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NOTICE 

This document contains information of a preliminary nature and was prepared 
primarily for internal use at the Oak Ridge National Laboratory. It i s  subiect 
to revision or correction and therofore does not represent a final report. The 
information i s  not to  be abstracted, reprinted or otherwise given public dis- 
semination without the approval of the ORNL patent branch, Legal and Infor- 
mation Control Department. 



LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 

n w  the Commission, nor any person acting on behalf of the Commission: 

A. Maker any warranty or representation, expressed or implied, wi th respect to the accuracy, 

completeness, or usefulness of the information contained i n  this report, or that the use of 

any information, apparatus, method, or process disclosed in  th is report may not infringe 

privately owned rights; or 

B. Assumes any l iabi l i t ies with respect to the use of, or for damages resulting from the use of 

any information, apparatus, method, or process disclosed in  this report. 

As used i n  the above, “person acting on behalf of the Commission” includes any employee or 

contractor of the Commission, or employee of such contractor, to the extent that such employee 

or contmctor of the Commission, or employee of such contractor prepares, disseminates, or 

provides access to, any inForrnotion pursuant to his employment or contract wi th the Commisaion, 

or his employment wi th such contractor. 

Neither the United States, 
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MSRE DESIGN AND OPERATIONS REPORT 

Par t  V I  

OPERATING SAFETY LIMITS FOR THE MOLTEN-SALT REACTOR EXPERIMENT 

S. E. Bea l l  
R. H. Guymon 

This  document has  been prepared a t  t h e  request  of t h e  U. S. Atomic 

Energy Commission t o  s e t  t h e  l i m i t s  f o r  var ious  parameters r e l a t e d  t o  t h e  

Molten-Salt Reactor Experiment. I n  some cases  t h e  l i m i t s  r epo r t  t h e  l e v e l  

a t  which t h e  r eac to r  w i l l  be shut down by automatic monitoring devices.  

I n  a l l  cases  t h e  r e a c t o r  opera tors  a re  obl iga ted  t o  t ake  s t eps  intended t o  

co r rec t  a parameter which i s  temporar i ly  outs ide  t h e  spec i f i ed  range ind i -  

c a t  ed herein.  

1.0 Containment 

1.1 Leakage from t h e  primary system as  ind ica t ed  by t h e  r e a c t o r  and 

dra in- tank-ce l l  a i r  a c t i v i t y  w i l l  not exceed t h e  equivalent  of 

4 l i t e r s  of s a l t  a f t e r  120 days of operat ion a t  f u l l  power, a s  

es t imated i n  t h e  case of t h e  Most Probable Accident.' Off-gas 

a c t i v i t y  r e l e a s e  w i l l  be l i m i t e d  t o  f i ss ion-product  concen- 

t r a t i o n s  averaging l e s s  than  1 . 5  x 10 p,c/cc i n  t h e  s tack.  

F i s s ion  product r e l ease  w i l l  be monitored by r a d i a t i o n  monitors 

on t h e  off-gas  l i n e s  and a t  t h e  s tack.  
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1 .2  The cover-gas supply pressure  w i l l  be kept a t  30 p s i g  o r  g r e a t e r  

and t h e  leak-de tec tor  system pressure  above 50 ps ig  t o  he lp  pre- 

vent  excessive exposure t o  opera t ing  personnel,  a s  spec i f i ed  i n  
3 Chapter 0524 of  t h e  AFC Manual. 

'S. E. Bea l l  -- e t  a l . ,  ":WRE Design and Operations Report, P a r t  V, 
Reactor Safe ty  Analysis  R e p x t , "  USAEC Report ORNL TM-732, Oak Ridge 
Nat ional  Laboratory, August 1964. 

'Based on 3 x 
downstream of t h e  s tack.  

p c / z c  a s  permissible  concentrat ion a t  ground l e v e l  
An  atmospheric d i l u t i o n  of 0.5 x lo5 i s  assumed. 

'Chapter 0524, "Standards f o r  Radiation Pro tec t ion .  I '  
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1.0 Containment ( continued) 

1.3 The r a d i o a c t i v i t y  i n  t h e  r e a c t o r  c e l l  s e rv i ce  l i n e s  w i l l  be 

maintained a t  a l e v e l  s u f f i c i e n t l y  low t o  prevent  excessive 

exposure t o  personnel ,  as  s p e c i f i e d  i n  Chapter 0524 of t h e  

AEC Manual. 

1.4 The pressure  i n  t h e  r e a c t o r  and d r a i n  tank c e l l s  w i l l  be  main- 

t a i n e d  below atmospheric p re s su re  during r e a c t o r  opera t ion .  

1.5 The m a x i m u m  r e a c t o r  and d ra in - t ank-ce l l  l e a k  r a t e  w i l l  not be 

allowed t o  exceed 1% of t h e  c e l l  volume p e r  day, c a l c u l a t e d  f o r  

t h e  condi t ions  of t h e  Maximum Credible  Accident.' 

leakage r a t e  w i l l  be  determined a t  l e a s t  once pe r  week. 

The in-  

1.6 The m a x i m u m  vapor-condensing system p res su re  (under nonaccident 

condi t ions)  w i l l  not exceed 3 ps ig .  

1 .7  The bu i ld ing  high-bay pressure  w i l l  be maintained a t  s l i g h t l y  

l e s s  than  atmospheric p re s su re  (-0.1 i n .  H20) dur ing a l l  oper- 

a t i o n s  i n  which t h e  high bay serves  a s  t h e  secondary contain-  

ment. 

1.8 The v e n t i l a t i o n  system f i l t e r s  w i l l  be t e s t e d  a t  l e a s t  annually 

and a f t e r  each change of f i l t e r s .  

1.8.1 The measured e f f i c i ency  of t h e  f i l t e r s  must be g r e a t e r  

than 99.9% f o r  0.5 p and l a r g e r  p a r t i c l e s ,  a s  i nd ica t ed  

by t h e  s tandard  d i o c t y l p h t h a l a t e  t e s t .  

2.0 Fuel  System 

2.1 The maximum s t eady- s t a t e  power l e v e l  i s  10 Mw ( admin i s t r a t ive  

l i m i t ) .  

2.2 The po.rer l e v e l  f o r  sa fe ty- rod  scram t r i p  i s  15 Mw o r  l e s s .  

2.3 The temperature l e v e l  f o r  sa fe ty- rod  scram t r i p  i s  l e s s  t han  

Adjustment of t h e  t r i p  between 1300 and 140O0F w i l l  14000F. 

r equ i r e  admin i s t r a t ive  approval. 

2 .4  The m a x i m u m  f u e l  system cover-gas p re s su re  i s  50 ps ig .  
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2.0 Fuel  System ( continued) 

3 2.5 

2.6 

The maximum sa l t  f i l l  r a t e  while  f i l l i n g  t h e  core i s  1.0 f t  /min. 

The m a x i m u m  amount of 235U which w i l l  be added a t  one t ime i s  

120 g. During ctperation f u e l  w i l l  only be added through t h e  

sampler en r i che r  . 
2.7 The maximum concentrat ion of f i s s i o n a b l e  m a t e r i a l  i n  t h e  f u e l  

s a l t  w i l l  not exceed by more than  5% t h e  minimum requ i r ed  f o r  

full-power operat ion a t  1200°F with equi l ibr ium xenon and t h e  

c o n t r o l  rods poi.soning 0.6% Sk/k. 

and t h e  concentrat ion measured a t  l e a s t  once pe r  week. 

The f u e l  s a l t  w i l l  be sampled 

R 2.8 A t  no t ime during c r i t i c a l  operat ion of t h e  r e a c t o r  w i l l  t h e  r e -  

a c t i v i t y  anomaly be allowed t o  exceed 0.5% Jk/k. A " r e a c t i v i t y  

anomaly" i s  def ined as a dev ia t ion  from t h e  r e a c t i v i t y  which i s  

expected on t h e  b a s i s  of measured r e a c t o r  physics  cons t an t s  and 

c a l c u l a t e d  e f f e c t s  of  burnup and f i s s i o n  product accumulation. 

R 2.9 A p o s i t i v e  pe r iod  of 1 sec o r  l e s s  w i l l  cause a safety-rod scram. 

7.0 Coolant System 

3.1 The maxinum coolant system cover-gas pressure i s  50 psig.  

4.0 Control Rods 

4.1 The normal compI.ement of  c o n t r o l  rods i s  t h r e e ,  of which - two 

a r e  r equ i r ed  t o  scram f o r  s a f e t y  ac t ion .  

4.2 The maximum scrim time ( t ime from i n i t i a t i o n  of s i g n a l  u n t i l  a 

rod i s  on t h e  s e a t )  i s  1.3 sec. 

The rod  speed (motor powered) i s  0.5 - 0.05 in./sec.  

This speed permits  m a x i m u m  r e a c t i v i t y  add i t ions  i n  "s tar t"  of 

0.1% 6k/k pe r  s ec  and i n  "run" of 0.05% Ak/k p e r  sec.  

+ 4.3 

R 4.4 The scram time of t h e  rods w i l l  be checked before  each f i l l  

x i t h  f u e l  s a l t .  
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5.0 Nuclear Control and Sa fe ty  Instrumentat ion 

5 . 1  All nuclear  s a f e t y  instrumentat ion w i l l  be checked f o r  proper 

operat ion before  each f i l l .  

R 5.2 A minimum of  two s a f e t y - l e v e l  channels w i l l  be i n  s e r v i c e  during 

r e a c t o r  operation. 

5.3 A minimum of two r e a c t o r  f u e l  o u t l e t  temperature s i g n a l s  w i l l  be 

i n  s e r v i c e  during r e a c t o r  operation. 

5.4 A minimum of one f i s s i o n  chamber with count-rate  c i r c u i t  must be 

i n  operat ion during s t a r t u p  f i l l i n g  operat ions.  

R 5 .5  A minimum of two p o s i t i v e  pe r iod  s a f e t y  channels w i l l  be i n  

se rv i ce  during r e a c t o r  operation. 

6.0 Personnel Radiation Monitoring 

6.1 Radiation l e v e l  rnonit o r  s 

A minimum of two personnel r a d i a t i o n  monitors w i l l  be i n  oper- 

a t i o n  a t  a l l  t imes,  one i n  t h e  high-bay a r e a  and one i n  t h e  

control-  room a r e  a. 

6.2 A i r  monitors 

A minimum of two a i r  a c t i v i t y  monitors w i l l  be i n  ope ra 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  office- 

control-room area.  

7.0 Personnel and Procedures 

7.1 Personnel q u a l i f i c a t i o n s  

The r e a c t o r  w i l l  be operated only by q u a l i f i e d  personnel ap- 

proved by t h e  Chief of Operations. 

formance with documented operat ing procedures which, i n  no in -  

stance,  designate  au tho r i za t ion  t o  operate  t h e  r e a c t o r  i n  excess 

of any operat ing s a f e t y  l i m i t s  l i s t e d  above. 

It w i l l  be operated i n  con- 
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7.0 Personnel and Procedmes - 

7.2 The minimum s t a f f  requirement f o r  operat ion during any s h i f t  i s  

t h a t  a t  l e a s t  one supervisor  and two technic ians  w i l l  be on duty 

during r eac to r  operation. The con t ro l  room w i l l  not be l e f t  un- 

a t tended while f u e l  i s  i n  t h e  r eac to r  vesse l .  

8.0 Experiment a1 Limits 

Experiments w i l l  be conducted wi th in  t h e  l i m i t s  spec i f i ed  i n  t h i s  

r epor t .  

Head of t h e  Operations Department, Oak Ridge Nat ional  Laboratory 

Reactor Divis ion,  or  h i s  authorized a s s i s t a n t .  

Experimental procedures w i l l  be approved i n  advance by t h e  

t 
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