button system. 

PREFERRED: Same as NOkHAL with the exception t h a t  when the 

reackor is undeb servo c o n t r o l ,  I t  permits t h e  servo "preferred" 

limit switch t o  i n s e r t  the  shim rod. If inore than one rad i s  PPI 

the PREFERRED m d e ,  the lowest numbered rod wdll be inserted. 

If the Nos. 1, 2, 3, 4 ,  and 5 sh:m rods  are in positions o t h e r  

Ihan  PKEFERIQED and the No. 6 is in PREFERRED, t h e  S P W O  limit 

sd-tches w t l l  be inserted t r ,  the midd le  limPt-switch position. 

When thc reactor € s  under servo control, the No. 6 "With-- 

draw"' and " h s e r t "  push buttons move t h e  limit switches up o r  

when the respective push button is actuated. The Pnsertion 

of the limit swltches is s t o p p e d  when the withdraw limit switch 

is actuated. The whthdrawal of the limit switches i s  stopped 

by t h e  actuation of the "preferred" l h i t  switch. 
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men the reactor is not under servo control, the No. 6 

shim-rod "Insert" and "Withdraw'r push buttons move the No. 6 

shim rod down or up when the respective push butt.on i s  actuated. 

6 .  Tndivldual rod-motion push buttons 

INSERT: There is an INSERT push button for each shim rod. 

Thfs push button permits the shin-rod drive assembly t o  be 

inserted when the ""shim-rod mode'" switch is on any of the five 

positions. 

WITHDRAW: There is a WITHDRAW push button f o r  each shim 
rod. This push buttoll permits the shim-rod drive assembly to be 

withdrawn when the "shim-rod mode" swttch t s  En the NORMAL o r  
PREFERREn position. 

7. Servo-withdraw limit indicator .I_____ 

This unit consists of a dial indicator and four signal 

lights all o f  which serve to show the position o f  the "servo- 

controlled rod in relation to its working limits. The four 

lights, labeled "withdraw," "mfddle," "preferred," and "reverse, Io 

are located in the corners of the dial indicator. 

The pointer moves around the dial in a clockwise direction 

as the servo-controlled rad is withdrawn or as the servo limllts 

are adjusted downward. The extreme clockwise posttion should 

coincide with the servo withdraw lirnlt, and the indicator light 

for this limit should be lighted at thts point. The servo with- 

draw annunciator also should sound if the servo demand is not  in 
the raise position. In normal opcration this annunciator brings 

the operator's attention to the need for upward adjustment of 

servo limit switches orL', poss3bly,  upward adjustment of shim 

rods Nos. 3,  4, and 5. (Nos. 1 and 2 are normally posltioned at 

their upper limits.) 

- ... . 
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A eounterclockwise movement of the pointer indicates either 

an insertion of the servo-controlled rod or an upward adjustment 

of the servo  limfts. When the pointer moves counterclockwise from 

the withdraw ldmit position, the withdraw limit is de-energized 

and the middle lirnfr is aetaated. The middle light indicates a 

a desirable rod position and wall remain lighted throughout the 

upper half of the control range. 

Should the servo-controlled rod be inserted to below the 

approximate half-way point o f  the servo limit-switch span,  the 

middle limit w i l l  be deactivated. A t  approximately three- 

quarters o f  the servo control span 1 ~ ~ l . o ~  the wlthdraw limit, the 

"preferred" insert limit is actuated; and the lowest numbered 

"preEerred" rod will be inserted as long as the servo-controlled 

rod continues t o  insert. The "insert 5-rods" limit isill he 

actuated at the lowest point of insertion on the limit-switch 

span.. A t  this point, the Nos- 1, 2, 3 ,  4 ,  and 5 rods d l 1  be 

inserted regardless of the position of their mode swltches. A 

"5-rod insert" continues only as long as this limit switch i s  

actuated. 

8. "Shim-rod modelp switches 
..I..-- 

RAISE: This position permits the shim-rod drive assembly t o  
be raised without the shim rod attached when the "Raise-test" 

swlt.ch is in the RAISE position. 

OFF: This position prevents withdrawal o f  the shim rod; 

however, the rod can be inserted by manually pushlng its "Insert" 

push button o r  by an automatic rod reverse. This position pre- 

vents automatic "drive-down" of the drive assembly following a 

scram. 
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BLOCK: This position prevents withdrawal of the shim rod; 
however, the rod can be inserted by manually operating its 

"'Insert'' push button or by an automatic rod reverse. It also 

permits automatic "drive-down" of the drive assembly following a 

scram. 

NORMAL: This position permits withdrawal of the shim rod by 

either the "Group-rod-withdrawal" or "Instrument-start" switch. 

When using the individual rod-withdrawal push buttons, only one 

shim rod can be withdrawn at a tine. The timer does not  control 

the individual-rod-withdrawal push-button system. 

PREFERRED: Same as NORMAL with the exception that when the 

reactor is under servo control, it permits the servo "preferred" 

limit switch to insert the shim rod.  If more than one rod is in 

the PREFERRED mode, the lowest numbered rod will be inserted. If 

the Nos. 1, 2, 3 ,  4 ,  and 5 shim rods are in a position other than 
PREFERRED and the No. 6 rod is in PREFERRED, the servo limit 

switches will be inserted to the middle limit-switch position. 

When the reactor is under servo control, the No. 6 

"Withdraw" and "Insert" push but tons move the limit switches up 

or down when the respective push button is actuated. The inser- 

tion of the limit switches is stopped when the withdraw limit 

switch is actuated. The withdrawal of the limit switches is 

stopped by the actuation of the "preferred" limit switch. 

When the reactor is not under servo control, the N o .  6 
shim-rod "Insert'* and "Withdraw" push buttons move the No. 6 
shim rod down or up when the respective push button is actuated. 



rols Maintenance Procedures  
-. ____I -I.- ~ ........... 2.5. R e a c t o r  InstrrPunent I_.-.- 

A notebook i n  t h e  O W  cont ro l .  room e n t i t l e d  "Oak R i d g ~  Research 

Reac tor ,  Reactor Cont:rols Maintenance Schedule  and CheckSheets'* c o n t a i n s  

t h e  "Reactor Ins t rument  and Contp-ols ?Gi!.ntenanee Froi:ed:ares'' as follows : 

Procedure No. T i  CPe 
_l___...l 

om 1001 Maintenance Procedaare -- GerrePal Ue€in i t ions  

OWR 1101 Maintenance Procedure - Schedule  

om 1102 bfaEntc:nance Procedure - Quarter1.y Schedu1.e 

ORR 1201 Malntenance Procedure - Nuclear  System T e s t i n g  

and C a l l  hr a t  ion 

ORR 1301 bititemanes Checksheet - Nuclear System T e s t i n g  

and C a l i b r a t i o n  

ORR 1302 Maintenance P r o c ~ d ~ ~ e  and Checks'neei - Nuclear 
C o n t r o l  System Circ-edt Checks 

6RR 1601 Maintenance Procedure and Checksheet - Process  

P r e s s u r e  Swltch Checks 

om 2001 Naintenanc-e Checksheet - Annunciator  T e s t i n g  

2.5.1. Shim Rod Drives - F u n c t i o n a l  Check of Mechanical. _._. . Aspects (Limit. .I__. 

Switches,  P o s i t i o n  Indi-cators)  
__-I^ .-. 

-..I-- 

1. P r e p a r a t i o n  and/or c o n d i t i o n s  f o r  . ...-.I_I__ test ( d a t a  s h e e t  No. I, Example 2.1, 

r e q u i r e d )  

a .  Reactor  core and vessex 

(1) Core loaded and i n s p e c t e d  

( 2 )  IJpper  b e a r i n g s  (hold--dom arms) i n  opera t ing  p o s i t i o n  and 

checked 

( 3 )  Shim rods p r o p e r l y  locked and checked f o r  f ree  movcweot i n  

theis bearPngs 

( 6 )  Access cover i n  position and secured 
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POSITION-INDICATOR AND LIMIT-SWITCH CHECKS 
(Refer to Section 2.5.1, Steps 2.a, b,  and c )  

OW% Instrument-Checks Data She2t No. 1 

I ........ - Shim-rod drives 
NO. 1 NO* 2 NO. 3 NO. 4 NO. 5 NO. 6 

-- 
- -- I__ _I- __I 

Section 2.5.1, Step 2.a(3): 
Mechanical Tightness and 
I 

Condition* 
Lower-limit switch 
Lower-limit-switch actuator 
Upper-limit switch 
Actuator holding rod (conduit) 
Response switch 
Clutch switch 
Motor-to-drive connection 

(coupling) 

- --- - - 
------------------------ 
-------- - - __I __II _I_ --- 

- __^- I__ -- -1_1 

------ 
- -- -- _I_ -I__ 

Section 2.5.1, Steps 2 .b (6 )  
through 2. b 10 > ** 

Selsyn zero 
Ad justment necessary 
(yes or  no) 
Metal scale 
Seat switch o f f ,  selsyn 
Seat switch off, dial 

Seat switch on, selsyn 
Seat switch on, dial 

Seat switch on, motor 

Step (8 )  selsyn minus 

indicator 

ind i ea t o r 

d r i v e  

step (9 )  

-1_1 -- 
- I___ 

-- 
- I_- 

--_ - 

--- 

--__I_ 

--_1_1 

--P 

_I 

*Tighten if necessary; check if OK. 
**No d a t a  entries are necessary for s t e p s  2 . b ( l )  through 2 . b ( 5 ) .  

Example 2.1. 
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Shim-rod d r i v e s  
No. 1 No. 2 N o .  3 N o .  4 No. 5 No. 6 

--- 
I_____ . . ~  __ I___ I_..- 

S e c t i o n  2.5.1, S t e p  2.c(2)  
th rough 2.c(9) and Z.c(l1) 
through 2;<c(25)* 

Response switch a c t u a t e s  + 
C l u t c h  swi tch  a c t u a t e s  - -- 

- 0.002-in. gap reading ____- 
Step (3) minus s t e p  ( 4 )  

( c l u t c h  gap) 
S t e p  ( 2 )  p l u s  s t e p  ( 4 )  

( r e s p o n s e  gap) _II__ 

Lower limlt a c t u a t e s  
C l u t c h  t o  lower l i m i t ,  

Lower l i m i t  o v e r t r a v e l  

Upper lid t , se lsyn  
Adjustment necessary  

Upper l i m i t ,  metal scale 

Zero recheck,  s e l s y n  
Zero recheck,  d ia l -  

s t e p  ( 7 )  minus step (3) 

( OK) ___I- 

(yes o r  no) --.I- 

Normal recocking  p o s i t i o n  -..... 

i n d i c a  t a r  

Snubber i n d i c a t o r  

1- -1- 
1 

-. -. . . . 
- 

^____-.... 

-_-- 

I-.-- 

___I 

. . . .. . . . 

^_..-. . . . .- 
.-- 

._I- 

*No d a t a  e n t r i e s  are necessary  f o r  s t e p s  2.c(; l)  ana 2.c(10). 

--~ Opera t ions  engineer  -.--- -.- Date ._I___ Shi. f t 

-. I- Remarks ._.Y 

Example 2.1. (Cont inued)  



2--139 

b .  

C. 

d. 

Reactor coolant system 

(1) System filled and vented 

(2) Normal full flow established 

( 3 )  Water flow and/or pressure established t o  rod-drive seals 

and shock absorbers 

Reactor controls 

(1) Startup checks, as applicable, properly completed 

( 2 )  A normal complement of  s t a r c u p  instrumentation shall be 

operable and reliable 

( 3 )  "Raise-test" switch in TEST position 

(NOTE: Should it be necessary to deviate from normal pro- 

cedure related to startup checks, then a careful analysis 

of the situation must be made. The limit-switch checks 

require that magnet current be established and that the 

s h i m  rods be moved slightly o f f  their seats. No more than 

one rod should be raised from the seated position at any 

time; however, the reactor will be in the start mode and 

should be treated accordingly.) 

Personnel required 

( 1 )  A qualified Reactor Operations Section supervisor shall be 

in the subpile room to supervise measurements. 

A qualified member of the Reactor Operations Section shall 

be present in the control room. 

( 2 )  

2. Procedure 
-_I_- 

a. General 

(1) Establish telephone communication between the control and 

the subpile rooms 

Ensure that all systems are properly prepared for the tests 

as described above 

( 2 )  

( 3 )  Check all limit switches and parts of the drive units for 

mechanical tightness as indicated on the data sheet 

Record all pertinent data and any remarks on  data sheet 

No. 1 

( 4 )  
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b. Rod p o s i t i o n - i n d i c a t o r  "zero" checks and sea t - swi t ch  checks 

( 1 )  I n s t a l l  t h e  s p e c i a l  d i a l  i n d i c a t o r  i n  t h e  threaded  h o l e  

below t h e  s e a t  swi t ch  a c t u a t i n g  r o d  ( r e q u i r e s  removing t h e  

p l u g )  and t i g h t e n  s e c u r e l y .  

( 2 )  Push t h e  d i a l  i n d i c a t n r  p lunger  upward u n t i l  c o n t a c t  i s  

made w i t h  t h e  sea t - swi t ch  a c t u a t i n g  rod  through t h e  s e a l  

p l u g .  
t h e  d i a l  i n d i c a t o r  s h a f t ;  however, c o n t i n u e  t o  push bo th  

the  d i a l  i n d i c a t o r  s h a f t  and t h e  s e a l  p lug  upward u n t i l  

c o n t a c t  i s  made wi th  t h e  sea t - swi t ch  a c t u a t i n g  rod .  

( 3 )  With t h e  d i a l  i n d i c a t o r  s h a f t  pushed upward as  d e s c r i b e d  

I n i t i a l  c o n t a c t  w i l l  occur  between t h e  s e a l  p lug  and 

above,  z e r o  t h e  d i a l  i n d i c a t o r .  

Re lease  t h e  d i a l  i n d i c a t o r  s h a f t  and r a i s e  t h e  rod  approxi -  

ma te ly  1 i n .  

Scram t h e  r o d  and r echeck  t h e  d i a l  i n d i c a t o r  z e r o  by a g a i n  

pushing upward u n t i l  c o n t a c t  i s  e s t a b l i s h e d  wi th  t h e  seat- 

swi t ch  a c t u a t i n g  rod.  Reset t h e  d i a l  i n d i c a t o r  Z e K O  i f  

necessa ry .  

E s t a b l i s h  magnet c u r r e n t  and r a i s e  t he  d r i v e  s t epwise  by 

jogg ing  wh i l e  ma in ta in ing  an  upward f o r c e  on the d i a l  

i n d i c a t o r  s h a f t .  When t h e  s h i n  r o d  i s  a c t u a l l y  r a i s e d ,  t h e  

d i a l  i n d i c a t o r  w i l l  show f i r s t  movement. The s e l s y n s ,  

rough and f i n e ,  should  a g r e e  w i t h  t h e  d i a l  i n d i c a t o r  z e r o ,  

t h e  f i n e  to w i t h i n  - +0.005 in. Adjust t h e  s e l s y n  t r a n s m i t -  

t e r s  ( s u b p i l e  room) i f  necessa ry .  Zero thr p o i n t e r  on t h e  

s u b p i l e  p o s i t i o n  i n d i c a t o r  (g radua ted  meta l  s c a l e ) ,  r e c o r d  

t h e  d a t a  on t h e  p o s i t i o n - i n d i c a t o r  and l imi t - swi t ch  d a t a  

s h e e t  ( d a t a  s h e e t  No. 1 ) .  

( 4 )  

( 5 )  

( 6 )  
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(7) Raise t h e  shim rod c a r e f u l l y  and s lowly  by j ogg ing  o r  by 

manual ly  t u r n i n g  t h e  motor s h a f t  wh i l e  m a i n t a i n i n g  an 

upward "push" on t h e  d i a l  i n d i c a t o r  s h a f t .  Observe t h e  

p o s i t i o n  a t  which t h e  sea t  swi t ch  i s  d e a c t u a t e d  ( s e a t  l i g h t  

OFF) .  

Readings shou ld  be between +0.175 and +0.250 i n .  

I n s e r t  t h e  shim rod  c a r e f u l l y  a i a d  s lowly  by j ogg ing  or 
t u r n i n g  t h e  motor s h a f t  by hand u n t i l  t h e  sea t  s w i t c h  i s  

ac tua ted  ( s e a t  l i g h t  ON). Record bo th  d i a l  i n d i c a t o r  and 

s e l s y n  r e a d i n g s .  Readings should  be  between +0.100 and 

-1-0.150 i n .  Remove t h e  d i a l  i n d i c a t o r .  

Record both d i a l  i n d i c a t o r  and selsyn readings, 

( 8 )  

( 9 )  Raise the shim rod about  1 i n ,  and t h e n  i n s e r t  i t  s t e a d i l y  

w i t h  t h e  rod  d r i v e  u n t i l  s topped  by t h e  sea t  swi t ch .  

Record t h e  s e l s y n  r eadou t .  

(10) Subtract t h e  s e l s y n  r e a d i n g  o b t a i n e d  in s tep  B ( 9 )  from t h e  

s e l s y n  r e a d i n g  i n  s t e p  B(8>. Record t h e  d i f f e r e n c e  (over -  

t r a v e l ) ;  it shou ld  be  approximate ly  0.050 i n .  NOTE: PTO- 

ceed t o  the next: d r i v e  and r e p e a t  s t eps  B ( 1 )  th rough B(10) 

f o r  a11 d r i v e s  t o  be  checked b e € o r e  s t a r t i n g  p a r t  C below. 

c .  Response-switch,  c lu t ch - swi t ch ,  lower- l imi t - swi tch ,  and upper- 

1 imi t - swi tch  checks  

( 1 )  Risconnect  t h e  response-swi tch  l e a d s  at the connec tor  on 

t h e  o p e r a t o r  assembly.  I n s t a l l  t h e  t es t  l eads  on t h e  

response-swi tch  connec tor  and p l a c e  an  ohmmeter across  

l e a d s  A and B .  Ra i se  t h e  shim r o d  t o  approximate ly  1 i n ;  

p l a c e  t h e  "shim-rod mode" swi.tctn i n  t h e  OFF p o s i t i o n ;  t h e n  

scram and l eave  i n  t h e  scrarrrmed p o s i t i o n .  

( 2 )  Lower t h e  d r i v e  s h a f t  t o  t h e  0.5-in. p o s i t i o n .  Then lower 

i t  stepwise u n t i l  t h e  response  swi t ch  d e a c t u a t e a ,  as d e t e r -  

mined by t h e  ohmmeter. Now ra i se  t h e  d r i v e  s h a f t  manual ly  

( r o t a t i n g  motor d r i v e  s h a f t )  u n t i l  t h e  response swi t ch  

a c t u a t e s  ( c o n t a c t s  closed) and r e c o r d  t h e  d i s t a n c e  "OO" 

i n d i c a t e d  by t h e  s e l s y n  i n d i c a t o r .  
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( 3 )  Lower t h e  rod  d r i v e  assembly s t epwise  ( t h e  I i n a l  s t e p s  

manual ly)  u n t i l  t h e  c l u t c h  s w i t c h  i s  a c t u a t e d  ( c l u t c h  l i g h t  

OFF) and r e c o r d  t h e  p o s i t i o n  below a s  shown by t h e  

s e l s y n  ( t h e  minus r e a d i n g ) .  

( 4 )  I n s e r t  a O.002-in. f e e l e r  gauge between t h e  magnet a rmature  

and t h e  magnet. Lower t h e  d r i v e  s h a f t  manual ly  u n t i l  move- 

ment of  t h e  f e e l e r  gauge i s  s l i g h t l y  r e s t r i c t e d .  This  

a c t i o n  w i l l  e s t a b l i s h  a magnet-to-magnet-armature gap of  

0.002 i n .  Record t h e  d i s t a n c e  f r o m  z e r o  ( t h e  minus 

r e a d i n g )  a s  i n d i c a t e d  by t h e  s e l s y n  a t  t h i s  p a i n t  a s  

"0.002-gap r ead ing .  ' I  Remove t h e  f e e  l e r  gauge. 

( 5 )  S u b t r a c t  t h e  s e l s y n  r e a d i n g  o b t a i n e d  i n  s t e p  c ( 4 ) ,  above,  

from t h e  r e a d i n g  o b t a i n e d  i n  s t e p  c ( 3 )  when t h e  c l u t c h  

s w i t c h  i s  a c t u a t e d .  Record as  "c lu t ch  gap"; t h e  d i f f e r e n c e  

shou ld  be 0 .025  - i 0.005 i n .  

( 6 )  Add t h e  d i s t a n c e  from z e r o  o b t a i n e d  i n  s t e p  ~ ( 4 1 ,  above,  

( n e g a t i v e  d i r e c t i o n )  t o  t h e  the  d i s t a n c p  from z e r o  ( p o s i t i v e  

d i r e c t i o n )  ob ta ined  i n  s t e p  c ( 2 ) .  The t o t a l  r e p r e s e n t s  t h e  

d i s t a n c e  t h a t  the push r o d  moves from scram t o  response-  

swi t ch  a c t u a t i o n .  Record as "response gap ,"  which i s  

normal ly  a t o t a l  o f  0.405 - + 0,010 i n .  

( 7 )  Lower t h e  d r i v e  assembly manual ly  ( r o t a t e  motor s h a f t  

coun te rc lockwise )  u n t i l  t h e  lower l i m i t  sw i t ch  i s  a c t u a t e d .  

Record s e l s y n  i n d i c a t i o n  ( d i s t a n c e  below z e r o )  as "lower- 

l i m i t  a c t u a t e  ." 
( 8 )  S u b t r a c t  t h e  s e l s y n  r ead ing  o b t a i n e d  i n  c ( 3 )  from t h a t  

ob ta ined  i n  s t e p  c ( 7 ) .  Record t h e  d i f f e r e n c e  as  " c l u t c h  t o  

lower l i m i t . "  Normal d i f f e r e n c e  should  be  0.090 _. i- 0.010 i n .  
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(9) Continue to lower the drive assembly manually until the 

selsyn indicates an additional 1/16-in. (0.060) of  travel 

below the "lower-limit actuate." 

should still be free to operate, i.e., should not jam. 

Check "lower-limit overtravel check" space on the data 

sheet. 

The drive assembly 

(10) Change controls from TEST to RAISE and switch rod-mode 

switches to RAISE.  A l l  rods should remain in their seats 

while the drive assemblies are raised t o  very near the 

upper limit. 

manually actuate each upper-limit switch to ascertain 

that rod-drive power is interrupted. 

While t h e  drive assemblies are in motion, 

(11) After the rod drive assemblies have been raised to approx- 

imately 29 in., stop the motors by turning mode switches 

to OFF and raise each drive assembly manually until the 

upper-limit switch is actuated. Record the selsyn posi- 

tion on the data sheet as "upper limit." Reading should 

be 29.250 + 0.010 i n .  Adjust if necessary. - 
( 1 2 )  Record the reading from the subpile position indicator 

(graduated metal scale). 

( 1 3 )  Turn the shim-rod mode switches to NORMAL and allow the 

drives to recock normally. Record the selsyn positions 

under "normal recocking posit ion." 

( 1 4 )  Recheck selsyn "zero" as described in steps b ( l )  through 
b ( 6 ) .  Record the results. Readings may be zero + 0.020 
in. Replace the seal plugs. 

- 

(15) Raise each rod, in turn, about 3 in. and, using a flash- 

light and small magnifying glass, estimate the position 

of  the pointer on the spring snubber position indicator 

in relation to the center position line. Each division 

line is 0.025 i n .  Record as above center line or below 

center line. Normally, this is approximately -0.015 i n .  



( 1 6 )  Check all eesponse-switch connecturs t o  be r e e t a i n  tilai.. 

t h e y  a r e  p r o p e r l y  rp ronncc ted ,  

d .  Kach d r i v e  u i i i t  i s  checked foZ lov ing  S t e p s  2.a, 5 ,  and c. 

1. ihe s a f e t y  ai-rd control s y s i e m  c a l i b r a t i o n  and f u n c f i o n a l  checks, 

_-  p L o p ? r l y  e ~ e c u t e d  , provide assu rance  t h a t  the n u c l e a r  i n s t rumen t  

e l e c t r o n i c  ge.?r i s  calibrated and i s  responding  t o  i n p u t  s i g n a l s .  

S e c t i o n  2 . 5 . 1 ,  l i k c v ; c e ,  p rovides  ~ S S U T ~ ~ R C ~  t h a t  t h e  mprhanica l  p o r .  

LLGIIA o f  i l i r  s h j i , ~  rod d r i v e  and r c l easc  mecEaanisms a t e  p r o p e r l y  

a d j u s t e d  and functioning c o ~ r e c t l y .  The next  s t e p  i s  t o  d e t 9 r m i n e  

t h a i  thesc. s y s t e m ,  when ini-ercot lnected,  vi F 1 p3rfor-m 3s rlpsigned. 

This p o r t i o n  o f  t h e  i n s t r i i i w n n : - t ~ s t s  prueediire Is  des igned  t o  

accomplish such a performance  check and, a; t h e  s m e  t i w ,  t o  pro-  

vi&- a check of  shim rod  perEormence. Phese o b j e c t i v e s  a i c  

a c c o u ~ p l i s h ~ d  by actually o p ~ r a t i n g  t h e  shim rods  w h i l e  making the 

r e q u i r e d  meeszlrements . T h e  f o l l o ~ 4 n g  d e f i n i t i o n s  a r e  p r e s e n t e d  t o  

a v o i d  confusion. 

a .  D r o p  c u r r e n l  i s  d e f i n e d  a s  t h a t  c u r r e n t  which is p a s s i n g  

through t h e  rnagnc~ c o i l  when scram a c t i o n  of  t h e  s c r a m - l a t c h  

mechanism i s  e f f r c t e d .  (TXc rnagnet c u r r e n t  i s  s lowly  r e d u c e d  

t o  dPEerminr? t h i s  v a l u e . )  

b .  Drop p o i n t  i s  de f ined  as t h a t  paves level ( a s  showc~ b y  t h e  

l e v e l - s a f e t y  r e c o r d e r ?  There the magi1r-t c u r r e n t  i e  r e a m e d  t o  

t h e  drop  c u r r e n t .  

c .  Simulated Nh r u r r e n t  i s  defiined as  t h a t  magnet c u r r c n t  prs- 

duced  by t h e  iuiagnet a m p l i f i e r  when rhr inpill- v o l t a g e  t o  t h r e e  

l e v e l - s a f e t y  sigmas i s  a d j u s t e d  t o  produce r e a d i n g s  o f  100 

(NF) on t h e  l e t e l - s a f e t y  r e c s r d c r s  a f r v r  t h e  d r o p  p o i n t  has 

been e s t a b l i s h e d .  
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d. Simulated NL current is defined as that magnet current pro- 

duced by the magnet amplifier when the input voltage to three 

level-safety sigmas is adjusted to 22 V. This should produce 

readings on the level-safety recorders of 1% NF (NL for the 

ORR) after the drop point has been established. 

e. Release time is defined as the time interval between an 

intentionally introduced fast scram signal and the first 

detectable movement of the magnet armature. 

f. Push-rod-response time is defined as the time interval between 

an intentionally introduced fast-scram signal and the actua- 

tion of the push-rod response switch. In effect, this is the 

release time plus the time required for the push rod to move 

through approximately 80% of its total travel. 

g. Time-of-flight i s  defined as the time interval between the 

introduction of a fast-scram signal and the actuation of the 

seat switch by the rod being tested. Time-of-flight measure- 

ments are normally started with the rod withdrawn to the upper 

limit of its travel. 

An operating cycle is defined as that period of time (usually 

thirteen weeks) comprised of: 

(1) several weeks (usually twelve) during which the reactor 

h. 

is operated as nearly continuously as possible, followed 

by 

( 2 )  an extended scheduled shutdown of  approximately one week's 

duration for experiment and reactor maintenance and 

changes. 

.... 
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2 .  Usual o p e r a t i n g  I v a l u e s  ........... ._ ... ....... 

The parameters  d e f i n e d  above are  expec ted  t o  va ry  somewhat due 

t o  s l i g h t  d i f f e r e n c e s  i n  t h e  v a r i o u s  components. The v a l u e s  of  t h e  

noriual range a r e  l i s t e d  below t o  s e r v e  a s  g u i d e l b n e s .  

Pararne t er s 

Shim-rod drop c u r r e n t  
.l_l_____ 

Magnet r e l e a s e  t ime 

Push-rod response  t ime 

Sh im--rod t ime-o f -f 1 igh  t 

( f r o m  29.250-in. p o s i t i o n )  

S h im-r o d-- t i m e  - o f .I f 1 i gh t 

(normal i a n g e )  

Usrial. o p e r a t i n g  .......... v a l u e s  ........... 

38 + 6 mA o r  (-2 mA from previol is  d a t a  

on the same u n i t  

4 . 5  -+ 2 Ins or - :-I 111s f r o m  p rev ious  

d a t a  o n  t h e  same u n i t  

20 -+ 4 m s  o r  1-2 ms f r o m  p rev ious  d a t a  

on t h e  same u n i t  

- <350 itis a t  18,000 gpm f l o w  

< l o 0 0  ws a t  no f l o w  

280-315 m s  a t  18,000 gpm flow 

700-810 ns a i  no flow 

.... 

- 

- I 

- 

I n v e s t i g a t i o n  and e v a l u a t i o n  will be r e q u i r e d  i f  the d a t a  f a l l  

o u t s i d e  t h e  above l i s t e d  v a l u e s .  The e v a l u a t i o n  w i l l  be made by 

t h e  Reac tor  Supe rv i so r  o r  h i s  d e s i g n a t e d  represeniative and t h e  

Reac tor  Controls s u p e r v i s o r  r e s p o n s i b l e  f o r  r e a c t o r  i n s t rumen t  

maintenance 



.... 
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2.6. Special Instrument Procedures 

R e  f e re nce 

Reactor Controls Change Memorandum, ORR No. 6 5 .  

2,6.1. Positioning of Ion Chambers 

The proper operation of the ORR control and safety system depends 

upon proper location of  ion  chambers. Since the flux at any ionization 

chamber location can, and usually does ,  vary during a reactor operating 

cyc le  and can change from cycle t o  cycle, this procedure will establish 

certain ranges of normal operation. Experience has shown that approxi- 

mately a 5% change in neutron flux at a chamber location is expected 
during a fuel cycle due to a change in rod positions caused by fuel 

burnup. 

Since reactor heat power is the calibrating parameter and is 

approximately proportional to the neutron flux in the reactor, it will 

be the basis for chamber positioning. Disagreement between neutron 

chamber readings and heat-power measurements will be compensated by 

adjusting the chambers and/or the sensitivity switch according to this 

procedure. 

without complete confidence in the information used as a hasis for such 

a change. 

No chamber should be moved to a less sensitive position 

1. Safety chambers 

a. Gain adjustment on safety amplifiers. Limited adjustments 

of the chamber-current input to the safety sigma amplifiers 

can be made by a gain adjust switch to maintain a reading 

of  "100" on the safety-amplifier output when the reactor is 

operating at 30 MW. 

for manual repositioning of the safety chambers. 

adjustment switch permits periodic correlation of the 

safety-amplifier output (as read on the safety recorders) 

to the reactor heat power. This is necessary to compensate 

for the changing parameters which affect the neutron flux 

as seen by the detectors. 

This is provided to minimize the need 

This 
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The t echn ique  f a r  a d j u s t i n g  t h e  s i g n a l  i n p u t  t o  s a f e t y  a m p l i f i e r s  

Nos. 1, 2 ,  and 3 i s  d e t a i l e d  i n  t h e  fo l lowi?g  procedure .  

(1 )  I €  a r e a d i n g  o f  "100" can be o b t a i n e d  o n  t h r  s a f e t y  

rcrordens by a d j i l s t i n g  t h e  s e n s i t i v i t y  switch ( w i t h  

t h e  r e a c t o r  a t  30 XY a t  t h e  beginning  of an o p e r a t i n g  

c y c l c ) ,  no  r e p o s i t i o n i n g  o f  t h e  chambers should  be 

made f o r  24 h r  a f t e r  a t t a i n i n g  t h e  30-K.4 l e v e l .  I f ,  

however, t h i s  tail n o t  be ach ieved ,  r e p o s i t i o n i n g  o f  

the  chambers w i l l  be made w i t h o u t  w a i t i n g  f o r  xenon 

e q u i l i b r i u m  t o  be r eached ,  

( 2 )  A f t e t  2ri h r  a t  30 Wd, t h e  s a f e t y  chambers should  be 

r e p o s i t i o n e d  s o  t h a t  t h e  s a f e t y  r e c o r d e r s  r e a d  "100" 

w i t h  t h e  s e l e c t o r  swi tch  i n  t h e  range  o f  8 Lo 12. 

_.. C A U T I O N :  . . . . _II 

Observr t h e  procedure f o r  manual a d j u s t m e r t  

( 3 )  During t h e  remainder  of  the file1 c y c l e ,  w i th  t h e  r eac -  

t o r  a t  30 MW, a r e a d i n g  of  "100" on t h e  s a f e f y  r eco r -  

CIFL-S 

s w i t c h  t o  t h e  r e q u i r e d  p o s i t i o n .  

( 4 )  I f  agreement a s  s p e c i f i e d  i n  s t e p  3 can n o t  be raain- 

t a i n p d ,  manual ad jus tment  o f  t h e  chambers may be made. 

shoa ld  be main ta ined  by a d j u s t i n g  t h e  sel, P C t O f  

b .  Manual ad jus tmen t .  The p o s i t i o n  o f  t he  s a f e t y  chambers 

and s e n s i t i v i t y  switches should  be such t h a t  full-power 

o p e r a t i o n  causes  the  channels  t o  opera te  a t  100% of  NF. 

Higher r ead ings  t h a n  t h i s  can cause  t h e  r eac to r  t o  be  sub- 

j e c t  t o  unnecessary  shutdown o r  momentary i n t e r r u p t i o n  i n  

o p e r a t i o n .  Lower r ead ings  e f f e c t i v e l y  r a i s e  t h e  r e a c t o r  

scram p o i n t .  

t h e  r e a c t o r  o p e r a t i n g  a t  o r  n e a r  f u l l  power and on ly  wi th  

complete  conf idence  i n  t h e  h e a t  power l e v e l  of  t h e  r eac -  

tor. Obviously,  i f  t h e s e  chambers p r e v e n t ,  by  t h e i r  

s a f e t y  a c t i o n ,  a t t a i n m e n t  o f  fen11 p o w ~ r ,  t h e  movement of  

t h e  chambers must be done a t  a P o w r  (measurable)  hea t  

power. T h i s  c o n d i t i o n  i s  no t  l i k e l y  t o  exist except  when 

t h e  normal o p e r a t i n g  l e v e l  has  been changed,  a chamber 

r ep laced  c o r e  c o n f i g u r a t i o n  changed,  o r  when beam-hole 

l i n e r  environment h a s  been changed, 

These rharnbers should  be r e l o c a t e d  o n l y  wi th  
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Under these conditions, routine procedures are inadequate. 

While the safety chambers are being moved, the reactor should 

be operating on servo so that the operator will be free to 

observe critical instrumentatlon. All chambers should not be 

repositioned at the same time; i.e., if repositioning of all 

three chambers 1 s  required to obtain the desired reading, one 

chamber w i l l  remaln unchanged untIl reliability is established 
on the repositioned chambers. 

2. Servo-micromicroammeter chamber - 
The proper operation of the servo requires that the 

chamber delivers up to 20 microamperes at full power. For this 

reason, the range chosen for propcs control is from 18.2 to 20 

microamperes €or full-power operation. If the chamber is t o o  

close to the reactor, the servo can never demand full power; 

whereas, if the chamber I s  too far away, the range of operation 

of the S ~ ~ V Q  is reduced, preventing proper functioning o€ the 

reactor setback. Proper calibratton is then obtained at the 

beginning of the cycle by positioning the chamber to give a 

current of 18.2 uA (or slightly more) at full power. Thfs is 

done with thc reactor being manually controlled and by reading 

the output of the micromicroammeter. It should be noted that, 

as a general rule, this chamber should be moved only a f l e r  the 

safeties have been placed in their proper place since manual 

operation is more likely to produce power drifts than servo 

operatloti. This rule is especially important If there is evi- 

dence that the safety shambers are too far from the reactor 

core (reading too l o w ) .  

3 .  Log-N chambers 

The location of these chambers is critical because of 

their interaction with the servo control features of the reac- 

tor near NL (1% full power). In order that the reactor may be 

put into the RUN mode, the log-N recorder readout must indicate 

above 0.6 NL* 

the core (relative to the servo chamber), the tower end of the 

If the log-N chamber position is too far from 
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s e r v o  range  (1 .1  NL) w i l l  be a t t a i n e d  b e f o r e  t h e  l o g  N r eads  

0 .6  N L .  I n  t h i s  c a s e ,  t h e  s e r v o  w i l l  c o n t r o l  a t  t h i s  l e v e l  and 

t h e  RUN mode cannot  be  e s t a b l i s h e d  by  normal procedures ,  s i n c e  

t h e  s e r v o  demand can  be i n c r e a s e d  o n l y  a f t e r  t h e  RUN mode i s  

e s t a b l i s h e d .  This  r e q u i r e s  t h e  o p e r a t o r  to t u r n  o f f  t h e  s e r v o ,  

r a i s e  power manual ly ,  push t h e  "run" b u t t o n ,  r a i s e  t h e  demand 

and t h e n  r e t u r n  t o  s e r v o  o p e r a t i o n .  On t h e  o t h e r  hand ,  i f  t h e  

log-N r e a d s  g r e a t e r  t h a n  1.8 NL b e f o r e  t h e  RUN mode h a s  been 

e s t a b l i s h e d ,  a r e v e r s e  i s  i n i t i a t e d ;  t h u s  t h e  log-N chamber 

m u s t  n o t  be t o o  c l o s e  t o  t h e  r e a c t o r .  If t h e  s e r u o  chamber i s  

presumed t o  be p r o p e r l y  p o s i t i o n e d  ( a s  i t  u s u a l l y  i s  from t h e  

p rev ious  r u n ) ,  then  t h e  log-N chambers should  be  p o s i t i o n e d  s o  

t h a t  t h e  r e c o r d e r  r eadou t  i s  1.1 NL when t h e  s e r v o  i s  

c o n t r o l l i n g  a t  i t s  lower demand l i m i t .  T h i s  should  be  done 

wi th  t h e  r e a c t o r  o p e r a t i n g  i n  s e r v o  and wi th  t h e  log-N p e r i o d  

c i r c u i t s  d i s a b l e d ,  i f  t h i s  appea r s  t o  be necessa ry  t o  p reven t  

scrams a n d  c o n t r o l  a c t i o n s .  (S ince  two log-N channels  a r e  i n  

the  c i r c u i t r y ,  i t  i s  e a s y  t o  p o s i t i o n  t h e  "non-selected" 

chamber wi thou t  removing c o n t r o l  f u n c t i o n s  o f  t h e  " se l ec t ed"  

log-N channel . )  

I f ,  a f t e r  r each ing  f u l l  power9  i t  should  become e v i d e n t  

t h a t  t he  s e r v o  chamber should  be moved, a s  i n  t h e  paragraph 

above,  t h e  log-N chamber should  be moved t o  g i v e  t h e  same 

c u r r e n t  r a t i o  change, Due t o  n o n l i n e a r i t i e s  i n  t h e  log-N chan- 

n e l ,  t h e  log-N r e c o r d e r  r eadou t  w i l l  n o t  i.n g e n e r a l  r e a d  100% 

a t  f u l l  power, even though i t  may r e a d  1% a t  1% paver .  

The d i s c u s s i o n  above i s  f o r  r o u t i n e  chamber r e l o c a t i o n .  

Unless  g r o s s  changes i n  load ing  o r  o p e r a t i o n  of  t h e  r e a c t o r  

o c c u r ,  such r e p o s i t i o n i n g  should  seldom be  r e q u i r e d .  There i s  

a "shading" e f f e c t  between nearby chambers which  may have to be 

cons ide red  du r ing  t h e  above o p e r a t i o n s .  I f  p o s s i b l e ,  an  a d j a -  

c e n t  chamber should  not be  used as a power r e f e r e n c e  d u r i n g  

movement of  a second chamber. 
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2.6.2. Dual Log-N System 

T o  minimize reactor down time due to instrument failure in the 

log-N channel, a second log-N channel is on standby and may be placed 

in service when needed. 

This design is intended to provide two complete log-N channels from 

the chamber to the output of the period aznplifier. 

independent except for the switching mechanism which permits the use of 

either, but not both, channels at any time. The selection of a channel 

as the operating channel with the "SB" switch will: (a) connect all 

reactor control functions associated with the log-N and log-N period to 

the recorder switches of the operating channel only; (b) connect the 

input of the p e r i o d  sigma amplifier to the output of the period 

amplifier of the operating channel; (c) connect the safety-trouble 

monitor circuits associated with the period sigma amplifier to only the 

operating channel; ( d )  actuate pilot lights at the recorders (log-N and 

period) and log-N amplifiers to indicate the "operating" channel; and 

(e) completely remove the remaining channel from reactor controls 

thereby permitting maintenance, calibration, etc., without endangering 

t h e  operation of the reactor, 

Each channel is 

To effectively utilize this dual system, certain steps must be 

followed; they are listed below. 

1. Prior to startur> 

a. Check to ensure that with the "SB" switch in position 

No. 1, the channel designated as No. 1 will be the 

"selected" channel; this will be indicated by: 

( 1 )  Pilot lights, located in the center of the right 

side of  both the log-N and the period recorder 

doors, will be energized. (These recorders are 

located on the graphic panel.) 

. ...- 
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2. 

( 2 4  P i l o t  l i g h t ,  l o c a t e d  between &.Pie log-N a i x p l i f l c i  

and p e r i o d  a m p l i  fies c a b i n e l  A, id11 be ernergl~ed I 

b .  Bdt'n the  "SM' switcah in p o s i t i o n  No. 2, c h a m e l  No. 2 

w i l l  bc s ~ k c c t e d  and w i l l  be i n d i c a r P 9  by: 

(1 )  P i l o t  l i g h t s ,  located i n  t h e  r e n t e r  of thc  rs"glit 

a i d e  of both   he log--N and perLod recorder doors ,  

w i l l  be energ tzed .  ( rhese recorders  a r e  l o c a t e d  

on t h e  graphic  panel . )  

( 2 )  The p i l o t  l i g h t ,  located.  between t h e  log-N a m p l i f i e r  

and the p e r i o d  a m p l i f i e r  I n  a t n p l l f i e s  cabinet  C ,  

w i l l  be energ ized .  

c.  Both channels  should be c a l i b r a t e d  and ready f o r  se rv ice .  

d .  One of Lhe two channels  should he selected for  use. The 

channel  t o  be used w h h l  normally be a l t w m t - e d  P r o m  one 

c y c l e  t o  t h e  next .  

e .  The c i r c u i t  i s  designed t o  "make, before  break which 

ensures that one channel w i l l  always be s e l e c t e d  

regardless of t h e  SB swf-rch p o s i t t a n .  A s  t h e  SB s w l t r h  

i s  moved from one p o s l t i o n  t o  the other ( e . g .  , channel  

No. 1 a l  rn:dposition to channel  No. 21, t h e  panel  l i g h t s  

a s s o c i a t e d  w i t h  the channel  No. 1 will be de-energ ized+ 

Chanirel No. 1 w i l l  however remain the  selected channel  

u n t i l  p o s i t i o n  No. 2 i s  a c t u a t e d ,  Chereby energizing t h e  

complete  channel i n c l u d i n g  t h e  pane l  l i g h t s  associated 

wfth t h e  c i r c u i t  and de-energielng No. 1 channel  frow t h e  

reactor c o n t r o l s .  

l h r i n g  operat  ion 

a.  The channel  not s e l e c t e d  i s  a v a i l a b l e  f o r  c a l l b r a t t o n ,  
___ _I____ 

-- 
maintenance,  e t c .  
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. .-. 

b .  If the selected channel should become defective during 

operation, regardless of its effect on reactor power: 

( 1 )  calibrate the "not  selected" channel and ensure t h a t  

it is operating properly before it is selected; 

( 2 )  using the SH switch, select the channel which is 

operable; and 

( 3 )  the defective channel will then be available for 

repair. 

2 . 6 . 3 .  Servo Limit Switch Assembly 

The servo system for the ORR has been designed t o  use any shim rod as 

the servo-controlled rod. Because the reactivity of each r o d  is approxi- 

mately 8%, a device is needed which limits the amount of reactivity con- 

trolled by the servo to a value of approximately 0.5% maximum, while 

al.lowing the servo controlled rod t o  operate at any point in ita travel. 

This device, the servo limit switch assembly, consists of a set of limit 

switches, an actuating cam, a mecharnical differential and associated 

drive motors , indicators, etc. The control circuits f o r  moving t h e  

actuating cam and those circuits involving the limit switch contacts are 

constructed so  as to limit the amount of  positive reactivity which can 

normally be added to the reactor by the servo. This is done without 

limiting the amount of negative reactivity available to the Servo, and 

without reducing the rod worth available for shimming and safety. 

block diagram of the system i s  shown in Fig. 2.6. 

A 

The operation of the servo limit switch assembly is as follows. The 

fine position selsyn transmitter, TX-2, rotates one revolution per inch 

of travel of the shim rod. The output of this transmitter is f e d  into a 

control transformer, CT-1, which is made to reproduce the position of  

TX-2 by means of a modified Brown amplifier and t h e  motor M-2, TX-3 is a 

selsyn transmitter used to retransmit fine position information i f  

needed. It is not used in the ORR, but could be used if TX-2 were too 

small to drive both  RX-2 and CT-1. 

hence the position of  the shim rod drive, is f e d  in to  a mechanical d i f -  

ferential. If M - 3  is not rotated, t h e  output shaft of  the differential 

The position of the shaft of  M-2, and 
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r o t a t e s  through an  ang le  which i s  h a l f  t h a t  of t h e  angu la r  r o t a t i o n  of 

M-2. Thus one inch  of  rod  motion i s  reproduced as  one-half  r e v o l u t i o n  of 

t h e  o u t p u t  s h a f t  o f  t h e  d i f f e r e n t i a l .  The c a l i b r a t i o n  d i a l  has  200 d i v i -  

s i o n s  and so  r e a d s  motion of t h e  rod  i n  hundredths  of an inch .  P f  M-2 i s  

s t a t i o n a r y ,  r o t a t i o n  of  M - 3  a l s o  moves t h e  o u t p u t  s h a f t  of  t h e  d i f f e r e n -  

t i a l .  

r o t a t i o n  o f  M-2 ( r o d  p o s i t i o n )  and M-3. 

l o c a t o r  d r i v e "  s i n c e  i t s  f u n c t i o n  i s  t o  f i x  t h e  l o c a t i o n  o f  t h e  p o r t i o n  

of  t h e  shim rod  t r a v e l  which i s  t o  be used f o r  s e r v o  c o n t r o l .  I t s  motion 

i s  s u b j e c t  t o  a l l  shim rod  i n t e r l o c k s .  

The o u t p u t  s h a f t  then  i s  a measure o f  t h e  d i f f e r e n c e  between t h e  

We c e l l  M-3 t h e  "servo  span 

The o u t p u t  s h a f t  d r i v e s ,  through a s l i p  c l u t c h  and two changeable  

s p u r  g e a r s ,  a l i m i t  sw i t ch  a c t u a t i n g  cam wi th  mechanical  s t o p s  a t  each 

end. 

a c t u a t e d  and ma in ta ined  i n  t h e  a c t u a t e d  p o s i t i o n  a s  t h e  cam r o t a t e s  over  

t h e  al lowed 180". The arrangement  of t h e  c i r c u i t s  i s  such t h a t  M-3 and 

t h e  shim rod  d r i v e  motor a r e  prevented  from d r i v i n g  t h e  cam i n t o  t h e  

mechanical  s t o p s  in e i t h e r  d i r e c t i o n .  The amount of motion of t h e  shim 

rod  r e q u i r e d  t o  d r i v e  t h e  cam 180" is determined by t h e  change g e a r s .  

The c h o i c e  of  g e a r s  i s  made on t h e  b a s i s  of  rod  worth i n  &k/k p e r  inch  

n e a r  t h e  c e n t e r  of t h e  shim rod  motion so  t h a t  over  t h e  span something 

l i k e  0.5% Ak/k i s  tu rned  over  t o  t h e  se rvo .  I f  t h e  s e r v o - c o n t r o l l e d  rod  

r eaches  e i t h e r  end of  t h e  span ,  i t  i s  n e c e s s a r y ,  i n  o r d e r  t o  move the  

r e g u l a t i n g  rod f a r t h e r ,  t o  e n e r g i z e  M-3 which moves a t  a speed which i s  

e q u i v a l e n t  ( i n  terms of  r o t a t i o n  of  t h e  cam) s l i g h t l y  less t h a n  normal 

shim speed.  To move M - 3  i n  a d i r e c t i o n  t o  a l low t h e  se rvo-con t ro l l ed  rod  

t o  withdraw ( e f f e c t i v e l y  "withdraw t h e  l i m i t  Switches") t h e  o p e r a t o r  m u s t  

manual ly  o p e r a t e  t h e  "withdraw" swi t ch  f o r  t h e  s e r v o  c o n t r o l l e d  shim rod.  

This  o p e r a t i o n  i s  au tomat ic  i n  two s p e c i a l  c a s e s  d u r i n g  s t a r t .  

t h e  s e r v o  c o n t r o l l e d  rod  t o  i n s e r t  ( " i n s e r t  l i m i t  swi tches")  t h e  o p e r a t o r  

m u s t  a c t u a t e  t h e  " i n s e r t "  swi t ch  f o r  t h e  se rvo-con t ro l l ed  rod .  Th i s  i s  

dons a u t o m a t i c a l l y  by c e r t a i n  " reverse"  s i g n a l s  i n  t h e  r e a c t o r  c o n t r o l  

s y s tern. 

The swi t ches  a r e  spaced over  a 180" a r c  and a r e  s u c c e s s i v e l y  

To a l l o w  
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TX-1 is a selsyn transmitter which rotates 270%' f o r  180' rotation of 

the limit switch actuating cam, thus its shaft positkon i s  an indication 

of  the relative position of M--2 and 14-3 and ,  therefore, the position of 

the regulating rod in its available span. 

moves the s e l s y n  indicator towards its upper limit while "insertion of the 

limit switches" (actually manipulation of  the shim rod insert switch or 

automatic operation of  the shim rod insert relay) moves the indicator in 

the same direction, provided the servo controlled rod  is not moved. 

Withdrawal of the shim rod 

In the ORR, No. 4 shim rod is presently used as the servo-controlled 

rod and the detailed operation of the system is as follows, 

1. Servo operation .-____ of the reactor . - . ~  

a. 

b. 

C. 

d. 

Motion of  the No. 6 rod  is coupled to one input of  the 

mechanical differential through the fine position transmit- 

ter, a control transformer, and a torque amplifier. 

Number 5 rod moves only in response to a signal from the 

reactor power level servo.  

The servo span locator drive motor (M-3) is eoupled to t h e  

other input of  the differential and operates on manual and 

automatic shim rod operate signals, except  that the "Insert 5 
rods" signal does not operate the m o t o r .  

The output o f  the differential d r i v e s  t h e  limit switch. 

actuating cam and selsyn transmitter, TX-1,  through a change- 

able gear ratio which is used to s e t  the span of  servo 

controlled operation of  No. 6 rod. T h i s  cam has mechanical 

stops and a slip clutch. The limit switches which are 

encountered as the regulating rod i s  inserted are in the 

following order: 

(1) withdraw limit (contacts closed in withdraw limit only); 

(2) middle limi-t (contacts closed as rod i s  inserted until 

the middle linit switch i s  reached, then it opens and  

remains open f o r  remainder o f  stroke); 

(3) preferred limit (contacts close upon reaching this limit 

and remain closed); and  

( 4 )  insert 5 rods (reverse) limit (closed a t  t h i s  limit 

o n l y ) .  
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e -  The Limit switches perform the following function as the 

servo controlled rod progresses from the withdraw to the 

reverse limit. 

(1) With the actuator in the withdraw limit (servo-controlled 

rod at upper end of its servo span) 

(a) Number 6 rod cannot be withdrawn any farther. 

(b) The servo span locator drive motor cannot Be 

energized to move the limit s w i t c h  actuating cam 

farther into the withdraw limit. 

(e) An annunciator sounds, indicating that No. 6 rod has 

been withdrawn, by the servo, to this limit and can- 

not add more reactivity. The operator must then 

manually add more reactivity by pulling another shim 

or by operating M-3 (using shim rod No. 6 manual 
controls). Operating M-3 moves the actuating cam out 

o€  the withdraw limit which then allows the servo 

error to move the regulating rod out to add the 
required reactivity t o  satisfy the servo demand. 

This is done at approximately 85% shim speed and 

under shim rod interlocks. (In case the operator is 

manually raising power demand, the annunciator is not 

operated and the "preferred" shim rod is withdrawn 

until the limit switch actuator leaves the "withdraw" 
limit. ) 

(2) With the actuating cam at or below the preferred limit 

(a) If any rod but No. 6 is the "preferred"' rod, this 
preferred rod is inserted until a servo withdraw 

error causes No.  6 rod to move the actuating cam to a 

point above the middle limit. 
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( b )  I f  No. 6 rod  i s  " p r e f e r r e d , "  t-he s e r v o  span  l o c a t o r  

d r i v e  motor t u r n s  i n  a d i r e c t i o n  t o  move t h e  l i m i t  

sw i t ch  a c t u a t o r  o u t  o f  t h e  preferr tad l i m i t  and con- 

t i n u e s  t o  run  u n t i l  t h e  a c t u a t o r  g e t s  above t h e  

middle  l i m i t .  (During t h i s  t i m e ,  No. 6 rod  and t h e  

a c t u a t i n g  cam may be moving i n  response  t o  s e r v o  

e r r o r s .  1 
( 3 )  With t h e  a c t u a t i n g  cam a t  t h e  " reverse"  o r  " i n s e r t  5 

rods"  l i m i t  

( a )  Number 6 r o d  cannot  be  i n s e r t e d .  

( b )  A l l  r o d s  excep t  No. 6 i n s e r t  u n t i l  t h e  s e r v o  causes  

r o d  No. 6 t o  move t h e  a c t u a t o r  sway from t h e  r e v e r s e  

l i m i t .  

( c )  An annunc ia to r  i n d i c a t e s  t h e  c o n d i t i o n .  

( 4 )  The middle l i m i t  sw i t ch  i s  used  t o  e f f e c t  t h e  s e a l  on t h e  

" p r e f e r r e d  i n s e r t "  a c t i o n  ( s e e  2 above)  and t o  forewarn 

t h e  o p e r a t o r  t h a t  t h e  se rvo  rod  i s  approaching  t h e  

" p r e f e r r e d "  l i m i t  sw i t ch .  

2 .  Manual  o p e r a t i o n  ~- 

a .  The s e r v o  l i m i t  sw i t ches  and t h e  cam o p e r a t i n g  motors Ei-2 and 

M-3 are  rendered  i n o p e r a t i v e ,  

Number 6 shim r o d  o p e r a t e s  j u s t  as do a l l  o t h e r  shims. b .  

3. Ins t rumen t  s t a r t  ~. .- 
An " ins t rument  s t a r t  r eques t "  e n e r g i z e s  t h e  s e r v o  span  loca--  

t o r  d r i v e  u n t i l  t h e  l i m i t  sw i t ch  a c t u a t i n g  cam engages t h e  

"withdraw" l i m i t  sw i t ches  , a f t e r  which t h e  in s t rumen t  s t a r t  can  

proceed.  

2.6.4. Gama Chambers 

Two s e a l e d  i o n i z a t i o n  chambers,  s e n s i t i v e  o n l y  t o  gamma r a d i a t i o n ,  

a r e  i n s t a l l e d  in s l a n t  t ubes  on t h e  nor thwes t  and southwest  a i d e s  of  t h e  

r e a c t o r .  The purpose o f  t h e s e  chambers,  which a re  l e s s  s e n s i t i v e  t o  

environment changes caused by beam-hole o p e r a t  i on  than  the o t h e r  iorniza- 

t i o n  chambers because of  l o c a t i o n ,  i s  t o  p rov ide  a d d i t i o n n a l  p r o t e c t i o n  

when beam h o l e s  a re  d r a i n e d  o r  f i l l e d  wi th  wa te r .  The chamber c e n t e r  
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line is about 3 in. above the core center line. The signal and supply 

cables are routed through penetration JB-B84,  south, for the No. 1 gamma 

chamber and through JB-BS7, north, for the No. 2 gamma. The signal 

cables are routed through the preamplifier chase and thence to the 

control room. 

Two gamma composites (RC2-10-14) are located in the top left side of 

amplifier cabinet "A" with the No. 1 on top. 

the 3004 power supply for the chambers and a monitoring circuit for: 

(1) signal-cable-braid breakage, (2) loss of high voltage at the chamber, 

and (3) decrease of high voltage t o  <170 V. These monttors actuate the 

appropriate annunciators, gamma No. 1 at AN-7 and gamma No. 2 at AN-8. 

The composites contain a ten-position sensitivity switch which gives a 

1.4% per step control of the signal output. The switch permits the 

operator to keep the gamma readout at 1.00 NF (100) throughout the cycle 

in a manner similar t o  the level safeties. In addition to the ten- 
position sensitivity switch, the composites contain a toggle switch which 

allows large (>14%)  sensitivity changes t o  compensate €or shading effect 

of large experiments that can be, during full-power reactor operation, 

inserted into or  withdrawn from the reactor vessel pool window as 

follows: Toggle switch "up" - experiment inserted into the pool window 
position thereby shading the gamma chamber (sensitivity of the composites 

increased in this position). The "up*' position of the toggle switch is 

selected after the experiment is inserted to the pool window which 

returns the composite readout t o  the full-power value. Toggle switch 

"down" - experiment withdrawn from the pool window position thereby 
removing the shading of the gamma chambers (sensitivity of the composites 

decreased in this position). The down position of the toggle switch must 

be selected before retraction of the experiment which reduces the 

readout. As the experiment is retracted, the composite readout returns 

to the full-power value. A recessed "scram test" button is provided on 

each composite to produce an input signal to the recorder(s) which 

These composites contain 
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s i w u l a f ~ s  t h e  chamber o u t p u t  c u r r e n t  a i  SCialfi c o n d i t i o n s .  

when pushed,  produces a s i g n a l  which d r i v e s  t h e  t e c o r d e r  of  t h a t  c i r c u i t  

t o  a l e v e l  o f  - >150% of nominal f u l l  power. 

‘This  b u t t o n ,  

TWO gama  r e c o r d e r s  a r e  l o c a t e d  i n  v e r t i c a l  board No. 9 .  These 

r e c o r d e r s  r ead  similar t o  t h e  l e w l  s a f z t i e s  0 t o  2 - 0  NF and a 5cram 

( b o t h  makeup and dropou t )  a t  1.45 NF.  

AN 7 and AN-$.  

The a la rm actuates a n n u n c i a t o r s  

During fUll-poWer o p e r a t i o n ,  thc s e n s i t i v i t y  swi t ch  shou ld  be 

a d j u s t e d  SO t h a t  t h e  gamma recorders  d i s p l a y  a reeding o f  a b o a t  100 

(1 .8  NF). 

2.6.5.  Opera t ion  o f  E-Panel Switches - _ _ _ _ _ - - ~  ..... ~ 

ORR exper iments  a r e  connected t o  t h e  r e a c t o r  s a f e t y  c i r c u i t s  through 

t h e  E-panels.  A l l  the E-pane l s  a r e  provided  w i t h  i nd iv i -dua l ,  keyed 

swi t ches  ( F i g .  2 . 2 ) .  Only two keys a re  provided f o r  each swi t ch ;  oil.. 

i s  locked i n  a s a fe  and t h e  o ther  is locked i n  a key rack l o c a t e d  i n  t h e  

ORR c o n t r o l  room. The key r a c k ,  i n  t u r n ,  i s  provided  wi th  a l o c k  which 

r e q u i r e s  keys  c a r r i e d  by s h i f t  o r  day  s u p e r v i s i o n .  

Sometimes i t  i s  desirab1.e t o  rcmclw an  experiment  from t h e  s a f e t y  

c i r c u i t  wh i l e  the r e a c t o r  i s  o p e r a t i n g ,  provi.ding the experiment  h a s  been 

p r o p e r l y  n e u t r a l i z e d .  There i s ,  however,  a p o s s i b i l i t y  that  the w r o n g  

experiment  may i n a d v e r t e n t l y  be removed from the s a f e t y  c i r c u i t .  I n  

o r d e r  t o  minimize such  an occur rence ,  t h e  fo l lowing  procedure  should  be 

observed when removing a n  experiment  f r o m  t h e  s a f e t y  c i r c u i t  w h i l e  t h u  

r e a c t o r  i s  o p e r a t i n g  o r  d u r i n g  shutdown i f  the shutdown O C C U K K ~ ~  f o r  t h e  

purpose 05 n e u t r a l i z i n g  t h e  exper iment .  

1. The s u p e r v i s o r  informs t h e  cont ro l - -desk  o p e r a t o r  O P  t h e  s p e c i f i c  

experiment  t o  be removed from the safety c i r c u i t  and r e q u e s t s  

t h a t  h e  obse rve  t h e  annunc ia to r  pane l  wh i l e  t h e  E-panel swi tch  

i s  tu rned  t o  “disconnect:.” 

2. The s u p e r v i s o r  removes t h e  experiment  f rom t h e  s a f e t y  c i r c u i t  by  

turning t h e  E-pane? swi t ch  t o  “d i sconnec t  .‘I 
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3 .  

4 .  

The control desk operator announces to the supervisor which 

experiment annunciator alarm has sounded, indicating that it has 

been removed from the safety circuit. 

The supervisor should check the experiment control panel and 

observe that the "experiment tie-in" annunciator is in the alarm 

condition, indicating that the experiment has been disconnected 

from the reactor safety circuit. 

When an experiment is removed from the safety circuit, a notation 

should be made in the log book as to why the experiment was removed from 

the safety circuit giving the name of the supervisor who performed the 

above procedure. 

Insofar  as reactor safety is concerned, there is no difference - 
between "test" and "disconnect." 

the experiment from the reactor safety circuit and opens the circuit from 

the "E-panel" to the experiment, thereby preventing the experimenter from 

performing any instrument checkouts in the safety tie-in system. 

"test" position disconnects the experiment from the reactor safety cir- 

cuit but allows continuity from the experiment to the "E-panel" which 

permits the experimenter to simulate any desired condition (scram, set- 

back, or alarm) without affecting the reactor. The indiscriminate use of 

the two modes for disconnecting an experiment from the reactor safety 

system does not in any way jeopardize reactor safety. The advantage in 

adhering t o  the use of the "disconnect" position when an experiment is 

not in the reactor is better control of experiment instrument checkout. 

The "disconnect" position is used when an experiment facility is not i n  

use; and "test" is used €or experiment instrument checkout. 

2.6.6. Fission Chamber 

The "disconnect" position disconnects 

The 

Each time after the reactor has been brought to full power, the 

This will prolong the 

Normal operation is with 

fission chamber should be completely withdrawn. 

l i f e  of the chamber and its component parts. 
the fission chamber withdrawn to the withdraw limit. 
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2.6.7. P a s t r u m e n t  Warm-up . .  T i m e  Fol lowing a Power Outage - 
O c c a s i o n a l l y  i t  I s  necessary  t o  re turn the r e a c t o r  t o  power as soon 

as p o s s i b l e  fo l lowing  a power f a i l u r e  t o  avoid xenon poisoning.  

Howevcr, s p e d  must i'aev~r j e o p a r d i z e  s a f e t y  i n  t h i s  phase QL- any phase of 

operaP'son. 

FaSlowing a power stitage, a l l  e l e r t r i c a l  i n s t r u m e n t a t i o n  on a f fec ted  

c l r c - u i t s  i s  t e m p o r a r i l y  dead. After the powex i s  restored,  t h e r e  i s  a 

minimum warm-up per iod  necessary to p r s v i d c  t h e  relia'bi: I t y  requi red I A 

i e v i e v  o f  the  safety instrunaerakat~mi i n d i  ra tes  tha t  a warm--up t i m e  of 

f i v e  (5 )  m i i m t c s  i s  adequate  t o  p rov ide  a r e l i a b l e  c o n t r o l  system f o r  

s t a r t u p .  This  warm-up t i m e  i s  t h e  minimum t o  be observed f o r  safety 

l e v e l  channels ,  and all o t h e r  channels  ~ € 1 1  be r e l i a b l e  b s f o r e  thls 

s p e c i f 1  ed time. 

T h e  procedure ~ C J  f o l l o w  when r e c o v e r i n g  from a power outage 

less o f  i t s  d u r a t i o n  i s  TO complete the '"Chccklist f o r  t h ~  qRR 

rt.~-;tast f o l l o w i n g  an unscheduled S h u t d o m ,  S e c t i o n  1./se6, E-xamplp 1.3. 

2.6.8. F a c i l i r y  Plow Tostsiimerrtatiun - . .  ,. I- - 
I n s t r u m r w t a t i o n  has been provlded f o r  The nor th  and aouth  Fac- l l i t ies  

t o  provide  an automat ic  r edue t ion  in r e a c t o r  power should t h e  flows d r o p  

t o  undesirable l e v e l s .  S i n e e  p r e s e n t  components a t  t h c  south  f a c i l i t y  

depend on a w a t e r - f i l l e d  e a v i t y  f o r  s h i e l d i n g ,  a m n l t r s n  i s  i n s k a l l e d  i n  

t h i s  v i c i n i t y  kihtch d.11 sound a s1rei-t I f  r a d i a t i o n  becomes e x c e s s i v e .  

This  d e s c s i p t l o a  i s  fntendcd t o  g i v e  br ie f  informatton on flow-switch 

i d e n t i f i c a t i o n  and r e d o u t :  in format ion .  

1. Narth- and s o u t h - f a c i l i t y  .̂ ._ flows 
I- 

The f a c i l i t y  f lows  ( s o u t h - f a c i l i t y  annulus  FE-73lA and 

FE-731B, s o u t h - f s e i l i t y  24-in. plug FE-751A and FE-751BP arid 

n o r t h  f a c i l i t y  FE-302A and FE--302B) have alarms and s e t b a c k s  in 

Che c o n t r o l  c i r c u i t  as part of t h e  process system. 
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Since each of these systems is "double-tracked,'' there are six 

contacts in the annunciator circuit in series with PX-39 (facility-pump 

discharge-pressure switch) which operate the "facility-cooling" as long 

as the servo demand is above NL. 

(AG-31) is also operated by low flow. 

The auxiliary reverse-request relay 

The setpoints are as follows: 

Normal flow 110 gpm 

FS 731A1 80 gpm A l a r m  

731A2 61 gpm Set back 

7 3 1A3 59 gpm Revers e 

731B1 

731B2 

73183 

A l a r m  

Setback 

Reve r 6 e 

Normal flow 100 gpm 

FS 751A1 75 8Pm Alarm 

7 5 182 51 gpm Setback 

75183 49 gPm Revers e 

751B1 75 &P* A l a r m  

751B2 

751B3 

Setback 

Alarm 

Normal flow 140 gpm 

FS 302A1 100 gpm Alarm 

302A2 71 gpm Setback 

302A3 69 gpm Reverse 

302B1 

302B2 

100 gpm 

71 gpm 

Alarm 

Setback 

302B3 69 gpm Reverse 

The AP transmitters for the south facility (FE-731 and FE-751) are 

loca ted  at the south-facility transmitter rack on the south side of the 

basement a 
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A l l  switches and the north-facility transmitters €OL FE-382 

are located in the north-fasility transmitter rack in the base- 

ment just north of the door to the subpile room. 

The recorders for the south facility are i n  the old south- 

facility switch panel in the basement on the north s i d e  of the 

pool structure. The red pen of  each recorder is on FE-931 

(annnlus flow, 150 gpm FS). The green pen of  each recorder is 

on FE-751 (2&-in.-plug €'box, 100 gpm FS) .  

The north-facility f low is not recorded at the present time 

but is indicated in the north-facility transmitter rack on the 

two 2-in. rcceiver gauges in t h e  lower right-hand corner of  the 

rack .  To convert readings on all of  the receiver gariges in the 

rack flow, use the following conversions: 

Flow 1 5  (% o f  full-scale r e a d i n g  EPm 
I_ 

FE-73 I 
FF-751 ~ 1 0 7 ,  10 ~ ~ u T 1 : s i a l e  seading - E!2m 

FE-302  law 20 q + i . - s c a ~ . e  reading gPm 

The t o t a l  €acility flow has a readout in the control room; 

however, t11e total flow can a l s o  be determined from the receiver 

gauge located in the soul-h facility transmitter rack by the  

€0 1 lowing conversion : 
-a 

FE-10 Flow 50 full-scale reading g P'n 

The contacts fo r  all flow switches are summed up in the basement 

switch panel and brought up to terminal strip P F i  (just under  

CP-18)  in terminal box "A" i n  the control room. 

2. G-. 2 (cold finger), 1W-in. plug flow ... ......_ 
The 18-in. plug of GCR l o o p  No. 2 can cause a. reactor alarm 

on high radiation and on low flow. 

rnonitron with the chamber portable to provide positioning at the 

desired location. T h i s  unit will actuate a local s i r e n  if the 

radiation level becomes excessive. A reactor alarm also occurs  

on the cold finger low flow of 2.5 gpm. The. signals on  p l u g  

flow (cold finger) enter the control circuit through t h e  "E" 

switch labeled "south-facility 18-in. plug." 

The radiation detector i s  a 
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2.6.9. Low-Level Scrams 

The r e a c t o r  c o n t r o l  c i r c u i t r y  i s  des igned  t o  p rov ide  a d d i t i o n a l  

safety p r o t e c t i o n  when it  i s  in t ended  t h a t  t h e  r e a c t o r  be o p e r a t e d  

wi thou t  t h e  normal f u l l  water flow. 

eEfec ted  by i n c r e a s i n g  t h e  s e n s i t i v i t y  of  t h e  No. 3 s a f e t y  channe l  by a 

f a c t o r  o f  approx ima te ly  45 when the " r a i s e - t e s t "  s w i t c h  i s  p l aced  i n  t h e  

TKST p o s i t i o n .  

a l s o  i n c r e a s e d  by a f a c t o r  o f  approximate ly  45 f o r  o p e r a t i o n  w i t h  the 

primary-water f low r a t e  <12,088 gpm and t h e  r e a c t o r  AP cor re spond ing  t o  a 

main flow of -- <12,000 gpm, r e s p e c t i v e l y . )  

Such "low-level" p r o t e c t i o n  i s  

(The s e n s i t i v i t y  o f  t h e  Nos. 1 and 2 s a f e t y  channe l s  i s  

- 

I n  TEST, t h e  pr imary-water  f low ra te  and AP sc ram-c i r cu i t  r e l a y s  a r e  

bypassed;  however, under t h i s  c o n d i t i o n ,  p r o t e c t i o n  i s  e f f e c t e d  i n  t h e  

fo l lowing  sequence:  

l i m i t e d  by a s e t b a c k  a t  a 60% r e a d i n g  on t h e  power- level  s a f e t y  r e c o r d e r s  

( t h i s  i s  e q u i v a l e n t  t o  approx ima te ly  400 kW>; ( b )  a r e v e r s e  w i l l  be 

e f f e c t e d  when a r e a d i n g  of  1.8 NL on t h e  log-N r e c o r d e r  i s  r eached  ( t h i s  

i s  e q u i v a l e n t  t o  approx ima te ly  540 kW); ( c )  a reverse w i l l  b e  e f f e c t e d  a t  

a reading of approx ima te ly  120% on any one o f  t h e  t h r e e  s a f e t y  r e c o r d e r s  

( t h i s  i s  e q u i v a l e n t  t o  approx ima te ly  800 kW); and ( d )  a "fast scram" w i l l  

be e f f e c t e d  a t  a r e a d i n g  o f  approx ima te ly  140% on any one of t h e  t h r e e  

s a f e t y  r e c o r d e r s  ( t h i s  i s  e q u i v a l e n t  t o  approx ima te ly  1000 kW). 

( a )  when i n  s e r v o  c o n t r o l ,  t h e  maximum power i s  

S tanda rd  o p e r a t i n g  p rocedure  f o r  u t i l i z i n g  t h e  p r o t e c t i o n  o f f e r e d  by 

t h e s e  c i r c u i t s  s h a l l  be a s  fo l lows .  

1. P r i o r  t o  beg inn ing  a c r i t i c a l  r u n  o r  low-power run (when normal 

wa te r  f low c o n d i t i o n s  have n o t  been e s t a b l i s h e d ) :  

a .  p l a c e  t h e  "raise-test" s w i t c h  i n  t h e  TEST p o s i t i o n ;  and 

b, obse rve  t h a t  the  N o .  3 microammeter, which is mounted on t h e  

ORR conso le  j u s t  above t h e  key s w i t c h ,  i s  r e a d i n g  upsca le .  

T h i s  i n d i c a t e s  t h a t  t h e  "low-level" scram i s  in e f f e c t .  

2 .  A f t e r  comple t ing  a l l  c r i t i c a l  o r  low power r u n s ,  t h e  " r a i s e - t e s t "  

s w i t c h  shou ld  be r e t u r n e d  t o  "normal" p o s i t i o n .  
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It is  impor tan t  t o  no te  t h a t  I f  t h e  r e a c t o r  is o p e r a t i n g  a t  power 

g r e a t e r  t h a n  approximately 450 kW, e i t h e r  w i t h  or wftkout  warer f low,  a 

scram wi.1- l  occur  i f  t h e  "raise-test" swltch i s  turned  t o  t h e  TEST 

pos 1 t i o n .  

2.6.10. Dual Count-Rate Channels 

Reference:  Reac tor  C o n t r o l s  Change Memorandum No. ORR 6 3  
-- 

There are two pemaizelmt count - ro te  channels  i n  t h e  c o n t r o l  and safe-  

guard system. Dual channels  enhance c o n t i n u i t y  o f  operation sfnee only 

one channel  fs r e q u i r e d  f o r  s t a r t u p  operatLon. The components of b a t h  

c o u n t - r a t e  channels  and LlIieir l o c a t i o n s  are presented  i n  Table  2.1. 

A s e l e c t o r  swi tch  ( S 2 3 )  has been provlded so t h a t  e i t h e r  channel  No. 

I, channel  No. 2 ,  o r  bath may be connected to  t h e  r e a c t o r  c o n t r o l  and 

s a f e g u a r d  system. The setpofnts f o r  i n t e r l o c k s  are t h e  same f o r  each 

channel ;  however, when both channels  are s e l e c t e d ,  an  i n t e r l o c k  on e i t h e r  

channel  w I l l  i n i t i a t e  sa feguard  a c t i o n .  The normal method of ope ra t ion  

i s  d t h  only  one channel  s e l e c t e d  ( i . e * ,  n o t  b o t h ) .  Neon i n d i c a t o r  lamps 

are  l o c a t e d  on t h e  doors  of t h e  log-count-rate  and count-rate-per iod 

r e c o r d e r s .  Tf e i t h e r  No. 1 or  No. 2 channel  i s  s e l e c t e d  ( i . e - ,  the  

s e l e c t o r  swi tch  i s  n o t  on t h e  "both" p o s i t i o n ) ,  the i n d i c a t o r  l i g h t s  fo r  

t h e  s e l e c t e d  channel are tu rned  on. 

-.. 

The f u n c t i o n  of the. p o o l s i d e  system f o r  a u d i b l e  i n d i c a t i o n  o f  

counttrig r a t e  i s  i d e n t i c a l  f o r  each channel .  The audio scaler i s  l o c a t e d  

i n  t h e  l e f t  s e c t i o n  of a m p l i f i e r  c a b i n e t  ''E'*; t h e  audio  a m p l i f i e r  i s  

l o c a t e d  in t h e  r i g h t  s e c t i o n  of a m p l i f i e r  c a b i n e t  " E . "  When t h e  a u d i b l e  

system i s  t u r n e d  on, t h e  p o s i t i o n  of t h e  toggle s w t t c h  (on  t h e  audio  

s c a l e r )  should. be cheeked t o  e n s u r e  t h a t  a r e l i a b l e  channel  i s  connected 

to t h e  aud-lble system. The p r e f e r r e d  method of o p e r a t i o n  i s  t h a t  t h e  

p o s i t i o n  of the toggle  swi tch  be changed t o  correspond w i t h  changes i n  

p o s i t i o n  of t h e  channel  s e l e c t o r  swi tch .  
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Table 2.1. Dual count-rate channels 
- 

Item Channel N o .  1 Channel No. 2 
Location of components 

Fission chamber Vertical guide tube Vertical guide tube 
(northernmost of two (southernmost of two 
outside NW corner outside NW corner 
of reactor tank) of reactor tank) 

Preamplifier In guide tube In guide tube 

Power supply 

A-1 amplifier 

Amplifier cabinet "E'" Amplifier cabinet 
(right section) "E" (second section 

from right) 

Amplifier cabinet "E" Amplifier cabinet 
(right section) "E" (second section 

from right) 

Count-rate recorder Vertical board No. 8 Vertical board No. 8 

Count-rate-period Vertical board No. 9 Vertical board No. 9 
recorder 

Chamber-position Console panel "D'Q Console panel "C" 
controls and selsyn 

NOTE: Amplifier cabinet "E" is located in the control-room annex. 
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In o r d e r  to prevent  excessive burnup of the  f l l s s i o n  cham3cr i n  a 

channel  no t  s e l e c t e d ,  an  annuncia tor  w i l l  remain €n the a larm c o n d i t i o n  

u n t i l  t h e  € i s s f o n  chamber f o r  t h a t  chamel i s  f u l l y  w i t h d r a m .  The pre- 

f e r r e d  method of o p e r a ~ i o r n  i s  t h a t  the channel  n o i  s e l e c t e d  be i n  t h e  

au tomat ic  mode. T f  t h e  channel  no t  s e l e c t e d  i s  o n r e l i a b l e ,  i t  should be 

f u l l y  withdrawn p r l o r  t o  s t a r t u p .  

2.6.11. Rout ine Adjustments io the Reactor  Power T r a n s m i t t e r  
__1_-. .__I __IIx__-___II- 

A reactor-power-innicat~~g system has been i n s L a i l e d  to provide  a 

r e a d o u t  of reactor power a t  t h e  experiments .  This  i s  an information 

channel  o n l y ,  and i t  measures t h e  r e a c t o r  power from the i n p u t  s i g n a l  t o  

t h e  Doelcam p r e a m p l i f i e r  of t h e  s e r v o  a m p l i f t e r .  P e r t o d i c  adjiistments 

w i l l  be n e c e s s a r y  t o  e n s u r e  agreement w i t h  t h e  reactor heat power. 

To maintaler c o r r e l a t t o n  between th-ls readout  and t h e  r e a c t o r  h e a t  

powers r o u t i n e  a d j u s t m e n t s ,  i f  needed, ~311 be made as l i s t e d  below, 

1. A t  P2:30 A.M. each day, t h e  h e a t  ba lance  of t h e  r e a c t o r  s h o u l d  

be v e r i f i e d  as 30 Mw (+O-Pn/o). 

2 .  .The " a d j u s t @ '  p o t e n t i o m e t e r ,  l o c a t e d  on t h e  power t r a n s m i t t e r  In 

a m p l i f i e r  c a b i n e t  "e," shouj-d t h e n  be a d j u s t e d  so  t h a t  i t  r e a d s  

30 m. 
3 .  a d j u s t m e n t s  on t h i s  power-display systcm are n e c e s s a r y  a t  

o t h e r  t i m e s ,  an annsunccmcnt should be made over t h e  public- 

a d d r e s s  sysCem t o  inform the eXperimenteKS; otherwise,  they 

would assume t h a t  a change i n  r e a c t o r  power had been made. 

2.6.12. L i m i t s  of V a r i a t i o n s  i n  Magnet C u r r e n t s  --.. ..___IZ______l__..l__l____- 

Although much e f f o r t  has been cxpended  to provide " d r l f t - f r e e "  

c h a r a c t e r i s t i c s  i n  the ORR magnet -ampl i f ie r  magnet c i r c u i t s ,  o c c a s i o n a l  

small  v a r i a t i o n s  are likely to occur .  

I t  i s  impor tan t  th.n,t the  magnet c u r r e n t s  be checked d a i l y  and t h a t  

t h e  v a r i a t i o n s  be c o n t r o l l e d  wabthln a c e r t a i n  range.  Operational incon- 

venleincas can occur  r e s u l t i n g  f rorn rinschedenled shutdowns i f  t h e  magnet 

curremt i s  al lowed t o  d e c r e a s e  t o  t h e  magnet drop p o i n t ;  and,  c o n v e r s e l y ,  



2-169 

,.-.- 

if the current is allowed to increase, t he  electronic high level scram 

point will also increase. Normally, the current-power relationship is 

adjusted to provide an electronic high-level scram at approximately 145% 

of normal power. 

To permit some degree of flexibility and remain within operatlonal 

and safety bounds, an analysis has been made on the performance data of 

the magnets and magnet amplifiers. The resu l t s  indicate that a varlation 

of +5 mA from the beginning-of-cycle posted value can be tolerated, and 

the high-level scram point will vary accordingly from 1.4 to 1.5 NF (see 

Fig. 2.7). Based on performance data, should the current decrease to the 

-5 mA point a maximum decrease in holding force of approximately 2% will 

occur. Under this condition, the weakest magnet still provides an excess 

holding force of 60%. 

- 

Should the occasion arise when the magnet current falls outside the 

bounds (+5 mA of the posted value f o r  the beginning of the cycle), con- 

t a c t  the Reactor Supervisor or h i s  designated representative who, with 

the I&C engineer, will make an evaluation. 

- 

2.6.13. Fission-Chamber Channel - Pulse-Height Setting (PHS) 

The fission-chamber channel consisting of a fission chamber, a 

preamplifier, a linear amplifier, a logarithmic count-rate meter, a 

scaler, and a recorder is the one channel used t o  monitor subcritical 

neutron multiplication from source level t o  10-4 percent of full power 

at the ORR. Because a reliable channel is a prerequisite for startup 

operation, two channels have been provided (see Sectton 2.6.10). 

... 
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~ .... 

Two specific tests are performed to ensure that the channel(s) are 

reliable. 

1. 

2. 

2.6.14. 

1. 

Prior to every reactor startup: 

a .  The fission chamber is withdrawn and inserted to check the 

response. The readout o f  the channel should respond 

accordingly; i.e., for movement t o  a lower neutron flux 

level, the recorder readout should be reduced. 

The logarithmic count-rate meter is checked by introducing b. 

a 60 counts/second i n p u t  t o  the unit. 

by switching the "cal-use" switch to the "cal" position 

and adjusting the ''adj'' 6O-counts/second knob to obtain a 

This is performed 

reading of  60 countsjsecond on the recorder. 

The discrimination point for the pulse height is determined 

prior to the beginning of  each operating cycle in order to 

eliminate the contribution of  the alpha pulses which is always 

present due to the uranium coating inside the chamber. This 

pulse-height setting is determined to ensure that the response 

of the channel is due to neutrons. 

Component Replacement in the Reactor Control System 

Procedure far replacing a magnet amplifier while the reactor is 

operat in8 

a. Removal 

Turn the "normal-exchange" switch on the rear of the 

chassis to EXCHANGE on the amplifier still operating. 

By means of the "current adjust" potentiometer on the 

front panel, adjust the current to read full scale. 

Remove all cables from the defective amplifier, being 

careful not to allow the magnet leads to become 

grounded. 

CAUTION: 

mately 300 V above ground. 

Remove the defective amplifier from the panel rack, 

B+ and magnet return leads will be approxi- 
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b.  I n s t a l l a t i o n  

( 1 )  I n s t a l l  t h e  replacement  u n i t .  

( 2 )  Reconnect t h e  a m p l i f i e r  and magnet pover SIC l e a d s .  

( 3 )  P l a c e  a s h o r t i n g  jumper between the magnet B+ and magnet 

connec to r s .  

( 4 )  S e t  t h e  " c u r r e n t  ad jus t ' !  f o r  50 KIA. 

( 5 )  Allow 30-rain warmup t i m e .  

Ad jus t ing  new a r u y l i  f ier 

(1) At tach  t h e  v a r i a b l e - v o l t a g e  box t o  the sigma-bus i n p u t  

connec to r .  

S e t  t h e  v o l t a g e  box t o  r e a d  3 8 . 5  and a d j u s t  t h e  magnet 

c u r r e n t  to r e a d  one-half  o f  t h e  pos t ed  o p e r a t i n g  c u r r e n t .  

I n c r e a s e  the v o l t a g e  box r e a d i n g  to 4 3 . 5  V and obse rve  t h a t  

t h e  magnet c u r r e n t  d e c r e a s e s  t o  l ess  t h a n  one-half  o f  t h e  

pos ted  drop  c u r r e n t .  

Remove t h e  s h o r t i n g  jumper e n d  t h e  v o l t a g e  box and recon-  

n e c t  all remaining c a b l e s .  Readjus t  t h e  c u r r e n t  t o  one- 

h a l f  of  t h e  o p e r a t i n g  c u r r e n t  ; r e t u r n  t h e  "normal-exchange" 

s w i t c h  on t h e  o t h e r  a m p l i f i e r  t o  NORMAL and ba lance  t h e  

c u r r e n t  on bo th  a m p l i f i e r s  t o  t h e  pos t ed  o p e r a t i n g  c u r r e n t .  

( 2 )  

( 3 )  

( 4 )  

2. Procedure  f o r  r e p l a c i n g  s a f e t y  p r e a m p l i f i e r  I .- while t h e  r e a c t o r  i s  

o p e r a t i n g  

a.  Removal 

(1) Remove t h e  sigma-bus l e a d  from t h e  sigma a m p l i f i e r  asso-  

c i a t e d  with t h e  f a u l t y  p r e a m p l i f i e r .  

( 2 )  Turn o f f  che cor responding  s a f e t y  r e c o r d e r  and  manual ly  

c r a n k  t h e  r e c o r d e r  pen below a s c a l e  r e a d i n g  o f  50. 

removes t h e  channel  from a l l  cou'lrol  f u n c t i o n s .  

T h i s  

( 3 )  Disconnect  all cables  from t h e  p r e a m p l i f i e r  and remawe 

p r e a m p l i f i e r .  
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b e  Installation 

Install the spare preamplifier and reconnect all cables with 

the exception of the chamber signal lead. 

Allow 30-min warmup time. 

Adjust the preamplifier grid-offset potentiometer on the 

sigma amplifier until the meter reads zero. 

Depress the "Jordon button" and observe that the meter 

reads full scale or above. 

Reconnect the chamber signal lead to the preamplifier. 

The meter should now be reading approximately 1.00 (with 

the reactor at full power). 

The sigma-bus lead may now be reconnected to the sigma 

amplifier and the recorder turned on. 

3 .  Procedure for replacing safety sigma amplifier while the reactor is 

operating 

a .  Removal 

(1) Turn o f f  the safety recorder associated with the faulty 

channel and manually crank the recorder pen below a scale 

reading of 5 0 .  

( 2 )  Disconnect the faulty sigma amplifier from the sigma bus, 

T h i s  removes the sigma amplifier from the safety system, 

and all other connecting cables may then be removed from 

the chassis. 

( 3 )  Remove the sigma-amplifier chassis from the panel rack, 

b9 Installation 

(1) Install the replacement unit. 

( 2 )  Reconnect a l l  cables with the exception of the sigma-bus 

cable. 

(3) Leave the recorder OFF. 

( 4 )  Allow a minimum of 30-min warmup time. 

...-. . 



c .  C a l i b r a t i o n  and ad jus tmen t s  

( 1 )  Replace t h e  p r e a m p l i f i e r  i n p u t  t o  t h e  s a f e t y  sigma ampli-  

f i e r  w i th  a v o l t a g e  source v a r i a b l e  between 22 and 3 7  V. 

S e t  t h e  v o l t a g e  box t o  2 2  V and a d j u s t  t h e  "zero" p o t e n t i -  

ometer u n t i l  t h e  meter r e a d s  z e r o  (on  POMIX p o s i t i o n ) .  

( 2 )  

( 3 )  S e t  t h e  v o l t a g e  box o n  32 V and a d j u s t  t h e  "high ca1" 

po ten t iome te r  u n t i l  t h e  meter  r e a d s  1.00. 

( 4 )  Repeat s t e p s  2 and 3 u n t i l  no f u r t h e r  ad jus tment  i s  

necessa ry .  S e t  t h e  v o l t a g e  box on 3 4 . 0  V. 

The meter should  r ead  150 - f 2 .  ( 5 )  
( 6 )  Disconnect  t h e  v o l t a g e  box and r econnec t  t h e  p r e a m p l i f i e r .  

( 3 )  Disconnect  t h e  chamber s i g n a l  l e a d  from t h e  p r e a m p l i f i e r .  

(8) The meter should  r e a d  ze ro .  If n o t ,  a d j u s t  t h e  "preampli-  

f i e r  g r i d  o f f s e t "  unti.1 t h e  meter  does r ead  zero. 

( 9 )  Reconnect t h e  chamber s i g n a l  l e a d  t o  t h e  p r e a m p l i f i e r .  

(10)  Depress the  "Jordon but ton ."  The meter should  r e a d  o f f  

s c a l e .  Release  t h e  "Jordon but ton."  

( 1 1 )  I f  p roper  r e sponse  i s  n o t  o b t a i n e d ,  de te rmine  and c o r r e c t  

t h e  t r o u b l e .  ( I f  t r o u b l e  i s  encoun te red ,  the e n t i r e  t e s t  

procedure  must be  r e p e a t e d . )  

( 1 2 )  I f  a l l  t e s t s  were normal, t h e  meter w i l l  now be  r e a d i n g  

1.00 ( w i t h  t h e  r e a c t o r  a t  f u l l  power). The r e c o r d e r  may 

now be  p laced  back i n  s e r v i c e  and t h e  sigma-bus l e a d  

reconnected  t o  t h e  bus .  

4 .  I-_- Procedure  for  r e p l a c i n g  s a f e t y  chamber wh i l e  t h e  r e a c t o r  i s  o p e r a t i n g  

a. Removal 

(1) Remove t h e  sigma-bus l e a d  from t h e  sigma a m p l i f i e r  

a s s o c i a t e d  wi th  t h e  f a u l t y  chamber, 

( 2 )  Remove w i r e  No. L-1 from t h e  terminal  board on t h e  back o f  

t h e  a s s o c i a t e d  s a f e t y  r e c o r d e r .  
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( 3 )  L-1 is control power and must be worked hot. Tape the 

exposed lead while it is loose. 

Remove the defective chamber's signal and high-voltage 

leads from the preamplifier junction box. 

( 4 )  

(5) Since the removal o f  the chamber will have interaction on 

the installed chambers, the chamber should be retracted 

slowly and under the direct surveillance of the shift 

supervisor. Since the chamber will be radioactive, it must 

not be removed from the water without a radiation survey. 

b .  Installation 

(1) Installation of the replacement chamber must be directly 

supervised by the shift supervisor since the chamber will 

have some interaction on the other installed chambers. 

Attach the replacement chamber cables. 

Position the sensitivity switch on the sigma amplifier for 

a reading of 100 on the recorder. 

Operate in this manner f o r  a period of at least 24 hours. 

If the channel operated satisfactorily during the test 

period, reconnect the sigma-bus lead to the sigma amplifier 

and reconnect wire No. L-1 to the recorder terminal board. 

NOTE: If the defective chamber is adjacent to the servo micro- 

microamplifier chamber, the reactor should be placed in manual 

control while moving chambers, and the operator should be cau- 

tioned to be especially alert during t h i s  operation. 
5 .  Procedure for replacing period sigma amplifier while the reactor is 

( 2 )  

( 3 )  

(4) 

(5) 

- 

operating 

a. Removal 

(1) Disconnect the faulty period sigma amplifier from the sigma 

bus. This removes the sigma amplifier from the safety s y s -  

tem, and all other connecting cables may then be removed 

from the chassis. 

(2) Remove the chass i s  from the panel rack. 
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b ,  Installation 

(1) Install the replacement unit. 

(2) Reconnect all cables with the exception of  t h e  sigma-bus 

cable .  

( 3 )  Allow a minimum of 30-min warmup time, 

6- Calibration and adjustments 

(1) Replace the period amplifier input  t o  the period sigma with 

a variable voltage source. 

Set the input t o  22 v and adjust the "zero" potentiometer 
until the meter (in PO~IER position) reads 0.0. 

Set the input t o  3 2  V and adjust the  "high ca l "  potentiom- 

eter until the meter reads 108.0. 

Repeat steps 2 and 3 until no further adjustment is 

necessary. 

( 2 )  

( 3 )  

( 4 )  

( 5 )  S e t  the input t o  37 V. The meter sliould read 150 + 2. 

d .  Operational tests 

(1) Turn o f f  the "in-use" log-EJ level and period recorders. 

( 2 )  Place the "in-use" log-N in GROUND SET. 

( 3 )  Connect a voltmeter to the sigma-bus output of  the period 

sigma amplifies. 

( 4 )  With the log-N periad a t  Q, %he panel meter s h o u l d  read 

0.0. (If n o t ,  check dc level o f  the period amplifier.) 

Depress the "period test" pushbutton on the log-N amplifier. 

The sigma-bus output should read >43  V. 
( 5 )  

( 6 )  Return the log-N t o  OPEWIIE and verify that the period and 

level meters correspond with p r e v i o u s  recorder readings. 

( 7 )  Turn on the "in-use" log-N level and period recorders. 

( 8 )  The sigma-bus lead may now be reconnected t o  the period 

sigma amplifier. 
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2.6.15. _c QRR Shim-Safety Rod Response Time Measuring System 

1. Introduction 

The time required for the QRR safety system to complete 

safety action in response to either short-period or high-level 

scram demands must not exceed an established maximum. To 

demonstrate an acceptable time response f o r  each of  the shim- 

safety rods and their actuating system, it is necessary to make 

routine measurements. 

herein is used at the QRR for making such measurements. 

The new rod-drop test system described 

2. General description 

Each test consists of scramming a shim-safety rod from its 

fully withdrawn position and measuring time intervals between 

the initiation of a simulated scram signal at the input of one 
safety channel and the seating of the rod. Three significant 

intervals are measured for the following sequential action. 

First, the time for the safety system instrumentation to respond 

to a scram request and reduce the magnet current to a value 
insufficient to hold the armature; second, the time for the push 

rod, which releases the ball-latch mechanism, to complete its 

stroke; and third, the time of flight of  the rod to its fully- 

inserted position. The first o f  these two intervals provides a 

means for monitoring the response time of the safety system, 

while the third represents the overall shutdown action including 

detection of incipient failure due to rod misalignment or fric- 

t ion. 

Other features of the system are that it is permanently 

installed and connected to the instrumentation channels and rod- 

actuated switches, it does not compromise the independence or 

performance of the safety channels, and it is designed to be 

used by the reactor operating personnel €or routine prestartup 

checks as well a s  by maintenance personnel for trouble shooting. 
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3 .  Detiniled d e s c r i p t i o n  

p h y s i c a l l y ,  t h e  tes t  s y s ~ e m  c o n s i s t s  of  t h r e e  i n t e r v a l  

t i m e r s  , s i x  indppendent  i s o l a t o r  and pulse-shaying  aetworks (one 

p e r  sh im-safe ty  r o d )  f o r  e x t r a c t i n g  in fo rma t ion  f rom t h e  decay 

of  t h e  P P I  f-imdiiced p o t e n t i a l  g e n e r a t e d  when t h e  magnet h o l d i n g  

r u r r e n t  i s  c u t  o f f ;  a c o n t r o l  p a n e l  c o n t a i n i n g  t h e  n e c e s s a r y  dc 

s u p p l i e s ,  channel  s e l e c t o r  s w ? t c h e s ,  znd a d d i t i o n a l  pu lse-  

shap ing  netwnrks; arid a means f o r  t e s t i n g  t h e  system, A 

"response" swi t ch  i s  i n s t a l l e d  i n  each rod-dr ive  a c t u a t o r  t o  

i n d i c a t e  time of  Lravel of  t h e  mass a c c e l e r a t e d  t o  effete rod  

r e l e a s e .  A rod-drop t e s t  pushbut ton  an3  i s o l a t i n g  nerwcark were 

i n s t a l l e d  i n  each  of t h e  t t r a r  l e v e l - s a f e t y  sigma a m p l i f i e r s  t o  

complete  t he  system. The general  arrangement  of t h e  system is 

shown in F i g .  2 .8 .  

A f t e r  a p a r t i c u l a r  r o d  h a s  been f u l l y  w i t h d r a m ,  i t s  t e s t  

i s  i n i t i a t e d  b y  o p e r a t i n g  t h e  rod -d rop- t e s t  pushbut ton  on t h c  

s e l e c t e d  sigma a m p l i f i e r .  'This i n t r o d u c e s  a s imula t ed  S C K ~ I ~ L ~  

s i g n e l ,  as shown i n  F ig .  2 . 9 ,  which fo l lows  t h ~  normal neu t ron  

f l u x  s i g n a l  pa th  through t h e  s a f e t y  i n s t r i m e n t a t i o n  and c u t s  o f f  

t h e  magnat c u r r r n t  a s  i n d i c a t e d  in F i g .  7.10. The scram-signal  

r i s e  s imul t aneous ly  s t a r t s  t h e  t h r e e  i n t e r v a l  t i m e r s  through a n  

RC d e r i v a t i o n  network. 

The magnet-release t i m e r  i s  stopped. by a p u l s e  gene ra t ed  

from in fo rma t ion  r e c e i v e d  from t h e  e lec t ro-Dagnet  c o i l  h i l t  

r e l a t e d  t u  armt i i re  msvempnt. F i g u r e  2 . 1 1  shows t h e  p o t e n t i a l  

a c r o s s  t he  magntrrt c o i l  a s  a Imnct ion of  t i m e  a f t e r  a scram 

signal, w i t h  t h e  magnet  a rmature  (abnormal ly)  h e l d  i n  p l a c e  t o  

preuemt i t s  re lease.  Wheu t h e  magnet c u r r e n t  i s  c u t  o f f ,  t h e  

p o t e n t i a l  r i s e s  t o  a peak  e s t a b l i s h e d  b y  a v o l t a g e  l imi te r ,  thcn  

decays  e x p o m u t i a l l y .  Figmrc- 2.12  shows the  same p o t e n t i a l  wi th  

normal a rmature  movement. Thc e x p o n e n t i a l  decay i s  p e r t u r b e d  by  

t h e  motion of  t h e  a rmature  when i t  i s  p u l l e d  f r e e  o f  t h e  magnet 

b y  t h e  r e l e a s e  s p r i n g ,  t h e  magnet h o l d i n g  f o r c e  hav ing  decayed 
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to its release value. A typical decay time of 5 milliseconds is shown. 

The shaping circuit of Fig. 2.13 is used to convert the variations in 

potential to the form shown. The first of the two pulses is blanked off  

by making use of a gate signal from the interval timer as shown in the 

circuit of Fig. 2.14. The remaining pulse, which gives a measure of 

magnet release time is differentiated to the form shown and becomes the 

stop signal f o r  the timer. 

The push-rod response timer is stopped by a pulse from the response 

switch which is actuated after the push rod has traveled approximately 

0.4 in. of its 0.5-in. stroke. This information is of importance because 

it not only includes the electromechanical delays but it also provides a 

check on friction or other factors which could affect the latch action. 

The time for the shim-safety rod to insert fully into the reactor 

(approximate 30-in. travel) is measured in a similar fashion using the 

seat switch to provide a stop signal for the time-of-flight timer. To 

prevent spurious noise spikes on the long switch leads from stopping the 

timers, the pulse-developing circuits are normally energized. Capacitor 

discharge upon the opening of the field contact produces an output pulse, 

shown in Fig. 2.15, that is typical for both the push-rod response and 

the time-of-flight s top signals. 

The following tabulation gives times in milliseconds f o r  the six rods: 

1 2 3 4 5 6 
- - - - p _ c _ _ I _ _  

Rod No. 

Magnet release 4.6 4.7 4.5 4.6 4.8 4.4 

Push-rod response 21 2 1  21 2 1  22 21  

Time of flight 313 306 314 305 316 307 
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The readout deviations are less than 4-0.5 ms for magnet release 
I 

measurements, +1.0 ms for the push-rod release, and +10 ms for the 

overall time of flight. It should be noted that the "time-of-flight" 

values are composed not only of the actual €n-motion time of the rod but 

also include the time required to release, the deceleration time of the 

rod in the shock absorber, and the decay time of an electromechanical 

relay de-energized by the seat switch. Detailed measurements and tests 

made during the development of the ball latch and actuator system showed 

that motion of the shim-safety rod starts at 1.5 to 2 ms after start of 

the motion of the magnet armature. These tests also showed that the 

observed shim-safety rod time of flight at normal coolant flow is about 

50 t o  75 ms longer than it would be if the shock absorber did not slow 

t h e  rod down during the final 6 in. of travel. Inasmuch as the delays 

are reproducible, it €s not necessary to make provisions for more ela- 

borate measurements in the reactor. Of course, any significant departure 

from the normal would require investigation to determine the reason for 

the departure. 

- - 

2.6.16. Flux Noise Monitor 

1. Function 

The flux noise monitor system is an analytical diagnostic 

system provided for monitoring O €  the reactor flux for excessive 

fluctuations which could indicate fuel-channel boiling. 

instrument channel has no control or alarm features. 

This 

The flux noise instruments are used routinely during any 

startup following refueling or following any other work which 

requires opening the  reactor tank or any part of the reactor 

primary system. Nonroutine use should include such occasions as 

unusual flow conditions, shin-rod vibration, experiment movement 

or oscillation, and special tests. The supervisor in charge 

should obtain data from this channel at any time he suspects 

that unusual reactor flux noise is present or might occur. 



2-184 

2 .  D e s c r i p t i o n  - -- 
The system c o n s i s t s  o f  a n  uncoiapensated i o n  chamber and 

a p p r o p r i a t e  power siipply,  a flux n o i s e  moni tor  c i r c u i t  

(RC2-1Q-28) t o  s e l e c t  a c u r r e n t  t o  t r a n s l a t e  i n t o  a r e a c t o r  

power l e v e l ,  a v a r i a b l e  s e n s i t i v i t y  s t r i p  c h a r t  r e c o r d e r  fo r  

mon i to r ing  flux n o i s e ,  and  an  a l t e r n a t e  swi t ch  s e l e c t a b l e  i o n  

chamber c u r r e n t  mon i to r ing  channel  w i th  a picaammeter which 

d r i v e s  a s t r i p  c h a r t  r e c o r d e r  for moni to r ing  r e a c t o r  ful l -power 

o p e r a t i o n .  

With t h e  r e a c t o r  a t  f u l l  power o f  30 NIL, t h e  i o n  chamber 

c u r r e n t  w i l l  be 30 microamps t o  t h e  f l u x  n o i s e  monitor  u n i t .  

Design c r i t e r i a  r e q u i r e d  a f u l l - s c a l e  ~ e c o r d e l -  d i s p l a y  s i g n a l  o f  

- ~ 4 %  a t  any d e s i r e d  power l e v e l  i n  t h r e e  3-HW s t e p s .  

3 .  Opera t ing  procedure 

argin w i t h  t h e  noise moni tor  s e l e c t ~ r  swi t ch  i n  t h e  3-KV 

po s i t  ion  ,> 

t h e  fo l lowing  ad jus tment  t o  the r e c o r d e r ,  

Turn power QIP. 

Turn c h a r t  speed swi t ch  t o  "l" p o s i t i o n .  

S e t  pen h e a t  c o n t r o l  f o r  a d a r k  t r a c e .  

S e t  %ttenUakOK tCP CAL p0SitiOn. 

S e t  p e s  t o  t h e  m i d d l e  of c h a r t  paper u s i n g  p o s i t i o n  

c o n t r o l "  

Depress CAT, b u t t o n ;  pen s h o u l d  move f o u r  d i v i s i o n s  t o  

t h e  l e f t .  (Adjus t  g a i n  i f  pen does not  move four 

d i v i s i o n s  t o  t h e  l e f t . )  

S e t  a t t e n u a t o r  c o n t r o l  t o  1 rn~Jmrrra ,  

Reset  p e n  t o  t h e  middle of  c h a r t  u s i n g  p o s i t i o n  c o n t r o l .  
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- ..... 

c. Pen shou ld  be in t h e  c e n t e r  of t h e  c h a r t  paper and t h e  c h a r t  

shou ld  be moving. The r e c o r d e r  i s  now ready  f o r  o p e r a t i o n .  

I f  t h e  r e c o r d e r  s i g n a l  level exceeds two major d i v i s i o n s  on 

t h e  c h a r t ,  a careful a n a l y s i s  of  a l l  o t h e r  nuclear i n s t r u -  

men ta t ion  should  be performed before  i nc re , a s ing  r e a c t o r  

power. 

d. 

e .  A t  complet ion of  n o i s e  moni tor  u s e ,  perform t h e  fo l lowing :  

(1) Turn r e c o r d e r  power o f f .  

( 2 )  
( 3 )  Remove c h a r t  d a t a  and f i l e  w i th  shutdown schedule .  

Return  s e l e c t o r  swi t ch  t o  t h e  r-IpA p o s i t i o n ,  

. 
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,...- 
3 .  FUELS*AND REFUELING 

3 . 1 .  Introduction 

,.-. 

There are four princ.i.pa1 areas of concern 

handling of fuel at the ORR, The first is the 

regarding the starage and 

problem of maintaining 

the reactor itself within specified limits of e x c e s s  reactivity. The 

-- second involves maintaining a place of storage o u t s i d e  of t h e  reactor 

that is safe hy both criticality and radiation standards. 

movements must be scheduled and effected to minimize personnel radiation 

exposure, as well as to retain criticality safety. Fourth, records must 

be maintained to indicate the location, amount, and condition of a11 

fissionable material within the ORR area, 

Third, fuel 

3.2. Fuel Units in U s e  at the ORR 

3.2.1. Fuel Elements 

The standard fuel elements used in the ORR are of  the aluminum-clad- 

plate-type design (Figs. 3.1 and 3 . 2 )  and now contain a total of 285 g of  

235U when new. Each fuel element is made o f  19 composite plates contain- 

ing the 235U fuel in the form of an aluminum-clad uranium-oxide (u308) .  

The fuel-element end boxes were designed to minimize the pressure drop 

across the core. 

The individual fuel plates are of a sandwich-type construction and 

are composed of a fuel-containing matrix completely clad with aluminum. 

The cladding is metallurgically bonded to the fuel matrix. The fuel- 

containing matrix is a mixture of uranium-oxide and aluminum containing 

approximately 3 0  wtW uranium-oxide with the remainder being aluminum. 

... 
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Uranium used i n  t h e  matrix c o n t a i n s  a minimum of 93 vt% 235LJ, and 

t h e  aluminum i s  of  a h igh  p u r i t y  grade, Each o f  t h e  1 9  f u e l  p l a t e s  con-  

t a i n s  approximate ly  15  g - + 4% o f  235U, and each  f u e l  e lement  c o n t a i n s  a 

t o t a l  o f  285 g - f 2 %  of  235U. 

m a t r i x  t h i c k n e s s  of  0.020 i n .  make up t h e  t o t a l  0.050-in. t h i c k n e s s  of  

t h e  i n n e r  f u e l  p l a t e s  of  an  element .  The c o r e  h a s  a width  of  2.5 i n . ,  

t h u s  p rov id ing  0.15 i n .  o f  aluminum on each edge o f  t h e  f u e l  p l a t e ,  and 

t h e  a c t i v e  l e n g t h  of a f u e l  p l a t e  i s  23 518 i n .  The two o u t s i d e  f u e l  

p l a t e s  o f  a n  element  a r e  s i m i l a r  t o  t h e  i n n e r  ones excep t  t h a t  t h e  

c l a d d i n g  t h i c k n e s s  i s  0.0225 i n . ,  g i v i n g  a t o t a l  p l a t e  t h i c k n e s s  o f  

0.065 i n .  Before  assembl ing  i n t o  e l emen t s ,  t h e  2.8-in.-wide p l a t e s  are  

curved t o  a 5 1 /2- in .  r a d i u s .  C h a r a c t e r i s t i c s  of  t h e  f u e l  e lements  a r e  

g iven  i n  Tab les  3 .1  and 3.2.  

Cladding of  t h i c k n e s s  0.015 i n .  and a 
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Table  3.1. Dimensions o f  a t y p i c a l  ORR f u e l  e lement  

Uni t  Nominal 
dimensiona 

Element assembly: 

Length 38 3 / 8  
2.996 Width ( t h r o u g h  t h e  s i d e  p l a t e s )  

Width ( c e n t e r l i n e  through o u t s i d e  f u e l  p l a t e s )  3.068 
P l a t e  s p a c i n g  0.104 (min) 

I n s i d e  f u e l  p l a t e s :  

Thickness  ( o v e r a l l )  
Length ( o v e r a l l )  
Clad t h  ickne ss 
Cor e t h i ckne s s 
Core l e n g t h  
Core wid th  
Width ( b e f o r e  bending)  

O u t s i d e  f u e l  p l a t e s :  

Thickness  ( o v e r a l l )  
Length ( o v e r a l l )  
Clad t h i c k n e s s  
Core t h i c k n e s s  
Core l e n g t h  
Core wid th  
Width ( b e f o r e  bending)  

End box l o c a t i n g  pads: 

D i s t a n c e  ( t h r o u g h  f l a t  s i d e s )  
Dis tance  (concave t o  convex s i d e )  

0.050 
24 5 / 8  
0.015 
0.020 
23 5/8 
2.5 
2.8 

0.065 
2 7  118 
0.0225 
0.020 
23 518 
2.5 
2.8 

3.032-3.034 
3.186-3.188 

Misce l laneous :  

E f f e c t i v e  f u e l  l e n g t h  23.625 
E f f e c t i v e  volume 228.4 i n . 3  
Metal volume 89.59 in .3  
B20 volume 138.8 i n . 3  
Heat t r a n s f e r  area 16.58 f t 2  

a I n  i n c h e s  u n l e s s  o t h e r w i s e  i n d i c a t e d .  

... 



Table  3.2. Weights of  a typical ORB f u e l  element  

D e s c r i p t i o n  of components 

Core (approximate ly  30 w t X  uranium oxide, 
balance  aluminum) 

Cladding (aluminum) 

T h i r t y - f o u r  0.015-iw.-thick s e c t i o n s  
Four 0 .0225-- in . - thick sections 

Two s i d e  plates (aluminum) 

Two combs (aluminum) 

1.19 

1 . 7 7  
0.34 
-I 

3.30 

3.30 

1.15 

6.01 

4 -46 
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3 . 2 . 2 .  Shim Rods 

,...- 

Each shim rod consists of three main sections: the upper or cad- 

m i u m  poison section, the middle or  follower section, and the lower o r  

piston section. 

1. Poison section 

The cadmium s e c t i o n  c o n s i s t s  of a 0.040-ia,-thick sheet of 

cadmium which is jacketed on both sides with 0.020 in. of  alumi- 

num. This composite sheet is formed into a hollow square box- 

like structure 2.345 in. square by approximately 30 1/2 in. 

long. This cadmi-um-box insert is contained in an aluminum shell 

whose outer dimensions are identical to those of the follower 

section and whose nominal wall thickness is 0 . 2 3 4  in. There is 

no size transition between the follower section and the poison 

section; instead, the outer parts of the sections form one can- 

tinuous profile ( s e e  Figs. 3.3 and 3 . 4 ) .  

The general characteristics of the S h i h  rods are given in 

Table 3 . 3 .  
2. Fuel section 

The f u e l  section of the shim rod is very similar in 

construction to the ORR fuel elements. It is of the aluminum- 

clad-plate-type design and contains a total of 167 g of 23%. 

Characteristics of  the fuel section are given in Tables 3 . 4  and 
3.5, Each follower contains 14 fuel-bearing plates besides the 

two outer curved solid aluminum plates that form part of the 

outer housing. 

The fuel plates are of the sandwich-type construction and 

are somewhat thicker than the fuel plates used in the f u e l  ele- 

ments. The uranium-oxide aluminum fuel core (approximately 3 0  

wt4 uranium oxide) is 0.020 in. thick and is clad with a 

0.020-in.-thick layer of  aluminum to form a 0.060-in.-thick 

plate. 

are formed with a 5 1/2-in. radius before they are assembled 
into the follower section. 

Each plate contains 11.0 g - + 4% of 23%. Fuel plates 
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Fig. 3 . 4 .  Shim-rod assembly. 
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'Table 3 . 3 .  Characteristics of a typical ORR s h i m  r o d  

Un i t  Naffiinml dimension 
( i n . )  

Sh im rod assembly: 

Total length (po i son ,  follower, and piston> 
IJidth (through f l a t  s ides )  
Width (center l i n e  through curved  s ides 1 
Centerline cadmium t o  center l i n e  Pollower 
Bottom o f  cadmium t o  t o p  of fuel iii fo l lower  

Upper  p o i s o n  s e c t i o n ,  jacketed cadmiinm i n s e r t  : 

Leng th  (overall) 
Length (cad.miurn) 
O u t s i d e  dimensions (width) 
Insert thickness 
C adrni urn thickness 
.Tackrt t h i c k n e s s  

117 1 1 / 1 6  
2.838 
3.029 
%29 114 
%2 

30 314 
30 112 
2.345 
0.083 
0.040 
0.020 

Table 3.4. Characteristics of a typical ORR s h h - r o d  fire1 fo l lower  

14 plates 

U n i t  Nominal dimens ion"  
(in.) 

F ~ ~ r t e e n - p l a t e  f u e l  follower section 

Plate spacing 
Plate thickness ( o v e r a l l )  
Plate l e n g t h  (overall) 
Clad  thickness 
C o I e t h i c line s s 
Core length 
Core width 
P l a t e  wid th  (be fo re  bending) 

Miscellaneous: 

Effective fuel length 
Effective volume 
Metal VOlUrn@ 

Heat transfer area 
1120 volume 

0.117 (typical1 
0.060 
24, 518 
0,020 
0.020 
23 51'8 
2.5 
2 .8  

23 .625  
228.4 in.3 
122.6 in.3 
105.8 in.3 
12.22  E t 2  

"1.n inches unless otherwise indicated. 
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Table  3.5. Weights of  a t y p i c a l  ORR shim-rod f u e l  s e c t i o n  

D e s c r i p t i o n  of components Nominal weight 
(kg) 

Four t een  f u e l  p l a t e s :  2 .70 

Al loy  c o r e s  ( approx ima te ly  30 w t %  uranium o x i d e ,  

Cladding (aluminum) 1 . 7 7  
b a l a n c e  aluminum) 0.93 

2.70 

Heel and t o e  p l a t e s ,  curved s i d e s  (aluminum) 

Two s i d e  p l a t e s  (aluminum) 

1.59 

1.14 

Two combs (aluminum) 0 . O 1  

3 .  P i s t o n  s e c t i o n  

The shim-rod assembly i s  t e r m i n a t e d  a t  t h e  bottom end by a 

s t a i n l e s s  s t e e l  c y l i n d r i c a l  p i s t o n  s e c t i o n  whi.ch s e r v e s  a s  a 

p o r t i o n  o f  t h e  shock-absorbing mechanism and is  an impor tan t  

p a r t  of  t h e  scram mechanism. The piston is e q u i p p e d  w i t h :  

a .  r o l l e r  b e a r i n g s  t o  gu ide  t h e  shim rod  over  t h e  d r i v e  t u b e ;  

b.  a swive l  j o i n t  t o  e n s u r e  a l ignment  between t h e  p i s t o n  and 

gu ide  t u b e  ; 

C .  t w o  i n s i d e  t a p e r e d  s h o u l d e r s  which serve as p a r t  o f  t h e  b a l l  

l o c k  mechanism f o r  mechan ica l ly  a f f i x i n g  t h e  sh im rod  t o  t h e  

d r i v e  t u b e  and a s  p a r t  o f  t h e  scram mechanism ( t h e  rod  i s  

suppor t ed  on s i x  s p e r i c a l  b a l l s  d u r i n g  normal o p e r a t i o n ) ;  and 

d .  a p r e c i s e l y  machined p i s t o n  which serves as  p a r t  o f  t h e  

shock abso rbe r  f o r  t h e  shim rod .  
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3.3. Accountability .- and Records 

3.3.1. Introductton ...... 

Three separate records are maintaj-ned on each fuel unIt (fuel de-- 

ment or  

1. 

2. 

3 .  

shin rod). 

Fuel-accountability ledger books are maintained with Individual, 

fuel-unit, ledger sheets filed in s e c t l o n s  according t o  unit 

location (i.e-, core, vault, or poo l ) ;  tht>se sheets contain the 

past ana current inventory of total uranium, 23% and 23%. 

Each section of the ledges has a master control sheet showing 

the total inventory of uranium and 235U i o  that location. 

A fuel Inventory card file is also maintained. A card f o r  each 

fuel unit shows the past and current 235u inventory and is 

filed in sectlone according to l oca t ion  (i.e., poo l  or core). 

These t w o  sections are divided into sub-sections according t o  

the 235U inventory (reg., all units containing 180 t o  190 g of 

235U would comprise one sub-section). 

Tags bearlng individual unit-identity nimbers are kept on 

location-indication boards which graphically display the core, 

poo l  storage racks, etc. 

Additional records may be maintained far operations convenience. 

3.3.2. -.-. Responsibility and Procedure for Maintaining I Kecords - 
Accountability records are maintained by the ORR balance area 

representative e 

Accountability records are maintained in the following manner: 

1. At the end of each month, the current inventories of uranium 

and 235U are  compiled and reported t o  the  ORNL Accountability 

Office [forms UCN-2676 (Example 3.1) and UCN-3683 (Example 3.211 
in triplicate. 
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_.__________I ......... 1 ..... 
- - - 

EXPLANATION OF DIFFERENCES ( P E R  ACCTG O F F I C E )  

....._l____._ 

- - - - 

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

DiSTRIBUT/0N 
WHI% 4CCOUNTABILITY OFFICE 
CANARY MEA REPRESEN TA Ti V E  

U C N  3683 
13 4,811 

Example 3 . 2  
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2. For transfers between balance areas or  sub-balance areas, form 

UCN-2681 (Example 3.3), in triplicate is used. 

3 .  For transfers within t h e  ORR sub-halance area, forffi IJCN-1909A 

(Example 3.4)  is used. The form is filled out by the shlft 

supervisor in charge o f  the actual transfer and is sent  t o  the 

balance area representative. Tnformatton required f o r  each 

unit: transfer is: 

a. source - former location of unit; 

b. unit number - fuel-element, shim-sod, or fission-chamber 
identity number; 

c. receiver - location; and 

d .  remarks - additional information as may be requested, such 

as condition of element, radiation level external to ship- 

p ing  casks, etc. 

3 . 3 . 3 .  Procedure for Calculating Consumption of Uranium 

Normally, 235u consumption by neutron absorptlon is not constdered 
f o r  small items; e - g . ,  fission chambers, foils, e t c .  %n fuel elements 

and control elements, the consumption of 235U by neutron absorption 1s 

calculated due both to Eission (burnup) and neutron capture (236U 

f ormatton) . 
Fol lowing  any partial or complete reloading o f  the  reactor, the 

number of IWh accumulated during the preceding perlod of reactor opera- 

t i o n s  i s  obtained from the ORR logbook. With this information, the 

number of grams of 23% consumed may be computed as follows: 

 rams 23% fissioned = 1 2 4 )  x 1.07 g 235U/$fVd . 
Since the consumption OE z3% and 2 3 6 ~  is negligible in ORR fuel ele- 

ments, the consumption of 2 3 5 ~  due to fission is  equal to  total loss  of 

uranium. 
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Next, t h e  f r a c t i o n  of 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 .  Th i s  f r a c t i o n  i s  c a l l e d  the  

burnup f a c t o r  (BF) and i s  d e f i n e d  as: 

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 

Fol lowing  t h i s ,  t h e  burnup f a c t o r s  a r e  m u l t i p l i e d  by t h e  p r e v i o u s l y  cal- 

c u l a t e d  burnup t o  de te rmine  t h e  burnup per e lement  du r ing  t h e  p rev ious  

o p e r a t i n g  pe r iod .  The c u r r e n t  burnup i s  then  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  start of t h e  o p e r a t i n g  p e r i a d  t o  o b t a i n  t h e  

current iiranium c o n t e n t .  A new t o t a l  burnup i s  computed by adding  t h e  

c u r r e n t  burnup t o  t h e  p rev ious  t o t a l  burnups. 
- 

To c a l c u l a t e  t h e  c u r r e n t  p roduc t ion  of 236U, t h e  c u r r e n t  burnup is  

used  i n  t h e  fo l lowing  formula:  

G r a m s  236U produced = (0.183 g 236U/g burnup) x grams burnup . 
The number t h u s  ob ta ined  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  

23% c o n t e n t  of t h e  element  a t  the s ta r t  of t h e  o p e r a t i n g  pe r iod  t o  

o b t a i n  t h e  c u r r e n t  235U c o n t e n t .  

t i o n ,  t h e  new t o t a l  burnup i s  used i n  t h e  above equa t ion .  

To o b t a i n  t h e  new t o t a l  236U produc- 

- 
To c a l c u l a t e  t h e  burnup of t h e  i n d i v i d u a l  f u e l  e lements  by hand i s  

t i m e  consuming; t h e r e f o r e ,  t h e  L a b o r a t o r y ' s  Computing Cen te r  i s  u t i l i z e d  

f o r  c a l c u l a t i n g  t h e  burnup. The n e c e s s a r y  i n f o r m a t i o n  i n  e n t e r e d  on 

form UCN-14741 (Example 3.5). The p r i n t o u t  s h e e t  Erorn t h e  comput€ng 

c e n t e r  is u s u a l l y  r e t u r n e d  w i t h i n  t h e  same day t o  t h e  ba l ance  area 

r e p r e s e n t a t i v e .  

The c u r r e n t  burnup, new t o t a l  burnup, uranium c o n t e n t ,  235U c o n t e n t ,  - 
and 236U produc t ion  are recorded  i n  t h e  l e d g e r  book. 
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3.4. Fuel Storage and Handlinn: 

References -- 
OW-CF-58-9 -40 ,  "Critical Experiments with Arrays of ORR and 

BSR Fuel Elements" 

Nuclear Safety Requests for: 

1. ORR pool racks for stationary-type fuel elements, 

2. ORR pool racks for shim-rod storage, 

3 .  7-element storage basket, 

4 .  HFIR fuel element shipping cask, 

5. add-on pool storage rack, and 

6 .  ORR ( 3 0 4 2 )  vault. 
3.4.1. General Requirements - Fuel Storage 

Fuel storage is defined as the temporary retention of fissionable 

material outside of the reactor core. This material will normally be in 

the form of standard fuel units; however, fissionable material belonging 

t o  research groups may also be stored. 
1. Criticality safeguards 

The methods of preventing and/or handling criticality 

hazards outside of the reactor core must be approved by the ORNL 

Criticality Review Committee. It is an OWL policy that the 

design and intended use of fuel-unit storage racks and transfer 

casks be approved, in writing, by the chairman of that committee 

or his designated representative. Design of storage racks for 

ORR fuel is based on experimental evidence which indicates the 

following conclusions f o r  cold, clean ORR-BSR fuel elements. 

a. Optimum spacing is obtained with 0.2 in. between the 

locating bosses of adjacent elements. 
b.  A single, infinite row of vertical elements is probably 

subcritical if the distance between the locating bosses of 

adjacent elements is 1.5 in. or more. 

c. If fuel elements are arranged in a uniform pattern, there is 

very little difference in the critical mass between 140- and 

200-g 235U elements in the storage racks. 

.. ?. .. 
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d .  An 11 x 1 2  a a t r i x  o f  approximate ly  160 g 235U elements 

showed no  m u l t i p l i c a t i o n  ?ahen c l o s e l y  packed wi th  0.020 i n .  

of  cadmium s h e e t  s e p a r a t i n g  t h e  T O W F .  

Apparently, two a d j a c e n t  i n f i n i t e  rows of 168-g 235U e l e -  

inplnts are s u b c r i t i c a l .  

e .  

T h i s  in fo rma t ion  W ~ E  used i n  t h e  i n i t i a l  d e s i g n  and approva l ;  

however,  minor changes,  e , g . ,  i n s t a l l a t i o n  of a 6- in .  bumper on 

t h e  storage racks t n  ensu re  separation, have s i n c e  hezrs mado, 

and  use  of t h ~  r a c k s  for storage o f  elements with 23519 c o n t e i ~ t  

of - <300 g has been approved by  t he  C r i t i c a l i t y  Committee as 

i n d i c a t e d  by t h e  r e f e r e n c e d  N;zclenr Safety Requests. 

2.  S to rage  t a c k s  - I____-----xI- 

The s t o r a g e  s f  furl. e l l eme~t s  i s  handled  by t h e  fo l lowing  

types  o f  racks .  

a .  ORR pool racks  f o r  stationary-type f u e l  ele~ents. Thcse 

r a c k s  which have a c a p a c i t y  o f  30 e l e m e n t s  each were 

des igned  and are u s e d  e x c l u s i v e l y  f o i  t h e  storage o €  i r ra -  

d i a t e d  stationary f u e l  glemerats which may be  r e i n s e r t e d  i n t o  

t he  r e a c t o r  o r  which may be  decaying  p r i o r  t o  shipment t o  

t h e  chemical  p rocess ing  p l a n t  for uranium recovery .  F igu re  

3 .5  i n d i c a t e s  a t y p i c a l  r a c k ,  These r a c k s  are l o c a t c d  i n  

t h e  ORK poo l .  

b .  ORR pool  racks  f o r  shim r o d s .  These r a c k s ,  which have a 

c a p a c i t y  f o r  eight u n i t s ,  were des igned  and a r e  used  fox the 

s t o r a g e  of  i r r a d i a t a d  shim r o d s  13hitch a r e  decaying  t o  await 

s h i p m ~ n t  t o  the chemical  p r o c e s s i n g  p l a n t .  
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ORNL-LR-DWG 37765A 

- WICK COVER WITH SCREEMS --ABOVE EACH FUEL CILEMENT 
POSITION FOR PROTECTION AND TO ALLOW CONVECTION 
COOLING (TYPICAL FOR EACH SIDE 1 

_-. 

PIVOT POINT-, 

3 

i 

in. 

Fig. 3.5. ORR fuel s t o r a g e  rack. 
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c. Seven-.elernent s t o r a g e  b a s k e t .  This  s t o r a g e  f a c i l i t y  was 

des igned ,  b u i l - t ,  and i s  used e x c l u s i v e l y  f o r  izhe temporary 

s t o r a g e  of s p e n t  f u e l  s e c t i o n s  which have bad t h e  extraneoias 

mater ia ls ,  e.g. ,  end boxes from s t a t i o n a r y  f u e l  and e x t r a  

al.irraininm s e c t i o n s  from. the shim reds, i7emoved pr:or t o  

I.oadimg the u n i t s  i n t o  t h e  seven-element t r a n s f e r  carrler 

and s h i p p i n g  t o  t h e  chemical  p r o c e s s i n g  p l a n t .  Refer  t o  
S e e t i o n  3 . 4 . 7  f o r  more d e z a t l e d  i n f o r m a t i o n  on this rack .  

d. IIF'HR f u e l  clement s h i p p i n g  cask .  This  s h i e l d  i s  used t o  

t:ranwfer t h e  s p e n t  fuel. to  the chemfcal p r o c e s s i n g  p l a n t .  

It 1s s h o m  i n  F i g .  3.6. It c o n t a i n s  a rack whPch can hold  

up t o  searenteen v e r t i c a l l y  o r i e n t e d  ORB o r  BSB fuel. 213- 

ments. 

e. Add-on pool  s t o r a g e  rack .  These I^~P&s, ~h!.ch have 2 c a p -  

c i t y  f o r  1 5  unPts  each,  were designed and are used f o r  t h e  

temporary storage of i r r a d i a t e d  f u e l .  The r a c k s  are a l s o  

des igned  t o  be i n s t a l l e d  on cop rs€ a loaded OKW pool rack  

f o r  s t a t i o n a r y - t y p e  f u e l  elements ( P i g .  3.5). Uses of t h e  

add-on r a c k s  are approved 137 t h e  8RN& C r i t i c a l i t y  Review 

Commfttee on a case by case basis.  

f .  ORR ( 3 0 4 2 )  vau1.t. U n i r r a d i a t e d  s t a t i o n a r y  f u e l  i s  s to red  by 

th3.s f a c i l i t y  t o  a w a i t  i t s  use  i n  t h e  reactor. A metal 

s t o r a g e  rack  des igned  e s p e c i a l l y  f o r  t h l s  use i s  conta ined  

t h e r e i n .  It i s  used exclusfvely € O K  f u e l  in t h i s  c a t e g o r y ;  

and s t o r a g e  of .._.._.__ b e r y l l i u m  . . .. pieces,  . heavy . -_ water, o r  ~ ~ d i n a r g r  

water i n  t h i s  area i s  Drohih i ted .  Access t o  t h i s  v a u l t  i s  
- 

permitted f o r  m t h o r i z e d  personnel  on ly  as i t  i s  rnafneai.ned 

under  a s e c u r i t y  lock a t  all times. 
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3 .  Sto rage  of  r e s e a r c h  -,___ EPssionable  I_______ m a t e r i a l  

S to rage  o f  f i s s i o n a b l e  mater ;a l  bc l cng ing  t o  r e s e a r c h  

groups i s  more f l e x i b l e .  S p e c i a l  problems a s s o c i a t e d  w i t h  a 

p a r t i c u l a r  experiment  aLe b rough t  t o  t h e  a t t e n t i o n  o f  the ORR 

o p e r a t i n g  staff b y  the Xeactor Experiment Coord ina to r ,  

Opera t ions  Div i s ion .  A s p e c i a l  l o c a t i o n  m a y  be provided  f o r  

stoiage of  exper iments  o r  exper iments  rnay be suspended i n  t h e  

pool .  

Care mi.ist  be t aken  not  to s u b v e r t  c r i t i c a l i t y  safe 'y  by 

suspending  rxperinents c o n t a i n i n g  fissionable m a t e r i a l  n e a r  

s t a n d a r d  s t o r a g e  racks;  as a g e n e r a l  r u l e ,  a t  l e a s t  12  i n .  o f  

s e p a r a t i o n  should  be main ta iped .  

3.4.2.  Genera l  Requirements - Fuel  IIandling ~. 

1. A u t h o r i z a t i o n  

Fuel  hand l ing  a t  the ORB is accomplished by 'Lrawsfer of  a n  

i d e n t i f i e d  f u e l  u n i t  f r o m  a s p e c i f i e d  l o c a t i o n  a n d  p l a c i n g  i t  i n  

ano the r  s p e c i f i e d  l o c a t i o n  wi thou t  s u b v e r t i n g  c r i t i c a l i t y  s a f e t y  

and wi th  minimum rad ia t i -on  - x p s u r e  r o  pe r sonne l .  No f u e l  u n i t  

w i l l  be  moved u n l e s s  s p c e i f i e d  by  a w r i t t e n  o i d e r  from t h e  

Reac tor  Supe rv i so r  o r  h i s  designated a l t e r n a t e .  Fuel  hand l ing  

is accomplished by the o p ~ i a t i n q  crew u n d e r  t h e  d i r e c t  s u p e s -  

v i s i o n  o f  Lhe shift S U ~ C I - W ~ S O ~ ,  and c a s h  f u e l  u n i t  moved m u s t  be 

i d e n t i f i e d ,  The s h i f t  s u p e r v i s o r  m u s t  a i i t h o r i z e  t h e  niovement o f  

Each u n i t  i n t o  and o u t  o f  t h e  r e a c t o r  a n d / o r  s t o r a g e - r a c k  p o s i -  

t i o n .  Each u n i t  s h a l l  he  i d e n t i f i e d  as i t  is  r e l o c a t e d  wi th  the 

i d e n t i f i c a t i o n  of f u e l  u n i t s  be ing  wade b y  e i t h e r  an  o p e r a t o r  o r  

a s u p e r v i s o r .  At the complet ion o f  f u e l  r e l o c a t i o n ,  a t r a n s f e r  

memorandum i s  prepared  by t h e  person  W ~ O  supe rv i sed  the t r a n s f e r  

( s e e  Example 3.4) .  The in fo rma t ion  on t h e  t r a n s f o r  memorandum 

shou ld  a l s o  be recorded  i n  t h e  c u r r e a t  ORR logbook. 
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.... 

2. P r e c a u t i o n s  

The f o l l o w i n g  p r e c a u t i o n s  mLust be fo l lowed d u r i n g  f u e l  

t r a n s f e r .  

a. 

b.  

C .  

d .  

e. 

TO p r e d u d e  a l o s s  of i d e n t i t y  dur ing  d u a l  t r a n s f e r s ; ,  one 

f u e l  u n i t  must be i n  i t s  r e c e i v i n g  core p o s i t o n  ( b u t  n o t  

n e c e s s a r i l y  s e a t e d )  b e f o r e  t h e  second u n i t  is lowered i n t o  

t h e  r e a c t o r  t a n k .  

V e r t i c a l  movement o f  f u e l  units ( e x c e p t  when i n  a s h i p p i n g  

c a r r i e r )  must be performed manually.  

H e a l t h  P h y s i c s  coverage i s  r e q u i r e d  when removing a loaded 

f u e l  s h i p p i n g  c a r r i e r  from t h e  p o o l .  A crew member o r  

s u p e r v i s o r  may monitor  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 a n s f e r s  i n  t h e  pool  o r  core, 

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  des igned  

f o r  t h i s  work. Hooks w i t h o u t  guards  to p r e v e n t  t h e  hook 

from 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 usede 

P r i o r  t o  t h e  f u e l  t r a n s f e r s ,  t h e  second l e v e l  balcony should  

be zoned o f f  u s i n g  t h e  c h a i n s  and s i g n s  provided .  Personnel  

s h o u l d  be excluded from t h i s  area u n l e s s  p e r m i t t e d  by Heal th  

Physics f o l l o w i n g  a survey  o f  t h e  radiation l e v e l s .  

3 . 4 . 3 .  Removal and I n s e r t i o n  o f  F u e l  Elements  i n  t h e  Core 

References  - 
D-24078 and D-24326 
The v a r i o u s  o p e r a t i o n s  i n v o l v i n g  t h e  removal and i n s e r t i o n  o f  fuel 

e lements  i n  t h e  QRR c o r e  a r e  a s  f o l l o w s :  

1. Removal of  f u e l  from t h e  c o r e  

a .  I n s e r t  t h e  fue l -handl ing  t o o l  i n t o  t h e  end box and p u l l  up 

t h e  l o c k i n g  mechanism on t h e  t o o l .  

a l i g n e d  i n  t h e  f u e l  e lement ,  t h e  l o c k i n g  prongs w i l l  be 

p u l l e d  i n  and t h e  t o o l  w i l l  d rop  down f a r t h e r  i n t o  t h e  end 

box (approximate ly  1 i n . ) .  

t h e  o p e r a t o r  on t h e  b r i d g e .  Release  t h e  l o c k i n g  mechanism 

and t h e  prongs w i l l  engage t h e  h o l e s  i n  t h e  end box. 

If  t h e  t o o l  i s  p r o p e r l y  

This  movement can be f e l t  by 
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Before removal of  the initial element from the core, mark 

the tool shaft to determine the s e a t  position of the f u e l  

element in the core.  

b .  Apply an upward pressure to the tool and the element should 

release from the lower grid, 

c. Raise the element approximately 6 in. from seat and move it 

up and down to ensure that the tool. is firmly engaged. 

Reseat the element and check the mark made in step 1.a- 

(This applies to the initial element moved.) 

d .  Remove the element from the core ,  and identify it as Lhe 

proper one listed on the reloading schedule. 

e. Transfer the element to its proper location, and disengage 

the tool by lifting the locking mechanism, t hen  the e n t i r e  

tool from the  elerKlent. 

2. Insertion o f  fuel into the core 

a. Consult the reloading schedule as t o  the proper location of  

the desired element. 

Engage and lock t he  fuel element t o  the fuel-handling t o o l ;  

lift the element f o r  identification, 

b. 

e. Upon proper identification, the element is moved to the 

core and slowly inserted into the proper location. If, 

during the insertion of a n  element, abnormal deviations o f  

the count rate  are indicated (by the poolside, audible indi- 

c a t o r  of fission chamber counting r a t e ) ,  the element should 

be immediately removed from the core. An evaluation should 

then be made to determine the cause of the deviation. 

d. Seat the element and check the s e a t  position by referring 

t o  the  mark on the fuel-handling-tool shaft. 

e .  Unlock the tool and remove from the  element. 

The above procedure assumes that the equipment to be used has been 

checked and found to be in proper working order and that the hold-down 

arms have been raised e 
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3 . 4 . 4 .  Removal and Insertion of Shim Rods 

- ,,. . . . 

The various operations involving the removal and insertion of shim 

rods i n  the core are as follows: 

1. Locking and unlocking the rods 

a. Before the shim rod can he removed, it must be unlocked 

Before a rod is unlocked, a seat light from its drive. 

should be showing and the drive should be raised approxi- 
mately 1 in. from the lower end of its travel (i.e.$ the 

operator unit not in contact with the relocking mechanism). 

Magnet current must be off. The actual unlocking is done 

in the subpile room. 

b. The upper housing of the operator unit on each drive con- 

tains a spring-loaded handle connected to the shock 

absorber unit. Pull outward on the handle t o  clear t he  

locked position recess in the upper housing. With the 

handle held out, rotate counterclockwise and release the 

handle into the unlocked position recess. By the action of 

the release spring in the lower housing of the operator unit, 

the handle rotation allows the shock absorber unit t o  be 

lowered approximately 0.625 in. and the push rod in the ball 

engagement mechanism assembly to be lowered approximately 

0.537 in. The lowering of the push rod allows the fou r  

stellite balls i n  the engagement mechanism to fall into 
recesses, thereby unlocking the shim rod from the drive 

unit. The unlocked position is verified by manually 

lifting the shim rod. Reversal of this procedure will lock 

the shim rod. 
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2. Tool descriptions ..____l____-l .... - 

a .  S h h  rod hook t o o l  

A deep hook i s  secured  to  t h e  end of a suppor t  tool- I.ong 

enough to reach  the t a p  of the shin r a d s .  

b. Shim-rod casrj.e?s 

The shim-”rod carrier, Fig .  3 . 3 ,  is used fo r  a d d i t i o n a l  

s t i f f e n i n g  05 t he  u n i r r a d i a t e d  shim rod i n  t r a n s p o r t  and 

t o  p r e u e n t  damage i n  h a n d l i n g  due t o  dropping o r  bending. 

The carr ier ,  e s s e n t i a l l y ,  i s  a plece of 3-411. aluminum 

chaiznel w i t h  b r a c k e t s  a t  each end t o  h o l d  t h e  rod on t h e  

channel .  The rod must  be plhced  with t h e  concave sj.de next  

t o  t h e  casr ter .  

3 .  Procedures  I...I 

a. Inseartihis of u n i r r a d i a t e d  rod 

 he u n i r r a d i a t e d  rod must be brought from ti-re 3027 v a u l t  t o  

p o o l s i d e  i n  t h e  s m a l l  aI.iiminum carr ier .  A special  w i r e  

choker  i s  threaded  through t h e  shim--rod handle  aiid a t t a c h e d  

t o  the snia3.1 crane hook. The rod i.s l i f t e d  by t h e  c rane  

and allowed t o  hang v e r t i c a l l y  while t h e  carrier d e v i c e  i s  

removed. The rod is then r a i s e d ,  moved over t h e  p o o l ,  and 

lowered i n t o  t h e  water until the shim-rod hook t o o l  can 

s u p p o r t  the rod. The choker i s  then rewove8. The b r i d g e  

i s  t h e n  moved over  t h e  empty core position and ;:lie rad 

lowered i n t o  position. The sh:rn-rod d r i v e  dl1 m r w a l l y  be 

r a i s e d  approximately 1.0 i n .  and i n  the  unlocked p o s i t i o n .  

After t h e  rod has  s e a t e d ,  t h e  d r i - v e  i s  locked ( S e c t i o n  

3 . % , 4 . 1 ) .  It i s  then checked f o r  l o c k i n g  by l i f t i n g  the 

r o d  u n t i l  i t  i s  s topped by t h e  rod-loeklng device .  The 



3-3 1 

_ _  ..... 

.-. 

shim-rod hook t o o l  i s  then  removed. An i r r a d i a t e d  shim rod  

i s  i n s e r t e d  i n  t h e  same manner, except there i s  no c a r r i e r  

d e v i c e ,  and t h e  rod  mus t  no t  be removed from t h e  pool .  

rod  which has  been p l aced  in t h e  c o r e  must he locked  and 

t e s t e d  by the  same crew t h a t  i n s e r t e d  i t .  A checklist f o r  

shim rod  i n s e r t i o n  is shown i n  Example 3 . 6 .  Completion of 

t h i s  form i s  required f o r  each rod i n s e r t i o n .  

A - 
- I 

-. 

b .  Removal of i r r a d i a t e d  rod  

Removal o f  an  i r r a d i a t e d  rod i s  accomplished i n  t h e  follow- 

i n g  manner. The fou r  f u e l  e lements  immediately a d j a c e n t  t o  

t h e  rod  are removed t o  e n s u r e  s u b c r i t i c a l i t y  wi th  t h e  rod  

r a i s e d  o r  removed. The rod d r i v e  i s  unlocked.  The rod i s  

p icked  up u s i n g  t h e  shim-rod hook t o o l .  The rod i s  r a i s e d  

to s u f f i c i e n t  h e i g h t  t o  c l e a r  t h e  t a n k  t o p  (under  r a d i a t i o n  

surveil . lance) and t h e  b r i d g e  i s  moved w e s t .  As soon a s  t h e  

piston section of  t h e  rod  c l e a r s  t h e  t a n k ,  t h e  rod  i s  
lowered s u f f i c i e n t l y  to c l e a r  t h e  g r a t i n g s  arid minimize 

r a d i a t i o n  exposure.  I d e n t i f i c a t i o n  of t h e  rod i s  made, and 

i t  i s  t h e n  p laced  in e i t h e r  t h e  shim rod  s t o r a g e  r a c k  o r  a 

f u e l  e lement  s t o r a g e  l o c a t i o n .  A c h e c k l i s t  f o r  shim-rod 

removal i s  shown i n  Example 3.7 .  Completion of  t h i s  form 

i s  r e q u i r e d  f o r  each rod  removal. 
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Cn preparation f o r  this operatton, make sure the necessary tools 
are checked and available, t he  balcony cleared and roped off, the proce- 
dure for rod transfer reviewed, etc. The shift supervisor must closely 
supervise all parts of operation and initial at complet-lon of operation. 

1. 

2. 

3 .  

5. 

6 .  

7. 

8. -..-- 

Ensure that the f o u r  fuel elements (N, S ,  E, and W) immediately 
adjacent t o  the rod havc been removed, the rod drive is 
unlocked and near lower limit, and the hold--dom arms are ral-sed. 

wIll be directly O V ~ P  the  rode  
a. Applies to irradiated rods 

Place the motorized bridge 80 the operator and S h h - r o d  hook tool 

(1) Lower t i l e  shiin-rod hook t o o l  and engage in t h e  rod. 
(2 )  Under radiation surveillance, raise t h e  rod From 

sLarage location. i d e n t i f y  rod.  
( 3 )  Move bridge eastward. When near tank, raise rod under 

radiation surveillance enough t o  clear tank t o p .  
lnunedia te ly  lower rod when above access flange until 

mr/h. radiation s u b s i d e s  a Maximum reading .. -- 
b. Applies to  unirradiated rods 

(1) Ensure that rod i s  secure In the carrier. 
( 2 )  Attack the shim rod to crane hook using a wire choker 

and lift uniL to vertical position. 
(3) Raise rod, move over pool, and lower In to  water until 

only the top of the  rod is our of the water. 
( 4 )  Attach the shjun-rod hook t o o l  and remove the wire 

choker. 
Position bridge so that rod is directly above the core position 
it w i l l  go in. The rod must  hang vertically. Place the pool- 
side poppcr in servtce. 
Lover the rod slowly until the rod i s  dowm.. Do not  unhook the 
shim-rod hook tool. A sea% light will show if 1 . 1 ~  drive was 
unlocked. 
Send an o p e r a t o r  to subpile 1-oom to lock the drive by rotating 
t h e  locking handle. 
The locking of t h e  rod innst be checked by lifting up gently on 
the rod with the shlm-rod hook tool. A small upward movement 
will indicate the rod is free t o  move between s ~ a t  and cross. 
An additional check can be made by raising the drdve  5 in. and 
noting that the rod now can be raised some 5 in. also. Run 
drives back down, and ensure that rod can no longer be raised. 
Remove the shim-rod hook t o o l .  
Other fllel or  rod mC)VCmen?ts may llow be made. 

A ROD THAT IS REPLACED I N  CORE MUST BE LOCKED ,AND CHECKED BY THE 
CREW FUTTING IT IN THE CORE. 

...-__I ...- Date S U p e P V l S O t "  

Example 3.6 
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Shim-Rod Removal C h e c k l i s t  --- 
I n  p r e p a r a t i o n  f o r  t h i s  o p e r a t t o n ,  make s u r e  t h e  necessa ry  t o o l s  are 

checked and a v a i l a b l e ,  the balcony c l e a r e d  and roped off, t h e  procedure  
f o r  rod t r a n s f e r s  reviewed,  etc .  The s h i f t  s u p e r v i s o r  m u s t  c l o s e l y  
s u p e r v i s e  a l l  p a r t s  of o p e r a t i o n  and i n i t f a l  a t  comple t ion  of o p e r a t i o n .  

1. 
___.II 

2. 

3 .  
__x_ 

-- 

4. 
__. 

5 .  

6.  

7. 

8. 

- 

- 

9. -- 

10. 
_I- 

ll. 

12. 

13 
14 e 

~- 

__-^ 

Date 

Ensure  that a l l  seaf Plghts are showing and that drPves a r e  
n e a r  lower l i m i t  and d r i v e  i m i t  f s  i n  locked  p o s i r l ~ n .  Egsure 
t h a t  magnet current. is o f f .  

R a i s e  both hold-down arms" 

Remove t h e  f o u r  f u e l  e lements  h m e d i a t e l y  ( N ,  S, E, and W) 
a d j a c e n t  t o  t h e  rod o r  rods  t o  be moved. ( T h i s  e n s u r e s  sub- 
c r i t i c a l i t y . )  

Ralse d r i v e s  approximate ly  1 i n .  so t h a t  t h e  o p e r a t o r  u n i t  w i l l  
n o t  be i n  c o n t a c t  w i t h  t h e  r e l o c k i n g  tneehanism. 
r o t a t i n g  l o c k i n g  handle .  Leave d r i v e  unlocked.  

P l a c e  t h e  pool -s ide  popper i n  s e r v i c e .  

Posi. t lon b r i d g e  above c o r e  with t h e  shfm-rod hook t o o l  d i r e c t l y  
over  rod. 

Lower shim-rod hook t o o l  t o  rod and engage i n  rod handle .  

Raise rod s lowly  about  1 f t  makfng s u r e  rod i s  unlocked and free 
of the d r i v e .  

Clear b r i d g e  and p o o l s i d e  of unnecessary  people .  Make c e r t a i n  
b r i d g e  can be moved. 

Under r a d i a t i o n  s u r v e i l l a n c e ,  r a i s e  rod enough so t h a t  p i s t o n  
will clear t o p  of tank .  Move b r i d g e  west: promptly u n t i l  rod 
can  be lowered. Lower rod u n t i l  r a d i a t i o n  l e v e l  i s  t o l e r a b l e .  

I d e n t i f y  rod. 

Move rod to s t o r a g e  l o c a t i o n  and p l a c e  t h e r e .  

Unhook t o o l  from rode 

Complete t r a n s f e r  memo. 

Unlock rod by 

maximum r e a d i n g  mr/h. --.-I 

- Superv i so r  

Rods moved 

__ 

-I __1__ 

S h i f t  

Example 3 . 7  
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c .  P l a c i n g  shPm rod on the pool bottom f a r  temporary s t o r a g e  

To p l a c e  a shim rod on t h e  pool  bat tom ( d u r i n g  shutdowns 

when t h e  center -pool  water l e v e l  i s  lowered fo r  niajntenance 

work), t h e  shim-rod hook t o o l  i s  u s ~ d  i n  the b a i l  end. A 

second hook t o o l  i s  engaged i n  thc e x t r u s i o n  abovr !:he 

p i s t o n  end o €  the rod as c l o s e  t o  c e n ~ e r  as posslble f o r  

s u p p o r t .  S imul taneous ly ,  the b r i d g e  is moved whi le 

lowering I h e  rod,  u s i n g  both hook t o o l s ,  t o  the  d e s i r e d  loca-  

t i o n  on the  f l o o r .  The reverse procedure i s  used f o r  

p i c k i n g  up t h e  rod.  Care m a s t  be c x e r c i s e d  that t h e  rod  

does not rest on t h e  bottom OF t h e  poo l  i n  such a fashkon 

(i.e-, top  and bottom s u p p o r t e d  only) as t o  bend t h e  rod. 

3 . 4 - 5 .  P r e p a r i n g  F u e l  El.ements and S h i n  Rods f o r  Shipment 

RefereE-iCCS 
...._. ~ ~ - - ~  

E-20262, E-20263, E-20264, E-20265, 17-23266, E-20263, E-20268, 

E-20269, E-29230, E-29271, E-29272, E-29273, E-29283, E-29284, D-24078, 

D-24'110, EJ-014-D, EJ-015-D, EJ4I .6 -D  

1. I n t r o d u c t i o n  

After allowing a decay pes?od o f  approximately EPve months, 

s p e n t  fuel elements and sh in  rods are prepared f o r  t r a n s p o r t a t i o n  

eo  a n o t h e r  plant where t h e  f-fssion p roduc t s  and the unused 

uranium- 235 are cheanf c a l l y  processed. 

The p r e p a r a t i o n  c o n s i s t s  of sawtng t h e  Euel s e c t i o n s  from 

b o t h  the €tiel elements and the shim rods; se-qenteern of these see-  

tions are shipped i n  one 11 L/2-ton e a r ~ l e r .  A mator ized ,  u n d e r -  

water saw i s  provided i n  the center pool t o  per€orm the c u t t i n g  

phase of the operation ( r e f e r  t o  F i g .  3 .7) .  
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Fi.g . 3.7. Schematic diagram of underwater saw equipment. 
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2. P r  e cau t i o  11 s 

The greatest hazard in t h e  e n t i r e  ope’ation is t h e  p o s s i -  

b i l i t y  of sawlng i n t o  t h e  f u e l  and subsequent ly  releasing the 

h i g h l y  r a d i o a c t i v e  fission products  i n t o  t h e  pool  c o o l i n g  sys t em.  

I t  is ,  t h e r e l o r e ,  i m p e r a t i v e  t h a t  t h e  fo l lowing  p r e c a u t i o n s  be 

t a k e n  . 
a. Rout ine  procedures  f o r  handl ing  f u e l  i n  t h e  pool should be 

fol lowed t o  prevent  r a d i a t i o n  exposure ( t h i s  i n c l u d e s  

r e s t . r i c t i n g  access t o  t h e  balcony a r e a ) .  

b. The No. 2 “ r a d i a t i o n l a o n i t n r i n g “  s w i t c h  ( s a w  p o s i t i o n )  mast 

b e  s e l e c t e d  on t h e  e l e c t r o m e t e r  l o c a t e d  a t  the h o t  ce l l s ;  and 

t h e  s e n s i n g  element must be i n  p o s i t i o n  on t h e  o u t l e t  water 

l i n e  from t h e  s a w  box. 

c. P r i o r  t o  beginning t h e  s a v i n g  operat tom, t h e  r c l € a b b l i t y  of 

t h e  radi-at ion-monitor ing system must be ver i .€ ied  (i.e., by 

checking t h e  systems witrta a r a d i o a c t i v e  source u n t i l  an alarm 

i s  i n l t i a t e d ) .  

NOTE: Before t h e  sawi.ng operat ioi l  I s  s t a r t e d ,  a water  f l o w  

of approximately 8 gpm is e s t a b l i s h e d  f rom t h e  saw box t o  the  

ILW d r a i n  (WC-19). The water f low and r a d i a t i o n - m o n i t o r i n g  

system must be i n  s e r v i c e  d u r i n g  t h e  sawtng o p e r a t t o n .  

- 

d.  Before each c u t t i n g ,  t h e  stack of p r e v i o u s l y  renoved end 

boxes and b a i l s  i n  t h e  s a w  box should be moved away from t h e  

s a w  b l a d e  so t h a t  t h e r e  1 s  no c o n t a c t  on t h e  downward s t roke  

of t h e  saw; f a i l u r e  t o  do t h i s  could cause  t h e  saw b l a d e  t o  

buckle  and s a w  o u t s i d e  t h e  in tended  c u t t i n g  zone. 

e. The s h i f t  s u p e r v i s o r  ( o r  o t h e r  s u p e r v i s o r  i n  charge)  should  

b e  f a m i l i a r  w i t h  t h e  dimensions of t h e  f u e l  s e c t i o n s  r e l a t i v e  

t o  t h e  i n s c r i b e d  saw-cut t ing marks on t h e  f u e l  element or  
shim rod ( s e e  F i g .  3.8);  and he must v e r i f y  that the s a w  

b l a d e  t ravel .  does not d e v i a t e  from t h e s e  marks dur ing  t h e  

c u t t l n g  o p e r a t i o n .  
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f .  I f  at: any time d u r i n g  t h e  saesiilg operat ioin,  t h e  r a d i a t i o n  

m o n i t o r  s l a e m s ,  t h e  saw motor should bc de-enrrgiied ime- 

diately. 

t i o n  o f  t h e  s i t u a t i o n  is ma& by a s e n i o r  s t a f f  member. 

The operation nust not  be  r ~ s u m c d  until an  eva lua-  

3 ,  Descri  Dtion of  equipmenq - .- - 

a .  Undersrater saw 

The saw consists of  a s tandard  hPavy.duty  hacksaw blade  

a t t a c h e d  t o  a r i g i d ,  v e r t i c a l  shaEt  (14 i t ,  6 in. l ong)  which 

extends abou t  7 f t  above t h e  s u r f a c e  of i h e  poo l  wat-pr .  A 

gelli 30x v j t h  a c rank  and  cam arrangement  c o n v e r t s  Lhe r o t a r y  

motiori of aa e l e c t r i c  motor to r e c i p r o c a t i n g  moverripnt oE t h e  

v e r t i c a l  s h a f i .  H o r i z o n t a l  movement o f  t h e  b l a d e  i s  provided  

by  a pneumatic piston atl’ached n e a r  the t o y  of  a g u i d e  t ube  

a round  the r e c i p r o c a t i n g  s h a f ~ .  

b .  Ho ld ing  mechanism and saw box 

‘I‘hp f u e l  eleinent o r  shim rod  t o  be c u t  i s  h e l d  i n  p l a c e  by 

two pneumat i ce l ly  o p e r a t e d  clamps, Shc portLon o f  t h e  e le-  

ment or rod  t o  be c u t  o f f  p r o j e c t s  i n t o  an a d j a c e n t  c o l l e c -  

t i o n  box, E f f l u e n t  w ; 7 t e r  from t h e  c o l l e c t i o n  box i s  pumped 

to an underwater  filter, a rotameter ( a t  t h e  s i d e  of t h e  

p o o l ) ,  2 n 4  finally, t o  t h e  ho t -d ra in  system (VC-19) .  

c .  Tools 

The f ~ l l o v i n g  t o o l s  a r e  used t o  hand le  f u e l  elemetars and shim 

t sas  : 

(1) A fuel-cle~ent grabber  t o o l  h a v i n g  s h o r t  p i e c e s  o f  

a lminun l  angle K O L  jaws-  it i s  used t o  clamp across  the  

Corner§ 0 f t h e  P lemeqt . 
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. 
( 2 )  A p i n c e r - l i k e  swive l  t o o l .  It i s  used  t o  g r a s p  sawed 

e l emen t s  by t h e  f l a t  s i d e s .  Elements ,  w h i l e  in t h e  h o r i -  

z o n t a l  p o s i t o n ,  a r e  g ra sped  (near t h e  end) wi th  t h i s  t o o l  

f o r  i n s e r t i o n  i n t o  t h e  v e r t i c a l  s t o r a g e  r a c k .  

( 3 )  A hook w i t h  s a f e t y  c l o s u r e  mounted on a s h o r t  s h a f t .  I t  

i s  used  t o  t r a n s f e r  and p o s i t i o n  shim rods .  

( 4 )  A s h o r t ,  f l a t  hook t o  engage s l o t s  i n  shim r o d s .  I t  i s  

used  f o r  p o s i t i o n i n g  t h e  shim rod and t r a n s f e r r i n g  sawed 

p i e c e s .  

( 5 )  A hook w i t h  an  up-and-down swive l .  This  hook makes i t  

p o s s i b l e  t o  p i c k  up a f u e l  e l emen t ,  l a y  t h e  element  i n  

t h e  c u t t i n g  t r o u g h ,  and m a i n t a i n  s e c u r e  c o n t r o l  o f  t h e  

element  a 

d .  Misce l l aneous  equipment 

( 1 )  Two c i r c u l a r  s t o r a g e  r a c k s  wi th  space  f o r  f u e l  s e c t i o n s  

from a t o t a l  o f  14  f u e l  e l emen t s  ( o r  shim r o d s )  a r e  

l o c a t e d  i n  a v e r t i c a l  p o s i t i o n  - seven  i n  a r a c k .  

4 .  Procedure  f o r  sawing f u e l  e l emen t s  

a.  Ensure t h a t  a l l  s t e p s  l i s t e d  under  P r e c a u t i o n s  have  been 

t aken .  

b. P o s i t i o n  t h e  element  i n  t h e  s a w  assembly.  

(1) Remove t h e  d e s i g n a t e d  e lement  from i t s  s t o r a g e  p o s i t i o n  

and v e r i f y  t h e  i d e n t i f i c a t i . o n  numbers. (Use t h e  swive l  

hook on t h e  hook t o o l . )  

( 2 )  P l a c e  t h e  element  i n  t h e  saw assembly V-groove t rough 

w i t h  t h e  convex s i d e  up. Remove t h e  swive l  hook t o o l .  

( 3 )  Clamp t h e  fue l -e lement  g rabbe r  t o o l  n e a r  t h e  c e n t e r  o f  

t h e  e lement .  

( 4 )  Move t h e  element  i n  t h e  saw h o l d e r ,  w i t h  t h e  saw mark 

s i d e  up ,  t o  t h e  approximate p o s i t i o n  f o r  sawing. 

i... 
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( 5 )  C l a m p  t h e  e lement  i n  p l a c e  wi th  t h e  pueuiiratica1ly 

o p e r a t e d  clamps b y  moving t h e  "vi be-clamp" v a l v e  c o n t r r ~ l  

( I o c q t e d  on t i . r ~  underwater  saw r o n t r o i  s t a t i o n )  t o  t h e  

n o r t h  o f  t h e  EX ( exhaus t )  p o s i t i o n .  (NOTE: Approx i -  

mate ly  70 p s i g  a i r  p r e s s u r e ,  as  i n d i c a t p d  by t h e  gauge  a t  

the c o n t r o l  s t a t i o n ,  i s  r e q u i r e l  f o r  p r o p e i  saw o p e r a t i o n .  

i n s t rumec t  a i r  i s  s u p p l i e d  by opening t h e  a i r - s u p p l y  

header  v a l v e  on tire s o u t h  s i d e  o f  t h e  p o o l  near  t h e  p a i s -  

p e t  wall. The sed-handled va lve  s h o u l d  a l s o  hr o p e n ,  and 

t h e  p r e s s u r e  gauge immediately Q o ~ m ~ t ~ e a m  shsu l  d i n d i c a t e  

approx ima t r ly  70 p s i g . )  

( 6 )  V e r i f y  t ha t  t h e  elerneat rehirains i n  fhr  proper  p o s i t i o n  

a r t e r  t h e  clamps are  s e c u c ~ d  by v i s u a l l y  checking t h ~  

saw-cut t ing  marks r e l a t i v e  t o  the saw b l a d e .  For t h i s  

check ,  t h e  saw b lade  should  be  p o s i t i o n e d  a g a i n s t  the 

element by moving t h e  "saw feed"  va lve  t t r  CY'[,. 

c .  E s t a b l i s h  wa%er f l o w  through t h ~  c o l l e c t i o n  box. 

(1) N o t i f y  t h e  tdnk-farm o p ~ r a t o r s  t h a t  approximate ly  150 g a l  

o f  wate r  wjll be L r a n s f e r r e d  i n t o  t h e  hot - -dra in  system 

( i . e . ,  f o r  each  ~ l r u r e n t  t o  be s a w d ) .  

( 2 )  S t a r t  t h e  i i i i d e - s m t e r  pump b y  d e p r e s s i n g  t h e  "s ta r t "  but -  

ton l o c a t e d  on t h e  soutin wall of  t h e  pool. 

( 3 )  Open the pdrge- l in :*  v a l v e  u n t i l  a f l o w  r a t e  o f  a t  l e a s t  

502 o f  L'nll  s c a l e  i s  i n d i c a t c d  on t h e  ro t ame te r  lscatcd 

oli tIic s o u t h  p o o l  w a l l .  (The v a l v e  i s  l o c i t e d  about  6 f t  

under water  and i s  Cquipped wi th  a n  e x r ~ n s i o n  h a n d l e . )  

d .  OpPra te  t h e  sawing equipment.  

(1) S t a r t  the underwater  SRW by d e p r e s s i n g  the  " s t a r t "  h u t r o i r  

l o c a t e d  a t  t h e  contnoP s t a t i o n .  
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( 2 )  S t a r t  t h e  c u t  by moving t h e  "saw-feed" va lve  t o  CYT, 
( c y l i n d e r  p o s i t i o n ) .  (NOTE: The shiFt s u p e r v i s o r  must 

obse rve  t h e  e n t i r e  sawjng o p e r a t i o n .  I f  t h e  s a w  b l ade  

d e v i a t e s  Erorn t h e  c u t t h g  zone, t h e  o p e r a t i o n  should be 

s topped  and t h e  condition e o r r e e t e d l )  

( 3 )  When t h e  end box f a l l s  In to  the c o l l e c t i o n  box, t he  saw 

motor should be de-energized,  t h e  b l ade  r e t r a c t e d ,  and 

t h e  pump de-energized.  

( 4 )  Release t h e  pneumat lca l ly  ope ra t ed  clamps and r e v e r s e  t h e  

element i n  o r d e r  t o  saw off  the rernafnlng end box. (The 

fuel-element  grabber  t o o l  should s t i l l  he a t t a c h e d  t a  t h e  

e lement ,  ) 

(5)  P o s i t i o n  t h e  element [as i n  s t e p s  b (4 )  th rough b ( 6 ) ] .  

( 6 )  E s t a b l i s h  purge water flow [ a s  i n  s t e p s  c(1) through 

~ ( 3 1 1  
(7) Opera te  t h e  sawing equipment [as i n  s t e p s  d ( 1 )  th rough 

d ( 3 ) ]  and s a w  off  t h e  remaining end box. 

e. S t o r e  t h e  sawed fuel-element  section. 

(1) Release t h e  pneumat lca l ly  ope ra t ed  clamps and t r a n s f e r  

t h e  element: t o  the g r a t l n g .  

( 2 )  Place t h e  element on t h e  g r a t i n g  ( w i t h  the convex s i d e  

up) and remove the grabbe r  t o o l .  

( 3 )  Grasp t h e  element about  I in. from the end c o n t a i n i n g  t h e  

comb ( i n  t h e  c e n t e r  of t h e  f l a t  s i d e s )  w i t h  t h e  p i n c e r  

t o o l .  Raise t h e  t o o l ;  t h e  element should swive l  to t h e  

v e r t i c a l  p o s i t i o n .  

( 4 )  Place t h e  element i n  one of t h e  c i r c u l a r  s t o r a g e  racks. 

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

(5)  I f  no more e lements  are t o  be sawed, c l o s e  the  purge-l ine 

v a l v e  and t h e  a i r - supp ly  v a l v e s  t o  t h e  s a w  assembly and 

p l a c e  t h e  " r a d i a t i o n m o n i t o r "  s e l e c t o r  swi t ch  an No. 1. 

- ..... 



5. Procedure  f o r  sawing ... shim I ....._ rods  ____. ~ . - - _  
a. Ensure t h a t  ah1  s teps  l i s t e d  unde r  P r e c a u t i o n s  have been _ _ I I _ . _ ~  

t aken .  

b.  P o s i t i o n  t h e  shim rod i n  thr. saw asserobly. 

(1)  Using the hook t o o l  w i t h  s a f e t y  c l o s u r e ,  remove t h e  

d e s i g n a t e d  s h i m  r o d  f r o m  i t s  s i t r~age  p o s i t i o n  and v e r i f y  

t h e  i d e n t i f i c a t i o n  n i lmher .  

( 2 )  Move t h ?  shim r o d  near t h e  saw assembly and  engage t h e  

f l a t  hook i n  one o f  t h e  lower s l o t s  on thhe convex s i d e .  

Raise t h e  hook t o  make t h e  shim rod  h o r i z o n t a l .  

( 3 )  Place t h e  sh im rod  i n  t h e  V-groove t rough of  t h e  s a w  

w h i l e  gu id ing  the  piston end t o  t h e  igest o f  t h e  c o l l e c -  

t i o n  box wi th  the f l a t  hook. The convex (saw mark) s i d p  

of  t h e  shim rod  should  be f a c i n g  upward.  

c .  Remove t h e  p i s t o n  s e c t i o n .  

(1) P o s i t i o n  t h e  shim rod  n n t i l  t h e  saw b l a d e  is a l i g n e d  1 7  

1 / 2  i n ,  from t h e  p i s t o n  end o f  t h e  rod (see  Fig .  3.7). 

( 2 )  Wcmsve the  f l a t  hook. 

( 3 )  Secure  t h e  shim rod i n  place w i t h  t h e  pneumatic clamps. 

( 4 3  V e r i f y  t h a t  t h e  elemeot  remains i n  t h e  p rope r  p o s i t i o n  

a f t e r  t h e  clamps ?ire secu red  by  v i s u a l l y  checking t h e  

pos i t i o r r  o f  t h e  p i s t o n  r e l a t i v ~  t o  t h e  saw b l a d e ,  

( 5 )  I n s t a l l  t h e  g r a b b e r  t o o l  on the p i s t o n  end just vest of 

The t o o l  m u s t  be  maintained in posi- t h e  proposed c u t ,  

t i o n  by a n  o p e r a t o r  who w i l l  ma in ta in  a l e v e l  p o s i t i o n  

and  a s l i g h t  c lockwise  twist on the p i s t o n  end  du r ing  the  

sawing o p e r a t i o n .  This will p reven t  b ind ing  near t he  end 

of the saw c u t  which could  result i n  a broken saw b l a d e  

o i  damage t o  the saw h o l d e r .  
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. .- 

( 6 )  Establish purge water flow [ as  in steps c ( 1 )  through 

c(311. 

(7) Operate the sawing equipment [ a s  in steps d ( l )  through 

d(3)] and saw off the piston. 

(NOTE: The shift supervisor should observe the entire 

sawing operation. If the saw blade deviates from the 

cutting zone, the operation should be stopped and the 

condition corrected.) 

(8 )  When the piston seetion has been sawed, release the 

pneumatically operated clamps. 

( 9 )  Transfer the piston section of the shim rod using the 

grabber tool from the collection box to the C-zone f o r  

decontamination and subsequent reuse, 

d. Remove the extrusion section. 

( 1 )  Engage the flat hook in one of the upper slots of the 
shim rod and slide the rod  west to appraxirnately the 

correct location €or  the second cut, 

( 2 )  Attach the grabber  t o o l  to the extrusion section of the 

shim rod near the midsection of the extrusion. 

( 3 )  Maintain t h e  shim rod in a horizontal position (with the 

grabber tool) with a slight clockwise twist to avoid 

damaging the saw blade. 

( 4 )  Secure the shim rod in place with the pneumatically oper- 

ated clamps. 

( 5 )  Verify that the remaining section of the shim rod remains 

in the proper position after the clamps are secured by 

visually checking the saw-cutting marks relative t o  the 

saw blade 

- 
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( 6 )  Make t h e  second shim--rod c u t  [ a s  i n  s t e p s  d ( 1 )  throi-ngh 

a 3 1  1 
(NOTE: The s h i f t  s u p e r v i s o r  should observe  the e n t i r e  

sawing o p e r a t i o n .  If t h e  saw blade  d e v i a t e s  from t h e  

c u t t i n g  zone, t h e  sperat:on should be s topped  and t h e  

c o n d i t i o n  c o r r e c t e d . )  

( 7 )  Release t h e  pneumat ica l ly  opera ted  clamps. 

(8) Remove t h e  e x t r u s i o n  s e c t j o n  (which should s t i l l  be 

a t t a c h e d  t-o t h e  grabber  t o o l )  from thp  s a w  box area and 

p l a c e  i t  on t h e  g r a t i n g  i n  a h o r i z o n t a l  p o s i t i o n .  Remove 

t h e  grabber  t o o l .  

e. Rewove t h e  f u e l  s e c t i o n .  

(1) At tach  t h e  grabber  t o o l  eo t h e  raid-area of t h e  f u e l  sec- 

t i o n  arid s l i d e  t h e  rod west t o  approx l r aa t e ly  t h e  correct 

l o c a t t o n  f o r  t h e  t h i r d  ~ t .  

( 2 )  Main ta in  the shim rod i n  a horizornLal p o s i t i o n  (wtth the 

g r a b b e r  t o o l )  and w t t h  a s l f g h t  c lockwise t w i s t  t o  avoid 

damaging the s a w  b lade .  

( 3 )  Secure the shim rod i n  place v l t h  the p n e i m a t i c a l l y  oper- 

a t e d  clanips a 

( 4 )  V e r i f y  t h a t  t h e  remaining s e c t i o n  of t h e  shim rod remains 

i n  t h e  proper position af te r  t h e  clamps are secured  by 

v i s u a l l y  checking t h e  saw-cut t ing marks r e l a t i v e  t o  t h e  

saw blade.  

(5)  Make t h e  t h l r d  shim-rod c u t  [ a s  i n  s t e p s  d(1)  th rough 

d ( 3 )  I 
(NOTE: The s h i f t  s u p e r v i s o r  should observe  t h e  e n t i r e  

sawing o p e r a t i o n  to  ensure t h a t  the s a w  b l a d e  does n o t  

d e v i a t e  from t h e  in tended  c u t t i n g  zone. I f  so, t h e  

o p e r a t i o n  should be s topped and the c o n d i t i o n  c o r r e c t e d .  
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( 6 )  Release t h e  pneumat ica l ly  ope ra t ed  clamps. 

(7) Remove t h e  f u e l  s e c t i o n  (which should s t J . 1 1  be a t t a c h e d  

t o  t h e  g rabbe r  t o o l )  from t h e  s a w  box area and place on 

t h e  g r a t i n g  i n  a h o r i z o n t a l  p o s i t i o n .  Remove t h e  grabber  

t o o l .  

(8) Replosit ion t h e  fuel-element  s e c t i o n  on t h e  g r a t i n g ,  i f  

n e c e s s a r y ,  then  g r a s p  i t  about  1 i n .  from t h e  end w i t h  

t h e  comb i n  t h e  c e n t e r  of t h e  f l a t  s i d e s  wi th  t h e  p i n c e r  

t o o l .  Raise t h e  t o o l ;  t h e  f u e l  s e c t i o n  should swPvel t o  

t h e  v e r t i c a l  p o s i t i o n .  

( 9 )  T r a n s f e r  t h e  f u e l  s e c t i o n  t o  one of t he  c i r c u l a r  s t o r a g e  

r a c k s .  Record t h e  p o s i t i o n .  

f .  Remove t h e  cadmium s e c t i o n  

(1) At tach  t h e  grabber  t o o l  t o  t h e  mtd-area of t h e  cadmium 

s e c t i o n  and remove hook d t h  s a f e t y  c l o s u r e  from t he  

b a i l .  

( 2 )  P o s i t i o n  t h e  remaining p o r t i o n  of t h e  shim rod so  that 

t h e  bail end is  f a c i n g  w e s t .  (The convex s i d e  should be 

f a c i n g  upward.) 

( 3 )  P o s i t i o n  t h e  shim rod unti .1 t h e  s a w  b l a d e  i s  a l i g n e d  

6 1 / 2  i n .  from t h e  bail end of the shLm rod. 

( 4 )  Secure  t h e  s e c t t o n  w i t h  t h e  pneumat ica l ly  ope ra t ed  

c l amps .  

(NOTE: S ince  i t  is impor t an t  t h a t  t h e  cadmiurn s e c t i o n  i s  

n o t  p e n e t r a t e d  by t h e  s a w  b l ade ,  t h e  s h f f t  s u p e r v i s o r  

should  be c e r t a i n  of t h e  c u t t i n g  zone a f t e r  t h e  clamps 

are s e c u r e ;  and he must observe  t h e  e n t f r e  sawing opera- 

t i o n  t o  ensu re  t h a t  t h e  saw b lade  does not d e v i a t e  from 

t h e  in t ended  c u t t i n g  zone. The upper end of t h e  cadmium 

s e c t i o n  is 1 i n .  p a s t  t h e  r i v e t  - toward the  b a i l  end.)  

.... 
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(5 )  Operiare the sawfng cqu5pment [ as  i n  steps d ( l )  th rough 

d (  3 )  ] arid saw o f f  t.he hall . .  

( 6 )  Release t h e  pneumat ica l ly  ope ra t ed  clamps. 

( 7 )  T r a n s f e r  t h e  caalmiirin s e c t i o n  of t h e  shPn rod t o  t h e  

g r a t i n g .  

( 8 )  I f  no more u i l i t s  arc t o  be sawed, c l o s e  thc! purge- l ine  

v a l v e  and t h e  a i r - supp ly  v a l v e s  l o  trhe saw assembly and 

p l a c e  the "radiati on-monitor" s e l e c t o r  swi tch  on No. 1. 

( 9 )  Ketarn the t o o l s  t o  s t o r a g e .  

3.4.6.  Shipping P u e l  TJnits t o  t h e  Puel  Recovery P l a n t  

References  
-_l__^__s 

ORWL drawings M-1819P-EL-00E -0 th rough -006--11 and - 0 l O - D ,  

M-1019 1 -EK-088-D 

I. Intrcsduct lon 

Fol  lowdng a decay pe r iod  of  apprcsxiunately f i v e  months 

( s p e c i f f c a l l y ,  a t  least 150 dags ) ,  spent  f u e l  e lements  and shim 

rods  are prepared  f o r  t r a n s p o r t a t i o n  t o  ano the r  p l a n t  where they  

are  chenlcal.ly processed t o  r ecove r  t h e  unused urmiurn-235. A 

d e t a i l e d  procedure of the p r e p a r a t i o n s  I s  gtvera i n  the preceding  

S e c t i o n ,  3.4.5.  

When t h e  prepared Puel  pieces are t o  be sh ipped  from their  

s t o r a g e  ps sF t ions  i n  t h e  OBR poo l ,  t hey  are i n d i v i d u a l l y  tratis- 

Perred  i n t o  an 11 1f2-ton Shipping  carrler &.hat has  been lowered 

i n t o  the pool.  The carrier p r e s e n t l y  i n  s e r v i c e ,  des igna ted  HFiR 

f u e l  element sh ipp ing  cask ,  has heea adapted t o  c a r r y  1 7  v e r  

t i c a l l y  o r l p n t e d  OWR o r  TSSR f u e l  pieces.  

The fo l lowing  procedure cove r s  t h e  p r e p a r a t i o n  of t he  

s h i p p l n g  carrier upon d e l i v e r y  a t  the ORR, t h e  load ing  of t h e  

c a r r i e r h - ,  and t h e  hand l ing  after removal F r o m  t h e  ORR pool .  
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2. P r e c a u t i o n s  
I_Ip 

In a d d i t i o n  t o  t h e  u s u a l  p r e c a u t i o n s  r e q u i r e d  when hand l ing  

h i g h l y  r a d i o a c t € v e  f u e l  p i e c e s ,  of primary C O ~ C ~ K ~  are: (I) t h e  

p r e v e n t i o n  of any damage t o  the pool  l i n e r  and In-pool equipment 

when p o s i t i o n i n g  the 11 1/2-ton carrier i n  the  ORR pool and (2 )  

t h e  decontaminat ion  of t h e  carrter as s p e c i f l e d .  

To avoid  any p o s s i b l e  r a d i a t i o n  hazard  t h a t  might result i f  

t h e  water s h i e l d i n g  for  t h e  o p e r a t i n g  r e a c t o r  were l o s t  due t o  

l e a k a g e  through a damaged p ~ o l  l i n e r  and t o  meet t h e  safety 

r equ i r emen t s  f o r  t h e  conrmercjal t r a n s p o r t a t i o n  of h i g h l y  r ad io -  

a c t i v e  materials, i t  is i m p e r a t t v e  t h a t  t h e  f o l l o w i n g  p r e c a u t i o n s  

be taken .  

a. Rou t ine  p rocedures  f o r  hand l ing  f u e l  i n  t h e  pool should be 

fo l lowed t o  p reven t  r a d i a t i o n  exposure ( t h i s  i n c l u d e s  

restricting a c c e s s  t o  t h e  balcony area). 

b. Rout ine  procedures  f o r  w o r k h g  over  t h e  f u e l - s t o r a g e  r acks  

should  be acknowledged (1 .e -  the l i d s  of the racks should be 

c l o s e d ) .  

C .  Due t o  t h e  size and weight  of t h e  s h i p p i n g  carrier, extreme 

c a u t i o n  must be exercised when rigging t h e  carrier t o  t h e  

20-ton overhead c r a n e .  [The c h a i n  l i n k s  of t h e  A-frame 

assembly (Rwg. M-10191-EL-006-D) must no t  be twisted, and 

t h e  1-ocking pins i n  t h e  s p e c i a l  crevises must be i n  place and 

s e c u r e  (Dwg. M-10191-EK-008-D)]. 

A t  no t i m e  should  t h e  carrier be placed  on t h e  f l o o r  of 

t h e  pool o r  any o the r  f l o o r  area o t h e r  than that d e s i g n a t e d  

by t h e  f l o o r  color-code posted in t h e  2nd-level t r u c k  bay 

area a 

d.  To avoid  damage t o  t h e  pool  l i n e r  (and in-pool equipment) 

from i n a d v e r t e n t  c o l l i s i o n s  of a mfnor nature, a l l  pos i -  

t i o n i n g  of t h e  carr ier  over  and in t h e  pool must be performed 

v e r y  slowly. 
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(The s u p e r v i s o r  i n  charge  should d- i rect  the posittoning of the 

carrier.) I n  addl i t ion,  the  carrier must never be p o s i t i o n e d  
-.-___I. . -  -. . _ ~ I _ _ _ _  - . ~ ~  

O V C ~  the r e a c t o r  p o o l *  __ ^____.I ..___ 
e o  Fuel  pieces mst always be t r a n s f e r r e d  t o  the c a r r i e r  f n d i v i d -  

ual  Ig using the d e s i g n a t e d  too l .  Under no c i rcumstances  s h a l l  

t h e  carrier basker he handled i n  any manner o t h e r  than  as 

s p e c i f i e d  i n  c h i s  procedure.  The transfer opera t ton  must be 

performed by t h e  operator under the d i r e c t i o n  of t he  supervisor 

i n  charge.  

f .  To prevent  the i n a d v e r t e n t  r a i s i n g  of the c a r r i e r  d u r i n g  the 

loading o p e r a t i o n ,  t h e  e l e c t r i c a l  b reaker  f o r  the overhead 

c r a n e  must be p laced  i n  t h e  OFF p o s i t i o n  u n t i l  a f t e r  t h e  

c a r r i e r  t o p  i s  r e p o s i t t o n e d  over t h e  mouth of t h e  carrier.  

g. T h e  water around the f u e l  e lements  i n  t h e  c a v l t y  of t h e  loaded 

car r ie r  m u s t  be removed, and t h e  c a r r i e r  minst  be purged wit-11 

a i r  and leak-checked p r i o r  t o  shPprment . 'Yhe gamma-lieat genera-  

t i o n  from one ORR f u e l  element a f t e r  a 150-d decay per iod  i s  

approximate ly  210 W. Actual  t empera ture  measurements made om a 

carr ier  2b h a f t e r  loading  w i t h  seven d e p l e t e d  f u e l  pleces 

i n d i c a t e d  no s i g n i f i c a n t  tempeKatixCe d i f f e r e n t i a l  acrdss Lhe 

carr ier  s h i e l d i n g ;  however, c o n s i d e r i n g  the a c t u a l  t i m e  b e f o r e  

t h e  carriers are unloaded and the o v e r a l l  s e a s o n a l  tempera tures  

encountered d u r i n g  t r a n s i t ,  the rimoval of the water is 

mandatory. NOTI.:: During the water-purging opera t ion ,  t h e  . _ ~ -  a i r  

p r e s s u r e  i n  t h e  c a v i t y  should n o t  be allowed to exceed .___^....__ 20 p s i g -  
- ... ._cII. 

__-..- I. . . . . -. ._. 
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h. Radiation levels must be monitored during the following 

operations: (1) when the carrier lid i s  raised t o  allow 

inspection of the top gasket and Interior; ( 2 )  when fuel is 

being transferred; ( 3 )  when the loaded carrier is being raised 

from the water; ( 4 )  when the water i s  being removed from the 

cavity of the carrier (the exit-line tuk-lng should be 

monltored); and (5) when the carrier is emptied o f  water. 

i. The specif fed radiation and contaminatfen limitations must he 

met prior to the removal a€ the carrier from the ORR building 

( i . e . ,  the beta-gamma radiation l e v e l  must not exceed 200 mr/h 

at contact and the contamination level must not exceed 1000 

dpm em2 beta-gamma and/or 30 dpm c m 2  alpha. 

and contamination levels must be recorded on a radiation- 

identification tag and secured to the carrier. 

The actual radiation 

j. The records pertaining to uranium accountak.ility naust be pro- 

perly maintained. The supervisor in charge of the carrier 

loading should verify the identificatlon numbers of the ele- 

ments and indicate their relative position in the carrier as 

required on the Fuel  Element Shipping Carrier Form (See Example 

3.8); he should also enter a similar diagram in the ORR log. 

In general, the initial handling of the standard forms required 

for the shipment of the fuel pieces from the ORR, and subse- 

quently from ORNL, is the responsibility of the Reactor 

Operations Section SS accountability officer and the foreman 

assigned to maintalning the records on the individual fuel 

pieces. These individuals supply the necessary information 

required on the fuel-element shipping carrier form and the O W ,  

- Source, Nuclear, and Special Materials Transfer Form (the 
latter form is prepared in triplicate; for distribution prac- 

tices, refer to Example 3 . 9 ) .  
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FCJEL. ELEMENT SHIPPING CARRIER 

The ORA spent fuel element m a g a z i n e  h a s  been lnseited tn cask- - ORR Supervisor - 

Example 3 .  8 
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... 

3. D e s c r i p t i o n  of equipment 

a.  H F I R  f u e l  element s h i p p i n g  cask  (see F i g .  3 . 6 )  

The s u b j e c t  carrler i s  a l e a d - f i l l e d  s t a i n l e s s  s t e e l  ( t y p e  

3 0 4 )  s h e l l  about  10 i n .  t h i c k .  The cask  c o n t a i n s  a c y l i n d r i -  

ca l  baske t  32 i n .  l o n g  w i t h  seven teen  3 l /$-in.  by 3 13/32-in.  

spaces - each deshgned t o  acc.ommodate one v e r t i c a l l y  posi-  

t i o n e d  f u e l  p iece .  The carrier has a c i - r e u l a r  base 46 318 
i n .  i n  diameter and is  e n c i r c l e d  w i t h  16 vertlcal sectlone; of 

4 i n .  p l p e  which s e r v e  as f i n s  f o r  heat removal. The carrier 
has f a c i l i t i e s  t o  a l low purging t h e  water from around t h e  

fue l  e lements  ( u s i n g  compressed air)  a f t e r  they  are loaded 

and removed from t h e  pool.  

b .  L i f t i n g  equipment 

An A-frame-type l i f t i n g  assembly w i t h  cha ins  and shack le s  i s  

used t o  l i f t  t h e  carrier (uslng a 20-ton overhead c r a n e ) .  A 
manual ly  ope ra t ed  c h a i n  h o i s t ,  a l s o  a t t a c h e d  to t h e  A-frame 

assembly,  i s  used t o  remove t h e  c a r r i e r ' s  toy plug. (Th i s  

assembly is s t o r e d  i n  t h e  WFIR s l i n g  s t o r a g e  a r e a  except  f o r  

t h e  cha in  h o i s t ,  which I5 s t o r e d  i n  t h e  ORR s l i n g  s t o r a g e  

area. ) 

c .  Tools  

A p i n c e r - l i k e  swive l  t o o l  i s  used t o  t r a n s f e r  t he  i n d i v i d u a l  

f u e l  p i e c e s  from t h e  7-element s t o r a g e  r acks  t o  t h e  carrier. 

Wrenches are used t o  remoue and/or  i n s t a l l  t h e  carrier's t o p  

plug and p i p e  connec t ions .  (The wrenches are s t o r e d  i n  a 
plast ic  bag i n  the  s t o r a g e  box l o c a t e d  by t h e  carrier dell- 

v e r y  area. ) 
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d .  Water-purging and l e a k - t e s t i n g  equipment 

Four p ipe  connec t ions  and a s s o c i a t e d  equipment are  used t o  

p r e s s u r e  t e s t  and /o r  purge water from t h e  c a r r i e r  fo l lowing  

l o a d i n g  ( s e e  F ig .  3 . 9 ) .  The connec t ions  a r e  d e s c r i b e d  below: 

Connection 
No Access t o  Use 

1 Bottom of  e lement  c a v i t y  To d r a i n  element  c a v i t y  

2 Top of  e lement  c a v i t y  To p r e s s u r i z e  element  
c a v i t y  

3 Plug  l e a d  c a v i t y  To p r e s s u r i z e  p l u g  l e a d  
c a v i t y  

4 Cask l e a d  c a v i t y  T o  p r e s s u r i z e  cask  l e a d  
c a v i t y  

4 .  Procedure  f o r  l oad ing  t h e  f u e l  . .. . .. ... c a r r i e r  a t  .._ t h e  ORR 

a .  Remove t h e  c a r r i e r  f rom t h e  d e l i v e r y  t r u c k .  

(1 )  P l a c e  b l o t t i n g  paper  on t h e  f l o o r  area west o f  t h e  

2nd-level  C-zone ( an  a r e a  s l i g h t l y  l a r g e r  t h a n  t h e  base  

of t h e  c a r r i e r  i s  adequa te ) .  

( 2 )  Using t h e  A-frame assembly and t h e  20-ton overhead c r a n e ,  

remove t h e  c a r r i e r  from t h e  d e l i v e r y  t r u c k  and p l a c e  i t  

on t h e  b l o t t i n g  paper .  Ensure  t h a t  . . ..... .__ t h e  l i f t i n g  ._. .. ... dev ice  i s  

p r o p e r l y  a t t a c h e d  t o  t h e  20-ton hook and t h a t  none of t h e  

c h a i n  l i n k s  a re  t w i s t e d  ( s e e  F i g .  3.10).  

( 3 )  I f  removing t h e  c a r r i e r  from t h e  d e l i v e r y  t r u c k  w a s  t h e  

o n l y  o b j e c t i v e  a t  t h i s  t i m e ,  remove and s t o r e  t h e  A-Erame  

l i f t i n g  assembly. 
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P i g .  3 . 9 .  Transfer cask ( t o p ) .  
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b. Prepare the carrier for the pool 

Have the Health Physicist check the carrier f o r  trans- 

ferable contamination. NOTE: If the carrier is con- 

taminated (i.e. 

dpm/100 cm2 alpha), the carrier must be cleaned before it 

is placed in the pool water. 

Examine the carrier for (a) possible damage incurred 

during transit, ( b )  radiation-identification and/or other 

tags, (c) debris, and ( d )  a wire used to seal the lid. 
Remove any tags, dehrls, and/or the wire seal. 

Remove the nuts securing the top. 

Inspect the gasket. The gasket is a special material 

whlch must he obtained from the HFIR maintenance super- 

visor. (CAUTION: - To accomplish this, the lid must be 
raised slightly using the chain hoist on the A-frame. 

Have the - Health Bhysicist monitor the radiation level of 

the cavity as the lid is raised.) 

Inspect the inside of the carrier, i.ar, the QEaR fuel 

element magazine should be in place, secured, and free of 

damage. 

Install drain hose in connection No. 1. Open connection 

No. 2 for venting. NOTE: This step w i l l  allow some 

water to siphon from, carrier as the carrier is raised 

above the pool water level on removal of loaded carrier 

from the pool. The partial draining of carrier will 

allow the securing of the lid without forcing con- 

taminated water from carrier cavity. 

- -~ 
>lo00 dpm/lQO cm2 beta-gama and/or >30 

I_ 

- 
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c. Place t h e  car r ie r  i n t o  t h c  c e n t e r  pool 

NOTE: I f  a p p l i c a b l e ,  t -a lse t h e  c a r r i e r  1 i n .  o f f  t h e  Floor 

t o  be s i i w  t h a t  a proper  hookup has been made+ 

(1) Raise the carr ier  t o  t h e  n p p e r - l i r n l t  t rass1 of ihe 20-ton 

c r a n r  - 
( 3 )  P o s i t i o n  the earrichr IIVPT t he  c e n t e r  pool .  

( 3 )  Attach  a J--tn.-diam rope t o  thr. carrier Lop; t h e  rcmaindes 

of the ropc s h o d d  hc placed on ilre motorixcvl b r i d g e .  

( 4 )  Spi-a:? t h e  carr ier  xaith deminere l ized  vater.  ( f i X s  s t e p  

3 s  folnnd ta be somewta~t e f f e c t i v e  til " s e a l i n g "  t-he poroiis 

metal surface of t h e  c a r r i e r  f rom the  contaminated p z o l  

wa+er  and, consequent ly ,  f a c i l  -it-ates t h e  derontaminat ton  

p- iacndure upoc reuzovrl. ) 

( 5 )  P o s i t i o n  tlie carr ier  over t h e  4.ft w t B I  irhat i s  l o c a t e d  

undernenth the center  poo l  c l o s e  t o  the  past end (-. nyar t 

l o c a t i o n  i s  given :n F ig .  3 . 6 ) .  

( 6 )  Slowly  lower the car r ie r  -Into thp pool  u n t i l  the t o p  of 

t h e  carr ier  i s  a t  aboiit t h e  same d e p t h  as the t o p  of the 

t w o  seven-element s~orage r a c k s  l o c a t e d  on I he g t a t l n g .  

Due t o  t h e  s i z e  of t he  carr ler ,  cxtreme care m i r s ~  be 

e x e r c i s e d  i n  manipula t ing  the  c r a n e  c o n t r o l s  [or t h e  

p o s i t i o n i n g  of the ca r r i e r .  ( C A U T I O N :  khsure t h a t  __ the  
-I_ - 

casr ler  i s  not  allowed t o  c o l l i d e  w i t h  the pool I_ l i n e r  or  

any in-uool eaui~mt :n t .  Th2 sh i f t  s u p e r v i s o r  must observe 
_.--______-_-1__ ---^-- 

base of t h r  t o y  plug i s  about 2 i n .  above the v e r t i c a l  

p i p e  sccc ione  and fins on t h e  cask sides.  
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(8) Secure the 1-in.-diam rope to the matorized bridge and 

move the bridge eastward until the t o p  is moved away from 

the mouth of the carrler. 

d. Load the carrier 

(1) Place the electrical breaker for the cwerhead crane in the 

OFF position (located on the southside walkway o f  the 3rd 

level). This switch inust remain in t h e  OFF position until 

the 17 elements are loaded and the carrier's t o p  plug is 

positioned over the mouth of the carrier. 

( 2 )  Using the pincer-like swivel t o o l ,  raise a f u e l  el.ement 

from the  seven-element storage rack. Monitor the radia- 

tion l e u e l  at the pool parapet during this step. 
I 

( 3 )  Identify the element number; it should correspond t a  one 

listed under "element number" on the fuel element shipping 

form. 

( 4 )  Place the elemeat in one of the 17 positions in the 

shipping carrier basket. 

(5) Record on the fuel element shipping form (see example) the 

position in which the element was placed relative t o  the 

yellaw l-lfting lug inside the element basket or magazine. 

(NOTE: The yel low lug location will have t o  be indicated 

on the schematic diagram of the basket positions shown on 

the shipping form.) 

- 

( 6 )  Repeat steps ( 2 )  through (5) until the 17 elements h a w  

been loaded into the carrier. (CAUTION: Do not attempt 
to expedite the loading Drocedure bv either transferring 

more than one fuel piece at a t i m e  or by removing the 

carrier's 17-position basket.) 

.*. 
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e .  

f .  

Inscall t h e  t o p  on the  l.aaded carrier 

(1) Hove the motorized b r i d g e  westward u n t i l  t h e  c a r r i e r  cop i s  
p o s i t i o n e d  over  t he  mouth of the c a r r i e r .  

( 2 )  Using the  chain h o i s t ,  lowe- t h e  carrTer t o p  i n t o  t h e  seated 

p s s € t i o n .  P ipe  connecttons No. 1 and No. 2 mlnsi: he a l i g n e d  

a s  shown in F i g .  3.9 t o  achieve  Che bes t  sed .  of the carr ier  

top. (‘fsm gu ide  p i n s  are provided on Che carrier t o  f a c i l i -  

t a t e  t h e  necessary al ignment  ) 

( 3 )  C a r e f u l l y  h s p e c t  t h e  c a r r i e r  t o p  f o r  p r o p e r  s e a t i n g .  I f  one 

s i d e  appears uneven, r a i s e  t h e  l j d  and r e p e n t  s t e p  ( 2 ) .  

( 4 3  Place the e l e c t r i c a l  bre-4ker f o r  the overhead crane in t:he ON 

position. 

Remove the loaded car r ie r  f rom the  pool 

NOTE: Reicove the carrier slowly so  tha t  the  pool demtneralizer 

pump w i l l  not be s ta rved .  

(1) P o s i t i o n  the carrler i n  t.he pool  so t h a t  i t  can be raised 

1_1.- 

wl. thout c b s t r u c t i o n  from in--pool equipment. (CAUTION:  ......__ Ensure 

t h a t  the c a r r t e i -  i s  not  allowed. to  collide .... w € t h  t h e  pool l i n e r  

o r  any In-pool equipment. ..... 

I. 

-..- .... ...... ._ ___ _- .-.--___ 

The ........ s h i f t  supervlsar mast observe ___..__ - ......... ___....-1__ 

this activity.) ------ 
( 2 )  Have a Hea l th  P h y s t c i s t  E o n i t o r  the radiation l e v e l  o f  t he  

carrier as Pt: I s  slowly i -alsed from t h e  water. I f  t he  

radiation l e v e l  i s  i n  excess of 200 mr/h a t  c o n t e c t ,  inform 

t h e  Keacto~ S u p e r v i s o r .  

(3) As the carr ier  is befng ra ised,  r i n s e  i L  wlt:ln deminera l ized  

W a t e r .  Water w i l l  s t a r t  d r a i n i n g  f rom the carr iers  i n t o  the 

center pool via tilie s iphon d r a l n  tube .  
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( 4 )  When access t o  the carrier top is achieved (while standing on 

the motorized bridge), place the nuts on the studs and secure 

them. Torque to 100 ft-lb in 50 ft-lb increments. 

(5) Remove the  I-in. - d i m  rape, 

(6) Using rags, wipe all surface areas of the carrier whlle it 

remains suspended over the pool, preferably before it is 

allowed to dry. 

(7) Return the carrier to ita original p a s i t i o n  in the truck bay; 

however, leave the carrier suspended about 4 f t  above the 

floor level. MOTE: Refore moving the carrier from over the 

pool ,  stop the water drainage by raising the drain hose to 

break the siphon effect. 

I_ 

(8) Have the Health Physicist obtain a smear of t h e  bottom sur- 

face of the base. Tf the transferable contaminathon level is 

<lo00 d p d l 0 0  cm2 beta-gamma and (30 dym/lQO em2 alpha, lower 

the carrier to the f loo r .  If it is contamlnated in excess of 

the specified limits, repeat the  cleaning operation of the  

car r ie r  base. 

(9) Remove the A-frame assembly and return tt. to storage if 
applicable (i.eep if: the carrfer is not  to  be shipped rela- 

tively soon).  Remove the siphon drain hose. Close connec- 

tions Nos. 1 and 2. 

(10) Torque carrier t o p  nuts t o  100 ft-lb in 50 ft-lb Increments. 

g .  Purge the pool  water from the cavity of the carrier. 

(1) Connect the clear Tygon-hose end of the drain-line assembly 

to the ILW valve located on the  north balcony (labeled 2). 

(MOTE: *'Clear" Tygon hose is used for this application to 

allow the easy viewing of the purged water; however, in order 
- 
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t o  comply ~ 5 t h  t h e  r e q u i r e m n t  of uslng o n l y  "co lored"  Tygon 

hose a t  the ORW t o  eiisure v i s i b i l i t y  1.n t h e  event any of the. 

p l a s t l c  would ever  be placed i n  the p o o l ,  a co lored- tape  

wrapping is  secured  t o  the hose a t  v a r i o u s  l o c a t i o n s . )  

Remove !:.he cap from t h e  carrier's d r a i n  l i n e .  

Connect t h e  o t h e r  end, o f  t h e  d r a i n - l i n e  assembly t o  connec- 

t i o n  No. 1 on the carr ier  t o p  ( r e f e r  t o  P ig .  3 .9) .  

Ensure t h a t  all. c ~ n n e ~ t l o ~ ~  are s e c u r e ;  t h e n  open t h e  v a l v e  

t o  t h e  ILW system. 

Remove [:he cap and plug from the carr ier ' s  cotziisction No. 2 .  

Connect t h e  end of t h e  a i r - p u r g e  supply l i n e  i n t o  t h e  

c a r r i e r ' s  t o p  vent .  

Connect tho end of the a i r -purge  s11ppl.y l i n e  t o  t h e  p l a n t  

a i r - s u p p l y  l i n e  ( l o c a t e d  by the s t a i r w a y ) .  

Ensure t h a t  a l l  connec t ions  are s e c u r e .  (NOTE: I f  Che con-- 

n e c t i o n s  are not  securrp., the  contaminated pool water w i l l  be 

f o r c e d  out around the g a s k e t  areix and i t  will recontaminate  

t h e  carr ier .  I n  a d d i t i o n ,  an  inadequate  purge w l l l  be 

e s t a b l i s h e d  due t o  t h e  l o s s  of air p r e s s u r e .  

Adjus t  t h e  a i r  r e g u l a t o r  u n t i l  the p r e s s u r e  gauge i n d i c a t e s  

8 p s i g .  (CAUTION:  Do n o t  p r e s s u r i z e  .... ~ the  c a v i t y  to  greate9: - 
t h a n  20 psLg wi thout  . .. ...-... e x p l a n a t i o n . )  ... 

-- 
-.. .. ... . . . .- .- 

( I O )  Open the a i r - supply  va lve  t o  the c a r r i e r .  A t  t h i s  t i m e ,  

water should be observed l e a v i n g  t h e  carrier through the 

clear  Tygon hose.  (CAUTION:  I The  r a d i a t i o n  level  of t h e  water  

must be monitored.)  ~- _I 
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,. .- 

(11) After all the water has been removed (normally after approxi- 

mately 40 m i n  the water flow through the clear tubing will 

cease), purge the carrier with dry air for 1/2 h .  

(12) Remove the drain line fitting from the carrier and allow the 

negative pressure of the I L W  system to remove any residual 

water in the Tygon hose. 

(13) Install the carrier's drain-line cap. 

( 1 4 )  Remove the air-supply line from the carrier and install the 

Wrap a piece of pipe tape around the plug and cap. 

threads of the plug before reinstalling it.) 

( 1 5 )  Place the air-purge and drain-line equipment into a plastic 

bag and return them to the storage box, 

(NOTE: 

h .  Perform pressure tests as follows: 

- NOTE: 

apply air pressure. Close inlet air valve and disconnect air 

line. Observe gauge. If pressure decreases before end of test 

period, notify supervision. 

(1) 

See Fig. 3.9 for connection location. In each case below, 

The cask lead cavity should hold an air pressure of 10 psig 

for approximately 15 min. Connection No. 4 is used for this 
test. 

The plug lead cavity should hold an air pressure of 10 psig 

for approximately 15 min. Connection No. 3 is used for this 

test. 

The element cavity should be pressure tested at 20 psig for 

approximately 30 min. 

this test. 

( 2 )  

( 3 )  
Connection Nos. 1 o r  2 may be used for 

.-_ 



i .  Prepa re  t h e  c a r r i e r  f o r  sh ipment .  

(1) Have the H e a l t h  P h y s i c i s t  determir l .?  t h e  contaminat ion  and 

r a d i a t i o n  s t a t u s  of  t h e  purged  c a r r i e r .  Cont inue t h e  

c l e a n i n g  o p e r a t i o n  a s  needed t o  decontaminate  she c a r r i e r  Lo 

t h e  s p e e i  FIed l i m i t s .  The bctn-gamma r a d i a t i o n  l e v e l ,  a f t e r  

removing t h e  water from arolind t h e  Cue1 p i e c e s :  should  n o t  

exceed 200 m r / h  a t  contact anywherc on  t h e  c a r r i e r ;  i f  i t  

does ,  the Reactor Sinpervisor s h o u l d  be P o t i f i e d .  

( 2 )  Have the  Hea l th  P h y s i c i s t  p r e p a r e  a ~ a d i a t i o n - i d e r t i f i c a t i o n  

t a g  ( i . e . ¶  2 R a d i a t i o n  IIazard Materials T r a n s f e r  t a g )  and  

secure  i t  t o  t h e  carrier. 

( 3 )  Inform t h e  Reac tor  Opera t ions  foreman i n  charge of  main- 

tewancr t h a t  the c a r r i e r  i s  p repa red  f o r  shiprncrnt from t h e  

OBR b u i l d i n g  and submit tip h i m  the f u e l  element sh ipp ing  

c a r r i e r  form, H e  will handle  thg  arrangements  f o r  the 

t t a r r s f e r  s f  t h e  c a r r i e i  from t h e  ORR b u i l d i n g  t o  t h e  s h i p p i n g  

p o i n t  

In t h e  p r e p a r a t i o n  o f  d e p l e t e d  f u e l  €or s h i p w c t  f o r  r e p r o c e s s i a g ,  

the  end boxes are  removed from the  f u e l  e le iwnts  and t h e  f i e ?  s e c t i o n s  are  

c u t  ou t  o f  t he  shim r o d s .  U n t i l  these f u e l  s e c t i o n s  a r e  p l aced  i n  t h e  

seven-place s h i e l d e d  c a r r i e r s  f o r  shipment ,  t h e y  a re  s t o r e d  i t 1  two seven- 

p l a c e ,  c i r c u l a r  storage r a c k s  knom as "7-up" racks. These racks a r e  

normally l o c a t e d  on t h e  c e n t e r  pool  grating whic:Ii i s  14 f t  below t h e  

w a t e r  l e v e l  when t h e  pool  i s  f u l l .  

I f  t h e  c e n t e r  poo l  water  l e v r l  h a s  t o  be lowered,  tlre f u e l  racks a r e  

t r a n s f e r r e d  t o  t h e  pool  f l o o r  b e f o r e  t h e  l o v e r i n g  o f  t h e  water l e v e l  

beg ins .  The mouement o f  t h e  r a c k s  c o n t a i n i n g  f u e l  s e c t i o n s  w i l l  be made 
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under t h e  s u p e r v i s i o n  of  t h e  s h i f t  s u p e r v i s o r  who w i l l  e n s u r e  t h a t  a l l  

n e c e s s a r y  s t e p s  are t a k e n  t o  prevent  t h e  r a c k s  from b e i n g  o v e r t u r n e d  or  

r a i s e d  o u t  o f  t h e  water .  

o v e r t u r n i n g  t h e  r a c k .  

assembly w i t h  seven  d e p l e t e d  f u e l  e l e m e n t s ,  t h e  p o s s i b i l i t y  does e x i s t  

t h a t  t h e  s p i l l e d  e lements  might be so  a r r a n g e d  wi th  o t h e r  f i s s i o n a b l e  

m a t e r i a l  t o  produce a c r i t i c a l  asseimbly. 

p o s i t i o n ,  adequate  s e p a r a t i o n  from o t h e r  m a t e r i a l s  i s  a s s u r e d  by t h e  

6 - i n .  guard  r i n g .  

Extreme c a u t i o n  should  be exercised t o  avoid  

While i t  i s  n o t  p o s s i b l e  t o  produce a c r i t i c a l  

en t h e  rack is i n  t h e  u p r i g h t  

When a "7-up" r a c k  c o n t a i n i n g  f u e l  e lements  i s  moved, t h e  f o l l o w i n g  

procedure  w i l l  be used. 

1. Zone t h e  2nd-level  ba lcony u s i n g  t h e  c h a i n s  and s i g n s  provided ,  

and  make c e r t a i n  no p e r s o n n e l  a r e  p e r m i t t e d  t o  remain on t h e  

balcony.  

as  t h e  r a c k  is moved by t h e  pool w a l l  th imbles .  

S t a t i o n  one person  a t  t h e  c r a n e  c i r c u i t  b r e a k e r  t o  s t o p  t h e  

c u r r e n t  t o  t h e  c r a n e  i f  t h e  c r a n e  s w i t c h  should s t i c k .  

High rad ia t - ion  l eve l s  c o u l d  be produced a n  t h e  balcony 

2. 

3 .  Use a t o o l  w i t h  a hook on i t .  The hook should be checked t o  

de te rmine  t h a t  i t  w i l l  s u p p o r t  t h e  rack .  

P o s i t i o n  t h e  small c r a n e  d i r e c t l y  o v e r  t h e  "7-up" rack so  t h a t  

the  crane will L i f t  t h e  rack v e r t i c a l l y  w i t h o u t  s l i d i n g  it  a long  

t h e  g r a t i n g  o r  floor. 

4 .  

5 .  Engage t h e  hook i n  t h e  r a c k  b a i l  and l i f t  t h e  hook unt i l .  t h e  

b a i l  is v e r t i c a l  t o  e n s u r e  t h a t  t h e  bail does not s t i c k  i n  some 

o t h e r  p o s i t i o n  c a u s i n g  t h e  r a c k  t o  t i l t ,  

6 .  Engage t h e  t o o l  w i t h  t h e  c r a n e  hook and r a i s e  t h e  c r a n e  u n t i l  

t h e  r a c k  i s  o f f  t h e  g r a t i n g  o r  f l o o r .  

r a c k  from be ing  turned  over if t h e  crane i s  moved h o r i z o n t a l l y .  

T h i s  w i l l  p revent  t h e  



7 .  Move t h e  c rane  vertically and h o r i z o n t a l l y  i n t o  p l a c e  over  t h e  

new p o s i t i o n .  

NOTE: The c r a n e  should  n o t  be  moved v e r t i c a l l y  and h o r i z o n t a l l y  

s imul t aneous ly .  A l l  moves slaoenld be madc s l o w l y  whi le  the 

o p e r a t o r  who i s  o p e r a t i n g  t l i ~  c r a n e  and  t h e  s u p e r v i s o r  observe  

c l o s e l y  t o  see t h a e  t h e  r a c k  does n o t  s t r i k e  any th ing .  

8. Lower t h e  r ack  i n t o  t h e  new p o s i t i o n .  

9. Disengage t h e  t o o l  f r o m  t h e  c rane  hook. 

10. Disengage t h ~  hook from t h e  b a i l .  

11. Return  t h e  hook t o  i t s  s t o r a g e  p o s i t i o n .  

1 2 .  Take down t h e  s i g n s  and c h a i n s  used t o  zone t h e  z n d - l e v e l  balcony.  

3.5. Re fue l ing  t h e  ORR 

3.5.1, General Cons ide ra t ions  i n  Wefueliilg 

A s  p r e v i o u s l y  d i s c u s s e d ,  an  oDera t ing  cgic1.e f o r  t h e  ORR c o n s i s t s  of  

twelve weeks of o p e r a t i o n  and approximate ly  a one-week q u a r t e r l y  shu t -  

down. T h i s  t w e l ~ e  weeks o f  o p e r a t i o n  i s  i n  t u r n  d i v i d e d  i n t o  f u e l  c y c l e s  

(in+?., p e r i o d s  of  o p e r a t i o n  d u r i n g  w h i c h  t h ~  f u e l  u n i t s  i n  t h e  c o r e  

remain unchanged by t r a n s f e r  a r  rear rangement ) .  S i n c e  t h e  r e a c t o r  m u s t  

be s h u t  down QII a planned schedule  f o r  r e f u e l i n g  and  t o  accommodate t h e  

r e s e a r c h  programs, a ~ . . . _ _ _  maximum o p e r a t i n g  p e r i o d  o f  about  two-to-three weeks 

i s  d i c t a t e d  fo l lowing  t h e  beginning  o f  a n  o p e r a t i n g  c y c l e  ( t h e  a c t u a l  

p e r i o d  rnay be less depending on t h e  length of t h e  preceding  q u a r t e r l y  

shutdown). However, t h e  a l lowab le  excess  r e a c t i v i t y  i s  s u f f i c i e n t  t o  

opera te  t h e  r e a c t o r  a t  30 MW f o r  a maximum p e r i o d  of  about  2 4  d a y s .  A 

" t y p i c a l "  = e r a t i n $  ._. c y c l e  may c o n s i s t  o f  f u e l  c y c l e s  as  shown j n  T a b l e  3 . 6 .  
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Table 3 . 6 .  Typical operating cycle f o r  ORR 
- - 

Fuel cycle Operating period Reason for 
de s ig na t €on* (weeks) termination** 

A 

- _ _ _ _  - ~ ~ - 

$2 1 /2  Refueling and experiment work 

B $2 1 / 2  Lie fueling and experiment work 

c QJ2 1 / 2  Refueling and experiment wark 

D 'Lz 112 Refueling and experiment work 

E $2 L/2 Quarterly shut down 

*This designation follows operating cycle number ( e . g . ,  cycle  163-A).  
I__ ___ 

**Refueling is usually the reason €or termination of a fuel cycle 
prior to the quarterly shutdown; however, experiment work and minor reac- 
t o r  component malntenance m y  accompany the refueling shutdown. 

Deviation from thls "typical'n operating cycle is due to unscheduled 

shutdowns caused by experiment difficulties, instrument malfunction, etc. 

Because of the buildup of xenon concentration after a reactor shutdown, 

reloading is required following many such shutdowns to minimize reactor 

downtime. Following operation of the ORR at 30 MW, about 20-21 of the 

centrally located elements must be replaced by a mixture of new, unirra- 

diated elements and partially depleted elements (which have remained out 

of the core a sufficient time for xenon decay). 

The operating criteria f o r  the ORR stipulates that "the excess reae- 

tivlty loading above clean-cold-critical w3.11 not exceed that which will 

permit achievem.ent of criticality with the rods withdrawn less than one- 

half their reactivity worth.*' In actual practice, the group worth of the 
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foiir fuel-cadmium shim rods as a fuzlcLlsn o f  p o s i t i o n  i s  assumed i o  be 

symmetr ical  aboul  t h e  m i d p o s t t i o n  ( c a l i b r a t i o n  CUPVFS for i n d i v i d u a l  rods  

indica'ie t h i s  assumption t o  be c o r r e c t ) .  P r i o r  t o  t h e  beginning g €  each 

o p e r a t i n g  c y c l e ,  .____ t h e  Eerily withdrawn p o s i t i o n  of each shim rod i s  derer-  

mined;  t h e  average f u l l y  wfthdrawn p o s i t i o n  i s  then c a l c u l a t e d .  The 

o p e r a t i n g  l i m i t  is t aken  as one half  of this average  p o s i t i o n .  

-- 

3.5.2. Scheduled Reloadings  
__I. ~- 

1. The r e a c t i v i t y  e f f e c t s  and pswes d i s t r f b u t i o n s  for a l l  normally 

used  ORR r e load ings  have been learned through exper ience .  TRXs 

knowledge allows all OR€? reloadings t o  be grouped i n t o  t h r e e  

c l a s s i f i c a t i o n s .  Each c l a s s l f i c a t i o n  has a d i f f e r e n t  set oE 

s u r v e i l l a n c e  a c t i v i t i e s  t h a t  are r e q u i r e d  to ensure  t h a t  the 

r e l o a d i n g  is  s u i t a b l e  f o r  o p e r a t f o n .  These s u r v e i l l a n c e  a c t i v i -  

t i e s  are: 

a. de te rmine  t h a t   he f u e l  weight change f o r  each core p o s i t i o n  

i s  approximate ly  I $15 g and t h a t  the  fue l  w i g h i  change For 

t h e  t o t a l  core is  approx€)uately +-I00 g ;  - 
b .  d e t e r m i n e  t h a t  the c o n t r o l  rod p o s i t i o n s  a t  criticality are 

g r e a t e r  t han  t h e  pos ted  mPn€mum rod p o s i t i o n s ;  

c. c a l i b r a t e  the con t ro l  rods;  and 

d. de te rmine  t h a r  t h e  power produced i n  any element i s  less 

t h a n  30(0.127-0.00159n) M W ,  where n is  t h e  rnurnber of Fuel 

e lements  in the c o r e ,  or 2.43 Hi$, whfchever is less. 

2. The c l a s s i f i c a t i o n s  are l i s t e d  bellow. 

a .  S i m i l a r  r e l o a d i n g .  T h i s  type oi: r e l o a d i n g  i s  determined,  by 

Techn ica l  S e c t i o n  personnel  and t h e  OKR sripervisor,  t o  have 

t h e  same o p e r a t i n g  c h a r a c t c r i s t l c s  as rhe c o r e  loading  i t  

r e p l a c e d .  The re fo re ,  tlie r c l o a d i n g  i s  smltahle f o r  ORK 

o p e r a t i o n .  T'ne s u r v e i l l a n c e  a c t i v i t i e s  r e q u i r e d  f o r  t h i s  

t y p e  af r e l o a d i n g  are 1.2 and 1.b above.. 
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.... 

- ...._ 

b. Prevtously used reloading. This type of reloading has been 

used before but is dissimilar to the core loadlng it replaces. 

The surveillance activities required for t?ds type of 

reloading are l.a, l.b, and 1.c .  

c .  Unfamiliar reloading. This type of reloading has no pre- 

viously used core loading to which it can be referenced. 

Therefore, surveillance activities l . a ,  l .b ,  l.c, and 1.d 

must be perfornied to ensure the reloading j-s suitable For ORW 

use * 

3. Other principles involved in determining suitable ORR core 

loadings are listed below. 

a. The most desirable position of the control rods at critical 
with the reactor cold and xenon free i s  that defined by the 

operating criteria for the ___II ORR (defined above in Section 3.5.1). 

b. The effect of the fuel contained in the rod EoZlowePs was 

measured by calibrating rods containing various fuel weights 

in tbelr followers. These measurements were made in the same 

core location and with the same fuel distribiition in the 

core. (The results of these measurements are shown in Fig. 

3 - 1 4 . )  
4 ,  Reloading instructions are transmitted to the shift supervisors on 

form UCN-2274 (Rev. 2-67) as shown in Example 3 . 9 .  This form is 

used for scheduled reloadings and for unscheduled reloadings (see  

Section 3.5.3, Reloading to Remove Xenon Following an Unscheduled 
Shutdown) 
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WEIGHT U 2 3 5  
I_ ........ 

- ..... 

OR NUMBER WEIGHT U 2 ”  L O C A T I O N  

ORR REPLACEMENT LOADING 
_ _ _ _ ~  -- ~- ~ - 

~ 

PURPOSE SCHEDULED RELOADING E N D I N G  C Y C L E  C H E C K E D  B Y  

n UNSCHEDULED R E L O A D I N G  

D A T E :  

C O R E  POSITION 
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-.- 
ELEMENTSREMOVED 

I 
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---I 
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SUBTOTAL 

SHIM RODS 

O T H E R  UNITS 
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. . . . . . . . . . . . .  
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...... ........... ~ -~ ~- 

............... 
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... 

Example 3 . 9  
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3.5.3. Reloading t:a Remove Xerion F o l l o  g an Unscheduled Shutdown - .... . . . . . . ~ ___....._ I--. .- 

It WEE s t a t e d  p r e v i o u s l y  t h a t  w r i t t e n  i . n s t r u c t i o n s  f r o m  the Reactor 

Superv lsor  ( o r  h i s  destgnated a l t e r n a t e )  are  r e q u i r e d  b9fo-i.e r e l o a d i n g  I s  

perfooined. 

to remove xenon fo l lowing  an unscheauled shutdown ( s e e  che d i ~ c u ~ s b ~ n  i n  

Sectkon 3.5.1).  Since such shutdowns may occur on o f f - s h i f t s  oil on 

weekends, a replacement l o a d i n g  is p iepa red  fol1owin.g each r e l o a d i n g .  

T h i s  replacement l o a d i n g  i.s pos t ed  in a "SpacltaE I n s t r u c G h n "  book i n  t h e  

ORR c o n t r o l  room and remains i n  e f f e c t  u r i i i l  t h e  next r e l o a d i n g .  

This  requirement  mist be m e t  even i n  t h e  case of r e l o a d i n g s  

___l__l__l._________.~..~ 

This  rep1  acemenfi l o a d i n g  i s  prepared as f o l l o w s  (see RxisrslpPe 3 . 9 ) .  

1. 

2. 

3. 

4 .  

5. 

6. 

Thc e'Lencrats t o  be removed are lisLgd by idencli ty numbers. The 

235U c o n t e n t  of each element i s  l i s t e d ;  t h e  v a l u e  l i s t e d  i s  t h e  

235U conten t  a t  t h e  time of thc  l a s t  __I previous r e l o a d i n g .  

For  each element schedu led  f o r  removal, a replacement  e'hcaent i s  

selected; t h e  735u coiptect  of Ihg s e l r c ~ e l  elernem should be 

I t s t e d  ( t h i s  v a l w  should be about - t-5 g of Llae z35u c c z t ~ n t  

l i s t e d  f o r  the elrriient scheduled ~ G T  removal 1. 
The d i f f e r e n c e  i n  135U c o n t e n t  should be l i s t e d  as "change i n  

235U weight ."  

however, some changes of up t o  I i-I5 g 235u wi1P sometimes be 

r e q u i r p d  f o r  normal fuel el em en!:^. 

S u b t o t a l s  w i l l  be o b t a i n e d  f o r  t h ~  i -hree columns i n d i c a t e d  on 

the replacement  l o a d i n g  form. 

weight"' w i l l  n o m a l l y  b~ less rhan +lo0 ~~- g 23%.  

The s u p e m i s o r  vho prepared the replacement  I oading shot17 d s i g n  

the f o m .  

This replacement  l o a d i n g  i s  thera approved by the Reac tor  Super- 

vbsor  o r  I r i s  des igna t  et1 r e p r e s e n t a t i v e  (see q p e r  r i g h t  cornt.lr 

o f  Example 3 .9) .  

As s t a t e d  above, tiits v a l u e  w i l l  normally bc - i-5 g ;  

The s u b t o t a l  of "change. i n  ? 3 5 U  

NOTE: NQ d e v i a t i o n  from any replacement  l o a d i n g  sh2ll be made wd.th-7 

o u t  t h e  a p p r o v a l  of the Reactor  S u p e r v i s o r  o r  tnks des igna ted  repre- 
sentative. 



4 .  RESEARCH 

4.1. Facilities 

4.1.1. Beam-Hole Facilities 

The beam-hole facilities include six horizontal beam holes on the east 

face of the reactor. These facilities have been provided for experiments 

using collimated neutron beams. The beam holes, Fig. 4 . 1 ,  are of circular 
CKOSS section, decreasing in diameter from approximately 9 118 in. at the 

face of the concrete to approximately 6 3 / 4  in. at the reactor vessel. 
The pipe which forms a beam hole is designated as the liner. Each beam 

hole 1 s  equipped with a collimator plug or, in its absence, a dummy plug. 

The plug seals the outer end of the beam hole and extends inward to within 

3 ft of the reactor vessel. These facilities are serviced with water- 

cooling supply and return, plant air reduced to 15 pig, helium, waste- 

water drain, and off-gas. 

Since the beam-hole liners are anchored at both the reactor tank and 

at the concrete shield, they must be water cooled to prevent excessive 

stresses from developing in the reactor vessel due to temperature varia- 

tions. Constant beam-hole liner temperatures are ensured by jetting 

water from manifolds on the top  and bottom of each liner in the reactor 

pool. Water for these jets is furnished by routtng part of the water 

returning from the pool cooling heat exchanger to the jet manifolds as 

shown i n  Fig. 4.2. About one-third of the total pool cool-ing flow of 

750 gpm is jetted on the beam-hole liners. The temperature oE this 

rerurning water is about 85°F. 

The reactor cannot be operated at full power unless the beam-hole 
liner jet cooling system is in operatton. A relay in the pool cooling 

water flow meter prevents raising the reactor above 1.8% of full power 

without adequate cooling flow. Since the beam-hole liner jet system is 

the only pool cooling water return line that contains no cut-off valve, 

operat€on of the liner jet at any significant reactor power is ensured. 
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ihirliig the  i n s t a l l a t i o n  o r  o p e r a t i o n  of an exper iment ,  b i o l o g i c a l  

s h i e l d i n g  can be ob ta ined  by E i l l i n g  Che l i n e r  and p lug  wi th  water., 

ReinovabPe s l i t e ld ing  m y  a l s o  be l o c a t e d ,  f o r  equipment,  e t c . ,  i n  t h e  

apace a v a i l a b l e  i a  f r o n t  of t h e  heam koles. A t y p i c a l  experiment  i s  shown 

i n  F i g .  4 . 3 .  

4.1.2.  Engineering T e s t  Fac i l i t : e s  I _ . _ _ ~  ...... ~ ~.. 

The two l a r g e  p e n e t r a t l o n s  t o  the reac.l:or core,  l o c a t e d  on t h e  n o r t h  

arrd south  s i d e s  of Lhe r e a c t o r ,  are  des igna ted  as the engi-neer lng t e s t  

SaciLj .  t:Les ' I ~ Q  Large wa te r - t i gh t  bulkl-Leads, approxlmate ly  5 112 f t  i n  

d i ame te r ,  p ie rce  the  s h i e l d  to  a po in t  just o u t s i d e  t he  r e a c t o r  tank ,  

opposj-te t h e  core, ~Jhere a t r a n s i t i o n  s e c t i o n ,  of obroumd shape approxi -  

mately 1 9  x 2 5  i n . ,  p e n e t r a t e s  t h e  t-ank. S i n c e  on1.y one of these large 

h o l e s  i s  needed aP: t h e  present t i t i l e ,  two IO-in.--diam h o l e s  and t w a  

Id-in..--di.am h o l e s  are  b u i l t  i n t o  the  la rge  plug f o r  t h e  n o r t h  s t d e  and sr2 

kiwwn as HN-1, RN-2, HN-3,  and HPi-4. The  s o u t h  f a c l . l l t y  i s  known as RS. 

S h i e l d i n g  i s  provided by lsad b r k k s  on the o u t s i d e  and water on the 

i n s i d e  of t he  plug.  The water,  c i r c u l a t e d  by a pump, a l s o  serves as a 

c c o l a ~ t  f o r  t h e  f a c i l i t i e s .  Abouir 500 gpili i s  t aken  Erom T h e  r e a c t o r  i n l e t  

c o o l a n t  l i n e  and i s  s e n t  t o  three systems.  About: 75  gpm goes t o  the 

r e a c t o r  d e m i n e r a l i z e r  system, about  50 gpm goes LO the vacuum & g a s i f i e r ,  

and the rest f l ~ ~ w s  t h ~ 0 u g 5  the large faci1i t . te .s  before r e t u r n f n g  t o  t h e  

e x i t  stream f rom the r e a c t o r  as shown i n  F i g .  4 . 4 ,  A t y p i c a l  eng inee r ing  

lccp experiment  i n  one of t h e  l@-in.--diam lzolns  is alse shown i n  Flg.  4 . 5 .  

4.1.3. Vertical  F a c i l i t i e s  

S ince  t h e  c o n t r o l  rods  are d r i v e n  f rom the  hottom of the reactor, t h e  

t o p  i s  a v a i l a b l e  f o r  exper iments .  Flanges i n  t h e  tank cover prov ide  f o r  

as many as tea  exper tments  such as  those shown i n  P'ig. 4 . 6 .  The experi-  

ments a r e  i n s e r t e d  i n t o  curved tubes whPch, i n  most cases, ex tend  from 

above t h e  normal pool  water l e v e l  t o  t he  reactor core l e v e l .  The 1:ube.s 

can be i n s e r t e d  rlther i n t o  a eorc p o s i t i o n  or intlo v o i d s  i n  the 
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'Fig. 4 . 4 .  Reac to r  primary demineralizer flow syscern and facility cooling system. 
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berylZimm. The cu rved  tube  Fnte i s  ihe r ~ z c t o r  taiik thraugh an  acwss 

f l a n g e  a l l o s ~ l n q  i n s e r t i o n  and  remov.al of f u e l  rhrongh t h e  top  of the reac- 

t o r  wFf:hor~^L d i s t u r b i n g  thp  exprricaent, . The experiments  may be connected 

t o  s h i e l d e d  rooms i n  t h e  basetllenL w*rere C O ~ ~ P P S S O T S ,  heat exchangErs,  and 

o the r  equipment are l o c a t e d .  The pool. p r o v i d e s  s h i e l d i n g  f o r   ne con- 

n e c t i n g  p i p e s  and p p m i t s  the experiment t o  be removed f rom t h e  r e a c t o r  

tank  wlthocli shielding O L ~ P P  t h a n  the  poo l  water. Figares  4.7 and 4.8 are  

schemat ics  of t y p i c a l ,  v e r t i c a l  loop  pxperimests .  

4.1.4. Posl -S ide  P a c i l i t v  

The f l a t ,  w e s t  s i d e  of t h e  r e a c t o r  tank provides  2 f a c i l i t y  where 

txqeri i f ients  may be i n s e r t e d  i n t o  t h e  pool  adjacect ,  t o  t h e  r e a c t o r  core 

w i t h  a minimum of d i f f l c u l t y ,  F ig .  4.9.  The f a c i l i t y  ws des.l.gned t o  per- 

m i t .  l a r g e  "bu lk  s h i e l d i n g "  type  exper iments  t o  be placed c l o s e  t o  :lie 

core;  however, e x p e r i e n c e  has shoxm tinat i t  i s  a l s o  u s e f u l  f o r  s m a l l e r  

exper iments  which would be awkward t o  i n s t s l l  i n  onc of t h e  o t h e r  f d c i l i -  

t i e s  o r  r e q u i r e  a lower neut ron  f l u x  t h a n  t h e  core provides .  

4.1.5.  Experiments not Requi r ing  E x t e r n a l  Connect ions 
~~ ___l-l- ____lll-- _ * ~ S _  

Experiments whlch do n o t  r e q u i r e  e x t e r n a l  connec t ions  may be i r r a -  

d i a t e d  i n s i d e  b e r y l l i u m  rcEiectr.or elements  whdch have 2-ia.-diam j i l s r r t a ,  

o r  t hey  may take the p l a c e  of a r e f l e c t o r  p i e c e  catteelg. Radio iso tope  

t a r g e t s  may be i r r a d i a t e d  i n  the same manner. Experiments 

neut ron  f l u x  may bc i n s e r t e d  eltber adjacent t o  f u e l  eleinents o r  i n s i d e  

m o m i c a  f u e l  eicm-nents. 

Used fuel elements  removed from rhe r e a c t o r  tank throclgh t h e  pool can 

be placed  i n  a gaarua-ir radiat ion f a c i l i t y  W ~ P I - P  ~ x p e r i m e n t s  may be C Q ~  

ducted i n  gamma radiat . lon f i e l d s  of t h e  o r d e r  OS l o 7  r /h .  

due t o  TI ( r , n )  H of  ahout  104 L 1 . m  ~s 1 r e s s ~ t s  irm the n a t u r a l  abundance 

o €  deuter ium i n  t l w  iaaater;  however, i n  t h e  gawm f a c i l i t y  thPs i s  min i -  

mized by havfng each element i n  a cadmium box (presently not  in u s e ) .  

A n e u t r o n  f l u x  
...3 - 
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CRNL-LR- DWG 49729R3 

V-10 TO B-1 

v-9 TO c-1 

V-I TOR-8 V-8 TO F-i -- 

V-7 TO F-3 

V-6 TO F-2 - 

V-5 TO F-9 I-. 

WEACTOR TANK LID 

REACTOR LATTICE 

.... 

Fig .  4.6.  Typica l  in -core  experiments. 
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...... 
Fig. 4 . 8 .  V e r t i c a l  loop  experiment  showing p r o v i s i o n s  f o r  s h i e l d i n g  

p i p i n g  and equipment. 
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F i g .  4 . 9 .  P o o i  experiment showi "8 s i m p l i c i t y  of  maunting 
next  t o  reactor  core-  
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.... 

4.1.6. Hot Cell Facilities - .-.- 
A hot cell, Fig. 4.10, is located above the west end of the storage 

pool.  

be transferred from the pool into the ce l l  through openings in the bottom 

of the c e l l .  

inspection of experiments and targets. 

The cell is arranged so that irradiation targets or expertments may 

It is intended for use in disassembly and preliminary 

The hot  cell is divided into two sections, each of which has walls o f  

dense concrete 3 . 5  ft thick.  
or the equivalent, with a radiation level, outside the cell, of less than 

5 mr/h. Each section is completely lined with stainless steel. The cell 

is equipped with sprays f o r  cleaning, hot drains, and hot off-gas connec- 

t ions .  For experimental work, a pneumatic h o i s t ,  manipulators, and lead- 

glass windows are provided far the necessary handling of irradiated 

materials i u s t d e  the cell. The hot cell i s  operated by the riot Cells 

Operations Group, Operations Division. 

It is designed to s h i e l d  l oh  curies of 6Qco, 
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48951 

Fig. 
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4.2. Experiments - Reaufrements and Procedures 

4.2.1. Handling of Research Experiments _--.- {Approvals, .-.. Records, etc.) 

1. Review and approval of new experiments and irradiation facilities. 
._I - 

The procedures For PmStPatlng new research experiments €ram t h e  

time of first eontact by the research personnel with Operations per- 

sonne l  untll t h e  termination of the experiment operatton are detailed 

in ORNLJTM-~~O~, "o& U d g e  National Labora to ry  Research Reactor 

Experimenters' G u i d e b  
2. Mainrarf ning records on experiments 

__c_- I-.-.-. ~ 

a .  Matertal and categories e Any pertFinent information re- 

gard ing  t h e  experiment ( % . e . >  copies of all correspondence, 

t h e  Experiment Review Questionnaire, records of rncmctings, 

csmmItmeuts, b l u e p r i n t s ,  e tc . )  will he m i n t a i n e d  011 file. 

Such files will be categorized as either "a.etive" ( t h e  

experiment is proposed o r  in progress) or  " " i nac t i~e '~  ( t h e  

experiment has been termirlated and removed from t h e  

reactor). 

b. Reac tor  Experiment Coordina tor .  A file will be maintained 

by the Reactor Experiment Coord ina to r  on all a c t i v e  experi- 

ments .  Inactive f i l e s  may be maintained f o r  a per€od of 

t h e  or destroyed depending on the d l s c r e t i o n  o f  the Reactor 
Experiment Coordina tor .  ( I n  general, the  material on file 

in t h i s  o f f i c e  w P l l  be the same material maintained on file 

i n  t h e  Reactor Operations Section.) 

c .  Reactor Operations Sec t ion .  A19 pertinent infornation 

r e l a t t v e  t o  t h e  experiment wfll be maintained on file by 

the Reactor Operations Section (this includes copies oE 

all material ELled by t h e  Reactor Experiment Coordinator). 
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For t h i s  s e c t i o n ,  f i l e s  main ta ined  3n a e t l v e  and i n a c t i v e  

bxpeillllcnts a r e  l i S t P d  below- 

(1) Y i l e c :  on a c t i v e  expcri~ients _______ ~ _ _ l  -~ - 
(a) 4 n  experinrent notebook c o n t a i n i n g  the currzn’l  

ExperimPnt S a f e t y  Cheeksheet ,  the rkpe r imen t  

S t a t u s  Change Fleqaest Shee ts ,  an Experimenl 

In fo rma t ion  S h e ~ t ,  and o t h p s  p e r t i n e n t  i n f o r m -  

t i o n  i s  localer’i i n  the ORB coni-col room. 

( P r i o r  t o  t h e  bcg inn ing  of each o p e r a t i n g  c y c l e ,  

t h e  c o n r e n t s  o f  t h i s  notebook arc checkad b y  t h e  

Reactor  Supcirvlsor t o  r w u r c  t h a t  a11 in2orma- 

Lion i s  c u r r e n t . )  

( 5 )  Supplementary in fo rma t ion  ( e . g . ,  cor iespondencc ,  

p r i n t s ,  etc.) on each experlmcnt  i s  f i l e d  i n  tire 

Reactor  SupervLsor’s oEf ice .  (Th i s  i n fo rma t ion  

i s  s t o r e d  f a r  a minimum of s i x  moriths i n  t hese  

f i l e s .  ) 

( 2 )  F i l e s  on Inactive expe r imrn t s .  An i n a c t i v e  file 
_II___l__lI___Ils_l 

c o n t a i n i n g  i n f o r m a t i o n  011 t e rmina ted  Fxperiments i s  

r e t a ined  i n  t h e  Reac tor  S u p e r v i s o r ’ s  o f f i c e  for  

TeferPntTe purposes  e 

4.3.2.  Checking on Safeguards P r i o r  t o  I n s t a l l i n g  an Experiment i n t o  . . . . . . . . . . ~ ~  _ _ _ . . _ _ x _ _ _ _ _ _ _ _ ~  ....._____ _I__ 

the Reactor 
_____l_l 

i n  o r d e r  t o  eliminate, i n s o f a r  as p o s s i b l e ,  experiments being 

i n s t a l l e d  wlthour. r e l d a b l e  instrumentation, a l l  in s t r i i cnen ta t l sn  i n i n s t  be 

checked p r i o r  t o  t h e  i n s e r t i o n  of t h e  experherat  inho  the  reacLor, both 

i n i t i a l l y  and b e f o r e  each r e i n s t a l l a t i o n .  The ins t rumen t  F f e l d  eng inee r  

w i l l  be r equ i r ed  t o  perform t h e  necessary checkout .  If there i s  any 

q u e s t i o n  of t h e  r e l i a b i l i t y  o f  t h e  safeguard i n s t r u m e n f a t i o n ,  t h e  i n s e r -  

t i o n  o f  t h e  experiment assembly w i l l  normal ly  be delayed u n t i i l  a l a te r  

shutdown. 
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, ....- 

4.2.3.  Installinn an Experiment Access Tube into the Core 

...-- 

1. Introduction 

Experiment access tubes are installed in the reactor via spe- 

cial access flanges on the top of the reactor vessel (Fig. 4 . 6  

illustrates typical installations). It i s  necessary that these 

access-tube assemblies be constructed with complex bends so that, 

once installed, they do not interfere with  access to the core 

pieces other experiments. 

The access tubes terminate in the core; consequently, they 

must either f i t  into a standard hollow beryllium care piece or be 

equipped with special. core inserts. 

The experiment access tube i o  prefitted i n  the ORR mockup 

facility located in Building 3005. The followlhng precautions 

apply 

2. Prefitting in the 0R.R mockup 

a. Precautions 

(1) There should be no handling of the irradiation capsule by 

Operations personnel unless the experimenter's 

representative is present. The experimenter i s  expected 

to make a similar arrangement wLth P&E. 

(2) In the installation of the capsule in the ORR mockup for 

fitting up, a sufficient number of people must be on hand 

to do the necessary lifting and guiding o f  the capsule 

assembly into place while it is being hoisted by the 

crane. This should he the responsibility of the 

experimenter's representative with asslstance from PLE 

and Operations' supervision. 

( 3 )  A chain-fall hoist should be used between the capsule 

assembly and the LITR hoist hook to allow small, careful 
lifting adjustments to be made. It will probably be 

necessary t o  provide some kind of platform on the mockup 

tank top to provide operator access to the chain fall. 
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b. P r e f d t t i n g  o p e r a t i o n  (pcrEormed by P6.E pe r sonne l  i n  t h e  

followtra,g manner) 
' 1  i h e  c o r e  p o s i t i o n s  In .the row arid column of t h e  core 

p o s i  tPon r e c e i v i n g  the experiment acce.ss tube a re  t i l l e d  

w i t h  c o r e  eI.eine~tt;; t h i s  p rov ides  a m e a x  of checkirrg the 

" f j ~ t "  of the tube .  

Thz expexirnent access tuhe ,  vitli t h e  a s s o c i a t e d  core 

p i e c e ,  i s  posi i : ioned i n  t h e  sei-ected c o r e  p o s i t l o n .  

A f t e r  liff:i,txg t h e  tribe 3/16 in. froin t he  bottom o f  t h e  

core  piece, t h e  f l a n g e  of the tube  i s  t a c k  welded t o  t h e  

t l i be  0 

A f t e r  t he  t a c k  welding,  the tube  i s  checked again f o r  

proper  f i t .  ( A n  Opera t ions '  s u p e r v i s o r  v e r l f i e s  the 

p r o p e r  € i t  a f t e r  both the  tack weld  and f ina l .  weId.i.ng.) 

The u n i t  ( f  lange-to-tube) can be permanently vel.ded and,  

upon comple t - ton ,  shou ld  be checked a g a i n  €or proper  fit. 

The exper iment ,  a i t e r  t lpe f i n a l  welding,  i s  ready f o r  

inser t : ion i n t o  the  r e a c t o ~ .  Reinoval. from the  mockup iirust 

be c a r e f u l l y  accomplished b y  f o l l o w i a g  t h e  precautlons 

g iven  ab, rive e 

3 .  I n s t a l l a t i o n  in t h e  Reactor - ~ I _  

a. Freeautlons 

Ensure  that a l l  Opera t ions '  rules r ega rd ing  p o o l  e n t r y  

are foll.owesl. T h i s  inc l r ides  p rov id ing  r a d i a t i o n  su r -  

ve i l ] -anee  by Hea l th  Phys ic s  personnel. when a p p l i c a b l e  a 

NO'L'E: Experiment access tubes  a r e  u s u a l l y  i n s e r t e d  wi th  

the  water i n  the  r e a c t o r  pool  a t  g r a t i n g  l e v e l .  

Ensure t h a t  t he  a c t u a l  i n s e r t i o n  o f  t h e  experiment  

assembly i n t o  t h e  core i s  performed uanznally (i.e., using 

a c h a i n  f a l l  o r  "come along" hetwesa t h e  assembly and 

c r a n e  hook). 
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. .-. 

( 3 )  Ensure t h a t  t h e  g a s k e t  eo be used between t h e  experiment  

t u b e  and t h e  r e a c t o r  t ank  is a f u l l - f a c e d  g a s k e t  w i t h  i ts  

edges  c u t  back l/8 i n .  from t h e  edge of the f l a n g e  

( i n s i d e  and o u t s i d e )  to minimize t h e  exposure  of t h e  

g a s k e t  t o  the reactor water flow. 

b. P r e p a r a t i o n s  

P r e p a r e  t h e  core p o s i t i o n  t o  receive t h e  experiment  b y  

removing t h e  c o r e  p i e c e  a l r e a d y  i n s t a l l e d  and ensu r ing  

t h a t  core pieces are i n  a l l  p o s i t i o n s  d i r e c t l y  n o r t h ,  

s o u t h ,  east ,  and west of t h e  c o r e  space .  ( F O P  example, 

should  t h e  experiment  assembly e n t e r  p o s i t i o n  C-2, t hen  

core p i e c e s  should  be p l aced  i n  a l l  o t h e r  "C" p o s i t i o n s  

and a l l  o t h e r  ""2~ p o s i t i o n s .  T h i s  w i l l  p rov ide  a means 

of checking  t h e  ' ' f i t "  of t h e  t u b e l )  Record all n e c e s s a r y  

t r a n s f e r s .  (NOTE: S ince  p r e p a r a t f o n  of t h e  c o r e  nor- 

mal ly  r e q u i r e s  hand l ing  of h€gh ly  r a d i o a c t i v e  c o r e  

p i e c e s ,  such  t r a n s f e r s  should  be completed before t h e  

water l e v e l  is  lowered.) 

Lower the water t o  g r a t i n g  l e v e l ,  i f  a p p l i c a b l e .  

Survey t h e  poo l ,  p o s t  t h e  r a d i a t i o n  l e v e l s ,  and have a 

R a d i a t i o n  Work Pe rmi t  prepared .  

Remove t h e  b lank  f l a n g e  from t h e  proper  access p o r t  and 

i n s p e c t  t h e  s t u d  b o l t s  f o r  t h r e a d  damage. If t hey  show 
s i g n s  of g a l l i n g ,  have them r e p a i r e d  o r  r ep laced .  

P rov ide  an underwater  l i g h t  fo r  i l l u m i n a t i o n  i n s i d e  t h e  

t a n k  d u r i n g  t h e  i n s e r t i o n .  

Secure  t h e  exper iment  t o  t h e  s m a l l  c r a n e  ( w i t h  rope)  s o  

t h a t  i t  is suspended i n  t h e  v e r t i c a l  p o s i t i o n .  (NOTE: 

Use c h a i n  f a l l  or "come a long"  between t h e  experiment  

assembly and c r a n e  hook; t h e  experiment  assembly must be 

i n s t a l l e d  i n t o  t h e  c o r e  manually.) 

-- 

... 
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c .  Procedure €or  Pns"Ll1J.ng ihe core i n s a ? r t  and t he  expesiment 

ass ernbly 

(1) Core i n s e r t  

(a) Check t h e  ilew co re  i n s e r t  f o r  p rope r  dimensions, i f  

appl:cablc. ( A  p r e v i o u s l y  irradiated core p i e c e  

~ o u l d ,  of course ,  be $ n s e ~ t r d  i n t o  the  c o r e  p r i o r  t o  

loweriiig the rm,.tes. ) 

( b )  Dafemine that- t he  corc pieces a d j a c e n t  t o  the new 

€nsert: are  PaeFthes too plght. nor t o o  loose-  

( c >  T,owar the hold-down ams and determine t h a t  t h e l r  

freedom of msveloer, t  and l o c k i n g  i s  nst affected by 

t h e  newly Pnsialled corr piece. RaBse the hold-down 

arms - 
( 2 )  E x p e r i m e l - , ~  assembly 

Ensure that a l l  pes ' t l nen t  diiuensions have been 

checked. 

Using the slow-speed rranc control, 1 ower t he  expert- 

merat assembly throiigh the  vessel's access p o r t  t o  

within h 10 12 fa. of thc t o p  of the  core.  Avoid 

striktng the  core 0~ o t h e r  experiment tubes-  

Mar-inally ( i . e . ,  us-Hng the chadn f a l l  o r  "come a long")  

gulde rlw tube i n t o  the core I n s e r t  o r  i n t o  the e q t y  

core p o s i t i o n  (if t h e  core piece 1s par-t of the 

rxperlncnt assembly]. 

Adjast- the tube f o r  the best  f i t ,  making use  of the 

s p e c i a l  " s l i p  flange' .  OK t r t p l e  f l ange  i f  p rov ided .  

TighLen the nura secu re ly .  

Repeat i t e m  c(l)(b) and ( c ) ;  however, leave clhe hold- 

as5%- arms n o m .  
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d. Vibration and leak checks 

It i s  necessary that the experiment-secess-tuhe 

installation be checked for leaks and/or excessive vthration 

which could result i n  harm to the reactor, the experiment, 

and/or personnel. .) 

(1) Prepare the core for normal flow in accordance w-Lth the 

exist1 ng procedure. (CAUTION: Enslure that establishing 

the primary flow will not present any problems because of 

o the r  work in progress  on the water systems.) 

(2 )  Replace the reactor tank access cover. 

( 3 )  Perform the startup checks pertaining to water flow. 
If the primary pumps are to be operated with the reactor 

pool water at the grating l e v e l ,  the north and south 
pressure equalization valve located in the lines from 

the north and south gas-removal tanks to the reactor 

vessel must he opened. 

( 4 )  Start the reactor water Elow; and, gradually increase 

the flow rate while claecklng the experiment tube f o r  

vlbration. (The tube can be seen through the plastic 

viewing window. ) 

( 5 )  Check for water leaks at the  access por t .  

( 6 )  When the vibration teats are completed and the water 
level is at the grating, stop the primary pumps and 

close the north and south press~re equalizatbon valves. 

.-- 

4.2-4 .  Final Checking of Experiment Safeguards (After Installation and 

Preceding Subsequent Startups) 

1. Introduction 
-I_ 

After the experiment assembly has been installed and con- 

nected t o  the reactor control. circuitry, a final check on the 

safeguard instrumentation must be performed by the instrument 

engineer in charge of experiments. These t e s t s  are made while the 

reactor is shutdown by simulating the various alarm, setback, and 

scram conditions and verifying that their action is as stipulated 

in the circuitry diagram and/or experiment information sheet. 
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Although the initial experiment inspection and checkout is 

quite thorough, it is realized that the checkout cannot ensure 

that all safeguard instrumentati-on w t l l  cotitinue to €unction 

properly throughout the 11. €e time of the experiment. Conse- 

quently, it is necessary t l l i 3 t  prestartup checks he made on a l l  

experiments each quarter and following experiment maintenance 

o r  revision. 

2. General procedural requirements _-_____ -I.~-sl___...-....-II- 
-. a. L&C personnel will prepare a checksheet indicating lihe 

parameters tha'i are being inomitored, the specific alarm, 

setbaxk,  reverse, and sc.t"am action s e t p o i n t s  and any 

equipment o r  utilities vital to the safe operation of the 

experiment (e .g . ,  air, water, of f -gas ,  et@.) .  

Although some variations in the check sheet may be 

r e q u i r e d  from time t o  time t o  cover spec ia l  features of 

some experiments, f o r  general use the form illustrated 

in Example 4.1 should be used. 

The instrument p o r t l o n  of the checklist should be 

signed and dated by the instrument engineer in charge of 

experheats; the remainder w i l l  be completed by the Reae- 

tor Supervisor. 

b. Any unusual conditions such as erratic instrument readouts 

should be recorded on the check sheet and brought t o  the 

attention of the Reactor Supervisor. 

c. There shall be absolutely no modifications, changes, o r  

alterations in any safeguard instrumentation on the 

experiment system1 wi.thout: t h e  wi t   en approval of the 
Reactor Supervisor. Before any changes may be made, 
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. .̂  

EXPERIMENT SAFETY CHECK SHEET 
... . ........ ... ....... ..... .. .___ ...... ~. .- -. ....... __ 

CHECKED 9.1 

__ .. __- -. ....... . __ .... 
D A T E  CHECKED 

EXP EFIIMENT 

R E A C T O R  6 F A C I L I  T V  

-...__.--...___.......-.-.._I_ ..... __ ..... - ......... 
I N S T R U M E N T A T I O N  

~- 
COMMENTS 

-...-I_____ 

INSTRUMENT 
. . . . . . . . . . .  

. ............ ........ ..... ___ .......... ~_..___ 

........ ....... ................ __ _ _ ~ _  ......... ..... ........... 

___ ......... ........... ............ ..... ___~ .... __ _ __ 

......... ................ .___ .... __ ___ - 

....... ..- .̂.__I__ 

........... ........... ......... ~ . _ _ _ ~ ~  ......... ___.. 

...... .......... ___ ~ ...... ~ _ _  ...... ............... 

-_...___ 

__~  

.... .... ..... ____ .... __ 

............. ........ ... .- .......... ....... _-___~ - 

--1_1- 

.... ........... .... ... ___ .......... .- 

.......... .......... ...... .... ......... ..___......--..._I 

........ ............ __ ........ ... ......... 

.......... ... ............ __ ...... ....... ____._ 

__-_I .____l_l__ 

...... .. ......... ........................ ...... __..~__ - ............. ...... 

.......... .................. -. .... ......... ~~____ - ~ _ _ _ ~  ___ 

___ 

......... ..... ___--__ ......... __ ..... .... 

......... .............. ............. __ ._ __ ..... __ - ....... ___~ ...... 

___.~_I_. 

.... .......___..I_ 

........ .......... .... ...... .. ......... __.........___..I_ 

. .......... ............ ........ .......... ~ - ___ 

- - 

____ 

.... ...... ....... ___._ __..___I._ ......-.__..-.I_ ~ ____.ll___.-_l_ 

U C N - M  1 1  
I S  fZ.00) 

Example 4.1 
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the changes proposed must be submi t ted  i n  u-sbtirng t o  the 

Reactor  S u p e r v i s o r  f o r  a p p r o g a l .  (Coptes ~f t h e  proposed 

changes iiiust a l s o  be sent  t o  t he  Reac tor  Experirn'Pnt 

Coordinat o r ,  ihe ins t r i iaef i t  englnp.a-s, and t h e  exper lmcnter  . ) 
4 .?. 5. Requirements f o r  iriseriinmg an Z x p s i n i e n t  Win1 e t h e  Rzactor  i s  . .̂ -__ ____ . _I__I__ _______ -__I- 

Opera t ing  

1 .  Tnt roduc t ion  
. ___I__- 

- 

One of Lhe many advantages  of  he ORR's expertment f a c - l ? i t i e s  

i s  " c h a t  some experiment  asscmblizs nay be designed t o  be insertcd 

i n t o  t h e  coi-'P, o r  T S I ~ O V P ~ ,  whi le  t h e  ~ e n c i o o r  i s  c r - l t i c a l  and oper-  

a t i n g  a t  f u l l  power. 

2. Precautions -. . - 
a. The r e a c t i v i t y  change r e s u l t i n g  from i n s e r t i n g  o r  removhng 

the  exper imrnt  assembly mast be known Lo he less  than 0.5% 

Aklk. (This  d l1  be a s s e s s e d  hy r e v i e a l n g  p r e v i o u s  d a t a  

i n  similar experiment  a s sembl i e s  o r  by a d i r e c t  memiire- 

rnent.) If t h e  reactiwiry w c t h  oE an experiment canno:. be 

determined:  the experiment w i l l  no t  bc accepted  f o r  i n s e r -  

t i o n  i n t o  t h e  r e a c t o r  wb t l e  t-he reactor i s  c r i t i c a l .  

A -mitten procedure and check eh 

expe r imca te r  and s ~ i b u d t t t d  t o  the ReacLor Superv i so r  vheo 

such an experinen'-, i n s e r t i o n  ( o t  d t h d r a M a 1 )  froin t h e  c o r e  

i s  t o  t ake  place. 

b .  t lnusi h e  preparcd  by t h e  

c.  A l o c k i n g  device ,  approved by the Keactnr S u p e r v i s o r ,  

s h a l l  be i n s t a l  led on those  P x p e r h e n t  assemblies having 
* ?  e insert -and-vlthdraw" f eacures t o  e n s u r e  t h a t  thc .assembly 

does  OSL entea: t h e  f l u x  zone 1nadvestent :y .  
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d. The experiment  ins t rumentaLion  m u s t  be checked by p l a c i n g  

t h e  key-operated "E-panel" swFtch f o r  the particular ex- 

per iment  i n  t h e  TEST posi t - lon;  t h e  alarm, setback, and 

scram c i r c u i t s  should  t h e n  be checked from t h e  experiment  

s t a t i o n  t o  the E-panel s t a t i o n ,  These i n s t rumen t  checks 

are  performed by a n  I & C  e n g i n e e r  under t h e  s u r v e i l l a n c e  

of t h e  ORE s h i f t  s u p e r v i s o r .  

e .  The '%-panel'* s w i t c h  must be i n  t h e  NO p o s i t i o n  b e f o r e  

the experiment  i s  i n s e r t e d  i n t o  t h e  core. 

3 .  Procedure  ---- 
as Following t h e  i n s t a l l a t i o n  of t h e  l o c k i n g  d e v i c e  d e s c r i b e d  

above, lower the experiment assembly i n t o  t h e  experiment  

f a c i l i t y  bu t  not i n t o  t h e  f l u x  zone. ___.-_ -~ 
b. Ensure t h a t  the v a r i o u s  connec t ions  r e q u i r e d  f o r  t h e  

i n s t a l l a t i o n  have been comp3 eted. 

c.  Ensure that t h e  sa fegua rd  i n s t r u m e n t a t i o n  from t h e  exper-i - 
ment s t a t i o n  t o  t h e  E-panel has been checked by the 

instrument engineer fo l lowing  t h e  above-mentioned work. 

d. Turn the "E-panel" switch t o  t h e  NORMAL pos i t io t l .  

e. Ensure t h a t ,  when an alarm and momentary setback is i n i -  

tiated from t h e  e x p e r b e n t  s t a t i o n ,  the proper  annunc ia to r  

i n  the c o n t r o l  room alarms and t h e r e  i s  an a c t u a l  reductfon 

i n  t h e  r e a c t o r  power. This i s  the f i n a l  check r e q u i r e d  by 

t h e  I&C e n g i n e e r  following the experiment  € n s t a l l a t t o n .  

f .  Remove t h e  locking device .  

g. Insert t he  experiment  i n t o  the f l u x  zone. 

h. F i l e  t h e  I&C check s h e e t  i n  t h e  Experiment Notebook 

l o c a t e d  i n  t h e  OKK c o n t r o l  room. 
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4 . 2 . 6 .  Requirements f o r  Changes i n  Opera t ing  exper iments  . .__l_____l______I- 

1. I n t r o d u c t i o n  
___I__ - 

During the opera t - lng  l i f e  of an experdwent,  i l _  may be 

d e s i r a b l e  OL necessary  t o  d e v i a r e  f r o n  t h e  noriual operating con- 

d i t i o n s  f o r  which the experiment  was i n i t i a l l y  approved. T h P s  

may i n c l u d e  changes ill t h e  experiment  i n s t r u m e n t a t t o n  or  i n  the  

mechanical  l ayou t  of the experiment .  The r e q u e s t  f o r  a change 

may be i n i t l a t e d  by t h e  exper imenter ,  Operatdons personnel ,  o r  

t h e  Reac to r  Experiment Review Committee. When a change i n  t.he 

o p e r a t i n g  parameters  of t h e  experiment  o r  a mechanical  change i s  

d e s i r e d ,  a formal  procedure  must be fol lowed t o  ensu re  t h a t  

thorough reviews are made. 

If t h e  proposed change r e su l t s  i n  o p e r a t i n g  r o n d i t i o n s  which 

exceed the l e v e l s  f o r  which the experiment  w a s  approved, thp Reac- 

t o r  Supe rv i so r  w i l l  consul t  w i th  the Xeactor Experiment 

Coord ina to r  who dll dec ide  i f  app rova l  by t h e  Reac tor  Experiment 

Review Corninittee i s  r equ l r ed .  Eva lua t ion  of t h e  proposed modif i- 

c a t i o n s  w i l l  be made; and, i f  approved, t h e  fo l lowing  p r o c e d u r e  

w i l l  apply .  

2. Procedure 

a. For  a change i n  i n s t r u m e n t a t i o n  

(1) An Experiment Status Change Request  Porn  (Example 

4 . 2 )  must be i n i t i a t e d  by the  experimenter. T h i s  

form should be esunpleted i n  d e t a i l  and should i n c l u d e  

t h e  alterat€on(s) r eques t ed  and the r eason(8 )  f o r  

then .  It sfioiild a l s o  be s igned  by t h e  exper imenter .  

'The Reactor Supe rv i so r  w i l l  s i g n  t h e  form i f  approval  ( 2 )  
i s  g iven .  



EXPERIMENT CHANGE I D A T E  
. . .  . . . .  ............ ............. ~= ___ -.- . 

-___-- ~ _ _ - ~  ... _ _ _ _ ~ ~ _  
R E Q U E S T E R  

.I_ -________ ._.._ 
E X P  E RI  Y EN T , DENT I FI C I TI 0 N 

...... ..... ..... ......._I--.___. I____ II__ ___I 

CHANC &(SI a E w  ESTED 

..... ~ _ ~- . _ _ _ _  - .. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  ............ .. ~ - ........... ___- _ _ ~  ~ 

........... ____~__ ....... _ _ _ _  . . . . . . . . .  ~~ ~- - 

............ 
O P E R A T I O N S  

CHANGE(5) APPROVED BY 
~-~ ~- - - 

___ . . .  . . . . .  ~ . -~ 

O T H E R  

...... 
N A M E  

CHANGE(5) COMDLETED BY 
_ -  _ _ ~  ~ 

.. ............... .. . . . . . . .  -_ -~ . . . . .  ---- _ _ ~  .- . . . . . . . .  ........ .... ~ . . .  . . .  

Example 4.2 



(3) The change request form will be g iven  directly t3o t h e  

I&C foreman r e s p o n s i b l e  f o r  performing the work. The 

change w i l l  t h e n  be rsnpleted under his supervision. 

( 4 )  A f t e r  t he  alteration(s) h a s  been completed and t h e  

checkout of t h e  affected c i r c u i t  ( s )  completed [ e  .g . , 
t h e  alarm and s e t b a c k  c l r c u i t s  should  be checked by 

act i ia tkng t h e  switch(es) a t  the crrperimnt and by 

o b s e r v i n g  that the p ~ s p e r  response o c c u r s  i n  che 

reactor c o n t r o l  system] , the person(s) completing t i l e  

job will. s i g n  the form t o  s i g n i f y  t h a t  rhe c i r c u i t s  

perform as designed. 

( 5 )  The completed form will t h e n  he returned t o  the  Reac- 

t o r  S u p e r v i s o r ;  I t  wlll be placed  i n  the Experiment 

I n f o r m a t i o n  Notebook 20 become a p a r t  of the cxperl-  

meat f i l e .  (After t h e  experfenent 15 t e r m i n a t e d ,  t h i s  

form and the  o t h e r  ewperimect informatton i n  the 

Experiment TnfoLaaation Notebook w i l l  be placed in the 

illactive experiment f i l e - )  

b. Fo r  a change i n  mechanical componen~s 

The exper imenter  r e q u e s t i n g  the change wil I i n  

essence, fo l low t h e  same proeedurc as d e t a i l e d  i n  the 

preceding  s e c t i o n .  The e x c e p t i o n  would be that the work 

assignment. will be g i v c n  t o  the ?&E foreman. 

T t  should be noted that ,  on o c c a s i a n ,  approval  for a 

change may be g iven  wtth just in format ion  indicated on 

"red-lined'' p r i n t s .  This  is done eo expedite a particular 

job ;  however, such a u t h o r i z a t i o n  i s  g iven  with t he  f u l l  

understandtng that the  experimenter assumes the respon- 

s i b i l i t y  of havfng the i n d i c a t e d  changes made on t h e  

original drawings w i t h  p roper  approvals. 
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In general, if t h e  proposed alteration results in a 

change in operatfng parameters within the approved oper- 

ating range, OK, if the proposed change affects only part 

of an operating experiment's instrumentation and does not 

reduce the required number of safeguards, the change may 

be approved by the Reactor Supervisor. 

_--ll_l 

If the proposed change.(s) results in operating condi- 

tions which exceed the levels fo r  which the experiment was 

approved, the Reactor Supervisor will consul t  with the 

Reactor Experiment Coordinator who w i l l  dec.%.de if approval 

by the Reactor Experiment Review Committee. is required. 

Evaluat-Lon of the proposed modifications w i l l  be made; 

and, if approved, the above procedures will apply. 

4.2.7. General Services to Unmanned Experiments 

1. Introduction - 
Following the installation of an experiment, the research 

personnel generally observe their instrument readouts during the  

initial startup of the reactor to ensure that all conditions are 

satisfactory and t o  make any final adjustments, if applicable. 

However, during most of the operating time, experiments are not 

manned by the research personnel. In order to ensure that the 
experiments are monitored properly, certain survelllanee-type 

services are provided by Operations Division personnel. The 

following procedures summarize the general services provided; and 

some guidelines are given f o r  corrective action I n  the event dif- 

ficulties arc encountered. 
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2 .  General  

I n s t a l l e d  experiments  f a l l  w i t h i n  one of two c a t e g o r i e s :  

(1) r e t r a c t e d  from the I l u x  zone and ( 2 )  i n s e r t e d  i n t o  t h e  

f l u x  zone. For  t h o s e  i n  c a t e g o r y  ( l ) *  t h e  experiment w319 

u s u a l l y  be unmanned both  d u r i n g  r e a c t o r  sLar tup  and d u r i n g  

r e a c t o r  o p e r a t i o n .  However, t h e  expeslmenter  must s t i l l  

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

( T h l s  v e r i f t c a t i o n  can be e i t h e r  v e r b a l  or m i t t e n .  A t  any 

r a t e ,  approval  must be i n d i c a t e d  i n  t he  I n f o r m a t i o n  

Notebook.) For c a t e g o r y  ( 2 ) ,  t h e  experiment i s  norrlially 

manned d u r i n g  r e a c t o r  s t a r t u p ;  and communication between 

t h e  exper imenter  and t h e  Opera t ions  siiperv-bsor r e s p o n s i b l e  

f o r  r e a c t o r  s t a r t u p  must be e s t a b l i s h e d .  Experiments i n  

b o t h  c a t e g o r i e s  must have a l l  instrunaenLation checked o u t  

and so i n d i c a t e d  by a completed Experimcnt SaEeguard 

Check s h e e t ;  and t h e i r  "E-panel" s w i t c h e s  m u s t  be  i n  t h e  

NORMAL position. [6n except ion t o  tlits would be an e x p e r i -  

ment i n  cal-egory (I) whlch i s  r e t r a c t e d  and lnechanica l ly  

secured  so t h a t  i t  cannot  be i n s e r t e d - ]  

P r i o r  t o  r e a c t o r  s t a r t u p ,  t h o s e  s e r v i c e s  r e q u e s t e d  by 

t h e  exper imenter  w i l l  be i n d i c a t e d  on t h e  Experiment Xnfor- 

rnation Shear (Example 4.1). These s h e e t s ,  approved by t h e  

Reac tor  S u p e r v i s o r ,  are maintatned i n  t h e  Experiment 

Notebook l o c a t e d  i n  t h e  OWR c o n t r o l  room. I f  f u r t h c t  ser- 

v i c e s  are d e s i r e d  by t h e  exper imenter ,  a requesr must be 

submi t ted  t o  the Reac tor  Superv isor  f o r  review. L f  

approved , t h e s e  a d d i t i o n a l  i n s t r u c t i o n s  w i l l  be placed i n  

t h e  S p e c i a l  I n s t r u c t i o n s  Book l o c a r e d  i n  rhe c o n t r o l  room. 

For requests of a minor n a t u r e  ( e + g . ,  t h e  occas iona l  

r e c o r d i n g  of d a t a ,  i c i n g  a cold t r a p ,  e tc . )  a foraa l  review 

by t h e  Reac tor  S u p e r v l s o r  i s  not  r e q u i r e d .  However, w r i t t e n  
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instructions €or  the Special. Instructions Book are always 

applicable. In addition, all services performed must be 

logged by the shift supervisor under RESEARCH, item VI of 

the general, daily-log format. 

3. Procedures for alarms and/or  power reductions from experiments - -~ 
If an alarm should occur, the experiment must be checked for 

verification that the alarm is €or a real cause; and, if so ,  the 

experimenter should be notified. If a scram or setback from an 

experiment occurs, the reactor must remain shutdown or the power 

level held at NL, until the trouble has been eliminated. Again, 

the person responsible €or the experiment should be notIELed and, 

if necessary, asked t o  help repalr the trouble. Also, if the 

abnormality results in a prolonged shutdown of the reactor, the 

Reactor Supervisor should be Informed. (The special instructions 

on the experiment information sheet should always be checked when 

trouble occurs with an experiment.) 

4 .  Emergency or accidental shutdown of the reactor 
_I 

If an emergency or  accidental shutdown should occur or  a 

change In reactor power is required (not necessarily due to a 

research experiment), the experiment information sheets should be 

checked for any special requests concerning shutdowns (prior to 

startup). Generally, if the reason for the shutdown has been 

determined and the abnormality has been cleared, the reactor 

should first be returned to the original operating range 

(observing any requested rate of power fncreases from Nx, to NF) 

if only notification is requested by the research personnel. All 

the research experiments should be checked for any abnormalities 

after a reactor startup in any case. 

5. Informing research personnel prior to utilities shutdown 

The research experiments rely upon a continuous supply of 

utilities (i.e., water, electrical power, off-gas, etc.) whether 

the reactor is operating or not. Reactor Operations personnel 
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should acqiiaint themselves  a i i th  these utilit€es and t h e  adjusL- 

ments t o  be made t o  t h e  equipmest. Whec a shutdown of u t i l l t i e s  

i s  r e q u i r e d  (even though t h e  r e a c t o r  may be shutdo-m),  r e s e a r c h  

persoilriel u s i n g  t h e  uLi 1 i t i e s  involved  shi luld he n o t i f i e d  as soon 

as p o s s i b l a .  

4 - 2 - 8 .  Handling of Instrumenh F a j l u r e s  i r r  an  Snpcriment’s Safeguard 

I n s t r u m e n t a t i o n  
I 

- - __I I - 
1. I n t r o d u c t i o n  

E x p e r  lrnent ins t rument  f a t l u r e  wB’ I1 occur on occas ion;  

however, w?renevPr p o s s i b l e ,  the c o n d i t i o n  should be handled s a f e l y  

end r a p i d l y  t o  minimize t h e  l o s s  of r e a c t o r  opt-.ratirlg t i m e  ar,d l o  

avoid  havlng t o  r e l o a d  the core. It should be recognized tha r ,  

although reac”Lr experiinents have been approved wa” rh a i n h i m u m  of 

sa feguard  i n s t r u m e n t a t i o n ,  under c e r t a i n  condirlons i t  i s  f e a s i b l e  

t o  block or  d i s a r m  one channel  of a d u a l - t r a c b d  safeguard  pro- 

vided i t  i s  d c r i n i r e l y  e s t a b l i s l i e d  t h a t  t h c  esperfmezlt i s  func- 

t i o n i n g  n o r n a l l y  and t i i a ~  t h e  t r o u b l e  stems from a f a i l e d  

i n s  tlrurneiit . 
2.  General  rules 

The fo l lowing  rules concern ing  experiment  ins t rument  f a i l u r e s  

should  be fo l lowed .  

a .  An experiment  “E-panela’ s w i t c h  must -..... never  be turned t o  the 

TEST position w h i 1 . e  the experiment assembly is  i n  t h e  

reactor core whi le  t h e  r e a c t o r  i s  o p e r a t i n g .  Some esperl- 

merit assembl ies  are designed t o  he r e t r a c t e d  under abnormal 

c o n d i t i o n s ;  however, this does n o t  mean tha t  t h e  experiment 

i s  s u f f i c i e n t l y  r e t r a c t e d  t o  be cons idered  “ o u t  of r e a c t o r . ”  

The c o n d i t l o n ,  i f  any,  under which an  experiment  “E-panel” 

swi.tch may be turned  t o  TEST w i l l  be g iven  i n  t h e  Experiment 

InEormation Notebook. 
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b .  Condi t ions  under which c e r t a i n  i n s t r u m e n t s  may be  b locked  

o u t  w i l l  be  l i s t e d  in t h e  Experiment In fo rma t ion  Notebook. 

I f  i n s u f f i c i e n t  i n f o r m a t i o n  i s  g i v e n ,  c o n t a c t  t h e  Reac tor  

Supe rv i so r  f o r  a d v i c e  as t o  what a c t i o n  should  be t aken .  

I f  a n  approved method f o r  d i sa rming  o r  b lock ing  a f a i l e d  

exper iment  cannot  be  found,  t h e  r e a c t o r  must be s h u t  dawn 

r a t h e r  t h a n  t u r n  t h e  "E-panel" s w i t c h  t o  TEST. 

I f  i t  becomes n e c e s s a r y  t o  b lock  a n  experiment  r e c o r d i n g  

i n s t r u m e n t ,  t h i s  u s u a l l y  c a n ,  and may, be  done by t u r n i n g  

t h e  r e c o r d e r  "on-off" swi t ch  t o  t h e  OFF p o s i t i o n  and t h e n  

d r i v i n g  t h e  r e c o r d e r  i n d i c a t o r  downscale b o  c l e a r  t h e  

a la rm c o n d i t i o n  ( r e f e r  t o  i t e m  3) .  

e .  

d .  

e .  When an  in s t rumen t  f a i l u r e  h a s  o c c u r r e d ,  t h e  i n i t i a l  

a c t i o n  should  be  t o  b l o c k  t h e  in s t rumen t ,  r e t r a c t  t h e  

experiment  assembly,  i E  p o s s i b l e ,  and s t a r t  up t h e  r e a c t o r .  

A f t e r  t h e  r e a c t o r  h a s  been r e t u r n e d  t o  power, t h e  e x p e r i -  

menter  shou ld  be  n o t i f i e d  and a p p r o p r i a t e  s t e p s  t aken  t o  

r e p a i r  t h e  in s t rumen t .  

f .  I f ,  o f  c o u r s e ,  i t  i s  not obvious  t h a t  an in s t rumen t  f a i l -  

u r e  h a s  o c c u r r e d ,  s u f f i c i e n t  t i m e  must be  t aken  t o  r e s o l v e  

t h e  d i f f i c u l t y  with  t h e  equipment.  (This may l e a d  t o  re- 

l o a d i n g  t h e  c o r e  s i n c e  s e v e r a l  t e l ephone  c a l l s  w i l l  prob- 

a b l y  be  made, and t h e  experimPnter may want to check the 

exper iment  p e r s o n a l l y  b e f o r e  t h e  r e a c t o r  i s  s t a r t e d  

a g a i n  ) 

g. S e t p o i n t s  shou ld  never  be a d j u s t e d  t o  vo id  sa fegua rd  

a c t i o n  by a n  ins t rumen t .  
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h .  Tf t h e  o p e r a t i n g  r o n d i r i o a s  of  a n  experiment  i n  t h e  

r eac to r  a r e  to be rhanged,  i t  vwy be  a d v i s a b l c  t o  change 

t h e  setpoints. T h i s ,  however,  iilust n o t  be done wi thou t  

permiss ion  from t he  Pxperi izznter  and t h e  Reactor  Supes- 

v i s o r .  I f ,  f o r  any r e a s o n ,  ad jus tmen t s  t o  s e t p o i n t s  

i nvo lve  exceeding  the i n i t i a l  approved c o n d i t i o n s ,  a corm- 

prelnewsive r ev iew m u s ~  be  made b y  t h e  expe r imen te r ,  t h e  

Reac tor  Supe rv i so r  ~ and t h e  Reactor Experiiracnt 

Coordina tor .  Such a c t i o n  wi I1 be documented by  completing 

an experiment  s ta tus  changc reqhacst f o r m .  

i. S p e c i a l  i n s t r u c t i o n s  g i v e n  on tile expe r imen t  i n f s z w a t i o n  

s h e e t  w i l l  supe r sede  any g e n e r a l  r u l e  61' t h e r e  is any 

sonf l i c t  i n  i i is t r imrt ions.  

P r i o r  (CII making t e l ephone  c a l l s  r e g a r d i n g  ar; experiment 

f a i l u r e  ~ t h e  s h i f t  siipervisox- should  make a thorough check 

o f  a l l  t h e  experiment  i n s t r u m e n t a t i o n ,  n a t i n g  any  abnormal 

c o n d i t i o n s .  (This  may p revea t  subsequent  c a l l s . )  

j .  

rhe  purpose o f  t h i s  procedure  i s  t o  emphasize t h e  importance o f  

h a n d l i n g  i n s t r u w n t  f a i l u r e s  i n  a safe btie r s p i d  f a sh ion .  I n  o r d e r  

t o  d o  s o ,  t h e  s h i f t  s u p e r v i s o r s  m u s t  f a m i l i a r i z e  themselves  wit11 a l l  

exper iments  a s s o c i a t e d  with t h e  rclactoi- s a f e t y  s y s t e m .  ( L t  i s  

sugges ted  t h a t  t he  s h i f t  s u p e r v i s o r  familiarize h i m e l f  w i th  t h e  

b l o c t o u t  p o s s i b i l i t i e s  and o t h e r  phases  05 each  expesirnen'e a s  SOOE 

a s  i t  i s  i n s t a l l e d  r a t h e r  t h a n  wait u n t i l  t r o u b l e s  deve lop  and then? 

have t o  r e a d  and dec ide  about c o r r e c t i o n s . )  
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....... , 

3 .  Procedure for blocking out a malfunctioning instrument 

Since all safeguard recorders have "fail safe" features (e.g. 

the indicator will drive full scale when a thermocouple opens), the 

reactor power level will bt. set back to NL in the event of instrument 

failure. A general procedure to correct the condition (assuming there 

remains adequate safeguard instrumentation and safety is not 

jeopardized) is as follows: 

a. Investigate the experiment control .  room and determine the 

nature of the, failure. 

b a  Deactivate the instrument, if applicable. Generally, t h i s  

means turning the recorder switch (inside the recorder 

cabinet) to the OFF position and then driving the recorder 

indicator downscale to clear the action setpoints. 

e. The shift supervisor has the prerogative of: (1) posting 

an observer at the experiment instrumentation to monitor 

the operating parameters on  the non-safeguard instrumenta- 

t i o n  and comparing them with the one remaining safeguard 

recorder -- with instructions to immediately cause the 
r e a c t o r  to be shut down if comparative readings vary sig- 

nificantly or ( 2 )  use a preselected thermocouple (desig-  

nated by the experimenter) ta replace the faulty thermo- 

couple, 

involves the removal of the plug of the faulty thermocouple 

from the thermocouple patch panel and inserting the plug 

oE the designated replacement thermocouple.) 

(The thermocouple replacement operation merely 

If adequate excess reactivity is available in the 

reactor, the latter ( 2 )  is the preferred option. If  

option (1) is selected, the experiment instrumentation 

must be manned by an observer until two duplicate safe- 

guard instruments are reliable. 



4.2.9.  Removing an Experiment I from t h e  Core 
I- 

1. I n c r o d u c t i o n  
__I ____I____ 

The procedure f o r  reiiaoving an  experiment  assembly i s ,  i n  

r s s e n c e ,  t h e  reverse  of t h e  i n s e r t i o n  procedure; however, s i n c e  

t h e  experiment w i l l  now be h i g h l y  r a d i o a c t f v e ,  t h e  iishnal 

r a d i a t i o n - e x p o s u r e  p r e c a u t i o n s  must a l s o  he e x e r c i s e d .  ( T h i s  

i n c l u d e s  providing Realtlm P h y s i c s  coverage and an of f  -gas l i n e  

when a p p l i c a b l e . )  

2 .  Removal from t h e  core  

a. 

b. 

C.  

d .  

e .  

Remove t h e  b o l t s  s e c u r i n g  t h e  f l a n g e  t o  t he  r e a c t o r  t a n k  

t o p  ( i f  a p p l l c a b l e ) .  

P rov ide  an underwater  light i n  t h e  v e s s e l .  

Prepare t h e  experiment  assembly f o r  removal from ihe tank  

by w c u r i n g  the  e x p e r l a e n t  w i t h  ropes t ha t  asp a t t a c h e d  t o  

the s m a l l  c rane .  

Xa-Lse t h e  experiment  tube  ( i n c l u d i n g  t h e  core i n s e r t ,  i f  

i t  i s  atlached) u n t i l  i t  i s  clear of the core.  (CAUTION: 

This must he done manually;  do not  USP t h e  c r a n e .  A c h a i n  

f a l l  o r  o ther  manually-operated l i f l f n g  d e u i r e  may be 

employed i f  t h e  assembly cannot  be ra i sed  by hand.) 

'Transfer t h e  experiment assembly t o  a s t o r a g e  l o c a t l o n  on 

t h e  n o r t h  o r  s o u t h  wall of t h e  r e a c t o r  p o o l  and a t t a c h  a 

r a d i a t i o n  tag ( p r o v i d e  a11 t h e  p e r t i n c c t  i d e n t i f i c a t i o n  on 

the t a g ) .  

m-- 

NQTE : Kien removing an experiment assembly from a "dry" exper-  

iment t u b e ,  the followdng r u l e s  must be observed.  

a.  Always provide  an "of f-gas" f u n n e l  

b. When p o s s i b l e ,  p u l l  exper-lment leads,  thermocouples ,  em. ,  
i n t o  a c o n t a i n e r  ( such  as a s e c t i o n  of Tygon hose)  t h a t  I s  

a t t a c h e d  t o  the off-gas system. 
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. . .-. 

.... 

c. Before removing the experiment assembly from the reactor 

in the shield, cover the shield with plastic t o  prevent 

the spread of any contamination which may have collected 

on the shield. 

4.2.10. Monitors at Horizontal Beam Holes 

1. Ream hole shutter position monitor alarm 

Ref: Drawings 4-2949-1 and M-11284-PF-001-D 

The horizontal beam holes, HB-1 through HB-6 are used for 

beam-type experiments which require that a beam of neutrons be 

emitted under controlled conditions from the reactor cote through 

an open shutter and sample, before finally being absorbed in a 

neutron shield ("catcher"). 

Each beam hole is equipped with a shutter t o  stop the beam 

during maintenance or changes of samples. A s  a means for identi- 

fying the position of the shutter (whether or not it is open to 

provide a beam of neutrons) from a vantage point in the immediate 

vicinity, a monitoring system providing a visual and audible 

signal has been installed. Each o f  the beam holes has its 

individual system. 

A system consists of shutter position sensing micro-switches 

which transmit signals to a "Tel-Alarm" unit. The "Tel-Alarm" 

will give an audible alarm and illuminate the red portion of the 

"Tel-Alarm" unit when the shutter is rotated to the "open" posi-  

tion. The alarm may be silenced by pressing the '"acknowledge" 

button; however, the red portion will remain illurnirrated until the 

shutter has been closed. When the shutter is closed, the "all 

clear'" condition exists illuminating only the white portion of the 

"Tel-Alarm" unit. The "Tel-Alarm" unit can then be returned to 

the "non-alert" condition (no illumination) by pressing the 

"reset" button. 
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These systems ~ e r e  designed and i n s t a l l e d  as a n  “ i n f o r m a t i o n  

o n l y J a  device ,  especially  EO^ ~ ~ S O ~ P I  krhan f r e q u e n t  t h e  v i c i n i t y ,  

and i t  should b~ noted Ihat each experimenter  i s  r e s p o n s i b l e  f o r  

h i s  o m  and coworkers’ s a f e t y  by e m u r i n g  t h a t  a l l  are f a m l l i a r  

kTifZh the CXpeL’PUlenk. 

2 .  Beam hole r a d i a t i o n  monitor - .  ___I_________ -- 

K e f  I B K E E N ~ L I ~ S  4-2031 series 

A port:abPe r a d i a t i o n  monitor  f o r  a h o r i z o n t a l  beam h o l e  i s  

available f o r  serulee and i i sua l ly  placed i n  service by the ORR 

X e a l t h  P h y s i c i s t  as deemed necessary .  The d e t e c t o r  i s  a bcta- 

gamma, Geigpr-Mueller tube used t o  monitor  the background r a d i a t i o n  

level and t ransmi t  a s i g n a l  t o  a 14odel No. q-2091-1 e l e c t r o m e t e r .  

‘i”he d e t e c t o r  i s  mounted on the  beam h o l e  s h i e l d i n g  near t h e  beam 

h o l e  t o  be monftored. The e lec t romeZer ,  whbch has a mnrtrnum 

reading  of 25,000 cpm andl a var iab lp  alarm p o i n t ,  i s  equipped w i t h  

3 l o c a l  alarm. The alarm s e t t i n g  i s  usual ly  15,000 cpm. 

The purpose of t h i s  i n s t a l l a t i o n  i s  t o  alerr personnel in a 

beam h o l e  area of  changes in t h e  r a d i a r t o n  background. It does 

mot s u p p l a n t  t he  F a c i l i t y  Raeliathun and Contaminat ion A l a r m  System 

d e s c r i b e d  i n  SectrSon 9.2. 

4 . 3 .  Handling and Schedul ing of Small Irradiation T a r g e t s  _-____-____ (Samples) 
_ _ _ . . 1 . _ 1 1  ___-_I___... 

4*3 .1 .  Lntroduct ton  
-I_ 

The product jon  O F  r a d i o i s o t o p e s  and t h e  i r r a d i a t i o n  of  smal P targets  

i s  a small but  very s igni fLCant  Flnncilon of t h e  OKR. 

these a c t i v i t i e s  makes i t  ex t remely  impor tan t  t h a t  good qual. i ty a s s u r a n c e  

measures be employed i n  t h e  p r e p a r a t i o n  and handl ing  of the targets.  The 

f o l l o w j a g  procedures  and guidelines are to be employed i n  osder  Lo enslire 

e f f i c i e n c y  and safety i n  these o p c r a t i a n s .  

The very aatrnre of 
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4 . 3 . 2 .  Facilities Available 

Hydraulic tube No. 2, core position D8, was the principal facility 

used for isotope production and small target irradiations; however, pre- 

sently, this facility is nut of service. Also available f o ~  use are the 

poolside facility, the isotope stringer, and the NF tray. Each of these 

facilities is described elsewhere in t h i s  maniial. 

4 . 3 . 3 .  Definition of Radioisotope Target (Smal.1 Target) 
I 

A target or sample i s  defined as a quantity of an element or com- 

pound, usually very carefully prepared, which w l l l  be irradiated to pro- 

duce a transmutation. An experiment, by contrast, is irradiated for the 

production oE data. 

4.3.4. Requests for Irradiations 

All requests f o r  target irradiations will be processed through the 

Isotope Sales Group of the Operations Division. Standard request forms 

are available through this group, and a request form must be completed 

for each target irradiated. 

the target is properly packaged and sealed and w i l l  maintain records of 

leak tests performed. Other data relative to each target will be 

retained by the Isotope Sales Group. 

The Isotope Sales Group w i l l  determine that 

4.3.5. Approval of Targets 

A l l .  targets w i l l  be approved by the Reactor ExperPment Coordtnator 

of the Operatlons Division. The I s o t o p e  Sales Group wtll maintain a 

list of approved targets and packaging methods, making it unnecessary to 

contact the Reactor Experiment: Coordinator when irradiations are simply 

duplicates of those previously approved. 

4.3.6. Scheduling of Irradiations 

Scheduling of irradiations of approved targets will normally be done 

by the Isotope Sales Group, working with the customer and the ORR day 

shift supervisor. It is essential that the reactor operating schedule, 

the shift schedule, and the  customer's schedule all he considered durLng 

the scheduling process. 
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4.3.7. T a r g e t  ( Sample)  Bandling a t  th.e ORR and I r r a d i a t i o n  R.ecords ...._ ___.I. . . I .__I-_____~_..____ 

NOTE. A l l  i r r a d i a t f o n  t a r g e t s  are p o p u l a r l y  r e f e r r e d  t o  as samples 

and w i l l  be d e s i g n a t e d  a8 such i n  t h i s  po r t ton  of t h e  procedure.  

1. Logging i n  samples ---..-..- 

Samples w i l l  be r e c e i v e d  by the  ORR day s u p e r v i s o r .  H e  ~ I l l  

p r e p a r e  an  OACR Sample Schediale Sheet (Example 4 . 4 )  and a l s o  e n t e r  

the r e q u i r e d  i n f o r m a t i o n  1.n t h e  6RR Sample Schedule  l o g  hook 

which i s  maln ta ined  i n  t h e  day s h i f t  s u p e r v i s o r ' s  o f f i c e ,  

I n f o r m a t i o n  needed on t h e  ORR Sample Schedule  Shee t  and i n  t h e  l o g  

w i l l  be: 

a -  

b .  

C. 

a. 
e .  

f .  

8 -  

h.  

I. 

j- 

t h e  I r r a d i a t i o n  f a c i l i t y  t o  be used,  and t h e  p o s i t i o n  i n  

t h a t  f a c i l i t y  -- u s i n g  remarks s e c t i o n  i f  necessary ;  

the d a t e  t h e  sample  Cs submi t ted  to ORR personnel ;  

t h e  sample Ember ( s e e  i n s t r u c t i o n s  below); 

t h e  name of t h e  person wha approved t h e  i r r a d i a t i o n ;  

t h e  name o f  t h e  person r e c e i v i n g  t h e  s a m p l e  

t h e  material t o  be i r r a d i a t e d  (chem3cal formula)  and i t s  

wefght ;  

t h e  customer"s name, d i v i s i o n ,  and charge code; 

t h e  schedule  d a t e s  and t ines f o r  t h e  i r r a d i a t i o n ;  

t h e  scileduled d a t e s  and o t h e r  i n f o r m a t i o n  r e l a t i v e  t o  

d i s p o s i t i o n  ( s h i p p i n g )  of t h e  i r r a d i a t e d  sample; and 

any o t h e r  i n f o r m a t i o n  p e r t i n e n t  t o  the handl ing  o r  s t o r i n g  

of t h e  samples, 

4.3.8. I n s p e c t i o n  of S a m p l e s  
- . ~  

The s u p e r v i s o r  ~ h o  r e c e i v e s  t h e  sample w P B l  personal-ly i n s p e c t  t h a t  

sample b e f o r e  a c c e p t i n g  i t  f o r  i r r a d i a t i o n .  An h i s p e c t i o n  i s  made of 

the c o n t a i n e r  t o  e n s u r e  p h y s i c a l  c o n d i t i o n  i s  a c c e p t a b l e  and t h a t  i t  i s  

t h e  c o r r e c t  s i z e  d imens iona l ly .  The s u p e r v i s o r  wBl.1. look f o r  anyth ing  odd 

and will see t h a t  the d e s c r i p t i o n  i n  t h e  saazple book is c o r r e c t .  N e  wj.11 

a l s o  ver tEy t h a t  t h e  s a m p l e  has  been processed through I s o t o p e  S a l e s  and 

h a s  been p r o p e r l y  leak t e s t e d .  
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X H  EDU LED 

TIME ___ DATE - ..____ .... 

IN 
___- ._._I_~__ 

OUT 
___.-.l_.-----l 

.- 
I.... 

ACTUAL 

TIME B Y  -..-.~___..__I DATE 
l___l_.~. 

-___.___ ..._.__.__ 

l_..._._l ...-. __..__ ....--..I_~~___ 

O R 8  SAMPLE SCHEDULE SHEET 
HYDRAULIC TUBE NO. 2 

cs! OTHER (Specify) I__ _I_ .__I___ 

NO. 1 NO. 2 NO. 3 NO. 4 NO. 5 

DISPOSITION 1 PICKUP B Y  

... I 
-ll_____.l.__._ll _..__ 

ACTUAL 

REMARKS: 
--..._____I__ 

DATE TIME 

UCN-5561A (3 5-76) 

I , .  

Example 4.4 



4.3.9. :LRentPfication of ORR Irradiati-on ..-.__I Samples ...____ ...____. 
I n  order to give efficient service t o  all customers, it is impera- 

tive that the  exact location o f  all samples he ~TIQWI at a l l  t i m e s .  To 

accomplish this, each sample submitted far irradiation will be assigned 

a number as desc.ribed below. 

1. Capital letters in alphabetical orde r  w i l l  designate the 

operating year and Arabic numerals wPll designate the  non nth 

during whlch the sample i s  i n s e r t e d  into t h e  reactor. 

2. Samples irradiated during each month v:li be numbered 

consecutively beginning with - 1 far the first sample each 

month. A d a s h  w i . 1 1  separate t h i s  ntiraber from the preceding 

month-idenrification number. 

3 .  For example, the first sample number t.o be assigned in May 

1958 was A-5-1, the second A-5-2. The first sample assigned 

i n  January 1962 was E-1-1 indicating the first sample in the 

first month of the fifth pear of operatton. 

4 .  The numbers shall be clearly etched with a vibratool in at 

least two places so that difficulty in identifying samples 

after irradiation wi.J.1 he minimized. 

4.3.10. Sample Schedule .- Rack 

A rack located in the c o n t r o l  room se~pwes as a storage place for 

unirradiated samples and ”sample schedule sheets” f o r  the QRR and BSR. 

The rack consists of clips f o r  storing schedule sheets of samples p r i o r  

to irradiation, s l o t s  above “ehe  clips SOP sanrple sheets whfch refer  t o  

sampl.es being irradiated, and s l o t s  for sample sheets for samples in 

postirradiation storage. ‘En additlon, there are spaces below the clips 

f o r  prelrradiation storage of ideattfied samples. 



.__, , 

1. 

2. 

3.  

4 .  

5 .  

6 .  

7. 
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4.3.11. I r r a d i a t i o n  of Samples o r  T a r g e t s  

The sample OK t a r g e t  t o  be i r r a d i a t e d ,  a long  wi th  i t s  schedule  

s h e e t ,  w i l l  be p laced  i n  t h e  c o n t r o l  room by t h e  day s h i f t  super-  

v i s o r .  A f t e r  be ing  numbered, t h e  sample o r  t a r g e t  w i l l  be p laced  

i n  t h e  s t o r a g e  r a c k  i n  t h e  c o n t r o l  room o r  be s t o r e d  i n  an appro- 

p r i a t e  s h i e l d e d  c o n t a i n e r  i f  r a d i o a c t l v e .  

A t  the t i m e  d e s i g n a t e d  on t h e  s a m p l e  s h e e t ,  t h e  rovlng  o p e r a t o r  

w i l l  p l a c e  t h e  sample  o r  t a r g e t  i n  t h e  des igna ted  p o s i t i o n  fo r  

t h e  i r r a d i a t i o n ,  using a p p r o p r f a t e  procedures .  

The o p e r a t o r  w i l l  make a p p r o p r i a t e  e n t r i e s  on t h e  sample 

schedu le  s h e e t  and then  p l a c e  t h a t  s h e e t  i n  the proper  s l o t  

on t h e  c o n t r o l  room sample schedu le  r ack .  

The roving  o p e r a t o r ,  a t  t h e  beginning  of h i s  shift, checks t h e  

sample schedu le  r ack  t o  de te rmine  i f  any samples are t o  be 

i n s e r t e d  or  r e t r a c t e d  du r ing  h i s  s h i f t .  

A t  t h e  t i m e  i n d i c a t e d  on t h e  sample  schedule  s h e e t ,  t h e  oper- 

a t o r  w i l l  remove t h e  sample  from t h e  des igna ted  I r r a d i a t i o n  

p o s i t i o n  and s t o r e  t h e  sample i n  an  a p p r o p r i a t e  s t o r a g e  pos i -  

t i o n  o r  will s h i p  t h e  sample  v i a  sh-telded c o n t a i n e r .  

The o p e r a t o r  w i l l ,  a f ter  sample removal,  make a p p r o p r i a t e  

e n t r i e s  on the sample  schedule  s h e e t  and e i t h e r :  

( a )  g i v e  the carbon copy of t h e  schedu le  s h e e t  t o  t h e  person  

c l a tming  t h e  sample and place t h e  o r i g i n a l  schedule  s h e e t  

i n  t h e  c o n t r o l  room, or 

( b )  p l a c e  t h e  sample  schedu le  s h e e t  i n  t h e  proper  s l o t  

( p o s t i r r a d i a t i o n  s t o r a g e )  on t h e  sample shee r  r ack .  

The o r i g i n a l  copy of t h e  schedu le  s h e e t ,  a f t e r  t h e  sample is 

c la imed,  goes t o  the  day s h i f t  s u p e r v i s o r  for f i l t n g .  He w i l l  

make a p p r o p r i a t e  e n t r i e s  i n  t h e  sample l o g  book i f  necessary .  

... 
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