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X FALLOUT OF Pu-238 FROM THE SNAP-9A BURNUP-III 

by Herber t L- Volchok, (HASL) 

Plutonium-238 was r e l ea sed by the d i s i n t e g r a t i o n of a SNAP-9A power source upon 

r e - e n t r y i n t o the atmosphere in A p r i l of 1964. I t was es t imated (1) t h a t the r e ­

en t ry took place a t an a l t i t u d e of about 46 k i l o m e t e r s , over the Indian Ocean. 

Krey (2) by i n t e g r a t i n g the concen t r a t ions of SNAP deb r i s from samples obtained by 

ba l loon and a i r c r a f t sampling, was able t o account for 15 k i l o c u r i e s (kCi) in the 

s t r a t o s p h e r e in the e a r l y p a r t of 1966. Eighty percen t of t h i s t o t a l was found t o be 

in the Southern Hemisphere, a t t h a t t ime . 

In order t o document the depos i t i on of m a t e r i a l from the SNAP-9A burn -up , the 

Heal th and Safety Laboratory (HASL) i n i t i a t e d a sampling and a n a l y s i s program in 1966. 

Large a rea c o l l e c t i o n s (about one square meter) of f a l l o u t are made each month a t 

Melbourne, A u s t r a l i a and New York C i t y . Br ie f d e s c r i p t i o n s of the samplers , ana ly ­

t i c a l procedures and p re l imina ry da ta were repor ted e a r l i e r , ( 3 , 4 ) • 

Data from both s i t e s through Ju ly of 1967 are now completed. At Melbourne, samp­

l ing was not s t a r t e d u n t i l May of 1966, in New York a l l of 1966 was sampled. Tables 1 

and 2 summarize the r e s u l t s of the plutonium analyses and a l s o l i s t s the Pu-238 t o 

Pu-239,240 r a t i o s for each month. The plutonium i so tope r a t i o i s u s e f u l for i n d i c a ­

t i n g the presence or absence of SNAP-9A d e b r i s . Measurements of a i r samples obtained 

p r i o r t o the r e - e n t r y of the SNAP showed a f a i r l y cons tan t Pu-238/Pu-239 r a t i o ave r ­

aging about 0.03 ( 5 ) . Thus any sample wi th a r a t i o in excess of t h a t may be presumed 

t o con ta in Pu-238 from the SNAP-9A and the amount may be determined by s u b t r a c t i n g out 

the ind ica ted "background" amount. Tables 1 and 2 a l s o l i s t the amount of Pu-238 c a l ­

cu la ted by t h a t method. Note t h a t in Table 1, va lues for the f a l l o u t a t Melbourne, 

A u s t r a l i a were es t imated for the f i r s t four months of 1966, by f i r s t computing the 



^r-239 assuming that this is 1% percent of the Sr-90 in all cases. Sr-90 has been 

measured at Melbourne as part of another program (6). Then by extrapolating the 

smoothly increasing ratio Pu-238/Pu-239 to 0.03, (the pre-SNAP value) the numbers 

listed in the Table were obtained. 

Figure 1 shows the time variation of the Pu-238/Pu-239 for both sites. The 

Melbourne ratio was assumed to have initially exceeded the 0.03 background level at 

the beginning of 1966, since little or no Pu-238 from the SNAP-9A could be definitely 

identified in the surface air of the Southern Hemisphere before early 1966 (7). Thus 

the ratio at Melbourne roust have risen rapidly after the first appearance of the debris, 

in contrast to the situation in New York where the increase was rather gradual until 

the spring of 1966. It was somewhat surprising to see the Southern Hemisphere ratio 

decrease from March through July of 1967. Presumably this is an indication of either 

large scale movements of air, or a seasonal pattern of diffusion in the lower strato­

sphere. As the Southern Hemisphere spring advances, this trend may reverse with the 

ratios at Melbourne increasing again. 

Figure 2 shows the actual monthly deposition of the SNAP-9A Pu-238 at the two 

sites. It is interesting to note that even in the first year of deposition the 

seasonal effect was quite marked in the Southern Hemisphere in 1966 and recogni­

zable in New York in 1967- Perhaps even more unexpected, the New York fallout of 

Pu-238 attributable to the SNAP-9A was greater than that at Melbourne for three out 

of the four months; April through July. In the subsequent months of 1967, advancing 

into the Southern Hemisphere spring, it is anticipated that the Melbourne concentra­

tions will sharply increase to even higher levels than in 1966. 
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As in the prior reports (3 , 4) a computation of the global deposit of the 

SNAP-9A debris has been made. For th is calculation i t is assumed that the t o t a l 

SNAP-9A fal lout in each hemisphere is d i rec t ly proportional to that at the single 

sampling s i t e in that hemisphere, and further that these relat ionships are iden t i ­

cal to those observed for Sr-90 fa l lou t . For the Northern Hemisphere, nine years 

of Sr-90 data gives a value of 123 ± 10 ki locuries (kCi) deposited in the Northern 

Hemisphere for each m.illicurie per square kilometer (mCl/km ) deposited in New York 

City. Eight years of measurements at Melbourne, Austral ia resu l t s in a value of 

180 ± 15 for the Southern Hemisphere. 

Table 3 summarizes the hemispheric and worldwide deposits of the Pu-238 from 

SNAP-9A by months, through July of 1967. From these data i t can be seen that in 1966 

a l i t t l e more than 1.3 kCi was deposited on the ea r th ' s surface while almost as much 

came down in the f i r s t seven months of 1967. The t o t a l through July of 1967, 2.55 

kCi, represents some 177o of the 15 kCi accountable in the stratosphere by Krey in 

early 1966 (2) . 

The deposition ra te i s seen to have increased substant ia l ly in 1967 and based 

upon the las t five months a s t ratospheric half residence time of a l i t t l e over three 

years was calculated. Presumably th i s value w i l l decrease as the d i s t r ibu t ion of the 

SNAP-9A material in the stratosphere approaches that which currently exis ts for the 

nuclear weapons debr i s . 
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Table 1 

Plutonium in Melbourne, A u s t r a l i a F a l l o u t 1 
(values in 10"3 mCi/km2) 

Pu-239 

. 0 6 B 

.08B 

.22B 

.24B 

.05 

.32 

.96B 

.4 IB 

.50 

2 .81 

1.03 

Pu-238 
Pu-239 

0.04B 

0.08B 

0.12B 

0.20B 

0.36 

0.55 

0.71B 

0.84 

0.98 

0.99 

1.20 

SNAP-9A 
Pu-238 

0.01 

0.04 

0.16 

0.16 

0.04 

0.30 

0.91 

0.39 

0.48 

2.70 

1.00 

J a n . 1966 1.35B 

F e b . " 1.05B 

Mar . " 1.80B 

A p r . " 1.20B 

May " 0 .14 

Jun " 0.5B 

J u l y " 1.35B 

Aug. " 0 .49 

S e p t . " 0 . 5 1 

O c t . " 2 . 8 3 

Nov. " 0 .86 

Dec . " ) 
) 1.92 2 . 9 1 1.52 2 . 8 5 

J a n . 1967) 

F e b . " 0.19A .29 1.52 0 . 2 8 

Mar. " O.ILA. . 3 1 2 . 8 2 0 . 3 1 

A p r . " 0.18A .47 2 . 6 1 0 .46 

May " 0.21A .48 2 . 2 9 0 .47 

June " 0.22A .42 1.91 0 . 4 1 

J u l y " 0 . 5 0 .73 1.46 0 . 7 1 

1 - E r r o r s a r e l e s s t h a n ± 20% (1 s igma) e x c e p t f o r "A" which 
i n d i c a t e 20-50%. 

B - V a l u e s were d e r i v e d by e x t r a p o l a t i o n and from Sr^ l e v e l s . 
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Dec. 1965 

Jan. 1966 

Feb. " 

Mar. " 

Apr. " 

May " 

June " 

July " 

Aug. " 

sept. " 

Oct. " 

Nov. " 

Dec. " 

Jan. 1967 

Feb. " 

Mar. " 

Apr. " 

May " 

June " 

July " 

Plutonium 

Table 2 

in New York 
(values in 10-3 i 

Pu-239 

3.23 

3.47 

3.18 

2.02 

4.59 

4.45 

2.23 

2.49 

2.21 

1.46 

1.75 

0.82 

1.47 

1.66 

1.91 

1.98 

5.18 

3.06 

1.29 

2.57 

Pu-238 

0.09 

0.12 

0.30 

0.12 

0.18 

0.57 

0.17 

0.30 

0.27 

0.21 

0.17 

0.15 

0.27 

0.14 

0.20 

0.34 

1.53 

0.91 

0.57 

2.44 

City Fallout^ 
nCi/km^) 

Pu-238 
Pu-239 

0.03 

0.04 

0.09 

0.06 

0.04 

0.13 

0.08 

0.12 

0.12 

0.14 

0.10 

0.18 

0.18 

0.08 

0.11 

0.17 

0.30 

0.30 

0.44 

0.95 

SNAP-9A 
Pu-238 

0 

0.02 

0.20 

0.06 

0.04 

0.44 

0.10 

0.22 

0.20 

0.17 

0.12 

0.12 

0.23 

0.09 

0.14 

0.28 

1.37 

0.82 

0.53 

2.36 

1 - Errors are less than ±20% (1 sigma) for all data. 
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Table 3 

Hemispheric and Worldwide SNAP-9A Pu-238 Deposi t ion 
(values in k i l o c u r i e s ) 

J a n . 

Feb. 

Mar. 

Apr. 

May 

June 

Ju ly 

Aug. 

Sept . 

Oct . 

Nov. 

Dec. 

To ta l 

J a n . 

Feb. 

Mar. 

Apr. 

May 

June 

Ju ly 

Sub T 

To ta l 

1966 

11 

M 

II 

II 

II 

II 

It 

" 

1, 

II 

II 

1966 

1967 

11 

II 

tt 

tt 

It 

II 

o t a l 

through 

Northern 
Hemisphere 

.002 

.023 

.007 

.005 

.050 

.011 

.026 

.022 

.019 

.014 

.015 

.026 

.220 

.010 

.016 

.032 

.157 

.093 

.060 

.270 

.638 

Southern 
Hemisphere 

.002 

.008 

.028 

.028 

.008 

.053 

.165 

.071 

.086 

.486 

.179 

.395* 

1.509 

.118* 

.050 

.056 

.083 

.085 

.074 

.128 

.594 

Worldwide 

.004 

.031 

.035 

.033 

.050 

o064 

.181 

.093 

.105 

.100 

.194 

.421 

1.319 

.120 

.066 

.088 

.240 

.178 

.134 

.398 

1.232 

Ju ly 1967 ^858 2.103 2.551 

*Derived from the December 1966 - January 1967 combined sample 
by the Sr-90 proportion. 
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F i g u r e 1 

RATtO Pu-238 / Pu-239 IN DEPOSITION 
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F i g u r e 2 

MONTHLY DEPOSITION OP. Pu-238 PROM SNAP-9A 
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