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1. INTRODUCTION: ORGANIZATION, TRAINING, AND RECORDS 

1.1 INTRODUCTION 

This  manual i s  intended t o  serve as a guide i n  the operat ion and 
maintenance o f  the Health Physics Research Reactor (HPRR) o f  the Health 
Physics Dosimetry Appl icat ions Research (DOSAR) F a c i l i t y .  It inc ludes 
d e s c r i p t i o n s  of  the WRR and o f  associated equipment such as the  reac to r  
p o s i t i o n i n g  devices and the  de r r i ck .  Procedures f o r  r o u t i n e  operat ion o f  
t h e  WRR are given i n  d e t a i l ,  and c h e c k l i s t s  f o r  t h e  var ious steps are 
prov ided where app? i cab le .  Emergency procedures are s i m i l a r l y  covered, 
and maintenance schedules are out l ined.  A l s o ,  a b ib l i og raphy  of referen- 
ces g i v i n g  more d e t a i l e d  in format ion on the DOSAR F a c i l i t y  i s  included. 

Changes t o  t h i s  manual w i l l  be approved by a t  l e a s t  two o f  the 
f o l l o w i n g  senior  s t a f f  members: (a) t he  Qperat ons D i v i s i a n  D i rec to r ,  
( 2 )  t he  Reactor Operations Department Head, (c) the Supervisor o f  Reactor 
Operations TSF-HPRR Areas. The master copy and the  copy o f  t he  manual 
issued t o  the HPRR Operations Supervisor w i l l  a ways r e f l e c t  the l a t e s t  
r e v i  s i  ons. 

1.2 THE WSAR FACILITY 

The DOSAR F a c i l i t y  i s  l oca ted  i n  an area approximately two mi les 
southeast o f  t he  Laboratory and inc ludes a reac to r  b u i l d i n g  which houses 
t h e  H P R R ,  a b u i l d i n g  which i s  used for c a l i b r a t i o n s ,  and a reac to r  
c o n t r o l  bu i l d ing .  The c o n t r o l  b u i l d i n g  houses t h e  reac to r  con t ro l s ,  
a d m i n i s t r a t i v e  o f f i c e s ,  experimental l abo ra to r ies ,  and an experiment 
assembly preparat ion area used t o  assemble the ob jec t ( s )  t o  be i r r a d i a t e d  
i n  the reac to r  bu i l d ing .  
shown i n  Fig. 1.1. The d is tance between the  reac to r  and the con t ro l  
b u i l d i n g  i s  approximately 800 ft (240 m). 

The r e l a t i v e  l o c a t i o n s  o f  the b u i l d i n g s  are 

1.2.1 Reactor B u i l d i n g  

The working area of t he  reac to r  b u i l d i n g  i s  approximately 72 ft long 
and 32 f t  wide. An overhead br idge crane of f i v e - t o n  capaci ty  spans the 
w i d t h  o f  the b u i l d i n g  and t r a v e l s  the f u l l  length, 
1 5 - f t - h i g h  double door a t  one end o f  the b u i l d i n g  opens t o  an outs ide 
concrete pad, which i s  30 ft wide and 70 ft long. A t  the other  end o f  
t h e  b u i l d i n g ,  a 6-ft-wide, 8 - f t -h igh  double door opens onto a t r u c k  
unloading dock. A lean- to  w i t h  no i n s i d e  entrance t o  the reac to r  

A 12-ft-wide, 
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b u i l d i n g  houses serv ice rooms f o r  e l e c t r i c a l  equipment, an a u x i l i a r y  
generator set, etc. Concrete p i t s  for s t o r i n g  t h e  reactor ,  the posi-  
t i o n i n g  device, and other  f a c i l i t i e s  associated w i t h  the  HPRR are 
descr ibed i n  Sect ion 3. 

1a2.2 Contra1 Building 

The c o n t r o l  b u i l d i n g ,  d one-story s t ruc tu re ,  i s  approximately 133 ft 
long and 56 ft wide and has a 1 - f t - t h i c k  re in forced-concrete r o o f  f o r  
s h i e l d i n g  the  occupants from skyshine rad ia t i on .  
f a c i n g  the  reac to r  b u i l d i n g  i s  se t  i n t o  the  h i l l  separat ing the two 
b u i l d i n g s ,  thereby a f fo rd ing  a d d i t i o n a l  sh ie ld ing .  To prov ide b e t t e r  
sh ie ld ing ,  t h e  roof and wa l l s  o f  t he  count ing room are 2 - f t - t h i c k  r e i n -  
f o rced  concrete, 

The DOSAR F a c i l i t y  i s  located approximately one m i ? e  t o  the 
nor theast  of the Tower Sh ie ld ing  F a c i l i t y  (TSF) ; and because of  t h i s  
c lose  prox imi ty ,  the reac to r  operat ions a t  t he  TSF and the DOSAR F a c i l i t y  
are under the same a d m i n i s t r a t i v e  con t ro l .  

The s ide o f  t he  b u i l d i n g  

1.3 HPRR ADMINISTRATIVE ORGANIZATION 

The s t r u c t u r e  o f  the a d m i n i s t r a t i v e  organizat ion f o r  the HPRR i s  
shown i n  Fig. 1.2, and i t s  r e l a t i o n  t o  the DOSAR F a c i l i t y  Admin is t ra t ion 
i s  shown i n  F ig .  1.3. The Health and Safety Research D iv i s ion ,  through 
t h e  DOSAR Faci 1 i ty Supervisor, has t he  o v e r a l l  responsi b i  1 i ty  for npera- 
t i o n  o f  the DOSAR F a c i l i t y .  The Operations D i v i s i o n  i s  responsib le  f o r  
t h e  safe and e f f i c i e n t  operat ion o f  t he  WRR on the  schedule s p e c i f i e d  by 
t h e  DOSAR F a c i l i t y  Supervisor cons is ten t  w i t h  t h e  l i m i t a t i o n s  and proce- 
dures i n  t h i s  manual. 

1.3.1 DOSAR Faci 1 i ty  Supervi sor 

Responsible f o r  the o v e r a l l  operat ion o f  the DOSAR F a c i l i t y .  

1.3.2 Reactor Operations Section Head 

Responsible fo r  the operat ion and maintenance of the reactors  
operated by t he  Operations Div is ion.  
m o d i f i c a t i o n s  t o  the reactor  and a l l  o f  d t s  a u x i l i a r y  equipment. 

Also responsib le  for  implementing 
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c 

1.3.8 P l a n t  and Equipment F i e l d  Engineer 

Coordinates e f f o r t s  o f  Engineering, P l a n t  and Equipment, and 
Q u a l i t y  Department personnel wi th regard t o  const ruct ion,  maintenance, 
etc., a t  or f o r  t he  HPRR and recommends improvements i n  operat ing equip- 
ment, maintenance, etc. ~ 

1.3.9 Reactor Contro ls  F i e l d  Engineer (RCFEL 

Supervises instrument technic ians i n  the  i n s t a l l a t i o n ,  inspect ion,  
c a l i b r a t i o n ,  and maintenance o f  detectors  and e l e c t r o n i c  equipment; sees 
t h a t  f i r s t  p r i o r i t y  i s  given t o  mainta in ing the reac to r  i n  a safe 
ope ra t i ng  c o n d i t i o n  and t h a t  second p r i o r i t y  i s  given t o  mainta in ing the 
c u r r e n t  experimental program; and sees t h a t  necessary records are kept. 

With regard t o  reactor  maintenance, i s  responsible f o r  the work 
being c a r r i e d  out i n  accordance w i t h  w r i t t e n  procedures and f o r  a l t e r a -  
t i o n s  being made on ly  w i t h  the p r i o r  consent of  the D i r e c t o r  of the 
Operations D i v i s i o n  and the  Superintendent o f  the Reactor Contro ls  
Department o f  the Inst rumentat ion and Contro ls  D iv i s ion .  

1.3.10 Instrument Technic ian ( Inst rumentat ion and Cont ro l s  D i v i s i o n )  

Performs r o u t i n e  maintenance o f  a l l  e x i s t i n g  e l e c t r o n i c  equipment 
and i n s t a l l s  new equipment under the  superv is ion of the RCFE. Performs 
r o u t i n e  maintenance on the reac to r  c o n t r o l s  which cons is t s  o f  one-for- 
one replacement o f  d e f e c t i v e  p a r t s  a t  t he  d i s c r e t i o n  o f  t he  RCFE or  the 
Senior Operator. 

1.3.11 DOSAR Technic ian (Heal th and Sa fe ty  Research D i v i s i o n )  

Ass is ts  the operator i n  assembly and disassembly o f  the reactor ,  
a s s i s t s  i n  the setup o f  experiments, sees t h a t  reac to r  b u i l d i n g  i s  main- 
t a i n e d  i n  an o r d e r l y  condi t ion,  and a s s i s t s  the  operator j n  perfosininy 
operat ional  checks. 

1.4 EXPERIMENT APPROVALS 

The WSAR F a c i l i t y  S t a f f  w i l l  be responsible f o r  the design o f  a l l  
experiments ( i n c l u d i n g  those of outs ide contractors)  whlch u t i 1  i z e  the 
HPRR as a source o f  rad ia t i on .  
Operations D i v i s i o n  i s  a permanent member o f  t he  DOSAR F a c i l i t y  S t a f f .  

The WRR Operations Supervisor from the 
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A d e s c r i p t i o n  o f  a l l  proposed experiments o r  f am i l y  o f  experiments 

I f  approved, 
(desc r ip t i on  t o  be prepared by the  experimenter) w i l l  be reviewed by the  
DOSAW F a c i l i t y  S t a f f  and the HPRR Operations Supervisor, 
t h e  proposal w i l l  then be presented t o  the  Committee t o  Review Experiments 
f o r  the  Pulse Reactor (CREPR), a Heal th and Safety  Research D i v i s i o n  com- 
mi t tee,  and an in fo rmat ion  copy wlli be sent t o  the  head o f  the  
Laboratory 's  Reactor Operations Review Committee (RORC) . A f t e r  reviewing 
t h e  proposed experiment, CREPR w i l l  p rov ide the  Supervisor o f  Reactor 
Operat ion TSF-HPRR Areas w i t h  w r i t t e n  n o t i f i c a t i o n  o f  i t s  recommendation 
and w i l l  send an in fo rmat ion  copy o f  a l l  favorable recommendations t o  the  
head o f  the  RORC and t o  the  D i rec to r  o f  the  Operations D iv is ion .  
February 21 1968, CREPR ( fo rmer ly  Burst  Reactor Experiment Review 
Committee) gave general approval f o r  s teady-state operat ions ( w i t h i n  WPRR 
opera t ing  l i m i t s )  and a l so  general approval f o r  pulse experiments where 
t h e  worth of t h e  experiment does not  exceed 259 i n  r e a c t i v i t y .  

On 

1.5 TRAINING AN CERTIFICATION OF PERSONNEL 

New personnel w i  11 a t tend Laboratory o r i e n t a t i o n  courses i n  hea l th  
physics and j o b  sa fe ty  as soon as they are scheduled. They w i l l  be 
assigned t o  work w i t h  r e l a t e d  t r a i n e d  personnel i n  the  organ iza t ion  and 
be given inc reas ing  amounts of responsi b i  1 i t y  based on t h e i  r response t o  
on-the-job t ra in ing .  For t r a i n i n g  records, see Sect ion 1.6. 

1.5,L Reactor Operator 

To be accepted as a t r a inee  f o r  redc tor  operat ion,  an i n d i v i d u a l  must 
have a co l  1 ege degree or  a Laboratory-recognized equivalent.  
w i l l  i nc lude a ser ies  o f  study sessions cover ing t h e  mater ia l  o u t l i n e d  i n  
ORNL/TM-9785 and on-the-job t r a i n i n g .  On-the-job t r a i n i n g  will proceed 
concur ren t ly  w i t h  the  study sessions under t h e  d i r e c t i o n  o f  the operat ions 
supervisor.  To q u a l i f y  as an operator,  an i n d i v i d u a l  must f i r s t  complete, 
t o  a c e r t i f i e d  senior  opera tor ' s  s a t i s f a c t i o n ,  the  f o l l o w i n g  i tems on the 
MPRR T ra in ing  Record: 

'Training 

1. Complete t h e  requ i red  i tems on the  t r a i n i n g  check l i s t .  
2. Make t h e  d a i l y  checks. 
3, Perform pres tar tup  checks, b r i n g  the  reac tor  t o  power, and change 

t h e  power l e v e l .  
4. Shut down the  reac tor  r o u t i n e l y  and make the  end-o f -sh i f t  checks, 
5. Make the  weekly checks. 
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6. 
7. Demonstrate knowledge of sa fe ty  and r a d i a t i o n  c o n t r o l  procedures. 

Operate the  reac to r  p o s i t i o n i n g  equipment. 

When the  above requirements have been met, the senior operator will 
s i g n  the  i n d i v i d u a l ' s  t r a i n i n g  record. To be f u l l y  q u a l i f i e d ,  the 
t r a i n e e  must achieve a score of 70% or  above i n  each category and 
achieve an o v e r a l l  score of 80% fo r  t he  e n t i r e  w r i t t e n ,  o ra l ,  and 
opera t i ng  examinations administered by the Operations D i v i s i o n ' s  
author ized examiner ( the  t r a i n i n g  coord inator) .  The operator must 
undergo a medical examination and be c e r t i f i e d  by the ORNL Health 
D i v i s i o n .  
t h e  t ime, i n c l u d i n g  10 CFK, P a r t  55, U.S. 
March 1979, and ANSI N546, 1976. For an i n d i v i d u a l  t o  be author ized t o  
operate the reactor ,  t he  c e r t i f i c a t i o n  must be signed by t he  examiner, 
t h e  Reactor Operations Sect ion Head, and the D i r e c t o r  o f  the Operations 
D i v i s i o n .  

The standards used w i l l  be the  app l i cab le  anes i n  e f f e c t  a t  
Regulatory Guide 1.134, Rev, 1, 

To mainta in  c e r t i f i c a t i o n ,  an operator must: 

1. 
2. 
3 .  

4. 

5. 

6. 

7. 

keep informed of any changes i n  the  f a c i l i t y ,  
operate the  reac to r  i n  steady-state operat ion quar te r l y ,  
p a r t i c i p a t e  i n  a pulse operat ion a t  i n t e r v a l s  not  t o  exceed e i g h t  
months, 
pass a w r i t t e n  examination administered by the  t r a i n i n g  coord inator  
on handl ing abnormal reac to r  cond i t i ons  and emergencies every yea rp  
pass w r i t t e n ,  o r a l ,  and operat ing examinations administered by the 
t r a i n i n g  coord inator  on a l l  subjects  i n  the t r a i n i n g  guide every two 
years, 
have a medical examination a t  l e a s t  every two years and be c e r t i f i e d  
by t h e  ORNL Health D i v i s i o n  (The standards used will be the app l i cab le  
ones i n  e f f e c t  a t  the time, i n c l u d i n g  10 CFR, Pa r t  55, U.S. Regulatory 
Guide 1.134, Rev. 1, March 1979, and ASNI N546, 1976,), and 
have a c e r t i f i c a t i o n  signed by the examiner, t he  Reactor Operations 
Sect ion Head, and the  D i r e c t o r  of  the Operations D iv i s ian .  

1.5.2 Senior  Reactor Operator 

I n  order f o r  an operator t o  q u a l i f y  as a senior operator, p r o f i c i e n c y  
must be demonstrated t o  a c e r t i f i e d  senior operator I n  the remaining 
i tems on t h e  operator 's  t r a i n i n g  record as shown on the fol  lowing page, 
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1. Completed a l l  i tems on the t r a i n i n g  check l i s t .  
2. Performed complete pulse operation. 
3 .  Performed the  operat ional  checks, 
4. 
5 .  P a r t i c i p a t e d  i n  a c r i t i c a l  experlrnent. 

P a r t i c i p a t e d  i n  the  assembly and disassembly o f  the  reactor .  

The operator a lso  must have a medical examination a t  least every two 
years and be c e r t i f i e d  by the  ORNL Health D iv is ion .  
w i l l  be the app l icab le  ones i n  e f f e c t  a t  t h e  time, i nc lud ing  10 CFR, 
Par t  55, U.S. Regulatory Guide 1-134, Rev. 1, March 1979, and ANSI N546, 
1976. 

When the  above requirements have been met, the  Senior Operator will 
s ign  the  i n d i v i d u a l ’ s  t r a i n i n g  record, The t ra inee  must then pass w i t h  
a grade o f  80% wr i t t en ,  o ra l ,  and operat ing examinations administered 
by the  Operations D i v i s i o n ’ s  author ized examiner. For an i n d i v i d u a l  t o  
be author ized t o  serve as a senior  reac tor  operator,  the  c e r t i f i c a t i o n  
must be signed by the  examiner, the  Reactor Operations Sect ion Head, and 
t h e  D i r e c t o r  of the  Operations D iv is ion .  

The standard used 

To mainta in  c e r t i f i c a t i o n ,  a senior  operator must: 

1.  
2 .  
3. 

4. 

5. 

6. 

7. 

keep informed o f  any changes i n  t h e  f a c i l i t y ,  
operate the  reac tor  i n  steady-state operat ion quar te r l y ,  
p a r t i c i p a t e  i n  a pulse operat ion a t  i n t e r v a l s  no t  do exceed e igh t  
months, 
pass a w r i t t e n  examination administered by t h e  t r a i n i n g  coord inator  
an hand1 i ng abnormal reac tor  cond i t ions  and emergencies every year, 
pass wr i t t en ,  o ra l  , and operat ing examinations admi n i  s te red  by the  
t r a i n i n g  coord inator  on a l l  subjects  i n  the t r a i n i n g  guide every 
two years, 
have a medical examination a t  l e a s t  every two years and be c e r t i f i e d  
by the ORNL Health D i v i s i o n  (The standard used w i l l  be t h e  app l icab le  
ones i n  e f f e c t  a t  the  time, i nc lud ing  10 CFR,  Par t  55, U.S. Regulatory 
Guide 1.134, Rev. 1, March 1979, and ANSI N546, 1976.), and 
have a c e r t i f i c a t i o n  signed by the  examiner, the  Reactor Operations 
Sect ion Head, and the D i rec to r  o f  the Operations D iv is ion .  

1.5.3 Recer t i  fi c a t i  OD sf Personnel 

I f  an i n d i v i d u a l  who has been c e r t l f i e d  as a q u a l i f i e d  senior  
reac to r  Operator or  reac tor  operator does not  stay informed an the  day- 
to-day cond i t i on  o f  the equipment and t h e  experirnents for  mare than 
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t h r e e  months or  has been unable t o  perform the prescr ibed du t i es  f o r  
t h a t  per iod,  the operator must be r e i n s t a t e d  by the  immediate supervisor. 
The supervisor w i l l  in form the  operator o f  a l l  equipment and procedural 
changes, observe performance o f  r o u t i n e  dut ies,  and i f  i t  i s  s a t i s f a c -  
t o ry ,  i n d i c a t e  on the t r a i n i n g  record t h a t  the operator  i s  re ins ta ted .  
Far absences longer than two years, t he  i n d i v i d u a l  must be fo rma l l y  
r e c e r t  i f i ed. 

1.6 OPERATION AND MAINTENANCE RECORDS 

The Reactor Operations Supervisor i s  responsi b l  e f o r  mai n t a i  n i  ng a 
permanent record o f  the operat ion and maintenance o f  the  HPRR and 
r e l a t e d  equipment and documents r e l a t i n g  t o  t h e  operat ion and mainte- 
nance, Such records w i l l  be kept i n  an o r d e r l y  fashion, wi th  ease o f  
data r e t r i e v a l  and a u d i t a b i l  i t y  being major considerat ions.  

and operat ing l o g  sheets; experiment plans; review and approval corres- 
pondence f o r  experiments and reac to r  operat ion;  maintenance records; 
change no t i ces  and c a l i b r a t i o n ,  inspect ion,  and t e s t  data. 

These records i nc lude  a general operat ions logbook; reac to r  checkout 

1.6.1 General Operations Logbook 

Dated and signed e n t r i e s  w i l l  be made i n  i n k  i n  a bound general 
operat ions logbook for  each reac to r  operat ion and f o r  every abnormali ty, 
r e p a i r ,  a l t e r a t i o n ,  or other  s i g n i f i c a n t  occurrence. The se r ies  o f  log- 
books thus f i l l e d  w i l l  serve as a chronologica l  h i s t o r y  o f  t he  HPRR 
operat ions.  

1.6.2 Rout ine Checkout and Operations Records 

A permanent record o f  the r o u t i n e  operat ions o f  t he  HPRR w i l l  be 
maintained through preservat ion o f  the forms used by the  operator(s)  
The HPRR Checkout Sheets, t he  Steady-State Log Sheets, and the Pulse 
Log Sheets (descr ibed i n  Sect ion 4) w i l l  be f i l e d  i n  binders. 

1.6.3 Experiment and Dosimetry Records 

The DOSAR experimental s t a f f  i s  responsible f o r  schedul ing exper i -  
ments, determining the  reac to r  operat ion f o r  ob ta in ing  the  requi red 
r a d i a t i o n  exposure, and mainta in ing a record o f  t h i s  in format ion.  The 
r e a c t o r  operators w i l l  have access t o  these records. 
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1.6.4 

R experiments t h a t  have not  received b lanket  approval frarn the  
Committee t o  Review Experiments f o r  'the Pulse Reactor (CREPR) (see 
Sect ion 1.4) w i l l  requ i re  review and approval. Records w i l l  be kept 
o f  a l l  correspondence w i t h  CREPR. Operat ing au thor iza t ions  and the 
correspondence w i t h  labora tory  and DOE review cotiimi t t e e s  w i l l  a l s o  be 
kept on f i l e .  

1.6.5 

For procedural purposess two types of change memorandums w i l l  be 
issued. One w i l l  cover changes i n  reac tor  con t ro l s  and w i l l  be handled 
by HPRR and Inst rumentat ion and Contro ls  D i v i s i o n  Personnel . The other  
w i l l  cover changes t o  be handled by the  HPRR, Engineering, and P lan t  & 
Equipment personnel. Proper ly  signed copies o f  a l l  change memorandums 
w i l l  be kept on f i l e .  

1.6.501 

Changes w i l l  be made i n  accordance w i t h  Inst run lentat ion and Contro ls  
D i v i s i o n  Q u a l i t y  Assurance! Procedure QA-IC-111, Septeniber 13, 1973. 

The design desc r ip t i on  will  be o u t l i n e d  i n  a Mixhanical  Design Change 
Memo. The completed form must be approved by the TSF-HPRR Operation 
Supervisor,  t h e  Reactor Operations Sect ion Head, a member of  t h e  
Operations D i v i s i o n  Technical Section, the  Head o f  t h e  O f f i c e  o f  
Operat ional  Safety, and t h e  D i r e c t o r  o f  the Operations D iv is ion .  I f  the  
change invo lves  a change i n  the  techn ica l  spec i f i ca t i ons ,  reac tor  pro- 
t e c t i o n  system, r e a c t i v i t y  c o n t r o l  system, engineered safety features,  
o r  a sa fe ty  quest ion not reviewed i n  the sa fe ty  ana lys is  repor t ,  it must 
be reviewed by the RORC and DOE-QRO. The f i e l d  changes w i l l  not  be 
s t a r t e d  u n t i l  t h e  change n o t i c e  i s  p roper ly  processed and the  necessary 
engineer ing i s  completed, Upon completion o f  the  f i e l d  work requ i red  t o  
accomplish t h e  change, the  F i e l d  Engineer o r  t h e  HPgK Operations 
Supervisor w i l l  s ign and date the copy o f  t h e  change not ice.  
Drawings will  be returned t o  the  responsib le  design spec ia l i s t s ,  no t i ng  
any dev ia t ions  t o  be incorporated i n t o  the a s - b u i l t  drawings. The 

Marked 
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Operations Supervisor w i l l  a l so  s ign the change n o t i c e  when rev ised 
drawings are issued and when necessary procedure changes are Issued, 

1.6.6 Mzintenance Records 

Records w i l l  be maintained both for r o u t i n e  and nonrout ine mainte- 
nance. To minimize unscheduled shutdowns, r o u t i n e  maintenance w j l l  be 
scheduled as o u t l i n e d  i n  Chapter 7. Records w i l l  be maintafned t o  i n d i -  
ca te  t h a t  t he  work has been completed. 

1.6.6,1 I ns t romen ta t l on  and Control maintenance records 

Records w i l l  be kept by Inst rumentat ion and Contro l  persorrnel o f  
a1 1 abnormal i t ies  and subsequent repai  r s  and a1 t e r a t i o n s  t o  the  reac to r  
instruments and c o n t r o l s  and f o r  equipment c l o s e l y  r e l a t e d  t o  the reactor.  

1.6.6.2 P l a n t  and Equipment maintenance records 

Records w i  11 be kept o f  a1 1 abnormal i t i e s  and subsequent repai  rs 
and a l t e r a t i o n s  t o  equipment a t  the reac to r  b u i l d i n g  (Building 7709) and 
f a r  any i tems i n  the con t ro l  buf l ld ing ( B u i l d i n g  7710) which are d i r e c t l y  
r e l a t e d  t o  reac to r  operation. 

1.6,7 C a l i b r a t i o n ,  Inspect ion,  and Test Data 

Many c a l i b r a t i o n s ,  inspect ions,  and t e s t s  are requ i red  dur ing r o u t i n e  
operat ion and maintenance o f  the HPRR. 
document the completion o f  such t e s t s  and a l s o  t o  preserve the numerical 
val  ues ob ta i  ned. 

Records w i l l  be kept both t o  

1.6.8 Operator T r a i n i n g  and C e r t i f i c a t i o n  Records 

Each i n d i v i d u a l  w i l l  mainta in  a record o f  t r a i n i n g  a c t i v i t i e s ,  
Copi es o f  c e r t  i f i ca t1  on and r e c e r t  i f i c a t  i on records w i  1 1 be ma4 n t a i  ned 
i n  the D i v i s i o n  T ra in ing  Coordinat ion Off ice .  
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2, DESCRIPTION OF THE REACTOR 

2.1 MECHANICAL 

The ORNL Health Physics Research Reactor (HPRR) core and superstruc- 
t u r e  are shown i n  Fig. 2.1 as they appeared a t  the t ime of the i n i t i a l  
c r i t i c a l  experiments. A cutaway drawing of  the core i s  shown i n  Fig. 2.2. 
The f i n a l  reac to r  assembly i s  e s s e n t i a l l y  unchanged from t h i s  i n i t i a l  
design. 

The reac to r  assembly drawings are NDA Dwg. Nos. 12066, 12067, and 
12069; and the  core assembly drawing i s  ORNL Dwg. No. D-54965, a l l  o f  
which are on f i l e  i n  the General Engineering p r i n t  f i l e s .  

2.1.1 Core 
II 

The reac to r  core i s  b a s i c a l l y  a r i g h t  annulus o f  90 w t  % uranium 
(93.14 w t  % U235) and 10 w t  % molybdenum a l l o y ,  nominal ly  8 in. i n  out- 
s ide  diameter, 2 in. i n  i n s i d e  diameter, and 9.06 i n .  long, surrounding 
a 2-in.-diam s t a i n l e s s  s tee l  c e n t r a l  rod, P a r t  o f  t he  f u e l  annulus con- 
s i s t s  o f  a U-Mo sa fe ty  block, 3.375 in .  i n  ou ts ide  diameter, 2 in. i n  
i n s i d e  diameter, and 6.5 in.  long, which i s  threaded onto the  s t a i n l e s s  
s t e e l  rod and then pinned t o  prevent unthreading. The center rod i s  
at tached t o  the  s tee l  center support ing s h a f t  by means o f  a bayonet-type 
quick disconnect. 
suppor t ing s h a f t  and pinned. 
t a b l e  designed t o  accept the  lugs and t o  support t h e  rod (and sa fe ty  
b lock )  when r o t a t e d  90°. The bayonet l a t c h  i s  then pinned t o  prevent i t  
from being unlatched. The center  support ing s h a f t  terminates i n  a 
magnet keeper. 

The major nonmovable components o f  t he  core cons is t  o f  eleven annular 
U-Mo disks ranging i n  th ickness from 0.0625 t o  1.313 in. The seven lower 
d i s k s  t h a t  surround the sa fe ty  b lock when i t  i s  i n  the  i n s e r t e d  p o s i t i o n  
a re  3.531 in .  i n  i n s i d e  diameter, and the four d i sks  above the  sa fe ty  
block are 2.156 in, i n  i n s i d e  diameter. A l l  eleven d i sks  are he ld  
together  w i t h  n ine 0.75-in.-diam U - M o  b o l t s  t h a t  thread i n t o  h e l i c o i l  
i n s e r t s  i n  the l - i n . - t h i c k  bottom p late.  I n  each b o l t  t he re  i s  a 
0.332-in.-diam by 7.438-in.-long hole extending along the b o l t  ax i s  from 
t h e  top  down which enhances the  energy-absorption c a p a b i l i t y  o f  the b o l t  
and provides a c a v i t y  f o r  a 0.281-in.-diam by 7,625-in.-long U-No shim 
pin.  A 0.313-in0-diam v e r t i c a l  sarnple- i r rad iat ion hole extends through 
t h e  l eng th  of the core 2.210 in. from the core center, 

The lugs of the bayonet are threaded onto the center 
The c e n t r a l  safety-b lock rod has a recep- 

This  ho le may be 
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Photo 37516A 

ROD D R l V t  r 
I 

FlSSiON CHAMBER 
SHIELD 

CHAMBER SHiELD 

F O C I  DRIVES 

Core Attached to Reactor Support Structure During Critical 
Experiments. 

F i g .  2 .1 .  HPRR core and superstructure. 
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ORNL-LR-DWG 65074AR 

PLUGGED HOLE FOR 
SAMPLE INSERTION7 ,MASS ADJUSTMENT ROD 

Fig.  2.2. Heal t h  Physics Research Reactor. 
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l e f t  empty, f i l l e d  w i t h  a U-Mo plug, o r  f i l l e d  wi th a sample as the 
experiment d i c ta tes .  

l a t i n g  rod, and the  pulse rod, each movable, 9 in .  long, and 1.000, 
0.625, and 0.750 in.  i n  diameter, respect ive ly .  The mass adjustment rod 
and the pulse rod are f a b r i c a t e d  from U-Mo a l l oy .  Two types o f  regu- 
l a t i n g  rods are used. One i s  U-Mo a l l o y  and t h e  other  i s  aluminum i n t o  
which a U-Mo p i n  can be i n s e r t e d  as necessary. The holes f o r  these rods 
are 1.094, 0.719, and 0.859 in.  i n  diameter, are 3.125 in. from the  core 
center ,  and are spaced 120° apart ,  and are l i n e d  w i t h  8.375-in.-long 
s t a i n l e s s  s tee l  tubes t o  provide a smooth continuous guid ing surface f o r  
t h e  rods. Each tube terminates i n  a f lange a t  i t s  upper end and i s  he ld 
i n  place w i t h  a s t a i n l e s s  s tee l  r e t a i n i n g  r i n g  t h a t  f i t s  over the  f lange 
and i s  attached t o  the  top d i sk  o f  the core w i t h  s t a i n l e s s  s tee l  machine 
screws. 

samp le - i r rad ia t i on  hole, a l l  f u e l  surfaces are c lad  w i t h  a maximum o f  
0.005 in. o f  n i cke l  or  are aluminum i o n  plated. Aluminum i o n  p l a t i n g  i s  
a recent development and w i l l  be used on new or  reworked core pieces. 
I n  addi t ion,  t h e  safety  block, the th ree  movable rods, and the  b o l t  
threads were f lash-coated w i t h  chromium. The threaded p a r t s  o f  the 
b o l t s  are overplated w i t h  gold t o  prov ide a b e t t e r  a n t i g a l l i n g  surface 
when threaded i n t o  t h e  s t a i n l e s s  s tee l  h e l i c o i l s  i n  t h e  bottom core 
p la te.  

The inventory  o f  uranium on hand i n  the HPRR when the  bottom p l a t e  
was changed i n  1975 i s  given i n  Table 2.1. (Current i nven to r ies  are 
kept  on appropr ia te SF a c c o u n t a b i l i t y  forms.) The d i sks  are l i s t e d  i n  
t h e  same order i n  which they occur i n  the  core, w i t h  the poss ib le  excep- 
t i o n  t h a t  the n i n t h  and t e n t h  pieces from the  top  may be interchanged, 
s ince they are i d e n t i c a l  i n  shape and d i f f e r  i n  $35 content by on ly  
107 g. With a l l  rods f u l l y  inserted, t he  bas ic  core ( f u l l y  loaded core 
No. 1 w i t h  U-Mo r e g u l a t i n g  rod i n  1985) has a r e a c t i v i t y  o f  approximately 
152#. 

The remaining core pieces are the  mass adjustment rod, t he  regu- 

Except f o r  t he  U-Mo t e s t  specimens and one f u l l - l e n g t h  p lug f o r  the 

2.1.2 Remotely Movable Fuel Pieces 

There are th ree  or  f ou r  remotely movable f u e l  pieces i n  the WRR 
core. I n  the  order o f  t h e i r  worth, they are the  sa fe ty  block, t he  mass 
adjustment rod, the pulse rod, and the r e g u l a t i n g  rod (Fig. 2.2). 
aluminum rod i s  usua l l y  used as the  r e g u l a t i n g  rod bu t  a U-Mo rod i s  
a v a i l a b l e  f o r  c a l i b r a t i o n  purposes. A summary o f  the mechanical design 

An 
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Table 2.1. I nven to ry  of uranium i n  August 1985 

Drawing Process 
Corn pon e n t No. batch No. 

Inventory  o f  f u l l y  loaded core No. 1 

Disksa 
No. 1, 3/16 in.  t h i c k  
No. 2 ,  1 5/16 i n .  t h i c k  
No. 3,  7/16 in.  t h i c k  
No. 4,  7/16 in.  t h i c k  
No. 5, 15/16 in.  t h i c k  
No. 6, 15/16 in.  t h i c k  
No. 7, 1 in.  t h i c k  
No. 8, 15/16 in.  t h i c k  
No. 9, 15/16 in. t h i c k c  
No. 10, 15/16 in. t h i c k c  
No. 11, 1 in. t h i c k  

B o l t s  (nine) 

B o l t  i n s e r t s  (nine) 

NO A- 120 73 883 - 13 70 
ORNL-D-54 868 -1586 
NDA- 12 154 -1373 

-12154 -1368 - 1214 1 -1360 
-12141 -1399 
-12072 -1365 
-12141 -1500 
-1214 1 -1359 
-12141b -1501 
-12071 -1361 

1,999 
12,306 
4,029 
3,956 
7,479 
7,460 
7,388 
7,308 
7,424 
7,317 
7,602 

-12076 -1503 t h r u  -1508 8,590 
-1524 t h r u  -1526 

-12077 -1512 t h r u  -1519 1,005 
and -1533 

Mass adjustmen't rod -12078 -1521 994 

Burst  rod -12078 -1523 89 9 

Regulat ing rod -12078 -1522 613 

Sampl e - i  r r a d i  a t i  on-hol e -12080 -1578 105 
plug, 8 1/4 in.  long 

Safety  block -12074 -1531 

I nven to ry  o f  spare pa r t s  and samples 

Sample-i r r a d i a t i o n - h o l e  plugs 
9.06 in .  long (one) ND A- 12080d 883- 15 94 
4.53 in.  long (one) -12080d -1598 
9.06 in .  long (one) -12080d 

Bo1 t s  ( t h ree )  -12076 -1819 - 120 76 -1821 
-12076 - 1832 

9,416 
95,890 

121 
63 

121 

959 
958 
95 9 
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Table  2.1, Continued 

Wei h t  o f  
"238 (9) 

Drawing Process 
Corn pon e n t No . batch No. 

Inventory  o f  spare p a r t s  and samples 

I r r a d i a t i o n - h o l e  samples 
9.06 in .  long  ( s i x )  

4.53 in .  long  (one) 

Disks 
7/16 in .  t h i c k  -12154 
1/8 in.  t h i c k  
1/16 in.  t h i c k  

With r a d i a l  hole, 1/2 in.  t h i c k  
Unplated, 1/2 in.  t h i c k  

3/16 in. t h i c k  -12142 

F i s s i o n - d i s t r i b u t i o n  measurement samplese 
43 pieces, 0.365-in. diam x 

22 pieces, 0.25-in. diarn x 

1 piece, 0.295-in. diam x 

50 pieces, 0.295-in. diam x 

10 pieces, 0.295-in. diam x 

4 pieces, 2-in. diam x 

10 pieces, 0.295-in. diam x 

40 pieces, 0.375-in. diam x 

'2 pieces, 0.375-in. diam x 

1 piece, 0.375-in. diam x 

4 pieces, 0.375-in. diam x 

0.0625 in .  t h i c k  

0.0625 in .  t h i c k  

0.125 in .  t h i c k  

0.0625 in .  t h i c k  

0.50 in .  t h i c k  

0.0313 in.  t h i c k  

0.25 i n .  t h i c k  

0.25 in .  long 

1.50 in .  long  

3 in .  long 

0.50 in .  long  

-1786 
-1811 
-1812 
-1813 
-1814 
-1815 
-1816 

-1400 
-1371 
-1376 
-1362 

122 
119 
119 
120 
120 
120 

52 

4,094 
1,161 

583 
1,850 
3,505 
4,133 

64 

14 

1.9 

49.4 

80.1 

92.2 

40 

24 5 

74 

74 

49.4 
20,033 

Tota l  inventory  a v a i l a b l e  116,585 
aL is ted  i n  order from top down. 
CDisks 9 and 10 are interchangeable. 
eFor i r r a d i a t i o n  i n  e i t h e r  the r a d i a l  hole or t h e  regu la r  v e r t i c a l  
sample- i r rad ia t ion  hole. 

bExcept f o r  thermocouple. 
dExcept f o r  length.  
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features o f  t he  movable fuel pieces, as wel l  as o f  t he  core, i s  given i n  
Table 2.2. 

2.1.2.1 Cont ro l  rods 

The l.OOO-in.-diam mass adjustment rod and the  0.625-in.-diam 
r e g u l a t i n g  rod are motor-driven, w i t h  the d r i v e  motors and associated 
gear t r a i n s  being mounted on the superst ructure p l a t e  immediately above 
t h e  core. The t r a v e l  o f  each rod i s  l i m i t e d  i n  both d i r e c t i o n s  by 
switches i n t e r l o c k e d  w i t h  the  d r i v e  motor. When i n  the  i n s e r t e d  posi-  
t i o n ,  each rod i s  f u l l y  contained i n  the core. These rods do not have 
scram capabi 1 i ty, 

2.1.2.2 Safe ty  b lock 

The 3.375-in.-OD by 2-in.-ID sa fe ty  block i s  a l so  motor-dr iven and 
i s  connected through a magnet t o  a d r i v e  u n i t  mounted on the in termediate 
supers t ruc tu re  p l a t e  above t h e  core. The sa fe ty  block i s  equipped w i t h  
an a n t i r o t a t i o n a l  device t o  make the  SAFETY BLOCK INSERTED p o s i t i o n  more 
rep roduc ib le  which improves the  accuracy o f  achieving the  t a r g e t  y i e l d .  
When scrammed, the  6 l /Z-in.- long sa fe ty  block f a l l s  out o f  the bottom 
of the core i n t o  a 3 9/16-in.-ID s t a i n l e s s  s t e e l  tube. The energy o f  
t h e  f a l l  i s  taken up by a shock absorber composed o f  l aye rs  o f  rubber 
approximately 1/4 in. t h i c k  a l t e r n a t i n g  w i t h  l a y e r s  o f  brass approxi-  
mately 1/16 in.  t h i c k ,  both i n  the  form of d i sks  surrounding the  sa fe ty  
support rod and at tached t o  i t  immediately below the  magnet keeper. The 
shock absorber and the  magnet are contained i n  a housing which i s  con- 
nected t o  the in termediate superst ructure p l a t e  and serves t o  p r o t e c t  
these components, as wel l  as t o  l i m i t  the f a l l  o f  the safety  block. A 
microswi tch l oca ted  near the lower end o f  the housing i s  actuated by the 
shock absorber when the  s a f e t y  b lock i s  down. Th is  swi tch i s  i n t e r l o c k e d  
w i t h  c e r t a i n  reac to r  operations, which are explained i n  Sect ion 4. 

spr ing,  which has approximately 50 l b  fo rce  when compressed, surrounds 
t h e  sa fe ty  block support rod and i s  located between the s t a i n l e s s  s tee l  
p o r t i o n s  of t he  safety support block and a p o s i t i o n i n g  stop attached t o  
t h e  lower surface o f  t he  superst ructure p l a t e  immediately above the  
core. The p o s i t i o n i n g  stop conta ins a guide bear ing t o  mainta in  proper 
al ignment of t he  sa fe ty  block and extends down t o  the  top of the core, 
where i t  func t i ons  as a phys ica l  l i m i t  t o  the upward t r a v e l  o f  the 

I n  order t o  decrease the  t ime necessary t o  expel the s a f e t y  block, a 
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Table 2.2. Summary o f  the HPRR mechanical design charac ter i  s t i  cs 

Core No. 1 
Reactor d i  arneter 
Reactor he igh t  
Fuel mater ia l  
U235 enrichment 

8 in.  
9.06 in. (23.0 cm) 

93 e 14% 
90 wt % U 1- 10 wt % MO 

Contro l  rods 
Travel  F u l l  core l eng th  
Weight 1.928 kg O f  U-MO (MAR)a 

Hol1 ow a1 umi num (RR) b 

0.658 kg of U (RR) 
Diameter 1.0900 in .  (MAR) 

0.625 in. (RR) 
Length 9 in.  
Type o f  d r i v e  E l e c t r i c  motor 
Speed 2.5 in./min 

1.746 kg o f  U (MAR) 

Safety  block 
Travel  
Weight 

Outside diameter 
Length 
I n i t i a l  acce le ra t ion  on scram 
Release t ime o f  electromagnet 
Type of d r i v e  
I n s e r t i o n  speed 

Pulse rod 
Travel  
Weight 

Diameter 
Length 
Type of d r i v e  
I n s e r t i o n  t ime 

8.2 in. 

10.11 kg o f  U 
3.375 in. 
6.500 in. 
2.28 g 
0.004 s 
E l e c t r i c  motor 
1.9 in./min 

11.19 kg O f  U-MO 

8.9 in.  

0.965 kg o f  U 
0.750 in. 
10.5 in.  
Pneumatic cy1 i nder 
Approximately 0.16 s 

1.065 kg Of U-MO 

aMass adjustment rod. 

bRegulat ing rod ( A  0.726-kg U-Mo rod may be used.). 
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s t a i n l e s s  s tee l  sa fe ty  support b lock and hence t o  the  upper t r a v e l  o f  
t h e  sa fe ty  block. 

seated against  the stop and y e t  does not p u l l  t h e  magnet and keeper 
apar t ,  t he  magnet i s  connected t o  the sa fe ty -d r i ve  lead screw through an 
o v e r t t a v e l  spring. When the sp r ing  has been compressed about 0.9 in., a 
microswi tch i s  actuated and tu rns  o f f  t he  d r i v e  motor. The safety-  
b lock d r i v e  u n i t  inc ludes the  fea tu re  o f  au tomat i ca l l y  d r i v i n g  the  
magnet down t o  the magnet keeper when the  reac to r  i s  scrammed. The 
automatic rundown i s  turned o f f  by a microswi tch located i n  the bracket 
t o  which the magnet i s  attached. When the magnet i s  d r i ven  down, a p i n  
about 2 in. long attached t o  the center of the keeper passes through the  
center  o f  the magnet and actuates the  microswitch j u s t  before the magnet 
and keeper come i n  contact. The operator can d r i v e  the safety-b lock 
magnet down a t  any t ime wi th the  safety-block p o s i t i o n  swi tch on the 
reac to r  console, which bypasses the  automatic run-down l i m i t  swi tch and 
a l lows the  magnet t o  be run down u n t i l  i t  comes i n  contact  w i t h  the  
keeper. 

A second microswitch, l oca ted  on a bracket on the in termediate 
supers t ruc tu re  p la te ,  t u rns  o f f  the d r i v e  u n i t  soon a f t e r  magnet-keeper 
contact  i s  made. 

I n  order t o  ensure t h a t  t he  sa fe ty  support block assembly i s  f irmly 

2.1.2.3 Pulse rod 

The 0.750-in0-diam pulse rod i s  actuated by a 2- in0-bore pneumatic 
cy1 i nder mounted on the superst ructure p l a t e  Immediately above the core, 
This  c y l i n d e r  i s  normal ly operated w i t h  a pressure o f  60 t o  70 ps i  and 
i s  capable o f  i n j e c t i n g  the  pulse rod i n t o  the  core i n  about 169 ms. 
The pulse rod has a s t roke  o f  8.9 in., and when f u l l y  inser ted,  the 
bottom o f  the rod protrudes 1.13 in. below the bottom o f  the core. 
Microswitches i n d i c a t e  whether or not  the pulse rod i s  a t  i t s  lower 
l i m i t  o r  upper l i m i t  and are approp r ia te l y  i n t e r l o c k e d  i n  the  operat ing 
sequence. Dur ing steady-state ope ra t i  ons, t h e  gas pressure i s  removed 
from the  system, and the pulse rod i s  locked i n  the core by means o f  a 
motor-operated l a t c h  provided f o r  t h i s  purpose. Dur ing pulse operat ion,  
a second l a t c h  locks the pulse rod out except a t  the appropr ia te p o i n t  
i n  the  sequence. The la t ches  are approp r ia te l y  i n t e r l o c k e d  i n  the 
operat ing sequence, and l i m i t  switches i n d i c a t e  t h e i r  pos i t i ons .  A f t e r  
completion o f  t he  pulse, a i r  pressure i s  used t o  remove the pulse rod 
from the  core, bu t  a sp r ing  i s  a l s o  provided around the  upper extension 
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s h a f t  o f  the  pulse rod t o  e j e c t  the  rod out  the top of the  core i f  the 
pneumatic system ( o r  e l e c t r i c  power) f a i l s .  

Core Supports and Guards 

The core i s  at tached t o  t h e  superst ructure by means o f  a s ta in less  
s t e e l  support r i n g  bo l ted  d i r e c t l y  onto t h e  core w i t h  th ree  o f  the U-Mo 
b o l t s .  The r i n g  (shown i n  Figs. 2.1 and 2.3) i s  attached t o  t h e  
t h r e e  support rods w i t h  th ree  nuts and lock  washers and extends outward 
approximately 2 in.  P r o t e c t i v e  measures are provided i n  a crash p la te ,  
a safety tube, and a sa fe ty  cage, a l l  of which are designed t o  prevent 
damage t o  t h e  core by c o l l i s i o n  w i t h  other  ob jec ts  and a l so  t o  preclude 
an excessive r e a c t i v i y  increase by surrounding ob jec ts  g e t t i n g  t o o  
close. 

2.1.3.1 Crash p l a t e  

The crash p l a t e  (Fig. 2,3)  i s  a s ta in less  s tee l  p l a t e  at tached t o  
The flanged ends o f  t h e  supers t ruc tu re  and suspended below the core. 

t h e  th ree  support legs are bo l ted  t o  both the crash p l a t e  and the  core 
support p l a t e  ( i  .e. , the supers t ruc tu re  p l a t e  immediately above the 
core) ; however, t h e  crash p l a t e  can e a s i l y  be removed by means o f  pinned 
j o i n t s  i n  the  legs. Th is  i s  sometimes done t o  reduce t h e  mass i n  the  
v i c i n i t y  o f  the core. 
p l a t e  can a lso  support the e n t i r e  reac tor  assembly. 

I n  a d d i t i o n  t o  p ro tec t i ng  the  core, the  crash 

2.1.3.2 Safe ty  tube 

The sa fe ty  tube i s  a 3 9/16-in.-ID s ta in less  s tee l  tube at tached t o  
t h e  bottom o f  the  core and designed t o  prevent t h e  sa fe ty  block from 
being i nadver ten t l y  i nse r ted  because o f  the  reac tor  being dropped o r  
mishandled. Th is  p r o t e c t i v e  device, shown i n  Fig. 2.2, i s  espec ia l l y  
needed dur ing  those times when t h e  crash p l a t e  may be absent. 
sa fe ty  tube has a 1/4-in.-thick wal l  and i s  9 1/2 in. long. It 
surrounds t h e  sa fe ty  block i n  i t s  scrammed pos i t ion ,  the tube pro t rud ing  
f u r t h e r  below the core than the  sa fe ty  block by about 1 in. The tube i s  
a t tached t o  the core by four  5/16-in.-diam s ta in less  s tee l  machine 
screws. By means o f  a s l o t  c u t  i n  the  f lange, t h e  sa fe ty  tube can be 
pos i t i oned  d i r e c t l y  under a sarnple- i r rad iat ion hole so as t o  a l low f r e e  
passage o f  a nonthreaded sample through the  bottom of the  core. A 

The 
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Photo 56448 

Fig .  2 . ~ .  HPRR assembly supported by crash p l a t e .  
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s t a i n l e s s  s tee l  beaker i s  at tached t o  the  lower end o f  t he  sa fe ty  tube 
t o  catch any r a d i o a c t i v e  mater ia ls .  

2.1.3.3 Sa fe ty  cage 

A sa fe ty  cage has been f a b r  cated t o  surround the core and prevent 
any experimental apparatus from g e t t i n g  c lose r  than approximately 3/4 
i n .  o f  t he  core. The cage ( F i g  2.2) i s  f a b r i c a t e d  from pe r fo ra ted  
aluminum (62% void) and i s  secure t o  the reac to r  superst ructure w i t h  
t h r e e  1/4-in.-diam p ins  which go through both the  l ugs  provided f o r  the 
purpose and the  th ree  core support shafts.  The cage was designed so 
t h a t  the area i n  the  reg ion o f  t he  sample- i r rad iat ion-hole o u t l e t  i s  
accessible.  

2.1.4 Sample- I r rad iat ion Hole 

The samp le - i r rad ia t i on  hole (Fig. 2.2) can be used t o  i r r a d i a t e  U-Mo 
samples or  o the r  samples f o r  power c a l i b r a t i o n s  and o the r  purposes. The 
ho le  i s  0.313 in. i n  diameter and extends v e r t i c a l l y  t he  e n t i r e  l eng th  
o f  t he  core a t  a p o s i t i o n  2.210 in .  from the  v e r t i c a l  center l i n e  o f  the 
core . 
2.1.5 Source and D r i v e  

Dur ing operat ion,  t he  source i s  withdrawn upward i n t o  a neutron 
s h i e l d  mounted atop the  e leva to r  s t r u c t u r e  which supports the  reac to r  
(see Sect ion 3.3). The source moves through a guide tube which i s  i n  
two par ts .  The upper p a r t  i s  at tached t o  the e leva to r  s t ruc tu re ,  t he  
lower p a r t  t o  the  reac to r  superstructure.  
(see Sect ion 3.3) which i s  mounted on the  e leva to r  i s  used t o  lower the 
reac to r ,  t he  two sect ions of t he  guide tube separate. I n t e r l o c k s  pre- 
vent d r i v i n g  the  source out o f  i t s  s h i e l d  unless the pickup mechanism i s  
a t  i t s  up l i m i t  and the  reac to r  i s  suspended from the  pickup clamp o r  i s  
suspended from t h e  hyd rau l i c  l i f t  and i s  ra i sed  up t o  the  pickup clamp 
so t h a t  t he  guide tube i s  continuous. 

The source f o r  t he  reactor ,  when down ( a t  INSERT l i m i t ) ,  i s  posi-  
t i o n e d  against  t he  sa fe ty  cage a t  about the  midplane o f  t he  core. 
source i s  i n t e r l o c k e d  so t h a t  i t  must be i n  the  down p o s i t i o n  before the 
r e a c t o r  can be operated. 

When the  pickup mechanism 

The 
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Block diagrams o f  the reactor  instruments are given i n  F ig .  2.4, and 
t h e  operat ional  block diagram i s  shown i n  F ig.  2.5. The f i v e  types o f  
i n fo rma t ion  fed t o  the c o n t r o l  system are the count ing rate,  l og  N 
per iod,  l e v e l  safety ,  l e v e l  con t ro l ,  and temperature. A pulse-detector 
channel provides supplementary i n fo rma t ion  dur ing pulse operations. The 
var ious channels o f  i n fo rma t ion  are discussed below, as wel l  as the scram 
condi t ions,  t he  automatic power- level-control  servo, t he  annunciator sys- 
tem, the  c l o s e d - c i r c u i t  t e l e v i s i o n  system, and the  rad ia t i on -mon i to r i ng  
instruments. 

2.2.1 Counting-Rate Channels 

o count ing-rate channels fed by two f i s s i o n  chambers as 
shown i n  Fig. 2.4, Each channel i s  intended t o  serve as a s t a r t u p  chan- 
nel  and produces a measurable count ing r a t e  when the  source i s  inserted. 
Bath chambers are mounted a t  a f i x e d  p o s i t i o n  on the  reactor  superstruc- 
t u re ,  

t h a t  t he  sa fe ty  block cannot be i n s e r t e d  unless one or  the other  channel 
i s  count ing a t  l e a s t  2 counts/s. 

The count ing-rate channels are i n t e r l o c k e d  i n  the  sa fe ty  system so 

22.2 Level-Safety Channels 

I n  a d d i t i o n  t o  the count ing-rate chambers, the reac to r  has two non- 
compensated i o n  chambers (F ig .  2.4) which detect  t he  neutron f l u x  by 
means o f  a se r ies  o f  p l a t e s  coated w i t h  boron enr iched i n  loa .  Each 
chamber contains two independent sec t i onsp  one sect ian i n  each chamber 
being capable s f  d r i v i n g  a sa fe ty  channel t o  a c t i v a t e  a scram s ignal  
scram i s  au tomat i ca l l y  i n i t i a t e d  when the  power l e v e l  reaches a nominal 
15 klJ. A scram will  cause the  safety-block magnet and pulse-rod sole- 
n o i d  valves t o  r a p i d l y  ( i n  4 ms) deenergize when the sigma-bus vo l tage 
i s  ra i sed  by a h igh- level  or p e r i o d - t r i p  s ignal .  

A 

The l o g  Fa per iod  channel which receives i t s  s ignal  from the  second 
sec t i an  of one o f  the two i o n  chambers (Fig. 2.4), has a useful range 0f  

approx in ia te l y  s i x  decades, The l e v e l  s ignal  i s  fed from the chaniber t o  
a i o g  N per iod  amp1 1 f i e r  and from the re  t o  a log N recorder and a per iod 
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recorder. The s ignal  i s  a l so  fed through a p r e a m p l i f i e r  t o  the pe r iod  
sa fe ty  u n i t ,  which i s  connected t o  the fast-scram bus and may be used t o  
shut down the  reac to r  i f  the pe r iod  goes below 1 s. (This shutdown 
f e a t u r e  i n t e r f e r e s  w i t h  low-level  pulse operat fon and may be disconnected.) 
The pe r iod  recorder i s  i n t e r l o c k e d  w i t h  a l l  t he  movable components sa 
t h a t  no r e a c t i v i t y  can be added i f  the pe r iod  i s  l ess  than 5 s, Tbe 
l o g  N recorder i s  subject  t o  e r r o r s  as l a r g e  as 20% and t h e r e f o r e  i n d i -  
cates the o v e r a l l  t r e n d  o f  t he  power l e v e l  but  cannot be used f o r  per iod 
measurements or  accurate determinat ions o f  r e l a t i v e  power l e v e l .  

2.2.4 Level-Control  Channel 

A r e l a t i v e l y  accurate l i n e a r  i n d i c a t i o n  o f  neutron f l u x  extending 
from f u l l  power down approximately s i x  decades i s  accomplished by the  
use o f  a mul t i range picoammeter t o  measure the  cu r ren t  from t h e  second 
sec t i on  of t he  other  i o n  chamber (Fig. 2.4). I n  add i t i on ,  t h i s  channel 
furn ishes the s ignal  necessary f o r  automatic c o n t r o l  o f  t he  power. 

2.2.5 Temperature Safety  Channels 

The temperature o f  t he  core must be kno n i n  order t o  prevent over- 
hea t ing  o f  t he  U-Mo a l l o y  and t o  keep the a v a i l a b l e  excess r e a c t i v i t y  
constant p r i o r  t o  a pulse. The temperature r i s e  i s  a l so  usefu l  f o r  
enabl ing quick est imates t o  be made o f  t he  g ize o f  a pulse. F i ve  i r o n -  
constantan thermocouples (Fig. 2.4), each enclosed i n  a t h in -wa l l ed  
s t a i n l e s s  s tee l  tube and grounded t o  the  tube a t  t he  p o i n t  o f  t he  junc- 
t i o n s  are used f o r  temperature con t ro l .  

Thermocouples 1 and 2 i n  core 1 are i n s t a l l e d  a t  l o c a t i o n s  a t  which 
the  f i s s i o n  d e n s i t i e s  i n  the core are, respec t i ve l y ,  15 and 7% below the 
peak f i s s i o n  densi ty.  Thermocouples 1 and 2 i n  core 2 are i n s t a l l e d  a t  
l o c a t i o n s  t h a t  are 11% below the  peak f i s s i o n  density. Another d i f f e r -  
ence i s  t h a t  the thermocouples i n  core 1 are s i l ve r -so lde red  t o  brass 
plugs i n  t h e i r  respect ive core disk,  whereas the thermocouples i n  core 2 
are pressed i n  f u e l  p ins t h a t  are i n s e r t e d  r a d i a l l y  i n  t h e i r  respect ive 
f u e l  disk. I n  both cores, these thermocouples are p a r t  o f  the safety  
system o f  t he  reactor ,  and i f  the  temperature r i s e s  above 600°F a t  
e i t h e r  thermocouple, a reactor  slow scram w i l l  be i n i t i a t e d .  Each 
thermocouple connects t o  a s ing le -po in t  recorder having a range o f  0 t o  
800°F and measures the r e l a t i v e  t o t a l  heat r i s e  o f  t he  core r e s u l t i n g  
from a pulse. 

Thermocouple 3 i s  suspended i n  a i r  a t  t he  reactor.  
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Thermocouples 4 and 5 are located, respec t ive ly ,  (1) under a s ta in -  
l e s s  s tee l  washer under a U-Mo b o l t  and (2) between the  sa fe ty  tube and 
t h e  core, and are pressed firmly against  the core surface. 
connected t o  i n d i v i d u a l  recorders and are used t o  measure the  ambient 
temperature o f  t he  core dur ing  a pu lse experiment. 
channels f o r  each have a range of 60 t o  110°F. 

Both are 

The temperature 

2.2.6 Pulse-Detect ion Channel 

I n  a d d i t i o n  t o  the  normal reac to r  instruments, a photodiode and a 
l / & i n . - t h i c k  p l a s t i c  s c i n t i l l a t o r  de tec tor  i s  at tached t o  the  reac tor  
supers t ruc tu re  near the  core so t h a t  dur ing  a pu lse it suppl ies a s igna l  
p ropor t i ona l  t o  the  f i s s i o n  rate. The s igna l  can be app l ied  t o  an 
osc i l l oscope  which reproduces the  shape o f  t he  e n t i r e  excursion f o r  
photographing, 
second photodiode, which has a more s e n s i t i v e  NaI c r y s t a l  as the  de tec tor  
and which i s  also attached t o  the  reac tor  superstructure.  

The osc i l loscope t r i g g e r  i s  actuated by a s ignal  from a 

2.2 . 7 Automatic Power-Level -Control  Servo 

The reac to r  power l e v e l  may be c o n t r o l l e d  au tomat i ca l l y  dur ing  
s teady-state operat ion by use of a servo mechanism which receives i n f o r -  
mat ion from the  picoammeter and ad jus ts  the  r e a c t i v i t y  by movement o f  
t h e  r e g u l a t i n g  rod. The servo mainta ins the  reac to r  power l e v e l  a t  the 
chosen f r a c t i o n  o f  f u l l  sca le f o r  whatever range i s  se lec ted  on the  
picoammeter. The servo i s  espec ia l l y  useful f o r  ma in ta in ing  a given 
power l e v e l  f o r  a considerable l eng th  o f  tfme o r  f o r  ma in ta in ing  a 
steady power l e v e l  when t h e  reac to r  i s  heat ing o r  cool ing.  

2.2.8 Shutdown I n i t i a t i o n  

Fast shutdowns are i n i t i a t e d  through h i g h l y  r e l i a b l e ,  wel l -monitored 
e l e c t r o n i c  channels which requ i re  about 4 ms t o  cause the magnet t o  
re lease the  sa fe ty  block. 
which requ i res  approximately 100 ms t o  cu t  o f f  t he  magnet current .  Both 
types a lso  deenergize the  pulse-rod so lenoid con t ro l  valves. A f a s t  
shutdown i s  i n i t i a t e d  by: 

Slow shutdowns are i n i t i a t e d  through a r e l a y  

1. a power g rea ter  than 15 kW, and 
2. a reac to r  per iod  o f  less  than 1 s (when i t  i s  i n  use). 
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A slow shutdown i s  i n i t i a t e d  by: 

1, 
2, 
3 ,  
4 .  
5. 
6. 

7. 
8. 
9. 

10. 

a low a i r  pressure ( i f  i n  pu lse mode), 
a loss o f  e l e c t r i c  power, 
a core temperature greater  than SOOOF, 
a manual scram request, 
opening o f  the reac tor  b u i l d i n g  doors, 
opening af the exclusion-area gate No. 1 o r  t u r n i n g  o f f  any area 
i n t e r l  ock key, 
depression of a F A C I L I T Y  STOP button, 
c e r t a i n  f a i l u r e s  o f  the  sa fe ty  system, 
hydrau l i c  l i f t  bleed down ( reac to r  lowered more than 1.0 cm), or 
depressing reac tor  secure switch. 

2.2.9 

T w o  types o f  audib le  alarms each accompanied by a v i s i b l e  alarm, 
a l e r t  t h e  operator a t  t h e  console t o  an abnormal condi t ion,  
c i a t o r s  f o r  which t h e  audib le  alarm i s  a s ing le -s t roke  gong a r e  l i s t e d  
below along w i t h  the  ac t i on  o r  cond i t i on  t h a t  actuates the a l a r m :  

The annun- 

1. SAFETY MONITOR actuated 
2. SAFETY MODULE REMOVED 
3. L O G  N PERIOD (5 s 
4. F&T SCRAM (Reactor power exceeds 15 kW o r  log N per iod  (1 s . )  
5. FUEL TEMPERATURE HIGH (core temperature >600aF) 
6 ,  L.P. CYLINDER PRESSURE LOW ( i f  i n  pulse modeo an a i r - t a n k  pressure 

7. AREA INTERLOCK (Gate No. 1 i n  1000- f t - rad ius fence open, door i n  
<60 p s i )  

reac tor  bay opened, o r  area i n t e r l o c k  key i n  console turned 
o f f )  

8. SLOW SCRAM 

The annunciators f o r  which t h e  audib le  alarm i s  a buzzer, are l i s t e d  
below along w i t h  t h e  ac t i on  or cond i t i on  t h a t  actuates the alarm: 

1. F A C I L I T Y  STOP but ton depressed 
2. TEMPERATURE RECORDER POWER FAILURE 
3. CONTROL BUILDING DOORS OPENED, on ly  when opera t ing  i n  t h e  Res t r i c ted  

Access Mode (power above 100 W o r  i n  pulse mode or Res t r i c ted  
Access Requested) 
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4. P I T  NO. 1 LIQUID LEVEL exceeds 6 in. 
5. RESTRICTED ACCESS REQUEST when the RESTRICTED ACCESS REQUEST but ton 

i s  depressed, the  power i n d i c a t i o n  on the  Log N recorder 
exceeds 100 W, o r  the reac to r  i s  i n  the PULSE MODE o f  operat ion 

OPERATE swi tch i s  OFF 

when the  FACILITY OPERATE swi tch i s  OFF 

6. CONTROL BUILDING MINITORS reading exceeds 20 mR/h when t h e  FACILITY 

7. REACTOR BUILDING MONITORS reading exceeds 20 mR/h on e i t h e r  monitor 

8, P I T  No. 2 LIQUID LEVEL exceeds 6 in .  
9. 

10, 

LOW TANK PRESSURE (n i t rogen  supply pressure f o r  p i t  door a i r  motor 
(1260 p s i )  

LOW HEADER PRESSURE ( n i t r o g e n  header pressure f o r  p i t  door a i r  
motor (100 p s i )  

The operat ing sequence f o r  t he  annunciators i s  given i n  Table 2.3. 

Table 2.3. Annunciator system operat ing sequence 

Red 
Step Condi t ion 1 i ght 
1 Normal D i m  
23 Abnormal , unt i 1 acknowl edgement B r i g h t  
3 Abnormal, a f t e r  acknowledgement B r i g h t  
4b Normal c o n d i t i o n  returns,  before O f f  

r e s e t  
5 Normal, a f t e r  rese t  D i m  

- ~ 

White Audible 
1 i ght  a1 arm 
D i m  O f f  
B r i g h t  On 
O f f  O f f  
B r i g h t  O f f  

D i m  O f f  

aIf, a f t e r  Step 2, normal c o n d i t i o n  r e t u r n s  before the  ACKNOWLEDGE 
bu t ton  i s  operated, t he  annunciator remains i n  cond i t i on  2 u n t i l  the 
ACKNOWLEDGE bu t ton  i s  operated, a f t e r  which the  annunciator goes 
d i r e c t l y  t o  Step 4. 

bu t ton  i s  operated, t he  annunciator re tu rns  t o  Step 2. 
bIf, a f t e r  Step 4 ,  abnormal c o n d i t i o n  re tu rns  before the reset  

2.2.10 Closed-Circu i t  T e l e v i s i o n  

Three c l o s e d - c i r c u i t  t e l e v i s i o n  systems monitor t he  reac to r  and the  
i n t e r i o r  o f  the reactor  b u i l d i n g  du r ing  experiments. Contro l  o f  these 
monitors i s  from the  reac to r  c o n t r o l  room. Receivers are l oca ted  i n  the 
reac to r  c o n t r o l  room, and a moni tor  screen can be placed i n  the exper i -  
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mental labora tor ies .  The th ree  t e l e v i s i o n  pickups are loca ted  as 
fo l lows:  one, w i t h  remote-focus c o n t r o l  and capable o f  wide-angle 
operat ions,  a t  t h e  east end of the  b u i l d i n g  f o r  moni tor ing t h e  e n t i r e  
b u i l d i n g ;  one, w i t h  f i x e d  focus and f i x e d  p o s i t i o n  mounted on t h e  south 
s ide  o f  the b u i l d i n g  f o r  mon i to r ing  the reac tor ;  and the  t h i r d  one, a 
po r tab le  u n i t  capable o f  remote c o n t r o l  o f  pan, tilt, and focus adjust -  
ment, loca ted  on a movable t r i p o d  so t h a t  i t  can be placed a t  c r i t i c a l  
p o s i t i o n s  t o  monitor the  experiment or  the reactor.  

Radiat ion levels and a i r  a c t i v i t y  are cont inuously  monitored i n  the  
reac to r  b u i l d i n g  and t h e  c o n t r o l  bu i ld ing .  In fo rmat ion  on these mani- 
t o r s  i s  presented i n  Heal th Physics and Safety Guidel ines f a r  t h e  DOSAR 
Faci 1 i t y l .  
ments, count ing equi pment , etc. , avai 1 ab1 e f o r  rad io1 ogi  cinl sa fe ty  pur- 
poses, 

Ph is  document a1 so descr ibes t h e  por tab le  survey i n s t r u -  

'The previous operat ing experience w i t h  the H P R R ,  p r i o r  t o  s ta r tup  a t  
t he  WRR F a c i l i t y ,  cons is ted o f  the  fo l low ing :  

1. C r i t i c a l  experiments2 t o  determine the  c r i t i c a l  mass and t o  measure 
the temperature coef f i c ien ts ,  f i  s s i  on-density d i s t r i b u t i o n s ,  reac- 
t i v i t i e s ;  as a f unc t i on  a f  the  p o s i t i o n  o f  the  movable core pjeces, 
and the  e f f e c t s  o f  r e f l e c t o r s  

f o r  the purpose o f  c a l i b r a t i n g  the  pulse rod w i t h  respect t o  f i s s i o n  
y i e l d  and s tudy ing t h e  physics o f  the pulse phenomena f a r  t h i s  core 
Operat ion BREN495 a t  the Nevada Pest S i te ,  which consis ted o f  
s teady-state operat ion f o r  per iods o f  several hours a t  power l e v e l s  
up t o  about 1.45 kN and a ser ies  o f  r e l a t i v e l y  low- level  pulses. 

2. A ser ies  o f  experiments3 a t  the  C r i t i c a l  Experiments F a c i l i t y  

3 .  

Table 2,4 presents a summary of the  performance c h a r a c t e r i s t i c s  o f  
t h e  var ious components o f  the reactor.  She r e a c t i v i t y  worth of; the 
th ree  rods ( in for i l ia t ion i s  given f a r  both U-Ma and aluminum regulating 
rods j  as a func t i on  o f  p o s i t i o n  i s  given i n  Fig. 2.6, and the  r e a c t i v i t y  
worth o f  the  sa fe ty  block as a func t i on  o f  both t ime a f t e r  scram and 
p o s i t i o n  i s  given i n  Fig. 2.7. V e r t i c a l  and r a d i a l  f i ss ion -dens i t y  
d i s t r i b u t i o n s  are shown i n  Figs. 2.8 and 2.9, respec t ive ly .  Table 2.5 



2-21 

Table 2.4. Summary o f  performance c h a r a c t e r i s t i c s  o f  HPRR 
components f o r  o r i  g i  na l  core 1 oadi ng 

Core No. 1 
C r i t i c a l  M S S ~  w i t h  a l l  rods i n  core 
R e a c t i v i t y  i n  f u l l y  loaded core 
E q u i l i b r i u m  temperature c o e f f i c i e n t  o f  

reac t  i v i  t y  

Contro l  rods 
R e a c t i v i t y  worth 

Rate o f  r e a c t i v i t y  a d d i t i o n  a t  v e r t i c a l  
cen ter  o f  core 

Safe ty  block 
React i v i  t y  worth 
Rate o f  r e a c t i v i t y  a d d i t i o n  a t  i n s e r t  

1 i m i  t 
Drop-out t ime f o r  removing 1 d o l l a r  o f  

r e a c t i v i t y  a f t e r  f a s t  scram 

Pulse rod 
R e a c t i v i t y  worth for  8.9-in. s t roke  

Rate o f  reac t  i v i  t y  a d d i t i o n  v e r t i c a l  
cen ter  o f  core 

Miscel laneous components 
R e a c t i v i t y  worth o f  sample-i r r a d i  a t ion-ho le  

R e a c t i v i t y  worth o f  b o l t  shim p i n  
R e a c t i v i t y  worth of top  1/16 in .  o f  f ue l  

P I  ug 

95.4 kg o f  U235 
152 cents 
0.30 cent /% 
(0.17 cent/"F) 

195 cents (MAfd)) 
83 cents (RRC) 
19 cents ( R R ~ )  

13.3 cents/cm (MAR) 
1.4 cents/s (MAR) 
4.1 cents/cm (RRC) 
0.4 cent/s (RRC) 

20 dol l a r s  
80.0 cents/cm 
6.6 cents/s 

0.038 s 

108 cents 

7.7 cents/cm 
3660 cents/s 

(approximately)  

20 cents 

16 cents 
23 cents 

al\lass inc ludes est imated weight of t h a t  p o r t i o n  of t he  con t ro l  rods 

bMass adjustment rod. 
CRegul a t i n g  rod (U-Mo) . 
dRegulat ing rod (aluminum). 

i n s i d e  the  core boundary and the  est imated fue l  worth o f  the safe ty  cage. 
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ORNL-LR-DWG 62871W3 
ROD WORTH VALUES FRO LINEAR PORTlO6\1 OF 

cm) WORTH (cents /cm) 
MASS ADJUSTMENT ROD 13.3 
BURST ROD 7.7 

1.59 4.1 REGULATING ROD 
m-. 

, 

MASS ADJUSTMENT RO 

- -- 

I 

~~ ~ 

4 8 12 16 2 0  24 0 

DISTANCE FROM BPOM 'QF @o 
F i g .  2.6. R e a c t i v i t y  vs p o s i t i o n  fo r  HPRR control rods and pulse 

rod f o r  i n i t i a l  operat ion.  
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Table 2.5. Summary of HPRR o v e r a l l  performance c h a r a c t e r i s t i c s  
~~ 

Calculateda ~ x ~ @ r ~ ~ ~ m ~ ~ ~ ,  f a r  pu lse 
f o r  pulse 
y i e l d  o f  
1 x 1017 1.8 x 1017 1.05 x 1019 
f i s s i o n s  f i s s i  on5 f i S S i  Qn S 

Pulse performance c h a r a c t e r i s t i c s  

I n i  t i a1 r e a c t i  v i  t y  i n s e r t  i an 7.6 11 9 
above prompt c r i t i c a l ,  cents 

In teg ra ted  neutron cur ren t  1 in. 2 x 1013 
from reac tor  surface, 
neut rons/cm2 

Tota l  neutron leakage 1.3 x 1017 
Peak power, M4 63,000 180,000 
I n i t i a l  reac tor  period, s 13 

Pulse hal f -width,  s 38 
16 
48 

Maximum temperature r i s e ,  O F  740 720 
Average temperature r i s e ,  O F  368 380 

42,000 
20 
63 

415 
220 

Cool i ng t ime ( fa rced 
convect ion),  h 

2.5 

Cool ing a i r  required, cfm 1500-2000 

Steady-state performance c h a r a c t e r i s t i c s  
Natural-convect ion co 

Maxi mum powers W 3000 
Maxi inurn reac tor  

Reactor surface 
temperature, O F  

temperature, O F  

600 

4 80 

"a1 c u l  a t i ons  are f o r  re ference desi gn2. 
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i s  a summary o f  t he  o v e r a l l  performance of the reactor.  The pulse shapes 
f o r  var ious t o t a l  y i e l d s  are shown i n  Figs.  2.10 through 2.13. 

t h e  temperature be maintained low enough t o  minimize phase t r a n s f o r -  
mat ion o f  the gamma-stabilized U-Mo a l l o y  f u e l  ma te r ia l  and thus t o  
minimize dimensional changes. The minimum t ime f o r  i n i t i a l  phase t rans-  
format ion i s  approximately 25 h a t  temperatures i n  the neighborhood o f  
880OF. A t  lower temperatures, the t ime f o r  i n i t i a l  t ransformat ion 
increases, becoming more than 2000 h a t  600°F and essent i  a1 l y  i n f i n i t e  
a t  temperatures bel ow 570OF. 

The temperature l i m i t a t i o n  o f  600°F i s  based on the  requirement t h a t  
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3. DESCRIPTION OF THE REACTOR HANDLING AND STORAGE F A C I L I L T I E S  

The reac to r  i s  normal ly at tached t o  a hyd rau l i c  l i f t  t h a t  i s  located 
i n  the reac to r  storage p i t .  To operate the  reactor ,  t he  p i t  door i s  
opened and the reac to r  i s  ra i sed  out o f  t he  p i t  w i t h  the  l i f t  (Fig, 3.1). 
When operat ion i s  completed, the reac to r  i s  lowered i n t o  the p i t  and the 
p i t  door is  closed and latched. The reac to r  storage p i t  i s  located along 
t h e  center l i n e  o f  and a t  t he  west end o f  t he  HPRR b u i l d i n g  ( B u i l d i n g  
7709)(Fig. 3.2). Storage p i t  No, 2 ( a l s o  on the c e n t e r l i n e )  can a l so  be 
used f o r  s t o r i n g  the reac to r  when i t  i s  t ranspor ted by the reac to r  
p o s i t i o n i n g  device for operat ion or  maintenance, The p o s i t i o n i n g  device 
moves along a set  o f  t r a c k s  running the  l eng th  o f  the b u i l d i n g  and 
extending t o  the end o f  an ou ts ide  concrete apron, 
a v a i l a b l e  a t  t he  ou ts ide  pad f o r  use i n  moving sh ie lds  and equipment. 
The p o s i t i o n i n g  devices and storage p i t  doors can be operated only  from 
t h e  c o n t r o l  panel i n  which the  key swi tch i s  turned on. There are th ree  
c o n t r o l  panels -- one i n  the c o n t r o l  room and two i n  the  reac to r  
b u i l d i n g ,  The hyd rau l i c  liift and the  reac to r  storage p i t  door can only  
be operated from c o n t r o l  panel No. 1 i n  the c o n t r o l  room and c o n t r o l  

A d e r r i c k  i s  

3.1 

bu i  

panel No. 2 which i s  the west panel i n  the reac to r  b u i l d i n g .  

REACTOR STORAGE PITS 

The r e l a t i v e  l o c a t i o n s  o f  the two reac to r  storage p i t s  i n  the 
d i n g  are shown i n  Fig. 3,3.  The p i t s  are approximately 5 f t 

reactor  
on9 by 

5 ft wide by 7 ft deep and are covered by e lect romechanica l ly  actuated 
7- in.- th ick s tee l  doors. Each p i t  i s  provided w i t h  a suppor t ing and 
p o s i t i o n i n g  rack f o r  storage o f  the reactor .  The suppor t ing and posi-  
t i o n i n g  rack i s  designed t o  prov ide the o r i e n t a t i o n  and accuracy i n  
1 oca t ion  needed t o  permi t  remotely c o n t r o l  1 ed withdrawal and rep 1 acement 
o f  the reac to r  w i t h  the reac to r  p o s i t i o n i n g  device. To prevent increase 
o f  r e a c t i v i t y  i n  the core due t o  water r e f l e c t i o n ,  the p i t s  are drained, 
by a 3-in.-diam untrapped d r a i n  l i ne ,  t o  a r e t e n t i o n  pond located out-  
s ide  the  reac to r  b u i l d i n g  a t  an e l e v a t i o n  below the  bottoms o f  the p i t s .  
Should water get i n t o  a p i t  and c o l l e c t  t o  a l e v e l  o f  more than 6 in., 
i t  w i l l  be detected by a f l oa t -ope ra ted  leve l  swi tch and be annunciated 
i n  the c o n t r o l  room. 

t a i n s  a hyd rau l i c  l i f t  and specia l  s e c u r i t y  equipment i s  designated as 
t h e  Reactor Storage P i t .  The east p i t  i s  designated as storage p i t  
No. 2. 

The west storage p i t  ( o r i g i n a l l y  designated as p i t  No. 1) which con- 
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Fig. 3.1. HPRR suspended from hydraulic lift. 
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3-1.1 Storage P i t  No. 2 Door 

The p i t  door has OPEN and CLOSED l i m i t  switches. 

3.1.2 Reactor Storage PSt Door 

The reac to r  storage p i t  door i s  c o n t r o l l e d  by i n t e r l o c k s  t o  provide 
both o r d e r l y  operat ion and s e c u r i t y  o f  t he  reactor.  
and CLOSED l i m i t  switches. The door i s  i n t e r l o c k e d  so t h a t  it cannot be 
c losed when t h e  reac to r  i s  suspended from the  pickup mechanism i n  t he  
p i t ,  t he  pickup mechanism i s  suspended i n  the  p i t ,  t he  pickup mechanism 
i s  c l e a r  but  the reac to r  i s  not  c o r r e c t l y  seated, or the hyd rau l i c  l i f t  
i s  not  i n  the  down pos i t i on .  

The door i s  normal ly d r i v e n  by an e l e c t r i c  motor which i s  geared t o  
open or  c lose the  door. 
l o c a l  a u x i l i a r y  generator. I n  add i t i on ,  the door,may be closed w i t h  an 
a i r  motor which has a monitored a i r  supply. I n t e r l o c k s  a l so  prevent 
c l o s i n g  o f  t he  door w i t h  the a i r  motor u n t i l  t he  reac to r  and hyd rau l i c  
l i f t  are c o r r e c t l y  seated. 

The door can be closed w i t h  e i t h e r  a swi tch on c o n t r o l  panel No. 1 
i n  the  c o n t r o l  room o r  c o n t r o l  panel No. 2 on the  west end o f  the reac- 
t o r  b u i l d i n g .  As p a r t  o f  a secur ing sequence, the door can be closed by 
depressing a pushbutton i n  the  reac to r  bay, i n  the c o n t r o l  room, o r  i n  
Guard Post No. 23. 

t h e  day s h i f t  o f  a regu la r  work day and a f t e r  c e r t a i n  s e c u r i t y  requi re-  
ments are met. Th is  inc ludes n o t i f y i n g  Guard Headquarters, t u r n i n g  on 
power w i t h  a specia l  key, a c t u a t i n g  a cypher lock,  and withdrawing door 
1 atches. 

The door has OPEN 

Power i s  suppl ied from the  TVA g r i d  o r  from a 

Opening the reac to r  storage p i t  door can only  be accomplished dur ing 

3.2 HYORAULIC LIFT 

The hyd rau l i c  l i f t  which i s  located i n  the reac to r  storage p i t  i s  
b o l t e d  t o  the reac to r  superstructure.  
reac to r  from i t s  storage p o s i t i o n  t o  any p o s i t i o n  up t o  1.5 m above the 
f l o o r  l e v e l  when t h e  proper cond i t i ons  ex i s t .  I t  can be operated from 
c o n t r o l  panel 1 or 2. 

The l i f t  can be used t o  r a i s e  the 
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3,2,1 P i t  Door 

The reactor  s torage p i t  door must be open and both low- and high- 
pressure a i r  suppl ies f o r  pneumatic c l o s i n g  o f  t he  p i t  door must be 
above preset  values o f  1000 ps i  t o  permit  operat ion o f  the hyd rau l i c  
l i f t  and above 1260 ps i  t o  c l e a r  the annunciator. 

3 a 2 . 2  L i f t  Operat ion 

The s e c u r i t y  inspector  must t u r n  on a permissive c i r c u i t  t o  a l l o w  l i f t  
operat ion;  then the l i f t  i s  ra i sed  by t u r n i n g  the  c o n t r o l  handle t o  UP 
which tu rns  on a hyd rau l i c  pump. L i m i t  switches cu t  o f f  the pump when 
t h e  reactor  i s  elevated t o  the  co r rec t  height. The height  i s  estab- 
l i s h e d  by ac tua t i on  o f  switches on the top of t he  reac to r  superst ructure 
press ing against  the pickup clamp on the reactor  p o s i t i o n i n g  device. 
The reac to r  he ight  p o s i t i o n  i n d i c a t i o n  on the reactor  p o s i t i o n i n g  device 
i s  set  t o  g ive a c o r r e c t  i n d i c a t i o n  of  reactor  he ight  when t h e  reac to r  
pickup mechanism i s  a t  i t s  upper t r a v e l  l i m i t ,  the pickup clamp T-bar i s  
on DISCHARGE, and the reactor  i s  ra i sed  by the hyd rau l i c  l i f t .  Two 
switches e s t a b l i s h  the height ;  one cuts  o f f  the pump when the  l i f t  i s  a t  
t h e  proper height,  and the second tu rns  on the  pump i f  the l i f t  bleed 
down i s  >1.0 cm. For t h i s  operat ion,  a s t r i k e  on the reac to r  super- 
s t r u c t u r e  must be turned clockwise t o  actuate the reactor-engaged l i m i t ;  
swi tch which permits operat ion o f  the source dr ive.  To lower the  reac- 
t o r  w i t h  the hyd rau l i c  l i f t ,  the  con t ro l  handle i s  turned t o  DOWN which 
opens a solenoid t o  bleed the hyd rau l i c  f l u i d  back t o  i t s  reservo i r .  
Two f r equen t l y  used reac to r  he ights  are 1.4 and 1.5 m. The e leva to r  
preset  l i m i t s  have been set so t h a t  the PRESET UP l i m i t  w i l l  prov ide a 
reac to r  he ight  o f  1.5 m and the  PRESET DOWN l i m i t  w i l l  p rov ide a reactor  
he igh t  o f  1.4 m. 

3.3 REACTOR POSITIONING DEVICE 

The var ious components o f  the reactor  p o s i t i o n i n g  device are shown 
i n  F ig .  3.4, which depic ts  the reactor  being supported d i r e c t l y  above a 
storage p i t .  Figure 3.5 i s  a photograph of the p o s i t i o n i n g  device sup- 
p o r t i n g  the reactor  -- minus the core and c o n t r o l  cables -- above the 
apron outs ide the con t ro l  bu i l d ing .  The device can be operated from 
e i t h e r  o f  two con t ro l  panels i n  the reac to r  b u i l d i n g  or  from a t h i r d  
panel i n  the c o n t r o l  bu i l d ing .  It can r a i s e  the midpoint  of  the reactor  
t o  any des i red e leva t i on  up t o  5.2 m above the f l o o r  and t o  any 
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MECHANISM 

I \POSITIONING PIN 

F i g .  3.4. Reactor p o s i t i o n i n g  device.  
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predetermined p o s i t i o n  a1 ong the  center  1 i ne o f  t he  reac to r  bu i  1 d i  ng and 
t h e  ou ts ide  concrete pad; i n  each case the  device has a p o s i t i o n i n g  
accuracy o f  +1 cm. 

d r ive .  
t o r  f o r  p i c k i n g  up the  reactor .  The movement o f  the  e leva to r  i s  i n d i -  
cated by d i a l s  loca ted  on each con t ro l  panel and c a l i b r a t e d  i n  c e n t i -  
meters. When t h e  pickup mechanism i s  re turned t o  i t s  upper l i m i t  a f t e r  
p i c k i n g  up the  reactor ,  t he  c a l i b r a t e d  d i a l s  may be set t o  i n d i c a t e  the  
he igh t  o f  the  reac tor  above the  f l o o r .  Both d r i ves  are remotely 
c o n t r o l  1 ed . 

The p o s i t i o n i n g  device can be loca ted  t o  w i t h i n  about 1 in .  o f  a 
f i x e d  p o s i t i o n  by a mechanism on the  t rack  t h a t  t r i p s  a l i m i t  swi tch on 
t h e  p o s i t i o n i n g  device and stops the  d r i v e  motor. The f i n a l  p o s i t i o n i n g  
i s  achieved by d r i v i n g  a spr ing- loaded beveled rod, o r  d r i f t  p in ,  on t h e  
p o s i t i o n i n g  device (Fig. 3.4) i n t o  a receptac le mounted on the  f l o o r  a t  
t h e  f i x e d  pos i t ion .  The receptac le  i s  designed so t h a t  when t h e  p i n  i s  
d r i ven  i n t o  i t  the  p o s i t i o n i n g  device can be moved forward o r  backward 
enough f o r  t he  p i n  t o  be dr i ven  a l l  the  way down. There are th ree  
receptac les f o r  t he  d r i f t  p i n  loca ted  permanently i n  the  f l o o r .  One i s  
l oca ted  a t  each p i t  so as t o  l o c a t e  the  p o s i t i o n i n g  device r e l a t i v e  t o  
each p i t  and a t h i r d  one i s  pos i t ioned t o  stop t h e  reac tor  a t  t he  pre- 
v i o u s l y  designated experiment loca t ion .  A spec ia l  bracket  can be 
at tached t o  the  r a i l s  t o  l o c a t e  t h e  p o s i t i o n i n g  device a t  o ther  loca- 
t i ons .  

The i n t e r l o c k s  and l i m i t  switches used t o  enhance smooth and safe 
remotely con t ro l  l e d  movement o f  t he  p o s i t i o n i n g  device are descr ibed 
bel  ow . 

The e levTtor  on the  p o s i t i o n i n g  device i s  movable w i t h  a dual-chain 
A movable screw-driven pickup mechanism i s  mounted on the  eleva- 

3.3.1 Hor izonta l  Dr ive  

L i m i t  swi tch t r i p s  are set  t o  stop the  p o s i t i o n i n g  device a t  the  
appropr ia te  p lace a t  both p i t s  and a t  t he  experiment pos i t i on .  
h o r i z o n t a l  d r i v e  motor i s  i n t e r l o c k e d  so t h a t  i t  w i l l  not operate 
unless (1) the  pickup mechanism i s  a t  i t s  upper l i m i t ,  (2) the  e leva to r  
has been ra i sed  t o  p o s i t i o n  the  reac to r  a t  l e a s t  2 ft above t h e  f l o o r  
l e v e l ,  and (3) the  d r i f t  p i n  i s  up. I n t e r l o c k s  permi t  operat ion o f  t he  
ho r i zon ta l  d r i v e  only  when the  reac to r  i s  above f l o o r  l e v e l  and when the  
d r i f t  p i n  i s  up. 

The 
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3.3.2 Pickup Mechanism 

I n t e r l o c k s  permit  t he  pickup mechanism t o  be moved only  when the 
pickup clamp (see below) i s  r o t a t e d  t o  the discharge or  t o  the  pickup 
pos i t i on .  The upward l i m i t  o f  t r a v e l  of the pickup mechanism i s  
es tab l i shed  by a l i m i t  switch. Three switches can i n h i b i t  downward 
motion o f  the mechanism. One actuates t o  stop downward motion when the  
pressure p l a t e  o f  the pickup clamp engages the reactor  superst ructure 
and compresses a heavy spring, the second when the  pickup clamp T-bar 
pushes against  any f i x e d  ob jec t  such as the f l o o r  or  the reac to r  
superstructure,  and the t h i r d  when the  lower l i m i t  o f  t r a v e l  i s  reached. 

3.3.3 Pickup Clamp 

I n  order t o  p i ck  up the  reactor ,  the pickup mechanism must be dr iven 
downward so t h a t  the pickup bar, i n  the  discharge pos i t j on ,  passes 
through a rectangular  s l o t  i n  the top p l a t e  o f  the reactor  superstruc- 
t u re .  The mechanism i s  d r i ven  downward u n t i l  the pressure p l a t e  o f  the 
pickup clamp pushes against  t he  top p l a t e  and compresses a spr ing above 
t h e  pressure p la te.  When the spr ing i s  compressed, a l i m i t  swi tch i s  
actuated t o  cut  o f f  the mechanism dr ive.  The pickup bar can then be 
r o t a t e d  90" t o  the pickup pos i t i on .  A Geneva mechanism ensures t h a t  the 
pickup bar stops c o r r e c t l y  a l i gned  e i t h e r  w i t h  the s l o t  i n  the  top p l a t e  
o r  90" t o  the s l o t .  When the  pickup mechanism i s  d r i ven  upward, the bar 
i s  p u l l e d  up against  the top p l a t e  and the  spr ing above the  pressure 
p l a t e  i s  only p a r t i a l l y  decompressed so t h a t  the top p l a t e  i s  clamped 
between the bar and the  pressure p l a t e  o f  t h e  pickup clamp. 
i n t e r l o c k  requi res t h a t  t he  sp r ing  above the  pressure p l a t e  be f u l l y  
compressed before the pickup bar can be rotated. 

An 

3.3.4 Eleva to r  

Motion o f  t he  e leva to r  i s  i n h i b i t e d  unless the  reac to r  i s  suspended 
from the  pickup mechanism. With the reactor  suspended, the  e leva to r  can 
be d r i ven  upward u n t i l  t he  up l i m i t  swi tch i s  actuated. To d r i v e  the 
e leva to r  downward, t he  pickup mechanism must be i n  the up l i m i t .  L i m i t s  
o f  downward motion are then establ ished by the p o s i t i o n  o f  the reactor  
storage p i t  door. I f  the p i t  door i s  closed, downward motion i s  stopped 
by a swi tch when the reactor  i s  above the  f l o o r  l eve l .  I f  the p i t  door 
i s  open and the d r i f t  p i n  on the reactor  p o s i t i o n e r  i s  i n  the receptac le 
f o r  the reac to r  storage p i t ,  the e leva to r  can be d r i ven  downward t o  
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lower the reac to r  i n t o  the  p i t  u n t i l  t he  motion i s  stopped by the down 
l i m i t  switch. 

3.4 REACTOR P O S I T I O N I N G  DEVICE OPERATION 

The reac to r  may be t r a n s f e r r e d  from the hyd rau l i c  l i f t  t o  the posi-  
t i o n i n g  device f o r  operat ion or  maintenance provided the  necessary 
s e c u r i t y  arrangements have been made. 

r e a c t o r  b u i l d i n g  or  from a panel i n  the  c o n t r o l  room, but  on ly  from t h a t  
panel i n  which the key-operated swi tch i s  turned ON. The key may be 
removed only  i n  the OFF p o s i t i o n  for  the two con t ro l  panels i n  the  reac- 
t o r  bu i l d ing .  A t  each panel, a l l  p o s i t i o n i n g  power my be turned o f f  by 
t u r n i n g  the  key swi tch CCW t o  the EMERGENCY POWER OFF pos i t i on .  The key 
may be removed from the c o n t r o l  panel i n  the  c o n t r o l  room when the 
sw i t ch  i s  I n  t h e  EMERGENCY POWER OFF p o s i t i o n  so t h a t  t he  system can be 
l e f t  w i t h  a l l  power o f f .  For maintenance work, t he  device i s  usua l l y  
operated from the west c o n t r o l  panel i n  the reac to r  bu i l d ing .  

t h e  reac to r  are o u t l i n e d  below, 

The device can be operated from e i t h e r  o f  two con t ro l  panels i n  the 

The procedures f o r  operat ing the p o s i t i o n i n g  device and t r a n s f e r r i n g  

3.4.1 Transfer of Reactor from Yydraul ic  L i f t  t o  the P o s i t i o n i n g  Device 

1. Open the  reac to r  storage p i t  door (see Sect ion 4.1.1.1). 
2. Rotate the s t r i k e r  f o r  reac to r  at tached l i m i t  swi tch 90" CCW. 
3. Remove the 12 b o l t s  which a t t a c h  the reac to r  superst ructure t o  the  

h y d r a u l i c  l i f t .  
4. Manually actuate the  pickup clamp sp r ing  compressed l i m i t  swi tch and 

t h e  reactor-at tached l i m i t  swi tch and ho ld  them wh i le  t h e  reactor  
pickup clamp T-bar i s  r o t a t e d  t o  the PICKUP pos i t i on ;  l i m i t  swi tch 
and Geneva mechanism stops bar a t  c o r r e c t  o r i e n t a t i o n ,  

5. Manually actuate the reac to r  attached l i m i t  swi tch and t u r n  the ele- 
va to r  down swi tch t o  DOWN BYPASS ( t o  bypass the PRESET DOWN l i m i t )  
and d r i v e  the e leva to r  t o  i t s  DOWN LIMIT; pickup mechanism must be 
a t  i t s  UP LIMIT t o  do t h i s ,  

6 .  Manually actuate the two l i m i t  switches as i n  Step 4 and r o t a t e  the 
I - b a r  t o  the  DISCHARGE pos i t i on .  

7. Lower the  pickup mechanism against  the top superst ructure p l a t e  
above the  reactor ;  mechanism has ove r t rave l  spr ing and l i m i t  swi tch 
t o  stop it. 
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8. Rotate pickup clamp t o  PICKUP pos i t i on ;  l i m i t  swi tch stops I - b a r  a t  
c o r r e c t  o r i e n t a t i o n .  

9. Raise reactor  by means of t he  pickup mechanism; a l i m i t  swi tch w i l l  
s top upward t r a v e l .  

10 . V i  sua1 ly inspect reactor  . 
11. Raise the  e leva to r  d r i v e  t o  the  2 - f t  CLEAR l i m i t  or the des i red 

e levat ion.  CAUTION: The reactor  he ight  i n d i c a t i o n  i s  set  f o r  t he  
c o r r e c t  p o s i t i o n  w i t h  the reactor  suspended from the hyd rau l i c  l i f t .  
The e leva to r  swi tch may be turned t o  RAISE which w i l l  stop a t  PRESET 
UP l i m i t  or RAISE BYPASS which w i l l  stop only  a t  the UP l i m i t .  

3.4.2 Moving t h e  Reactor H o r i z o n t a l l y  

1. Raise the d r i f t  p in ;  a swi tch l i m i t s  upward t r a v e l  and actuates UP 

2. Turn ho r i zon ta l  d r i v e  swi tch t o  FAST FORWARD and depress bypass 
p o s i t i o n  on panels. 

swi tch j u s t  t o  get p o s i t i o n e r  o f f  the l i m i t  pos i t ion.  
area i s  c l e a r  du r ing  ho r i zon ta l  movement. CAUTION: Support f o r  
c o n t r o l  cables may snag overhead h o i s t  or  con t ro l  cable. D r i ve  will 
stop a t  previous experiment pos i t i on ,  wherever movable receptac le 
may be set, or  a t  storage p i t  No. 2. 

3.  Lower d r i f t  p in ;  torque switch w i l l  stop d r i v e  and actuate i n d i c a t i n g  
l i g h t .  If  d r i f t  p i n  i s  i n  a permanent receptacle,  a l i m i t  swi tch 
w i l l  actuate i n d i c a t i n g  l i g h t s .  

Check t h a t  

3.4.3 Transfer of Reactor t o  Yydraul ic  L i f t  

1. Raise d r i f t  p in;  l i m i t  w i l l  s top dr ive.  
2. Turn ho r i zon ta l  d r i v e  swi tch t o  Fast Reverse, and depress bypass 

swi tch u n t i l  the p o s i t i o n i n g  device moves o f f  l i m i t  switch; l i m i t  
swi tch w i l l  stop p o s i t i o n e r  a t  t he  p o s i t i o n s  i n d i c a t e d  i n  I tem 2 
o f  3.4.2 and must be r e s t a r t e d  each t ime except a t  the reac to r  
storage p i t  pos i t i on .  

3. Lower d r i f t  pin; TORQUE SWITCH OPERA?ED and DRIFT P I N  DOklN l i g h t s  
w i l l  be i l l u m i n a t e d  when d r i v e  stops. 

4.  Lower e leva to r  t o  i t s  DOWN l i m i t ;  must t u r n  con t ro l  handle t o  LOWER 
BYPASS i f  e leva to r  i s  above the  PRESET DOWN l i m i t .  

5. Lower pickup mechanism; l i m i t  swi tch w i l l  stop d r i v e  and SPRING 
COMPRESSED i n d i c a t i o n  w i l l  be indicated. 

6. Rotate pickup clamp t o  DISCHARGE, l i m i t  switches w i l l  s top d r i v e  a t  
c o r r e c t  pos i t ion.  
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7. Raise pickup mechanism; l i m i t  will s top  d r i v e  (mechanbsrn must s tay 
i n  the  UP l i m i t  so source drive w i l l  operate c o r r e c t l y  
reac to r  i s  ra ised  w j th  the hyd rau l i c  l i f t ) .  

8. Manually actuate sp r ing  compressed and reactor  at tached li 
switches and r o t a t e  pickup clamp T-bar t o  PICKUP; l i m i t  s w i t c h  will 
stop the  dr ive.  

mechanism; l i m i t  sw i tch  w i l l  stop dr ive .  

c o n t r o l  handle t o  RAISE d r i v e  so that: t he  e leva to r  will stop a t  
PRESET UP l i m i t .  Ph is  w i l l  p o s i t i o n  the  reac tor  on the  hyd rau l i c  
l i f t  a t  1.5 m. 

l i m i t  swi tch and lower e leva to r  d r i v e  w i t h  handle i n  the  QO 
DOWN BYPASS) p o s i t i o n  until PRESET DOWN stops e levator .  

12. Manually actuate the  spr ing  compressed and reac tor  at tached l i r n i t  
switches and r o t a t e  the pickup clamp T-bar t o  the DISCHARGE pos i -  
t i o n ,  l i m i t  swi tch w i l l  stop dr ive.  

13. Rotate s t r i k e r  f o r  the  reac tor  at tached l i m i t  sw i tch  98" CW, 
14. At tach aluminum p l a t e  t o  t h e  hydrau l i c  l i f t  w i t h  the  12 b o l t s .  
15. Close the  p i t  door. 
16. Raise the motor-dr iven la tch.  (See Sect ion 4,l.G f o r  shiitdown 

9.  Manually actuate reac tor  at tached l i m i t  swi tch and r a i s e  pickup 

10. Manually actuate reac tor  at tached l i m i t  sw i tch  and t u r n  e leva to r  

11. To set  e leva to r  a t  1.4 m, manually actuate the  reac tor  at tached 

procedure.) 

3,5 DERRICK 

A 5-ton-capaci ty d e r r i c k  i s  l oca ted  a t  t h e  end o f  the concrete pad 
outs ide  the  reac tor  b u i l d i n g  as shown i n  Fig, 3.5. The d e r r i c k  hook has 
a c l e a r  v e r t i c a l  movement o f  56 ft above the concrete s lab a t  a d is tance 
o f  10 ft from the v e r t i c a l  center  l i n e  of the der r ick .  The derrick can 
be used f o r  handl ing equipinent and, when a special eye designed Tor the 
hook is attached t o  the  t op  supers t ruc tu re  p l a t e  o f  the reactor ,  can be 
used t o  suspend the  reac tor  wel l  above t h e  cancrete pad. Two over load 
i n t e r l o c k s  are on the  de r r i ck ,  one on the  cable t h a t  ra ises  and lowers 
t h e  boom and one on t h e  l i f t i n g  cable, hen n o t  i n  use, the d e r r i c k  
boom may be lowered t o  r e s t  o a stand loca ted  j u s t  o f f  the c a n i r e t e  
pad. 
t h e  r o t a t i o n  o f  the  d e r r i c k  when t h e  boom i s  l i n e d  up w i t h  t h e  stand,  
one which stops 1-0 a t i o n  o f  the d e r r i c k  270" c lockwise froin t h e  f i r s t  
pos i t i on ,  and one h i c h  prevents excessive s lackening ob the boom 
cables af te r  the  boom comes t o  res t .  

There are th ree  l i m i t  s i t c h e s  on the d e r r i c k  -- one which stops 
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4. ROUTINE HPRR OPERATING PROCEDURES 

The HPRR has two operat ing modes: a steady-state mode f o r  which the 
nominal upper l i m i t  o f  the operat ing power i s  10 kW, w i t h  the  l e v e l  
scrams set a t  150% o f  f u l l  power, and a pulse made f o r  which the nominal 
maximum y i e l d  i s  1 x 1017 f i s s i o n s ,  Procedures f o r  operat ing the  reac- 
t o r  under both modes are given i n  t h i s  chapter. For each type o f  opera- 
t i o n ,  the procedures are d i v ided  i n t o  sect ions on preoperat ional  du t i es  
a t  t he  reac to r  b u i l d i n g  and a t  the c o n t r o l  b u i l d i n g ,  preoperat ional  
checkouts, s t a r t u p  and operat ion,  and shutdown and postoperat ional  
dut ies.  Sect ions 4.1.1 through 4.1.6 give a l l  t he  steps f o r  steady- 
s t a t e  operat ion o f  the reac to r  i n s i d e  the  HPRR b u i l d i n g .  

Pulse operations, o f  course, r e q u i r e  a separate set  o f  procedures; 
bu t  once again many o f  the pre- and postoperat ional  steps are the  same, 
and the  operator i s  r e f e r r e d  back t o  the steady-state-operat ion proce- 
dures. 

I n  general, t he  operator i s  not al lowed t o  deviate from t h e  proce- 
dure being used, although minor changes may be made by the reac to r  
operator  w i t h  the w r i t t e n  approval of the Supervisor o f  Reactor 
Operat ion TSF-HPRR Areas. 
Operations judges t o  be major ones w i l l  be re fe r red  t o  the  Reactor 
Operations Review Committee f o r  approval p r i o r  t o  t h e i  r i n c o r p a r a t i  on 
i n  the procedures. 

I n  a d d i t i o n  t o  performing the  r o u t i n e  operat ion and maintenance pro- 
cedures, the s e c u r i t y  of the nuclear ma te r ia l  must be considered a t  each 
stage o f  the operat ion and maintenance. 
t o  access the c o n t r o l  room, the  reac to r  area, t he  reac to r  b u i l d i n g ,  or 
t he  reactor  storage p i t  are o u t l i n e d  i n  Chapter 9. 

operat ion and storage. The reac to r  may be operated wh i l e  suspended Prom 
t h e  p o s i t i o n i n g  device a f t e r  spec ia l  arrangements are made w i t h  
s e c u r i t y .  The reac to r  w i l l  be suspended from the p o s i t i o n i n g  device f o r  
maintenance and inspect ions.  Procedures f o r  operat ing the  p o s i t i o n i n g  
device are given i n  Sect ion 3.4. 

The reac to r  operator my, on h i s  own i n i t i a t i v e ,  shut down t h e  reac- 
t o r  wi thout  delay any t ime t h a t  he bel ieves safety requi res it. I n  
add i t i on ,  the DOSAR F a c i l i t y  supervisor or  someone whom he may designate 
t o  represent him, the app l i ed  hea l th  p h y s i c i s t  assigned t o  the DOSAR 
f a c i l i t y ,  t he  Operations Supervisor, a senior  operator,  or t he  
Supervisor of Reactor Operation TSF-HPRR Areas may d i r e c t  the reac to r  t o  
be shut down wi thout  delay. 

Changes t h a t  t he  Supervisor of Reactor 

The ac t i ons  t h a t  must be taken 

The reactor  w i l l  be suspended from the hyd rau l i c  l i f t  f a r  normal 
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No reac tor  operat ion w i l l  be i n i t i a t e d  unless a l l  requ i red  e l e c t r i -  
c a l  , e lec t ron i c ,  and mechanical equipment used i n  p o s i t i o n i n g  and 
opera t ing  the  reac tor  i s  i n  good working condi t ion.  

sons i n  the  c o n t r o l  room t o  those necessary f o r  the  operation. 
The reac tor  operator has the  a u t h o r i t y  t o  l i m i t  the  number o f  per- 

4.1 STEADY-STATE OPERATION PROCEDURE 

The rou t i ne  operat ion o f  the  reac tor  i n  t h e  steady-state mode w i l l  
be according t o  the  stepwise procedure descr ibed below. A p a r t  o f  the 
opera t ing  procedure cons is ts  i n  f i l l i n g  out  t h e  HPRR Checkout Sheet and 
t h e  HPRR Steady-State Log Sheet. Each i tem should be checked as i t  i s  
performed o r  considered. 

t i o n  o f  the  reac tor  operat ion.  Each experiment w i l l  be i d e n t i f i e d  by an 
operat ion number and a run number. The operat ion number w i l l  run con- 
secu t i ve l y  and w i l l  cover one day's operation. The run numbers w i l l  run 
consecut ive ly  and w i l l  correspond t o  the  experiments performed dur ing  an 
operat ion.  I f  the experiment i s  continued i n t o  another day, the  run 
number w i l l  s t a r t  over again. I f  a given run l a s t s  f o r  an extended 
per iod,  new readings should be taken every hour by the  operator and 
should be recorded i n  the  adjacent columns ( t h e  run des ignat ion f o r  each 
add i t i ona l  column w i l l ,  i n  t h i s  instance o f  course, be the  same). 

The WRR Steady-State Log w i l l  be used t o  prov ide an o r d e r l y  descr ip-  

4.1.1 Preoperat ional  Dut ies  

4.1,l.l I n i t i a l  Dut ies  a t  Contro l  Bui ld ing  

1. Check w i t h  Secur i ty  and place cont ro l  room on ACCESS. 
2. Check the previous e n t r i e s  i n  the  general operat ions l o g  book t o  see 

t h a t  no problem areas have been l e f t  uncorrected and t o  determine 
what, i f  any, special  cond i t ions  ex is t .  

3.  Have t h e  Senior Reactor Operator approve any experimental setup. 
4. Turn on reac tor  power switch, L1. 
5. Reset the  secure system by depressing red push bu t ton  on console 

and l i g h t  should go out. 
6. Have Secur i ty  put the reac tor  storage p i t  door on ACCESS. (Th is  

and the f o l l o w i n g  steps may be done i n  t h e  reac tor  bu i ld ing .  I f  
they are done i n  the  c o n t r o l  room, guard headquarters should be 
n o t i f i e d  before proceeding t o  No. 7). 

1.  Obtain key and t u r n  on reac tor  pos i t i one r  panel power. 
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8. Enter numbers i n  cypher lock (between 0800 and 1700 h only  and not 

9, A f t e r  t ime out i s  completed and s e c u r i t y  personnel are present, 
more than 30 min before s e c u r i t y  forces are scheduled t o  a r r i v e ) .  

unlock solenoid l a t ch .  
10. Withdraw motor-dr iven l a t ch .  
11. Depress r o t a r y  so lenoid swi tch and open the  reactor  storage p i t  door. 

Solenoid swi tch may be re1 eased when reactor  storage P I T  DOOR CLOSED 
l i m i t  l i g h t  goes out. 

4.1.1.2 Dut ies  a t  Reactor B u i l d i n g  

1. 

2. 

3 .  

4. 

5. 
6. 

7. 
8. 

Check w i t h  Secur i t y  a t  4-6646 and place reac to r  b u i l d i n g  on ACCESS; 
c a l l  the Guard a t  6-5940 t o  enter  reac to r  area. Guard w i l l  accompany 
anyone going t o  the  reac to r  bay i f  the reac to r  storage p i t  door i s  
open or  w i l l  be opened. 
I f  reac to r  storage p i t  door i s  not  open, proceed as i n  Steps 7-11 
above. 

The reac to r  w i l l  not  be r a i s e d  from the  storage p i t  w i t h  anyone 
i n  the  reac to r  bay unless the re  i s  a T a c t i c a l  Response Team 
present. 
A f t e r  t he  door i s  opened, check f o r  any l i q u i d  o r  debr is  i n  the  bot-  
tom o f  the p i t .  
Re t r i eve  the  l a s t  s u l f u r  f o i l  and p lace a new f o i l  i n  t he  des i red 
p o s i t i o n  (D, H, or  both). 
Help set  up any experimental equipment. 
Check t h a t  experimental equipment w i l l  permi t  u n r e s t r i c t e d  movement 
of the reactor.  
Check t h a t  a1 1 experimental equipment i s  r i g i d l y  fastened. 
Make an est imate o f  the r e a c t i v i t y  worth o f  a l l  r e f l e c t o r s ,  
i n c l u d i n g  experimental equipment, on the bas is  o f  a conservat ive 
comparison w i t h  known r e f l e c t o r  standards (see Sect ion 6.2), and 
record t o t a l  on Checkout Sheet. Since the  f u l l y  loaded core L i .e* ,  
w i t h  a11 rods ( inc ludes U-Mo r e g u l a t i n g  rod) and the safety black 
i n s e r t e d J  i s  about 152 cents (82 cents w i t h  aluminum r e g u l a t i n g  rod) 
s u p e r c r i t i c a l  and the mass adjustment and U-Mo r e g u l a t i n g  rods are 
worth about 278 cents (213 cents w i t h  aluminim r e g u l a t i n g  rod),  then 
when only  the sa fe ty  block i s  inser ted,  the core i s  a t  l e a s t  126 cents 
s u b c r i t i c a l .  Therefore, t o  ensure t h a t  t he  reactor  daes not become 
c r i t i c a l  before the sa fe ty  block i s  i n s e r t e d  and t o  a l l ow  f o r  reac- 
t o r  c o n t r o l ,  the t o t a l  worth o f  r e f l e c t o r s  should be no more than 

CAUTION 
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75 cents unless an appropr ia te amount o f  r e a c t i v i t y  i s  rernoved from 
t h e  core w i t h  the  removable f u e l  pieces. 

(see Sect lon 3.2.1). 

and T-bar are c o r r e c t l y  posi t ioned. 

9. Check the a i r  pressure on the storage p i t  door d r i v e  motor system 

10. Check t h a t  the reac to r  p o s i t i o n e r  e levator ,  the pickup mechanism, 

11. Check the s e n s i t i v i t y  o f  the picoammeter. 
12. C a l i b r a t e  the l o g  N a m p l i f i e r  and r e t u r n  i t  t o  the operate pos i t i on .  
13. Check t h a t  a l l  personnel have l e f t  the 1000-f t - radius fence exclu- 

s ion  area, c lose the reac to r  b u i l d i n g  doors, and c a l l  t he  Guard a t  
6-5940 t o  e x i t  reactor  area, 

14. Close, lock, and remove key from the  main gate i n  the  1000-f t - radius 
fence. 

4.1.1.3 Dut ies a t  Control  B u i l d i n g  

1. Check TV monitors f o r  adequacy of  l i g h t i n g ,  f i e l d  o f  view, etc. 

2. 
(see Sect ion 8.7 f o r  minimum equipment necessary f o r  operat ion).  
Turn hyd rau l i c  l i f t  operate swi tch t o  RAISE (momentary contact  w i l l  
t u r n  pump on). Observe the l i f t  operat ion v i a  the c losed c i r c u i t  
t e l e v i s i o n  monitor. 
when reactor  i s  a t  proper pos i t ion.  
Check date of l a s t  run a t  a reactor  power s u f f i c i e n t  t o  b r i n g  a l l  
chambers on scale. ( I f  more than one week has elapsed since t h i s  
was done, the  reac to r  must be operated a t  t h i s  power before the  
experiment can proceed. Th is  power l e v e l  i s  requi red for  checking 
t h e  l e v e l  sa fe ty  channels t o  see t h a t  they are operat ing properly.) 

See t h a t  a l l  console switches are i n  s u i t a b l e  p res ta r tup  p o s j t i o n s  
(such as handles v e r t i c a l ,  w i t h  switches reading OFF, STOP, or  
NORMAL). 
See t h a t  console l i g h t s  i n d i c a t e  t h a t  cond i t i ons  are s u i t a b l e  f o r  
s tar tup,  i n  which case the fo l lowing console l i g h t s  should normal ly 
be i l l um ina ted :  

Pump should cu t  o f f  and UP l i g h t  be i l l u m i n a t e d  

3.  

4. Turn on reactor  b u i l d i n g  exhaust fan, i f  needed. 
5. 

6. 

a. FACILITY OFF 
b. END OF RUN 
c. source INSERT LIMIT 
d. MAGNET ENGAGED 
e. SAFETY BLOCK WITHDRAWN 
f. S. BLK D R I V E  WDR LIMIT 
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9. 
h. 
i. 
j. 
k. 
1. 
rn. 

pulse rod INSERT L I M I T  
l a t c h  No. 1 (pulse rod withdrawn) LATCH OPEN 
l a t c h  No. 2 (pulse rod i nse r ted )  LATCH CLOSED 
regul  a t  i ng rod WITHDRAW L I M I T  
mass adjustment rod WITHDRAW LIMIT 
servo OFF 
SCRAM RESET 

7. Check count ing-rate channel response t o  source. 

4.1.2 Preoperat ional  Checkouts 

The preoperat ional  checkouts are of two types: those t o  v e r i f y  the 
s a f e t y  o f  personnel w i t h i n  the  area and those t o  assure t h a t  a l l  systems 
associated w i t h  the operat ion o f  the reactor  are working proper ly .  
person en te r ing  the DOSAR f a c i l i t y  3000-ft exclus ion area through the 
normal access gate w i l l  be issued a numbered badge by the guard. 
Personnel en te r ing  the  area from t h e  TSF w i l l  ob ta in  p r i o r  approval from 
t h e  W R R  operat ions supervisor and w i l l  g ive him t h e i r  T S F  badge numbers. 
Such persons w i l l  lock behind them the gate i n  the  fence separat ing the 
TSF and W R R  areas. The W R R  operat ions supervisor w i l l  post  the TSF 
badge numbers an the W R R  console. 

Whenever the reac to r  i s  i n  operation, no one i s  pe rm i t ted  w i t h i n  
t h e  1000- f t - rad ius fence around the reactor  bu i l d ing .  I f  t he  reac to r  
power i s  100 W or  less,  the r a d i a t i o n  l e v e l  between the 1000- and 3000-f t  
fences i s  such t h a t  personnel may have free access t o  the area. When 
t h e  reac to r  power i s  above 100 W ,  only  c o n t r o l l e d  access i s  permi t ted 
and then only  under the  superv is ion of t he  reac to r  operator o r  an 
app l i ed  hea l th  p h y s i c i s t  i n  accordance wi th Health Physics Operat ing 
L im i t s .  Dur ing an actual  pulse, everyone w i t h i n  the 3000-f t  fence must 
be i n s i d e  the reac to r  c o n t r o l  bu i l d ing .  

To f a c i l i t a t e  personnel con t ro l ,  an e l e c t r i c  r o t a t i n g  beacon i s  
l oca ted  a t  the guard post 23, e l e c t r i c  signs labeled "Do Not E x i t  
Without Approval of Reactor Operator," and rope gates are l oca ted  a t  the 
c o n t r o l  b u i l d i n g  e x i t  doors; a lso  an annunciator which alarms when the 
c o n t r o l  b u i l d i n g  doors are opened i s  l oca ted  a t  the reac to r  console. 
The signs are turned on and the annunciator i s  a c t i v a t e d  when the  reac- 
t o r  l o g  N power recorder exceeds the 100-W l e v e l ,  when sequence "E%" i s  
achieved i n  pulse preparat ion (see Sect ion 4.2.4), o r  when the operator 
i n  a n t i c i p a t i o n  o f  such operat ion tu rns  the con ro l l ed  access swi tch t o  
ON. 

Every 

When the  beacons are ac t i va ted ,  the guard w i l l  permi t  nu one t o  
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enter  the  3000- f t  exc us ion area wi thout  f i r s t  ob ta in ing  permission from 
t h e  Reactor Operator. 
o r  the  reac tor  power s reduced t o  100 W or less,  the  operator may or 
may not choose t o  mainta in  c a n t r o l l e d  access. 

t h e  procedures are f o l 1  owed. 

When pulse operat ion i s  s a t i s f a c t o r i l y  concluded 

As before, each i tem on t h e  WRR Checkout Sheet should be checked as 

4.1.2.1 Sta r tup  Warning Checkout (Unres t r i c ted  Access or Res t r i c ted  
Access) 

I f  Unres t r i c ted  Access mode i s  i n  e f f e c t ,  perform the  f o l l o w i n g  
steps: 

1. 

2. 

3. 

4. 

5. 
6. 
7. 

8. 

1. 

Check t h a t  the  reac tor  i s  i n  the  Unres t r i c ted  Access mode o f  opera- 
t i o n .  
Check the  reac tor  console f o r  TSF badge numbers. I f  any numbers are 
posted, l oca te  the  personnel they are assigned t o  and i n fo rm thein o f  
t h e  app l icab le  r e s t r i c t i o n s .  
Obtain from the  guard a l l  badge numbers assigned t o  persons i n  the  
exc lus ion  area and l i s t  thein on the  checkout sheet. 
Announce over the  pub l i c  address system t h a t  the  reac tor  i s  about 
t o  be operated and spec i fy  the  area access r e s t r i c t i o n s .  Request 
everyone t o  repo r t  h i s  DOSAR badge number e i t h e r  d i r e c t l y  t o  the 
operator  i n  the  cont ro l  room o r  over an intercom s ta t i on .  
u idua l  my a lso  r e p o r t  the  badge numbers of others w i t h i n  h i s  view 
a t  the1 r request. 
Turn on a l l  four  gate key switches. 
Turn f a c i l i t y  operate key swi tch t o  RESET and then t o  OPERATE. 
Have secu r i t y  inspec tor  i n  room 103 t u r n  l i f t  permissive ON, t u r n  
on reac tor  pos i t i one r  power switch, and r a i s e  reac tor  w i t h  hyd rau l i c  
l i f t ;  when l i f t  i s  stopped au tomat ica l l y ,  both REACTOR OPERATION 
POSITION LIMIT SWITCH LIGHTS should be i l l umina ted .  
Check o f f  badge numbers against  badge l i s t .  
repor ted i n ,  repeat numbers ( o r  number) t o  person r e p o r t i n g  i n  
t o  estab l  i s h  accuracy. 

An i n d i -  

When numbers are 

I f  Cont ro l led  Access mode i s  i n  e f fec t ,  perform the  fo l l ow ing  steps: 

Check t h a t  the  reac tor  i s  i n  the  Cont ro l led  Access mode of operation. 



4- 7 

2. Check the  reac to r  console f o r  TSF badge numbers. 
l o c a t e  the  personnel they are assigned t o  and in fo rm them o f  t he  
appl i cab1 e r e s t  r i  c t  i ons . 

3 .  Obtain from the  guard a l l  badge numbers assigned t o  persons i n  the  
exc lus ion area and l i s t  on the checkout sheet. 

4. Announce over the  p u b l i c  address system t h a t  the reac ta r  i s  about 
t o  be operated and spec i f y  the  area access r e s t r i c t i o n s .  Request 
everyone t o  r e p o r t  h i s  MSAR badge number e i t h e r  d i r e c t l y  t o  the 
operator  i n  the  c o n t r o l  room or  over an intercom s ta t i on .  An i n d i -  
v idua l  may a l so  r e p o r t  the badge numbers o f  others w i t h i n  h i s  view 
a t  t h e i r  request. 

If any are posted, 

5. Turn on a l l  f ou r  gate key switches. 
6. Place reac to r  i n  Con t ro l l ed  Access mode and t u r n  f a c i l i t y  on switch 

t o  RESET and then OPERATE. 
7. Have s e c u r i t y  i nspec to r  i n  room 103 t u r n  l i f e  permissive ON; t u r n  on 

reac to r  p o s i t i o n i n g  power swi tch and r a i s e  the  reac to r  w i t h  t he  
h y d r a u l i c  l i f t ;  when l i f t  i s  stopped automat ica l ly ,  both REACTOR 
OPERATION POSITION LIMIT SWITCH LIGHTS should be on. 

repor ted in ,  repeat numbers (or  number) t o  person r e p o r t i n g  i n  t o  
es tab l  i s h  accuracy. 

8. Check o f f  badge numbers against  badge l i s t .  When numbers are 

4.1.2.2 Checkout After 3-min U a i t i n g  Period 

1. Turn reac to r  operate key swi tch t o  OPERATE. 
2. 
3 .  Reset the  scram switch. 
4. See t h a t  annunciators are c lear,  
5. Record the magnet cu r ren t  and the  upper set  po int .  The magnet 

Turn operate mode swi tch t o  STEADY STATE, 

c u r r e n t  should correspond t o  t h e  value posted on the f r o n t  o f  the 
l e v e l - s a f e t y  monitor. The upper set  p o i n t  should be 10 mA above 
t h e  normal current .  

approximately 1 in. : 
5. Make the  fo l l ow ing  scram checks w i t h  the  sa fe ty  block ra i sed  

a. Check manual scram swi tch (2 ) .  
b. Check l e v e l - s a f e t y  u n i t  No. 1 w i t h  scram t e s t  button. 
c. Repeat Step b w i t h  l e v e l - s a f e t y  u n i t  No. 2. 
d. Turn temperature t e s t  swi tch t o  TEMP No. 1 and hold u n t i l  

recorder  1TE i n d i c a t e s  temperature i s  greater  than 600°F. I f  



4-8 

every th ing  i s  normal, t h e  slow scram and the  “ f u e l  temp h igh”  
annunciator w i l l  be actuated, 

recorder  2TE i nd i ca tes  temperature i s  greater  than 6 0 Q O F .  I f  
every th ing  i s  normal, t h e  slow scram and the  “ f u e l  temp highnn 
annunciator w i  11 be actuated. 

pos i t i on .  
REACTOR OPERATION POSITION LIMIT SWITCH LIGHTS should go out. 

e. Turn temperature t e s t  swi tch t o  TEMP No. ‘2 and ho ld  u n t i l  

f.  Lower the  reac tor  a shor t  distance, then r e t u r n  i t  t o  ra ised  
I n  a d d i t i o n  t o  the  slow scram i n d i c a t i o n  - both 

7. Set picoammeter on most s e n s i t i v e  range. 
8. I f  servo i s  t o  be used, set  demand appropr ia te ly ,  a t  l e a s t  approxi-  

9. Prov ide the  necessary preoperat ional  in fo rmat ion  on t h e  HPRR 
mately, a t  t h i s  time. 

Steady-State Log Sheet, t h a t  i s ,  the  core pos i t ion ,  core tempera- 
tu res ,  etc. For the reac tor  core pos i t ion ,  g ive  t h e  he igh t  o f  the  
center  o f  the  reac tor  core above f l o o r  l e v e l  and the ho r i zon ta l  
d is tance o f  the center o f  t h e  core from i t s  p o s i t i o n  when d i r e c t l y  
above the  west p i t .  

4.1.3 Procedure for S t a r t i n g  Up and Operat ing Reactor 

The operator i s  now ready t o  proceed w i t h  s ta r tup  and operat ion o f  
t h e  reac tor  PROVIDED t h a t  the  fo l low ing  cond i t ions  e x i s t :  

1. C a l i b r a t i o n  swi tch ( a t  reac tor )  f o r  l o g  N per iod  a m p l i f i e r  i s  on 

2. Per iod  i s  greater  than 5 s. 
3. E i t h e r  f i s s i o n  chamber count-rate-meter recorder shows a t  l e a s t  

2 counts/s. 
4. Source i s  i n  i nse r ted  l i m i t ,  o r  l o g  N recorder reads more than 

0.004 (4 x 10-5 o f  f u l l  power). 
5. Regulat ing rod i s  a t  WITHDRAW LIMIT. 
6. Mass adjustment rod i s  a t  WITHDRAW LIMIT. 
7. The 3-min wa i t i ng  per iod  has been coiiipleted. 

0 P E R AT E 

I f  the above cond i t ions  do not  e x i s t ,  i n t e r l o c k s  w i l l  prevent insera- 
t i o n  o f  the sa fe ty  block, and the  operator w i l l  be unable t o  accomplish 
Step 3 below. Therefore, the operator should recheck the i tems l i s t e d  
above t o  determine which needs co r rec t i on  so t h a t  the procedure on the  
f o l l o w i n g  page can be continued. 
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1. Push the scram reset  button. This  tu rns  o f f  the SCRAM RESET l i g h t ,  
and the f o l l o w i n g  l i g h t s  on the c o n t r o l  panel should now be on: 

a. 
b. 

d. 

f. 
9. 
h. 
i .  

j. 
k. 
1. 

& *  

e. 

FACILITY ON 
REACTOR OPERATE PERMIT 
source INSERT LIMIT 
MAGNET ENGAGED 
SAFETY BLOCK WITHDRAWN 
S .  BLK DRIVE WDR LIMIT 
pulse rod INSERT LIMIT 
l a t c h  No. 1 LATCH OPEN 
l a t c h  No. 2 LATCH CLOSED 
servo OFF 
r e g u l a t i n g  rod WITHDRAW LIMIT 
mass adjustment rod WITHDRAW LIMIT 

2. Reset the annunciators. 

3 .  Turn the safety block p o s i t i o n  switch t o  INSERT. The swi tch i s  

Record any t h a t  do not  c lear ,  determine why 
they do not c lear ,  and take appropr ia te act ion.  

spring-loaded t o  r e t u r n  t o  OFF upon release. 
t i o n  i n d i c a t o r  gives the d is tance i n  inches o f  the safety block i s  
from i t s  f u l l y  i n s e r t e d  pos i t i on .  
t h e  MAGNET ENGAGED l i g h t  remains on, t he  SAFETY BLOCK SEATED l i g h t  
goes out, and the S. BLK DRIVE WDR LIMIT l i g h t  goes aut. Although 
a previous est imate o f  the r e a c t i v i t y  associated w i t h  the exper i -  
ment w i l l  have been made so as t o  prevent the reac to r  from going 
c r i t i c a l  as the  sa fe ty  block i s  inser ted,  watch the  s t a r t u p  
channels as the sa fe ty  block i s  inserted. 
c a t i o n  becomes apprec iab ly  more than 10, which i s  about the 
m u l t i p l i c a t i o n  normal ly obtained upon safety block i n s e r t i o n  i n t o  
the  un re f l ec ted  core, then i n s e r t  the sa fe ty  block stepwise t o  
determine whether the  neutron populat ion s t a b i l i z e s .  I f  i t  appears 
t h a t  t he  system w i l l  become c r i t i c a l  before the sa fe ty  block i s  
f u l l y  inser ted,  stop the experiment and remove the necessary amount 
o f  r e a c t i v i t y  enhancement from around the  reactor.  

4. I f  the count r a t e  appears normal, cont inue the  stepwise i n s e r t i o n  o f  
t h e  safety block u n t i l  t he  SAFETY BLOCK INSERTED l i g h t  comes on and 
the ave r t rave l  sp r ing  i s  compressed about 0.1 in.  a t  which t ime a 
l i m i t  swi tch au tomat i ca l l y  t u rns  of f  the d r i v e  motor and the SAFETY 
BLOCK D R I V E  INSERT l i g h t  comes on. 

The safety block posi-  

As the sa fe ty  block moves in ,  

I f  the neutron m u l t i p l i -  
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5. Select  e i t h e r  the regu la t i ng  rod o r  t h e  mass adjustment rod f o r  
I f  the  servo i s  t o  be used and cont inued r e a c t i v i t y  increases. 

espec ia l l y  i f  a temperature r i s e  i s  expected, i t  w i l l  probably be 
best  t o  i n s e r t  t h e  regu la t i ng  rod an inch  or  so and then achieve 
c r i t i c a l i t y  w i t h  the  mass adjustment rod. I n  t h i s  manner, the  regu- 
l a t i n g  rod i s  i nse r ted  enough f o r  the  servo t o  make s t a b i l i z i n g  
adjustments when the  reac tor  j u s t  reaches c r i t i c a l  bu t  not enough t o  
prevent f u r t h e r  i n s e r t i o n  t o  compensate f o r  f a i r l y  l a r g e  temperature 
r i ses .  Each c o n t r o l  and p o s i t i o n  i n d i c a t o r  reads zero when the  rod 
i s  f u l l y  inser ted,  and therefore,  the d i a l  i nd i ca tes  d i r e c t l y  i n  
inches t h e  d is tance t h a t  t h e  rod i s  withdrawn from the  core. The 
r e g u l a t i n g  rod and t h e  mass adjustment rod are not  i n te r l ocked  and 
can be moved a t  the  same time, bu t  t h i s  should no t  be done. 

6. Continue t o  increase the  r e a c t i v i t y  i n  steps amounting t o  about 
1 /4  t o  1/2 i n .  o f  the  c o n t r o l  rod a t  a t ime u n t i l  a cond i t i on  o f  
s t e a d i l y  inc reas ing  power l e v e l  i s  obtained. An e a r l y  i n d i c a t i o n  
o f  power l e v e l  i s  from the f i s s i o n  chamber channels. 

measure the  beginning o f  an exposure from l / e  o f  f u l l  power, Unless 
a given experiment requ i res  the  determinat ion o f  c r i t i c a l  cond i t ions  
a t  power l e v e l s  l e s s  than about 0.1 W, i t  w i l l  not  be necessary t o  
withdraw the source dur ing  an experiment. As the  power l e v e l  r i ses ,  
keep t h e  picoammeter on scale by t u r n i n g  the  range se lec to r  t o  suc- 
cess i  ve l y  h igher  currents.  The magnet cur ren t  w i  11 decrease w i t h  
inc reas ing  power l e v e l ,  a l though the  decrease i s  not  l i n e a r  w i t h  
power increases, t h e  greater  p a r t  of t h e  decrease occur r ing  as the 
power l e v e l  approaches the  predetermined scram l e v e l .  I f  the  reac- 
t o r  per iod  i s  shor te r  than 50 s, the heat ing e f f e c t s  dur ing  the  
power r i s e  w i l l  be small. 

8. When the  des i red power l e v e l  has been reached, as i nd i ca ted  by the  
picoammeter, b r i n g  the  reac tor  t o  delayed c r i t i c a l  by us ing e i t h e r  
c o n t r o l  rod. I f  the  servo i s  t o  be used, however, b r i n g  the  reac tor  
t o  approximately delayed c r i t i c a l  w i t h  the  mass adjustiiient rod and 
then t u r n  on t h e  servo. 
s e t  approximately prev ious ly ,  it may be necessary t o  make fu r the r  
adjustments t o  set  the  des i red power l e v e l  e 

Steady-State Log Sheet t h e  t ime t h a t  the  exposure began, t h a t  i s ,  
t h e  t ime t h a t  the  power l e v e l  was l / e  o f  f u l l  power. 

7. I n  general, a l low the  power l e v e l  t o  r i s e  on a s tab le  pe r iod  and 

Although the servo demand should have been 

9. When the  power has s t a b i l i z e d  a t  the  des i red l e v e l ,  i n d i c a t e  on the  
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10. On the  Steady-State Log Sheet a l so  f i l l  i n  the thermocouple readings, 
rod pos i t i ons ,  sa fe ty  block current ,  and instrument readings. Note 
t h a t  t he  t ime the  set o f  readings i s  made should a l so  be ind icated.  

t o  watch f o r  any appreciable inadver tent  changes o f  r e a c i v i t y  and t o  
take the  proper c o r r e c t i v e  act ion.  I f  the  reac to r  i s  operated a t  a 
l e v e l  o f  several watts for  a few minutes, t he  temperature r i s e  w i l l  
reduce the  r e a c t i v i t y ,  and the  servo, if it  i s  on, w i l l  d r i v e  the  
r e g u l a t i n g  rod i n  t o  compensate. If the r i s e  i s  s u f f i c i e n t ,  the 
r e g u l a t i n g  rod may be dr i ven  t o  i t s  l i m i t .  
l a t i n g  rod can be convenient ly  r e t r a c t e d  by i n s e r t i n g  the mass 
adjustment rod stepwise and a l l ow ing  the  servo t o  compensate w i t h  
t h e  r e g u l a t i n g  rod a t  each step u n t i l  the r e g u l a t i n g  rod has been 
withdrawn s u f f i c i e n t l y .  

12. I f  the  run extends over a long pe r iod  of time, take thermocouple 
readings, rod pos i t i ons ,  etc., again and enter  on the  Steady-State 
Log Sheet, repeat ing a t  l e a s t  once an hour. 

11. Once the  reac to r  i s  operat ing smoothly, t he  p r i n c i p a l  task w i l l  be 

I n  t h i s  case, the regu- 

4.1.4 Shutdown Procedures 

A r o u t i n e  shutdown of t he  reac to r  can be accomplished i n  fou r  
d i f f e r e n t  ways and the  operator should be thoroughly fami 1 i a r  with a1 1 
four ,  which are given i n  2.a through 2.d below. 

The operator should a l s o  know the  procedure f o r  e f f e c t i n g  an 
emergency manual scram, given i n  the second shutdown procedure out1 i ned  
below, and f o r  au tomat i ca l l y  secur ing the  reactor.  I n  add i t i on ,  t he  
operator  should keep i n  mind t h a t  the reac to r  may be au tomat i ca l l y  
scrammed, e i t h e r  because of some mal funct ion i n  the  system o r  because o f  
an emergency t h a t  t he  instruments detected. I n  t h i s  case, the operator 
must again f o l l o w  a set  procedure, which includes determining whether an 
emergency ex i s t s .  T h i s  procedure i s  a l so  given below. 

4.1.4.1 Normal shutdown 

1. Turn servo handle t o  OFF pos i t i on .  
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2. Reduce r e a c t i v i t y  by e i t h e r  a s  b,  c, or  d below, depending on 'the 
experiment and cond i t ions  a t  the time: 

a, 

b. 

C. 

d. 

Use manual scram switch. T h i s  w i l l  drop out  %he sa fe ty  block 
b u t  w i l l  not  au tomat ica l l y  withdraw the c o n t r o l  rods. I f  there  
i s  no reason t o  ho ld the rods i n  t h e i r  pos i t ions ,  b r i n g  them 
out, by means o f  t h e i r  i n d i v i d u a l  con t ro l  switches. 
Ret rac t  a c o n t r o l  rod w i t h  sa fe ty  block remaining inser ted.  
Th is  procedure wil l  be used i f  f o r  some reason i t  i s  des i red 
t o  reduce the  r e a c t i v i t y  slowly. I n  any case, the sa fe ty  block 
must be completely withdrawn from the  core f o r  f i n a l  shu'tda 
Run the  safety block, regu la t i ng  rod, and mass adjustment rod 
out  by means o f  t h e i r  p o s i t i o n  switches. 
Run t imer  automatic scram. 
out  the safety block a f t e r  an elapsed operat ing t i m e  as i n  a. 

The RUN t imer  can be preset  t o  drop 

3. Record the  t ime t h a t  the exposure ended i n  the space provided on the 
Steady-Stdte Log Sheet and a l so  on the  power-level char ts  and on the 
temperature char ts  operat ing a t  shutdown. The t ime of shutdown on 
t h e  power-level char ts  i s  the  time t h a t  r e a c t i v i t y  reduc t ion  began i f  
i t  i s  abrupt, or  l / e  of f u l l  power i f  power l e v e l  i s  reduced gradu- 
a l l y .  Also, mark the date, the  run number, and the  nominal power 
l e v e l  on the power and temperature char ts  and i n d i c a t e  the  pos i t i ons  
on the  char ts  corresponding t o  the  end of  the run. 

4. Turn reac tor  sperate swi tch and f a c i l i t y  operate swi tch t o  OFF. 
5. Lower reac tor  i n t o  the  storage p i t ;  have s e c u r i t y  o f f i c e r  i n  

6. Announce t h a t  the reac tor  has been shut dawn. 
room 103 secure the  hydraul i c  1 i f t  periiii s s l  ve system. 

4.1.4.2 

1. Turn the sed scram handle i n  e i t h e r  d i rec t i on .  
2. Check r a d i a t i o n  l e v e l s  on cont ro l  room instruments,  and, i f  appro- 

p r i a t e ,  i n i t i a t e  app l i cab le  emergency procedure (Sect ion 10). 
3. Record the t ime o f  the scram i n  t h e  general operat ions logbook. 
4. Describe the events necess i ta t ing  the  scram i n  t h e  logbook. 

4.1.4.3 Reactor secure SC6 

Th is  shutdown method should on ly  be used when the re  i s  a perceived 
at tempt a t  unauthor ized access t o  the reac tor  on i n  a planned t e s t .  
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1. 

2. 

3.  

4. 
5. 

6. 

7. 

Depress secure push bu t ton  swi tch i n  the c o n t r o l  room, the  reactor  
b u i l d i n g ,  or  guard post 23. 
Check t h a t  the r a d i a t i o n  l e v e l s  are dropping, t h a t  t he  sa fe ty  block 
has scrammed, t h a t  t he  hyd rau l i c  l i f t  seats, t h a t  t he  reac to r  storage 
p i t  door closes, and the  motor-dr iven l a t c h  i s  raised. 
Turn o f f  the reac to r  p o s i t i o n e r  power and secure the key and have 
s e c u r i t y  inspector  i n  room 103 secure the  l i f t  permissive system, 
Turn o f f  reac to r  power swi tch L1. 
Cooperate w i t h  Secur i t y  personnel t o  p r o h i b i t  unauthor ized access t o  
the  c o n t r o l  room or  the reac to r  bu i l d ing .  
A f t e r  the t h r e a t  has been removed, make the necessary l o g  en t r i es ,  
e t c .  
Reset the Secure System by depressing red push bu t ton  on console. 
Th is  must a l so  be done a f t e r  power outages. 

4.1.4.4 Unexpected automatic scram 

1. Turn servo swi tch t o  OFF. 
2. Check the r a d i a t i o n  l e v e l  on c o n t r o l  room instruments, and, i f  

appropr ia te,  i n i t i a t e  app l i cab le  emergency procedure (Sect ion 10). 
3. Note i n  the general operat ions logbook t h a t  a scram occurred and 

note the annunciators t h a t  came on a t  t he  t ime o f  t he  scram. 
4. Record the  t ime o f  the scram i n  the  general operat ions logbook. 

Unless emergency procedures as set  f o r t h  i n  Sect ion 10 are c a l l e d  
f o r ,  cont inue as fo l lows:  

5. I f  the  reason f o r  t h e  scram i s  obvious, record i t  I n  the  general 

6. I f  the reason f o r  t he  scram i s  not immediately obvious, take the 
operat ions logbook and make appropr ia te correct ions.  

f o l l  owing actions. 

a. N o t i f y  the Operations Supervisor. 
b .  I f  the pe r iod  scram i s  i n  use, check the  pe r iod  recorder t o  see 

i f  shor t  pe r iod  caused the  scram. 
c .  Check the  power-level readings t h a t  were on the  l og  N recorder 

and on the  picoammeter j u s t  p r i o r  t o  t he  scram and compare the 
two for  consistency. 

pare them, and a l so  compare them w i t h  power-level readings f o r  
consistency. 

d. Check the temperature readings f o r  t he  var ious channels, com- 
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e. Check the  magnet cur ren t  monitor on the sa fe ty  moni tor  t c a  see 
i f  h igh magnet cur ren t  caused the  scram. The safety magnet 
h igh-current  t r i p  i s  actuated by a contact  on the meter 
po in te r ,  and the  po in te r  will remain upscale u n t i l  reset.  

7. I f  the instruments i n d i c a t e  t h a t  a h igh power l e v e l  was the  cause o f  
t h e  scram, perform the  f o l l o  

a. klithdraw a l l  rods i n  order t a  lower r e a c t i v i t y  as much as  

b. 
possible.  
Survey the  experiment as much as poss ib le  w i t h  t h e  closed- 
c i r c u i t  t e l e v i s i o n  monitors t o  see if any experimental 
apparatus has moved toward the reactor .  

c. I f  the  reac tor  appears safe, request a Tac t i ca l  Response Team 
( I R T )  , proceed w i t h  them t o  the  reac tor  bu i l d ing ,  and examine 
t h e  experimental setup t o  determine if the r i s e  o f  the power 
l e v e l  can be explained. 

Scrams may be caused by t rans ien t  e l e c t r o n i c  abnormal i t ies,  which 
leave no d i r e c t  evidence of the cause. I n  such cases, i t  would appear 
t h a t  there  i s  no reason not  t o  cont inue exper imentat ion;  bu t  before 
another run i s  attempted, the operat ions supervi sor shoul d r e v i  cw the 
s i t u a t i o n  u n t i l  s a t i s f i e d  t h a t  none o f  the above- l i s ted  i tems caused the  
scram and t h a t  the scram i s  indeed due t o  a t r a n s i e n t  phenomenon. The 
operat ions superv isor  m y  then check out the  reac tor  safety system and, 
i f  i t  appears t o  func t i on  normal ly,  proceed w i t h  the  experiment. The 
checkout w i l l  cons is t  o f  the d a i l y  checkout o f  the l e v e l  sa fe ty  system, 
t h e  manual scram, and a survey o f  the reac tor  and experimental equipment 
t o  ensure t h a t  noth ing has moved or  been displaced. ( T h i s  survey may be 
made w i t h  t e l e v i s i o n  monitors.) If there i s  any i n d i c a t i o n  t h d t  Ihe 
sa fe ty  system i s  not f unc t i on ing  proper ly ,  rou t i ne  reac tor  operat ion 
w i l l  be suspended u n t i l  the  t roub le  i s  located and proper repa i r s  are 
made. Af te r  the repa i r s  are ef fected,  the operat ion o f  the sa fe ty  
system wil l  be checked out  e l e c t r o n i c a l  l y  by I & C  personnel. 

4.1,s Procedure fe r  Successive Runs 

I f  the  experiment i s  t o  cons is t  o f  a ser ies  of runs r e q u i r i n g  i n t e r -  
vening changes i n  the experimental setupJ the procedure f o r  performing 
t h e  second and succeeding runs i s  shown on the f o l l o w i n g  page, 
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1. Fol low normal shutdown procedures o u t l i n e d  i n  Sect ion 4.1.4. 
2. Proceed t o  the reac to r  b u i l d i n g  and make the  necessary changes as i n  

Sect ion 4.1.1.2 i n  accordance w i t h  Laboratory regu la t i ons  concerning 
r a d i a t i o n .  

3 .  I f  someone i s  posted a t  t he  main gate t o  account f o r  a l l  persons 
e n t e r i n g  and leav ing  the  1000-f t  exc lus ion area, a new roll c a l l  
may not be necessary; see Step 11. 

4. I f  an operat ions supervisor has approved the experimental setup, 
perform Steps a through c l i s t e d  below: 

a. Check r e l a t i v e  l o c a t i o n  o f  experimental apparatus and 
surrounding area t o  ensure the  unobstructed movement o f  the 
reac to r  t o  i t s  proper locat ion.  

secure ly  fastened. 

i n c l u d i n g  experimental equipment, on the  bas is  o f  a conserva- 
t i v e  comparison w i t h  known r e f l e c t o r  standards (see Sect ion 6.2), 
and record i n  the appropr ia te column on the Checkout Sheet. 

b. Check experimental apparatus t o  see t h a t  everyth ing i s  

c. Make an est imate of  the r e a c t i v i t y  worth o f  a l l  r e f l e c t o r s ,  

5. F i x  t e l e v i s i o n  cameras and l i g h t s  on reactor  and experimental equip- 
ment as necessary. 

6. See t h a t  a l l  personnel have evacuated the 1000-ft fence exc lus lon 
area, c lose reac to r  b u i l d i n g  doors, c a l l  t he  Guard a t  6-5940 t o  e x i t  
area, and c lose  gates i n  fence around 1000-ft-radius exc lus ion area. 

7. Check t e l e v i s i o n  monitors i n  the c o n t r o l  b u i l d i n g  for  adequacy o f  
l i g h t i n g ,  f i e l d  o f  view, etc. 

8. Raise the reac to r  w i t h  the  hyd rau l i c  l i f t  as i n  i tem 6 i n  Sect ion 
4.1.2.1.. 

9. See t h a t  a l l  console switches are i n  s u i t a b l e  p res ta r tup  p o s i t i o n s  
(such as handles v e r t i c a l ,  w i t h  switches reading OFF, STOP, or 
NORMAL). 

s ta r tup ,  i n  which case the  f o l l o w i n g  console l i g h t s  should normal ly 
be i l l um ina ted :  

10. See t h a t  console l i g h t s  i n d i c a t e  t h a t  cond i t i ons  are s u i t a b l e  for 

a, FACILITY OFF 
b. END OF RUN 
c. source INSERT LIMIT 
d. MAGNET ENGAGE0 
e. SAFETY BLOCK WITHDRAWN 
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f. 
9. 
h. 
i. 
j- 
k. 
1. 
m. 

S. BLK D R I V E  WDR LIMIT 

l a t c h  No. 1 LATCH OPEN 
l a t c h  No. 2 LATCH CLOSED 
regirl a t i  ng rod WITHDRAW LIMIT 
mass adjustment rod WITHDRAW LIMIT 
servo OFF 

pul se-rod INSERT LIMIT 

SCRAM R w - r  

11. I f  the gate has been guarded per Step 3 OF t h i s  sect ion,  and Unres- 
t r i c t e d  Access Mode o f  operat ion i s  used, go t o  Step 12; i f  not,  
perform the s ta r tup  warning checkout as i n  Sect ion 4.1.2, then go 
t o  Step 12. 

12. Turn reac tor  operate key switch t o  OPERATE. 
13. Turn operate mode swi tch t o  STEADY STATE. 
14. A t  the  end o f  the 3-min wa i t i ng  per iod,  rese t  the scram s w i t ~ k .  
15. See t h a t  annunciators are c lear .  
16, Set picoammeter on most s e n s i t i v e  range. 
17. I f  servo i s  t o  be used, set  demand apprapr ia te ly ,  a t  l e a s t  approxi-  

18, Provide the necessary preoperat ional  in fo rmat ion  on t h e  I-LFRR 

19. Proceed w i t h  the steps given i n  Sect ion 4.1.3 f o r  s t a r t i n g  up and 

mately, a t  t h i s  time. 

Steady-State Log Sheet, as before. 

operat ing the reactor.  

The fo l l ow ing  du t i es  are normal ly performed a f t e r  maintenance o r  a t  
t h e  end a f  the  l a s t  run each s h i f t  and should be i nd i ca ted  on the  
Checkout Sheet where appl icable:  

1. Put the  reac tor  in standby cond i t i on  as fo l lows:  

a. Run mass adjustment rod t o  i t s  withdraw l i m i t .  
b. Run regu la t i ng  rod  t o  i t s  withdraw l i m i t .  
c. Check t h a t  sa fe ty  block has been au tomat ica l l y  run down t o  i t s  

withdraw 1 i m i  t . 
d. Place the  pulse rod i n  the  des i red p o s i t i o n  (See Secttun 4.2). 

2. Turn the reac tor  operate and the  f a c i l i t y  aperate switches t o  OFF; 
remove t h e  f a c i l i t y  operate key from the  console. 
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3. 

4. 
5. 
6. 
7. 
8. 
9. 

10 

11. 

12. 

13. 

14. 
15. 

4.2 

Lower reac to r  i n t o  i t s  p i t  and i n s t r u c t  s e c u r i t y  inspector  t o  secure 
h y d r a u l i c  l i f t  permissive c i r c u i t .  
Close the p i t  door. 
Rai se the motor-dr i  ven l a t c h  and d i  smi ss s e c u r i t y  personnel. 
Turn o f f  reac to r  power switch. 
Turn o f f  reac to r  p o s i t i o n e r  power and secure keys. 
Announce t h a t  t he  reac to r  has been shut down. 
I f  i t  i s  des i red  t o  cont inuously  monitor t he  r a d i a t i o n  l e v e l  or the 
temperature a f t e r  t h e  pulse o r  run, then manually t u r n  on the  
recorders a t  t h i s  time. 
Note i n  the  general operat ions logbook t h a t  t h e  experiment was 
accompl i shed wi thout  d i  f f i c u l  t i  es , o r  descr ibe any d i  f f  i c u l  t i  es 
t h a t  were encountered and the  steps taken t o  c o r r e c t  them. 
I n d i c a t e  the  experiment number, date, and t ime o f  operat ion or  
pu l se  on t h e  appropr ia te charts. 
Wr i te  i n  the  general operat ions logbook t h a t  t he  experiment pro- 
ceeded wi thout  i nc iden t ,  i f  it did,  or descr ibe any d i f f i c u l t i e s  or 
abnorma l i t i es  t h a t  occurred. 
experiment t h a t  may be of  f u t u r e  value. 
A f t e r  f i l l i n g  i n  the Steady-State o r  Pulse Log Sheet, p lace i t  i n  
t h e  proper loose- leaf  b inder as p a r t  of the permanent record. 
Secure the  reactor  bu i  1 ding. 
Secure the  c o n t r o l  room. 
NOTE: For shutdown a f t e r  maintenance, the  reac to r  b u i l d i n g  may 

Describe any other  aspects o f  the 

be secured a f t e r  i tem 5 above, but  guard headquarters 
should be n o t i f i e d  before performing i tems 6 and 7. 

PU LSE-OP ER AT I O N  PROCEDU RE 

The previous pulse operat ions o f  the HPRR i nc lude  two groups o f  
experiments conducted a t  t h e  ORNL C r  i ti c a l  Experiments Laboratory and a t  
t h e  Nevada Test S i te .  These experiments are descr ibed elsewhere 
(See Appendix A, Nos. 3 and 5.). 

mately 108 cents o f  r e a c t i v i t y  i n  the  pulse rod i n t o  an otherwise c r i t -  
i c a l  or n e a r - c r i t i c a l  core, thereby assembling a c o n f i g u r a t i o n  o f  
ma te r ia l  t h a t  i s  a few cents above prompt c r i t i c a l .  The power l e v e l  
r i s e s  r a p i d l y  u n t i l  t he  negat ive temperature c o e f f i c i e n t  o f  r e a c t i v i t y  
reduces the system t o  a subprompt-cri t i c a l  but  no t  s u b c r i t i c a l  condi t ion,  
a t  which t ime the  power l e v e l  decreases because the delayed neutrons do 
not  c o n t r i b u t e  appreciably t o  the r e a c t i v i t y  du r ing  the t ime i n t e r v a l  o f  

B a s i c a l l y ,  f i r i n g  a pulse cons is t s  o f  r a p i d l y  i n t r o d u c i n g  approxi-  
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t h e  pulse. The delayed neutrons do make an appreciable c o n t r i b u t i o n  t o  
t h e  t o t a l  f i s s i o n s  w i t h i n  a few mi l l i seconds;  and i f  there  were no scram 
devices, the  core would r i s e  i n  temperature u n t i l  the negat ive ternpera- 
t u r e  c o e f f i c i e n t  reduced t h e  r e a c t i v i t y  t o  delayed c r i t i c a l .  The f a s t  
scram will reduce the  r e a c t i v i t y  below delayed c r i t i c a l  w i t h i n  a few 
mil l iseconds,  

For pulses having y i e l d s  o f  approximately 1 x 1017 f i ss ions ,  or  
somewhat less,  the  sa fe ty  block w i l l  remove appreciable amounts o f  reac- 
t i v i t y  w i t h i n  1 ins. 
evidence t o  i n d i c a t e  t h a t  a t  these h igh y i e l d s  the  r a p i d  increase of 
temperature creates forces t h a t  expel the  safety block sooner than the 
normal scram. 

The s t roke  o f  the pulse rod i s  such t h a t  when inse r ted  i n t o  an 
s therw i  se del  a y e d - c r i t i c a l  and unperturbed core i t  w i  11 produce a y i e l d  
of near ly  1 x 1017 f i s s i o n s ;  the  y i e l d  w i l l  increase f a i r l y  r a p i d l y  w i t h  
t h e  r e a c t i v i t y  added, and a change o f  1 cent w i l l  increase the  y i e l d  by 
approximately 25%, Hence, r e a c t i v i t y  measurements must be F a i r l y  p rec ise  
f o r  these h igh y ie lds .  I f  i t  i s  necessary t o  add r e a c t i v i t y  t o  the 
d e l a y e d - c r i t i c a l  core i n  order t o  ob ta in  
f a c t  t h a t  w i l l  be determined by the c a l i b r a t i o n  experiments, the reac- 
t i v i t y ,  p ,  w i l l  be determined by measuring the s tab le  reac tor  per iod,  
T ,  w i t h  two count iny-rate channels and c o r r e l a t i n g  T w i t h  P by means o f  
t h e  we1 1 -known inhour r e l a t i o n :  

From t h e  i n i t i a l  pulse experimentsl,  there  i s  

u lses o f  1 x 1017 f i ss ions ,  a 

p ( c e n t s )  = 1/0.64 

168.M 
7 t 80.4 T + 32.8 T + 8.98 T c 3.52 T i- 0.88 ‘r + 0.33 

4.59.2 + 112.25 + 84 + 6.51 + 0.89 ) . 
P o s i t i v e  r e a c t i v i t i e s  as measured by the t w o  count ing-rate channels 

must agree w i t h i n  0.3 cent f o r  pulses as l a r g e  as 1 x 1017 f i s s i o n s  t o  
ensure t h a t  not  t o o  much r e a c t i v i t y  has been introduced. Negative reac- 
t i v i t i e s  may be determined from negat ive per iods or  from c o n t r o l  rod 
se t t ings ,  depending upon the  des i red accuracy -- determinat ians from 
per iods being more accurate than those from c o n t r o l  rod se t t ings .  

measuring the core temperature r i s e  a t  a given p o i n t  and c o r r e l a t i n g  
t h i s  w i t h  y i e l d ,  us ing experimental y i e l d  vs t.ernyerature data. Ldhen 
des-i r a b l  e, t h i  s method w i  11 be supplemented by measuring the  rec ip roca l  
reac to r  per iod f o r  the i n i t i a l  power r i s e  dur ing a pulse and c o r r e l a t i n g  
w i t h  the y i e l d  and/or by determining the  a c t i v a t i o n  o f  sialfur p e l l e t s  
exposed i n  a standard pos i t ion.  

The rou t i ne  determinat ion o f  the  y i e l d  o f  a pulse w i l l  be made by 
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The operat ion o f  t he  WRR i n  the pulse mode w i l l  be according t o  the 
stepwise procedure o u t l i n e d  below. The checkout o f  the reac to r  f o r  
pu lse operat ion i s  not apprec iab ly  d i f f e r e n t  from t h a t  f o r  steady-state 
operat ions,  and the same Checkout Sheet w i l l  be used. As before, t he  
Checkout Sheet should be f i l l e d  out  as the  procedures are fol lowed. 
Steady-State Log Sheet w i l l  be replaced w i t h  a HPRR Pulse (Burst)  Log 
Sheet (Example 4.1),  and one sheet should be used f o r  each pulse 
at tempt . 

The 

4.2.1 Preoperational Duties 

The preoperat ional  du t i es  f o r  pulse operation, both those a t  the 
reac to r  bu i  1 d i n g  and those a t  t he  c o n t r o l  bu i  1 d i n g  
same as the du t i es  f o r  steady-state operation, and therefore,  where 
app l i cab le ,  t he  operator i s  re fe r red  t o  Sect ion 4.1. However, there are 
several  a d d i t i o n a l  steps requ i red  f o r  pu lse operation, as pointed out i n  
t h e  f o l l o w i n g  procedures. 

are essent i  a1 l y  the  

4.2.1.1 Duties a t  reactor b u i l d i n g  

I n  a d d i t i o n  t o  the steps l i s t e d  i n  4.1.1, check t h a t  t he  pulse d r i v e  
a i r  supply i s  turned on before l eav ing  the reac to r  bu i l d ing ,  

4.2.1.2 Duties a t  control b u i l d i n g  

Perform steps l i s t e d  i n  4.1.1 through 8, and then: 

1. Turn on pulse-dr ive a i r  supply solenoid. 
2. Raise the  pulse rod t o  i t s  upper l i m i t  as fo l lows:  

a. 
b. 

d. 
C. 

e. 

f. 

V e r i f y  t h a t  l a t c h  No. 1 l i g h t  i n d i c a t e s  LATCH OPEN. 
Place rod d r i v e  t e s t  swi tch (behind console) t o  TEST PERMIT. 
Turn operat ion mode swi tch t o  OFF. 
Place pulse-rod p o s i t i o n  swi tch on INSERT and ho ld  there,  
t h i s  swi tch is spring-loaded t o  r e t u r n  t o  OFF. This  w i l f  
a i r  pressure on the  c y l i n d e r  and ho ld  the  rod i n  i f  the a 
pressure i s  greater  than 60 psig. 
Move l a t c h  No. 2 t o  WITHDRAW p o s i t i o n  and ho ld  there u n t i  
LATCH OPEN l i g h t  comes on. 
Move pulse-rod p o s i t i o n  swi tch t o  WITHDRAW and ho ld  the re  
WITHDRAW LIMIT l i g h t  comes on. 

s ince 
Put 
r 

unt i 1 
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g. Leaving pulse-rod swi tch i n  the  WITHDRAW pos i t i on ,  t u r n  ' latch 
No. 1 swi tch t o  INSERT and ho ld  the re  u n t i l  LATCH CLOSED l i g h t  
comes on. 

h. Return pulse-rod swi tch t o  OFF. 
i. Return rod-dr ive t e s t  permi t  swi tch t o  OFF. 

4.2.2 Preoperat ional  Checkouts 

4.2.2.1 S t a r t u p  Marnfng Checkout 

The procedure f o r  the s t a r t u p  warning checkout i s  t he  same as t h a t  
i n  Sect ion 4.1.2 w i t h  free-access r e s t r i c t i o n s .  

4.2.2.2 Checkout A f t e r  3-min Wai t ing Per iod  

The procedure f o r  the  checkout a f t e r  the 3-min w a i t i n g  pe r iod  i s  the 
same as t h a t  i n  Sect ion 4.1.2 through Step 7. .Then f i l l  i n  the  p r e l i m i -  
nary i n fo rma t ion  a t  the top o f  t he  HPRR Pulse Log Sheet. 
number should correspond t o  the  t o t a l  number o f  pulse attempts for the 
core being used. The reac to r  p o s i t i o n  should be the  height  o f  the 
center  o f  the core above the  f loor  and the ho r i zon ta l  d is tance o f  the 
center  o f  the core from i t s  p o s i t i o n  when d i r e c t l y  over the  west p i t .  
The t a r g e t  pu lse y i e l d  and the  r e a c t i v i t y  est imated t o  be necessary t o  
g i ve  the y i e l d  should a lso be recorded on the  log sheet a t  t h i s  po int .  

The pulse 

4.2.3 Procedure f o r  S t a r t i n g  Up and A t t a i n i n g  Desired R e a c t i v i t y  

The operator i s  now ready t o  s t a r t  up the  reac to r  and set  t he  reac- 
t i v i t y  t o  the amount c a l l e d  f o r  by t he  experimental condi t ions.  The 
f i r s t  four  steps are the  same as those used f o r  steady-state operat ion,  
and, as i n  the steady-state operat ion,  i n t e r l o c k s  w i l l  prevent a d d i t i o n  
o f  r e a c t i v i t y  t o  the core unless the f o l l o w i n g  set  o f  cond i t i ons  e x i s t :  

1. C a l i b r a t i o n  swi tch ( a t  reac to r )  f o r  log N pe r iod  a m p l i f i e r  i s  on 

2. Pe r iod  i s  greater  than 5 s. 
3.  E i t h e r  f i s s i o n  chamber count-rate-meter recorder shows a t  l e a s t  

4. Source i s  i n  i n s e r t e d  l i m i t ,  o r  l o g  N recorder reads more than 0.004. 
5. Regulat ing rod i s  a t  WITHDRAW LIMIT. 

OPERATE. 

2 counts/s. 
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6. Mass adjustment rod i s  a t  WITHDRAW LIMIT. 
7. The 3-min wa i t i ng  per iod  has been completed. 
I f  t h e  operator i s  unable t o  accomplish Step 3 belowe recheck the i tems 
l i s t e d  above t o  determine which needs co r rec t i on  so t h a t  the  procedure 
l i s t e d  below can be continued. 

The operator  i s  reminded t h a t  pulse operat ion i s  i nhe ren t l y  
more dangerous than s teady-state operation. The operator w i l l ,  
there fore ,  met icu lous ly  follow the  Pulse (Burst)  Log Sheet or, 
i f  the  experiment requ i res  a change i n  procedure, a w r i t t e n  
v a r i a t i o n  approved by the area supervisor. I f  instruments 
o ther  than the reac tor  con t ro l s  need t o  be observed o r  manipu- 
l a ted ,  the  supervisor w i l l  assign such du t i es  t o  personnel i n  
advance so t h a t  the  operator w i l l  be responsib le  on ly  f o r  per- 
forming the  pulse, 

1. Push the  scram reset  button. Ph is  tu rns  o f f  t h e  SCRAM RESET l i g h t ,  
and t h e  fo l low ing  l i g h t s  on the cont ro l  panel should now be on: 

a. 
b. 

d. 

f. 
9-  
h. 
i. 
j. 
k. 
1. 

C. 

e. 

FACILITY ON 
REACTOR OPERATE PERMIT 
source INSERT LIMIT 
MAGNET ENGAGED 
Safety  b l  ock WITHDRAWN 
S. ELK D R I V E  WDR LIMIT 
pul  se rod WITHDRAW LIMIT 
l a t c h  No. 1 LATCH CLOSED 
l a t c h  No. 2 LATCH OPEN 
servo OFF 
regul  a t  ing-rad WITHDRAW LIMIT 
mass adjustment rod WITHDRAW LIMIT 

2. Reset the  annunciators. Record any t h a t  do not c lear ,  cleterliiine why 
they do not  c lear ,  and take appropr ia te act ion.  

3. Turn the sa fe ty  block p o s i t i o n  swi tch t o  INSERT. The swi tch i s  
spr ing- loaded t o  r e t u r n  t o  OFF upon release. The safety block 
p o s i t i o n  i n d i c a t o r  gives d i r e c t l y  i n  inches the d is tance o f  the 
safe ty  block from i t s  f u l l y  i nse r ted  pos i t ion .  As t h e  sa fe ty  b lock 
moves in ,  the  MAGNET ENGAGED l i g h t  remains on, the  SAFETY BLOCK 
SEATEO l i g h t  goes out, and t h e  S. BLK D R I V E  LIDR L I M I T  l i g h t  goes 
out. Although a previous est imate of the r e a c t i v i t y  associated w i t h  
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t h e  experiment w i l l  have been made so as t o  prevent the  reac to r  from 
going c r i t i c a l  as the sa fe ty  block i s  inser ted,  watch the s t a r t u p  
channels as the  sa fe ty  block i s  inserted. I f  the neutron m u l t i p l i -  
c a t i o n  becomes appreciably more than 10, which i s  the approximate 
m u l t i p l i c a t i o n  normal ly obtained upon sa fe ty  block i n s e r t i o n  i n t o  the 
u n r e f l  ected core, i n s e r t  t he  sa fe ty  block stepwi se t o  determi ne 
whether the  neutron populat ion s t a b i l i z e s .  I f  i t  appears t h a t  t he  
system w i l l  become c r i t i c a l  before the  sa fe ty  block i s  f u l l y  
i nse r ted ,  stop the  experiment and remove the necessary amount o f  
r e a c t i v i t y  from the reactor .  
I f  t h e  count r a t e  appears normal, cont inue the stepwise i n s e r t i o n  o f  
t h e  sa fe ty  block u n t i l  the SAFETY BLOCK INSERTED LIMIT l i g h t  comes 
on and the  ove r t rave l  sp r ing  i s  compressed about 0.1 in., a t  which 
t ime a l i m i t  swi tch au tomat i ca l l y  t u rns  o f f  t he  d r i v e  motor and the 
SAFETY BLOCK DRIVE INSERT l i g h t  comes on. 

r e g u l a t i n g  rod, 1/4 t o  1/2 in. a t  a time, u n t i l  i t i s  f u l l y  inser ted.  
I t  i s  not necessary t h a t  the r e g u l a t i n g  rod be a t  t he  f u l l y  i n s e r t e d  
p o s i t i o n  i n  order t o  perform a pulse; however, i t  has been i n  t h a t  
p o s i t i o n  f o r  a l l  pulses performed a t  the ORNL C r i t i c a l  Experiments 
Laboratory and a t  t he  Nevada Test S i te ,  and the  f u l l y  i n s e r t e d  posi-  
t i o n  i s  a good one for mainta in ing a reproducib le  reac to r  configusa- 
t i o n  and should be used i f  possible. 

u n t i l  a p o s i t i v e  pe r iod  i s  obtained and a l l ow  the  power l e v e l  t o  
r i s e  u n t i l  t he  SEQUENCE A l i g h t  on the  panel comes on. (Sequence 
A cons is t s  o f  the d e a c t i v a t i o n  o f  3 se r ies  o f  i n t e r l o c k s  which i s  
necessary before a pu lse can be performed. Before! Sequence A can 
be accomplished, the end-of-run l i g h t  must be o f f ,  the sa fe ty  block 
must have been i n s e r t e d  t o  i t s  l i m i t ,  and the  power l e v e l  must have 
been a t  l e a s t  10-5 o f  f u l l  power. 
on, i t  i s  an i n d i c t i o n  t h a t  the sequence has been completed.) 

accordingly.  

t h e  d e l a y e d - c r i t i c a l  core, proceed w i t h  Steps a through g below ( i f  
t h e  t a r g e t  r e a c t i v i t y  i s  zero, go t o  Step 9; i f  i t  i s  such t h a t  
r e a c t i v i t y  must be removed, go t o  Step 10) : 

4. 

5. Continue inc reas ing  the  r e a c t i v i t y  by stepwise i n s e r t i o n s  o f  the 

6. Continue inc reas ing  the  r e a c t i v i t y  w i t h  the mass adjustment rod 

When the  SEQUENCE A l i g h t  comes 

7. Remove the source t o  WITHDRAW LIMIT and check the  l o g  sheet 

8. I f  the t a r g e t  r e a c t i v i t y  i s  such t h a t  r e a c t i v i t y  must be added t o  

a. Lower the power l e v e l  by withdrawing the mass adjustment rod 
approp r ia te l y .  The power l e v e l  should be al lowed t o  decay t o  
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b .  

c. 

d. 

e .  

f. 

9. 

somewhat below the l e v e l  t h a t  g ives good s t a t i s t i c s  (4 x 103 t o  
12 x 103) w i t h  the count ing-rate channels so t ha t ,  when the 
mass adjustment rod i s  r e i n s e r t e d  t o  the  p o s i t i o n  estimated t o  
g i v e  the des i red r e a c t i v i t y ,  the count ing r a t e  w i l l  no t  become 
t o o  h igh t o  be counted before a s tab le  pe r iod  has been reached, 
Reinser t  the mass adjustment rod an amount est imated t o  be 
necessary t o  g ive the des i red p o s i t i v e  period. 
Take counts w i t h  the scalers  f o r  a f i x e d  pe r iod  o f  t ime a t  
r e g u l a r  i n t e r v a l s ,  over about two decades o f  power change. 
The automatic system i s  set t o  take a 10-5 count each minute. 
When a s u f f i c i e n t  number o f  counts have been taken t o  p l o t  a 
curve, reduce the r e a c t i v i t y  somewhat by running the  sa fe ty  
block down a sho r t  distance, 
While the power l e v e l  decreases slowly, plot t he  data on send- 
l o g  paper as a func t i on  of t ime and determine the  reac to r  
p e r i o d  i nd i ca ted  by each count ing-rate channel. (The period 
i s  equal t o  the t ime requ i red  f o r  the power l e v e l  t o  change by 
a f a c t o r  of e.) 
Determi ne the r e a c t i v i t y  correspondi ng t o  each p e r i  ad deter-  
m ina t i on  and asce r ta in  whether s u f f i c i e n t  r e a c t i v i t y  has been 
added t o  the core. The r e a c t i v i t i e s  determined from the  two 
count ing-rate channels must agree t o  w i t h i n  0,3  ,cent o f  each 
other.  
NOTICE: 
t h e  r e p r o d u c i b i l i t y  o f  p o s i t i o n i n g  the  safety block wi thout  
r e p o s i t i o n i n g  the  r e g u l a t i n g  rod o r  the mass adjustment rod. 
F o r  t h i s  purpose a ROD POSITION BYPASS but ton i s  provided which 
w i l l  a l l ow  the sa fe ty  block t o  be r e i n s e r t e d  i t h o u t  moving the 
c o n t r o l  rods. Each t ime t h i s  procedure i s  c a r r i e d  out i t  i s  
considered t o  be a " t r i a l "  period, as noted on t h e  l o g  sheet. 
Record on the l o g  sheet the requi red i n fo rma t ion  f o r  each t r i a l  
per iod,  t h a t  i s ,  t h e  c o n t r o l  rod d i a l  readings, t h e  sa fe ty  
block d i a l  reading ( the  ove r t rave l  should be the same each 
t ime)  , and the pe r iod  and corresponding r e a c t i  v i  ty r e s u l t i n g  
from the measurement. 

I t  may be des i rab le  t o  recheck the pe r iod  o r  t o  check 

9. I f  the t a r g e t  r e a c t i v i t y  i s  zero, t h a t  i s ,  i f  a d e l a y e d - c r i t i c a l  
core i s  t o  be used, then: 

a. Lower the  power l e v e l  by withdrawing the  mass adjustment rod u n t i l  
t h e  count ing r a t e  i s  low enough t o  g ive good count ing s t a t i s t i c s ,  
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b. 

C. 

10. I f  

Br ing  the  reac to r  t o  delayed c r i t i c a l  by making adjustments 
w i t h  the mass adjustment rod wh i le  n o t i n g  the  l e v e l  on the 
picoammeter. 
a f t e r  each adjustment t o  determine when the  count ing r a t e  
becomes constant. 
Record on the  l o g  sheet the  requi red i n fo rma t ion  f o r  t r i a l  
p e r i o d  1 (see Step 8.9, above). 
pe r iod  w i l l  be i n f i n i t e  and the  r e a c t i v i t y  zero. 

Then take counts with the count ing-rate channels 

I n  t h i s  case, o f  course, the 

the t a r g e t  r e a c t i v i t y  i s  such t h a t  r e a c t i v i t y  must be removed 
from the d e l a y e d - c r i t i c a l  core, then: 

a. 

b. 

C. 

B r ing  the reac to r  t o  delayed c r i t i c a l  w i t h  the r e g u l a t i n g  rod 
f u l l y  i n s e r t e d  by making a d j u s t m e n t s  w i t h  the  mass adjustment 
rod and observing the  count ing r a t e  w i t h  the picoammeter or  the 
count ing-rate channels. 
Use the r e a c t i v i t y - v s - p o s i t i o n  curve f o r  t h e  r e g u l a t i n g  rod 
(Fig. 2.6) t o  determine the  p o s i t i o n  t h a t  t he  r e g u l a t i n g  rod 
must be i n  f o r  the des i red amount o f  r e a c t i v i t y  t o  be sub- 
t rac ted ,  and set  t he  rod a t  t h a t  pos i t ion.  
Measure t h e  pe r iod  and corresponding r e a c t i v i t y  and en te r  t he  
approp r ia te  i n fo rma t ion  on the  l o g  sheet, remembering t h a t  i n  
t h i s  case the pe r iod  w i l l  be negative. I f  the  r e a c t i v i t y  ob- 
t a i n e d  i s  not t h a t  desired, r e i n s e r t  t he  mass adjustment and 
r e g u l a t i n g  rods s u f f i c i e n t l y  t o  ob ta in  a p o s i t i v e  per iod,  
r a i s e  the  power l e v e l ,  and repeat the  procedure u n t i l  t he  
des i red r e a c t i v i t y  i s  obtained, 

4.2.4 Preparing for and F i r i n g  o f  Pulse 

When the assembly has been adjusted t o  the  des i red r e a c t i v i t y ,  t he  
operator  i s  ready t o  prepare for and f i r e  the pulse as fo l lows:  

1. Reduce the neutron populat ion t o  background by running the  sa fe ty  
block t o  i t s  f u l l y  withdrawn p o s i t i o n  w i t h  the  s a f e t y  block p o s i t i o n  
switch. Sequence "B" l i g h t  should come on. Record on the l o g  sheet 
t h e  t ime t h a t  t he  withdrawal was i n i t i a t e d .  

5 as read from the 60" t o  110°F recorders. Also record the t ime t h a t  
t h e  readings were made (should be a t  the beginning o f  the decay 
per iod)  . 

2. Record on the l o g  sheet t h e  temperature o f  thermocouples Nos. 4 and 
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3.  

4 .  

5. 

6. 

7. 
8. 

9. 

10. 

11. 

1 2 "  

Account f o r  a l l  personnel i n  the  3000-f t  exc lus ion area as ou t l i ned  
i n  Sect ion 4.1.2 f o r  c o n t r o l l e d  access mode. 
When the neutron populat ion has decayed f o r  approximately 10 min, 
determine the  v a r i a t i o n  w i t h  t ime o f  the  count ing r a t e  u n t i l  the 
v a r i a t i o n  i s  neg l i g ib le .  
I f  the pulse de tec t ion  equipment i s  t o  be used, make the  fo l l ow ing  
checks dur ing  t h e  decay per iod:  

a. 
b.  See t h a t  the  ord ina te  (v/cm) and abscissa (s/cm) sweeps an t h e  

c. Make sure t h a t  the  Po la ro id  cameras are loaded w i t h  f i l m ,  
d. See t h a t  the  cameras are ready. 

V e r i f y  t h a t  the  power t o  the  pulse channel i s  an, 

osc i l loscopes are set  a t  the  des i red values. 

Record on the  l o g  sheet the temperature measurements o f  thermo- 
couples 1 and 2 and t h e  t ime t h a t  t h e  readings were made. 
Turn operat ion mode swi tch  t o  BURST (PULSE). 
Make a second reading o f  thermocouples 4 and 5 and record on the  l o g  
sheet, a long w i t h  the t ime t h a t  the  readings were made, and compare 
w i t h  previous readings. For t a r g e t  pul ses havi ng y i e l d s  between 
5 x 1016 and 1 x 1017 f i ss ions ,  t i le  d i f f e rence  between the  two 
readings a t  t h i s  p o i n t  must not  be greater  than 2.5OF, and f o r  
pulses o f  lesser  y i e l d  they must not be greater  than 3.5"F. I f  a 
g rea ter  d i f f e rence  i s  observed, s t a r t  again, beginning w i t h  
Sect ion 4.2.3 and going through a l l  steps preceding t h i s  one. 
Rout ine ly  the  t ime lapse from Step 8 t o  the pulse i s  approximate?y 
5 min. I f  there  are delays which appreciable increase t h i s  time, a 
t h i r d  reading w i l l  be recorded o f  thermocouples 4 and 5. For t a r g e t  
pulses having y i e l d s  between 5 x 1016 and 1 x lo17 f i ss ions ,  the 
d i f f e r e n c e  between the  present reading and the  reading i n  Step 2 
must not  exceed 3.5OF, and f o r  pulses o f  lesser  y ie lds ,  they must not 
exceed 4.5"F. I f  a greater  d i f f e rence  i s  observed, s t a r t  again, 
beginning w i t h  Sect ion 4.2.3 and going through a l l  steps preceding 
t h i s  one. 
Announce t h a t  the  pulse i s  about t o  take place so t h a t  o thers par- 
t i c i p a t i n g  i n  the experiment w i l l  be a ler ted.  
Turn pulse-rod l a t c h  No. 1 swi tch t o  WITHDRAW and ho ld  u n t i l  the  
No. 1 LATCH OPEN l i g h t  comes on. 
Turn the sa fe ty  block p o s i t i o n  swi tch t o  INSERT and ho ld  i t  i n  t h i s  
p o s i t i o n  until t h e  sa fe ty  block d r i v e  i n s e r t  l i m i t  i s  reached unless 
an unusual r i s e  i n  count r a t e  occurs, i n  which case the reac tor  
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should be shut down. (It w i l l  not be poss ib le  t o  i n s e r t  the  sa fe ty  
b lock unless the  i n t e r l o c k s  o f  Sequence B have been deact ivated. 
Sequence B requi res,  i n  a d d i t i o n  t o  the  deac t i va t i ons  c a l l e d  f o r  by 
Sequence A, t h a t  the  source and the  sa fe ty  block both be a t  t h e i r  
withdraw l i m i t s . )  I f  a photographic record o f  the  pulse i s  t o  be 
made, announce "open shu t te rs "  when the  sa fe ty  block i s  f u l l y  
inser ted .  

(exper ience has shown t h a t  t y p i c a l l y  there  i s  a delay o f  about 1 s 
between the  f i r i n g  of the  pulse rod and the  pulse, but the t ime may 
vary from no delay t o  several seconds.) 

13. Turn the  pulse-rod swi tch t o  i n s e r t  and hold u n t i l  pu lse occurs 

14. Release the  pulse rod swi tch handle. 
15. Make t h e  f o l l o w i n g  e n t r i e s  on the  Pulse Log Sheet: 

a. 
b. 
c. 

d .  F iss ion  y i e l d  o f  the  pulse, as determined from temperature r i s e  

Time t h a t  t he  pulse occurred 
Maximum readings given by thermocouples 1 and 2 a f t e r  t h e  pulse 
Temperature r i s e  a t  each thermocouple p o s i t i o n  caused by the  
pul  se 

vs y i e l d  data obtained from e a r l i e r  WRR experiments. 
NOTE: 
be disassembled and inspected by the  Operations Supervisor f o r  
evidence o f  mechanical damage. 

I f  the  pulse exceeded 2 x 1017 f i ss ions ,  t he  core must 

16. Place Pulse Log Sheet w i t h  a l l  previous l o g  sheets i n  a loose- lea f  
b inder,  

17. Enter prev ious t o t a l  i n teg ra ted  power, t he  i n teg ra ted  power o f  t h i s  
run, and the  r e s u l t i n g  t o t a l  on t he  Checkout Sheet. 

18. I f  more pulse experiments are t o  fo l low,  lower reac to r  i n t o  the  p i t ,  
t u r n  on fan t o  cool t he  core, and l a t c h  the  pulse rod i n  i t s  
WITHDRAW LIMIT as fo l lows:  

a, Conf i rm t h a t  l a t c h  No. 1 LATCH OPEN l i g h t  i s  on. 
b. Confirm t h a t  t h e  pulse rod i s  a t  t he  WITHDRAW l i m i t .  
c. Turn mode swi tch t o  OFF and turn l a t c h  No. 1 swi tch handle t o  

INSERT and hold there  u n t i l  l a t c h  No. 1 LATCH CLOSED l i g h t  
comes on. 
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19. I f  a steady-state experiment i s  t o  f o l l o w  the pulse j u s t  completed, 
l a t c h  the pulse rod i n  i t s  INSERT l i m i t  as fo l lows:  

a. 
b. 

c. 
d. 

e. 

Conf i r m  t h a t  t he  reactor  i s  scrammed. 
Confirm t h a t  both l a t c h  No. 1 and l a t c h  No, 2 LATCH OPEN 
l i g h t s  are on, 
P u t  mode swi tch on OFF. 
Turn pul se-ro switch handle t o  INSERT and check t h a t  pulse-rod 
INSERT LIMIT l i g h t  comes on. 
While ho ld ing the pulse-rod handle on INSERT, t u r n  l a t c h  No. 2 
swi tch handle t o  INSERT and ho ld  the re  u n t i l  l a t c h  No. 2 LATCH 
CLOSED l i g h t  comes on. 

4.2.5 Procedure for Successive Pulses 

I f  the experiment i s  t o  cons is t  o f  a se r ies  o f  pulses r e q u i r i n g  
i n t e r v e n i n g  changes i n  the experimental setup, the procedure f o r  pes- 
forming the second and succeeding runs i s  as fol lows: 

1. Move mass adjustment and r e g u l a t i n g  rods t o  t h e i r  ~ ~ T ~ R ~ A W  l i m i t s .  
2. Proceed t o  the reac to r  b u i l d i n g  and make the  necessary changes i n  

accordance w i t h  Laboratory regu la t i ons  concerning rad ia t i on .  
(Guard w i l l  accompany anyone going t o  the reactor  bay i f  the  reactor  
storage p i t  door i s  open o r  w i l l  be opened.) 

3.  I f  someane i s  posted a t  the gate t o  account f o r  a l l  persons en te r ing  
and leav ing  the  1000-f t  exc lus ion area, a new r o l l  c a l l  w i l l  not  be 
necessary u n t i l  Step 22 i s  reached. 

4. A f t e r  a l l  changes i n  the experiment have been made, perform those 
steps l i s t e d  below t h a t  are appropr ia te t o  the operat ion:  

a. Check r e l a t i v e  l o c a t i o n  o f  exprimental apparatus and surrounding 
area t o  ensure the unobstructed movement o f  the reac to r  t o  i t s  
proper l oca t i on .  

fastened. 

i n c l u d i n g  experimental equipment, on the bas is  o f  a conserva- 
t i v e  comparison wi th  known r e f l e c t o r  standards (see Sect ion 6.21, 
and record i n  the appropr ia te column on the Checkout Sheet. 

b. Check experimental apparatus t o  see t h a t  everyth ing i s  securely 

c. Make an est imate o f  the r e a c t i v i t y  worth o f  a l l  r e f l e c t o r s ,  
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d. Est imate the  e f f e c t  o f  any r e f l e c t o r s  invo lved i n  the  experiment 
on the  pulse-rod r e a c t i v i t y  worth (see Sect ion 6.3), and record 
est imate on the  WRR Pulse Log Sheet. 

5. F i x  t e l e v i s i o n  cameras and l i g h t s  on reac tor  and experimental equip- 
ment as necessary. 

60 See t h a t  a l l  personnel have evacuated the 1000-f t - fence exc lus ion  
area, c lose reac to r  bu i  1 d ing  doors, c a l l  Secu r i t y  personnel a t  
6-5940 t o  e x i t  area, and c lose  gates i n  fence around exc lus ion  

7. Check t e l e v i s i o n  monitors i n  the  con t ro l  b u i l d i n g  f o r  adequacy 
l i g h t i n g ,  f i e l d  of view, etc. 

8. Raise the  reac tor  w i t h  the  hyd rau l i c  l i f t  as i n  i tem 6 i n  Sect 
4.1.2.1. 

9 .  See t h a t  a l l  console switches are i n  s u i t a b l e  p res ta r tup  p o s i t  
(such as handles v e r t i c a l ,  w i t h  switches reading OFF, STOP, o r  
NORMAL). 

area. 
o f  

on 

on 

10. See t h a t  console l i g h t s  i n d i c a t e  t h a t  cond i t ions  are s u i t a b l e  f o r  
s ta r tup ,  i n  which case t h e  f o l l o w i n g  console l i g h t s  should normal ly  
be i l l um ina ted :  

a. 
b. 
C. 

d. 
e. 
f. 
9. 
h. 
i. 
j. 
k. 
1. 
m. 

F A C I L I T Y  OFF 
END OF RUN 
source INSERT L I M I T  
MAGNET ENGAGED 
SAFETY R O C K  WITHDRAWN 
S. BLK DRIVE WDR LIMIT 
pul  se-rod WITHDRAW L I M I T  
l a t c h  No. 1 LATCH CLOSED 
l a t c h  No. 2 LATCH OPEN 
regul  a t  i ng-rod WITHDRAW L I M I T  
mass adjustment rod WITHDRAW L I M I T  
servo OFF 
SCRAM RESET 

15. I f  the  gate has been guarded per Step 3 o f  t h i s  sect ion,  go t o  
Step 16; i f  not, perform the  s ta r tup  warning checkout ( u n r e s t r i c t e d  
access mode) as i n  Sect ion 4.1.2, then go t o  Step 16. 

16. Turn reac tor  key swi tch t o  OPERATE. 
17. Put operat ion mode swi tch on BURST (PULSE) PREPARATION. 
18. A t  the end of the  3-min wa i t i ng  per iod,  rese t  the  scram switch. 
19. See t h a t  annunciators are c lear .  
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20. Set picoammeter on most s e n s i t i v e  range. 
21. Provide the  necessary preoperat ional  i n fo rma t ion  on t he  WRR Pulse 

22. Proceed w i t h  the steps given i n  Sect ion 4.2.3 f o r  s t a r t i n g  up the 
Log Sheet, as before. 

reac to r  and i n  Sect ion 4.2.4 f o r  prepar ing and f i r i n g  the  pulse. 

4.2.6 Postoperat ional  and Shutdown Procedures 

1. Put reac to r  i n  standby c o n d i t i o n  as fo l lows: 

a, Run mass adjustment rod t o  i t s  withdraw l i m i t .  
b. Run r e g u l a t i n g  rod t o  i t s  withdraw l i m i t .  
c. Check t h a t  safety  block has been au tomat i ca l l y  run down t o  

i t s  withdraw 1 i m i  t o  

2. Turn the reactor  operate and the f a c i l i t y  operate switches t o  OFF; 

3. Lower reactor  i n t o  i t s  p i t .  
4 .  Close the  p i t  door. 
5. Raise the motor-driven l a t c h  and dismiss s e c u r i t y  personnel. 
6. Announce t h a t  the reactor  has been shut down. 
7. I f  i t  i s  des i red t o  cont inuously monitor the radication l e v e l  o r  the 

temperature a f t e r  t he  burst ,  then manually t u r n  on the recorders a t  
t h i s  time. 

8. I n d i c a t e  the experiment number, date, and t ime o f  pulse on the 
appropr ia te charts. 

9 ,  Wri te  i n  the general operat ions l o g  book t h a t  the experiment pro- 
ceeded wi thout  i nc iden t ,  i f  i t  did,  or  descr ibe any d i f f i c u l t i e s  or 
abnormal i t ies  t h a t  occurred. Describe any other  aspects a f  the 
experiment t h a t  may be o f  f u t u r e  value. 

remove the  f a c i l i t y  operate key from the console. 
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5. REACTOR INSPECTION PROCEDURES 

The procedures given i n  Sect ion 4 are f o r  working w i t h  the  reac tor  
wh i l e  it i s  completely assembled and at tached t o  the  hyd rau l i c  l i f t .  
The procedures here i n  Sect ion 5 cover the  removal o f  the  core from the  
reac to r  supers t ruc tu re  a f t e r  i t  has been t rans fe r red  t o  the  reac tor  
p o s i t i o n i n g  device. It a lso  covers the  disassembly of t he  core pieces, 
t h e  inspec t ion  of the  core pieces, the  inspec t ion  of t he  reac tor  machin- 
ery,  and the  r e s t o r a t i o n  of t he  reac to r  t o  service.  

Removal o f  the  core prov ides oppor tun i ty  f o r  i nspec t i ng  t h e  reac tor  
supers t ruc tu re  wh i le  the  usual gamma-ray hazard i s  not  present. De ta i l ed  
p e r i o d i c  inspec t ions  should be made a t  t h i s  t ime ,  along w i t h  any specia l  
i nspect i ons and repai  r of any components t h a t  requi  r e  a t ten t i on .  

It i s  emphasized t h a t  these procedures i n  Sect ion 5 apply on ly  t o  
reac to r  core con f igu ra t i ons  whose nuc lear  c h a r a c t e r i s t i c s  have been con- 
firmed. 
Sec t ion  6 w i l l  be followed, 

If a new core i s  t o  be i n s t a l l e d ,  t he  procedures descr ibed i n  

5,l CORE REMOVAL AND DISASSEMBLY 

The core i s  removed from t h e  reac tor  supers t ruc tu re  p e r i o d i c a l l y  so 
t h a t  the fuel may be inspected fo r  signs of de te r io ra t i on .  The core i s  
a l s o  removed i n  other  cases t o  reduce the  gama-ray hazard wh i l e  c e r t a i n  
reac to r  maintenance i s  being performed and t o  prov ide  access t o  the  
reac to r  machinery . 
5.1.1 Precautions and Preparation 

Removal o r  disassembly o f  t he  reac tor  core should p re fe rab ly  be per- 
formed wh i l e  the l e v e l  o f  r a d i a t i o n  from t h e  core i s  low. For  scheduled 
disassembly, t h i s  background should be below 100 mradlh as measured a t  
1 m h o r i z o n t a l l y  from t h e  core. 

A minimum s t a f f  o f  th ree  persons, one of whom i s  a Senior Operator 
and one an Operator, i s  requ i red  f o r  core removal and/or disassembly. 
Secur i t y  personnel must be present i n  the  reac tor  area before work i s  
s ta r ted ,  but they are not a p a r t  of t he  operat ing s t a f f .  

pocket dosimeters and f i l m  badges as requ i red  by ORNL procedures. 
a c t i v e l y  performing the  work w i l l  also wear, as necessary, gloves, and 
f i l m - r i n g  dosimeters. A t  l e a s t  one of the  a c t i v e  p a r t i c i p a n t s  w i l l  
c a r r y  an audib le  gamma-ray a l a r m  (ch i rpe r )  . 

A1 1 persons present dur ing  the  disassembly w i l l  wear the  sel f - read ing  
Those 
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Reactor components w i l l  not  be handled w i t h  bare hands. Mmfueled 
pieces can be handled w i t h  gloved hands, wh i le  W-Mo pieces w i l l  
handl ed by extensions ( p l  i ers,  tweezers, tongs t rays ,  cups, holders) t o  
prov ide separat ion distance. 
gloved hands, but  i t  should be noted t h a t  contaminat ion t r a n s f e r  may 
occur. Contamination l e v e l s  associated w i t h  t h e  HPRR have been 
favorab ly  low, but  it i s  advisable a t  the  conclusion o f  the  j o  
a l l  t o o l s  used i n  t h i s  work f o r  contaminat ion before they are re turned 
t o  t h e i r  p lace o f  storage. Likewise, hands w i l l  be washed and checked 
a f t e r  each work session. 

An o rde r l y  t o o l  cabinet  a t  the  s t a r t  o f  t h e  j o b  w i l l  be he lp fu l .  
Check l i s t  5.1.1 w i l l  be used t o  v e r i f y  t h a t  t h e  proper t o o l s  and suppl ies 
a re  present f o r  use dur ing  the  core removal and disassembly process. 

Too ls  may be handled w i t h  bare hands or 

5.1.2 Core Removal and ~ i ~ a s ~ e ~ ~ ~ ~  Procedure 

(Numbers r e l a t e  t o  numbered i tems on Check l i s t  5.1.2.) 

1. Transfer  the  reac tor  from the  hydrau l i c  l i f t  t o  the p o s i t i o n i n g  

2. Dr ive  the  c o n t r o l  rod d r i ves  and the  sa fe ty  b lock d r i v e  t o  t h e i r  
devi  ce. 

WITHDRAW l i m i t s ,  With the  sa fe ty  block d r i v e  i n  t h e  l i m i t ,  the  shaf t  
i s  res t ra ined  from s h i f t i n g  wh i le  the  sa fe ty  block i s  being removed. 
With the c o n t r o l  rods a t  t h e i r  W ~ ~ ~ ~ ~ A W  l i m i t s ,  they are out o f  the 
way f o r  core removal. 

3. Unlatch the pulse rod so t h a t  i t  i s  f r e e  t o  move up and down. 
4.  Dr ive  t h e  neutron source t o  i t s  withdraw l i m i t .  Th is  reduces the 

neutron background a t  the core and a l so  permits the  pickup rnechanisin 
d r i v e  t o  be operated. 

f o r  c los ing  the  p i t  door. 

o r  move the  reac tor  t o  another loca t ion .  

5. Pos i t i on  t h e  reac tor  a t  any convenient he ight  above t h a t  requ i red  

6. Close t h e  p i t  door t o  prov ide a working p la t fo rm around the reac tor  

7. Record the  gamma r a d i a t i o n  l e v e l  a t  1 m from t h e  reac tor  core. 
8. Check f o r  contaminat ion on t h e  s ta in less  s tee l  core support r i n g  

and other  members which may requ i re  handl i ng. 
9. Place the  heavy-weight t r a c k  cover across the  r a i l  n o r t h  o f  the 

reactor .  Th is  cover l i e s  f l a t  and i s  s u i t a b l e  f a r  use a t  the  
reactor .  
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10. 

11. 

12. 

13. 

14. 

15 

16. 

Place t h e  l i g h t - w e i g h t  t r a c k  cover a t  the core disassembly area east 
o f  the t a r g e t  pos i t i on .  This  w i l l  a i d  the passage o f  the core c a r t  
over the  t racks.  
Use p l  i e r s  t o  loosen the pul se-rod- inserted switch. Le t  the demounted 
sw i t ch  hang by i t s  lead wires, which may be deenergized by opening 
t h e  main breaker swi tch behind the  console. 
Remove sa fe ty  cage by p u l l i n g  th ree  quick-release pins. 
p i n ' s  mechanism w i l l  not  re lease the p i n  unless the handle loop i s  
p u l l e d  or  pushed. 
Use the Allen wrench wi th the  extended T-handle t o  remove the  
safety- tube cap screws. 
Remove the r o l l  p i n  located near the  top of the sa fe ty  block s ta in -  
l e s s  s tee l  i n s e r t  (not  the one through the  U-Mo body o f  the safety  
b lock ) .  A specia l  r o l l - p i n  punch rod i s  used for  t h i s  operat ion,  
a long w i t h  a hammer or  p l a s t i c  mal le t .  
Center t he  core-handling c a r t  (see Fig.  5.1) below the reactor ,  so 
t h a t  f i n a l  v e r t i c a l  contact  can be made by: (a) r a i s i n g  t h e  core- 
c a r t  receptacle;  (b) lower ing the core by means of t he  p o s i t i o n e r  
e leva to r ;  (c)  lower ing the  core by means o f  the p o s i t i o n e r  pickup 
mechanism. Use care when nes t i ng  the safety block i n t o  i t s  core- 
c a r t  receptacle.  The disadvantage of each type of f i n a l  v e r t i c a l  
mot ion should be noted, thus: (a) r a i s i n g  the core-car t  receptac le 
requ i res  considerable hand-cranking, even w i t h  the " f a s t "  crank ( the  
"slow" crank i s  never needed); (b) t h e  e leva to r  speed i s  almost t o o  
f a s t  f o r  accurate p o s i t i o n i n g ;  (c) the pickup mechanism requi res the 
console power t o  be on i n  order t o  s a t i s f y  a source-posi t ion 
i n t e r l o c k .  
lower the reac to r  u n t i l  t h e  sa fe ty  block i s  near the top  o f  i t s  
core-car t  receptacle,  use the pickup mechanism t o  lower the safety  
b lock near l y  t o  the  bottom o f  the receptacle,  then hand-crank the 
core c a r t  u n t i l  contact  i s  made between receptac le and sa fe ty  block. 
The sa fe ty  block i s  removed a f t e r  disengaging i t  a t  i t s  bayonet 
coupl ing.  This  i s  accomplished by: ( a )  engaging the  f l a t s  o f  the 
s a f e t y  block s t a i n l e s s  s tee l  adapter w i t h  the phenol ic  wrench; 
( b )  t u r n i n g  the  sa fe ty  block 90" CCW (note t h a t  t he  sa fe ty  block 
bayonet coup1 i n g  has the c h a r a c t e r i s t i c s  of a le f t -hand thread) ; 
and (c)  lower ing the  core receptac le s l i g h t l y  and observing t h a t  the 
s a f e t y  b lock moves downward. 
w i t h  the  phenol ic wrench may be required. Then lower t o  completely 
disengage, 

Note t h a t  a 

The suggested procedure i s  t o  use the  e leva to r  d r i v e  t o  

A l i g h t  tapping o f  t he  sa fe ty  block 
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17. Ro l l  t h e  c a r t  con ta in ing  t h e  safety  b lock away from the  reactor .  
Then ca r ry  the  sa fe ty  b lock i n  i t s  receptac le t o  a safe storage 
p lace along the  south wa l l  of t he  reac tor  bay. 
r a d i o a c t i v e  block and c a r r i e r  i s  approximately 50 lbs.) 

18. As necessary, p lace a s h i e l d  of concrete b locks o r  lead b r i c k s  
between the  sa fe ty  block and workers, and set  up appropr ia te  W 
r a d i a t i o n  zone warning tags and ropes. 

19. Move t h e  core receptac le up t o  contact  t he  core, but  remember t h a t  
t h e  core r e s t s  on t he  receptac le s h e l f  r a t h e r  than on t h e  receptac le 
bottom. 

20. Loosen the  proper U-Mo b o l t  and remove thermocouple 4. 
21. Disconnect thermocouples 1 and 2 a t  t he  phenol ic  plugs. 

uncoupled, these thermocouple leads t o  the  core should be supported 
by hand u n t i l  t h e  core has been moved t o  i t s  disassembly loca t ion .  

22. Remove th ree  s t a i n l e s s  s tee l  nuts  t o  uncouple the  core from t h e  
reactor .  

23. Lower core away from supers t ruc tu re  w i t h  c a r t  e levator .  
24. Leave t h e  s ta in less  s tee l  support r i n g  at tached t o  t h e  core wh i l e  

t h e  core assembly i s  wheeled on t h e  core c a r t  t o  the  disassembly 
area. 
t i o n  zone warning tags and ropes. 

screw sa fe ty - lock  devices become accessible. To l a t c h  t h e  pulse 
rod  a t  i t s  i n s e r t  l i m i t ,  i t i s  necessary t o  manually operate i t s  
i n s e r t  1 i m i  t switch. 

c o r r e c t  size. It i s  adv isable t o  use a "bucking" (backup) block 
behind the  shaf t  near t h e  p i n  t o  absorb most o f  t h e  shock when 
hammer i n g . 

27. Using specia l  ho ld ing  too l s ,  unscrew the  U-Mo con t ro l  rods and 
ca r ry  them t o  t h e i r  p lace o f  storage. Place c o n t r o l  rods ( s t i l l  i n  
t h e i r  holders) on b l o t t e r  paper a t  a remote l o c a t i o n  and e rec t  
appropr ia te  tP r a d i a t i o n  zone warning tags and ropes. 

28. A f te r  each U-Mo b o l t  i s  unscrewed, t ranspor t  it w i t h  nonmeta l l i c  
p l i e r s  (made from a fuse p u l l e r )  t o  the  b l o t t e r  paper i n  the  
r a d i a t i o n  zone. Also remove the  s t a i n l e s s  s tee l  core support  r i n g  
and s i x  s t a i n l e s s  s tee l  spacer r i n g s  and move them t o  the  b l o t t e r  
paper. 

29. Remove anchor screws, con t ro l  - rod hole 1 iners ,  and g l  ory-hol  e p lug 
and t ranspor t  them t o  the  b l o t t e r  paper i n  the  r a d i a t i o n  zone. 

(The weight o f  t he  

- 

Once 

Leave the  core on the  c a r t  and set  up appropr ia te  tP rad ia -  

25. Run t h e  rod  d r i v e s  t o  t h e i r  lower (INSERT) l i m i t s  so t h a t  t h e i r  

26. Remove r o l l  p ins  w i t h  a hammer and a d r i f t  p i n  (punch) o f  the  
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30. Unstack the  U-Mo fue l  d isks  one a t  a time, us ing the  specia l  core 
p l a t e  t o o l  designed f o r  t h i s  purpose. Conf i rm t h a t  the  t o o l  g r i ps  
each f u e l  piece proper ly  before i t  i s  removed from the  stack and 
t ranspor ted  t o  a zoned and posted b l o t t e r  paper area. 
adapter i s  used w i t h  the  t o o l  t o  handle the  fue l  pieces having l a r g e r  
center  holes. Fuel p la tes  w i t h  thermocouples requ i re  two persons t o  
move them safe ly .  Spread out t he  s tored p la tes  f o r  convenience o f  
i nspec t i on  and f o r  added assurance t h a t  t he  s to red  ar ray  i s  c r i t i -  
c a l l y  safe. 

Note t h a t  an 

5.1.3 Precaut ions While Core i s  Detached 

(Numbers r e l a t e  t o  numbered items on Check l i s t  5.1.3.) 

1. It i s  important t h a t  detached f u e l  pieces be s tored proper ly  from a 
c r i t i c a l i t y  and hea l th  physics standpoint  and a l so  t o  minimize the  
chance f o r  loss  or damage. 

2. No ex t ra  U-Mo fue l  w i l l  r o u t i n e l y  be s tored i n  the  reac tor  bay. Any 
e x t r a  fue l  temporar i l y  present f o r  s u b s t i t u t i o n  purposes w i  11 be 
s to red  i n  b i r d  cages i n  storage p i t  No. 2. 
A f t e r  U-Mo core components have been placed i n  r a d i a t i o n  zones per 
approved hea l th  physics procedures, s i m i l a r  a t t e n t i o n  should be 
given t o  o ther  major a c t i v a t e d  core components such as the  sa fe ty  
tube, the  s t a i n l e s s  s tee l  core support r ing ,  t h e  sa fe ty  block 
bayonet sleeve, and the  con t ro l  rod tubu la r  guides i f  they have 
been removed for  inspect ion.  

4. Flooding has not been a problem a t  t he  HPRR. The subject  i s  pre- 
sented as a reminder t h a t  moderate q u a n t i t i e s  o f  l i q u i d s  are some- 
t imes present i n  the  reac tor  bay i n  the  form o f  w a t e r - f i l l e d  
phantoms or  s h i e l d i n g  tanks, and these should not  be near wh i l e  the 
core i s  o f f  t he  superstructure.  

o r  i n  o ther  areas where they might be damaged by movement o f  s tored 
ma te r ia l s ,  by motion o f  t he  br idge crane, o r  from o i l  d r i p p i n g  from 
t h e  br idge crane. 

du r ing  the  per iod  t h a t  the  uranium components are separated from the  
reac to r  superstructure.  

7. Cer ta in  screws, r o l l  pins, and other  reac tor  hardware may be l e f t  on 
t h e  core-handl ing c a r t  o r  w i t h  the  sa fe ty  cage, but  a l l  such pa r t s  
must be c a r e f u l l y  c o n t r o l l e d  not on ly  because plans c a l l  f o r  t h e i r  

3. 

5. Fuel pieces should not  be s tored next t o  the  graph i te  thermal p i l e  

6. Review w i t h  Secur i ty  t he  safeguards requ i red  f o r  proper p r o t e c t i o n  
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reuse but  a lso  because such a c t i v a t e d  pieces must not  be mixed i n  
w i t h  general hardware, from a r a d i a t i o n  sa fe ty  standpoint .  

5.2 CORE INSPECTION 

The core i s  inspected t o  determine the  cond i t i on  o f  the  fue l  p l a t i n g ,  
i n t e g r i t y  o f  the  f u e l  pieces, and the  r e l i a b i l i t y  o f  t he  b o l t s  and 
fasteners.  

Experience w i t h  pu lse reac tors  i nd i ca tes  t h a t  f a i l u r e  o f  U-Mo f ue l  
p ieces s t a r t s  as a small crack a t  a p o i n t  o f  h igh  s t ress  ( i nne r  o r  outer  
sur face o f  a core r i n g  adjacent t o  a hole)  and progresses through the  
p iece as a func t i on  o f  t ime a t  e levated temperature. 
t h e  assembled core w i t h  the  sa fe ty  block removed i s  s u f f i c i e n t  t o  reveal 
i f  any problem areas ex i s t .  
Complete disassembly of t he  core and examination o f  each component i s  a 
major i nspec t i on  which i s  out1 i ned  below. 

check l i s t s ,  t o  be f i l l e d  out as the  work progresses, serve t o  document 
t h e  f a c t  t h a t  t he  work has been done and a l so  t o  minimize the  chance 
t h a t  impor tant  steps i n  the  procedures might be overlooked. 

An inspec t ion  o f  

Th is  i s  denoted as a minor inspect ion.  

I nspec t i on  o f  the  core i s  made i n  an o rde r l y  manner. The var ious 

5.2.1 Prepara t ion  for Wajor Core Inspec t i on  

The items appearing on Check l i s t  5.2.1 w i l l  l i k e l y  be needed only  i f  
the  core f u e l  p la tes  w i l l  be unstacked fo r  a major inspect ion.  Inspec- 
t i o n  o f  the  assembled core requ i res  p r i m a r i l y  t h e  use of an ad jus tab le  
l i g h t  and magn i f ie rs  fo r  i nspec t i ng  the  i n t e r i o r  surfaces o f  the stacked 
fue l  p la tes.  

5.2.2 Inspec t i on  o f  U-No Fuel Plates and Safety Block 

Descr ib ing the  appearance o f  t he  var ious U-Mo fuel p ieces as ou t l i ned  
on Check l i s t  5.2.2 i s  sub jec t  t o  q u a l i t a t i v e  judgment on the  p a r t  o f  the 
inspector .  While l eav ing  much t o  be desired, t h i s  type o f  record my be 
h e l p f u l  i n  i d e n t i f y i n g  regions o f  d e t e r i o r a t i o n  from year t o  year which 
may be o f  concern. Generous use o f  the  space under COMMENTS i s  encaur- 
aged f o r  desc r ib ing  any unusual cond i t ions  observed. 

maneuvering the  U-Mo p la tes  and b o l t s  t o  avoid sca r r i ng  them. 
The inspec tor  i s  caut ioned t o  use on ly  nonmeta l l i c  p l i e r s  f o r  
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5.2.3 I nspec t i on  of  U-Mo Bo l t s  

A record o f  t he  U-Mo i nspec t i on  w i l l  be made on Check l i s t  5.2.3. 
The cond i t i on  o f  the threads i s  important s ince i n c i p i e n t  g a l l i n g  

(cold-welding) o f  the threads t o  t h e i r  mating threads i n  the bottom f u e l  
p l a t e  may perhaps be avoided i f  t r o u b l e  i s  detected e a r l y  enough. 

Dimensional measurements have never revealed any changes i n  any o f  
t he  HPRR bo l t s ,  so complete measurements o f  a l l  b o l t s  need not  be made 
a t  every inspect ion.  

5.2.4 I nspec t i on  of Miscel laneous Core Components 

C h e c k l i s t  5.2.4 w i l l  be used t o  record the i nspec t i on  o f  miscel lan-  
eous core components. Inspect ion of these p a r t s  i s  not mandatory a t  
each core inspect ion;  however, i f  no disassembly i s  made, t h a t  f a c t  
should be documented on the  c h e c k l i s t  i n  the spaces provided. 

5.2.5 A l t e r a t i o n  o f  Core Components 

Check l i s t  5.2.5 app l i es  t o  a l l  U-Mo fue l  pieces and a l l  o ther  com- 
Descr ip t ions o f  any c leaning, ponents t h a t  are removed w i t h  the core. 

repa i r s ,  improvements, or changes are needed both t o  a i d  those who w i l l  
do s i m i l a r  work i n  the f u t u r e  and t o  in form reviewers o f  such work, 
however minor i t  may be. 

5.2.6 S u b s t i t u t i o n  of Core Components 

I f  any new U-Mo fue l  pieces or other components are in t roduced i n t o  
t h e  core assembly, they w i l l  be described on Check l i s t  5.2.6. 

5.2.7 Reassembly of Core Components 

Before the restack ing o f  t he  fue l  p l a t e s  i s  begun, Check l i s t  5.2.7 
i s  s tar ted.  
have been made and t h a t  the appropr ia te c h e c k l i s t s  have been completed. 

Next, t he  c h e c k l i s t  c a l l s  f o r  a l i s t i n g  o f  the U-No fue l  pieces t o  be 
assembled, w i t h  an assurance t h a t  no e x t r a  fuel components are present. 

When the f i r s t  f u e l  p l a t e  (No. 11) i s  put on the c a r t  t o  s t a r t  the 
stack, it i s  c a r e f u l l y  placed so t h a t  the stack w i l l  be advantageously 
o r i en ted  when i t  i s  ra i sed  f o r  reassembly t o  the  reac to r  superstructure.  
As each successive p l a t e  i s  added, care i s  taken t o  avoid b u i l d i n g  a 

The f i r s t  en t r y  ensures t h a t  the proper core inspect ions 
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t w i s t  i n t o  t h e  stack so t h a t  t he  b o l t  and rod holes are skewed. A spe- 
c i a l  t o o l  i s  a v a i l a b l e  t o  a l i g n  the  holes. If the  c l o s e - f i t t i n g  c o n t r o l  
rod  t u b u l a r  guides are used f o r  c o r r e c t i n g  the  r o t a t i o n a l  o r i e n t a t i o n  o f  
t h e  f u e l  stack, care must be taken t o  avoid damaging these th in -wa l l ed  
sleeves. The much s tou te r  3/4-in. U-Mo b o l t s  may a l so  be used f o r  t h i s  
purpose, but  t h e i r  clearance i n  t h e i r  holes i s  greater  and the  p r e c i s i o n  
o f  o r i e n t a t i o n  achieved i s  not q u i t e  so good. 

The s t a i n l e s s  s tee l  spacer sleeve w i t h  the  notch for  r e c e i v i n g  the r -  
mocouple No. 4 must be c o r r e c t l y  located on the  east s ide  o f  the core a t  
t h i s  time, as i t  w i l l  be impossible t o  remove U-Mo b o l t s  t o  r e l o c a t e  
t h i s  spacer a f t e r  t he  core i s  attached t o  the superstructure.  The 
c o n t r o l  rod guide tubes are i n s t a l l e d  and the U-Mo b o l t s  are torqued 
w h i l e  the  core assembly i s  s t i l l  on the  handl ing ca r t .  

5.3 INSPECTION OF SAFETY BLOCK DRIVE AND MAGNET ATSEMBLY 

For a minor i nspec t i on  i n  place, t he  magnet face and i t s  armature 
must be separated. Place the  rod d r i v e  t e s t  swi tch i n  the  TEST p o s i t i o n  
and d r i v e  the  sa fe ty  block magnet i n  the INSERT d i r e c t i o n  f o r  about an 
inch. With the magnet and armature thus separated, the faces can be 
inspected through special  p o r t s  designed f o r  t h i s  purpose. Cotton-t ipped 
swabs, e i t h e r  d ry  o r  moistened w i t h  alcohol ,  may be used t o  c lean these 
mat ing surfaces. 

5.3.1 Disassembly of  Safety Block Drive System 

The removal f o r  c lose r  i nspec t i on  of the safety block d r i v e  system 
and the magnet assembly i s  accomplished by f o l l o w i n g  the  steps on 
Check l i s t  5.3.1. 

Remove the threaded and pinned bayonet sleeve from the lower end o f  
t h e  sa fe ty  block support shaft and the e j e c t i o n  spr ings from the sa fe ty  
block shaft.  It should be noted t h a t  t he  threaded end o f  t he  s h a f t  and 
the  bayonet sleeve are a c t i v a t e d  by v i r t u e  of t h e i r  p r o x i m l t y  t o  the 
core and bare-hand contact  should be avoided. 

Run the sa fe ty  block d r i v e  t o  i t s  INSERT (upper) l i m i t .  
Lower the  reac to r  i n t o  i t s  storage p o s i t i o n  i n  the p i t ,  disengage 

the  reac to r  p o s i t i o n e r  and r a i s e  the  pickup mechanism d r i v e  t o  the  l i m i t .  
Leave the  p i t  door open. 

Turn o f f  power t o  the reac to r  superst ructure by deenergiz ing the 
main breaker i n  the back of the reac to r  console. 
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Unfasten a l l  wires, etc., t h a t  are connected t o  the reac to r  super- 
s t r u c t u r e  top p l a t e  and aluminum cover p l a t e  and remove the  s u l f u r  f o i l  
holder. It i s  not  necessary t o  d isassemble or remove the  bracket which 
holds the s u l f u r  f o i l  holder and the  source guide tube. 

p la te.  The p l a t e  i s  very heavy, and a t  l e a s t  two men should remove it. 

qu i  ck-di  sconnect coup1 i ngs . 
by th ree  socket head cap-screws. 
T-handle extension wrench and record what shims, if any, are found 
se rv ing  t o  a l i g n  t h e  gearbox assembly t o  make t h e  magnet t rave rse  the  
exact center l i n e  o f  i t s  enclosure tube. Restorat ion o f  shims w i l l  
1 i k e l y  be requ i red  when t h e  motor-and-gearbox assembly i s  r e i n s t a l  l e d  
a f t e r  inspect ion.  

d i n a t i o n  by two workers. The magnet must be a t  i t s  upper ( sa fe ty  block 
INSERTED) l i m i t .  

s h a f t  upward from below. As noted e a r l i e r  the lower end i s  act ivated.  

Remove the  aluminum cover p l a t e  and the  top reactor  superst ructure 

Uncouple the  safety  block d r i v e  e l e c t r i c a l  connections a t  t he  two 

The sa fe ty  block d r i v e  motor and gearbox assembly i s  he ld i n  place 
Loosen these screws w i t h  a special  

Remove t h e  safety  block d r i v e  assembly, Th is  requ i res  ca re fu l  coor- 

Remove the  sa fe ty  block sha f t  from above w i t h  one man pushing the 

5.3.2 I nspec t i on  of Safety  Block D r i v e  and Magnet 

Fol low the  steps i n  Check l i s t  5.3.2 wh i l e  i nspec t i ng  the safety  
block d r i v e  and magnet components. Inspect  runout o f  the armature face 
and the  MAGNET ENGAGED switch actuator  by s lowly  r o t a t i n g  the safety  
b lock sha f t  assembly i n  a l a t h e  wh i l e  contact ing the  proper surfaces 
w i t h  d i a l  i nd i ca to rs .  

by clamping the  magnet d r i v e  assembly t o  a t a b l e  top, w i t h  the  threaded 
d r i v e  s h a f t  o r i en ted  exac t l y  v e r t i c a l  as i nd i ca ted  by a combination 
level-and-square t o o l  The magnet face i s  then made exac t l y  ho r i zon ta l  
by i n s t a l l i n g  appropr ia te l o c a l  shims and by ca re fu l  adjustment o f  the 
magnet mounting screws, p e r m i t t i n g  a t r a c e  o f  f l e x i b i l i t y  t o  encourage 
f i n a l  sel f -a1 i gnment. 

must be taken not t o  d i s t u r b  the synchro d r i v e  t r a i n  as t h i s  might a l t e r  
t h e  establ ished sa fe ty  block p o s i t i o n  readout a t  t he  console. 

The alignment o f  the magnet face w i t h  respect t o  i t s  ax i s  i s  checked 

I f  the safety  block d r i v e  gearbox i s  opened f o r  inspect ion,  care 
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5.3.3 Reassembly of  Sa fe ty  Block Dr i ve  System 

Fol low the steps i n  Check l i s t  5.3.3 wh i le  reassembling the  safety  

Return ing the sa fe ty  block sha f t  t o  i t s  operat ing p o s i t i o n  i s  a 
b lock d r i v e  system t o  the  superstructure.  

hazardous operat ion because o f  the p o s s i b i l i t y  o f  shearing f i n g e r t i p s  
between the  shock absorber spacers and the enclosure tube. 
l ower ing  the  s h a f t  w i t h i n  i t s  guide bear ing wh i l e  g r i p p i n g  i t  by the 
small-diameter uppermost p ro jec t i on ,  then drop the assembly a f t e r  i t s  
shock absorber has entered the  top o f  i t s  enclosure tube. The a c t i o n  o f  
t h e  shock absorber w i l l  prevent shock damage from occu r r i ng  as a r e s u l t  
o f  t h i s  f a l l .  

S t a r t  

Check operat ion o f  the safety-block-seated switch. 
I n s t a l l  t he  sa fe ty  block d r i v e  assembly, remake the e l e c t r i c a l  con- 

nect ions,  and t u r n  on the power a t  t he  reac to r  console power panel. 
Check and ad jus t  t he  al ignment o f  t he  magnet i n  the guide tube. It must 
be demonstrated t h a t  t he  magnet does not  press against  the wa l l s  o f  t h i s  
tube a t  any p o i n t  along i t s  t raverse, and the d r i v e  assembly i s  s h i f t e d  
h o r i z o n t a l l y  and shimmed as requi red t o  achieve t h i s  ob ject ive.  Make 
sure a l l  screws are t i g h t  when the  work i s  completed. 

Replace t h e  superst ructure top p l a t e  and aluminum caver p l a t e  and 
t i g h t e n  the  nuts t h a t  hold them. Reanchor the  pe r iphe ra l  wires as 
necessary and replace the  s u l f u r  f o i l  holder. 

Move the  reac to r  p o s i t i o n e r  pickup mechanism down t o  p i ck  up the 
r e a c t o r  superstructure.  Check the operat ion of the T-bar t o  ensure t h a t  
t h e  p o s i t i o n e r  w i l l  p i ck  up and discharge the  reac to r  proper ly.  

5.4 INSPECTION OF COM’ONENTS ON SUPERSTRUCTURE 

Fol low the steps i n  Check l i s t  5.4 wh i l e  i nspec t i ng  components on the 
r e a c t o r  superstructure,  The i tems are s e l f  explanatory except f o r  the 
f o l l o w i n g  notes. 

of t he  th ree  safety block contacts extends below the  sa fe ty  b l o c k ’ s  
mechanical stop. C l i p  the  ground wi re of t he  gauge block t o  any con- 
venient  p a r t  of t he  reac to r  t o  prevent r e c e i v i n g  m i l d  shocks from the 
28-V, three-contacts system. 

A sa fe ty  block contact  can be adjusted only  a f t e r  i t  has been 
removed from the reactor.  Removal o f  a contact  assembly i s  achieved by 
the  use o f  a specia l  two-pronged too l .  The forks o f  t he  t o o l  are used 

Using the  specia l  three-contacts  gauge block, determine how far each 
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t o  fo rce  two r e s t r a i n i n g  spr ings upward wh i le  t h e  contact  assembly i s  
l i f t e d  upward and away from i t s  normal loca t ion .  

ceramic beads t o  wi thstand r a d i a t i o n  damage. 
i n s u l a t i o n  near the  core f o r  any s igns o f  de te r io ra t i on .  

t h e  pulse rod a i r  c y l i n d e r  must be c a r e f u l l y  documented s ince such 
changes could a l t e r  the  e f f e c t i v e  r e a c t i v i t y  worth of the  pulse rod 
s t roke  . 

Three-contact lead  wi res nearest  the  reac tor  core are i nsu la ted  w i t h  
Inspect  the e l e c t r i c a l  

Any shimming o r  o ther  adjustments which might change the  l o c a t i o n  o f  

5.5 RESTORATION OF CORE TO SUPERSTRUCTURE 

F i l l  out  Check l i s t  5.5 as t h i s  work progresses. The c h e c k l i s t  
serves not on ly  as a reminder o f  var ious d e t a i l s  t h a t  should no t  be 
overlooked bu t  a lso  as a record o f  what changes ( i f  any] have been made 
du r ing  t h i s  inspect ion.  I n  t h i s  way, f u t u r e  problems might be t raced t o  
c e r t a i n  maintenance or  lack o f  maintenance, and improved inspec t ion  and 
maintenance schedules and techniques may be developed w i t h  the  help o f  
these cont inu ing  records. 

t h e  completeness o f  reassembly o f  the  noncore components. 
i tems are e s s e n t i a l l y  t h e  reverse o f  Check l i s t  5.1.2 which was used f o r  
core removal and disassembly. Proper al ignment o f  the c o n t r o l  rods 
w i t h i n  t h e i r  holes i s  achieved by s h i f t i n g  the  respec t ive  d r i v e  
assembl i e s  h o r i z o n t a l l y  and c a r e f u l l y  shimming between t h e  d r i ves  and 
t h e i r  baseplate. 

The f i r s t  four  i tems summarize the ex ten t  o f  o v e r a l l  disassembly and 
The remaining 

5.6 POST-INSPECTION REACTOR CHECKS 

F i l l  our Check l i s t  5.6 as t h i s  work progresses. The f i r s t  p a r t  o f  
t h i s  l i s t  demonstrates t h a t  the  reac tor  func t ions  p roper l y  both mechani- 
c a l l y  and e l e c t r i c a l l y .  These checks are made w i t h  the reac tor  not  
operat ing.  

a re  t o  demonstrate t h a t  the  sa fe ty  shutdown devices are r e l i a b l e  and 
t h a t  the nuclear c h a r a c t e r i s t i c s  o f  the  reac tor  have not  been appre- 
c i a b l y  a l t e r e d  by the inspec t ion  work j u s t  completed. The reac tor  i s  
re turned t o  the hydrau l i c  l i f t  f o r  these checks, 

The operat ional  checks making up the  l a t t e r  p a r t  o f  the c h e c k l i s t  
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CHECKLIST 5.1.1 TOOLS AND SUPPLIES FOR CORE REMOVAL AND DISASSEMBLY 

Name Date 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10 . 
11 . 
12 . 
13 . 
14 . 
15. 

- 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

Check1 i s t  f o r  reac to r  disassembly 

Heal th Physics survey and personnel moni tor ing equipment 

Heal th Physics r a d i a t i o n  warning tags 

DO NOT OPERATE tags 

B1 o t t e r  paper 

Clean co t ton  rags 

G1 oves : 

Core handl ing c a r t  (see Fig. 5.1) 

Safety block receptable for  c a r t  

Core receptac le f o r  c a r t  

Track covers (2) 

Screwdrivers (1 large, 1 small) 

Large p l i e r s  

A l l e n  wrench set 

T-handled A l l en  wrench (1/4-in. size, f o r  s a f e t y  tube 

Punch rod for safety block r o l l  p i n  (1/8-in.), and hammer 

pr. rubber - pr. cot ton;  I pr. t h i n  nylon; - 

removal ) 

- 
o r  mal l e t  

Safety block wrench (phenol ic)  

Two adjustable end wrenches (8-in. 

F1 ash1 i ght ( w i t h  good b a t t e r i e s )  

Nonmetal l ic  p l i e r s  (modi f ied fuse- 
core bo1 t s  

or  IO-in. s ize)  

u l  l e r )  f o r  hand1 i g U-Mo 

Special  core p l a t e  handl ing t o o l  ( f o r  l i f t i n g  bath types 

Hand1 i n g  t o o l  s for  con t ro l  rods. 

o f  core g l  a tes i n d i v i d u a l  l y )  
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CHECKLIST 5.1.2 CORE REMOVAL AND OJSASSEMBLY PROCEDURE 

Name Date 

1. 

2. 

3.  

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11 . 
12 

13 e 

14 . 
15. 

16. 

17. 

18. 

19. 

20 e 

21. 

22. 

Reactor t r a n s f e r r e d  from hyd rau l i c  l i f t  t o  p o s i t i o n i n g  

Reg. rod, M.A. rod, and Safety Block Dr ives a t  t h e i r  

Pulse rod la tches a t  WITHDRAW l i m i t  

Source a t  i t s  WITHDRAW (shielded) l i m i t  

Reactor about 1 in above storage p i t  

P i t  door below reac to r  closed 

Beta-gamma r a d i a t i o n  1 m from core reads mrad/h 

Reactor contamination l e v e l s  acceptable 

Heavy t rack  cover placed across r a i l  no r th  o f  reactor  

L i g h t  t rack  cover placed across no r th  r a i l  a t  center o f  
bu i  1 d i n g  

PULSE ROD INSERTED swi tch assembly demounted 

Safety  tube end cover removed; safety  cage removed 

Safety  tube removed 

Safety  block r o l l  p i n  removed 

Core handl ing car t ,  w i t h  safety  block receptac le i n  place, 

Safety block removed 

Safety  block i n  i t s  receptac le s tored i n  a safe place 

Necessary Heal t h  Physics r a d i a t i o n  zone warning tags and 

Core receptac le on c a r t  and pos i t i oned  against  core 

TC4 removed from under U-Mo b o l t  head 

T C 1  and TC2 disconnected a t  phenol ic j u n c t i o n s  above core 

Core uncoupled from superst ructure 

device 

WITHDRAW l i m i t s  

i n  p o s i t i o n  

ropes erected 

(Sheet 1 o f  2) 
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CHECKLIST 5.1.2 (Continued) 

Name Date 

23. Core support r i n g  lowered away from supers t ruc tu re  studs 

24. Car t  w i t h  core moved t o  sa fe  l o c a t i o n  4 m east o f  t a r g e t  
and I-P r a d i a t i o n  zone warning tags and ropes erected 

I F  CONTROL RODS ARE TO BE REMOVED: 

25. Contro l  rods a t  t h e i r  INSERT l i m i t s  

26. R o l l  p ins  and l o c k i n g  w i re  removed 

27. Contro l  rods unscrewed and s tored on b l o t t e r  paper i n  a 
r a d i a t i o n  zoned l o c a t i o n  

I F  CORE IS TO BE DISASSEMBLED:* 

28. Nine U-Mo bolts removed and s to red  i n  a r e d i a t i o n  zoned 
l o c a t i o n  along w i t h  the  s t a i n l e s s  s tee l  core support 
r i n g  and s i x  spacers 

29. Contro l  rod hole l i n e r s  and U-Mo g lo ry -ho le  p lug  removed 
and s tored i n  a r a d i a t i o n  zoned l o c a t i o n  

30. U-Mo f u e l  p la tes  unstacked and s tored i n  a c r i t i c a l l y  safe 
a r ray  i n  a r a d i a t i o n  zoned l o c a t i o n  

Record e x i s t i n g  torques found on the  n ine  U-Mo bo l t s .  Read CW * 
from t h e  M.A. rod and res to re  each b o l t  t o  i t s  as-found torque before 
measuring the  next  one. 

( l b - f t )  

(Sheet 2 o f  2) 
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CHECKLIST 5.1.3 PRECAUTIONS WHILE CORE IS DETACHED 

Name I. Oate 

1. 'J-Mo f u e l  from core proper ly  s tored i n  safe l o c a t i o n s  

1 

U-Mo f u e l  p la tes:  

U-MO bo1 t . ~  E 

U-Ma b o l t  i n s e r t s :  

I 

2. E x t r a  U-Mo components i n  the  reac tor  bay: none 9 o r  
descr i  bed as fsl 1 ows : 

3. Major ac t i va ted  core components p roper ly  stoped pes Health 
Physics procedures 

4 .  Stared U-Ms f u e l  safe from f l ood ing  

5. Stored U-Mo f u e l  safe from f a l l i n g  ob jec ts  and mechanical 
damage 

6 .  Stared W-No fuel sa fe  f rom t h e f t  and under proper s u r v e i l -  

7. All core par ts  safely stored where p a r t s  will not  be lost  

1 ance (descr ibe p r o t e c t i v e  iiiedsures under COM 

o r  damaged. 
_1_1- 

COMMENTS: 
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CHECKLIST 5.2.1 PREPARATION FOR MAJOR CORE INSPECTION 

Name Date 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

9. 

10 

11 . 
12. 

I nspec t i on  tab les  i n  place 

B l o t t e r  paper sheets fastened t o  i nspec t i on  tab les  

Lead b r i c k s  on inspec t ion  tab le :  number o f  b r icks :  -' 
minimum s h i e l d i n g  thickness: in .  

B inocular  microscope on inspec t ion  t a b l e  

Microscope l i g h t  ( w i t h  appropr ia te  extens ion cord) 

Camera (Describe: #) 

F i l m  (Quant i t y :  1 
Nonmetal l ic  p l i e r s  (modi f ied fuse-pu l le r )  

Tweez er s 

Cotton swabs 

Cleaning so lvents  (Describe: 1 
Special  f u e l  p l a t e  handl ing t o o l  (w 

( L i s t  a d d i t i o n a l  items needed) 

13. 

14 

15. 

t h  p l  a te -s i ze  adapter 

COMMENTS : 



5-18 

CHECKLIST 5.2.2 INSPECTION OF U-MQ NUEL PLATES AND SAFETY BLOCK 

Name Date 

Previous f u e l  p la t e  inspection check1 i s t  reviewed. 

Were fuel p la tes  unstacked f o r  present inspect ion? Yes; no 

Symbols: G = Good 
F = Fair 

U = Unsat is fac to ry  
P = PODS 

(1) ( 2 )  e t c .  = Camments 1,2, e tc ,  

FUEL PLATE M I 

Other i r r e g u l a r i t i e s  
(descr ibe under 

COMMENTS : 



5-19 

CHECKLIST 5.2.3 INSPECTION OF U-Mo BOLTS 

Name Date 

Previous U-Mo b o l t  i nspec t i on  c h e c k l i s t  reviewed. 

Were bolts removed fo r  present inspect ion? Yes ; no 

Symbols: G = Good 
F = F a i r  
P = Poor 
U = Unsa t i s fac to ry  

(1)(2) etc. = Comments 1,2 etc. 

I I I I I 4 - 

COMMENTS : 
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CHECKLIST 5.2.4 INSPECTION OF MISCELLANEOUS CORE C ~ ~ ~ ~ ~ ~ E ~ ~ S  

1, U-MQ bo1 t i n s e r t s  inspected (Mot removed 4 
2, U-Mo glory-hole p lug  inspected. (Not  removed --.- -1  
3 ,  Tubular guides inspected, (Not removed 0 )  

STAINLESS STEEL ‘IUBULAW CGUIDES 
I N S P E C T I O N  REPORT FOR FOR CONTROL RQOS 

1 U  BU L. AW 

No cracks betwesn f lange an 

Tube 
_I_ 

i o r  f r e e  o f  recent  wear 

-- 4. Nine screws f o r  anchori ng t u b u l  at- gui des inspected. 
4 PI__ 

(Not  removed 

5. Core support  r i n g  inspected. (Not removed from t o r e  .) 

6.  S i x  s ta in less  steel spacer r i n g s  inspected. 

- 

(Not removed * >  

7. Safety  block s ta in less  s tee l  surface appears normal where 
i t  meets t h r e e  contacts.  

8. Safety  block bayonet and bayonet adapter f i t  together 
co r rec t l y ,  (Not f i t t e d  - * I  

COMMENTS: 
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CHECKLIST 5.2.5 ALTERATION OF CORE COMPONENTS 

Name Date 

Core components were repaired, cleaned, or altered i n  compliance w i t h  
the Technical Specifications and i n  the manner described below: 

No alterations.  

Alterations as follows: (Include description of any abrasivesp 
sol vents, or lubricants used.) 
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CHECKLIST 5.2.6 SUBSTE%UTIQN OF CQRE COMPONENTS 

Name Date  

New components i n t roduced  i n t o  the  core assembly a re  descr ibed belo 
and are  i n  compliance w i t h  the Technical S p e c i f i c a t i o n s .  

Wa new companents. 

New components as fallaws: 
___I_ 

c 
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CHECKLIST 5.2.7 REASSEMBLY OF CORE COMPONENTS 

Name Date 

1. Inspection of core finished and documented by completed 
checklists for: 

a. U-Mo fuel plates and safety block (5.2.2) - 
b. U-MO bolts  (5.2.3) - 
e. Miscellaneous core components (5.2.4) 

d. Alteration o f  core components (5.2.5) 

e ,  S u b s t i t u t i o n  o f  core components (5.2.6) 

LI 

- 
- 
2. All required U-Mo pieces present and quantities unchanged* 

) *  

1" 

a .  U-Mo fuel plates (quantity 

b. U-Mo bolts (quantity 

c. U-Mo bolt inserts { q u a n t i t y  

d. 

No extra U-Ma pieces present a t  core reassembly p o i n t .  

I *  

U-Mo glory hole plug {quantity )* 
3. 

4. Fuel plate adapter in place on core handling car t ,  

5. Fuel plate No. 11 on core handling car t ,  properly oriented. 

6. Fuel plate No. 10 on core h a n d l i n g  car t ,  properly oriented. 

9 .  Fuel plate No. 9 on core handling car t ,  properly oriented. 

8. Fuel plate No. 8 on core handling car t ,  properly oriented. 

9. Fuel plate No. 7 on core handling ca r t ,  properly oriented. 

10. Fuel plate No. 6 on core handling car t ,  properly oriented. 

11. Fuel plate No. 5 on core handling car t ,  properly oriented. 

Unchanged from those l i s ted  on CHECKLIST 5.1.3: PRECAUTIONS WHILE 

(Sheet 1 o f  2) 
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CORE IS DETACHED. 
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CHECKLIST 5.2.7 (Continued) 

12. 

13 e 

14 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

-I- 

23. 

24 e 

Fuel p l a t e  Na, 4 on core t-iandllng c a r t ,  p roper ly  or iented.  

Fuel p l a t e  No. 3 on core handl ing c a r t ,  p r o p e r l y  or iented. 

Fuel p l a t e  No, 2 on core handl ing cast,  p roper ly  or iented.  

Fuel P l a t e  No, 1 on core handl ing c a r t ,  p roper ly  or iented. 

S ta in less  s tee l  t ubu la r  guides f a r  c o n t r o l  rods i n s t a l l e d .  

Nine anchor screws for cont ro l  rod guides instal l  led.  

Core support r i n g  i n  place, properly or iented. 

Three U-Mo bo1 t s  hol cii ng core support r i n g  i n s t a l  1 ed. 

Six  s td in less  s tee l  spacers and remaining s i x  U-Mo b o l t s  
i n s t a l  1 ed. 

A I  1 n ine $01 t s  pretorqued t o  I lb-Ft .  

A l l  n ine  b o l t s  f i n a l l y  torqued t o  l b - f t .  

U-Ms b o l t  i n s e r t s  i n s t a l l e d ,  (Quant i t y :  ) 

Glory hole plug i n s t a l l e d .  

(Sheet 1 of' a )  



5-25 

CHECKLIST 5.3.1 DISASSEMBLY OF SAFETY N O C K  D R I V E  SYSTEM 

Name Date 

1. 

2. 

3.  

4 .  

5. 

6 .  

7. 

8. 

9. 

10. 

11. 

12. 

Bayonet sleeve removed from sa fe ty  block shaft .  

E j e c t i o n  spr ings removed from safety  block shaft .  

Safety block d r i v e  moved t o  INSERT (upper) l i m i t .  

Reactor discharged i n  p i t ,  w i t h  s c r e w - l i f t  d r i v e  up and 

Main breaker i n  back o f  console deenergized. 

Sul f u r  f o i  1 ho7 der removed. 

M i  r e s  and other  per iphera l  items disconnected f r o m  reactor  
supers t ruc tu re  top p la te.  

A1 umi num cover p l a t e  and superst ructure t o p  p l a t e  removed. 

E l e c t r i c  cables f o r  sa fe ty  block d r i v e  disconnected a t  two 

Safety  block d r i v e  assembly loosened. 

storage p i t  door open. 

c o u p l i  ngs. 

l o c a t i o n s  were found t o  be as fo l lows:  
Shims and t h e i r  

Safety block d r i v e  assembly removed. 

Safety block sha f t  conta in ing shock absorbers and magnet 
armature removed. 

COMMENTS : 
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CHECKLIST 5.3.2 I N S P E C T I O N  OF SAFETY BLOCK D R I V E  AND MAGNET 

Name Qatc? 

1, Safety  block shaf t  assembly inspected and appears normal. 
Oescri be changes and improvements under COMNENTS bel obi. 

-- a. Shock absorbers p l i a b l e ,  p roper ly  located, l i g h t l y  
l u b r i c a t e d  w i t h  graphi te,  

b. Magnet armature t i g h t l y  mounted, f r e e  o f  d i r t .  Face 
runout per d i a l  i n d i c a t o r  was s 

now i s  

- 
- . 

_I 

c. MAGNET ENGAGED swi tch ac tua tor  p roper ly  at tached Lo 
P 

armature, Runaut per d i a l  i n d i c a t o r  was , 
now i s  

--I__ 

_.___ d. Main s h a f t  f r e e  o f  cracks and scratches, threads not 
damaged, threads and shaf t  l i g h t l y  l u b r i c a t e d  w i t h  
graphi te .  

2. Magnet assembly inspected and appears nonnal. Descr ibe 
changes and improvements under COMMENTS he1 ow. 

- a. Magnet face f r e e  o f  d i r t  and scratches. 

___. b. 

_q__ C. Magnet screws proper ly  t ightened, safety  wires secure. 

- d.  

Alignment o f  magnet face w i t h  respect t a  ax is  checked 
, cor rec ted  . 

MAGNET ENGAGED swi tch t i g h t l y  mounted, c o r r e c t l y  
adjusted, e1 e c t r i c a l  leads and termi  na l  s anchared 
and i n s u l  ated. 

- 3. Safety block d r i v e  assembly inspected and appears riarrnall 
Descr ibe degree o f  disassembly, changes, and improvements 
under COMMENFS bel ow, 

I 

4 .  Shock absorber enclosure tube inspected and appears nortnal . 
Descr ibe changes and improvements under CO 

a. Tube cleaned. -- 

- b. Shaf t  bear ing cleaned and l i g h t l y  l u b r i c a t e d  w i t h  
graphi te .  

COMMENTS: 
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CHECKLIST 5.3.3 REASSEMBLY OF SAFETY 3LOCK D R I V E  SYSTEM 

Name Date 

1. 

2. 

3.  

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Safety  block s h a f t  re turned t o  enclosure tube. (Beware o f  
hazard t o  f i n g e r t i p s . )  

SAFETY BLOCK SEATED switch inspected and appears normal e 

Safety  block d r i v e  assembly res to red  t o  operat ing pos i t ion.  

E l e c t r i c  cab1 es reconnected a t  two coup1 i ngs . 
Main breaker i n  back o f  console reenergized. 

Magnet demonstrated t o  be centered i n  i t s  enclosure tube, 
t a p  and bottom; alignment shims i n s t a l l e d  and screws 
t ightened.  Shims and their l o c a t i o n s  are as fo l lows:  

Superst ructure top p l a t e  and aluminum cover p l a t e  restored 
t o  p o s i t i o n  and secured. 

Miscel laneous wires reanchored t o  superst ructure top p la te,  

Sul f u r  f o i  1 holder mounted 

T-bar observed t o  f u n c t i o n  
discharge. 

E j e c t i o n  spr ings placed i n  

on reactor.  

p roper l y  a t  p ickup and 

sa fe ty  block shaft .  

Bayonet sleeve placed on sa fe ty  block s h a f t  and pinned. 
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CHECKLIST 5.4 INSPECTION OF COMPONENTS O N  SUPERSTRUCTURE 

Date  - Name 

1. Three sa fe ty  b l o c k  contacts  normal. 

Contacts cleaned ; removed , a d j u s t e d  9 

2. 'Three contacts measured. 

No, 1 = , NO, 2 = , No. 3 = 

3. I n s u l a t i o n  on wires leading t o  t h r e e  contac ts  i n t a c t .  

4. All l imi t  swi tches  and a c t u a t o r s  inspected and secure, 

5. Pulse rod a i r  cylinder normal. 

_II_ a. No shimming o r  o ther  changes made 

b. Changes made per COMMENTS below. 1 i 
..--__I.__ 6. Safety block d r i v e  motor and gear box normal. 

7. M.A. rod dr ive  motor and gear box norma! 

8. Reg, rod dr ive  motor and gear box norinal e 

9, Pulse-rad latches normal 

10. Pneumatic systerii normal and f i t t i n g s  t i g h t .  u 
(Sheet 1 o'f 2)  
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CHECKLIST 5.4 (Continued) 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Reservoi r  tank normal and f i t t i n g s  t i g h t .  
Las t  inspec t ion  by Q u a l i t y  Department (date) a 

A l l  c o n t r o l  rod d r i v e  shaf ts  norrnal. Cleaned and 
1 u b r i  cated 

Safety  b lock magnet and armature faces clean. 
assembly removed f o r  inspec t ion  9 

adjustments made 

Magnet 

Safe ty  block shock absorbers sa t i s fac to ry .  
Assembly removed f o r  inspec t ion  . 
Safety  block withdraw swi tch secure and w i  r e s  c l e a r  

Terminal s t r i p s  normal. Screws t igh tened 

A l l  w i r i n g  neat, c l e a r  o f  dr ives,  and no t  s t ra ined.  
Wire t i e s  added 

Superst ructure clean. Excess o i  1 removed . 
COMMENTS : 

(Sheet 2 o f  2) 
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CHECKLIST 5.5 RESTORATIQN OF CORE TO SUPERSTRUCTURE 

Name Date 

1. 

2. 

Check1 i st 5 -2 , 7 comgl eted far reassembly a% care ccrinponents. 

Checklist 5 . 3 . 3  completed for  reassembly of sa fe ty  black 
d s i  ve system. 

3. Supers t ruc tu re  component changes: 

a. None. - 
._I__ b. 

4. Supers t ruc tu re  noncore components installed: 

Changes made as described undei- COMMENTS below. 

Not removed f o r  

and magnet f o l  1 ower assembly 
S a f e t y  b: ock magnet and d r i v e  

5, Con t ro l  rods installed and s a f e t y  locked: 

Rea. rod I 1 I 

6. C o n t r o l  rods dr ive  t.o t h e i r  NITHDRAW (upper) limits. 

7. Core assembly (on c a r t )  pos i t ioned properly below super- 
s t r u c t u r e ,  

(Sheet 1 o f  2) 
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CHECKLIST 5.5 (Continued) 

8. 

9. Three nuts ( w i t h  lockwashers) attached t o  ho ld  core t o  

Core ra i sed  i n t o  p o s i t i o n  f o r  a t tach ing  t o  superstructure,  

superstructure.  

10. Contro l  rod al ignments sa t i s fac to ry .  

a. Regulat ing rod real igned. (Describe shimming under - 
COMMENTS bel  ow. ) 

b. M.A. rod real igned. (Describe shimming under - 
COMMENTS bel  ow.) 

11. Thermocouples Nos. 1 and 2 plugged i n  a t  phenol ic 
connectors. 

12. Thermocouple No. 4 anchored under U-Mo b o l t  head spacer. 

13. Safety block d r i v e  moved t o  i t s  WITHDRAW ( lower) l i m i t .  

14. Care handl ing c a r t  removed and prepared f o r  t r a n s p o r t i n g  
s a f e t y  b l  ock 

15. Safety block placed on c a r t  and moved i n t o  p o s i t i o n  below 
core. 

16. Safety block at tached t o  d r i v e  shaft  us ing phenol ic  wrench 
(bayonet engages l i k e  l e f t -hand  thread).  

17. Safety  block r o l l  p i n  i n s t a l l e d .  

18. Safety  tube attached (use shor t  screw on south s ide).  

19. Thermocouple No. 5 anchored between sa fe ty  tube and bottom 
fuel plate.  

20, Safety cage attached. 

21. Safety tube end cover attached. 

22. Pulse rod INSERT l i m i t  switches attached. 

(Sheet 2 of 2) 
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CHECKLIST 5.6 POST-I NSPECTION REAC'FOR CHECKS 

Date  
_I_ 

Nanic 

__s- 

-- 
-_I_ 

1, 

2. 

3 .  

4. 

5. 

6. 

7 .  

8. 

9. 

18 

11. 

Main breaker switch behind console tu rned on. 

Pulse rod mot ion looks and sounds normal e Describe any 
adjustments under 60 

Reg, rod and M.A. rod inations look and sound normal. 

Safety block d r i v e  mot ion looks and sounds normal (~itfp 

Pulse rod la tches  func t l sn  proper ly.  

s a f e t y  block not  picked u p ) .  

Pulse rod l i m i t ,  l i g h t s  func t i on  proper ly.  

Reg. rod and M.A. rod l i m i t  l i g h t s  func t ion  proper ly.  

9 Reg. rod WITHDRAW reading -- 
M.A. rad WITHDRAW reading . 

Y -- Reg. rod INSERT reading 

M.A. rod I N S E R T  reading 

Three con t ro l  rods measured w i t h  respect t o  bottom surface 
o f  core whew a t  i n s e r t  l i m i t :  

a. Pulse rod: 

---- b. M.A. rod: 

ly 

c. Reg, rod: 

Reactor prepared far  opera t iona l  checks, ( S u l f u r  f o i l  i n  
place; pulse rod n i t r o g e n  supply turned on; reac to r  
re tu rned t o  hydraul i c 1 i f t  and ra i sed  ; reac tor  bui  1 d i  ng 
and gates locked; r o l l  c a l l  taken; 3-min t i n c o u t  
completed.) 

MAGNET ENGAGED and SAFETY BLOCK WDR. l i g h t s  f u n c t i o n  
p roper ly .  

CK D R I V E  WDR. l i m i t  l i g h t  f u n c t i o n s  properly. 
SB. DRIVE MDR. l i m i t  reading: 

(Sheet I of 
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CHECKLIST 5.6 (Continued) 

12. 

13 

14. 

15. 

16. 

17. 

18. 

19. 

SAFETY BLOCK INSERTED and SB. D R I V E  INSERTED l i m i t  l i g h t s  
f u n c t i o n  proper ly .  SB. D R I V E  INSERTED reading: 0 

Three sa fe ty  b?ock contacts make up p roper l y  (per t e l e v i -  
s i o n  observat ion).  

Magnet scram cu r ren t  measured: ¶ 0 

Solenoid scram cu r ren t  measured: Y . 
Reactor bay reentered; three-contacts t e s t  swi tch (NU side 

o f  superstructure, near t o p )  s h i f t e d  from NORMAL t o  TEST, 

Safety  block release and t r a v e l  t imes measured. 

S.B. release: 9 . 
S.B. t r a v e l :  9 0 

Pulse rod i n s e r t i o n  t i m e  measured: ¶ . 
M.A. rod c r i t i c a l  p o s i t i o n s  under standard cond i t i ons :  

. 
PI 

P rod OUT, Reg. rod OUT 
-3 

P rod I N ,  Reg. rod OUT 

P rod OUT, Reg. rod I N  
-9 

P rod I N ,  Reg. rod I N  

Reg. rod worth ; Reg. rod worth 

P rod worth ¶ P rod worth 

COMMENTS : 

(Sheet 2 o f  2) 
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6. SPECIAL REACTOR PROCEDURES 

6,1 ASSEMBLING NEW REACTOR CORES: CRITICAL EXPERIMENTS 

A ser ies  o f  c r i t i c a l  experiments must be performed f o r  each new core 
t o  be used i n  t h e  HPRR. The procedure f o r  performing t h e  c r i t i c a l  exper i -  
ments i s  given below, and once they have been performed, the  new core can 
then be assembled according t o  the  procedures given i n  Sect ion 5.1. 
(Step-wise changes such as t h e  s u b s t i t u t i o n  o f  a fuel  d i s k  o r  a few U-Mo 
b o l t s  i n  a core w i l l  not  requ i re  a f u l l  c r i t i c a l  experiment.) 

c r i t i c a l  cond i t i on  w i l l  be reached be fore  t h e  expected load ing  i s  
a t ta ined,  t h e  f o l l o w i n g  procedure must be d iscont inued u n t i l  the  reason 
f o r  the premature c r i t i c a l i t y  has been determined and corrected. 

I f  a t  any t ime dur ing  assembly o f  a new core i t  appears t h a t  the 

1. Read Sect ion 5.1.1 and perform steps under Sect ion 5.1.2. 
2. Place t h e  bottom l - i n . - t h i ck  d isk  (No. 11) i n  t h e  d i sk  adapter on 

t h e  core assembly t a b l e  (shown i n  Fig. 5.1). Then p o s i t i o n  a neutron 
source and a neutron-detect i  ng chamber a t  reproduc ib le  po in ts  on 
opposi te  s ides o f  the d i s k  and determine t h e  count ing rate.  

t i o n i n g  t h e  source and determin ing the  count ing r a t e  a f t e r  each d isk  
i s  added. 

4 .  P l o t  t h e  rec ip roca l  of the count ing r a t e s  as a f unc t i on  o f  the $35 
mass o f  the  stack. 
count ing r a t e  t o  ob ta in  an est imate of the c r i t i c a l  mass and there-  

3. Add, i n  tu rn ,  d i sks  Nos. 10, 9, and 8 (each 15/16 in.  t h i c k ) ,  reposi -  

Ex t rapo la te  these data t o  zero rec ip roca l  

f o r e  c r i t i c a l  height.  
5. Place t h e  s ta in less  steel guide 
6. Place t h e  s ta in less  s tee l  guide 
7. Place t h e  s ta in less  s tee l  guide 
8. Place s t a i n l e s s  s tee l  support r 

tube i n  pulse rod hole. 
tube i n  regu la t i ng  rod hole 
tube i n  mass adjustment rod 
ng ( w i t h  lugs)  over appropr 

hole. 
a t e  

ho les i n  top d isk,  t a k i n g  care t o  o r i e n t  t h e  support r i n g  proper ly  
r e l a t i v e  t o  both t h e  core and the  source dr ive .  

9 .  B o l t  the  assembly together  w i t h  t h ree  of the  n ine  U-Ma b o l t s .  

t o  t h e  reac tor  framework w i t h  the  th ree  s ta in less  s tee l  b o l t s  and 
1 ock washers. 

11. Remove assembly t a b l e  and rep lace d isk  adapter w i t h  sa fe ty  block 
adapter e 

12. Place safety block i n  adapter and move and r a i s e  t a b l e  u n t i l  t h e  
sa fe ty  b lock can be at tached t o  i t s  support sha f t  w i t h  bayonet-type 
l a t ch .  

10, Raise t h e  top  o f  the  assembly t a b l e  u n t i l  t h e  d isks  can be fastened 
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13. Obtain a count ing r a t e  w i t h  the s o ~ r c e  i nse r ted  but  w i t h  the  sa fe ty  

14. Proceed w i t h  the  normal checkout. and opera t ing  procedures o f  

15. Observe t h e  mu1 t i  pl  i c a t i  on change, or approach c r i  t i  c a l  i t y  as the 

b l o c k  and con t ro l  rads out; p l o t  as i n  Step  4. 

Sect ion 4.1. 

sa fe ty  block and con t ro l  rods are i nse r ted  i n t o  the  core. I f  wit=- 
i c a l i t y  i s  not  brought about w i t t i  a l l  rods inserted, ob ta in  a count 
f ro in  t he  s t a r t u p  channel f o r  t h i s  con f igu ra t i on  and p l o t  as i n  
Step 4. 

g iven i n  Sect ion 4.1.4. 

t h e  one f o r  ho ld ing  the  disks. 

16. Shut down the  reac tor  according t o  the  normal shutdown procedure 

17. Remove t h e  sa fe ty  block and change adapter on the  assembly t a b l e  t o  

18, Remove t h e  d isks  from the  reac tor  framework onto the assembly tab le.  
19. Remove the  th ree  IJ-Ma bo l t s ,  add another d isk,  determine the  

20. Continue t o  add another d isk,  u n t i l  the  remaining s i x  d isks  have 
count ing  ra te ,  and repeat Steps 4 through 18. 

been used, repeat ing  Steps 4 through 18 a f t e r  each add i t ion .  A f t e r  
f o r  l a s t  d i s k  has been added, b o l t  t h e  guide-tube ho ld ing  r i n g s  f o r  
t h e  movable rods onto the  top  core piece. 

22.  Add t h ree  o f  t h e  remaining s i x  U-No b o l t s  t o  the  core, a t tdch  the 
core and sd fe ty  block t o  the reac tor  framework, and ob ta in  a 
count ing  r a t e  both before and a f t e r  sa fe ty  block i s  inserted. 
Estimate the  c r i t i c a l  mass and p l a t  the  da ta  on the  same curve as 
t h e  data i n  Step 4. 

adapter on assembly tab le .  
22. Remove safety block from reac tor  framework and lower core i n t o  disk 

23. Repeat Step  21, w i t h  the  th ree  remaining bo l ts .  
24. I f  every th ing  seems norrnal determine c r i t i c a l  con t ro l  rod se t t ings .  
25 e Cal i b r a t @  the  mass adjustment and r e g u l  a t i  ng rads determi n i  ng 

26. Determine r e a c t i v i t y  worth o f  pulse rod by procedures given i n  
r e a c t i v i t y  worth o f  each as a func t i on  o f  i t s  p o s i t i o n  i n  t h e  core, 

Sect.ior1 6 , 3 . 1 .  

INATION OF REACTIVITY 

Since the  HPRR i s  extremely s e n s i t i v e  t o  a l l  surrounding ob jec ts  
t h a t  m i g h t  ac t  as r e f l e c t o r s ,  no experi inent can begin u n t i l  t he  e f f e c t s  
o f  a l l  r e f l e c t i n g  ma te r ia l s  around the  core are estimated and recorded 
on the  WRR Checkout Sheet (see Sect ion 4 .1 IG The e f f e c t  o f  .the f loo r  
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was determined dur ing  t h e  i n i t i a l  c r i t i c a l  experiments w i t h  core No. 1 
and w i l l  be approximately the  same f o r  any new core, but  t o  t h i s  must be 
added the  est imated e f f e c t  o f  each experimental con f i gu ra t i on  and any 
o ther  r e f l e c t i n g  mater ia ls .  The est imated r e a c t i v i t y  worths o f  the  
exper imental  con f i gu ra t i ons  w i l l  be based on conservat ive comparisons 
w i t h  r e a c t i v i t y  worths determined prev ious ly  f o r  r e f l e c t o r s  o f  s i m i l a r  
s ize,  shape, and composition. The procedure given below w i l l  be used 
f o r  such determinat ions:  
1. Follow t h e  steps given f o r  s teady-state operat ion i n  Sect ion 4.1 t o  

determine the  c r i t i c a l  c o n t r o l  rod pos i t i ons  i n  t h e  core w i t h  no 
r e f l e c t o r  i n  pos i t ion .  
Est imate the  d is tance from the  core t h a t  the  r e f l e c t o r  can be placed 
w i thou t  inc reas ing  t h e  core r e a c t i v i t y  more than 25 cents. Th is  
d is tance should be a conservat ive est imate made by comparing, on a 
volume (or  mass) and area basis, t h i s  r e f l e c t o r  w i t h  one having a 
known r e a c t i v i t y .  

3, P o s i t i o n  t h e  r e f l e c t o r  a t  the  requ i red  distdnce, determine t h e  new 
c r i t i c a l  rod se t t ings ,  ob ta in  t h e  associated r e a c t i v i t y  change from 
t h e  rod c a l i b r a t i o n  curves, and p l o t  t h e  r e a c t i v i t y  change as a 
f u n c t i o n  o f  the  r e f l e c t o r  d is tance from the  reac tor  surface. 
Using t h e  same procedure as i n  Step 2, est imate t h e  d is tance t h a t  
t h e  r e f l e c t o r  can be moved toward the  reac to r  (o r  t h e  reac tor  toward 
t h e  r e f l e c t o r )  w i thout  inc reas ing  i t s  r e a c t i v i t y  more than 10 cents 
( i f  the  U-Mo shim p ins  have been removed, the  l i m i t  will  be 25 cents).  

r e f l e c t o r  condi t ion.  
Make a l i n e a r  ex t rapo la t i on  o f  the  data t o  zero d is tance f ro in  the 
reac to r  and m u l t i p l y  t h i s  value by a f a c t o r  o f  2. P l o t  t h i s  po int ,  
and draw a curve through it and the two experimental po in ts  t o  
ob ta in  an est imate o f  the d is tance t h a t  t h e  r e f l e c t o r  can be moved 
toward t h e  r e f l e c t o r  w i thout  inc reas ing  i t s  r e a c t i v i t y  more than 
10 cents ( o r  more than 25 cents i f  the  shim p ins  have been removed). 

7. Move t h e  r e f l e c t o r  t o  a p o s i t i o n  no c loser  t o  t h e  core than t h e  
l i m i t s  set  i n  Step 6, determine the new c r i t i c a l  c o n t r o l  rod set-  
t i n g s  and t h e  associated change o f  r e a c t i v i t y  from the  previous 
pos i t i on ,  and p l o t  the  t o t a l  r e a c t i v i t y  change from the no - re f l ec to r  
cond i t ion .  

8 ,  Draw a curve through the th ree  experimental po in ts  and ex t rapo la te  
t h e  curve t o  zero d is tance from t h e  core t o  ob ta in  an est imate o f  
t h e  d is tance t h a t  the  r e f l e c t o r  can be moved toward the  reac tor  
w i thou t  changing i t s  r e a c t i v i t y  more than 10 cents (or  more than 

2. 

4 .  

5. Repeat Step 3,  p l o t t i n g  the  t o t a l  r e a c t i v i t y  change from the  no- 

6. 



25 cents i f  the  shim p i  tis have been removed). Move r 2 f l e c t w  t o  the 
new pos i t i on ,  determine t h e  new c r i t i c a l  con t ro l  rod s e t t i n g s  and 
the associated change o f  r e a c t i v i t y  from the  previous pos i t i on ,  and 
p l o t  t h e  t o t a l  r e a c t i v i t y  change from the  no - re f l ec to r  cand-ition. 

r e f l e c t o r  i s  a t  t he  des i red  p o s i t i o n  or ~i l t i l  i t s  r e a c t i v i t y  worth 
i s  50 cents, whichever c c n d i t i s n  i s  reached f i r s t .  

r e f l e c t o r  con t r i bu tes  about 175 cents, a f t e r  which the  movements o f  
t h e  re f l ec to i -  should correspond t o  r e a c t i v i t y  increases o f  no silore 
than 10 cents, The procedure will then be continued u n t i l  the 
ref lector  i s  a t  the  deslred p o s i t i o n  o r  u n t i l  i t s  r e a c t i v i t y  i s  
worth no more than 214 cents, whichever cond i t i on  i s  reached f i r s t ,  

9. I f  the  U-Mo shim p ins  are i n  the  bo l t s ,  repeat S t e p  8 u n t i l  t he  

10. I f  the  shim p ins  are not i n  t he  bo l t s ,  repea t  Step 8 until t h e  

Nhenever c.hanges are made i n  t h e  WRR core which a f f e c t  the  con t ro l  
rod worths, i t  w i l l  be! necessary t o  redetermine the r e a c t i v i t y  worth o f  
t h e  pulse rod. S i m i l a r l y ,  whenever changes are made i n  the reflector 
used with the  reac tor ,  the  e f f e c t  o f  t he  r e f l e c t o r  on the  pulse rod must 
be known before pulse experiments can proceed on a r o u t i n e  basis. I f  
comparable (or l a r g e r )  r e f l e c t o r s  have been measured, conservat ive e s t i -  
mates o f  the r e f l e c t o r  e f f e c t  on t h e  pulse rod can be made, as c a l l e d  
f o r  i n  the  pulse operat ion procedure given i n  Sect ion 4.2.1. I n  any 
case, t he  worth o f  the  pulse rod i n  each unre f lec ted  core must have bem 
measured. Sect ion 6.3.1 below qives the procedure t o  tap fol lowed t o  
perform a ser ies  o f  pulses approaching t h e  maximum pulse y i e l d  and pro- 
v i d i n g  data t o  evaluate the  r e a c t i v i t y  worth o f  t h e  pulse rod u k n  no 
re f1  ec to r  i s  present. The procedure t o  fol 1 ow when deteri i i i  n i  rig the  
e f f e c t  o f  a r e f l e c t o r  on the  pulse i - ~ d  i s  given i n  Sect 

6.3.1 Unreflected Core 

In deteri i i ining the  worth o f  the pulse rod, the  i 3 i t  

of t he  assembly must be conserva t ive ly  low t o  allow f o r  

on 6.3.2. 

a1 r e a c t i v i t i e s  
any error i n  

es t ima t ing  t h e  wor th o f  the pulse rod. The deterininatiooi i ,  there fore ,  
w i l l  begin w i t h  a pulse experiment i n  which appraxirndtely 40 c e n t s  i s  
subt racted f r o ~ i i  the del ayed-cr i  t i c a l  core and the  i n s e r t i o n  o f  the  pul  se  
rod  r e s u l t s  i n  a core having a r e a c t i v i t y  o f  on ly  about 65 cents. The 
second pulse w i l l  r e s u l t  from a core having a r e a c t i v i t y  o f  78 cents, 
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and so f o r t h ,  u n t i l  approximately 10 pulses are performed, the  i nc re -  
ments o f  r e a c t i v i t y  increase being only  about 2 cents dur ing the l a s t  
several  pulses. Thus, t he  f o l l o w i n g  steps w i l l  be used t o  evaluate the 
pulse rod: 

1. Fol low the steps o u t l i n e d  i n  Sect ion 4.2 t o  perform a se r ies  o f  
pulses f o r  which the core cond i t i ons  are approximately those given 
bel  ow: 

Change j n - R e a c t i v i  
del ayed-cr i  t 1 ca l  core 

-40 
- 30 
-20 
- 10 
-8 
-6 
-4 
-2 
0 
2 

Estimated r e a c t i v i t y  o f  core 
p lus  pu lse rod (cents) 

68 

88 
98 
100 
102 
104 
106 
10 8 
110 

78 

2. As each pulse i s  performed, p l o t  a curve o f  r e l a t i v e  f i s s i o n  y i e l d  

3. 
vs r e a c t i v i t y  o f  the core. 
Make a determinat ion o f  t he  absolute f i s s i o n  y i e l d  by exposing a 
U-No sample i n  the samp le - i r rad ia t i on  hole or by exposing p rev ious l y  
c a l i b r a t e d  Poi 1 s, 
Determine the r e a c t i v i t y  worth o f  the pulse rod by generat ing a 
curve o f  the rec ip roca l  pe r iod  vs r e a c t i v i t y  added t o  ( o r  subtracted 
from) the  d e l a y e d - c r i t i c a l  core f o r  rec ip roca l  per iods greater  t h a n  
about 10-4 and then e x t r a p o l a t i n g  t h i s  curve t o  1/T = 0. 
per iods o f  t h i s  magnitude, the delayed neutrons do not  c o n t r i b u t e  
apprec iab ly  t o  the  i n i t i a l  power r i s e ;  therefore,  t he  l i n e a r  
e x t r a p o l a t i o n  o f  the curve t o  1fl = 0 corresponds t o  the prompt- 
c r i t i c a l  condi t ion,  and the r e a c t i v i t y  worth o f  t he  pulse rod i s  
equal t o  100 cents p lus the amount o f  r e a c t i v i t y  subtracted f r o m  the 
d e l a y e d - c r i t i c a l  core t o  g ive the p r o m p t - c r i t i c a l  per iod.  

4 .  

For 
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Any r e f l e c t o r s  which measurably increase the  r e a c t i v i t y  o f  the co re  
may change the  worth o f  the  pulse rod, and it must always be assumed 
t h a t  they w i l l  increase i t  t o  some extent. Here again, i n  determining 
t h e  worth of t he  rod, the  i n i t i a l  r e a c t i v i t i e s  o f  t he  assembly must  be 
conserva t i ve l y  low t o  allow f o r  any e r r o r s  i n  es t imat ing  t h e  worth o f  
t h e  rod. The e n t i  re procedure i s  as fol  1 OWS: 

1. C a l i b r a t e  the  pulse rod i n  the unref tected core. 
ill. Place the r e f l e c t o r  an the  same s ide  o f  t he  core as t he  pulse rod i n  

a p o s i t i o n  which w i l l  not  increase t he  r e a c t i v i t y  o f  the core by 
mare than 50 cents. (P lac ing  the  r e f l e c t o r  on the  same side as the 
pu lse  rod w i l l  produce a maximum per tu rba t l on  o f  the f l u x  i n  the  
pu lse  rod,) 

3. Follow the  procedures given i n  Sect ion 4.2 t o  perform a s e r i e s  o f  
pu lse  experiments, based on the i n i t i a l  and succeeding r e a c t i v i t i e s  
o f  the core given below: 

a. The r e a c t i v i t y  o f  t h e  core (minus pulse rod) f o r  the i n i t i a l  
pu lse  w i l l  be t h a t  r e a c t i v i t y  o f  the  un re f l ec ted  core (minus 
pu lse  rod) which gives a y i e l d  o f  I x 1017 f i ss ions  when the  
pu lse  rod i s  added minus the r e a c t i v i t y  worth o f  t h e  r e f l e c t o r ;  
t h a t  i s ,  P i n i t i a l  = Pbai-e core, (1017 f i s s i o n s )  - P r e f l e c t o r *  
I f  the  e f f e c t  o f  t he  r e f l e c t o r  i s  r e l a t i v e l y  small, the  
r e a c t i v i t y  o f  t h i s  i n i t i d l  core p ius  the  pulse rod w i l l  be 
approximately 40 cents below prompt c r i t i c a l  , assuming the  
r e f l e c t o r  t o  be worth 50 cents. 
The r e a c t i v i t y  t o  be subtracted f rom P(bare core,  1017 f i ss ions )  
f o r  succeeding burs ts  w i l l  be (assuming the  r e f l e c t o r  t o  be 
worth 50 cents ) ,  i n  order, 40, 30, 20, 15, 10, and 5 cents, or 
u n t i l  a measurable temperature r i s e  i s  obtained, 

c. A f t e r  a pulse experiment has. been performed which gives a 
measurable temperature r i s e ,  t he  r e a c t i v i t y  o f  t he  core w i l l  
be increased about 2 cents f o r  each succeeding pulse. 

4. 

4, A f t e r  each pulse., p l o t  the  temperature as a f unc t i on  o f  the  reac- 
t i v i t y  of t he  core on the  same graph w i t h  the  corresponding data 
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f o r  the  unref lected core. Compare the two curves to determine the 
increased worth o f  the  pulse rod. 

(NOTE: It may not be necessary t o  continue the  pulse t o  the  maxi-  
mum yleld t o  determine the increased worth o f  the pulse rod,)  
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7. MAINTENANCE OF REACTOR AND ASSOCIATED EQUIPMENT 

Maintenance o f  the HPRR and associated equipment w i l l  be done on a 
scheduled t ime-cycle or operat ion-cycle basis. 
v i s o r  w i l l  be responsible fo r  checking and mainta in ing t h e  mechanical 
components o f  t he  reactor  on a calendar schedule or  as determined by the 
number of steady-state operat ions or  number of pulses, f o r  seeing t h a t  
t h e  drainage system works proper ly ,  and for main ta in ing  t h e  con t ro l  rod 
l i m i t  switches and selsyns on an operat ional  basis. C a l i b r a t i o n  and 
checking o f  the temperature system and checking o f  the con t ro l  system 
w i l l  be the  r e s p o n s i b i l i t y  o f  the Reactor Supervisor, w i t h  members o f  
t h e  Reactor Contro ls  Department of t he  Inst rumentat ion and Contro ls  
D i v i s i o n  performing the  maintenance. The Reactor Supervisor l i k e w i s e  
w i l l  be responsib le  f o r  t he  operat ional  checking and maintenance o f  the 
reac to r  p o s i t i o n i n g  device and associated b u i l d i n g  equipment, w i t h  mem- 
bers of the P l a n t  and Equipment D i v i s i o n  performing the maintenance. 
Checking and inspec t i on  o f  the h o i s t i n g  equipmevt f i l t e r  systems and 
pressure con ta in ing  equipment w i l l  be the  r e s p o n s i b i l i t y  of the Q u a l i t y  
Department. 

The HPRR Reactor Super- 

The maintenance f i l e s  kept i n  the  HPRR c o n t r o l  room w i l l  i nc lude  a 
schedule o f  t h e  inspect ion,  c a l i b r a t i o n ,  and maintenance required; a 
record o f  the completion o f  those i tems; and procedures f o r  performing 
them. Q u a l i t y  Department w i l l  mainta in  a programmed schedule o f  inspec- 
t i o n s ;  they forward copies of t he  scheduled inspect ions t o  the HPRR 
p r i o r  t o  t h e i r  inspect ions and the  r e s u l t s  of the inspect ions a f t e r  they 
a re  completed. The P lan t  and Equipment D i v i s i o n  w i l l  cover, by 
programmed maintenance, the  p o s i t i o n i n g  device and associated b u i l d i n g  
equipment. When the  work i s  completed, the superv is ing foreman w i  11 
i n i t i a l  and forward the cards, t h a t  show the work t h a t  was done, t o  the 
HPRR Operations Supervisor f o r  recording. A1 I maintenance, c a l i b r a -  
t i ons ,  and checks on I&C equipment w i l l  be recorded on cards and fed 
i n t o  t h e i r  computer so t h a t  t he re  i s  a permanent record o f  a l l  work on 
each piece o f  equipment. 

7.1 SCHEDULE FOR CHECKS, INSPECTIONS, AND MAINTENANCE 

The schedule f o r  checks, inspect ions,  and maintenance for  the WPRR 
and associated equipment i s  broken down i n t o  annual, semiannual, 
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quar te r l y ,  and inonthly inspect ions.  The v a r i o u s  groups responsible For 
t h e  Work are i d e n t i f i e d  f o r  each i t e m  w i t h  t h e  f o l l o w i n g  abbreviat ions:  

Reactor Operator I RO 
Ins t rumenta t ion  ii Controls .~ IC 
Q u a l j t y  Department - QD 
Envi ronmental Ib Occupati anal Safety - E&OS 

7.1.1 HPRR I n  

1. Inspect a l l  recorders - I C  
2 .  Review conLr-ol system switches, re lays ,  etc, - RQ, I C  
3. Test a l l  annunciators - RO, I C  
4. Check con t ro l  rod  l i m i t  switches and selsyns - RO, PE 
5. Inspect pos i t . ion ing device c i r c u i t s  and l i m i t  switches - RO, P E  
6. C a l i b r a t e  reac tor  b u i l d i n g  electrometers and con t ro l  b u i l d i n g  

7. Inspect  reac tor  core - RO 
8. C a l i b r a t e  regulat ing rod I= RO 
9. Inspect iilechanical equipment on reac tor  supers t ruc tu re  - RO PE 

monitron - I C  

10. Perform h i ~ j h - p ~ ~ e r  excursion t e s t  - RO 
11. Review bookkeeping metisods and forins - RO 
12. Review procedures manual and update - RB 
13. Inspec t  perimeter fence - RO, PE 
14. Check operat ion o f  thermostat on water p i p e  i n  lava%.ory a t  reac tor  

15. Review maintenance schedule f o r  reac tor  - RO 
16. Review programmed maintenance card schedule - RO 
17. Sor t  o l d  recorder char ts  - RO 
18. Check phys ica l  p o s i t i o n i n g  of  pulse rod - RO 
19. Check t h a t  reac tor  p o s i t i o n e r  operat ion causes a react,or scram - RO 
20. Reactor b u i l d i n g  br idge crane - QD 
21. Outside boom d e r r i c k  - Qo 
22. Reactor l i f t i n g  f i x t u r e  - QD 
2 3 .  Reactor b u i l d i n g  exhaust f i l t e r s  - QD 

b u i l d i n g  - WO 

7.1,2 HPRR I n s p c t i o n  .- and fnteseance Semiannual Check l i s t  

1. C a l i b r a t e  s t a r t u p  channel recorders - IC 
2. C a l i b r a t e  l o g  N recorder - IC 
3 .  C a l i h ~ a t e  l o g  N per iod  recorder - I C  
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4. C a l i b r a t e  picoammeter recorder  - IC 
5. C a l i b r a t e  temperature recorders - IC 
6. Review mainenance h i s t o r y  of a l l  e l e c t r o n i c  chassis - RO 
7. Check personnel p r o t e c t i o n  system - RO 

8. 
9 ,  

10. 
11. 
12. 
13. 
14 
15 * 

16. 

a. Check 5 gate switches 
b. Check main gate (2) 
c. Check reac tor  bay doors (5) 
d, Check stop but tons (6) 
e. Inspec t  1000- f t - rad ius fence 

Check po r tab le  beta-gamma survey instruments - ELOS 
Measure safety block re lease and t r a v e l  t ime - RO 
C a l i b r a t e  power measuring channels vs core temperature r i s e  - RD 
Hold an emergency d r i l l  - RO 
Have Fire Department hose down reac tor  storage p i t s  - RO 
Wr i te  semiannual HPRR opera t ing  summary - RO 
Check the operat ion of the Reactor Secure Switches (3)  - RO 
Check t h a t  hyd rau l i c  l i f t  b leed down w i l l  cause a reac tor  scram (2)  
- RO 
Fork l i f t  t r u c k  - QD 

7.1.3 Inspection and Maintenance Quarterly Checklist 

1. C a l i b r a t e  neutron de tec tor  system - IC 
2. Check compressed-gas warning horn - IC 
3. Check operat ion o f  horn t r o u b l e  moni tor  - IC 
4. Check p i t  water- leve l  alarm - RO 
5. Cal i b r a t e  pe r iod  preamp1 i f i er ( reac to r  bu i  1 d i  ng) - I C  
6, C a l i b r a t e  pe r iod  sigma a m p l i f i e r  ( reac to r  bu i l d ing )  - I C  
7. Ca l i b ra te  l eve l - sa fe ty  channels ( reac tor  bu i l d ing )  - I C  
8. Ca l i b ra te  sigma bus ( reac tor  b u i l d i n g )  - I C  
9. Adjust  p reamp l i f i e r  g r i d  o f f s e t  ( reac tor  b u i l d i n g )  - IC 

10. C a l i b r a t e  per iod  channel w i t h  pe r iod  s imu la to r  ( reac to r  b u i l d i n g )  - 
11, C a l i b r a t e  picoammeter ( reac to r  bu i l d ing )  a IC 
12. Check servo a m p l i f i e r  ( reac to r  b u i l d i n g )  - IC, RO 
13, Check po r tab le  alpha and neutron detectors  - EWS 
14. Measure and set  scram cu r ren t  - RO, IC 
15. Inspect a l l  5 locks and gates t o  reac tor  area - RO 
16. Operators performed pulse operat ion t o  mainta in  q u a l i f i c a t i o n  - RO 

IC, RO 



7- 4 

17. Run PHS curves on s ta r tup  channels - RO 
18. Check c o n t r o l  rod i n s e r t i o n  i n t e r l o c k s  - RB 
19. Check M.A. rod p o s i t i o n  w i t h  R.R. and P.R. i n  and out  - RO 

7.1.4 

1. Check a l l  control led-access doors and signs - RO 
2. Check reac tor  b u i l d i n g  r a d i a t i o n  warning l i g h t s  - RO 
3. Inspect  reac tor  storage p i t  f o r  water - RO 
4 .  Cheek operat ion o f  short-wave r a d i o  - RQ 
5. Make I# survey o f  reac tor  bay - E&QS 
6. Check FACILITY ON sign a t  ga te  No, 1 - RQ 
7. Check CONTROLLED ACCESS beacon a t  Post 23 - WO 
8. Check response o f  neutron monitors i n  r e a c t o r  bay as shown i n  

9. Exercise t h e  5-ton outdoor crane i n  a l l  i t s  motions - 80 
c o n t r o l  room - RO 



8. SUMMARY OF SURVEILLANCE REQUIREMENTS FROM THE UPPER 
TECHNICAL SPECIF ICATIONS 

T A M  OF CONTENTS 

P a g e  

8. SUMMARY OF SURVEILLANCE REQUIREMENTS FROM THE UPPER TECHNICAL 
SPECIFICATIONS 0 8-1 

8,1 REACTIV ITY e 6 e 0 0 8-1 
8.2 P U L S E Y I E L D  m 0 . . 0 .  8-1 
8.3 PULSE ROD REACTIV ITY PEAKING 8-2 
8.4 OPERATION OF REACTOR POSIT IONING DEVICE . . . 8-2 
8.5 L I M I T A T I O N S  OM EXPERIMENTS e . . . . . 8-2 
8.6 CORE FUEL INTEGRITY e m . . . . . . 8-3 
8.7 SAFETY BLOCK RESPONSE TIMES . . . . 8-3 
8.8 INSTRUMENTATION FOR REACTOR OPERATION . . 8-4 
8.9 REACTOR SAFETY SYSTEM . 8-4 
8.10 MECHANICAL SAFETY DEVICES . . 0 . 8-5 
8.11 PERSONNEL RADIATION PROTECTION SYSTEM . . . 8-6 

8.13 REACTOR STORAGE P I T  . . . o 8-7 
8.14 NEUTRON DETECTORS . 0 . . . . 8-7 
8.15 MINIMUM STAFF REQUIREMENTS . . . 8-7 

8.12 OUTDOOR REACTOR OPERATION RESTRICTIONS . . . . . . e * e 8-6 

8.15.1 S t e a d y - S t a t e  Operat ion . . . . . . . . . . . . . 8-7 
8.15.2 P u l s e  O p e r a t i o n  . . . . . . . . . 8-8 
8.15.3 C o r e  Maintenance and R e a c t i v i t y  A d j u s t m e n t s  . . 8-8 

8.16 ACTION TO BE TAKEN IN THE EVENT A SAFETY L I M I T  IS 

8.17 ACTION TO BE TAKEN I N  THE EVENT OF AN ABNORMAL 
EXCEEDED . . 8 e 8-8 

OCCURRENCE0 . e a rn 8-8 
8.18 REPORT REQUIREMENTS . . . . . . . . . a . . . . 8-9 
8.19 REVXEIJ REQUIREMENTS . . I e . 8-10 
8.20 L I M I T A T I O N S  ON WATER I N  REACTOR BAY . . . . . . . . . 8-10 





80 SUMMARY OF SURVEILLANCE REQUIREMENTS FROM THE H P R R  
TECHNl CAI.. SPEC I FI CAT IONS 

The survei  1 lance requirements af the Health Physics Research Reactor 
(HPRR) are summarized here fo r  t he  convenience o f  the operators. 
inc luded are the a d m i n i s t r a t i v e  requirements not  s ta ted  elsewhere i n  the 
Heal th  Physics Research Reactor Procedures Manual t h a t  r e q u i r e  operator 
act ion.  D e f i n i t i o n s  and the actual  technica l  s p e c i f i c a t i o n s  are added 
where they c o n t r i b u t e  t o  understanding prescr ibed dut ies.  Operators are 
reminded, however, t h a t  they must be f a m i l i a r  w i t h  the complete tech- 
n i  ca l  speci f i c a t  ions. 

Also 

8.1 REACTIVITY 

1. Whenever the re  has been a change i n  the core, the c o n t r o l  elements 
o r  t h e i r  dr ives,  and a t  l e a s t  annually, a check will  be made o f  the 
opera t i ng  p o s i t i o n  of the c o n t r o l  rods w i t h  the reactor  a t  delayed 
c r i t i c a l .  Th i s  w i l l  be done a t  an establ ished reac to r  p o s i t i o n  w i t h  
pu l se  rod i n s e r t e d  and again w i t h  the rod withdrawn. 
Whenever core components o r  con t ro l  elements are changed or whenever 
t h e  checks i n  Step 1 do not correspond t o  expected values and a t  
l e a s t  annual ly the r e g u l a t i n g  rod w i l l  be c a l i b r a t e d  and i t s  worth 
must be l i m i t e d  t o  $1.00. 
Whenever the c a l i b r a t i o n  i n  Step 2 does not  agree w i t h  previous 
c a l i b r a t i o n s  w i t h i n  4 cents, the mass adjustment rod w i l l  be c a l i -  
brated and i t s  worth must be l i m i t e d  t o  $2.00. 

4. The r e d c t i v i t y  worth of u n t r i e d  experiments s h a l l  be determined i n  
accordance w i t h  Chapter 6 - Special Reactor Procedures. The reactor  
must always be $0.25 s u b c r i t i c a l  w i t h  the  sa fe ty  block i n s e r t e d  and 
the  r e g u l a t i n g  and mass adjustment rods withdrawn. 

u n t r i e d  exper iment i s  t o  be set  up for  pulse operat ion,  the reac- 
t i v i t y  worth o f  t he  pulse rod w i l l  be determined in accordance w ’ i t h  
procedures i n  Sect ion 6.3. I t s  s t a t i c  r e a c t i v i t y  worth w i l l  be 
l i m i t e d  t o  $1.20. 

2. 

3 .  

5. Ntaenever changes are made i n  the core or  c o n t r o l  elements o r  an 

8,2 PULSE YIELD 

BO ensure t h a t  the maximum t a r g e t  pu lse w i l l  not  exceed 1.0 x 1017 
fissions, the fa1 lowing wlill be done: 

1. T h e  personnel requirements f o r  pulse operat ion w i l l  be as s p e c l f i e d  
i n  Sect ion 8.15. 



2. The experiment l i m i t a t i o n s  w i ? l  be as i n  Sect ion 8.5. 
3. A f te r  any changes o f  the  reac tor  core, reac tor  superstructure,  o r  

ma te r ia l  i n  the v i c i n i t y  o f  t he  reac tor  or a per iod  o f  t ime s ince 
t h e  l a s t  pulse i n  excess o f  two inonths, c a l i b r a t i o n  pu lses  w i l l  be 
made before a niaximurn y i e l d  pulse i s  attempted. 

4 .  For each pulse, t he  opera t ing  sequence w i l l  inc lude:  

a .  opera t ion  a t  delayed critical, 
b. 
e. con f i rma t ion  o f  r e a c t i v i t y  adjustment  by per iod  iiieasuresnents i f  

d .  a neutron decay i n t e r v a l  i n  which the  reac to r  i s  made s u b c r i t i -  

e. a reassembly t o  cond i t ions  e s t a b l l i s h e d  i n  b, and 
f. pulse rod i nse r t i on .  

r e a c t i v i t y  adjustment necessary t o  ob ta in  t h e  des i red  y i e l d ,  

t h e  pulse rod i s  t o  be f i r e d  i n t o  a s u p e r c r i t i c a l  core, 

cal whi!e t he  neutron popu la t ion  decays %o background, 

8.3 PULSE ROB R E A C T I V I T Y  P E A K I N G  

The physica l  p o s i t i o n i n g  o f  the  pulse rod wil l  be measured a t  l e a s t  
annually. Whenever the re  has been a change i n  t h e  pulse rod o r  a change 
i n  the  core which could a l t e r  t he  p o s i t i o n  a t  which the  p u l s e  sod con- 
t r i b u t e s  i t s  maximum r e a c t i v i t y ,  t he  pulse r o  w i l l  be r e c a l i b r a t e d  and 
repos i t i oned  as necessary t o  ensure t h a t  t h e  r e a c t i v i t y  d i f f e r e n c e  
between the  pulse rod a t  i t s  p o s i t i o n  of  maxiiauiii r e a c t i v i t y  and a t  i t s  
f u l l y  i n s e r t e d  p o s i t i o n  w i l l  be no more than 0.2 cent. 

A t  l e a s t  annual ly and a f t e r  iiiaifitenancs, a check w i l l  be made t o  
v e r i f y  t h a t  any attempt t o  cause ho r i zon ta l  o r  v e r t i c a l  movement by 
means o f  the  reac tor  p o s i t i o n i n g  device con t ro l  o r  bleed down o f  the 
hyd rau l i c  l i f t  which lowers the  reac tor  more than 1 cm bel la~  i t s  spec- 
i f i ed opera t i  ng pos i  t i  on w i  1 1 cause a reac tor  shutdown. 

8.5 LIMXTATHONS OW EXPERIME 

1. Measurements will  be performed t o  determine the  r e a c t i v i t y  worth o f  
t h e  experiment. The in fo rmat ion  descr ib ing  the  r e a c t i v i t y  worth o f  
t h e  experiment w i l l  be recorded i n  the  Operations Log b o k .  

device or  i r r a d i a t e d  i n  a conta iner  which has been t e s t e d  fo r  f u l l  
2. All exp los ive  ma te r ia l s  w i l l  be e i t h e r  v e r i f i e d  as a "bench safe" 
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containment o f  tw ice the amount o f  explosives t o  be i r r a d i a t e d .  
These conta iners w i l l  be v e r i f i e d  and approved by the  Q u a l i t y  
Department. The r e s u l t s  repor ted by the Qual i t y  Department w i  11 
be recorded on the  experiment p lan or  i n  the Operations Logbook, 
A c a l c u l a t i o n  w i l l  be performed t o  provide support t h a t  the t o t a l  
number o f  f i s s i o n s  generated i n  an experiment w i l l  be! l ess  than the 
s p e c i f i e d  l i m i t  o f  1017. 
pred ic ted  t o  be greater  than 5 x 1015, a conta iner  w i l l  be employed 
t o  house the sample(s). The conta iner  w i l l  be v e r i f i e d  t o  be leak 
p roo f  up t o  a t  least  tw ice  the pressure t h a t  w i l l  be generated i n s i d e  
t h e  container.  Encapsulat ion o f  Pu experiments w i l l  be v e r i f i e d .  

v e r i f i e d  as capable o f  wi thstanding a t  l e a s t  tw ice  the  ca l cu la ted  
maximum pressure generated and con ta in ing  t h e  m a t e r i a l s  i n s i d e  the 
i n n e r  container.  The in fo rma t ion  desc r ib ing  the  conta iner  and 
t e s t i n g  procedures w i l l  be recorded on the experiment p lan or  i n  the 
Operations Logbook. 

preparat ion and du r ing  pulse operat ion w i l l  be tes ted  as fo l l ows :  

3 .  

I f  the number o f  f i s s i o n s  generated i s  

4. Containers used t o  doubly encapsulate hazardous ma te r ia l  w i l l  be 

5. I n t e r l o c k s  t h a t  operate dur ing the neutron decay i n t e r v a l  i n  pu lse 

a. The c o n t r o l  rod i n s e r t i o n  i n t e r l o c k s  w i l l  be tes ted  f o r  opera- 
b i l i t y  a t  l e a s t  q u a r t e r l y  and a f t e r  maintenance t h a t  could 
a f f e c t  the i n te r l ocks .  

t i o n  o f  an experiment w i l l  be checked p r i o r  t o  the s t a r t  o f  
each experiment f o r  which remote operat ion has been author ized. 

b. I n t e r l o c k s  t o  p r o h i b i t  a d d i t i o n  o f  r e a c t i v i t y  by remote opera- 

8.6 CORE fWEL INTEGRITY 

Annually, t he  sa fe ty  block and the  i n t e r i o r  and e x t e r i o r  o f  t he  
assembled core w i l l  be examined v i s u a l l y  f o r  cracks t h a t  could r e s u l t  i n  
the  displacement o f  f u e l  i n  a way t h a t  could i n t e r f e r e  w i t h  movement o f  
t h e  safety  block, A s i m i l a r  examination w i l l  a l so  be made whenever 
forniat ion o f  a crack i s  suspected. 

LOCK RESPONSE TIMES 

The magnet re lease t ime and the  t r a v e l  t i m e  o f  t he  sa fe ty  block w i l l  
be measured a t  l e a s t  semiannually and a f t e r  maintenance i s  performed 
t h a t  could a f f e c t  magnet release and t r a v e l  t ime t o  ensure t h a t :  

1. The re lease t ime f o r  the magnet w i  I 1  not  exceed 20 ms. 



8-4 

2, The t o t a l  t r a v e l  t ime ( i n c l u d i n g  release t ime) o f  the safety  block 
fram i t s  normal operat ion p o s i t i o n  t o  i t s  normal shutdown p o s i t i o n  
w i l l  not  exceed 240 ms. 

8.8 INSTRUME ATION FOR REACTOR 

P r i o r  t o  the  i n i t i a l  operat ion of an operat ing day, a check w i l l  be 
made t o  ensure t h a t  the s ta r tup  channel responds t o  a change i n  neutron 
f l u x .  

The channels t h a t  prov ide in format ion t o  the opera to r  dur ing  opera- 
t i o n  w i l l  be c a l i b r a t e d  annual ly  and a f t e r  mainenance t h a t  could a f f e c t  
t h e  c a l i b r a t i o n  of t h e  channels, These channels are  l i s t e d  i n  Table 8.1. 

Table 8.1. Instrument system channels 

Minirnum Ma. Mumbe 6 
Instrument channel aperabl e i n s t a l  l e d  

Neutron count ing channels f o r  s t a r t u p  1 2 
and f o r  measuring prepulse per iod  

Log or  l i n e a r  power i n d i c a t i n g  channels 1 1 ea 
Power l e v e l  sa fe ty  channels 2 2 
Core surface temperature channels f o r  2 2 

pu lse  preparat ion 
Core temperature sa fe ty  channels 
Closed c i r c u i t  t e l e v i s i o n  channels 

2 
1 

2 
3 

The operat ion o f  a l l  devices t h a t  a f f e c t  reac tor  c o n t r o l  w i l l  be 
checked a f t e r  maintenance and a t  l e a s t  annually. 

8.9 REACTOR SAFETY SYSTEM 

The sa fe ty  system channels requi red f o r  operat ion are shown i n  
Table 8.2. 
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Table 8.2. Safety  system channels 
M i n i m u m  No. 

Safe ty  systeiii channel operable Funct ion 

Core temperature sa fe ty  channel 2 Shut down reac to r  i f  mas-  
ured core temperature 
exceeds 650°F (617 K) 

power exceeds 20 kW 
Power l e v e l  sa fe ty  channels 2 Shut down reac tor  i f  

1, 

2. 

3 ,  

4 .  

5. 

A channel t e s t  o f  the  reac tor  sa fe ty  system channels w i l l  be per- 
formed d a i l y  i f  t h e  reac tor  i s  t o  be operated. 
The manual scram w i l l  be checked p r i o r  t o  t h e  f i r s t  s t a r t u p  each 
day t h e  reac to r  i s  operated. 
A channel check of each of the measuring channels i n  the  reac tor  
sa fe ty  system w i l l  be performed d a i l y  when t h e  reac tor  i s  i n  
operat ion.  
A channel c a l i b r a t i o n  o f  the reac tor  sa fe ty  channels w i l l  be per- 
formed semiannually and a f t e r  maintenance t h a t  could a f f e c t  the  
s a l  i b r a t i o n  o f  t h e  sa fe ty  channels. 
The power measuring channel s w i  1 1 be ca l  i bra ted  versus core tem- 
pera ture  r i s e  as a func t i on  of t ime a t  l e a s t  semiannually and a f t e r  
maintenance t h a t  could a f f e c t  the  c a l i b r a t i o n  o f  the  power measuring 
channel s. 

,IO MECHANICAL SAFETY DEVICES 

The s p e c i f i c a t i o n  f o r  sa fe ty  devices i s  as fo l lows:  

1. A safe ty  cage and a sa fe ty  tube are requ’ired dur ing  operat ion except 
when t h e  Commlttee t o  Review Experiments for t h e  Pulse Reactor (CKEPK) 
author izes  otherwise for  a s p e c i f i c  t e s t  o r  expriment, 

2. E i t h e r  a safe ty  tube or  a crash p l a t e  i s  required dur ing  operation. 
To ensure compliance, t h e  procedures (see Chapter 5) requ i re  t h a t  
whenever maintenance i s  performed on t h e  reac tor  core o r  c o n t r o l  
elements, a sen lo r  operator s h a l l  check and ensure t h a t  t h e  saFe%y 
cage and e i t h e r  sa fe ty  tube o r  crash p l a t e  are i n  p lace when the work 
i s comp? eted. 
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Dur ing reac tor  operat ion,  the fo l l ow ing  cond i t ions  will  be s a t i s f i e d :  

1. Keys from a l l  gates  in t h e  1000- f t - rad ius (304.8-rn-radius) exc lus ion 
fence will be i n  t h e i r  proper switches on the reac tor  console and 
tu rned on. 

access gate t o  the reac tor  area o r  any reac tor  bay door i s  opened. 

reac to r  operat ion : 

2. I n t e r l o c k s  w i l l  be operable t o  e f f e c t  a reac tor  shutdown i f  the  main 

3. Push buttons a t  the  fo l l ow ing  l oca t i ons  w i l l  be operable t o  stop 

a. On the n o r t h  w a l l  i n s i d e  the reac tor  b u i l d i n g  ( th ree  push 

b. Outside the  reac tor  b u i l d i n g  near t h e  east door 
c. I n s i d e  the fence a t  the main access gate t o  the reactor"  areit 
d. A t  the  rese rvo i r  

but tons)  

4. The 1000- f t - rad ius fence will  be closed f o r  a l l  reac tor  operat ion.  
5. The outer  per imeter fence w i l l  be c losed f o r  a17 operat ion except 

low-power operation. 

To ensure the above cond i t ions  are met, operat ion o f  each channel 
w i l l  be checked annual ly and a f t e r  maintenance. The fences w i l l  be 
checked annually. 

PERATION RESTRICT10 

Whenever t h e  reac tor  i s  t o  be operated outs ide o f  the reac tor  
bu i l d ing ,  t h e  operat ion w i l l  be according t o  a s p e c i f i c  experiment plan 
approved by the Committee t o  Review Experiments fot- the Pulse Reactor, 
t h e  Reactor Operations Review Committee, and Security. A specia l  
c h e c k l i s t  w i l l  be used t h a t  w i l l  i nc lude a check t h a t  the wind-speed 
i n d i c a t o r ,  one t e l e v i s i o n  channel , and the  auxi  1 i a r y  power generator are 
operable. The weather forecast and the actual  weather cond i t ions  w l l l  
be checked j u s t  p r i o r  t o  operation. 

w i n d  speed i s  greater than 55.6 km/h (40 mph). 
The reac tor  w i l l  not  be operated outs ide if i t  i s  r a i n i n g  o r  i f  t h e  
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8.13 REACTOR STORAGE PIT 

1. The screened d r a i n  p o r t  i n  the p i t  and the d r a i n  l i n e  opening i n t o  
t h e  hol dup reservo i  r s h a l l  be inspected and cleaned i f  necessary, 
before the  reac to r  i s  l e f t  unattended i n  the p i t .  

2. The d r a i n  w i l l  be f lushed semiannually. 
3. The l i q u i d - l e v e l  alarm system w i l l  be checked q u a r t e r l y  and a f t e r  

maintenance on the system. 

8.14 NEUTRON DETECTORS 

There are two neutron-sensi t ive detectors  and associated e l e c t r o n i c s  
which w i l l  i n i t i a t e  an alarm i f  they detect  neutron levels i n  excess o f  
25 mR/h* i n  the reac to r  bay when the reac to r  i s  not i n  operation. 
a larm i s  an a i r -operated horn and warning l i g h t s .  The system has an 
a u x i l i a r y  power supply t h a t  i s  operable dur ing a power outage, and there 
i s  a warning i n d i c a t i o n  i f  the system i s  out o f  service.  

The 

To ensure the  systems are operable, t he  f o l l o w i n g  w i l l  be done: 

1. 

2. 

3.  The compressed-gas-warning horn and i t s  gas supply w i l l  be checked 

4. The operat ion o f  the horn t r o u b l e  monitor w i l l  be checked semi- 

5 .  The a u x i l i a r y  power supply w i l l  be checked monthly. 

Operation o f  the neutron de tec to r  system w i l l  be checked monthly 
when the reac to r  i s  operated and a f t e r  maintenance. 
The neutron de tec to r  systems w i l l  be c a l i b r a t e d  q u a r t e r l y  and a f t e r  
maintenance. 

semiannually and a f t e r  maintenance. 

annual ly  and a f t e r  mainenance. 

STAFF REgUIREMEMS 

8.15.1 Steady-State Operat ion 

1. A senior  reac to r  operator and one other  person w i l l  be present i n  

2. E i t h e r  a senior  reactor  operator or  a Reactor Operator w i  I 1  be 
t he  con t ro l  b u i l d i n g  when the reac to r  i s  operated. 

present i n  the c o n t r o l  room du r ing  reac to r  operation. 

*This i s  equiva lent  t o  a reac to r  power o f  8,2 W when the  reactor  i s  
at the primary experimental pos i t i on .  
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8.15.2 Pul se Operation 

One senior  reac tor  operator and one reac tor  operator w i l l  be present 
dur ing  pulse preparat ion and pulse operation, 

A sen ior  reac tor  operator, a reac tor  operator, and one other  BOSAR 
s t a f f  member w i l l  be present whenever t h e  core i s  being removed from o r  
i n s t a l l e d  on the  reac tor  superst ructure and whenever the core i s  being 
disassembled o r  reassembled. 

E TAKEN IN THE EVENT A SAFETY LI IT IS EXCEEDED 

Safety  l i m i t s  are: 

1. The maximu fuel temperature s h a l l  net  exceed 1830°F (1272 K). 
2. The core temperature s h a l l  not  be maintained above a temperature of 

700°F (644 K) for  per iods i n  excess of 4 h. 

I n  the  event a sa fe ty  l i m i t  i s  exceeded: 

1. The reac tor  w i l l  be shut down and reac tor  operat ion w i l l  not  be 
resumed u n t i l  author ized by the  DOE. 

2, An immediate r e p o r t  w i l l  be made t o  the  Laboratory Execut ive D i r e c t o r  
and the  O f f i c e  o f  Operat ional  Safety. 

3. A verbal  r e p o r t  w i l l  be made no l a t e r  than the  next work day t o  DOE. 
4. A w r i t t e n  r e p o r t  w i l l  be made which w i l l  i nc lude an ana lys is  o f  the 

causes and the  extent  o f  poss ib le  r e s u l t a n t  damages e f fec t i veness  o f  
c o r r e c t i v e  act ion,  and recommendations f o r  measures t o  prevent or  
reduce t h e  p r o b a b i l i t y  o f  recurrence. Th is  repo r t  w i l l  be sent t o  
t h e  Reactor Operat ions Review Committee and a s i m i l a r  repo r t  sub- 
m i t t e d  t o  the  DOE when au tho r i za t i on  t o  resume operat ion o f  the  
reac to r  i s  sought. 

8.17 ACTION PO BE TAKEN IN THE EVENT OF 

L i m i t i n g  sa fe ty  system se t t i ngs  are: 

Temperature = 650°F (617 K) maximum, 
Power = 20 kW maximum. 



8- 9 

An abnormal occurrence i s  defined as any actual  
conscrvat i ve than speci f i ed above, operat ing i n  v i  o 
spec1 f i c a t i o n ,  i n c i d e n t s  or  cond i t i ons  which preven 

sa fe ty  s e t t i n g  less 
a t i o n  of a technica 
ed or could have pre- 

vented the performance o f  the intended sa fe ty  f u n c t i o n  o f  an engineered 
s a f e t y  fea tu re  or  the reac to r  safety  system, an uncon t ro l l ed  o r  u n a n t i c i -  
pated release o f  r a d i o a c t i v i t y  i n  excess of  the concentrat ion described 
j n  WE 5480.0, Attachment XI-I, an uncon t ro l l ed  o r  unan t i c ipa ted  change 
i n  r e a c t i v i t y ,  an observed inadequacy in the implementation of  e i t h e r  
a d m i n i s t r a t i v e  o r  procedural con t ro l s ,  such t h a t  t he  inadequacy has 
caused the existence or  development of an unsafe c o n d i t i o n  i n  connection 
w i t h  the operat ion o f  the reactor,  o r  an uncon t ro l l ed  o r  unant ic ipated 
re lease o f  r a d i o a c t i v i t y .  I n  the  event o f  an abnormal occurrence, the 
f o l l o w i n g  a c t i o n  w i l l  be taken: 

1, The TSF-HPRR Operations Supervisor and other  appropr ia te management 
personnel w i  1 1 be not i f i ed and c o r r e c t  i ve a c t i o n  w i  1 I be taken p r i o r  
t o  resumption o f  the operat ion involved. 

cause o f  the occurrence, e f f i c a c y  o f  c o r r e c t i v e  act ion,  and retommen- 
da t i ons  f o r  measures t o  prevent o r  reduce the p r o b a b i l i t y  o f  recur-  
rence i n  accordance w i t h  DOE Order 5OOO.3, "Unusual Occurrence 
Report ing System." 

2. A w r l t t e n  r e p o r t  w i l l  be made t h a t  w i l l  i nc lude  an analys is  o f  the 

3, A w r i t t e n  r e p o r t  w i l l  be submitted t o  DOE. 

1. A r e p o r t  w i l l  be made no l a t e r  than the next work day t o  the 
Cont rac t i ng  O f f i c e  Technical Representative, Environmental Control  
D i v i s i o n ,  DOE Oak Ridge Operations of the fo l l ow ing  condi t ions:  

a. Any release o f  r a d i o a c t i v i t y  t o  the  envirQnrnent above the 
perm iss ib le  I i r r i i t s  s p e c i f i e d  i n  DOE Order 5480.1A, Chapter X I .  

b, Any v i o l a t i o n  o f  a sa fe ty  l i m i t  ( see  Sect ion 8.16). 
6, Any exposures t a  personnel i n  c o n t r o l l e d  o r  uncon t ro l l ed  areas 

t h a t  exceed the standards i n  DOE Order 5480.1A, Chapter X I -  

2, A report w i l l  be macle w i t h i n  three work days t o  0 0 E - B R O  o f  any 
v i o l a t i o n  of the  techn ica l  s p e c i f i c a t i o n s .  
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8.19 REVIEWl 

1. Health and Safety Research Committee t o  Review Experiments f o r  the 
Pul  se Reactor (HASRD-CREPR) 

Experiments t h a t  i nvo l ve  t h e  HPRR w l l l  be performed only  a f t e r  
they have been fo rmal ly  approved by HASRD-CREPR. CREPR ac t ions  are 
repor ted  t o  the  RORC. 

2 Reactor Operations Review Comml t t e e  (RORC) 

Experiinents t h a t  invo lve  the  I B R R  w i l l  be reviewed by the RORC, 
i f  they requi re,  Mod i f i ca t ions  t o  the  reac tor  s a f e t y  system t h a t  
have sa fe ty  s ign i f i cance  w i l l  be reviewed by the  RORC i n  compliance 
w i t h  the requirements of WE Order 5480.1A, Chapter VI. 

3. C r i t i c a l i t y  Review Committee (CRC) 

Operations i n v o l v i n g  t h e  handling, storage, t ranspor ta t ion ,  and 
disposal  o f  s i g n i f i c a n t  q u a n t i t i e s  o f  f i s s i l e  mater ia l  w i l l  be per- 
formed i n  accordance w i t h  procedures approved by the  CRC, 

8.20 LIMITATIONS ON WATER I N  REACTOR 

The f i r e  hose c u t o f f  valve outs lde the  b iu i ld ing s h a l l  be kept locked 

An author ized 
i n  the  c losed pos i t i on  and w391 nct be unlocked except by personnel 
author ized by the  PSF-HPRR Reactor Operations Supervi S Q ~ .  

personnel l i s t  i s  suppl ied t o  the  F i r e  Department and the  Laboratory 
S h i f t  Supervisor and maintained a t  the  f i r e  alari i i  boxes i n  the Control  
Bui  1 d ing  (7710) and the  Reactor Bui 1 d ing  (7709) . 
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The ~~~A~ f a c i l i t y  i s  enclosed with1 cha-in--% Ink, outer 
erimeter fence ( 3 O Q O - f t  radius) tapped in some areas by l - f t - h i g h  
arbed-wire outriggers* The  reactor builldfng i s  e~~~~~~~ by a 7 - P t -  

thain-l i n k ,  antipersonnel fence (P000-ft radius1 ~~~~~~~~ w i t h  ~ - ~ ~ - ~ ~ ~ ~  
barbed-wire outriggers and by a security fence 
the b u i l d i n g .  Two emergency r o ~ ~ ~ a t e $  and a re 
are located i n  the security fence. 
c h a ~ ~ - l ~ n k  fence 3 f t  from the reactor bu 
razor-ribbon concertina w i r e  stacked betw 
wa’lls. Gates r’n this fence are %ocke 

I 

reactor bui I d i  ng 
re kept locked. 

room are ke 
The control room door which i s  also 
Q? reactor stcarra 
trol panel are el 

The r e a c t o r  bay an e control roo are ~ o ~ i ~ ~ ~ ~ ~  by i n f r a  red, 
u l  trasonic an icrowave m o t ~ ~ n  etectors bal anced ~~~~~~~ c door 
switches, clos c l r cu i t  t e l e v r ’ s i  n, and are ~~~~~~~a 
flood1 i ght s ,  Auxs”1 iasy power i s  suppl led  a ~ ~ ~ ~ a ~ ~ ~ ~ ~  ’By tsa the 149 
and c i r cu i t s  i n  case of the loss o f  TVA power, 

R 



The reactosr b~ai ld ing  s ~ - c u r i t y  fence I s  alarmed w i t h  an e lec t r ic  cahle 
system and baa anced magnetic sud tcties OQ the rstagates- Roads 9 eadiwg 
t o  the reactor hi l i1  d i  ng have vehic'c e dctcctors bur4 ed d n :he r o a h n y s  
C o n c ~ e t e  barr icades  are r tvategica ' !  l y  loccwted t o  prevent una;~"L)rori iped 
vchicirlar access t o  t h a t  area. 

^The yeactor i s  s t o ~ e d  i n  a ~ ~ e i n f e r c e d  concrete p i t  wi!..h a steel door 
which i s  equipped w i t h  a bdlanced magnetic s w i t c h  and sound detertors+ 
OpenIng the  ;*eacf,or starage p i t  door reqslires the  presence o f  a Sectar-ity 
Inspector i1.r t.he control  i W X O  OY" the rcactor biiy, n o t i f i c a t i o n  t o  G ~ ~ a r d  
Headquarters t h a t  t he  door i s  t o  be opened, aperaT.ion o f  a key switch t o  
t u r n  on cont ro l  power, ac tua t ion  a f  a cypher l o c k ,  ~ ~ i t k i d r w ? n g  a spring- 
actuated switch with a solenoid af ter  a tfme delay, cpcs-ating a 
w-itkdra~ a l a t c h ,  and ac tua t i ng  a ~ o t a v y  salenoid while o p w a t i n g  the 
p i t  d0OP drSve motor. 

The r eac to r  is normally sripported above i t s  stol-age p i t  by a trydriarr- 
l i c  l i f t  far operation. In addi t ion  k~ the nsriiaral method o f  re tu rn ing  
the r e a c t o r  t o  i t s  storage p i t  and clcsss'ng the  door ,  t h e r e  ~ F E  three 
p u s h  lock-in b u t t o n s  [one i n  the reactor Say, one a t  Guard Pos t  23, and 
one i n  t he  c0ntm1 rom) any a6 w h i c h  may be actuated LO s h u t  down the 

e r  the reactor i n t o  i t s  storage p i t ,  c l o s e  the  p i t  door, and 
raise t h e  motor-driven 1 rstch. 'I'he door may be closed w i t h  TVA--supp'S ied  
pea~der or power f r om the a u x i l i a r y  generator, ox" w S t h  an a i r  motor with a 
monitored a i r  supply. 
pcrwer or power from the  a u x i l i a r y  generator. 

specii a1 arrangements must be made w i  t h  S e c w i  ty . 

The motsr-driven latch may be cperated w i t h  I V A  

2 ,  I f  i t  becomes necessdry Lo store the reactor in storage pit 

9.4 REACTOR ACCESS 

'lhe HPRR o p e r a t o r s  wi I 1  use the  fol  1 owi ng procedures for author? sing 
entry or egress from the  DOSAR f a c i l i t y  o r  t h e  HPRia bui ld ing  dtjvinq 
reactor opera t fon  o r  mni ratenance: 

1. The reactor opera tor  w i  9 no t i fy  personnel a t  Guard Headquarters 
before e n t e r i n g  the  control  rciom or the reactor bay. 
time each day 
i n  t he i r  appropr ia te  pos i t ions .  

For the f-irst 
the  operator w i  I1 pl ace designated security swf k h e s  

I f  the reactor s to fage  p i t  door i s  

R 

R 

Opemti ons Divi  % i o n  Reactor Operations Sect ion Reactor Supervisor 



9. REACTOR SECURITY AND SAFEGUARDS 

As noted i n  Chapter 1, the  WRR i s  p a r t  o f  the DOSAR complex which 
i s  located w i t h i n  a separate secur-i t y  area southeast of the Laboratory. 
The reactor ,  which i s  located i n  B u i l d i n g  7703, contains Category I 
q u a n t i t i e s  o f  Special Nuclear Ma te r ia l s  (SNM). The SNM t o t a l  i n  the 
other DOSAR b u i l d i n g s  (7710 and 7712) i s  a Category 111 B quant i ty .  

The f o l l o w i n g  sect ions o u t l i n e  the phys ica l  and techn ica l  aspects o f  
t h e  s e c u r i t y  sysems and procedures fo r  prevent ing unauthor ized access t o  
t h e  WRR du r ing  operat ion and maintenance. 

The DOSAR f a c i l i t y  i s  enclosed w i t h i  
per imeter fence (3000-f t  rad ius)  topped 
barbed-wi r e  out r iggers.  The reac to r  bur' 
cha in - l i nk ,  ant ipersonnel  fence (1000- f t  
karbed-wire ou t r i gge rs  and by a s e c u r i t y  
t h e  bu i l d ing .  Two emergency rotogates a 

a 6 - f t - h i  gh chai n - l  i nk ,  outer  
n some areas by l - f t - h i g h  
d iny i s  enclosed by a 7 - f t -h igh  
rad ius)  equipped w i t h  l - f t - h i g h  
fence which i s  w i t h i n  50 f t  o f  
d a remotely c o n t r o l l e d  gate 

a re  located i n  the s e c u r i t y  fence. 
c h a i n - l i n k  fence 3 ft from the reac to r  b u i l d i n g  w i t h  th ree  rol ls  o f  
razor- r ibban concert ina. wi re  stacked between the fence and the  b u i l d i n g  
walls.  Gates i n  t h i s  fence are locked when the b u i l d i n g  i s  secured. 

The doors t o  the reac to r  b u i l d i n g  which are const ructed o f  sheet 
metal and hardened are kept 'locked. The doors t o  the c o n t r o l  b u i l d i n g  
(7710) and t o  the con t ro l  room are kept locked when the  b u i l d i n g  i s  not 
occupied. The con t ro l  rom door which i s  a l so  hardened i s  locked 

~~~~~~~~ the reactor  storage p i t  door i s  open. 
and the cc3ntrol panel are documented, protected, and kept  tu  a ~~~~~~~~i~~~ 

I n  add i t i on ,  t he re  i s  a 10 - f t -h igh  

Keys t o  the b i s i l d i n g  

IC& SECURITY 

The reac to r  bay and the c o n t r o l  room are monitored by t d l t r a s o n i c  and 
rnicrawave m o t l  on detectors ,  b a l  anced m g n e t  1 c door switches and c? osed- 
c i r c u i t  t e l e v i s i o n  a d  dre i l l u m i n a t e d  w i t h  f l o o d l i g h t s ,  A u x i l i a r y  
power i s  suppl ied au tomat i ca l l y  t o  the l i g h t s  and c i r c u i t s  i n  C B S ~  o f  
t h e  l o s s  o f  TYA power. 
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The reac tor  b u i l d i n g  s e c u r i t y  fence i s  alarmed w i t h  an e l e c t r i c  cable 
system and balanced magnetic switches on t h e  rotogates. Roads I s d i n g  
t o  t he  reac tor  b u i l d i n g  have veh ic le  de tec tors  bur ied  i n  the  roadways, 
Concrete barr icades a r e  s t r a t e g i c a l l y  loca ted  t u  prevent unauthorized 
veh icu la r  access t o  t h a t  area. 

i s  equipped w i t h  a balanced magnetic s w i t c h  and sound detectors,  
Opening the  cover requ i res  the  use of a key, ac tua t ion  o f  a cypher l o c k ,  
wi thdrawing a spr ing  actuated s w i t c h  w i t h  a so leno id  a f t e r  a t ime delay, 

opening the  p i t  door d r l v e  motor. 

hyd rau l i c  l i f t  f o r  operation. I n  a d d i t i o n  t o  the  narrnal method of 
r e t u r n i n g  t h e  reac tor  t o  i t s  s t o r a g e  p i t  and c l o s i n g  the  door, t he re  are 
t h r e e  push bu t tans  (one i n  t he  reac tor  bay, one a t  guard post 23, and 
one i n  t h e  con t ro l  room), any o f  which inay be operated t o  shut down the 
reac tor ,  lower the  reac tor  i n t o  i t s  storage ?it, c lose  t h e  p i t  door, 
and r a i s e  the motor-driven l a t ch .  The door may be closed w i t h  
TUA-supplied power o r  power from the  auxi1-iar.y generator, o r  ~ i t h  an a i r  
motor w i t h  a monitored a i r  supply. Ihe motor-driven l a t c h  may be 
operated w i t h  BUA power o r  power from the  auxi 1 i a r y  generator. 

spec ia l  arrangements must be made w i t h  S e c i ~ r i  ty. 

The reac tor  i s  s ta red  i n  a concrete v a u l t  w i t h  a steel cover which 

i n g  a motor-driven la tch ,  ac tua t ion  o f  a r o t a r y  solenoid, arld 

The reac tor  i s  normally supported above i t s  storage p i t  hy a 

- 

I f  i t  becomes necessary t o  s t o r e  the  reac tor  i n  storage p i t  No- 2, 

The W R R  o p e r a t o r s  will me t he  fol lowing procedures f o r  au tho r i z ing  
e n t r y  o r  egress from the  DOSAR f a c i l i t y  o r  the  W K R  b u i l d i n g  du r ing  
r e a c t o r  opera t ion  or maintenance: 

1. 

2 "  

The r e a c t o r  operator w i l l  n o t i f y  personnel a t  Guard Headquarters 
upon access t o  the  con t ro l  room, t h e  reac tor  bay, or the  reac tor  
s t o r a g e  p i t  a r  i n i t i a t i o n  o f  tvle t ime delay, The operator will 
place des i  grrated s e c u r i t y  switches i n  t h c i  i" appropr ia te  p o s i t i o n s  
when they respond. 
Personnel on a p reauthor i red  1 i s t  wil l  n o t f  fy t h e :  Seclari ty Inspector 
a t  Post No, 23 t o  permit  personnel they designate t o  enter o r  t o  
egress the  reac tor  area. The Secur i t y  Inspec tor  w i l l  open and c lose 
t.he seinotely c o n t r o l l e d  gate  i n  t he  s e c u r i t y  fence a t  the  reactcar 
b u i l d i n g  when designated personnel approach or  depar t  t h a t  gate,  
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3 ,  The operator w i l l  keep t h e  c o n t r o l  room door c losed and locked when- 
ever the reac to r  i s  out of the storage p i t  or the p i t  door i s  open. 

4.  The operator w i l l  n o t i f y  Guard Headquarters before the reac to r  i s  t o  
be removed from the storage v a u l t  s p e c i f y i n g  whether it i s  f o r  oper- 
a t i o n  or  maintenance, so t h a t  Headquarters may dispatch t h e  
necessary personnel t o  DOSAR. The Secur i t y  Inspector  a t  Post 23 
w i l l  i n fo rm the  operator when t h e  Secur i t y  personnel are deployed, 
a t  which t ime the  operator may p i ck  up and/or p o s i t i o n  t h e  reactor.  

5. The operator w i l l  n o t i f y  t he  Secur i t y  Inspector  a t  Post No, 23 when 
t h e  reac to r  i s  t o  be removed from the storage v a u l t  so t h a t  the 
S e c u r i t y  Inspector  may take appropr ia te act ion.  
Dur ing t imes when the reac to r  i s  considered vu lnerable and/or i s  
be ing operated, p rov id ing  t h e  r a d i a t i o n  l e v e l s  and t r a n s i t  t imes 
perini t access wi thout  personnel exposures exceeding perrnf s s i  b l e  
l i m i t s ,  t he  operator may au tho r i ze  the Secur i t y  Inspectors  a t  
Post  No. 23 t o  permi t  s p e c i f i c  i n d i v i d u a l ( s )  t o  enter  a t  t he  t ime 
t h e  a u t h o r i z a t i o n  i s  made. 
power (greater  than 100 W ) ,  the operator w i l l  i n fo rm t h e  Secur i t y  
I nspec to r  when the author ized i n d i v i d u a l s  have entered the c o n t r o l  
b u i l d i n g .  I f  an i n d i v i d u a l  who has been admit ted does not r e p o r t  
t o  the c o n t r o l  room i n  5 min, t he  operator w i l l  take whatever steps 
are necessary t o  l o c a t e  the i n d i v i d u a l .  

7. Under the  same cond i t i ons  as i n  Step 6, the operator may permi t  
i n d i v i d u a l ( s )  t o  leave the c o n t r o l  b u i l d i n g  a f t e r  i n fo rm ing  t h e  
S e c u r i t y  Inspector  a t  Post No. 23 t h a t  the i n d i v i d u a l ( s )  i s  l eav ing  
t h e  area. I f  the Secur i t y  Inspector  does not r e p o r t  back i n  5 min, 
t h e  operator w i l l  take whatever steps are necessary t o  l o c a t e  the  
i n d i v i d u a l  , 

6.  

If the reac to r  i s  operat ing a t  h igh 

9.5 SECURITY MA1 MENANCE 

A I  1 changes w i  11 be documented i n  accordance w i t h  procedures 
o u t l i n e d  i n  Sect ion 1.6.5. 
procedures, the concurrence o f  t h e  D i r e c t o r  of  the Laboratory P ro tec t  Ion  
D i v i s i o n  w i l l  be required, 

any s e c u r i t y  equipment i n  the reac to r  b u i l d i n g  or  i n  the reac to r  c o n t r o l  
room which i s  i n  any way connected t o  the reac to r  c o n t r o l  system, 
reac to r  c o n t r o l  system components, or  connecting leads, a senior  opera- 
t o r  o r  t he  reac to r  c o n t r o l  engineer w i l l  oversee the  i n s t a l l a t i o n .  

Whenever change impact s e c u r i t y  systems or 

When i t  i s  necessary t o  perform maintenance on or  make changes i n  
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Emergencies i n v o l v i n g  the  reac tor  are considered t o  f a l l  i r i t a  the 
ca tegor ies  of nonnuclear accidents,  accidents r e s u l t i n g  i n  p o t e n t i a l  
r a d i a t i o n  o r  c r i t i c a l i t y  hazards, and nuc lear  accidents. However, s ince 
a l l  s i t u a t i o n s  t h a t  might c rea te  one o f  these emergencies cannots 
obv ious ly ,  be predic ted,  s p e c i f i c  procedures cannot be inc luded here. 
Therefore, t h e  procedures given i n  Sect ions 10.1 through 10.3 for t h e  
most p a r t  spec i fy  the persons t o  be n o t i f i e d ,  the steps t o  be taken t o  
p r o t e c t  persannel, and the  t h i n g s  t h a t  can be done t o  prevent t h e  
s i t u a t i o n  from becoming more ser ious.  Add i t iona l  precaut ions t h a t  migh t  
be c a l l e d  f o r  i n  a p a r t i c u l a r  s i t u a t i o n  must r e s u l t  frain t h e  opera tor ' s  
know? edge and judgment. 

I n  a1 1 emergencies, the OOSAR Faci 1 i t y  Supervi sor  w i  11 have t h e  
r e s p o n s i b i l i t y  for  superv is ing  a l l  a c t i v i t i e s  that are necessary i n  con- 
nection w i t h  the emergency. I n  these emergency procedures "DQSAR 
FaeS 1 i t y  supervi  SOP" means the actua l  supervisor or  someone designated 
La a c t  f o r  the superv isor  f o r  the  day. 
designated, t h e  operat ions superv isor  w i l l  assume these r e s p o n s i b i l i t i e s .  
Ira any case, the  operat ions superv isor  has the a u t h o r i t y  and respon- 
s i b i l i t y  t o  take whatever immediate ac t i on  may be necessary t o  min imize 
QP e l im ina te  any c r i t i c a ? i t y  hazards and t o  safeguard personnel i n  
accordance w i t h  es tab l i shed Laboratory procedures. 

If no such person has been 

%0*1.1 Control Building 

I f  an emergency other than a f i r e  i n  the  c o n t r o l  room occurs 
i l l~ywhere in t h e  chzntrsl b u i l d i n g  or surrounding area w h i l e  the reac tor  

operated, the fcll1 owing procedure w l  1 I be executed: 

1. The operator  will :  

a shut down the  seactsr lmrrsedi a t e l y  (see "Emergency 

b, n o t i f y  the DOSWR Facility supervisor;  and 
c. n o t i f y  the Supervisor sf Reactor Operat ion TSF-HPRR as S Q O ~  as 

Scram," Sect ion 4.1,4) ; 

i t  i s  p r a c t i c a l  t o  do so, 

2. Depending on t h e  nature  of the mergency, the  BSAR Faci 1 i t y  super- 
v i s o r  w i l l  n o t i f y  the area guard t h a t  the reac tor  has been shut down, 
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in fo r in  the  guard s f  the personnel who will  be r e q u i r e d  t o  mtw 
t h e  area as a r e s u l t  o f  t he  emergencys and w i l l  n o t i f y  the 
Laboratory s h i f t  supervi sor and Guard H e a d q i ~ a r t ~ ~ .  

I f  the emergency i s  caused hy a f i r e  in the  con t ro l  r-oom whlie the 
reac tor  i s  being operated, the  f o l l o w i n g  act- ion w i l l  be taken: 

1. The operator w i l l :  

a.  

b .  

c *  
d .  

e. 

shut down the  reac tor  initiaediately (by emergency manual scram, 
Sect ion 4,1.4) ; 
use the f i r e  alarm box i n  the  b u i l d i n g  t o  n o t i f y  t h e  F i r e  
De p a r tine t i  t ; 
n o t i f y  t he  DOSAR Faci  1 i t y  Supeavi sor  ; 
rise t he  f i r e  hose and CQ? f i r e  ext inguisher- loca ted  i n  t h e  
ha1 lway inn ied iate ly  ou ts ide  the  con t ro l  room, p x v i d e d  t b a t  
t h e  f i r e  i s  small and o f  a type t o  be ext inguished by such 
equi grnent ; and 
n o t i f y  the  Supervisor o f  Reactor Operation TSF-KPRR as soon 21s 
i t  i s  p r a c t i c a l  t o  do so. 

2. Depending on t h e  nature o f  the  emergency, the  DOSAR F a c i l i t y  Super- 
v i s o r  w i l l  a l e r t  l o c a l  personnel, n o t i f y  the  area guard (;hat the  
reac to r  has been shut down, i n fo rm the  guard o f  the  personnel 
who w i l l  be requ i red  t o  enter  t h e  area as a r e s u l t  o f  t h e  e i ~ c i - p ~ c y ,  
and not  i f y  the Laboratory Shi f t  Supervi sop arid Guard Keadquarters. 

10.1.2 

I f  a nonnuclear emergency other t han  a f i r e  occurs i n  t h e  reac to r  
b u i  1 d ing  whi 1 e an exper iment i s  i n  progress, the f o l  1 owing procedure 
w i l l  apply: 

1. The operator w i l l :  

a. shtit dawn the reac tor  imrriedi a t e l y  (by emergency rnacGal scraiil, 

b. n o t i f y  the DOSAR Faci 1 i ty Supervisor; 
c .  n o t i f y  the  Supervisor o f  Reactor Operation TSF-HPRR as soon as 

S e c t i o n  4.1.4) ; 

i t  i s  p r a c t i c a l  t o  da so; and 
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d. survey the s i t u a t i o n  as much as poss ib le  w i t h  the t e l e v i s i o n  
cameras t o  deterini ne whet her immediate a c t i o n  shoul d be taken, 
such as r a i s i n g  the  reac to r  above f l o o r  l e v e l ,  and t o  determine 
t h e  degree of danger i nvo l ved  i n  en te r ing  the b u i l d i n g .  

2. Depending on the  nature o f  the emergency, the DOSAR F a c i l i t y  super- 
v i s o r  w i l l  a l e r t  l o c a l  personnel, n o t i f y  t he  area guard t h a t  t he  
reac to r  has been shut down, i n fo rm the guard o f  the personnel who w i l l  
be requ i red  t o  enter  the area as a r e s u l t  o f  the emergency, and 
n o t i f y  the Laboratory S h i f t  Supervisor and Guard Headquarters. 

IF the emergency r e s u l t s  from a f i r e ,  which i s  the type o f  non- 
nuclear emergency most l i k e l y  t o  occur i n  the  reac to r  bui  I d ing ,  the 
f o l l o w i n g  procedure w i l l  be put i n t o  e f f e c t :  

1. The operator w i l l  : 

a, 

b. 

C. 

d. 

e. 

immediately shut down t h e  reac to r  (by emergency manual scram, 
Sect ion 4.1.4) and lower i t  i n t o  the  p i t ;  
n o t i f y  the F i r e  Department by the f i r e  alarm box i n  the c o n t r o l  
b u i l d i n g ;  
perform Steps b through d given above f o r  a non-nuclear 
emergency which i s  not  a f i r e ;  
i f  the f i r e  requ i res  a l i q u i d  ext inguisher ,  have someone 
monitor t he  p i t  l i q u i d  l e v e l  alarms; and 
i f  the f i r e  i s  on the reac to r  s t r u c t u r e  i t s e l f  or  i n  the v i c i n -  
i t y  o f  t he  core and i s  not out of con t ro l ,  use the C02 f i r e  
ex t i ngu ishe r  but do NDT use a l i q u i d  ext inguisher .  Do not, 
under any circumstance, d i r e c t  the ex t i ngu ishe r  nozzle toward 
t h e  reactor  core. 

‘E. Depending on the nature o f  the emergency, t he  DOSAK F a c i l i t y  super- 
v i s o r  w i l l  a l e r t  loca l  personnel, n o t i f y  the area guard t h a t  the 
reactor  has been shut down, in form the guard o f  the personnel who wil l  
be requi red t o  enter  the area as a r e s u l t  o f  the  emergency, arid 
n o t i  fy t h e  Laboratory Shi f t  Supervisor and Guard Headquarters. 

S I ~ V O L V I N ~  POTENTIAL RADIATION OR CRITIC 

Whereas Sect ion 10.1 deals w i t h  emergencies i n v u l  v i n g  the reac to r  
- tha t  are d e f i n i t e l y  nonnuclear i n  nature and Sect ion 10.3 deals w i t h  
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em-gencies t h a t  are c l e a r l y  nuc lea r  ones, t h i s  s e z t l o n  t r e a t s  the  
" g r a j "  areas i n  which an emerg@ncji might  a r i s e  t h a t  woa~ld r e s u l t  i n  a 
nucl e a r  acc iden t  unless proper p revent ive  steps are tdker! AI though i t  
i s  not poss ib le  t o  forsee a l l  p o t e n t i a l  r a d i a t i o n  or  c r i t i c a l i t y  

In each case, t he  DOSAR F a c i l i t y  Supervisor and St~pervisor o f  Reactor 
Operat ion TSF-HPRR should be n o t i f i e d  o f  an e x i s t i n g  emergency i f  the 
s i t u a t i o n  i s  not  immediately correctdble,  

hazards ,  procedures for SCmE o f  t he  more clbvlous ones are gSven belon, 

I n  handl ing the reac tor  w - i t h  the p o s i t i o n i n g  dwic .e ,  t he re  i s  always 
t he  p o s s i b i l i l t y  t h a t  t he  r-eactor wil l  f a l l  over  on the f l o o r .  I f  t h i s  
were t o  happen t o  the core w i thout  the s a f e t y  b lock i nse r ted  i n  i t , 
c r i t i c a l i t y  w b Q l d  no t  occur ~ m ? e s s  the core fe l l  near r e f l e c t i n g  
mater ia?  t h a t  increased i t s  r e a c t i v i t y  by inore than  20 do l l a rs .  
M w w a r ,  wh~never- the reactor- i s  being used i n  con junc t ion  w'th afiy 

appreciable r e f l e c t o r  and the  reac to r  i s  dropped on t h e  f l o o r ,  t h e  
inherent. c r i t i c a l i t y  hazard i s  corrcspondinyly increased, aod t h e  
fo l l ow jny  procedure should be i n i t i a t e d  immediately: 

1. Any personnel i n  the  r e a c t o r  b u i l d i n g  should be evacuated t o  a s a f e  

2, The s i t u a t i o n  should be surveyed by t e l e v i s i o n  t o  determine the  
distance. 

steps t h a t  can be taken t o  pu t  t k  reac to r  up r igh t  w i t h o u t  inc reas ing  
t h e  r e a c t i v i t y .  

3, The reac tor  should be approached only  i f  the raci iat iow alarms hdve 
no t  sounded and oniy whl l  E! a p p r o p r i a t e  r a d i a t i o n  survey instrumcnts 
a re  k i c g  msed. 

4. The s i t u a t i o n  should be resurveyed l o c a l l y  t c 1  ensure t h a t  t i l e  

process o f  s e t t i n g  t h e  reac to r  inpri g h t  would not  increase t k  
r e a c t i v i t y ;  t h a t  i s ,  any p o t e n t i a l  r e f l e c t i n g  material should 
he moved away f r o m  the  r e a c t o r .  

e f f a c t i  ve means, e i t h e r  the bui  1 d i n g  crane or the auxi 1 i ary  mobi 1 e 
cranes. 

5. The reac tor  should be l i f t e d  t o  an u p r i g h t  p o s i t i o n  by the  most 

Although improbable, i t  i s  conceivable t h a t  wa ler  o r  some other  
l i q u i d  reflector- could accumulate i n  a p l t  i n  whlch the reac tor  i s  
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stored. (An accumulation t o  a l e v e l  o f  6 in.  w i l l  be annunciated as 
descr ibed i n  Sect ion 3.1.) I f  t h i s  happens, the reac to r  must be con- 
s idered as n e a r - c r i t i c a l ,  i f  not c r i t i c a l ,  s ince the  amount o f  r e a c t i v i t y  
added w i l l  not  be known. I n  t h i s  event, the f o l l o w i n g  procedure should 
be fo l lowed: 

1. A l l  personnel should be evacuated immediately from the reac to r  

2, The reac to r  should be ra i sed  w e l l  above the l i q u i d  l eve l .  
3 .  
4. The cause o f  the stopped d r a i n  should be determined as soon as 

bu i l d ing .  

The s i t u a t i o n  should be examined as much as poss ib le  w i t h  t e l e v i s i o n .  

g o s s i  ble.  

Experimental Apparatus 

I f  t he  reac to r  and experiinental apparatus have been pos i t i oned  f o r  
an experiment and the apparatus o r  other equipment s h i f t s  toward the 
reac to r  so t h a t  it adds a s i g n i f i c a n t  but unknown amount o f  r e a c t i v i t y ,  
the  f o l l o w i n g  procedure i s  appl icable:  

1. A l l  personnel should be evacuated from the reac to r  bu i l d ing ,  
2. The s i t u a t i o n  should be surveyed as much as poss ib le  w i th  the 

3, It may be poss ib le  t o  reduce the r e a c t i v i y  o f  the reac to r  by moving 
t e l e v i s i o n  cameras. 

t h e  reactor .  

10.2.4 Jamming of Safety Block 

The sa fe ty  bliack was designed t o  have s u f f i c i e n t  cleardnce t n  
prevent jamming under normal condi t ions;  however, it i s  conceivable t h a t  
a f o r e i g n  o b j e c t  could cause the  safety block t o  jam w i t h i n  the core. 
The c o n d i t i o n  would be recognized by failure o f  the " 'safety block 
seatedG' l i g h t  t o  came on a f t e r  a scram was i n i t i a t e d  and by a slower 

a lso  be recognized by 
magnet t o  i t s  ?awer 
lowing procedure 

n normal decrease of t he  power l e v e l .  I t  would 
faj l lmre of the safety  block d r i v e  t o  d r i v e  the 
t. If the s a f e t y  block becomes jammed, the f o  
i e s :  

The mass a d j u s t  en t  rod and the r e g u l a t i n g  rod 
t o  their l i m i t s ,  
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2, The sa fe ty  block drive should be run down u n t i l  i t Jams against  the 
magnet keeper. T h i s  will  i n d i c a t e  how f a r  t h e  s a f e t y  block has 
moved out o f  the  core. 

The s i t u a t i o n  should  be appraised as much as puss ib la  by use o f  
t h e  t e l  ev i  s i  on cameras. 

r e f  1 ectors.  

and advised o f  t he  r e s t r i c t i o n s  t h a t  should be placed on yersuni-uel 
enter1 ng tire 10QO-ft excl us1 on area. 
The Supervisor o f  Reactor Operation TSF-WPRR shoi.ild be notified nf 
t h e  s i tuat lcrn,  and the  e n t i r e  operat ions s t a f f  should dev ise  p i @ -  
cedures fo r  i n v e s t i g a t i n g  and c o r r e c t i n g  t h e  d i f f i c u l t y .  

3 ,  The pulse rod should be withdrawn and la tched out. 
4. 

5. If i t  seems advisable, t h e  reac tor  shainld be moved away f rom any 

6. The BQSAR F a c i l i t y  Supervisor should be n o t i f i e d  of  t he  s i t u a t i o n  

7. 

The inco rpo ra t i on  o f  molybdenum as an a l loy  i n  t he  WRR fuel perm i t s  
opera t ion  a t  a h igher temperature than i s  poss ib le  i n  pulse-type r e a c t o i s  
u t i l i z i n g  unal loyed uranium nretal. However, it must he r e a l i z e d  thal,, 
i n 1 i ght  o f  t he  uncontrol 1 ed nuclear excursions and r e s u l t a n t  damage 
repor ted  for una1 1 oyed-core reactors,  there  i s  a strong probabi  1 i t j  
t h a t  the  HPRR could s u f f e r  an i n c i d e n t  t h a t  would damage i t s  core, w e n  
though i t  can surv ive  excursions t h a t  would damage an unal loyed core. 
The WRR operat ing crew w a ’ l l  , o f  course, be cons tan t ly  a l e r t  t o  the 
p o s s i b i l i t y  o f  sub t le  changes which could cause such an i nc iden t ,  but  
should one occur, t h e  procedures o u t l i n e d  below i n d i c a t e  t k  actioil  t o  
be taken. 

7 

8 

18-3.1 ency Procedure 

1. The operator w i l l :  

a ,  shut down t he  reac tor  by the  einergency manual S C T Z ~  prmpdure 
(Section 4.1.4), i f  i t  has fdiled t o  s c r m  automat ica l l y ;  

b. make a p re l im ina ry  appra isa l  o f  the  s i t u d t i n n  b,y observ i l i g  t h e  
temperature records and power l e v e l  records and by slmrveying 
w i t h  the  c l o s e d - c i r c u i t  t e l e v i s i o n ;  

vey a11 p e r t i n e n t  in fo rmat ion ;  and 
c. n o t i f y  t he  UOSAR F a c i l i t y  Supervisor o f  ttx cmcrgeqcy and c m -  
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d, n o t i f y  t he  Supervisor o f  Reactor Operation TSF-HPRA as soon as 
i t  i s  p r a c t i c a l  t o  do so. 

2. The DOSAR F a c i l i t y  Supervisor w i l l :  

a, a l e r t  l o c a l  personnel, 
b.  
c, 

not  i fy the f a c i  1 i t y  appl l e d  hea l th  physi c i  st 
n o t i f y  the area guard t h a t  an emergency ex i s t s ,  in form the guard 
o f  any r e s t r i c t i o n s  on personnel l eav ing  or  en te r ing  the area, 
and 
n o t i f y  the Laboratory S h i f t  Supervisor and Guard Headquarters. d. 

3 ,  The DOSAR F a c i l i t y  supervisor and app l i ed  h e a l t h  p h y s i c i s t  w i l l ,  
w i t h  the a i d  of the reac to r  operat ions s t a f f ,  determine the extent  
o f  damage and the  degree o f  contamination. 

Then, depending on whether the r a d i a t i o n  or  contamination hazards 
are considered t o  be conf ined t o  i n s i d e  the  reac to r  b u i l d i n g  (local 
emergency) or  t o  extend beyond i t  (Laboratory-wide emergency), the 
d e l i n e a t i o n  of r e s p o n s i b i l i t y  w i l l  be as o u t l i n e d  below i n  Sect ion 
10.3.2 o r  10.3.3. 

10.3.2 Local Emergency 

1. The DOSAR F a c i l i t y  app l i ed  hea l th  p h y s i c i s t  and the reac to r  operator 
w i l l  proceed t o  the reac to r  b u i l d i n g  t o  survey and evaluate the  
s i  t u a t  i on. 

2. The DOSAR F a c i l i t y  Supervisor, aided by the hea l th  p h y s i c i s t  and 
reac to r  operator, w i l l  devise and supervise cleanup procedures, 

10.3.3 Laboratory-Wide Emergency 

1. The DOSAR F a c i l i t y  appl ied hea l th  p h y s i c i s t  w i l l  n o t i f y  t he  c h i e f  of 

2. The hea l th  p h y s i c i s t  w i l l  determine the r a d i a t i o n  and contamination 

3. The DOSAR F a c i l i t y  Supervisor w i l l  determine whether the f a c i l i t y  

t h e  ORNL Applied Health Physics Section. 

hazards outs ide the c o n t r o l  b u i l d i n g  and on the  f a c i l i t y  access road, 

personnel should be evacuated o r  confined t o  %he shielded count ing 
room. 

p r o t e c t i v e  c l o t h i n g  and proceed t o  the reac to r  b u i l d i n g  w i t h  s u i t -  
4. The hea l th  p h y s i c i s t  and the operat ions supervisor w i l l  change t o  
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ab1 t3 por tab le  r a d i a t i o n  survey instruments t o  eval ua te  the e x i  s t i n g  
r a d i  a t i  on, contarni n a t i  on and c r i t i c a l  i t y  hazards. 

5. The Faci 1 i t y  Supervisor w i  11 formulate and supcrvi  se cleanup pro- 
cedures and s i t e  survey plans, w i t h  the ORNL emergency groups 
f u n c t i o n i n g  as required. 
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1.1 I CT10 

T h i s  manual is  intended t o  serve as a 
maintenance o f  the Meal t h  Phys ics  Research 
Physics Dosimetry Appl i c a t i o n s  Research (DOSARI F a c i l i t y .  
d e s c r i p t i o n s  o f  the HPRR and of a s soc ia t ed  equipment such as the r e a c t o r  
pos i t i on ing  devices and the derrick a 

the HPRR a r e  given i n  de t a i l ,  and checklists far the various steps a m  
provided where appl icabl e. Emergency p~~ocedures a r e  simi l arly covered, 
and maintenance schedules a r e  ou t l ined .  Also, a ~ i ~ ~ i o ~ r . a p ~ y  o f  referela- 
ces g i v i n g  snorse detai led i n f a r n a t i o n  on the DQSAR Faci l i ty  j s  jnc 

following s e n i o r  s t a f f  members: 
( 2 )  the Reactor Operations Depar*tment Head, ( c )  the Slidpervisor of Reactor 
0 p ~ r . a t i ~ ~ ~  TSF-HPRR Areas. 
issued t o  the H P R R  Operations Supervisor w i l l  always ref lect  the la tes t  
r e v i s i o n s  (see Sec t ion  9.5 f o r  addi t fona l  security r e ~ ~ ~ ~ e ~ @ ~ t s  fox. N 
Secur i ty  Procedures) 

e i n  the ~ ~ e ~ ~ ~ j ~ ~  an 
tar. ~~P~~~ o f  the Healt 

Tt includes 

Pr.ocedeaa-es for. r o u t i n e  o p e ~ ~ ~ i ~ ~  o f  

Changes to this  manual ~1’19  be approve by a t  l e a s t  t 
( a )  the ~ ~ ~ r . a t i ~ n ~  D i v i s i o n  Da”rector., 

The master copy and the copy o f  the ~ a ~ ~ ~ l  

1.2 ‘THE DOSAR FACILITY 

The DQSAR Faci l i ty  i s  l o c a t e d  i n  an area a ~ ~ r a x ~ ~ a ~ ~ ~ ~  two mfles 
sou theas t  of the Laboratory and includes a reactor .  b u i l d i n g  w h i c h  houses 
the H P R R ,  a b u i l d i n g  w h i c h  i s  used fo r  c a l i b r a t i o n s ,  and a reactor. 
cont ro l  bu i ld ing .  The cont ro l  b u i l d i n g  houses the reactor. contra1 s, 
admi n i s t r - a t ive  o f f i c e s ,  experimental I aboratcwdes, and an expera’ment 
assembly p repa ra t ion  a rea  used t o  assemble the o b j e c t ( s )  t o  be i r ~ ~ ~ ~ a ~ ~ ~  
i n  the r e a c t o r  building. 
shown i n  F ig .  1.1. The d i s t a n c e  between t 
b u i l d i n g  i s  approximately 800 f t  (240 m), 

The relatjve l o c a t i o n s  ~f the ~ ~ ~ ~ ~ f n ~ ~  are 

1.2.1 Reactor B u i l d i n  

The working area o f  the reactor. bu i ld ing  i s  a ~ ~ ~ o x i m a ~ e ~ ~  72 f t  ?an 
and 32 f t  wide. 
w id th  o f  the b u i l d i n g  and t r a v e l s  the f u l l  l eng th ,  
15- f t -h igh  double doar a t  one end o f  the bu i ld ing  opens t o  an o u t s i d e  
conc re t e  pad, w h i c h  i s  30 f t  wide and 70 f t  long. 
the b u i l d i n g ,  a 6-ft-wide, 8-f t -high double door opens onto a tr*uck 
unloading dock. 

An overhead br idge  c rane  o f  f ive- ton  cap 
A 12- 

A t  the ather. end o f  

A l ean- to  w i t h  no inside entrance t o  the reactor .  

Operations Div is ion  Reactor Operati  etns Sec t ion  Reactor ~~~~~~~ SQY 
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FACILITY 

3# 13 R k v  OVERHE 
TELEPHONE. PA 

WER, SIGNAL B CONTROL CAR1 

COI1fROL BUILDING 

OUTER PERIMETER FENCE 
3000f t  R ~- 

EXISTING 16th TRANSUlSSiON 
LINE CORRIDOR --_____ 

ES 

F i g .  1 .l. P l o t  p l a n  of DOSAR Facility, showing l o c a i i c n s  
o f  reactor  and control  buildings. 
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addit iolaal ~ e ~ ~ r i ~ ~  ctsrs wlK1 be d N 
Zited P O S i  t f  QRS , &?pen pe;n the ~~~~r~ 

tion and/or ~ i n t e n ~ n ~ ~ ~  The Security radial  or i n  the control room 
will i ~ f ~ ~ ~  the operator w~~~ the ~~c~~~~~~ inspe t ions are ~~~~~~~~~ 

a t  which time the  ~ p e ~ a ~ Q r  may s t a r t  the t i m e  del 

a t  P o s t  23 t o  permit ~ e r s o ~ ~ ~ l  they d e s i ~ n  ee Lo enter or  t 
the reactor area. The Security Inspector will  open and CIS  
remotely controlled gate i 
bui 1 ding when designated personnel a ~ p ~ o a ~ ~  or depart t h a t  

ever the reactor is  out o f  the storage p i t  

2. Personnel on a prea thorized 1 B s t  w $  9 not i fy  t he  Seeur4t.y 

the security fence 

3 ,  The operator will keep the control room door closed and Ioc 

4. When the time delay i s  over, the o ~ ~ ~ ~ ~ ~ r  m R 
e operator will notify personnel a t  Guard ~~~~~~~~~~~~ ialhen t he  R 

reactor i s  to  be removed fr~m the storage p i t ,  The Sec 
Inspector i n  the control room will then actuate a switc 
mits the operator t o  ra ise  the reactor o u t  o f  i t s  stesra 

es when the reactor i s  ~ ~ n s l ~ ~ ~ ~ ~  v aaerable and/or i s  
ated, providing the r ad ia t ion  level and t r a n s i t  t imes  

penn-i t access without personnel exposures exceed.s’ng ~ e ~ ~ ~ ~ ~ ~ ~ ~ e  
limits, the operator may authorize the S e c u ~ i t y  Ins 
Post 23 t o  permit specific ~ ~ d ~ v i ~ ~ a l ~ ~ ~  t o  enter a t  the time the 
authorization is  made. I f  the reactor is operating a t  h i g h  ~~~~~ 

(greater t h a n  100 k B ) ,  the operator will inform the ~ecurs’ty Ins 
when the authorized i nd iv idua l  s have entered %he csratrnl b u l l  ding. 
I f  an individual who has been ~~~~~~~ d u r i n  ~ i ~ ~ - ~ o w ~ ~  mode o f  R 
operation does n o t  report t o  the  control roo i n  5 m i n ,  t h e  operator 
will take whate~er  steps are necessary t o  locate the f n  
Under the same conditions as i n  Step 6 ,  the ~~~r~~~~ ma 

idua l (s )  t o  l eave  the control building a f t e r  infor  
Security I n s p e c t ~ r  at. Past 23 t h a t  the a’ndiw d u a l ( s )  i s  l eav ing  the 
area. I f  the Security Inspector does n o t  re o r t  back i n  5 m i n ,  the 
operator will take whatever steps are necessary t o  locate the 
i n d i v i d u a l  e 

secure the reactor bay and the control room a t  the end of the day‘s 
operation, A 

7. 

8. The reactor operator will notify personnel a t  Guard ~e~~~~~~~~~~ and ti 

R. V .  McCord, Head 
Operations Division Re ac t o  r Bp e ria t i  Q n s Sec t i  o n Re a c t o  r Ske pe 1- v i s or  



AI 1 changes w; 1 1  be dociincnted i n accordance i.zd t f n  pr-icedurcs out- 
lined i n  Sect ion !.6,%. 
pr~cedubw 
D i v i s i o n  vall  be required. 

When i t  i s  necessary %cr perform maintenance 06s or make changes in 
any s e c u r i t y  equipment in the  reactor $ra-i1ding ~ " i "  $17 the reac to r  control 
rom which i s  i n  any way connected t o  the reactor c ~ n t r o l  system, reactor 
cantrol system components, or connecting leads, a senior operator or %ha 
r e a c t o r  control  er-agi wet- wi 1 1  oversee the i nstaell a t i  on. 

Whenever a chaisigt? impacts secur.a'ty syskfims 0.6. 

the concurrence o f  the D i  icectnr sf  the Laboratory Protection 
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