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MSRE DESIGN A I D  OPERATIONS REPORT 

P a r t  V I  

OPERATING SAFETY LIMITS FOR THE MOLTEN-SALT REACTOR EXPERlBENT 

(Third Revision) 

R .  R. Guymon P. N. Haubenreich 

This document s e t s  f o r t h  l i m i t s  f o r  c e r t a i n  parameters desc r ib ing  t h e  

opera t ing  condi t ions  of t h e  Molten-Salt  Reactor Experiment. The i n t e n t  

i s  t o  inc lude  a l l  those  items d i r e c t l y  r e l a t e d  t o  t h e  h e a l t h  and safelty 

of t h e  pub l i c .  

t h e  p r o t e c t i o n  of t h e  Experiment a g a i n s t  a severe  and d i s a b l i n g  acc iden t .  

Some iterrs extend t o  t h e  s a f e t y  of t h e  opera tors  and 

The s a f e t y  l i m i t s  s t a l l  n o t  be i n t e n t i o n a l l y  v i o l a t e d .  If any 

s p e c i f i e d  parameter goes ou t s ide  a s a f e t y  l i m i t ,  t h e  r e a c t o r  opera tors  

a r e  ob l iga t ed  t o  t ake  a c t i o n  as s p e c i f i e d  here in .  

s a f e t y  l i m i t s  r equ i r e s  approval  of t he  OR?& management and t h e  AEC-OIIO 

Cont rac t  Adminis t ra tor ,  

no t  l a t e r  than  t h e  i e x t  work day t o  t h e  AEC-ORO. 

Any change i n  t h e  

Any v i o l a t i o n  of a s a f e t y  l i m i t  s h a l l  be reporti-.rl 

This  document supersedes MSRE Design and Operations Report, P a r t  V I  - 
Operating Sa fe ty  L i m i t s  f 'or t h e  MSRE, ORNL-TM-733 (2nd Revis ion) .  

1. Fue l  System 

1.1 F i l l  Rate - The r a t e  a t  which t h e  r e a c t o r  v e s s e l  i s  f i l l e d  w i t k -  

f u e l  s a l t  shal l .  no t  exceed 1.0 ft3/min. 

ceeded, gas f low i n t o  t h e  d r a i n  tanks s h a l l  be stopped. 

Pressure  -The pres su re  of t h e  gas i n  t h e  pump bowl s h a l l  no t  

exceed 25 p s i g  whenever fuel s a l t  i s  i n  t h e  r e a c t o r  v e s s e l .  

If t h i s  l i m i t  j.s reached, t he  pump bowl s h a l l  be vented through 

t h e  cha rcoa l  beds t o  t h e  s t a c k .  

If t h i s  r a t e  i s  ex- 

1.2 
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1 .3  Surge Volume - The t o t a l  gas volume i n  t h e  fuel-pump bowl and 

t h e  overflow tank  s h a l l  be a t  l e a s t  5.0 f t 3  whenever t h e  r e a c t o r  

i s  c r i t i c a l .  If t h i s  l i m i t  is reached, t h e  r e a c t o r  s h a l l  be 

taken s u b c r i t i c a l  u n t i l  t h e  volumetr ic  inventory of f u e l  i s  

reduced. 

1 . 4  Excess Reac t iv i ty  -The r e a c t i v i t y  s h a l l  be such t h a t  t h e  con- 

t r o l  rods must be withdrawn a t  l eas t  50 pe rcen t  of  t h e i r  t o t a l  

worth t o  make t h e  r e a c t o r  c r i t i c a l  a t  1210°F. IF t h i s  l i m i t  i s  

reached, t h e  r e a c t o r  s h a l l  be he ld  s u b c r i t i c a l  u ' i t i l  t h e  ab- 

normality i s  co r rec t ed .  

Power -The r e a c t o r  s h a l l  no t  be opera ted  a t  a s teady  power i n  

excess of 8 Mw. 

8.1 Mw for more than  1 hour, t h e  heat-removal r a t e  s h a l l  be  r e -  

duced t o  a heat-balance power of 8.0 Mw o r  less .  

Addition of F i s s i l e  Mate r i a l  - No more than  120 g of  f i s s i l e  

m a t e r i a l  s h a l l  be added t o  t h e  f u e l  i n  t h e  pump bowl i n  any 

s i n g l e  add i t ion .  

1 . 5  
If hea t  balances i n d i c a t e  nuc lear  power above 

* 1.6 

1.7 Reac t iv i ty  Anomaly -The r e a c t i v i t y  anomaly s h a l l  no t  exceed 

O.s$ 6k/k while  t h e  r e a c t o r  i s  c r i t i c a l .  "Reac t iv i ty  anomaly" 

i s  def ined as t h e  d i f f e rence  between t h e  observed r e a c t i v i t y  and 

t h e  r e a c t i v i t y  p red ic t ed  on t h e  basis of measured r e a c t o r  physics  

c h a r a c t e r i s t i c s  and ca l cu la t ed  e f f e c t s  of  changes i n  ope ra t ing  

condi t ions ,  burnup and f i s s i o n  product  accumulation. If t h i s  

l i m i t  i s  reached, t h e  r e a c t o r  s h a l l  be taken s u b c r i t i c a l .  

System T e s t  a t  Elevated Pressure  -The f u e l  c i r c u l a t i n g  system 

end f u e l  d ra in - t ank  system s h a l l  be p re s su re - t e s t ed  a t  l eas t  

once c? year  a t  a minimum pres su re  (measured i n  gas)  of 45 ps ig ,  

a minimum temperature of l150°F, and f l u s h  s a l t  be ing  c i r c u l a t e d  

by the  f u e l  pump. 

* 1.8 

1.9 Corrosion - The chromium concent ra t ion  i n  t h e  f u e l  s a l t  s h a l l  

If t h i s  l i m i t  i s  reached, s t e p s  s h a l l  be no t  exceed 1000 ppm. 

taken t o  minimize t h e  cor ros ion  r a t e  and t o  reduce t h e  chromium 

concent ra t ion  i n  t h e  f u e l  t o  l e s s  than  500 ppm. 

* 
This  l i m i t  w i l l  no t  b e  reached by any spontaneous change of a pro- 

cess  va r i ab le ,  so  no opera tor  response is  s p e c i f i e d .  

Y 
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2 ,  Cont ro l  Rods and Sa fe ty  System * 
2 . 1  Scram C i r c u i t  Tests - - A l l  scram c i r c u i t s  s h a l l  be shown t o  be 

ope ra t ing  proper ly  by t e s t i n g  before  each f i l l  of t h e  r e a c t o r  

v e s s e l  w i t h  f u e l  sa l t .  * 
2.2  Scram Tests -The scram t i m e  f o r  each c o n t r o l  rod s h a l l  be 

measured before  each f i l l  of  t h e  r e a c t o r  v e s s e l  wi th  f u e l  s a l t .  * 
2.3 Scram Time  -The r e a c t o r  s h a l l  no t  be  taken c r i t i c a l  if the  

scram time of any c o n t r o l  rod i s  g r e a t e r  t han  1 . 3  s e c .  

Rod Speed - T h e  r e a c t o r  s h a l l  n o t  be  taken c r i t i c a l  if t h e  

motor-driven speed of any c o n t r o l  rod is less  than  0.45 in . / s ec  

o r  more than  0.55 in . / s ec .  If a rod w i l l  no t  move, t h e  r e a c t o r  

s h a l l  be taken s u b c r i t i c a l .  

Cont ro l  Rod Cooling - Any c o n t r o l  rod t h a t  is no t  f u l l y  w i t h -  

drawn s h a l l  be suppl ied  wi th  cool ing  a i r  whenever t h e  r e a c t o r  

i s  ope ra t ing  a t  powers above l'j kw. Temperatures i n  t h e  rod 

d r i v e  whose cool ing  a i r  supply i s  connected t o  t h a t  f o r  t h e  rod 

s h a l l  be accepted as evidence of a i r  f low through t h e  rod .  

2 .4  

2 .5  

2.6 Instrument  S h a f t  Water - The nuclear  instrument  shaft  s h a l l  be 

f i l l e d  wi th  water whenever f u e l  sa l t  i s  i n  t h e  r e a c t o r  v e s s e l .  

If f o r  any reason t h e  water l e v e l  cannot be maintained a t  

849-ft e l eva t ion  or  above, t h e  f u e l  s h a l l  be dra ined .  

2 .7  Nuclear S t a r t u p  Ins t rumenta t ion  - One neutron count - ra te  channel 

s h a l l  be i n  s e r v i c e  throughout t h e  f i l l i n g  of t h e  f u e l  loop w i t h  

f u e l  sa l t  and whenever t h e  r e a c t o r  i s  be ing  taken c r i t i c a l .  If 

an  instrument  f a i l u r e  occurs  during f i l l i n g ,  t h e  f u e l  sha l l  be 

r e tu rned  t o  t h e  d r a i n  tank.  ** 
2.8 Flux Ins t rumenta t ion  - A  minimum of two f l u x  s a f e t y  channels 

s h a l l  be i n  s e r v i c e  during nuc lear  opera t ion .  

* 
This  l i m i t  w i l l  no t  be reached by any spontaneous change of a pro- 

ces s  va r i ab le ,  s o  no opera tor  response is  s p e c i f i e d .  

3c)c 
A f u e l  f i l l  s h a l l  n o t  be s t a r t e d  if "chis l i m i t  is no t  m e t .  If t h e  

l i m i t  i s  v i o l a t e d  a f te r  f u e l  i s  i n  t h e  core, t h e  r e a c t o r  s h a l l  be taken 
s u b c r i t i c a l  immediately by f u l l  i n s e r t i o n  of a l l  c o n t r o l  rods and sha l l  
no t  be  taken c r i t i c a l  u n t i l  t h e  requirements a r e  met.  



2.9 

2.10 

2.11 

2.12 

2.13 

2.14 

.3c.x 
Period Instrumentat ion - A  minimum of two per iod  s a f e t y  

channels s h a l l  be i n  s e r v i c e  during nuc lea r  opera t ion .  

Fue l  Temperature Instrumentat ion - A  minimum of two r e a c t o r -  

f u e l - o u t l e t  temperature s a f e t y  channels s h a l l  be  i n  s e r v i c e  

during nuc lear  opera t ion .  

Flux T r i p  Po in t  - The r e a c t o r  power which w i l l  cause a s a f e t y -  

rod scram t r i p  s h a l l  be 12 Mwt or  less during nuc lear  opera t ion .  

* 

* 

Flux T r i p  Poin t ,  Fue l  Pump Off*- The ind ica t ed  r e a c t o r  power 

which w i l l  cause a s a f e t y  rod scram t r i p  s h a l l  be 12 kwt or less 

during nuc lear  opera t ion  when t h e  f u e l  pump i s  n o t  o p e r a t i n g . .  

Per iod T r i p  Po in t  -The s h o r t e s t  p o s i t i v e  r e a c t o r  pe r iod  t h a t  

w i l l  be  t o l e r a t e d  without  causing a s a f e t y  rod scram t r i p  s h a l l  

be no s h o r t e r  than  one second during nuc lea r  opera t ion .  

Fue l  Temperature T r i p  Po in t  - The r e a c t o r  o u t l e t  temperature  

which w i l l  cause a s a f e t y  rod scram t r i p  s h a l l  be 1300°F or  
l e s s  during nuc lear  opera t ion .  

* 

* 

3. Coolant System * 
3.1  System T e s t  a t  Elevated Pressure  - The coo lan t  c i r c u l a t i n g  

system and coolant  dra in- tank  system s h a l l  be p res su re - t e s t ed  

a t  l e a s t  once a yea r  a t  a minimum pres su re  (measured i n  gas)  of 

45 psig,  a minimum temperature of l150°F and coo lan t  sa l t  be ing  

c i r c u l a t e d  by the  coolan t  pump. 

4 .  Containment * 4 . 1  C e l l  S h i e l d  Blocks - A l l  r e a c t o r  c e l l  and dra in- tank  c e l l  

s h i e l d  blocks shall be  i n  p l ace  and secured by hold-down devices  

whenever f u e l  s a l t  i s  i n  t h e  r e a c t o r  v e s s e l .  

C e l l  Oxygen Concentrat ion -The r e a c t o r  c e l l  and d ra in - t ank  

c e l l  s h a l l  conta in  a n i t rogen-a i r  mixture having an  oxygen con- 

c e n t r a t i o n  below 5 percent  whenever f u e l  sa l t  i s  i n  t h e  r e a c t o r  

4.2 

t r  

* 
A f u e l  f i l l  s h a l l  no t  be s tar ted i f  t h i s  l i m i t  i s  no t  m e t .  If t h e  

l i m i t  i s  v i o l a t e d  a f t e r  f u e l  i s  i n  t h e  core ,  t h e  r e a c t o r  shal l  be taken 
s u b c r i t i c a l  immediately by f u l l  i n s e r t i o n  of a l l  c o n t r o l  rods and s h a l l  
no t  be taken c r i t i c a l  u n t i l  t h e  requirements are met. 

* 
This  l i m i t  w i l l  no t  be reached by any spontaneous change of a 

process  va r i ab le ,  s o  no opera tor  response i s  s p e c i f i e d .  

W 
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4.2 (cont inued)  

v e s s e l .  

c e l l  sha l l  be increased  t o  b r i n g  the oxygen concent ra t ion  below 

5 percent  as quick ly  as is  p r a c t i c a l .  

C e l l  P ressure  -- The p res su re  i n  t h e  r e a c t o r  c e l l  and dra in- tank  

c e l l  sha l l  be maintained between -1 p s i g  and -4 p s i g  whenever 

f u e l  s a l t  is  i n  the r e a c t o r  v e s s e l .  If e i t h e r  l i m i t  i s  reached 

and the p res su re  cannot be brought back i n t o  l i m i t s  w i th in  one 

hour, t he  f u e l  s h a l l  be dra ined ,  

C e l l  Temperature - - The average temperature  of t h e  atmosphere 

i n  t h e  r e a c t o r  c e l l  and dra in- tank  c e l l  s h a l l  no t  exceed 350°F. 

If t h i s  l i m i t  i s  reached t h e  f u e l  sha l l  be dra ined .  

C e l l  Leak Rate During Operation - The l e a k  r a t e  of a i r  i n t o  

t h e  r e a c t o r  ane dra in- tank  c e l l s  s h a l l  be determined once pe r  

week during rea ,c tor  ope ra t ion .  

t h e  normal ope ra t ing  pressure  of  -2 p s i g  and temperature  of 

130°F. If a measurement i n d i c a t e s  a leak rate i n  excess  of t h i s  

l i m i t ,  t h e  leak.-rate data sha l l  be analyzed without  de lay  and 

if t h e  a n a l y s i s  does not  i n d i c a t e  t h a t  the  rate i s  a c t u a l l y  

wi th in  l i m i t s ,  the  f u e l  s h a l l  be dra ined .  

C e l l  Leak Tes t  a t  Elevated Pressure  -The r e a c t o r  and dra in- tank  

c e l l s  sha l l  be  l eak - t e s t ed  a t  least  once p e r  yea r  a t  a minimum 

pres su re  of 20 ps ig .  The leak rate a t  t h i s  p re s su re  sha l l  no t  

exceed 280 s c f d .  

Reactor C e l l  Annulus Water - The water l e v e l  i n  t h e  r e a c t o r  

c e l l  annulus s h a l l  be  maintained above e l eva t ion  844 f t  - 9 i n .  

If t h i s  l i m i t  i s  reached, s t e p s  s h a l l  be taken without  de lay  

t o  r a i s e  t h e  water l e v e l .  If t h e  s p e c i f i e d  l e v e l  cannot be 

a t t a i n e d  wi th in  4 hours, t h e  r e a c t o r  s h a l l  be taken s u b c r i t i c a l .  

If t h i s  l i m i t  i s  reached, t h e  n i t rogen  purge i n t o  t h e  

4.3 

4 .4  

4.5 

It s h a l l  n o t  exceed 70 s c f d  a t  

* 4.6 

4.7 

* 
This  l i m i t  w i l l  no t  be reached by any spontaneous change of a 

process  va r i ab le ,  s o  no ope ra to r  response i s  s p e c i f i e d .  

V 
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4.8 

4.9 

4.10 

4.11 

4.12 

4.13 

4.14 

Vapor-Condensing System Pressure  - The maximum vapor-condensing 

system p res su re  s h a l l  no t  exceed 3 p s i g  whenever f u e l  s a l t  i s  i n  

t h e  r e a c t o r  v e s s e l .  

cannot be  brought below 3 p s i g  i n  one hour, t h e  f u e l  s h a l l  be 

dra ined .  

Vapor-Condensing System Water Volume -The volume of water i n  

t h e  vapor-condensing t a n k  s h a l l  be between 8000 ga l lons  and 

9300 ga l lons  whenever f u e l  sa l t  i s  i n  t h e  r e a c t o r  v e s s e l .  If 

t h e  volume of water cannot be he ld  i n  t h a t  range, t h e  f u e l  s h a l l  

be  dra ined .  

Vapor-Condensing System T e s t  a t  Elevated Pressure  - The vapor- 

condensing system s h a l l  be p re s su re - t e s t ed  a t  l e a s t  once per  

year  a t  a minimum pres su re  of 20 ps ig .  

V e n t i l a t i o n  F i l t e r s  Test - The h igh-ef f ic iency  p a r t i c u l a t e  

f i l t e r s  ( "absolu te"  f i l t e r s )  a t  t h e  s t a c k  s h a l l  be t e s t e d  i n  

p l ace  a t  l e a s t  once a yea r  and a f te r  each change of f i l t e r  e l e -  

ments. F i l t e r s  i n  s e r v i c e  s h a l l  have an  e f f i c i e n c y  of 99.9% o r  

g r e a t e r  f o r  0.3-micron d i o c t y l p h t h a l a t e  p a r t i c l e s .  

V e n t i l a t i o n  Through Open C e l l  -When openings a r e  made i n t o  t h e  

r e a c t o r  c e l l  o r  dra in- tank  c e l l ,  a flow of  a i r  s h a l l  be main- 

t a i n e d  through each opening from t h e  ope ra t ing  area i n t o  t h e  

c e l l .  

s h a l l  be c losed  o r  be reduced i n  s i z e  t o  meet t h e  requirement.  

Fue l  System Gas Supply Pressure  - The p res su re  i n  t h e  header 

supplying cover gas t o  t h e  f u e l  system s h a l l  no t  be l e s s  than 

28 ps ig .  

s h a l l  be c losed  immediately t o  guarantee containment.  

Leak Detec tor  Header Pressure  -The p res su re  i n  l e a k  d e t e c t o r  

headers connected t o  f l anges  i n  t h e  f u e l  and f u e l  o f fgas  systems 

s h a l l  be a t  l e a s t  10 p s i  above t h e  p re s su re  i n s i d e  any of t h e  

connected f l anges  whenever fuel, s a l t  is i n  t h e  r e a c t o r  v e s s e l .  

If t h i s  l i m i t  i s  reached, appropr i a t e  b lock  va lves  s h a l l  be 

c losed  immediately t o  guarantee containment. 

If t h i s  l i m i t  i s  reached and t h e  pressure  

* 

* 

If a n e t  inward f low cannot be maintained, t h e  opening 

If t h i s  l i m i t  i s  reached, appropr i a t e  b lock  va lves  

* 
This  l i m i t  w i l l  no t  be reached by any spontaneous change of a process  

va r i ab le ,  so no ope ra to r  response i s  s p e c i f i e d .  
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U 4.15 

4.16 

* 
Block Valve and Check Valve Test - All b lock  valves  and check 

va lves  t h a t  a r e  p a r t  of the primary containment of the f u e l  

cover gas and f u e l  of fgas  s h a l l  be l eak - t e s t ed  a t  l e a s t  once 

a year .  

Thermal S h i e l d  Water Flow - A  cool ing  water flow of a t  l e a s t  

15  gpm sha l l  be maintained through t h e  thermal shield whenever 

t h e  r e a c t o r  i s  c r i k i c a l .  If t h e  flow drops below t h i s  l i m i t  

whi le  t h e  r e a c t o r  i s  c r i t i c a l  and cannot be r e s t o r e d  wi th in  one 

hour, t h e  r e a c t o r  sha l l  be taken s u b c r i t i c a l .  

5 .  Radia t ion  

5 . 1  

5.2 

5 .3  

5.4 

Building Radia-bion Monitors - A  minimum of two r a d i a t i o n  

monitors s h a l l  be i n  opera t ion  a t  a l l  times, one i n  t h e  high-bay 

a r e a  and one i n  t h e  o f f i c e  - control-room area. If a f a i l u r e  

should occur, s t e p s  s h a l l  be taken without  delay t o  r e s t o r e  t he  

system. U n t i l  t h e  normal system is  aga in  operable,  equ iva len t  

p r o t e c t i o n  s h a l l  be  provided by use  of p o r t a b l e  instruments  and 

s p e c i a l  procedures.  

Bui lding A i r  Monitors - A  minimum of two a i r  a c t i v i t y  monitors 

sha l l  be i n  opera t ion  a t  a l l  times, one i n  the high-bay area 

and one i n  t he  o f f i c e  - control-room area. 

should occur, s t e p s  s h a l l  be taken without  de lay  t o  r e s t o r e  t h e  

sys tem. 

S t a c k  Release of Rad ioac t iv i ty  -The r a t e  of r e l e a s e  of rad io-  

a c t i v e  m a t e r i a l s  from t h e  v e n t i l a t i o n  s tack ,  averaged over  any 

12-month per iod,  sha l l  no t  exceed 0.62 p / s e c  of iodine,  

79 mc/sec of noble gases,  and 36 pc/sec of o t h e r  mixed f i s s i o n  

products .  If t ' n i s  l i m i t  i s  reached, opera t ions  s h a l l  be re- 

s t r i c t e d  t o  minimize f u r t h e r  r e l e a s e s ,  

S t ack  Monitors --A system capable  of monitor ing release of 

iodine,  particu:Late p - y emitters, and p a r t i c u l a t e  a e m i t t e r s  

s h a l l  be i n  s e r v i c e  on t h e  v e n t i l a t i o n  s t a c k s  a t  a l l  times. If 

equipment f a i l u r e  should occur, s t e p s  sha l l  be taken t o  minimize 

t h e  p o s s i b i l i t i e s  f o r  undetected release and t o  restore t h e  sys-  

t e m  as soon as poss ib l e .  

If equipment f a i l u r e  

* 
This l i m i t  w i l l  no t  be reached by any spontaneous change of a process  

va r i ab le ,  so no opera tor  response is  s p e c i f i e d .  
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6. S t a f f  and Procedures 

6.1 

6.2 

6.3 

6.4 

* 
Minimum S t a f f  -Whenever f u e l  s a l t  i s  i n  the r e a c t o r  ves se l ,  

t h e  minimum staff sha l l  c o n s i s t  of one Superv isor  o r  Chief 

opera tor  and two t echn ic i ans .  

Cont ro l  Room -Whenever f u e l  s a l t  i s  i n  t h e  r e a c t o r  ves se l ,  

t h e  main c o n t r o l  room s h a l l  be a t t ended  by a c e r t i f i e d  Super- 

v i so r ,  a c e r t i f i e d  Chief Operator o r  a c e r t i f i e d  Operator ,  

Reac t iv i ty  Controls  -Whenever f u e l  sa l t  i s  i n  t h e  r e a c t o r  

vesse l ,  manipulat ion of t h e  c o n t r o l  rods or  r e a c t o r  power con- 

t r o l s  s h a l l  be done o r  d i r e c t l y  superv ised  by q u a l i f i e d  

personnel  c e r t i f i e d  by the  Di rec to r  of t h e  Reactor Divis ion,  

ORNL . 
Procedures - The r e a c t o r  sha l l  be opera ted  i n  conformance 

w i t h  c u r r e n t  MSRE Operating Procedures and t e s t  procedures and 

i n s t r u c t i o n s  approved as s p e c i f i e d  i n  t h e  Operat ing Procedures.  

I n  no case  shal l  t h e s e  au tho r i ze  exceeding t h e  s a f e t y  l i m i t s  

app l i cab le  a t  t he  e x i s t i n g  r e a c t o r  cond i t ions .  

* 

* 

* 

* 
This  l i m i t  w i l l  no t  be reached by any spontaneous change of a process  

va r i ab le ,  so  no ope ra to r  response i s  s p e c i f i e d .  
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