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WATER-LOSS TEST AT THE LITR 

J .  A .  Cox and C .  C .  Webster 

, 

ABSTRACT 

This  i s  a r e p o r t  on t h e  wa te r - lo s s  experiments performed 

a t  t h e  LITR dur ing  1951, 1952, and 1953 t o  determine t h e  temper- 

a t u r e  r ise  of t h e  f u e l  elements due t o  t h e  decay hea t  of t h e  

f i s s i o n  products  when t h e  water  was suddenly dra ined  from t h e  

r e a c t o r .  Tests were performed wi th  t h e  r e a c t o r  ope ra t ing  a t  

s e v e r a l  power l e v e l s  up t o  2300 kw with  and without  an  a u x i l -  

i a r y  cool ing  system. 

INTRODUCTION 

A t  t h e  t ime t h e  LITR was being b u i l t ,  t h e  Reactor Safeguards Committee 

s t i p u l a t e d  t h a t  a s a f e  ope ra t ing  power l e v e l  should be one a t  which t h e  

f u e l  p l a t e s  would n o t  be  melted by f i s s ion -p roduc t  hea t  i f  t h e  coo l ing  

wa te r ,  normally i n  c o n t a c t  wi th  t h e  f u e l  p l a t e s ,  should suddenly be l o s t  

due t o  r u p t u r i n g  of t h e  r e a c t o r  t ank .  

The h e a t - t r a n s f e r  r o u t e s  and t h e  thermal r e s i s t a n c e  a long  t h e s e  r o u t e s  

from t h e  f u e l  p l a t e s  t o  t h e  bery l l ium r e f l e c t o r ,  support  c a s t i n g s ,  and 

o t h e r  l a r g e  o b j e c t s  i n  t h e  r e a c t o r  could not  be determined a c c u r a t e l y  by a 

mathematical  t r ea tmen t .  It w a s  t h e r e f o r e  necessary  t o  measure t h e  tempera- 

t u r e s  reached by t h e  f u e l ,  fol lowing t h e  sudden l o s s  of water dur ing  opera- 

t i o n ,  under extreme cond i t ions  t o  a s s u r e  t h e  s a f e t y  of t h e  r e a c t o r  f o r  

power o p e r a t i o n ,  

This  information was obtained by performing a s e r i e s  of t e s t s ,  a t  

success ive ly  h igher  power l e v e l s ,  a t  t h e  LITR dur ing  1951, 1952, and 1953 

wherein t h e  temperature  w i t h i n  t h e  f u e l  elements was measured when t h e  

coo l ing  water was suddenly l o s t  from t h e  r e a c t o r  tank dur ing  level-power 

ope ra t ion .  A s  a r e s u l t  of t h e  tes ts ,  d a t a  t abu la t ed  i n  Table 1 and Table 2 ,  

i t  was determined t h a t  a u x i l i a r y  coo l ing  would be adv i sab le  f o r  power opera- 

t i o n  of t h e  LITR near  3000 kw. 

Tests up t o ,  and inc lud ing ,  t h e  1250-kw power l e v e l  without  a u x i l i a r y  

coo l ing  and from 1250 t o  2300 kw wi th  a u x i l i a r y  coo l ing  were performed. 

The a u x i l i a r y  coolan t  was suppl ied  by g r a v i t y  flow from a tank of -500-gal 
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c a p a c i t y  through two sp ray  nozzles  capable  of sp ray ing  3 gal/min onto t h e  

c o r e .  The r e s u l t s  of loss-of-water  tes ts  w i l l  be p re sen ted  where t h e  

temperature  was measured a s  a f u n c t i o n  of time when t h e  r e a c t o r  had been 

o p e r a t i n g  a t  power l e v e l s  up t o  2300 kw, inc lud ing  one tes t  w i t h  t h e  sp ray  

tank and nozzle  system i n s t a l l e d .  

DESCRIPTION OF THE LITR 

The LITR (Low-Intensity Tes t ing  Reactor)  w a s  o r i g i n a l l y  b u i l t  as t h e  

mock-up of t h e  M a t e r i a l s  Tes t ing  Reactor f o r  hydrau l i c  measurements and 

c r i t i c a l  t e s t s .  The c o r e  c o n t a i n s  uranium-aluminum a l l o y  f u e l  elements and 

cadmium c o n t r o l  elements (with a fo l low-sec t ion  made up of uranium-aluminum 

f u e l  p la tes )  he ld  i n  p l a c e  by a cast-aluminum g r i d  work. The f u e l  elements 

a re  made up of curved uranium-aluminum f u e l  p l a t e s  s epa ra t ed  by coo lan t  

flow channels  c o n t a i n i n g  water t o  c o o l  t h e  f u e l  p l a t e  s u r f a c e s  and provide 

t h e  necessa ry  neu t ron  moderator.  The c o r e  has  a be ry l l i um r e f l e c t o r  on t h e  

s i d e s  and a water r e f l e c t o r  on each end. The arrangement of t h e  r e a c t o r  

c o r e  i n  t h e  r e a c t o r  tank can be seen  i n  F igu res  1 and 2 .  

The arrangement of t h e  f u e l ,  be ry l l i um,  and experiments w i t h i n  t h e  

l a t t i c e ,  on May 1 2 ,  1952, i s  shown i n  F igu re  3 .  The shim rods  had f u e l -  

element fo l lowers  which contained only 14 f u e l  p l a t e s  and about 100 g of 

U235 a s  compared t o  18 f u e l  p l a t e s  and 130 t o  140 g of U235 f o r  t h e  f u e l  

e lements .  The t o t a l  f u e l  con ten t  of t h e  c o r e  was about 3100 g of U . 
The r e a c t o r  w a s  normally ope ra t ed  w i t h  t h e  No. 1 shim rod ( l a t t i c e  

2 35 

p o s i t i o n  C-22)  and t h e  No. 3 shim rod (C-26) completely withdrawn so  t h a t  

100% of t h e  f u e l  fo l lowers  were i n  t h e  c o r e .  The No. 2 shim rod (C-25) was 

withdrawn about 66%. 

The coo lan t  flow e n t e r s  t h e  r e a c t o r  v e s s e l  through t h e  s i d e  about 3 f t  

from t h e  top  of t h e  tank and flows down through t h e  l a t t i c e  and f u e l ,  from 

whence it  i s  drawn up through a bundle of t ubes  and passes  o u t  of t h e  

r e a c t o r  tank a t  t h e  same e l e v a t i o n  a s  t h e  e n t r a n c e .  For t h e  loss-of-water  

t e s t ,  t h e  bottom v a l v e  was opened and then  t h e  primary c o o l a n t  pump was 

shu t  o f f  t o  a s s u r e  u n i n t e r r u p t e d  water flow through t h e  f u e l  u n t i l  t h e  water 

l e v e l  i n  t h e  t ank  dropped below t h e  c o r e .  The water  was d ra ined  from t h e  

r e a c t o r  through a 6 - i n .  f langed va lve  a t t a c h e d  t o  t h e  bottom of t h e  r e a c t o r  

t ank .  Two Lucite-covered manholes a re  l o c a t e d  i n  t h e  t o p  cover of t h e  

h 
k 

c 

t 
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F i g .  1. Low I n t e n s i t y  T e s t  Reactor  



uWCLASS~F~EO 
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@ SPRAY FOR SPRAY NOZZLE TANK REACTOR VESSEL @ INLET REACTOR WATER L I N E  @ STRAINER 

@ EXIT WATER LINES 0 SEAL TANK @ FLUID COOLER @ L l T R  CORE 

@ REACTOR SHIELD 

@ SPRAY TANK 

EXIT REACTOR @ SHELL AND TUBE @ CONTAMINATED DRAIN @ WATER LINE HEAT EXCHANGER TO L l T R  RETENTION POND 
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@ VENT TO OFF-GAS 

Fig. 2 .  LITR Cooling Water Sys tem 
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UNCLASSIFIED 
ORNL-DWG 63-3834R 

REGULATING ROD 
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B E A M  HOLE - - _ _  - - - - - - - - 

' WATER 

LEGEND 

SPECIAL LATTICE PIECE FUEL a PARTIAL FUEL SHIM ROD a ISOTOPE STRINGER a CI FAC I LIT ACCESS Y 

Fig. 3 .  LITR Core Arrangement on 5/12/52 
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r e a c t o r  tank;  l ead  wires from thermocouples, pos i t i oned  i n  s p e c i f i c  f u e l  

elements t o  monitor t h e  t e m p e r a t u r e . d u r i n g  the  t e s t s  desc r ibed  below, 

passed through one of t h e s e  p o r t s .  

TESTS AND RESULTS 

Seve ra l  l o s s -o f -coo lan t  t es t s  were conducted du r ing  t h e  e a r l y  perform- 

ance runs made wi th  t h e  r e a c t o r .  These e a r l y  tests a r e  l i s t e d  i n  Table 1 

and a r e  desc r ibed  i n  r e p o r t s  ORNL-1075 and ORNL CF-52-2-158.' Three t e s t s  

w i l l  be desc r ibed  i n  t h i s  r e p o r t :  one performed on May 12, 1952, a t  

1000 kw without  a u x i l i a r y  coo l ing ;  one on May 19, 1952, a t  1250 kw without 

a u x i l i a r y  coo l ing ;  and one on August 31, 1953, a t  2300 kw w i t h  a u x i l i a r y  

coo l ing  . 

May 12, 1952, Loss-of-Water T e s t  

A f t e r  t h e  r e a c t o r  had been operated f o r  142 h r  a t  1000 kw, t h e  water 

w a s  suddenly d ra ined  from t h e  r e a c t o r  tank;  and t h e  temperatures  a t  two 

l o c a t i o n s  i n  one of t h e  f u e l  elements were monitored by means of thermo- 

' couples .  Before t h e  s t a r t  of t h i s  p a r t i c u l a r  r e a c t o r  c y c l e ,  two thermo- 

couples  were placed i n  t h e  f u e l  element t h e n  loca ted  i n  c o r e - p o s i t i o n  C-25. 

The thermocouples were i n s e r t e d  i n t o  an  aluminum tube wi th  t h e i r  j u n c t i o n s  

pos i t i oned  6 i n .  a p a r t  i n  t h e  a x i a l  d i r e c t i o n ;  The aluminum tube was about 

10 f t  long wi th  Tygon tubing a t t a c h e d  t o  t h e  upper end and extending out  

of t h e  r e a c t o r  t ank .  The aluminum tub ing  was f l a t t e n e d  over t h e  lower 

p o r t i o n  of i t s  l eng th  t o  about 0.050 i n .  t h i c k  so t h a t  i t  would f i t  i n t o  

t h e  coo lan t  channel .  

Because t h e  flow channels a re  somewhat g r e a t e r  than 0.10 i n .  wide, 

t he  thermocouple tube cannot be considered t o  have been i n  c o n t a c t  w i th  

t h e  f u e l  p l a t e s .  Therefore ,  one c a n  expect  t h a t  t h e  f u e l - p l a t e  temperature 

was somewhat h ighe r  t han  t h e  recorded temperature  u n t i l  thermal equ i l ib r ium 

was achieved.  

Figure 4 i s  a p l o t  of t h e  temperature  ve r sus  t i m e  f o r  t h e  thermo- 

couples  N o .  1 and 2 i n  t h e  f u e l  element i n  p o s i t i o n  C-25 l o c a t e d  a t  12 5/16 

and 6 5/16 i n . ,  r e s p e c t i v e l y ,  below t h e  top  of t h e  c o r e .  The t i m e  scale i s  

t r a n s l a t e d  h o r i z o n t a l l y  so  t h a t  ze ro  t i m e  i s  i n d i c a t e d  when a drop i n  t h e  

r eac to r -wa te r  t e m p e r a t u r e  was observed. For t h i s  p a r t i c u l a r  t e s t ,  t h e  

\ 



The r e s u l t s  l i s t e d  b 

Table 1. 

low a r e  d i s  

Water-Loss T e s t  Data 

ussed i n  ORNL- 1075 .and ORNL CF.-52-2-158 

T e s t  Power T i m e  a t  T i m e  t o  
Number Leve 1 

(kw) 
Power 

( h r )  

3 

4 

5 

6 

7 

8 

9 

10 

11 

12  

13 

14 

15 

16 

22.5 

60 

90 

112 

112 

135 

150 

150 

150 

300 

150 

150 

350 

770 

2 . 1 3  

2.5 

2.5 

2.25 

2 . 1 7  

2.08 

2 .2  

6.5 

24.5 

2 1  .o 
24.5 

117 .O 

129 .O 

131.6 

2 100 

2 100 

2400 

2400 

2 400 

2700 

2400 

6000 

3100 

9000 

9000 

9000 

6000 

7.5 

16.5 

22 .o 
26 .O 

28.5 

31 .O 

33.5 

40 

53 

62.5 

47 .o 
60 .O 

126 .O 

180 .O 

16.3 

35 .O 

46.6 

56.7 

62.3 

69.7 

73.2 

72 .O 

76 .O 

136.5 

53 .O 

68 .O 

140 .O 

215 .0(2)  

(l)Normalized t o  120 hours l e v e l  power. 

(2)Reactor  shut  down 2 minutes e a r l y .  



Table 2. Water-Loss Test Data 

T e s t  Power Time a t  Temperature T ime  t o  
Number Date Leve 1 Power a t  S t a r t  Tmax Reach Tma, ATma x 

(kw) (hr  1 ('"C) ("a (set) (OF) 

17 5- 12-52 1000 142 50 2 48 6420 360 

18 5- 19-52 1250 138 50 2 54 8 100 376"' 
19 2-23-53 1250 115 204 6000 

20* 3-2-53 1250 14 1 86 1320 18 7 (2) 
2 I* 3-9-53 1500 152 45 86 1020 18 5 

22* 6- 22- 53 1500 143 40 84 2160 183 

2 3* 8- 24-53 1900 134 46 7 9  1600 174 
24* 8-31-53 2300 114 52 92 1080 198 

(l)Might have been 40°C higher  i f  t h e  r e a c t o r  had not  shut  down prematurely.  

(2)Spray t a n k  went d r y  a t  2 h r  35 min. A t  3 h r  42 min, temperature  was 160°C i n  C-36. 

* 
Tests performed us ing  a u x i l i a r y  spray .  

03 
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-- WATER: 1000 kw FOR 142 hr 

UNCLASSIFIED 
ORN L- DWG 63-3266 

-TIME ( s e d  - 

24 O 

200 

4 60 

4 20 

80 

40 

0 

W a 
5 
I- THERMOCOUPLE 

NO. 4 C-25,12 in. 
THERMOCOUPLE 
NO. 2 C-25, 6 in. 

LEVEL POWER BEFORE LOSS OF I 

2 0 0  

4 60 

120 

80 

40 
0 400 80 0 4200 4600 I I I 

-4 0 2 0  40 60 80 400 120 440 160 480 
TIME ( rn in )  

F ig .  4 .  Water Loss Tests at LITR; 5/12/52 
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s a f e t y  s y s t e m  w a s  in te rceded  and t h e  r e a c t o r  was operated manually so  t h a t  

t h e  r e a c t o r  was shu t  down, not  by i n s e r t i o n  of poison c o n t r o l  elements 

but  by lo s s  of r e f l e c t o r  and moderator.  The c o n t r o l  rods  were not  i n s e r t e d  

i n t o  t h e  co re  u n t i l  more than 2 1 1 2  h r  l a t e r  when t h e  thermocouples ind i -  

ca t ed  a decreas ing  tempera ture .  

The thermocouple No. 1 ind ica t ed  an  i n c r e a s e  i n  t h e  temperature  of 

t h e  water ad jacen t  t o  i t  when t h e  flow of water  through t h e  c o r e  was 

reduced by s toppage of flow through t h e  normal coo lan t  o u t l e t  l i n e  wi th  t h e  

r e a c t o r  s t i l l  ope ra t ing  a t  l e v e l  power. When t h e  r e a c t o r  shu t  down due t o  

a loss of r e f l e c t o r ,  t h e  temperature  dropped below t h e  ear l ie r  equ i l ib r ium 

va lue .  The temperature  remained a t  t h i s  lower va lue  u n t i l  t h e  water dra ined  

out  of t h e  c o r e .  The bottom va lve  was then c losed  which prevented any 

s t a c k  coo l ing  e f f e c t  of t h e  f u e l .  The temperature  then r o s e  t o  about 100°C 

and remained a t  t h i s  va lue  u n t i l  a l l  t h e  water had evaporated from t h e  

s u r f a c e  of t h e  thermocouple tube  and t h e  a d j a c e n t  f u e l  p l a t e  s u r f a c e s .  

The temperature  then  r o s e  t o  a maximum value  of 248°C when t h e  heat-removal 

r a t e  from t h e  f u e l  p l a t e  equaled t h e  gene ra t ion  r a t e .  

The bottom va lve  and top  manhole were opened s imultaneously 1 4 2  min 

a f t e r  r e a c t o r  shutdown so  t h a t  a chimney o r  s t a c k  e f f e c t  could be used t o  

he lp  coo l  t h e  f u e l  e lements .  The e f f e c t  of t h i s  i s  immediately n o t i c e a b l e .  

The temperature  cont inued t o  drop and 1 2  h r  l a t e r  had dropped t o  -150°C. 

A t  t h i s  t i m e ,  t h e  water  sp ray ,  which had been p rev ious ly  made ready a t  t h e  

top  of t h e  t ank ,  w a s  opened and t h e  temperature  r e g i s t e r e d  by t h e  thermo- 

couples  dropped sha rp ly  t o  t h e  b o i l i n g  temperature  of water .  

The hea t -genera t ion  r a t e  due t o  f i s s i o n  products  i s :  

where Po i s  t h e  l e v e l  r e a c t o r  power be fo re  shhtdown, 

a f t e r  shutdown, and To i s  t h e  t i m e  (sec)  t h e  r e a c t o r  

t o  shutdown. 

The hea t  removal r a t e  i s :  

= H where H inc ludes  both t h e  heat-conduct ion 
d t  d t  

t i s  t h e  t i m e  (sec)  

i s  a t  power j u s t  p r i o r  

and heat-convect ion 

r 
t 

c o n s t a n t s ,  and el i s  t h e  temperature  d i f f e r e n c e  between t h a t  p o r t i o n  of 

t h e  f u e l  p l a t e  under cons ide ra t ion  and i t s  environment. Because of t h e  

low temperature  d i f f e r e n c e  involved,  w e  w i l l  n eg lec t  t h e  hea t  t r a n s f e r  by 
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r a d i a t i o n .  Above 100°C t h e  hea t  i s  removed by t h e  n a t u r a l  convection of 

t h e  a i r  pas s ing  through t h e  coo lan t  channels an'd by conduction along t h e  

f u e l  elements t o  s t r u c t u r a l  p a r t s  of t h e  c o r e .  

The h e a t  abso rp t ion  r a t e  i s :  
dQ where M i s  t h e  mass of t h a t  p o r t i o n  of t h e  f u e l  p l a t e  being 

P 

MCP dt * =  
d t  
cons ide red ,  C i s  i t s  h e a t  c a p a c i t y ,  and 0 i s  t h e  in s t an taneous  temperature 

of t h e  p l a t e .  

The hea t  abso rp t ion  r a t e  = t h e  h e a t  gene ra t ion  - t h e  heat-removal r a t e .  

I f  t h e  heat-removal r a t e  could be determined, i t  would be easy t o  ca l cu -  

l a t e  t h e  maximum temperature  which t h e  h o t t e s t  s e c t i o n  of a f u e l  element 

would reach i f  a loss of t h e  coo lan t  water occur red .  

May 19, 1952, Loss-of-Water Test  

The reactorahad been operated f o r  138 h r  a t  t h e  1250-kw power l e v e l  

when t h e  water w a s  suddenly drained from t h e  r e a c t o r  by opening t h e  bottom 

va lve  and s h u t t i n g  o f f  t h e  pump. A t  t h e  same t i m e ,  t h e  r e a c t o r  scrammed 

due t o  t h e  dropping of one of t h e  shim c o n t r o l  rods appa ren t ly  caused by t h e  

change i n  water flow. Because of t h i s ,  t h e  r e a c t o r  was shu t  down f o r  

-2 min while  t h e  water w a s  d r a i n i n g  from the  top p o r t i o n  of t h e  v e s s e l  before 

t h e  water l e v e l  reached t h e  top of t h e  c o r e .  This  meant t h a t  t h e  f i s s i o n -  

product  hea t  generated du r ing  t h a t  f i r s t  two mintues was c a r r i e d  away by 

t h e  r e a c t o r  water and d id  not  c o n t r i b u t e  t o  t h e  h e a t i n g  of t h e  f u e l  p l a t e .  

I n  t h i s  t e s t  t h e r e  were two a d d i t i o n a l  thermocouples, prepared s i m i l a r  t o  

t hose  i n  C-25, i n s e r t e d  i n t o  t h e  f u e l  element i n  p o s i t i o n  C-28; t h e s e  were 

des igna ted  No. 3 and 4 and pos i t i oned  12  5/16 i n .  and 6 5/16 i n . ,  respec-  

t i v e l y ,  from t h e  top of t h e  element.  P a r t  ( a )  of Figure 5 shows t h e  thermocouple 

p o s i t i o n s  i n  t h e  f u e l  e lements .  

The temperature  d a t a  a r e  p l o t t e d  i n  Figures  6 and 7 .  I n i t i a l l y ,  N o .  3 

i n  t h e  c e n t e r  of C-28  i nd ica t ed  a higher  temperature  than N o .  1 i n  t h e  

c e n t e r  of C-25. This  has been a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  one i n  C-28  

was i n  a tube which had been made - l / l O  i n .  t h i c k  so  t h a t  i t  f i t t e d  more 

c l o s e l y  between t h e  f u e l  p l a t e s .  The one i n  C-25 was much t h i n n e r ,  

-0.050 i n .  t h i c k ;  and t h e r e  was some ques t ion  t h a t  t h e  thermal c o n t a c t  

between i t  and t h e  f u e l  p l a t e s  might be poor.  A t  t h e  beginning, t h e  

thermocouples i n  C-28  were about 8°C h o t t e r  than t h e  ones i n  C-25, a l though 

t h e  maximum temperature of No. 1 i n  C-25 was 24°C h o t t e r  than No. 3 i n  C-28 .  
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This  sugges t s  t h a t  a t  t h e  maximum temperature ,  equ i l ib r ium cond i t ions  p r e -  

v a i l e d  so  t h a t  t h e  thermocouples and t h e  f u e l  p l a t e s  were a t  approximately 

t h e  same temperature .  

The thermocouples i n  C-25 i n d i c a t e d  t h e  maximum temperature of 253OC 

was a t t a i n e d  i n  t h i s  t e s t  135 min a f t e r  t h e  temperature  s t a r t e d  r i s i n g ;  

whereas,  i n  t h e  e a r l i e r  t e s t ,  t h e  maximum i n d i c a t e d  temperature of 248OC 

was reached 106 min a f t e r  t h e  temperature r i s e  s t a r t e d .  The power l e v e l  

of t h e  second t e s t  was 1250 kw, while  t h e  e a r l i e r  t e s t  performed on 

May 1 2 ,  1952, had been a t  1000 kw. The higher-power ruq took 27% longer 

time t o  reach i t s  maximum temperature .  It should be noted t h a t  105 min 

a f t e r  t h e  temperature r i s e  s t a r t e d ,  t h e  No. 1 thermocouple, l oca t ed  near 

t h e  c e n t e r  of t h e  f u e l  element i n  p o s i t i o n  C-25, reached the  same tempera- 

t u r e  i n  both t e s t s .  This  sugges t s  t h a t  t h e  maximum temperature achieved 

i s  q u i t e  dependent upon t h e  mechanism of hea t  removal. Since t h e  hea t  

removal i s  dependent upon both t h e  hea t  gene ra t ion  r a t e  and t h e  maximum 

temperature of t h e  f u e l  p l a t e s ,  one would expect a longer time f o r  t h e  

f i s s ion -p roduc t  hea t  gene ra t ion  of a higher  power l e v e l  of ope ra t ion  t o  

r a i s e  t h e  f u e l  p l a t e s  t o  an  equ i l ib r ium cond i t ion  between gene ra t ion  r a t e  

and removal r a t e .  

A t  t h i s  s t a g e  of t h e  t e s t ,  i t  was necessary t o  determine t h e  amount 

of a u x i l i a r y  coo l ing  r equ i r ed  t o  remove t h e  f i s s ion -p roduc t  hea t  a f t e r  

higher-power o p e r a t i o n .  

Assuming t h e  same h e a t - t r a n s f e r  cond i t ions  t o  e x i s t  a t  h ighe r  hea t -  

gene ra t ion  r a t e s ,  one can conclude t h a t  a l o s s  of water a f t e r  ope ra t ing  

t h e  r e a c t o r  a t  a power l e v e l  above 2000 kw could r e s u l t  i n  some melt ing of 

t he  f u e l .  What r a t e  and q u a z t i t y  of a u x i l i a r y  coo l ing  i s  necessary t o  

a s s u r e  t h a t  a s a f e  temperature  would be n-aintained fol lowing a loss of 

r e a c t o r  coo lan t  water? The fol lowing equat ion can be used t o  determine 

t h e  r a t e  of energy r e l e a s e  by p and y r a y s  emit ted by t h e  f i s s i o n  products  

a s  they decay toward s t a b i l i t y  f o r  t imes g r e a t e r  than 10 sec  a f t e r  r e a c t o r  

shutdown. For t imes l e s s  than 10 s e c ,  t h e  r a t e  of energy r e l e a s e  i s  some- 

what g r e a t e r  - 
Rt 2 6 .4  x P [ t - O o 2  - ( t  + w a t t s  

where P i s  expressed i n  w a t t s  of thermal power, To equa l s  time r e a c t o r  was 

o p e r a t i n g ,  and t equa l s  t i n e  a f t e r  r e a c t o r  shutdown ( s e e  Appendix A ) .  
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Assume t h a t  t h e  r e a c t o r  s h u t s  down as t h e  water  l eaves  t h e  c o r e  and 

t h a t  emergency coo l ing  i s  no t  r equ i r ed  u n t i l  20 sec a f t e r  shutdown from 

3000-kw ope ra t ion  t o  determine t h e  amount of coo l ing  water r e q u i r e d .  

t = 20 sec 

To = 114 h r  = 4.1  x 20 sec  5 

5 -0.2 - (4 .1  x - 1 0  ) 3 6 -0.2 R t  2 6.4 x x 3 x 10 [ (20) 
4 4 [0 .55  - 0.0751 e .19 .2  x 10 
3 

2 19.2 x 10 

2 91.0 x 10 watts 91 kw. 

x 0.475 

Assuming t h a t  t h e  water  from t h e  a u x i l i a r y  coo l ing  system i s  a t  100°F 

when sprayed onto  t h e  f u e l  e lements ,  what flow r a t e  of water i s  r equ i r ed  t o  

main ta in  a s a f e  fuel-element temperature? 

1 kw = 3412 Btu/hr  = 57 Btu/min 

Rt 2 91 x 57 = 5180 Btu/min 

Q = R t  = M  Cp A t  + M L,, 

where M = V (gal/min) x 8 l b s / g a l  

5180 Btu/min = 8 V [ 1 1 2  + 9703 

= 0.615 gal/min 5180 
8 (112 + 970) v =  

i f  a l l  t h e  water  were t o  evapora te  and i f  t h e  h e a t i n g  r a t e  were uniform 

throughout t h e  c o r e .  However, t h e  f i s s i o n  products  may reach  a l o c a l  peak 

concen t r a t ion  va lue  between l ' ,5 and 2 t i m e s  t h e  average va lue .  Therefore ,  

a coo lan t  flow r a t e  of about 3 gal /min w i l l  g ive  s u f f i c i e n t  f l ow 'wi th  a 

s a f e t y  margin.  

August 31, 1953, T e s t  w i th  Aux i l i a ry  Cooling 

Tests were c a r r i e d  out  a t  t h e  L'ETR dur ing  1951 and 1952 t o  determine 

what temperature  t h e  f u e l  elements might reach  i f  t h e  coo l ing  water should 

suddenly be l o s t  from t h e  r e a c t o r  tank  du r ing  ope ra t ion .  A f t e r  a s e r i e s  

of t h e s e  t e s t s ,  some of which a re  desc r ibed  i n  r e p o r t s  ORNL-1075 and 

ORNL CF-52-2-158 and those  descr ibed  ear l ie r  i n  t h i s  r e p o r t ,  i t  was d e t e r -  

mined t h a t  a u x i l i a r y  coo l ing  shouldbe r equ i r ed  f o r  ope ra t ion  above 1500 kw. 

The system f i n a l l y  adopted was an  a u x i l i a r y  tank  of -500-gal c a p a c i t y  so  

arranged a s  t o  be kept  f i l l e d  au tomat i ca l ly  by t h e  c i r c u l a t i n g  wa te r .  A 

l i n e  from t h i s  tank  was brought through t h e  w a l l  of t h e  r e a c t o r  tank  and 

terminated i n  two nozz les  about 7 f t  above t h e  a c t i v e  l a t t i c e .  These 

nozz les  were s o  s i z e d  t h a t  they  would d e l i v e r  t h e  water  from t h e  a u x i l i a r y  
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tank  a t  about  3 gal/min i n  a f i n e  sp ray  over t h e  top  of t h e  a c t i v e  l a t t i c e ,  

The normal water pa th  and t h e  l o c a t i o n  of t h e  sprays  i s  shown i n  F igures  

1 and 2 .  

Table 3 .  Water-Loss Tes t s  wi th  Spray Tank Cooling 

Tempera tu re  
Power "C O C  "F 

Date kw S t a r t  Maximum Maximum Remarks 

3/2/53 

3/9/53 

6/22/53 

8/24/53 

81 31/53 

1250 86 187 Core allowed t o  hea t  up f o r  
62 min a f t e r  spray  tank  r an  dry  
without  water  coo l ing .  Tempera- 
t u r e  increased  f rom 65°C t o  
156 "C . 

1500 65 85 185 Apparatus prevented c l o s i n g  t h e  
Luc i t e  cover  a t  t h e  top  of t h e  
tank  and c rea t ed  more s t a c k  
e f f e c t .  

1500 46 . 84 183 Same as above. 

1900 46 79 174 No. 2 shim rod dropped caus ing  
lower temperature .  

2 300 52 92 198 Resul t s  as expected.  
~ 

The tes t  a t  t h e  h ighes t  power (2300 kw) was made on August 31, 1953, 

a f t e r  t h e  r e a c t o r  had operated f o r  114 h r  a t  2300 kw. Following i s  a l i s t  

of p repa ra t ions  made f o r  t h i s  tes t :  

1. During t h e  previous week, thermocouples were i n s e r t e d  between 

f u e l  p l a t e s  of t h e  f u e l  elements N o .  C-36, C-32, and C-25. I n  

a d d i t i o n ,  thermocouples were i n s t a l l e d  ad jacen t  t o  t h e  bery l l ium 

between an  aluminum p l a t e  and t h e  s tacked  bery l l ium next  t o  t h e  

f u e l ;  and a thermocouple was placed i n  V-4, one of t h e  four  i n c l i n e d  

ho le s  a t t ached  t o  t h e  o u t s i d e  of t h e  tank  w a l l  a t  t h e  same e leva-  

t i o n  a s  t h e  c e n t e r  p lane  of t h e  c o r e .  A l l  of t h e  thermocouples i n  

t h e  f u e l  and bery l l ium were prepared by p l ac ing  two thermocouples,  

one 6 i n .  above t h e  o t h e r ,  i n  an  aluminum tube  which was then  

r o l l e d  f l a t  t o  a t h i ckness  of -0.050 i n .  The aluminum tube  was 

-10 f t  long s o  t h a t  t h e  upper p o r t i o n  of i t  extended out of t h e  

zone of r a d i a t i o n ,  and a Tygon tube was used t o  p r o t e c t  t h e  
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thermocouple wires from t h e  water  t h e  r e s t  of t h e  way out  of t h e  

r e a c t o r  tank .  I n  t h e  c a s e  of t h e  thermocouples which were placed 

i n  t h e  f u e l  e lements ,  a n  aluminum s t o p  was welded t o  t h e  s i d e  of 

t h e  tube  s o  t h a t  t h e  h igher  of t h e  two thermocouples i n  t h e  tube  

would be loca ted  i n  t h e  c e n t e r  of t h e  uranium f u e l  wh i l e  t h e  lower 

one would be s i t u a t e d  6 5/16 i n .  above t h e  bottom of t h e  uranium 

f u e l .  The arrangement of a thermocouple i n  a f u e l  element and t h e  

gene ra l  arrangement i n  t h e  r e a c t o r  tank  a r e  shown i n  F igure  3 and 

p a r t  (b) of F igure  5 .  

' 

2 .  The water  l e v e l  i n  t h e  seal  o r  surge  tank  was lowered t o  3 112 f t  

so  t h a t  t h e  water l e v e l  i n  t h e  r e a c t o r  tank  would be below t h e  top  

p lug  and would p e r m i t  removal of t h e  manhole cover .  Previous tests 

had shown t h a t  a s  t h e  water  l e v e l  dropped i n  t h e  r e a c t o r  t ank ,  

cons ide rab le  gaseous a c t i v i t y  came o u t .  A 2 - i n .  s u c t i o n  l i n e  was 

i n s e r t e d  i n  t h e  manhole t o  c a r r y  t h e  gaseous a c t i v i t y  t o  t h e  s t a c k .  

An emergency spray  was a l s o  i n s t a l l e d  i n  t h e  open manhole so  t h a t  

i t  could be turned on i f  any f a i l u r e  of t h e  a u x i l i a r y  spray  system 

should occur or  i f  t h e  need f o r  a d d i t i o n a l  coo l ing  was ind ica t ed  

a f t e r  t h e  a u x i l i a r y  tank  r a n  d r y .  

3 .  To insu re  t h a t  t h e  r e a c t o r  would con t inue  t o  o p e r a t e  whi le  t h e  

water  was d r a i n i n g  from t h e  r e a c t o r  t ank ,  t h e  scram c i r c u i t s ,  

normally a c t i v a t e d  by r educ t ion  of water  flow and e x i t - v a l v e  

c l o s u r e ,  were in te rceded  s o  t h a t  s topping  t h e  pump and c l o s i n g  

t h e  e x i t  va lve  would not  te rmina te  t h e  r e a c t o r  ope ra t ion .  

4 .  The s u c t i o n  from t h e  p i t ,  i n t o  which t h e  r e a c t o r  water d ra ined ,  

was increased  s o  t h a t  r a d i o a c t i v e  gas  would not  escape i n t o  t h e  

c o n t r o l  room. 

5 .  The c u r r e n t s  t o  t h e  magnets ho ld ing  up t h e  shim rods  were increased  

10-20 m a .  Previous exper ience  had shown t h a t  one rod o f t e n  dropped 

because of t h e  power f l u c t u a t i o n s  encountered du r ing  t h e  t e s t ,  

I n  normal ope ra t ion  t h e  magnet c u r r e n t s  a r e  set  r a t h e r  c l o s e  t o  t h e  

drop p o i n t ,  and a s h o r t  per iod  f l u c t u a t i o n  would sometimes cause 

one rod t o  drop .  

6 .  The r e a c t o r  c o n t r o l  was changed from se rvo  t o  manual. 
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7 .  The bottom d r a i n  va lve  was opened u n t i l  flow i n t o ' t h e  P i t  was 

e s t a b l i s h e d .  

8 .  The c i r c u l a t i n g  pump was stopped and t h e  e x i t  va lve  was c losed  

t o  prevent  water s iphoning back i n t o  t h e  r e a c t o r  tank  from t h e  

s e a l  t ank .  

9 .  A s  t h e  water  dra ined  from t h e  t ank ,  t h e  power f l u c t u a t e d  somewhat 

and t h e  ope ra to r  a t tempted t o  hold i t  a t  2300 kw by withdrawing 

o r  i n s e r t i n g  a shim rod .  

A s  t h e  water dra ined  from t h e  r e a c t o r  tank  i n  t h e  manner desc r ibed ,  

temperature  readings  (shown i n  Table  4 )  were taken a t  r egu la r  t i m e  i n t e r -  

v a l s  on a l l  of t h e  thermocouples.  

F igure  8 i s  a p l o t  of t h e  p o i n t s  taken from a r eco rde r  t r a c e  of t h e  

thermocouple loca ted  i n  t h e  middle of t h e  element pos i t i oned  i n  C - 3 6 .  The 

readings  from t h e  thermocouple loca ted  i n  t h e  c e n t e r  of t h e  element i n  

p o s i t i o n  C-25 a r e  shown f o r  comparison. Assuming t h a t  t h e  r e a c t o r  water  

i n l e t  temperature  was about 100°F and t h a t  a n  equal  amount of a u x i l i a r y  

coo l ing  water  passed through each element ,  t h e  element i n  p o s i t i o n  C-36 

was genera t ing  -25% more hea t  than  t h e  one i n  p o s i t i o n  C-25 .  

The h ighes t  temperature  observed was 92°C showing t h a t  t h e  a u x i l i a r y  

sp ray  tank  o f fe red  ample coo l ing  c a p a c i t y  t o  p r o t e c t  t h e  f u e l  elements 

from excess ive  overhea t ing  fol lowing loss of wa te r .  The coo l ing  e f f e c t  

of a i r  e n t e r i n g  a n  open d r a i n  va lve  and l eav ing  by t h e  vent  a t  t h e  top of 

t h e  tank i s  demonstrated on t h e  c h a r t  fol lowing t h e  c l o s i n g  of t h e  bottom 

va lve .  A t  t h i s  p o i n t ,  t h e  thermocouple shows a temperature  inc rease  from 

-85°C t o  -92°C i n  about 10 min. The e f f e c t  of t h e  f u e l  and t h e  shim rods  

being removed from t h e  l a t t i c e  i s  a l s o  demonstrated when t h e  rods were 

r eve r sed ,  a s  i nd ica t ed  on t h e  c h a r t ,  fol lowing which t h e  temperature  

decreased from 92°C t o  -85°C i n  -5 min. These t h r e e  shim rods  c a r r i e d  

-10% of t h e  f u e l  i n  t h e  r e a c t o r .  

Radiation-Level Measurements O K ~  August 31, 1953 

A number of o the r  observa t ions  were made dur ing  t h e  t es t  inc luding  

t h e  r a d i a t i o n  l e v e l  a t  va r ious  t imes .  For example, i n  t h e  c o n t r o l  room 

s i t u a t e d  a t  ground l e v e l ,  approximately t h e  same e l e v a t i o n  as t h e  r e a c t o r  

c o r e  and about  2 0  f t  n o r t h  ( sepa ra t ed ,  of course ,  by -11 f t  of conc re t e  

s h i e l d i n g ) ,  t h e  fol lowing r a d i a t i o n . r e a d i n g s  were obta ined .  



Table 4. Loss-of-Water Test 

August 31, 1953 

_- Thermocouple Posit ions and Locations 
No. 1 N o .  2 No. 3 No. 4 N o .  5 N o .  6 N o .  7 N o .  8 N o .  9 

Be Be C- 36 C- 36 C- 25 C-25 v- 4 C- 32 C- 32 
(Middle) (Bot tom) -- (Middle) (Bottom) (Middle) (Bottom) (Middle) (Bottom) 

Time (PM) Temperature Reading O C  

-- ---- 
4:45 35 41 52 48 37 44 86 46 47 
4:52 Down 
4:53 38 43 70 49 63 64 85 62 66 

4:55 50 53 80 92 77 70 85 - 76 78 
4:57 67 68 90 90 79  74 85 80 80 
5:OO 70 70 91 91 83 82 84 79 80 

5:05 67 66 92 91 84 81 83 78 78 
5:lO 68 67 92 92 85 81 82 78  78 
5: 15 69 67 90 88 84 83 82 76 76 

5 :20 66 68 89 86 84 82 82 75 76 
5:25 65 67 88 85 84 81 81 74 74 
5:30 64 66 88 84 82 81 81 73 73 

5:35 64 66 87 84 82 80 81 72 72 
5:40 65 66 87 83 80 80 81 72 72 
5:45 64 66 86 83 80 78 81 72 72 

5:50 63 66 86 83 79 78 80 7 1  72 
5:55 63 66 85 83 76 75 80 7 1  72 
5: 56 Closed Bottom Valve 

6:Ol 66 66 92 88 92 (? ) 87 80 70 72 
6:05 69 68 93 90 81 77 80 70 72 

h, 
0 

6:07 Reversed Rods 

6:lO 67 66 86 76 80 76 79 62 63 

, , -I 
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T i m e  a f t e r  uncovering core (min) m r  1 h r  

0 180 

1 5 0  

2 25 

3 17 

4 15 

6 10 

This  r a d i a t i o n  was a r e s u l t  of s c a t t e r i n g  from the  top of t h e  r e a c t o r  back 

t o  ground l e v e l .  
\ 

Envelopes con ta in ing  s h e e t s  of f i l m  were placed i h  a number of loca- 

t i o n s  around t h e  r e a c t o r  a t  4 : 4 5  p.m. and removed by 6 : 3 0  p.m. Film 

d e n s i t i e s  were i n t e r p r e t e d  from unshielded radium gamma c a l i b r a t i o n s  and 

ind ica t ed  t h e  fol lowing r a d i a t i o n  va lues  ( i n t e g r a t e d ) .  

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

Radia t ion  Dose a s  Determined from F i l m  D e n s i t i e s  

Locat ion Dose Reading (mr) 

Control  desk i n  f r o n t  of ope ra to r  ( 3  f t  above 
ground l e v e l  -20 f t  nor th  of r e a c t o r ) .  

Center of door ,  south  w a l l  of c o n t r o l  room 
( 3  112 f t  above ground l e v e l  -11 f t  no r th  of 
r e a c t o r ) .  

A t  door f ac ing  no r th  w a l l  of c o n t r o l  room 
( 3  1 / 2  f t  above f l o o r  -25 f t  no r th  of r e a c t o r ) .  

30 

\ 

30 

30  

A t  door f a c i n g  no r th  w a l l  of  c o n t r o l  room annex 30 
( 3  112 f t  above f l o o r  -40 f t  n o r t h  of r e a c t o r ) .  

c 
West s i d e  of n o r t h  pos t  a t  top  of s h o r t  s t a i r s ,  395 
midr i f f  (-5 f t  below top -10 f t  no r theas t  of r e a c t o r ) .  

Wes t ' s ide  of pos t  a t  sou theas t  corner  of walkway, 
mid r i f f  (-10 f t  below top -15 f t  e a s t  of r e a c t o r ) .  

6 0  

Door t o  top  room (-10 f t  sou theas t  of top of 
r e a c t o r  t ank) .  

395 

South manhole cove r ,  top p lug .  4 5 5 , 0 0 0  

Under s i d e  of  upper p l a t e ,  top  p lug .  3 4 0 , 0 0 0  

10. North window, top  room (-25 f t  no r th  and 4 f t  2 15 
above top  of water  t a n k ) .  



2 3  

A Victoreen probe wi th  a maximum range of 6,000 r / h r  was placed over 

t h e  top of t h e  n o r t h  manhole cover which c o n s i s t s  of -1 i n .  of L u c i t e .  

This  was connected t o  P r eco rde r  i n  the  c o n t r o l  room, and d a t a  from t h e  

c h a r t  t r a c i n g  a r e  p l o t t e d  i n  Figure 9 .  However, s i n c e  the  instrument was 

no t  c a l i b r a t e d  over d i f f e r e n t  energy l e v e l s  o r  t o  i t s  maximum range ,  t h e  

r e s u l t s  from t h e  f i l m  loca ted  i n  a s i m i l a r  spo t  on the  top of t h e  r e a c t o r  

were used t o  normalize t h e  a r e a  under t h e  curve and t o  determine t h e  maximum 

r a d i a t i o n  l e v e l .  The maximum r a d i a t i o n  l e v e l  measured a t  t h e  top of t h e  

r e a c t o r  was 1300 r / h r .  This occurred immediately a f t e r  dropping t h e  water 

l e v e l  below the  l e v e l  of t h e  c o r e .  This r a d i a t i o n  l e v e l  does not r e p r e s e n t  

what t h e  reading would be from t h e  ba re  f u e l  elements i f  they were com- 

p l e t e l y  exposed s i n c e  an  aluminum g r i d  wi th  a t o t a l  t h i ckness  of about 10 i n .  

of aluminum (but w i t h  a number of ho le s  i n  i t )  i s  interposed between t h e  

f u e l  and the  top of t h e  r e a c t o r .  

t h e  r e a c t o r  tank a l s o ,  undoubtedly, absorbed a l a r g e  p o r t i o n  of t h e  r a d i a t i o n .  

A number of o t h e r  mechanical p a r t s  i n  

CONCLUSIONS 

From the  information obtained during the  water- loss  t e s t s  descr ibed 

above, i t  was concluded t h a t :  

1. The LITR should have the  s a f e t y  f a c t o r  of an a u x i l i a r y  coo l ing  

system i n  case  of a r u p t u r e  of t h e  r e a c t o r  tank causing the  

sudden lo s s  of water i n  t h e  tank when t h e  r e a c t o r  i s  being operated 

near 3000-kw power l e v e l .  

2 .  The a u x i l i a r y  spray coo l ing  system, as used i n  some of t h e  t e s t s  

descr ibed above, i s  adequate t o  prevent mel t ing of t he  f u e l  

elements i f  t h e r e  were a sudden l o s s  of coo l ing  wa te r .  

3. The r a d i a t i o n  p r o t e c t i o n  t o  personnel i s  adequate f o r  any fo re -  

s eeab le  s i t u a t i o n .  

4 .  An important f a c t o r  i n  e v a l w t i n g  t h e  need f o r  a u x i l i a r y  coo l ing  

i s  the  time r equ i r ed  t o  evaporate  t h e  water en t r a ined  w i t h i n  t h e  

r e a c t o r  co re  when i t  i s  d r a i n e d .  

The time r equ i r ed  t o  l o s e  t h e  water a f t e r  r e a c t o r  scram s i g n i f i -  

c a n t l y  a f f e c t s  t h e  maximum temperature .  

5 .  

*\ 
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RADIATION LEVEL READINGS TAKEN AT NORTH 
MANHOLE COVER OF LlTR WITH A 6000 r/hr 
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WAS DETERMINED FROM DENSITY MEASUREMENTS - 
MADE ON FILM PLACED OVER SOUTH MANHOLE 
COVER. 
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Fig .  9 .  Radia t ion  Level vs T ime  a t  Top of Reactor Tank 
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APPENDIX A 

Af ter-Hea t Generation Rat e 

To determine t h e  cool ing  requirements  when a r e a c t o r  i s  shu t  down, i t  

i s  necessary  t o  know t h e  energy r e l eased  by t h e  f i s s i o n  products  a s  a 

func t ion  of t i m e .  The development given here  is based on experimental  

d a t a  quoted i n  many r e fe rence  books and handbooks. 

About 6 Mev of y-ray energy i s  emit ted by t h e  f i s s i o n  products  a s  

they decay by p emission toward s t a b i l i t y .  The r a t e  of r e l e a s e  of t h i s  

6 Mev f o r  t i m e s  g r e a t e r  than  10 sec  a f t e r  f i s s i o n  has  occurred may be 

represented  by: 
-1.2 

y energy = 1 . 3  t Mev/sec f i s s i o n  

where t i s  expressed i n  seconds.  Af t e r  10 sec, about t he  same amount of 

energy i s  r e l eased  by t h e  p r a y s .  
- 1 . 2  

M e V /  sec  f i ss i  on. (2 1 y + p energy = 2.6  t 

The number of f i s s i o n s  occurr ing  i n  t h e  r e a c t o r  ope ra t ing  a t  s t eady  

power P (expressed i n  w a t t s )  du r ing  a t i m e  i n t e r v a l  dT (expressed i n  

seconds) i s  3 . 1  x l o l o  P dT. 

t i m e  7 due t o  f i s s i o n s  which occurred dur ing  t i m e  i n t e r v a l  dT where 7 = t + T 

R 2 2.6 x 3.1 x 10 

The r a t e  of r e l e a s e  of p and y energy a t  

10 + . 2  dT Mev/sec wat t  

(3) 
10 7-1.2 

2 8  x 10 dT . 
Rate of emission of p and y energy a t  time 7 due t o  f i s s i o n s  dur ing  r e a c t o r  

ope ra t ion  f o r  t i m e  T o  a t  f ixed  power P 
rn 

dT - 1 . 2  
Rt 2 8 x l o l o  P J L o  ( t  + T) 

0 

- (t + T o > - o * 2 ]  Mev/sec Rt  4 x 10 P [ t q o e 2  
11 

where P i s  expressed i n  wa t t s  of thermal power, T o  equals  t i m e  r e a c t o r  

was ope ra t ing ,  and t equals  t i m e  a f t e r  r e a c t o r  shut  down. 

1 Mev = 1.5  x 10 wat t - sec  

Rt  '2' 6.4 x 10" P [ t - O a 2  - ( t  + T o > - o ' 2 ]  w a t t s ,  

where t > 10 s e c .  

- 13 

A t  t imes less than 10 s e c ,  t h e  r a t e  of y energy r e l e a s e  i s  somewhat 

g r e a t e r  than  a t  10 s e c .  

Equat ion ( 5 )  r e p r e s e n t s  t h e  f i s s ion -p roduc t  heat-generat ion r a t e  

a f t e r  r e a c t o r  shutdown f o r  t i m e s  g r e a t e r  than  10 s e c .  

(4) 
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