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CTiRIUM DATA SIEEETS 

A. C L J R T U M - ~ ~ ~  JYJ3TAL Half-life: 18.1 y 1, 2 

1. Composition 

a .  Rad ionuc l id i c  abundance 3 
The a n t i c i p a t e d  i s o t o p i c  composition of' 244Cm produet 
r e s u l t i n g  from a l a r g e - s c a l e  product lon program i s  
r e p r e s e n t e d  by t h e  a c t u a l  i s o t o p i c  compnsitiou of  the 
f i r s t  product  b a t c h  r e s u l t i n g  from t h e  1968-1969 SET, 
campaign shornin below. The mass s p r c t r o g r a p h i c  a n a l y s i s  
y i e l d i n g  t h e s e  d a t a  was performed 18 months a f t e r  
r e a c t  o r  d i scha rge .  

I s o t o p i c  Composition of Curimi Prodiict 

I s o t o p i c  mass $ Abundance 

242 0.043 
243 0.0~?4 
21+4 95.08 
245 0.799 
246 4.02 
24'f 0.066 
248 0.038 

b.  Radiochemical p u r i t y  

The 244Cm product will c o n t a i n  s m a l l  amounts of f i s s i o n  
products  formed i n  t h e  i r r a d i a t i o n  p rocess  and not re-  
moved i n  t h e  chemical s e p a r a t i o n s  process .  From t h e  
p r e d i c t e d  performance of t h e  chemical process  arid t h e  
c a l c u l a t e d  q u a n t i t i e s  of' fission products  a s s o c i a t e d  
w i t h  t h e  curium a f t e r  i r r a d i a t i o n ,  t h e  gamma a c t i v i t i e s  
of t h e  f i s s  ion-product i m p u r i t i e s  can be c a l c u l a t e d  and 
are t a b u l a t e d  i n  t h e  t a b l e  i n  S e c t i o n  I.A.3.c. (page 3 )  
i n  t h e  columrl l a b e l e d  "From I m p u r i t i e s . "  Almost all of 
t h e  gamma r a y s  above 1 Mev a r e  from 144Pr and L52-1s4C ' U Y  

and t h o s e  below 5 MeV are p r i m a r i l y  from 95Zr-F3TNb, 
I4*Ce, loGIih, and '03R~-'"3Rh. 

F i s s i o n  products  w i l l  also be formed by t h e  spontaneous 
f l s s i o n  of 244Cm and 2s2Cf, which i s  p r e s e n t  a t  an 
e s t ima ted  maximum of L x lo-" w t  $6 of t h e  244Cm. 
gamma a c t i v i t i e s  from t h e s e  two i so topes  are t a b u l a t e d  
under the columns l a b e l e d  "From F i s s i o n  Products of 

Americium-24j and 252Cf  which a r e  formed i n  t h e  i r r a d i a -  
t i o n  p rocess  are removed dur ing  chemical p rocess ing  
except  f o r  an est imated 0.5 w t  $ 243Am and <4 x lo-" w t  $ 
252Cf i n  t h e  244Cm product. 

The 

244cm 2 5 2 C f a l l  
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CURIUM-244 METAL -llllll...__ 

REFEWNCh 
COLUMN 

__1_1-- 

c . Cherni.ca1 p u r i t y  

The fo l lowing  elemental  impiirity l i m i t s  have been s e t  
as o b j e c t i v e s  for t h e  244Cm process by Sa.vannah River  
P l a n t  during t h e  CY 198-1969 campaign: 

Elemental i m p u r i t i e s  
Maximum 

Et 4 of Cm 

L i  k Na + K ( t o t a l )  0.1 
si + Zn ( t o t a l )  0 . 1  
Fe + C r  + N7 ( t o t a l )  0.2 
Any o t h e r  s i n g l e  impuri ty  (except Am, Z r )  0.2 
Total  of a l l  i m p u r i t i e s  (except ~ m ,  Zr) I. 0 
Total of a l l  i m p u r i t i e s  ( i n c l u d i n g  Am, Zr) 3.0 
Plutonium-2kO a s  a decay product o f  24"Cm w i l l  be 
p re sen t  i n  m o u n t s  i n c r e a s i n g  T a i t h  t ime fol lowing 
chemical processing.  

2 .  S p e c i f i c  Power 

a .  2.84 w/g of 2 4 4 ~ m  (loo$ 2 4 4 ~ 1 n  i s o t o p e )  4, 5, 6 
2.70 w/g of pure curium e ~ e m c n i  (95.08% 2 4 4 ~ m  i s o t o p e )  
2.62 w/e; of curiiirn product (97% chemically pu re )  

b .  S p e c i f i c  power va lues  a r e  based on 81.3 Ci/g o f  
244Cm (100%) and 34.95 w/kCi of 2'"4Cxn. 

3. Radiat ion 

a .  Alpha p a r t i c l e s  5 , '7 

Max E ,  A v  E ,  Abundance, P a r t  i c l e  s 
w-' sec-" w/kC 1 % Nuclide 

Mev Mev 

244cm 5.801 5.801 76.7 0.825 x io12 
5.759 5.759 23.3 { 34*3 0.252 x 1012 

The volime of helium from a lpha  decay as a f u n c t i o n  
of decay tiiiie i s  given 7.n t h e  fo l lowing  t a b l e .  

Volume of helium," Time 
em3 of :-le per g of 24-4~m Years Ha l f - l i ves  

6.15 
11.8 
1?.3 
22.1 
26.9 
31.2 
35.3 
39.1 

1.8 0. L 
3.6 3.2 
5.4 3.3 
7.2 0.Ic 

9.1 0.5 
10.9 0.6 
12. '7 0.7 
14.5 0.8 
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0.9 
1.. (1 
1.5 
2.0 
.% (2 
4.0 
'j . 0 
10.0 

"Standard coridit ions 

b. 3eta par t ie les  

None 

(2) 

( 3 )  

(4) 

Spontaneous f i s s i o n  o f  a44C:, and 25zCf (based on 

:[)ecay of f i s s i o n  products r.esljLti.ng from t h e  
spontaneous fission of a 4 r ~ r n .  a.nd 252~f. 

Decay of f i s s i o n  products formed 5.n t h e  Trradia- 
t i .on process and n o t  removed Fii t h e  chemical 
s e p a r a t i o n  proc&ss 

;2 r f iax:hm of 11. x 10-5 $ aszcf ) ,  

S i g n i f i c a n t  i ; m a  Rays of Curiuzi-2bit Product, 

.Q>ilrid~nce, photon-/( see) (w 244Crn product)  
Fw om spout%neous Frrm fisc; i c n  From 

f i s s i c n s  products  of irnpu- T o t a l  
From dec3y o f  nucl ides  

Energy, 
wriv 

243(% 2 4 4 ~ ~ ~  24s(yil 244m xsa~f > ~ 4 4 ( ; ~  :?s:?!:r r i t i e s  

d. k3remsstrahlung 

None 
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CURIUM-244 METAL --- 
REFERJ3NCE 

COLUMN 

e.  Neutrons 

4.1.9 x 
spontaneous f i s s i o n  ( h a l f - l i f e  f o r  spontaneous 
fiss:’,.on i.s 1 . 4  x lo7 y ) .  

1 . 5 1  x 10” neutrons sec-l wm1 of 2 4 4 ~ m  from 
( a , n )  r e a c t i o n  on oxygen i n  Cm,O,. 

3.5 x i o 5  neutrons sec-‘ w m l  of ““~m from 
estimated m a x i m u m  of z”2Cf content  of 4 x lo-” w t  $. 

neutrons sees1 w-‘ of 2 4 4 ~ m  from 77 8 7  9 

‘-7 

The enerm d i s t r i b u t i o n  of spontaneous f i s s i o n  neutrons ’1 
from 244Cm i s  given i.n t h e  fo l lowing  t a b l e .  

. __ 
Energy, Abundance, 

Mev neutrons sec-‘ w m L  of z’”4~:m 

0.3-0.4 
0 .I+ - 0 .6 
0.6-0.8 
0.8-1.0 

1.0-1.2 
I. 2 - l .  4 
1 .4 -1 .6 
1 . 6  -1.. 8 
1.8-2.0 

2.0-2.2 
2 .2-2 .4  
2.1-1-2.6 
2 .6-2 .8  
2.8-3.0 

3 .2 -3 . I+ 
3.4-3 .6  
3 .6-3 .8  

3.0-3.2 

3.8-4.0 

4 .O-4.4 
4.4-4.8 
4.8-5.2 
5.2-5.6 
5.6-6.0 
6 . o-6 .)I- 

6.8-7.2 
7.2-7.6 
7.6-8.0 
8.0-8.8 
8.8-9.6 
9.6-10.4 

11.2 - 1.2 .8 

6.4-6 .8  

10.4-11.. 2 

1.51 x io5 
3.13 x io2 
3.20 lo5 
2 . iT  x lo5  
2.84 105 
2.80 x lo5 
2.44 105 
2.19 105 
1.98 x io5 

1.80 io5 
1 .65  x 10” 
1 . 5 8  105 
1.30 105 
1.08 x io5  

1.01 x lo5 
0.97 lo5 
0.33 l o5  

0.79 lo5 

1.04 i o5  
0.86 105 
0.65 x io5  
0.50 x lo5 
0.40 105 

2.9> 104 
2.12 lo4 
1.11 i l o4  
1.12 lo4 
0.90 lo4 
1.01 lo4 
2.95 lo3 
3.1 x lo3 
2.05 l o3  

0.75 x lo5 

1.40  x 103 
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The emrgy  d i s t r i b u t i o n  of neutrons occurr lng as a 4 
r e s u l t  of the c o l l i s i o n  of' fast alpha p a r t i c l e s  froni 
244Crfl decay with oxygen atoms i n  Cm2C3 i s  g i v e n  i n  
t h e  f'oll-owing tab le .  
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CURLIJM-?44 ..-._I_ METAL COLUMN 

Ca1cula.ied Critical- Mass of 244Cm and 244 c m 2 0 3  

Core R e f  1 e c t o r  C r i t i c a l  
Density,  Thickness, radius, 

d c m 3  ern ern 

-_ C r i t i c a l  
Mixt are mas Y, kg 

-.-.-- 
Mj x t u r e  

14.0 Bare 12.5 5-97 - 
10.60 B a r  e _. 21 .I 7.8031 

Clha 

Cm&3 
Crn203 9.01 Bare - 29 .? 9.1803 
C m 2 0 3  10.60 A U - H ~ O  4.0-15.0 11.9 5.4540 
C I I 1 ~ 0 3  10.60 A u - H ~ O  2 -0-'(. j 15.5 6.7188 
Crfi203 10.60 A U - H ~ O  0.5-2.0 16.5 7.1966 

a 

- 

a h s u e d  composition: 98.07 wt '$ 244Cm and L.93 w t  '$ 241Pu. 

5. ~ o ~ m j ~ I , i b i l i t j  w i t h  M a t e r i a l s  of  Contaimeii t  

,- 
0 .  Thermophysical Properties 

a .  Densi-ty 

1-3.51 g/crn3 of metal  

b .  C o e f f i c i m t  of therii ial  expafision 

aa = 7.5 x IO-~/OC 
a, 7 6.2 x 10-"/Oc 

c .  S 2 e c i f i c  hea t  and cnthalpy 

(I) Specific heat 
0.0270 e a 1  5-l "c-' 

(2) Efltim.1 ~ ~ j r  in ca~/rrlo~-e 

Ht - H, = 6.48 i- 5.35 x low3 tz 

( N d  temperature  i s  0-)+00"C and t i s  i n  "C) 

t 1.49 x 1 . 0 - ~  t3 

d. Temperatures of  phase t r ans fo rma t ions  

(1) Meliini: po in t  

1340 i 40°C 

13j0 rf: 60°C 

( 2 )  Boiling po in t  

3>?5 + 130°C 

11 

12 ( A m )  

15 
1.6 
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'7. 

ci  L- . 

f. 

&. 

h. 

i. 

j . 

k. 

1. 

m . 

n. 

0 ,  

Latent  hza ts  of phase t r ans fo rma t ions  

AH f u s i o n  

~ & , ~ l ~ ~ K  v a p o r i z a t i o n  

Vapor p:ressure 

3.2 kcal/mole (Rict1ar.d '~ r u l e )  

82. r'i _+r 2.7 kcaI/xnole 

l.og.,.o I> = 4.74 t 0.37 -[(r%,oGo r! 5 9 3 ) / T ]  

(T is in OT'- I: rtntd. 1' is i.n atm) 

The.rrna1 c o~tl1.1.c t i.vi.t y 

i).f.l??I cal em-'- see-'- " c - ~  a t  26"~ 

Thermal d i f  f u s  i.vity 

0.5'75 cm2/sec at; ~ G O C  

T1ij.s val-ue was c a l c u l a t e d  by di-tiicrlinp; t,he product cf 
t h e  s p e c i f i c  hea% and d e n s i t y  i n t o  the thermal  
c: onduc t 5.v i.ty. 

Vi .  s c os i+,y 

:?.5 e e n t i p o i s e s  a t  1340"~ 
SLE face t e n  s :Lon 

500 dyn/crn 

Total. hemis plierical. emitt, a nce 

0..37 at 8 p " ~  

S pe c t r a I em i s s iv i t y 

0.55 

A h ighe r  va lue  of 0.9 can be assumed if t h e  meta l  
swf'ace is oxj-dizerl o r  i f  Lrnpiirities a r e  p r e s e n t .  

Cry s t 3 11 o gr aphy 

Double hexagonal c lose  packed 

a = 3.496 f 0.00; A 
0 0 

c :L- 11.33.1 + 0.005 A 

Solub ilit ie s 

Reacts s t r o n g l y  w i t h  water. 

D i ff'us ion rat e s 

Mechanical Proper t ies  

1.7 
1'7 

1'9 

18 ( w )  

19 

20 

22 ( $ 2 )  

11. 

a. Hardness 

Vicker ' s  97.7 
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b .  Crush s t r e n g t h  

7741 kg/cm 
2 

8.  Chemical. P r o p e r t i e s  

a .  Heat and f r e e  energy of formation, entropy 

(1) Heat of  formation 

Z e r o  - by d e f i n i t i o n  of s t anda rd  s t a t e  

( 2 )  F r e e  energy of formation 

Zero - b y  d e f i n i t i o n  of s tandard s t a t e  

(3) Entropy 

$98 = 18 e a 1  O C - '  mole-'- 

24 (Tm) 

1 5  

b .  Chemi cal r e a c t i o n s  and r e a c t i o n  r a t e s  

( I )  Oxygen a t  room temperature - s low 11 

( 2 )  Oxygen at e leva ted  temperature  - Pas!, 11 

(3) Ni t7,ogen at room iemperatiir-e - very slow 25 

(4) Nitrogen a t  Pl-evated temperature - slow 25 

( 5 )  water  a t  zoom temperature - f a s t  23 
( 6 )  Hydrogen a t  room temperature  - slow 23 

( 7 )  Hydrogen a t  elevated. temperature - fast  23 

9. g i o l o g i c a l  Tolerances 

Maximum permlssi-hle  boriy ourdenn and maximum permissible 26 
concen t r a t ions  of 2442111 jn air and water a r e  shown i n  
t h e  fol l.oi\ring t a b l e .  

l k x i k i m  Permissible Body Burdens and Maxirxa Perii~issible Concentrat,. o m  
f o r  Racionucliaes in Air and in Water for Occupational Exposure2& 

................ I - 
Radionuclide Organ of reference Max permissible I Max perii.issible concentrati<)irs, uCi/ci?.' 

and tjpe (critical organ burcen in total For 40-hr  ' veek F O ~  168-hr ~e- l - ,  

of decag' unaer:corecij body, q(uCi) Water Air Water Air.-.. 

2 g 10-l' 7 10+ 3 ____.. ..I___ 
0.1 ...... 

2 96Cm 44 0.2 3 10-l~ 9 10+ 4 10 - l ~  

0.2 4 P x 10-l~ 6 x IO-'' 
(a, Y) 0 . 3  6 x lo-' 3 x 1.0- l~ 2 x 9 x 10-l' 

8 2 3 6 

. .  I_ - -_  

.__.I__ .......... 
&!?Le ahbreviatlons CI and L L I  I e f e r  to the gastrointestinal tract and lower large intestine, 
respective 3.y. 



LO. Shie ld ing  Da.ta 

Gamma dose ra tes  w i t h  water ,  i ron,  Lead, amfi u?:a.riium 
siilieliiing are given in Figs. 1-5 for. 2 4 4 ~ r n  power sou~-r;es 
of 1.00, 200, 500, 1000, 2000, 5000, 10,000, and 2!3,000 w. 
Neukron dose r a t e s  w i t h  wai;er sh.LeldFng a r e  given in 
~ i g .  6. Neutron dose r a t e s  on s~i ie i .ding wit i i  He, CH, 
CIT;~,  or Lii-1 car1 lie estirr.ateci by usring ~ i g .  6 in con- 
junc.t i o n  with Fig. 'I * 

10- 
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SHIELD IH ICXI IE I I  k n l  

Fig. 2. Gamma Dose Hates frorn I ron-Shielded Isotopic Power 
Sources of C~rium-24~L.  
disLance is 1.00 CM. 

Center of source bo dose poin t  separa.t;ion 

I 
O 1 4 6 I4 16 18 20 28 a 10 12 

Pig .  3. Gamma Dose Rates f ro rn  W & r  -Shielded I so top ic  Power 
Sources of Ciiriurn-244. 
distance is 100 em. 

Center of  source to dose point separation 



ORNL CWG 63-8485 

F i g .  $. Gamma Dose Hates l'rorn Uranium- 
Shielded Isotopic power ~ o u r r e s  of Curiurn-zl+l+. 
Center  o f  sou rce  t o  dose point separation 
d i s t a n c e  is 100 c r n .  



O Y N L - D W G  63 8433 
IO 2 

I 0-7 

I I 
PEhETRATIOk DEPTH (g/cm2) 

~ I 1  1 1 ,  I j 1 1  , \  1 -J 
20 40 60 80 io0 I20 IU"1 0 

P E N E T R A T ! O N  DF?Td (g/cm2) 

F i g .  7. last NeGtron Dose Rate 
(Mul t l2 l i ed  by 4flr') i n  Various X a t e r i a l s  as 
a F m c t i o n  or l e n e t r a t i o r ;  De$h Crorr: a 3 n i t  
P o i x t  Isotropic Fission Source.  

PENETRATION DiPTH (9/cmz) 

T1. j i g .  6 .  Neutron Dose Rates frorx Water-Shieloed 
Isotopic Power ~ o u r c e s  o f  ~uriwrl-244 as a T m c t i o n  of 
Pene t r a t ion  De2tL; of S'.ii.e;dirig N a t e r i a l .  ,Cea-ter of 
source t o  cose pair,'; s e p a r a t i o n  d i s t a c e  i s  100 em. 



1. Coinposition 

a . Radioriucliclic abim-dance 

See Szct io i i  1.iA.l.a. 

c .  Chemical p i r i t y  

See Section I .A. 1. c .  
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REFERENCE 

COLUMN 

b. C o e f f i c i e n t  o f  t he rma l  expansion 

8-type (monoclini c )  Cm,03 

0.6076 over 25-680"c 
0.85% over 25-940"C 

over 25-1300°C 

2. S p e c i f i c  hea t  and enthalpy 

(I.) ~ p e c i f i ~ c  hea t  i.n cal g-l  OC- '  

3.:1 x iom2 + 2.91 x ~ o - ~ T  (OK) 

( 2 )  Enthalpy 

29, 30, 31 

d. Temperatwes of phase t r ans fo rma t ions  

(1) Phase t r a n s i t i o n s  

C-type Cm203 (bcc )  transforms i r r e v e r s i b l y  t o  2g7 31, 32,  

depending on degree of crysl ;a l l i .n i ty  of cubic 
form. 

R-type Cm203 (monoclinic) between 800-1300"~ 34, 35 

B-type Crn2o3 (monoclinic) traiisforms 29, 31, 327 
r e v e r s i b l y  t o  A-type Cm203 (hex)  a t  1 6 0 0 " ~ .  3)-1, 35 

2265 t 20°C 16, 36 
2180 t 20°C (product ioi l  oxide)  1-6, 36 
2230 2 25°C (SRL prodiiction, Batch 1) 3 

3700 + 200°C 32, 37 

decomposition of Cm02 t o  Cm203 at SRL cori- 32,  36 

( 2 )  Melt ing point, 

( 3 )  Boili i ig po in t  

( 4 )  Thermogravimetric a n a l y t i c a l  work on t h e  2 ' j ,  28 

f ir-med. p-revi0u.s work a t  OHNL and i n d i c a t e d  
some var i ab ions  from e a r l i e r  SRl, resul.ts. 
Stable oxide phases and temperature i-anges 
of s t a b i l i t y  i n  various atmospheres a re :  

Range of s ' i a b i l i i y  i n  
i n d i c a t e d  atmosphere, " C  

Oxygen Helium 
Phase Compos it  i o n  4$ H;1- 



e .  Laten t  heats of phase Lransformations 

AH fusion 29 kcuL/rnoLe ( R i c h a r d . ' ~  r u l e )  3 7 
ai" vaporization 133.0 .t 2'.7 kcal/mole of gas 32,  37 

between 1600 and 2250"~ 

f .  Vapor pressure 

at 1800-260O0K, where YE is an a.rti.ficria.1. pressi.ire 
of Cm203( g) . 'Uhe va,por species i n  t h e  vaporization 
r e a c t i o n  ar'e unknown. PE j.s reLz1;ed t o  the actiual. 
vapor pre:;:surr by a p r o p o r t i o n a l i t y  mrisi;a,nt ,  k, 
gi-ven as f '01. l .o~~ f o r  vaporization to other gaseou:; 
species : 

31.. 50 
35.00 
38. .52 
40.24 
IC]-. 80 
43 .oG 
44.02 
I+k.80 
45 . 1.4 

ti. Therrfial dif 'fusivitji 

Thermal 13. i i'i'iis :i.vity, 
cec cm2 

0 .0052 
0.0olcg 
0.004.'( 
0.0046 
0. (3044 
0.0043 
0 (. 0042 
0. ookr 

0 .0Ol;q 

'1' empe ra t  ur. e ,  
"C 



CURIUM SESQUlOXIDE (Cm703i 
REFERENCE 
COLUMN 

h .  Tnei-rnal d i f  fu s iv i - ty  (cont inued)  

Pre l iminary  d a t a  on a hot-pressed (50 min a t  1 3 8 0 " ~ )  
Crrk03 p e l l e t  having a d e n s i t y  of  11.24 g/crn3. 

i .  Viscos i ty  

j .  Surface iensi-on 

k .  To-La1 hemispherical  emit tance 

I. Spectral .  emi; s i .vi ty  

0.20 t o  0.5.i 22 (Tho2) 

Tile p r e c i s e  value i s  a -t'unciion of t h e  rou&uiess of 
 he mater ia l  sur face ,  t h e  presence of impur i t i e s ,  
and t h e  e f f e c t s  of r a d i a t i o n .  

m .  Crystal logaaphy 

40, 4-1 Body-centered cubic ,  C-type r a r e - e a r t h  oxide 
s t r u c t u r e  wi th  va.rkb1.e 1a'i'iTce parameter,  
produced by reducing Cmf lO~ .  

a = 110.922 ? 0.001. ( C m O l . 6 ; r )  t o  

Hexagonal., H4ype  ra.re-earth oxide s t r u c t u r e ,  39 

10.997 ? 0.005 ( C n i O L . s ~ )  ai; room temperature  

obta ined  by i r r e v e r s i b l e  t ransf 'ormation o r  r e a c t i o n  
of R-type CwO3 on noble metals  on hea t ing  a t  l 5 O O " C .  

a = 3.863 f 0.01 A o a i  2.750"C on ir 
c = 0.174 f 0.001 A at 1 ' ~ 7 5 O " C  on Ir 

0 

/- 

Cubic wi th  supe r s t ruc tu re ,  r e h t e d  t o  bcc s t r u c t u r e  29 
of C-type Cm203, possj.bI.y CmOl ..(2, obtained by hea t -  
j.ng CmOr between 470 and -(00"C j-n oxygen (1. a t m )  . 
a = 5.450 0.001 a t  room temperature  a f t e r  '+70"C i n  02 
a = 5.461 ? 0.001- A a t  room temperature  a f t e r  700°C i n  02 

Cubic, re la teci  t o  f c c  s t r u c t u r e  of CmnG2? poss ib ly  29 
Cm01.e3, obtained on hea t ing  a t  450°C i n  oxygen. 

a = 5.435 * 0.001. 1 a t  room temperature  

Suppoi.ting d a t a  on crysta.Llography of Cm203. 30, 32 

n .  S o l u b i l i t j e s  

I n s o l u b l e  i.n water 23 

0. Dif_'usion r a t e s  

H e l i u m  re1 ease  f'rom 244Cm203 microsphercs and pel l e t s  
h a s  been co r re l a i e i l  t o  o b t a i n  t h e  "apparent d i f f u s i o n  
c o e f f i c i e n t s "  f o r  microspheres i n  t h e  range of' 390 LO 
1?00"C and f o r  pel.l.ets i n  tiit: range of  1100 t o  1400°C. 

42 
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REFERENCE 
COLUMN 

b .  Chemical r e a c i i o n s  and r e a c t i o n  r a t e s  

(I-) Oxidat ion  of H-type Cmr03 i n  oxygen (1. atm) 16, 30,  31-, 
32,  35 

Resu l t  

No ox ida t ion  
N o  ox ida i ion  
80-96 ox ida t ion  to Cm03 
Complet,e ox ida t ion  t o  CmOz 
Oxida t ion  t o  40% Cm70,,-60% Cm02 
Complete ox ida t ion  t o  CmOz 
Complete o x i d a t i o n  t o  C m O l .  7 ~ a  
Complete ox ida t ion  t o  CmOl s71 
(0-80$0 ox ida t ion  t o  CrriO1 -71 

uO$ ox ida t ion  t o  C T T O ~ . ~ ~  

No ox ida t ion  
No o x i d a i i o n  

aThe in t e rmed ia t e  phase CinO, ,71 i s  produced a t  
somewhat lower iernperatures ( ' t50"C) by reoxida-  
t i o n  of CrnZOg r a t h e r  t h a n  by thermal  decomposition 
of CmOz (470"~). 

( 2 )  Nitrogen - no r e a c t i o n  

( 3 )  

( 4 )  

Water - poss ib l e  hydra t ion  r e a c t i o n  

Inorganic  a c i d s  - so lub le  i n  a c i d s  

23 

23 

23 

9. Biological Tolerances 

Maximum pe rmis s ib l e  body burdens and maximm 26 
permiss ib le  concent ra t ions  of 244Cm i n  a i r  and 
i n  w a i e r  a r e  give!: under  Sec t ion  I.A.9. 

10. Shie ld ing  Data 

'The dose r a t e s  a r e  given under Section. I . A . l O .  
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c . CURIUM OXY STJLFIDE ( Crn202 s 1 
1. 

2. 

3. 

4. 

5. 

6. 

Compos it ion  

a a Ra.dionuc1idi.c abundance 

See Sec t ion  I .A. 1. .a. 

b.  Radiochemicsl p u r i t y  

See S e c t i o n  1.A.l.b. 

e .  Chemical pwi-ky 

See Sec t ion  1.A.l.c. 

Spec i ti c lower 

a .  2.39 w/g of 10~5 pure C ~ T I ~ O ~ S  (84.1% 244~m i s o t o p e )  
2.32 :$/e ol' 57$ pure C Q O ~ S  (81.6$ 244Cm i s o t o p e )  

4, 5, 6 

b. S p e c i f i c  power values are based on 81.3 Ci/g of 
244~m and 34.95 w/kCi of 2 4 4 ~ .  

Radia t ion  

The r a d i a t i o n  i s  given under Sec t ion  I.A.3. 

C r i t i c a l  Mass 

See Sec t ion  1.~4.4. 

Compa t ib i l i t y  w i t h  M a t e r i a l s  or" Containment 

The rniophy s i c  a1 Pr o p e r t  i e  s 

a. Dens i ty  

9.95 g:/cnl3 

b. C o e f f i c i e n t  of t he rma l  expansion 

0.606 over 25-680"c 
0.85'6 o w r  25-940"C 
1.@ over 25-1300"C 

e. S p e c i f i c  heat and en tha lpy  

(1) S p e c i f i c  h e a t  i.n c a l  g-' "C-' 

3.62 x 10-2 + 2,83 x 10-5~ (OK) 

( 2 )  Enthalpy 
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CURIUM OXYSULFIDE (Cm$>SJ 

d .  

e .  

f .  

g .  

h .  

1 . 
j. 

k . 
1.. 

Ifl . 

n .  

Tempeyaturcs of phase t ransforrnat ions 

(1) Melting po in t  

2000°C 

( 2 )  Bo i l ing  po in t  

31-30" c 

Latent  h e a t s  of phase t r ans fo rma t ions  

AH f u s i o n  17 kcal/mole 

LW v a p o r i z a t i o n  85 kcal/mol e 

Vapor p re s su re  

The? ma1 conduc t iv i ty  

Values f o r  t h e  thermal conduc t jv i ty  of curium 
oxysulf i d ?  have not been derived bu t  probably a r e  
i n  t h e  same o rde r  of magnitude as t h e  va lues  f o r  
Crn2O3 which  a r e  given i n  Sec t ion  I.S.6.g. 

Thermal d i f f u s i  v i i y  

Values f o r  t h e  thermal  d i f f u s i r i t y  of curium 
oxysu l f ide  have n o t  been de r ived  but  probably a r e  
i n  t h e  same o r d e r  of magnitude as t h e  values  f o r  
C-O3 which a r e  given i n  Sec t ion  I.B.6.h. 

V i s  co s it y 

Surface t e n s i o n  

ToLal hemispherical  emiiLancc 

S p e c t r a l  e m i s s i v i t )  

0.20 to 0.57 
Thc c m i s s i v i t )  value depends on i h e  rougiiness of 
t h e  mater ia l  su r f ace ,  r a d i a t i o n  e f f e c i s ,  and t h e  
presence of irnpurit i  e s .  

Cryqtallography 

Ilexagonal 
0 0 

a = jT.008 A c = 6.769 A 

I'ne c e l l  conswants should be slightly sma l l e r  for 
c ~ o z s  due to t h e  a c t i n i d e  c o n t r a c t i o n .  

S o l u b i l i  t i e s  

(I) Soluble i n  s t ront :  a c i d s  (Ce20;?S) 

( 2 )  Tnsoluble i n  a c e t i c  a c i d  (CezOzS) 

REFEKENCE 
C O L W  -*.___I 

22 

48 
48 
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o. Diffus ion  rates 

7. Mechanical Froperties 

a. i-iardness 

b .  Crush s t r e n g t h  

8.  Chemical P r o p e r t i e s  

47 

a. Heat and free e n e r w  of formation, entropy 

(I.) fieat G F  formation 

AH: = -430 kcal/ni(lle (approxirnated by CezOzS ) 
(2) Free energy of forra.t:i.on 

AF~". := -4.14 kcal/rnol.e (cal-culated '0.y 

q. = m.; - ms; ) 
( 3 )  Entropy 

S&B = 34.3 eu (calcula.ted.  by Latimer 's  method) 49 

b - Chernica.l. i -eactfons and r e a c t i o n  r a t e s  44 
(1) 

(2) 

( 3 )  

(4) 

Air at; room tempera.-ture - SI.QW 

A i r  a t  elevated teniperature - fast 
Water a.t  room temperature - no reaction 

~ n o r g i n i c  acids at; room teniperxture - r e a c t s  

Maxirrium perliiissible body burdens and maximum 
permissi.ble c o n c e n t m t i o n s  of  244Crn i n  air and 
i n  water. a r e  given i n  t h e  244Cm Metal Source 
Form, S e c t i o n  I .A. 9. 

1.0. Skiield.ing Data. 

The radiation dose r a t e s  are given under the 244Cm 
Metal Source Form, Section I.A.10. 



D . CURIUM FZUORIDE ( C r c 3 L  

I.. Composition 

a .  Radionucli-dic abundanez 

See Sec t ion  T . A . 1 . a .  

b . Radiochemical pirrri.ty 

See  Sec t ion  I . A . 1 . b .  

e .  Chemical p u r i t y  

See Sec t ion  1 . A .  I. c . 

2 .  2 e c i f i c  Power 

a .  2 .19  w/g of  lo@ pure CmFg (77.1$ 244Cm i s o t o p e )  4, 5, 6 
2.12 w / g  of 9 ~ 0  pure C ~ F ~  ((4.8% "*'~m isotope) 

b. S p e c i f i c  power va lues  a r e  based on 81.3 C i / s  of 
244Crn (lo@) and 34.95 w/kCi of  2 4 4 C ~ 1 .  

3 . Radia t ion  

The r a d i a t i o n  i s  g iven  under Sec t ion  I . A . 3 .  

4 .  C r i t i c a l  Mass 

See See-tion J . A . ~ .  

5. Compat ib i l i ty  w i i l i  I- Mate r i a l s  of  Containment 

6 .  Thermophysical P r o p e r t i e s  

a .  Densi ty  

9.80 g/cm3 50 

b .  Coef f i c i en t  of thermal  expansion 

a = 19.74 x 

( t  i s  i n  "C wi th  a temperature range of 26-296"c) 

i- 2.62 x IO-" t + 0.15 x 10-l' t2 51 (Bat '2 )  

c .  Specific :heat and enthalpy 

( 1  ) S p e c i f i c  heat i n  c a l  E-' " C - l  

7.21 x io-2 t 2.06 x iow5 T (OK) 

( 2 )  Enthalpy i n  cal 

Hf - 11,998 = 21 T + 3.5 X 1OS' 9 
(es t imated  from o t h e r  a c t i n i d e  d a t a )  

33 (A.@3) 

33 
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CLJTKIUM FLUORTDE ( CmF3 1 
d.  Temperatures of phase t r a n s f o r m a t i o n s  

( I )  fi1e1-t ing p o i n t  

liC06 * C 

2yJ)" C 
(2) Boi l ing  p o i n t  

Th i s  v a l u e  i s  th.e average of t h e  b o i l i n g  
p o i n t s  of LaF3, C ~ F ~ ,  arid PrF=,. 

e .  La ten t  h e a t s  of phase t r ans fo rma t ions  

f u s i o n  3 kcal/mole 

@H v a p o r i z a t i o n  62 kcal/mole 

f. Vapor F res su re  

Vapor p r e s  sure, torr Temperatinre, " C  

5.07 x 10-7 853 
T.18 x lo-" 943 

1.725 10-3 1141 
5.820 x lo-" 1196 

1J"" 1.486 x 13-4 JJ 

Vapor p r e s s u r e s  are f o r  Pap3. 

6.  Thermal c o n d u c t i v i t y  

Thermal conduc t iv i ty ,  Temperature, 
c a l  cm-l s e c - l  "c-" "C 

0.0296 0 
0.02igI 100 

h. Thermal d i f f u s i v i t y  

T her  m a  1 d i f f  us j.v i t y , Temperature, 
cIn2/s e c " C  

0.0399 
0.0321 

0 
100 

Calcu la t ed  by d i v i d i n g  t h e  product  of t h e  s p e c i f i c  
hea t  and t h e  mom temperature  d e n s i t y  i n t o  the 
t he rma l  c onduc t i v  i t y  . 

i. V i s c o s i t y  

j. Surface t e n s i o n  

k. T o t a l  hemisphe r i ca l  emit tance 

A va lue  of 0.9 can be assumed. 

1. S p e c t r a l  e m i s s i v i t y  

52 

14 

53 
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CURIUM FIJJOHIDE (CrnF,) 
MFEFZNCE 

c OLUMN 
~ .... -... 

7. 

m . Crystal lography 

Hexagonal, LaF3-type, space group F6.7/mnc 

a = 4.041 k 0.001 A c = 7.179 rf- 0.002 A 
0 0 

n. S o l u b i l i t i e s  

0. Dif fus ion  r a t e s  

Mechanical Prope r t  j.e s 

55  

a .  Hardness 

b .  Crush s t r e n g t h  

8. Chemical P r o z e r t i e s  

a .  Heat and f r e e  energy of formation,  en.Lropy 

(1) :Ieat of formation 

pH: = -357 kcal/mole 15 

,w; z - 33 9 k c al/mol.e 

( e s t i m a t e d  from o the r  ac- t in ide  d a t a )  

(2) Free energy of fonna.t,i.on 

15 
( 3 )  Entropy 

SSs8 = 29 eu  ( e s t i m a t e d  from o t h e r  a c t i n i d e  d a t a )  33 

b.  Chemical r eac t io i l s  and r e a c t i o n  r a t e s  23 

Air a t  room tempera’cure - no r e a c t i o n  

A i r  a’c e l e v a t e d  temperature  - forms oxyfl.uoride 

(1) 

( 2 )  

( 4 )  Nitrogen - iio reac- t ion 

( 4 )  Water - i n s o l u b l e  

( 5 )  Inorganic  acids - i n so lub le  i.n weak i~n0rgani.c: a c i d  

3. B i o l o g i c a l  Tolerances 

Maxi.mum pe rmis s ib l e  body b w d e n s  and rnaximLun 
pe rmis s ib l e  concen t r a t ions  of 24h‘Cm i n  a i r  and 
i n  wa.Ler a r e  given under S e c t i o n  I . R . 9 .  

1 3 .  -- S h i e l d i n 2  Data 

The dose r a t e s  a r e  given under Sec t ion  1.A.10. 



REFERENCE 
c OLUIVPT 

1. Composition 

a. Radionuc l id i c  abundance 

The composition of t l ie product; w i l l  depend on t h e  
i r r a d i a t i o n .  h i s t o r y  of t h e  2 4 ' ~  t a r g e t  as w e l l  as 
t h e  coo l ing  t ime a f t e r  removal from t h e  p i l e .  The 
product i s  expected t o  b e  a t  l e a s t  hO$ '42Cm. 
it i s  not  this high, an .Em-Cm sepa . ra t ion  i s  used t o  
lower the aniericium con ten t  of t h e  product .  

T h e  a n a l y s i s  f o r  a t y p i c a l  ba t ch  of 241hn wi th  a 
total i n t e g r a t e d  neutron dose of 1.3 x 13" and 
wi th  a 90-day cool ing  and processj.rig p e r i o d  (wi.th 
a l l  t h e  plutonium removed) i s  2s follows: 

I sot ope $ Abundance 

If 

47.5 '41h1 

242h 1.6 

24S1b 'T . '7 

2'"qirn 41.9 

2 4 3 C m  0.5 

244cm 0.8 

The decay of '42Cm t o  238-RL i s  i . l l u s t r a t e d  i n  t h e  
fol1owi.ng t a b l e .  
605 o t h e r  a c t i n i d e s  i s  a s s m e d .  
f o r  163 days. 

A 10-g product wi th  bo'$ 242'Cm and. 
The decay i s  shown 

z3"Eil Time, days -- 242c% f; 9 g  

0 4.00 0 

16 3-73 0.27 

32 3.43 G.52 

65 3.03 0 " 9'7 
81.5 2.83 1.27 

98 2.46 1.5". 

1-55 2.00 2.00 

The oxide mixture will be iLm02 arid Cm203. This will 
be suspended. i.n a n e u t r a l  ma t r ix  m a t e r i a l  to g ive  
t h e  prescribed power densi ty:  

56 
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C~IUM-242 OXIDE CERMET 
_̂-__I 

b .  Radiochemical p u r i i y  

The on ly  imporiant hea t  c o n i r i b u t o r  t o  t he  2 4 2 C r ~  56 
soi~i-ce mater ia l  i s  242C1il. The fo l lowing  t a b l e  shows 
ihe c o n t r i b u t i o n  of  each i so tope  t o  10 g of t h e  
oxide mixture . 
Heat Cont r ibu t ion  of Each l so tope  of t h e  242Cm Produci 

Half - S p e c i f i c  $ of H e a t  c o n t r i b u t i o n  
Nuclide 

l j f e  a c t i v i t y ,  w/g nuc l ide  watts $ _____--...._ l̂lll____I____.__̂  ~ _-.I_.-. 

74LAin 458 y 0.106 "7.5 0. >o 0.1 

,9"2Am 152 Y 0,05)+ 1.6  0.05 0 .01  

242;'jAm 7650 y 0.006 7.7 0.005 0.001 

242Cm 163 d 120.0 h1.9 502.8 99.8 
2 4 3 ~ m  32 y 1 .44  0.5 0.07 0.015 

244cr,~ 18.1 y 2.78 0.8 0.2? 0.05 

238Pu 89 y 0.55 

The 242C11i product has  contained up  to 30 C i  of 144Ce 
per 8.35 8 of 242Cm. 
95%r-95Nb have been found i n  t h e  feed but  do not  con- 
t r i b u t e  m a t e r i a l l y  t o  t h e  power o r  r a d i a t i o n  of t h e  source .  

The above contaminations can be reduced io much lower 
l eve l  s by addi t i -ona l  process ing .  

Trace amounts of  103Ru-106Ru and 

2. S p e c i f i c  Power 

a .  42.8 w / g  of AmO2-Cm203 (35.'($ 242Cm me ta l )  

It i s  assumed t h a t  t h e r e  a r e  3320 Ci/g of 242Cm 
and 36.1 w/kCi of 242Cm. 

b .  1.1.86 C i  of 242Cm per  gram of AmO2-Cm203 (35.7% 
242~~n meta l )  

3. g d i - a t i o n  

a. Alpha particles 

Max E, Av E, Abundance, P a r t i  cl-es 
Nuclide % w/kCi w-l seC-l Mev 

2"2'Cm 6 .11  6.11 73 * 7 o.-(>j x lo'-2 
6.066 6.066 26.3 0.2'70 x 1.012 

{ 56.10 



a .  ~1:piia p a r t i c l e s  ( ccn t inued)  

The amount of h e l i u n  produced .by alpha deca.y of 2""Cm 
as  a function of time is given in the following tah1.e. 

8 
S t  anda-rd cond iti on3 . 

b. Beta.  .particles 

None 

In a .dd i t io r i  to t h e  gammas from t h e  a lpha  deca.y, t h e r e  7 
a r e  t h e  prompt and f i s  sion-produc-t; gammas from t he  
spontaneous f i s s i o n  c ; ~  '242~m (T~/Z = 7.2 x LO" y). 
The gamm-emission rakes are given -in t h e  f'o.Ll.owing 
tsb:i.e. 

Gama-emission Photon energy, 
Mev photclns sec-' g -1 

c:uriurn-$+S Gammas 

0.27 x lG1* 9.044 
1.4% x 1 o " O  0.10 
2.83 x LO" 0.158 

2.44 x .LO7 1.0 
6.09 x 106 1.5 
6.45 x 10" 2.3 
1.15 x lo6 3.0 
1.52 x 10" 3 .O 

Prompt Gammas 
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Gamma-emission rate, a Photon eney-gy, 
photons sec - l  8-l Mev 

Fissi on-Produci Garmnas 

2.16 lo7 0.63 
7.99 x loc 1.1 
9.36 x 10" 1-55 

2.66 x io6 2.7> 
1.80 x 1.0" 2.38 

"1-20-w source.  

d .  Rremsstrahlung 

None 

e .  Neutrons 

2.30 x lo7 neiitrons see-' E-' of 242~m from 
spontaneous f i s s i o n  (120-w source)  

2.0 x lo7 neutrons se2 - l  g-' of 
r e a c t i o n  of oxygen i n  C @ O ~  (120-w source)  

The energy d i s t r i b u t i o n  of spontaneous f i s s i o n  neuiroris 4 
from p42~m i s  given i n  the following ia'01 e .  

7 

F r o m  ( a , n )  

Spontaneoiir F i s s i o n  Neutrons from Curium-242 

a Ene r gy , Abundance, 
MeV neutrons sec-' E-' of 242~rn 

0.3-0.4 
0.4-0.6 
0.6-0.8 
0 .8 - 1- . 0 
1- . 0- 1 .2 
1.2-1.. 4 
1.4-1.6 
1.6-1.8 
1.8-2.0 

2.0-2.2 
2 .2 -2 . IC 
2 .4 - 2 .6 
2.6-2.8 
2.8-3.0 

3.0-3.2 
3.2-3.4 
3.l-c-3.6 
3.6-3.8 
3.8-4.0 

' i . 7  x lo3 
1.6 x io6 
1.6 x io6 
1.4 x lo6 
1.4 x 10' 
1.4 x lo6 
1.2 x I O G  
1.1 x lo6 
1.0 x lo6 

9.1 x io5 
8.4 x io5 
8.0 x lo5  
6.5 105 
5 . 5  x 10" 

5.0 105 
5.0 ios 
4.7 x l o 5  
3.7 x lo5 
4.1 105 
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Spontaneous Fis s ion  Neutrons ( con t inued)  

a 
E:aer.r;y, Abimdanc e ,  
Mev neutrons 6-1 of 242 Cm 

4.0-4.4 5.2 x 105 
4 . It -4 .8 4.4 x 10" 
I+.  a -5.2 3.2 x 10" 
5 "2-5 *6 2.5 x 10' 
i, .6-6. G 1.9 x LO" 

6.0-0.4 1 .5  x IO5 
6.4-6.8 1.1 x 10" 
6.8-7.2 7.2 l o4  
' I .  2 -7-6 5.b 10" 
7.6-8.0 4.7 lo4 

8 "0-e ,8  5.u x 10" 
8.8-9.6 1.5 x 10" 
CJ I 6-10.4 1.6 x lo4 
10.4-11..2 1.0 104 
11.2 -12.8 'f.l x 10" 

a12o-w source * 

The energy d i s t r i b u t i o n  of n e u - ~ r o n s  occur r ing  as a 
r e s u l t  of a col1.Lion of fast, alpha part3.cles from 

t h e  fol-lowing t,abLe. 

242 Cm decay w i t h  oxygen a-toms i n  Cri-203 i s  given i n  

Neutrons from ((-2, n) Reac-Lions .wi th  Oxygen 

a &:ne r &r , 
Mcv 

Ab undanc e ,  
neutrons sec-' 6- l  of ' 4 2 ~ m  

0.2 5 .O 103 
0.4 1.0 lo4  
0.6 2.0 io4 
0.8 2.5 x IO4 

1.0 7.6 x lo4  
1.2 1.:) x l@ 
I .4 2.8 x 10" 
3.6 k . 5  x 105 
1.8 7.6 x 105 
2.0 1.0 x lo6 
2.2 1.3 x LO" 
2.4 l . ' i  x lo6 
2.6 2.0 x lo6 
2 . 8 2.1 x LOG 

5.0 2.1 x LO" 
3.2 2.1 x LO6 
3.4 1.8 x io6 

4 
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Neutrons from ( a , n )  l ieact ions (cont inued)  

Abimdanc e , a 

neutrons see-' g"..' of 2 " 2 ~  

Eiier gy , 
MeV -.._ ~ - 
5 -6 
3.8 
4 .0  
4.2 
4.4 
4 .6  
4.8 

1 . 5  x lo6 
l.0 x 10" 

6 . 5  lo5  
4.0 lo5 
2 . 8  1-05 

5.0 lo4 
1..8 x 10" 

REFERENCE 
COLUMN 
____l__l_ 

a12~-w source .  

4 .  C r i t i c a l  Mass 

5. Compat ib i l i ty  w i th  Mate r i a l s  oi" Containment --.- 

See 014YL-4359, C o m p a t i b i l i t y D a t a  ____I._ Sheets  f o r  Ceriun-l41i-, 
Cesium-137, C u r i u m ,  and Strontivm-9O (c1assi .f  i e d )  . 

6.  I__ Thermophysi.ca1. Properti-es- 

The thermuphysical  p r o p e r t i e s  of a 242Cm oxi.de cermet w i l l  
depend on t h e  i n d i v i d u a l  p r o p e r t i c s  of t h e  oxide and rr1atri.x 
m a t e r i a l .  With t h e  sel-ect ion of t h e  proper r e f r a c t o r y  meta l  
as -the matrix ma te r i a l ,  i.t should be p o s s i b l e  t o  reach  a 
0.06 ea1 em-'- see-' O C - l  tiierfflal~ conduc t iv i ty  f o r  t he  crrmet,. 

7. Mechanical P r o p e r t i e s  

The mechanical p r o p e r t i e s  of  t h e  meial-oxide mixture  w i l l  
depend strongly on Lhe p r o p e r t i e s  of t h e  mat r ix  m a t e r i a l .  

8.  Chemical P r o p r t i e s  

The chemical p r o p e r t i e s  w i l l  depend on t h e  i n d i v i d u a l  
p r o p e r t i e s  of t h e  oxide and mat r ix  m a t e r i a l .  

9.  Biologi c a l  Tolerances 

The "42Cm t o l e rances  taken  from r e fe rence  76 a r e  given 26 
i n  t h e  t a b l e  on t h e  fo l lowing  page. 



1C. Shield-ing Data 

Gamma dose rates w i t h  wa.ter, iron, I.ea,d, arid uraJii.um 
shieict ing are  given in ~ i g s .  8-1-2 j'or 242~m po-wer. s o ~ r e e s  
of' 1.00, 200, 500, :!.GOO, 2000, 5000, 10,060, arid 20,000 w. 
Neutron dose r a t e s  with water  s h i e l d i n g  a.rt-3 given in E'ig. 
13. Neuti:on dose ra tes  on shielUi.ng w i L h  Re, Ch, CHz, or 
LiH can b e  estima.ted .by using E'ig. 13 in corijLljnctior1 w i t h  
Fig. 7. 

... 
.. .......... 

DISTANCE FROM CENER OF SOMCE b) 

J5.c. 8. G m r i a  Dose Rates from Unshizlded 
Isotopic Power Sources OS Curium-242 as a Funct ion 
of' Distance from Center of Source. 

7 



ORNL-DWG 64-436 

SHIELD THICKPlESS ( ~ m )  

Fig. 9. Gsrma Dose Rates from Iron-Shiel-ded I s o t o p i c  Power 
Sources of Curium-242. 
d i s t a n c e  i s  100 em. 

Center of source t o  dose point separation 

.... ORNL-DWG M-437 ....... . . . .  I ......... ... .... ... I ..... ..... :::T=?zrm ~~~~ 
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SHIELO THICKNESS (em1 

F i g .  10. Garma.  Dose Kate from Le2d.-Shielded Isotopic Power 
Sources of Curi.um-24-2. 
distance is 100 em. 

Center  of source to dose poin- t  separation 



Fig. 11. Ganurla Dose Rates  from W3ter-Shielded Isotopic Power 
Sou-rces oi' Curiuri-242. Center  o f  
d i s t a n c e  i s  100 cm. 

Fig.  12. Gamma Dose Rates Prom 
Uranium-Shielded I s o t o p i c  Power 
Sources of curium-242. Center of 
source t o  dose p o i n t  s e p a r a t i o n  
d i s t a n c e  i s  100 em. 

- 
scurce t o  dose p o i n t  separation 

Fig.  13. Neutron Dose Rates from 
Water -Shielded I s o t o p i c  Pcwe r Sources 
of curium-242 as a Function of Penetra- 
t i o n  Depth of S h i e l d i n g  Mate r i a l .  
Center of sauce to dose p o i n t  s epa ra -  
t i o n  d i s t a n c e  is  100 em. Refer t o  
F ig .  7 f o r  dose r a t e s  thrcugh other 
mate r i a l r  
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