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PART 1 

Taken from OPERATIONS D I V I S I O N  QUARTERLY REPORT 

A p r i l  - June,  1960, ORNL CF-60-6-127 





INTRODUCTION 

The t h i r d  y e a r  o f  o p e r a t i o n  of  t h e  Oak Ridge Research Reac tor  saw t h e  

s u c c e s s f u l  convers ion  from an  o p e r a t i n g  l e v e l  o f  twenty megawatts t o  an  

o p e r a t i n g  power l e v e l  o f  t h i r t y  megawatts.  The new c o o l i n g  s y s  tem was com- 

p l e t e d  e a r l y  i n  J u l y  and th i r ty -megawat t  o p e r a t i o n  began w i t h  c y c l e  27,  

J u l y  29, a f t e r  an  extended shutdown f o r  t h e  conve r s ion .  Opera t ing  t ime 

reached a  h igh  o f  82% du r ing  t h e  l a s t  q u a r t e r  of 1960, and t h e  f i r s t  q u a r t e r  

o f  1961 had an  o p e r a t i n g  t i m e  o f  80% i n  s p i t e  of two major ,  b imonthly  s h u t -  

downs and some a d d i t i o n a l  down time t o  r e p a i r  t h e  b a l l - l a t c h  mechanisms on 

t h e  shim r o d s .  

The most n o t a b l e  a d d i t i o n  t o  t h e  experiment f a c i l i t i e s  was provided 

by t h e  changes made i n  t h e  sou th  eng inee r i ng  t e s t  f a c i l i t y  f o r  t h e  GCR t e s t  

l oops .  



REACTOR OPERATIONS 

AND RADIOACTIVE WASTES OPERATIONS 

QUARTERLY REPORT 

Prepara t ions  a r e  almost complete f o r  the  conversion t o  t he  30-Mw 

coo l ing  system scheduled dur ing  the  J u l y  shutdown. I t  :is planned t o  

change the  sou th  engineer ing  t e s t  f a c i l i t y  p lug  dur ing  t h i s  shutdown 

t o  provide space fox a new experiment.  



1. OAK RIDGE RESEARCH REACTOR 

1.1. Operat ions 

W .  R .  Casto 

Operat ions 

The ORR was opera ted  du r ing  t h i s  per iod  a t  a  power l e v e l  of 20 Mw u n t i l  

t he  beginning of c y c l e  2 4  i n  A p r i l .  The power l e v e l  was then reduced t o  

16 Mw due t o  h igh  maximum ambient a i r  t empera ture .  T o t a l  ope ra t i ng  time 

f o r  t h e  q u a r t e r  was 17 19.135 hours . The ope ra t i ons  d a t a  f o r  t he  q u a r t e r  a r e  

given i n  Table  1.1. 

TABLE 1.1. ORR OPERATIONS 

Per iod  A p r i l  1, through June 30, 1960 

This  Las t Year 
Q u a r t e r  Q u a r t e r  t o  Date 

T o t a l  energy, Mwd 

Average power, Mw o p e r a t i n g  hour 

Time ope ra t i ng ,  % 

Reactor  water  r a d i o a c t i v i t y ,  c/m/ml (av) 

Pool water  r a d i o a c t i v i t y ,  c/m/ml 

Reactor  water  r e s i s t i v i t y ,  ohm-cm (av) 

Pool water  r e s i s t i v i t y ,  ohm-cm (av) 

Research samples 

Radioisotope samples 

147 1 . 4  

19.9 

81.3 

20,942 

396 

616,000 

805, G O O  

2 2 

116 

The c o r e  con f igu ra t i on  a t  t h e  end of t h e  q u a r t e r  i s  i nd i ca t ed  i n  F igure  

1.1. 
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Cycles  o f  o p e r a t i o n  d u r i n g  t h i s  p e r i o d  a r e  shown i n  T a b l e  1 . 2 .  

TABLE 1.2 . CYCLES OF OPERATION 

Accumulated 
Cyc le  No. Date Begun Date Ended Energy (Mwd) 

23 I n  p r o g r e s s  March 17 320 -74 

24 A p r i l  22 May 14 345.98 

2 5 May 2 1  June  11 333.77 

26 J u n e  17 I n  p r o g r e s s  203.81 

F i g u r e s  1.2,  1.3, and 1 . 4  i n d i c a t e  shim-rod p o s i t i o n s  v e r s u s  t h e  

o p e r a t i n g  t ime d u r i n g  c y c l e s  23, 24, and 25, r e s p e c t i v e l y .  

Shutdowns 

Three  major  shutdowns o c c u r r e d  d u r i n g  t h i s  p e r i o d .  

A p r i l  17 th rough  A p r i l  22.  A s h i e l d i n g  exper iment  w a s  performed i n  

c o n j u n c t i o n  w i t h  Neutron P h y s i c s  D i v i s i o n  and H e a l t h  P h y s i c s  D i v i s i o n  p e r -  

s o n n e l  t o  de te rmine  t h e  r a d i a t i o n  l e v e l  caused by an open beam a t  t h e  s o u t h  

exper iment  f a c i l i t y .  A r e p o r t  on t h i s  exper iment  i s  t o  be  p u b l i s h e d  by 

D .  K .  Trubey, T.  V .  B l o s s e r ,  R .  L. C l a r k ,  and H. V .  Heacker .  Measurements 

were t aken  w i t h  t h e  r e a c t o r  s h u t  down and a t  20 Mw, These d a t a  w i l l  be  

used i n  t h e  d e s i g n  of shielding f o r  EGCR He-cooled loop # 2 .  A f l u x  r u n  

was performed t o  map t h e  f u e l  r e g i o n .  The r a d i a t i o n  background w i t h  t h e  

pool  w a t e r  lowered r e q u i r e d  t h e  u s e  o f  temporary s h i e l d i n g  on a s e c t i o n  

of one loop.  I n  a d d i t i o n ,  t h e  No. 3 d r i v e  t u b e  was r e p l a c e d  w i t h  a modi- 

f i e d  u n i t  u t i l i z i n g  a s o l i d  push r o d .  

May 14 th rough  May 21.  In -poo l  i n s t a l l a t i o n  work o n  EGCR loop # b l  

c o n t i n u e d .  R a d i a t i o n  from s e c t i o n s  of  t h r e e  o t h e r  loops ,  w i t h  t h e  poo l  

w a t e r  lowered, r e q u i r e d  t h e  u s e  o f  temporary l e a d  s h i e l d i n g .  A major 

r e v i s i o n  of  t h e  l a y o u t  of  t h e  c o n t r o l  room p a n e l  board  was begun i n  p repa-  

r a t i o n  f o r  30-Mw o p e r a t i o n .  R e l o c a t i o n  of  a p o r t i o n  o f  t h e  e x i s t i n g  

equipment was completed.  T e s t s  were performed t o  de te rmine  t h e  r e a c  t f v i t y  

worth  ( s e e  s e c t i o n  1.3) o f  beryllium-cadmium s a f e t y  rods  i n  c o r e  p o s i t i o n s  

F-4 and F-6 a s  w e l l  a s  t h e  r e s u l t i n g  e f f e c t  on  f l u x  d i s t r i b u t i o n .  
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June 11 through June 1 7 .  Work on GCR loop #I1 was cont inued .  This  

included l eak  checks on in-pool l i n e s  and i n s t a l l a t i o n  of an  emergency by- 

pass l i n e  on t h e  cooling-water pumps loca ted  on the  sou th  balcony, second 

l e v e l .  A t e s t  was performed t o  determine t h e  e f f e c t  of r e p l a c i n g  wi th  a 

f u e l  element the  bery l l ium p iece  (with i so tope  s t r i n g e r  i n s e r t )  between t h e  

two beryllium-cadmium s a f e t y  rods ( see  s e c t i o n  1 .3) .  

Table 1.3 l i s t s  t h e  unscheduled shutdowns which occurred t h i s  q u a r t e r .  

TABLE 1 .3 .  UNSCHEDULED SHUTDOWNS AT THE ORR 

Duration 
Date (h r )  Remarks 

4-9-60 0.383 Setback from G . E .  experiment ( co re  p o s i t i o n  F-2). 
Thermocouple f a i l u r e  caused up-scale  r eco rde r  
"burnout" . 

4 -23 -60 0 .ZOO Reverse from #3 s a f e t y  whi le  a d j u s t i n g  p o s i t i o n  
f o r  16-Mw ope ra t ion .  Chamber i n s e r t e d  too 
r a p i d l y .  

4 -25-60* 0.233 Setback and "back-up" r eve r se  from G.E . expe r i -  
ment (CP F-2) .  F a i l u r e  of a i r  r e g u l a t o r  
caused high sample temperature.  

4-26-60 0.167 Setback and "back-up" r e v e r s e  from G .E . expe r i -  
ment (CP F-2) . Thermocouple f a i l u r e  caused 
up-scale  r eco rde r  "burnout". 

5-3 -60 0.317 Setback from S o l i d  S t a t e ' s  experiment (CP B-9). 
Thermocouple f a i l u r e  caused up-scale  r eco rde r  
"burnoutt '  . 

6-8-60 0.133 Setback from MSR. An e l e c t r o n i c  tube burned o u t  
caus ing  recorder  t o  d r i v e  up s c a l e .  

6-22 -60 0.550) A broken lead on S-2 c o n t a c t  of the  E-panel r e -  
0.683) s u l t e d  i n  t h e  scram (drop ou t  channel) caus ing  

a r e a c t o r  shutdown when the  power was c u t  o f f  
t o  GCRP-1 even though the  E-panel swi tch  was 
i n  t he  " t e s t "  p o s i t i o n .  The t r u e  cause of t he  
shutdown was no t  discovered u n t i l  t he  second 
shutdown . 

6-23-60 0.550 Scram due t o  power outage, e l e c t r i c a l  s t o m .  
S t a r t u p  delayed due t o  slow recovery of  o f f -  
gas sys  tem vacuum. 

* 
Shutdown due t o  r e a l  cause ( i . e . ,  where a cond i t i on  e x i s t e d  such t h a t  w i th -  
ou t  r e a c t o r  power reduct ion  an experiment and/or  t he  r e a c t o r  could be damaged). 



TABLE 1.3 . (Continued) 

Duration 
Date (h r )  Remarks 

6 -24 -60 G .667 Scram due t o  power outage, e l z c t r i c a l  s torm,  
S t a r t u p  delayed due t o  blown fuses  on primsry 
cool ing  pump, motor-control led valves . 

6 -24 -60 0.300 Dropped No. 5 shim rod while  inc reas ing  power 
a f t e r  previous shutdown; unexplained. 

6 -24-60 0.333 Scram due t o  power f a i l u r e  which was caused by 
e l e c t r i c i a n s  switching from one breaker  t o  
another  i n  the  p l a n t  a r e a .  

6 -24-60 9.583 Reactor had t o  be shu t  down due t o  heavy r a i n -  
f a l l .  The r e g u l a r  sump pump could no t  keep 
the water  l e v e l  down r e s u l t i n g  i n  the f looding  
of p i t  and f a i l u r e  of t r a n s m i t t e r s  f o r  r e a c t o r  
i n l e t  (coolant )  temperature and reae t o r  ( ~ 3 0 1 -  
and) flow i n £  ormat ion .  

G .017 Setback from G . E .  experiment (core p o s i t i o n  F-2) . 
I n  a t tempt ing  t o  r ep lace  a thermocouple on an  
"alarm only" c i r c u i t  t he  wrong thermocouple 
plug was pu l l ed .  

6-29-60 0.217 Dropped No. 5 shim rod whi le  inc reas  5tmg power 
a f t e r  previous s h u t d m ;  unexplained. 

Table 1 .4  gives the ana lys i s  of t he  causes of shutdowns f o r  t h i s  

qua r t e r  . 
TABLE 1 .4 .  ANALYSIS OF ORR SHUTDOWNS 

Descr ip t ion  Number Down Time (h r )  

Scheduled Shutdowns 

Regular,  end of cyc le  3 432.200 

Regular, midcycle 1 6.333 

Research 3 3 .816 

Maintenance, r e a c t o r  tank cover  1 - 8.983 

Sub to ta l  8 450.332 



TABLE 1 .4  . (Continued) 

Descr ip t ion  Number Down Time (h r )  

Unscheduled Shutdowns 

Instrument f a i l u r e ,  r e a c t o r  c o n t r o l s  2  0.517 

Instrument  f a i l u r e ,  r e sea rch  7 2.466 

Power f a i l u r e  3  1.550 

Flooded instrument sump 1 9.583 

Human e r r o r  2  - 0.217 

S u b t o t a l  15 14.333 

TOTAL 2 3 464.865 

Reactor  Cont ro ls  

A des ign  e r r o r  i n  t he  experiment t i e - i n  c i r c u i t  a t  the  ORR was d i s -  

covered.  This  d e f e c t  caused two AC power-d is t r ibu t ion  c i r c u i t s  t o  be 

c rossed  under c e r t a i n  condi t ions  through the  experiment t i e - i n  E-panels . 
To c o r r e c t  t h i s  cond i t i on  the  E-panels were modified s l i g h t l y  and t h e i r  

i n t e r connec t ing  wi r ing  was changed. 

To provide f o r  ex tens ion  of t he  process graphic panel  f o r  t he  new 30-Mw 

coo l ing  system, most of the  nuc lear  and process  r eco rde r s  i n  the ORR c o n t r o l  

panel  were r e l o c a t e d .  

I n  order  t o  perform t h e  t e s t  on t h e  two a d d i t i o n a l  beryllium-cadmium 

shim rods,  i t  was necessary  t o  make a  temporary magnet-power supply i n -  

s t a l l a t i o n  c o n s i s t i n g  of two independent DC power s u p p l i e s .  The AC l i n e  

supply ing  the  power i s  connected t o  the  "slow-scram" bus.  S ince  the  magnets 

a r e  n o t  i n  t he  "fast-scram" c i r c u i t ,  no c r e d i t  is taken f o r  the  nega t ive  

r e a c t i v i t y  c o n t r o l l e d  by the  new rods i n  de te rmina t ion  of t h e  excess  r e a c t i -  

v i t y  of the  r e a c t o r  loading .  S ince  the  beginning o f  ORR ope ra t ion ,  i t  has 

been an a d m i n i s t r a t i v e  procedure t o  ope ra t e  t he  r e a c t o r  w i th  no l e s s  than 

two l e v e l  s a f e t i e s  i n  u s e .  I n  order  t o  augment t h i s  procedure wi th  an 

e l e c t r o n i c  c o n t r o l ,  t he  fol lowing changes were made i n  t h e  s a f e t y  system. 

Upon f a i l u r e  (o r  i nd ica t ed  f a i l u r e )  of  one channe 1 a  "safety-troub let' 

annunciator  i s  opera ted  which cannot be c l e a r e d  as  long a s  the  t r o u b l e  

p e r s i s t s .  In  o rde r  t o  annunciate  t he  f a i l u r e  of a  second channel  a "two 

safe ty- t roubles"  annunciator  is provided which is  opera ted  upon f a i l u r e  

( o r  i nd ica t ed  f a i l u r e )  of two s a f e t y  channels .  A shim-rod r eve r se  is 

i n i t i a t e d  s imul taneous ly .  



The "El' family box on t h e  sou th  w a l l  a t  t he  f i r s t  f l o o r  was r e loca t ed  

to  provide e x t e r n a l  access  t o  t he  bu i ld ing  as  designed f o r  GCR loop #2 .  

TABLE 1 .5  . MALFUNCTION OF REACTOR CONTROLS 

Date 

4-19-60 

Descr ip t ion  

No. 3 shim-rod magnet sho r t ed  due t o  a  combination of  t h e  way 
the  leads t o  t he  magnet and the  magnet i t s e l f  were i n s t a l l e d ,  
and i t  burned o u t .  This  prolonged the  shutdown four  hour s .  

Mul t ipo in t  recorder  f o r  coo l ing  water  temperatures  f a i l e d  due 
t o  f a u l t y  connect ion t o  s t anda rd  c e l l .  

No. 2 s a f e t y  r eco rde r  s t u c k  due t o  warn s e c t i o n  on g ibe r  gear  . 
Log N spiked upscale  and log-N per iod  sp iked  t o  15 s e c .  No 

o t h e r  channels showed t h i s ;  unexplained.  

Broken wire  i n  coun t - r a t e  r e c o r d e r ;  r e p a i r e d .  

Spasmodic p o s i t i v e  and nega t ive  sp ikes  were observed on log-N 
period r eco rde r .  The per iod  a m p l i f i e r  was r e p l a c e d .  

Count r a t e  and coun t - r a t e  per iod  s i g n a l s  were e r r a t i c .  The 
A - 1  ampl i f i e r  and p reampl i f i e r  were r e p l a c e d ,  

The s c a l e r  i n  t he  f iss ion-chamber c i r c u i t  was rep laced  w i t h  a  
spa re  and r e p a i r e d .  

The coun t - r a t e  per iod r eco rde r  s t u c k  intermittently on an i n -  
f i n i t e  per iod and l a t e r  i nd ica t ed  a  sus t a ined  p o s i t i v e  
pe r iod .  The coun t - r a t e  a m p l i f i e r  was c a l i b r a t e d  and the  
t roub le  c l e a r e d .  

Automatic pH c o n t r o l l e r  f o r  pool-cool ing secondary loop f a i l e d  
due t o  a c i d  c o r r o s i o n  of a  so l eno id  v a l v e .  

A broken lead  was discovered on 5-2 c o n t a c t  o f  t h e  E-panel r e -  
s u l t i n g  i n  GCRP-1 being i n  t h e  s a f e t y  c i r c u i t  even though t h e  
E-panel swi tch  was i n  " t e s t "  p o s i t i o n .  

Shim rod #/5 dropped; unexplained.  

Shim rod #5 dropped; unexplained.  

Automatic pH c o n t r o l l e r  f o r  secondary loop f o r  pool-cool ing 
system f a i l e d  due t o  a c i d  co r ros ion  of a so l eno id  va lve .  



TABLE 1 . 6 .  ORR FACILITY ASSIGNMENT 

Access 
F a c i l i t y  F lange  Nature  o f  Experiment Divis i o n  Sponsor 

A-1 ,  A-2 V - 1 1  P r e s s u r i z e d  w a t e r  loop,  MSR R e a c t o r  P r o j e c t s  

Rad io i so tope  p r o d u c t i o n  I s o t o p e s  

B-1, B-2 V- 10 Gas-cooled loop R e a c t o r  P r o j e c t s  

B-8, E-9, V - 1 ,  I r r a d i a t i o n  damage s t u d i e s  S o l i d  S t a t e  
C -3 v -3 

B-9 V -2 Gas -coo l e d  loop S o l i d  S t a t e  

C - 1  V-9 F u e l  t e s t s  S o l i d  S t a t e  

F-1 V-8 S o l i d  f u e l  s t u d i e s  R e a c t o r  P r o j e c t s  

F  -2 V-6 Fue 1 tes ts 

F -3 v-7 ~e~~ s t u d i e s  

F  -8 V 4  Hydrau l ic  r a b b i t  

R e a c t o r  P r o j e c t s  
(G .E .) 

Phys ics  

I s o t o p e s  - S o l i d  
S t a t e  

F-9 V-5 Fused-sa l  t loop Reac to r  Chemist ry  

P-1, 2 ,  
3 ,  7,  8 ,  
and 9  

EaCR c a p s u l e  i r r a d i a t i o n s  Reac to r  P r o j e c t s  

P-4, P-5 R a d i a t i o n  damage s t u d i e s  S o l i d  S t a t e  

P-6 
6  

He s i:ildies Phys i c  s 

H N - 1  Homogeneous f u e l  loop REED 

Pneumatic r a b b i t  f o r  
a c t i v a t i o n  a n a l y s i s  

Chemis t r y  - 
A n a l y t i c a l  Chemist ry  

HN-2, HN-4 Opera t ions  

HS-1, HS-2 Gas -cooled loop Reac to r  P r o j e c t s  

Magnetic a n a l y s i s  o f  f i s s i o n  P h y s i c s  
fragmen ts 

HB -2 Neutron s p e c t r o m e t e r  S o l i d  S t a t e  

HB -3 Neutron s p e c t r o m e t e r  Phys ics  

HB -4 Neutron s p e c t r o m e t e r  Chemist ry  

HB -5 Neutron s p e c t r o m e t e r  Phys i c s  

HB-6 T i m e - o f - f l i g h t  s p e c t r o m e t e r  Phys ics  



A l i s t  of new experiments operated dur ing  the  q u a r t e r  i s  given i n  

Table 1 . 7 .  

TABLE 1 .7 . NEW ORR EXPERIMENTS OPERATED 

Date Expected 
I n s t a l l e d  Divis ion  Sponsor Duration F a c i l i t y  Experiment Descr ip t ion  

4-22-60 S o l i d  S t a t e  3 cyc le s  P-5 S t r e s s  rup tu re  

4-10-60 So l id  S t a t e  I n d e f i n i t e  B-9 Gas -coo led  loop 

5 - 14 -60 Iso topes  I n d e f i n i t e  C-2 Moved from F-4 

5-14-60 Iso topes  I n d e f i n i t e  D-9 Moved from F-6 

5 - 14 -60 Reactor P r o j e c t s  2 cyc les  A-1,  A-2 MSR f u e l  t e s t  

6-16-60 Reactor P ro jec t s  1 cyc le  F -2 Ceramic f u e l  t e s t  
(G.E.) 

6-24-60 Reactor P ro jec t s  1 cyc le  B - 1  S t e e 1  tens  i l e  specimen 
(G.E.) 

Shown i n  Table 1 . 8  a r e  the  r e s u l t s  of r e a c t i v i t y  measurements of ORR 

experiments . 
TABLE 1 .8 .  EXPERIMENT REACTIVITY MEASUREMENTS 

e Ak 
Experiment Date F a c i l i t y  Remarks 

Pressur ized  H 0 
2 

9-9-59 A - 1 ,  2  -0.107 Be replaced  by experiment 
loop f a c i l i t y  tube 

GCR LOOP #1  1-27-61 B - 1  

High-temperature 2-25-60 B-8 
Be i r r a d i a t i o n  

C losed-cycle loop 4-58 B-9 

Fuel t e s t  4  -58 C - 1 

Fue 1 t e s t  6-20-60 F-2 

-0.135 Be replaced  by experiment 
f ac f  lF ty  tube p lus  specimen 

-0.110 Be replaced  by experiment 
f a c i l i t y  tube 

-0.140 Water rep laced  by expe r i -  
ment co re  p i ece  p lus  
experiment 

-0.09 Be replaced  by a i r - f i l l e d  
experiment f a c i l i t y  tube 

-0 -35 Be replaced  by a i r - f i l l e d  
experiment f a c i l i t y  tube 

+O. 063 Water rep laced  by a i r  - 
f i l l e d  experiment f a c i l i t y  
tube 

-0.031 Fuel  specimen i n s e r t e d  
i n t o  f a c i l i t y  tube 



TABLE 1 . 8 .  (Continued) 

- - 

e Ak 
Date F a c i l i t y  /!k 

Experiment Remarks 

~e~~ experiment 3-24-60 F-3 +0.030 Water rep laced  by expe r i -  
ment tube p lus  experiment 

EGCR capsule  
experiment 

P-1, 2, 0.000 No d e t e c t a b l e  change on 
3 ,  7, 8, i n s t a l l i n g  capsules  
and 9 

Radia t ion  damage 3-1-59 P-4 -0.090 Water rep laced  by expe r i -  
ment box; P-5 experiment 
i n s t a l l e d  

Radia t iondamage  2-28-60 P-5 -0.135 Water rep laced  by expe r i -  
ment box; P-4 and P-6 
empty 

6 
He r e c o i l  P-6 -0.135* (Estimated on b a s i s  o f  

P-5 measurement) 

* 
Maximum 



1.2. ORR S t a r t - u p  Accident Analysis 

A .  L .  Colomb 

Before r a i s i n g  t h e  power of the  ORR t o  30 Mw, i t  was f e l t  t h a t  an 

ana lys i s  of t he  s t a r t - u p  acc ident  should be done. This  a n a l y s i s  was 

c a r r i e d  ou t  by R .  S .  Stone of the  Ins t rumenta t ion  and Cont ro ls  Divis ion  

on the  OWL analog computer. A few r e s u l t s  r e l a t e d  t o  t h e  ope ra t ion  of 

t he  r e a c t o r  a r e  repor ted  he re .  A more d e t a i l e d  p r e s e i ~ t a t i o n  of the  ana ly-  

s i s  w i l l  be published i n  a  CF memorandum. 

Def in i t i on  of the S ta r t -up  Accident 

The s t a r t - u p  acc ident  is ,  by d e f i n i t i o n ,  a  s i t u a t i o n  i n  which the  

c o n t r o l  rods a r e  withdrawn from the  r e a c t o r  a t  t h e i r  maximum speed and 

cannot be s topped.  A t  t he  same time, the  per iod  meters o r  the  per iod  

t r i p s  do no t  work. 

The only p ro tec t ions  l e f t  i n  the  system a r e  the  s a f e t y  l e v e l  t r i p s  

and the  s e l f - p r o t e c t i n g  e f f e c t s  due t o  temperature c o e f f i c i e n t ,  void co- 

e f f i c i e n t ,  e t c  . 
ORR Simulator  Block Diagram 

The ORR was s imulated on the  analog computer by the  system r e p r e -  

sented  on Figure  1.5. 

The nuc lea r  network so lves  the  r e a c t o r  k i n e t i c  equat ions f o r  t h e  

power w i t h  va r ious  r e a c t i v i t y  inputs  produced by the  control-rod s imula-  

t o r .  This  s imula tor  i s  used t o  in t roduce  r e a c t i v i t y  p ropor t iona l ly  t o  

the  "St'- shaped control-rod c a l i b r a t i o n  curve . When t r i p p i n g  the  r e a c t o r  

it a l s o  s imula tes  the  delay due t o  the  magnet r e l e a s e  time and the  r o d ' s  

acce le ra t ed  motion. Two feedback loops s imula te  temperature e f f e c t  and 

s a f e t y  l e v e l  t r i p .  The temperature feedback i s  s e n s i t i v e  t o  t h e  amount 

of coo lan t  flow, the re fo re  a  network so lv ing  the  flow equat ions was added 

t o  t h i s  loop .  

The b o i l i n g  of t he  moderator was n o t  included i n  t h e  system. This  

implies  t h a t  t he  r e s u l t s  obtained a r e  n o t  v a l i d  when t h e  meta l  temperature 

exceeds the  moderator s a t u r a t i o n  temperature.  





ORR Data 

Neutron genera t ion  t i m e  i n  t h e  Be - r e f l ec t ed  c o r e  

l* = (6.4 k 0.6) x s ec  

T o t a l  delayed neut ron  f r a c t i o n  

= 0.00756 + 0 .OOOS 

Temperature e f f e c t  
-5 -Ak = 0 .I8 x 6.6 x T k 0.82 x 6.6 x 10 T 

m W 

F r a c t i o n  of power generated i n  f u e l  

9 0% 

F r a c t i o n  of power generated i n  moderator 

4.9% 

Heat c a p a c i t y  of f u e l  

BTU o r  40.1 f o r  t h e  c o r e  0.21 - l b  OF 

Heat c a p a c i t y  of  moderator 

BTU o r  108 - 1- l b  OF 
BTU f o r  t h e  c o r e  
OF 

Heat t r a n s f e r  c o e f f i c i e n t  between f u e l  and water  

S a f e t y  l e v e l  t r i p  

150% o f  f u l l  power = 45 Mw 

Magnet r e l e a s e  time 

25 msec 

Control-rod a c c e l e r a t i o n  

0.6 g 

Source l e v e l  

100 Mw 

I n i t i a l  nega t ive  r e a c t i v i t y  

-0.5% 

Resu l t s  

The s t a r t - u p  acc iden t  was s imula ted  f o r  va r ious  r e a c t i v i t y  ramp i n p u t s  

w i t h  t he  c o n t r o l  rods dropping from t h e  cor responding  he igh t  a f t e r  t h e  



l e v e l  t r i p .  Table 1.9 conta ins  a  summary of the  r e s u l t s  obtained wi th  four  

d i f f e r e n t  r e a c t i v i t y  inpu t s .  The i n i t i a l  temperature was 75OF and the 

coolant  speed 30 f t / s e c  f o r  the  four  c a s e s .  

These r e s u l t s  show t h a t  wi th  the s a f e t y  l e v e l  t r i p  s e t  a t  45 Mw the  

ORR is always pro tec ted  aga ins t  a  s t a r t - u p  acc ident  a s  long a s  the coolant  

flow is not  reduced below 20 f t / s e c  o r  18,000 gpm. 

The second and t h i r d  columns a r e  r e p r e s e n t a t i v e  f o r  the case  of an 

acc ident  happening dur ing  an emergency s t a r t u p ;  t h a t  is ,  when because of 

xenon poisoning the  r e a c t o r  reaches c r i t i c a l i t y  wi th  the  c o n t r o l  rods wi th-  

drawn almost to  the upper l i m i t .  Columns four  and f i v e  show what i s  t o  be 

expected i f  an acc ident  happens dur ing  a  s t a r t u p  a t  the  beginning of a  

cyc le  . 
Another s e r i e s  of s imula t ions  were made wi th  cons tant  r e a c t i v i t y  con- 

d i t i o n s ,  i n s e r t i o n  ramp s lope  O.l%/sec,  and wi th  var ious  coolant  speeds.  

Figures 1 .6  and 1.7 a r e  p l o t s  of the  power and the  average metal  

temperature f o r  var ious  coolant  speeds.  It i s  important t o  n o t i c e  t h a t  

a t  flows smal le r  than 30 f t / s e c ,  the excursion i s  no t  stopped by the  

s a f e t y  l e v e l  t r i p s  but  by the  temperature e f f e c t .  Being i n  a  s t a r t - u p  

acc ident  condi t ion ,  the c o n t r o l  rods w i l l  cont inue  t o  move ou t  of the  

co re .  I f  the coo lan t  flow i s  l a rge  enough the  f l u x  w i l l  increase  again 

and w i l l  t r i p  the  r e a c t o r  when reaching the s a f e t y  l e v e l .  A t  low coolant  

flow, the f l u x  w i l l  no t  increase  t o  the s a f e t y  l e v e l  before  an uncont ro l led  

nuc lea t e  b o i l i n g  s i t u a t i o n  i s  reached.  

This s i t u a t i o n  i s  a  complicated one, temperature w i l l  s t a y  almost con- 

s t a n t ;  thus,  temperature e f f e c t  w i l l  no t  cance l  the r e a c t i v i t y  in se r t ed  by 

the  c o n t r o l  rods .  On the  o the r  hand, nuclea te  b o i l i n g  w i l l  c r e a t e  some 

voids i n  the  co re  and, t he re fo re ,  introduce negat ive  r e a c t i v i t y .  The be- 

havior  of the  r e a c t o r  power under such condi t ions  is d i f f i c u l t  t o  f o r e t e l l .  

Keeping i n  mind t h a t  c r i t i c a l i t y  i s  very  l i k e l y  t o  be reached wi th  the 

c o n t r o l  rods a t  15 inches s o  t h a t  the  excess r e a c t i v i t y  s t i l l  a v a i l a b l e  f o r  

i n s e r t i o n  i s  about 15% &./k, i t  i s  reasonable t o  decide t h a t  the  r e a c t o r  

has t o  be s h u t  down. 



TABLE 1 . 9 .  START-UP ACCIDENT WITH VARIOUS REACTIVITY INPUTS 

R e a c t i v i t y :  R e a c t i v i t y :  R e a c t i v i t y  : R e a c t i v i t y :  
Ramp Slope  = 0.025% Ramp Slope  = 0.05% Ramp S lope  = 0.1% Ramp S lope  = 0.13% 
Rods Drop From 28" Rods Drop From 26" Rods Drop i n  Rods Drop i n  

L i n e a r  P o r t  i on  L i n e a r  P o r t  i on  

Time a t  100 w  42 s e c  23.17 s e c  12.35 s e c  9 . 6 1  s e c  

Time a t  100 kw 47 s e c  25.02 s e c  13.13 s e c  10.40 s e c  

Time a t  45  Mw ( t r i p )  49.9 s e c  26.32 s e c  13.69 s e c  10.68 s e c  

R e a c t i v i t y  a t  100 w  +G -55% 

R e a c t i v i t y  a t  I00 kw +0.675% 

R e a c t i v i t y  a t  4 5  Mw ( t r i p )  +0.564% +O .63 1% +G .743% +O .855% 

Power a t  prompt c r i t i c a l  450 w 150 w 

Per iod  b e f o r e  t empera ture  385 msec 
c o e f f i c i e n t  becomes 
n o t i c e a b l e  

140 msec 80 msec 44 msec 

Peak power 46 Mw 47 Mw 50 Mw 76  Mw 

I n t e g r a t e d  power >20 MwSsec >20, Mw-sec 10 Mw*sec 8 . 8  Mw-sec 

Maximum average  m e t a l  180°F 
tempera ture  



0 200 400 600 800 1000 1200 1400 

T I M E  (msec)  

Fig. 4.6. Power Behavior f o r  Various Coolant  Speeds. 



Fig. 4.7. Average Meta l  Temperature f o r  Various Coolant Speeds. 



It should  a l s o  be remembered t h a t  a l l  c r i t i c a l i t y  t e s t s  a r e  made w i t h  

a  c o o l a n t  v e l o c i t y  of  1 f t / s e c  and t h a t  t h e s e  t e s t s  a r e  more numerous than  

normal s t a r t u p s  a t  f u l l  f low.  There fore ,  something has t o  be  done t o  

p r o t e c t  t h e  r e a c t o r  a g a i n s t  such  c o n d i t i o n s .  It seems t h a t  t h e  b e s t  s o l u -  

t i o n  a t  hand, a l though  n o t  comple te ly  s a t i s f a c t o r y ,  c o n s i s t s  i n  s e t t i n g  

t h e  s a f e t y  l e v e l  a t  some low f l u x  va lue  du r ing  a l l  t h e  runs  a t  low f low.  

An i n t e r l o c k  should  be  provided s o  a s  t o  make a  s t a r t u p  w i t h  low flow 

imposs ib le  a s  long a s  t h e  s a f e t y  l e v e l s  a r e  n o t  s e t  a t  t h e  c o r r e c t  v a l u e .  



1 . 3 .  C a l i b r a t i o n  of Cadmium-Beryllium Shim Rods 

i n  the  ORR Ref l e c t o r  

J .  F. Wett, J r . ,  and A .  L .  Colomb 

Two shim rods c o n s i s t i n g  of a  cadmium s e c t i o n  and a  bery l l ium s e c t i o n  

were i n s t a l l e d  a t  p o s i t i o n  F-4 and F-6 i n  the  ORR r e f l e c t o r .  

The shim rods were c a l i b r a t e d  f o r  r e a c t i v i t y .  The f l u x  i n  the  b e r y l -  

lium and i n  an adjacent  f u e l  element was measured wi th  c o b a l t  w i r e s .  

Reac t iv i ty  

A Cd-Be and a  Cd-A1 shim rod were c a l i b r a t e d  i n  the  r e f l e c t o r  p o s i t i o n  

F-4. A Cd-Be shim rod was c a l i b r a t e d  i n  p o s i t i o n  F-6. The elements a d j a -  

cen t  t o  F-4 and F-6 were: f u e l  elements i n  E row, bery l l ium i n  F-3, i so tope  

t r a y  i n  F-5, 200-gram f u e l  element i n  F-7, and bery l l ium i n  G row. 

The c a l i b r a t i o n  curves were obtained by comparing a  r e f l e c t o r  shim rod 

wi th  the  c o r e  shim rods and by measuring a  few s lopes  with the  inhour method. 

The r e f l e c t o r  shim rod no t  being measured was i n  t h e  withdrawn p o s i t i o n  dur-  

i ng  these  c a l i b r a t i o n s  . 
Figures 1 .8  and 1.9 show the  measured c a l i b r a t i o n  cu rves .  The e f f e c t  

of the  200-gram f u e l  element loca ted  i n  F-7 almost doubled t h e  worth of t h e  

ad jacent  shim rod .  The Cd-A1 rod i s  worth 85% of the  Cd-Be rod .  

A measurement of  the t o t a l  worth of both Cd-Be rods showed t h a t  they 

were equiva lent  t o  3.34 inches of the  four  c o r e  shim r o d s .  The f u e l  shim 

rods used dur ing  t h i s  measurement had an average of u~~~ con ten t  of  94 grams. 
Ok This  gives a  d i f f e r e n t i a l  r e a c t i v i t y  of 0 . 8 6 % ~  i n .  i n  the  l i n e a r  p a r t  of 

t h e i r  c h a r a c t e r i s t i c .  Thus, t h e  two Cd-Be r e f l e c t o r  shim rods a r e  worth 

2.9% Ok/k. Comparing t h i s  va lue  wi th  t h a t  obtained by adding t h e  r e a c t i v i t y  
Ok worth (1.98 + 3.65 = 5 . 6 3 % ~ )  of F igures  1 .8  and 1.9 i n d i c a t e s  t h a t  a  

s t r o n g  shadowing e f f e c t  takes p lace  when the  two r e f l e c t o r  rods a r e  moved 

simultaneously.  The t o t a l  worth of t h e  r e f l e c t o r  shim rods can  be increased  

by 1.1% Ok/k i f  a  200-gram f u e l  element i s  placed i n  p o s i t i o n  F-5. 

Flux - 
Figure 1.10 shows the  f l u x  i n  the  bery l l ium s e c t i o n  of a  shim rod loca ted  

i n  F-4 a s  w e l l  a s  i n  the  ad jacen t  200-gram f u e l  element.  The f u e l  shim rod 

loca ted  i n  D-4 was withdrawn 15 inches .  This  accounts f o r  t he  changes i n  f l u x  



F i g . l . 8 .  Cal ibrat ion Curves for Be-Cd and AI-Cd Shim Rods in ORR Ref lector  . 
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Fig. 1.10. Relative Flux in  E - 4  and  F - 4 .  



shape between the  5- inch and 10-inch measurements and the  15-inch and 20-inch 

measurements . 
It can  be seen  t h a t  t he  be ry l l i um s e c t i o n  of t h e  r e f l e c t o r  shim rod does 

no t  c r e a t e  any s e r i o u s  f l u x  peaking.  



1.4. Requirements for Afterheat Removal 

for 30-Mw Operation of the ORR 

J. F. Wett, Jr. 

Computations of fuel-element surface temperatures due to afterheat 

for various flows were made. The following assumptions were made. 

1. The flow partition below 1600 gpm is the same as it is above 

3000 gpm. 

2. The flux pattern at 30 Mw is essentially the same as it is at 

20 Mw, 

3. Nucleate boiling occurs at a wall temperature of 27Z°F. 

Figure 1.11 shows the wall temperature as a function of flow for a nom- 

inal channel and the hottest channel. A full report on the subject has 

been issued as ORNL-CF-60-6-13. 





1.5 .  Beryllium Ref l ec to r  P ieces  

J .  F .  Wett, J r .  

During the  q u a r t e r ,  the bery l l ium r e f l e c t o r  pieces f o r  u se  i n  the  

Pools ide  C r i t i c a l  F a c i l i t y  were rece ived .  Fab r i ca t ion  of t h e  end boxes 

and a s so r t ed  equipment i s  n e a r l y  complete.  Assembly and f i n a l  machining 

of t he  end boxes should be completed by September 1, 1960. 



1 . 6 .  ORR Fuel  Elements, Ma te r i a l  Composition and Cross Sec t ions  

A .  L .  Colomb 

The purpose of t h i s  work i s  t o  g ive  s tandard  d a t a  concerning the  

m a t e r i a l  composition and nuclear  c r o s s  s e c t i o n s  f o r  ORR 200-gram f u e l  

e lements .  These d a t a  w i l l  be u s e f u l  mainly a s  r e f e rence  des ign  f o r  t h e  

computation of burnup, r e a c t i v i t y  changes, e t c  . 
Geometrical 

The e f f e c t i v e  length  of a f u e l  element is  by d e f i n i t i o n  equal  t o  

t he  length  of the  f u e l  bear ing  s e c t i o n  of t h e  element .  That is ,  

L = 23.625 i n .  = 60.01 cm. 

T h e e f f e c t i v e v o l u m e V  o f a f u e l e l e m e n t  is  b y d e f i n i t i o n  the 
e f  f  

a c t u a l  volume of the  element p lus  h a l f  t he  water  volume loca t ed  between 

the  element and i t s  four  ne ighbors .  
# 

3 3 
'e f  f  

= 231.3 i n .  = 3790 cm . 

The metal  volume V is: 
M 

The water  volume V is : 
H2° 

L 

The metal- to-water  volume r a t i o  is:  

The hea t  t r a n s f e r  a r e a  A is: 

Table 1.10 con ta ins  t he  volumes, volume f r a c t i o n s ,  weights ,  apparent  

dens i t i e s  and atomic o r  molecular d e n s i t i e s  of t h e  fuel-element cons t i t u -  

e n t s  . 



TABLE 1.10. COMPOSITION OF ORR FUEL ELEMENTS 

Atomic o r  Molecular 
V o l q e  Volume Weight Apparent D n s i t y  

Mater ia l  5 
(gmlcm 

Density 
(cm ) Frac t ion  (gm) ( a t .  o r  mol/cm ) 

Uranium 11.26 0.002971 2 14 0.05645 1.7952 x lo2' 

U-235 10.53 0.002777 200 0.05276 1.7018 x lo2' 

Table 1.11 conta ins  the  microscopiC and macroscopic f i s s i o n ,  absorpt ion ,  

s c a t t e r i n g  and t r a n s p o r t  c ross  sec t ions  f o r  t h e  f u e l  element c o n s t i t u e n t s .  

These c ross  sec t ions  a r e  reduced t o  a temperature of 20°C and averaged over 

a Maxwell d i s t r i b u t i o n .  

Using these  values : 

The d i f f u s i o n  c o e f f i c i e n t  D = 0.2490 cm 

The d i f f u s i o n  length  L = 1.445 cm 
2 

L = 2.088 cm 
2 

And assuming the  escape p robab i l i t y  and the  f a s t  m u l t i p l i c a t i o n  f a c t o r  equal  

t o  one, the i n f i n i t e  m u l t i p l i c a t i o n  f a c t o r  i s  K, = 1.770. 
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T a k e n  f r o m  OPERATIONS D I V I S I O N  QUARTERLY REPORT 

July - S e p t e m b e r ,  1960, ORNL CF-60-9-121 





REACTOR OPERATIONS 

RADIOACTIVE WASTES OPERATIONS 

AND HOT CELLS OPERATIONS 

QUARTERLY REPORT 

Summary 

The new 3 0 - M ~  coo l ing  system was i n s t a l l e d  a t  t he  ORR du r ing  Ju ly ,  

and the  r e a c t o r  i s  now o p e r a t i n g  r o u t i n e l y  a t  t h i s  power. Because of  

t he  time r equ i r ed  f o r  t he  i n s t a l l a t i o n  o f  t h e  new c o o l i n g  tower and h e a t  

exchangers,  t h e  ope ra t i ng  time decreased t o  48.5%. 

S tud ie s  have been s t a r t e d  on the  ope ra t i on  of  t h e  ORR a t  40 Mw. It 

appears t h a t  t he  new coo l ing  tower would provide s u f f i c i e n t  c o o l i n g  f o r  

about s i x  o r  seven months a  year ,  bu t  dur ing  summer months a d d i t i o n a l  

coo l ing  capac i ty  would be r e q u i r e d .  Heat t r a n s f e r  i n  t h e  f u e l  du r ing  

ope ra t i on  and immediately a f t e r  a  shutdown must a l s o  be s t u d i e d .  



1. OAK RIDGE RESEARCH REACTOR 

1.1. Operat ions 

W. R .  Cas to  

ope ra t i ons  

The ORR was operated dur ing  t h i s  per iod  a t  a  power l e v e l  of  30 Mw. The 

on-stream time was reduced t o  48.5% because of t he  i n s t a l l a t i o n  of  a  30-Mw 

coo l ing  system. The opera t ions  d a t a  f o r  t h i s  per iod  a r e  given i n  Table  1.1. 

TABLE 1 .I .  ORR OPEMTIONS 

Per iod  J u l y  1, through September 30, 1960 

This  Las t Year 
Q u a r t e r  Qua r t e r  t o  D a t e  

T o t a l  energy, Mwd 1075.9 1204.3 3751.6 

Average power, ~ w / o ~ e r a t i n g  h r  24 .l 16 .8 20.3 

Time ope ra t i ng ,  % 48.5 78 .7 69 .4 

Reactor water  r a d i o a c t i v i t y ,  c/m/ml (av) 29,687 16,279 22,330 

Pool water  r a d i o a c t i v i t y ,  c/m/ml (av) 72 1 596 572 

Reactor  water  r e s i s t i v i t y ,  ohm-cm (av) 547,000 592,000 585,000 

Pool water  r e s i s t i v i t y ,  ohm-cm (av) 699,000 776,000 7 60,000 

Research samples 4  21  47 

Radioisotope samples 124 110 560 

The c o r e  c o n f i g u r a t i o n  a t  t h e  end o f  t h e  q u a r t e r  i s  unchanged from t h a t  

of  6-30-60 and i s  i nd i ca t ed  i n  F igure  1 .I .  

Cycles  o f  ope ra t i on  du r ing  t h i s  per iod  a r e  shown i n  Table  1 .2 .  

TABLE 1.2 . CYCLES OF OPERATION 

Accumulated 
C yc l e  No . Date Begun Date Ended Energy (Mwd) 

2 6 I n  progress  J u l y  1 J u l y  9 134.44 

2 7 J u l y  29 August 7  120 .OO 

2  8  Augus t 14 September 5  519 .10 

2 9 September 15 September 25 302 .36 





Figures 1,2, 1.3, 1-4, and 1.5 indicate shim rod positions versus the 

operating time during cycles 26, 27, 28, and 29, respectively. 

Shutdowns 

Four major shutdowns occurred during this period. 

J u l y h  July 29. The 5-ft diameter, outer plug was removed from 

the south engineering test facility and replaced with the outer plug for the 

GCR He-ccoled loop No. 2. This plug has a hole 24,in. in diameter for the 

loop. During preparapion for this work, a section of concrete on the south 

reactor shield, just west of the H-S facility, was discovered to be faulty. 

Core drilling to a depth of 12 in. showed a considerable volume was affected. 

It is believed that when the wall was constructed by the !'prepak" method, 

the grout did not permeate the aggregate s~rfficiently for proper bonding. 

Investigation of the extent of the faulty construction as well as repair 

was scheduled for the next end-of-cycle shutdown. 

Other work completed during this shutdown included replacing the col- 

limator plug in HB-6. 

August 7 through August 14. Activities during this period included 

installation of GC.RP group I11 capsules, installation of the in-core section 

and tubing for GCRP Loop Nu. 1, and installation of major piping for GCRP 

loop No. 2. The section of concrete wall found faulty during the previous 

shutdown was repaired. 

September 5 through September 15. This extended shadown was scheduled 

primarily to provide time for major construction work on GCRP loop No. 2 at 

the south facility. Two 5-Mw runs were made to investigate thermal stresses 

in the reactor tank structure. 

September 25 through September 30 (in progress). This extended shut- 

dom was scheduled primarily to provide time for the installation of lead 

shiekdirg at GCRP loop No, 2. This installation was not complete at the 

end of the quarter. 

Table 1.3 lists the unscheduled shutdowns which occurred this quarter. 

There were no shutdowns due to real cause (i.e., a condition exisfed. 

which was such that without reactor power reduction an experiment and/or 

tthe reactor could be damaged). 
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TABLE 1 .3 .  UNSCHEDULED SHUTDOWNS AT THE ORR 

Dura t ion  
Date 

( h r  
Remarks 

7-4-60 0.167 No. 5 shim rod dropped, r e a son  unknown,* 

7-5-60 0.033 Se tback  from GE, CP-B1 exper iment .  Recorder 
sp iked  upsca l e  because of  undetermined t r o u b l e  
i n  t h e  r e c o r d e r .  

7-5-60 0.167 No. 5 shim rod dropped, r e a son  unknown." 

7-6-60 0.200 Se tback  from GE, CP-F2 exper iment .  Thermocouple 
f a i l u r e ,  r e c o r d e r  d rove  u p s c a l e ,  unexplained 
t r o u b l e  i n  r e c o r d e r .  

7-7-60 0.183 Reverse  from GE, CP-B1 exper iment ,  w h i l e  t h e  
r e c o r d e r  was be ing  changed. Two w i r e s  had t h e  
same i d e n t i f i c a t i o n  numbers, and t h e  wrong one 
was removed. 

7-6-60 0.217 No. 5 shim rod  dropped,  r e a son  unknown." 

7-9-60 0.183 No. 5 shim rod  dropped, r e a son  unknown.* 

8-  15-60 0.050 No. 5 shim rod dropped, r e a son  unknown.* 

8- 15-60 0.167 No. 6 shim rod  dropped,  r e a s o n  unknown." 

8-  15-60 0.283 An e l e c t r i c i a n  t r a n s f e r r e d  t h e  emergency c i r c u i t  
from TVA power t o  t h e  diesel -powered g e n e r a t o r .  

8- 17-60 0.317 No. 5 shim rod dropped, r e a son  unknown." 

8-  17-60 0.367 No. 6 shim rod dropped,  r e a son  unknown." 

8-17-60 0 .150 No. 5 shim rod  dropped, r e a son  unknown." 

8-  17-60 52.917 No. 6 shim rod  dropped,  r e a s a n  unknown." I nc r ea sed  
xenon-135 c o n c e n t r a t i o n  made r e f u e l i n g  nece s sa ry ,  
and a n  i n v e s t i g a t i o n  was made t o  de te rmine  t h e  
c a u s e  of t h e  rod  d r o p s .  

8-26-60 0.467 Momentary i n t e r r u p t i o n  of  e l e c t r i c a l  power due t o  
t h e  l o s s  of  a " feeder"  t o  t h e  c e n t r a l  ORNL 
power s t a t i o n  (Bu i ld ing  3000). 

8-28-60 0.083 Se tback  from CP-B9 exper iment  when be ing  withdrawn 
from t h e  f l u x  by Ope ra t i ons  a f t e r  t h e  sump i n l e t  
r e c o r d e r  c i r c u i t  f a i h e d .  The sample-temperature, 
coo lan t - f low c o n t r o l l e r  reduced f low when t h e  
s e t  p o i n t  was no t  lowered s u f f i c i e n t l y .  

9- 16-60 0.083 Se tback  from GE, CP-F2 experiment due t o  l o s s  of  a 
thermocouple;  r e p l a c e d  w i th  a s p a r e .  

9-17-60 0.083 Se tback  from GE,CP-F2 experiment due t o  l o s s  o f  a 
thermocouple;  r e p l a c e d  w i th  a s p a r e .  

9-22-60 0.067 Se tback  from GCRP c a p s u l e  No. 6 due t o  l o s s  of  a 
thermocouple;  r e p l a c e d  w i th  a s p a r e .  

XLate r  i n v e s t i g a t i o n s  r evea l ed  v a r i o u s  t r o u b l e s  which may have  c o n t r i b u t e d  
t o  t h e  shutdown. 



Reactor Cont ro ls  

The exces s ive  number of unexplained rod drops which began du r ing  c y c l e  

26 cont inued i n t o  t h i s  q u a r t e r .  During t h e  shutdown a t  t h e  end of c y c l e  26, 

i n v e s t i g a t i o n  revea led  t h a t  t h e  magnet "keeper" f o r  t h e  No. 5 shim rod was 

chrome p l a t e d  and had a  h igh  spo t  on one edge.  Both t h e s e  f e a t u r e s  r e s u l t e d  

i n  increased  magnet spac ing .  S ince  t h e  No. 5 shim rod  had dropped most f r e -  

quen t ly ,  it  was thought t h a t  t h e  s i t u a t i o n  had been c o r r e c t e d .  A t  t h e  s t a r t  

of c y c l e  28, a  s e r i e s  of spur ious  drops occur red  invo lv ing  both No. 5 and 

No. 6  shim rods .  On August 17  a  number of t h e s e  drops r e s u l t e d  i n  a  shu t -  

down due t o  h igh  xenon concen t r a t i on .  S ince  r e f u e l i n g  was neces sa ry ,  an  

i n v e s t i g a t i o n  was i n s t i t u t e d  i n  an a t tempt  t o  determine and c o r r e c t  t h e  

causes  of t h e  d i f f i c u l t y .  

This  i n v e s t i g a t i o n  involved i n s t a l l i n g  a load c e l l  under t h e  "push rod" 

of t h e  No, 5 shim rod  and measuring t h e  app l i ed  f o r c e s  wh i l e  t h e  rod was 

withdrawn and i n s e r t e d .  

It had been p rev ious ly  determined t h a t  t h e  d i f f i c u l t y  was no t  e l e c -  

t r o n i c  i n  n a t u r e .  The no r th  hold-down arm, which c o n t a i n s  t h e  upper bear ings  

f o r  bo th  No. 5 and No. 6  shim r o d s ,  was found t o  bind on t h e  rods  when they  

were being withdrawn. This  b ind ing  a p p l i e d  exces s ive  f o r c e  on t h e  "push 

rod" which r e s u l t e d  i n  s e p a r a t i o n  of t h e  magnet and "keeper'." This  hold-  

down arm was r ep l aced ;  and, du r ing  subsequent o p e r a t i o n ,  no f u r t h e r  d i f f i -  

c u l t y  was observed.  

A number of changes i n  t h e  r e a c t o r  c o n t r o l s  were completed i n  prepara-  

t i o n  f o r  30-Mw o p e r a t i o n .  Two magnet a m p l i f i e r s  were provided f o r  each of  

t h e  two beryllium-cadmium shim r o d s .  Also, t h e s e  a m p l i f i e r s  were perma- 

nen t ly  wired i n t o  t h e  s a f e t y  system i d e n t i c a l l y  t o  t hose  provided f o r  t h e  

four  fuel-cadmium shim rods .  Res is tance  bu lb  thermometers were i n s t a l l e d  

t o  measure r e a c t o r  coo lan t  temperatures  t o  r e p l a c e  t h e  thermocouples pre-  

v i o u s l y  used and,  t h u s ,  e l i m i n a t e  t h e  need f o r a m i c r o v o l t  a m p l i f i e r .  I n  

adcj i t ion,  r eco rde r  swi tch  s e t  p o i n t s  ( f o r  a larm,  s e tback ,  and scram a c t i o n )  

were a d j u s t e d  t o  provide  f o r  i n c r e a s e  i n  AT a c r o s s  t h e  c o r e ,  f o r  i n c r e a s e  

i n  coo lan t  flow from 16,000 gpm t o  18,000 gpm,; and f o r  subsequent i n c r e a s e s  

i n  e x i t  t empera ture  and p r e s s u r e  drop a c r o s s  t h e  c o r e .  

For a d d i t i o n a l  o p e r a t i o n a l  c o n t i n u i t y  and s a f e t y ,  t h r e e  f u r t h e r  changes 

were made. An i n d i v i d u a l  key was provided f o r  each experiment t i e - i n ,  E- 

panel  rw i t ch ,  Two r e a c t o r  water  e x i t  t empera ture  r e c o r d e r s  and an  a d d i t i o n a l  

log-N channel  were i n s t a l l e d .  This  channel  i s  i d e n t i c a l  t o ,  and independent 



o f ,  t h e  o r i g i n a l  channel  up t o  t h e  ou tpu t  of t h e  pe r iod  a m p l i f i e r .  A mul t i -  

s t a g e ,  SB-1 swi tch  can be used t o  s e l e c t  one o r  t h e  o t h e r  channel ,  bu t  no t  

bo th  s imul taneous ly ,  a s  t h e  o p e r a t i n g  channel .  Only t h e  channel  thus  

s e l e c t e d  w i l l  be oonnected t o  e i t h e r  t h e  r e a c t o r  c o n t r o l  and s a £ e t y  system 

o r  t h e  s a f e t y  t r o u b l e  monitor c i r c u i t s  a s s o c i a t e d  wi th  t h e  per iod  sigma 

a m p l i f i e r .  I n  a d d i t i o n ,  t h e  c o n t a c t s  on t h e  SB-1 swi tch  which a r e  used f o r  

c o n t r o l  and s a f e t y  system t r a n s f e r  a r e  of t h e  make-before-break type ;  and,  

a l though only  t h e  s e l e c t e d  channel  has  any c o n t r o l  func t ion ,  t h e  s i g n a l s  t o  

t h e  r eco rde r s  of both channels  a r e  no t  a f f e c t e d  by t h e  s w i t c h ,  

Data on t h e  malfunct ion of r e a c t o r  c o n t r o l s  a r e  given i n  Table-  l . 4 ,  

TABLE 1 .4 .  MALFUNCTION OF REACTOR CONTROLS--0RR 

-- 

Date 

- - - 

Desc r ip t i on  

No. 5 shim rod dropped. 

No. 5 shim rod dropped. 

No. 5 shim rod dropped, 

No, 5 shim rod dropped. 

No, 2 shim rod d i d  no t  drop completely bu t  s t u c k  
about 5 i n .  above i t s  s e a t  when t h e  r e a c t o r  was 
s h u t  down t o  t e rmina t e  c y c l e  26 ,  Upon i n v e s t i -  
g a t i o n  dur ing  t h e  shutdown week, a  smal l  hex-nut 
was found wedged i n  t h e  shock absorber  s e c t i o n  
of  t h e  lower p lug .  The shock absorber  was 
r ep l aced  wi th  a  s p a r e ,  (Although t h i s  ope ra t i on  
had never been performed s i n c e  t h e  o r i g i n a l  
c r i t i c a l  experiments ,  no d i f f i c u 2 c y  was expe- 

. . r ienced  ,) 

No. 5 shim rod dropped,  

No. 6  shim rod dropped, 

No. 5 shim rod dropped. 

No. 6  shim rod dropped. 

No. 5 shim rod dropped. 

No. 6  shim rod dropped, 

30-Mw Cooling System 

Descr ip t ion .  S ince  i n i t i a l  power o p e r a t i o n s ,  t h e  ORR has opera ted  a t  

20 Hw dur ing  t h e  coo l  season  from about October t o  A p r i l  of each y e a r .  

During t h e  remaining months, t h e  r e a c t o r  power has been l i m i t e d  t o  16 Mw 

because t h e  c o o l e r s  never  performed a t  r a t e d  c a p a c i t y .  When i t  was decided 



t o  inc rease  t h e  ORR power t o  30 Mw, a  spray tower was s e l e c t e d  f o r  cool ing .  

This  system was i n s t a l l e d  during an extended shutdown fol lowing cyc le  26. 

The 30-Mw cool ing  system was designed by making c e r t a i n  a d d i t i o n s  t o  

t h e  o r i g i n a l  system (Figure 1 .6 ) .  The major new components a r e  a s  fol lows:  

1. Four s t a i n l e s s  s t e e l  ( type 304),  shebl-and-tube hea t  exchangers 

connected i n  p a r a J l e l  (Figure 1 .7) .  Reactor cool ing  water passes  through 

t h e  s h e l l  s i d e  of t h e  exchangers,  and about 10,000 gpm of secondary loop 

cool ing  water makes two passes  on t h e  tube s i d e .  The tube s h e e t s  a r e  t h e  

f i x e d ,  nonremovable type .  

2, A 24- in , ,  wafer- type,  b u t t e r f l y  c o n t r o l  valve wi th  an air-motor  

p o s i t i o n e r  i s  i n s t a l l e d  i n  p a r a l l e l  wi th  t h e  f o u r ,  she l l -and- tube  hea t  
f 

exchangers.  This va lve  i s  p r imar i ly  of s t a i n l e s s  s t e e l  ( type  316) and i s  

designed t o  c l o s e  upon l o s s  of a c t u a t i n g  a i r  p re s su re .  This  r e s u l t s  i n  

maximum flow through t h e  hea t  exchangers.  

3 .  Cooling of t h e  secondary-loop water i s  done by a  c ross- f low,  two- 

c e l l ,  cool ing  tower. C i rcu la t ion  i s  provided by two pumps d r iven  by 300-hp 

motors.  A t h i r d  pump a c t s  a s  a  standby and has approximately t h e  same 

c a p a c i t y ,  but it i s  dr iven  by a  250-hp motor. A 12- in .  b u t t e r f l y  va lve ,  

s i m i l a r  t o  fhe .oaq  descr ibed  i n  i tem 2 ,  c o n t r o l s  t h e  amount of water by- 

pass ing  t h e  Qower. 

The new primary water system i s  t i e d  i n t o  t h e  o r i g i n a l  p ip ing  between 

t h e  by-pass f i l t e r s  and the  Trane c o o l e r s  which have been i s o l a t e d  and 

dra ined .  

Severa l  changes were made i n  t h e  o r i g i n a l  system. Di rec t - cu r ren t  

motors d i r e c t l y  coupled t o  t h e  s h a f t s  of two of t h e  t h r e e  primary cool ing  

pumps were i n s t a l l e d .  These motors a r e  each connected t o  a  bank of 18 

b a t t e r i e s  which a r e ,  i n  t u r n ,  connected t o  s e p a r a t e ,  continuous-duty ba t -  

t e r y  cha rge r s .  Upon f a i l u r e  of p l a n t  power t h e  two DC u n i t s ,  t o g e t h e r ,  w i l l  

provide somewhat g r e a t e r  than 1700 gpm flow f o r  shutdown cool ing  of t h e  

f u e l ,  The e l e c t r i c a l  c o n t a c t s ,  which previous ly  had caused t h e  motorized 

va lves  t o  c l o s e  upon l o s s  of power t o  t h e  pumps, were removed. 

S ta r tup  Procedure 

The new cool ing  tower was f i r s t  washed down t o  remove d i r t .  The 

secondary loop was then f i l l e d  and chemical ly t r e a t e d  f o r  co r ros ion  and 

a l g a e  c o n t r o l .  The primary loop was c i r c u l a t e d  wi th  deple ted  elements i n  

t h e  co re .  This  was deemed necessary s i n c e  t h e  s t r a i n e r  i n  t h e  r e t u r n  l i n e  

t o  t h e  r e a c t o r  contained baskets  wi th  holes  l a r g e r  than  t h e  spacing between 



UNCLASSIFIED 
ORNL-LR- DWG 28396R2 

Fig. 4.6. 20 M w Reactor Cooling System. 



Fig. 1.7. 30-Mw Heat Exchangers 



the fuel elements. As expected, a large amount of debris was collected in 

the fuel elements during this initial circulation of reactor water. This 

did not remove all debris from the sysbem, however, and during the following 

cycle it was necessary to schedule two shutdowns to clean the fuel. For 

about a week the power level was kept below 20 Mw while the new cooling 

system was being tested. After the second cleaning of the fuel temporary, 

fine-mesh inserts were installed in the strainer baskets; and new baskets 

with holes smaller than the fuel-element plate spacing were ordered. 

The butterfly control valve in the primarg loop at one time was found 

stuck in the closed position, Investigation showed this was due to the 

force upon the flapper causing a deflection of the stainless steel shaft 

which had no inboard bearings. After such bearings were installed, the 

valve operated properly. 

The 23001460 transformer supplying power to the reactor cooling tower 

fans proved to be too small to carry starting loads while the fans were 

cycling from high to low, ktc., and burned out. Because overheating had 

been observed for short periods previously, a spare power line had been 

run from the transformer which supplied the Trane coolers. In five hours 

this power supply was connected to the fan motors and operation was resumed. 

The impellers for two of the pumps had to be reduced in size to give the 

desired 10,500 gpm flow in the cooling tower, 

Some difficulty has been experienced in maintaining the proper charge 

on the batteries for the DC motors, It has occasionally been necessary to 

. .  run the gasoline-drfven, shutdown pump in order to assure two independent 

methods of shutdown cooligg while the batteries were being charged. Steps 

are being taken to correct this situation and to provide a tb.ird DC motor. 

Removal of the South Facility Plug 

The original 65 318-in.-diameter south facility plug (Dwgo No. D-29865) 

was removed during the July 10 shutdown and replaced by a specially designed 

plug (Dwg No. D-39150) for use in conjunction with the GCR-ORR Loop No. 2 . 

experiment. Detailed peeparations were made in planning the removal of the 

original plug and the installation of the new plug. These preparations 

included calculations of radietion levels to be expected, rearrangement of 

the core to minimize the radiation beam from the empty hole, fabrication 

of special shields, and preliminary radiation measurement in the 10-in. 

beam holes and obround section prior to removal of the original plug, The 

exchange of plugs was made on July 19, ten days after reactor shutdown. 



Approximately e i g h t  hours  were r equ i r ed  t o  complete t h e  job from t h e  t ime 

of i n i t i a l  r e t r a c t i o n  of t h e  o r i g i n a l  p lug  u n t i l  f u l l  i n s e r t i o n  of t h e  new 

p lug ,  but no t  i nc lud ing  f i n a l  b o l t i n g  of t h e  p lug .  

1. Prepara tory  Work--Cri ter ia  f o r  de s ign  and f a b r i c a t i o n  of t h e  new 

p lug  were provided by t h e  Reactor P r o j e c t s  D iv i s ion .  The des ign  was done 

by ORNL and t h e  f a b r i c a t i o n  by K-25. In spec t ion  s e r v i c e s  du r ing  f a b r i c a t i o n  

were provided by both  K-25 and t h e  ORNL I n s p e c t i o n  Div i s ion .  The p lug  was 

f a b r i c a t e d  i n  about 2  1/2 months a t  a c o s t  of approximately $42,000, ex- 

c l a d i n g  des ign .  Flow and hydrau l i c  t e s t s  were made on t h e  p lug  p r i o r  t o  

i n s t a l l a t i o n .  

A complete chemical a n a l y s i s  on t h e  m a t e r i a l  t h a t  went i n t o  t h e  f a h r i -  

c a t i o n  of t h e  p lug  i s  on f i l e ,  Also samples of each  t p e  of m a t e r i a l  a r e  

on f i l e  f o r  a c t i v a t i o n  a n a l y s i s ,  i f  d e s i r e d .  

2,  Rad ia t i on  Calculatiocs--Calculations were made t o  e v a l u a t e  t h e  

r a d i a t i o n  dose r a t e  t h a t  might be expected wi th  t h e  p lug  removed, These 

c a l c u f a t i o c s  were based on one-week decay of r e a c t o r  components; removal 

s f  a l l  f u e l  and shim rods ;  rearrangement of a l l  be ry l l i um t o  t h e  eeven,  

e i g h t ,  and n i n e  rows; water i n  rows t h r e e  through s i x ;  l ead  i n  rows one 

and two and c o r e  p o s i t i o n s  C through G; U shield-'in co re  p o s i t i o n s  B - 1  and 

B-2; ar.d t h e  M,SR loop i n  c o r e  p o s i t i o n s  A - 1  and A-2 wi th  U-slugs i n s e r t e d  

i n t o  t h e  c o r e  p o s i t i o n  of t h e  imp, The c o r e  c r m f i g - ~ r a t i c n  a f t e r  r e a r -  

rangement i s  shown i n  F igu re  1 .8 .  The c a l c u l a t i o n s  i n d i c a t e d  t h e  dose r a t e  

would be between 10 and 100 s / h r  a t  t h e  Center  of t h e  h o l e ,  t e n  f e e t  from 

t h e  tank f a c e  w i t h  t h e  MSR loop c o c t r i b u t i ~ i g  90% of t h e  r a d i a t i o n .  A 1 - i n .  

cube of 6061-T6 A l ,  t h e  same type  m a t e r i a l  a s  used i n  t h e  f a b r i c a t i o n  of t h e  

c s i g i n a l  pl-ag, was i r r a d i a t e d  i n  t h e  poclrSf.de,-dac.lliry f o r - t w o  weeks; and 

r a d i a t i o n  measurements were made a f t e r  t h r e e  days '  decay. These measure- 

ments were e s s e n t i a l l y  ze ro ,  i n d i c a t i n g  t h a t  i f  t h e  A 1  used i n  f a b r i c a t i n g  

t 5 e  plug was of comparable p u r i t y  t h e  r a d i a t i o n  f romLhe  end o f . t h e  p lug  

would be a e g l i g i b l e .  

3 .  P r e p a r a t i o n  of Reaccor Core and Tank--To reduce t h e  r a d i a t i o n  beam 

emerging from t h e  h o l e  dur ing  in te rchanging  t h e  p lugs ,  e x t e n s i v e  changes 

were made i n  t h e  r e a c t o r  c o r e ,  These changes a r e  given above. 

It was decided t h a t  t h e  MSR imp should be l e f t  i n  p l a c e ,  i f  p o s s i b l e ,  

due t o  t h e  expense and Lost t ime f o r  +he expe r imen te r ' s  prpgram i f  t h e  loop 

were removed, Also ,  it  was decided t h a t  t h e  thermal  s h i e l d  would no t  con- 

t r i b u t e  g r e a t l y  t o  t h e  r a d i a t i o n  sou rce  s o  i t  was no: removed. 
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-- HS- I 

- -- DISTANCE FROM 
WATER - - - -- TANK FACE CONDITION#I CONDITION#E 

r/hr r/ hr 
6 0 0  42 6 
1140 546 
8 4 0  

570  
58 8 53 1 
372 255  
120 6 9  
1.2 0.9 

H S - 2  

DISTANCE FROM 
TANK FACE  CONDITION^ 2 

INCHES r/hr 
0 450 
6 480  
10 5 4 0  
18 3 6 0  
3 0  216 
4 2  120 
5 4  2 4  
6 6 12 
150 0.35 

SOUTH FACILITY PLUG 

I - -  - . -  
I .  I 1 * .  * .  . CONDITION*I-AS INDICATED -- ---- 

CONDITION#~- SAME AS* I ------ -- 

WITH U- SLUGS INSERTED 
INTO THE MSR EXPERIMENT 
TUBES 

FIG. 1.8 GAMMA MEASUREMENTS IN THE SOUTH ENGINEERING TEST FACl L l T Y  



The s o r e  arrangement a t  t h e  t ime of p lug  removal i s  shown i n  F i m r e  1.8.  

4 ,  P r e p a r a t i o n  of t h e  South F a c i l i t y  Area and Aux i l i a ry  Equipment--Site 

p r e p a r a t i o n  f o r  t h e  removal of  t h e  p lug  was begun about a  week i n  advance of 

t h e  a c t u a l  plug removal. These p r e p a r a t i o n s  inc luded  t h e  fo l lowing:  (1) 2.e- 

movaE of  t h e  lead  s h i e l d i n g  and d i sconnec t ing  t h e  p roces s  p i p i n g  from t h e  

p lug ;  4 2 )  i n s t a l l a t i o n  of a  monorail  under a n  overhang i n  t h e  r e a c t o r  s h i e l d  

from which was suspended a  6- f t - square ,  5  112- in . - th ick  s t e e l  s h u t t e r  f o r  

s h i e l d i n g  t h e  h o l e  whi le  t h e  p lug  was removed; (3) removal of t h e  c o n c r e t e  

f l o o r  s l a b s  from i n  f r o n t  of t h e  sou th  f a c i l i t y  and p l a c i n g  t h e  s l a b s  on 

t h e l r  s i d e s  arnnna:khe o f t  t o  provide  s h i e l d i n g  dur ing  t h e  p lug  removal;  

and (4 )  i n s t a l l a t i o n  of t h e  t r a c k  and plug-removal d o l l y .  

A s h i e l d  cap (&go No. D-35537) was f a b r i c a t e d  f o r  t h e  i nne r  end of 

t h e  p l u g  t o  reduce  t h e  r a d i a t i o n  l e v e l  i n  t r a n s i t  and du r ing  s t o r a g e  of  t h e  

p lug  - 
A relnate saw was f a b r i c a t e d  f o r  c u t t i n g  o f f  t h e  two 1 112-in.-OD, A 1  

tubes  which d i r e c t e d  t h e  water  flow i n t o  t h e  obround c a v i t y .  

5. Brelirniarary RadiatFon Measurements in HS-1 and HS-2--The PAR p lug  

and ILr:er weye removed from H8-1 and t h e  dummy p lug  removed from HS-2. 

Gama measurements on 7-12-60 were a s  fo l lows:  

A t  t h e  f a c e  of HS-2 f l a n g e ( l 2  112 f t  from t ank  face)  - -  2.25 r / h r  

8  f t  from HS-2 f l a n g e  (20 1!2 f t  from t ank  f ace )  -- 300 r l h r  

At t h e  t i m e  of t h e s e  measurements a l l  f u e l ,  shim rods ,  and experiments  were 

remo;/ed from tine c o r e  exeep': t h e  MSR loop.  Beryl l ium was i n  rows 7 ,  8 ,  and 

9 ;  and water f i l l e d  t h e  remainder of  t h e  c o r e .  

The end of  t h e  HS-2 dummy p lug  r ead  2.5 r l h r  a t  c o n t a c t  and 600 wflhr  

a t  cane coo:, 

G m a  measurements were made on 7-15-60 i n  H8-1 and HS-2 h o l e s  wi th  a  

Vf,ete~esn R meter. The c o r e  c o n f i g u r a t i o n  and r e s u l t s  of t h e s e  measurements 

a r e  shown in FAkure 1.8.  

6 ,  Wenoval Qf t h e  O r i g i n a l  Plug and I n a t a l l a t i o n  of t h e  New PXug--With 

f i n a l  p r e p a r a t i o n s  f o r  t h e  plug removal completed, t h e  i n i t i a l  r e t r a c t i o n  of  

t h e  plug was begun e a r l y  on t h e  4-12 s h i f t ,  J u l y  19.  A s  t h e  p lug  was re- 

t r a ~ t e d ,  u ~ i n g  two "come+alongs" anchored t o  b u i l d i n g  cslumns and a t t a c h e d  

:o the frsns of t h e  removal d o l l y ,  r a d i a t i o n  r ead ings  were made. The r a d i a -  

t i o n  l e v e l  d i d  not i n c r e a s e  s i g n i f i c a n t l y  u n t i l  t h e  p lug  was almost  com- 

p l e t e l y  out  of  t h e  h o l e  ( s ee  Figures L.9 and 1.10) .  As t h e  end of  t h e  p lug  

emerged front the hole, t h e  r a d i a t i o n  Bevel. i n  t h e  p i t  i nc reased  s h a r p l y ;  
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CONDITION: PLUG 65" OUT O F  LINER;CORE AS SHOWN IN FIG.1.8, COND.2 

POINTS: X 8 36' SAME DISTANCE FROM PLUG AND FACILITY FACE 
+f2 $ OF HS- I  

*3 OF H S - 2  

FIG. 1.9 GAMMA M E A S U R E M E N T S  DURING REMOVAL OF SOUTH ENGINEERING T E S T  FACILITY PLUG 
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CONDITION: PLUG EVEN WITH LINER FLANGE 
CORE AS SHOWN IN FIG.1.8, COND. 2 

FIG. 1.10 GAMMA MEASUREMENTS DURING REMOVAL OF SOUTH ENGINEERING TEST FACILITY PLUG 



however, t h e  f l o o r  slabs placed around t h e  p i t  provided more t han  adequate  

s h i e l d i n g  f o r  personnel .  When t h e  p lug  was f u l l y  r e t r a c t e d ,  t h e  s t e e l  

s h u t t e r  was c lo sed ,  reduc ing  t h e  r a d i a t i o n  t o  a  t o l e r a b l e  leve1 , :as  shown 

i n  F igure  1.11. 

The two A 1  p ipes  which d i r e c t e d  t h e  i n l e t  waker flow i n t o  t h e  obround 

s e c t i o n  read  10 r / h r  a t  a  d i s t a n c e  of 2  i n .  from t h e  end of t h e  p i p e .  These 

pipes were renoved d i r e c t l y  wi th  a  wrench by unscrewing them a t  t h e  coupl ing  

near  t h e  end of t h e  p lug  r a t h e r  t han  sawing them remotely a s  was o r i g i n a l l y  

planned.  Af te r  removing t h e  p i p e ,  t h e  end of t h e  p lug  r ead  280 mr/hr a t  

c o n t a c t .  The s h i e l d  cap was p laced  over t h e  end of t h e  p lug  because i t  was 

a v a i l a b l e ,  a l though i t  was not  r e a l l y  needed. The p lug  was removed from 

t h e  b u i l d i n g  and s t o r e d  o u t s i d e  temporar i ly  u n t i l  i t  was determined t h a t  

t h e  new p lug  was s a t i s f a c t o r y .  

The new p lug  was then  placed on t h e  removal d o l l y  and checked f o r  

a l ignment .  The s h u t t e r  was opened and t h e  p lug  was manually pushed i n t o  

t h e  h o l e  by personnel  who s tood behind t h e  p lug  which provided adequate 

s h i e l d i n g  a g a i n s t  t h e  r a d i a t i o n  from t h e  ho l e .  

Radia t ion  read ings  under v a r i o u s  cond i t i ons  du r ing  in te rchange  of 

p lugs  a r e  given i n  F igure  1.12.  

The e n t i r e  o p e r a t i o n  of removing t h e  o r i g i n a l  p lug  and i n s e r t i n g  t h e  

new p lug  was accomplished without  any unusual i n c i d e n t .  The maximum ex- 

posure of personnel  $0 r a d i a t i o n  was 40 m r  which i s  q u i t e  low cona ider ing  

t h e  n a t u r e  of t h e  job.  

Radia t ion  measurements wi th  t h e  new p lug  i n s t a l l e d  a r e  shown i n  

F igures  1.13 and 1.44. 

F a c i l i t y  Assignment 

Table  1 .5 .ou t l fnes  usage of t h e  ORR dur ing  t h e  q u a r t e r .  

TABLE 1.5 , ORR FACILITY ASSIGNMENT 

Access F a c i l i t y  
Flange Nature of Exper irnent D iv i s ion  Sponsor 

A-1,A-2 V - 1 1  P re s su r i zed  water loop,  MSR React o r  P r s j  ec t s 

Radioisotope product ion  I so topes  

B-1 ,B-2  V-10 Gas-cooled loop No. 1 Reactor P r o j e c t s  

B - 8 ,  E-9 V - 1 ,  V-3 Radia t ion  damage s t u d i e s  S o l i d  S t a t e  
C- 3  

B- 9 V- 2  Gas-cooled loop S o l i d  S t a t e  



SOUTH FACILITY? 
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r 5 1/2" -THK.  STEEL 

CONDITIONS: FACIL IT Y PLUG' REMOVED 
STEEL SHUTTER CLOSED 
CORE AS SHOWN IN FIG. 1.8, COND. 2 
READINGS MADE ON 7/19/60 

POSIT ION RADIATION READINGS- mr/ hr 
a 7 0  

b 150 
C 2 2 0  

d 8 0  

e 2 0 0  

FIG. 1 . 1  I RADIATION READINGS AT SOUTH 
ENGINEERING TEST FACILITY 
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POSITION SHUTTER CLOSED SHUTTER OPEN 

A 47 r/hr 

FIG.1.12 RADIATION READINGS AT SOUTH ENGINEERING TEST FACILITY 
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2 4 1 ~ ~ 1 ~ ~ ~ ~ ~ ~  EXTENSION LINER 

MEASUREMENTS IN mr/hr DATE: 7- 20-  60 

CONDITIONS: CORE SAME AS FIG.1.8 CONDITION 2 

 DIA DIAMETER HOLE EMPTY 

I"-THICK STEEL BLIND FLANGE 

BOLTED TO THE EXTENSION LINER 

~ ~ ' ~ A M E T E R  EXTENSION LINER I 

wl 
MEASUREMENTS IN r/hr DATE: 7- 20 -60  03 I 

CONDITIONS: CORE SAME AS FIG.1.8 CONDITION 2 

~ ~ " Q I A M E T E R  HOLE EMPTY 

1"-THICK STEEL BLIND FLANGE REMOVED 

NOTE: GAMMA MEASUREMENT 2 8 '  FROM 

FACE OF PLUG FLANGE 60mr/hr 

FIG. 1.13 GAMMA MEASUREMENTS WITH NEW SOUTH 

ENGINEERING TEST FACILITY PLUG INSTALLED 
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,---POOL WALL 

-- 

,--SOUTH FACILITY PLUG 

REACTOR 8 0  rnr/hr 

CORE 

- -  

-- - -- 

- -- NS:REACTOR AT O.IN, 2 4 " -  
pp -- DIAMETER HOLE F I L L E D  

PLUG LINER WlTH WATER ; DATE 7 - 2 7 - 6 0  

-POOL WALL 

--- REACTOR T A N K 7  - &- 

SOUTH WALL 4 

-. 

SOUTH FACILIT 

CONDIT IONS Z ~ " - D I A M E T E R  HOLE F ILLED 

W l T H  W A T E R ;  REACTOR 

P O W E R - 5  M W  DATE 7 - 2 8 - 6 0  

FIG. 1.14 GAMMA MEASUREMENTS WITH NEW SOUTH ENGINEERING TEST FACILITY PLUG INSTALLED 



TABLE 1 .5 . (Continued) 

Access 
Facility Nature of Experiment Division Sponsor Flange 

C- 1 V- 9 Fuel tests 

F- 3. V- 8 Solid fuel studies 

F- 2 V- 6 Fuel tests 

F- 3 V- 7 ~e~~ studies 

F-8 V- 4 Hydraulic rabbit 

Solid State 

Reactor Projects 

Reactor Projects (GE) 

Physics 

Isotopes-Solid State 

F- 9 V- 5 Fused-salt loop Reactor Chemistry 

$&I, 2 ,  
3 ,  7, 8, 
and 9 

EGCR capsule irradiations Reactor Projects 

P-B, P-5 Radiation damage Solid State 

P-6 He6 studies Physics 

HN- 1 Homogeneous fuel loop REED 

Pneumatic rabbit for activa- ChemistryyAnalytical 
t ion ana lys Cs Chemistry 

BS 

HB- 1 

HE- 2 

Gas-cooled lgop No. 2 Reactor Projects 

Magnetic analysis of fission Physics 
fragments 

Neutron spectrometer Solid State 

IHB- 3  Neutron spectrometer Physics 

HB-4 

HB- 5 

Neutron spectrometer 

Neutron spectrometer 

Chemistry 

Physics 

HB-6 Time-of-flight spectrometer Physics 

Information on new experiments in the ORR is given in Table 1.6. 

TABLE 1.6. NEW ORR EXPERIMENTS INSTALLED OR OPERATED 

Bate Division Sponsor '-'Expehtdd Facility Experiment Description 
Installed Duration 

8- 14-60 Reacgor Indefinite B- P GCRI! Sabp .Nb. l* 

9--8-98 Reactor Chemistry Indefinite F- 9 Fuel meltdown* 

*No sample, experiment facility equipment only. 



1.2. Beryllium Ref lector Pieces 

J. F. Wett 

The final assembly of the beryllium reflector pieces for the Poolside 

Critical Facility has been completed. The mechanism for removal and replace- 

ment, under water, of the end boxes on the radioactive beryllium has been 

tested and found acceptable. 



1 . 3 ,  Local Flux D i s t r i b u t i o n s  i n  ORR Fuel  Elements 

A. L. Colomb and J. F. Wett 

The d e t a i l e d  s tudy of the  thermal neutron f l u x  d i s t r i b u t i o n  i n  t h e  ORR 

has been c o n t i n u e d . '  Resul t s  t c ~  d a t e  have ind ica t ed  t h a t  r a t h e r  I a r g e  f l u x  

g rad ien t s  e x i s t  r a d i a l l y  ac ross  t h e  MTR-type f u e l  element employed i n  t h i s  

r e a c t o r  arad t h a t  t h e s e  g rad ien t s  a r e  s t rong ly  dependent on t h e  f u e l  concen- 

t r a t i o n  i n  t h e  element being i n y e s t i g a t e d ,  a s  we l l  a s  t h a t  of t h e  ad jacen t  

Figure 1.15 shows t h e  geometr ical  p a t t e r n  of t h e  s tandard  ORR c o r e ,  

and Table 1.7 p resen t s  t h e  complete s e t  of f u e l  weights loaded i n  t h e  co re  

f e r  each experiment represented  by t h e  subsequent f i g u r e s .  Because of t h e  

ope ra t ing  schedule of t he  ORR and t h e  time lapse  between d a t a  ga the r ing  and 

a n a l y s i s ,  loading of i d e n t i c a l  co res  was impossible .  A f l u x  t r a v e r s e  along 

t h e  cen te r  p lane  of t h e  "4" column a t  a  d i s t a n c e  of 16 inches from the  top  

of t h e  f u e l  p l a t e s  is shown i n  Figure 1.16. The t r a v e r s e  i s  shown a t  16 

inches because t h e  peak a x i a l  f l u x  occurs  a t  approximately 16 inches from 

t h e  top of t h e  f u e l  p l a t e s .  Fluxes heare been normalized t o  t h e  h ighes t  

measured va lve  i n  the  "4" column a t  t h e  16-inch l e v e l .  

It must be pointed out  t h a t  131 g .. of u~~~ i n  t h e  shim rod g ives  t h e  

same f u e l  dens i ty  i n  i t s  f u e l  p l a t e s  a s  t h a t  f o r  a  200-g; f u e l  element.  

Yowever, due t o  t h e  s t r u c t u r e  of t h e  shim rod, ; the metal-to-water r a t i o  of 

the f u e l  fol lower i s  not t h e  same a s  i t  is  f o r  a  f u e l  element. 

It is  i n t e r e s t i n g  t o  note  t h a t  t h e  r a t i o  of maximum ex t rapo la t ed  f l u x  

t o  minimum measured f l u x  along t h e  c e n t e r  plane is 2.3 f o r  A-4 and 1 . 3  f o r  

E-4. It i s  perhaps more i n t e r e s t i n g  t o  obearve t h a t  t h e  r a t i o  of maximum 

extrapolated f l u x  t o  c e n t e r  f l u x  is 1 .4  f o r  A-4, 1 .3  f o r  C-4, and 1.1 f o r  

E - 4 ,  For routd:ha c o r e  f l u x  measurement i n  t h e  ORR, i t  i s  common p r a c t i c e  

t o  measure f luxes  i n  t h e  geometric c e n t e r  of each f u e l  element.  However, 

5ne sees t h a t  such a  measurement g ives  a  va lue  f a r  below t h e  maxidm f l u x  

in c e r t a i n  cases .  The impl ica t ions  of such a  s i t u a t i o n  f o r  hot  spot  ana l -  

yses and f u e l  consumption c a l c u l a t i o n s  a r e  ev ident .  The v a l i d i t y  of t h e  

f l u x  i n t e r p o l a t i o n  between elements,  and of t h e  f l u x  shape i n  t h e  shim rod 

is shown i n  F igures  1.17 and 1.18. I n  order  t o  check t h e  v a l i d i t y  of t h e  

P 
9. A. Cox, Reactor .@e?.ations: &ind;lRadPoactive Waste Operat ions Quar ter ly  
Repor t ,  January - March 1960, CF-60-3-148 (May 24, 19601 
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TABLE 1 . 7 .  FUEL WEIGHT LOADED I N  ORR FOR VARIOUS FLUX MEASUREMENTS 

Figures  1 . 1 6  
P o s i t  i o n  and 1 .17  

Figure 1 .18  Figure 1 . 1 9  



UNCLASSIFIED 
ORNL-LR-DWG 51037 
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DISTANCE FROM WEST EDGE OF A -4  (in.) 

Fig. 1.16. Flux Traverse Along Center Plane of "4" Column. 



UNCLASSIFIED 
ORNL- LR-DWG 54038 

Fig. 1.17. Flux Traverse for D - 8  and E-8 12in. f rom 
Top of Fuel. 
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Fig. 1.18. Flux Traverse for C-6 and D - 6  a t  Water 
Gap in Shim Rod. 



i n t e r p o l a t i o n ,  f l u x  monitors were placed i n  core  p o s i t i o n s  D-8 and E-8, 

between elements i n  C-8 and D-band between D-8 and E-8. Resul t s  a r e  shown 

i n  F igure  1.17 and i n d i c a t e  a  smooth f l u x  t r a n s i t i o n  between elements.  

Due t o  t h e  cons t ruc t ion  of t h e  upper p o r t i o n  of t h e  shim rod,  only one 

wire could be accura t e ly  placed i n  an i r r a d i a t e d  rod.  However, i t  was 

p o s s i b l e  t o  p l ace  t h r e e  wires  i n  a  new shim r o d ,  

A f l u x  t r a v e r s e  taken through t h e  131-g~, :shimdndd f u e l  s e c t i o n  and a 

200-g adjacent  element showed only a  small  r i p p l e ,  i n d i c a t i n g  t h a t  t h e  

d i f f e r e n c e  i n  metal-to-water ra t io : -ex is t ing  between a normal f u e l  demen t  

and a shim-rod f u e l  s e c t i o n  does not have a  d r a g t i c  e f f e c t  on f l u x  d i s -  

t r i b u t i o n ,  This  r e s u l t ,  however, d id  not  s e t t l e  t h e  problem,of i n t e r p o l a -  

t i o n  between a c e n t r a l  f l u x  va lue  i n  t h e  f u e l  s e c t i o n  of a burned shim 

rod and t h e  f l u x  values i n  the  ad jacent  elements.  F igure  1.18 shows a 

f l u x  t r a v e r s e  through t h e  two-inch water gap loca ted  between t h e  f u e l  and 

t h e  poison s e c t i o n s  o f : t h e  shim rod.  The f l u x  has bhe same genera l  shape 

a s  t h a t  assumed on Figure  1.16. It is f e l t  t h a t  t h e  r e s u l t s  shown i n  Fig- 

u re s  1.17 and 1,18 v a l i d a t e  t h e  smooth f l u x  t r a v e r s e  between elements and 

t h e  general  p a t t e r n  of t h e  peaking i n  t h e  shim rods .  

A measurement of t h e  f l u x  d i s t r i b u t i o n  from s i d e  p l a t e  t o  s i d e  p l a t e  

was a l s o  made. Four wires  were placed a t  equal d i s t a n c e s  i n  a  polyethyl-  

ene holder .  Four of t hese  holders  were placed In  soo lan t  channels  i n  each 

of two-n&wuduel elements.  The two elements were then  p laced  i n  p o s i t i o n s  

, C-8 and E-8, Five w t r e s  were placed in t h e  element locaced i n  p o s i t i o n  

D-8. From t h e  37 f l u x  va lues  thus  measured,:an i s o - f l u x  p a t t e r n  f o r  t h e  

t h r e e  elements C-8, D-8, and E-8 could be -p lh t t ed .  Such a p a t t e r n  i s  shown 

i n  Figure 1,19 f o r  a  c u t  16 inches below t h e  top of t h e  f u e l .  The & l o - f l u x  

l i n e s  a r e  normalized t o  the  h ighes t  f l u x  measured i n  p o s i t i o n  E-8. The 

f luxes  shown a s  g r e a t e r  than  one were ex t rapola ted  from p l o t s  of f l u x  

ac ross  t h e  channels ,  

The d i f f i c u l t y  i n  choosing t h e  proper s i n g l e  po in t  a t  which t o  meas- 

u r e  f l u x  i s  obvious. I f  one should choose t h e  geometric c e n t e r ,  phys ica l ly  

t h e  e a s i e s t  po in t  a t  which t o  make measurements, one measures only 0.91 

times t h e  h ighes t  f l u x  i n  D-8, 0.74 times t h e  h ighes t  f l u x  i n  E-8, and 0.61 

times t h e  h ighes t  f l u x  i n  C-8. The situation concerning t h e  average f l u x  

i s  even more unce r t a in ,  It is i n t e r e s t i n g  t o  note  the  e f f e c t  of t h e  bery l -  

lium r e f l e c t o r .  One sees  t h a t  t h e  r e f l e c t i o n  very 1rearI.y makes t h e  i so -  

f l u x  I$nes : s w e t r i c  about t he  cen te r  l i n e  of column "8". 



UNCLASSIFIED 
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DISTANCE FROM FUEL ELEMENT CENTER LINE ( i n . )  

Fig.!.!9.lso-Flux for Core Pos~tions C-8, D-8,  
E - 8  Normolized to Highest Meosured Volue in E - 8 .  



A t  t h i s  poin t  t h e r e  a r e  s e v e r a l  conclusions which can be drawn. The 

f i r s t  i s  t h a t  when a  heavi ly  burned element (low f u e l  d e n s i t y )  i s  placed 

next t o  a  new element (high f u e l  d e n s i t y )  t h e  f l u x  w i l l  peak i n  t h e  burned 

element and w i l l  show a  depress ion  In t h e  new element.  Such a  cond i t ion  

i s  not  unexpected s i n c e ,  i n  t h e  f i r s t  approximation, l o c a l  f l u x  v a r i e s  a s  

t h e  inve r se  of t h e  l o c a l  macroscopic abso rp t ion  c r o s s  s e c t i o n  Za , and 

t h e  burned element w i l l  have a  lower za. For the eases  measured he re ,  

t h e  magnitude of  t h e  peak-to-center  r a t i o  i n  t h e  new element was a s  h igh  

a s  1.6. The second conclusinn i s  t h a t  t h e  p l ac ing  of l a r g e  water gaps, 

such a s  t h a t  which e x i s t s  between t h e  f u e l  and t h e  cadmium s e c t i o n s  i n  t h e  

shim rod,  can cause l a r g e  peaks i n  t h e  adjacen: element.  I f  t hese  peaks 

r a i s e  t h e  f l u x  i n  a  h igh -dens i ty  fuel r eg ion ,  high power d e n s i t y  o r ,  i n  

o t h e r  words, hot  s p o t s  ha7e t o  be expected.  The c a s e  of a  new element i s  

c l e a r  because t h e  f u e l  concen t ra t ion  i s  uniform. Thus, one may i n f e r  t h a t  

p l ac ing  new elements nexc t o  he3vi ly  burned ones o r  next t o  water gaps 

should be done wi th  c a r e  being givon t o  t h e  subseciuent flux peaks and power- 

dens i ty  peaks. The case  of burned e l ~ m e n t s  i s  ~nore d i f f i c u l t ,  It i s  ev i -  

dent  t h a t  t h e  geometr ical  v a r i a t i o n  of f u z l  d e n s i t y  w i l l  he  a func t ion  of 

t h e  p r i o r  f l u x  h i s t o r y .  It i s  a l s o  e v i d e n t t h a t  t h e  h i g h d e n s i t y  reg ions  

w i l l  l o c a l l y  suppress  t h e  f l u x .  Bowever, F z  Fs co-lcet\able t h a t  a power- 

dens i ty  peak of unexpected propor t ion  may be found a t  var ious  s p o t s .  
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REACTOR OPERAT IONS 

RADIOACTIVE WASTES OPERATIONS 

AND HOT CELLS OPERATIONS 

QUARTERLY REPORT 

Summary 

The o p e r a t i n g  t ime a t  t h e  ORR inc r ea sed  t o  82% t h i s  q u a r t e r - - t h e  

h i g h e s t  on-s t ream time t o  d a t e .  Mechanical  t r o u b l e  was encounte red  

w i th  t he  b a l l - l a t c h  mechanism on t h e  ORR c o n t r o l - r o d  d r i v e s .  Some of 

t he  rods  f a i l e d  t o  f u n c t i o n  p rope r ly  du r ing  p r e s  t a r t u p  checks ,  and t h e  

d r i v e s  had t o  be r e p l a c e d .  A s t udy  is be ing  made of t h e  cause s  o f  t h e  

f a i l u r e s  . 
S t u d i e s  of 40-Mw o p e r a t i o n  show t h a t  i t  would be more economical 

t o  use  t h e  e x i s t i n g  a i r  c o o l e r s  than prov ide  c o o l e r s  of a  d i f f e r e n t  type 

However, s i n c e  t h e s e  c o o l e r s  would c o n t a i n  primary wa t e r ,  they  would be 

very  r a d i o a c t i v e  i n  even t  of a  f u e l  meltdown. 



1, OAK RIDGE RESEARCH .REACTOR 

1.1. Operat ions  

W .  R .  Casto 

Operat ions 

The ORR was operated dur ing  t h i s  per iod  a t  a power l e v e l  of 30 Mw. 

To ta l  ope ra t ing  time f o r  t h e  . qua r t e r  was '1810.1 h ~ .  Because of t h e  

eight-week cyc le  adopted wi th  30-Mw ope ra t ion ,  t h e  ope ra t ing  time was 

increased  t o  82%--the h ighes t  s i n c e  t h e  beginning of ope ra t ion .  

TABLE 1.1. ORR OPERATIONS 

Period October 1, through December 31, 1960 

This  Last Year 
Quarter  Quarter  t o  Date 

To ta l  energy, Mwd 

Average power, Mwloperating h r  

Tine ope ra t ing ,  % 

Reactor water  r a d i o a c t i v i t y ,  c/m/ml (av) 42,644 29,687 27,436 

Pool water r a d i o a c t i v i t y ,  c/m/ml (av) 913 72 1 658 

Reactor water r e s i s t i v i t y ,  ohm-cm (av) 444,000 547,000 550,000 

Pool water r e s i s t i v i t y ,  ohm-cm (av) 663,000 699,000 7 36,000 

Research samples 6 4 5 3 

Radioisorope samples 104 124 664 

The co re  con f igu ra t ion  a t  t h e  end of t h e  q u a r t e r  i s  unchanged from 

t h a t  of 6-30-60 and i s  ind ica t ed  i n  F igure  1.1. 

Cycles of ope ra t ion  dur ing  t h i s  per iod  a r e  shown i n  Table 1 , 2 .  

TABLE 1 ,2 . ORR CYCLES OF OPERATION 

Accumulated 
Cvcle No. Date Begun Date Ended Energy (Mw) 

30 October 4 November 20 1,354.2 

3 1 December 1 I n  Progress  892.1 

F igures  1 , 2  and 1 - 3  i n d i c a t e  shim-rod p o s i t i o n s  ve r sus  t h e  ope ra t ing  
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t ime dur ing  c y c l e s  30 and 31 ( i n  p r o g r e s s ) ,  r e s p e c t i v e l y .  

Shut downs 

Two major shutdowns occurred dur ing  t h e  pe r iod ,  

I n  Progress  through October 4, 1960; The i n s t a l l a t i o n  of lead  ; . . : .  

s h i e l d i n g  a t  t h e  south  f a c i l i t y  f o r  GCRP Loop No. 2 cont inued from l a s t  

q u a r t e r ,  This  was t h e  major work done durFng t h i s  shutdown. 

November 20 through December 1, A c t i v i t i e s  dur ing  t h i s  pe r iod  

involved: i n spec t ion ,  r e p a i r ,  and leak  checking of s e v e r a l  s l i p - j o i n t s  

i n  GCR Loop No. 1; r e i n s t a l l a t i o n  of t h e  r e p a i r e d  "meltdown experiment" 

f a c i l i t y  tube  and a s soc i a t ed  equipmen:; replacement of f i v e  o t h e r  expe r i -  

ments, one of which (core p o s i t i o n  B-3) was subsequent ly removed due 

t o  improper al ignment ,  

A t  t h e  end of t h e  scheduled shutdown pe r iod ,  ex t ens ive  d i f f i c u l -  

t i e s  were experienced wi th  t h e  shim-rod d r i v e s .  This  prolonged t h e  

shut down four  days ( see  Rdactor Cont ro ls )  . 
Table 1.3 l i s t s  t h e  unscheduled s h ~ t d o w n s  which occurred t h i s  quar-  

t e r .  

TABLE 1.3. WSCIIZDULED SHUT30WNS AT THE ORR 

Durat ion 
Date (hr ) Remarks 

10- 13-60 0,217 Scram due t o  human e r r o r ,  The No. 1 Log-N 
chamber was ad jus t ed  without  swi tch ing  t o  
chznnel No, 2 ,  The chamber s l i p p e d  i n ,  g iv ing  
a f a l s e ,  f a s t - p e r i o d  scram. 

0 -033 Setback and r e v e r s e  from %I experiment.  The 
recorder  on thermocouple TR-12 f a i l e d  i n t e r -  
m i t t e n t l y .  The s tandard  c e l l  was r ep l aced .  
The r eco rde r  w i l l  be rep laced  du r ing  t h e  next  
end-of-cycle  shutdown. 

10-24-60 0.150 Setback from c o r e  p o s i ~ i o n  F-2 experiment.  
Thermocouple TC-7 on TR-5 ( r eco rde r )  opened 
and r e s u l t e d  i n  upsca le  ' 'burnout" from t h e  
r eco rde r .  The thermocouple was r ep l aced  with 
a s p a r e ,  

12-22-60 0,283 Setbzck from EGCR capsule  No, 8 ,  Recorder 
TR-81 drove upsca le  due t o  a s t a n d a r d i z a t i o n  
swi tch  malfunct ion and s t u c k  t h e  r eco rde r  
swi tches .  The r eco rde r  swi tches  were r e l e a s e d  
and t h e  s t a n d a r d i z a t i o n  swi tch  a d j u s t e d .  



TABLE 1.3, (cont inued)  

Durat ion 
Date (hr ) Remarks 

12-22-60 0.217 Setback and r eve r se  from c o r e  p o s i t i o n  F-2 
experiment.  Recorder TR-11 drove upsca le  due 
t o  e l e c t r o n i c  tube  f a i l u r e .  During t h e  s t a r t -  
up a f t e r  t h e  shutdown, shim rod No, 4 dropped, 
reason  unknown, 

12-22-60 0.033 Shim rod No. 1. dropped, r ea son  unknown. 

12-24-60 0.083 Setback and- r e v e r s e  from EGCR capsule  No, 8 ,  
Recorder TR-81 drove upsca le  due t o  standard- 
i z a t i o n  switch malfunct ion and t h e  backup 
r e v e r s e  recorder  swi tch  s t u c k .  The recorder  
switches were r e l e a s e d  and s t a n d a r d i z a t i o n  
switch ad jus t ed .  

12-24-60 0.250 Setback from EGCR capsu le  No. 8 .  Recorder 
TR-81 drove upsca le  aga in  due t o  f u r t h e r  
s t anda rd iza t ion  switch malfunct ion.  The 
switch was r ep l aced .  

12-24-60 0.133 Shim rod No. 5 ,dropped ,  reason  unknown. 

There were no Shutdowns due t o  r e a l  cause ;  i . e . ,  a cond i t i on  e x i s t e d  

which was such t h a t  without  r e a c t o r  power r educ t ion  an experiment and/or 

t h e  r e a c t o r  could be damaged. 

Table 1 .4  g ives  t h e  a n a l y s i s  of t h e  causes of shutdowns f o r  t h i s  

q u a r t e r  . 

TABLE 1 , 4 .  ANALYSIS OF ORR SHUTDOWNS 

Descr ip t ion  Number Down Time (hr )  

Scheduled Shutdowns 

Reguiar , end- of-cycle  1 346 ,4661. 

Regular ,  midcycle and i so tope  work 2 24,567 

Regular,  r e f u e l i n g  1 7,134 

Experiment removal - 2 18.317 

S u b t o t a l  6 396.484 

*Including 86.550 h r s  dur ing  t h e  shutdown i n  progress  a t  t h e  beginning of 
t h i s  q u a r t e r ,  



TABLE 1.4.  (cont inued) 

Descr ip t ion  Number Down Time (h r )  

Unscheduled Shutdowns 

~r i s t rument  f a i l u r e ,  r e a c t o r  c o n t r o l s  0 

Instrument f a i l u r e ,  experiments 6 1.016 

Rod drops 2 0.166 

Human e r r o r  1 - 0.217 

Sub to ta l  9 1.399 

"Total  15 397.883 

Reactor Controls  

During t h e  shutdown fol lowing c y c l e  30, cons iderable  d i f f i c u l t y  was 

experienced wi th  t h e  d r i v e  mechanism on shim rods  No. 3 ,  4 ,  5 ,  and 6 

( see  Table 1 .5) .  A l l  of t hese  rods  had funct ioned proper ly  dur ing  t h e  

shutdown a t  t h e  end of t h e  c y c l e ,  but  about one week l a t e r  many d i f f i -  

c u l t i e s  were encountered. Three of t h e  four  rods  f a i l e d  t o  drop dur ing  

p r e s t a r t u p  t e s t s ,  and t h e  fou r th  gave some indicat ion: :o5. t roubl&: Inspec- 

t i o n  of t h e  f a u l t y  d r i v e  u n i t s  i nd ica t ed  excess ive  wear and inden ta t ions  

on a l l  plungers1 of t h e  b a l l - l a t c h  mechanism and t h e  presence of fo re ign  

mat te r ,  s i m i l a r  t o  l u b r i c a n t ,  on t h e  body of one of t h e  p lungers .  

During t h e  month of December, unexplained rod drops were experienced.  

A s p e c i a l  des ign  group from t h e  Reactor Divis ion  has been assigned t o  

work on t h e  problems wi th  rod d r i v e s .  

An alarm was provided DO warn of low water  l e v e l  i n  t h e  r e a c t o r  

cooling-tower bas in .  This  alarm was i n s t a l l e d  on a temporary b a s i s  u n t i l  

t h e  next end-of-cycle shutdown. 

IT. E .  Cole and J .  P, G i l l ,  The Oak Ridge Research Reactor (QRR) A General 
Descr ip t ion ,  OWL-2240 (January 21, 1957). 



TABLE 1 .5 .  MALFUNCTION OF REACTOR CONTROLS--0RR 

Date Desc r ip t i on  

10- 12-60 The c o n t r o l  system t r a n s f e r r e d  from t h e  s e rvo  t o  t h e  
manual mode of ope ra t i on  appa ren t ly  due t o  t h e  
momentary opening of a  shim-rod c l u t c h  s w i t c h ,  

Drive mechanisms were r ep l aced  on shim rods  No, 4  
and 6 a f t e r  t h e  rods  f a i l e d  t o  drop dur ing  i n s t r u -  
ment checks on s e p a r a t e  occas ions .  

The d r i v e  mechanism on No. 3 shim rod was r ep l aced  
when t h e  "push rod" u n i t  was checked and d i d  no t  
o p e r a t e  f r e e l y .  The d r i v e  mechanism on No. 5  rod 
was r ep l aced  a f t e r  t h e  rod f a i l e d  t o  drop du r ing  a  
p r e s t a r t u p  t e s t .  

While a t tempt ing  t o  repos i tLon No. 2 s a f e t y  chamber, 
i t  was noted t h a t  a f t e r  i n s e r t i n g  two notches on 
t h e  p o s i t i o n i n g  dev ice  t h e  second move r e s u l t e d  i n  
a  fou r fo ld  i n c r e a s e  a s  compared t o  t h e  f i r s t  move, 
Upon withdrawing t h r e e  no t ches ,  no change i n  
read ing  (102%) was ob t a ined .  Withdrawing an  
a d d i t i o n a l  notch r e s u l t e d  i n  a  l a r g e  decrease  
t o  (87%).  The chamber was t hen  r e i n s e r t e d  t h r e e  
no tches ,  r e s u l t i n g  i n  a  f i n a l  r ead ing  of 94%- 
The above i n d i c a t e s  t h a t  t h e  chamber was s t i c k i n g  
i n  t h e  guide and t h a t  t h e  p o s i t i o n i n g  w i r e  was 
dragging.  This  s i t u a t i o n  i s  t o  be examined dur ing  
t h e  next  end-of-cycle  shutdown. 

The n o r t h e a s t  gamma-chamber channel  was found t o  be 
sp ik ing  upsca le  concu r r en t ly  w i th  downscale s p i k i n g  
of t h e  sou theas t  gamma-chamber channel .  These 
chambers had a  common power supply ,  A f t e r  sep-  
a r a t e  power s u p p l i e s  were provided t h e  n o r t h e a s t  
channel  opera ted  p rope r ly ,  bu t  t h e  sou theas t  channel  
cont inued t o  sp ike  downscale. Because a  thorough 
check of i t s  a s s o c i a t e d  i n s t rumen ta t i on  r evea l ed  no 
f a u l t ,  it i s  assumed t h a t  tKe sou theas t  g a m s  chamber 
f a i l e d ,  This  channel was s h u t  o f f  and t h e  chamber 
w i  11 be exan'ined du r ing  t h e  next  end- of -cyc l e  shu t -  
down. 

Two shnm rods  (No. 1 and 4) dropped, reason  unknown. 

During two "backup r eve r se s "  from experiments , t h e  
r e a c t o r  c o n t r o l  system d i d  not  swi tch  from se rvo  
t o  t h e  manual mode of ope ra t i on .  This  i s  be ing  
i n v e s t i g a t e d  . 

12-24-60 Shim rod No. 5  dropped, reason  unknown. 



Facility Assignment 

Table 1.6 outlines usage of the ORR during the quarter. 

TABLE 1.6. ORR FACILITY ASSIGNMENT 

Access 
Facility Flange Nature of Experiment Division Sponsor 

A-land2 V-11 Pressurized water loop, MSR Reactor 

A-3 and 7, 
C-2, D-9, 
and F-5 

Radioisotope production Isotopes 

B-1 and 2 V-10 Gas-cooled loop No. 1 React or 

B-8, E-9, V- 1 and 3 Irradiation damage stqdies Solid State 
and C-3 

F- 9 V- 5 

P-1, 2, 3, 
7, 8, and 
9 

P- .& and 5 

P- 6 

HN- 1 

HN- 3 

HN-2 and 4 

11 S 

HB- 1 

HB- 2 

HB- 3 

HB- 4 

HB- 5 

HB- 6 

Gas-cooled loop 

Fuel tests 

Solid fuel studies 

Fuel tests 

Ne 
2 3 

Hydraulic rabbit 

Fuel meltdown loop 

EGCR capsule irradiations 

Radiation damage 

He 
6 

Homogeneous fuel loop 

Pneumatic rabbit for 
activation analysis 

Gas-cooled loop No, 2 

Magnetic analysis of fission 
gragment s 

Neutron spectrometer 

Neutron spectrometer 
Neutron spectrometer 

Neutron spectrometer 

Time-of-flight spectrometer 

Solid State 

Solid State 

Reactor 

Reactor (GE) 

Phys ic s 

Isotopes--Sdlbd 
State 

Reactor Chemistry 

React or 

Solid State 

Physics 

React or 

Chemistry--Analytical 
Chemistry 

Operations 

Reactor 

Physics 

Solid State 

Physics 
Chemistry 

Physics 

Physics 



A l i s t  of new exper iments  o p e r a t e d  d u r i n g  t h e  q u a r t e r  i s  g i v e n  i n  

Tab le  1.7. 

TABLE 1.7 .  NEW ORR EXPERIMENTS INSTALLED OR OPERATED 

Date  Expected 
D i v i s i o n  Sponsor F a c i l i t y  Experiment D e s c r i p t i o n  

I n s t a l l e d  D u r a t i o n  

10- 3- 60 Reac to r  One c y c l e  B-1 "Cold f i n g e r "  t o  pro-  
v i d e  c o o l i n g  i n  
absence  o f  sample 

10- 3- 60 Reactor  Chemistry One c y c l e  F-9 Temperature moni tor  
i n s t a l l e d  i n  e x p e r i -  
ment t u b e ( a )  

11-23-60 S o l i d  S t a t e  O n e c y c l e  P-5 "Columbium t u b e  b u r s t  " 

exper iment  

11-24-60 S o l i d  S t a t e  O n e c y c l e  B-8  "Be t u b e  b u r s t "  
exper iment  

11-24-60 S o l i d  S t a t e  O n e c y c l e  P-4 "Be t u b e  b u r s t "  
exper iment  

11-24-60 Reactor  Chemistry I n d e f i n i t e  F-9 Rep l a c e  exper iment  
t u b e  

11-25-60 Reactor  One c y c l e  B-1 I n s t a l  l e d  "Char 
t e s t u  sample('7 

( a ) ~ h e  exper iment  t u b e  was removed on  10- 15-60 due t o  f a i l u r e  of a weld where 
a 112- in .  s t a i n l e s s  s t e e l  t u b e  was we1ded: into  a 1 - i n .  s t a i n l e s s  s t e e l  
p i p e .  The l a t t e r  p i p e  was a l s o  brokeA o f f  j u s t  under t h e  t o p - o f - t a n k  
a c c e s s  f l a n g e  due t o  h y d r a u l i c  f o r c e s .  

( ' ' I ~ u r i n ~  t h e  approach t o  power f o r  t h e  f o l l o w i n g  c y c l e ,  i t  developed t h a t  
t h e  loop c o o l i n g  would n o t  m a i n t a i n  t h e  d e s i r e d  sample t empera tu res  
above about  1 3  Mw. The r e a c t o r  was s h u t  down and t h e  sample r e t r a c t e d .  



1 , 2  I n v e s t i g a t i o n  of 40-Mw Operat ion of t h e  ORR 

J .  F ,  Wett ,  J r . ,  and A .  L. Colomb 

An i n v e s t i g a t i o n  is  under way a s  t o  t h e  f e a s i b i l i t y  of increasgng  

t h e  power of t h e  ORR t o  40 Mw, Most of t h e  work s o  f a r  has  assumed t h e  

use  of t h e  Trane 'Eoolers s i n c e  they  a r e  a v a i l a b l e ,  C e r t a i n  d i f f i c u l t i e s  

have become apparent  and f u r t h e r  i n v e s t i g a t i o n s  a r e  under way. 

Maximum Power a t  Which t h e  Presen t  System can  be Operated 

I n v e s t i g a t i o n  of t h e  d a i l y  temperatures  occu r r ing  du r ing  t h e  summer 

of 1960 r e v e a l s  t h a t  between A p r i l  1 and September 30 t h e  wet-bulb tem- 

p e r a t u r e  w i l l  r i s e  above 70°F on 68% of  t h e  days ,  above 80°F on 19% of 

t h e  days,  and above 85°F on 8% of Lhe days .  A maximum wet-bulb tempera- 

t u r e  of -90°F was recorded on 1% of t h e  d a y s ,  

A s tudy  of t h e  c h a r a c t e r i s t i c s  of t h e  p r e s e n t  tower and she l l - and -  

tube  combination i n d i c a t e s  a  maximum power removal c a p a b i l i t y  of 31 Mw 

a t  90°F, 34 Mi? a t  85SF, 36 Mw a t  8&F, and 38 Mw a t  70°F- A l l  tempera- 

t u r e s  a r e  ambient wet-bulb tempera tures .  This  i n d i c a t e s  t h a t  t h e  r e a c t o r  

cannot be r u n  cont inuous ly  above 38 Mw from about A p r i l  15 t o  Bbout 

September 30, cont inuous ly  above 36 Mw from about May 15 t o  about Septem- 

ber  15,  o r  cont inuous ly  above 34 Mw from about June  15 t o  about  Septem- 

ber  15 ,  I n  t h e  pe r iod  June 15 t o  September 15,  t h e r e  would be s e v e r a l  

days a t  random where t h e  power would have t o  be reduced t o  30 Mw. It 

i s  ev ident  t h a t  peak temperatures  occur  on ly  f o r  a  few hours  i n  each day .  

The maximum wet-bulb temperature  a t  which t h e  r e a c t o r  can  ma in t a in  

40 Mw i s  4 7 O F ,  This  means t h a t  cont inuous  ope ra t i on  a t  40 Mw cannot 

be assured  du r ing  t h e  pe r iod  A p r i l  1 t o  September 30, Therefore ,  one can  

conclude t h a t ,  t o  avoid d a i l y  p a e r  f l u c t u a t i o n s ,  t h e  r e a c t o r  could  be 

run  a t  40 Mw f o r  s i x  mon'hs and 30 Mw f o r  s i x  months, However, c e r t a i n  

experiments cannot be opera ted  s a t i s f a c t o r i l y  w i th  such a  power variation. 

Use of Trane Coolers  

The c a p a b i l i t y  of a  system which inc ludes  t h e  Trane c o o l e r s  i n  

p a r a l l e l  w i t h  t h e  she l l - and - tube  h e a t  exchangers has  been s t u d i e d .  Use 

of t h e  Tran~? c o o l e r s  p r e sen f sce r t a in  hyd rau l i c  and c o n t r o l  problems. A t  

t h e  p r e s e n t ,  t h e  mein  cool ing-sys tem c o n t r o l  i s  performed by a c t u a t i n g  



a va lve  i n  t h e  by-pass which, i n  t u r n ,  r e g u l a t e s  t he  flow through t h e  

she l l - and - tube  h e a t  exchangers.  The flow d i s t r i b u t i o n  du r ing  o p e r a t i o n  

of t h e  two heat-exchanger systems i n  p a r a l l e l  i s  such t h a t  t h e  by-pass 

va lve  must be opera ted  c lo sed  o r  nea r ly  s o .  The e f f e c t  of  such o p e r a t i o n  

on t h e  c o n t r o l  system i s  under s tudy  a t  t h e  p r e s e n t  t ime .  The problem 

is  being s e t  up f o r  s o l u t i o n  on t h e  analog computer. 

Using d a t a  taken  on t h e  two heat-exchanger  systems du r ing  ope ra t i on  

a  rough e s t i m a t e  of flow c o n d i t i o n s  and thermal  c a p a c i t y  have been made. 

The cond i t i ons  s e l e c t e d  were (1) dry-bulb tempera ture  = 100°F; (2) wet- 

bu lb  temperature  = 90°F; (3) flow i n  secondary of she l l - and - tube  h e a t  

exchangers = 10,000 gpm; and (4) r e a c t o r  e x i t  temperature  = 135OF. The 

t a b l e  below l i s t s  r e s u l t s  f o r  ope ra t i on  of a l l  e i g h t  Trane c o o l e r s  i n  

p a r a l l e l  wi th  t h e  she l l - and - tube  hea t  exchangers.  The r e s u l t s  a r e  c e r -  

t a i n l y  c o r r e c t  t o  no b e t t e r  than  f5%, 

By-Pass Flow Flow Flow : Maximum Maximum To ta l  
Valve i n  i n  i n  Capaci ty  Capaci ty  Maximum 

P o s i t i o n  Sr&'T Trane By-Pass of S & T of Trane Capaci ty  
(% open) (gpm) (gpm) (gpm) (Mw) (MW ) (Mw) 

Heat Transfer  i n  t h e  Core 

Analyses of t h e  maximum temperatures  t o  be found i n  t h e  c o r e  f o r  

both nominal and h o t - ~ p o t ~ h o t - c h a n n e l  c o n d i t i o n s  have been made. These 

ana lyses  have been based on g ros s  f l u x  measurements and do not  cons ider  

t h e  f l u x  and power d i s t r i b u t i o n s  throughout an e lement ,  A t  18,000-gpm 

flow and 40 Mw t h e  maximum nominal s u r f a c e  temperature  of a  f u e l  element 

i s  212°F; t h e  maximum hot-spot,-hot-channel s u r f a c e  tempera ture  of a  f u e l  

element i s  250°F; t h e  maximum nomfnal s u r f a c e  temperature  of a  shim rod 

is  230°F: and t h e  maximum hot-spot,hot-channel s u r f a c e  temperature  of a  

shim rod i s  265°F. The s a t u r a t i o n  temperature  i n  t h e  c o r e  i s  250°F, but  



local boiling does not begin until the surface is 20°F above the satura- 

tion temperature or 270°F. Thus, one sees that local boiling should 

not exist for 40-Mw operation at a flow of 18,000 gpm. 

A study has been made to determine the temperature which exists on 

the side of the plate opposite an occlusion which completely insulates 

the opposite side. Based on this study the allowable occlusion in a shim 

rod is one with a diameter of 4 mils and that for a fuel element is - I 

-10 mils. Such.locclusions will not cause local boiling on the opposite 

side of the plate. 

Further studies of the heat-transfer characteristics of the core 

are contemplated, 

Safety Considerations with Respect to Trane Coolers 

It is shown in the previous section that, if the reactor has to be 

operated at 40 Mw all year, the Trane coolers or other additional cooling 

will have to be used at least during six months. The Trane coolers, 

being operated with primary cooling water, can represent a radioactive 

hazard in the case of a reactor meltdown. An evaluation of this hazard 

has been done and the possibility of cleaning the primary cooling system 

analyzed. 

Starting with an average ORR core at the end of an average fuel 

cycle and assuming that 1% of the core total fission-product contents 

(-1 gm) will get into solution in-the primary cooling systm, the con- 

centration of fission products will be: 

0.0062 curies/cm3 at the time of the meltdown 

0.0053 curies/cm3 10 min after meltdown 

0.0039 curies/cm3 1 hr after meltdown 

0.0016 curies/cm3 1 day after meltdown 

0.00052 curies/cm3 12 days after meltdown 

It is interesting to notice the slow decay of this mixture of fission 

products which is due to the fact that an average ORR core contains a 

large amount of "old" fission products . 
The dose rates produced by these fission products in the vicinity 

of the unshielded portions of the primary cooling system are: 



1. Trane Coolers 

Calcu la ted  a s  a  p l ane  source ,  t h e  dose r a t e  c a l c u l a t e d  f o r  a 

p o i n t  l oca t ed  a t  1 meter from t h e  c e n t e r  6f t h e  p l ane  is  

830 r / h r  a t  t h e  t ime  of t h e  meltdown. 

2 .  Main Pump 

Sphe r i ca l  source  w i th  1 - f t  conc re t e  s h i e l d i n g  and 10-ft  d i s -  

t ance :  The dose r a t e  a t  t h e  t ime of t h e  meltdown i s  2.5 r / h r .  

3 .  Decay Tank 

C y l i n d r i c a l  source  5 f t  underground: The dose r a t e  c a l c u l a t e d  

f o r  a  p o i n t  3  f t  above ground l e v e l  f s  0.015 r / h r .  

The Trane c o o l e r s  a r e  t h e  main source  of r a d i a t i o n s .  With an  acc i -  

den t  of t h i s  t ype ,  it  i s  very  l i k e l y  t h a t  t h e  Bulk Sh ie ld ing  F a c i l i t y ,  

t h e  Ro l l i ng  M i l l ,  and perhaps t h e  LITR, t h e  water p roces s ing  b u i l d i n g ,  

and t h e  pub l i c  road ,  woald have t o  be evacuated.  

I n  order  t o  avoid having t h e s e  f a c i l i t i e s  evacuated t o o  long a  t ime ,  

t h e  system would have t o  be c leaned .  A c a l c u l a t i o n  shows t h a t  acces s  t o  

t h e  demine ra l i ze r s  would be impossible  a  few minutes a f t e r  t h e  acc iden t  

and t h a t  t h e  r e s i n  would be damaged by r a d i a t i o n  approximately 5 days 

a f t e r  t h e  a c c i d e n t .  During t h i s  t ime ,  n e a r l y  a l l  t h e  f i s s i o n  products  

i n  t h e  water w i l l  have been removed by t h e  r e s i n .  However, an unde te r -  

mined amount would p l a t e  out  i n  t h e  Trane c o o l e r s  making access  bo t h e  

immediate a r e a  d i f f i c u l t  f o r  a  cons ide rab l e  t ime .  A method of i s o l a t i n g  

t h e  deminera l izer  u n i t s  a f t e r  5  days should be  found . in  o rde r  t o  avoid 

a recontamina t ion  of t h e  primary system by t h e  damaged r e s i n .  



1.3. Biology Experiment--0RR 

F. T. Binford and A. L. Colomb 

Thermal and f a s t  neutron f luxes  were measured i n ~ . a  sh ie lded conta iner  

located near t h e  ORRJpoolside f a c i l i t y  i n  order  t o  determine the  f e a s i -  

b i l i t y  of a genet ic  experiment proposed by R. C .  von Bors te l ,  .of ' : the 

Biology Division.  It was found t h a t  t h e  thermal neutron f l u x  requi re-  

ment can be met. It i s  not ye t  c l e a r  t h a t  the  f a s t  neutron i n t e n s i t y  can 

be reduced t o  a s a t i s f a c t o r y  l e v e l .  Further  experiments t o  determine the  

acceptable f a s t  neutron doses a r e  planned. 
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REACTOR OPERATIONS 

RADIOACTIVE WASTES OPERATIONS 

AND HOT CELLS OPERATIONS 

QUARTERLY RE PORT 

Summary 

The o p e r a t i n g  t ime a t  t h e  ORR decreased  t o  80% due t o  s e v e r a l  s h u t -  

downs f o r  r e p a i r i n g  t h e  b a l l - l a t c h  mechanism on t h e  shim rods  and due t o  

t h e  f a c t  t h a t  t h e r e  were two, major ,  bimonthly shutdowns i n  t h e  q u a r t e r .  

New components of ha rde r  m a t e r i a l  have been f a b r i c a t e d  f o r  t h e  b a l l - l a t c h  

mechanisms, and a  redes igned  mechanism i s  be ing  t e s t e d  o u t s i d e  t h e  r e a c t o r .  

I f  t h i s  performs s a t i s f a c t o r i l y ,  i t  w i l l  be t e s t e d  on one of t h e  c o n t r o l  

rods  i n  t h e  r e a c t o r ,  



1. OAK RIDGE RESEARCH REACTOR 

1-1. Operations 

W. R .  Casto 

Operations 

The ORR was operated during t h i s  per iod  a t  a power l e v e l  of 30 Mw. 

To ta l  opera t ing  time f o r  t h e  q u a r t e r  was 1728.2 hours .  The opera t ing  

da ta  a r e  given i n  Table . l .1 .  

Table 1.1. ORR Operations 

Period January 1, through March,31, 1961 

This ~ a s t  Year 
Quarter Quarter t o  Date 

Tota l  energy, Mwd 2136.7 2246.3 2136.7 

Average power, ~ w l o p e r a t i n g  hour 29.7 29.8 29.7 

Time ope ra t ing ,  % 80 .O 82 .O 80 .O 

Reactor water r a d i o a c t i v i t y ,  c/m/ml (av) 38,622 42,644 38,622 

Pool water r a d i o a c t i v i t y ,  c/m/ml (av) 900 913 900 

Reactor water r e s i s t i v i t y ,  ohm-cm (av) 501,000 444,000 501,000 

Pool water r e s i s t i v i t y ,  ohm-cm (av) 669,000 66 3,000 669,000 
h 

Research samples 9 6 9 

Radioisotope samples 109 104 109 

The co re  conf igu ra t ion  a t  the  end of t h e  q u a r t e r  i s  ind ica t ed  i n  

Figure 1.1. 

The l a s t  t h r e e  cyc le s  of ope ra t ion  a r e  shown i n  Table 1.2. 

Table 1 .2 ,  ORR Cycles of Operat ion 

Accumulated 
Cycle No. Date Begun Date Ended Energy (Mwd) 

3 1 December 1, 1960 January 15 ,  1961 1290.5 

3 2 January 21, 1961 March 10, 1961 1329.7 

March 17 ,  1961 I n  Progress  

F igures  1 .2 ,  1 .3,  and 1.4 i n d i c a t e  the. ..wsj;t$on6;:8£'.thel:sh&m .rodas 

dain;iag~;cyo.&es: 3 1  ; 32 ,::and.:33.. r e s p e c t i v e l y ,  
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SHIM-ROD POSITION ( in.)  

- - N N N N N W 
Q) a 0 N P Q) a 0 

I I  I I  I I  I I  I I I  I  I  I  I I  

SHUTDOWN l l :49  A.M 
A,M_ - - , , , , (ISOTOPE WORK 

AND R E F U E L I N G )  

DOWN 3 ~ 5 2  A.M. U P  4209 A.M. 
+ 3 SHUTDOWNS DOWN 4 : 3 2  A.M. U P 4 t 4 5 A . M .  

DOWN 6114A.M. UP6116A.M.  

DOWN 8:07l?M. UP 8:12 I? M. 

OWN I 2 1 0 0  M I D N I G H T  
( R E F U E L I N G  

D o w N 7 ~ 0 4 A . M .  U P 7 ~ 1 8  A.M. 

\ __, - SHUTDOWN 1144 A.M. 
START-UP 9 ~ 1 3  R M .  ( R E F U E L I N G  R E Q U I R E D )  

SHUTDOWN 1 2 1 0 0  NOON ( E N D  OF CYCLE)  
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Shut downs 

Two major shutdowns occurred du r ing  t h i s  q u a r t e r .  

January 15 through January 21, 1961. A c t i v i t i e s  du r ing  t h i s  

per iod  included modi f ica t ions  a t  t h e  south  f a c i l i t y  i n  p r e p a r a t i o n  f o r  

t h e  GCR gas-cooled loop No. 2 ,  removal of  f i v e  experiments ,  and i n -  

s t a l l a t i o n  of s i x  experiments .  

March 10 through March 1 7 ,  1961. A c t i v i t i e s  dur ing  t h e  pe r iod  

included removal of " in - r eac to r "  and "in-pool" components 6f GCR gas- 

cooled loop No, 1; r e p l a c i n g  t h e  cha rcoa l  t r a p  and a s s o c i a t e d  p i p i n g  

of t h e  experiment i n  CP-F2; an at tempt  t o  r e p a i r  t h e  fission-chamber 

d r i v e  u n i t  ( s ee  s e c t i o n  on r e a c t o r  c o n t r o l s ) ;  and removal and i n s t a l -  

l a t i o n  of s i x  experiments .  

Table  1 .3  l i s t s  t h e  unscheduled shutdowns which occurred t h i s  

q u a r t e r  . 
Table 1 .3 .  Unscheduled Shutdowns a t  t h e  ORR 

Durat ion 
Date 

(hr  
Remarks 

1-5-61 0.150 Shim rod No. 4  dropped, r ea sen  unknown. 

1-5-61 0 -233 Shim rod No, 5  dropped, reason  unknown. 

1-9-61 19.484 Shim rod No. 4  dropped, Water had leaked 
through a  bellows s e a l  and sho r t ed  out  t h e  
magnet. The d r i v e  mechanism was rep laced  
and t h e  r e a c t o r  re loaded .  

2-1-61 0.183 Shim rod No. 3  dropped, r ea son  unknown. 

2-1-61 0.150 Shim rod No. 3  dropped, reason  unknown. 

2-2-61 0.167 Shim rod No. 3  dropped, reason  unknown. 

2-3-61 7.917 Scram from e i t h e r  GCR loop No, 1 or  MSR (both 
alarmed).  This  may have r e s u l t e d  from a 
momentary i n d i c a t i o n  of l o s s  of instrument  
power; but ex t ens ive  i n v e s t i g a t i o n  f a i l e d  
t o  i n d i c a t e  e i t h e r  t h e  experiment o r  t h e  
primary cause .  Refue l ing  was necessary  due 
t o  xenon concen t r a t i on  i nc rease .  



Table 1.3.  (Continued) 

Duration 
Date (hr  ) 

Remarks 

3-2-61 0.067 Shim rod No. 5 dropped.* 

3-2-61 0.066 Shim rod No, 5 dropped.* 

3-9-61 0.150 Bhim rod  No. 5 dropped .* 
3-9-61 0.167 Shim rod No. 5 dropped.* 

3-9-61 .O .I66 Shim rod No. 5 dropped .* 
3-9-61 0.200 Shim rod No. 5 dropped ,* 
3-9-61 0,117 Shim rod No. 5 dropped,.* 

3-9-61 0.083 Shim rod No. 5 dropped .* 
3-9-61 0.100 Shim rod No. 5 dropped .* 
3-20-61 0.200 E l e c t r i c a l  power outage (human e r r o r )  , The 

wrong t r a n s f e r  swi tch  a t  t h e  K-25 sub- 
s t a t i o n  was thrown. 

3-24-61 15.650 E l e c t r i c a l  power outage (human e r r o r ) .  The 
wrong switch was thrown dur ing  a t e s t  of a 
t r a n s f e r  swi tch  a t  t h e  s u b s t a t i o n .  Power 
was not  r e s t o r e d  f o r  about 15 minutes ,  and 
r e f u e l i n g  was necessary .  

3-30-61 0.033 Shim rod No. 1 dropped, reason  unknown. 
- - - -  - 

*During t h e  e n d ~ o f - c y c l e  shutdown, which began on 3-10-61, i t  was found 
t h a t  t h e  No. 5 shim rod magnet i n s u l a t i o n  was breaking  down. 

There were no shutdowns f o r  r e a l  cause ;  i . e . ,  where such a c o n d i t i o n  

e x i s t e d  t h a t  without  r e a c t o r  power r educ t ion .  an experiment and/or  t h e  

r e a c t o r  could be damaged. 

Table 1.4 g ives  t h e  a n a l y s i s  of t h e  causes  of shutdowns f o r  t h i s  

q u a r t e r .  



Table 1.4. Analysis of ORR Shutdowns 

Total Downtime 
Description Number 

(hr 

Scheduled Shutdowns 
Regular, end-of-cycle 2 

Regular, midcycle and isotope work 1 

Regular, refueling 

Supplementary, refueling 

Control-rod drive repair 

Subtotal 

Unscheduled Shutdowns 

Instrument failure, reactor controls 0 

Instrument failure, experiments 1 

Rod drops, reason unknown 

Rod drops, magnet failure. 

Human error (resulting in electrical 
power failure) - 2 

Subtotal 19 

TOTAL 2 6 

Reactor Controls 

Maintenance and Modifications. During the shutdown ending cycle 31, 

the temporary circuit to warn of low water level in the reaceor cooling 

tower basin was removed and a permanent circuit installed. At the same 

time, a change was made in the gamma-chamber installation to provide sep- 

arate power supplies for the two chambers and to provide a method of 

compensating for the increase in chamber current during a reactor oper- 

ating cycle. 

When the reactor is at 30 Mw, the initial load resistance for each 

channel is determined to give a reading of 100 on a 0-150 scale with the 

scram switch just below full scale. Since the chamber current is expected 

to increase slowly throughout the cycle due to withdrawal of the shim 

rods, a switch is provided which inserts a shunt, reducing the recorder 

voltage about 25%. Thus, if either recorder reading has drifted upward 



t o  a  s c a l e  r ead ing  of  135, throwing t h e  swi tch  w i l l  reduce t h e  r e a d i n g  t o  

about 100. The l o w - s e n s i t i v i t y  p o s i t i o n  i s  never used un le s s  i t  has  been 

e s t a b l i s h e d  t h a t  t h e  h i g h - s e n s i t i v i t y  p o s i t i o n  g ives  a  r ead ing  g r e a t e r  

than  135 a t  a  r e a c t o r  power of 30 Mw, a s  determined by a  hea t  ba lance .  The 

h i g h - s e n s i t i v i t y  p o s i t i o n  i s  always used du r ing  r e a c t o r  s t a r t u p .  

The major o b j e c t i v e s  of t h e  gamma-chamber i n s t a l l a t i o n  a r e :  (1) Co 

o b t a i n  in format ion  r ega rd ing  t h e  performance of t h e  chambers, e s p e c i a l l y  

t h e  v a r i a t i o n  of chamber c u r r e n t  du r ing  a  normal r e a c t o r  o p e r a t i n g  c y c l e ;  

and (2) t o  provide  a  slow scram f o r  p r o t e c t i o n  a g a i n s t  an  acc iden t  caused 

by t h e  f l ood ing  of  one o r  more beam ho le s  du r ing  o p e r a t i o n  which would 

make t h e  raeutron-sensi t ive channels  u n r e l i a b l e .  

P r i o r  t o  t h e  shutdown i n  which t h i s  work was done, t h e  f iss ion-chamber 

drive assembly had been observed t o  s t i c k  f r e q u e n t l y  between 20 i n .  and 

30 i n .  withdrawn. A s  t h e  shutdown progressed ,  i t  became apparen t  t h a t  t h e  

r e p a i r  would r e q u i r e  a  more ex t ens ive  replacement of  p a r t s  t h a n  was posh . 

s i b l e  a t  t h a t  t ime.  S ince  p r e p a r a t i o n  f o r  r e p a i r i n g  t h e  d r i v e  was e s t i -* ' :  

mated t o  r e q u i r e  about one month, i t  was decided t o  i n s t a l l . a s t ~ p o r a y y  

f i s s i o n  chamber and p reampl i f i e r  f o r  use w i th  t h e  permanent channel .  The 

i n s t a l l a t i o n  of a  f i s s i o n  chamber i n  t h e  ORR pool  had p rev ious ly  been 

inves t i ga t ed . '  A "Procedure f o r  Checkout -and Opera t ion  of Temporary ORR 

F i s s i o n  Chambers' was w r i t t e n  by members of t h e  Reactor Con t ro l s  Depart-  

ment, Instrument  and Coc t ro l s  D iv i s ion .  Th i s  procedure was fol lowed i n  

d e t a i l  t o  e s t a b l i s h c t h e  adequacy of  t h e  temporary channel .  

Repair  of t h e  permanent f iss ion-chamber d r i v e  assembly began du r ing  

t h e  shutdown ending c y c l e  32 (March 1961).  It was planned t o  re te i in  t h e  

temporary i n s t a l l a t i o n  a s  an i n s t a l l e d  s p a r e  which could  be used i f  nec- 

e s s a r y .  During t h e  r e p a i r  ope ra t i on ,  it was found t h a t  t h e  new bea r ing  

u n i t  was no t  i n t e r changeab le  w i th  t h e  i n s t a l l e d  one; and r e p a i r  was re- 

scheduled f o r  t h e  shutdown ending c y c l e  33 (May 1961). Uae aE Dh6:tgm- 

p a r a r y  channel.waa cont inued.  

ID. P, Roux and A .  L. Colomb, Experimental Determinat ion of an  Adequate 
F i s s i o n  Chamber Locat ion i n  t h e  ORR Pool ,  CF-60-11-75 (November 4 ,  1960).  



Due to the construction of a shielded cell in the basement for GCR 

loop No. 2, a panel'board containing the reactor AP, facility-cooling AP, 
and off-gas AP transmitters was installed southeast of the entrance to the 

pipe-chase. The nitrogen-16 activity recorder will also be mounted in this 

panel to centralize all reactor water-system instruments in this area and 

make maintenance easier. 

The difficulties continued with the shim-rod drive mechanism (see 

Table 1.5., Malfunction of Reactor Controls). Design and testing to elim- 

inate the problem continues. 

Procedures. The four most important ORR Procedure Memoranda issued 

during the period were for the following: 

1. ORR Procedure Memorandum No. 160 - To restate and revise the pro- 
cedure covering operations involving the fuel-cadmium shim rods 

from initial insertion into the reactor to final shipment for fuel 

processing. Safety aspects covered are both mechanical and 

nuclear . 
2. ORR Procedure Memorandum No. 165 - To provide rules for the use 

of the new sensitivity switches on the gamma-chamber channels as 

outlined above. 

3. ORR Procedure Memorandum No. 170 - To define the criteria of 
acceptability for control-rod drive unit assemblies and auxiliary 

components. This memorandum not only contained revisions but 

restated criteria previously written. The memorandum also included 

procedures for routine safety system adjustments and tests. 

4. ORR Procedure Memorandum No. 172 - To restate and revise the pro- 
cedure involving the positioning of ion chambers in order to 

compensate for changes in the neutron flux at the chamber location. 

Tests. During removal of a fuel-cadmium shim rod, the four fuel ele- 

ments immediately adjacent to the rod are removed first in order to pre- 

vent the reactor from going critical as the rod is being removed. To deter- 

mine the effect on reactivity caused by changing shim rods, a critical '. 

test was planned in which the four fuel elements adjacent to a shim rod 

would be removed. The effect on the positions of the remaining rods with 

the reactor critical could then be observed. Since the temporary fission 



dhamber was i n  use ,  t h e  neut ron  source  was r e l o c a t e d  from CP-A8 t o  CP-F1 

f o r  t h i s  t e s t .  When t h e  t e s t  was performed, however, i t  was found t h a t  

t h e  r e a c t o r  was s u b c r i t i c a l  wi th  a l l  shim rods  a t  t h e i r  upper l i m i t s .  

S ince  only  one shim rod i s  removed a t  a  t ime,  t h e  t e s t  demonstrated t h a t  

t h e  r e a c t o r  i s  s u b c r i t i c a l  k i t h  a l l  shim rods  withdrawn.although a quant i -  

t a t i v e  measurement could n o t  be made a s  d e s i r e d .  

C r . i t i u , a l  t e s t s  were performed a f t e r  t h e  co re  was f u l l y  loaded f o r  

t h e  next  ope ra t ing  c y c l e .  I n  each c a s e ,  t h e  NO.  1 and No. 2 rods  (Be-Cd) 

were a t  t h e i r  upper l i m i t ;  and t h e  r e a c t o r  was c r i t i c a l  a t  t h e  i nd ica t ed  

p o s i t i o n  of t h e  o the r  four  rods .  These t e s t s  were made t o  determine how 

f a r  var ious  combinations of shim rods  would have t o  be withdrawn t o  make 

t h e  r e a c t o r  c r i t i c a l  wi th  t h e  remaining rods  i n s e r t e d .  

Rods 
I n s e r t e d  t o  Sea t  

None 

3 and 4 

5 and 6 

3 and 5 .  

Rods Withdrawn 

3, 4 ,  5 ,  and 6 

4 ,  5 ,  and 6 

3 ,  5 ,  and 6 

3,  4 ,  and 6 

3, 4 ,  and 5 

5 and 6 

3 and 4 

4 and 6 

Inches Withdrawn 

15 .OO 

16.57 

19.77 

16.48 

21.04 

22.91 

25.56 

18.40 

Fu l ly  1 16.52 

Fur ther  t e s t s  w i l l  be performed a s  r equ i r ed  by changes i n  ope ra t ing  

cond i t i ons .  



Table 1.5. Malfuncfiqn o,f Re.actor Controls--0RR 

Date Desc r ip t i on  

1-5-61 Shim rod No. 4  d r o p p e d , r e a s o n  unknown. 

1-5-61 Shim rod No. 5  dropped, reason  unknown. 

1-9-61 The magnet burned out  on Shim rod No. 4 ,  r e s u l t i n g  i n  a  rod 
drop and r e a c t o r  shutdown. Refue l ing  was neces sa ry ,  The 
magnet was found t o  be  wet ,  and it was decided t o  change 
out  t h e  d r i v e  tube  s i n c e  i n v e s t i g a t i o n  ind i ca t ed  t h a t  t h e  
l e a k  was i n s i d e  t h e  tube  r a t h e r  than  around i t .  Both 
magnet a m p l i f i e r s  had blown f u s e s ,  and s e v e r a l  r e s i s t o r s  
had f a i l e d  a s  a  r e s u l t  of t h e  power su rge .  Af t e r  t h e  
d r i v e  tube  was removed, t h e  l eak  was - f o u n d  i n  t h e  
bellows s e a l  l oca t ed  above t h e  magnet i n  t h e  magnet 
housing. I n  a d d i t i o n ,  dur ing  p re l imina ry  checks one of 
t h e  leads  of  t h e  Thyr i t e  shunt  was found t o  be l oose .  

1-18-61 The No. 2  ( sou theas t )  garma chamber was found t o  have a  
h o l e  i n  t h e  Tygon tub ing  con ta in ing  t h e  leads--probably 
due t o  a  combination of damage by water and by r a d i a t i o n .  
This  was found dur ing  r o u t i n e  replacement of t h e  No. 1 
(no r theas t )  gamma chamber, t h e  s e rvo  chamber, and t h e  NO. 3  
'safety chamber. The shutdown ending cyc1,e 31 was i n  
p rog re s s .  

1-20-61 During s t a r t u p  t e s t s ,  t h e  No. 6  shim rod would no t  drop wi th  
water  f lowing,  and t h e  d r i v e  tube  was r ep l aced .  A r o u t i n e  
replacement of t h e  d r i v e  tubes  f o r  shim rods  No. 1 and 
No. 2  was a l s o  performed du r ing  t h i s  shutdown. 

1-21-61 The r e a c t o r  s t a r t u p  f o r  c y c l e  32 was made wi th  t h e  tem- 
po ra ry  f i s s i o n  chamber a s  d i s cus sed  above. 

1-23-61 The power supply f o r  t h e  r e a c t o r  and pool  water  a c t i v i t y .  
monitors  was r ep l aced  due t o  t h e  f a i l u r e  of a  t r ans fo rmer .  

2-1-61 Shim rod No. 3  dropped twice ,  reason  unknown. 

2-2-61 Shim rod No. 3 dropped, reason  unknown. 

2-9-61 The log  count r a t e  meter i n  t h e  f i s s i o n  chamber channel  was 
rep laced  due t o  d r i f t i n g  of t h e  c a l i b r a t i o n  c i r c u i t .  

2-12-61 The d r i v e  tube  f o r  No. 6  shim rod d id  no t  permit  t he  rod t o  
drop when t h e  r e a c t o r  was scrammed p r i o r  t o  r e l o s d i n g .  
The tube  was rep laced  wi th  a  u n i t  con ta in ing  a  new head,  
a  new plunger  , and new ba 11s . 

2-13-61 iThe u n i t  i n s t a l l e d  an  No. 6  shim rod contained a  magnet 
.' which had a  s h o r t .  The magnet was r ep l aced .  

/ Following t h e  work on No. 6  ehim rod ,  t e s t s  showed No. 4  
shim rod would no t  drop wi th  water flowing (No. 4  shim 
rod had performed p rope r ly  dur ing  a l l  p rev ious  t e s t s ) .  
The s p a r e  used f o r  t h e  l a t t e r  p o s i t i o n  included a  new 



Table 1.5. (Continued) 

Date Descr ip t ion  

plunger and an o ld  head. 

During completion of t h e  replacement,  a  l eak  was observed 
i n  t h e  d r i v e  tube  fan No. 3 shim rod.  A s p a r e  was i n -  . 
s t a l l e d ,  inc luding  a  reworked ( r ep la t ed )  p lunger ,  new 
head, and new b a l l s .  

During s t a r t u p  checks fol lowing a r e g u l a r  r e f u e l i n g  shut -  
down, No. 6 shim rod d r i v e  tube was found t o  be d e f e c t i v e .  
The shim rod could be withdrawn while  t e s t i n g  t h e  d r i v e  
with no magnet c u r r e n t ;  i . e . ,  us ing  t h e  " ra ise"  c i r c u i t .  
The rod was then picked up using t h e  magnet; and, al though 
t h e  rod scrammed proper ly  s e v e r a l  t imes ,  it was decided 
t o  change the  d r i v e  tube.  When removal of t h e  d r i v e  tube 
was begun, i t  was found t h a t  t h e  new head u n i t  lacked a 
chamfer on t h e  lower end. This  prevented i t s  removal 
without f i r s t  removing t h e  wiper-bearing u n i t .  The 
absence of t h e  chamfer had not  prevented i n s e r t i o n  of 
t h e  tube on 2-12-61 due t o  i t s  l o c a t i o n .  

Af ter  a  spa re  tube had been i n s t a l l e d ,  t h e  Sau l ty  tube was 
inspec ted .  A 6O ' taber  on t h e  new plunger was found t o  
be longer than  s p e c i f i e d ,  

Shim rod No. 5 dropped twice .  

Shim rod No. 5 dropped seven t imes.  

During t h e  shutdown a t  t h e  end of c y c l e  32, t h e  d r i v e  tubes  
f o r  No, 5 and 6 shim rods were rep laced .  The magnet on 
No. 5 shim rod d r i v e  tube was found t o  break down under 
high vo l t age .  It i s  f e l t  t h a t  t h i s  caused t h e  rod drops 
on 3-2-61 and 3-9-61, Considerable d i f f i c u l t y  was expe- 
r ienced  i n  removing the  permanent f i s s i o n  chamber d r i v e  
tube f o r  r e p a i r  due t o  g a l l i n g  of t h e  tube. 

The f i s s i o n  chamber d r i v e  tube  and housing were removed wi th  
t h e  i n t e ~ ~ t i o n  of r ep lac ing  t h e  bear ing  u n i t ,  bu t  t h e  
replacement u n i t  was not  interchangeable.  The assembly 
was rep laced ,  and t h e  temporary f i s s i o n  chamber was used 
f o r  t h e  next c y c l e ,  A r o u t i n e  replacement of t h e  No. 2 
s a f e t y  chamber and t h e  No. 1 log-N chamber was a l s o  made. 

3-24-61 Following%n unscheduled scram, t h e  No. 4 shim rod f a i l e d  
t o  cock a f t e r  automatic rundown. The d r i v e  tube was 
replaced with a  s p a r e .  

3- 38-61 Shim rod No. L dropped, reason unknown. 



Mechanical Control  Redesign 

A r edes ign  of t h e  b a l l - l a t c h  r e l e a s e  mechanism has been completed by 

personnel  of t h e  Reactor D iv i s ion .  Following t h e  f a b r i c a t i o n  of a  t e s t  

u n i t ,  a  comprehensive s e r i e s  of t e s t s  w i l l  be performed t o  determine t h e  

r e l i a b i l i t y  and i n t e g r i t y  of t h e  new des ign .  Out -of - reac tor  t e s t s  w i l l  

be conducted f i r s t ;  and, i f  performance i s  accep tab l e ,  t e s t s  under simu- 

l a t e d  ope ra t i ng  cond i t i ons  w i l l  be preformed i n  t h e  ORR i n  one of t h e  Be-Cd 

shim-rod p o s i t i o n s .  

To reduce t h e  malfunct ions of t h e  r e l e a s e  mechanism dur ing  t h e  i n t e r i m  

pe r iod  u n t i l  t h e  new des ign  i s  accepted ,  t h e  o l d  p lungers  have been r e s u r -  

faced wi th  a  harder  s u r f a c e  us ing  s t e l l i t e  No. 1; and new s t e l l i t e  b a l l s  

and new head assembl ies  have been i n s t a l l e d .  Operat ion of t h e  c o n t r o l -  

d r i v e  u n i t  w i th  t h e  new p a r t s  has been s a t i s f a c t o r y .  

Fuel Handling 

During t h e  q u a r t e r ,  t h e  inventory  of spent  f u e l  elements cont inued 

t o  i nc rease .  A t o t a l  of 43 f u e l  elements and 4 shim rods  reached dep le t ed  

weight dur ing  the  q u a r t e r .  The use  of t h e  underwater saw i n  t h e  ORR pool 

improved handl ing of t he se  elements .  However, only 15 f u e l  elements and 

11 shim rods were shipped f o r  r ep roces s ing ,  r e s u l t i n g  i n  a  t o t a l  i n c r e a s e ,  

i n  inventory ,  of 2 1  u n i t s .  Although a  p o r t i o n  of t h e  i n c r e a s e  was due t o  

shipment of elements from o the r  r e a c t o r s ,  t h e  f a c t  remains t h a t : t h e  p re -  

v ious ly  l a r g e  inventory  of spent  f u e l  elements was i nc reased .  

This ' . inventory growth r e s u l t e d  from i n c r e a s i n g  t h e  ORR power l e v e l  

and lengthening t h e  ORR ope ra t i ng  c y c l e s .  I n c r e a s i n g  t h e  power l e v e l  t o  

30 MVJ from t h e  previous 20-Mw l e v e l  (16 Mw dur ing  t h e  summer months) has  

a c t u a l l y  brought about an i nc rease  i n  t h e  average ope ra t i ng  power from 
1 18 .3  Mw f o r  1959 t o  about 29.7 Mw a t  p r e s e n t .  The i n c r e a s e  i n  t h e  l eng th  

of t h e  ORR ope ra t i ng  c y c l e  has  r e s u l t e d  i n  an i n c r e a s e  i n  ope ra t i ng  time 

from 75.4%(merage f o r  1959)' t o  about 81%. The two f a c t o r s  i n d i c a t e  an  

i nc rease  i n  f u e l  consumption by a  f a c t o r  of about 1 . 7  and has  r e s u l t e d  i n  

a  need f o r  a  second f u e l  sh ipp ing  c a r r i e r .  This  i s  expected t o  be a v a i l -  

a b l e  f o r  use dur ing  t h e  t h i r d  q u a r t e r  of t h i s  y e a r .  

- 

'5. A.  Cox, Operat ions Div is ion  Qua r t e r ly ,  Report ,  October - December, 1959, 
ORNL-CF-59-12-102 (March 16, 1960). 



Facility Assignment 

Table 1.6 outlines usage of the ORR during the quarter. 

Table 1.6. ORR Facility Assighant 

Access Facility Nature of Experiment Flange Division Sponsor 

A-1 and 2 V-11 Pressurized water loop, MSR Reactor 

A-3 and 7, 
C-2, D-9, 
and F-5 

Radioisotope production Isotopes 

B- 1 V- 10 Gas-cooled loop No. 1 Reactor 

B-8 and V-1 and 3 Radiation damage studies Solid State 
C- 3 

B- 9 V- 2 Gas-cooled loop Solid State 

C- l V- 9 Fuel tests Solid State 

F-1 and V-8 and 3 Solid fuel studies 
E- 9 

React or 

F- 2 V- 6 Fuel tests Reactor (GE) 

F- 3 V- 7 ~e~~ studies Physics 

F-8 V- 4 Hydraulic rabbit 

F- 9 V- 5 Fuel meltdown Reactor Chemistry 

P-1, 2, 3, GCR capsule irradiations Reactor 
7, 8, and 
9 

P-4, 5, 
and 6 

Radiation damage Solid State 

HN- 1 Homogeneous fuel loop Reactor Chemistry 

HN- 3 Pneumatic rabbit for 
activation analysis 

Chemistry--Analytical 
Chemistry 

BN-2 and 4 Operations 

HS Gas-cooled loop No. 2 Reactor 

HB- 1 Magnet analyses of fission Physics 
fragments 

HB-2 Neutron spectrometer Solid State 

HB- 3 Neutron spectrometer Physics 

HB- 4 Neutron spectrometer Chemistry 

HB-5 Neutron spectrometer Physics 

HB- 6 Time-of-flight spectrometer Physics 



A l i s t  of new exper iments  o p e r a t e d  d u r i n g  t h e  q u a r t e r  i s  g i v e n  i n  

Tab le  1 .7 .  

Tab.le 1 .7 .  New ORR Experiments I n s t a l l e d  o r  Operated 

Date D i v i s i o n  Expected 
I n s t a l l e d  Sponsor Dura t ion  F a c i l i t y  Experiment D e s c r i p t i o n  

1-17-61 S o l i d  S t a t e  2 months P-4 Be t u b e - b u r s t  

1-17-61 S o l i d  S t a t e  2 months P-5 Columbium t u b e - b u r s t  

1-18-61 S o l i d  S t a t e  2 months P - 6 Z r  I1 t u b e - b u r s t  

1-17-61 S o l i d  S t a t e  2 months P-4 Piggy Impact and t e n s i l e  
Back specimen 

1-18-61 Reac to r  (GE) 2 months F-2 Ai r -coo led  f u e l  t e s t  

1-16-61* S o l i d  S t a t e  I n d e f i n i t e  B-9 N2-cooled f u e l  t e s t  

1-18-61 S o l i d  S t a t e  2 months B- 8 Be t u b e - b u r s t  

3-15-61 S o l i d  S t a t e  2 months P-5 P iggy  Impact and t e n s i l e  
Back Spec imen 

3- 15-61 S o l i d  S t a t e  2 months B- 8 Be tube-  b u r s t  

3-15-61 S o l i d  S t a t e  2 months B- 1 I r r a d i a t i o n  t u b e  

3-15-61 Reactor  (GE) 2 months F- 2 "Charpy" meta l  specimens 

3-29-61 Reac to r  (GE) 20 hours  F- 9 F u e l  t e s t  

*The c a p s u l e  was removed from f l u x  on 1-30-61 due t o  l e a k i n g  specimen. 
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