
'i";$ $:Tit 
gr-, &. @~~W$;Q;$~'>OR N @;~$k~f$Jit% 

, .?i,,x- .. C*tii:a4'(: pg;?" 
&rat Filer urn r, 

53-1 2- 1 26 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



o m  
Central Files Number 

Cf-53-12-126 

THE OAK RIDGE NATIONAL LABORATORY 

OAK RIDGE NATIONAL UBORATORY 
Operated by 

CARBIDE AND CARBON CHEMICALG COMPANY 
A Divfsion'of Union Carbide and Carbon Corporatfon 

Post Office Box P 
Oak Ridge, Tennessee 



I THE ORNL GRAPHIllE REACTOR 
r 

. . C,  Dp c.ag3-e' 

The Oak Ridge National Laboratory's graphite-moderated, natural- 

uranium r e v t o r  i s  the most publicized of all those operated by 

the United States  Atomic Energy Commission with respect t o  both research 

and the production of radioisotopes. A t  different  phases of i ts  career, 

it has gone by various names: the  X-Pile, the Clinton Pi le ,  and the ORNL 

Graphite-Reactor--even by such affectionate nicknames as  "The Old Lady" 

and "Grandma." During the past  decade it has been the nucleus for  much 

of the research and production work at Oak Ridge National Laboratory, which 

now employs about 3000 people. 

Few tools  of science have ever l e n t  themselves t o  such a variety 

of in teres ts  and done so with such consistency and depenbbi l i ty  f o r  so 

long a time. The oldest continuously operating reactor i n  the world, and 

the second oldest i n  mankind's history, the ORNL "pile" is generally always 

quiet ly operating while many research personnel caxry on a constant buzz 

of ac t iv i ty  around it, using its neutrons and gamma radiat ion i n  every con- 

ceivable manner. I ts  exter ior  b r i s t l e s  with experimental equipment constantly 

gathering data, and i ts in ter ior  contains s t i l l  more equipment carrying out the  
\ 

same work, as well  as hundreds of ta rge t  materials being made radioactive fo r  

uses i n  other locations. 

This reactor has far' exceeded any of the original  expectations of i ts  

usefulness i n  the over-'all development of the  atomic energy program. 

HISTORY 

It was ear ly  i n  1939 tha t  Hahn and Straussman i n  Germany announced 

the discovery of uranium f i s s ion  by neutron bombardment. By 1942 t h i s  phenomenon 



had been proved by many sc ien t i s t s  i n  t h i s  country, and i t s  importance was 

recognized by our government t o  the  extent tha t  the  great atomic energy 

development centers, of which Oak Ridge is one, were being planned as 

rapidly as possible. The plans included the great plutonium-producing 

reactors a t  Hanford, Washington, following the  discovery tha t  plutonium-239 

was a lso  fissionable . 
It was on December 2, 1942, tha t  the f i r s t  controlled nuclear chain 

reaction took place i n  the 200-watt p i l e  assextibled under the West Stands a t  

the University of Chicago by D r .  Enrico Fermi and other distinguished 

sc ien t i s t s .  I n  t h i s  reactor, the uranium was  i n  the  form of metal and oxides 

located as discrete  lumps within a graphite moderator. This method did not 

lend i t s e l f  t o  being cooled or t o  easy removal of f u e l  fo r  the purpose of 

extracting plutonium, A t  t ha t  time, only a few micrograms of plutonium-239, 

produced by proton bombardment of uranium-238 i n  a cyclotron, were available 

f o r  studying the chemistry of t h i s  new element. Much of the separation 

techniques used at  the Hanford Engineering Works were developed with t h i s  

t i n y  amount, using t racer  methods, but gram quantit ies were necessary fo r  both 

proving and improving these procedures. The West Stands p i l e  could not supply 

t h i s  material because of the  lack of recharging f a c i l i t i e s  and the  200-watt 

l i m i t  on the power, which made the production r a t e  'Pngossibly slow. 

It was the necessary conclusion, then, tha t  a pi lot-plant  reactor 

must be b u i l t  t ha t  could perform t h i s  supply function, a s  well as adapt 

i t s e l f  t o  other usages, such as  personnel training, furnishing operational 

data, instrument development, neutron-cross-section studies,  radiation-damage 

studies,  and biological rad ia t  ion-ef f ec t  studies.  



Plans f o r  such a reactor were hurriedly drawn up, andconstruction 

of the  X-Pile w a s  s t a r t ed  ear ly  i n  1943 by the  du Pont de Nemours Company 

under the-guidance of the University of Chicago. This retsctor type was not 

the most e f f i c i en t  from a fuel-spacing standpoint, but it was air-cooled, 

allowing continuous operation a t  a 1000-kilowatt puwer level ,  Another . 

important feature was the  inclusion of many openings in to  the moderator t o  

permit t he  carrying out of many kinds of research work. 

The whole reactor w a s  surrounded with thick concrete shielding fo r  

t h e  pro%ection of personnel. Fortunately, because of lack of detai led knowl- 

edge, most of the components were well  overdesigned; i t . i s  t h i s  overdesigning 

which made possible the  continued l i f e  and use of the reactor long a f t e r  it 

had served i ts  i n i t i a l  purpose, 

On Noveniber 3, 1943, c r i t i c a l  loading of the completed reactor was 

achieved, and plutonium production s t a r t ed  according t o  plan, After the f i r s t  

few days of operation, the overdesign was eas i ly  recognized, and steps were 

taken t o  take full advantage of it. These included a change i n  the  loading 

pattern,  be t t e r  cladding fo r  the fuel ,  some rerouting of the cooling a i r ,  and 

larger  cooling fans, When-all these features  were incorporated, the  power was 

raised t o  about 3600 kilowatts i n  1944, and the  continued use of the reactor 

as a valuable research t o o l  was f a i r l y  well assured. The concrete shielding 

was s t i l l  more than adequate, the l a t t i c e  was not overloaded with fuel ,  and 

control w a s ,  easy and dependable. . . .  . 

. 
. . It might be added here tha t  the X-Pile, or ORmL Graphite Reactor, as it 

.fS:.m.rrcalled, f u l f i l l e d  i ts  or iginal  purposes more than adequately except i n  

one respect: t ha t  of being the p i l o t  plant  fo r  the Hanford Engineering Works. 

This inadequacy w a s  no f a u l t  of the reactor i t s e l f ,  but was t h e - r e s u l t  of a 
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change of plans i n  the type of cooling for  HEM reactors,  A t  f i r s t ,  a closed 

helium-cooling system had been planned. For th i s ,  an air-cooled reactor would 

have served well  as  a p i l o t  plant ,  but when the design w a s  changed t o  water 

cooling, the  air-cooled model was somewhat deficient but not en t i r e ly  in-  

adequate. By inser t ing a few water-cooled f u e l  tubes of the Hanford type 

i n t o  some of - the experiment holes, most of the individual tube studies were 

completed. 

STRUCTURE m PUEL 

The accompanying isometric drawing of the ORNL Graphite Reactor w i l l  

c l a r i f y  much of the  following explanation. The drawing shows only the pa r t s  

of the reactor i t s e l f  -- the ' four  s to r i e s  of f loor  levels  tha t  provide working 

access t o  the experimental f a c i l i t i e s  are  not shown. 

The external dimension of the reactor s t ructure i n  the north-to-south 

direct ion i s  38 fee t ;  from eas t  t o  west, it is 47 feet ;  the height from ground 

l e v e l  is  about 35 feet .  It r e s t s  upon a concrete pad tha t  goes down t o  bed 

rock. 

Nothing of the in te rna l  pa r t  of the reactor is vis ible;  even a t  the 

Laboratory, it is necessary t o  use a model t o  demonstrate i t s -genera l  con- 

s t ruc t ion  and various parts .  The accompanying photograph shows t h i s  model 

with the  top and s ide removed t o  show how the reactor looks under its concrete 

shield. 

The black block is  the moderator -- a 24-foot cube of graphite blocks, 

4 inches by 4 inches and up t o  50 inches i n  length; These blocks are  stacked 

i n  layers  and keyed together at  the edges. ~ a y e r s  tha t  run i n ' t h e  east-west 

d i rec t ion  have V-cuts i n  the blocks that ,  when assembled, form diamond-shaped - - .  

holes running a l l  the way through the moderator. There a re  1248 of these holes, 





Model of the ORNL Graphite Reactor with top and side removed. 



spaced with the centers 8 inches apart. These are ,  the  fue l  channels of the 
.. . 

reactor. 
. . 

!Che graphite layers between those containing the f ie1 channels are. 

made up of so l id  4-by-4 blocks. Strings of these so l id  blocks have been 

omitted a t  intervals,  providing small tunnels through the moderator, between 
. . . . 

and perpendicular t o  the .fuel channels. These tunnels are the experiment 

holes. t ha t  have made the reactor of such great,value as a r e s e q c h  tool .  
. . .  . . . 

The graphite used i n  the reactor is as  pure as  could be obtained 

a t  the time. The absorption. cross section of pure carbon is only 4.5 mi l l i -  

barns per atom, so it makes a good, re la t ive ly  cheap moderator and has enough 
- .  

. . 

s t ruc tura l  strength t o  make a f a i r l y  strong matrix. There are  no l ine r s  i n  
. . . . 

the fue l  channels ... or experiment holes, so . .. t ha t  movement, .of fue1:and experi- 
. . .  : .. . . 

mental equipment always causes some abrasion of the  graphike; however, a f t e r  . . . . . . .  . . 

ten years of operation, no appreciable damage has been caused,any channel, 

through normal wear and tear .  . - . . . . 

/ .  
The moderator is ent i re ly  surrounded by a concrete.shie1.d 7 f ee t  thick. 

. . 

This shield h& proved t o  be' more than adequate, and is one of the components 

tha t  was overdesigned. 
< : . -  _ _  . 

Steel-lined openings through the  shield give access t o  the experiment 

lioles and t o  the fue l  channels. These openings are  stepped i n - s i z e  t o  accommodate 

shield plugs of successively larger  size,  going from the moderator t o  the outer 

face of the shield -- the easiest  and most straightforward method of stopping . . 

the streaming of neutrons and gasmna radiation along the  sides of the  shield 

plugs normally 'kept in .  the openings through the .shield. 

~e tween  the shield and the moderator on the eas t  and west sides are  

a i r  gaps; the eas t  gap is three f ee t  wide and the  west. gap is s i x  fee t .  These 



a re  the i n l e t  and e x i t  cooling-air manifolds. ' (The cooling a i r  ' is  drawn 

through the reactor rather  than blown through, so tha t  it is under negative 

pressure while operating; thus it i s  not neces's&~ t o  make the openings 

a i r t i g h t  because all leakage is inward,) The three-foot i n l e t  manifold i s  
. . 

spanned by' l$-inch standard s t e e l  pipes tha t  serve as bridge tubes through 

which the f u e l  i s  pushed in to  the matrix from the eas t  face.  The a i r  enters  

the  i n l e t  manifold from a duct t h a t  runs below f loor  l eve l  from a bank of 

f i l t e r s  a t  t he  north s ide of the reactor building where atmospheric a i r  i s  drawn 

in to  the system, It then passes down the length of the fue l  channels over the 

f u e l  and in to  the 6-foot e x i t  manifold, The a i r  enters the channels a t  the 

corners around the bridge tubes, since they are  round pipes stuck in to  square 

holes,  and a lso  through s l o t s  cut i n to  the  tubes themselves. From the 6-foot 

manifold, the a i r  is  l ed  by a duct under the ground f loor  and up a h i l l  north 

of the  reactor building, -where it passes through banks of pocket-type giass 

f ibe r  f i l t e r s  tha t  remove more than 99 per cent of a l l  par t ic les '  above one 

micron (approximately 1/25,000 of an inch) i n  diameter. From the f i l t e r  

house, the air enters  two 900-horespower centrifugal blowers tha t  force it 

up a 200-foot concrete stack from which it discharges in to  the atmosphere. 

'IFae flow through the system is  s l igh t ly  above 100,000 cubic f ee t ,  or 7300 

pounds, per minute, and the negative pressure i n  the e x i t  manifold is  normally 

maintained a t  about 29 inches of water, as  compared with normal atmospheric 

pressure of 408 ' inches 'of water. 

When the reactor was b u i l t ,  a 10-inch a i r  gap was  l e f t  between the 

graphite and the concrete shield on top t o  prevent heat damage t o  the con- 

crete ,  and the underside of the concrete was fur ther  protected by a layer of 

insulat ing material. After the reactor was put in to  operation, it was found 



- 
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t h a t  the great quantity of air flowing through t h i s  gap was unnecessary, so 
. . 

t o  increase the  flow through the fue l  channels i n  order t h a t  the  power could ,  

be raised above the 1000-kilowatt level,  t h i s  a i r  f l o w  was stopped by pushing 

a lead-covered s t e e l  H-beam in to  the gap through an ionization chamber hole 
I 

t ha t  opened in to  the gap. This change, together with stopping the  flow through 

unused f u e l  channels and procuring be t t e r  cooling fans, provided suff icient  a i r  

flow across the  fue l  t o  allow the power t o  be raised t o  about four times the 

i 
design level. 

W i n g  a 24-hour operating-day, approximately 500 curies of radioactive 

argon &re discharged from the stack., This is produced from the 9/10 of 1 Per 

cent of argon present i n  the atmosphere, and is the major reason fo r  the height, 

of the stack, which must release the a i r  at  a level  high enough t o  prevent i t s  

return t o  ground l eve l  before its radioactivity has e i ther  decayed or  been 

diluted. The ha l f - l i fe  of the radioargon is  110 minutes. 

The par t ic les  deposited on the e x i t  f i l t e r s  are also radioactive, as. 

any material passing through the  neutron cloud i n  the reactor becomes radio- 

active t o  some extent. Pract ical ly all of the materials deposited there are  

par t ic les  dislodged from inside the  reactor, such as graphite, concrete, 

aluminum, uranium oxide from faul ty f'uel. 

Because the  reactor began operation i n  1943, it was necessary t o  use 

normal uranium as fuel. Normal uranium conliains only 7/10 of 1 per cent of 

the  fissionable U-235 isotope, plus a t race of the U-234 isotope; the  remainder 

is U-238. This l o w  concentration of the  U-235 isotope is what makes the 8-inch 

spacing of the  f'ueb  channel^ necessary. Eight inches of graphite w i l l  slow the 

ordinary f a s t  neutrons from neighboring'fuel elements t o  the thermal range where 

they can be captured by the  U-235 and thus produce f iss ion.  It is only i n  a f i e l d  



of thermal neutrons tha t  the abundance of the U-238 isotope i s  overcome by 

t h e  much greater a f f i n i t y  of the U-235 atoms for  these thermal neutrons. 

The ORmL graphite reactor is called heterogeneous because the f u e l  

is located as  rods i n  a pure moderator. If the graphite and normal uranium 

were homogeneously mixed, a chain reaction would be impossible because too 

many of the neutrons would be captured by the U-238 a t  the resonance-capture 

energies tha t  are above thermal energy. This hindrance could be overcome, of 

course, by increasing the percentage of U-235 i n  the f i e 1  -- a very eqens ive  

undertaking. 

The fuel,  a s  used i n  the graphite reactor, is  i n  the form of 2$-pound 

metallic uranium slugs 4 inches long and s l igh t ly  over 1 inch i n  diameter. 

They are clad i n  aluminum jackets approximately 35/1000 of an inch i n  thickness. 

The purpose of the aluminum cladding is t o  protect the metal from oxidation. 

A t  the 536-degree -~ahrel.~keit maxim temperature normal t o  operation, unclad 

uranium oxidizes f a i r l y  rapidly, and the oxide would flake off and be carr ied 

away by the a i r  stream. This oxide would be contaminated with radioactive 

f i s s ion  products. These slugs are loaded into the reactor, end-to-end, t o  

simulate rods. The purpose of the short length of the slugs is  fo r  ease i n  
# 

handling, both i n  the charging and discharging processes, 

The slugs are loaded into the reactor manually and positioned with 

measured s t e e l  rods t o  center them i n  the moderator. Discharging is accom- 

plished by pushing the slugs in to  the ex i t  a i r  manifold with s t e e l  rods. This 

can be done, of course, only when the reactor is shut down and the shield plugs 

are removed from .the fuel-channel openings. Upon being pushed in to  the e x i t  

a i r  manifold, the slugs f a l l  upon slanted, neoprene-covered, cadmium-plated 

s ta in less  s t e e l  p la tes  t h a t  funnel them' in to  a 20-foot-deep water p i t  below 

the  ground-floor level. I n  the days when plutonium extraction was carried out 



Operator i s  shown here inserting aluminum-clad uranium slugs into one of the 
1,248 fuel channels in the loading face of the reactor. 

- - . - . - - - 
Operators a n  shown inserting Gnium slugs i k o  the center of the reactor with 
special connected lengths of steel rod. Operator in center is monitoring radi- 
i t ion from the fuel chinnel to be certain rbdiation does not exceed tolerance 
level for personnel. 



at OBI!&, these discharged slugs were transported under water by way of a 

9-foot-deep cam& t o  the plutoni--processing cel3.a in  an addacent building. 

l%e 9 feet of water is raw sqpivalent t o  9 inches of lead far ohieldllng 

fro91 q;erraea rays, so ponderous lead shields were no.& neeessq .  However,  

shielding ~ ' f  some sort is necessarJr as, &r wosure  t o  mtrons i n  the 

reaa%cq,th slugs are dangerou8Zy rad;ioactive because of the presence of 

fission prtxbcts. A t  *resent, plutoniuraprocessing is not being carried at, 

so no slugs are puehed except those from which fission prcktacts are separated 

for the radioisotspe-distribution program, for special research purposes, or 

b e c a e  of failure of the aluminum cladding, 9116 depletion rate  of the fuel 

is less  thun l p e r  cent a year; therefore, refueling for renewal purpose has 

thus far been tuuzecesssry. 

When an amaunt of urania~n sufficient for operation is in  the reactor, 

the start of the chain reaction is spontaneous. For this reasop,the reactor 

aatst ham enough neutron absorber in  i t s  safety and control system t o  &sorb 

mtrons much faster than they can be produced by the reactor, The safety 

syste3n consists of three rods of cadmium encased in  s tee l  and b m  s tee l  rods 

containing 1* per cent boron. ?&e three 8-foot-long cakhium rods txm suspended 

in  shafts i n  the top shielding, and drop by gravity through their  shrd38 into 

the central past of the reactor in  the event of emergency or noraarrl shutdavn. 

%ese three roda are attached t o  cables that, in  aperating position, are m n d  

up on the dnuas of electric-driven windlasses and held up by electric brakes, 

If an electric p~ner failure s h a d  occur, the rods autassaticslly fall  into 

the reactor when the puwer t o  the brake8 goes off, Far nornraL s h u t a m ,  the 

parer t o  the brakes is turned off by a twitch a t  the control console, causing 

the rods t o  be released: There were originally four of these rods but one has 



. . 
.., - . . 

been removed t o  allow its shaft  t o  be used for  experiment insertions. 

~o .hydrau1ica l l .y  driven horizontal rods, called shim rods, enter ~ . .  
the reactor ' from the north s ide and go i n t o  holes similar t o  the experiment 

. .  . 

holes. These rods were designed t o  be par t ly  inserted during operation t'o 

l i m i t  the amount of excess' reac t iv i ty  -- therefore the  name, "shim rods." 
. . 

Originally there were four of these rods, but two have been remove-d t o .  re-  
. .. . . . . 

lease t h e i r  holes fo r  experimental purposes. !These rods are  normally driven 
. . 

by hydraulic motors, but i n  the event of emergency or normal shutdown, 900 ., 
. - . , . .  . .. - . ... - .  

pounds per square inch of pressure i s  released t o  pistons connected t o  t h e i r  

drive and'the 'rods are rapidly thrus t  in to  the' reactor fo r  t h e i r  f u l l  t ravel .  

This 900-psi o i l  pressure' is maintained by an "ac~umula to r~~  system consisting 
. . . . .. .... 

, .,. 

of two lmge  sand-filled tanks res t ing  upon pistons and automatically kept 
. .. . . 

. . 

raised. The pressure is withheld from the 'dr ive  system by a solenoid valve 
.' . 

I :: 
t ha t  opens when the e l ec t r i c  power t o  it is cut off;  therefore, shutdown by 

t h i s  system is as automatic as  the gravity-dropped rods on the  top of the  
. . . . . .  . .. . 

reactor.  These shim rods are  1-3/4-inch-square s t e e l  rods that-have a f u l l  . . . -. . . . , . 

I t r ave l  of approximately 17 f e e t  in to  the  reactor; t h e i r  absorbing material 
. . 

is 12 per cen boron. 
.. . .  

These f ive  rods comprise the normal safety system. Power regulation 
. . . . . . .  

i s  accomplished with two other rods. These are exactly the same as the shim 
. . . . 

rods as  f a r  as, s ize  and. t r ave l  distance . . are concerned, but t h e i r  speeds a r e .  

I . -. 
slower. They are e l ec t r i ca l ly  driven and do not go in to  the reactor auto- 

matically i n  the event of a shutdown. During operation these rods are  con- 
, ., . . . . 

s t an t ly  adjusted by the operator t o  maintain the reactor at an equilibrium. 
. . , .  . - .  

Indicators at  'the control console keep the operator informed as t o ,  the . .. . . 
positions of the  rods, and these are checked each quarter-hour and the  

. . .. . .' - .  
.. . .. . 



positions p lo t ted  on a graph i n  the dai ly  records. Originally, it was 

planned t o  have one of these rods operated by an automatic control t o  

keep the power constant, but since fluctuations were so  small and gradual, 

the automatic-control idea w a s  abandoned. 

There a re  tyo main types of instrumentation associated with the 

reactor,  f o r  maintaining power equilibrium and safety.  The f i r s t  type is 

neutron-level instrumentation, the  second, heat-output instrumentation. 

The neutron l e v e l  is  determined In  two ways, both making use of the  

a f f i n i t y  of boron. f o r  neutrons. ' One o f  these is the  measure of gas ' ionization 
.- . 

between boron-cohted electrodes i n  cyclindrical chambers located i n  holes i n  

the  concrete shield t h a t  "see" a low neutron f lux  from the reactor matrix. 

The maximum thermal neutron f lux  a t  the reactor center is s l igh t ly  over 

1,000,000,000,000 neutrons per square centimer per second, but the chambers 

a re  i n  a f lux  of about 100,000,000 neutrons per square centimer per second. 

These chanibers are  of two types: those t h a t  a re  automatically compensated 

f o r  ionization due t o  gamma radiation, and those tha t  read the t o t a l  ionization. 

Gamma compensation is  accomplished by having actually two chambers located to-  

gether; one i s  boron coated, the other is not. The two signals a re  bucked 

against each other, so t h a t  the net reading i s  prodiced by neutron .act ion only, 

The boron-chamber technique is  extremely e f f i c i en t  fo r  neutron detection be- 

cause boron-10, upon absorbing a neutron, breaks down t o  a lithium pa r t i c l e ,  

plus an alpha pa r t i c l e  t h a t  is  highly ionizing t o  a gas, 

'?he current leakage due t o  neutrons, as measured by a galvanometer 

connected t o  a compensated chamber, is  used by the  operator t o  show instantaneous 
. . 

changes i.n neutron level .  The galvanometer is cal ibrated against the heat power 

o f  the reactor and reads d i r ec t ly  i n  kilowatt*. ' ' B ~  means of a sens i t iv i ty  shunt, 

the  one galvanometer scale  can be used t o  read the power with about 1 per cent 

A 8-:. ? 
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accuracy over the whole range of the reactor -- t ha t  is, from zero t o  over . . 

4000 kilowatts. 

Three of the uncompensated type ,of boron-coated chaanbers are  

connected in to  the safety c i r cu i t s  t o  shut the reactor down automatically 

if the  power l eve l  should inadvertently be allowed t o  get too hi@. These 

need not be compensatedj as t h e i r  u t i l i za t ion  is only i n  the range where the  

neutron f lux  is  so high tha t  the  ionization caused by gamma rays is negligible. 

The other mehod o f  neutron detection is the use of special  thermopiles 

made with each couple opposed by another so tha t  general temperature ef fec ts  

axe cancelled. Half of *the couples are then coated with boron. Such a thermo- 

p i le ,  i n  a neutron f i e ld ,  w i l l  have an output proportional t o  the neutron f lux  

and w i l l  not.-be changed by a general r i s e  i n  the  temperature. , . w e  output is 
. . 

due t o  the heat energy l iberated when the boron captures neutrons and s p l i t s  

i n t o  lithium and alpha part ic les .  The response of .. . a boron-coated thengopile 

t o  changes i n  neutron l eve l  i s  slower than , tha t  of. the ionization chambers, 

so they are used only i n  the safety c i r cu i t  t o  back up the ionization chaaibers. 

!Che ionization chambers and the thermopiles, of course, measure the 

neutron f lux  only where they are located, but since the power is 'directly 

proportional t o  the neutron flux, the i r  outputs .can be, calibrated i n  terms 

of power. The t rue  power output of the reactor . .. is measured by . the . conyentiom1 
. . 

method of monitoring the  flow and temperature r i s e  of the  cooling a i r .  A 
. . 

calculation of the  heat power is made each haur and plotted on a graph to-  

gether with the  power as shown by the  &Lvanometer. As often as necessary -- . 

about once or twice a month -- the neutron chambers and the boron thermopiles 

are  adjusted so tha t  they show the t rue  power output of the reactor. Instan- 

taneous measurement of the  heat output i s  almost meaningless because of the  
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heat capacity of the reactor,  which loses  more heat t o  the cool night a i r  

than it does t o  the warmer a i r  of daytime. An average of several days1 

operational data  i s  always used i n  cal ibrat ing the ionization chambers. 

I n  addition t o  the neutron l eve l  and power output, another i m -  

portant item requiring c a r e f i l l y  monitoring is the temperature of the  slug 

jackets. This temperature is the  r e a l  c r i t e r ion  i n  se t t ing  the highest 

permissible operating power leve l .  To measure t h i s  temperature, about 40 

thermocouples a re  welded t o  s lug jackets i n  the reactor and t h e i r  temperatures 

constantly recorded, Experience has shown the points i n  the reactor most 

l i k e l y  t o  be a t  the highest temperatures and thermocouples a re  kept i n  these 

locations. The highest point is kept at or below 536 degrees Fahrenheit, 

the  power l e v e l  being adjusted as necessary t o  maintain t h i s  condition. The 

maximum permissible power level ,  therefore, varies from about 3600 kilowatts 

i n  summer t o  abuut 4100 kilowatts i n  winter, depending, of course, upon the ' 

i n l e t  terqperature of the cooling a i r .  

Instruments a l so  monitor the radioact ivi ty  of the cooling a i r ,  the 

negative pressure within the  shield,  the graphite temperature, and the radio- 

a c t i v i t y  l e v e l  i n  the  building. 

To keep the  OWL general purpose reactors and t h e i r  components 

operating 24 hours a day and t o  maintain a number of other associated services 

requires the f'ull at tent ion of f ive  technical and 20 nontechnical" men, By 

other services is meant aiding research personnel i n  charging, discharging, 

and subsequent handling of experiment equipment; preparing radioisotopes; 

keeping the  building decontaminated and otherwise safe; and operating a water- 

denineralization plant  and a hydrogen l iquef ie r .  Operation of the  reactor 

i t s e l f  i s  f a i r l y  simple, while it is i n  operation, and normally involves only 



juggling the regulating rod& t o  keep the  power level  constant and taking 

a few meter readings every hour. On shutdown days, however, (each ~ o r i d a ~ )  ; 

I - a l l  the regular maintenance work i s  carr ied out i n  addition t o  the shuffling 

of experimental equipment and radioisotopes in to  and out of the  reactor and 

I :  inspection of each of the f i e 1  channels t o  be cer ta in  there is  no fa i lu re 'o f  

an aluminum f u e l  jacket, . . .  - 
The cooling-air suction fans behave. very well and require l i t t l e  

attention. The f i l t e r  houses require only the  changing of the  f i l t e r  media 

about once a year. 

I n  addition t o  the regular operating force, it is  necessary t o  c a l l  

upon the  plant maintenance crews for  everything froni .new paint  t o  'new tools  -- 

i n  fac t ,  the only thing %hat is  not always being improved or changed is  the . . 

- .. i n t e r io r  of the rea;ctor i t s e l f .  Since the  .shield was completed and operation 

s t a r t ed  over ten years ago, induced radioact f i i ty  has prevented any change in '  

t ha t  quarter. 

EXPERlMEMTAL FACILITIES AND TBEIR USES 

The 4-inchaby 4-inch tunnels , bu i l t  into the moderator a re  what make 

the  ORNL graphite reactor so  valuable as a research tool.  From these, experi- 

menters can take collimated beams of neutrons fo r  work outside the  reactor, or 

they can be used as exposure chmbers in to  which apparatuses can be inserted and 

studies made while specimens are being subjected t o  neutron bombasdment. The 

t o t a l  f a c i l i t i e s  provide fo r  the carrying out of more than 36 experiments and 

the  exposure of more than 1000 ta rge t  materials all a t  the  same time. 

I .-. As examples of work being carr ied out at the  Laboratory with neutron 

1 :  beams, there .  are a t  present three neutron spectrosco@es , i n  operation t o  study 1 1 .  ', the properties of crystals ,  These spectroscopes are  operatea ~mch the  -same. as 

those using x-rays, but they have the  unique feature of dealing with the nuclei 



- of a c rys t a l ' s  atoms rather  than with the  electron she l l s ,  For t h i s  reason, 

s tudies  of c rys ta l s  containing hydrogen are  carr ied out. I n  order t o  se lec t  

a monoenergetic beam of,neutrons from the reactor 's  spectrum, a c rys t a l  - - .  

usually sodium chloride, lead, or copper -- is s e t  i n  the  primary beam where 

it ac t s  as a neutron prism, sca t te r ing  neutrons. of different  energies a t  

d i f fe rent  angles. By shielding out a l l  except a very narrow angle of these 

scat tered neutrons, a very nearly monoenergetic beam is obtained. The neutrons 

have a wave form and obey the Bragg d i f f rac t ion  law, so, from t h i s  point on, the 

procedure is standard, Boron-coated counter chambers are  used as detectors f o r  

the  neutrons. . . . 

A similar technique is used t o  determine the t o t a l  cross sections of 

elements f o r  neutrons of d i f fe rent  .energies. ., 

Another important program using a neutron beam has been the determination . - 

\ of the h a l f - l i f e  of the  neutrons themselves. It is known t h a t  a neutron decays 

t o  a proton by emitting a beta  ray, but the  determination of the  ha l f - l i f e  is 

quite d i f fe rent  from tha t  of any other substance, because neutrons are  always 
d 

i n  rapid motion; the  so-called "slow" neutrons i n  the  beam are  t ravel ing a t  a 

veloci ty  between 2000 and 3000ameters per second, or  4470 t o  6706 miles per hour, 
! 

so tha t  measuring t h e i r  decay 4s they pass by is a considerable f ea t ,  especially 
1 

as  they are  accompanied by beta! rays and some protons. The bes t  f igure so far 

determined f o r  the ha l f - l i f e  is about 13 minutes. 

Most of the  work involving measurements of specimens inside the reactor 

deals with materials of construction, moderators, and fue l  fo r  future reactors 

or  f o r  equipment t o  be associated with new reactors,  Among the ' i tems so tes ted  

have been metal alloys,  lubricant o i l s ,  f u e l  solutions f o r  homogeneous reactors,  

f u e l  p l a t e s  fo r  new-type heterogeneous reactors,  and shield materials such as  

concrete, 



Metals exhibit  changes i n  thermal and e l e c t r i c a l  conductivity, even 
. . 

i n  strength, a f t e r  exposure t o  radiation. These changes &e of great im-  

I * portance when the metals are used for  uranium jackets or  fo r  coolant con- . 

. . . . 
ductors from a heat-transfer standpoint. Properties, re la t ing  t o  strength, 

such as creep, shear, tens i le  strength, and the  l ike ,  are  important from the 

s t ruc tu ra l  angle, and these too are changed by fast-neutron bombardment, Since 

the fast-neutron f lux  i n  the graphite reactor is considerably l m e r  than t h a t  i n  

the new reactors being planned, the  samples are generally inserted ixito hollow 
. . . > 

cylinders of uranium t o  "soup up" the fast-neutronflux. such a cylinder allows 

most of the f a s t  neutrons t o  pass through i t s  w a l l s ,  but the slow neutrons are  

absorbed t o  cause fissions and produce mire f a s t  neutrons which reach the specimen 
. . . . .  . . ... ' .  

without passing through any moderating 'material. 
, .. . . -  , . . . . .  

Hydrogenous compounds such as lubricant o i l s  and greases, and insulating 
. . . . . - 

and gas'keting materials l i k e  rubber and p6lymers, suffer '  rapid and severe damage 

from both neutron and gamma bombardment. The radiat ion l i t e r a l l y  t ea r s  the  
- .. . 

'molecules t o  pieces, and'these pieces e i ther  reconibine t o  form compounds ent i re ly  

d i f ferent  from the  original  or the  l igh te r  components from the molecules a re  

.given off as a gas and, i n  an enclosed space, can bui ld up tremendous pressures. 
.. . 

After radiation, some of the  o i l s  changed t o  tar and some t o ' b r i t t l e  . . 
. . 

sol ids  -- a l l  were damaged. It was-'fobid, however, t ha t  cer ta in  oxidation 

inhibi tors  retarded the  damage. Rubber and p las t ics  become b r i t t l e  and ex- 

h i b i t  symptoms s i m i l a r t o  heat charring when irradiated, and some tu rn  in to  a 
.,. : 

s o r t  of ' so l id ' f ro th  as the  r e su l t  of bubbles of hydrogen and l i g h t  hydrocarbons 
. .. 

forming within the p las t ic .  
. . 

Fuel solutions fo r  homogeneous reactors are under study i n  small e l ec t r i c  
. . 

furnaces located i n  expefimental tunnels, with solvent dissociation and recombi- . 
nation being of major importance. Associated with t h i s  work and using the  same 



equipment is  the  determination of corrosion ra tes  of the fue l  containers. 

There are  two lasge openings through the reactor shielding from 

which neutron beams of large cross-sectional area can be taken, Both of 

these are  a t  present being used as shield-testing f a c i l i t i e s .  One of these 

opens horizontally out of %he side opposite the charging face of the reactor 
. . 

in to  the 6-foot ex i t  a i r  manifold,. -Thk m i n i m  cross section is abou't 2$-feet 

square. A large tank of water outside of the opening serves as a neutron and 

gamma shield fo r  personnel s ~ f e t y  and provides a medium in to  which shielding 

materials can be inserted t o  have the i r  neutron- and gamma-stopping powers 

neasured. These measurements are generally made with underwater neutron- 

sensi t ive ionization chambers. The primary neutron beam from the reactor is 

augmented by the converter tenchique of placing a slab of uranium i n  the beam 

which, in ' e f fec t ,  converts the slow neutrons t o  f a s t  ones by absorbing them, 
. . . . 

producing fission. Data for  shielding materials and fo r  specific shield mock- 
.. . . . 

i p s  ase being taken 16 hours a day a t  t h i s  f a c i l i t y .  
. . ,  

The other large opening is on top of the  reactor, d i rec t ly  over the 
. . . ,  

top of the  moderator. To provide a nearly pure thermal beam of neutrons, the 

hole through the shielding i s  f i l l e d  with graphite, A water-fil led tank r e s t s  

upon the graphite column as  a personnel shield, The shielding work carried out 
. . . . 

here has d e l t  primarily with the  determination of the  best  shapes fo r  coolant 

and air ducts t o  be used through reactor shields, 
. . 

Two 14-inch-square tunnels b u i l t  in to  the reactor shielding so tha t  

t h e i r  bottoms open on the  top of the  moderator through the 10-inch a i r  gap 

provide space for  the i r radia t ion  of small animals and other biological 

specimens..: The ORNL Biology Division has exposed hundreds of mice and r a t s  

here, and is ra is ing  several generations of t h e i r  progeny t o  study mutations 



caused by radiation. Snch things as soy beans and popcorn seed are also 

irradiated here for the use of agricultural schools rsnking the s- type 

of llnntation studies, To protect personnel, these tunnels apen into a 

concrete barricade, and each has three thick lead gates that can be opened 

only ~ n e  at a time. 

For fsst or fairly short exgosures of target materials i n  small 

amounts, two penumatic t a e e  have been built  into one of the 4-inch-by-4-inch 

eqeriment holes. They are used principallyby the ORBL Chenistry Division 

for making radioactive tracers and for other radiochemistry projects. These 

Wbes are similar t o  the money tubes ueed in  some deparrtaent stores, and the 

speed of the capsules that p s  thr- the tubes has caused them t o  be gener- 

ally knovn as "rabbits." This tern has occasionally caused a good deal of con- 

fusion for new em$loyees; one man, hearing of nrabbit samples," f o m d  the 

idea that research workers t ied target materials t o  l ive rabbits and l e t  them 

run through the tunnels t o  eaose  the materials t o  neutrons. 

One of the most widely publicized programs associated w i t h  this  

reactor is that of radioisotope distribution t o  practically the whqle world, 

a e s e  radioisotopes include those of every eleavent that has a radioactive 

isotope of sufficiently long half-life t o  permit it t o  arrive a t  its desti- 

nation and still be a radioisotope. Four radioisotopes used principally in  

t4e fields of medical and biological research nake up the bulk of the ship- 

ments from ORIiL, !they &e radioiodine, radiophosphorus, radiocarbon, and 

radiocobalt , a 

Badio2sotopes produced in  the reactor in  any appreciable quantity are 

generally the result of three types of nuclear reactions, alJ. caused by neutrons. 

The most commaon of these is the neutron-gsstrms ray reaction, emressed as (n,&), 
\ 

in  which a neutron is absorbed and a gannnn ray emitted -- the most probable 



Irradiated elements being removed from isotops-loadirg face of the reactor. Graphite stringers are with- 
drawn into lead casket at right, arld samples withdrawn from the caskets are placed in lead-shielded safe 
for transportation to the processing and packing areas. 
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interact ion between a slow neutron and a l l  but a very few isotopes. Radio- 

cobalt is produced by t h i s  (n, r )  reaction; the target  is  cobalt-59 (a  pure 

isotope) ,which absorbs a neutron and becomes the radioactive isotope, cobalt-60. 

Fast neutrons frequently enter nuclei and cause protons t o  be ejected. 

Such a reaction imrnediately.changes the  ident i ty  of the  nucleus t o  tha t  o f ,  

another element. By put t ing a nitrogenous compound i n  the reactor ,  we get 

radiocarbon-14 formed from nitrogen-14, and from sulfur-32 we get radio- 

phosphorus-32, Since the element i t s e l f  has been changed, it can be separated 

from i t s  parent element by chemical means so tha t  nearly pure samples can be 

obtained. 

Then, of course, there a re  the radioisotopes produced by the f i s s ion  

of uranium. The radioiodine-131 now being dis t r ibuted is  one of these, A l l  

the  el- i n  the middle of the periodic table,  from zinc t o  europium, have 

representative radioisotopes from t h i s  source. Many of them when first pro- 

duced are  so unstable t h a t  they decay through several s teps before becoming 

s tab le  nuclei, and change t o  a d i f fe rent  element with each successive emission 

of a be ta  par t ic le .  One example i s  xenon-145, tha t  goes by a se r i e s  of beta  

decays t o  cesium, barium, lanthknum, cerium, praseodymium, and f i n a l l y  t o  s tab le  

neodymium-145. 

I n  addition t o  the normal procedure of taking a compound or a pure 

element and making it radioactive for  t racer  or biological  work, the Labora- 

to ry  has i r radiated such items as piston rings, cylinder l iners ,  and other 

pa r t s  of engines and machinery f o r  wear t e s t s .  The t i n i e s t  amount of abrasion 

can be determined by t e s t ing  the lubricat ing o i l s  from the pa r t s  fo r  radio- 

a c t i v i t y  a f t e r  the machine has been run f o r  a short  time. Also, the t ransfer  

of t i n y  amounts of material  from one surface t o  another can be measured with 

a Geiger counter or x-ray f i lm even though the amount is  too small t o  be seen 

or  detected by chemical analysis. 
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Neutron sources are  one of the  l a t e s t  additions t o  the radioisotope 

d is t r ibut ion  program. To produce these, a piece of antimony metal is  f i r s t  

enclosed i n  a beryllium metal sheath, and then both are  clad with aluminum. 

When t h i s  assembly i s  placed i n  the neutron f i e l d  of the reactor,  the 

neutrons pass through the aluminum and beryllium and are absorbed by the 

antimony, which becomes extremely radioactive. When it is  removed from the 

reactor ,  the radioactive- antimony i n  decaying emits 1,720,000-volt gamma 

rays t h a t  a re  energetic enough t o  knock neutrons out of the beryllium. Of 
I 

course, a l l  of t h i s  radiat ion does not produce neutrons; some of it escapes 

t o  make the  source dangerous from a gamma-radiation standpoint. 

PERSOMNEL TRAINING 

Among the h p o r t a n t  uses of the  ORNL graphite reactor i s  tha t  of 

t ra in ing  personnel. The Oak Ridge School of Reactor Technology uses the- 

reactor  ,to famil iar ize its students with the e f f ec t s  of radiat ion,  reactor- 

operation techniques, and radiat ion hazardsp Some of the enrollees i n  t h i s  

school represent indus t r i a l  companies a l l  over the United Sta tes  t h a t  wish 

t o  have personnel i n  t h e i r  employ who are  familiar with reactors when they 

become available f o r  use i n  industry, Operators f o r  newer reactors such as  

those at Brookhaven National Laboratory, New York, ad the National Reactor 

Testing Stat ion at  Arco, Idaho, were t rained a t  Oak Ridge National Laboratory. 

Although the  reactor has operated rather smoothly since 1943, ORWL 

personnel using it have occasionally run in to  adverse conditions t h a t  they 

lump i n t o  two categories: troubles and fiascos. Troubles include normal 

equipment fa i lures ;  f iascos cover poorly designed eqer imenta l  equipment 

tha t  f a i l s .  Representative of equipment f a i l u r e  is *the instance when one 
L 

of the , l a rge  cooling fans f a i l ed  and tore  i t s e l f  and i ts immediate surroundings@ 



t o  pieces, Fortunately, no one was near it a t  the time,. The cause of i ts  

breakdown was never determined; however, it did not cause any harm t o ' t h e  -. . 

. . " . . . .  reactor,  as .the fans.  a re  located i n  a separate ,building. ' , . 
. . . ., 

. . 
The fiascos have been more frequent than equipment fa i lures ,  ' but . . '  : .. 

none of them have been r ea l ly  serious. Most have involved radioactivity,  

but no one has experienced any detectable h a m  i n  any instance. The tolerance 

levels  or permissible exposure quant i t ies  a t  ORNL are so  low tha t  the safety 

fac tor  is  more than 100. 

On two occasions the reactor building has had t o  be evacuated because 

of the release of radioactive noble gases in to  the atmosphere by fau l ty  experi- 

mental equipment. On one occasion, a supervisor walked in to  the locker room 

and found a s t a f f  member clad only i n  a red necktie -- the one item of apparel 

he  had not contaminated while performing some work without proper protective 

clothing. A l l  h i s  personal clothing, except the t i e ,  had been confiscated by 

the Health Physics monitor, and he had t o  wear a pa i r  of work coveralls home. 

A similar incident involved another member of a &search group. He, too, 

l o s t  all h i s  clothing and even had t o  decontaminakhis pipe before he could 

smoke. 

Much speculation has been given t o  what would happen i f ,  f o r  some 

reason, the reactor  should go out of control. No one knows exactly what 

would happen, but experience with the reactor 's  operating character is t ics  

indicate  what w i l l  not happen and the worst things t h a t  could happen. 

F i r s t ,  there could not be an atomic explosion. The worst occurence 

would be o. f a s t  r i s e  i n  temperature tha t  would, i n  a l l  probabili ty,  melt the 

aluminum jackets off the f u e l  slugs, and uranium oxide would be released, in to  

the cooling air t o  be caught by the  f i l t e r s .  But t h i s  same r i s e  i n  temperature 

would, a f t e r  only a br ie f  instant,  cause the  power l eve l  t o  drop again t o  a low 

value. 
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Such an occurrence would have t o  be .  deliberate; It. would 

necessi ta te  the  removal of the control rods and much experimental 

equipment simultaneously, and would require the combined and well- 

timed e f f o r t s  of many,people. Consequently, Laboratory s t a f f  members 

a r e  f a i r l y  cer ta in  tha t  the  matter of what might happen-to the  reactor 

under such circumstances can safe ly  be l e f t .  i n  the ' f i e l d  of i d l e  specu-. 

l a t  ion. 




