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ABSTRACT 

This guide summarizes the l imitat ions and operating techniques which were i n  

e f fec t  a t  ANPD for  the prevention of c r i t i c a l i t y  accidents. The standards 

followed by the  atomic industry have been followed; however, the safe mass 

of U-235, which i s  moderated with beryllium oxide and hydrogenous materials 

i s  based upon c r i t i c a l i t y  experiments conducted a t  ANPD. Although the guide 

was primarily for  the use of the  ANPD nuclear safe ty  control organization, it 

may also be of assistance t o  designers and operating management in min- 

tainLng nuclear safe ty  . 
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In  the many operations associated with the development of high temperature 
f i e 1  elements a t  ANPD, the hazards of a c r i t i c a l i t y  accident have been one 
of the more important considerations. This guide was recommended by the 
ANPD Nuclear Safety Advisory Cormnittee and summarizes the limitations and 
operating t e  iques which are  in effect for  the prevention of th i s  type 
of accident. f It was  prepared primarily for  the benefit of the organi- 
zation which administers nuclear safety control; however, it may also 
ass is t  engineers in the safe designing of new f ac i l i t i e s  and magement i n  
the safe operation of development and production f ac i l i t i e s .  

The c r i t e r ia  are generally cunsistent with the nuclear safety standards 
followed by the atomic industry with the nuclearly safe operating curv s 
and other sections being taken direct ly from the Nuclear Safety Guide;f2) 
however, the safe mass quantity for  U-235, which i s  moderated with beryllium 
oxide and hydrogenous material, is based upan c r i t i c a l i t y  experiments con- 
ducted a t  ANPD. 

The preparation of t h i s  guide was based upon operating conditions existing 
at ANPD; however, since these conditions are subject t o  change, a selected 
l i s t  of references on various phases of nuclear safety is  also included. 



8. 

I1 PHILOSOPHY OF NUCLEXR SAFETY CONTROL AT MPD 

A .  General -- 
1. Nuclear Safety Control i s  basically concerned with the protection of 

Department personnel, plant fac i l i t i e s ,  and the surrounding c o m i t y  
from the hazards of rad5ation and contamination associated w i t h  a 
c r i t i c a l i t y  accident . 

2. M a x h u m  protective effort  i s  directed to the prevention of c r i t i c a l i t y  
accidents; however, since c r i t i c a l i t y  accidents are  possible, the basic 
protection includes the provisions for  handling an accident of th i s  type 
i n  arder t o  minimize the hazards, 

3 .  Areas of resymsf i i l i t i e s  fo r  n ear safety control are formalized 
w i t n h  Department ?# 

B. Criteria 

1. The c r i t e r ia  for mclear  safety control are  based on the results  of 
c r i t i c a l i t y  experhentation . 

2. In the absence of d i rect  experimentation, 

a )  ConsematPve reductions are made of existing c r i t e r ia .  

b) Calcula-t;ions in  conjunction with experimental data may be 
made to  bridge the gap between experimental points where 
limits of error may be assigned. 

3 .  Criteria are not based upon calculations alone; however, calculations 
may be used as a back-up type verification. 

4. Nuclearly safe geometry i s  used for  nuclear safety control in preference 
to  limitations which require administrative control. 

5. In situat5ons where nuclearly safe geometry i s  impractical, non-geometri- 
ca l ly  safe equipment may be operated under administrative control on a 
nuclearly safe mss  basis, 

6 .  The use of internal. neutron poisons for the inherent safety control of 
equipment i s  generally avoided due t o  the problem of maintaining the 
poison in the required cmflfguration; however, where adequate adminis- 
-trative controls are in effect poisons may be used. 

7. An operatiion i s  considered safe i f  it requires that  2 independent con- 
tingencies must occur before a uranium configuration can become unsafe. 
Additional random factors of safety, which are known t o  exist ,  are not 
included a s  a basic nuclear safety specification. 



8. If the U-235 enrichment and amount of any uranium material are unknm, 
the material w i l l  be considered t o  be fU ly  enriched and w i l l  be handled 
according t o  the ful ly  enriched rules un t i l  analyses are obtained to 
show the safe  disposition of the material. 

9. The possibi l i ty of malicious o r  intentional damage i s  not considered a 
factor i n  establishing c r i t e r ia  for nuclearly safe operation. 

C . Emergency manning 

1. Radiation detection instruments with a u t q t i c  alarms for  the detection 
of any. c r i t i c a l i t y  are instal led a t  intervals within Department fac i l i -  
t i e s  where fissionable material i s  handled. 

2. A comprehensive plan of action is mainta'ined in  an up-to-date s ta tus  in 
order t o  cope with a c r i t i c a l i t y  accident. (4) 

3 .  Provisions are made i n  event of a c r i t i c a l f t y  to detect immediately 
personnel who have been irradiated significantly and t o  make estimates 
of the i r  q o s u r e s .  

D. Assumptions 

1. U-235 is the only fissionable material which is processed within the 
Department. 

2 .  A thermal system requires l e s s  U-235 mass t o  become c r i t i c a l  than any 
other system. 

3 .  The hydrogen of ordinary water and beryllium oxide are the m o s t  readily 
available moderators and reflectors. 

4. Hamogeneous mixtures of hydrogenous materials and uranium a t  a U-235 
enrichment 5oe9S%, cannot be made c r i t i ca l .  

5 .  Nuclear safety controls i n  t h i s  guide apply only t o  U-23s materials 
outside of nuclear reactors; th i s  includes reactor fuel  elements, 
cartridges, inserts ,  etc., 5n manufacture, storage and shipment. 
Nuclear safety precautions fo r  loading reactors and conducting c r i t i -  
c a l i t y  experbents in the Nuclear Experiments Area are specified i n  
other applicable operating instructions. 



I11 NUCLEAR SAFETY CRITERIA 

FOR U-235 I4ODEMTBD W'ITH HYDROGENOUS EUTERULS AND FOR UIJIJDDERATED U-235 

Basic Criteria 

The c r i t e r ia  in Table I, which are compared with the minimum cr i t i ca l ,  are 
generally recommended a s  being nuclearly safe for U-235 when moderated, a s  
indicated, and reflected with l igh t  water. (2 ) 

TABLE I 

Re commended Minimum 
Nuclearly Safe Cri t ical  

Mass - kg: 

Solution 
Metal* 

Diameter of Inf in i te  
Cylbder - "inches : 

Solution 
Metal% . 

Thickness of Jhfini te  
Slab - 'inches : 

Solution 
Metal% 

SOILI~ ion volume - l i t e r s  : LOB 6.3 

Chedcal C oncentration of 
Aqueous Solution, grams 
of U-2 $/l i ter  - 10.8 1 2 . 1  

~-235  Enrichment of' Homo- 
geneous Hydrogen -Moderated 
Uranium, d. Sg - 0.95 1.W 

jt. Solid Uranium 
Uranium a t  U-235 enrichments below th i s  value when mixed homo- 
geneously with hydrogenous materials cannot be made c r i t i c a l .  



B .. Handling Rules 

?he following h ing rules are applicable primarily in a Axel elemnt fabri- 73 cation faci l i ty:  

1. For non-moderated uranium ( ~ / ~ - 2 3 5  L- 2 ) : 

a)  Indiddual batches of U-23s are  52000 g. 

b) !the minimum separation between batches, which is maintained by 
physical spacers, is 1 f t .  edge-to-edge. 

c )  Where more than 6 batches are being processed a t  an a c c m t a b i l i t y  
station, each group of 6 i s  separated a t  leas t  4 ft.  edge-to-edge. 

d) In addition, positive controls are fn effect to prevent water and 
other moderating materials *om being m ~ e d  with the fbel .  

2 . For moderated uranium ( ~ / ~ - 2 3 5  7 2  ) or  where the positive controls indi- 
cated i n  No. l e d  above are not in effect: 

a )  Indiddual  batch sf aes are 6350 g, 

b) The limitations indicated in  1 .b and c above are also 5n effect. 

C . Storage Rules 

Tho following precautions for storage are mclerrrly ,safe for uranium matmidL.s 
in cubic arrays. The separation indicated provides safety fo r  both flood and . 
nm-flood conditions. Table I1 indicates the specification for  non-moderated 
uranium ( ~ / ~ - 2 3  2) while Table I11 indicated specifioations fo r  uranium a t  
any moderation. f6r Rules 1-3 are applicable t o  Tables I1 and 111. 

1. The volume of the individual mass units  i s  5 4  l i t e r s .  

2. Individual containers are water t ight  . 
3. Individual, aontainera are i n  fixed positions while in atorage. 

4. Arraya are  isolated w'hen separated by the Urger  of: 

a)  12 f t . ,  o r  
b )  the maxbmrn dlmenaion o f  the  arrayel 



TABLE I1 

. UnitMass Center-to-Cent= 
(Kg-u-235) Spacing ( in  .) 

Min . Edge -to-Edge 
Spacing (in. ) 



TABLE 111 

unit  Mass 
(Kg .u-2 35) 

Center-to-Cent er Min . Edge- to-E 
Spacing (in.) Spacing (in. 



' 2he following special storage cases are also applicable:(6) 

1. Unmoderated: 

a )  4.5 Kg. of U-235 i n  combination with non-moderating materials 
(such as scrap) are stored i n  cylinders whose dimensions do 
not exceed 5 in. I.D. X 30 in. provided, 1 )  the uranium i s  
uniformly distributed over the length of the container and does 
not tend to a i d e  t o  one end; 2 ) the containers are stored in 
a plane array having centerlines paral lel  with a center-to- 
center spacing 2 2 0  in. and an edge-to-edge spacing 215 in. 

b )  Inooming uranium oxide in  individual units of 1 8  kg. i s  re- 
ceived in standard 20 in. cubic birdcages having a fuel volume 
C-k liters. Up to 20 birdcages are  temporarily stored as an 
array; however, the subsequent transfer and storage of t h i s  
material "s according to the c r i t e r ia  previously specified in t 1 Table 11. 7 

2. Moderated: 

Moderated U-235 i n  plane arrays of the following containers having 
paral le l  centerlines are nuclearly safe for  the spacings  indicated 
in Table IV.(8) 

TABLE fV 

Minimum Spacing 

Container 

- 

( i n . )  
Cent er-to-center Edge-to-edge 

5-1/8 in.1.D. X 548 in. 224 . 2 9  

5 in. I .D. X 530 in. 218  

5 in. I.D. X 1.24 in. 716 

* Physical.spacers are required t o  maintain the specified spacings. 



E. Pipe Connections, 

The c r i t e r ia  for  safe p i  e connections in Table V are applicable only t o  
solutions ( ~ / ~ - 2 3 5  2 20) .72 ) 

Pipe Diameters (in. )* 
Equilateral 

. a s  (1) Tees (T) ' Crosses or Wyes (+ or  Y) 

Full Reflector 
(Thick H20) L .6 4 -2 3 .8 

Nominal Reflect OW 
( 5 1  in. H ~ O )  5.3 5 -1 L.9 

* Reduced diameters should extend 18 in. from intersection. 

* Must be positioned 2 3 0  in. above Building D ground floor elevation. (9,101 

In  addition, a 1 in. I. D. pipe may tee  di rect ly  in to  a 5 in. I.D. pipe. 

F. Use of Curves 

The curves in Figures I-IV, Section VI, are applicable to isolated units  of 
homogeneous mbdures of U-23s a t  any enrichment and water. (2) Since fuel  i s  
handled by personnel and since processing equipment requires periodic mainte- 
nance, the use of the curves for  minimal reflection f s extremly limited and 
only a f te r  positive provisions are  made t o  control reflection. Figure V i s  
res t r ic ted to the f u l l  reflect0 rves of Figures I-IV fo r  aqueous homo- 
genecms solution of U-235 only. bF" 



IV NUCLEAR SAFETY CRITERIA FOR U-235 

MODERATED WITH BERYLLIUM OXIDE 

A .  Basic Criteria 

The c r i t e r ia  indicated i n  Table V I  are considered t o  be nuclearly safe when 
reflected with l igh t  water and unreflected, respectively, for  U-23s moderated 
with beryllium mid  w ere the ~e/lJ-235 ra t io  4 500 and where the  ~ / ~ - 2 3 5  

. r a t i o  is unlimited. b f  

TABLE V I  

Nominally 
Reflected Reflected 

Mass - Kg. 0 . 3 9  0.35 

Diameter of Infi-  
n i t e  Cylinder - in. 3.5 500 

9 This value is based upon c r i t i c a l i t y  experiments 
ccmducted i n  the Nuclear Experiments Area of ANPD.(12) 

B. Handling Rules 

?he handling rules described below are applicable t o  operations in production 
and development fac i l i t i e s :  

1. Individual safe batches of U-235 5350 g.  and are contained i n  a 
volume 51 ft.3, 

2 .  In-process storage of the safe batch-volume indicated above i s  shown 
in Table TTII. 

TABLE VII 

Unit Mass Center-to-Center Edge-to-Edge Kg .~-235 Units 
(Kg. 235) Spacing (in .) Spacing ( in .  ) per ft .3 . b a y  K p * u ' a y  

-350 24 12 . o h  loo 35 

Note: - 'he spacing indicated above i s  maintained by physical spacers. 



3 .  me1 i s  stored in 3 - 17 in .  X 14 in. X 1* in. slabs which are positioned 
2 3 0  in. above the ground floor elevat'ion and which are spaced 212 in. 
edge-to-edge . (13) 

I -  C. Special Processing Rules 

I .  Processing rules applicable t o  fuel element productim are summarized below: 

1. Up t o  2 kg. of U-235 a s  uranium oxide is milled i n  a ba l l  m i l l  jar 
having a volume 54.8 l i t e r s  and using beryllium oxide ba l l s  where 
the ~ e h - 2 3 5  r a t i o  is 4100j 8 ba l l  mills jars  are spaced I2 in. edge- 
to-edge i n  process or in storage. (139a) 

2. In  high temperature hullaces cantinuous ribbons of fuel  are  safe in 
the following configurations: (15) 

a)  Width Ll.2 in., depth 5 2  in. 

I b) Width 55.5 in., depth 53.4 in. 

(See also the general requirements under Furnaces, Page 18). 

I D. Storage M e s  

The following are safe st orage arrangements for  U-235 moderated with beryllium 
oxide : 

1. An unlimited number of 3.5 in. I .D. X 42 in. c ~ l i n d e r s  i s  stored with 

:%"t8 centerlines in-' plane array with an edge-to-edge separation of 

2. Up t o  16 kg. of U-235 i n  uni ts  of 0.35 kg. in a volume 5 4  l i t e r s  are 
stored a s  an array where the cen ter-to-center separation is 3 1 8  -5 in. 
and the edge-to-edge separation is I2 in. 



V APPLICATIONS OF NUCLEllR SAFETY CRITERIA 

A. Furnaces 

1. A l l  high temperature, hydrogen atmosphere flumaces used f o r  fue l  element 
development, a re  equipped with the standard controls and safety devices 
t o  prevent explosions. 

2. Furnace cooling water jackets are designed such tha t  water leakage w i l l  
not flood the in te r io r  of the f'urnace. 

3. Fuel channels in a l l  furnaces are  230  i n .  above ground f loor  leve l .  

4. Specially designed f ixtures ,  guides, etc., a re  used for  maintaining fue l  
in a safe geometry while being processed in furnaces. 

B. Storage of Fuel 

1. Moderated and non-moderated fue l  a re  not intermixed i n  the  same array.  

2. Racks f o r  the  storage of fue l  a re  special ly designed t o  maintain 
appropriate spacings and the fue l  containers will be held in fixed 
positions by straps, e t c .  

3 .  Beryllium axide and natural uranium a re  not stored in f u e l  storage 
areas.  

C.  Shipment of f i e 1  

1. The follow5ng ar ray  s izes  a re  applicable t o  the safe shipment of fuel:  

a) One-half the arrays specified in Tables I1 or 111 or Item No. 2 
under Storage Rules f o r  U-23s Moderated with Beryllium Oxide, 
Page 17 .  

b) A single plane array of the containers specified in Table N, or  
Item No. 1 under Special Storage fo r  Unmoderated U-235, Page 14, 
or in Item No. 1 under Storage Rules for U-235 Moderated with 
Beryllium Oxide, Page 19. 

2. Moderated and non-moderated fuels a r e  not intermixed i n  the  same 
shipment. 

3.  A l l  shipping conta e r s  a re  nuclearly safe when t o t a l l y  ref lected and B are water-tight . ( I  ) 

4. Physical spacers such a s  1tb5rdcagesu a re  used t o  maintain safe con- 
t a k e r  separations. 

5. In order t o  e f fec t  t o t a l  isolat ion in event of flooding, the physical 
spacers w i l l  maintain 212 i n .  edge-to-edge separation. 



6 .  For shipments having exclusive use of the vehLcle shipping space, con- 
tainers are shored t o  prevent relative movement during t ransi t .  

7. Designs of shipping containers are submitted t o  the Burew of Eqlosives 
for  approval prior  t o  usage . 

Material Handling 

1. Only specially designated personnel such a s  material handlers are  pes- 
mitted to  transfer fuel  between accountability stations. 

2. me1 is transferred with carts,  fixtures, containers, etc., which are 
designed t o  maintain safe geometry and spacing. Hand carrying of fuel  
i s  generally avoided. 

E. Waste Handling 

1. , Liquid Waste: 

a )  Geometrically safe containers are used to  collect l iquid waste when 
the uranium content i s  unknown or for  cencentrations greater than 
the values indicated in 1 .b) below. 

b)  Prior t o  transfer of l iquid waste to  non-geometrically safe con- 
tainers analyses for  uranium cantent are made to determine that  
transfer w i l l  be safe as indicated below. 

For 55-gal. drum storage the following conditions are 
nuclearly-safe : 

U-235 Edge-to-Edge 
Concentration Container Separation 

(g. U-235/li t e r )  ( f t - 1  

c Oe4S None 

Note: Solution transfers should be based upon two independent - 
analyses. , 

2 . Burnable Contaminated Waste: 

a )  Burnable contamjnated waste i s  collected in plas t ic  bags having 
holes t o  prevent any l iquid ac=cumulation . 

b) Prior t o  transfer to shipping containers (55-gal. drums), the 
waste bags are monitored with scint i l lat ion counters in order 
t o  verify t ha t  the ~ 2 3 5  content i s  9 0 0  g. for  U-235 moder- 

' 

ated with beryllium ox5de and 1200 g. for  other ~ - 2 3 5  mixtures. 



F. Enriched and Non-enriched Uranium 

1. When U-235 enriched and non-enriched uranium i s  in the  same laboratory, 
production fac i l i ty ,  storage vault, e tc  . , the  non-enriched uranium i s  
handled a s  i f  it were enriched. 

2. When transfers of any uranium are made, the enrichment i s  ver i f ied  by 
analyses or appropriate instrumentation such a s  sc in t i l l a t ion  counters. 

G .  Decantamination Operations 

1. In general, geometrically safe equipment i s  used f o r  the  wet decon- 
tamination of smaJ.1 items of equipment contaminated with uranium. 

2. Geometrically safe,  liquid-dry vacuum cleaners are used to decontami- 
nate f loors  i n  uranium processing areas. (Q) ( ~ f  the col lectors  a re  
not safe under flooded conditions, the  liquid i s  transferred a f t e r  
each use).  

3 .  Solution t ransfers  a re  made a s  previously described under l iquid  waste. 

Use of Nominally Reflected .Cri ter ia  

1. The equipment involved must be positioned above M i l l  Creek Valley maxi- 
mum flood l e v e l  which is  30 in. above the  Building D ground f loor  ele-  
vatian . (9,101 

2. For continuous operations with components a t  elevations between the 
Building D ground f loor  l eve l  and maximum flood level ,  nominaUy re- 
f lec ted  c r i t e r i a  a re  used when administrative controls are in effect  
t o  take adequate corrective action in event of flood conditions. In- 
process storage m y  be considered t o  m e t  t h i s  condition. 

I. General 

1. U-235 inventories a r e  maintained a t  minimal leve ls  which a re  compatible 
with current operations. 

2. A l l  non-geometrically safe as well a s  safe  containers which are  not 
spec i f ica l ly  required fo r  operations are  retnoved from f i e 1  processing 
areas. 

1 3. Enq3ty containers of fue l  a re  handled as i f  they are  f u l l  i n  fue l  
, processing areas.  

4. Operating procedures are  formalized and include the  applicable nuclear 
safe ty  precautions. 

5 .  Routine inspections a re  made as  a precaution against the build-up of 
fuel i n  inaccessible locations such a s  under equipment, in ventilation 
plenums, in dry boxes, e tc  . 



VI CURVES 

H/dLS' for Salts and Slurries 
20 10 5 2.5 0 

ds Density, 
kg  ds/liter- 

FIG. 1. MASS LIMITS FOR ISOLATED UNITS OF HOMOGENEOUS WATER-MODERATED 
u SPHERES (93.5% u ~ ~ ~ )  (Reference 2) 

FIG. 2. CONTAINER CAPACITY LIMITS FOR ISOLATED UNITS OF HOMOGENEOUS WATER- 
MODERATED U SPHERES (93.5% u'") (Reference 2) 



uZa5 Density, 
kg  liter- 
H/U=~ Atomic 

FIG. 3. SAFE DIAMETEHS OF ISOLATED CYLINDERS OF HOMOGENEOUS WATER- 
MODERATED U (93.5% uZs5) (Reference 2) 
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FIG. 5. ALLOWANCE FACTOR FOR AQUEOUS HOMOGENEOUS SOLUTIONS OF uasb 
(Xeference 2) 



VII NGMENUTURE 

Administrative A t e rn  used t o  denote tha t  nuclear safety control i s  
Control based upon s t r5e t  adherence t o  operating procedure 

and which is checked by supervisory personnel. 

Array An arrangement of containers of fissionable material 
i n  storage. Arrays may be designated as: 

a )  Plane - w i t h  container centers lying in -- 
a plane; having paraItel  center 
l ines.  

b) Cubic - w i t h  wntaixler centers forming --- 
a la t t iced ,  three dAmensional 
configurationo 

Beryllium Gxf de A moderating material used i n  the fabrzcation of high 
temperature f u e l  elements. 

"Birdcage " An outer 5?amework or  container which surrounds and 
r ig id ly  centers a container of fissionable material,; 
the  birdcage provides the positive separation among 
Fndixi.dual containers of fissionable material in  
storage and shipment. 

Contaminated Paper, e t co ,  which contains <LO g. of U-235/container. 
Wast (~unnable) 

Contingency A possible but unlikely and uncontrollable change in 
one or  more sf the condLtions originaUy specified 
a s  essential t o  the nuclear safety of' a specific oper- 
ation such tha t  the nuclear safety of the operation 
i s  &creased. 

The s t a t e  of a self-sustaining nuclear chain reaetion. 

Critf  c u t y  
Accident 

Cr l t i ca l  Mass 

An unplanned and unexpected attainment of c r i t i e U t y  
i n  a system other ta tha t  09 a reactor or  a f a c i l i t y  
spe@$ffcaUy f o r  conducting c r i t i c a l  experimentso 

The mass of fisionable material (u-235) a t  e r f t i ea l i ty ;  
the minimum mass of f i s s f  onable material (u-235 ) which 
can be made e r i t i e a l  under a specific s e t  of condltioas. 



Enrichment U-235 isotopic concentpation, expressed as  weigbt % of 
U-235 i n  uranium. (Ekample: Naturally occurring 
uranium - also knm a s  normal uranium - contains 
0.7ll5% U-235; thus, the U-235' enrichment i s  0.7115%). 

Flood-saf e Nuclearly safe for  the  anticipated maximum flood l eve l  
i n  the' Mill Creek Valley which i s  considered t o  be 
563 ft. above mean sea l e v e l  or 30 in. above the  
ground f loor  elevation in Buildtng D. 

Fissionable Material in which nuclear f i ss ion  can resul t  i n  a chain . 

Material reaction with the emission of a la rge  amount of energy. 
or Fuel (Note: U-235 i s  the only fissionable material, or 

8 .. . . 
availabbe at this site. ) . , I ,  

. '  , 

Handling Rules Conditions f o r  processing fissionable material when- 
appropriate operating personnel a r e  in attendance and 
when administratLve c q t r o l s  are  in effect ;  handling 
ru les  are' applicable abcnre ground f loor  elevations only. 

The t o t a l  quantity of U-23s i n  a uni t ,  container, 
accountabili ty s tat ion,  or  the Department. It may a lso  
r e fe r  t o  the  quantity of total uranium. 

Isolated Fissionable material containers a r e  considered ts be 
i so la ted  when separated by 1 )  12 in. of water or  
hydrogenous material having a hydrogen density equivalent 
t o  water or  2 )  8 in. of so l id  concrete. Arrays of - 
fissionable material a re  considered t o  be i so la ted  when 
the  =face-to-surface separation is the larger  of (1) 
the maximum dimension of the  array or  (2) 12  f t .  

Material Handler An indfvidual spec i f fca l ly  assigned to transfer  material 
among <account a b f l i t y  s tat ions.  

~ o d b r a t i o n  A slowing down of neutrons from high ve loc i t ies  (and 
correspondingly high energies ) a t  which they a r e  pro- 
duced t o  veloci t ies  a t  which the probabili ty of f iss ion 
capture in U-235 nuclei is relat2vely large;  usually 
expressed as a r a t i o  of the number of atoms t o  the 
nunher of fissionable atoms. 

Moderator A Iraterial  having nuclear properties producing moder- 
ation. Generally, materials whose atomic weights a re  
not  s i@i f i can t ly  different  *om tha t  of a neutron a r e  
good moderators; the hydrogen i n  ordinary water and the 
beryllium in beryllium-oxide a r e  the  moderators of 
greatest  concern. 

Neutron Poison A non-Sssioning material ~ 5 t h  absorption moss sections 
which a re  comparatively high with respect t o  other 
nuclear properties of the same material o r  those of 
other materials 5-1 the  same system. 



Nuclear Experi- A f a c i l i t y  for  experimentally determining the c r i t i c a l  
ments Area size and operating and control features of a new 

reactor prior  t o  operation. The f a c i l i t y  i s  equipped 
with equipment consisting of a fixed and a movable 
component for the gradual assenbly of fissionable 
material in the controlled approach t o  c r i t i c a l i t y  and 
i s  located behind appxoprfate shielding. 

Nuclear Fission The division of a nucleus into two approximately equal 
parts  with an attendant release of neutrons and relat ive-  
l y  La~ge amounts of energy i n  Wle form of heat and 
radiation. 

Nuclearly Safe Refers t o  the containers of fissionable materials ur 
systems thereof where .the specified 1imita.tions fo r  
nuclear safety control are  such tha t  c r i t i c a l i t y  cannot 
occur even though no limitation i s  placed upon other 
conditions. Concurrent limitations may also be involved. 

Reactor 

Reflection 

Reflector 

Slab 

Spacer 

Storage 

Assenbly of fissionable materials designed to  permit a 
controlLed nuclear chain reaction. 

The return of neutrons escaping from a container of 
fissionable material. 

Materials having, in vaxious degrees, the capability 
of returning or reflecting neutrons into a container 
of fissionable material. Reflectors are designated as: 

a )  N 1  - A layer of water 1 3  in.  thick. 

b )- Nominal - A layer of water 5 1 in. thick. 

c )  Minimal - A layer of stainless s tee l  or 
other common container metals 
such a s  iron, copper, aluminum, 
nickel, or titanium 5 1/8 in. 
thick. 

A container having 2 para l le l  plane surfaces whose com- 
bined area is greater than 50% of the t o t a l  surface area. 

Framing, fencing, etc., which f s designed t o  mintain a 
minimum separation between containers or system of 
fissionable material. A flBirdcageff is a specific type 
of spacer. 

Fissionable material i s  considered t o  be in storage 
when it is unattended by appropriate operating perrsonnel. 
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