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SrnOPSIS 

The NRX Reactor s~!c&&r~,~&qgu.pment and ExperimentaJ 
f a T i l i t i e s  a r e - . d e . s ! . .  The purpose of t h e  var ious  
components i s  explained using photographs and diagrams 
a s  much a s  poss ib l e .  

Dimensions a r e  given s o  t h a t  t h e  reader  can v i s u a l i z e  
t h e  r e l a t i v e  s i z e s  o f  t h e  components. 

The r e p o r t  i s  meant t o  b&an intr-oduction ----"-%sz%--- - t o  __ t h e  -I._ 
NRX Design and Operating yI Manuals, --m----- from which d e t a i l e d  
i l i ; i ~ ~ ~ i ~ n - ~ ~ n - ~ ~ - o b t ~ , r n e  d . 
It; i s  expected t h a t  t h e  r e p o r t  w i l l  be of value t o  
t r a i n e e  NRX Reactor Operation;; perg0npe-J.- and t o  t a s e  
persons who r e q u i r s - o n l y  --- a ___ genera l  "-.-....- knowledge of t h e  
r e a c t  o r .  

-II____ _-_" ---. ... -*. - ,-" . --. .s----.*- -I- 

A b ib l iography of AECL r e p o r t s  p e r t a i n i n g  t o  NRX i s  
given. The r e p o r t  i s  80 pages long and con ta ins  20 
f i g u r e s .  
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I, INTRODUCTION : 

The NRX r e a c t o r  i s  a natural-uranium-fueled, heavy- 

The r e a c t o r  went c r i t i c a l  on J u l y  22, 1947 and 
water-moderated r e a c t o r  wi th  l igh t -water  cool ing  on t h e  
f u e l  rods ,  
f o r  many yea r s  was the l a r g e s t  high-f lux experimental  
r e a c t o r  I n  the world, 

NRX was designed a s  a plutonium-production and 
experimental  r e a c t o r  a& a power of 20 MW. With modif icat ions 
i n  3.950 and 1952 the  maximum power was increased t o  40 MW, 
I n  3.961 the  opera t ing  power was increased  t o  42 MW, The 
main work of t he  r e a c t o r  a t  the present  time is  the  t e s t i n g  
of f u e l  elements for power r e a c t o r s ,  %he i r r a d i a t i o n  t e s t i n g  
of m a t e r i a l s  t o  be used i n  power-reactor cons t ruc t ion  and 
t h e  product ion of r a d i o a c t i v e  i so topes ,  

T h i s  r e p o r t  is a genera l  d e s c r i p t i o n  of the  reac$orJ  
using diagrams t o  g ive  the  purpose of the r e a c t o r  equipment. 
Deta i led  information can be obtained from the  NRX Design 
and Operating Manuals and from the  Reactor Branch 
HandboQk, 101-225, 

A sho r t  b ib l iography of AECL r e p o r t s  on NRX i s  given 
a t  t h e  end, 

II, REACTOR STRUCTURE 

A. In t roduc t ion  

NRX i s  housed i n  a s t e e l - r e i n f o r c e d  b r i c k  bu%lding 
The r e a c t o r  h a l l  113 fee t  by 145 feet  by 90 feet  high, 

i s  se rv iced  by a @ ~ a n e  of 25-ton capac i ty ,  

Fig,  1 i s  a view of the sreac-bos taken %ram $he 
north-west corner  of the  reac%or h a l l .  Some of t h e  
componen6s t o  be described l a t e r  are l a b e l l e d  on $he 
photograph, 

from t h e  south-west , 
Fig, 2 i s  a cutaway drawing 0% the r e a c t o r  viewed 

Eleva t ion  @soas-se@tion  views are shown baa Fig, 3 .  
Noke t h a t  this diagram i s  half a north-south ellevaticjn 
and h a l f  an eas.8;-west, eab~va%bono 

The s e c t i o n  1s taken a% approximately $he mid-elevation 
of the  reas tor  vesse l ;  

Fig, 4 i s  a p l an  view of t he  r e a c t o r  s t ~ ~ u ~ t u r e ,  

For a de ta i led  d e s c r i p t i o n  of t he  r e a c t o r  s$xau@%ure 
the r eade r  ~ h ~ u l d  see t h e  baRX Design Manual A-34, The 
dfmensfons and drabsing numbers of t h e  s t r u c t u r e  are given 
concisely in t he  NRX Reactor Handbook, 101-225, 
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B. Reactor Components 

1. Calandria  

- 2 -  

The h e a r t  of t h e  NRX Reactor i s  t h e  r e a c t o r  
v e s s e l  o r  ca l andr i a .  The c a l a n d r i a  i s  a c y l i n d r i c a l  
aluminum t a n k  8 feet  9 inches i n  diameter and 
10 fee t  6 inches high. The heavy-water moderator i s  
contained i n  t h e  c a l a n d r i a ,  

The c a l a n d r i a  i s  shaped much l i k e  a water b o i l e r  
i n  t h a t  it has  an o u t e r  c y l i n d r i c a l  she l l  and inne r  
t u b e s  extending between t h i c k  end plates .  

The o u t e r  s h e l l  i s  made of l /4- inch-thick 
aluminum sheet. The upper s i x  inches of the s h e l l  i s  
formed from a cor ruga ted  piece of 1/4-inch-thick 
sheet aluminum welded t o  t he  main she l l .  T h i s  
cor ruga ted  s e c t i o n  forms an expansion j o i n t  t o  take up 
thermal stresses i n  the  c a l a n d r i a  caused by v a r i a t i o n s  
i n  t h e  heavy-water temperature du r ing  reactor  operat ion.  
The expansion j o i n t  can be seen near  the  t o p  of t h e  
c a l a n d r i a  i n  Fig.  2. 

Welded t o  the t o p  and bottom o f  the c a l a n d r i a  
she l l  a r e  aluminum tube  sheet8 t h ~ e e  inches t h i c k  
which form the  end p l a t e s  o f  the  v e s s e l ,  The 198 
c a l a n d r i a  t ubes  a r e  f a s t ened  t o  t he  t a p  and bottom 
t u b s  shee ta  by rs%%ed J o i n t s ,  The afPlaneZPia tubee, are 
1/16-lnch-tkick aluminum c y l i n d e r s  2-P/4 inches Inside 
diameter.  The c e n t r a l  thimble,  B 1/4-inck-thick 
aluminum tube  of 5-1/2 Inches i n s i d e  dlarneter, irs i n  
t h e  c e n t e r  o f  the  v e s s e l  as shown I n  F i g .  3 .  The 
t u b e s  a r e  arranged I n  a hexagonal l a t t i c e  6-13/16 
inches  between c e n t e r s .  

Cooling-water passages a r e  c u t  between the  rows 
of ho le s  i n  the tube  sheets, There a r e  s i x t e e n  
passages i n  t he  t o p  t u b e  sheet and eight  passages In 
t h e  bottom t u b e  sheet, t he  l a t t e r  being p a r t i a l l y  
cooled by t h e  heavy water.  Helium gas flows through 
t h e  t u b e  sheets around each c a l a n d r i a  tube  r o l l e d  
j o i n t .  Th l s  gas, under s l i gh t  p re s su re ,  p revents  t h e  
out leakags of heavy water or heavy-water vapour from 
t h e  c a l a n d r i a ,  

The c a l a n d r i a  I s  s i t u a t e d  i n  t h e  r e a c t o r  s t r u c t u r e  
a s  shown i n  Fig. 2 and 3 such t h a t  t h e  bottom of t h e  
c a l a n d r l a  I s  approximately two fee t  above the main 
f l o o r  of t he  r e a o t o r  h a l l ,  The boundary between the 
l i g h t  and dark  p a i n t  on t h e  o u t e r  r e a c t o r  concre te  
sh ie ld ,  as shown In Fig, 1, marks the mid-plane of t h e  
c a l a n d r i a .  
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2. 

3. 

Graphite Ref l ec to r  and Thermal Columns 

Surrounding the  side of t h e  c a l a n d r i a  i s  the  g raph i t e  
r e f l e c t o r .  A s  seen i n  F ig ,  2, 3 and 4 t h e  r e f l e c t o r  i s  
made i n  two s e c t i o n s  c a l l e d  t h e  inne r  and o u t e r  r e f l e c t o r  
which a r e  annular  r i n g s  made up of g r a p h i t e  blocks.  The  
i n n e r  r e f l e c t o r  i s  9 inches t h i c k  and i s  s i t u a t e d  with i t s  
i n n e r  f a c e  1-1/2 inches from the ca l andr i a .  An annular 
gap 2-1/2 inches wide c a l l e d  the J-rod annulus e x i s t s  
between the  inne r  and o u t e r  r e f l e c t o r .  The o u t e r  
r e f l e c t o r  i s  two feet  t h i c k .  The r e f l e c t o r  i s  cooled by 
a i r  f lowing down the  J-rod annulus. 

The r e f l e c t o r  reduces t h e  neutron leakage from the  
r e a c t o r  by r e t u r n i n g  t o  the  c a l a n d r i a  many neutrons t h a t  
would otherwise be l o s t .  It has  been es t imated  t h a t  t h e  
c a l a n d r i a  diameter would have t o  be increased  by  three 
fee t  f o r  the  same c r i t i c a l  height i f  the r e f l e c t o r  was 
not  p r e s e n t ,  T h i s ,  of course,  r e p r e s e n t s  a saving i n  
heavy water and f u e l  rods ,  

r e f l e c t o r  c a l l e d  the  North and Jouth thermal columns 
extend t o  t he  o u t e r  f a c e  of t h e  r e a c t o r  block. The thermal 
columns a r e  terminated a t  the  o u t e r  ends by cadmium-lined 
l e a d  and s tee l  doors,  The inne r  end of the columns a r e  
5 fee t  10 inches square,  while t he  o u t e r  f a c e s  a r e  6 feet  
8 inches square.  The thermal columns a r e  a source of 
thermal neutrons used f o r  r e sea rch  experiments, The 
reactor-control-system ion  chambers a r e  s i t u a t e d  a t  t h e  
o u t e r  end of t he  North thermal column, 

The g r a p h i t e  i n  t h e  r e a c t o r  weighs approximately 58 
t o n s ,  The composition of' the NRX graph i t e  i s  given i n  
Report N o ,  XOX-.l . lg by J,A, Morrison, 

Stored  energy i n  t he  NRX r e f l e c t o r  g r a p h i t e  is not  a t  
p resent  a problem because the opera t ing  temperatures  of 
the  g raph i t e  prevent the s to rage  of a dangerous amount of 
energy. 
NRX graph i t e  a r e  given i n  Reporb No. m@~-889 by H,B. Hfl ton  
and E,A,G, Larson. 

A s  seen i n  Fig.  2,  3 and 4,two ex tens ions  of the g r a p h i t e  

The l a t e s t  measurements of s t o r e d  energy i n  t h e  

Side Thermal Shields 

A s  shown i n  Fig. 2, 3 and 4 there a r e  two concent r ic  
c a s t - i r o n  thermal shields  surrounding the g raph i t e  r e f l e c t o r .  
These thermal sh i e lds  absorb r a d i a t i o n  t h a t  passes  through 
the  g raph i t e  r e f l e c t o r  and d i s s i p a t e  t h e  r e s u l t i n g  h e a t ,  
thereby p r o t e c t i n g  the  concre te  s h i e l d i n g  from thermal 
stresses. Each sh ie ld  Ea s i x  inches th ick ,  t he  inne r  one 
being l - l / 2  inches from the  o u t e r  r e f l e c t o r ,  A two-inch 
gap s e p a r a t e s  t he  two sh ie lds  and a two-inch gap s e p a r a t e s  
the  o u t e r  sh i e ld  and %he concrete  b i o l o g i c a l  sh i e ld .  The 
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t o t a l  weight of the  c a s t  i r o n  i n  the  sh ie lds  i s  155 t o n s ,  

These thermal sh i e lds  a r e  cooled by t h e  r e a c t o r  
cool ing  a i r  which flows up each side of t he  ou te r  sh ie ld  
before  e n t e r i n g  the  J-rod annulus. 

4. Lower Thermal Shields 

There a r e  f i v e  lower thermal  sh i e lds  beneath the  
calandz4a.  which absorb most of the  r a d i a t i o n  pass ing  
out of t h e  c a l a n d r i a  through t h e  bottom t u b e  sheet. A 
four- inch-thick s tee l  p l a t e  suppor ts  the  sh i e lds  which 
a r e  s tacked one upon t h e  o t h e r  a s  shown i n  Fig.  2 and 3. 

The s h i e l d  immediately beneath t h e  bottom tube  sheet 
i s  t h e  s t a i n l e s s  steel  lower a u x i l i a r y  thermal shield.  
T h i s  sh i e ld  i s  made of a l-1/2-inch-thfck p l a t e  with water 
channels c u t  i n t o  it and a 1/2-inch-thick cover p l a t e  
welded over the channels. I n s t a l l e d  dur ing  t h e  r e a c t o r  
r e h a b i l i t a t i o n  a f t e r  t h e  1952 acc ident ,  t h e  added cool ing  
capac i ty  provided by t h e  sh ie ld  enabled the  maximum r e a c t o r  
power t o  be increased  from 30 MW t o  40 MW. The sh ie ld  i s  
cooled by water from the main r 9 a c t o r  coolan t  supply 
reduced i n  p re s su re  t o  30 l b / in  
imate ly  30 kW dur ing  r e a c t o r  ope ra t ion  a t  e2 MW. 

and dissi  a t e s  approx- 

Four water and s teel  thermal  shields  a r e  below t h e  
lower a u x i l i a r y  thermal  shield.  Each sh ie ld  i s  12  inches 
t h i c k  made up of a f o u r  and a two-inch-thick s tee l  p l a t e  
and s i x  inches of water i n  t h e  form of a c i r c u l a r  
sandwich weighing approximately 20 tons .  The water slows 
down the  f a s t  neutrons which a r e  then  captured  by the  
s teel .  The shields  a r e  cooled by a common c losed  water 
system which c i r c u l a t e s  t he  water through each sh ie ld  i n  
t u r n  and a l s o  through two s i m i l a r  s tee l  and water shields  
above t h e  c a l a n d r i a .  The the rma l - sh ie ld - r ec i r cu la t ion  
system d i s s i p a t e s  approximately 80 kW dur ing  r e a c t o r  
ope ra t ion  a t  42 MW. 

5. Upper Thermal Shields 

There a r e  three thermal  sh ie lds  above the  c a l a n d r i a .  
The i n n e r  s e c t i o n s  02 these sh ie lds  can be removed, a s  
shown i n  Fig.  3, i n  o rde r  t o  r e p l a c e  the  ca l andr l a .  

The two t o p  inner  sh ie lds  a r e  twelve-Inch-thick s teel  
and water sandwiches s i m i l a r  t o  the lower thermal sh ie lds  
d iscussed  i n  Sec t ion  11-B-4 above, The inne r  sh ie ld  
immediately above the  c a l a n d r i a  was a s tee l  and water 
sh i e ld  bu t ,  dur ing  t h e  r e h a b i l i t a t i o n  fol lowing the 1952 
acc ident ,  t he  o r i g i n a l  sh i e ld  was r ep laced  with an 
aluminum and water sh i e ld  because the  extremely a c t i v e  
s tee l  and water s h i e l d  made the  disassembly of t h e  r e a c t o r  
q u i t e  d i f f i c u l t .  
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The out r upper thermal shields a r e  ring-shaped 
s t e e l  and water sandwiches which support  t h e  inne r  thermal 
shields  , 

The upper s t ee l  and water thermal shields a r e  cooled 
by the  the rma l - sh ie ld - r ec i r cu la t ion  system a s  mentioned 
i n  s e c t i o n  11-B-4 above. The aluminum sh ie ld  s cooled 

water i s  used s ince  the  ch lo r ine  i n  the low-pressure water 
system would corrode the aluminum shield.  The aluminum 
sh ie ld  d i s s i p a t e s  60 kW during r e a c t o r  opera t ion  a t  42 MW. 

Master P l a t e  

by t h e  high-pressure water reduced t o  30 l b / in  i3 , T h i s  

The master p l a t e ,  shown i n  Fig. 2, s e rves  t o  p o s i t i o n  
and support  a l l  t h e  f u e l  rods  i n  t he  r e a c t o r .  It is  
a four - inch- th ick  s t ee l  p l a t e ,  13 feet  4 inches i n  diameter 
with a t o p  l a y e r  of s t a i n l e s s  s teel  0,012 inches t h i c k  
p r o t e c t i n g  it from cor ros ion .  Chamfered shoulders  around 
each l a t t i c e  and J-rod annulus p o s i t i o n  support  the  rods  
by shoulders  on the o u t e r  shea th  of the  rods .  

B io log ica l  Shield 

The B io log ica l  Shield i s  the e igh t - foo t - th i ck  concre te  
sh ie ld  t h a t  surrounds the  r e a c t o r .  The ou t s ide  of it i s  
seen i n  F ig ,  1 while Fig.  2, 3 and 4 show it i n  c ros s -  
section., 

B u i l t  of ord inary  concre te ,  t h i s  sh ie ld  reduces the 
r a d i a t i o n  from t h e  r e a c t o r  t o  well below t h e  b i o l o g i c a l  
t o l e r a n c e  l e v e l .  T h i s  low r a d i a t i o n  l e v e l  i s  required s o  
t h a t  r e sea rch  experiments ope ra t ing  around t h e  r e a c t o r  
w i l l  no t  be affected by background r a d i a t i o n  from the  reactor .  

A s  seen i n  Fig,  2, t he  main b io log ica l  sh ie ld  forms 
t h e  support  f o r  the whole r e a c t o r  s t r u c t u r e .  It i s  
pierced by many experimental  and instrument  ho le s  a s  well 
a s  t h e  thermal columns. The ho le s  through t h i s  sh ie ld  
w i l l  be d iscussed  l a t e r  under "Experimental F a c i l i t i e s " .  

sh i e ld .  One small  room, f o u r  feet  square,  houses t he  
Sheldon fan-which v e n t i l a t e s  t he  upper header  room. The 
"two" recombination rooms each s i x  feet  square and e ight  
fee t  deep have been made i n t o  one room. The recombination 
rooms were b u i l t  t o  con ta in  equipment t o  recombine the  
r a d i o l y t i c  decomposition products  such a s  H2 and D2 c o l l e c t e d  
from t h e  heavy water by t h e  helium system, 
o s i t i o n  r a t e  tu rned  out  t o  be much lower than  expected 
s o  t h a t  only a small  recombination system was needed, and 
most of t he  space i n  the rooms i s  given over t o  experiment- 
a l  use. 

Three "rooms" are b u i l t  i n t o  t he  t o p  of the b i o l o g i c a l  

The decomp- 
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Pipe chases  i n  the main b i o l o g i c a l  sh ie ld  connect 
the  upper and lower header rooms, which, a s  seen i n  
Fig.  3, a r e  t he  spaces  where t h e  t o p  and bottom of the 
f u e l  rods  a r e  connected t o  t he  main coolan t  system, 

the  upper thermal  shields.  These c o n c r e t e - f i l l e d  s t ee l  
t r a y s  each weigh' approximately 18 tons .  The s teel  is 
one inch t h i c k  and the  concre te  16-1/2 inches th i ck .  
These shields  can be removed when it i s  necessary t o  
r ep lace  t h e  ca l andr i a .  

There a r e  f o u r  removable b i o l o g i c a l  sh i e lds  above 

8. Revolving Floor  

A s  shown i n  Fig.  1, 2 and 3 t h i s  p l a t e  forms the 
t o p  of t he  r e a c t o r  s t r u c t u r e .  It is  a sh ie ld  aga ins t  
r a d i a t i o n  from the shut-off  rods  o r  any experimental  rods  
t h a t  allow r a d i a t i o n  t o  stream upwards from t h e  r e a c t o r  
core  . 

The revolv ing  f l o o r  i s  a s ix teen- inch- th ick  water 
and s tee l  sandwich made i n  two s e c t i o n s .  The f i x e d  o u t e r  
s e c t i o n  i s  made of two e ight - inch- th ick  r i n g s .  They form 
a s tep  which suppor ts  t he  movable i n n e r  s e c t i o n .  

Nylon b a l l s  i n  a r a c e  grooved i n t o  the i n n e r  and o u t e r  
s e c t i o n  of t he  f l o o r  support  t he  movable sh ie ld  and allow 
it t o  r o t a t e  e a s i l y ,  

Two c i r c u l a r  manhole covers  three feet  i n  diameter 
made of s t ee l  and masonite l a y e r s  a r e  set i n t o  the 
revolv ing  f l o o r .  
by using an indexing system and r o t a t i n g  the inne r  s e c t i o n  
and the  manhole cover,  be se t  up over any r e a c t o r  l a t t i c e  
pos i t i on .  Rods a r e  then  removed through these ho le s  
which a r e  normally c losed  by s t ee l  p lugs ,  

Holes of 2-1/2 inches diameter  normally c losed  by 
s tee l  plugs,  a r e  c u t  through t h e  f i x e d  deck p l a t e  and l e a d  
t o  the  J-rod annulus,  T h i s  r i n g  of ho le s  i s  numbered 
0 t o  9 g 0  Two 7-112-inch-diameter ho le s  have been c u t  i n t o  
the  p o s i t i o n s  formerly occupied by J-rod ho le s  1-2 and 
3-4. These- l a r g e  ho le s  can be used f o r  i n s t a l l i n g  b u l k y  
equipment f o r  r e sea rch  experiments,  The use made of the  
J-rod annulus w i l l  .be d iscussed  l a t e r  I n  Sec t ion  14-7 ,  

A 6-1/2 inch ho le  i n  each manhole can, 
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C .  EXPERIMENTAL FACILITIES 

T h i s  s e c t i o n  w i l l  d e sc r ibe  those  experimental  f a c i l i t i e s  
of NRX t h a t  a r e  a p a r t  of the s t r u c t u r e  of t h e  r e a c t o r .  
Experimental f a c i l i t i e s  t h a t  have been developed f o r  
i r r a d i a t i o n  i n  the  r e a c t o r  core  i t s e l f  w i l l  be d iscussed  
l a t e r .  

De ta i l ed  d e s c r i p t i o n s  of the  experimental  f a c i l i t i e s  
a r e  given i n  repor t  No. CRE-4OOJ by E.J .  Wiggins and i n  t h e  
NRX Design Manual No. A-34. 

1. Sel f - serve  Units  

The s e l f - s e r v e  u n i t s  were designed f o r  the  
i r r a d i a t i o n  of small  samples of m a t e r i a l s  i n  a r e l a t i v e l y  
high neutron f l u x .  
a neutron f l u x  of from 0.3 x 1013 neutrons/cm2/ sec t o  
1.7 x 1013 neutrons/cm2/sec when the  r e a c t o r  i s  ope ra t ing  
a t  40 Megawatts. 
Report No. CRDC-730 by R.E, J e r v i s .  

of t he  r e a c t o r  block a s  shown i n  F ig ,  1 and 2. 
shows a p l an  view of t he  s e l f - s e r v e  ho le s .  Fig. 5 i s  
a c ros s - sec t ion  of a s i n g l e  se l f - se rve  u n i t .  

The samples can b e  i r r a d i a t e d  i n  

These f l u x  f i g u r e s  a r e  taken  from 

The s e l f - s e r v e  u n i t s  a r e  s i t u a t e d  a t  the  west side 
Fig.  4 

There were o r g i n a l l y  e ighteen  of these u n i t s  with 
a t o t a l  capac i ty  of 60 capsules  but ,  a s  seen i n  Fig.  1, 
one bank of three u n i t s  has  been removed and t h e  ho le s  
can be used f o r  r e sea rch  experiments. Three s e l f - s e r v e  
u n i t s  extend through the  inne r  r e l f e c t o r  a s  shown i n  
Fig.  5 and con ta in  f i v e  samples each. The innermost 
sample i s  4 inches  from t h e  c a l a n d r i a  wal l  as shown i n  
F ig .  5. The res t  of t he  u n i t s  end a t  the  J-rod annulus 
and con ta in  only three samples each. 

sample i s  t h a t  
Usually the s a  
super  pure a 
diameter  w i t  **inch t h i c k l w a i l .  Th-e cover i s  

wi th  aluminum pins .  A di.agr%m+ of a capsule  i s  shown i n  

l - imitat ion on a s e l f - s e r v e  i r r a d i a t i o n  

'i-s-placed. i n  a s tandard  capsule  of 
1-3/4 inches  high, 7/8 inches  ou t s ide  

apsu-le by * a .hydraul ic  press. The 
he -aluminum bal l - -by  a cap f a s t e n e d  

fit  inCo a 2-1/4-inch-diamgtes sphere e 

I n  - o r d e r : t o . i n % t a l l  a sample the p lug  A i n  Fig.  5 
i s  slid out by t h e '  handwheel-G u n t i l  the  desired 
r e c e p t a c l e  D i s  i n  p o s i t i o n .  
sample i s  r o l l e d  down the  i n l e t  pipe.  
t h e n  r e tu rned  t o  i t s  o r i g i n a l  p o s i t i o n .  The sample i s  
removed by r e v e r s i n g  the  procedure. The sample p lug  
i s  r o t a t e d  through 180" and t h e  sample r o l l s  i n t o  the  
p i l e  sample f l a s k  U. 

The b a l l  con ta in ing  the  
The sample p lug  i s  
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2. 

The p i l e  f l a s k ,  conta in ing  the sample, i s  then taken 
t o  a shielded device c a l l e d  the  se l f - se rve  e x t r a c t o r ,  The 
b a l l  i s  r o l l e d  out of t he  f l a s k ,  The sample i s  removed 
from the b a l l  and p u t  i n t o  a l ead  f l a s k  of from 2 inches t o  
4-1/2 inches th i ckness  depending on how rad ioac t ive  the 
sample is .  An extremely a c t i v e  sample may be removed from 
the  p i l e  f l a s k  and placed i n  a s i x  OF t e n  inch t h i c k  l ead  
f l a s k  under water. A l l  s e l f - se rve  sample capsules  a re  
weighted s o  a s  t o  s i n k  i n  water i n  the  event t h a t  the l a t t e r  
procedure i s  necessary ,  

Su i t ab le  i n t e r l o c k s  a re  arranged s o  t h a t ,  f o r  example, 
two samples cannot be i n s t a l l e d  i n  one pos i t i on  and no b a l l  
can be removed without a p i l e  f l a s k  being i n  pos i t i on .  

The du ra t ion  of i r r a d i a t i o n s  i n  the  self  -serve f a c i l i t y  
vary,  i n  genera l ,  from a few minutes t o  one o r  two weeks. 
Other f a c i l i t i e s  a r e  used i f  longer  o r  s h o r t e r  i r r a d i a t i o n  
t imes  a r e  desired. Typical  samples a r e  gold and sodium and 
va r ious  miscellaneous r e sea rch  t a r g e t s .  

The samples a re  cooled by a i r  drawn i n t o  t he  r e a c t o r  
through t h e  se l f - se rve  i n l e t  and o u t l e t  ho le s  by the  r e a c t o r  
a i r  system. Samples a r e  l imited t o  30 watt hea t  ou tput ,  
c a l c u l a t e d  assuming they w i l l  be i n  the  maximum f lux .  No 
m a t e r i a l s  w i l l  be i n s t a l l e d  t h a t  decompose under i r r a d i a t i o n ,  
a s  excess ive  gas  p re s su re  may rup tu re  the  capsule .  

Experimental Holes 

and twelve ho le s  of fou r  inches i n t e r n a l  diameter  t h a t  
pierce t h e  sh ie ld ing  r a d i a l l y  from t h e  ou te r  f ace  of t he  
r e a c t o r  t o  the ca l andr i a  wal l .  These ho le s  a r e  s i t u a t e d  on 
the  e a s t e r n  f ace  of t he  r e a c t o r  a s  shown i n  Fig.  3 and 4. 

There a r e  three ho le s  of twelve inches i n t e r n a l  diameter  

Each ho le  has  a c a s t  i r o n  inne r  g a t e  loca t ed  a t  the 
inne r  f ace  of t he  b i o l o g i c a l  sh i e ld  which i s  opera ted  from 
the  ou te r  f a c e  of the r e a c t o r ,  An ou te r  l e a d  gate i n  a c a s t  
i r o n  housing i s  loca ted  a t  t h e  r e a c t o r  f a c e ,  

The ho le s  a r e  l i n e d  with aluminum tub ing  through the  
g raph i t e  r e f l e c t o r  and with s t ee l  tub ing  through t h e  s ide 
thermal shields  and b i o l o g i c a l  shield.  The ho le s  a r e  
s tepped s o  t h a t  escaping  neutrons w i l l  not  have a s t r a i g h t  
pa th  t o  fol low.  When not  i n  use the  ho le s  a r e  c losed  with 
p lugs  made of s tee l ,  g raph i t e  and conc re t e ,  The plugs can 
be removed and experimental  equipment i n s t a l l e d  i n  the  ho le s  
using one of two h o r i z o n t a l  lead f l a s k s  t h a t  f i t  aga ins t  the  
r e a c t o r  block. There is  one f l a s k  f o r  t he  twelve-inch ho le s  
and one for t h e  four- inch holes .  
F ig .  1 and 2) is. equipped with a v e r t i c a l  s l i d i n g  door and 
an e x t r a c t o r  head opera ted  by a f u l l  l eng th  feed screw. The 
f l a s k  can be pos i t ion6d a t  the  r e a c t o r  face  by using the  
r e a c t o r  h a l l  crane.  

The amal le r  f l a s k  (shown i n  
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Samples and plugs i n  t h e  experimental  ho le s  a r e  
cooled by a i r  drawn i n  p a s t  t h e  plugs by the r e a c t o r  a i r  
system. Samples wi th  high heat  ou tputs  may have $0  be 
provided with t h e i r  own cool ing  systems. 

The ho le s  a re  used f o r  nuc lear  physics  experiments 
and a s  m a t e r i a l  i r r a d i a t i o n  f a c i l i t i e s .  

3 .  Pneumatic Holes 

A t  t h e  no r th  e a s t e r n  corner  of the  r e a c t o r  near  t h e  
no r th  thermal  column a r e  two prJeumatic holes .  They a r e  
l o c a t e d  2-3/4 inches above and below the  c a l a n d r i a  m i d  
e l e v a t i o n  and extend t a n g e n t i a l  t o  the  c a l a n d r i a  t o  the  
i n n e r  f a c e  of t h e  g r a p h i t e  re f lec 'cor  a s  shown i n  F ig .  4 ,  
O r i g i n a l l y  designed f o r  t he  i r r a d i a t i o n  of s h o r t  l i v e d  
m a t e r i a l s  t h a t  would be i n s t a l l e d  and removed by a i r  p re s su re ,  
t h e  ho le s  have never been used f o r  t h a t  purpose, A t  p r e sen t  
a g r a p h i t e  plug i s  i n s t a l l e d  i n  the  upper hole ,  P1, conta in ing  
s i x  thermocouples t h a t  are measuring the  temperatuse of t he  
i n n e r - r e f l e c t o r  g r a p h i t e  . 

4. Instrument Holes 

S ix t een  instrument h o l e s  of vazious s i z e s  p i e r c e  the  
r e a c t o r  s t r u c t u r e  a t  var ious  e l e v a t i o n s .  Some of these a r e  
t a n g e n t i a l  t o  the  c a l a n d r i a  and some a r e  b l i n d  h o l e s ,  Some 
have ion  chambers i n  them f o r  measuring the neutron f l u x  of 
t he  r e a c t o r .  Others have been used f o r  i r r a d i a t i o n  
f a c i l i t i e s  a t  va r ious  times, notab ly  ho le  1-2 shown i n  F ig .  4 
whiFh dur ing  1958 contained t h e  h o r i z o n t a l  organic  cooled 
loop tes t  s e c t i o n  t o  be d iscussed  i n  s e c t i o n  VI-A--2(d) .  

5. Miscellaneous Holes 

Four 2 - L/2 - iric h -di  ame% e F hole  s i' or" me as urirag t e mpe F a t  u r  e 
and pressure, o r i g i n a l l y  9rrbended $0 be used f o r  checking 
the  performance of the r e a c t o r  coo l ing  a i r  system, a r e  
a v a i l a b l e  f o r  experimental  purposes i f  requi red .  

There a r e  e ight  one-inch-diameter holes  througlh the  
upper s h i e l d i n g  l ead ing  t o  t h e * c a l a n d r i a .  These ho le s  were 
o r i g i n a l l y  intended t o  g ive  access  t o  experimental  t u b e s  
i n  the  c a l a n d r i a  between ad jacent  f u e l  rods.  I n  order t o  
s impl i fy  c a l a n d r i a  c o n s t r u c t i o n  .these t u b e s  were omitted.  
Two of t h e  ho le s  a r e  used f o r  thermocoup3.e l e a d s  but  because 
of  t h e  r e s t r i c t e d  space i n  t he  upper header a r e a  the  res t  
of t h e  h o l e s  h'ave never been used. 

A v e l o c i t y - s e l e c t o r  ho le ,  5-1/4 inches i n  diameter,  
i s  s i t u a t e d  over each thermal column a s  shown i n  Fig.  3. 
These ho le s  were designed t o  provide v e r t i c a l  beams of neut rons  
f o r  use with mechanical neutron choppers. ~ They have never 
been used f o r  experiments and a r e  c losed  by steel, plugs.  
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Thermal Column 

i n  Sec t ion  B-2 and i s  shown i n  Fig.  2, 3 and 4, 
The s t r u c t u r e  of t h e  thermal columns was descr ibed 

The main doors on t h e  ou te r  edge of t h e  thermal columns 
have a small  door set  i n t o  them which can be r a i s e d  
independently s o  t h a t  neutrons can s t ream out a 16-inch- 
square hole .  

The s e c t i o n  of t he  thermal  column from t h e  side 
thermal s h i e l d s  t o  the o u t e r  f ace  o f  the  b i o l o g i c a l  sh ie ld  
i s  movable. T h i s  movable s e c t i o n  i s  d iv ided  i n t o  three 
30-inch-long t i e r s ,  each on shallow four-wheeled t r u c k s ,  
They can be removed from the  r e a c t o r  so  t h a t  equipment can 
be set  i n s i d e  t h e  column, 

Various po r t ions  of the  removab'le s e c t i o n s  may be 
taken ou t ,  Square OF round openings may be obtained 
depending on the neutron beam requ i r ed  f o r  t h e  va r ious  
experiments, 

A c e n t r a l  p lug ,  4-112 inches i n  diameter,  which l eads  
d i r e c t l y  t o  t h e  ca l ands i a  can a l s o - b e  removed i f  necessary,  

7*  J-Rod Annulus 

The J-rod Annulus i s  t h e  annular  gap between t h e  
i n n e r  and o u t e r  r e f l e c t o r  mentioned i n  Section 11-B-2, 
T h i s  f a c i l i t y  was designed f o r  t h e  i r r a d i a t i o n  of thorium 
i n  t h e  form of thorium metal o r  thorium oxycarbonate rods .  
During t h e  e a r l y  days of t h e  P r o j e c t ,  thorium was c a l l e d  
J-metal f o r  s e c u r i t y  seasons .  T h i s  f a c i l i t y  t h u s  came 'co 
be c a l l e d  the  J-rod annulus,  

The 2-1,/2-inch-wide annulus has  84 i n l e t  ho le s  which 
could be used f o r  i r r a d i a t i o n s ,  Fourteen of these a r e  
p r e s e n t l y  blocked by t h e  p lugs  i n  the  h o r i z o n t a l  experimental  
ho le s  ., 

Thorium rods  were i r r a d i a t e d  u n t i l  1957 when they  were 
r ep laced  with c o b a l t  s l u g  rods  which a r e  sometimes c a l l e d  
c o b a l t  J-rods ., 

There a r e ,  a t  t h e  p re sen t  t i m e ,  65 c o b a l t  s l u g  rods 
i n  t h e  J-rod annulus,  Each sod con ta ins  3500 grams of 
c o b a l t  metal  i n  t he  form o f  s l u g s  1 inch long and 114 inches 
i n  diameter sheathed i n  1/16 inch t h i c k  aluminurn. 
hundred and f o u r  s l u g s  in, 72 l a y e r s  of seven s l u g s  each make 
up t h e  rod ,  The s l u g s  a r e  held 1.n c i r c u l a r  aluminum t r a y s  
which a r e  s tacked on a 7-1/2-6oot-long, 5/16-inch diameter 
aluminum rod which has  a l a r g e  threaded nut  on each end. A 
t r a y  a% each end of a Layer holds  t h e  s l u g s  i n  a c i r c u l a r  
a r r ay ,  1-112 inches i n  diameter ,  An o u t e r  aluminum t u b e  , ' I  
a - 5 / 8 - i ~ h e s  in ou t s ide  diameter and 11 fee t  long a c t s  as an 

Five 
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o u t e r  shea th .  The main r b a c t o r  cool ing  a i r  f lows  by the  
rods  through t h e  J-rod annulus a t  16,000 ft3/min; 
a r e  i r r a d i a t e d  f o r  t h r e e  t o  fou r  yea r s  t o  an average a c t i v i t y  
of about 5 curies/grarn. 

The s l u g s  

111. FLOW SYSTEMS 

A.  I n t roduc t ion  

There  a r e  f o u r  main flow systems connected wi th  t h e  
NRX Reactor.  These a re :  the  heavy-water moderator system; 
t h e  h e l i u m  system; t h e  l igh t -water  coolant  system and the 
cool ing  a i r  system, Although t h e  systems a r e  in te rconnec ted  
they  w i l l  be d i scussed  s e p a r a t e l y  f o r  the  sake of c l a r i t y ,  

B. The Heavy Water System 

1. Purpose 

The NRX Reactor uses heavy water a s  a moderator. 
The heavy water moderates o r  slows down the  f a s t  (h igh-  
energy)  neutrons produced i n  f i s s i o n .  
f o r  thermal (low-energy) neutron f i s s i o n  of U-235 i s  
much h ighe r  t han  the  c ros s - sec t ion  f o r  f i s s i o n  by f a s t  
neutrons.  The moderator t h u s  s u s t a i n s  t h e  cha in  r e a c t i o n  
by slowing down the  neutrons from a v e l o c i t y  of t h e  
o rde r  of 10,000 miles pe r  second t o  about one mile per 
second. 

The c ros s - sec t ion  

T h e  heavy-water system normally con ta ins  about 
19-1/2 t o n s  of heavy water which a t  the  c u r r e n t  p r i c e  of 
$28.00 per  pound i s  worth approximately $1.3. million, 

The term "polymer" has been used f o r  heavy water. 
During t h e  ea r ly  days o f  t h e  P r o j e c t  the  t e r m  "heavy 
water'' was c l a s s i f i e d .  The use of '*polymer" has  now 
e s s e n t i a l l y  been d iscont inued ,  

A s imp l i f i ed  schematic diagram of $he heavy-water 
system i s  shown in_-Fig.  6.' A s  can be seen from this 
f igu re ,  the e s s e n t i a l  p a r t s  of the  system a r e  t he  c a l a n d r i a ,  
three s to rage  t a n k s , , t w o  c o o l e r s ,  two supply pumps and 
two c i r c u l a t i n g  pumps. 
system can be found i n  the NRX Design Manual 101-47, 
Sect ion  A - 5 .  

A d e t a i l e d  d e s c r i p t i o n  of t he  

2 .  C a l a n d r i a  

The c a l a n d r i a  has been discussed p rev ious ly  I n  the  
s e c t i o n  on Reactor S : t ruc ture .  During normal r e a c t o r  
ope ra t ion  the c a l a n d r i a  i s  n e a r l y  f u l l  of heavy water 
( a s  shown i n  Fig.  2 ) .  A s  seen i n  F ig .  6, t he  c a l a n d r i a  
i s  f i t t e d  with n ine  l i n e s  which a r e  used f o r  f i l l i n g ,  
d r a i n i n g  and c i r c u l a t i n g  the  heavy water.  These l i n e s  
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e m de, of aluminum t u b e s  2-1/4 inches i n  i n t e r n a l  
%ameger. They te rmina te  a t  d i f f e r e n t  l e v e l s  i n  t h e  c a l a n d r i a  
i n  order  t h a t  maximum c i r c u l a t i o n  of t h e  heavy water i s  
obtained.  Except f o r  t h e  aluminum c a l a n d r i a  and t h e s e  
aluminum l i n e s  t h e  heavy-water system i s  made of s t a i n l e s s  
s t e e l .  

3. Heavy Water Storage Tanks 

The three s t a i n l e s s  s tee l  t anks  f o r  s t o r i n g  heavy water 
a r e  loca t ed  under the  r e a c t o r  h a l l  f l o o r  a t  t h e  nor th  
western side of the r e a c t o r  a s  shown i n  F ig .  2. 

s t ee l ,  i s  7-l/2 f e e t  i n  diameter,  fou r t een  f e e t  long and has  
a c a p a c i t y  of 3670 Imperial  ga l lons .  T h i s  t a n k  i s  normally 
empty and i s  used only a s  an emergency s to rage  tank .  
f o r  example, t he  heavy water i n  t h e  c a l a n d r i a  became down- 
graded wi th  l i g h t  water through some acc ident ,  No. 1 s to rage  
t a n k  would be used t o  s t o r e  t h e  downgraded heavy water u n t i l  
it cou ld  be p u r i f i e d .  N o .  1 s to rage  t ank  i s  f i l l e d  by 
opening t h e  manually operated three way valve v-3160 shown 
i n  Fig.  6 and can hold the  complete r e a c t o r  charge of heavy 
water. 

No. 1 Storage Tank, made of 3/16 inch t h i c k  s t a i n l e s s  

I f ,  

No. 3 Storage Tank, made of 3/16 inch t h i c k  s t a i n l e s s  
s t ee l ,  i s  8 f e e t  i n  diameter ,  6 f e e t  7-3/8 inches high,  and 
has  a c a p a c i t y  of 1729 Imper ia l  ga l lons .  T h i s  t a n k  i s  a l s o  
c a l l e d  t h e  dump tank .  A s  w i l l  be d iscussed  l a t e r ,  when t h e  
r e a c t o r  i s  shut-down the  heavy water l e v e l  i n  t h e  c a l a n d r i a  
i s  lowered t o  140 cm (approximately h a l f  f u l l ) ,  The water 
i s  p u t  i n t o  No. 3 Storage Tank. The amount of heavy water 
kept i n  t h e  system i s  j u s t  s u f f i c i e n t  t o  f i l l  No. 3 tank ,  t h e  
p i p i n g  between t h e  t a n k  and t h e  ca landr ia ,and  t h e  c a l a n d r i a  t o  
a t  most 140 cm. 

No. 2 Storage Tank, made of 3/16 inch t h i c k  s t a i n l e s s  
s t e e l ,  i s  7-l/2 f e e t  i n  diameter ,  8 f e e t  9 inches long, and 
has  a c a p a c i t y  of 2180 Imper ia l  ga l lons .  T h i s  s to rage  t ank  
i s  normally empty. However, when it i s  desired t o  d r a i n  a l l  
t he  heavy water from the  c a l a n d r i a ,  Valve No. V-3159, shown 
i n  F ig .  6, i s  opened thereby p u t t i n g  a l l  t h e  heavy water i n t o  
N o .  2 and No. 3 s to rage  t anks .  When the  r e a c t o r  i s  s t a r t e d  
,up fol lowing a complete d r a i n i n g  of the  heavy water,  No. 2 
s to rage  t ank  i s  emptied f i rs t .  

4. Heavy Water Coolers 

On pass ing  through t h e  c a l a n d r i a ,  t h e  heavy water i s  
hea ted  mainly by gamma r a y s  captured  i n  t h e  water and i n  t he  
c a l a n d r i a  s t r u c t u r e .  It i s  d e s i r a b l e  t h a t  the heavy-water 
moderator be a s  coo l  a s  p o s s i b l e  because the  c o o l e r  i t  is ,  
the  more dense it i s  and, t h e r e f o r e ,  a more e f f e c t i v e  moder- 
a t o r .  
about 5% of t h e  f i s s i o n  hea t  appears i n  t h e  heavy water.  

With a complete r e a c t o r  loading  of natural-uranium rods ,  



A t  40 MW r e a c t o r  power t h i s  i.s 2 MW of hea t  i n  t h e  moderator. 
A t  t h e  time of wr i t i ng  ( J u l y ,  1961) approximately 2.38 MW 
OF 5.7% of t h e  present  r e a c t o r  power of 42 MW appears i n  th.2 
moderator. The boos te r  rods of enr iched uranium aluminum 
a l l o y  i n  t h e  r e a c t o r  do not absorb a s  many gamma rays  as  t h e  
n a t u r a l  uranium rods and t h i s  e x t r a  heat appears i n  t h e  
moderat o r .  

The o r i g i n a l  design of t h e  NRX r e a c t o r  provided f o r  
one heavy-water cooler .  T h i s  coo le r ,  (now c a l l e d  coo le r  
No. 2 )  made completely of s t a i n l e s s  s tee l ,  is a b a f f l e d ,  
one-pass exchanger with a f l o a t i n g  Plead. It has 187 t u b e s  
3/8 inches ou t s ide  diameter and 135 inches long. The l i g h t  
water is on the s h e l l  side and t h e  heavy water f laws t&roug'ra 
t h e  tubes., The ou t s ide  of %he coo le r  i s  about 16 inches  i n  
diameter and 14 f e e t  long. 1% i s  loca ted  under t h e  r eac to r  
h a l l  f l o o r  with t h e  heavy-water s to rage  kanks a s  shown in 
Fig .  2 ,  

By 1949, the  r e a c t o r ,  which had been designed f o r  20 MlnJ 
ou tput ,  was opera t ing  as  high a s  26 Mld,  Xn order  t o  be able  
t o  opera te  a t  30 MW dur ing  t h e  summer months it was decfded 
t o  i n s t a l l  a second heavy-water coo le r .  The l i m i t  (at t h a t  
time) of 1QQ"F on t h e  ca l ands i a  o u t l e t  temperature of t h e  
heavy water would have been exceeded dur ing  t h e  S U ~ K A ~ F  wheii 
the  cool ing  water from the  rives approaches TOOF, 

I n  May, 1950 t h e  second cooler ,  gow c a l l e d  CQO~.WJ 1\90, 1 
s i n c e  the  heavy water flows through it f i rs t ,  was connected. 
i n  ser ies  with t h e  o r i g i n a l  c o o l e r ,  The new coo le r  i s  
i d e n t i c a l  t o  t he  o l d e r  one except t h a t  it; has  379 tubes each 
147 inches long. It enabled the r e a c t o r  t o  s p e r a t e  a t  30 Mahl 
a l l  year  while keeping t h e  heavy wa6,es tempera tme below J,QQaF, 
the l i m i t  considered safe  a t  t h a t  time. 

With t h e  two c o o l e r s  in ser ies  the  calandrla  i n l e t  
heavy water temperature i s  co r~ t s s l . l ed  when poss ib l e  a t  6OoF 
by varying the  l i g h t  water coolan% ~ I Q W  through the 6003ers. 
During the  summer months contataol of the Inlee temperature 
a t  60°F i s  not  p o s s i b l e  because of i n s u f f i c i e n t '  cool ing  
c a p a c i t y  of the C Q Q ~ ~ F S ,  and the i n l e t  temperature rises t o  
7'8°F. The cabandria  o u t l e t  temperature var'ltes from IBB'aP 
t o  235°F dur ing  the  year .  I n  the l i g h t  of be t t e r  knowledge 
of the  co r ros ion  of. aluminum by heavy water the temperature 
i s  allowed t o  exceed 100°F. The heavy-water flow through 
t h e  c a l a n d r i a  i s . n o r m a l l y  215 Igpm (gaS(W)/min. ) 

During t h e  winter months t h e  F i v e r  water temperature f a l l s  
Since heavy water freezes a t  39°F the t o  about 34°F. 

cool ing  water t o  the  heavy-water c o o l e r s  i s  turned  off 
whenever t h e  r e a c t o r  i s  shut  dOwn during the  win ter .  
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50 Heavy Water Pumps 
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A s  shown i n  F ig ,  6 there a r e  four  heavy-water pumps.- 
These pumps a r e  a l l  s t a i n l e s s  s t ee l  c e n t r i f u g a l  pumps with 
Crane type 1 mechanical s h a f t  s e a l s  with ceramic s e a t s  and 
g r a p h i t e  washers. 

The two supply pumps each have a r a t e d o p a c i t y  of 
55 Igpm, a t  a head of 70 fee t  and a r e  dr iven  by 3 hp motors 
a t  1950 rev/min. 

The two c i r c u l a t i n g  pumps each have a r a t e d  capac i ty  
of 310 Igpm, a t  a head of 185 fee t ,  and a r e  dr iven  by 25 hp 
motors a t  1750 rev/min. 

A s  shown i n  Fig,, 2 t h e  pumps a r e  under t h e  main r e a c t o r  
h a l l  f l o o r  adjacent  t o  the  heavy water s to rage  tanks  and 
coo le r s  

6, Weir Box 

U n t i l  May, 1958, t h e  heavy-water depth i n  t he  c a l a n d r i a  
(and t h u s  t h e  r e a c t i v i t y  of t h e  r e a c t o r )  was c o n t r o l l e d  by 
pumping heavy water i n t o  t h e  c a l a n d r i a  and out through a 
weir box a s  shown i n  Fig.  6. The weir box was used a s  a 
coarse  r e a c t i v i t y  c o n t r o l  with a c o n t r o l  rod being used t o  
compensate f o r  small  r e a c t i v i t y  changes 

The weir box, made of 1/8-inch-thick s t a i n l e s s  s tee l ,  
i s  seven inches i n  diameter and two feet  long,  The two- 
inch-diameter i n l e t  and o u t l e t  l i n e s  a r e  of f l e x i b l e  
cor ruga ted  s t a i n l e s s  s t ee l ,  The weir box i s  hung from a 
sprocket  by a counter-balanced r o l l e r  cha in ,  and the  sprocket  
dr iven  by an amplidyrae which i s  controlle-d from t h e  r e a c t o r  
c o n t r o l  console by a se l syn  u n i t .  E l e c t r i c a l  probes i n  
the  box i n d i c a t e  when proper  flow is  being maintained, The 
box opera tes  over a range of seven f e e t  corresponding t o  from 
three fee t  t o  t e n  f e e t  of heavy water i n  t he  c a l a n d r i a ,  A 
head of 3-112 cm of water i s  r equ i r ed  t o  maintain flow over 
the  weir 

Since May, 1958 t he  weir box has  been used only a s  a 
p r e c i s e  instrument f o r  measuring the amount of heavy water 
i n  the c a l a n d r i a  when the  heavy water inventory  i s  taken 
dur ing  shutdown, The l e v e l  of the  heavy water i s  c o n t r o l l e d  
during r e a c t o r  opera t ion  -by a i r -opera ted  f low-control  va lves  
a s  w i l l  be d iscussed  l a t e r .  The weir box i s  pos i t i oned  a t  
the  t o p  of i t s  range during r e a c t o r  opera t loq  where it prevents  
the  c a l a n d r i a  from being over f i l l e d .  If  the heavy water 
flows i n t o  the weir box a t  any time a l e v e l  probe changes 
t h e  heavy-water pumps t o  the  5 Igpm f i l l i n g  r a t e ,  The heavy 
water w i l l  t hen  flow back t o  t h e  s to rage  t a n k  and the  c a l a n d r i a  
cannot be f i l l e d  beyond about 307 cm, 



- 15 - 

Lrs 7. Ion-Exchange Columns 

A s  shown i n  Fig.6 t h e  heavy-water system 
with two ion  exchange and p u r i f i c a t i o n  f i l t e r  
a r e  loca t ed  i n  t h e  water monitor p i t  no r th  of 
water s to rage  t ank  rooms. 
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is  provided 
u n i t s ,  They 
the  heavy- 

Air i n  t he  heavy water r e s u l t s  i n  t h e  formation of 
n i t r i c  a c i d  during i r r a d i a t i o n ,  The’ac id  lowers t h e  pH of 
t h e  water causing cor ros ion  of t h e  aluminum c a l a n d r i a ,  The 
i o n  exchange columns remove m e t a l l i c  ions  from t h e  water arid 
maintain t h e  pH a t  5.4 t o  6. The e f f e c t i v e n e s s  of t h e  ion  
exchange columns i s  checked by measuring the  conduc t iv i ty  
of t h e  water before  and a f t e r  t h e  c o l u m s ,  The conduet ivf ty  
of the water i s  normally about 0,2 x 10-6 mhos. 

The ion  exchange column c o n s i s t s  of a removable s t a i n l e s s  
s tee l  r e s i n  can, a s t a i n l e s s  s tee l  f i l t e r  c a r t r i d g e  and a. 
s tee l  l e a d - f i l l e d  s h i e l d i n g  j acke t .  The r e s i n  can i s  about; 
34 inches long and f o u r  inches i n  diameter.  S t a i n l e s s  s tee l  
screens  a t  e i t h e r  end of t h e  res in-can  hold the  r e s i n  in 
p lace ,  Any r e s i n  o r  cor ros ion  products which pass  through 
the  screen  a r e  f i l t e r e d  out by t h e  f i l t e r  c a r t r i d g e  whlch i s  
packed with g l a s s  wool. 

One of t h e  two p a r a l l e l  columris Zs used a t  a time wi th  
t h e  o t h e r  being on standby. 
heavy water flow downwards through the  column. The mixed 
bed ET-OH Rohn and Haas Amberlite XE-150 r e s i n  normally has 
t o  be rep laced  about every s i x  months. 

Approximately 2-1/2 Igpm of 

Heavy water i s  recovered from a spent  r e s i n  bed us ing  
t h e  heavy-water recovery u r a l t .  The heavy water is boi led  
o f f  t he  r e s i n  with steam arid t he  vapour %s co l l ec t ed  in 2 
co ld  t r a p .  

8. Heavy-Water -I Salvage System 

There i s  u s u a l l y  some water leakage from rods  i n  t h e  
r e a c t o r .  T h i s  water and any s p i l l e d  dur ing  rod changes flows 
i n t o  the  basement sump. The water i s  p e r i o d i c a l l y  pumped 
i n t o  t h e  r e a c t o r  l i gh t -wa te r  e f f l u e n t  l i n e  a f t e r  being 
analysed t o  make c e r t a i n  no heavy water is presen t .  

If  a l a r g e  heavy-water l e a k  developed, f o r  example, 
from a ca l ands i a  tube rup tu re ,  heavy water would flow i n t o  
the  sump, T h i s  water would be pumped i n t o  the  salvage system 
which has  two t anks  with c a p a c i t i e s  of 800 Imperial  ga l lons  
and 1100 Imperial  ga l lons .  The water thus salvaged would 
be p u r i f i e d  i f  necessary and r e tu rned  t o  t h e  r e a c t o r ,  

drs 



g o  Reactor Control With t h e  Heavy-Water System 

f o r  
a c  

O r i g i n a l l y  NRX had f o u r  c o n t r o l  rods  t h a t  compensated 
I Sine r e a c t i v i t y  changes while t he  weir box was used a s  
oarse  c o n t r o l  of r e a c t i v i t y ,  I n  May, 1958 the  l a s t  

c o n t r o l  rod  was removed from NRX and t h e  c o n t r o l  of t h e  
r e a c t o r  i s  now by automatic v a r i a t i o n  of the heavy-water 
l e v e l  f n  t h e  c a l a n d r i a ,  

I n  conjunct ion wi th  t h e  r e a c t o r  c o n t r o l  system t h e  
c a l a n d r i a  may be f i l l e d  wi th  heavy water by a c i r c u l a t i n g  
pump a t  t h e  r a t e  of 215 Igpm o r  a supply pump a t  50 Igpm 
o r  5 Igpm. 

l o o p - f i l l i n g  l i n e  which has  a s e c t i o n  s i t u a t e d  h igher  than  
t h e  t o p  of t h e  c a l a n d r i a ,  Thus,  if t h e  supply pump f a i l e d ,  
heavy water w i l l  no% d r a i n  from t h e  c a l a n d r i a  through t h e  
pump t o  the s to rage  t ank ,  The loop  f i l l i n g  l i n e  i s  shown 
i n  Fig.  6 ,  

The heavy water froth d he supply pump goes through t h e  

Since during r e a c t o r  s t a r t - u p  o r  opera t ion  heavy 
water must be c i r c u l a t e d  through t h e  c a l a n d r i a  and heat  
exchangers, the  c i r c u l a t i n g  pump i s  always opera t ing  
i r r e s p e c t i v e  of' t h e  c a l a n d r i a  f i l l i n g  r a t e ,  

A s  can be seen from Fig.  6 t h e  c i r c u l a t i n g  pumps t a k e  
water from s to rage  t a n k  No, 3 through valve No, V-3079 and 
pump it through the  c o o l e r s  t o  t h e  c a l a n d r i a .  The heavy 
water leaves  t h e  c a l a n d r i a  through dump va lves  and control, 
va lves ,  r e t u r n i n g  t o  the pumps v i a  t he  three way valve 
V-3160, No, 3 s to rage  t a n k  PPr ides 'D on the  l i n e  a c t i n g  a s  
a surge t ank ,  

There a r e  three c o n t r o l  va lves  (marked "CV" on the 
diagram) which d ischarge  water t o  t h e  dump t ank  a t  a r a t e -  
demanded by the  c o n t r o l  system, For steady-power opera t ion ,  
t h e  discharge r a t e  i s  equal  t o  t h e  f i l l i n g  r a t e  and the 
c a l a n d r i a  l e v e l  remains cons tan t  Any r e a c t i v i t y  changes 
i n  t he  r e a c t o r  a r e  au tomat ica l ly  compensated f o r  by changes 
in t h e  c o n t r o l  valve p o s i t i o n  which v a r i e s  the  heavy-water 
he ight  

p lug  globe va lves  with a bellows stem s e a l .  They a r e  c losed  
by compressed a i r  and opened by a s p r i n g  and a re ,  t h e r e f o r e ,  
f a i l  s a f e ,  On a r e a c t o r  t r i p  t he  va lves  open completely 
and t h u s  a c t  a s  dump va lves .  During s t eady  opera t ion  they  
a r e  approximately 2 / 3  c losed ,  

The c o n t r o l  va lves  a r e  three- inch  s t a i n l e s s  s tee l  double- 
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There a r e  f o u r  dump va lves  (marked DV on Fig.  6 )  
which a r e  c losed  during normal r e a c t o r  opera t ion ,  t h r e e  open 
f u l l y  on a r e a c t o r  t r i p  allowing water t o  flow quickly  t o  
No, 3 s to rage  t ank ,  The dump valve on the i n l e t  l i n e  t o  
t h e  weir box i s  c o n t r o l l e d  by a manual switch from the  c o n t r o l  
room. T h i s  valve i s  normally l e f t  c losed  because t h e  
d i f f e r e n t i a l  p ressure  c e l l  which measures t he  height  of t h e  
water i n  t he  c a l a n d r i a  i s  a t t ached  t o  t h i s  l i n e .  

The dump va lves  are three- inch  s t a i n l e s s  s tee l  plug 
globe va lves  with a bellows stem-seal and a r e  c losed  by 
compressed a i r  and opened by a sp r ing .  

The i n i t i a l  heavy-water dumping r a t e  with s i x  dump 
and c o n t r o l  va lves  open i s  s p e c i f i e d  a t  800 Igpm a t  a heavy- 
water height of 270 cm. The dump va lves  a r e  wired i n  two 
sepa ra t e  banks of three va lves  each chosen s o  t h a t  i f  one bank 
f a i l e d  t o  open, t h e  second bank w i l l  provide a dump r a t e  
65% of t h a t  of a f u l l  dump on both banks. 

10. Heavy-Water Losses and P u r i t y  Control  

Heavy-water l o s s e s  must be kept t o  a minimum. Heavy 
water i s  expensive and i r r a d i a t e d  heavy water con ta ins  
t r i t i u m  which i s  very t o x i c .  

To ensure t h a t  heavy-water l eaks  a t  f l anges ,  va lves  
and o t h e r  f i t t i n g s  can be de t ec t ed  quickly,  heavy-water 
d r i p - t r a y  d e t e c t o r s  c a l l e d  "Beetles" have been i n s t a l l e d  
wherever these l eaks  might occur. Any water d r ipp ing  i n t o  
t h e  t r a y  c o l l e c t s  i n  a small  depression a t  t h e  bottom and 
makes con tac t  with a probe, An alarm r i n g s  i n  t h e  c o n t r o l  
room i n d i c a t i n g  a water leakage which i s  immediately 
i n v e s t i g a t e d  by t h e  opera t ing  personnel .  

Leakage of heavy-water vapour i n t o  t h e  r e a c t o r  cool ing  
a i r  system i s  de tec t ed  by t h e  "cold f inge r "  sampling 
apparatus .  Dai ly  samples of t h e  a i r  i n  the exhaust duct a r e  
taken through a l i q u i d  n i t rogen  cooled trap., The f rozen  
water vapour c o l l e c t e d  i s  analysed f o r  heavy-water conten t .  
If t h e  heavy-water concent ra t ion  As g r e a t e r  than  O.Ol7$ which 
i s  t h e  heavy water conl;ent of normal water,  t h e  a i r  i n  var ious  
s e c t i o n s  of t h e  r e a c t o r  bu i ld ing  i s  sampled i n  order  t o  f i n d  
t h e  heavy-water leak .  

Heavy water f o r  the  r e a c t o r  must meet t h e  following 
s p e c i f i c a t i o n s :  

1, I so top ic  P u r i t y  99.80 weight percent  (minimum) 
2. Minimum pH 5.8 
3. Ammonia 3 ppm 
4. Chloride 5 ppm 
5. Boron and Cadmium - N i l  



- 18 - 

Routine weekly samples of t h e  heavy water i n  the  r e a c t o r  
a re  analysed, A t  the  d i s c r e t i o n  of t he  s h i f t  superv isor  
a d d i t i o n a l  samples may be taken a t  any time. The water 
samples a r e  taken by i n s e r t i n g  t h e  needle of a l abora to ry  
syr inge  through a gum rubber  diaphram i n t o  t h e  heavy-water 
skream a t  each of three sampling s t a t i o n s .  

monitored by t h e  Tri-Non Analyser which has  a flow of 
30 cm3/min, through i t ,  TB?,IS instrument measures t h e  
absorpt ion of  a p a r t i c u l a r  wave l eng th  of in f ra - red  l i g h t  
by t h e  water. This l i g h t  i s  p r e f e r e n t i a l l y  absorbed i n  
l i g h t  water, and t h e  instrument r i n g s  an alarm i n  t h e  c o n t r o l  
room i f  t h e  i s o t o p i c  p u r i t y  of t h e  heavy-water drops below 
99*80 pe rcen t ,  

The i s o t o p i c  p u r i t y  of t he  heavy-water i s  cont inuously 

The average heavy-water opera t ing  l o s s  from 1955 t o  
1960 i s  about 25 pounds per month, ThTs l o s s  r a t e  inc ludes  
l o s s  due t o  leakage, s p i l l s  and samplings t h a t  could not  be 
recovered, 

C,  Hel ium System 

1, Purpose 

He l ium i s  used t o  vent  t he  heavy-water system and 
t o  equa l i ze  t h e  pressure  above t h e  heavy-water throughout 
t h e  system a s  shown i n  F i g ,  7 o  The h e l i u m  a l s o  c o l l e c t s  
t he  r a d i o l y t i c  gases  OF decomposition products  of t he  heavy- 
water and c a r r i e s  them through a recombination system, 

The heavy water system and &he he l ium system t o g e t h e r  
form a c losed  system, A % r  cannot be used in t he  system 
s i n c e  n i t r i c  a c i d  would be formed under i r s a d i a s i o n  which 
would cause co r ros ion  i n  the  c a l a n d r i a  and would lower t h e  
p H  of %he heavy-water, Helium is  used s i n c e  it i s  an i n e r t  
gas and has  a very  low c ross - sec t ion  f o r  neutron cap tu re ,  

t h e  MRX Design Manual 101-47, Sectaion A - 4 ,  
A d e t a i l e d  d e s c r i p t i o n  of t he  he l ium system is  given i n  

2 ,  Gasholder 

The h e l i u m  gas  holder  i s  in a room adjacent  t o  t h e  
r e a c t o r  h a l l  along t h e  south wal l  of ,the NRX Building. 

The gasholder  o u t e r  s h e l l  i s  13 feet ,  4 inches i n  
d%ameter and i s  made of J&-inch-thick s t a i n l e s s  s t e e l  p l a t e .  
That p a r t  of t h e  gasholder  not i n  contac t  wi th  helium is  
made of mild s t e e l  while t h e  res t  of ho lder  inc luding  a l l  
p ip ing  i s  made of s t a i n l e s s  s t ee l ,  

The maxlmurn c a p a c i t y  of t h e  holder  i s  583 cubic feet  
of which a t  %eas t  40 cubic  f e e t  i s  l e f t  f o r  expansion, 
i s  an o i , l  s e a l  between t h e  two s e c t i o n s ,  The ou te r  

P 

There 

c3 
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3 .  

ad jus t ab le  s e c t i o n  i s  guided by fou r  v e r t i c a l  r a i l s  and 
i s  counterweighted with 3600 pounds of l ead  which g ives  
a pressure of 12 inches of water t o  t he  helium system. 

A s  can be seen i n  Fig.  7 t h e  gasholder  i s  connected 
t o  t h e  c a l a n d r i a  and the  three heavy-water s to rage  t anks  
by two-inch-diameter s t a i n l e s s  s teel  l i n e s .  The adsorber 
system i s  connected across  t h e  two l i n e s  f rom-the gasholder.  

The var ious  s e c t i o n s  of t h e  helium system a r e  always 
valved i n  t o  allow f r e e  flow from one t o  the o t h e r ,  The 
adsorber and recombination systems a r e  fed by separate 
he l ium blowers from the main gas  l i n e s .  

The Recombination System 

A s  mentioned i n  s e c t i o n  I-B-2 the  recombination system 
i s  contained i n  the recombination rooms near  the  t o p  of 
the  r e a c t o r  block. 

T h i s  system i s  composed of two flame a r r e s t o r s ,  a 
c a t a l y s t  bed and a helium blower, 

The helium blower c i r c u l a t e s  10 ft3/min of h e l i u m  
through the  recombination system. The present  blowers 
a r e  made of E lec t ro lux  vacuum c leane r  p a r t s  having a 
1/10 hp motor run  on 400 cycles/sec a t  11,000 rev/min. 
t h e  t ime of wr i t ing ,  t h e s e  blowers a r e  being rep laced  by 
400 cycles/sec motors b u i l t  by the  Rotron Manufacturing 
Company, Inc.  The blowers a r e  i n s i d e  an aluminum cas ing  
7-1/2 inches i n  diameter and twenty inches long. 

The c a t a l y s t  chamber i s  made of l /b- inch-thick 
aluminum p l a t e .  It i s  7 inches in diameter and 13 inches 
long, t h e  c a t a l y s t  being held i n  p o s i t i o n  by 1/8-inch- 
t h i c k  pe r fo ra t ed  p l a t e s  covered by a s ta in less  s tee l  wire 
mesh c l o t h ,  The c a t a l y s t ,  which is deu te r i zed  before  
i n s t a l l a t i o n ,  c o n s i s t s  of palladium/alumina p e l l e t s  
approximately l/8 inches i n  diameter placed i n  t he  chamber 
t o  a depth of 4-1/2 inches making a 9.6-pound charge. 

The two flame a r r e s t o r s  a r e  three- inch  "Pro tec tosea l"  
p ipe - l ine  a r r e s t o r s .  Each comprises a c a s t  s t a i n l e s s  s t ee l  
cas ing  with twenty-five aluminum gr id  p l a t e s .  

Thermocouple probes a r e  i n s t a l l e d  i n  the  gas  l i n e  
before  and a f t e r  t he  c a t a l y s t  chamber, These serve  t o  
monitor t he  e f f e c t i v e n e s s  of t he  c a t a l y s t .  During normal 
r e a c t o r  opera t ion  the temperature r i se  i s  about 10°F t o  
20°F, while on a r e a c t o r  t r i p  it rises t o  40" t o  50°F 
because of the  gases  c i r c u l a t e d  through it when the  heavy- 
water i s  dumped. 

A t  
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A pressure  switch monitors t h e  flow through t h e  
c a t a l y s t  a c t u a t i n g  an alarm when the  flow drops t o  zero 
and g iv ing  a t r i p  s i g n a l  which w i l l  shut-down t h e  r e a c t o r  
i n  f o u r  hours unless  t h e  s i t u a t i o n  is correc ted .  

4, The Adsorption System 

The adsorpt ion system, commonly c a l l e d  t h e  "sorber  
system"9 is  used t o  remove n i t rogen  and any excess oxygen 
from the  helium. Nitrogen e n t e r s  t h e  heavy-water/helium 
system whenever a pump OF some p ip ing  i s  changed and 
poss ib ly  by d i f f u s i o n  of a % r  i n t o  t h e  system through the  
helium l eaks  t h a t  a r e  p re sen t .  

through beds of a c t i v a t e d  charcoa l  cooled by l i q u i d  n i t rogen .  

u n i t ,  two f r e e z e r  driers, the  f reezes-dryer  r e f r i g e s a t i o n  
system, a hea t  exchanger, two charcoa l  beds and a Kinney 
vacuum pump. 

The n i t rogen  i s  removed by pass ing  the hel%pm gas 

The main components of t he  so rbe r  system a r e  a c a t a l y s t  

H l i u m  i s  drawn from the  main gas  l i n e  a t  t h e  r a t e  of 
2,l f t  3 /min a s  shown i n  F ig ,  7 by a 2 hp blower s i m i l a r  t o  
t he  one on the secomb%nation system. It passes  through a 
c a t a l y s t  i d e n t i c a l  t o  t h a t  on the  recombination system which 
removes most of t h e  oxygen before  t h e  gas  e n t e r s  t h e  sokber 
equipment 

The gas  passes  through one of two f r e e z e r  d r ie rs  which 
a r e  connected i n  pa ra l l e l .  so  t h a t  one i s  opera t ing  while 
t h e  o ther  i s  being de f ros t ed  ( r e a c t i v a t e d ) ,  
t h a t  removes heavy-water vapour from the  h e l i u m  is cooled 
by an a n t i f r e e z e  s s l u t i o n  which is i n  t u r n  cooled by a Freon 
r e f r i g e r a t i o n  u n i t ,  The f r e e z e r  d r ie rs  a r e  de f ros t ed  by 
two t h e r m o s t a t i c a l l y  c o n t r o l l e d  ch~omolux h e a t e r s  a t t ached  
t o  t he  bottom of each d r i e r ,  

The f r e e z e r  dr ier  

The h e l i u m  then  passes  through a hea t  exchanges t o  one 
of two para l le l -connec ted  carbon beds of which one can be 
used while t he  o the r  i s  being r e a c t i v a t e d ,  Each carbon bed 
con ta ins  10 pounds of a c t i v a t e d  coconut charcoa l ,  The gas  
passes  down through t h e  charcoa l  which i s  cooled by l i q u i d  
n i t rogen  i n  a con ta ine r  f i t t i n g  around the  carbon bed. T h i s  
con ta ine r  i s  rep laced  by a j acke t  h e a t e r  whew t h e  carbon bed 
is def ros t ed .  The adsorbed i m p u r i t i e s  a r e  pumped o f f  by the  
Kinney vacuum pump, A co ld  t r a p  cooled by l i q u i d  n i t rogen  
between t h e  pump and t h e  charcoa l  bed t r a p s  any heavy-water 
from the  bed and a l s o  keeps the  vacuum-pump oil from 
e n t e r i n g  the  bed, Four p a i r s  of thermocouples measure the  
temperature of t he  bed, During r e a c t i v a t i o n  t h e  charcoa l  
bed i s  hea ted  t o  8 0 0 ' ~  while dur ing  opera t ion  it i s  cooled 
t o  -321''F by the  l i q u i d  n i t rogen .  
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61 The p u r i f i e d  helium leaves  the  beds and passes  through 
t h e  hea t  exchanger precool ing the gas e n t e r i n g  t h e  recombination 
system. The helium then  r e t u r n s  t o  the  main system a s  shown 
i n  Fig.  7. 

The so rbe r  system opera tes  on the average 30% of t he  
time. Operation i s  s t a r t e d  when the n i t rogen  conten t  of 
t h e  h e l i u m  a s  r epor t ed  i n  gas  samples from t h e  main system 
approaches 0.1%. 

5. Helium System t o  the  Tube Sheets 

A s  mentioned previous ly  i n  s e c t i o n  I I - B - 1  there a r e  
h e l i u m  gas  passages c u t  i n t o  the  c a l a n d r i a  t u b e  s h e e t s  
connect ing t h e  l a n t e r n  r i n g s  around each t u b e .  I n  t h e  event 
of a d e f e c t i v e  s e a l  between a c a l a n d r i a  t u b e  and the t u b e  
sheet, d r y  h e l i u m  would l e a k  i n t o  the  c a l a n d r i a  r a t h e r  t han  
heavy-water o r  helium s a t u r a t e d  with heavy water l eak ing  
outward. 

The h e l i u m  f o r  t h e  t o p  t u b e  shee t  i s  taken  from the  
main helium system through 1/2-inch-diameter s t a i n l e s s  s teel  
l i n e s  a s  shown i n  Fig.  7, The helium i s  s t a t i c  i n  t h a t  no 
continuous flow i s  maintained through t h e  t u b e  sheet. . 

h e l i u m  c y l i n d e r  and gas  holder  supply system. 
of a s tandard  h e l i u m  pressure b o t t l e  and a gasholder  made 
from a three fobt l ength  of 12-fnch-diameter pipe.  
gasholder  i s  p res su r i zed  t o  seven lbs / in2  gauge by means of 
the  helium c y l i n d e r  once every 24 hours,  and i s  connected t o  
t h e  t u b e  sheet by a l /2-inch s t a i n l e s s  s t ee l  l i n e ,  

The h e l i u m  t o  t he  bottom t u b e  sheet has  a s e p a r a t e  

The 

It c o n s i s t s  

6. Helium Losses and P u r i t y  Control  

Hel ium l o s s e s  from' t h e  heavy-water h e l i u m  system 
average between 400 t o  500 s tandard  cubic  feet  per  manth, 
These l o s s e s  a r e  made up from time t o  time b y  adding h e l i u m  
a s  required. 

system i s  normally k e p t - t  less t h a n  0.1% by the opera t ion  
of t he  carbon so rbe r  syst In any p a r t i c u l a r  s e c t i o n  of 
t h e  system the  deuterium content  i s  not  t o  exceed 5% if the  
oxygen content  exceeds -l$, o r  .6$ i f  - t he  oxygen 'content  i s  
less than  1%. 
a f t e r  a l l  the  oxy n .is used up is  no t  t o  exceed 105$. These 
s p e c i f i c a t i o n s  guard aga ins t  t h e  p o s s i b i l i t y  of an explos ion  
i n  t h e  system. 

A s  mentioned before ,  the  n i t rogen  conten t  of t h e  h e l i u m  

Fo t h e  system .as  aawhole t h e  excess  deuterium 

Samples of helium a r e  t aken  by a t t a c h i n g  an evacuated 
sample f l a s k  t o  sample va lves  i n  t h e  system and c o l l e c t i n g  
t h e  helium. The sample s t a t i o n s  a r e  vented t o  t h e  r e a c t o r  
exhaus t - a i r  system t o  avoid exposure of personnel  t o  t r i t i u m .  
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Samples a r e  taken d a i l y  before  and a f t e r  t h e  c a t a l y s t  
i n  t h e  recombination system and twice a week a t  t h e  gasholder  
and i n  No. 1 and No. 3 heavy-water s to rage  tanks .  

D. The Light-Water System 

1. Purpose 

The l i gh t -wa te r  system provides  t h e  main cool ing  f o r  
t h e  r e a c t o r .  A l l  r e a c t o r  components except those cooled 
by t h e  a i r  system a r e  cooled d i r e c t l y  o r  i n d i r e c t l y  by l i g h t  
water ,  

The l igh t -water  system i s  d iv ided  i n t o  t h e  low-pressure 
and the  high-pressure systems, 

p re s su re .  It i s  t h e  source of supply f o r  t h e  high-pressure 
water system and provides  d i r e c t  cool ing  t o  var ious  
components i n  t h e  r e a c t o r  bu i ld ing  such a s  the  heavy-water 
c o o l e r s  a s  shown i n  F ig .  8. 

175 lb / in2  by a 300-foot-high head t a n k  which r i d e s  on the  
system. The b u l k  o f  t h e  water i s  used f o r  f u e l  rod cool ing  
i n  t h e  r e a c t o r .  Smaller  amounts a r e  used f o r  cool ing  o t h e r  
r e a c t o r  components and i n  miscellaneous p l a n t  u s e s  as shown 
i n  Fig.  9 .  

given i n  NRX Design Manual 101-47, Sec t ion  A-1 and A - 2 .  

l The water i n  t he  low-pressure system i s  a t  40 lb / in2  

The high-pressure water system i s  kept a t  approximately 

A d e t a i l e d  d e s c r i p t i o n  of t h e  l i g h t  water system i s  

2. The Low-Pressure Water System 

Approximately 4500 Igpm of water i s  drawn through a 
t h i r t y - i n c h  i n t a k e  l i n e  from t h e  Ottawa River  by pumps 
a t  t he  AECL power house. 

The water e n t e r s  mixing b a s i n s  i n  Bui lding No. 440 
flowing t o  a sedimentat ion b a s i n  where l a r g e  p a r t i c u l a t e  
mat te r  s e t t l e s  ou t .  It is then  s e n t  through sand f i l t e r  
beds and i n t o  two c l e a r w e l l s  which hold 217,000 Imperial  
g a l l o n s  of water each. 
f o r  t h e  chemical p u r i f i c a t i o n  of t he  water.  When t h e  NRX 
r e a c t o r  was b u i l t  it was thought t h a t  i m p u r i t i e s  i n  t h e  
r i v e r  water might be depos i ted  on the  h e a t - t r a n s f e r  su r f aces  
of the  f u e l  rods  and limit r e a c t o r  opera t ion .  It was found 
t h a t  p u r i f i c a t i o n  of the b u l k  coo l ing  water was not  necessary 
and only  t h e  f i l t r a t i o n  p a r t  of t h e  p l a n t  is used, 

T h i s  f i l t r a t i o n  system was designed 

WaGer i s  drawn from the  c l e a r w e l l s  by the  low-preSsure 
pumps. 
can be used t o  supply low-pressure water,  Three of t h e s e  
pumps have c a p a c i t i e s  of 2200 Igpm aga ins t  a 45 lb / in2  head 

A s  can be seen i n  F ig .  8 there a r e  f i v e  pumps t h a t  
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being dri;ven by 100 hp e l e c t r i c  motors. 
during normal opera t ion  and supply approximately 4200 Igpm. 
Pump No. 5 i s  a 72O-Igpm pump powered by.a 30 hp e l e c t r i c  
motor. It is  used i f  one of t h e  l a r g e  pumps f a i l  and a l s o  
dur ing  t h e  summer when cool ing  water flow t o  t h e  heavy-water 
c o o l e r s  i s  a t  maximum. Pump No. 1 i s  a 1200 Igpm pump 
dr iven  by a 60 hp steam t u r b i n e  and is  used a s  an emergency 
supply pump should t h e  e l e c t r i c a l  power t o  t h e  o the r  pumps 
f a i l .  

They a re  used 

Water d i s c h a r  ed from t h e  low- ressure pumps e n t e r s  
t h e  low-head t a n k  ?Building No 4427 through a twenty-inch 
-diameter l i n e .  The low-head ;ank i s  cons t ruc ted  of welded 
s tee l  p l a t e  66 f e e t  i n  diameter and 39 feet  high. It has  
a c a p a c i t y  of 8 0 0 , 0 0 0 I g a 1 1 0 ~ ~ ,  There a r e  two steam l i n e s  
i n  t he  t a n k  t h a t  a r e  t h e r m o s t a t i c a l l y  c o n t r o l l e d  by the  
temperature of the water. A twenty-inch-diameter overflow 
l i n e  r e t u r n s  water t o  No. 2 c l ea rwe l l .  The low-head t a n k  
supp l i e s  water t o  t h e  high-pressure pumps, the  r e a c t o r  
b u i l d i n g  low-pressure-water system and t o  t h e  heavy-water 
c o o l e r s  a s  shown i n  Fig.  8. 

Two s t r a i n e r s  remove s c a l e  and r u s t  from the  water 
before  it e n t e r s  the  r e a c t o r  bu i ld ing .  
of 30-mesh s t a i n l e s s  s tee l  screen  i n  t h e  form of a 
c y l i n d e r  6 inches i n  diameter and 24 inches long. 
s t r a i n e r  i s  i n  use a t  a time, t h e  second being on standby. 
Pressure-drop measurements ac ross  t he  s t r a i n e r  i n d i c a t e  
when it i s  becoming plugged. 

The s t r a i n e r s  a r e  

One 

Chlnrine is added t o  t h e  low p res su re  water t h a t  flows 
through t h e  heavy-water c o o l e r s  in order  t o  i n h i b i t  a lgae  
formation, 
f low of water t o  the heavy-water c o o l e r s  t o  ensure adequate 
cool ing  i n  t he  summer. 

A boos t e r  pump r a t e d  a t  600 Igpm i n c r e a s e s  t he  

3 .  

1 above, t h e  bulk of t h e  
water i n  t h e  high-pressure system is used to cool  t h e  f u e l  
rods  i n  t he  r e a c t o r .  
of t h e  system-is sho i n  F ig ,  g 8  a 

Approximately-4000 -1g 
descr ibed  above t o  t h e - - i n l e t  of t he  high-pressure pumps 
through a 20-inch-diameter pipe, 

normally kept on standby duty,  
1980 Igpm a t  a 175 lb / in2  head. 
e l e c t r i c  motors. 

A ~ slpplif fed schematic flow diagram 

f l o w s  from t h e  low head t a n k  

There a r e  three high-pressure pumps, one of which i s  
The pumps a r e  r a t e d  a t  

They a r e  dr iven  by 250 hp 

The p res su re  head on t h i s  water system i s  provided by 
T h i s  300-foot-high the  high-head t a n k  (Building No. 444). 

t a n k  a l s o  s e r v e s  a s  a temporary emergency supply of high- 
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pressure  water should t h e  high-pressure pumps f a i l ,  The 
high-head t ank  has  a capac i ty  of 80,000 Imperial  ga l lons .  
The tank ,  b u i l t  of 1/4-inch-thick s tee l  p l a t e ,  i s  about 
16 f e e t  high and 29 f e e t  i n  diameter and s tands  on s i x  12- 
inch "I" beams set  on concre te  p i l l a r s .  The i n l e t  pipe i s  
heated by warm water d u r i n g  t h e  winter  i n  order  t o  prevent 
f r e e  zing. 

/ During normal opera t ion  about 75 Igpm of water 
overflows t h e  t ank  r e t u r n i n g  t o  t h e  low-head t ank  through 
a 20-inch-diameter l i n e ,  Should t h e  high-pressure pumps 
f a i l ,  t h e  high-head t ank  would provide t h e  f u l l  high- 
pressure  water flow t o  t h e  r e a c t o r  of 3000 Igpm f o r  about 
twenty minutes. Check-valves on t h e  o u t l e t  of t h e  high- 
pressure  pumps prevent backflow through t h e  pumps. When 
t h e  high-head t ank  had dra ined  completely,  low-pressure 
water would flow v i a  t h e  20-inch-diameter-high-pressure 
pump bypass l i n e  from t h e  low-head t ank  a t  a maximum r a t e  
of 1000 Igpm. However, r a t h e r  t han  d r a i n  t h e  low-head 
t ank ,  t h e  steam-driven low-pressure pump N o .  1 would be 
s t a r t e d  and would supply low-pressure water a t  a r a t e  of 
about 1,000 Igpm. If a prolonged shutdown took  p lace  the  
flow t o  the  r e a c t o r  could be t h r o t t l e d  by the  motorized 
valve between t h e  bottom f u e l  rod  headers and t h e  de lay  
t anks  ( a s  shown i n  F ig .  9 )  i n  order  t o  conserve water.  

Normally water flows from the  high-pressure pumps 
through t h e  flow-measuring o r i f i c e  B-1-F-8 and on through 
the high-pressure s t r a i n e r s .  There a r e  two S t r a i n e r s ,  one 
be ing ' s t andby .  Each s t r a i n e r  i s  20 inches i n  diameter 
and 48 inches long made of s t a i n l e s s  s t e e l  sc reens  with 
l /64-inch openings, The cond i t ion  of t h e  s t r a i n e r s  i s  
monitored by measuring t h e  pressure  drop through them. 
Each s t r a i n e r  i s  provided wi th  check va lves  and g a t e  va lves  
s o  t h a t  each can be i s o l a t e d  s e p a r a t e l y .  The s ix- inch  
emergency l i n e  t o  bypass t h e  h igh  pressure s t r a i n e r s  t e e s  
i n t o  t h e  twenty-inch-diameter-l ine j u s t  p a s t  t h e  high- 
pressure  s t r a i n e r s  a s  shown i n  F ig .  9.  

Various l i n e s  go o f f  from t h e  main litne p a s t  t h e  
s t r a i n e r s  and supply  water t o  t h e  experimental  loops,  
t h e  rod-storage blocks,  t h e  v e r t i c a l  t r a v e l l i n g  fue l - rod  
f l a s k ,  t h e  thermal -sh ie ld  r ec i r cu la t ion - sys t em coo le r  and 
t h e  a u x i l i a r y  d i e s e l s .  These components t a k e  o f f  about 
800 Igpm between t h e  s t r a i n e r s  and t h e  r e a c t o r  flow- 
measuring o r i f i c e  ~ - 1 - ~ - 1 6 .  
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About 3100 Igpm’ o f t  high-pressure water e n t e r s  t h e  
r e a c t o r  bu i ld ing  through the  twenty-inch pipe.  Approx- 
imate ly  100 Igpm i s  taken of f  f o r  cool ing  experimental  
rods,  the  tube% shee t s ,  I t he  s t a i n l e s s  s tee l  a u x i l i a r y  
thermal sh ie ld  and t h e  upper aluminum thermal . sh ie ld  
before  e n t e r i n  he ten-inch-diameter r i n g  header i n  t he  
upper header room wn i n  Fig.  2 and Fig .  9 .  

and down through. the var ious  f u e l  rods.  The pressure  a t  
t h e  t o p s  of the’ rods  i s  about 155 lb / in2  gauge. 
through the var ious  types of rods  v a r i e s  from 25 Igpm t o  
15 Igpm. The pressure .  of he water a t  the bottom of t he  

flow through t h e  rod. 

The water then  flows through the t o p  c r o s s  headers 

Flow 

rods  v a r i e s  from 120 l b / i n  !3 t o  56 lb / in2  depending on the 

he water pressure  and hence t h e  flow a t  t he  base of 
each f u e l  rod  i s  monitored cont inuously by the  E-1-P-19 
Budenberg gauge system, ,The bottom of t he  rod  i s  sea l ed  
by O-rings t o  t h e  bottom valve assembly, A 12-inch-long 
riser l i n e  conta in ing  an o r i f i c e  0.390 inches i n  diameter 
connects t o  t h e  bott6m c r o s s  header.  Two 1/4-inch-pressure 
t a p s  i n  the  bottom header assembly a r e  connected by 
copper l i n e s  t o - t h r e e  Budenberg gauges. The three gauges 
have two movable c o n t a c t s  which a r e  used a s  upper and lower 
pressure  l i m i t s  t o  t r i p * - t h e  r e a c t o r  i f  these s e t t i n g s  
a r e  exceeded. If  the l i m i t  i s  exceeded f o r  less than one 
second an a1arrn:annunciates i n  the c o n t r o l  room. One 
gauge i s  normally set  s i x  lb / in2  above and below t h e  
ope ra t ing  pressure  while the  o t h e r s  a r e  set  e i g h t  lb / in2  
above and belowo I n  t h i s  way t h e  f irst  channel a c t s  a s  
an alarm while i f  one of the o t h e r  channels comes i n  a s  
well the r e a c t o r  w i l l  t r i p ,  The flow through the  rod  i s  
c a l c u l a t e d  from the p res su re  measurement ,as 

Fred = (2.35 - + 6.05)  b z .  Where Fred 1s i n  Igpm and 

I 

* A r e a c t o r  t r i p  i s  a f a s t  reactor! shutdown i n i t i a t e d  
au tomat ica l ly  by he r e a c t o r  p r o t e c t i o n  system o r  
manually by. the a c t o r  ope ra to r ,  When the  NRX r e a c t o r  
t r i p s  t h e  s i x  shut-off rods  drop i n t o  t h e  co re  and the  
heavy water d r a i n s  t o  the  14OIcm l e v e l  of t he  ca l andr i a .  
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E. 

Each rod lower header assembly has  a thermocouple 
well so  t h a t  the temperature r ise  ac ross  each rod can be 
measured . 

A small  flow of water (0.1 Igpm) is  t aken  from the 
Budenberg-gauge p res su re  l i n e s  f o r  the  gaseous- f i ss ion-  
product monitoring system which d e t e c t s , r u p t u r e d  rods.  
Two l i n e s  from each rod feed I n t o  sepa ra t e  gas  s t r i p p e r s .  
The twenty gas  s t r i p p e r s  c o l l e c t  the en t r a ined  gases  
which a r e  then  sen t  through sepa ra t e  be t a  counters .  Since 
the two l i n e s  from each rod  go t o  s epa ra t e  monitors, a 
g r id  system enables  t h e  190 rod p o s i t i o n s  t o  be monitored 
by twenty counters .  Alarms annunctate i n  the c o n t r o l  room 
on a g r i d  board when the  r a d i a t i o n  exceeds preset l i m i t s .  
I n  t h i s  ca se  the  r e a c t o r  would probably be shut  down and 
the  rod  removed. 

From t h e  base of the rods  the  water e n t e r s  v i a  3-inch- 
diameter  c r o s s  headers  one of two 16-inch diameter bottom 
headers  which j o i n  t o  form a twenty inch  diameter l i n e  
extending t o  the  de lay  t anks  a s  shown I n  Fig.  9. 

The two de lay  t anks  (3u i ld ings  Nos. 103 and 104) 
with c a p a c i t i e s  of 283,000 Imper ia l  g a l l o n s  each a r e  
i d e n t i c a l  i n  cons t ruc t ion .  They are of s tee l  p l a t e  varying 
from 1/4 inch  t h i c k  t o  3/8 inch  t h i c k  welded t o  made a 
c y l i n d r i c a l  t a n k  48 feet  i n  diameter and 25 feet  high. 
A fou r - tu rn  s p i r a l  baff le  i n  the  t anks  causes  the  water t o  
t a k e  about an hour t o  go through each tank .  Outflow i s  
over a weir from number one t a n k  t o  number two and-thence 
t o  t he  Ottawa River .  The two-hour de l ay  from the r e a c t o r  
t o  t h e  r i v e r  allows r a d i o a c t i v i t y  induced i n  t h e  i m p u r i t i e s  
i n  t he  water while flowing through the  r e a c t o r  t o  deciiy t o  
a s a f e  l e v e l .  The NRX r e a c t o r  c o n t r i b u t e s  an i n s i g n i f i c a n t  
amount of long l i v e d  a c t i v i t y  t o  the  River .  Report No. 
AECL 1095 by J.E. Guthrie  concluded t h a t  the  whole AECL 
Pro jec t  does not  con t r ibu te  a s i g n i f i c a n t  amount of a c t i v i t y  
t o  d r ink ing  water from the Ottawa River .  

monit 
water 

I n  add i t ion  t o  the  gaseous-f iss ion-products  
o r ing  system noted above, t h e  e f f l u e n t  high-pressure 
system has  s e v e r a l  monitors which measure r a d i a t i o n  

i n  the  bulk  coo lan t .  There i s  a delayed-neutron monitor 
between the  r e a c t o r  and the  de lay  tanks .  There a r e  three 
gamma-ray monitors,  one before  and a f t e r  the f i rs t  de lay  
t a n k  and one a f t e r  the  second de lay  tank .  

Samples of the e f f l u e n t  water a s  well a s  of the r i v e r  
f l o r a  and fauna a r e  analyzed i n  order  t o  guard aga ins t  high 
r a d i a t i o n  l e v e l s  from the r e a c t o r  being added t o  t h e  r i v e r .  

The Ven t i l a t ion  and A i r  Conditioning System 

1. Purpose 

The NRX a i r  system main ta ins  an atmosphere of the  
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proper  temperature and humid i ty  i n  the r e a c t o r  h a l l  and 
i n  t h e  experimental  loop  frames and t h e  s to rage  blocks.  
It a l s o  se rves  t o  c a r r y  away r a d i o a c t i v e  d u s t  and gases  
generated w i t h i n  t h e  bui ld ing ,  d i scharg ing  these through 
a s t a c k  one mile from the  r e a c t o r ,  The of t h e  
a i r  e n t e r i n g  t h e  r e a c t o r  h a l l  i s  k e g t  1 prevent 
condensation on t h e  co ld  water p ipes .  

A i r  c i r c u l a t i o n  through t h e  r e a c t o r  i t s e l f  i s  
p r i m a r i l y  f o r  cool ing  t h e  g r a p h i t e  r e f l e c t o r  and t h e  side 
c a s t  i r o n  thermal shields .  During r e a c t o r  opera t ion  a t  
42 MW about 280 kW of hea t  i s  removed by t h e  a i r  system. 

A schematic diagram of t h e  a i r  system i s  shown i n  
Fig.  10 taken from the  NRX Reactor Handbook. Report No. 
101-219 by W.N. Selander  i s  a r ecen t  review of the  a i r -  
system temperature condi t ions .  

A d e t a i l e d  d e s c r i p t i o n  of t h e  a i r  system is  given i n  
t h e  NRX Design Manual, 101-47, Sect ion  A-3. 

2. A i r  Treatment i n  Bui ldina 124 

3 .  

The a i r  condi t ion ing  equipment i n  Bui lding No. 124 
i s  designed t o  supply a i r  a t  a temperature of 70°F and 
a dew po in t  temperature 3'F l e s s  than  t h e  temperature of 
t h e  water e n t e r i n g  t h e  r e a c t o r  bu i ld ing .  T h i s  prevents  
condensation on water pipes  i n  t h e  r e a c t o r  h a l l .  

A i r  e n t e r s  Bui lding 124 through a 5 by 7 f o o t  duct 
provided wi th  a b i r d  sc reen ,  a f l y  screen ,  and wooden 
louvers  which p r o t e c t  t h e  main f i b r e - g l a s s  f i l t e r s .  The 
f i l t e r s  a r e  i n  20-inch-square frames con ta in ing  fou r  one- 
inch- th ick  l a y e r s  making a f i l t e r  panel 8-1/2-feet wide 
by t e n  fee t  h igh ,  These f i l t e r s  a r e  removed d u r i n g  the  
win ter  months a s  condensati>on and f r e e z i n g  on t h e  f ib re -  
g l a s s  wool r e s t r i c t s  t h e  a i r  flow. 

The duct between t h e  f i l t e r s  and t h e  main blower i s  
10-1/2 f e e t  high,  6 feet  wide and 19 f e e t  long. 
l eng th  of duct con ta ins  t he  a i r - cond i t ion ing  equipment 
such a s  hea t ing  and cool ing  c o i l s  which t r e a t  the  a i r  i n  
order  t o  reach t h e  r equ i r ed  temperature and humidity 
cond i t ions ,  

This  

of 
The a i r - cond i t ion ing  blower has  

26,000 ft3/min and i s  d r iven  by a 
a r a t e d  c a p a c i t y  
25 hp motor. 

The a i r  e n t e r s  t h e  r e a c t o r  bu i ld ing  through a 54- 
inch-square lagged duct near  t h e  roo f .  

A i r  C i r c u l a t i o n  i n  t h e  Reactor H a l l  

The a i r  e n t e r s  the  r e a c t o r  h a l l  through t h e  duct  from 
Bui ld ing  No. 124 a t  temperatures  ranging from 54°F i n  the  
summer t o  72'F i n  winter .  The duct s p l i t s  i n t o  f o u r  
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smal le r  duc t s  each one leading  t o  a t h e r m a t a t i c a l l y -  
con t ro l l ed ,  steam-heated Low-Boy h e a t e r  and f a n p  a f t e r  
c ros s ing  an a i r  gap of about twenty feet ,  

-These h e a t e r s  a r e  mounted on platforms suspended 
from the  s teel  work suppor t ing  the r e a c t o r  h a l l  r o o f o  
Each u n i t  c i r c u l a t e s  11,000 ft3/mln while t he  duc t s  
each supply 4,500 ft3/mino The heaters a r e  capable of 
r a i s i n g  t h e  a i r  temperature in the  r e a c t o r  h a l l  by two 
t o  three degrees  Farhenheit .  Ducts from t h e  h e a t e r s  
extend down the  wa l l s  and discharge a i r  near  the f l o o r  
l e v e l  

A i r  is drawn from the  main reac tor  room i n t o  the  
rod-storage blocks,  loop frames, v e r t i c a l  f l a s k  and 
t h e  upper and lower header rooms through openings in t h e  
f l o o r  and s t r u c t u r e .  The a i r  I s  exhausted i n t o  a U- 
shaped c o l l e c t o r  duct  which has  f a n s  a t  each end which 
a l s o  draw a i r  from t h e  r e a c t o r  room, 

These f ans ,  c a l l e d  the  North and South Wall Fans, 
mix t h e  a i r  from the  duct  and t h e  r e a c t o r  h a l l  and blow 
it i n t o  two duc t s  of 3-112 fee t  diameter under t h e  h a l l  
f l o o r  l ead ing  t o  &he r e a c t o r  i t s e l f  

The flow i n  each of these duc t s  i s  measured by the  
o r i f i c e s  E-3-F-8 and E-3-F-9 shown on F i g ,  10, The 
normal flow r a t e  i s  6,200 ft3/min and 7,000 ft3/min 
r e s p e c t i v e l y  , 

4,  A i r  C i r c u l a t i o n  i n  the  Reactor 

The upper header room and the recombination rooms 
a r e  v e n t i l a t e d  by t h e  Sheldon f a n  which blows the a i r  
into the  south duc t  a s  ahoyn in Fig ,  10, T h i s  f a n  i s  
d r iven  by a 5 hp motor and has  a c a p a c i t y  of 3,000 ft3/min 
a t  7O0Fo The f a n  and motor a r e  i n  a r e c e s s  near  the  
t o p  of t h e  e a s t  f ace  of the r e a c t o r  s t r u c t u r e  a s  
mentioned p rev ious ly  i n  Sec t ion  11-B-7, 

The Buffa lo  f a n  draws a i r  from the  fask  neutron 
rods ,  t o  be d iscussed  l a t e r ,  and d ischarges  it i n t o  the  
o u t l e t  of t h e  Sheldon f a n ,  T h i s  f an  has  a r a t e d  capac i ty  
of 200 ft3/mine 

The a i r  from t h e  no r th  and south duc t s  e n t e r s  t h e  
2-112 f o o t  r e a c t o r  supply duct which forms a c i r c l e  o f  
23 f e e t  ou t s ide  diameter  beneath the  r e a c t o r  s t r u c t u r e  
The a i r  i s  drawn up through the  r e a c t o r  between t h e  c a s t  
i r o n  side thermal shields  and between t h e  o u t e r  s h i e l d  
and t h e  i n n e r  su r face  of t he  b i o l o g i c a l  shield.  When t h e  
a i r  reaches  t he  lower side of the  bottom upper thermal 
sh ie ld  it flows ac ross  towards the  c e n t e r  of t he  r e a c t o r  
t o  the  J-rod annulus. The a i r  thew flows down the J-rod 
annulus and the  g r a p h i t e  reflec-kor t o  a ring-shaped 
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I V  . 

cas 

c o l l e c t o r  duct concent r ic  with and d i r e c t l y  below t h e  in t ake  
header duct mentioned above (See Fig.  3) .  

The lower header room i s  vented t o  t h i s  exhaust duct 
by a one-foot-square dampered opening whenever anyone e n t e r s  
t h a t  a r ea .  

The duct  from the  r e a c t o r  t o  t h e  f i l t e r  house, Bui lding 
No. 1 0 1 X ,  v a r i e s  from a fou r  by f i v e  f o o t  concre te  duct t o  a 
f ive-foot-diameter  duct  when it e n t e r s  t he  f i l t e r  house. 

The flow, temperature and r a d i a t i o n  l e v e l  of t h e  a i r  i s  
measured a s  it leaves  t h e  r e a c t o r  h a l l .  The normal o u t l e t  
flow i s  about 16,000 ft3/min a t  a temperature of 135'F. 

5. A i r  F i l t e r  System 

Bui ld ing  101 and l O l X  house the  exhaust f a n s  and the  
e f f l u e n t  a i r  f i l t e r  system, The a i r  passes  through spun- 
g l a s s  f i l t e r s  and 12-inch-thick Cambridfe absolu te  paper 
f i l t e r s .  The a i r  exhaust f a n s ,  c a l l e d  C" and "D" f ans ,  a r e  
d r  ven by 100 hp motors and each have c a p a c i t i e s  of 18,000 

should t h e  o t h e r  f a i l .  A steam-operated f a n  can be used i f  
necessary  dur ing  a power f a i l u r e .  There a r e  water s e a l s  on 
either side of t h e  f a n s  t o  i s o l a t e  them s o  t h a t  maintenance 
work can be done, 

f t  3 /min. One f an  i s  used a s  standby and s t a r t s  au tomat ica l ly  

The NRX e f f l u e n t - a i r  system i s  normally connected with 
t h e  NRU r e a c t o r  a i r  system which has  boos t e r  f a n s  blowing the 
a i r  t o  a high s t a c k  one mile from t h e  r e a c t o r s .  

The a c t i v i t y  of t he  a i r  i s  monitored a s  it leaves  the 
s t a c k .  I n  a d d i t i o n  e ight  monitors s c a t t e r e d  throughout t h e  
p r o j e c t  a r ea  measure any r a d i o a c t i v e  f a l l o u t  from the  r e a c t o r s .  

FUEL RODS 

1. General 

The s tandard  f u e l  element f o r  the  NRX r e a c t o r  i s  the  
natural-uranium metal rod  which has  i n  the p a s t ,  been c a l l e d  
an X-rod. T h i s  name came about because when the  AECL p r o j e c t  
s t a r t e d  i n  1944 t h e  word "uran_J_um" was c l a s s i f i e d .  Uranium 
was t h u s  c a l l e d  "X-metal'.' The NRX n a t u r a l  uranium metal f u e l  
rods came t o  be c a l l e d  X-rods. 

The s tandard  "c lean  cold" loading  of NRX c o n s i s t s  of 
192 fresh Type-5 uranium metal rods .  F ig .  11 and 1 2  show the  
gene ra l  arrangement of t he  f u e l  rods.  These diagrams a r e  of 
a Type  5 uranium metal rod. The development of t h e  uranium 
metal rod has  r e s u l t e d  i n  s i x  d i f f e r e n t  t ypes  of rods being 
used a t  var ious  times. Not a l l  of these v a r i a t i o n s  w i l l  be 
d iscussed  he re .  Report No. ED-65 by J.W. Gosnell  d i scusses  
a l l  t h e  d i f f e r e n t  types  of uranium metal rods  t h a t  have been 
i n s t a l l e d  i n  NRX up t o  1957. 
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Table No. 1 g ives  t h e  dimensions, e t c .  of t h e  uranium 
metal rods  commonly i n  use i n  NRX a t  t h e  present  time. 
Types 6, 6A and 6B a r e  equ iva len t ,  from the  nuc lear  s tand-  
p o i n t ,  t o  t ypes  5, 5 A  and 5B r e s p e c t i v e l y ,  

A complete d e s c r i p t i o n  of the uranium metal rod can be 
found i n  t h e  Reactor Handbook 101-225 and i n  t h e  NRX Design 
Manual 101-47, Sect ion  A-12. 

2. Components and Rod Assembly 

A s  can be seen i n  Fig.11, cool ing  water e n t e r s  the 
rod through t h e  header valve which i s  bo l t ed  t o  t h e  c r o s s  
water header ,  The upper valve s e c t i o n  of t h e  rod f i t s  i n t o  
a c y l i n d e r  t h a t  i s  p a r t  of t h e  header valve.  O-rings a t  
t h e  t o p  and bottom of a l a n t e r n  r i n g  make a water t i g h t  
s e a l  aga ins t  t h e  c y l i n d e r  when t h e y  a r e  compressed by an 
upper threaded r i n g  nu t .  Water e n t e r s  through an inne r  and 
o u t e r  l a n t e r n  r i n g  and flows down the  rod.  

The water then  flows through t h e  support  spider r i n g  
shown i n  F ig .  1 2  from which t h e  rod  inne r  assembly i s  
suspended, The rod  i t s e l f  i s  supported from t h e  master p l a t e .  
The cool ing  water flows p a s t  t h e  f u e l ,  through the aluminum 
lower rod  s e c t i o n  and out through a l a n t e r n  r i n g  and lower 
valve s i m i l a r  t o  t he  t o p  valve assembly. 

The t o p  s h i e l d i n g  p lug ,  made of two aluminum rods  
screwed t o g e t h e r ,  s e rves  t o  prevent  r a d i a t i o n  from streaming 
up through the  upper r e a c t o r  shields .  T h e  upper rod  i s  
6-112 fee t  long and 1.6 inches i n  diameter ,  the  lower rod  
i s  3 fee t  11 inches long and 1-114 inches i n  diameter .  

The uranium metal  s e c t i o n ,  a s  can be seen i n  Table Noel ,  
i s  120-1/2 inches long, 1.360 inches i n  diameter and weighs 
120 pounds. The natural-uranium-metal i s  sheathed i n  a 
0.079-inch-thick aluminum shea th  which has  three e q u a l l y  
spaced 0.057-inch-high l o n g i t u d i n a l  f i n s  designed t o  keep t h e  
element c e n t r a l  i n  t h e  o u t e r  shea th  a s  shown i n  F i g .  12.  The 
T y p e  5 A ,  5B, 6A and 6B sods have 0.040 inch t h i c k  i n n e r  
shea ths .  F ins  on t h e  5B and 6B .rods a r e  0.097 inch high 
s i n c e  these rods  have a 0.110 inch t h i c k  water annulus while 
t he  o t h e r  sods  have 0.070 inch t h i c k  water annul i .  The B 
type  rods  a r e  composite rods  which a r e  used i n  the  Canada 
Ind ia  Reactor ( C I R )  where the  sod cool ing  water ope ra t e s  a$.. 
a high temperature ,  They were used f o r  a s h o r t  t i$e  i n  NRX 
when a change from Type 5 rods  t o  Type 5A was contemplated 
i n  1956, The B type rods  use the  i n n e r  shea th  of a type 5A 
and the  o u t e r  shea th  of a type 5 as  can be seen fqom Table 
No. 1. 

The type 6 rod has  i n t e r n a l  t h reads  on the  ends of t he  
uranium metal s e c t i o n  while t h e  Type 5 A  and 5B has  e x t e r n a l  
t h r e a d s  a s  shown i n  F i g ,  12.  I n  both cases  t h e  aluminum 
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Uranium Sect ion 
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P e l l e t  T,D. i n .  

Solid 

Rods 
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1. 
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- 
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65s. A 1  
1.795 
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0.065 

57s. A 1  
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1 .520 
1.42 
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0.057 
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23.1 
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NATUFlAL VRANI‘WI METAL RODS 
Type 5 Type 5 A  Type 5B T y p X -  Type 6A Type 6B 

7- 

1s. A 1  1s A 1  1s. A1 ~ ~ G ; A - F  ~i 9 9 6 ~ - ~  e AL ~ ~ G ; A - F .  AI 
1.740 1.660 1 740 i e 740 1 e 660 1 740 

1.660 1.580 1.660 1.660 1.580 1 660 
0.040 0.040 0 0 04-0 0.040 0.040 0.040 

1s. A 1  1S.A1 1s. A 1  996A-F.A1 996A-F.Al 996A-FeA1 
1. IC40 1.440 1.518 1.440 

1.360 1.360 I e 360 10 360 1.360 1 360 
0.079 0.040 0,040 0.079 0.040 0.040 
0.058 0.057 0 0 097 0.058 0,057 0.097 
0.071 0.070 9.110 0.071 0.070 0,110 

I. 440 1 I 518 

Nat .U Nat .U Na% . u Nat.U Nat . U Nat e U 
54 54 54 54 54 54 

1.360 1 360 1 360 1 360 1 e 360 1.360 
120.5 120.5 120.5 1.20.5 120.5 120.5 

Female Male Male Male Female Female 

NRX FUEL ROD DATA CHART 

TABLE NO, - 1 



- 31 - CR I O  - 1043 

end p l u g s  t o  which t h e  shea th  i s  welded screw on t o  t h e  
uranium s e c t i o n ,  

The ou te r  rod shea th  i n  t h e  c a l a n d r i a  s e c t i o n  f o r  a l l  
rods i s  0,040 inches t h i c k  aluminum, There i s  an 
i n s u l a t i n g  a i r  gap between t h e  ou te r  shea th  and t h e  c a l a n d r i a  
t u b e  with t he  rod hanging f r e e l y  i n  t h e  c a l a n d r i a  t ube ,  

The uranium f u e l  s e c t i o n  i s  hung from t h e  upper s h i e l d i n g  
p l u g  by a t e n s i o n  member which i s  designed t o  break a t  
from 600 t o  900 pounds load. The t e n s i o n  member p r o t e c t s  
t h e  o u t e r  rod shea th  and t h e  c a l a n d r i a  tube from damage should 
t h e  uranium f u e l  swell during i r r a d i a t i o n  t o  the e x t e n t  
t h a t  t h e  inne r  sheath g r i p s  t h e  o u t e r  shea th .  Thermal cyc le s  
during r e a c t o r  opera t ion  could cause t h e  o u t e r  shea th  t o  
buckle long i tud ina l ly .  Before t h e  shea th  could con tac t  t h e  
c a l a n d r i a ,  however, t h e  t ens ion  member would break and t h e  
rod would drop i n t o  t h e  r e s t r i c t i o n  below t h e  expansion space 
shown i n  F i g .  12.  The cool ing  water must t hen  flow through 
a small  h o l e  i n  the lower inne r  shea th  plug.  The water pressure  
a t  t h e  base of t h e  rod which i s  monitored cont inuously by t h e  
Budenberg gauge system would drop immediately and s h u t  down 
t h e  r e a c t o r .  I n  t h i s  case t h e  rod would be r ep laced ,  The r e a c t o r  
must be shutdown when a f u e l  rod i s  changed, 

Hansen quick connect-disconnect valve arrangements a re  
used t o  connect hoses t o  the t o p  and bottom of t h e  rod when 
it i s  removed from the r e a c t o r .  A smal l  water flow i s  kept 
on i r r a d i a t e d  rods a t  a l l  times t o  remove decay hea t  while 
t h e y  a r e  i n  t h e  v e r t i c a l  t r a v e l l i n g  f l a s k .  (See Sec t ion  I V - 0 ) .  

3 .  Uranium Metal Rod Operating Conditions 

The avera e cool ing  water f l o w  through each uranium metal 
rod  i s  about 18 Igpm, 
rod v a r i e s  from about 3O"C'to 75°C depending on i t s  p o s i t i o n  
i n  t h e  r e a c t o r  l a t t i c e ,  T h e  bu lk  coolan t  temperature r i se  
through t h e  r e a c t o r  i s  normally 40°C a t  42 MW with a t o t a l  
f l o w  of about 3,000 Igpm, 

The temperature r i s e  ac ross  a s i n g l e  

The maximum allowable hea t  output of uranium metal rods  
i s  400 kW a t  267 cm of heavy-water depth.  
temperature l i m i t s  a r e  a l s o  set:  

The fol lowing 

Center of Uranium = 668°C maximum ( t o  prevent  change 
from oc-phase t o  p-phase)  

Aluminum/Uranium I n t e r f a c e  = 200°C maximum (To prevent form- 
a t i o n  of U A 1  a l l o y  which weakens 
the  rod shea 2 h )  

Aluminum Surface = 130°C maximum ( t o  prevent 
i n t e r g r a n u l a r  c o r ros ion  by 
cool ing  water)  

Maximum o u t l e t  water temperature f o r  any rod = 95°C 
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The scheduled burnup of t h e  uranium metal f u e l  rods 
i s  1300MWd/ton equiva len t  t o  78 M W d  per rod .  
t a k e s  f rom 8 t o  15 months depending on t h e  r o d ' s  p o s i t i o n  
i n  t h e  r e a c t o r .  Rods a r e  removed on schedule f o r  t h e  
plutonium produced unless  an inne r  sheath rupture  o r  o the r  
f a u l t  occurs f i r s t .  Uranium metal rods  may a l s o  be removed 
before  they  have rece ived  t h e i r  scheduled i r r a d i a t i o n  i f  t h e  
coolan t  f l o w  drops t o  about 11 Igpm (equiva len t  t o  56 lb / in2  
o u t l e t  p ressure  a s  i nd ica t ed  by t h e  Budenberg gauges) ,  T h i s  
drop  i n  flow would, i n  gene ra l ,  be caused by swel l ing  of 
t h e  uranium metal which reduces t h e  s i z e  of t h e  water annulus. 

The i r r a d i a t i o n  

Any change i n  length  of t h e  uranium f u e l  s e c t i o n  i s  
measured by X-ray examination of each uranium metal f u e l  rod 
d u r i n g  i t s  l i f e  i n  t h e  r e a c t o r .  A l l  rods  a re  X-rayed when 
t h e i r  i r r a d i a t i o n  i s  completed. A rod  may a l s o  be X-rayed 
up t o  t h r e e  o r  fou r  times during i r r a d i a t i o n  depending on 
the me ta l lu rg ica l  t rea tment  given t h e  rod during f a b r i c a t i o n .  
The X-ray equipment i s  loca ted  on t o p  of  t h e  r o d  s torage  
block. Rods a r e  removed from t h e  r e a c t o r  and X-rayed during 
scheduled shutdowns. X-ray photographs may be taken for record 
purposes i f  r equ i r ed .  Normally t h e  f luoroscope u n i t  i s  used. 

When a rod  has  completed i t s  i r r a d i a t i o n  it i s  removed 
from the  r e a c t o r  t o  t h e  underwater t r ench  system which i s  
f i l l e d  w i t h  de-ionized water.  With Underwater hack saws t h e  
rod i s  c u t  above and below t h e  f u e l  s e c t i o n  a t  t h e  "Cut l i n e s ' '  
shown i n  F ig .  1 2 .  The t o p  and bottom s h i e l d i n g  s e c t i o n s  a re  
saved and used f o r  t h e  assembly of o t h e r  r o d s ,  The o u t e r  
shea th  i s  removed and t h e  f u e l ,  s t i l l  enclosed i n  t h e  i nne r  
shea th ,  i s  s t o r e d  v e r t i c a l l y  i n  underwater bays u n t i l  t h e  
r o d s  a re  de l ive red  t o  t h e  United S t a t e s  f o r  f u e l  processing.  

B. Booster Rods 

1. Enriched Uranium Aluminum Alloy Rods 

(which w i l l  be d iscussed  l a t e r )  Experimental r o d s  r ep lace  
uranium metal rods  i n  t h e  co re ,  and r e a c t i v i t y  t h u s  l o s t  
t o  t he  r e a c t o r  i s  made up by i n s t a l l i n g  "booster rods"  o f  
enr iched uranium/aluminum a l l o y .  A t  t h e  t ime of' . ;ritj .ng 
( J u l y  1961) t h e r e  a r e  t h i r t y  of t h e s e  rods  i n  t h e  r e a c t o r  
providing about 60 m i l l i - k *  of r e a c t i v i t y  i n  excess  of 
t h a t  provided by t h e  uranium metal rods  t h e y  a r e  replacifig.  

inch-long uranium/aluminum a l l o y  s l u g s  1.36 inches i n  
ou t s ide  diameter separa ted  by l - inch-long aluminum s l u g s .  The t e n  

++ 

The NRX r e a c t o r  has  a very l a r g e  experiments1 load 

The f u e l  i n  t h e  boos te r  rods  i s  made up of t e n  e i g h t -  

6ilJ 
R e a c t i v i t y  i n  MRX i s  measured i n  m i l l i - k  (mk). 
of  p o s i t i v e  r e a c t i v i t y  added t o  a c r i t i c a l  r e a c t o r  w i l l  
i nc rease  t h e  m u l t i p l i c a t i o n  f a c t o r  ''kc" from 1.000 t o  1..001. 

One mk 
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s l u g s  a l t o g e t h e r  conta in  approximately 446 grams of uranium 
of which 93% i s  U-235. These s l u g s  a r e  f i t t e d  i n s i d e  a 
s tandard  uranium metal f u e l  rod shea th ,  the  f u l l  l ength  
being made up by a 9-7/8-inch aluminum p lug  a t  t h e  t o p  and 
a 26-3/8-inch-long plug a t  t h e  bottom. 

The rod i t s e l f  i s  assembled w i t h  t h e  same p a r t s  a s  used 
i n  t h e  Type 5 and 6 uranium metal rods .  

A boos te r  rod provides  5.3 m i l l i - k  of r e a c t i v i t y  i n  
excess  of a uranium metal f u e l  rod i n  t h e  c e n t e r  of t h e  core  
when fresh.  
by which time t h e  excess  r e a c t i v i t y  i s  1 .0  mi l l i -k ;  t h i s  
t a k e s ,  on t h e  average, ab-out 18 months i r r a d i a t i o n .  They 
a r e  u s u a l l y  i n s t a l l e d  i n . t h e  o u t e r  c i r c l e s  when new i n  order  
t o  not  overheat t h e  uranium metal f u e l  rods  surrounding 
them. 

The rods  a re  removed a t  144 M W d  rod output 

When t h e s e  rods a r e  burned out t hey  a r e  c u t  i n t o  s l u g s  
a f t e r  a s i x  month cool ing  per iod  and shipped t o  t h e  United 
S t a t e s  f o r  processing.  

2. Plutonium/Aluminum Alloy Rods 

At var ious  times s i n c e  1951 three d i f f e r e n t  des igns  

Three iwds were made by c a s t i n g  t h e  a l l o y  i n t o  aluminum 
cans 1 inch i n t e r n a l  diameter and 1.36 inch ou t s ide  
diameter .  These were screwed t o g e t h e r  and p u t  i n s i d e  
a s tandard  uranium metal f u e l  rod shea th .  The nominal 
composition of t h e  a l l o y  was va r i ed  from 0.50 weight 
pe r  cent  i n  t h e  two end cans t o  20 weight pe r  cen t  i n  
t h e  c e n t e r  t o  approximate a sine-squared d i s t r i b u t i o n  
of approximately 340 grams of plutonium along t h e  l eng th .  
(See AECL-601 by 0.J.C:Runnalls). 

These three rods operated s a t i s f a c t o r i l y ,  t h e  l a s t  rod 
of t h i s  tyoe  being removed from t h e  r e a c t o r  i n  
December, 1955. 

designed made oss 
c e n t r a l  s e c t i o n  of three s l u g s  conta in ing  a t o t a l  of 180 grams 
of plutonium and two detachable  natural-uranium metal 
ends. The uranium ends were about 45 inches long and 
of s tandard  f u e l  rod  cons t ruc t ion .  

Twenty-one of-- these rods were i r r a d i a t e d ,  Unfortunately 
t r o u b l e s  were experienced during i r r a d i a t i o n .  Some of 
t h e  s l u g s  separa ted  from t h e  inne r  cans and o t h e r  bulged  
t h e  shea th .  Five of t h e  rods had t o  be removed because 
of excess ive  pressure  drop, A s l u g  i n  t h e  l a s t  rod t o  
be i r r a d i a t e d ,  No. 21, melted i n  J u l y ,  1955 and plutonium 
a l l o y  penet ra ted  t h e  o u t e r  shea ths  and t h e  c a l a n d r i a  t u b e .  

of plutonium/aluminum rods have been used f o r  boos t e r  rods .  

1. 

2. I n  order  t o  conserve plutonium, a composite rod was 
a' 20 weight pe r  cen t  plutonium/aluminum 

CI * ?,# I 7 
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The c a l a n d r i a  tube was rep laced  i n  s i t u  i n  seven weeks. 

All t h e s e  rods  were then  removed from t h e  r e a c t o r  and a 
new design was developed. 

3. The l a t e s t  design of plutonium rod  was made up of twelve 
s lugs  each nine inches long conta in ing  3.7 weight percent  
of plutonium machined t o  f i t  i n s i d e  a s tandard  f u e l  rod  
shea th ,  They were assembled l i k e  Type 5 uranium metal 
f u e l  rods.  

The r o d  was 108 inches long and contained a t o t a l  of 
265 grams of plutonium, Twenty-seven of t hese  rods 
were i r r a d i a t e d  without i n c i d e n t ,  t h e  l a s t  one being 
removed from t h e  r e a c t o r  I n  Ju ly ,  1960. These rods a re  
a l s o  descr ibed  by 0.J.C. Runnalls I n  AECL-601. 

All enrichment i n  t h e  r e a c t o r  i s  now obtained from t h e  
U-235 a l l o y  rods  noted above. 

C. UO2 R o d s  

A program was i n i t i a t e d  i n  1958 t o  Peplace a l l  uranium 
metal f u e l  r o d s  wi th  uranium dioxide f u e l  rods .  The main 
reasons f o r  making t h e  change were t o  ga in  experience w i t h  
U02 f u e l ,  t o  r ep lace  t h e  uranium metal rods wi th  a more 
r e l i a b l e  f u e l  element and t o  inc rease  t h e  f l u x  i n  NRX by up 
$ 0  50% without an inc rease  i n  r e a c t o r  power. 

S o l i d  U02 rods  w i l l  be used  i n  t h e  o u t e r  c i r c l e s  of t h e  
r e a c t o r  such t h a t  t h e i r  maximum hea t  output w i l l  be 180 kW. 
I n  order  t o  prevent  c e n t e r  mel t ing of  t h e  f u e l ,  annular  U02 
rods  w i l l  be i n s t a l l e d  i n  t h e  i nne r  c i r c l e s .  

The dimensions of t h e  s o l i d  rods a r e  given i n  Table No.1. 
The f u e l  s e c t i o n  i s  made up of 3/4-inch-high p e l l e t s  1) #/ 
inches i n  diameter .  The f u e l  weighs 70 pounds. The inne r  
shea th  i s  0.050 inches t h i c k  while the  ou te r  shea th  i s  0.Q65 
inches t h i c k .  

As can be seen from Table No.1 , t h e  inne r  shea th  of t h e  
U02 f u e l  rods i s  made of r a the rannea led  57s aluminum a l l o y  
w h i l e  t h e  o u t e r  shea th  i s  made of /StrOng?t, 65s aluminum. 
two a l l o y s  a r e  used t o  minimlze t h e  p o s s i b i l i t y  of damage 
t o  t h e  r e a c t o r  should a U02 rod become defec ted .  Water would 
e n t e r  t h e  d e f e c t  dur ing  r e a c t o r  s h u t  down, t u r n  t o  steam a t  
s t a r t u p ,  and could exp los ive ly  rup tu re  t h e  shea ths .  It I s  
hoped t h a t  t h e  inne r  shea th  w t u r e  before  t h e  
steam pressure  high while  t h e  o u t e r  shea th  
w i l l  p r o t e c t  t n d r i a  tube  from The rod  i s  
assembled e s s e n t i a l l y  t h e  same a s  s tandard  f u e l  rods w i t h  
s l i g h t  d i f f e r e n c e s  f o r  ease  of f a b r i c a t i o n ,  

r--- These 
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For ty- f ive  s o l i d  U 0 2  rods a re  i n  t h e  r e a c t o r  a t  t h e  time 
of wri t ing .  No t r o u b l e  has  yet been experienced wi th  the  rods., 

Since U 0 2  has a low thermal conduct iv i ty ,  large-diameter  
s o l i d  rods  would melt i n  t h e  c e n t e r  during i r r a d i a t i o n  i n  t h e  
c e n t r a l  reg ion  of t h e  NRX core .  Annular U 0 2  rods have, there- 
f o r e ,  been designed with water cool ing  on both t h e  inne r  and 
o u t e r  s u r f a c e s ,  The rods  a r e  made up of annular  p e l l e t s  
7/8 inches high,  1 .41 inches i n  outs ide  diameter having a 
0,600-inch-diameter ho le .  
The 57s aluminurn inne r  coolan t  tube i s  1/2 inches inne r  diameter 
and O , O 5  inches t h i c k ,  The inne r  shea th  of 57s aluminum 
i s  1-7/16 inches inne r  diameter and 0.05 inches t h i c k .  The 
o u t e r  shea th  of 65s aluminum i s  l-&@ inches inne r  diameter  
and 1/16 inches t h i c k .  The r e s t  of  t h e  rod has  e s s e n t i a l l y  
t h e  same components a s  a s tandard f u e l  rod. 

u 

The rod con ta ins  58 pounds of U02. 

These rods have operated s a t i s f a c t o r i l y  a t  hea t  ou tputs  
up t o  350 kW, 

It i s  expected t h a t  l a r g e  s c a l e  i n s t a l l a t i o n  of annular  
U 0 2  rods  w i l l  commence e a r l y  i n  1962. 

I n  order  t o  compensate f o r  t h e  loss of r e a c t i v i t y  from 
t h e  U02 rods  a s  compared t o  t h e  uranium metal f u e l  rods ,  
a d d i t i o n a l  boos t e r  rods  w i l l  have t o  be i n s t a l l e d .  I n  order  
t o  coo l  t h e  boos te r  rods  s a f e l y  when t h e  r e a c t o r  f l u x  has  been 
increased  by 50% a new design of boos te r  rod  i s  being developed. 
The most promising design a t  t h e  present  time i s  a seven-element 
U-235/aluminum a l l o y  rod.  
1/4 inches i n  diameter,about 8 f e e t  long, with a coextruded 
t h r e e  f inned  0.025-inch-thick aluminum shea th .  The seven p e n c i l s  
w i l l  be h e l d  by spacer  p l a t e s  i n s i d e  a l 0 3 9  inch diameter  o u t e r  
aluminum flow t u b e ,  

The i n d i v i d u a l  elements w i l l  be 

It i s  expected t h a t  t h e s e  rods w i l l  r e q u i r e  a coolan t  flow 
of about 40 Igpm, A t  t h e  time of w r i t i n g  t h e  requirements f o r  
increased  r e a c t o r  coolan t  pumping c a p a c i t y  and/or redes ign  of 
t h e  s tandard  r o d  o r i f i c e  s e c t i o n  i s  being i n v e s t i g a t e d .  

The Fuel-Rod Removal F la sk  

The v e r t i c a l  t r a v e l l i n g  f l a s k  i s  shown i n  F ig .  2 and 3 .  
A complete d e s c r i p t i o n  of t h e  f l a s k  is  given i n  t h e  NRX Design 
Manual No. A-35-5, 

The f l a s k  i s  used f o r  handl ing a l l  t ypes  of f u e l  rods ,  
i so tope  t r a y  rods ,  and those  s p e c i a l  assemblies t h a t  a r e  
approximately t h e  s i z e  of the NRX f u e l  rods ,  It i s  provided 
wi th  a u x i l i a r y  equipment i n  order  t o  i n s t a l l  and remove t r a y -  
rod  i so tope  samples and loop f u e l  specimens. (See Sec t ion  
VI-A and VI-B). 
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A s  can be seen k*omtitre fl-gaz;+~ts, the f l a s k  i s  he ld  by 
a t r o l l e y  which t r a v e l s  i n  a north-south d i r e c t i o n ,  t h e  t r o l l e y  
i s  i n  t u r n  supported on a gan t ry  which t r a v e l s  i n  an e a s t -  
west d i r e c t i o n  on s t e e l  r a - i l s  from the  t o p  of the  r e a c t o r  t o  
t he  v e r t i c a l  rod s to rage  b lock ,  In. add i t ion  t h r e e  p a r a l l e l  
sets of north-south t r a c k s  enable  t he  f l a s k  t o  s e r v i c e  the 
v e r t i c a l  s to rage  block a s  shown i n  F ig .  2. 

The f l a s k  c o n s i s t s  of a 3-1/4-inch-diameter s t a i n l e s s  
s t e e l  tube  approximately 33-l/2 feet long encased i n  l ead  
sh ie ld ing .  The l ead  s h i e l d i n g  i s  9-l/2 inches t h i c k  f o r  about 
2 1  f e e t  from t h e  base,  t a p e r i n g  t o  t h r e e  inches over t he  
next  f i v e  fee t .  The upper se$en f ee t  of the  f l a s k  has  no l ead  
s h i e l d i n g  s i n c e  only the upper u n i r r a d i a t e d  p a r t  of an assembly 
i s  eve r  i n  t h i s  a r ea .  The l ead  s h i e l d i n g  i s  sheathed along i t s  
e n t i r e  length  i n  a cas ing  of 1/2 inch t h i c k  m i l d  s t ee l  p l a t e .  
T h i s  main f l a s k  assembly i s  made up of seven i n d i v i d u a l  s e c t i o n s  
which a r e  f langed and bo l t ed  t o g e t h e r  t o  f a c i l i t a t e  dismantl ing 
t h e  f l a s k  for r e p a i r s  and modif icat ions.  The t o t a l  weight of 
t h e  f l a s k  i t s e l f  i s  about 25 tons .  

A donut shaped l e a d  s h i e l d  c a l l e d  the  s k i r t  i s  loca ted  
around the  bottom of t h e  f l a s k ,  It i s  16 inches high,  46 inches 
o u t e r  diameter ,  24 inches  i n n e r  diameter  and weighs 7800 pounds. 
During rod  removal t h e  s k i r t  i s  lowered t o  provide s h t e l d i n g  
between t h e  bottom of t h e  f l a s k  and another  s h i e l d i n g  donut 
which r e s t s  on t h e  revolv ing  f l o o r .  The s k i r t  i s  supported by 
three cab le s  and i s  r a i s e d  and lowered by an e l e c t r i c  motor. 
I n t e r l o c k s  prevent  t he  s k i r t  be ing  moved if t h i s  a c t i o n  would 
expose t h e  r a d i o a c t i v e  p o r t i o n  of a normal l eng th  rod.  Per- 
sonnel  a r e  thereby  p ro tec t ed  from being i r r a d i a t e d  by the  
c e n t r a l  f u e l  s e c t i o n .  

The f l a s k  has  a 3-1/2-inch-diameter m i l d .  s t e e l  tube  
33-1/2 feet  long a t t ached  t o  t h e  ou t s ide .  
i s  used t o  hold Cinirradiated rods  which a r e  t o  be i n s t a l l e d  
i n  t h e  r e a c t o r .  
b lock  while r e p l a c i n g  an i r r a d i a t e d  rod  with a fresh one a re  
not  necessary ,  The t u b e  i s  equipped with i t s  own cab le  and 
hand winch. 

T h i s  t r a n s f e r  t u b e  

I n  t h i s  way t r i p s  back and f o r t h  t o  t he  s to rage  

The f l a s k  i s  provided with openings a t  va r ious  l e v e l s  
which a r e  used t o  accommodate s p e c i a l  components of the f l a s k  - eg. those  used f o r  i so tope  handl ing.  

The f l a s k  i s  provided with hose reels which can be connected 
t o  rods  being removed from t h e  r e a c t o r .  A smal l  water flow 
removes the  decay hea t  from t h e  i r r a d i a t e d  rods. The water i s  
f i l t e r e d  a s  it l eaves  t h e  rod  t o  prevent  t h e  spread of r ad io -  
a c t i v e  contamination should t h e  sad  be r u p t w e d .  

C' 

The f l a s k  a l s o  has  i t s  own a i r  e x h a m t  and f i l t e r  system. 
I f  a ruptured  rod  i s  being removed from t h e  r e a c t o r ,  a i r  
contamination i n  t he  r e a c t o r  h a l l  from the  rod i s  sedqced by 
having a i r  drawn p a s t  t he  rod  through the  f l a s k  a i r  f i l t e r  and 
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d 

v. 

d i r e c t l y  i n t o  t h e  r e a c t o r  a i r  exhaust system. 

There i s  an e l e c t r i c a l  and mechanical i n t e r l o c k  system 
t o  ensure t h a t  t h e  proper  sequence of opera t ion  i s  followed 
d u r i n g  rod  handl ing i n  order  t o  prevent a c c i d e n t a l  i r r a d i a t f o n  
of t h e  working crew. 

t r o l l e y  assembly which t r a v e l s  i n  a north-south d i r e c t i o n .  
The t r o l l e y  t r a v e l s  on fou r  wheels wi th  a seven-foot 
wheelbase and i s  dr iven  by a one hp e l e c t r i c  motor through 
s u i t a b l e  gear ing.  The t r o l l e y  assembly has  two e igh t - foo t -  
square p la t forms  which hold t h e  f l a s k  i n  p l a c e ,  The hand 9 

winches used t o  r a i s e  and lower rods  and s p e c i a l  assemblies 
a r e  loca t ed  on t h e s e  platforms.  

As mentioned previously,  t h e  f l a s k  is  supported on a 

The t r o l l e y  i s  supported by a gan t ry  which runs  on r a i l s  
from t h e  s to rage  block t o  t h e  top  of t h e  r e a c t o r .  The gan t ry  
span i s  16 fee t ,  i t s  wheelbase i s  10 fee t .  It i s  dr iven  by 
a 3 hp e l e c t r i c  motor a t  a maximum speed of 28.3 f e e t  per 
minute e 

The r e a c t o r  h a l l  overhead s e r v i c e  crane i s  t o o  low t o  
pass  over t h e  f u l l  he ight  of t h e  f l a s k .  For t h i s  reason 
s p o t l i g h t s  on t h e  f l a s k  a c t u a t e  a p h o t o e l e c t r i c  c e l l  alarm 
system which s e t s  o f f  a warning buzzer i n  t he  crane cab i f  it 
g e t s  w i t h i n  25 f e e t  of t h e  f l a s k .  A hydraul ic  c y l i n d e r  has  
been i n s t a l l e d  on t h e  f l a s k  which t i l t s  t h e  upper fou r  fee t  of 
t h e  f l a s k  allowing t h e  crane t o  pass  over i f  such i s  desired. 

CONTROL SYSTEM 

A .  In t roduc t ion  

The purpose of' the  c o n t r o l  system is  t o  provide s a f e  
cond i t ions  dur ing  the s t a r t u p ,  s t eady  power and shutdown 
s t a t e s  of t h e  r e a c t o r .  

modi f ica t ions  s i n c e  the  o r i g i n a l  design.  Report No. 101- 
134-8 by H.E. Smyth d i scusses  the  changes t o  t h e  c o n t r o l  
system from 1947 t o  1958, 

Mark I System (1947) 

18 Shut-Off Rods - 

The NRX c o n t r o l  system has  progressed through s e v e r a l  

raised i n  two s e p a r a t e  banks of n ine  
each 

4 Control  Rods - manual opera t ion  

Weir Box - manual opera t ion  
I 

Automatic p a r t i a l  heavy-water dump 



Soon a f t e r  s t a r t u p  i n  1947 t h r e e  of t h e  c o n t r o l  rods  
and t h e  automatic dump were e l imina ted ,  A s  mentioned 
previous ly  i n  Sec t ion  111-B-6 t h e  weir box was used 
a s  a coarse  c o n t r o l  and one c o n t r o l  rod was normally 
used a s  a f i n e  c o n t r o l  of power and r e a c t i v i t y .  

Mark I1 System (September, 1948 t o  December, 1952) 

1 2  Shut-Off Rods - r a i s e d  i n  banks of 4,3,2,1,1,1 

1 Control Rod - manual o r  automatic opera t ion  

Weir Box - manual opera t ion  

T h i s  system was used u n t i l  t h e  accident  t o  NRX i n  
December 12 ,  1952. 

On December 12, 1952 an uncont ro l led  power inc rease  
took  p lace  during low-power measurements on a i r -  
cooled uranium metal rods .  When t h e  r e a c t o r  t r i p p e d  
some of t h e  s h u t - o f f  rods  d i d  not  f a l l  f u l l y  i n t o  
t h e  co re ,  The c a l a n d r i a  and some of t h e  f u e l  rods  
were s e r i o u s l y  damaged by overheat ing.  The c a l a n d r i a  
was r ep laced  i n  14 months. 

The r e a c t o r  was s t a r t e d  up i n  February,  1954 wi th  t h e  
Mark I11 system. 

Mark I11 System (February 1954 t o  1956) 

18 Shut-Off  Rods - r a i s e d  i n d i v i d u a l l y  

1 Control  Rod - manual o r  automatic ope ra t ion  

Weir Box - manual ope ra t ion  

Automatic heavy-water dump ( t o  h a l f  f u l l )  

- under c e r t a i n  cond i t ions  ( e . g .  
f a i l u r e  of a l l  s h u t - o f f  rods  t o  f a l l )  

After  t h e  acc ident  i n  1952 Montreal Engineering Company 
was asked t o  do an independent eva lua t ion  of t h e  
NRX Control  System. They recommended a new d e s i g n  of 
shut-off  rod  and a backup shutdown device t o  compliment 
t h e  shut-off  r o d s ,  Therefore ,  t h e  heavy-water dump was 
incorpora ted  i n  t h e  Mark 111 system a s  a backup shutdown 
device * 

The American Machine and Foundry Company was given a 
c o n t r a c t  t o  design and b u i l d  a new type of  shut-off  rod. 
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The Mark I V  c o n t r o l  system was developed t o  c o n s i s t  of 
s i x  of  t h e  new shut-off  rods ,  automatic heavy-water dump, 
automatic heavy-water l e v e l  c o n t r o l  and no c o n t r o l  rod .  
T h i s  system was i n s t a l l e d  i n  two s t a g e s  i n  1956 and. 1958. 
The r e a c t o r  i s  now c o n t r o l l e d  by t h i s  system which w i l l  
be descr ibed  below. 

A complete d e s c r i p t i o n  of t h e  c o n t r o l  system can be found 
i n  t h e  NRX Design Manual 101-21 (Rev.2) Sec t ion  A-7. 
The gene ra l  s p e c i f i c a t i o n s  of t h e  system can be found i n  
Report No. 101-60. 

B. System Components 

1. Shue-Off Rods 

The shut-off  rod f o r  t h e  Mark I V  c o n t r o l  sysl;em 
was designed and b u i l t  by t h e  American Machine and 
Foundry Company. 

wi th  t h e  philosophy t h a t  i f  t h e  c o n t r o l  system i s  t o  
be ab le  t o  s h u t  down t h e  r e a c t o r  under a l l  poss ib l e  
cond i t ions  which may a r i s e ,  the  r e a c t i o n  must  be 
stopped i n  0.5 seconds. T h i s  meant t h a t  t h e  shut-off  
rods  had t o  be acce le ra t ed  i n t o  t h e  r e a c t o r .  A i r  
p r e s su re  was used and t h e  t o l e r a n c e  required i n  t h e  
mechanism l ead  to many malfunct ions.  

The o r i g i n a l  shut-off  r o d s  had been designed 

It was decided, fo l lowing  the acc ident  i n  11352, 
t h a t  i f  t h e  r e a c t i o n  was stopped i n  one second most. 
conceivable  acc iden t s  could s t i l l  be contained s a f e l y .  
With t h i s  new philosophy t h e  shut-off  rods  could be 
allowed t o  drop i n t o  t h e  r e a c t o r  under gravity. 

above t h e  core;  when the  react 'or  t r i p s  t h e  rods  a r e  
r e l e a s e d  t o  shutdown t h e  r e a c t o r .  During shut-downs, 
fou r  shut-off  rods ,  c a l l e d  t h e  " s a f e t y  bank", a r e  
he ld  above t h e  core .  '-Should a r e a c t i v i t y  o r  power 
surge occur dur ing  the'shutdown t h e  s a f e t y  bank w i l l  
be r e l e a s e d  b y ' t h e  t r i p p i n g  c i r c u i t  and would con ta in  
t h e  excursion.  The rods can only  be r a i s e d  i n d i v i d u a l l y  
i n  a p re sc r ibed  sequence i n  o rde r  t o  guard aga ins t  
l o c a l ,  unseen; f l u x  incr 'eases t h a t  might be caused by 
r a i s i n g  ad jacen t l  rods .  If t h e  sequence i s  contravened 

During r e a c t o r  ope ra t ion  t h e  rods a r e  suspended 

t h e  i n t e r l o c k  system 
* w - c - x e v  b--ods r 

pr&vpn+s wi 1 ~ ' n 7  

The AMP shut-off  rod  absorber  s e c t i o n  i s  suspended 
f r e e l y  from a 3/32-inch-dlameter s t a i n l e s s  s t e e l  cab le  
10 fee t  9 inches  long a t t a c h e a  t o  a c y l i n d r i c a l  drum. 
The drum i s  d r iven  by an e l e c t r i c  motor through a s e l f -  
locking  worm gear  and magnetic d i s c  c l u t c h .  The cab le  
winds on t h e  drum when t h e  rod  I s  being r a i s e d  and 
unwinds when t h e  rod  i s  lowered. When t h e  rod i s  r a i s e d  
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it compresses a sp r ing  during t h e  l a s t  t h r e e  inches of 
t r a v e l .  On a r e a c t o r  t r i p  t h e  magnetic c l u t c h  i s  
de-energized and t h e  compressed sp r ing  g ives  a small  i n i t i a l  
a c c e l e r a t i o n  t o  t h e  rod ,  The rods must f a l l  h a l f  way i n t o  
the  r e a c t o r  wi th in  0.7 seconds from r e l e a s e .  An unsafe f a u l t  
annunciates i f  a l l  shut-off  rods a r e  not  f u l l y  down and a l l  
heavy-water dump va lves  not  f u l l y  open w i t h i n  two seconds 
fol lowing a r e a c t o r  t r i p ,  

The absorber s e c t i o n  c o n s i s t s  of 11.4 pounds,of s i n t e r e d  
boron carb ide  p e l l e t s  i n s i d e  a 1-1/4 inch ou t s ide  diameter 
s t a i n l e s s  s tee l  t u b e  10 f e e t  8 inches  long. 

The headgear assembly which con ta ins  t h e  rod motor and 
gea r s  a s  descr ibed above can be used interchangeably on any 
of t he  shut-off  sods. 

The shut-off  rod t o p  s h i e l d  assembly c o n s i s t s  of a lead-  
f i l l e d  s t a i n l e s s  s t e e l  t u b e  1-112-inches i n  ou t s ide  diameter 
and 15-112-inches long with a c e n t r a l  ho le  f o r  t h e  l i f t i n g  
cab le  

The upper and lower s e c t i o n s  of the  o u t e r  t u b e  f o r  t h e  
shut-off  rod  i s  made of s t a i n l e s s  s t e e l  pipe of var ious  
diameters  and l eng ths .  The s e c t i o n  i n  the  c a l a n d r i a  i s  made 
of a 12-1/2 f o o t  long aluminum t u b e  1-1/2-inches i n  ou t s ide  
diameter and 1/16 inches ' t h i ck .  

A mechanical snubber assembly s i t u a t e d  wi th in  t h e  o u t e r  
t u b e  a t  an e l e v a t i o n  corresponding t o  t h e  t o p  of t h e  c a l a n d r i a  
s e rves  t o  cushion the shock o f  t he  absorber s e c t i o n  when it 
drops due t o  a broken cab le  o r  o t h e r  malfunction. A hydraulfc  
snubber i n  t he  headgear d e c e l e r a t e s  the  absorber s e c t i o n  
dur ing  a normal rod  f a l l ,  

There a r e  l i m i t  switches i n  t h e  headgear which i n d i c a t e  
upper and lower t r a v e l  l i m i t s  of t h e  sod and opera te  con tac t s  
i n  t h e  r e e c t o r  c o n t r o l  system, 

Cooling f o r  the  absorber  s e c t i o n  i s  provided by process  
a i r  a t  11 f t3Imin to each headgear d ischarg ing  through p o r t s  
a t  %he base of t h e  rod into.  t h e  r e a c t o r  exhaust system, 

These shut-off  rods  have operated very s a t i s f a c t o r i l y  
once i n i t i a l  t r o u b l e  wi th  t h e  lower l i m i t  switches was so lved ,  
I n  f i v e  yea r s  only on t h r e e  occasions has  a rod  f a i l e d  to 
f a l l  f u l l y  i n t o  the  r e a c t o r  when r equ i r ed .  On each occasion 
t h e  r e a c t o r  was s h u t  down s a f e l y  s i n c e  the  remaining f i v e  r o d s  
f e l l  i n  f u l l y  a s  normal. 

2. Control and Dump Valves 

These components were d iscussed  i n  Sec t ion  111-B-9. 



C .  Reactor Control  

1. T r i p l i c a t e d  Control C i r c u i t s  

A s  d iscussed i n  Sec t ion  111-B-9 t h e  r e a c t o r  power 
i s  c o n t r o l l e d  by v a r i a t i o n  of  t h e  heavy-water l e v e l .  
Heavy-water i s  pumped i n t o  t h e  c a l a n d r i a  a t  t h e  r a t e  
of 215 Igpm and f lows  out a t  a v a r i a b l e  r a t e  r egu la t ed  
by three c o n t r o l  va lves  on t h e  c a l a n d r i a  o u t l e t  l i n e s ,  

The c o n t r o l  va lves  a r e  positiorzed by sepa ra t e  
i d e n t i c a l  e l e c t r o n i c  c i r c u i t s  and electro-pneumatic 
c o n t r o l s  c a l l e d  Channels A,B and C .  A s i m p l i f i e d  
schematic diagram of a s i n g l e  channel i s  shown i n  Fig.13. 
The three channels opera te  a s  a two out of t h r e e  
co inc ident  t r i p p i n g  c i r c u i t  which means t h a t  two of t h e  
channels must annunciate a f a u l t  a t  t h e  same time i n  
o rde r  t o  shut-down t h e  r e a c t o r .  Thus unnecessary r e a c t o r  
t r i p s  because of  component f a i l u r e  i n  one channel w i l l  
no t  occur.  I n  add i t ion  any s i n g l e  channel component 
can be t e s t e d ,  checked and maintained on a r o u t i n e  b a s i s  
while  t h e  r e a c t o r  i s  opera t ing .  I n  a d d i t i o n  t o  t r i p  
l e v e l s  on r a t e s  of power change, e t c .  f o r  each channel,  
disagreement between a l l  t h r e e  channels w i l l  t r i p  
the  r e a c t o r .  A s  d i scussed  below, i f  one channel d i sag rees  
wi th  t h e  o the r  two it i s  r e j e c t e d  and a s ingle-channel  
f a u l t  annunciates .  T h i s  would not  s h u t  t h e  r e a c t o r  down. 
The equipment i n  t h a t  channel would be r e p a i r e d  as 
r equ i r ed  while t h e  r e a c t o r  was opera t ing .  

2. Automatic Reactor Control  by Neutron Power 

A change i n  r e a c t o r  power produces a p ropor t iona l  
change i n  t h e  neutron s i g n a l  f rom t h e  i o n  chambers i n  
t h e  Nor th  Thermal Column. Two ion  chambers a r e  connected 
t o  each channel making a t o t a l  of six ion  chambers 
f o r  t h e  three channels.  A s  can be seen i n  F ig .  l3, 
one ion  chamber sends i t s  neutron s i g n a l  t o  t h e  log  
a m p l i f i e r  which g ives  s i g n a l s  p ropor t iona l  t o  t h e  
log (of  t h e )  power and the  3 ( 
change and t h e  o the r  sends i t s  s 

of t h e )  r a t e  of power 
i g n a l s  t o  t h e  l i n e a r  

powe? and l i n e a r  r a t e  a m p l i f i e r s .  Each channel w i l l  
r e ce ive  a s e t  of four s i g n a l s  t h a t  i s  s l i g h t l y  d i f f e r e n t  
f rom t h e  r e s p e c t i v e  s i g n a l s  from t h e  o t h e r  two channels 
because of d i f f e r e n c e s  i n  the  neutron flux reaching t h e  
va r ious  chambers. 

The r e s p e c t i v e  s i g n a l s  from t h e  t h r e e  channels a r e  
compared i n  fou r  comparator u n i t s  a s  shown i n  Fig.13.  
Each comparator u n i t  averages t h e  incoming s i g n a l s  and 
g i v e s  o u t  t h r e e  s i g n a l s  which a r e  t h e  average of  t h e  
t h r e e  incoming s i g n a l s ,  These average s i g n a l s  a r e  used 



a s  t h e  a c t u a t i n g  s i g n a l s  f o r  t h e  res t  of each sepa ra t e  
channel.  I f ,  because of a malfunction of an ion  
chamber o r  ampl i f i e r  i n  a s i n g l e  channel,  one of the 
input  s i g n a l s  t o  a p a r t i c u l a r  comparator does not 
agree within s p e c i f i e d  l i m i t s  when compared t o  t h e  
o t h e r s  it i s  r e j e c t e d  and only t h e  remaining two s i g n a l s  
a r e  averaged and used t o  g ive  out three s i g n a l s  t o  t h e  
func t ion  genera tor .  A single-channel  f a u l t  would 
annunciate and t h e  qhannel would be r epa i r ed .  

From t h e  comparators, we have, f o r  each channel,  
f o u r  s i g n a l s  which are p ropor t iona l  t o  average va lues  
of t h e  ion  chamber S igna l s ,  namely l i n e a r  r a t e ,  l i n e a r  
power, l o g  r a t e  and log  power., These f o u r  parameters 
a r e  used t o  c o n t r o l  t h e  r e a c t o r  through t h e  t h r e e  
s e p a r a t e  e l e c t r o n i c  channels ,  

The s i g n a l s  e n t e r  a func t ion  gene ra to r  u n i t  
where t h e y  a r e  compared t o  a f i x e d  r e fe rence  s i g n a l  which 
comes from t h e  power demand set  po in t  u n i t  on the  
r e a c t o r  c o n t r o l  console .  Any disagreement produces 
an e r r o r  s i g n a l  which changes t h e  s e t t i n g s  of t h e  heavy 
water c o n t r o l  va lves ,  t h u s  changing the  moderator l e v e l  
i n  t h e  c a l a n d r i a  i n  such a manner t h a t  t h e  e r r o r  s i g n a l  
becomes zero  when t h e  requi red  power l e v e l  i s  reached. 
The r e a c t o r  power t h e n  remains cons tan t  a t  t h e  l e v e l  
demanded by the  set  po in t  u n i t  a t  t he  c o n t r o l  console .  

A valve p o s i t i o n  comparator a s  shown i n  F ig .  13 
compares t h e  p o s i t i o n s  of t he  t h r e e  va lves  a s  r egu la t ed  
by t h e i r  r e s p e c t i v e  channels ,  If one valve p o s i t i o n  
d i f f e r s  more than  30% from t h e  o t h e r  two t h a t  valve 
and i t s  associa%ed channel i s  r e j e c t e d  from t h e  c o n t r o l  
system. The r e j e c t e d  valve w i l l  go t o  n e u t r a l ,  t h a t  
i s  t o  t h e  h a l f  c losed  p o s i t i o n .  Reactor c o n t r o l  w i l l  
cont inue,  w i th  a s l i g h t  power-change, by t h e  u s e  of 
t h e  remaining two channels  and t h e i r  a s soc ia t ed  va lves  , 

The f o u r  s i g n a l s  of l o g  r a t e ,  log power, l i n e a r  
r a t e  and l i n e a r  power t h a t  e n t e r  t h e  func t ion  gene ra to r  
a r e  each used t o  c o n t r o l  t h e  r e a c t o r  a t  va r ious  power 
l e v e l s  a s  shown i n  F ig .  14 and a s  d iscussed  below. 

The Logarithmic Rate Control  C i r c u i t  

T h i s  c i r c u i t  c o n t r o l s  t h e  exponent ia l  r a t e  a t  which 
t h e  r e a c t o r  power i n c r e a s e s  from s u b c r i t i c a l  l e v e l s  
up t o  approximately 20 MW. It a l s o  prevents  
overshoots  i n  power whenever t he  demanded power 
l e v e l  i s  changed between 4 MW and 20 MW. The r a t e  
of power i n c r e a s e  i s  l imi t ed  t o  1% p e r  second. A t  
20 MW the  ins tan taneous  maximum r a t e  i s ,  t h e r e f o r e ,  
0 .2  MW per second. 
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(b) Lihear Rate Control 

T h i s  c i r c u i t  l i m i t s  t h e  maximum r a t e  of power 
increase  t o  0.2 MW per  second a t  any r e a c t o r  power 
above 20 MW and prevents  power overshoots when 
t h e  demanded l e v e l  i s  a t t a i n e d .  

( c )  Linear  Power Control C i r c u i t  

A t  any power between 4 MW and 40 MW t h i s  c i r c u i t  
l e v e l s  o f f  t h e  r e a c t o r  power a t  t he  demand l e v e l  
and keeps it s teady  a t  t h i s  l e v e l .  T h i s  c i r c u i t  
c o n s t i t u t e s  t h e  main c o n t r o l l i n g  agent of t h e  
r e a c t o r  power dur ing  s teady  s t a t e  ope ra t ion ,  

( d )  Logarithmic Power Con t ro l  C i r c u i t  

T h i s  c i r c u i t  l e v e l s  t h e  r e a c t o r  power a t  1% of 
maximum power (approximately 400 kW) and keeps t h e  
power s t eady  a t  t h i s  l e v e l .  T h i s  c i r c u i t  performs 
i t s  func t ion  only when t h e  c o n t r o l  system has been 
switched t o  t h e  "Low Power S t a t e "  a t  t h e  power set  
u n i t  a t  t h e  r e a c t o r  c o n t r o l  console .  The r e a c t o r  
power cannot be r a i s e d  above 1% when i n  t h i s  s 'k2 te .  
A s  w i l l  be explained l a t e r  the  r e a c t o r  power r ' r i :  
be increased  t o  1% without c l e a r i n g  a l l  t h e  
t r i p p i n g  c i r c u i t s  i n  order  t o  save s t a r t u p  time 
when t h e  c i r c u i t s  a r e  f i n a l l y  c l e a r .  Normally one 
goes immediately t o  "Normal Power S t a t e "  and t h e  
l o g  power c i r c u i t  i s  n o t  used. 

3. Automatic Thermal Power Cofitrol 

The temperature r i s e  i n  t h e  r e a c t o r  b u l k  cool ing  
water can be used t o  keep the r e a c t o r  thermal  power 
s teady  when t h e  neutron f l u x  v a r i e s  because of changes 
i n ,  f o r  example, heavy water he igh t .  A c i s c u i t  has  
been designed which.wil1 keep the  thermal power cons tan t  
and w i l l ' l e v e l  o f f  t h e  thermal power a t  the  demanded 
l e v e l .  The neutron c o n t r o l  system ove r r ides  t h i s  thermal 
c o n t r o l  u n i t  during l a r g e  changes i n  demanded l e v e l .  

between 5 MW and 40 MW. It may be switched out of 
s e r v i c e  i f  des i r ed .  

The thermal  c o n t r o l  u n i t  ope ra t e s  a t  power l e v e l s  

A t  the  time of writirqg ( J u l y  1961) t h i s  equipment 
has  not  y e t  operated s a t i s f a c t o r - i l y  and it i s  being 
modified. 
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D. Reactor TrAp and Alarm C i r c u i t s  

1. Power Monitoring C i r c u i t  

There a r e  two main t r i p  c i r c u i t s  which monitor 
t h e  power of the  r e a c t o r  and s h u t  it down i f  p r e s e t  
l i m i t s  a r e  exceeded: 

( a )  The r e a c t o r  mean power t r i p  c i r c u i t  r ece ives  i t s  
s i g n a l s  from t h e  l i n e a r  power comparator of t he  
r e s p e c t i v e  channels a s  shown i n  Fig.  13. It 
automat ica l ly  s h u t s  down the  r e a c t o r  when t h e  
power exceeds of the  demanded power l e v e l  
t h u s  p r o t e c t i  
T h i s  c i r c u i t  p r o t e c t s  t h e  r e a c t o r  a t  any power 
from 4 MW t o  40 MW. 

e r e a c t o r  from power excursions.  

( b )  Auxi l ia ry  Absolute T r i p  C i r c u i t  

( $ 1  Overpower T r i p  C i r c u i t  

T h i s  c i r c u i t  i s  completely sepa ra t e  from t h e  
o t h e r  c i r c u i t s  i n  the r e a c t o r  c o n t r o l  and 
p r o t e c t i v e  system. The t h r e e  channel-overpower 
t r i p  s i g n a l s  a r e  taken  from three independent 
ion  chambers s i t u a t e d  i n  h o r i z o n t a l  experimental  
ho le s  around t h e  r e a c t o r .  The t r i p  l e v e l s  
a r e  set  manually a t  10% above t h e  ope ra t ing  
neutron l e v e l .  During r e a c t o r  shutdown the  
t r i p  l e v e l  i s  set  a t  10% of f u l l  s c a l e .  

(ii) T r i p  on Loss  of Main Coolant Flow 

S igna l s  a r e  taken from t h e  cooling-water pressure  
drop ac ross  t h e  r e a c t o r ,  which i s  p ropor t iona l  
t o  t h e  coolan t  flow through t h e  r e a c t o r .  The 
t r i p  l e v e l  on Channel A i s  set  10 l b / i n 2  above 
and below the ope ra t ing  p res su re  while Channel 
B and C l i m i t s  a r e  set  35 l b / i n 2  above and 
25 lb / in2  below t h e  ope ra t ing  p res su re .  
gene ra l ,  t h e s e  s e t t i n g s  do not have t o  be changed 
d u r i n g  opera t ion .  

I n  

2. Reactor Systems Monitoring C i r c u i t  

A l a r g e  number of devices  cont inuously monitor 
temperature ,  p re s su re ,  h e i g h t ,  flow and neutron and 
gamma-ray f l u x  cond i t ions  of t h e  var ious  systems a s soc ia t ed  
wi th  r e a c t o r  opera t ion .  Examples a r e  t h e  Budenberg gauge 
system which monitors t h e  coolan t  pressure  a t  t h e  base 
of each f u e l  rod and t h e  r a d i a t i o n  monitors throughout t h e  
r e a c t o r  bu i ld ing .  
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A f a u l t  s i g n a l  i n i t i a t e d  by any one of t hese  
devices  w i l l  cause t h e  condi t ion  t o  annunciate i n  t h e  
r e a c t o r  c o n t r o l  room e i t h e r  a s  a t r i p  o r  an alarm 
f a u l t ,  depending on t h e  importance of t h e  condi t ion  
being monitored. 

S igna l s  t h a t  a r e  t r i p s  au tomat ica l ly  shutdown 
t h e  r e a c t o r .  The s i x  shut-off  rods  a r e  r e l e a s e d ,  
dropping halfway i n t o  t h e  r e a c t o r  w i t h i n  0.7 seconds 
from i n i t i a t i o n  of t h e  r e l e a s e .  The heavy-water 
moderator i s  dumped t o  140 cm wi th in  three minutes 
forming t h e  backup shutdown device.  T r i p s  a r e  d iv ided  
i n t o  two c l a s s e s ,  absolu te  t r i p s  being those t h a t  
au tomat i ca l ly  s h u t  down t h e  r e a c t o r  a t  any power l e v e l  
and c o n d i t i o n a l  t r i p s  t h a t  s h u t  down the  r e a c t o r  only 
when t h e  power l e v e l  i s  above 1% of maximum power. 

Thus  when t h e  t r i p s  have been c l e a r e d  
t h e  r e a c t o r  can be s t a r t e d  up t o  t h e  "Low Power" s t a t e  
a s  o u t l i n e d  i n  Sec t ion  V-C-2-d. 

cll?s*)uf.e 

3. Sequence Control C i r c u i t s  

T h i s  system prevents  t h e  r e a c t o r  from being s t a r t e d  
i n c o r r e c t l y  o r  when an unsafe condi t ion  e x i s t s .  The 
c i r c u i t s  a r e  arranged t o  permit  the  r e a c t o r  t o  be 
s t a r t e d  i n  t h e  fol lowing sequence only: 

a l l  abso lu te  t r i p s  must be c l e a r  
energ ize  primary c i r c u i t s  manually 
r a i s e  shut-off  rods  i n  t h e  c o r r e c t  sequence 
dump and c o n t r o l  va lves  c l o s e  when t h e  l a s t  s h u t -  
o f f  rod  i s  up. 
t h e  heavy water c i r c u l a t i n g  pump can be s t a r t e d  [z{ a l l  c o n d i t i o n a l  t r i p s  must  be c l e a r  i f  r e a c t o r  
power i s  t o  be increased  above 1% of f u l l  power 

( 7 )  set  the  power demand u n i t  f o r  t h e  desired power 
l e v e l .  The r e a c t o r  power w i l l  i nc rease  a t  t he  
c o n t r o l l e d  r a t e  au tomat ica l ly  and l e v e l  off a t  
t h e  demanded l e v e l  a s  shown i n  Fig.  14. 

If t h i s  sequence i s  contravened a t  any time i n t e r l o c k s  
w i l l  t r i p  t h e  r e a c t o r  back t o  t h e  shutdown s t a t e .  

V I .  EXPERIMENTAL ASSEMBLIES I N  THE -NRX REACTOR CORE 

General 

i n  the NRX core  s i n c e  opera t ion  commenced i n  1947. Some 
of t h e s e ,  such a s  t h e  loop experiments and t h e  pneumatic 
c a r r i e r ,  a r e  permanent equipment while o t h e r s  such a s  the  
U02 p e l l e t  rods  a r e  i n s t a l l e d  f o r  p a r t i c u l a r  t e s t s  only.  

Many d i f f e r e n t  experimental  assemblies  have been i n s t a l l e d  
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Those assemblies t h a t  a r e  i n s t a l l e d  i n  f u e l  r o d  
p o s i t i o n s  a re  l imi t ed  i n  ou t s ide  diameter t o  t h a t  which 
w i l l  pass  f r e e l y  through t h e  2-1/8 inch ho le s  i n  t h e  
upper thermal sh ie lds .  Assemblies i n  t h e  c e n t r a l  th imble  
must  pass  f r e e l y  through a 5-1/2 inch diameter ho le .  

A.  Loop F a c i l i t i e s  

1. Purpose 
I 

The G e r m  loop r e f e r s  t o  t he  high-temperature,  
h igh -p res su re , t e s t  f a c i l i t i e s  f o r  r e a c t o r  f u e l s  i n  
which the hea t  produced i n  t h e  f u e l  under t e s t  i s  
removed by a r e c i r c u l a t i n g  coolan t .  Hence t h e  term 
"100p" s ince  t h e  p ip ing  connecting t h e  in - r eac to r  
t e s t  s e c t i o n  t o  t h e  out -of - reac tor  equipment (pumps, 
coo le r s ,  e t c . )  forms a c losed  loop. A s imp l i f i ed  flow 
shee t  of a t y p i c a l  loopriTs: shown i n  F ig .  15. 

The loop experiments a r e  used t o  t e s t  poss ib l e  
power r e a c t o r  f u e l s  such  as n a t u r a l  and enr iched  uran- 
i u m  metal ,  uranium dioxide  and uranium a l l o y s .  Various 
c ladding  m a t e r i a l s  have been i n v e s t i g a t e d  such a s  
aluminum, z i r c a l o y  and s t a i n l e s s  s teel .  

Some of t he  information r equ i r ed  i s :  

1, The dimensional s t a b i l i t y  of t h e  f u e l s  under 
i r r a d i a t i o n  a t  power r e a c t o r  cond i t ions .  

2. The co r ros ion  r e s i s t a n c e  of t h e  c ladding  m a t e r i a l s .  

3 0  The e f f e c t i v e n e s s  of f a b r i c a t i o n  techniques .  

4. The na tu re  of the r a d i a t i o n  s i g n a l  from a defec ted  
f u e l  element. 

Although NRX was not  designed t o  accommodate loopsp  
sh ie lded  rooms and s t e e l  platforms have been b u i l t  
i n  t h e  r e a c t o r  h a l l  to hold t h e  necessary  out of t h e  
p i l e  equipment. 

A complete h i s t o r y  and d e s c r i p t i o n  of loop 
development i n  NRX i s  given i n  AECL-1095 by F.A. McIntosh 
and AECL-1273 by R.O.  Sochaski.  Deta i led  d e s c r i p t i o n s  
of each loop can be obtained f rom t h e  NRX Operating 
and Design manuals f o r  t h e  p a r t i c u l a r  loop. 

2 .  Loop Equipment 

( a )  X-1 ,  X-2 ,  X-3  and x-6 Loops 

These f o u r  loops were i n s t a l l e d  i n  f u e l  rod  
p o s i t i o n s  i n  t h e  core  i n  1954 and 1955. The 
f i r s t  t h r e e  loops were b u i l t  by t h e  United S t a t e s  
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under an agreement by which AECL would use one f o r  
t h e i r  own experiments. The X-6 loop was i n s t a l l e d  i n  
a cooperat ive arrangement between AECL and t h e  United 
S t a t e s .  

The loops a r e  designed t o  operate  a t  about 
2000 lb / in2  and 500°F. 
normal f u e l  charge i s  about 25OF. Design hea t  ou tputs  
vary from 5OkW t o  100kWi. 

i n  F ig .  15. X - 1 ,  X-2 ,  X - 3  loops a r e  of s t a i n l e s s  
s t e e l  p ip ing  throughout while t h e  x-6 loop has  carbon 
s t e e l  p ip ing  wi th  a s t a i n l e s s  s t e e l  i n - r e a c t o r  pressure  
t u b e ,  The f o u r  loops have a common Dowtherm cool ing  
system and a common water make-up system. 

i n  t h e  r e a c t o r  by i n s e r t i n g  i n  a normal f u e l  rod  
p o s i t i o n  a s t a i n l e s s  s tee l  pressure  t u b e .  The s tandard  
r eusab le  p re s su re  t u b e  i s  shown i n  F i g ,  16 ,  The i n -  
c a l a n d r i a  s e c t i o n  i s  a s t a i n l e s s  s tee l  tube  1-1/8 inches 
i n  ou t s ide  diameter and 0.100 inches t h i c k .  The 
cool ing  water e n t e r s  a t  t h e  bottom and l eaves  a t  t h e  
t o p  a s  shown except f o r  t h e  X-3  loop i n  which t h e  f l o w  
i s  downwards. A "Unibolt" nut  i s  used t o  c l o s e  t h e  
loop, t h e  f u e l  elements being suspended from a blanking 
p l a t e  held by t h e  nu t .  The c a l a n d r i a  tube  i s  p ro tec t ed  
from t h e  high loop coolan t  temperature by a gas  
annulus d iv ided  by a l a y e r  of aluminum f o i l  a s  i nd ica t ed  
i n  Fig.  16. 

The temperature r i se  across  a 

A s imp l i f i ed  flow shee t  of t h e s e  loops  i s  shown 

A s  can be seen i n  F ig .  15 t h e  t e s t  f u e l  i s  placed 

The f u e l  elements a r e  u s u a l l y  hung t o g e t h e r  t o  
form a complete charge of from e i g h t  t o  t e n  specimens. 
The normal l eng th  of each specimen i s  about seven inches 
while the diameter i s  l imi t ed  t o  about 0,8 inches.  
Thermocouples a r e  sometimes a t t ached  t o  t h e  elements ,  

The main loop  p ip ing  i s  of 1 inch s t a i n l e s s  s t ee l ,  
Each loop has  two c e n t r i f u g a l  canned r o t o r  pumps r a t e d  
a t  56 Igpm a t  a 320 f o o t  head each dr iven  by 15 hp 
motors. One pump ope ra t e s  while t h e  second i s  on standby 
t o  s t a r t  au tomat ica l ly  upon f a i l u r e  of t h e  normal pump. 

The loop h e a t e r s  au tomat i ca l ly  c o n t r o l  t h e  loop 
water temperature a t  t h e  i n l e t  t o  the  t e s t  s e c t i o n ,  
u s u a l l y  a t  about 500°-F. They' a r e  conposed of twelve 
e l e c t r i c  immersion h e a t e r  elements of 3.5 kW each. The 
h e a t e r s  are  c a s t  i n t o  a matr ix  of aluminum around a 
s ix t een - tu rn ,  9-718 inch-diameter h e l i x  of one-inch 
loop  p ip ing .  

The loop coo le r  removes f rom t h e  loop t h e  hea t  
produced by t h e  t e s t  specimens, It i s  a double-pipe 
exchanger cooled by Dowtherm which i s  i n  t u r n  cooled by 
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t h e  high-pressure water system a s  noted i n  Sec t ion  
1 1 1 - D - 3 .  

The surge t a n k  i s  used t o  maintain loop pressure  
and t o  allow f o r  changes i n  volume of t h e  t o t a l  loop 
coo lan t ,  The coolan t  i s  c i r c u l a t e d  through t h e  surge 
t a n k  which c o l l e c t s  d i sso lved  gases  t h a t  a r e  t h e n  
vented from t h e  loop. The tank ,  made of 9/16-inch- 
t h i c k  s t a i n l e s s  s t e e l ,  i s $  f e e t  
6-5/8 inches i n  ou t s ide  diameter.  
of water.  Eight s t r i p  h e a t e r s  of 2 , 2  kW each 
au tomat ica l ly  maintain t h e  loop pressure  by b o i l i n g  
t h e  water i n  t h e  t ank .  

exchange and f i l t e r  c i r c u i t  which has  a flow of about 
0.1 Igpm. The p u r i f i c a t i o n  coo le r  reduces t h e  
temperature of t h e  water t o  100°F i n  order  t o  p r o t e c t  
t h e  ion-exchange r e s i n s .  
of s t a i n l e s s  s t ee l  2 feet  9 inches high and 3-1/2 inches 
i n  o u t s i d e  diameter .  They con ta in  mixed-bed l i t h i u m  
hydroxide r e s i n s  and keep t h e  pH of t h e  loop a t  between 
9 t o  10.5 which i n h i b i t s  co r ros ion  i n  t h e  loop and 
s t o p s  crud formation on t h e  f u e l  elements.  
f o r  sampling t h e  loop coolan t  a r e  on t h e  p u r i f i c a t i o n  
c i r c u i t  a s  shown. 

h igh  and 
It holds f i v e  g a l l o n s  

A s  can be seen from Fig.15, each loop has  an ion- 

The ion-exchange columns a r e  

The p o i n t s  

The make-up system s u p p l i e s  pure d i s t i l l e d  water 
t o  provide f o r  l o s s e s  due t o  leakage and sampling. 
add i t ion ,  should the  loop water become badly 
contaminated from rup tu red  f u e l  elements,  t h e  make-up 
system can be used t o  add a decontaminant s o l u t i o n  t o  
c l ean  the  loop. 

I n  

The gamma-ray monitor and delayed-neutron rnonit o r  
d e t e c t  r u p t u r e s  i n  t h e  t e s t  specimens from t h e  r ad io -  
a c t i v e  f i s s i o n  products  which would be r e l e a s e d  t o  t h e  
coolan t  e Sometimes ho le s  a r e  d r i l l e d  through t h e  shea ths  
of t h e  t e s t  f u e l  specimens i n  o rde r  t o  a s c e r t a i n  how 
t h e  f u e l  would a c t  i n  a power r e a c t o r  i f  t h e  c ladding  
r u p t  used.  

The loop temperature  i s  c o n t r o l l e d  by the loop 
h e a t e r ,  and t h e  loop p res su re  i s  c o n t r o l l e d  by t h e  
surge- tank h e a t e r  a s  shown i n  F ig .  15. 

The -.loops a r e  a l l  connected e l e c t r i c a l l y  t o  t h e  
r e a c t o r  p r o t e c t i v e  t r i p  system, For example, excess ive  
loop temperature  o r  a loop pump f a i l u r e  would 
annunciate  on t h e  s i n g l e - f a u l t  t r i p  c i r c u i t  and would 
shutdown t h e  r e a c t o r  a s  o u t l i n e d  i n  Sec t ion  No. V-D-2. 
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( b )  The X-4 Loop 

The o r i g i n a l  X-4 l o o p  c a l l e d  t h e  EEC o r  Leo loop 
was designed and f a b r i c a t e d  by t h e  English E l e c t r i c  
Company f o r  t h e  United Kingdom Atomic Energy Authority.  
It was i n s t a l l e d  i n  NRX i n  September 1956. 

The loop i s  cons t ruc ted  of m i l d  s t e e l  and t h e  
loop coo le r  i s  a water b o i l e r  type cooled d i r e c t l y  
wi th  water.  The loop pumps a r e  connected i n  series.  
Otherwise t h e  loop was i n  genera l  s i m i l a r  t o  t h e  X - 1 ,  
X-’2, X - 3  and X-6 loops.  I n  1960 it was decided t o  
modify t h e  loop t o  use steam cool ing.  

cooled loop  i s  undergoing out of r e a c t o r  commissioning 
tes t s .  A s i m p l i f i e d  flow diagram of t h e  loop i s  shown 
i n  F ig .  17. 

A t  t h e  time of w r i t i n g  ( J u l y  1961) t h e  X-4  steam 

The steam cooled loop i s  d iv ided  i n t o  two s e c t i o n s ,  
a wa te r - c i r cu la t ing  s e c t i o n  and the  s t e a m - f i l l e d  
s e c t i o n .  Eight hundred pounds of water per hour a re  
turned  t o  steam i n  t h e  b o i l e r ,  The steam temperature 
i s  r a i s e d  t o  about 7OO0F i n  t h e  superhea ter  and e n t e r s  
t h e  bottom of t h e  i n - r e a c t o r  t e s t  s e c t i o n .  Leaving 
t h e  t e s t  s e c t i o n  it f i r s t  e n t e r s  t h e  out -of - reac tor  
steam-cooled t e s t  s e c t i o n  and then  t h e  b o i l e r  where 
t h e  superheat  i s  removed, It t h e n  e n t e r s  t h e  j e t  
condenser where t h e  steam i s  condensed by t h e  loop water 
which then  r e t u r n s  t o  t h e  pumps. 

Most of t h e  equipment, a s i d e  from new loop h e a t e r s ,  
t h e  b o i l e r  and t h e  superhea ter  were used i n  t h e  o ld  
loop.  

( e )  The X - 5  Loop 

A s  mentioned p rev ious ly  t h e  f i rs t  loop i n  NRX 

The loop p r e s e n t l y  i n  t h e  c e n t r a l  t h i m b l e ,  X-5 ,  

was i n s t a l l e d  i n  t h e  c e n t r a l  t h imble  I n  1951. 

d i f f e r s  from t h e  sma l l e r  loops p r i m a r i l y  i n  s i z e .  The 
primary loop  p ip ing  i s  2-1/2-inch s t a i n l e s s  s t e e l  while  
t h e  o t h e r  loops have one-inch p ip ing ,  The coolan t  flow 
i s  normally about 85 Igpm compared t o  1 2  t o  15 Igpm 
of  t h e  small loops.  Test f u e l s  i n  t h e  loop have had 
hea t  ou tpu t s  a s  high a s  330 kW while  100 kW i s  about 
t h e  maximum t h a t  a small  l oop  can handle.  

The X - 5  p re s su re  tube  i s  made of Zircaloy-2,  
4-1/2-inches i n  ou t s ide  diameter  and 3-1/4 inches i n t e r n a l  
diameter .  A s  noted before  t h e  X - 5  loop i s  a r e - e n t r a n t  
type  w i t h  t h e  i n l e t  and o u t l e t  primary coolan t  l i n e s  
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e n t e r i n g  t h e  t e s t  s e c t i o n  a s  concent r ic  p ipes .  A flow- 
d i v i d e r  extends down i n s i d e  t h e  p re s su re  t u b e .  The 
primary coolant  flows down t h e  annulus between t h e  flow 
d i v i d e r  and t h e  pressure  t u b e  and up t h e  i n s i d e  of t h e  
flow d i v i d e r  tube  p a s t  t h e  f u e l  specimens. The X-5 loop 
has  i t s  own Dowtherm cool ing  system. 

The X-5 loop has  been used on a cooperat ive b a s i s  
by AECL and Westinghouse Atomic Power Divis ion (WAPD).  

The l a r g e  s i z e  of t h e  i r r a d i a t i o n  space i n  t h e  
X-5  loop has  enabled t e s t  i r r a d i a t i o n s  t o  be done on 
NRU f l a t  f u e l  rods  and on small  bundles of t e s t  f u e l  f o r  
t h e  NPD and CANDU r e a c t o r s .  

( d )  The X - 7  Loop (Organic Loop 11) 

The f i r s t  organic  cooled t e s t  s e c t i o n  was i n s t a l l e d  
i n  1959 i n  a h o r i z o n t a l  experimental  ho le  t a n g e n t i a l  t o  
t h e  c a l a n d r i a ,  

After a few months opera t ion  it was decided t h a t  a 
h i g h e r ,  more uniform. neutron f l u x  was r equ i r ed  and a f t e r  
modi f ica t ions  t h e  organic  loop, X - 7 ,  was i n s t a l l e d  i n  t h e  
r e a c t o r  core  

A s i m p l i f i e d  flow diagram i s  shown i n  F i g .  18. 

The loop was designed f o r  t h e  u s e  of organic  coo lan t s  
t h a t  a r e  l i q u i d  a t  room temperature ,  bu t  t r a c e  hea t ing  can 
be added f o r  use w i t h  organics  not l i q u i d  a t  room 
temperatures .  I n  a d d i t i o n  a 20kW induct ion  h e a t e r  has  
r e c e n t l y  been. i n s t a l l e d  on t h e  main loop p ip ing .  

The p re s su re  t u b e  i s  a l-1/2-inch o u t e r  diameter  
s t a i n l e s s  s t e e l  p i p e  wi th  a 0.049 inch t h i c k  wal l .  
water and a i r  annulus around t h e  t e s t  s e c t i o n  p r o t e c t s  t h e  
c a l a n d r i a  tube  from t h e  h igh  loop coolan t  temperatures  
The loop i s  designed t o  opera te  up t o  8 0 0 ' ~  and 280 lb / in2 .  

A cool ing  

The main loop p ip ing  i s  made of carbon s t e e l ,  

The main loop pump i s  a mechanically sea l ed  c e n t r i f u g a l  
pump r a t e d  a t  24 t o  48 Igpm a t  800'F. The standby l o o p  
pump, which i s  operated only  when t h e  r e a c t o r  i s  shutdown, 
i s  r a t e d  a t  20 Igpm a t  8 0 0 ' ~ .  

The loop h e a t e r s  a r e  r a t e d  a t a 6 0  kW. A n i t rogen  
pressure system a t t ached  t o  t h e  surge t a n k  maintains  t h e  
proper  ope ra t ing  pressure a on the  loop. 

Ortho and meta t e rpheny l s  con ta in ing  30% high  b o i l e r s  
have been used a s  t h e  coolant  i n  t h e  loop, The r e s t  of t h e  
loop components a r e  of about t h e  same s i z e  and have t h e  same 
purpose a s  f o r  t h e  o t h e r  loops.  The out -of - reac tor  
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equipment i s  housed i n  a cement block enclosure on t h e  
r e a c t o r  h a l l  f l o o r  near  t h e  h o r i z o n t a l  experimental  ho les .  

B .  Isotope Tray Rods 

A l a r g e  p a r t  of t h e  NRX e f f o r t  i s  devoted t o  t h e  
product ion of r a d i o a c t i v e  i s o t o p e s ,  Most of t h e s e  i so topes  
a r e  produced i n  t r a y  rods .  A s  mentioned previous ly ,  t h e  
s e l f - s e r v e  p o s i t i o n s  a l s o  a r e  used i n  i so tope  production. 

The f i r s t  i so tope  i r r a d i a t i o n s  i n  t h e  r e a c t o r  core  
were done i n  an a i r  cooled p l u g  i n  t h e  c e n t r a l  thimble.  
La ter  t r a y  rods  were put i n  t h e  core  r ep lac ing  f u e l  rods .  
A t  t h e  t i m e  of wr i t i ng  ( J u l y  1961) f i f t e e n  t r a y  rods  a r e  
i n  t h e  NRX core  and one t r a y  rod  i s  i n  t h e  J-rod annulus.  

A s i m p l i f i e d  diagram of t h e  t r a y  rod i s  shown i n  
F i g . l 9 (  A ) .  

The upper o u t e r  shea th  i s  made of an aluminum tube  
2-1/4 inches o u t e r  diameter ,  and t h e  c a l a n d r i a  s e c t i o n  i s  
1-3/4 inches  o u t e r  diameter and 1-5/8 inches inne r  diameter ,  
t h e  same dimensions a s  a s tandard  f u e l  rod  o u t e r  shea th .  
A s t a i n l e s s  s t e e l  s h i e l d i n g  p l u g  30 inches long and 7/8 
inches i n  diameter i s  loca ted  i n  the lower r o d  s e c t i o n .  A 
wire screen  a t  t h e  bottom of t h e  rod i s  he ld  i n  p lace  by t h e  
lower a i r  hose connection p iece  which i s  made of s t a i n l e s s  
s t e e l .  The screen  would ca t ch  and hold r a d i o a c t i v e  m a t e r i a l  
t h a t  could be r e l e a s e d  from a ruptured  capsu le ,  

Cooling a i r  a t  t h e  r a t e  of 25 s tandard  cubic  fee t  pe r  minute 
e n t e r s  through t h e  i n l e t  a i r  hose,  passes  up p a s t  t h e  samples, 
and out through ho le s  i n  t h e  o u t e r  shea th  s i t u a t e d  j u s t  
above t h e  e l e v a t i o n  of t h e  t o p  o f  t h e  c a l a n d r i a .  

The s e c t i o n  of rod  which i s  removed t o  change samples 
i s  c a l l e d  t h e  t r a y  assembly. It c o n s i s t s  of an upper mild 
s t e e l  s a n d - f i l l e d  s h i e l d i n g  s e c t i o n  and t h e  aluminum capsule  
s e c t i o n .  The capsule  s e c t i o n  i s  made of an aluminum t u b e  
10 f e e t  long and 1-14? inches o u t e r  diameter  from which 
f i f t e e n  s l o t s  6-1/4 inches long and 1-1/4 inches apa r t  a r e  
c u t  a s  shown i n  F ig .  l g ( A )  and l g ( B ) .  Each s l o t  i s  f i t t e d  
w i t h  two sp r ing  s t e e l  c l i p s  which each hold a sample capsule .  

The capsules ,  i d e n t i c a l  t o  , t h e  s e l f - s e r v e  capsules ,  a r e  
of aluminum 1-3/4, inches high,  7/8 inches i n  o u t e r  diameter 
wi th  a 1/16 inch t h i c k  wal l  a s  shown i n  F ig .  l g ( C ) .  
a r e  s ea l ed  by co ld  welding i n  a hydraul ic  press which evacuates  
t h e  con ta ine r  and p res ses  t h e  cover on w i t h  a 10,000 lb / in2  
p res su re .  

rods  i n  t h e  r e a c t o r  a r e  completely f i l l e d  w i t h  30-gram 
c o b a l t  samples. The c o b a l t  i s  i n  t h e  form of n i c k e l  p l a t e d  

They 

Each rod  can hold 30 samples. E igh t  of t h e  f i f t e e n  
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metal p e l l e t s  1 mm long and 1 mm i n  diameter weighing 
seven mg. NRX produces about 120,000 c u r i e s  of CO-60 
each year  a t  a normal maximum s p e c i f i c  a c t i v i t y  of 50 
curies/gram. 

The seven remaining rods a re  used f o r  miscellaneous 
commercial production i so topes  a s  well a s  i r r a d i a t i o n s  
f o r  fundamental r e sea rch  on t h e  p r o j e c t  and elsewhere. 
The r e a c t o r  produces about 14,000 c u r i e s  pe r  year  of 
such i so topes  by t h e  i r r a d i a t i o n  of samples ranging from 

arntLimony t o  z inc .  I r i d i u m ,  t e l l u r i u m  and gold form t h e  
b u l k  of t h i s  production. 

The t r a y  rods can be removed from t h e  r e a c t o r  and 
t h e  samples changed without s h u t t i n g  down t h e  r e a c t o r .  
Samples a re  removed by hand tongs with t h e  rod i n  t h e  
t r a v e l l i n g  f l a s k  and a r e  i n s t a l l e d  i n  l ead  f l a s k s  for 
shipment f rom t h e  p r o j e c t .  

There i s  one t r a y  sod i n  t h e  J-rod annulus which i s  
used  f o r  r e sea rch  and p roduGt ion  samples.  It i s  cooled 
by t h e  r e a c t o r  cool ing  a i r  which passes  down through t h e  
annulus a s  descr ibed i n  Sec t ion  111-E-4. 

The f l u x  i n  t h e  t r a y  rods  ranges .from 0 .7  x 1013 t o  
6 x 1013 n/cm2/sece Samples a re  l i m i t e d  i n  hea t  output 
t o  50 wat t s  c a l c u l a t e d  a t  t h e  maximum f l u x .  Ma te r i a l s  
which might decompose under  i r r a d i a t i o n  o r  might damage 
t h e  r e a c t o r  cannot be i r r a d i a t e d .  

C Pneumatic C a r r i e r  

I n  1949 a pneumatic c a r r i e r  t u b e  was cons t ruc ted  
t o  c a r r y  i r r a d i a t i o n  samples from t h e  Research Chemistry 
Bu i ld ing  disec-cly t o  a c e n t r a l  fue l - rod  p o s i t i o n  i n  NRX. 

Severa l  modi f ica t ions  have s i n c e  been made t o  t h e  
system. At t h e  p re sen t  t ime t h e  t o t a l  capsule  run i s  
about 900 feet;. The t r a v e l l i n g  t i m e  i s  1 2  seconds 
equiva len t  to an average speed of 50 mph. 

Samples can be i n s t a l l e d  from t h e  t o p  of t h e  r e a c t o r  
or from t h e  Chemistry bu i ld ing  i n t o  e i t h e r  a c e n t r a l  core  
p o s i t i o n  o r  i n t o  a rod  i n  t h e  J-rod annulus. I r r a d i a t e d  
samples can be rece ived  a t  t h e  t o p  of t h e  r e a c t o r  o r  i n  
one of fou r  r ece iv ing  s t a t i o n s  i n  d i f f e r e n t  l a b o r a t o r i e s  
i n  t h e  Chemistry bu i ld ing .  I n  t h i s  way s h o r t - l i v e d  r ad io -  
a c t i v e  samples can Se measured i n  t h e  l a b o r a t o r y  w i t h i n  
seconds of t h e i r  i r r a d i a t i o n  i n  the r e a c t o r .  

The l i n e  between t h e  two b u i l d i n g s  i s  of 3/4 inch ou te r  
diameter polythene t u b i n g .  Compressed a i r  i s  used t o  d r i v e  
t h e  capsule  and a l s o  t o  cushion t h e  capsule  a s  it e n t e r s  
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t h e  rod and s tops  a t  t h e  maximum f l u x  e l e v a t i o n .  

it i s  be ing  i r r a d i a t e d .  
A i r  at, t h e  r a t e  of 2 ft3/min cools  t h e  sample while 

The rod  upper  s h i e l d i n g  p l u g  i s  a s a n d - f i l l e d  
aluminum c y l i n d e r  2-&/4 inches i n  outs ide  diameter and 
about 1 2  f e e t  long. The sample tube and t h e  compressed a i r  
t ubes  make one convolution through t h e  s h i e l d  plug t o  
prevent r a d i a t i o n  streaming i n t o  t h e  upper header room. 
The o u t e r  shea th  of t h e  in -ca l andr i a  s e c t i o n  i s  made of 
aluminum and i s  2 inches i n  o u t e r  diameter and has  a .L/,/16 inch 
t h i c k  wal l .  

The samples a r e  normally i n s i d e  a s tandard  i r o n  
pneumatic-carr ier  capsule  i-1/2 inches long and 9/16 inches 
i n  diameter .  They may a l s o  be put, i n s i d e  a smal l  polythene 
capsule  which, f i t s  i n s i d e  t h e  i r o n  capsule .  

The s i z e  and heat-output  l i m i t a t i o n s  on t h e  samples 
means t h a t  most weigh less than  one gram. 

Unperturbed f l u x e s  a s  h igh  a s  8 x 1013 n/cm2/sec have 
been measured in t h e  pneumatic c a r r i e r  i n  t h e  c e n t r a l  core  
p o s i t i o n .  

D. Fas t  Neutron Rods 

The f a s t -neu t ron  rods ,  formerly c a l l e d  t ransformer  rods ,  
a r e  used t o  i r r a d i a t e  samples i n  a h ighe r  f a s t -neu t ron  f l u x  
than  i s  normally avai1abl.e i n  a thermal neutron r e a c t o r .  
Most of' t h e  samples a r e  rnekal t e n s i l e  o r  impact % e s t  specimens 
o f  m a t e r i a l s  ta be used f o r  p re s su re  tubes  ane f u e l  shea ths  
i n  power r e a c t o r s .  

A d e s c r i p t i o n  of t h e  development of f a s t -neu t ron  sods 
can be found i n  101-235, "Development of  Transfornier Rods 
I n  The NRX Reactor" by T O R .  Kirkham. A f u l l  d e s c r i p t i o n  of 
t h e  rods  i s  given i n  t h e  NRX Reactor Handbook, 101-225. 

The samples a r e ,  i r r a d i a t e d  i n s i d e  a hollow c y l i n d r i c a l  
uranium s e c t i o n  of t h e   rod.^ .Thermal neut rons  e n t e r  t h e  
uranium causing f i s s i o n s  which inc rease  t h e  number of f a s t  
neutrons s t r i k i n g  t h e  specimen i n s i d e  t h e  c y l i n d e r ,  

I n  gene ra l ,  t h e  rods  connect d i r e c t l y  i n t o  t h e  normal 
f u e l  sod water coolan t  headers although some of t h e  des igns  
have t h e i r  own s e p a r a t e  coolan t  I headers .  

from 120°F t o  250°F c a l l e d  t h e  lob-temperature (Mark I and 
Mark 11 Rods), t h e  second type  f o r  i r r a d i a t i o n s  a t  500°F t o  
800'F c a l l e d  t h e  high-temperature rods (Mark I V ) .  The 
temperature  of t h e  samples i n  t h e  Mk I and IYk I1 rods  i s  
c o n t r o l l e d  (normally a t  120°F> by pass ing  cool ing  a i r  over 

Fast-neutron rods  a r e  of two types ,  one f o r  i r r a d i a t i o n s  
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t h e  samples. The high temperature rods  have no cool ing  
a i r  b u t  depend on t h e  placement of t h e  r o d  i n  a r e a c t o r  
p o s i t i o n  a t  t h e  proper neutron f l u x  t o  give t h e  des i r ed  
temperature cond i t ions  i n  t h e  me ta l lu rg ica l  sample 

The sample s e c t i o n  i n  t h e  Mk I rod i s  a hollow 
uranium cy l inde r  8 inches long, 1.36 inches i n  ou te r  
diameter and one inch i n  inne r  diameter.  Both su r faces  
of t h e  c y l i n d e r  a r e  water cooled. I n  order  t o  decrease 
t h e  r e a c t i v i t y  load of t h e  rod a l eng th  of s tandard  
uranium metal f u e l  rod 44-3/4 inches long i s  a t tached  t o  
t h e  b.ottom of t h e  sample s e c t i o n .  An aluminum flow t u b e  
l-1/4 inches i n  o u t e r  diameter a t t ached  from t h e  sample 
s e c t i o n  t o  t h e  t o p  of t h e  rod allows cool ing  a i r  a t  a r a t e  
o f  about 3 f t 3 I m i n  t o  flow down the  rod p a s t  t h e  samples 
and out t h e  t o p  of t h e  rod  t o  t h e  Buffa lo  exhaust f an  a s  
descr ibed  i n  Sec t ion  111-E-&, The samples a r e  i n s t a l l e d  
through t h e  flow tube  and a r e  hung on t h e  end of a sand- 
f i l l e d  s h i e l d i n g  s e c t i o n ,  

The MK II low-temperature rod is s i m i l a r  t o  t h e  Mk I 
rod  except t h a t  t h e  sample s e c t i o n  i s  29 inches l o n g  
allowing s e v e r a l  specimen i r r a d i a t i o n s  a t  one t i m e .  The 
l i fe t ime of i n d i v i d u a l  t ransformer  rods has been s h o r t  
w i t h  most f a i l u r e s  occuring i n  t h e  lower  uranium s l u g .  

The h igh  temperature rods  have no sample a i r  cool ing  
and t h e  inne r  p a r t  of t h e  uranium t u b e  has  no water 
cool ing .  There i s  no uranium s l u g  on t h e  end of t h e  rod .  

The Mark III Fast; Neutron Rod has  been designed i n  
o rde r  t o  i nc rease  the l i fe t ime of rods ,  t he  s i z e  of t h e  
samples and t o  make poss ib l e  t h e  i n s t a l l a t i o n  of temperature 
con+,rol furnaces .  It can be operated a s  a h igh  temperature 
o r  law temperature rod a s  r e q s i r e d  

The sample s e c t i o n  i s  8 f e e t  long, 1-3/4 inches i n  
ou t s ide  diameter  and 1-3/8 inches i n  inne r  diameter .  The 
f u e l  s e c t i o n  i s  made Gf co-extruded annular  uranium a l l o y  
con ta in ing  two perc%c+, by weight of zirconium w i t h  0.015 
inch t h i c k  z i r ca loy -2  shea ths  i n s i d e  and ou t s ide .  The 
samples a re  provfdsd wi th  a i r  coo l ing ,  

It i s  hoped t o  p u t  assemblies such a s  c reep - ra t e -  
measurement machines i n t o  t h i s  type of fas t -neut ron  rod.  
Space l i m i t a t i o n s  made design work very  d i f f i c u l t .  

rods  and two h igh- tenpera ture  rods  a r e  i n  t h e  r e a c t o r ,  
A t  t h e  t i m e  ~ f '  w r i t i n g  ( J u l y  1961) f o u r  lcw-temperature 
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E. The Hydraulic Rabbit F a c i l i t y  
L3 

The NRX Hydraulic Rabbit F a c i l i t y  was i n s t a l l e d  i n  
NRX i n  1958 t o  c a r r y  out a l a r g e  number of short- term 
i r r a d i a t i o n s  of f u e l  s i m i l a r  t o  t h e  loop f u e l  specimens, 

It i s  imprac t i ca l  t o  do b r i e f  i r r a d i a t i o n s  i n  t h e  
r e a c t o r  loop f a c i l i t i e s  because both t h e  loop and t h e  
r e a c t o r  must be s h u t  down f o r  f u e l  specimen changes., 
Hydraulic r a b b i t  samples can be i n s t a l l e d  and removed 
while t h e  r e a c t o r  i s  a t  f u l l  power, 

Over two hundred i r r a d i a t i o n s  ranging from 30 seconds 
t o  40 minutes long have been done i n  t he  hydraul ic  r a b b i t  
s i n c e  it was i n s t a l l e d .  

A complete d e s c r i p t i o n  of t h e  hydraul ic  r a b b i t  can 
be found i n  t h e  NRX Design Manual, 101-4, Sect ion  A-17-6, 
while ,  101-236, "The Development of the  NRX Hydraulic 
Rabbit F a c i l i t y "  by F.A. McIntosh t e l l s  of t he  opera t ion  and 
modi f ica t ions  t o  the f a c i l i t y  s i n c e  t h e  o r i g i n a l  i n s t a l l a t i o n .  

A schematic flow diagram i s  shown i n  F ig .  20(B) while  
Fig.  20(A) shows a t y p i c a l  f u e l  element with t h e  guide 
s e c t i o n  connected t o  it by a ball.  and socket  j o i n t .  

The samples a r e  loaded i n  t h e  r e a c t o r  h a l l  basement 
and a r e  propel led  by t h e  coo l ing  water through a 7/8-inch- 
diameter  i n l e t  tube of s t a i n l e s s  s t e e l ,  The sample i s  
held by a r e t r a c t a b l e  s t o p  a t  t h e  maximum f l u x  p o s i t i o n ,  An 
o u t e r  aluminum sheath two inches i n  diameter enc loses  t h e  
c a l a n d r i a  s e c t i o n  of the tube ,  which i s  of aluminum a l s o .  
The sample l eaves  through a 7/8-inch diameter s t a i n l e s s  s t e e l  
tube 

A 33 f o o t  l eng th  of Saran tub ing  (snake)  i s  i n s e r t e d  
from t h e  basement loading  s t a t i o n  a f t e r  t h e  sample has  
en te red  t h e  r e a c t o r  t o  ensure t h a t  an i r r a d i a t e d  sample 
cannot r e t u r n  t o  t h e  bottom of t h e  r e a c t o r  ( a s  happened i n  
1958, see  101-236) e 

time t h e  flow s t o p  i s  opened by t h e  a i r  motor and the  
sample i s  pushed b y - t h e  cool ing  water up t o  the  t o p  thermal 
sh i e lds  where it i s  he ld  by another  Saran tube i n s e r t e d  
through t h e  discharge tube  of the r ece iv ing  f l a s k .  

of t h e  upper thermal s h i e l d s .  The snake i s  then  removed 
through t h e  r ece iv ing  f l a s k  i n  t h e  no r th  recombination room. 
The sample I s  i n s t a l l e d  i n  one hole  of a r o t a t i n g  e ight -hole  
magazine i n  t h e  f l a s k ,  Five inches of l ead  s h i e l d i n g  a r e  
provided ., 

When the  sample has  been i r r a d i a t e d  f o r  t he  r equ i r ed  

Samples a r e  allowed t o  decay f o r  24 hours i n  t h e  v i c i n i t y  
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Up t o  f o u r  specimens can be i n s t a l l e d  i n  one hole  of 
t h e  magazine so  q u i t e  f r e q u e n t l y  fou r  elements a r e  i r r a d i a t e d  
i n  succession.  

of 6 Igpm provides  both t h e  p rope l l ing  f o r c e  and t h e  
coolan t  f o r  t h e  specimens. 

Water taken  from t h e  high-pressure system a t  t h e  r a t e  

A gamma-ray monitor on the out le t -water  l i n e  g ives  
warning of a r u p t u r e  of a specimen i n  which case t h e  sample 
would be immediately removed. The o u t l e t  water bypasses 
t h e  f irst  de lay  t a n k  s o  t h a t  t h e  coolan t  a c t i v i t y  monitors 
w i l l  not  t r i p  t h e  r e a c t o r  i f  a specimen rup tu res .  

Most f u e l  specimens a r e  U 0 2  p e l l e t s  sheathed i n  s t a i n l e s s  
s t e e l  o r  z i r c a l o y .  A s  shown i n  F ig .  2 0 ( A )  t h e  end cap on 
t h e  f u e l  element i s  provided wi th  mi l led  f i n s  s o  t h a t  the  
t u r b u l e n t  water flow w i l l  more o r  less c e n t e r  the element 
i n  t h e  c e n t r a l  channel dur ing  i r r a d i a t i o n .  

F. Miscellaneous Experimental Rods 

Many d i f f e r e n t  types of experimental  rods  have been 
i n s t a l l e d  i n  NRX a t  var ious  times. Most of t h e s e  rods 
have used t h e  s tandard  fue l - rod  coolan t  connections and i n  
many cases  t h e  end s e c t i o n s  of a s tandard  f u e l  rod.  Some 
of these s p e c i a l  rods  a r e  d iscussed  below. 

E i g h t  U 0 2  p e i l e t  rods  have been i n s t a l l e d  i n  NRX 
up t o  t h e  p re sen t  time. These t e s t s  have been t o  measure 
t h e  thermal conduc t iv i ty  of U 0 2  f u e l  and t h e  gas  adsorp t ion  
of t h e  U02 f u e l  while under i r r a d i a t i o n .  

F l a t  f u e l  rod  elements f o r  NRU have been i r r a d i a t e d  i n  
NRX i n  order  t o  t e s t  t h e  performance of t h e  rods  when 
purposely de fec t ed ,  Rods c o n s i s t i n g  of seven p e n c i l  elements 
of the new nineteen-element f u e l  rod  f o r  NRU have a l s o  been 
i r r a d i a t e d .  

Standard f u e l  elements from t h e  Canada Ind ia  Reactor 
( C I R )  and t h e  German FR-2 r e a c t o r  have been t e s t e d  by 
i r r a d i a t i n g  them i n  an NRX f u e l  rod  p o s i t i o n .  

I r r a d i a t i o n  of natural-uranium specimens from t h e  
UKAEA Calder Ha l l  r e a c t o r  f u e l  i s  t o  begin soon. 

Aluminum n i t r i d e  s lugs  f i t t e d  i n s i d e  a s tandard  NRX 
n a t u r a l  uranium metal f u e l  rod i n n e r  shea th  have been 
i r r a d i a t e d  i n  NRX. T h i s  i r r a d i a t i o n  was done f o r  t h e  Commer- 
c i a l  Products Div is ion  of AECL f o r  carbon-14 production. 
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Thor ium metal and t h o r i u m  oxycarbonate rods have 
been i r r a d i a t e d  both i n  t h e  NRX core  and a l s o  i n  t h e  J - rod  
annulus,  The rod i n  t h e  core a s  well  a s  being used f o r  
U-233 production was used f o r  convenience i n  r e a c t o r  
loading.  

The High Temperature Capsule I r r a d i a t i o n  F a c i l i t y  
i s  a r o d  i n  t h e  core  t h a t  i s  being used t o  s tudy  t h e  
decomposition of organic f l u i d s  under gamma-ray and neutron 
bornSardment The rod c o n s i s t s  e s s e n t i a l l y  of  an aluminum 
tube leading  i n t o  t h e  r e a c t o r  core  i n t o  which ca lo r ime te r s  
can be lowered. S imi l a r  experiments a r e  be ing  done i n  t h e  
J-rod annulus. 

Nor th  Thermal Column a s  shown i n  F i g .  1. Bio log ica l  
specimens such a s  r a t s ,  t r e e  seeds o r  i n s e c t s  can be 
pushed i n t o  a c a v i t y  i n  a block of b i smuth  s i t u a t e d  i n s i d e  
t h e  main door of t h e  column. The b i smuth  screens  o u t  t h e  
gamma-rays s o  t h a t  t h e  e f f e c t s  of neutron i r r a d i a t i o n  alone 
can be eva lua ted .  

A b i o l o g i c a l  t e s t  f a c i l i t y  has  been i n s t a l l e d  on t h e  

A c o b a l t  wafer rod  was i r r a d i a t e d  i n  which 1900 grams 
of s tandard  coba l t  p e l l e t s  1 mm i n  diameter and 1 mm long 
weighing 7 mill i-grams each were pressed  i n s i d e  a c y l i n d r i c a l  
aluminum sandwich s i m i l a r  t o  t h e  c o b a l t  rods  i n  t h e  NRU 
r e a c t o r .  It was f e l t  t h a t  t h i s  type of rod might be used 
to r e p l a c e  t h e  coba l t  t r a y  rods .  

V I L .  THE FUTURE OF NRX 

Since i n i t i a l  s t a r t u p  i n  1947, NRX has changed f rom 
an experimental  and plutonium-production r e a c t o r  t o  an 
eng inee r ing - t e s t  and isotope-product ion r e a c t o r .  A s  can  be 
seen from Sect ion  V I - .  many d i f f e r e n t  types  of experimental  
assemblies have been t e s t e d  i n  t h e  r e a c t o r .  

The maximum r e a c t o r  power has  been increased  from t h e  
design l i m i t  of 20 MW to i t s  p resen t  ope ra t ing  power of 
42 MW. 

A s  noted i n  Sec t ion  IV-C a s t a r t  has  been made i n  
conver t ing  NRX from natural-uranium-metal f u e l  t o  n a t u r a l -  
U 0 2  f u e l ,  T h i s  conversion, to be completed i n  1962, w i l l  
i nc rease  t h e  maximum f l u x  by 50% without any inc rease  i n  
power. The usefu lness  of  t h e  r e a c t o r  for loop f u e l  t e s t s  
and long-term f a s t - f l u x  m e t a l l u r g i c a l  sample i r r a d i a t i o n s  
w i l l  t h u s  be increased .  

It i s  known t h a t  t h e  c a l a n d r i a  t u b e s  a r e  corroding 
from t h e  damp a i r  between t h e  f u e l  rods and t h e  tubes .  
Plans a re  being made f o r  t h e  replacement of t h e  c a l a n d r i a  
when such i s  necessary.  
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A spare  c a l a n d r i a  v e s s e l  i s  being modified to have 
l a r g e  c a l a n d r i a  t ubes  s o  t h a t  l a r g e  experimental  assemblies 
can be i n s t a l l e d .  Three 3-1/2-inch-inside-diameter t u b e s  
equipped w i t h  expansion bellows a r e  being i n s t a l l e d  f o r  t h e  
use  of l a r g e  loop experiments midway i n  s i z e  between t h e  
c e n t r a l  th imble  and t h e  present  small  loops.  Three tubes  
a r e  being f i t t e d  wi th  bellows t o  be used wi th  loop p res su re  
t u b e s  of t h e  present  small  s i z e .  The bellows a re  designed 
t o  p r o t e c t  the c a l a n d r i a  tubes  from being overheated by 
t h e  high temperature loop experiments. The tubes  w i l l  
extend up to t h e  upper header room where t h e  bellows w i l l  
be s i t u a t e d .  Four 3.5-inch tubes  without bellows w i l l  be 
i n s t a l l e d  i n  t h e  c e n t r a l  core  t o  be used f o r  l a r g e  f a s t -  
neu t ron - i r r ad ia t ion  f a c i l i t i e s .  It w i l l  be poss ib l e  t o  
r ep lace  t h e s e  tubes  without removing t h e  ca l andr i a .  The 
upper, i nne r  s tee l  thermal sh i e lds  w i l l  be replaced w i t h  
aluminum s h i e l d s .  

It i s  expected t h a t  t h e  new c a l a n d r i a  and thermal 
shields  w i l l  be ready f o r  i n s t a l l a t i o n  by t h e  end of 1961. 
N o  d a t e  has  ye t  been set  f o r  t h e  changeover. 

s tud ie s  have been made and a r e  cont inuing on t h e  fol lowing 
proposals :  

I n  a d d i t i o n  to these programs which a r e  going ahead, 

1. 
2 .  Changing f u e l  rods  under power. 
3 .  U t i l i z e  t h e  thermal output of t h e  r e a c t o r  to 

Increas ing  t h e  power of the  r e a c t o r  up to 100 MW. 

produce low grade hea t  to be used f o r  space 
he a t  i ng  

It appears t h a t  NRX w i l l  cont inue to be a very use fu l  
r e a c t o r  for many years  to come. 
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EIG. 1 

The NRX Reactor 

1. F l o o r  s l a b s  over recombination rooms. 

2. Revolving f l o o r .  

3. V e r t i c a l  f u e l  rod  removal f l a s k .  

4. V e r t i c a l  r o d  s to rage  block,  

5. Hor izonta l  s to rage  ho le s  f o r  p l u g s  from t h e  

6. 

experimental holes. 

Horizontal  f l a s k  used t o  remove p l u g s  from 
t h e  experimental  ho le s .  

7. Research equipment s e t  up a t  t h e  experimental  
ho le s .  

8.  Bio log ica l  f a c i l i t y  i n  f r o n t  of t h e  nor th  
thermal column. 

9. F loor  slabs covering t h e  heavy water s to rage  
t anks  ,, 

10 0 S e l f  -Serve u n i t s  



FIG. I THE NRX REACTOR 

VIEW FROM NORTH WEST CORNER OF REACTOR H A L L  
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I TE 

I IELDS 

N R X  REACTOR 
ATOMIC ENERGY OF CANADA LIMITED - CHALK RIVER. ONTARIO 

FIG. 2 



LEAD - 
DOOR 

' " I' 

LOWER 
HEADER 

I 

I 

1 NORTH - SOUTM ELEVATION EAST - WEST ELEVATION - 

FIG. 3 E L E V A T I O N  CROSS-SECTION OF THE NRX REACTOR 
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FIG. 4 

PLAN CROSS SECTION THROUGH THE REACTOR STRUCTURE 



/ V 

A - SAMPLE PLUG, 'SOLID STEEL SECTION K - A L U M  I N U M  TUBE THROUGH REFLECTOR 
B - SAMPLE PLUG, STEEL TUBE SECTION L - AIR OUTLET H O L E  T O  ANNULUS 
C - SAMPLE P L U G  ALUMINUM TUBE SECTION M - AIR INLET HOLE T O  SAMPLE PLUG 
D - RECEPTACLE I N  SAMPLE P L U G  N - I N L E T  F U N N E L  FOR SAMPLE B A L L  
E - RACK 0 - B A L L  RELEASE GEAR 
F - HANDWHEEL FOR ROTATING RACK P - GATE SOLENOID 
G - HANDWHEEL FOR SLIDING PLUG a -  T R I G G E R  ROD 
H - GEAR R E L E A S E  LEVER S - CHARGING TUBE 
I - LOCATING LEVER (FOR PLUG LOCKING PIN) T - DISCHARGE TUBE 
J - SAMPLE PLUG FLASK 

F'I G . 5 
CROSS SECTION OF SELF SERVE UNIT 

U -SAMPLE B A L L  FLASK 
V -POCKET FOR BALL 
W - PLUG FOR SAMPLE FLASK 
X - PLUG LOCKING P I N  
Y - F E E L E R  W I R E  
2 -SUSPENSION L U G  
AA- I N N E R  CASTING 
BB- SIDE T H E R M A L  S H I E L D S  
CC- GRAPHITE REFLECTOR 
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I KI? STRAINER BY-PASS 

H.P. PUMP 6 

AUX. DIESELS, 

OLD STORAGE BLOCK, 
NEW STORAGE BLOCK, 
VERTICAL FLASK, 

LOOPS, 

AUTOCLAVES, 

ALUMINUM SHIELD, 
TOP TUBE SHEET, 
BOTTOM TUBE SHEET, 
LOWER AUXILARY 
THERMAL SHIELD. 1 1  

STRAINERS 

STRAINERS 

A 
H.P. PUMP # 7  

+ L - D a -  

H.P. PUMP#8 r 
4 DQ40l-k 6"  DRAIN H.P. PUMPS BY-PASS, 

B - k F 8  - 

n 
BLDG. 442 

LOW HEAD TANK 

I I A I I  I I l l 1  I I l l  I I  I 
I h A  Y Y  

BLDG. 4 4 4  

H I G H  HEAD 

80,000 IMF! -3 GALS. 

16" BOTTOM HEADERS I MOTORIZED 
VALVE 

DELAY TANK I 

283,000 IMP. 

WE1 R WE1 R BLDG. 104 
C n 800,000 IMP. G A L .  

283,000 IMP. .'rJ I GAL 

I 
FROM L.P. PUMPS TO OTTAWA +- RIVER 

I I 

F I G  9 
HIGH PRESSURE LIGHT WATER SYSTEM 



-- BUILDING 100 TO BLDG. I O I X  

NORTH W A L L  FAN 7 I E- 3-L-20 
I 

-~ 

D 
H O S E  CONNECTION 

I 

I 1 F I L T E R S  

4 HOSE CONNECTION T \  

/ E - 3 - F - 8  I r d 3  
\ I N  L H R  

~ I NTAKE HEADER 

,EXHAUST HEADER 
-A EXHAUST OPEN1 NG 

NRX REACTOR 

I 
-I 

FROM 
LH R S D  f U 

X-5 F A N  9 ID & FILTERS 
I I  

-~ 

UPPER 

FROM OSB 
AND TRENCH 

HEADER ROOM 

I 1 D & INTAKE 
AUTO DAMPER ' GR I L L  

SOUTH WALL FAN 
I 

FIG. IO 
SCHEMATIC DIAGRAM,EXHAUST A I R  SYSTEM 



HANSEN - 
F I T  T I  NG 

c 
FUEL ROD 
VALVE 

FUEL ROD - 
UPPER OUTER 
SHEATH 

ASSEMBLY 

- 

. HEADER 
VALVE 
ASSEMBLY 

CROSS INLET 
HEADER FOR 
COOLING WATER 

FIG. I I  

NRX FUEL ROD UPPER VALVE ASSEMBLY 



3" ELEVATION 490 '-8 3 e- HANSEN CONNECTOR 

TOP RING ASSEMBLY 

SUPPORT SP I DER 

ELEVATION 488'-4" 
MASTER PLATE 

H - T O P  SHIELDING PLUG 

ENSION MEMBER 

TOP OF CALANDRIA 

CALANDRIA T U B E  
AIR ANNULUS 
OUTER SHEATH 

WATER A N N L U S  
INNER SHEATH 
URAN I U M METAL 

R I A  

EXPANSION SPACE 

CROSS SECTION 

CALAN DR I A TUBE 

OUTER SHEATH 

WATER ANNULUS 

INNER SHEATH 

BOTTOM RING ASSEMBLY 

E L E V A T I O N  H A N S E N  CONNECTOR 

F I G. 12 
TYPE FIVE U R A N I U M  METAL ROD 



C I RCULAT 
PUMP 

L INEAR 
POWER LINEAR POWER 

r COMPARATOR 

NRX CALANDR 

SET 

POINT L INEAR POWER CONTROL CIRCUIT 

- ~- 
HEAVY WATER 

MODERATOR 

L 
I ON 

4 

U N I T  

LINEAR RATE CONTROL CIRCUIT LINEAR RATE 
AMPLIF IER LINEAR RATE 

VALVE 
POS I T l O N  
COMPARATOR - - 

MEAN POWER L E V E L  TRIP  C I R C U I T  . 

O F F  

POWER S I G N A L  

TO MEAN POWER 
LEVEL T R I P  C I R C U I T  

oNoRMAL LOGARITHM IC POWER CONTROL C l R C U i  CHAMBERS LOG POWER 

1 1  
L O  w LOG POWER c Low SWITCH 

COMPARATOR 

I I  (OPEN FOR NORMAL POWER) 

I l l  
LOG RATE - 

LOG RATE 
COMPARATOR 

LOGARITHMIC RATE CONTROL C I R C U I T  
h 

MANUAL 
MECHANICAL GENERATOR 

V A L V E  - - 
POSIT+ONER CONTROL A U T 0  

n n  .,a I ,,c 

FIG. 13 

N R X  AUTOMATIC CONTROL S Y S T E M  - SINGLE CHANNEL SCHEMATIC 
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X 
0 
[L 
P 
P a 

I 
!!2 

W 

UNIBOLT BLANKING CAP WITH 
SPEC I MEN STR I NG ER ATTACH ED 

U N I B O L T  NUT MEMBER 

PRIMARY COOLANT OUTLET 

I' STAINLESS STEEL P I P E  
CHEDULE 4 0  

TOP S H I E L D I N G  SECTION 

SHOULDER RESTS ON MASTER 
P L A T E  OF REACTOR 

ALUM I NUM OUTER SHEATH 

STAINLESS STEEL TUBE 

' I '  O.D. TUBE X . loo" W A L L  I Z  
SINGLE WRAP OF A L U M I N U M  F O I L  
D I V I D I N G  INSULATING GAS ANNULUS 
INTO TWO A N N U L I  

NOTE:  SPECIMENS (NOT SHOWN) ARE 
SUSPENDFD F R O M  I l N l R n l  T - - -  . ..-... -..,I _- .  
BLANKING CAP, AND HANG 
IN  REGION OF HIGH NEUTRON 
FLUX WITHIN CALANDRIA 

F IG.  16 

STANDARD REUSABLE LOOP 
PRESSURE TUBE 
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c 

A - WATER 500'F 

3800 Ib/hr. J E T  
CONDENSER 

OUT- REACTOR 
WATER COOLED 
T E S T  SECTION 

e PUMPS 

3000 
Ib/hr. 

1, 
BY PAS S 
CONTROL 
VALVE I 

DELAYED GAMMA a 
NEUTRON M A ' N  RAY 
MONITOR ~ ~ ~ T ~ ~ x '  MONITOR 

W 
I- 
rd 

n 500'F 

WATER 
- - 

.OOP 
OOLEl 

1 

STEAM - 
STEAM 
CONTROL 
VALVE 

OUT- REACTOR 
STEAM 
COOLED TEST 
SECTION 

L 

T 

860' F 

SUPER HEATER 

BOILER{- 530 OF 
- 800 p s i g  

IN  -REACTOR 
T E S T  
SECTION 

700' F 

BOO I b./hr 

FIG. 17 

S I M P L I F I E D  FLOW DIAGRAM OF X - 4  STEAM COOLED LOOP 
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SHEATH UPPER 
SECTION - 
TRAY AS S EM 8 LY 
UPPER SECTION 

L 

MIDDLE SECT I ON 
II:z 

k TRAY ASSEMBLY ? CAPSULE SECTION 

CAPSULE SCREEN 

I N L E T  AIR HOSE 

( A )  TRAY R O D  ASSEMBLY 

SECTION A-A 

CAPS U LE 
CENTER I NG 
PIECE 

SPRING 
STEEL 
CLIPS 

ASS EM B LY 
SHEATH 

SIDE VIEW 

(B)  SPRING CLIPS TO 
JjQJ& CAPSULES 

FIG. 19 



FUEL SHEATH 

'END CAPS' 

( A )  T Y P I C A L  TEST FUEL ELEMENT FOR H Y D R A U L I C  
R A B B I T  I R R A D I A T I O N .  

RECEIVING FLASK 

175 PSI COOLING WATER 

-1- 
CALAN DR I A 

SECTION 

-7- 
c 0.800" 

AIR MOTOR r 
FUEL SLUG 
RELEASE 
PUSH ROD 

E-1" I. D. ALUM INUM 
TUBE 

7 "  c,.z I . D .  STAINLESS 
STEEL TUBE - T O  6" D R A I N  L I N E  

(8 )  S C H F M A T I C  D I  A G R A M  

F I G .  2 0  

H Y D R A U L I C  R A B B I T  
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