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SUMMARY 

The BSR was operated f o r  662.0 h r  and produced 1,277,795 kwhr of 

energy. The major p o r t i o n  of t h i s  ope ra t ion  was f o r  b a s i c  r e s e a r c h .  Re-  

mote ope ra t ion  of t h e  BSR was begun on May 31, 1967; with t h e  except ion 

of one s h o r t  shutdown due t o  t h e  loss of the  p i c t u r e  on t h e  TV monitor ,  

remote ope ra t ion  has been very s a t i s f a c t o r y .  All s t a r t u p s  and b a l a n c i n g  

of shim rods have been performed a t  t h e  l o c a l  console .  

The PCA was operated du r ing  A p r i l  and May f o r  graduate  and under-  

graduate  s t u d e n t s  of t h e  Department of Nuclear Engineering of t h e  Univer- 

s i t y  of Tennessee. 

BULK SHIELDING REACTOR 

Operations 

The r e a c t o r  o p e r a t i n g  t i m e  cons i s t ed  of 578.7 h r  f o r  r e s e a r c h ,  7 .1  

h r  f o r  t h e  t r a i n i n g  of UT s t u d e n t s ,  36.0 h r  f o r  sample i r r a d i a t i o n s  ( 3 5 . 8  

h r  of t h e  runs f o r  samples were concurrent  with t h e  r e sea rch  r u n s ) :  8 . 2  

h r  f o r  v i s i t o r s  on t o u r s ,  and 67.8 h r  t o  ga in  experience i n  remote oper- 

a t i o n .  
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Table 1. Research Usage of Reactor 

Time Div i s ion  o r  
( h r )  Other Sponsor 

Locat i on  

341 .8a 

b 
58.5 

Liquid n i t r o g e n  c r y o s t a t  ( a t  t h e  n o r t h  f ace )  Sol id  S t a t e  

Liquid helium c r y o s t a t  ( i n  t h e  southwest cor-  So l id  S t a t e  
ne r  of t h e  pool) 

310 .Oc Core p o s i t i o n  No, 15 f a c i l i t y  tube So l id  S ta t e .  

Core p o s i t i o n  N o .  11 f a c i l i t y  t ube  So l id  S t a t e  176.5 
d 

East  D 0 t ank  ( c e n t e r  h o l e )  
2 

119.3 

3 $0 North f r o n t  f a c e  F a c i l i t y  tube 

Is o t  ap e 

S o l i d  S t a r e  

a 

b 
Of t h i s  t i m e ,  23.2 h r  were concurrent  with t h e  e a s t  D 0 tank run.  

Of t h i s  t i m e ,  41. .O h r  were concurrent  w i th  t h e  e a s t  D 0 t ank  run .  

Of t h i s  t i m e ,  109.6 h r  were concurrent  w i th  t h e  e a s t  D 0 tank run  
and 160.1 h r  were concurrent  w i th  t h e  l i q u i d  n i t r o g e n  c ryos t a t  
run. 

2 

2 
C 

2 

A l l  of t h i s  time was concurrent  w i t h  t h e  e a s t  D 0 run.  
d 

2 

A t o t a l  of 16 samples w a s  i r r a d i a t e d  i n  o r  near  t h e  r e a c t o r .  De-  

t a i l s  of t h e s e  i r r a d i a t i o n s  a r e  presented i n  Table 2 .  

Table 2 .  Samples I r r a d i a t e d  

&faterial Number of Location Divis ion o r  
Samples Other Sponsor 

297 .I-mg Ti w i r e ;  34.2-mg 1 East D 0 tank Ana l y t  i c a  1 
SC203; 197.6-mg Au-A1 (easg ho le )  Chemistry 
( 0  .I% Au) ; 335.9-mg Co- 

A 1  (0.151% c o ) .  

10 North f a c e  of Neutron Physics 
24 

4.5-gm PI"; 4 .5 -gm Na 
t h e  c o r e  

24 
4.5-gm Na 5 North f ace  of Neutron Physics 

t h e  c o r e  



6 

Core Loadings 

The BSR c o r e  l aad ing ,  No. 8 (F ig .  l ) ,  remained unchanged du r ing  t h i s  

q u a r t e r .  Due t o  f u e l  burnup t h e  ope ra t ing  mass was 3720.50 gm a t  t h e  end 

of t h e  q u a r t e r .  

Unscheduled Shutdowns 

There were f i v e  unscheduled shutdowns r e s u l t i n g  i n  a t o t a l  o f  1 . 3 3 3  

h r .  D e t a i l s  a r e  presented i n  Table 3 .  

Table 3 .  Unscheduled Shutdowns 

I 

Downtime 
(hr ) Cause Date 

4-11-67 0,217 The No. 4 shim rod dropped. A check was made f o r  
abnorma l i t i e s  and a l l  components seemed t o  be 
working normally . 

4-17-67 0.233 The No. 4 sh im rod dropped. Reactor Controls  De-  
partment personnel  observed t h e  two Composite 
Amplifier meters and i t  appeared t h a t  t h e  mag- 
n e t  c u r r e n t  was changing when t h e  per iod 
changed. (This could poss ib ly  be due t o  t h e  
per iod s e c t i o n  changing t h e  load on t h e  vo l t age  
r e g u l a t o r  tubes which a l s o  supply r egu la t ed  
vo l t age  t o  t h e  magnet a m p l i f i e r  s e c t i o n  of t h e  
Composite. Other p o s s i b i l i t i e s  a r e  poor a l i g n -  
ment between t h e  magnet and keeper and lo r  c o l -  
l e c t i o n  of f o r e i g n  ma t t e r  on t h e  keepe r . )  

6-10-67 0.167 The p i c t u r e  on t h e  TV monitor a t  t h e  remote con- 
s o l e  was l o s t  t empora r i ly .  An adjustment was 
made i n  t h e  TV monitor and r ecep t ion  was normal 
f o r  t h e  d u r a t i o n  of t h i s  r e p o r t i n g  p e r i o d .  

6- 12-67 0.383 The No. 4 shim rod dropped; no a c t i o n  was taken.  
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Table 3.  (Continued) 

Cause 
Downtime 

(hr )  
Date 

6-12-67 0 . 3 3 3  The No. 4 shim rod dropped. Reactor Controls  De- 
partment personnel checked t h e  No. 4 Composite 
Amplif ier  and found one of t h e  two vo l t age  reg-  
u l a t i n g  (OA-2) tubes  bad. Both of t h e  tubes were 
r ep laced .  The drop c u r r e n t  f o r  t h e  No. 4 rod 
increased t o  59 ma and remained a t  t h i s  s e t t i n g  
on s e v e r a l  drop checks.  
t h e  system was r e s e t  f o r  a drop c u r r e n t  of 59 ma.  
(This r e s u l t e d  i n  an  NL c u r r e n t  of 81 ma and an 
NF c u r r e n t  of 30 ma.) This allowed t h e  run f o r  
an  experiment i n  progress  t o  be completed. On 
June 16, 1967 t h e  No. 4 rod d r i v e  was removed 
f o r  a n  in spec t ion  of t h e  magnet, which was found 
t o  be very d i r t y .  
c leaned.  The d r i v e  was r e i n s t a l l e d  and proper 
e l e c t r i c a l  connect ions were made. (A complete 
rod-performance cheek was made on t h e  No. 4 rod  
and t h e  recorded readings were as  fol lows:  
drop c u r r e n t ,  50 ma; NL c u r r e n t ,  7 7  ma; and NF 
c u r r e n t ,  74 ma.  Plans were made t o  c l e a n  t h e  
magnets and armatures on t h e  o t h e r  f i v e  shim 
rods .) 

With proper approva 1, 

The magnet and armature were 

Reactor Maintenance 

The mechanical and instrument maintenance which was performed on t h e  

BSR du r ing  t h e  q u a r t e r  a r e  l i s t e d  i n  Tables 4 and 5 .  



Table 4. Bulk Shielding Reactor Xeintenaaee - &&mica1 

Date Compoeeat Trouble o r  GoadftLon Action 'r&2Q 

4 - 4 4 ?  

4-4-57 

4-11-67 

4-13-67 

4-18-67 

5-4-63 

5-10-63 

1-26-67 

&W.mary-water valve p i t  and 
coucrete plug 

Xadietion de tec tor  RM-5 
( for  monitoring the rsdia- 
t i o n  from the pool-water 
ou t le t  l i ne )  

Nuclear and process annun- 
c i a t o r  a u x i l i a r y  c i r c u i t s  

Fuel s torage racks in t h e  BSR 
vault 

%gasser rank 

Air-conditioning u n i t  No. 7 

Overhead pool l i g h t  t r a m -  
fonser 

Stops QR BSR bridge r a f t  

Rust f r m  daglpness 

Unrel iable  readout: a t  the  lB98 console 

Ins t a l l a  tkon er ror  

Gedmim p l a t e s  were not secured in t h e  
s torage  rack 

For removing dissolved a i r  from t h e  psi-  
mary water system 

Broken b e l t  

Relocation 

New s tops  i n s t a l l e d  

1-30-67 North cooling-tower fan Time-delay re lays  

The b t t r r r a  of the plug crud t h e  valve-pi t  sur faces  were 
paluted with OM c a t  of white paln t  of a type o L d t r  
t o  wow- 

A new cable  was run f r m  the radiat ion-detector  probe of 
tbe exi t -water  l ine  i n  tbe valve pLt t o  the  rsadout 
weer a t  the BSB console .  

A missing wire YBS i n s t a l l e a  t o  allow the remote nuclear- 
annunciator ind ica tor  l i g h t  to work properly. Jumper 
wires were f n r t a l l e d  around t h e  missing (unused) posi- 
t i o n s  i n  the  process-annunciator a u x i l i a r y  c f r c u i t  to 
allow t h e  rewte p r o c e s s - i d i c e t o r  l i g h t  t o  work pro- 
per ly  = 

A cadmiwm p l a t e  was permanentky fastened in each storage 
rack por i t ion .  

See sectism e n t i t l e d  '*Modifications t o  Cooling System". 

This wit -8 repaired and the f i l t e r s  were replaced. 

This u n i t  wars r e w e d  from Rom 103 and i n s t a l l e d  under 
t h e  metal  stairnay i n  t h e  north bay a r e a .  
now being used by Reactor Controls Department person- 
n e l .  

Xooa 1103 is  

This was ~teces5ax-y to keep t h e  B$R core from being p m i -  
(These s tops  extend t ioned too close to t h e  PCA core .  

s i x  inches fur ther  aouth than t h e  old s tops ;  t h i s  
change was necessary since the  new BSX gr id  extends 
s i x  inches f u r t h e r  nor th  than did the  old grid.) 

The north cooling fan was placed i n  se rv ice  a f t e r  
adjustments were made t o  t h e  r e l a y s .  
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Table 5 .  h l k  Shielding Reactor Maintenance - Instrumentation 

-~ 
Component Trouble or Condition Action Taken Date 

4-3-67 Instrumentation checkout Quarter ly  checkout Typical shim-rod perforanance data  a r e  l i s t e d  i n  Table 6. 

4-3-67 Count-rate ampl i f ie r  ( s e r i a l  Modification of ampl i f ie r  
No. 4) 

The ampl i f ie r  was removed from s e r v i c e  t o  i n s t a l l  a per- 
iod test connection. The ampl i f ie r  was returned t o  
s e r v i c e  on Apri l  4 ,  1967. 

4-4-67 Build fng v e n t i l a t i o n  system Wlfunct ioning  flow c o n t r o l  u n i t  Measurements were taken on a i r  flow i n  t h e  containment 
duc ts .  It uas found t h a t  t h e  damper i n  t h e  west duct 
remained closed a l l  t h e  time. (It should remein 
opened a l l  the  time t o  allow -1600 cfm of a i r  to be 
exhausted from the  bay area . )  
i n  t h e  cont ro l  c i r c u i t  t o  the  damper. 

An adjustment was made 

4-10-67 1 2  r / h r  rad ia t ion  de tec tor  

4-13-67 Count r a t e  channel 

4-14-67 Count r a t e  channel 

4-20-67 Count rate recorder 

4-23-67 Servo channel 

5-3-67 Cell-ventilataon-rad$.a- 
t i o n  monitoring probe 

New i n s  t a  1 La t ion 

Modification of audible  count-rate  
ampl i f ie r  

S h i f t  i n  t h e  posted noise  curve 

Faul ty  reference power supply 

Temporary withdraw e r r o r  which cause 
the  power t o  rise t o  110% and i n i -  
t i a t e  a setback 

Paul ty  high readings and ala= On 
readout meter a t  t h e  BSR console  

The detec tor  was connected t o  a meter located i n  panel 
A of the  BSR v e r t i c a l  panel .  (The information from 
t h e  readout meter is a l s o  displayed by a meter a t  t h e  
BSR remote console i n  t h e  ORR c o n t r o l  room,) On 
Apr i l  28, 1967, the  12 r / h r  rad ia t ion-de tec tor  channel 
was connected t o  t h e  annunciator ,  "Monitron high level" .  

The c i r c u i t  which dr ives  t h e  audib le  count-rate  ampl i f ie r  
(popper) was madified and r e i n s t a l l e d  with a new 
"popper". This was necessary 80 the  count-rate would 
be audible  i n  t h e  bay area  while t h e  overhead exhaust 
fan was running. 

A new noise  curve was determined, p l o t t e d ,  and approved. 

Proper repa i rs  were made. 

Tests  were conducted t o  loca te  t h e  t rouble  but these 
tests d id  not reproduce t h e  cause of t h e  f a i l u r e ,  

The ce l l -vent i la t ion-duct  r a d i a t i o n  prohe was replaced 
with a new probe. I n  a d d i t i o n ,  holes were d r i l l e d  
underneath t h e  connection box so t h a t  any r a i n  water 
will d r a i n  out .  



Table 5. (Continued) 

Date Component Trouble or Condition Action Taken 

5-12-63 12 r /hr  bui lding monitor Faulty readout 

5-31-67 Count-rate channel Noise 

6-5-61 Count - r a t e  chartae 1 Noise 

6-16-67 No. 2 Composite Amplifier Magnet cur ren t  was erratic 

6-16-47 Servo recorder I n s t a l l a t i o n  e r r o r  

The monitor wa6 removed t o  t h e  shop and proper r e p a i r s  
vere -de. It was r e i n s t a l l e d ,  c a l i b r a t e d ,  and piaced 
i n  operat ion.  A meter reading oE 10.6 (alarm s e t t i n g )  
i s  equivalent  to 12 r / h ~ .  

The count-rate  meter was replaced with a spare  uni t  on 
June 1. 1967. 

The preamplif ier  was replaced with a spare  u n i t .  Mew 
curves were deterroined, pos ted ,  and approved. 

The power-supply tube was bad. Proper r e p a i r s  were 
=de. 

6-22-57 No. 1 safe ty  channel 

Changes were completed according t o  reac tor  cont ro ls  
ckmge memo BSR-2Mw No. 4 wbich r e s u l t s  i n  ty ing  t h e  
servo recorder  t o  the p w e r  failure annunciator ,  
* i retOraPr OW. 

P 
Adjustment needed on rhe sensr:ivity The switch s e t t i n g  was r e s e t  from pos i r ion  Bo. 5 t o  posi -  tu 

@#Itch tion 80.  2 .  (me readout on the Eo. 1 s a f e t y  recorder 
vas 104% before chs change and 301% a f t e r  the change.) 
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Table 6 .  BSR Shim-Rod Performance Data 

Rod Rod Rod Rod Rod Rod 
Parameter 

NO. 1 NO. 2 NO. 3 No. 4 No. 5 NO. 6 

Release time (msec) 3.5 3 .O 3 . 5  3.5 4.0 3 , 5  

Drop t i m e  (msec) 440 435 435 445 4 3 9  441 

Drop p o i n t  (x) 146 140 145 144 140 143 

Drop c u r r e n t  (ma) 50 44 4s 46 44 49 

NL durreat (ma) 77 7 1  7 1  67 75 75 

NF c u r r e n t  (ma) 72 65 67 6 4  69 7 1  

S p e c i a l  Tests 

U n i v e r s i t y  of Tennessee undergraduate s t u d e n t s  performed a s h i e l d i n g  

experiment using t h e  BSR. A f i s s i o n  chamber and a gamma chamber were 

placed i n  a d ry  t u b e ,  which was a t t a c h e d  t o  t h e  instrument b r i d g e .  The 

v e r t i c a l  c e n t e r l i n e  of t h i s  t ube  was i n i t i a l l y  about 38 c m  n o r t h  of t h e  

c e n t e r  of khe nor th  f a c e  of t h e  r e a c t o r .  The r e a c t o r  was brought up LO 

low power and measurements of neutron flux and gamma-ray dose were made, 

The instrument b r idge  was moved f a r t h e r  n o r t h  from t h e  r e a c t o r  i n  10 c m  

increments;  t h e  measurements were repeated fo l lowing  each movement of 

t h e  instrument b r i d g e .  A s  t h e  s i g n a l s  from t h e  chambers decreased t o  

very low levels,  t h e  r e a c t o r  power was increased t o  o b t a i n  h ighe r  s i g n a l  

l e v e l s ;  a p p r o p r i a t e  normalizing f a c t o r s  were c a l c u l a t e d  t o  compensate 

€or t h e  changes i n  r e a c t o r  power. 

were made by Operations Div i s ion  personnel .  This experiment was p e r -  

formed by each of t h r e e  groups of s t u d e n t s  and r equ i r ed  about t h r e e  hours 

p e r  group. 

A l l  movements of t h e  instrument b r idge  
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Water Sys tem 

Primary System 

A r o u t i n e  r a d i o a c t i v e  a n a l y s i s  was made on a sample of BSR pool 

wa te r .  

r e a c t o r .  

Table 7 p re sen t s  t h e  r a d i o a c t i v i t i e s  which were p re sen t  i n  the  

Table 7 .  Radioact ive Analysis of BSR Pool Water 

(June 15,  1967) 

Cons t i t uen t  d i s  min ml 
-1 -1 

13Ix 

1331 

89s3. 

91 
S r  

lo Ru 

R u  
106 

137Cs 

140Ba 

143ce 

141 

24 

239 
NP 

Ce 

N a  

.=O .6 

4 - 8  

<3 

<1 

<O . 3  

<o .2 

-0 .4 

5 . 1  

1. 

<1 

<O .5 

2.62 x 10 
3 

The r e a c t o r  had operated -9 days and accumulated 366 Mwhr p r i o r  i o  

t h e  time t h e  sample was t aken .  

Demineralizers 

Table 8 presents perforinance d a t a  on t h e  prinlary flow demine ra l i ze r .  



Table 8 Demineralizer Performance Data 

Gross G a m  Specific Resis tance  
Run I n i t i a t i o n  Termination Throughput Counts rnin’l m 1 - l  p H  (chm-cm) 
No Date Date Gallons I n  out In Out I n  o u t  w 

Ln 

1 2-17-67 6-2-67 3 , 704,900 829 43 6.2 6 , 4  950,555 1 ,621  , 665 

2 6-2-67 I n  Service 856,540 2 ,230  167 6 . 1  6 .6  760,665 1,895,715 
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g o d i f i c a t  ions t o  Coolj-ng System 

During t h e  l a t t e r  h a l f  of May and t h e  f i r s t  h a l f  o f  June,  prepara-  

t i o n s  were rmde f o r  i n s t a l l i n g  a degasser  t ank  i n  t h e  primary coo l ing  

system. 011 June 15 ,  1967, t h e  system was dra ined  and t h e  t i e - i n  of t h e  

tank was begun. (The tank  i s  p a r t  of the  r e t u r n  l i n e  from t h e  hea t  ex- 

changer t o  t h e  p o o l . )  The t i e - i n  was completed and t h e  primary flow 

was s t a r t e d  on June 19 ,  1967. A l l  p a r t s  of  t h e  system were vented ,  and 

the top  of t h e  degasser  t ank  was connected t o  t h e  b u i l d i n g  v e n t i l a t i o n  

system. There appeared t o  he  more a i r  bubbles i n  t h e  pool  than  be fo re  

tha  degasser  tank  was i n s t a l l e d .  The t r o u b l e  appeared t o  be caused by 

i n s u f f i c i e n t  s u c t i o n  on t h e  top  of t h e  t ank .  On June 2 1 ,  1967, t h e  t o p  

of  t h e  t ank  was connected t o  t h e  normal of f -gas  system by way of t h e  

surge t ank .  S ince  t h a t  t i m e ,  t h e  bubbles t h a t  have been r e l e a s e d  have 

been very  few i n  number and very  small i n  s i z e ,  However, t o  keep t h e  

a c t i v i t y  i n  t h e  r e a c t o r  bay a t  a low l e v e l ,  t h e  overhead exhaust  f an  

must s t i l l  be opera ted .  
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Secondary System 

On May 4 ,  1967, a sample of t h e  secondary water  was taken from t h e  

tower b a s i n  and s e n t  t o  t h e  mic rob io log ica l  l abo ra to ry  of Nalco Chemical 

Co., Chicago, I l l i n o i s ,  f o r  an  a n l a y s i s  on t h e  microbio logica l  growth. 

The r e s u l t s  on t h e  condieion of t h e  water  a t  t h e  t i m e  of t h i s  sample 

showed very s a t i s f a c t o r y  b a c t e r i a ,  a l g a e ,  and fungi  c o n t r o l .  

On June 26 ,  1967, a check on t h e  coo l ing  tower revealed t h a t  slime 

had s t a r t e d  accumulating on t h e  wood. To c o r r e c t  t h i s ,  t h e  Nalco No. 

207 b a l l s  were added i n  g r e a t e r  numbers than usua l  a t  t h e  sugges t ion  of 

t h e  Nalco r e p r e s e n t a t i v e .  A t  t h e  end of t h i s  r epor t  pe r iod ,  t h e  s l i m e  

had d isappeared .  

Cooling Tower Fans.--The cooling-tower-fan gear boxes a r e  connected 

t o  t h e i r  r e s p e c t i v e  motors by Dodge Flexidyne Couplings.  These coupl ings 

l i m i t  the s t a r t i n g  torque  on t h e  motors.  The t r ansmiss ion  medium, or  

flow charge ,  c o n s i s t s  of small metal  p a r t i c l e s .  The amount of f low 

charge i n  each coupl ing  was ad jus t ed  on May 19, 1967. Then, tes ts  were 

conducted t o  determine t h e  motor in - rush  c u r r e n t  as a func t ion  of t ime 

a f t e r  i n i t i a t i n g  both low-speed and high-speed f an  ope ra t ion .  The re- 

s u l t s  of t h e s e  tests ind ica t ed  t h a t  t h e  motor in - rush  c u r r e n t  was g r e a t e r  

t han  i d e a l  f o r  long t e r m  ope ra t ion .  A t  t h e  same t i m e  i t  was determined 

t h a t  t h e  flow-charge m a t e r i a l  should be changed; t h e r e f o r e ,  s t a i n l e s s  

s t ee l  flow charge was ordered .  When t h i s  m a t e r i a l  i s  obta ined ,  f u r t h e r  

adjustment and tests w i l l  be performed. 

S t a i n l e s s  S t e e l  Fue l  Elements 

A l l  s t a i n l e s s  s t ee l  f u e l  elements and s t a i n l e s s  s tee l  f u e l  p l a t e s  

were t r a n s f e r r e d  t o  t h e  SS Accountabi l i ty  v a u l t .  (These were t h e  BSR-ZT 

f u e l  e lements . )  The f u e l  was shipped i n  11 s t ee l  drums. Af t e r  t h e  f r e e  

volume i n  each drum was f i l l e d  wi th  v e r m i c u l i t e ,  t h e  top  was i n s t a l l e d  

and fas tened  i n  p l ace .  
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Operat ions 

During t h e  First  week o f  A p r i l ,  R .  Tr inko,  of t h e  Univers i ty  of 

Tennessee, conpleted an experiment begun on €.larch 3 1 ,  1964  a The purpose 

of t h i s  experiment was t o  s t u d y  the  behavior of ins t rumenta t ion  designed 

f o r  measuring r e a c t o r  n o i s e .  The r e a c t o r  conf igu ra t ion  used was loading 

No. 43-B, Revision 1 ( r e f .  1). 

During t h e  l a s t  t h r e e  weeks i n  A p r i l  and t h e  f i r s t  week of May, 

undergraduate s tuden t s  of t h e  Nuclear Engineering Department o f  t h e  Un i ,  

v e r s i t y  of Tennessee performed a series of experiments us ing  t h e  PCA.. 

(An a d d i t i o n a l  experiment u s ing  t h e  BSR i s  descr ibed  elsewhere i n  t h i s  

r e p o r t .  The u s e  of t h e  PCA and BSR f o r  those  experiments was arranged 

by t h e  Univers i ty  Rela t ions  Department of ORNL.) A b r i e f  d e s c r i p t i o n  of 

each experiment fo l lows .  

1. C r i t i c a l  Loading 

A b a s i c  3 x 4 f u e l  a r r a y  was assembled p r i o r  to t h e  experiment by 

Operations personnel  and a s tandard  a p p r o a c h - t o - c r i t i c a l i t y  was p e r -  

formed by t h e  s t u d e n t s .  They determined t h e  amount of f u e l  t o  be added 

and where i t  was t o  be placed i n  t h e  c o r e .  The ob jec t  w a s  t o  b r i n g  t h e  

r e a c t o r  j u s t  c r i t i c a l  wi th  a l l  rods completely withdrawn from t h e  co re .  

No move was made without  f i r s t  ob ta in ing  t h e  approval  of Operat ions su- 

pe rv i s ion .  This experiment took approximately e i g h t  hours t o  perform 

and was done by each of t h r e e  groups of s t u d e n t s .  (The t h r e e  loadings 

assembled a r e  shown i n  F igures  2 ,  3 ,  and 4 . )  

2 .  p o d  C a l i b r a t i o n  

This  experiment cons i s t ed  of two p a r t s .  F i r s t ,  t.he PCA r e g u l a t i n g  

rod was c a l i b r a t e d  us ing  t h e  per iod method; t hen ,  both t h e  d i f f e r e n t i a l  

and i n t e g r a l  rod worth were c a l c u l a t e d .  The second p o r t i o n  of t he  

'id a H .  Tabor, Bulk Sh ie ld ing  F a c i l i t y  Q u a r t e r l y  Report -- January. 
February,  and March 19, 1967, ORNL CF-67-5-67, p 42 (May 2 3 ,  1967);  
( i n t e r n a l  use only) .  
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REMARKS : _ _ _  CHAMBER PQSlTlONS : 

University of Tennessee 
c r i t i c a l  experiment 

Figure 2 
NO. 3 SAFETY: ,- 
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experiment cons i s t ed  of t h e  measurement of t h e  worth of t h e  shim rod 

"bank" us ing  t h e  rod-drop method. For t h i s  p a r t  of t h e  experiment ,  a 

400-channel ana lyzer  was connected t o  t h e  output  of t h e  a u x i l i a r y  count ing 

channel and the  p r i n t e d  r e s u l t s  were analyzed by t h e  s t u d e n t s .  Again, 

al.1 moves were supervised by Operat ions supe rv i s ion .  This  experiment 

took approximately four  hours t o  perform and was done by each of t h r e e  

groups of s t u d e n t s .  (Operations personnel  loaded t h e  c o r e  p r i o r  t o  this 

experiment as  shown i n  Figure 5 ;  t h i s  loading was used i n  l3xperimer.t 3 ,  

a l s o  .) 

3 .  Importance Function 

I n  t h i s  experiment a s p e c i a l  element with one vacant p l a t e  p o s i t i o n  

was used Various p l a t e s ,  con ta in ing  s i l v e r  d i s c s  located a t  d i f f e r e n t  

d i s t a n c e s  a long  t h e  l eng th ,  were placed i n  t h i s  p o s i t i o n .  The change i n  

r e a c t i v i t y  due t o  t h e  change i n  l o c a t i o n  of t h e  s i l v e r  d i s c  was d e t e r -  

mined by t h e  change i n  regula t ing- rod  p o s i t i o n  requi red  t o  make t h e  reac- 

t o r  j u s t  c r i t i c a l  and by using. t h e  regula t ing- rod  c a l i b r a t i o n ,  a s  d e t e r -  

mined by experiment No. 2 .  A l l  moves were supervised by Operat ions su- 

p e r v i s i o n .  This  experiment took approximately four  hours t o  perform 

and was done by each of t h r e e  groups of s t u d e n t s .  

Reactor Maintenance 

The mechanical and instrument maintenance which was performed on t h e  

PCA dur ing  t h e  q u a r t e r  i s  l i s t e d  i n  Tables 9 and 10. Shim-rod pe r fo r -  

mance da ta  obtained dur ing  t h e  test which followed t h e  r e l o c a t i o n  of 

shim-rod d r i v e s  on A p r i l  10,  1967 ,  i s  l i s t e d  i n  Table  11. 
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T a b l e  9. Pool C r i t i c a l  Assembly Wintenance - Mechanical 
-- 

Date Component Trouble or Condition Action Taken 

4-7-67 so. k shxm rod d r i v e  a s a m b l y  Clutch switch ac t iva ted  before suffi- The d r i v e  assemaly w a s  reaoved from t h e  reac tor .  
c i e n t  i n s e r t i o n  of d r i v e  (during au- In  ad- 
tomatic rundown) d i t i o n ,  :he armature was found t o  be cocked; the 

The c lu tch  sw;tch pos i t ion  was adjus ted .  

arawture was m d e  leve l .  

4-7-62 Instrument-start c i r c u i t  Instrument-s tar t  could not be obtained A w i r e ,  which had been removed during t h e  Burner 

reac tor  had nof been operated w:tR t h e  regula- 
t i n g  rod installed; therefore ,  instrument-s tar t  
had not been required.)  

due t o  a missing wire af 1966, w a ~  replaced. {Smce that t ime,  thu, 

4-11-67 Permanent f i s s i o n  chamher 
dr ive  uni t  

Unit not a v a i l a b i e  f o r  use The dr ive  uni t  was removed from the  r e a c t o r .  Ad- 
justments were made and a d r i v e  gear replaced.  
This unit was rernstaLled i n  the  r e a c t o r  and con- 
dected t o  the  p e m n e n t  coimt-rate  channel. 
(The a u x l l l a r y  d r i v e  unit had been connecied t o  
t h e  permanent c h a m e l  s ince  t h e  d i f f k d t y  re- 
por ted  on March 31, 19671. 

4-11-67 A u x i l h r y  f i s s i o n  chamber Unit previously used i n  permanent The auxiliary dr ive  uni t  was resonnected t o  the 
d r i v e  uni t  channel a w i l l a r y  channel. 

4-20-57 No. 2 sh in  rod coarse p o s i -  ~ o d  motion not  indicated continuously The pos i t ion  ind lca tor  gears were meshing t o o  
tion ind ica tor  t i g h t l y ;  the degree of t igh tness  was reduced. 

4-26-67 Permanent fission-chamber Chamber could not  be withdrawn m o r e  The ckmber  dr ive  wa5 f reed manually. 
d r ive  unit than 20 in. 





Table 10. (continued) 

-- 
Date Component Trouble or Condit ion Action Taken 

-l____ll_-- 

5-11-67 Keguiatmg-rod cable i n t e r -  To prevent Inadvertent s tartup i n  t \ro This  change w a s  made accordCng to reactor con- 
lock f o r  ins  trumnt start insrrument start mode with the regu- t r o l s  change memo PCA No. i6. 
c ircu i t  lating disconnected or o a t  a t  zhe 

core  

6-27-67 Auxiliary counc-rate channel Channel not a v a i l a b l e  f o r  u s e  subsequent The log count-rate merer was  remved for use at 
to this date  the SSK. 

---. __-- - ------ 



Table 11. PCA Shim-Rod Performance Data 

Rods 
Parameter No. 1 No. 2* No. 3 

Drop Curren t ,  ma 45 24 37 

Drop P o i n t ,  % s c a l e  reading  72 7.4 70 

N Curren t ,  ma 

N Cur ren t ,  ma 

L 

F 

6 3  44 59  

61 42 56 

Release T i m e ,  msec 4.5 7.5 3 .Q 

Time-of - f l igh t ,  msec 480 47 7 475 

*This d r i v e  u n i t  con ta ins  the old  BSR-type magnet, 
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