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I 

A SAFETY REVIE3 
of the 

OAK RIDGE CRITXCAZ MPEXa%IENTS FACPLI"Y 

This memorandim d-escribes the Cr i t i ca l  Experiments 
Fac i l i t y  located i n  the Y-3-2 Area of Oak Ridge with particu- 
lar reference t o  the safety features of both the laboratory 
i tself '  and the procdures established f o r  the experiments 
constituting the specialize& use Tar which the laboratory 
was  constructed, C0rqwisc.n of these experiments t.0 others 
i n  which acciden 
an estimate3 f iss ions as the upper l l m i t  to the energy 
release t o  be reasonably expected as the r e s u l t  of the m a l -  
function of personnel or  equipment. Experimental data show 
the shielding incorporated i n  the building w i l l  adequately 
protect personnel from the di rec t  radiation ar is ing from an 
accident of this magnitude occurring during operations e 

The absence of EL significant inventory of  f i s s i o r  p r d u c t s  
i n  experimental materials and a simple consideration of the 
air-borne behavior of those produced by 1018 f i s s f o n s  s b 0 w  
t ha t  hazards t o  non-facility persame1 are highly unlikely. 

po-beartialities have been hyyathesized s e t s  

It is concluded that  the greatest  potential  danger t o  
personnel i s  i n  the course of preparing f i s s i l e  matelgials 
for experiments and -in t h e i r  storage and transport, As i n  
many l ike  instances, reliance f o r  s a f e t y  must be placed on 
the knowledge of and caut,ion by the individuals themselves 

INTRODUCTION 

%hz Cr94;lcal Experinaents Fac i l i ty  of the Oak Eidge Natlonal. 
Laboratory was constructed expressly t o  met the needs of various 
progrcwr?s i n  Oak Ridge, and inevitably outside Oak Ridge, for data 
from low-energy poten%ially chain-reacting assemblies . 
have required the accumulation of basic reactor physics data, the de- 
termination of athe c r i t i c a l  dimensiom af material assemblies, and the 
study of potent ia l  nuclear reactor designs 

The programs 

Only i n  exceptional instances is it neccissary t o  aperate c r i t i c a l  
experiments a t  nuclear powers suff ic ient ly  hi& t o  present radiation 
hazards t o  the i d i v i d u a l s  performing the experiments, even though 
the mmjpulation be manual as it was ,  indeed, i n  ear ly  practices. 
Hovever, the ever-present probability af personnel 01" equipment 
fa i lure ,  which could l e d  t o  high-level radiation emission by a 
supercr i t ical  array, requires a laboratory equippd f o r  remote per- 
formance of these experimnts , 



A laboratory i n  which. crlatical experiments are performed must also be 
capable of a c c o m d z t i w  a very wide variety of ac t iv i t i e s  i n  contrast t o  
a reactor installation which nay remarina f ixed i n  cotrstruction and operation 
over an exbended p e r i d .  
purposes must be adaptable t o  many conTigwcations of materials of interes.1; 
dictated by .the demands of the p r o g r m  e Since the t i m  required f o r  the 
perforsince of a particular experiment may be only 8 few hal.lrsj it i s  not 
economically feasible  t o  pattern inst-nuentation and cantrals x?ter those 
conventionally prepared for long-range reactor operation. FOP this reason, 
and m o r e  importaitly, because the very purpose of these exploratory expsi- 
r e n t s  may truly be the evaluation of those factors upan which reactor 
safety will subsequently be deslgiied., c r i t i c a l  experilaaesdts m e  somewhat 
more vuherable  t o  nuclear accidents than are operating reactors. On the 
other hand, the over-a%S consequences of a nuclear accident with a cr i t ical .  
assewbly &.re very much less severe ‘than are those associated w i t h  reactors 
because, primarily, of the absence of a significant inveiltory of‘ fission 
products bu i l t  up i n  the f i s s i le  anaterial, I n  f a c t  it i s  highly desirable 
t o  avoid s%ch a fission-product buildup i n  o d e r  t o  allow manual ndjus+,ments 
of the experimental equipment and mzterials . 

The experimatal  equipment used for these 

?&my stafcty features f o r  the successful operation o f  cr i . t lcal  experi - 
mnts niust, therefore, he pe-mnently built i n to  the laboratory i t s e l f  
rather than be incorporated in to  each experimental setup. Necessary radia- 
t i on  shielding, f o r  example, i s  annde a part  of the laboratory structure.  
Special comideratian musk be given t o  the design of vent i la t ion systems to 
mininize dispersal of radioactive contamination. On the other hand, each 
exprirtlental assembly must embsdy control and safe ty  devices peculiar t o  the 
type of experiment under study and t o  the propefiies of the materials used. 

Prior to the construction of LIE laboratary t o  be described here 
several  c r i t i c a l  experimental prograrrms had been carried out at the Oak 
Ridge National bboratcsry and a t  the Oak Ridge Gae,eow B i f f u s  ion Plant. 
The indecquacy of the f a c i l i t i e s  of these two locations was rcrccgnized i n  
1949 i n  light sf the expxled demands f o r  furChei* experlmnta.t,ion i n  both 
the  investigation of the safety of mta l lu rg ica l  and chemical processes and 
the supports of reactor designs. This la t te r  need was fur ther  emphaslaed by 
8 then-active program i n  Oak Ridge on the development of nuclear propulsion 
f o r  aircra.t.  
t h i s  var ie ty  and quantity of experimentation would be established, that the  
various program of c r i t i c a l  experimnts i n  Oak Hldgc would be combined, 
and that  Lbe work would be administe-red under the Oak Ridge Ea%tional 
Laboratory. The new laboratory w a s  ocmpied on A u g u s t  1, 1950 and has 
since been the scene oi“ m e x - t ~ n ~ l y  wide variety of c r j t i c s l  and near- 
c r i t i c a l  exps izents  with f i s s i l e  uranium isotopes. 

A% that t i m e  it was decided tha t  a laboratory adequate f o ~  

It i s  the purpose Qf this reporl  t o  describe this  laboratory, desig- 
nated locally as B u i l d i ~ 4  9213, Y-12 Area, and officially as the OBNL 
Cr i t i ca l  Experimnts Facility, t o  discuss the t ypes  of expriment,s per- 
formed, and t o  describe the equipment ‘and procedures; represerntatl7e of 
nearly twelve years of exp2rience. Particular ewphasis i s  phced  upon th? 
hazards t o  p?rsonrn l  which might be associated with th2se op?rathans. 
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$35, with and without intermixed hydrogen, to establ ish safe storage 
criteria, IPI addition, small rectangular assemblies or" uranium netal 

e c r i t i c a l  ;both m f l e c t e d  and with ref lectors  02 graphite, 
Plexiglas, FYeliminary experiments performed on maniurn- 

molybilenu al loy t o  es tabl ish the design a% %he Health Physics Research 
Reactor also fa21 i n  t h i s  category, These experiments were followed by 
a empL&e cheek-out of this reactor ts  pxfarmance incl.udin@; super-prompt - 

ration with the production of energy pulses of" up to 

Several conbination-type expx=iments have been performed fer reactor 

Package Power Reactor, f o r  example, ut i l ized s ta inless  s tee l  
were water-moderated antz -reflected e un&ue geometry 

projects, usually with l iquid mderrator and solid fissile mteriaL. Those 

of the Tower Shielding Reactor I1 was first investigated rather crudely 
with available materials and later, mcb more thoroughly, w i t h  the first 
reactor core fabricated Trona that; diesign. d he High  lux D o t o p  Reactor 
Cr i t ica l  fi3rperinzc3nt No. l w a s  an exploratory series of experiments w i t h  
four liquid regions including a heavy water ref lector .  The second e x p r i -  
m n t  i n  this series was a, more accurate nuclear moekup of the reactor 
cample%e with target,  f u e l  elemnt, controls, water moderator and bery l l i -  

.Also included in th-is group axe two high temperature reflector. 
) molten salt ( Z ~ F ~ - I J F ~ - N ~ X ; " )  reactor a x p r i m n t s ,  ~ h s e  had 

internal  arrd external beryllium ref lectors e 

There have also been a, number of experiments w i t h  uranium solutions 
poisoned with boron i n  glass a d  with copper t o  establish the s a f e l y  of 
certain -rations (r 

with fuel element8 from pool-type reactors, from Savannah River Reactors, 
and fron bnford Reactors have aided i n  a variety of nuclear safety 
pr0"Oem * 

Other water -malerated and -reflected experiments 

All these experiments have been p r f o m d  i n  t h i s  facility on et, 

variety of combinations of equipment, many of which were of a temporary 
nature because of the limited duration of the individual prcgrams. 
Although the basic controls of this equipment we permanent parts of the 
f a c i l i t y  they may be supplemnted by more f lexible  conapo~an~~s for the 
individual experimnts . 
mats w i l l  be described i n  the next section. 

mica1 equipmnt f '~ r  perfovning these experi - 

II - DESCRIPTION OF THE FACELITY 

Location 

The Cr i t i ca l  Experiments Fac i l i t y  is located at  a remote s i t e  i n  

the terrain f o m d  by surrounding h i l l s  several hundred feet  higher tbn 
the building i tself ,  The projected distance to nearest work amas is  
m o r e  than 2000 f t  %nd. to the nearest public highway i s  42W ft. 
f a c i l i t y  is  enclosed i n  an wea t o  which access is restricted by a chain 

the Southwest POfiiQn of the Y-12 Area. It is situated i a t  EL pocket I n  

The 
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Fig. 3. West End of Building 9U3 Showing the Concrete Shielding 
W a l l  Between the Roadway a d  the Large Doors. 
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addition t o  the old structure or by inclusion i n  the design of the new 
area, each test c e l l  is covered by a 1-ft-thick concrete slab. 
intermediate general-purpose area and the guard shel ter  are cuvered by 
concrete at  l ea s t  3 i n ,  thick,  
thickness of these r o d  shields is somwhat greater because of the 
aI4Zk at tr125@lr the radiation must traverse them i n  order t o  be scattered 
in to  the central  area or onto the road. 

The 

In practice, of course, the effective 

Reference i s  &e t o  the drawings and specifications of the 
1 architect  -engineer f o r  s t ruc tura l  de t a i l s  

Many data have been amassed mer  the ensuing years from both acci-  
dental  supercr i t ical  excursions and planned experiments which yield an 
evaluation of the protection of personnel afforded by these structures. 
More detailed reference t o  these supporting data w i l l  be presented i n  the 
discussion of potential  accidents. In summary, however, it may be said 
that very adequate shielding is provided against damage t o  personnel from 
radiation sources of the maximum expected intensity, described i n  
Section V, below, i n t h e  three ce l l s  if these personael are within 
designated areas during the course of experimnts.  
i n  nominally unshielded areas is  by the perimeter fence and by r ig id  
administrative practices. 

Control of personnel 

Ventilation 

The en t i re  building i s  a i r  conditioned, 
heated and ventilated by air circulated and conditioned i n  a system 
serving that ce l l  exclusively, By this mans, therefore, contamination 
arising i n  one area is not d i rec t ly  carried by an a i r  stream in to  another 
mea of the building. 
ment i n  the building is autamt ica l ly  stopped upon s ignal  from high level  
radiation detectors i n  each c e l l  so that contaminated air, which might 
accompany the high leve l  radiation, remains stagnant u n t i l  such t i m e  as 
it is deemd appropriate t o  reac9lvate the air h d l i n g  equfpmnt. 
reactivation must be done manually. 
conditioning system, each c e l l  i s  equipped with a 1000 cfm f a n  which 
normally runs continuously and discharges t o  the atmosphem. 
of air maintains the pressure within the c e l l  s l i gh t ly  below that i n  
adjacent areas OP the building and also below that of the ambient 
atmosphere. 
pressures t o  equilibrate a f t e r  stoppage of the fans upon emergency signal, 
the flow of air is  in to  the potentially contaminated areao Subsequently, 
any contamination can be discharged t o  the atmosphere e i ther  by the small 
fans or by the large exhaust blowers, each having a capacity of at  leas t  
10,000 cfm, with which each c e l l  is equipped. 

1. G l f f e l s  a d  Vallet, Inc., Detroit 26, Mich. Job 48-=148A, completed 1950. 

Each of the three ce l l s  is 

It is further provided that a l l  air handling equip- 

This 
In addition t o  the usual a i r  

This outflow 

Thus, at least i n  the short in te rna l  required for  a i r  

Appropriate louvers open 

Barber and bklhmay, IQxxville, Tern. Contract 8l.Y-34807, completed 

E-S-24420, E-HV-23275, completed 1958. 
These drawings and specifications are available from Union Carbide 
Nuclear Cmpany, Engineering Services, Y-12 Plant,Oak Ridge, Tenn. 

1957 UCNC DWgS. E-CV-24227, E-S-24228, E S  -24229, E-S -24230, 
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as the blowers start i n  order t o  provide free and rapid exhaust of any 
air-borne material. 
since prsonnel  can be readily controlled in  the remote area i n  which the 
f a c i l i t y  is located. Little, if  any, inconvenience would be forced on 
ac t iv i t ies  i n  other axeas by such a procedure. 

F i l t e r s  are not instal led i n  these exhaust systems 

Beyond tha t  which has already been described, there i s  no provision 
f o r  c o n t a i m n t  of air-borne act ivi ty .  
the hazards which might ar ise  i n  experimentation with highly toxic materi- 
als, such as plutonium, without sufficient c o n t a i m n t .  This inadequacy 
does, indeed, impose the principal l imitation on the types of experiments 
which can be pe r fomd.  

The f a c i l i t y  is inadequate f o r  

Contaminated Waste Collection Tanks - 
To guard against loss of f issi le materials,the drains from laboratory 

areas lead first t o  an acid-neutralizing p i t  thence t o  hold tanks which 
are emptied only after analyses have shown permissive quantities present. 
Incidentally, no concentration even approaching that economically salvable 
has ever been collected i n  these tanks. 
c r i t i c a l i t y  i n  the tanks is  precluded by location of the entrances t o  the 
drains above f loor  level  or by f i t t i n g  t h e m  with gasketed pipe caps. 

Possibil i ty of accidental 

Equipmmt and EquipEnt Operation - 
The Cr i t ica l  Ekperimm&x Faci l i ty  is equipped f o r  experiments of a l l  

kinds with both liquids and solids.  
containing aqueous solutions of enriched uranium, with or without an 
aqueous reflector,  t o  tests of massive pieces of unreflected uranium 
metal. 
addition of react ivi ty  through the remote operation of s m  device from 
the shielded control area. This device may be a pump f o r  liquids or it 
may be a motor drive t o  bring sections d a sol id  assembly together. 
action by which react ivi ty  i s  added is  reversible and the rate at which 
react ivi ty  is  removed exceeds the rate  at  which it i s  added. 
react ivi ty  may also be removed by some ent i re ly  independent means. 
may be appropriate pipes atnd valves whereby a l iquid i s  drained through 
large ports by gravity frm the test vessel i n to  i ts  storage reservoir; 
or may be the insertion of a neutron absorbing material in to  a sol id  
array - or the reverse, the removal of f iss i le  material, reflector or 
moderator - by gravity or by the action of a spring. 

These may range fromtest vessels 

In a l l  cases, of course, the approach t o  c r i t i c a l  is by the 

The 

In general, 
This 

There are experiments, however, which are safely and more satis- 
fac tor i ly  p e r f o m d  with the decrease i n  react ivi ty  effected by only one 
method, usually the  reversal of tha t  by which react ivi ty  is  added but, 
of course, at a greater rate. 
parameters are w e l l  established and the available excess reactivity,  even 
i n  the event of m o s t  unusual occurrences, is  known t o  be small. An 
example of th i s  type of assembly is  an array of t i gh t ly  f i t t i ng  pieces 
of sol id  material mounted i n  two parts, one being movable by remote 
control. 

These are experiments i n  which the c r i t i c a l  



A neutron. source of strength appropriate t o  the experiment i s  always 

1% m y  be an encapsu- 
proximate t o  the f issile material during its i n i t i a l  assertib3.y. 
source is a driver fo r  the neutron multiplication. 
la ted m i x t u r e  of plutonium and beryllium or of polonium a d  beryllium, the 
spontaneous f i s i o n  of ~ 2 3 8 ~  OT a nuclear reaction w i t h i n  tb t e s t  materi- 
als. In assemblies expected t o  becow c r i t i c a l  provision is &e for 
removal of the source capsule into a shielded region i n  order t o  t r u l y  
est ablis h e rit i c a l i t  y . 

The 

Two sets of equipmnt presently i n  use me described as typ ica l  
i l l u s t r a t ions  of the above design c r i t e r i a .  
Cr i t i ca l i t y  !&st;iag U n i t ,  i s  used fo r  assemblies of solids at? re la t ive ly  
small v0lume. 

The first, designated as the  

The secohld apparatus is f o r  solutions of fissile materials. 

C r i t i c a l i t y  Testing Unit f o r  Solids. The equipment used POP as- -- 
se~&Ung sol id  materials is  typif ied by the Criticality Testing U n i t  (CTU) 
wh-lch was designed primarily f o r  c r i t i c a l  experimnts on m d e r s t e d  
metal systems. 
available f o r t h e  systems t o b e  studied, 
discussed here 8s an exarnple OCF one type of experimnt. 

!IW separation of conrponeryts is the only s&ety operation 
The equipment and i ts  use are 

The CTU, shown i n  Fig. 5, consists primarily of t w o  tables: a fixed 
table  which i s  manually adjustable i n  elevation, asld a vert ical ly  amable 
platform ponered, through a mgnetic coupling, by a pnewma.t;i.c-$rdraulic 
s y s t e m  t o  bring the  parks of an assembly together, 
consti tutes the upper section of the wit, is a c l r c u b r  s ta inless  steel 
mmbrane, 24 in. i n  d iamter ,  cl-d i n  an alumSnwn tension ring and set 
i n  an aluminum frame supported by vertical legs a t  the corners of" a 
4-ft  square. 
0.025 in .  are available. 
8 ft above f loor  hvel .  

Thrs fixed table,  which 

Several mrdbranes having thicknesses ranging from 0.005 t o  
The table elevation m y  be varied. from 6 t o  

%e rnavable platform sup~orb device is  ShQWa schematically i n  F i g .  6 .  
The platform itself' is an 18-in. d i a  by b-in. -thick circular  stainless 
steel  plate attcached t o  the magnet housing. Xn s m  experimsrts the lower 
section of the c r i t i c a l  assembly w i l l  rest upon a Icrw-demity atructure, 
mounted on this platform, i n  order t o  reduce neutron mflectiorn. 

Dwiw n o m 1  operation the magnet is energized ami the platform 
follows the motion of the hydra~ic-GyLinder piston. 
at 8 minnxm lift rate of 20 in./min without load, As the table mar6 i ts  
upper l i m i t  this rate is deemaged by -t;hrottling %he hydraulic P ~ Q W  in the 
f s l k w i n g  manner. At a preset position in i ts  t r ave l  the movi 
operates a switch which diver ts  the flow through a, system cons 
t w o  orifices 3iap parallel each w i t h  i t s  own manual shutoff valve, Prior 

FUXL travel is 24 in, 

an experiment, seLect2on i s  &a of the desired 

Flow through both or i f ices  permits a rate of 0.40 inimfn. 

Present magnet characterist ics 

ropriate valve settirg is made. 
orifices allows a rate 

A2 present, 
0.15 in,/n?in ahld -t 

0 25 in,/&xl. 

the m a x i m  rise rate md is 40 in./min. 
m i n i m  lowerfag rate of the platfam for normal shutdown exceeda 
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Fig. 5. The C r i t i c a l i t y  Testing Unit. 
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Fig. 6. Schematic of C r i t i c a l i t y  Testing Uni t  Magnebhydraulic 
Support Device. 
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limit the permissible load on the movable platform t o  500 Ib . 
load the maximum r i s e  ra te  is  
58 in./min. 

With this 
10 in./min and the lowering rate  is 

m e  safety feature of the CTU, the separation of the componen-bs of 
the assenibly, is effected i n  two ways* 
occurs, the magnet i s  de-energized ard the platform drops at leas t  6 i n .  
under gravity. Separation of the sections of the ssenibly is also brought 
about by a reversed faydraukic force on the pistonp provided by o i l  under 
high pressure, which moves the piston through its to:a3. downward displace- 
ment i n  less  than 2 see. 
shown i n  Fig. 7. 
of t r ave l  at which time contact is  made between the p l&tfom and the wlon  
bumper attached t o  the top of tk piston rod, so  that the ensuing motion 
is  governed by the hydraulic system. 
35 msec af ter  i n i t i a t i m ,  of the signal t o  the e l ec t r i ca l  c i rcui ts .  This 
delay depenls, of course, upon the load and the Wnet current. Minimal 
release t i n r e  can be achieved f o r  a particular load by adjusting the magnet 
current; a value as low as 18 msec has been measured. 
component separation, upon exwrgemy signal, is about 12 in,/sec m e r  the 
first inch of travel,  60 in./sec f o r  the next 9 in., and 10 in./sec f o r  
the remaider  of the downward stroke. Initial accelerations greater 
thi. 1 g w e  possible through the hydraulic action, although i n  experi- 
mnts i n  which the assembly consists of simply stacked components such 
rapid motion undesirably disturbs the assembly, particularly dwing t e s t  
of the s&et.y system at the beginning of each operating day. 

When an emergeney condition 

A chazacteristie emergency per fomnce  curve i s  
!DE platform moves under gravity over the first 9 in .  

!RE domward motion begins abwt  

The rate of 

The safety features are adjusted t o  corditions fo r  maxim safety 
comwI1surak.e with the experiment under study. 

Pssvision is  also made i n  the CTU whereby an assembly can be pre- 
paree is t h e e  sections. 
a d  the lower one movable as described abave. 
can be raised a d  lowered by an air operated piston. 

The center section w i l l  be fixed on the diaphragm 
In addition an upper section 

The t im rates  of reac+,ivity change, derivable from the above speeds, 
axe, of course, strong functions of the characterist ics of particular 
assemblies. 
the semltivi%y near closure was the order af $lO/in., which i s  equivalent 
t o  a t i m e  ra%e of react ivi ty  increase of 1.6 cents/sec at the slowest 
speed a!? apprmeh. Advance from delayed t o  prompt c r i t i c a l  under these 
ccrdi t icm required 1 min. 
activity de.xease ta&s about $6/sec. 
rate af reactdvk+,y decrease over the first inch. of t r ave l  w a s  $UO/sec. 
A reactivity d e c r e ~ e  of #-$7.5 had occurred 100 msee a f t e r  the Ugh- 
l eve l  s i g m L  

In one assembly of U235-espiched uranium n ~ t a l ,  f o r  example, 

normal shutdown the i n i t i a l  ra te  of' re- 
In emergency shukdown the average 

An e x p s i m a t  p e r f o m d  with tbe CTU f o l l m  somewha% the fu l lawing 
psoce&u-re. 
be not on.3.y individually subcri t ical  but julged, by experience, t o  
co?~,-t;i_.>-ir.t;a less than one half af a c r i t i c a l  rwss under the conditions 

"he fissile =*rial is i n  regularly shaged units sized t o  
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of the experimnt. 
instruuwtat ion and safety systems is satisfrzc-toyy ad tha t  a neutron 
source i s  appropriately located, one of the  units of f iss i le  material i s  
located on the movable platform and mother, we11 aligned vertically with 
the first, i s  p h c e l  on the  diaphragm. The platTom i s  raised, t o  bring 
the lomr unt t  i n  contact W i L h  the bottom 0% the diapbxqna, by opm-atiora 
of the drive mechanism from the control room, m-is operation is in a 
careful a d  reversible m3xr even though there i s  l i t t l e  expctatiosn 
tha t  the two pieces i n  contact w i l l ,  become c r i t i c a l .  The neutron corn% 
rate is m ~ ~ w e d  wi%h t k  cmp~rnn%s i n  contact ard compwedl t o  tba% 
wLth one f i ss i le  unPt  present,. Tbe rate with the two uni t s  i n  contact, 
m y  be less than the rate f o r  8 single unit because abssrptfo%a effects 
may possibly override the neutrsan m l t i p l i c a t i o n  by the csaabimd u n i t s .  

After ver i f fcat ion that the behavior of spwxrtioml 



the mteriaL, a pertuxbetian is made i n  the buckling aid the result ing 
reactor period I s  masmeel.. 
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4.10 g / l i t e r ,  
cen t ra l  uni ts  of the array. 
was 7 . 3 i / s e c ,  wiLh corresponding drain rates  of 4l#/sec through the dump 
system ancl 18#/see through the normal dra in ,  

TIE flow of solut;ion was remotely controllcii t o  the f ive  
The maximum ra te  of d d i t i c n  srrf reac t iv i ty  

Other mans of reackivity control  are available depending upon the 
experiment and i t s  purpose, 
d d i t i o n  t o  drain ra%c is determined and evaluated prior  t o  achieving 
c r i t i c a l  

In  each casep a sui table  rat.io of reac t iv i ty  

Inst n m n t  at -i on 

Because of %he d ivers i ty  of operations i n  the three expePimental 
areas instrumentation recpiremxrts vary and each Location i s  provided 
w i t h  more than t k e  minimum amount of electronic equipvent neeessary f o r  
prformance of c r i t i c a l  experiments C;enerd.ly, an expr imen t  i s  per- 
forum3 with a l l  tx rk ing  channels i n  use; however, operation. i s  permitted 
if some are removed, as a r e su l t  of instrument f a i lu re  OF saturation 
due t o  excess radiat ion a t  the detector, provided the minimum number of 
W - t s  i s  s t i l l  functioning. Most experiments axe conducted a t  power 
lcvels of less than 10 mr, a l thowh s o w  maeuremnts may be carried 
out a% levels up to %he order of 1 w a % t ,  Extraardinary situa%isns 
so r~~e t ims  ar i se  involving levels of the order of 100 w a t t s ,  and 
~ccnsionally controlled radiation excursions are generated 
nimrcms instrument channels, having different  input sensi t ivihies  and 
ranges of operation, are capable of providing zdequa.te monitoring at 
a11 operating levels.  

The 

Minimum instrumentation f a r  i n i t i a l  operations includes two neutron- 
sensi t ive counting channe18, one l inear  neutron leve l  sa fe ty  channel, one 
dual-output g a m - r a y  sensit ive photoniultiplier sa2ety charnel, one 
1.ogarithmic neutron level. channel, and suitable shutdown and building 
alarm d-evices. When %he 10 mf l eve l  i s  exceeded, the coixrtin! cbnne l s  
are  no longer required and, boo, they may becorn inoperable owing t o  range 
%imitations (I S a S ~ t y  Cphmnels m e  necessary tboughout 8x1 experiment 
s ince they provide scram protection i n  the event of an unexpected 
abnormal r ise i n  ~)ower, A block diagrm of typical  instrunentation is 
shown in Fig. 9 md the components are described below. 

Counting Channels e Counting channels prwide visual  and aural  
indication o f  %he neutron leve l  during both stiartup and low power 
cqera-bions provided the counting ra te  does not exceed the order of 
105 counts per minute 
counters* are usually used as detectors f o r  s t a r lup  and operat;iona3. 
purposes a A d  xniniatm-e f i s s ion  counters and B3-f ill&. counters (l/h i n ,  
i n  Ziiamter) f o r  experiaenks where space l imltat io-ns  are imposed, such 
as SOP flux dist:rLbut,ion studies. Standa:rd l inear  mplifiers*t-x- transfarm 

-fc Model lO5QO, Rdiatioan Counter Lsiboratsries, Inc Skokfe, Ill. *++ rypCs A-1, A D ,  and DD-2 are used, 

Highly sensit ive IF3 - f i l l ed  propQr%iOIIal 

v 
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Fig. 9. M i a i n ~ a l  I n s tmen ta t ion .  



the output of the detectors t o  pulses large enough t o  drive scpajlers and 
ratemeters. 
%he sealer output. 
intercom, during loading operations. 

An audible count is  provided by a mechanical regis ter  i n  
This signal is transmitted t o  the test  ce l l ,  over the  

Safety Channels. The neutron sensit ive safety channel provides 
both visual  indication of  neutron level  throughout an experiment and R 

vol tage signal to the s a e t y  control unit  t o  activate tG scram system. 
In a typical channel, integrated current from an uncompensated BF -fi l led 
ion chanjber is  Tea to a l inear  micro-microammeter in w ~ c h  the s i2nal  is 

Full-scale range of the readout devices is adjustable I n  decmle steps by 
n range selector switch. 
portional t o  the mter reading, 

l i f i e d  a d  displayed on e2 panel mter and on a strip-chart  recorder. 

!The output voltage of the instrument i s  pro- 

The dual-output photsmultipller safe-ty channel, generally insensitive 
t o  startup leve l  s ignal  but responsive t o  levels greater than about I m, 
provides both on-off signals t o  the safety control wit; ( t o  i n i t i a t e  
e ~ ~ r g e n c y  Shutao~m) a&. visual indication 
02 the ganima-ray level. 
phosphor mounted an the face of a ten-stage multiplier phototube, The 
integrated output signal,  proportional. to the gmma-ray flux level, i s  
irrtroduced on the grids of a L..n-triade vacuum tube c i rcu i t  as w. 
nagative-goiw voltage Sensitive relays in i;h plate ~ i s c u i t s  oper&? 

described below. 
by output; mlers or strip-chart  recorders, 

A typ ica l  detector consists ort" a sdium dodide 

the scram system t b o w h  the s a f e t y  CQnnltrol wit 
Visual irdlcation of the g -ray l eve l  is  provided 

hgaritiunlc Channel. This chamel provides visual  indication of 
the neutron l eve l  wtth a single range covering up Lo six decades, The 
integrakad current from rwz uncompnsaked BF filled ion ehwber is fed t o  
a 1cgariZ;Mc d i d e  and the amplifier which follows develops an output 
which I s  proportianal to the logarithm of the neutron flux. 
is  displayed on a panel meter md on a. strip-chart rec~*er. 

3- 
'Plzfs output 



scale, reducing the frequency of" false s e r w .  Sone i m t m n t a t i o n  
includes a meter re lay which does provide ~zn on-scale scram point. 
It i s  emphasized t h a t  meter relays are only secondary scram devices. 

The on-off signal from t h e  photomultiplier ss;fety channel serves 
the sane function as the linear chamel t r i p  c i r c u i t  output. Adjustment 
of two preset t r i p  points are made i n  the indicator unit nf the channel 
so  that the f irst  activates the scmm system at  a leve l  s l i gh t ly  greater 
than the opera-king range, and the secod, operrz-tirig two orders of 
magnitude high,er, serves as a backup. 

When a t r i p  occurs i n  either channel, an a@-operated relay is de- 
energized and i t s  contacts are so connected tbt a red warning l igh t  
is i l lunimted,  illdicatirg m imtmnent  trig, and p m r  t o  the -net 
supply a d  other shutdown devices i s  in t e rmpkd .  In .d.d.itSsn, an 
auxiliary relay opens the dc supply 'GO the magnet. 
=ne% current i n i t i a t e s  an action which rapidly reduces the react ivi ty  
afl the assembly i n  an efforb t o  quench an excursion, 
insertion OT a safety rod, the opening of a valve t o  drain f i ss i le  
solutions or moderator water, or, as i n  the case & the CTU, the 
separation of the assembly conrpoanents. 
somewhat more slowly t o  pr,cduce the s a w  effect. 

Col.lapse 3% the 

This m y  be the 

Other shutdown devices opra t e  

The response t i m e  of the scram system, $.e., tk tie required 
f o r  a step-function impressed on t h e  input of" an dnstruxneazt ehamel 
t o  de-emrgize the shutdown devices, is  the order of IO mec For 
most types of experimnts t h i s  is &equart;e, being conxnenswate with 
the t i m e  behavior of the. wchamcal a d  electrmmgnetic components of 
the scram system. In the case of the, GTU, in which rapid response i s  
af primary importance, special  instrummtatiai  prcrviaes a response ti- 
of l msec, 

The scram system is designed t o  be fail-safe t o  the extent  tbt 
lass  of building power, burnout aP sa2ety c i rcu i t  relays, anr3i cornonly 
experienced t r i p  c i rcu i t  failures create a scram cordition, shutting 
down the experiment Until such failures are corrected and it i s  safe t o  
proceed with noma1 opra%ions.  

Building Alarm. The building alann is  a system of horns, bells, 
and sirens si tuated about the building which s@mt, when actuated, 8 8  

warning t o  personnel that an accidental radiation excursion has occurred. 
The radiation monitors which provide the signal t o  the system are scin- 
t i l l a t i o n  sensors located, i n  grape of three, i n  each of five sensitive 
areas within the building. The alarm is automatically sounded when the  
radiation st two of the three monitors constituting a group reaches a 
preset value. 
t i f ied as a r o o m  number by the  illumination of the appropriate block on 
each of f ive annunciator panels. 
air-moving equipment i n  the building, turns on the flashing red light m 
the roadway from the main Y-12 area (warning t r a f f i c  not t o  proceed onto 
the road which passes the building), and indicates i n  the office of the 
Y-12 Plant S h i f t  Superintendent. 

The location of the monitors i n i t i a t ing  &n alarm i s  iden- 

The in i t ia t ion  of an alarm stops a l l  

(This pragmph revised and Illinor changes 



de elsewhem A x .  23, 1965 to can20 th recent modification to the 
alarm system. ) 

Fast Safety Channel. A sowwhat f a s t e r  response .Lime is incorporated - 
in. the inatrumntation for control of experinm-rks with materials where 
neutron lifetimes are short, such as in U235-cnriched umcdera%ed uranium, 
The fast response is obtained by feeding ezyl amp9lf-Xed photsmult,ipPier 
output signal d i rec t ly  t o  the input of a specially designed rncggmb power 
supply which provides f u l l  magnet curnmt from a V B ~ U I M  tube c i r c u i t  w%il 
the predetermined t r i p  point i s  reached, When. the input voltage reaches 
this level, an electronic switch oprates,  cu'f;Ling off %he niagnet current 
1 wee followi 
la tor .  AddiLional c i rcu i t ry  i s  included in this c b a m l  to trigger the 
sera311 system 
ent i t led  S a f e t y  Charnels 

tha incidence of a sharply rising signal  on the s c i n t i l -  

i n  the m m r  described I n  the section 

Incident Alarm C h a n n e l ,  This c h a m 1  exnblidies a gmcanaa-ray sensitive -- 
plmtonultipller, similar t o  tha t  used i n  the safe ty  c h a r n u ,  which re- 
sponds t o  radiation i n  i t s  i m d i a t e  area but does not respod ts radliation 
released from the order of 1017 Pisslons i n  other t e s t  cells. 
ment provides p. visual  Indication of its operation an3 also i n i t i a t e s  a 

only when an excursion o@cpIl"s in the diate test ce l l .  

The inst ru-  

1% WrfoXYEd SatfSfaCtQrily dWiw reCelI% plEulned ~ ' a d i ~ ~ % i O n - ~ ~ h e  expert- 
xnerm-ts . 
Limitations on Experiments 

c 

A s  has been stated previously, the versatility of the f a c i l i t y  has 
been demonstrated by the successful perf 
f i s s i l e  isotopes of uranium i n  ahos t  every conceivable configuration 
with axd without other materials of in te res t ,  It has also been pointed 
ou% %ha% the f a c i l i t y  is not equipped t o  c o p  m t h  the contamination 
problems which might arise upon the disprsal  of large quantities of taxi@ 
materials since the structure has no unique bui l t - in  gas-containment 
features. It i s  deemed inaXvistible, therefare, t o  enter upon an experi- 
mental program with plutonium without prwiding ne&sures required t o  
assure c o n t a i m n t  of the? possible contamination. 

ce of experiwnks with both 

There have been occasions i n  the past, a d  there prcAmb3.y w i l l  be 
others i n  the fu%urc, where, i n  the judgement d senior ex-perimn%er, 
it t r a s  not expedient t o  achieve c r i t i ca l i t y .  
governed by the rtztlture of the material, by the expected coll~equence sf 
an accident, axd by defLchencies i n  the experimental equipment. Sa a 
s e c o d  limitation on ex]?erimmts or experimental programs at the f a c i l i t y  
i s  t h a t  which may arise from evaluation of the hazardbe asswia%ed with a 

c r i t l c a l  i n  order t o  unequivocally es tabl ish the desired infomtioZr_. 

T l ~ s e  decisions have been 

part icular  operation. Jn most eases, of course, assemblies are c 

&yomd these lWc ,a t i sns  there are no restr ic t ions ox) the k i d  or 
type o f  c r i t i c a l  experiment which can be p r f o m d  E& t h i s  f a c i x t y ;  
an the other hard, a l l  expr imnt s  proposed f o r  %he f a c i l i t y  are subject 
t o  these limitations aid to others which may be imposed by Laboratory 



manageroent i n  the procedures described below, 

I11 - FACILITY ORGANIZATION AM, STAFF 

The Cr i t ica l  EXperiments Fac i l i ty  is  organized as a part of the 
Neutron Physics Division of OBNL, the responsibil i ty f o r  the operation 
of the f a c i l i t y  being vested i n  a supervisor. For guidance i n  matters 
of s a f e t y t h e  Neutron F'bysics Division has established 8 Reactor Safety 
*view Committee , which reviews each experimntal ac t iv i ty  within the 
division at least annually. The committee consists of the division 
director, the supervisors of the various f a c i l i t i e s  operated within the 
division axu2 other experienced technical pers~nnel. The operatiom 
within the f a c i l i t y  are reviewed by the Laboratory's Reactor Opsxtions 
Review Committee. 

The f a c i l i t y  i s  st&fed by a nwber of technically qualified 
individuals t o  some of whom is delegated the responsibility f o r  the 
experiroental prograas. 
the f a c i l i t y  technical s ta f f  comprises 10 scient is ts ,  three technicians, 
and a part-time health physicist. 

A t  the t im aF %his writing (February, 1952) 

By academic training the 10 sc ien t i s t s  may be classed as Tour w-itka 
Ph.D degrees or the equivalent, four with master's degrees, a d  two w i t h  
bachelor's degrees. Of the three technicians, two have college training, 
not necessarily, however, i n  technical fields. Five sc i en t i s l s  qualify 
as senior experimenters, defined below, and three mndbers of the staff &s 

experimnters. 
and t ha t  of the lat ter i s  f ive  years .  
significant because they i a i c B t e  the background ma caliber of the 
persons t o  whom the operations are assigned. 

The average experience 02 the former group is  nine years 
These statistics w e  believe6 

Additional personnel include a eecretary, a janitor, a security 
guard located adjacent t o  the f a c i l i t y  daring regularly scheduled hours, 
and personnel from maintenance axld other supporting services assigned t o  
the f a c i l i t y  f r a  time t o  t i m e  as need demands. 
nuniber of personnel regularly within the area is mlnlnaized. 

Ia t h l s  manner the 

Program Development 

The need f o r  and des i rab i l i ty  of 8 particular experimental progpm 
at the Cr i t ica l  Experimnts Fac i l i ty  i s  f irst  established a t  the 
division Level after, i n  sone cases, comu.Xtation with otheLP;from bath 
ORNL and outside groups t o  whon the informtion t o  be derived w i l l  be 
useful. 
s ignif icant ly  different  from other which have been performed at  the 

E, i n  the opinion of the f a c i l i t y  staff, the experiment is 



f a c i l i t y ,  the proposed prcgrm must be reviewed in &&ail by .the 
division's revie.s.r ccxmitlee. 
been ea2;rzhlished9 the responsibility far its organization a d  perfor 
i s  assigned to one of" the senior cxpesimnters, deffmd be 
callahoration with. the szapezrvisor o f  the Tacibity, other 
staff, ax~l outside spxialists, dewclaps the details ai? materials, equip- 
mnt ,  i n s t r m n t a t i o n  an& procedures required t o  carry out the progrm, 

M t e r  the  f eas ib i l i t y  of the program has 

experience at t h i s  f ac i l i t y  and who preferably, but no% meessalei- 
ly, has past exprience w i t h  expr imnts  in which the fmsn of %he 
fissile material w a s  similar to that; sf a proposed e x p s i m n t .  

Neutron multiplication masuerrent refers to the monitoring o f  R 
subcri t ical  assemSjbage of f iss i le  material. Such. m?ztsurements 
require the presence of a mtetrsn source and neutrcm.-sanai~t;ive 
counting equipment whfch i s  used t o  observe the @hawe in t h e  
neutron counting rate 8,s reactivity is added. 

Exclusion aseas are portions of the f ae i l i ky  havigg Smuf'ficient 
shielding t o  permit free access to personnel during opera3tt,fom. 
These are &@limited by pas2;ed signs, gates, audible alarms or by 
red and. green lights. 
that exclusion mea i s  prohibited, 

When the red l igh t  is on9 t r a f f i c  i n to  

Fail-safe I__- describes the characteristics of systems am3 mechanisms 
used i n  c r i t i c a l  ex_wrimn%s which, i n  the event srf my boss of 
building p a ~ s  ox of commonly expected electronic c i rcu i t  
failures, autamtically scmn the assedly.  
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1. The safety and operational procedures of a l l  experimental prcgrams 
involving fissile materials sha l l  be established joint ly  by the 
supervisor of the f a c i l i t y  a d  at least one other Senior Experimenter. 

2.  O n e  Senior Ekperimenter sha l l  be i n  charge of a l l  operations eon- 
ser:c-xing a particular experiment. 
whom is an Experimenter, s h a l l  be present during any experiment 
involving f i s s i l e  materials. 

A minimum of tu0 persons, one of 

3 .  The primary concern c$ t he  person i n  charge crf operations shall  
'be the evaluation of pe-ir.sonne3 safety. 

4. Any deviation from an established experimntal prcgrana, however 
imfgxkfican-b, shaU be reviewed by at  leas t  two Senior E=Mperimnters. 

5. A l l  experimental plms m u s t  be un5erstod md apprwed by each 
parbiciparrt pr ior  t o  the performance of an experiment. 
doubt of the safety of a particular action or step, %he experiment 
shall be suspended u n t i l  every one concerned is sa t i s f ied  that t o  
continue involves no undue r i sk .  

If anyom has 

6. rSo experiment s b l l  be p e r f o m d  under duress d t im.  

7. The satisfactory performance of equipment used f o r  new c r i t i c a l  
assemblies, including verification of fa i l -safe  fea%ures a& the 
adequacy of the safety devices i n  effecting the required shutdown 
function, shall be established pr ior  t 9  achieving ini t ia l  c r i t i ca l i t y .  

8. Reliabil i ty and function of a l l  parts of the safety system shall 
be established by a series of pre-experimc.nt tests conducted at the 
begisaxxfw of each operat iw day. These tests s h a l l  include observing 
and recoding on appropriate check l ists  the response of detectors; 
a n i  their associated c i rcu i t s  t o  the mation of a neutron or gama- 
m y  saurce a% the beginning of each operating pericd(da.4 except 
t?m& the audible b i i i i i n g  alarm shall be teste& a t  monthly intervals.  

9. Dwix operating periods red s ignal  l ights  s h a l l  desigmte inale-  
quately shielded areas within the perimeter fence from which a l l  
unauthorized personnel shall be cleared before the commncemmt of 
o:pmatlsns. Persons are warned against entry in to  these areas by 
-the red signals and by appropriate signs and alarms. 

30. Each experiment shall be monitored by several mutually imlependent 
r&iaClon sensing devices. A t  least two of these devices, i d iv idua l ly ,  
s h a l l  automatically initiate a scram of the asselnbly when a preset 
radiation leve l  i s  exceeded. 
a stronger signal and actuate the building alarm. 
t h i s  Is.tter function may be accomplished by a c i rcu i t  en t i re ly  in-  
deperdefit of the law-level safety.  

O m  of these devices may also respsrx3- t o  
In some instances 



.. 

11. Wans shall be prwided for the manual activation of scram c i rcu i t s  
and building a b m .  

12 e Visual and/or audible i ndi@ation of neutron mi2tLp1tcat.I 81~1 shal l  be 
provided t o  p e r s o m l  making manual loading of potentially c r i t i c a l  
configurations 

13* A l l  i n f t i a l  approaches t o  c r i%ica l  shall. be made w i t h  a, neutron 
source present. 

14, ktntran muItipkicatitm measuremn.t;s s h a ~ .  be @c and. used i n  su 
i n i t i a l  attempts t o  achieve c r i t i ca l i t y .  
of the effect 02 react ivi ty  charges w I L l  be adequate. 

Thereafter visu~1.1 i&ica%ion 

15. Increases i n  react ivi ty  shabl, be made in a controLled nslia re- 
versible manner, 
removed during any operation at a rate greater than the maximum -sake 
of addition of reactivity, Further reac t iv i ty  additions shaM not be 
mle  u n t i l  the effects 02 previous additions have been manifes.t;ed. 

ControU shall be such that, mactivi'ty may be 

l6* The nmber os" gersons, incl.uding visiLor8, present in the control 
room during an experimnt shall be at the discret ian of and subject 
Lo the direction a% the Senior Experimenter i n  c'Lmrge, 



Subsequent procedures will be determined by the local director  an the 
basis of the immediately determinable consequences of the excursion. 
Personnel exposures will be determined from ion-chamber t y p ?  pocket 
dosimeters and from ac t iv i t ies  induced i n  security-badge components. 
Tae presence of air-borne contminatioj? w i l l  be ascerkained from a 
co~nstantly operatine; a i r  monitor which may exhract; samples frolm any 
arm, o f  the facility, ContWnezted areas and those t o  which amess 
i s  rest r ic ted by di rec t  radiation w i l l  be delimited by the local 
eaergency crew. 

Tn, the unlikely ~ c c w e n c e  of widesprad air-bomw contamination, 

h anemra- 
egress from the f a c j l i t y  w i l l  be along one 9f the two available routes, 
the o w  selected t o  be established by the prevailing wind, 
graph., located at  the assembly point a& actuated from a 8 t & i c % A I  
adjacent t o  the f ac i l i t y ,  and an anemmter, mounted a% -the portal, 
supply in fa-mt ion  useful i n  esta3Ushixg the rmte t o  be followed. 
Bdfca l  and more camplete radiation-survey f aci l i t ies  are avai1abQe im 
bchh the Y-12 and. the X-LO meas, each being at  the terminus of one of 
t h e  e g ~ s s  routes. 

Ehergency equipment, including FA portable tWS-Wf%y r&io and 
additicmal radiation-detection ins-hwrxmts, is  located at  the Y- .E  
port;al d jacent t o  the f ac i l i t y .  

The potential  radiation hazards attesadant t o  the ac t iv i t ies  i n  the 
Cr i t i ca l  Experiments Fac i l i ty  may be classed as those associated .with 
r a m ~ 3 1  operations and those respxltixg from some mafmietisn of equipment 
or persoemel, In the f a m r  class m y  be, for exangle, exposwe t o  
nextrons axla g;aslma-rays used regularly fur various necessary o p r a t i o m  , 
exposures t o  fission-product ax.3 natural radiation from experlmntx~l 
mC,erials, and exposures t o  the prompt radiation generated i n  nuclear 
chain XWX%.CIIS. ~ ~ ~ W l & . g e  C& &XI EUBXXYXX~ to prescribed ShieldiaaQ;, 
provided both by distance and by approgsia;tc materials, w i l l  ensure the 
resuL%ing exposure t o  be vithim maximum permissible values. 

Of a much higher o d e r  of importance are the Fjzetrds associated with 
umsml operat,iom asnd Occurrences. Among these are con$ nation and 
expoy-~e resulting from the dispersal  of natural  (Po, U 2 2 y a n i i  a r t i f i c i a l  
(*&33, P U ~  ~ ~ s s i c m  products) r d i s a c t i v e  materials. There is  a u o  the 
p m s i b i l t t y  of exposure t o  prompt a& delayed radiation arising In f iss ions 
oocur~5ng i n  chain reactions of greater i x rkmi ty  thm scheduled, The 
pritaeipal concern i n  th3.s discussion is  with hazardous conditions gener- 
ate? by these unplanned occurrences, 

A n y  discussion of' the expected mgnjtude an3 consequm-~ces of accidents, 
'tse they nuclear OF otherwise, is h i g a y  speculative because sf mcerkpzinties 
in tJw etsswoed cause of the a,ccident and i n  i ts  progress, 1% is  possible, 



however, t o  support consideratiom of the consequences of many accidental. 
occumences i n  this facility by experience @eane& from a rather w i d e  
var ie ty  of mishaps. aQt.hough it i s  obvious tha t  these occurrences are 
cxedible, it i s  mot posfxlated %hat. they are of ma%cimum possible severity. 
In addition, radiation Prom exteanded operatiom of c r i t i c a l  assemblies 
at re lat ively high power aaad from very intense rdiaticm pxbes of short 
duration, characterist ic af those expected f ram accidemta i n  certain. 
c r8 t l ca l  experiments, purposely genera-ked i n  a recent pro$= 
valuable i n f sma t ion  For c r i t i c a l i t y  aec8den-b evaluation, n % s  d is -  
cussion of' potential, hazard8 is ,  perhaps, &e unique by these pertinent 
experiences e 

Accidental Rasliatisn Ekkpiences I__ 
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entailed arduous labor f o r  decontamination of plant, personnel a d  
e quipm nt . 

Three unplanned supercr i t ical  quantities c& W235-enr"ickd uranium 
have been assembled, 
C a l l i h a ~ ~ , ~  occurred with aqueous solutions. 
wh ich  occurred i n  May 
of solution generated 0.9 x 1017 fissions; i n  the second, i n  February 
1956, the yiela rn measured t o  be 1.6 x 1017 fissions but the react ivi ty  
i s  not known. Although both v01u.w~ were i n  open vessels, i n  only cme 
was say solution expelled, 
within a f e w  hundred milliseconds, and the systems were returned t o  
below delayed c r i t i c a l  i n  the order of a secod ,  
probably consi&d of an i n i t i a l  spEke terminated by temperature and gas- 
evolution effects  followed by an essent ia l ly  constant-power intemet.l, 
during wWch the solution was mar delayed c r i t i ca l ,  until, the sa;fety 
devices b e c m  effective,  
gamm;s-rays incurred i n  the second of the above accidents are reeonled 
i n  Fig. 10. Exposures i n  the f irst  accident w e r e  compwable. It i s  
pointed out t b t  since the Occurrence of these two accjdents both the 
heavy shielding on the south side of" the building anA the additional. 
roof shielding described ea r l i e r  have been a d e d  t o  the f ac i l i t y .  

Two of these accidents, reported by Thoma and 
In  the f i r s t  of these, 

1954, a react ivi ty  additiocil of $2.8 t o  a v s l m  

Tn both cases the safety cievices operated 

The power-ti= patterns 

%e t o t a l  personnel exposure t o  neutrons and 

The th i rd  c r i t i c a l i t y  accident, reported by Callihm,5 occurred i n  
NaveKJoer 1961 as W235-emiched uranium, neutron-moderated and -reflected 
by hyd men, was being assembled. 
t o  lo2 fissions.  There was no exposwe t o  occupants af the building or 
dispersal of air-borne ac t iv i ty  beyond. the immediate area i n  which the 
accident occurred, 

The yield w a s  estimated t o  be IO1? 

N%mrements have been d e  a t  a nuniber of" 1ocatiol-L.; i n  and &&cent 
So the buildingi; of both the intensity of the radiation f i e l d  md the 
integrated exposure resu1f;ing from extended c r i t i c a l  operations 8% 

re lat ively high power. Ty-pical resul%s m e  presented here. 

A volume of solution, located in the west test. cel l ,  w a s  operated 
i n  ~tmumy ~ $ 0  at an average power of 7 x IO= fissions/sec, y i eu ing  

4. . 

5. 

J. T. T!homs and D. Calihan, "Raadiation Excursions a t  the C)Rm 
Cri t ica l  Fkperimnts Laboratory, *' ORNL-2452 ( B y  5, 1958) 
A survey of c r i t i c a l i t y  accidents has been prepared by 66. R. StratLon, 
i n  "A Review & Cri t ica l i ty  Accidents," Ppogress - i n  __I- NhP@lear Energy2 
Series IV, VOL. 3, LQZIO~, Nrgamon FY~S=& i n  
Woceedings of -- tbe  Karlsruhe Symposium on Cr i t ica l i ty  Control i n  
Ckmical a x ~ ~  - B t a u u r g i c a l  Plant, ~upopTn ~ ~ c h a r  E Y E ~ @ ; ~  &~DE, ~$1. 
D Callihan, "Cri t ical i ty  &cursion of November 10, 1961, '' CPRML-TM-139, 
(Feb. 13, 1962) 
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Fig. 10, Radiation Exposures f m m  February 1.956 Excursion. 
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unti l  s o w  self -destructive operation terminated the reaetioxn, personnel 
d q e  is  expected t o  be negligible because of shielding and of o d e r l y  
evacua%isn opportunities e An example of this react ivi ty  behavior i s  
SIX accident in t b  ~ 4 . 2  ~iant at o a  R Q ~  reported by cauihal~ et& 
! J ~ . I s w , ~  in wh9ch IOx8 fissions were generated in a serles of power 
spikes las t ing about 3 m%n followed by a PT-min constant low-power 
emission until the "safety device; i n  t M s  ease the s j i s w  i 
water, diluted the solution t o  a subcritical. concentration. 

The reduced ln%rinsic shutdc~wn characteristics a d  the ~hl+x%er  
l i f e t ine  of' the fission-producing neutrons i n  umderated, highdensity 
asse~&Aies place the accident, consequences with these materials at  -the 
other extrem of potential  severity, 

The detailed anztkyses of Reference 8 w e  s-ized here, 



the foils, at least until the  fo i l s  have mlted. 
the a b  i n  the s l o t s  by the fo i l s  :dll occw at  a rapid rate, 
sSnce many of' the fl.ssion fragmn-bs f a m d  in the f o i l 8  can 
escape. This gucmt.ity %? air, liowever, cannot expand t o  
appreciably decrease the reactividq until. tmrpxratures above 
the. mlting point sf wmim BE reached, Such effects w i l l  aid 
the shutdown, but they w i l l  be ignored i n  .the analysis below. 
They t k m s  act to make the finall ylcld f igwe a pessimistic upper 
1inli . t  0 

IEeating of 

The behavior of the system was investigated for the case of a 
2$ step increase of Teactivity abwe delayed critical w i t h  
ccmplete fa i lwe of a l l  scrams, me sequence of events is  
considered t o  be the fallowing: 

Consider now the central  ameighth  of the corc volume enclosed 
by R cube 23 in. on a side. DIE to the flux distribu-bion, 35$ 
of" the power will be generaked i n  t M s  volume. 1% KUI, 
therefcare, kat. most rapidly a d  w i l l  determine the t i s n e  scale 
of  tl-ie. atsmsellikiay, 
a d  23 moles of uimrdim, 

TIXIS region contains 7.1 f t 3  o f  graphite 
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pPgv 
nu = -  RT 

and where Pp9 and Pvp am, respectively, the pressure i n  
velum V at temperature T when a l l  the uranium i s  vaporized 
and when nvp moles axe vaporized. 

The vapor pressure of uranium is taken 8s 

4 1% Pvp = - 2 . 3  x i o  
T 

+ 5.7 (atmospheres) 

Each f o i l  is i n  a s l o t  6 x 4 x 0.010 in. 
pressure if all of the maaim vaporizes I s  then 

The perfeet gas 

= 0.43 T (atmospheres). *PG 

Since the f rac t iona l  quantity of uranium that has vaporized 
is  Pvp/PpB' less  than t e n  per cent of the uranium i s  vapor- 
ized un t i  the teaperatwe exceeds 7 QC. m e  pressure, 
however, is substaatlak long before t h i s ,  A t  6OSOW, f o r  
example, the pressure is 65 atmosgheres, Since the only 
constraint an the system i s  tb weight cxf the graphite, 
wh5ch is appraximate2.y lo8 g/cmz 01" 0,l atmsphere a t  the 
central plane, disassembly of the  system w i l l  begin as soon 
&s temperatures suff ic ient  f o r  vaporization are reached. 

For the purpose of estimating the time required f o r  dis- 
assenibly, &ssm t h a t  the only force acting i s  %ha% at the 
central  plane, This i s  clear ly  a very conservat3.w 
assumption, because each foil will act indepllderntly t o  
force up the graphilx above it, and them me some 85 f o i l s  
in one 6 x 6 in. vertical s%ack. However, the flux distri- 
bution will produce a variable heating al 
axis, and the central  fo i l s  w i l l  produce the largest effect. 

renova1 of 2 4 2  in. is required to remove 2-l/Z$ reactivity. 
A 2-1/2(11, reac t iv i ty  increase corresponiis t o  ;3, 6$ mass 
increase, (2.5 in,/42 in.) .  The dewit decrease meessaxy 

by expamian ofly in the vert,ical. direction, it correspoa3ds 
t o  1.25 in. 
be greatest  i n  tbe center, decxvasing .to the edges, motion 
of 2-1/2 in. i n  the center will be considered suff ic ient  t o  
stop the reaction, 

the ve r t i ca l  

SInW 1 In, Of C O R  'height $S worth about l$ b r@8,CtiVi%y, 

t o  require a 6% increase i s  3% (&Ic% l/d B 1. Ep t h i s  is caused 

Since disassembly i n  the vertical direction W.ll 
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atmosphere or 5000 atmospheres, 

A release of 224 kcal/mole throughout the central  Z3 in .  cube 
t r i l l  be sufficient,  on the basis of the disassembly t;mes, to 
terminate the excursion. This is approximtely 5 megacalories 
The remaining 7/8  of the reactor w i l l  have 65% of the ~ o t n l .  
fissions or about 9 megacalories. The t o t a l  exc r s i o n  is thus 

number of pessimistic assumptions have been made i n  the estimate 
These are, tha t  the air i n  the gap docs not heat and emtr ibute  
t,) the dlsassemhly, tha t  no uraazium vapor leaves the rr;?a3~~tcr when 
it is  formed, that all disassembly i s  accomplished by the f o i l s  
i n  the central  plane insLea3 of a l l  85 i n  one ver t ica l  stack, 
anti that only ver t ica l  disassembly takes place.  us> 1 . ~ 7  x 1018 
f iss ions is  regarded as a very pessimistic upper 1imj-t tt3 an 
excursion which i s  terminated by physical disassembly of the 
reactor. 

cerLainly less than 14 megacalories or 1.7 x 10 18 f iss ions.  A 

%TO other points should be mentioned here. 
assumed t o  develop i n  the graphite during disassernbly. 
i n  the graphite i s  2 . 8  x 105 cm/sec, using lh.3 x 109 gn/emz as the 
e l a s t i c  mdulus of graphite. 
a 60 crn radius, so 2 . 1  x lom4 sec are required fo r  a sigc32 50 
reach the outer surface, 
i n  the order of one generation (6 x 10-3 see) so no slaocks should 
develop. 
graphite i s  too smll t o  absorb appreciable energy froni the v q c r  
during the sssenbly time. 
and condensation of the vapor on the graphite . Ths diffusivi ty  
i s  B/d Cp and i f  k = 0.05 cal /se@/~a, /~C,  the heat eax? pew1:rahe 
only about 0.04 see i n  om generation. 

Firs t ,  shocks are not 
Soud  speed 

The assembly i s  roughly a sphere w i t h  

The pressure s ignal  was assmd t o  occur 

Toe second point i s  tha t  the t he rm1  d i f f ru iv i ty  of 

This i s  importxmt i n  prevent ix  cooling 

Another accident i s  assumed Lo occur i n  8 r i t a l  system ch~. rsc te r -  
ized by smbl  s i z e ,  sm&U. hea'c capacity and very fads% gmera%i.cm 
t i m e .  These properties man, i n  general, a more uioleb-stJ plysical  
reaction t o  a Large excursion, but a smller t o t a l  quantity cxf 
radiation than i n  the  system sf greater dimensions. 

The t y p  of accidznt investigated f o r  t h i s  systen i s  o m  wkre 
a d.ouble failure has taken place. 
nesting ensicbed uranium shells. 
core hmlng a mdltiplication of 75 has been constructed and d i s -  
assembled on a ver t ica l  assembly machirie which brings -";e two 
sect ions of an assembly together. The operator now W L - Q E ~ ~ I W ~ ~  

adds 5 kg d mtezl. Assably i s  started,  and the scram =mechanism 
doeE not operate e 

The core i s  conposed c i f  
The assmption Ts made that a 

The addition of 5 kg of enriched uranium t o  a sys tex  which i s  at 
a multiplication crf 75 will make it super prompt c r i t i c a l .  
a multiplication of '(5 a bare emiche3 uraniux s y s t m  has @.5$ 

A t  
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Due - to _I 

Release of - Radioactive 

FIving established the magnitude md location of a source of air- 
borne radiation it is possible t o  predict, on the buses & a s s m d  wind 
patterns and t e r r a in  characteristics, s n1easuz-e of the exgoswe at, 
locations beyond the i m d i a t e  locale of the f a c i l i t y ,  Esti'mtea of' the 
dilut ion occurring over these distances m y  be obtained by one of 
Sutton'sg d 'ffusion equations. It has been recommended by @;ifEord1' and 
by Burnett'' tha t  aa appropriate form of %he relation i s  

where X/Q, the di lut ion factor, i s  the concentration at the  point of 
exposure expressed i n  curie-sec/d per curie released at the sowme3 
u i s  the average wind speed i n  m/sec, d i s  the distance from the  sowee 
t o  the exposure point i n  mters, and. C and n are constants whose values 
depend upon local conditions Typical values suggested f o r  this locale 
are: n = 0.25, c = 0.1, and u = 2.5 m/sec, 

The hazards Lo personnel are an external dose arising Prom the 
rd ioac t ive  cloud a d  an Internal  dose resulting from inhalat 'on of 
ac t iv i ty ,  The external dose, i n  rem, is given by Burnett1Z,13 t a  be 

Z = 0.26 ES, ( 2  1 a 
where E is the effective energy of the radioactive material, as:xaed t o  
'oe 1.5 bkv/disintegraticn, and S is the ac t iv i ty  release i n  curies. 
internal  dose, i n  rem, t o  a bcdy organ i s  given by 

The 

D = 73.8 fZ LX(RBE)1\5 T/m, ( 3  1 
where I inhaled activity, pc, 

f I f ract ion of inhaled a c t i v i t y  retained I n  a body organ, 
T =: effective half l i f e  of the retained fraction, days, 
m = mass of orgar, g, 
E = energy absorbed by organ, Bkv, 

(FG3E)X = product of re la t ive biological effectiveness ana local  dis - 
position fac ta r .  

_^__ 

9. "bkteoralogy and Atomic Energy" July 1955, U. S. Dept, of Comerce, 
Weather Bureau, Chapter 4, "An Outline of Atnospheric Diffusion 
Theories ." 

10. F. A. Gifford, U. S. Weather Bureau, Oak Ridge, Term., personal 
c omnunicat ion. 

11. T. J. H. Burnett ,  ORNL Health F'kgsics Division, personal camunication 
12. T, J. 13, Bwmnett, Nut. Sc i .  E n g ,  3 382 (1957). 
13. T. J. B, Burnettr i n  8x1 appndix t o  a report by 14. 1. Wmdin, "Eealth 

GRra&-gZ48 (June 27, P h p i c s  Research Reactor Ii%ZpWds S ~ m r y  Repart, 
1 Q 
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The nuckar  accident of most serious consequence is, therefore, .the 
It one which could happen during preparations far c r i t i e % l  expr iwn t s .  

could, for example, BCGUP in the %ra,mport or storage uf the f i ss i le  
materials, These opra;tic%m, like those i n  p rduc l ion  clire1es, me 
governed by strongly enforced acceptable practices dcfiuaed for example, 
by the fluclew Safety Wi&e, '~  Tke in-itial stages in the assembly of a 
c r i t i c a l  experiment, of necessity often done mmuaUy, m e  monitored. 

4 
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The plutoniznm f o i l s  used as neutron detectors are contained i n  an 
O R R L - q g m v e d  manner. 
which might r e su l t  from disprsal  o f  the plutonium as a result  of a f i r e .  

Tne only conceivable kmzmqd i ~ i  the contaaalm-blan 



VI - m @ E L  
. 

Fixe - 
Although the buiMing is almost entirely of fire resistant 

construction, there is f ini te  possibi l i ty  of the igni t ion of 80191~". 

s t ruc tura l  onent or, more likely, of ucmiurn mtal, the lakter  
The major consequence of 8 uranrLum metal P i r e  w i l . 1  

i t ive  areas are equipped with e x t i  uishers reeomnx3rxled by 
ledgeable authorit ies f o r  cambatti mtal  fires.  Xn case cd" 

failure af' imraediate control, an ad'feeted area would be ~ b ~ ~ o ~ a ,  
the  ventilation system deactivated a& reentry &e w i t h  suitable 
pral;eetive equipmnt . 

The inf'requexncy and l o w  intensi ty  of seismological disturb;;sslecs 
i n  the area under discussion as been reviewed and daemnted in 

every disorder of a stoxage or experimental assemiily CDS f i ss i le  
mterial would decrease i t s  react ivi ty  e Reasonable reeagnltias ir; 
mule of the adverse possibi l i ty  In  the design of" storage fae i l i t j es  
and experimntal e q u i p n t  e 

eWlier XT!POX%S O f  thj.S 1% i s  i m p W S i b h  tQ certify tha t  

&kte oralogy 

Tn the opinion of the loca l  office of' the U, S a  Weather Bureau, 
the m%eorology immediate t o  the Cri t ic  1 Fxprimnts Fac i l i t y  is Loo 
complex far maniwul  generaXization,lg simple a d  pessimistic 
considerations sf %he extent Os w i n d  borne rezdioactive contamination, 
drtscussed e a r l i e r  i n  t M s  report, show that ,  i n  %he absence of an 
inventory of long-lived fission products, the usual elaaaditism i n  
t h i s  remotely located fac i l i ty ,  the problem is insignificant,  
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