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SUMMARY 

The basic c r i t e r i a for the use of Pu were establ ished and the 
nfiaximum credible accident to the SNAP-1 5A genera tor was defined. The 
mos t ser ious of possible accidents were found to be fire, impact, and 
loss . A safety tes t p rogram was devised based on the generator and cap­
sule design and hazard analys is . 

Ten types of t es t s were conducted to prove the adequacy of the design 
and the safety aspects of the capsule and genera tor in the event of the 
majximum credible accident. The tes t s were: (1) fire, (2) thermal shock, 
(3) p r e s s u r e burs t , (4) impact, (5) vibration, (6) hammer drop, (7) salt 
water corros ion, (8) fresh water corros ion, (9) a i r corrosion, and 
(10) dose - r a t e measu remen t . The tes t resu l t s demonstra te that the capsule 
and gene ra to r s a r e safe in all r e spec t s except for impact under very 
special conditions with an extrenaely low probability of occurrence . 
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SNAP-15A SAFETY PROGRAM 

by 
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I 
Cutaway view of the SNAP-15A genera tor 



FOREWORD 

The safety p rogram for the SNAP-15A generator is summar ized 
this repor t . Volume I desc r ibes the p rogram conducted and contains 
analyses of the effects of accidents as well as tes t p rogram resu l t s . 
Volume II outlines the procedures used in handling fuel capsules and 
fueled gene ra to r s at General Atomic. Volume III is a handling manual 
for u s e r s of the SNAP-15A genera tor . 
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I. INTRODUCTION 

The SNAP-15A the rmoe lec t r i c generator developed by General Atomic 
for the U. S. Atomic Energy Comnaission is designed to supply a power of 
about 1 mw at a nainimum of 4. 5 v for a period of 5 yr. Power is generated 
in meta l thermocouples contained within an aluminum can 2. 5 in. in diam­
eter and 5. 0 in. long, which is filled with the rmal insulation. The generator 
is powered by heat generated from the decay of Pu^-^". A cutaway model 
is shown in the f ront ispiece . 

238 
To a s su re the safe use of Pu , a comprehensive p rogram of 

analyses and exper iments was conducted. This repor t descr ibes the safety 
p rogram and p re sen t s tes t r e s u l t s . The basic c r i t e r i a established for the 
safe use of Pu238 a r e discussed, and the handling procedures adopted a re 
descr ibed. Accidents that might c rea te radiation hazards have been con­
sidered, and their effects on the fuel a re analyzed in detail. Safety tes ts 
a r e defined and tes t r esu l t s a re presented. 

238 
The use of Pu as a fuel for a the rmoe lec t r i c genera tor has been 

previously studied under the SNAP-9A program, and methods of safe 
handling have been developed and demonstra ted. \^~^) The extensive 
analyses and exper iments per formed for the SNAP-9A program have been 
ve ry useful in the formulation of the safety program for the SNAP-15A 
genera tor . 

238 
The experience with Pu acquired by Mound Laboratory during the 

SNAP-9A p rog ram has also been very valuable to the present program. 
Mound Labora tory was responsible for the loading and sealing of SNAP-15A 
fuel capsules and has given advice on the design and testing of these capsules . 

1-1 



II. SAFETY CRITERIA 

The use of Pu •* poses a ser ious safety p rob lem because of the 
ex t reme toxicity of this isotope. The maximum pe rmiss ib l e concentra­
tions of Pu^^° in a i r and in water a r e 1 x lO '^^ ^nd 3 X 10"^ MC/ml 
respect ively . (^) The chemical react ivi ty of plutonium, which burns readily 
in a i r , great ly i n c r e a s e s the danger of d ispers ion of the fuel, followed by 
inhalation or ingestion. To ensure the safe use of this mate r ia l , it is 
nece s sa ry to prevent i ts d i spers ion unless adequate dilution can be assured . 

2 38 The General Atomic safety p r o g r a m for the use of Pu can be 
summar ized in two words: encapsulation and control. Capsules a r e 
designed to prevent r e l ea se of the isotope during normal use and during 
any unavoidable accidents that may occur during use . The handling, 
t ranspor ta t ion , and distr ibution of these capsules and of fueled genera to rs 
a r e carefully controlled to prevent accidents , to minimize external rad ia ­
tion haza rds , and to keep the capsules out of i r respons ib le hands. 

ENCAPSULATION 

The encapsulation ma te r i a l for Pu -̂  must have high s trength and 
res i s t ance to oxidation and corros ion , so that it can survive any of the 
accidents that might befall it. The accidents which can be hypothesized 
fall into three ca tegor ies : f i re , impact, and los s . Transpor ta t ion a c c i ­
dents a r e by far the most important , both with r e g a r d to probabili ty of 
occur rence and sever i ty . 

F i r e 

The worst credible f ire is that which could follow the c r a sh of a 
fully fueled a i rc raf t in an inaccess ib le location. The high concentration of 
combustible fuel would lead to ext remely high fire t e m p e r a t u r e s , much 
above those exper ienced in building f i res or in f i res following c rashes of 
other t ranspor ta t ion media. 

Impact 

The worst impact would be the free inapact of a capsule falling at its 
t e rmina l velocity in a ir against a rigid surface. This is a very improbable 
accident, which could resu l t only from a catas t rophic a i rc raf t explosion 
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that could destroy the shipping container and generator . It would be much 
m o r e seve re than any compress ive impact that could be suffered in t r a n s ­
portat ion accidents , since the genera tor and shipping container would p r o ­
vide th ree th icknesses of aluminum, th ree th icknesses of insulation, and 
two th icknesses of steel to protec t against and cushion any external blows. 

Loss 

All p rac t ica l precaut ions must be taken to prevent any loss of the 
Pu fuel. There is a possibil i ty, however, that fuel capsules or fueled 
genera to r s could be lost as a resu l t of a t ranspor ta t ion accident. Loss of 
a capsule c rea tes two potential haza rds : the capsule walls may be pene­
t ra t ed as a resu l t of mechanical damage or slow corros ive attack, or the 
capsule may eventually bu r s t as a resu l t of the accunaulation of helium 
p r e s s u r e from the a -decay of Pu . While the la t ter hazard has been 
el iminated by proper capsule design, the danger of eventual corros ive 
penetrat ion cannot be ent i re ly removed. Thus, if a capsule is lost, it is 
n e c e s s a r y that concerted efforts be made to recover it unless it can be 
shown that (1) the probabil i ty of anyone ever finding the capsule is extremely 
small , (2) the probabili ty of cor ros ion is very small , or (3) if cor ros ion 
occurs , the dilution of the Pu will be to within safe concentration levels . 

CONTROLS 

All phases of the handling, t ranspor ta t ion , distribution, and re turn 
of capsules and fueled genera to r s mus t be carefully controlled. Controls 
a r e requ i red to protec t the capsules f rom tamper ing by i r respons ib le or 
unknowing pe r sons , to reduce the hazard caused by a poorly sealed and 
leaking capsule, and to protec t personnel frona the effects of penetrat ing 
neutron and gamma radiat ion. These safeguards a re provided through 
adherence to shipping and handling manuals , special equipment and handling 
p rocedures , and monitoring and supervis ion by a competent health physicist . 
Only careful control can el iminate the danger of del iberate danaage to the 
capsule by humans and l imit accidents to the unavoidable ones descr ibed 
above. 

Documents 

Manuals have been p repa red to outline in clear , simple forna the 
p rocedures that must be followed and the precaut ions that must be taken 
in shipping and handling capsules and genera to r s . One manual, intended 
for u s e r s of the SNAP-15A genera tor , desc r ibes the shipping and handling 
of fueled gene ra to r s . A second manual, for use 'within General Atomic , 

7 38 outlines the handling of the Pu^-^° capsules between the t ime they a r e 
rece ived at General Atomic and the t ime the fueled, sealed genera tors a r e 
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p l a c e d in t h e i r sh ipp ing c o n t a i n e r s . T h e s e m a n u a l s p r e s e n t de t a i l ed 
handl ing p r o c e d u r e s and e m p h a s i z e r e s t r i c t i o n of the c a p s u l e s to a r e a s 
a c c e s s i b l e only to qual i f ied , r e s p o n s i b l e p e r s o n n e l . 

Spec ia l Handl ing 

Al l hand l ing of a fuel c a p s u l e o u t s i d e of a sh ipp ing c o n t a i n e r or 
g e n e r a t o r is p e r f o r m e d in a d ry box u n d e r the s u p e r v i s i o n of a safety 
off icer and a n a e m b e r of the G e n e r a l A t o m i c Hea l t h P h y s i c s G r o u p . A s t h e 
sh ipp ing c o n t a i n e r i s opened , e a c h s u r f a c e e x p o s e d i s wiped and m o n i t o r e d 
for Q : -ac t iv i ty . The c a p s u l e i s p l a c e d in a g e n e r a t o r only if wipes of i t s 
s u r f a c e i n d i c a t e a - a c t i v i t y of l e s s than a spec i f i ed m a x i m u m . The d r y 
box i s opened only a f t e r the g e n e r a t o r within i s conaplete ly s ea l ed . 

F u e l e d g e n e r a t o r s a r e a l s o s u b j e c t e d to s p e c i a l hand l ing . P e r i o d i c 
s u r f a c e wipes a r e m a d e to check for a - a c t i v i t y . Spent g e n e r a t o r s will be 
p l a c e d in the i n s u l a t e d g e n e r a t o r sh ipping c o n t a i n e r s for r e t u r n to the 
fuel f a b r i c a t o r . 

R a d i a t i o n P r o t e c t i o n 

The e x t e r n a l r a d i a t i o n h a z a r d , while not a s e r i o u s one , m u s t be 
r e c o g n i z e d and g u a r d e d a g a i n s t . The c a l c u l a t e d dose r a t e s at the s u r f a c e s 
of the c a p s u l e and g e n e r a t o r a r e s u m m a r i z e d in T a b l e I . The a s s u m p t i o n s 
m a d e and the d e t a i l e d c a l c u l a t i o n s a r e ou t l ined in Appendix A. M e a s u r e d 
dose r a t e s f r o m fuel c a p s u l e s a r e p r e s e n t e d in Sec t ion IV u n d e r " T e s t 
R e s u l t s . " 

T a b l e 1 

E X T E R N A L DOSE R A T E F R O M F U E L 

Pho ton 
E n e r g y 
(Mev) 

0 . 0 4 3 8 
0 . 0 9 9 
0. 150 
0. 203 
0. 760 
0. 810 
0. 875 

Tota l y 
N e u t r o n s 
T O T A L 

Yie ld p e r 
D i s i n t e g r a t i o n 

(%) 

0 . 0 3 8 
8 (10 ) -^ 
l ( 1 0 ) - 3 
4 (10) -6 
5(10)-5 
e / y l a r g e 
2(10) -5 

D o s e R a t e ( m r e m / h r ) 

C a p s u l 

Side 

<0. 13 
5 
12 
Neg . 
435 

179 

631 
163 
794 

e S u r f a c e 

End 

Neg . 
<4 
<17 
Neg . 
120-863 

67 -408 

187-1292 
241 
4 2 8 - 1 5 3 3 

G e n e r a t o r S u r f a c e 

Side 

Neg . 
Neg . 
Neg. 
Neg . 
3 

1. 5 

4 . 5 
2 . 6 
7. 1 

J 

End 

Neg . 
Neg. 
Neg . 
Neg. 
3 

1. 3 - 1 . 6 

4. 3 - 4 . 6 
2 . 8 
7. 1 -7 .4 

One F o o t 
f r o m F u e l 

Neg . 
Neg . 
Neg. 
Neg . 
0 . 0 5 

0 . 0 2 

0 . 0 7 
0 . 0 4 
0. 11 



III. ANALYSES OF ACCIDENTS 

The analyses of accidents and the i r effects on SNAP-15A fuel capsules 
a r e p resen ted below. F igure 1 shows the capsule configuration upon which 
the ana lyses a r e based . The purpose of the inner capsule , made of pure 
tan ta lum, is to r e s i s t meta l lu rg ica l a t tack by the plutonium. The outer 
capsule , made of Haynes-25 alloy, re inforces the inner capsule and 
pro tec t s against oxidation in a i r at high t empera tu re s and corros ion in 
sea water and other l iquids . Plutoniuna fuel is inser ted into the tantalum 
capsule , which is then he l ia rc -welded shut. The tantalum capsule is then 
inse r ted into the Haynes-25 capsule , which is sealed by fusion welding 
(e lec t ron beam) . 

Since the welds a r e c r i t ica l to the capsule integri ty, a detailed 
weld-qualification procedure has been established to a s su re uniform high 
quality. This p rocedure is outlined in Appendix B . The composition of 
any ma te r i a l used must be cert if ied by its p roducer , and r igid purity 
r equ i r emen t s have been specified for the tanta lum. The dimensions and 
the quality of naachining of the capsules a r e a lso s t r ic t ly control led. All 
finished pa r t s must pass a r igid inspection which includes Zyglo t e s t s to 
sea rch for c r acks o r holes in the capsule sur faces . Conaplete r eco rds 
a r e kept on each of the ser ia l ly numbered capsules . These quality controls 
ensure that al l capsules t es ted or fueled a r e as near ly identical as is 
p rac t ica l to one another and to the capsule considered in the ana lyses . 

FIRE 

The most se r ious effect of fire on the fuel capsule is to increase the 
internal hel ium p r e s s u r e while reducing the tensi le strength of the Haynes-25 
al loy. In the wors t c a s e , a poorly designed capsule might burs t and d isperse 
the radioisotope over a l a rge a r e a . This problem becomes more ser ious 
at longer t imes after the capsule i s sealed, since the accumulation of 
hel ium va r i e s near ly l inear ly with t ime for the f i rs t 5 or 10 y r . 

The design lifetime of the genera tor is 5 y r . A conservat ive assumption 
would b e , then, that the max imum t ime after c losure at which a ser ious fire 
could occur is 10 y r . This allows for overuse of the generator by 5 y r , 
o r , a l te rna t ive ly , provides a safety factor of a lmost two on the p r e s s u r e 
at the end of the design life of the genera to r . 
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Transpor ta t ion accidents may resu l t in f i res with ext remely high 
flame t e m p e r a t u r e s if l a rge quanti t ies of highly combustible fuel a re 
p re sen t . The proposed In ters ta te Commerce Conamission regulations 
(Section 73391, (a) (3)) r ecommend that radioisotope capsules be res i s tan t 
to a t empera tu re of 1700 F . This t empera tu re is higher than those reached 
in a l l but a very snaall fraction of f i res and, as d iscussed below, provides 
a good s tar t ing point for protect ion against the few exceptional f i r e s . The 
capsule in F ig . 1 was designed to withstand the p r e s s u r e produced at 
1700 F by the hel ium accumulated in 10 yr of decay of the fuel. The p r e s ­
sure and s t r e s s calculations upon which the design was based a r e outlined 
in Appendix C. The internal p r e s s u r e is shown to be 6710 ps i . 

Uncontrolled a i rc ra f t f i res may reach t empera tu re s well above 
1700 F for short per iods of tinae if there a r e no explosions or other events 
to d i spe r se the fuel. Under these conditions, a well-designed shipping 
container can be expected to remain intact and, if proper ly insulated, to 
protect the capsule from tenaperature e x t r e m e s . The shipping container 
for the SNAP-15A genera tor is designed to withstand exposure to 1100 C 
(2012 F) for 30 min and a l so to keep the t empera tu re of the fuel capsule 
below 1700 F . This choice of t ime and t empera tu re is based upon the 
specification of the Civil Aeronaut ics Administrat ion (now the Fede ra l 
Aviation Agency) on the f ire r e s i s t ance of the record of an a i rcraf t flight 
r e c o r d e r . In the CAA Technical Standard Orde r , P a r t 514, TSO-C51, 
exposure to 1 100 C on 50% of the surface of the r e c o r d e r for 30 min was 
specified as the qualification tes t for flight r e c o r d e r s whose location in 
the a i rc ra f t is not r e s t r i c t e d . According to workers in the field of a i rcraf t 
safety, the re has been no instance of f ire damage to the r eco rd of a r eco rde r 
which qualified under this specif icat ion. ' '' 

The design of the shipping container is descr ibed in Appendix D. 

The other possible effect of f i re , oxidation of the capsule , is not 
expected to be s e r i ous . Haynes-25 alloy has been successfully used in 
many je t -engine p a r t s , including turbine b lades , combustion chanabers, 
af terburner p a r t s , and turbine r ings . 

IMPACT 

The t e rmina l velocity of the capsule in the air will be l e s s than 
225 f t / sec when 2.86 g of fuel a r e used . The calculations of this velocity 
and the resul t ing impact p r e s s u r e a r e outlined in Appendix E . The inapact 
p r e s s u r e (6740 psi) is l e s s than the in ternal p r e s s u r e s for which the 
capsule was designed, indicating that the capsule should survive inapact 
at t e rmina l velocity. 
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The c losure weld is c lear ly the most cr i t ica l impact region, as 
previous experience with isotope capsules has shown. \^) A shoulder has 
been provided on the SNAP-15A capsule to allow a par t of the impact load 
to be t r a n s f e r r e d from the cap direct ly to the walls of the capsule . 

LOSS 

An es t imate of the detectable range of a lost capsule has been made 
using s tandard scinti l lat ion counters for gamma and b remss t r ah lung 
radiation and inf rared detectors of the type used by infantrynaen for night 
maneuvering and detection of enemy personne l . SNAP-15A capsules have 
a detectable rad ius of 3. 3 ya rds with only a i r attenuation of nuclear 
radiat ions and 35 ya rds when the capsule is lying or standing free of the 
generator with only a i r attenuation of infrared radiat ion. 

The capsules have been designed to withstand the naaximum heliuna 
p r e s s u r e that will be produced as the Pu decays . The calculations of 
this maximum p r e s s u r e (23,000 psi) and of the s t r e s s levels within the 
capsule a r e outlined in Appendix F . Burs t t e s t s have indicated the bu r s t 
s t rength of the Haynes-25 outer capsule to be in. excess of 40,000 ps i at 
room t e m p e r a t u r e . 

Haynes-25 alloy has been demonst ra ted to be res i s t an t to most 
acids at room t e m p e r a t u r e . The r e s i s t ance of the capsule to cor ros ion 
by salt w^ater has been evaluated on previous p r o g r a m s by other con t r ac to r s . 



IV. T E S T O F C A P S U L E S 

The S N A P - 1 5 A fuel c a p s u l e s w e r e s u b j e c t e d to a s e r i e s of t e s t s to 
ve r i fy t h e d e s i g n a n a l y s e s and e n s u r e the sa fe ty of the c a p s u l e a g a i n s t a l l 
c r e d i b l e a c c i d e n t s . The t e s t s w e r e b a s e d on the r e c o m m e n d a t i o n s of 
Mound L a b o r a t o r y , t h e I n t e r s t a t e C o m m e r c e C o m m i s s i o n , Sandia C o r p o ­
r a t i o n , a n d the A t o m i c E n e r g y C o m m i s s i o n , in add i t ion to G e n e r a l A t o m i c . 
The t e s t s conduc t ed a r e def ined be low, fol lowed by t e s t r e s u l t s . 

C a p s u l e c o m p o n e n t s w e r e f a b r i c a t e d at G e n e r a l A t o m i c a s shown in 
F i g . 1. F u e l c a p s u l e c o m p o n e n t s w e r e m a c h i n e d f r o m m a t e r i a l s of 
c e r t i f i e d c o m p o s i t i o n , wh ich w e r e i n s p e c t e d by dye p e n e t r a n t t e c h n i q u e s 
for h o l e s , c r a c k s , p i t s , e t c . , b e f o r e and a f t e r f a b r i c a t i o n of c o m p o n e n t s . 
C o m p o n e n t s w e r e s e l e c t e d on t h e b a s i s of b e s t fit and p a c k a g e d in s e t s . 
A s s e m b l y and s e a l i n g of c a p s u l e s w a s p e r f o r m e d at Mound L a b o r a t o r y 
a c c o r d i n g to s p e c i f i c a t i o n s w r i t t e n by G e n e r a l A tomic and Mound L a b o r a ­
t o r y p e r s o n n e l . The t a n t a l u m i n n e r c a p s u l e was s e a l e d by h e l i a r c welding 
wh i l e the H a y n e s o u t e r c a p s u l e was s e a l e d by e l e c t r o n b e a m weld ing . 
R a d i o g r a p h i c e x a m i n a t i o n s and h e l i u m m a s s s p e c t r o m e t e r l eak de t ec t i on 
t e s t s w e r e p e r f o r m e d at Mound L a b o r a t o r y and at G e n e r a l A t o m i c . 

D E F I N I T I O N O F TESTS 

Safety t e s t s r e l a t e d to f i r e , i m p a c t , and l o s s of c a p s u l e s h a v e been 
def ined and wi l l be p e r f o r m e d in o r d e r to e n s u r e safe c a p s u l e d e s i g n and 
g e n e r a t o r o p e r a t i o n . T h e s e t e s t s i n c l u d e (1) f i r e t e s t s , (2) t h e r m a l shock 
t e s t s , (3) b u r s t t e s t s , (4) i m p a c t t e s t s , (5) v i b r a t i o n t e s t s , (6) h a m m e r 
t e s t s , (7) s a l t w a t e r c o r r o s i o n t e s t s , (8) f r e s h w a t e r c o r r o s i o n t e s t s , and 
(9) a i r c o r r o s i o n t e s t s . 

F i r e T e s t 

The d u m m y c a p s u l e s wi l l be e x p o s e d to the CAA f i r e t e s t s . P a r t 514, 
T e c h n i c a l S t a n d a r d O r d e r , C - 5 1 , R e g u l a t i o n s of the A d m i n i s t r a t o r , 
" A i r c r a f t F l i gh t R e c o r d s , " wh ich s t i p u l a t e s a t e m p e r a t u r e of 2000 F 
enve lop ing 50% of the c a p s u l e s u r f a c e for a 3 0 - m i n i n t e r v a l . The p r o ­
c e d u r e s for conduc t ing th i s t e s t a r e c o n t a i n e d in " S t a n d a r d F i r e T e s t 
A p p a r a t u s and P r o c e d u r e s for F l e x i b l e Hose A s s e m b l i e s , " M a r c h 1961, 
FAA, S y s t e m R e s e a r c h and D e v e l o p m e n t S e r v i c e , Na t iona l Avia t ion 
F a c i l i t i e s E x p e r i m e n t a l C e n t e r , A t l an t i c Ci ty , New J e r s e y . Fo l lowing 
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the heating period, the capsule will be removed from the h igh- tempera tu re 
environment and immediate ly doused with r o o m - t e m p e r a t u r e (20 C) water 
until the capsule attains room t e m p e r a t u r e . This t he rma l shock tes t will 
be repeated once in o rde r to s imulate a condition that might occur in a f i r e -
fighting situation. 

Thermal Shock Test 

The fuel capsules will undergo t he rma l shock from operating t e m ­
pera tu re (500 F) to about -100 F (solvent, dry ice). This tes t will be 
conducted for four cycles . A cycle consis ts of heating the capsule for 
20 min at operating t e m p e r a t u r e and t r ans fe r r ing it immediate ly to the 
low- tempera tu re bath for a 20-min soak. After the soak, the capsule will 
be t r a n s f e r r e d within 10 sec or l e s s to the opera t ing- t empera tu re environ­
ment, and the tes t will be repeated. 

Burs t Test 

The fuel capsule , with a s imulated void volume, will be exposed to 
the following environment; The t e m p e r a t u r e of the capsule will be ra i sed 
to the tes t t empe ra tu r e and held for the duration of the tes t . Test t e m ­
pe ra tu re s of 500°, 1200°, 1500°, 1750°, and 2000°F will be employed. 
At each t empera tu re the capsule will initially be p r e s s u r i z e d to the follow­
ing in ternal p r e s s u r e : at 500°F, 20,000 psi ; at 1200°F, 3000 ps i ; at 1750°F, 
3000 psi ; at 2000 F , 1500 psi . The in ternal p r e s s u r e of the capsule will 
be inc reased slowly in inc rements of 2500 psi in the 500 tes t and 1000 psi 
in the remaining t e s t s . After each increment of p r e s s u r e r i s e , the p r e s ­
sure will be held constant for 15 min . This procedure will be continued 
until the capsule bur s t s of l eaks . 

Impact Test 

Fuel capsules with a s imulated fuel loading and maintained at t e rmina l 
t empera tu re (that i s , the t e m p e r a t u r e corresponding to the t e rmina l velocity 
at impact) will be impacted against grani te or a conaparable ha rd surface 
at a velocity in excess of the calculated free-fal l t e rmina l velocity when 
re leased from 10, 000 ft above mean sea level with impact at 3000 ft above 
sea level. The capsules will be impacted in each of five a t t i tudes: head 
on, side on, end on, and at 45 to the pr incipal axes from both the head-on 
and end-on impacts . Before and after impact the capsule will be p r e s s u r i z e d 
and subsequently i m m e r s e d in an acetone bath to detect the p resence of any 
leaks or rup tu re s . 

Vibration Test 

Fuel capsules with a s imulated fuel loading will be subjected to a 
15-g sine wave from 10 to 2000 to 10 cps for 3 h r along the ve r t i ca l 
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a n d h o r i z o n t a l p l a n e s . If r e s o n a n t f r e q u e n c i e s a r e d e t e c t e d , add i t iona l 
t e s t i n g for 5 h r a t t h e s e f r e q u e n c i e s wi l l be m a d e . 

H a m m e r T e s t 

C a p s u l e s wi l l be p l a c e d on a soft p ine b o a r d with the we lded end 
facing up and wi l l be s t r u c k a blow of 10 f t - lb wi th a s t e e l h a m m e r . 

Sal t W a t e r C o r r o s i o n T e s t 

F u e l c a p s u l e s wi l l be s u b j e c t e d to the c o r r o s i o n effects of s e a w a t e r . 
One c a p s u l e wi l l be p l a c e d be low the o c e a n l e v e l at low t i d e , and one wi l l 
be p l a c e d s l igh t ly a b o v e th i s l e v e l so tha t it wi l l be exposed to a i r tw ice a 
day . The c a p s u l e s wi l l be w e i g h e d and i n s p e c t e d u n d e r a m i c r o s c o p e for 
p i t s and s u r f a c e r o u g h e n i n g b e f o r e i m m e r s i o n and a f t e r 1, 3, and 6 m o n t h s . 
In the m i c r o s c o p i c i n s p e c t i o n , p a r t i c u l a r a t t en t ion wi l l be given to the weld 
zone of the c a p s u l e . 

F r e s h W a t e r C o r r o s i o n T e s t 

C a p s u l e s wi l l be i m m e r s e d in w a t e r at a pH of 7. 0 a t 70 F for one 
week . The c a p s u l e s wi l l be w e i g h e d and e x a m i n e d u n d e r a m i c r o s c o p e 
b e f o r e and a f t e r i m m e r s i o n . The we ld zone , in p a r t i c u l a r , wi l l be c l o s e l y 
e x a m i n e d . 

A i r C o r r o s i o n T e s t 

C a p s u l e s wi l l be h e a t e d to 90 F in a i r and h e l d at th i s t e m p e r a t u r e 
for one w e e k . They w i l l be w e i g h e d a n d e x a m i n e d u n d e r a m i c r o s c o p e both 
b e f o r e and a f t e r t he t e s t , wi th the we ld zone be ing given s p e c i a l a t t en t ion . 

D o s e R a t e T e s t 

The g a m m a and n e u t r o n d o s e r a t e s at t he s u r f a c e of the g e n e r a t o r 
wi l l be m e a s u r e d and c o m p a r e d with t h e s t a n d a r d e s t a b l i s h e d for AEC 
l a b o r a t o r y w o r k e r s . 

T E S T R E S U L T S 

F i r e T e s t 

A c a p s u l e w e l d e d at G e n e r a l A t o m i c frona c o m p o n e n t s f a b r i c a t e d at 
G e n e r a l Atora ic w a s r a i s e d to 1700 F and was p r e s s u r i z e d at 4000 ps i in 
an e a r l y i n i t i a l t e s t . Af te r 1 h r at t h e t e s t t e m p e r a t u r e , t he c a p s u l e was 
s u b j e c t e d to w a t e r j e t s un t i l it r e a c h e d roona t e m p e r a t u r e . T h e r e w e r e 
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no observable effects other than discolorat ion of the capsule . All d imen­
sions remained the same except for the center d iameter , which inc reased 
from 0. 375 to 0. 379 in. 

Three capsules were tes ted according to the tes t definition with the 
following r e s u l t s : 

Capsule 42. This capsule was helium leak-checked, dye-penetra t ion 
checked, and inspected under a mic roscope . No detectable leaks or c racks 
were observed p r io r to the tes t . The leak detector was cal ibra ted to a 

11 3 
standard leak of 4, 7 x 10" a t m - c m / s e c . The same checks were made 
after the tes t and a leak ra te of 8. 4 x 10" a t m - c m ^ / s e c was measu red . 
The capsule showed signs of pits or porosi ty at one end of the capsule when 
subjected to dye. Careful examination showed the pits to be <.l/2 mi l deep. 

Capsule 46. This capsule was also leak-checked, dye-penetra t ion 
checked, and inspected under a mic roscope p r io r to the tes t . It had a leak 
ra te of 3. 7 x 10" a t m - c m / s e c . The pe rmiss ib le leak ra te is 1 x 1 0 " ' a t m -
cm / s e c . No cracks were observed during the dye-penetration tes t . After 
the tes t , the same checks were again performed on this capsule, and a 
leak ra te of 2. 3 x 1 0 " ^ a t m - c m ^ / s e c was recorded . No other physical 
defects were noted as a resul t of the fire t es t . 

Capsule 50. This dummy capsule was leak-checked, dye-penetra t ion 
checked, and inspected under a mic roscope . No detectable leaks or c racks 
were observed. After the tes t , the capsule was again checked and no leaks 
could be measu red . No other physical defects were noted as a resul t of 
the fire tes t . 

Thermal Shock Test 

Two sets of t he rma l shock t es t s were conducted. In the f irs t t es t , 
22 capsules were placed in an oven at 500 F; then, after being soaked for 
20 min, they were dropped, one at a t ime , into a mix ture of acetone and 
dry ice at about -100°F. X-ray , liquid penetrant , and hel ium leak t e s t s 
showed no effects on any of the capsules . The second set of t e s t s con­
sis ted of subjecting six dummy fuel capsules to the same tes t . Examination 
was conducted as in the f irs t set of t e s t s . The resu l t s showed no damage 
to the capsules . 

Burs t Test 

Burs t t e s t s were conducted using capsules at tached to a p r e s s u r i z a -
tion tube. Capsule components were fabricated at General Atomic; 
assemblying and welding were conducted at Mound Labora tory and p r e s s u r e 
testing was done at World Resea rch , Inc. An attempt was made to a s semble 
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t h e c a p s u l e n ipp le to the connec t i ng c r o s s by s i l v e r s o l d e r i n g . The m a s s i v e 
c r o s s r e q u i r e d c o n s i d e r a b l y m o r e h e a t than did the f lange . The 4 0 - m i l 
t h e r m o c o u p l e was unab l e to w i t h s t a n d the soak ing hea t of the c r o s s and was 
d e s t r o y e d . T h u s , it w a s n e c e s s a r y to modify the t e s t a s s e m b l y . One a r m 
of the c r o s s w a s m a c h i n e d and t h r e a d e d , and the o t h e r face of t h e a r m was 
t h e n l ap - faced . A c o n n e c t i n g nut w a s f a b r i c a t e d with a c e n t e r ho le to 
a c c o m m o d a t e the n ipp le and t h e r m o c o u p l e . The nut w a s m a d e to m a t c h 
c l o s e l y t h e t h r e a d i n g of the c r o s s a r m . The c a p s u l e f langes w e r e t u r n e d 
down on the d i a m e t e r , and the i n n e r face of the f lange was l ap- faced to 
m a t c h the face of t h e c r o s s a r m . With the c a p s u l e i n s e r t e d in p l a c e in the 
c h a m b e r , a l e a k - t i g h t m e t a l s e a l w a s a c h i e v e d which w o r k e d we l l , and no 
f u r t h e r p r o b l e m w a s e n c o u n t e r e d . The d e t a i l s of the t e s t s a r e given be low, 
a n d the r e s u l t s a r e s u m m a r i z e d in T a b l e 2. 

C a p s u l e 9. The f i r s t c a p s u l e w a s t e s t e d at 1500°F . At 1345°F , 
p r e s s u r i z a t i o n of t h e c a p s u l e w a s begun . The p r e s s u r e w a s to be b rough t 
to an in i t i a l t e s t p r e s s u r e of 8000 p s i , but du r ing the r i s e f rom 4000 to 
5000 p s i a l e a k o c c u r r e d , and the t e s t w a s d i s con t i nued . S ince the l e a k 
cou ld o c c u r at po in t s o t h e r t han the c a p s u l e i tself , it was dec ided to p r o ­
c e e d with the s a m e t e s t u s i n g a n o t h e r c a p s u l e . 

A s u b s e q u e n t l e a k t e s t i n d i c a t e d tha t t he t a n t a l u m i n n e r c a p s u l e was 
l e a k i n g , not the c o n n e c t e d tube o r t e s t a p p a r a t u s . Ca re fu l m a c h i n i n g of 
the H a y n e s - 2 5 c a p s u l e to e x t r a c t t he t a n t a l u m c a p s u l e for t e s t i n g w a s 
p e r f o r m e d . The end of the t a n t a l u m c a p s u l e t h r o u g h which the p r e s s u r i z a ­
t ion tube w a s c o n n e c t e d fel l off w h e r e the we ld was found to be faul ty. 

C a p s u l e 7. Th i s c a p s u l e w a s t e s t e d at 1500 F . At 1507 F , p r e s ­
s u r i z a t i o n w a s c o m m e n c e d in 1 0 0 0 - p s i i n c r e m e n t s . The in i t i a l t e s t 
p r e s s u r e of 8000 p s i was a c h i e v e d at a f u r n a c e t e m p e r a t u r e of 1495 F . 
In b r i n g i n g t h e c a p s u l e f r o m 10, 000 to 11, 000 p s i , the h i g h - p r e s s u r e p u m p 
c h e c k va lve f roze and 30 m i n w a s r e q u i r e d to f r e e the va lve and a c h i e v e 
the p r e s s u r e of 11, 200 p s i . T h e c a p s u l e b u r s t a f t e r 4 m i n at t h i s p r e s s u r e 
and at 1 5 2 0 ° F . 

C a p s u l e 2. An a t t e m p t w a s m a d e to t e s t a t 2000 F . At about 1500 F , 
it w a s o b s e r v e d tha t the t e m p e r a t u r e d i f f e r ence was i n c r e a s i n g b e t w e e n the 
oven t e m p e r a t u r e and t h e c a p s u l e . Th i s was b e c a u s e the oven input p o w e r 
w a s l i m i t e d by the c i r c u i t a t W o r l d R e s e a r c h . As the t e m p e r a t u r e i n c r e a s e d , 
t h e l o s s e s f r o m the oven b e c a m e qu i t e l a r g e . At about 1700 F , the c a p s u l e 
t e m p e r a t u r e r i s e w a s abou t 2 to 3 p e r m i n u t e . It w a s dec ided , t h e r e f o r e , 
t ha t the t e s t would be m a d e at 1 7 5 0 ° F r a t h e r t han 2 0 0 0 ° F . At 1750°F the 
oven t e m p e r a t u r e w a s 2550 F . The c a p s u l e was b rough t to 3000 ps i in 
1000 -ps i i n c r e m e n t s at a p p r o x i m a t e l y 3 m i n p e r i n c r e m e n t . The in i t i a l 
t e s t p r e s s u r e was 3000 p s i . The c a p s u l e b u r s t a f t e r 3 m i n at 7000 ps i and 
at a c a p s u l e t e m p e r a t u r e of 1 7 5 0 ° F . 
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C a p s u l e 6. The c a p s u l e w a s t e s t e d at 5 0 0 ° F . The in i t i a l t e s t p r e s ­
s u r e w a s to be 25, 000 p s i , a t t a i n e d in 1000 -ps i i n c r e m e n t s of 2 to 3 m i n 
each . At t h e 4 0 0 0 - to 5 0 0 0 - p s i i n c r e m e n t , t he h i g h - p r e s s u r e c h e c k v a l v e 
b e g a n to l e a k and t h e p r e s s u r e cou ld no l o n g e r be i n c r e a s e d by i n c r e m e n t s . 
S ince the t e s t could not b e s topped at t h i s point wi thout l o s ing p r e s s u r e , it 
was d e c i d e d to t h r o t t l e b a c k a s fa r a s p o s s i b l e on the h i g h - p r e s s u r e in le t 
v a l v e . Th i s would t h e n i n c r e a s e c a p s u l e p r e s s u r e con t inuous ly but a t a 
t i m e r a t e c o m p a r a b l e to tha t of t h e i n c r e m e n t a l i n c r e a s e s . The c a p s u l e 
b u r s t a t s l i gh t ly o v e r 30 ,000 p s i . S ince t h e p r e s s u r e w a s be ing i n c r e a s e d 
con t i nuous ly , a p r e c i s e d e t e r m i n a t i o n of t h e c a p s u l e p r e s s u r e w a s not 
p o s s i b l e . 

C a p s u l e 14. T h i s c a p s u l e w a s t e s t e d at 500 F . The c a p s u l e w a s 
b r o u g h t to an i n i t i a l t e s t p r e s s u r e of 3 0 , 0 0 0 p s i in 1000-ps i i n c r e m e n t s at 
about 3 - m i n i n t e r v a l s . The c a p s u l e b u r s t a f t e r about 5 s e c at 30, 000 p s i . 
The 30, 0 0 0 - p s i i n i t i a l t e s t p r e s s u r e w a s e s t a b l i s h e d f r o m e a r l i e r t e s t s 
conduc ted a t r o o m t e m p e r a t u r e . H o w e v e r , f r o m t h e t e s t s of C a p s u l e s 6 
and 14, wh ich i n d i c a t e d 30, 000-ps i b u r s t p r e s s u r e at 500 F , it w a s d e c i d e d 
to a t t e m p t a t h i r d b u r s t u s i n g a l o w e r i n i t i a l t e s t p r e s s u r e . 

C a p s u l e 8. A new oven was i n s t a l l e d in o r d e r to a c h i e v e t h e 2000 F 
t e m p e r a t u r e r e q u i r e d . The i n i t i a l t e s t p r e s s u r e of 1500 p s i w a s a p p l i e d . 
The p r e s s u r e w a s i n c r e a s e d at 1 5 - m i n i n t e r v a l s to 2500, 3050, and 3500 p s i . 
The c a p s u l e b u r s t a f t e r 6 m i n a t 3500 p s i a t 2000 F . 

C a p s u l e 3, C a p s u l e 3 w a s i n s t a l l e d and p r e s s u r i z e d to an i n i t i a l t e s t 
p r e s s u r e of 1500 p s i , when c a p s u l e t e m p e r a t u r e w a s 2000 F . The p r e s s u r e 
w a s i n c r e a s e d to 2500 p s i and t h e n to 3000 p s i . The c a p s u l e b u r s t a f t e r 
5. 5 m i n at t h i s p r e s s u r e . 

C a p s u l e lOo A t h i r d t e s t w a s c o n d u c t e d at 500 F . The c a p s u l e w a s 
p r e s s u r i z e d to 25,, 000 p s i in 1000 -ps i i n c r e m e n t s a t about 2 - m i n i n t e r v a l s . 
The i n i t i a l t e s t p r e s s u r e of 25 , 000 p s i w a s a c h i e v e d at a t e m p e r a t u r e of 
510 F . P r e s s u r e was i n c r e a s e d in 1000-ps i i n c r e m e n t s e v e r y 15 m i n . 
The c a p s u l e b u r s t i n s t a n t l y a t 31 , 000 p s i and 500 F . 

The fol lowing e q u i p m e n t w a s u s e d in the b u r s t t e s t s : 

G a u g e : H e i s e 0 -100 k p s i , S e r i a l No, H - 3 4 1 3 7 , H e i s e C o m p a n y 

P u m p ( g a s b o o s t e r ) : 0 - 2 0 , 0 0 0 p s i , H a s k e l Mode l AG-152 

I n t e n s i f i e r : 0-150 k p s i . W o r l d R e s e a r c h , I n c . , d r i v e n by D e n i s o n 
h y d r a u l i c p u m p 

H e l i u m gas s o u r c e : 240-ft c y l i n d e r 

All f i t t ings and v a l v e s : W o r l d R e s e a r c h , Inc , 
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Oven : Blue M Mode l M - 1 5 A - 1 A , S e r i a l No. 1404, Blue M Company 

D u o - S e a l pump: S e r i a l No. 5 3 1 7 7 - 0 , Welch Scient i f ic Company 

P o t e n t i o m e t e r : Rub icon P o r t a b l e , S e r i a l No. 120281, M i n n e a p o l i s -
Honeywel l R e g u l a t o r Company 

NRC t h e r m o c o u p l e gauge c o n t r o l : G e n e r a l A t o m i c No, 10963 

T h e r m o c o u p l e : C h r o m e l - A l u m e l 

T a b l e 2 

BURST T E S T DATA SUMMARY 

C a p s u l e 

2 
3 
6 
7 
8 

9 
10 
11 
14 

T e m p e r a t u r e 
(°F) 

1, 750 
2 ,000 

500 
1, 520 
2 ,000 
1, 500 

500 
1, 500 

500 

In i t i a l 
P r e s s u r e , ^ : 

(psi) 

3 ,000 
1,500 

Cont inuous 
8 ,000 
2, 500 
3 ,000 

2 5 , 0 0 0 
(c) 

3 0 , 0 0 0 

B u r s t 
P r e s s u r e 

(psi) 

7 ,000 
3 ,000 

30 ,000 
11 ,200 

3, 500 
12 ,000 
31 ,000 

30 ,000 

T i m e ^ 

3 m i n 
5. 5 m i n 

0 
4 m i n 
6 m i n 
9 m i n 
1, 0 s ec 

5 s ec 

• " F i r s t p r e s s u r e , at wh ich c a p s u l e r e m a i n e d for 15 m i n . 
— T i m e a t which c a p s u l e r e m a i n e d at b u r s t p r e s s u r e 

b e f o r e r u p t u r e . 
- L e a k e d at 4000 to 5000 p s i . 

In add i t i on to t h e t e s t s c o n d u c t e d by G e n e r a l A t o m i c and W o r l d 
R e s e a r c h , two b u r s t t e s t s w e r e c o n d u c t e d by Mound L a b o r a t o r y . In one 
t e s t t he c a p s u l e w a s p r e s s u r i z e d at r o o m t e m p e r a t u r e a f t e r be ing f a b r i ­
c a t e d a s p r e v i o u s l y i n d i c a t e d . T h e c a p s u l e p r e s s u r e w a s r a i s e d in s t e p s , 
and the c a p s u l e e v e n t u a l l y b u r s t a t abou t 40, 000 p s i . A s e c o n d c a p s u l e 
w a s p r e s s u r i z e d at e l e v a t e d t e m p e r a t u r e . H o w e v e r , b e c a u s e a s y s t e m 
for p r e s s u r i z a t i o n w a s not a v a i l a b l e wi th a c a p a c i t y g r e a t e r t han about 
3000 p s i , it was d e c i d e d to go to h i g h e r t e m p e r a t u r e . T h u s , the s e c o n d 

. o o 
c a p s u l e w a s t e s t e d a t a p p r o x i m a t e l y 1275 C (2325 F) and was r e p o r t e d to 
h a v e b u r s t a t about 2300 p s i . 

T h e r e s u l t s of a l l t he t e s t s a r e shown in F i g , 2, w h e r e t h e b u r s t 
p r e s s u r e i s p lo t t ed a s a funct ion of c a p s u l e t e m p e r a t u r e . A l so shown on 
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100 

10 

DESIGN POINT' 

EXPECTED PRESSURE 
AT END OF GENERATOR D 
DESIGN LIFE 

0.1 _L _L 
10 12 lit 16 18 

CAPSULE TEMPERATURE (100°F) 

20 22 2k 26 28 

Fig . 2 - -Var ia t ion of fuel capsule bu r s t 
p r e s s u r e with capsule t e m p e r a t u r e 
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t h i s plot a r e t h e c a p s u l e d e s i g n poin t a n d t h e p r e s s u r e e x p e c t e d at t he end 
of the S-yr g e n e r a t o r l i fe . The d i f f e r e n c e b e t w e e n the e x p e c t e d p r e s s u r e 
at end of l i fe and the d e s i g n poin t , o r t h e c u r v e t h r o u g h the e x p e r i m e n t a l 
b u r s t t e s t p o i n t s , i n d i c a t e s tha t t h e m a r g i n of sa fe ty a v a i l a b l e in the 
S N A P - 1 5 A fuel c a p s u l e s i s a l m o s t a f a c t o r of t h r e e . The life of the c a p s u l e 
w a s c a l c u l a t e d b a s e d on t h e e x p e r i m e n t a l l y d e t e r m i n e d c u r v e of p r e s s u r e 
v e r s u s t i m e of bu i ldup a n d was found to be a p p r o x i m a t e l y 12 y r when the 
c a p s u l e w a s s u b j e c t e d to a 1700 F f i r e and 4. 75 y r when s u b j e c t e d to a 
2 0 0 0 ° F f i r e . In the f i g u r e , it m a y be no t ed tha t the c u r v e t a i l s off at the 
h i g h e r t e m p e r a t u r e s . T h i s is b e l i e v e d to be the r e s u l t of the t w o - m a t e r i a l 
c o n s t r u c t i o n ; tha t i s , at t h e l o w e r t e m p e r a t u r e s the b a s i c s t r e n g t h of the 
c a p s u l e i s d e t e r m i n e d by t h e H a y n e s - 2 5 m a t e r i a l , but a t e l e v a t e d t e m p e r a ­
t u r e s , t he H a y n e s - 2 5 m a t e r i a l l o s e s s t r e n g t h m o r e r a p i d l y than t a n t a l u m . 
At the h i g h e r t e m p e r a t u r e s (2000 F a n d h i g h e r ) , t he t a n t a l u m d e t e r m i n e s 
the b a s i c s t r e n g t h of the c a p s u l e . F i g u r e 3 shows the c a p s u l e in i t s p r e ­
t e s t cond i t ion and the r e s u l t s of s e v e r a l b u r s t t e s t s at 500 F , whi le in 
F i g 4 t h e r e s u l t s of e l e v a t e d t e m p e r a t u r e t e s t s a r e shown. 

I m p a r t T e s t 

C a p s u l e s to be u s e d for i m p a c t t e s t i n g w e r e c o n s t r u c t e d a s o p e r a ­
t i o n a l c a p s u l e s excep t t h a t d i f fe ren t m a t e r i a l s w e r e u s e d to s i m u l a t e the 
p lu ton iu ra fuel. T h r e e d i f fe ren t s e t s of i m p a c t t e s t s w e r e conduc ted and 
t h r e e s e t s of c a p s u l e s v / e r e u s e d . In t h e f i r s t and t h i r d s e t s the c a p s u l e 
c o m p o n e n t s w e r e f a b r i c a t e d at G e n e r a l A t o m i c and a s s e m b l e d and we lded 
at Mound L a b o r a t o r y . The s e c o n d se t of c a p s u l e s , m a d e of s t a i n l e s s s t e e l , 
was f a b r i c a t e d by a s u b c o n t r a c t o r for Sand ia C o r p o r a t i o n . In t h e f i r s t se t 
of c a p s u l e s , the p l u t o n i u m fuel w a s s i m u l a t e d by t a n t a l u m by p e r m i t t i n g 
the t a n t a l u m l i n e r to be only p a r t i a l l y c o u n t e r b o r e d so tha t the v o l u m e and 
m a s s of t a n t a l u m r e m a i n i n g s i m u l a t e d the p l u t o n i u m fuel m a s s and v o l u m e . 
S t a i n l e s s s t e e l m o d e l c a p s u l e s a r e d e s c r i b e d in Appendix G, which r e p r o ­
d u c e s the Sand ia C o r p o r a t i o n r e p o r t s . B r i e f l y , the s t a i n l e s s s t e e l m o d e l 
c o n s i s t e d of a s t a i n l e s s s t e e l s h e l l of t h e s i z e of a H a y n e s - 2 5 c a p s u l e . It 
c o n t a i n e d a c o m p a c t e d t u n g s t e n p o w d e r and l e a d to s i m u l a t e the p lu ton ium 
fuel in m a s s and v o l u m e . The t h i r d s e t of fuel c a p s u l e s c o n t a i n e d a 
p l u t o n i u m fuel s i m u l a n t c o m p o s e d of c o m p a c t e d t u n g s t e n p o w d e r . T a b l e s 3 
and 4 g ive the b a s i c i n f o r m a t i o n on t h e c o m p a c t e d t u n g s t e n m a t e r i a l . 

T^b le 3 

S P E C I F I C A T I O N F O R C O L D - P R E S S E D TUNGSTEN P O W D E R C O M P A C T S 

P r e s s frosn . . . . . . , < , . . . . . = . . Wah Chang Corp.1^ p o w d e r , 325 m e s h 
C o m p a c t i o n p r e s s u r e . . . . . . . . . 155, 000 ps i 
Weight of p o w d e r p e r c o m p a c t . . . 3. 810 ±0. 005 g 
C o m p a c t e d d i a m e t e r . . . . . . . . . . 0. 251 ±0. 001 in. 
M i n i m u m c o m p a c t e d d e n s i t y . . . . 13. 2 g / c c 
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PRE-TEST BURST TEST 
CAPSULE 

BURST PRESSURE, 
30,000 PS I 
TEMPERATURE, 500°F 

BURST PRESSURE, 
30,000 PS I 
TEMPERATURE, 500°F 

BURST PRESSURE, 
25,000 PS I 
TEMPERATURE, 500°F 

Fig . 3--Capsule p r e - t e s t condition and 
appearance after bu r s t t e s t s at 500 F 



BURST PRESSURE, 
11,200 PS I 
TEMPERATURE, 1520°F 

BURST PRESSURE, 
12,000 PSI 
TEMPERATURE, 1500°F vD 

BURST PRESSURE, 
7,000 PSI 
TEMPERATURE, 1750°F 

Fig. 4 - -Capsu le appearance after burs t t es t s at elevated t empe ra tu r e 
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Table 4 

MEASURED ULTIMATE COMPRESSIVE STRENGTH 
OF TUNGSTEN POWDER COMPACTS 

(Samples Taken from Production Run) 

Ultimate 
Compress ive 

Sample Strength 
No. (psi) 

21 15, 760 
22 13, 740 
23 14, 540 
24 16,460 
25 14, 140 

In the impact tes t , capsules were heated by infrared radiation to 
255 F , the t empera tu re computed to be attained at the moment of impact. 
The capsules were hung by fine wi res and impacted by a piece of granite 
ca r r i ed by a bazooka rocket. The p re l iminary testing of six capsules 
using the tantalum meta l as fuel simulant was conducted with inconclusive 
resul ts as shown in Table 5. The second se r i e s of impacts using the s ta in­
less s teel capsule model was conducted to determine the range of failure 
velocity and the most cr i t ica l at t i tude. Results of these tes t s a r e shown 
in Table 6, where it is c lear that the attitude of 45 is the most severe as 
indicated by the highest number of ruptures at the lowest velocity range. 
In the th i rd se r i e s of impacts , thir ty capsules were tested, with the resu l t s 
shown in Table 7, Since rupture occur red in three of ten t r i a l s at approxi ­
mately 110% of the computed free fall t e rmina l velocity when impacted at 
an att i tude of 45 , it was concluded that ei ther (1) the capsule would requi re 
modification to survive such impacts or (2) the probability of such innpact 
will have to be demonst ra ted analytically to be sufficiently smal l to be an 
acceptable r i sk . Details of the tes t s and resu l t s a r e contained in the four 
Sandia Corporat ion p rog re s s r epor t s compris ing Appendix G. 

Vibration Test 

Dummy fuel capsules for vibration test ing were fabricated in the 
same manner as operating capsules would be fabricated. The components 
were fabricated at General Atomic, and assembly and sealing was performed 
at Mound Laboratory , Vibration t e s t s were c a r r i e d out at Ryan Electronics 
under the supervision of General Atomic personnel . The details of the 
tes t and the tes t resu l t s a r e contained in Appendix H, the Ryan repor t of 
this tes t s e r i e s . In summary , 22 capsules were vibrated along th ree 
mutually perpendicular axes with l /2-in. double amplitude from 10 to 
34 cps; from 34 to 2000 psi, a 30-g^ maximum accelera t ion was maintained. 
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Table 5 

SERIES 1 IMPACT TEST RESULTS 
(Tantalum Simulated Fuel Load) 

Attitude 
(degrees 

3 
23 
39 
39 
43 
47 

9 

) 

Impact 
Velocity 

(fps) 

302 
298 
242 
349 
399 
197 

Results 

Survived 
Ruptured 
Ruptured 
Ruptured 
Ruptured 
Ruptured 

Velocity vector normal to target face 

Target fac 

Table 6 

SERIES 2 IMPACT TEST RESULTS 
(Stainless Steel Capsule Models) 

Att i tude, e 
(degrees) 

0 
45 
90 

135 
180 

Range of 
Velocity 

(fps) 

292-449 
146-276 
294-415 
250-352 
258-399 

R e s u l t s ^ 

6-S, 2-R 
6-S, 5-R 
3-S 
5-S 
5-S 

S = survived, R = ruptured. 
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Table 7 

SERIES 3 IMPACT TEST RESULTS 
(Tungsten-compact Simulated Fuel Load) 

Attitude, e 
(degrees) 

0 
45 
50 
90 

135 
180 

Number of Tes t s and Fa i lu res — 

225 f p s ^ 

10(3F) 

250 fps 

2 
6(3F) 
1(1F) 

2 
2 
2 

300 fps 

1 
1(1F) 

1 
1 
1 

•~(XF) = number of fai lures by rupture of outer 
capsule . 

HImpact velocity. 

The frequency scan proceeded from 10 cps to 2000 cps in 1/2 hr to 10 cps 
in another 1/2 h r . The re were no res ident points found. The re was a con­
s iderable amount of noise , which r e sembled the sound of a swarm of angry 
bees . This is believed to be caused by the tantalum capsules being loosened 
in the Haynes -25 outer capsule . The motion within the outer capsule was 
somewhat rotat ional as evidenced by the l a rge " c r o s s - t a l k " output. In the 
range of 700 to 1100 cps, the acce lera t ion in a direct ion 90 from the basic 
30-g input reached 18 g. The capsules were leak-checked and no fai lures 
were found. 

Hammer Test 

A guillotine-type r ig was made with a 5. 7-lb f lat-bottomed steel 
h a m m e r held 1.75 ft above the end of the capsule , which was set on a pine 
board in the base of the r ig . When re leased , the weight s t ruck the capsule 
with a 10-ft-lb impact . This drove the capsule 0. 1 to 0. 13 in. into the 
board. A new position on the board was used for each capsule . Twenty-
two capsules were tes ted in this manner . Radiographs, leak penetrant 
t e s t s , and hel ium m a s s - s p e c t r o m e t e r leak checks before and after the 
h a m m e r blow showed no fa i lures . 

Salt Water Corros ion Test 

Two dummy fuel capsules were t es ted according to the tes t definition. 
Examination of the capsules after one month showed no co r ros ive effects. 
After t h r ee months , the continuously i m m e r s e d capsule had been lost by 
unknown m e a n s . The other capsule showed no co r ros ive effects upon exam 
ination and the tes t was t e rmina ted . 
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F r e s h Water Corros ion Test 

Eleven capsules were i m m e r s e d in 70 F tap water with pH of 7. 0 for 
one week. Some discolorat ion was noted that appeared in s t reaks r e s e m ­
bling machine tool m a r k s . It has been suggested that iron abraided from 
the machine tool may have been corroded, but no definite evidence is 
avai lable . Photomicrographs revea led nothing except that the affected 
surface was very shallow. 

Air Corros ion Tes t 

Eleven capsules were placed in an oven at 90 F for one week. Dis -
colorat ion was noted with the same resu l t s as in the fresh water tes t . 

Dose Rate Test 

The dose ra te from gamma plus neutrons from the SNAP-15A capsule 
was m e a s u r e d at Mound Labora tory and at General Atomic with the follow­
ing r e s u l t s : 

At General Atomic dose r a t e s were measu red by attaching a film to 
the surface of a genera tor and expo sing it for 93.5 hr. Capsule 76 contain­
ing Pu'^-^" equivalent to 1. 56 watts output was inser ted into the genera tor . 
Resul ts of these m e a s u r e m e n t s a r e shown in Table 8. The film m e a s u r e ­
ment repor t indicates no t he rma l neutron dose at top or bottom positions 
and that 5. 26% and 4. 88% of the dose from the sides is from thermal 
neu t rons , while the remainder is from fast neutrons . Attenuation of 
gamma or neutron radiation by the m a t e r i a l s of the generator is completely 
negligible except in the direct ion of the the rmal capacitor (bottom) where 
the meta l of the thermopi le and par t i cu la r ly the ra ther thick s tainless steel 
block a r e effective a b s o r b e r s . It is seen from the table that the relat ive 
impor tance of gamma and neutron dose as compared with that predicted in 
the section on Safety Cr i t e r i a is reasonable . Also, the measurement 
verif ies the predic ted total dose within about 30%. 

Table 8 

DOSE RATE MEASUREMENT OF SNAP-15A GENERATOR 
(Fuel Capsule 76) 

Posi t ion 

Top 
Side (0°) 
Side (180°) 
Bottom 

Fuel Center 
(cm) 

4. 1 
3, 3 
3. 3 
8 , 6 

Dose Rate 

Gamma 
(mr /h r ) 

3. 3 
6 . 4 
6. 3 
0. 37 

Neutron 
(mrem/h r ) 

3. 2 
3 .9 
4. 2 
0. 21 

Total 
(mrem/h r ) 

6 . 5 
10. 3 
10. 5 
0. 58 
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M e a s u r e m e n t s of r a d i a t i o n f rom the c a p s u l e s m a d e by Mound L a b o r a ­
t o r y a r e shown in T a b l e 9. The n e u t r o n d o s e m e a s u r e m e n t s w e r e m a d e with 
p o r t a b l e n e u t r o n c o u n t e r P N C - 1 , No. 110, The g a m m a d o s e r e a d i n g s w e r e 
t a k e n wi th a J o r d a n E l e c t r o n i c C o m p a n y i n s t r u m e n t . Mode l No, A G B - 5 0 F B , 
S e r i a l No. 230. 

The r e s u l t s of the m e a s u r e m e n t s m a d e at Mound L a b o r a t o r y and 
t h o s e m a d e at G e n e r a l A t o m i c on C a p s u l e 76 a r e s e e n to be s ign i f i can t ly 
d i f fe ren t even when t h e d i f f e r e n c e in s o u r c e to d e t e c t o r is a c c o u n t e d for . 
The r e a s o n for t h i s d i f f e r e n c e h a s not ye t b e e n d e t e r m i n e d . H o w e v e r , t h e 
h i g h e r of the two v a l u e s is c l o s e to the p r e d i c t e d r a d i a t i o n dose a n d we l l 
wi th in t h e l i m i t s t h e g e n e r a t o r i s c a p a b l e of a c c e p t i n g o v e r i t s d e s i g n l i fe . 
F r o m a r a d i a t i o n h a z a r d s s t andpo in t , it m a y be s e e n tha t it would be d i f f i ­
cul t for a w o r k e r to e x c e e d the m a x i m u m p e r m i s s i b l e e x p o s u r e for A E C 
l a b o r a t o r y w o r k e r s d u r i n g the n o r m a l c o u r s e of h i s a c t i v i t i e s . N e v e r ­
t h e l e s s , a m i n o r p o t e n t i a l r a d i a t i o n h a z a r d e x i s t s and shou ld be t a k e n in to 
a c c o u n t in t h e hand l ing of t h e s e g e n e r a t o r s . 

T a b l e 9 

RADIATION DOSE R A T E F R O M S N A P - 1 5 A F U E L C A P S U L E S 
( M e a s u r e d at Mound L a b o r a t o r y ) 

C a p s u l e 
No. 

63 
66 
67 
71 
74 
76 
75 

N e u t r o n D o s e R a t e 
( m r e m / h r ) 

Con tac t 

1, 15 
0 . 9 9 
1. 14 
2 . 5 8 
1. 02 
1. 02 
1.26 

5 c m 

0. 675 
0, 615 
0, 720 
0. 795 
0. 675 
0. 615 
0, 765 

1 m 

0. 195 
0. 195 
0. 165 
0, 150 
0. 150 
0. 195 
0 . 0 1 5 

G a m m a D o s e Ra te 
( m r / h r ) 

C o n t a c t 

1. 20 
1. 30 
1. 30 
1. 30 
1. 20 
1. 70 
1. 0 

5 c m 

0 . 4 5 
0. 56 
0. 55 
0. 51 
0 , 4 4 
0. 61 
1. 3 

1 m 

0. 15 
0. 16 
0. 15 
0. 16 
0, 18 
0. 18 
0. 1 

T o t a l D o s e R a t e 
( m r e m / h r ) 

Con tac t 

2. 35 
2. 29 
2, 24 
3, 88 
2, 22 
2, 72 
7 , 2 6 

5 c m 

1, 13 
1. 18 
1, 27 
1. 31 
1. 12 
1. 23 
2 . 0 7 

1 m 

0. 35 
0. 36 
0, 32 
0. 31 
0. 33 
0, 38 
0. 12 
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Appendix A 

DOSE-RATE CALCULATIONS 

The radiat ion dose from the SNAP-15A fuel capsule is caused by 
neutrons and gamma r a y s . Since the dose r a t e s from the two types of 
radiat ion a r e of the same magnitude, both mus t be calculated accura te ly . 
The re su l t s of the calculations outlined below a re summar ized in Table 1 
on page 1-4. 

GAMMA RAYS 

The gamma dose ra te was calculated with the help of a f irs t coll ision 
approximation in which the photon energy-absorp t ion coefficient^ ' is used 
as an attenuation coefficient. This cor responds to using a build-up factor 

-<T X 

B = e ^ , (1) 

where cTg is the scat ter ing portion of the Compton c r o s s section and x is 
the dis tance through the sca t te r ing and absorbing medium from the source 
point to the detection point. Fo r the case of photons of low energy and 
abso rbe r s of high atonaic number , this is a good approximation, par t icu la r ly 
near the photon source . It has the important advantage that it implici t ly 
in tegra tes the build-up factor over the source distr ibut ion. 

The energies of the seve ra l gamma rays and the i r yields per d i s ­
integrat ion were taken from Ref. 2. Photon energy-absorpt ion c ros s 
sect ions, which a r e summar ized in Table A. 1, were obtained from Ref. 3. 
The fuel was a s sumed to be in the shape of a right c i r cu la r cylinder 
0. 253 in. in d iameter and 0. 123 in. high. Dose r a t e s were calculated at 
the four points shown in Fig . A. 1 with the help of the formulas and graphs 
of Ref. 4.—Attenuation:^>y" t h e Min-K insulat ion was neglectedr siiiee the 
effect will be smal l . 

NEUTRONS 

Neutrons produced in the fuel by spontaneous fission will be almost 
unattenuated by the fuel capsule and probably only slightly attenuated by the 
generator. An upper limit on the neutron dose rate can be obtained by 
assuming that there is no attenuation. In this case, the neutron flux per 
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Fig . A. 1--Source and detection points 
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T a b l e A. 1 

PHOTON E N E R G Y - A B S O R P T I O N CROSS SECTIONS FOR 
C A P S U L E AND F U E L M A T E R I A L S 

Material 

Ta 
Co (^FeSNi) 

W 
Cr 
Pu 
Al 

0. 043 Mev 

5.67 
2.95 
5.95 
2. 07 

11. 6 

Cross 

0. 099 Mev 

4. 08 
0. 255 
4. 22 
0. 180 
1. 07 

Section (cm 

0. 15 Mev 

1. 31 
0. 0881 
1. 36 
0. 0654 
2. 46 

2/g) 

0. 76 Mev 

0. 0442 
0. 0274 
0. 0450 
0. 0273 
0. 0721 
0. 0281 

0. 875 Mev 

0. 0386 
0. 0267 
0. 0392 
0. 0267 
0. 0600 
0. 0276 

unit n e u t r o n e n e r g y is 

ct)(E) = S^(E) I dV 

V 4TTP 

, S (E)I , 
2 v 

(2) 

w h e r e S^(E) is the v o l u m e s o u r c e s t r e n g t h per unit e n e r g y , V is the s o u r c e 
vo lume , and p is the d i s t a n c e b e t w e e n an e l e m e n t of s o u r c e v o l u m e dV and 
the point at which the flux is to be c a l c u l a t e d . The vo lume s o u r c e s t r e n g t h 
IS 

S (E) = F vN(E) , 
V V 

(3) 

w h e r e F is the v o l u m e f i s s ion r a t e , v i s the a v e r a g e n u m b e r of n e u t r o n s 
pe r f i s s ion , and N(E) i s the n u m b e r d i s t r i b u t i o n of the n e u t r o n s o v e r e n e r g y . 

The i n t e g r a t e d dose r a t e is 

(t,(E)Rj^g(E)dE . (4) 

w h e r e Rp.o(E) is the dose r a t e p r o d u c e d by a uni t flux of n e u t r o n s of e n e r g y 
E. Combining E q s . (2), (3) ,and (4) g ives 

pCO 

R ^ = F v l 
° ^ Jo 

N(E)Rj^g(E)dE . (5) 
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238 
In the a b s e n c e of da ta for Pu '~, the va lues of v and N(E) w e r e 

a s s u m e d to be equa l to t hose for the t h e r m a l f i ss ion of U ^ ^ . Th i s p r o b a b l y 
o v e r e s t i m a t e s the s o u r c e s t r e n g t h , s i n c e the n e u t r o n e x c e s s of U is 
g r e a t e r than tha t of Pu'^-^°. 

The i n t e g r a t i o n o v e r e n e r g y was p e r f o r m e d g r a p h i c a l l y us ing the 
da ta on pages 22 and 33 of Ref. 4 . The va lue of F w a s t aken f rom Ref. 2 , 
and V w a s a s s u m e d to be 2. 5. The c a l c u l a t i o n s of the i n t e g r a l I for the dose 
r a t e s at the end and s ide of the s o u r c e a r e d i s c u s s e d below. 

At End of C a p s u l e 

F o r the con f igu ra t i on shown in F ig . A, 2 , 

I = 
Uo J o r + (a + 

dz . 
(a + z) 

(6) 

which m a y be i n t e g r a t e d to ob ta in 

2i 

M (a + t) In 1 + (I^)]--4'<f)]^-K(^^•-"' a 
R 

(7) 

F i g . A . 2 - - D e t e c t i o n point on a x i s of c y l i n d r i c a l s o u r c e 



At End of G e n e r a t o r 
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In th i s c a s e , R << a and Eq. (7) is not a c c u r a t e . If u s e is m a d e of 
the e x p a n s i o n s 

ln( l + x) 
n = l 

( - l ^ ' ^ f (|x| <1) 

a n d 

t a n ^=f̂ f: (-1) n 

^ n = l (2n - 1) x^ 
^ ( | x | > 1 ) , 

(8) 

(9) 

Eq. (7) can be w r i t t e n a s 

- f R 
a 

R 

a + t 

R 

a + t 

3-, 
+ - - • 

R ^ ( - 1 ^ ' 
4 J!—, n(2n - 1) 

n=l 

2 n - l 
R 

a + t 

2 n - l 
(10) 

The f i r s t two t e r m s of th i s e x p a n s i o n w e r e found to be suff ic ient for the 
c a l c u l a t i o n of the d o s e r a t e a t the end of the g e n e r a t o r . 

At Side 

S ince the s o u r c e p r o v i d e s no s ign i f i can t s e l f - a b s o r p t i o n , i t m a y be 
r e p l a c e d by a l ine s o u r c e a t i t s c e n t e r l i n e ' ' to ob ta in 

R 

2(a ' + R) 
t a n 

- 1 

2(a ' + R) (11) 

w h e r e a ' is the d i s t a n c e f r o m the s ide of the s o u r c e to the point a t which 
the dose i s to be c a l c u l a t e d . 
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Append ix B 

WELDING P R O C E D U R E S AND QUALIFICATIONS O F W E L D E D F U E L 

C A P S U L E S F O R S N A P - 1 5 A G E N E R A T O R S 

T h e fol lowing p r o c e d u r e s s h a l l be a d h e r e d to in the p r e p a r a t i o n of 
fuel c a p s u l e s for the S N A P - 1 5 A g e n e r a t o r s : 

1. The X - r a y s t a n d a r d s , l e a k r a t e , and m e t a l l o g r a p h i c c r i t e r i a by 
which t h e w e l d e d c o n t a i n e r s a n d / o r a s s e m b l i e s wi l l be a c c e p t e d o r r e j e c t e d 
wi l l be m u t u a l l y a g r e e d upon by Mound L a b o r a t o r y and G e n e r a l A t o m i c 
a f t e r s a m p l e w e l d s a r e e v a l u a t e d . 

2. T a n t a l u m wi l l be u s e d for the i n n e r c o n t a i n e r and H a y n e s - 2 5 a l loy 
wi l l be u s e d for t h e o u t e r c o n t a i n e r . E a c h of t h e s e m a y be p r o d u c e d f r o m 
s e a m l e s s tub ing o r m a c h i n e d f r o m b a r s tock . T a n t a l u m wi l l be h e l i a r c -
we lded and Haynes -25 m a y be w e l d e d in a v a c u u m c h a m b e r by the e l e c t r o n -
b e a m weld ing m e t h o d , o r fus ion w e l d e d . 

3. The c o n t a i n e r p a r t s wi l l be c l e a n e d in an u l t r a s o n i c c l e a n e r wi th 
s u i t a b l e s o l v e n t s and wi l l be f r e e of f o r e ign s u b s t a n c e s b e f o r e they a r e 
we lded , 

4 . Welding of e a c h b a t c h of c a p s u l e s and i t s c o n t r o l s a m p l e s wi l l be 
a c c o m p l i s h e d by the s a m e t e a m , c o n s i s t i n g of a w e l d e r and an o b s e r v e r . 
(The w e l d e r wi l l be qua l i f i ed e i t h e r a s an AWS w e l d e r o r a s a staff m e t a l ­
l u r g i s t who h a s b e e n a d e q u a t e l y c h e c k e d on p r o c e d u r e s and t e c h n i q u e s of 
fusion we ld ing . ) 

5. F i v e e m p t y t a n t a l u m i n n e r c o n t a i n e r s w i l l b e w e l d e d a t t h e s a m e 
vo l t age a n d c u r r e n t s e t t i n g s and r o t a t i o n of t h e ho ld ing f i x t u r e . T h e s e five 
s a m p l e s wi l l be X - r a y e d ^and - l eak - t e s t ed wi th a h e l i u m l e a k d e t e c t o r . Two 
c o n t a i n e r s wi l l t h e n be s e c t i o n e d for m e t a l l o g r a p h i c e x a m i n a t i o n . 

6. If t he above t e s t s r e v e a l p in h o l e s o r i n t e r n a l v o i d s , t h e r e m a i n i n g 
t h r e e c a p s u l e s wi l l a l s o be s e c t i o n e d for m e t a l l o g r a p h i c e x a m i n a t i o n . T h e 
r e s u l t s of t h e s e t e s t s w i l l be u s e d to d e t e r m i n e new s e t t i n g s for v o l t a g e , 
c u r r e n t , and r o t a t i o n , and s t e p 5 wi l l be r e p e a t e d . 

7. Once s a t i s f a c t o r y w e l d s of t h e i n n e r c o n t a i n e r s a r e ob t a ined , t h r e e 
i n n e r c o n t a i n e r s wi l l be i n s e r t e d into H a y n e s - 2 5 a l loy o u t e r c o n t a i n e r s and 
the l a t t e r wi l l be w e l d e d shu t . 
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8, The th ree a s sembl ie s will be tes ted for leaks and X-rayed. Two 
of the assembl ies will be sectioned for metal lographic examination and one 
will be subjected to a p r e s s u r e tes t , to destruction, by General Atomic, 

9, If the resu l t s reveal unsat isfactory welds, steps 7 and 8 will be 
repeated. If the welds a re sat isfactory, fueled and unfueled tantalum 
containers will be welded as descr ibed below, 

10, Two empty containers will be welded first , and then five fueled 
tantalum containers will be welded; following this operation the two rema in ­
ing empty containers of tantalum will be welded, 

11, The four control units will be decontaminated, leak- tes ted, 
sectioned, and examined metal lographical ly , 

12, If the resu l t s of the tes ts on the control units prove that the 
welding of the containers was sat isfactory, the fueled containers will be 
decontaminated and leak- tes ted . If they pass the leak test , the fueled con­
ta ine rs will be ca lo r ime te red and assembled into Haynes-25 outer containers . 
The tantalum containers will be inser ted lid first into the Haynes-25 
conta iners . 

13, Two empty assembl ies will be welded, followed by five fueled 
a s sembl i e s , followed by two empty a s sembl i e s . The sectioned tantalum 
containers may be used for assembly of these four controls; to permit this , 
quar te r sections should be used in inspecting the welds metal lographical ly. 
The four empty assembl ies will be l eak- tes ted and X-rayed. One assembly 
from the f i rs t two and one assembly from the last two controls will be 
sectioned for metal lographic examination; the remaining assembl ies will 
be shipped to General Atomic for further evaluation. 

14, If the resu l t s of step 13 reveal sat isfactory welds, the five fueled 
containers will be removed from the welding chamber, monitored for a-
activity, l eak- tes ted ,and X-rayed. They will then be s tored for 1 week 
and moni tored again for Q!-activity. If these resul ts reveal that the con­
ta ine rs a r e tight, they will be packaged for shipment to General Atomic, 

15, If the fuel a s sembl ie s fail to pass the requi red t e s t s , other 
a s sembl i e s will be p repa red as outlined above. 

16, It is expected that the fueled capsules will be p repared in three 
f ive-capsule batches . If a sma l l e r number a r e to be welded, then test c ap ­
sules shall be p repa red before and after each batch as designated in steps 10 
through 15, 



Appendix C 

C A L C U L A T I O N O F I N T E R N A L P R E S S U R E AND STRESS 

DURING A F I R E 

When a fuel c a p s u l e is h e a t e d du r ing a f i r e , the p l u t o n i u m e x p a n d s , 
c o m p r e s s i n g the h e l i u m g a s wh ich h a s a c c u m u l a t e d wi th in the c a p s u l e . The 
p r e s s u r e of the h e l i u m is a l s o i n c r e a s e d by the r i s e in t e m p e r a t u r e , whi le 
the t e n s i l e s t r e n g t h of the c a p s u l e w a l l s is d e c r e a s e d . 

F r o m the i d e a l gas law, wh ich is a v e r y good a p p r o x i m a t i o n for 
heliuna, the i n t e r n a l p r e s s u r e i s 

_ n R T . . . 

p--ir • ^̂^ 
w h e r e n is the n u m b e r of g r a m - a t o n a s of h e l i u m p r e s e n t , R i s the g a s con­
s tan t , T i s the a b s o l u t e t e m p e r a t u r e , and V i s the g a s volunme wi th in the 
t a n t a l u m i n n e r c a p s u l e . The n u m b e r of g r a m - a t o m s of h e l i u m p r e s e n t a t 
t i m e t a f t e r the c a p s u l e i s s e a l e d is 

n - ^ 3 g ( l - e ) , (2) 

238 
w h e r e m is the m a s s of P u wi th wh ich the c a p s u l e w a s fueled and X. i s 
the d e c a y c o n s t a n t of th i s nuc l i de . The v o l u m e occup ied by hel iuna gas wi l l 
be at l e a s t 

Y - l a ^ L . . ^ , (3) 
4 1 p m 

w h e r e d^ and L are the i n s i d e - d i a m e t e r .a.Djd,lrLaide ie j ig th of the ^ tan ta lum 
c a p s u l e , and M and p a r e the m a s s and d e n s i t y of the fuel m a t e r i a l . The 
i m p l i c i t a s s u m p t i o n s h e r e a r e t h a t the i n s i d e c a p s u l e w i l l not d e f o r m u n d e r 
p r e s s u r e , and tha t the fuel i s i n c o m p r e s s i b l e . T h e s e a s s u m p t i o n s t end to 
u n d e r e s t i m a t e the g a s v o l u m e , and thus s e r v e a s an a d d i t i o n a l s a f e ty f a c t o r 
on the c a p s u l e d e s i g n . 

Combin ing E q s . (1), (2), and (3) y i e l d s 

( m / 2 3 8 ) R T (1 - e " ^ S (.^ 
p - 2 • ^^' 

•n d. ( L / 4 ) - (M/p ) 
1 m 
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If the c a p s u l e shown in Sec t i on III (F ig . 1) i s l oaded with 3. 82 g of fuel 
(2. 865 g Pu238)_ and is h e a t e d to 1 7 0 0 ° F 10 yr a f te r it is s ea l ed , the 
p r e s s u r e p r o d u c e d in the c a p s u l e wi l l be 

(2. 865 /238) (82 . l ) (1200) [ l - e"^" ^^"^^^^ (^^^J 

TT(0. 253)^(0 . 533)(16. 4 ) / 4 - 3. 8 1 9 / 1 6 . 2 

238 

456 a t m , 

6710 p s i , (5) 

w h e r e the d e c a y c o n s t a n t of P u i s ob ta ined f rom Ref. 1 and the d e n s i t y 
of the m o l t e n p l u t o n i u m is t a k e n f rom Ref. 2. 

The s t r e s s e s i nduced in the capsu le w a l l s by th i s p r e s s u r e can be 
c a l c u l a t e d a c c u r a t e l y only wi th g r e a t diff iculty. An e s t i m a t e c a n be m a d e 
f a i r l y e a s i l y , h o w e v e r , wi th the he lp of a few a s s u m p t i o n s . The f i r s t 
a s s u m p t i o n i s tha t the w a l l s of the i n n e r c a p s u l e wi l l be s t r e s s e d up to the 
y i e ld point of t a n t a l u m . T h i s a s s u m p t i o n i s s u b s t a n t i a t e d by a b r i e f a n a l y s i s 
of the p h y s i c a l p r o c e s s e s tha t t ake p l ace when the c a p s u l e i s hea t ed . Since 
t a n t a l u m h a s a l o w e r t h e r m a l e x p a n s i o n coef f ic ien t t han H a y n e s - 2 5 al loy, '•^' '*' 
the two c a p s u l e s w i l l t end to s e p a r a t e a s t hey a r e h e a t e d . The i n t e r n a l p r e s ­
s u r e , h o w e v e r , w i l l be g r e a t enough to d e f o r m the t a n t a l u m c a p s u l e , which 
wi l l y ie ld un t i l it is r e s t r a i n e d by the H a y n e s - 2 5 c a p s u l e . Since the e l o n g a ­
t ion of t a n t a l u m p r i o r to f a i l u r e h a s b e e n shown(4) to be g r e a t e r than 40%, 
and the u l t i m a t e s t r e n g t h of t a n t a l u m is s u b s t a n t i a l l y h i g h e r than the y ie ld 
s t r e n g t h , i t is r e a s o n a b l e to e x p e c t the s t r e s s l eve l in the w a l l s of the 
t a n t a l u m c a p s u l e to be at l e a s t a s h igh a s the y ie ld s t r e n g t h of t a n t a l u m . 
The ne t p r e s s u r e on the i n s i d e of the H a y n e s - 2 5 c a p s u l e is then 

D. 
[d .p - 2t 0- ] = „ . ,„^ 

1 w y 0. 295 
[0. 253(6710) - 2(0. 020)(12, 000)] = 4130 p s i 

(6) 

w h e r e t„, i s the t h i c k n e s s of the t a n t a l u m c o n t a i n e r w a l l and Di i s the in s ide 
w 

d i a m e t e r of the H a y n e s - 2 5 c a p s u l e . The y ie ld s t r e n g t h of t a n t a l u m at 1700 F , 
0" , w a s o b t a i n e d f r o m Ref. 4. 

A n o t h e r s impl i fy ing a s s u m p t i o n is to n e g l e c t the s t r e n g t h e n i n g p r o ­
v ided by the t h i c k l id and b a s e of the c a p s u l e and to t r e a t the c a p s u l e a s a 
long, t h i c k - w a l l e d c y l i n d e r . The m a x i m u m s h e a r s t r e s s in the c y l i n d e r 
o c c u r s at the i n s i d e s u r f a c e and i s g iven by Ref. 5. 

1 -1 

1 
\ r 

4130 1 
0. 295 
0. 375 

2-1 

= 10, 830 p s i (7) 
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where r^ and rQ a r e the inner and outer radi i of the Haynes-25 capsule . 
F r o m the data of Ref. 3, it is es t imated that Haynes-25 alloy can with­
stand a tensi le s t r e s s of 25,000 psi for 1 hr at 1700 F . According to the 
m a x i m u m - s t r e s s theory of deformat ion , ' ^ / the maximum shear s t r e s s 
will be one-half t h i s , or 12,500 ps i . Since the maximum shear s t r e s s in 
the capsule wall is only 10,8 30 ps i , the capsule can be expected to with­
stand a 1-hr exposure to 1700 F at 10 yr after it is sealed. 

REFERENCES 

1. Sullivan, W. H. , T r i l i nea r Chart of the Nucl ides , Oak Ridge National 
Labora to ry , 1957. 

2. Smith, E . H. ( compi le r ) , "Isotopic Power Sources - A Compendium," 

Mart in Company Report MND-P-2581-II I , 1961. 

3. Haynes Stellite Company, "Haynes Alloy No. 2 5 , " 1962. 

4. Schmidt, F . F . , et a l . , "Investigation of Tantalum and Its A l l o y s , " 
Battel le Memoria l Institute Report ASD-TDR-62-594, 1962, 

5. Timoshenko, Stephen, Strength of Mater ia l s (3rd e d . ) , D. van Nostran 
Company, I n c . , New York, 1955-56. 



Appendix D 

SHIPPING CONTAINERS FOR THE SNAP-15A GENERATOR 

The design of the shipping container for the SNAP-15A generator 
p r e sen t s an unusual p rob lem. The shipping container must protect the 
Pu fuel capsule from f i res and the result ing t he rma l t r a n s i e n t s , but 
must not provide so much the rmal insulation that it overheats the generator 
and damages sensit ive components . The shipping container designed for 
th is purpose (see Figo D. 1) cons is t s of a heavy steel outer container which 
is separa ted from a mass ive inner container by a layer of the rmal 
insulat ion. It mee t s the conflicting t he rma l requ i rements by providing a 
la rge the rma l m a s s inside the re la t ively thin layer of insulation. The 
t he rma l ana lyses on which the design is based a r e presen ted below. 

The outer container is sealed a i r - t igh t with a rubber O-r ing. A 
second a i r - t igh t seal will be provided by the generator housing, which, 
with the fuel capsule , makes a total of four independently sealed containers 
for the Pu238„ 

TEMPERATURE OF THE GENERATOR DURING SHIPMENT 

The genera tor is designed to have a maximum surface t empera tu re 
of 165 F , Ambient t e m p e r a t u r e s during shipment may, under normal 
c i r c u m s t a n c e s , be as high a s 120 Fo The shipping container must therefor 
produce a t empe ra tu r e r i s e due to heat t ransfe r from the fuel of l e ss 
than 45 F , 

The capsule will produce a max imam of 1.65 watts of t he rma l power. 
The chief b a r r i e r s to the escape of th is heat from the shipping container 
will be the Min-K-2000 insulation and the a i r film at the outside surface 
of the shipping conta iner . 

T e m p e r a t u r e Difference A c r o s s Min-K 

The t empera tu re drop a c r o s s the Min-K insulation is given by 

AT = 2 , (1) 
kTT[(DL/t ) + (D /2t )] s e 
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Fig. D. 1--Shipping container for the SNAP-15A genera tor 
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where q is the ra te of heat generat ion, k is the the rmal conductivity of the 
insulation, L and D a r e the average length and diameter of the shell of 
insulation, respect ively , and t and tg a r e the thicknesses of the sides and 
ends, respect ive ly , of this shelL Using the the rmal conductivity of 0,20 Btu-
in. / h r - f t 2 - ° F repor ted by the manufac turer ! 1) and the dimensions of the 
container , we find that the t e m p e r a t u r e difference ac ros s the Min-K 
insulation will be 2. 7 F . 

Tempera tu re Difference Across Air F i lm 

The heat t r a n s f e r r e d from a surface to a ir is given by 

q = h A AT_, , c s 2 (2) 

where h ,̂ is the film heat t r ans fe r coefficient, Ag is the surface a rea for 
heat t r ans fe r , and A T T is the t e m p e r a t u r e difference between the surface 
and the bulk of the surrounding a i r . The film coefficient for the t ransfe r 
of heat from a ve r t i ca l surface to a i r is(2) 

h = 0. 29(AT^/H) 
c d. 

0. 25 
(3) 

where H is the ver t i ca l dimension of the surface, 
upward from a hor izontal surface , '-̂ z 

For the t ransfer of heat 

h = 0. 27(AT,/dl 
c L 

0. 25 

where d is a cha rac t e r i s t i c hor izonta l dimension (in this case the diameter) 
of the surface. We can obtain a very conservat ive upper limit on A T T for 
the shipping container by assuming that heat is lost only from the sides and 
top of the container and that the handle of the container will not inc rease 
the ra te of heat l o s s . With these assumpt ions , Eqs, (2), (3)j and (4) can 
be combined to obtain 

AT2 = 
0. 75 1 75 

0.29xrd H + 0. 27(TT/4)d . 

1. 65 

0 . 8 0 

. 0 . 29Tr(0.417)(0. 662)°° "̂ ^ + 0. 27(Tr/4)(0. 542)^° '̂ ^. 

0. 80 

(5) 

3. 3°F , 

where d is the d iameter of the outside wall, 
w 
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Total T e m p e r a t u r e Drop 

The total t e m p e r a t u r e drop a c r o s s the shipping container is obtained 
by adding the t e m p e r a t u r e drops a c r o s s all of the m a t e r i a l s . The drops 
a c r o s s the two meta l shel ls can be calculated by the same methods as 
were used for calculating the drop a c r o s s the Min-K insulation. The 
resu l t s of these and the other calcxilations a r e summar ized in Table D. 1. 
We conclude that the t e m p e r a t u r e drop a c r o s s the shipping container will 
be l e s s than 8 F , which indicates that the genera tor surface t empera tu re 
will be l e s s than 128 F . 

Table D. 1 

TEMPERATURE DROP ACROSS SHIPPING CONTAINER 

T(°F) F r o m Input 
Component of 1.65 Watts 

F o a m insulation <2 
Inner s tee l . . . , negligible 
Min-K insulation 2.7 
Outer s teel shell negligible 
Air film at surface 3.3 
Total <8 

TRANSIENT TEMPERATURE RISE 

An a i rc ra f t fire could produce very high t e m p e r a t u r e s for short 
per iods of t i m e . The wors t condition envisioned is a t empera tu re of 1100 C 
(2012 F) for 1/2 h r . The genera tor shipping container has been designed 
to withstand this condition and maintain the aluminum housing of the 
generator below its melting point. 

Accura te calculat ions of t r ans ien t heat t r ans fe r in sys tems made up 
of severa l m a t e r i a l s a r e very difficult and t ime-consuming to pe r fo rm. 
WlLli the help of^certain s implif icat ions, however , an upper l imi t on the 
ra te of r i se of the genera tor t e m p e r a t u r e can be calculated with relat ive 
ea se . If we ignore the heat capacity of the genera tor and of the Min-K 
insulation and a s sume that the outer container provides no b a r r i e r to heat 
t r a n s f e r , the ra te of heat flo'w from the outer steel shell to the inner steel 
shell is given by 

q = ^ (T - T ) = m C ^ . (6) 
t a p dO 
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w h e r e k , t , and A a r e the a v e r a g e t h e r m a l conduc t iv i ty , t h i c k n e s s , ,ind 
a r e a of the M i n - K i n s u l a t i o n , r e s p e c t i v e l y ; Tg, is the t e m p e r a t u r e at the 
ou t s i de of the sh ipp ing c o n t a i n e r ; T , m , and Cp a r e the t e m p e r a t u r e , m a s s , 
and hea t c apac i t y of the i nne r s h e l l , r e s p e c t i v e l y ; and 0 is the t inne. 

If we n e g l e c t the t e m p e r a t u r e dependence of the t h e r m a l conduct iv i ty 
and hea t c a p a c i t y , we can i n t e g r a t e E q . (6) to obtain 

- ( k A / m C t)0 
T = T ^ - ( T ^ - T ^ ) e P , (7) 

w h e r e T Q is the in i t ia l t e i n p e r a t u r e of t h e inner m e t a l s h e l l . To obtain the 
m a x i m u m t e m p e r a t u r e r i s e , we t ake the m a x i m u m value of k ( the aver, i j ;e 
o v e r the r a n g e f r o m Tĝ  to the m e l t i n g point of a lu ra inum) and t h e m i n i m u m 
va lue of Cp (at T Q ) . If T^ = 201 2 ° F and T Q = 1 6 5 ° F , Eq . (7) r e d u c e s to 

A T ( ° F ) = 2 0 1 2 - 1 8 4 7 e - ' - ^ 9 ° < ^ ^ ) . («) 

T a b l e D. 2 g ives the t e m p e r a t u r e of t h e i n n e r she l l at s e v e r a l t i m e s a f t e r 
o 

Ta is r a i s e d to 2012 F . We conc lude f r o m th i s tab le that the g e n e r a t o r 
she l l wil l r e m a i n in tac t for m o r e than 30 min while the shipping c o n t a i n e r 
is s u b j e c t e d to an e x t e r n a l t e m p e r a t u r e of 1100 C. 

T a b l e D . 2 

VARIATION OF INNER S H E L L 
T E M P E R A T U R E WITH TIME 

(Ta = 2012°F) 

Time 
(min) 

15 
30 
34. 2 

Tempera tu 

°C 

393 
614 
6 6 0 ^ 

r e 

°F 

740 
1137 
1220^ 

— Mel t ing point of a l u m i n u m . 

R E F E R E N C E S 

1. J o h n s - M a n v i l l e I n d u s t r i a l I n su l a t i on Div i s ion , " M i n - K T h e r m o p h y s i c a l 
P r o p e r t i e s , " 1962. 

Z. M c A d a m s , W. H. , Hea t T r a n s m i s s i o n ( 3 r d e d . ) , M c G r a w - H i l l Book 
C o m p a n y , I n c . , 1954, p. 173. 

3. Ibid, p . 177. 



Appendix E 

CALCULATION OF TERMINAL VELOCITY AND IMPACT PRESSURE 

The t e rmina l velocity of a body falling in a i r is the velocity at which 
the drag force from a i r friction is equal to the force of gravi ty . It may be 
calculated from the formula 

1/2 
V = 

2W 
(1) SC^P D a 

where W is the weight of the body, S is its projected area , C-p is the coefficient 
of drag , and p^ is the density of a i r . The SNAP-15A fuel capsule can be 
expected to tumble as it fa l l s , so the projected a rea and drag coefficient 
will va ry . The min imum value of the i r product will occur when the capsule 
falls end f i r s t , and w^ill produce the max imum te rmina l velocity. By taking 
the projected a r e a and drag coefficient for the capsule falling end f i rs t and 
an a i r density equal to that at 10,000 feet above sea level , 

2(2.91)(10)-^ "• 

7.67(10)-^(0.85)(1.756)(10)"^ 
- 225 f t / sec (2) 

is obtained for an upper l imit on the t e r m i n a l velocity of the fuel capsule . 

In the wors t c a s e , the capsule might impact on a r igid ma te r i a l such 
as g ran i t e . The impact p r e s s u r e on the capsule can be es t imated from a 
fluid model ' ^ ' to be 

Pi = P^v^ . - (3) 

where p is the density of the fuel capsule . If the impact velocity is 
225 f t / s e c , the impact p r e s s u r e is 

Pi = 0. 137(225)2 = 6940 ps i , (4) 

wMchr-is^s^ery lauch^iess than the in ternal p r e s s u r e that the capsule can 
withstand at t e m p e r a t u r e s of 450 F o r lower . 

REFERENCE 

Reinhar t , J . S. , and J . P e a r s o n , Behavior of Metals Under Impulsive 
Loads , Amer ican Society for Meta l s , Cleveland, 1954. 
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Append ix F 

C A L C U L A T I O N OF MAXIMUM I N T E R N A L P R E S S U R E 

238 
A s the P u in the fuel c a p s u l e d e c a y s , hel iuna wi l l a c c u m u l a t e 

and the t e m p e r a t u r e of the fuel and c a p s u l e wi l l d e c r e a s e . The accunnula t ion 
of h e l i u m t e n d s to i n c r e a s e the i n t e r n a l p r e s s u r e , whi le the d e c r e a s e in 
t e m p e r a t u r e t e n d s to r e d u c e the i n t e r n a l p r e s s u r e and to i n c r e a s e the 
s t r e n g t h of the c a p s u l e w a l l s . 

The c r i t i c a l f ac to r i s the r a t i o of the i n t e r n a l p r e s s u r e to the u l t i m a t e 
s t r e n g t h of the H a y n e s - 2 5 a l loy , which , f r o m Eq. ( l ) s Append ix C, is 

riR": (1) 

u 

w h e r e cr i s the u l t inaa te s t r e n g t h of the Hayne3"25 a l loy . The a b s o l u t e 
t e m p e r a t u r e of the fuel c a p s u l e can be e x p r e s s e d a s 

T ^ T + (T. 
a 1 

T le 
a 

.vt (2) 

w h e r e Tg. i s the a m b i e n t t e m p e r a t u r e a n d T, i s the in i t i a l t e m p e r a t u r e a t 
wh ich the c a p s u l e is m a i n t a i n e d by the n u c l e a r hea t . The u l t i m a t e t e n s i l e 
s t r e n g t h of the H a y n e s - 2 5 a l l e y can be a p p r o x i m a t e d by a s t r a i g h t l ine o v e r 
the t e m p e r a t u r e r a n g e f r o m 70 to 450 F : ' ^ ' 

(T ^psi) = a ~ bT ^ 175, 300 - 55, 5T(°R) . (3) 

Subs t i tu t ing E q s . (2) o.r.d (3) and E q . (2) of Append ix C into E q . (1) g ives 

mR(l - e"^ ' ) [T ^ ( T . - T ) e " n 
a 1 a 

V {a - b [ T + (T. - T )e"^^]} 
"• a ^ 1 a •* 

(4) 

The t i m e a t wh ich J r e a c h e s i t s m a x i m u m can be ca lculated by setting 
t he d e r i v a t i v e of J w i th r e s p e c t to t e q u a l to z e r o ; 

t = i In 
b(T. - TJ 

a - bT - -s/afa - bT.) 
L a 1 -̂  

!5) 
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When the fuel capsule is in the gene ra to r , it is insulated with Min-K 
insulation to provide a t empera tu re difference (Ti - T^̂ ) of 285 F . The 
exceptionally low the rma l conductivity of the insulation a s s u r e s that this 
t empera tu re difference will be the maximum that will occur during the life 
of the capsule . With this t e m p e r a t u r e difference of 285 F , it is found 
from Eq. (5) that the re is no maximum in J before t ime infinity if the 
ambient t empe ra tu r e is g rea t e r than -143 F . The conclusion, then, is 
that the wors t condition will occur after a lmost all of the fuel has decayed, 
and the hel ium p r e s s u r e is 

" ' ^ ' ^ a 2.865(82. 1)(300) . _^- ^ _ , _ . . . . 
P = - 2 3 8 V - = 238(0.192) = 1550 a tm = 2 3 , 000 ps i , 

where Eq. (3), Appendix C, is used to compute V and the capsule is 
a s sumed to be at room t empe ra tu r e (300 K). The net p r e s s u r e on the 
inside of the Haynes-25 capsule is found from Eq. (6), Appendix C, to be 
18,000 ps i , and the naaximum shear s t r e s s , fronn Eq. (7), Appendix C, is 
47,000 ps i . 

The r o o m - t e m p e r a t u r e tensi le s t rength of the Haynes-25 alloy is 
certified by the manufacturer to be in excess of 147,000 ps i , indicating 
that the shear s t rength will be g r e a t e r than 73,500 ps i , and that the capsule 
will withstand at leas t 1.5 t imes the maximum p r e s s u r e . 

REFERENCE 

1. Haynes Stellite Company, "Haynes Alloy No. 2 5 , " 1962. 



Appendix G 

F U E L C A P S U L E I M P A C T TEST R E P O R T S 

The m a t e r i a l in th i s append ix is b a s e d on four p r o g r e s s r e p o r t s , 
s u b m i t t e d by Sandia C o r p o r a t i o n to the USAEC, which d e s c r i b e the i m p a c t 
t e s t s of S N A P - 1 5 A fuel c a p s u l e s . T h e i l l u s t r a t i o n s a r e d i r e c t r e p r o d u c t i o n s 
of the f i gu re s f r o m the Sand ia r e p o r t s . M a t e r i a l not r e l a t e d to t e s t s of 
S N A P - 1 5 A c a p s u l e s has been d e l e t e d . 

F IRST P R O G R E S S R E P O R T 

F o u r of the s ix S N A P - 1 5 A c a p s u l e s (p rov ided Sandia by G e n e r a l Atomic) 
wi th t a n t a l u m fuel s i m u l a t i o n have been i m p a c t t e s t e d . The r e s u l t s a r e 
s u m m a r i z e d in Tab le [ G . l ] . The t e s t s e q u e n c e and r e s u l t s w e r e as fol lows. 

1. In i t ia l c a p s u l e i n t e g r i t y v e r i f i e d by leak t e s t ing a l l c a p s u l e s 
us ing Radif lo . 

2. Capsu l e #49 was i m p a c t e d at 298 fps (feet per second) . Radiflo 
check a f t e r i m p a c t i n d i c a t e d no r u p t u r e . The g r a n i t e t a r g e t 
b r o k e at i m p a c t . The t a r g e t fa i lu re was a t t r i b u t e d to the use of 
the t a r g e t for a l l of the f i r ings ( a p p r o x i m a t e l y 8) u sed in the 
d e v e l o p m e n t of the t e s t s e tup . 

3. Tes t i ng w a s i n t e r r u p t e d to modify the capsu l e ho lde r , b e c a u s e 
the d e s i r e d 45 i m p a c t ang le was not a t t a ined . Addi t ional 
Sandia f a b r i c a t e d " d u m m y " c a p s u l e s w e r e i m p a c t e d to ver i fy 
the se tup . 

4. Capsu l e #41 was i m p a c t e d at 349 fps. The Radif lo aga in ind ica ted 
no p o s t - i m p a c t r u p t u r e . The t a r g e t a l so b r o k e on th i s impac t . 
Addi t iona l s tudy of the two b r o k e n t a r g e t s and the f i lms of both 
t e s t s i n d i c a t e d tha t the t a r g e t f a i l u r e s m i g h t have r e s u l t e d f rom 
i m p a c t i n g the c a p s u l e s too c l o s e to the edge of the t a r g e t s . 

5. The c a p s u l e h o l d e r w a s mod i f i ed to obta in i m p a c t c l o s e r to the 
c e n t e r of the g r a n i t e t a r g e t and ano the r " d u m m y " capsu l e was 
i m p a c t e d . 

6. C a p s u l e #58 w a s i m p a c t e d a t 399 fps. Radif lo aga in ind ica t ed no 
r u p t u r e of c a p s u l e . 
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On Apr i l 13, 1964, via te lecon, Sandia recommended to General 
Atomic , and rece ived the i r concur rence , that the remaining three 
capsules should be impacted at other a t t i tudes . This was d e s i r ­
able because of the apparent survival of the capsules at veloci t ies 
up to approximately 200% of maximum es t imated sea level 
t e rmina l velocity. 

Capsule #39 was impacted fuel end on ( i . e . , capsule cyl indrical 
axis no rma l to t a rge t face with fuel tow^ard ta rge t ) at 302 fps. 
The Radiflo check indicated no rup tu re . 

At this t ime an inspection of capsule #58 under a 60 power m i c r o ­
scope caused concern that the r e su l t s of the Radiflo checks were 
e r r o n e o u s . 

Capsules 49, 4 1 , 58, and 39 were t es ted for rupture using the 
following p rocedure : 

a. P lace capsule in a "bomb" and p r e s s u r i z e "bomb" to 10 psig 
•with hel ium. 

b . Remove capsule from "bomb" and "wash" with ni t rogen. 

c . Immediately place capsule under a bell j a r and check with 
Veeco helium de tec tor . 

Although the r e su l t s were inconclusive, capsule rupture was 
indicated. 

The four capsules that had been impacted were then checked 
twice using the following p rocedure : 

a. Clean capsule with ace tone , d ry , and weigh capsule . 

b . Submerge capsule in acetone. 

c. P lace submerged capsule under a bell j a r . 

d. Evacuate bel l j a r until acetone approaches boiling. 

e. Observe capsules for emiss ion of bubbles during d and f. 

f. Hold vacuum in bel l j a r until no bubbles a r e emi t ted from 
capsu les . 

g. Vent bel l j a r . 



1-47 

h. Allow approximately 10 minute "soak" in acetone at 
anabient p r e s s u r e . 

i. Remove capsule from acetone and dry . 

j . Weigh capsule . 

Bubbles were emit ted from capsules 49 , 4 1 , and 58 (see Fig . [ G . I ] ) . 

Capsule #39 emit ted no bubbles in ei ther check. Capsules 49, 4 1 , 
and 58 were heated between checks to drive out the absorbed a c e ­
tone. The r e su l t s of this t es t a r e shown in Table [G .2 ] 

Genera l Atonnic was informed via telecon on April 15, 1964, that 
the Apri l 13, 1964, r epor t w^as incorrec t and that the three 
capsules impacted at angles had ruptured. 

Genera l Atomic concur red with the reconnmendation that the 
next capsule should be impacted at 250 fps with al l tes t conditions 
identical to the f i rs t t h r ee impac t s . 

The velocity for the sixth impact will be determined from the 
r e su l t s of the 250 fps impact . 

The des i rabi l i ty of at tempting to section the capsules through 
the ruptured a r e a was d iscussed with General Atomic. Because 
the exact path of the leak through the capsule wall cannot be 
de te rmined , the crack could be obli terated in the sectioning. 
The re fo re , the impacted capsules a re being re turned unsectioned 
to Genera l Atomic for thei r evaluation. 
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TABLE [G. 1] 

TEST SUMMARY 

Capsule Test Impact Attitude Temp. Velocity 
No. Des i red Actual F No. 

49 

41 

58 

39 

A-1 

A-2 

A-3 

A-4 

45^ 

45^ 

45 

90^ 

23^ 

39 

43^ 

87^ 

255 

255 

255 

260 

fps 

298 

349 

399 

302 

Comments 

Capsule Ruptured 
Targe t Broken 

Capsule Ruptured 
Targe t Broken 

Capsule Ruptured 

Capsule Not Ruptured 

' ' 'Capsule cyl indrical axis to t a rge t face. 

39 

TABLE [G .2 ] 

Capsule 
No. 

49 

41 

58 

Capsule 
Before Soak 

13.3734 
13.3695 

13.3698 
13.3730 

13.3679 
13.3672 

ACETONE LEAK TEST 

Weight in G r a m s 
After Soak Increase 

13.4058 .0324 
13.4070 .0375 

13.4040 
13.4042 

13.3792 
13.3900 

.0342 

.0312 

.0113 

.0228 

Acetone 
Temp. ° F 

60-62 
64-65 

60-62 
64-65 

60-62 
64-65 

Volume 
Absorbed* 

in. 3 

.002504 

.002290 

.002643 

.002411 

.0008733 

.001762 

13.3114 13.3116 
Checked for bubbles only 

72-74 

*Acetone and capsule a s sumed at 68 F . Specific gravity of 
acetone 20°C/20°C = . 7 9 1 . Density of water 20 C = .036063 
pounds per cubic inch. 
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SECOND PROGRESS REPORT 

The two remaining SNAP 15A capsules (of the six provided by General 
Atomic Division of Genera l Dynamics) have been impacted. The SNAP 
15A capsules contained tantalum for the fuel s imulat ion. 

The fifth SNAP 15A capsule was impacted at 242 fps (feet per second) at 
250 F with the capsule cyl indrical axis at 39 to the t a rge t face. This 
capsule ruptured . The sixth SNAP 15A capsule was impacted at 197 fps 
at 250 F with the capsule axis at 47 to the ta rge t face. This capsule 
a lso rup tured . 

The tes t p rocedure was as follows: 

1. Initial capsule integrity was verif ied by leak test ing using 
Radiflo. 

2. The capsules were visually inspected after impact . 
3. All capsules were checked for leaks using the following 

p rocedures : 

a . Clean capsule with ace tone , d ry , and weigh. 
b . Submerge capsule in ace tone . 
c . P lace submerged capsule under bel l j a r . 
d. Evacuate bell j a r until acetone approaches 

boil ing. 
e. Observe capsules for emiss ion of bubbles during 

d and f• 
f. Hold in bel l j a r until no bubbles a r e emit ted from 

the capsule . 
g. Vent bel l j a r . 
h. Allow approximately 10 minute "soak" in 

acetone at annbient p r e s s u r e . 
i. Remove capsule from acetone and dry. 
j . Weigh capsule . 

Bubbles were emit ted from the SNAP 15A capsules (see F ig . [ G . 2 ] ) . . Se 
Table [ G . 3 ] for tes t summary . The re su l t s of the acetone leak tes t a r e 
shown in Table [ G . 4 ] . 
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Capsule 
N o . 

34 
36 

Test 
No. 

A-5 
A-6 

TABLE [G .3 ] 

TEST SUMMARY 

Impact Attitude* 
Des i red Actual 

45° 39° 
45° 47° 

Tennp. 
° F 

250 
250 

Velocity 
fps 

242 
197 

Comments 

Rupture 
Rupture 

' ' 'Capsule cyl indrical axis to t a rge t face . 

Tes t / 
Capsule 

N o . 

A-5 /34 
A-6 /36 

TABLE [G .4 ] 

ACETONE LEAK TEST 

Capsule Weight in G r a m s 
Before Soak After Soak 

13.4331 13.4625 
13.4083 13.4235 

Increase 

.0294 

.0152 

Acetone 
Temp F 

70 
68 

Volume 
Absorbed'"" 

in. 3 

.00227 

.001175 

'"'Acetone and capsule a s sumed at 68 F . 
Specific gravity of acetone 20 C/20 C = . 7 9 1 . 
Density of water 20 C = .036063 pound per cubic inch. 
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THIRD PROGRESS REPORT 

The impact test ing of the SNAP 15A model capsules procured by Sandia 
Corporat ion has been completed. 

Fo r the SNAP 15A model capsule the 45 attitude with the fuel toward the 
t a rge t produced fa i lures at veloci t ies w^ithin the range of the maximum 
free fall velocity at sea level predic ted by Sandia Corporation ( V J ^ S L ) " 

The models survived at veloci t ies > 1.5 Vj^sL when impacted at the four 
remaining at t i tudes [ 0°, 180°, 135°, 9 0 ° ] . 

The model capsules impacted a r e shown in F ig . [ G . 3] . The adhesive 
specified was deleted and the capsule was machined to provide a shoulder 
(approximately .001 inch) to secure the fuel s imulat ion. This was n e c e s ­
sary because faulty capsule c losure welds were resul t ing from outgassing 
of the adhesive . Six samples of fuel simulant w^ere checked to deternnine 
their density and u l t imate compress ive s t rength. These r e su l t s a r e show^n 
in F ig . [ G . 4 ] . The r e su l t s of the impact t e s t s of the SNAP 15A model 
capsules a r e tabulated in F ig . [ G . 5] , and plotted in F ig . [ G . 6] . The 
r e su l t s of Sandia Corpora t ion ' s velocity and t empera tu re calculations for 
an unprotected capsule r e l ea sed with ze ro velocity at 10,000 feet above 
sea level with the capsules a s operat ing tennperature a r e shown in F ig . [ G . 7 ] . 

Thir ty SNAP 15A production quality capsules a r e present ly available at 
Sandia Corporat ion for impact t e s t s . 

With the concur rence of DRD and Genera l Atomic Division of General 
Dynamics Corporat ion and Genera l Instrument Corporat ion, Sandia will 
proceed as follows: 

1. SNAP 15A - Impact two capsules at each of five atti tudes 
at 250 feet per second and 230 F . The f i rs t attitude will 

o 
be 45 on the welded end of the capsule (outer case ) . 
Genera l Atomic will be informed of each failure before 
proceeding to the next capsule at t i tude. The re su l t s of 
previous t e s t s [first and second repor t s ] indicate that 
fa i lures may occur at the 45 at t i tude. 

2. SNAP 15A - Impact seven capsules at 45 on the welded 
end at 230 feet per second and at 230 F . If no fai lures 
occur , impact one capsule at each of the remaining four 
a t t i tudes . If fa i lures occur , repeat tes t except decrease 
velocity to 200 feet per second. If fa i lures occur at 
200 feet per second, repea t t e s t . If failure r epea t s , halt 
t e s t . If no fai lure occurs at 200 feet per second, inc rease 
velocity to 230. 
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F ig . [ G , ^ ] 



SNAPJ5'A IMPACT TEST 

SANDIA MODEL CAPSULE 
+ CAPSULC INTACT « CAPSULE RUPTURED 

S'OO 

V 4 0 0 
V-
u Q o z 
-J o 
Ul o 
> 10 

« 300 
H \ 

i Ul 
1^ 

zoo 
198-^ ® + 

+ + 

® 

-WFLOeo END (OUTER CASf) 

+r 45-

© 

90* 

® 

J a 3 * - r 6 7 8 3 » l f 

i rSTIMATED MAXIMUM SEA LEVEjL VELOCITY 
OF FREe FALLING CAPSULF 

1 Z "i ^ S 6 7 8 I 2 3 * 5 ' 1 2 3 4 3 ' l 2 3 

SAMPLE NUMBER 

@ 

soo 

400 

300 

200 

Fig. [G. 6] 
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FINAL PROGRESS REPORT 

Sandia Corporat ion has completed the impact testing of 30 SNAP 15A 
production quality capsules provided by General Atomicj a division of 
Genera l Dynamics . The c r i t i ca l impact attitude was found to be 45 on 
the fuel end of the capsule . Of 18 capsules innpacted at this attitude at 
veloci t ies ranging from 220 fps to 300 fps, eight ruptured. A total of 12 
capsules were impacted at the other four at t i tudes at velocit ies ranging 
from 247 to 300 fps with no r u p t u r e s . The resu l t s a r e shown graphically 
in F ig . [G .8 ] and a r e tabulated in F ig . [ G . 9 ] . 

The Sandia Corporat ion es t imate of the t empera tu re and velocity of an 
unprotected SNAP 15A capsule r e l ea sed w îth zero velocity from 10, 000 feet 
altitude is shown in F ig . [ G . 7 ] . The numbers associa ted with three of 
the curves denote the locat ions within the capsule at which the t empera tu re s 
a r e calculated. The initial impact velocity was chosen to be 250 fps, which 
is approximately 125 per cent of the maximum es t imated sea level velocity 
of a free falling capsule , and the t empe ra tu r e was 230 F taken from curve 
number 1, F ig . [ G . 7 ] . 

The genera l tes t plan a s outlined w^as followed on the f irs t 10 impact t e s t s . 
F o r the remaining t e s t s , it was de termined that more information could 
be obtained by deviating from the proposed tes t plan. Each deviation from 
the proposed tes t plan was coordinated by telephone with Robert Campana, 
Genera l Atomic . 

P r i o r to tes t ing, each capsule w^as leak checked by Radiflo, weighed, and 
leak checked by the acetone bubble t e s t . None of the capsules leaked. 
After impact , each capsule was cleaned, weighed, and acetone leak 
checked. The r e su l t s a r e given in F ig . [G. 10] . The void volume between 
the tantalum l iner and the outer capsule cylinder was calculated to be 
between .0087 and .0023 cubic inches . The void volume inside the inner 
l iner is approximately .009 cubic inches . During impact the void volume 
will change, but the volume of acetone absorbed (Fig . [G. 10] ) s eems to 
indicate that only the outer cylinder has ruptured. However, it is possible 
that during impact a c rack in the inner l iner could be sealed. It is t h e r e ­
fore recommended that the inner l iner be rennoved and given an additional 
leak check and that each capsule be sectioned and examined. Capsule 
number 123 w^as not cons idered ruptured due to the small weight change. 
Special ca re should be given in the inspection of this capsule to determine 
if in fact the capsule did r u p t u r e . 

After the capsules were leak checked and weighed, they were heated 
under an infrared heat lamp to force out the absorbed acetone. As the 
acetone boiled out of the c r a c k s , a red dye-type ma te r i a l was emit ted 
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with the ace tone . This dye-type ma te r i a l is visible around the c rack in 
every ruptured capsule except number 99 which had absorbed only a smal l 
volume of acetone . 

The capsules were r e tu rned to Genera l Atomic . 
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SNAP 15 A FUEL CAPSULE 

IMPACT TEST RESULTS 

Number 

[Test 

1 ^ 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

.30 

Capsule 

119 

86 

96 

104 

89 

91 

97 

90 

113 

131 

95 

126 

98 

120 

123 

109 

106 

127 

124 

82 

121 

114 

130 

110 

85 

99 

105 

122 

129 

1 136 

Atti tude 

45 deg . 

45 deg, 

end on i 

end on, 

end on, 

end on, 

45 deg . 

45 deg . 

side on 

side on 

45 deg. 

45 deg , 

end on. 

end on. 

45 deg. 

side on 

45 deg . 

45 deg. 

45 deg . 

45 deg . 

45 deg. 

45 deg, 

45 deg. 

45 deg . 

45 deg . 

45 deg . 

45 deg . 

45 deg . 

45 deg. 

45 deg . 

fuel end 

fuel end 

fuel end 

fuel end 

void end 

void end 

void end 

void end 

fuel end 

fuel end 

fuel end 

void end 

void end 

fuel end 

fuel end 

fuel end 

fuel end 

fuel end 

fuel end 

fuel end 

fuel end 

fuel end 

fuel end 

fuel end 

fuel end 

fuel end 

fuel end 

Velocity 

(FPS) 

248 

246 

249 

255 

252 

249 

254 

253 

247 

252 

250 

301 

298 

295 

295 

300 

222 

225 

222 

225 

252 

247 

250 

253 

225 

222 

222 

220 

220 

221 

T e m p e r a t u r e 

( ± 5 , deg. F) 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

230 

Resul t s 

intact 1 

intact 

intact 

intact 

intact 

intact 

intact 

intact 

intact 

intact 

rup ture 

rup ture 

intact 

intact 

intact 

intact 

intact 

rupture 

intact 

intact 

intact 

rup ture 

rup ture 

rupture 

intact 

rupture 

intact 

intact 

rupture 

intact 

Fig. [G.9] 
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SNAP 15 A FUEL CAPSULE 
IMPACT TEST RESULTS 

N u m b e r 

T e s t 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

2 5 

26 

27 

2 8 

29 

30 

C a p s u l e 

119 

86 

96 

104 

8 9 

91 

97 

90 

113 

131 

95 

126 

98 

120 

123 

109 

106 

127 

124 

82 

121 

114 

130 

110 

8 5 

9 9 

105 

122 

129 

136 

C a p s u l e Weight in g r a m s 

Before I m p a c t 

13 .0462 

13 .1147 

13 .1883 

13 .0589 

13 .0614 

12 .9875 

13 .1893 

13 .0503 

13 .0385 

13 .1706 

13 .0792 

13 .0073 

13 .2013 

13 .0473 

12 .9608 

13 .0712 

13 .0850 

13 .2067 

13 .0223 

13 .2374 

13 .1265 

13 .1107 

13 .2874 

13 .1459 

13 .1187 

13 .1604 

13 .1396 

13 .0183 

13 .1708 

12 .9118 

After I m p a c t 

13 .0460 

13 .1144 

13.1886 

13.0591 

13 .0613 

12.9872 

13 .1895 

13 .0502 

13.0386 

13 .1705 

13.0791 

13 .0068 

13 .2010 

13.0467 

12 .9600 

13 .0715 

13 .0850 

13.2037 

13.0222 

13 .2372 

13.1227 

13 .1102 

13 .2870 

13 .1450 

13.1192 

13 .1602 

13.1393 

13 .0180 

13 .1705 

12 .9100 

After Soak 

13.0460 

13 .1144 

13.1886 

13.0591 

13.0613 

12.9872 

13 .1895 

13.0502 

13.0386 

13 .1705 

13 .1065 

13.0362 

13.2010 

13.0467 

12.9613 

13 .0715 

13.0850 

13.2266 

13.0222 

13.2372 

13.1227 

13. 1342 

13. 3085 

13.1677 

13.1192 

13.1656 

13.1393 

13 .0180 

13.1940 

12.9100 

Change 

.0000 

. 0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

. 0000 

. 0274 

. 0294 

.0000 

.0000 

.0013 

. 0000 

. 0000 

. 0229 

. 0000 

. 0000 

. 0000 

. 0240 

. 0 2 1 5 

. 0222 

. 0000 

. 0054 

. 0000 

. 0000 

. 0235 

. 0000 

Acetone 
Absorbed (in. 3) 

. 00000 

.00000 

. 00000 

.00000 

.00000 

. 00000 

. 00000 

.00000 

.00000 

.00000 

.00212 

.00227 

.00000 

.00000 

.00011 

. 00000 

.00000 

.00173 

.00000 

.00000 

.00000 

.00184 

.00167 

. 00248 

.00000 

. 00042 

.00000 

.00000 

.00181 

.00000 

The acetone temperature remained at 68 ±5 degrees F during the leak tests , 
and the specific gravity of the acetone was assumed constant at . 79. 

Fig . [G.IO] 
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F U E L C A P S U L E E N V I R O N M E N T A L T E S T R E P O R T 

T h e m a t e r i a l b e l o w a n d on the fol lowing five p a g e s i s a r e p r o d u c t i o n 
of a r e p o r t by R y a n E l e c t r o n i c s on e n v i r o n m e n t a l t e s t s of the S N A P - 1 5 A 
fuel c a p s u l e s . 

A. AIMIHISTMTIVE DATA 

1. Purpose of Tostf 

2 . Itest Spuclmea Dat&t 

Description: 
Kanufacturor: 
Quaatlty l̂ sBtedi 
Dlsposltioa: 

3. Security ClASSlficationi 

k, Refareacei 

$. I?e8t Conducted "byt 

6t Abstracti 

7 . ^^pea&ixt 

Safety Pro.5raai for Fuel Capsuls vhen 
subjected t o vibrat ion t e s t 

Fuel Capsule 
General Atomics 
Twanty-Two (22) each 
Returoed to General Atomics 

Unclassified 

Ryan Letter k^y/kl.02 and verbal 
vibrat ion instruct ions of Representatives 
of (general Atomics. 

Environnjsutel Laboratories of Ryan 
J21ectronlcs on 12 November 1963. Ttiis 
t e s t was conducted by Ryan Test Ea^aeers 
and J . £n{£land. 

The Fuel Capsules xrero subjected to 
Vibration t e s t as described in paraejrapU 
B. of t h i s repor t . 

I Instrtaaeat List 
I I Factual Data 

I I I Axes Orientation 

1-64 
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Test Procedure and Ret^uirements 

1, The twenty-two Fuel Capsules were mounted in a suitable vibration fixture 
desired and furnished by General Atomics. 

2. The vibration fixture was thou securely mounted to the exciter bead in 
the vertical axis of vibration. An acuelerometer was oioxinted adjacent 
to the tost specimen fur vibration control. A second accelerometer was 
mounted in the 'Y" or minor horizontal axis to m>iaaure the crosstalk.. 
The test specimen was then subjected to a sinusoidal vibration level 
of 0.5 Inch double en^litude from 10 to 3̂ ^ CPS and 1 30 ̂  peak from 3'̂  
to 2000 CPS at a sweep rate of 7 minutes per octave. 

This test procedure was r^ipeated for vibration excitation in the "Y"* 
or minor horizontal axis while measurlajj Z axis crosstalk levels. 
Vibration tine was one hour par axis for a total of 2 hours. 

Test Results 

The test specimens were vibrated as indicated above witii all test data 
recorded by General Atomics personnel. Vibration crosstalk was recorded 
in the minor or "Y' axis when vibrated in the "Z" of vertical axis end 
Similarly in the "Z** axis when vibrated la the horizontal "Y" axis. This 
information is tabulated in Appendix II. Appendix III identifies Axis 
of Vibration. 

Revisions 

1. Revised Quantity of Samples Tested from Ten to Twenty-Two on Parses 
1 and 2. 
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X*. SloMtwrvt 

Tsst oooduieted 

Test Sa,j(ineer 

Stat* of California 
CounV o' 8(u S l e ^ 

J* f* Sohroepfer, bains duly sworn, deposes and sayst that the infbmatioo 
contalnad la this report is the aresult of complete and carefully conducted 
tests and la to the best of his knowled<je trua and correct in all respects. 

Subscribed and sworn to b«fox« ae this / day of_ id^ y^JiL 

FLORENCE E. HRVATIN 
NOTARY PUBLIC • CALIFORNIA 

PRINCIPAL OFFICE IN 
SAN DIEGO COUNTY 

FlferencQ Hrvatin 

Rotary Public in and for ths 
County of San Dieao, State 
of California 

H/ conmission expirest 



A P P £ S D I Z I 

TYPE OF TFST 

Vibration 

Vibration 

Vibration 

Vibration 

Vibration 

Vibration 

DESCBIFTIOH 

Vibration System 

TTflrwrtncer System 

Amplifier, 

AC Volt Mster 

Scope 

Servo Control 

HAHUFACTOBER 

M/B 

Endevco 

Endevco 

Hewlett/Packard 

Hewlett/Packard 

M/B 

MODEL 

EL-250 

2213 

26l4 

2iOOSR 

120A 

11-572-1 

• 

BXUI ASSET SO. 
or SERIAL HO. 

2-32331 

1960-173 

2-32937 

2-31021-1 

2-30777 

2-32301-2 

C&LIBBATItBf DUE DATE 

3-8-6i* 

3-27-6S» 

1-2-6Jv 

11-21-63 

l-23-6i». 

3-6-64 
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Volume II 

HANDLING OF SNAP-15A FUEL CAPSULES 

AND FUELED GENERATORS WITHIN GENERAL ATOMIC 

by 

F . Bold, R. W. Dexte r , W. G. Homeyer , and W. E . Sargent 
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I. INTRODUCTION 

The SNAP-15A the rmoe lec t r i c generator is being developed by 
General Atomic for the U.S. Atomic Energy Commission. It uti l izes the 
nuclear heat produced by the CK-decay of Pu^-^° sealed in a double capsule 
to provide about 1 mw of e lec t r i ca l power at a minimum of 4. 5 v for a 
per iod of 5 yr . 

The safe use of Pu -̂ ^ r equ i re s special ca re in handling the fuel 
capsules and the fueled gene ra to r s . The steps to be followed from the t ime 
the fuel capsules a r e received by General Atomic until they a r e sent out to 
the u s e r in genera to rs a r e set forth in this manual . Section II contains a 
descr ipt ion of the SNAP-15A genera tor and its fuel capsule. Section III 
desc r ibes the facil i t ies and equipment used for the handling of fuel capsules 
and fueled gene ra to r s . Section IV presen t s detailed s tep-by-s tep p r o ­
cedures for var ious phases of the handling of the capsules and genera to rs . 
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II. DESCRIPTION OF GENERATOR 

The SNAP-15A genera tor , shown in the frontispiece, is 2 .5 in. in 
d iameter and 5 in. long. The fuel capsule is surrounded by the rma l insu­
lation to reduce the loss of heat. The hot junctions of the thermocouples 
a r e next to the fuel capsule , while the cold junctions a r e held against the 
s ta inless steel d i sks , which se rve as a t he rma l m a s s to reduce the effect 
of teynperature t r ans i en t s . 

The fuel capsule is in the form of a double capsule . The inner cap ­
sule is made of tantalum and the outer capsule of Haynes -25 alloy. The 
inner and outer capsules a r e independently sealed by fusion welds. 

The dose ra te from neutrons and gamma rays at the surface of the 
fueled genera tor has been m e a s u r e d to be about 10 mrenn /h r , and that 
at 1 ft from the fuel to be l e s s than 8. 8 m r e m / h r . The dose ra te at the 
surface of the fuel capsule has been es t imated to be about 1000 m r e m / h r . 
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III. SPECIAL EQUIPMENT AND FACILITIES 

A large amount of special equipment is used to a s s u r e safe handling 
of the SNAP-15A capsules and g e n e r a t o r s . Some of this equipment directly 
controls the haza rds of inhalation or ingestion of the Pu •̂ ^ or of over­
exposure to ionizing radia t ion. Other equipment contributes indirectly to 
safety by increas ing the ease and speed of performing the neces sa ry 
handling opera t ions . 

RESTRICTED AREA 

The r e s t r i c t e d a r e a for handling of the SNAP-15A capsules and 
genera to r s is a room w^ithin a room as shown in F ig . 1. Doors of both 
the inner and outer rooms a r e equipped with locks . 

The r e s t r i c t e d a r e a is a completely enclosed room with provisions 
for containment of radioact ive m a t e r i a l in the event of any accident . The 
room is maintained at a slightly negative p r e s s u r e , and the hood and 
glove box is vented through a high-efficiency a i r f i l ter . 

The room contains the following equipment: 

1. Hood 
2. Dry box 
3. Safe. 

The hood, which contains the hot and cold chambers for the life t e s t , 
is a s tandard chemis t ry - l abo ra to ry type with a ver t ica l sliding glass door. 

The dry box cons is t s of a 2 ft x 2 ft x 3 ft glove box to be used for 
assembl ing fuel capsules into g e n e r a t o r s . The box is fitted with an a i r ­
lock type of en t rance for insert ing the capsules and gene ra to r s . 

The safe is a s tandard type with a capacity for holding at leas t 
30 g e n e r a t o r s , 

HEALTH PHYSICS EQUIPMENT 

The Health Phys ics counting equipment has a sensitivity of 3 MMC of Of 
and 15 ^^C of (a+(3). It cons is t s of an Eber l ine SAC-3-alpha counting sys tem. 
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2-5 

or e q u i v a l e n t , mod i f i ed to be u s e d with a ZnS a lpha phosphor and a P i lo t B 
p l a s t i c p h o s p h o r . 

An E b e r l i n e P A C - I S A p o r t a b l e a lpha sc in t i l l a t i on c o u n t e r , or equ iva l en t , 
is u s e d for s u r v e y i n g p e r s o n n e l and pack ing m a t e r i a l s . 

A i r s a m p l e s a r e c o l l e c t e d and p e r i o d i c wipe s u r v e y s a r e m a d e by a 
Hea l t h P h y s i c s S u r v e y o r . 

C A P S U L E SHIPPING CONTAINER 

The shipping c o n t a i n e r for the fuel c a p s u l e s , which has been a p p r o v e d 
u n d e r B u r e a u of E x p l o s i v e s P e r m i t N o . 1764, c o n s i s t s of a s t e e l ou te r can , 
wh ich can be l o c k e d , and a s e a l e d a l u m i n u m inne r can . U p t o eight c a p s u l e s 
can b e c o n t a i n e d in the i nne r c a n . 

GENERATOR SHIPPING CONTAINER 

The shipping c o n t a i n e r for the g e n e r a t o r is shown in F i g . 2. The 
ou te r s t e e l can i s s e a l e d by an O - r i n g and s e r v e s a s an addi t iona l a i r ­
t ight e n c l o s u r e for the fuel u n d e r n o r m a l cond i t ions and a s a f i re wal l in 
the event of a s e r i o u s f i r e . The i n n e r s t e e l can , which is s e p a r a t e d f r o m 
the ou t e r can by t h e r m a l i n s u l a t i o n , s e r v e s as a hea t s ink to l i m i t t e m p e r a ­
t u r e t r a n s i e n t s f r o m a f i r e . A v o l t m e t e r is supp l ied in the l id of the inner 
can to a l l ow the e l e c t r i c a l output of the g e n e r a t o r to be checked b e f o r e 
the g e n e r a t o r is c o m p l e t e l y u n p a c k e d . T h i s m e t e r m e a s u r e s the vo l tage 
output of the g e n e r a t o r to a 2 0 , 0 0 0 - ^ r e s i s t i v e load . 

KIT FOR F U E L I N G AND SEALING G E N E R A T O R 

The too l s and p a r t s t h a t w i l l b e u s e d to fuel and s e a l the g e n e r a t o r 
a r e l i s t e d be low. T h e y a r e shown in F i g . 3 . 

1. C a p s u l e d i a m e t e r gauge , 
2. Stand for c a p s u l e d i a m e t e r gauge . 
3 . C a p s u l e i n s e r t i o n tool . 
4 . C o u n t e r - t o r q u e p lug d r i v e r . 
5. P lug for c a p s u l e h o l d e r ( P r i n t No. 3 5 4 - 0 6 - 2 0 2 ) . 
6. P l u g for fuel ing p o r t ( P r i n t No. 3 5 4 - 0 6 - 0 0 1 ) . 
7. P lug for l o w e r i n s u l a t i o n ( P r i n t No. 3 5 4 - 0 6 - 4 0 5 ) . 
8. Epoxy k i t . 
9. C o n t a i n e r for m i x i n g epoxy and m i x i n g s t i ck . 

10. Wiping c l o t h s (e . g. , K i m w i p e s ) . 



I 

Fig. 2--SNAP-15A generator and shipping container 
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CONTAINER FOR 
MIXING EPOXY 

WIPING CLOTHS 

MIXING STICK 

EPOXY KIT 

tf^DUSjRtAL USE ' 

CAPSULE INSERTION 
TOOL 

CAPSULE 
DIAMETER 
GAUGE 

CAPSULE DIAMETER 
GAUGE STAND 

PLUG FOR 
FUELING PORT 

X. 
PLUG FOR LOWER 
INSULATION 

COUNTER-TORQUE 
PLUG DRIVER 

•PLUG FOR CAPSULE 
HOLDER 

Fig. 3--Tools and m a t e r i a l s for fueling and sealing SNAP-15A genera to r s 



IV. HANDLING PROCEDURES 

The fuel capsules and fueled gene ra to r s will always be kept in the 
safest environment consistent with their use at the t ime . Specifically, 
they will be s tored in a shipping container and locked in the safe in the 
r e s t r i c t e d a r e a whenever they a r e not being used . They will be removed 
from the i r shipping containers only when n e c e s s a r y , and then only in the 
glove box or hood in the r e s t r i c t e d a r e a , in accordance with the p rocedures 
outlined below. A m e m b e r of the General Atomic Health Phys ics Group 
will supervise all handling of capsules and genera to r s outside of thei r 
shipping con ta ine r s . 

Capsules and gene ra to r s will be wiped and monitored for Q!-activity 
as descr ibed below whenever thei r surfaces a r e exposed by unpacking and 
before they a r e repacked for s torage or shipment; additional wipes will 
be taken during and after tes t ing . The voltage of the genera tor will a lso 
be checked at these t imes according to the procedures outlined below in 
steps C and D. The r e su l t s of all wipe and voltage checks will be r ecorded 
in the log. This log book will be a s tandard General Atomic log book, and 
will be re ta ined by the Document Center as a permanent record . 

If leaking of a source is confirmed, the capsule or genera tor in 
question will be packed in the appropr ia te shipping container and its ul t imate 
disposition will be de termined by the Atomic Energy Commiss ion . 

The detailed p rocedures for routine handling of the capsules and 
genera to r s a r e outlined in steps A through E below. Checklists s imi la r 
to those appended to this manual will be filled out as each operation is 
per formed. Boxes will be checked after each step is pe r fo rmed , and the 
values of voltages and Qf-counts and other information will be r ecorded in 
Jhe^^paces provided. The completed checkl is ts will be fastened into the 
log. 

A. RECEIPT OF CAPSULES 

1. A m e m b e r of the Health Phys ics Group will be p re sen t . 

2o A w îpe will be made of the ent i re outside surface of the shipping 
conta iner . If the Q!-activity is 6 MMC or l e s s , the Health Phys ics 
Surveyor will r e l ease the del ivery vehicle . If the Q!-count is higher 
than 6 MMC, a survey of the delivery vehicle will be made . 

3. The shipping container will be placed into the glove box. 
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UNPACKING OF CAPSULES 

1. A m e m b e r of the Health Phys ics Group will be p resen t . 

2. The lid of the shipping container will be removed, and the packing 
m a t e r i a l will be checked with a portable Of scintillation counter . 

3. If the re is no detectable activity on the packing m a t e r i a l , the 
inside shipping container -will be opened and the inside of the lid 
will be -wiped. 

4. If the wipe of the inside of the lid over the capsule indicates 
Q!-activity of 6 jUjuC or l e s s , the capsules will be removed one at 
a t ime , and a -wipe will be made over the ent i re surface of each 
capsule . If the QJ-activity on the wipe is l e s s than 10 MMC, the 
capsule will be cons idered not to be leaking. 

PACKING OF GENERATORS 

1. A m e m b e r of the Health Phys ics Group will be p resen t . 

2. A wipe will be taken over the ent i re outside surface of the 
gene ra to r . 

3. If the CK-activity on the wipe is 6 MMC or l e s s , the generator will 
be placed into the shipping container and the inner lid will be 
closed and the vo l tmete r a t tached. 

4. The vol tmeter reading will be recorded and the container will be 
sealed. 

5. After the shipping container is sealed, a wipe will be taken over 
the ent i re outside surface of the container . If the CK-count is 6 PMC 
or l e s s , the container will be removed from the glove box. 

UNPACKING OF GENERATORS 

1. A meiinber of the Health Phys ics Group will be p resen t . 

2. A wipe of the en t i re outside surface of the shipping container will 
be made a s the container is removed from the safe. If the Q!-activity 
on the wipe is 6 MMC or l e s s , the shipping container will be 
placed into the glove box. 

3. The outer lid of the shipping container will be removed and the 
reading of the vo l tmeter will be recorded . If the re is a voltage 
drop of more than 5%, additional wipes will be made a s d i rec ted 
by the Health Phys ics Surveyor . 
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4 . The i nne r lid of the shipping c o n t a i n e r wil l be r e m o v e d , and a 
wipe wi l l be t a k e n of the e x p o s e d s u r f a c e of t h e g e n e r a t o r . If 
t h e Q!-activity on the wipe is 6 ĵ MC or l e s s , the g e n e r a t o r wil l be 
r e m o v e d f r o m the shipping c o n t a i n e r . 

5. Af t e r r e m o v a l f r o m the sh ipp ing c o n t a i n e r , a wipe wil l be t a k e n 
o v e r t h e e n t i r e s u r f a c e of the g e n e r a t o r . If the CK-activity on the 
wipe is 6 HHC o r l e s s , the s o u r c e wi l l be c o n s i d e r e d to be i n t a c t . 

E. F U E L I N G OF G E N E R A T O R S 

The g e n e r a t o r wi l l be fueled and s e a l e d whi le it i s in the glove box. 
The p r o c e d u r e s for unpack ing c a p s u l e s ( s t e p B) and packing g e n e r a t o r s 
( s t ep C) wi l l be followed, and the c h e c k l i s t s for t h e s e p r o c e d u r e s wil l be 
fi l led out a long wi th the c h e c k l i s t for fueling the g e n e r a t o r . 

1. A Hea l th P h y s i c s S u r v e y o r wil l be p r e s e n t . 

2. Al l n e c e s s a r y e q u i p m e n t wi l l be p l a c e d in the glove box, i nc lud ing : 
a. The g e n e r a t o r ; 
b. The k i t for fueling the g e n e r a t o r ; 
c. The c a p s u l e shipping c o n t a i n e r ; 
d. A No. 20 Al l en w r e n c h ; 
e. The g e n e r a t o r sh ipping c o n t a i n e r ; and 
f. A s o c k e t w r e n c h . 

3. The c a p s u l e handl ing tool w i l l be i n s e r t e d into the fuel opening 
in the g e n e r a t o r . If it does not p a s s f r ee ly unt i l the s h o u l d e r on 
the tool s e a t s on the end of the g e n e r a t o r , no f u r t h e r s t e p s wi l l 
be p e r f o r m e d un t i l the g e n e r a t o r i s r e m o v e d and t e s t e d . 

4. The glove box wi l l be s e a l e d and the fuel c a p s u l e s unpacked 
following the s t e p s ou t l ined in s t e p B. 

5. The c a p s u l e wi l l be p i cked up wi th the c a p s u l e tongs and i t s s e r i a l 
n u m b e r w i l l be noted . 

6. The caps i i le w i l l be p a s s e d througb^the check bushing on the 
c a p s u l e d i a m e t e r gauge . If it does not fa l l t h r o u g h f ree ly , i t w i l l 
be r e t u r n e d to the sh ipp ing c o n t a i n e r and s t e p s E5 and E6 wi l l 
be r e p e a t e d wi th a n o t h e r c a p s u l e . 

7. The c a p s u l e wi l l be p l aced in the cup end of the i n s e r t i o n tool wi th 
the we ld facing out. It w i l l be p r e s s e d l igh t ly into p l ace wi th the 
handl ing t ongs . 

8. The c a p s u l e i n s e r t i o n tool wi l l be he ld in one hand, wi th the c a p s u l e 
h e l d v e r t i c a l and facing up . The c a p s u l e wi l l be i n s e r t e d u p w a r d 
into the fuel opening in the g e n e r a t o r un t i l the s h o u l d e r of the 
i n s e r t i o n tool is s e a t e d a g a i n s t the end of the g e n e r a t o r . 
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The genera tor will be turned over so that the inser t ion tool is 
on top. 

The capsule will be ejected from the inser t ion tool by pressing 
down the knockout pin on the capsule holder until it is flush with 
the handle. 

The capsule handling tool will be withdrawn. 

The capsule retaining plug will be inser ted and tightened with 
the specia l tool for this purpose. 

The plug of insulation will be inser ted. 

The lid will be fastened in place. 

The capsule shipping container will be repacked and sealed. 

The genera tor will be packed in its shipping container according 
to the procedure descr ibed in step C. 



Appendix 

CHECKLISTS FOR HANDLING CAPSULES AND GENERATORS 

Checklist for Receipt of Capsules 

1. Member of Health Phys ics Group - Name (Print) 

Signature . 

2. a-Count 

3. CD 

R e m a r k s : 

2-12 
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C h e c k l i s t for Unpack ing of C a p s u l e s 

1. M e m b e r of H e a l t h P h y s i c s G r o u p - N a m e (P r in t ) 

S i g n a t u r e . 

2. Of-Count 

3 . a - C o u n t 

4, C a p s u l e No . , Q!-Count 

C a p s u l e No . , Of-Count 

C a p s u l e No . , Q!-Count 

C a p s u l e No . , CK-Count 

C a p s u l e No . , CK-Count 

C a p s u l e No. , CK'Count 

C a p s u l e No . , a - C o u n t 

C a p s u l e N o . , Q!-Count 

R e m a r k s : 
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Checklist for Packing of Genera tors 

1. Member of Health Phys ics Group - Name (Print) 

Signature 

2. CK-Count . 

3. CD 
4. Voltmeter reading . Sealed? 

5. CK-Count . 

R e m a r k s : 



# 
2-15 

Checklist for Unpacking of Genera tors 

1. Member of Health Phys ics Group - Name (Print) 

Signature 

2. CK-Count . In glove box? | I 

3. Voltmeter reading . 

4. CK-Count . 

5. CK-Count 

R e m a r k s : 

• 
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Checklist for Fueling of Genera tors 

1. Member of Health Phys ics Group - Name (i-rint) 

Signature . 

2. Equipment P r e s e n t - a. I 1, b. I 1, c. L 

e. CD. t. CD 
3. P a s s : I I 

4. Is Checklist for Unpacking of Capsule attached? 

5. Ser ia l number . 

6. Clear? I I Numbers of re jected capsules 

7 

8 

9 

10 

11 

CD 
CJ 

12. CD 
13. n 
14. • 

15. Sealed? I I 

16. Is Checklist for Packing of Genera tors attached? 

Generator Number . 

R e m a r k s : 
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I. INTRODUCTION 

The SNAP-15A the rmoe lec t r i c genera tor was developed by General 
Atomic Division of Genera l Dynanaics Corporat ion for the USAEC to provide 
about one mill iwatt of e l ec t r i ca l power at a minimum of 4 . 5 volts for a 
period of 5 y r . It de r ives its power from the the rmal energy re leased in 
the decay of the ar t i f ical ly produced radio is tope , Pu^2° . 

The pr incipal components of the genera tor can be seen in the cut-
a'way view in the f ront ispiece . The view shows the i so topicheat source of the 
fuel capsule , capsule ho lder , insulation, thermopile (with its associa ted 
output l eads) , and e lec t r i ca l connector . These a r e the components essent ia l 
to the e lec t r i ca l power production under static conditions. A block of 
s ta in less steel designated the t he rma l capaci tor and connected to the cold 
end of the thermopi les is an additional feature which prevents load voltage 
fluctuations to la rge environmental the rmal t r a n s i e n t s . 

The conver ter u t i l izes metal l ic thermocouples to t r ans fo rm heat into 
e lec t r i ca l energy. Thi r teen hundred thermocouple w i r e s , each 2 mi ls in 
d iameter and 1-1/2 in. long a r e a r r anged into a bundle, or thermopi le . 
The end of the thermopi le to be heated is joined to the isotope-containing 
capsule . The heat is produced by the decay of Pu , maintaining one 
end of the thermopi le at an elevated t e m p e r a t u r e . The opposite end of 
the thermopi le is held at a lower t e m p e r a t u r e , since it is in close the rmal 
contact with the outer shell of the device . The t empera tu re difference 
i m p r e s s e d on the thermopi le is the driving force that produces e lec t r ica l 
output. 

The rma l insulation is of exceptional importance to efficient operation-
Heat which flows direct ly to the walls of the device escapes the conversion 
p r o c e s s . A thick blanket of Min-K insulation surrounds the isotope source 
to minimize heat leakage. 

Approximately 3 g of Pu supply the normal the rmal power input 
of 1.65 the rmal wat t s . The plutonium is contained in a double-walled fuel 
capsule . The inner l iner or inner capsule is composed of tantalum meta l 
hermet ica l ly sealed by welding. The tantalum capsule in turn is contained 
within a Haynes-25 alloy capsule . The fuel capsule is mechanically held 
in place in the genera tor by an aluminum capsule holder . Final ly , the 
genera to r is enclosed by an aluminum canis te r hermet ica l ly sealed with 
epoxy r e s in . 
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The name plate as it appears on the generator is shown in F ig . 1 
and contains vital information about the genera to r . The genera tor se r ia l 
number re fe rences the complete h is tory of the gene ra to r , including al l 
aspec ts of m a t e r i a l s and fabricat ion. Similar information is provided with 
respec t to the fuel capsule and may be t r aced through the capsule nunaber. 
In addition, the fuel capsule loading, date of seal ing, and life l imit informa­
tion a r e available through the capsule se r i a l number . Information is 
s tored in permanent r e c o r d s maintained at General Atomic . The safe life 
l imit indicated on the name tag indicates 5 yr from the date on which the 
capsule was sealed and ca lo r ime te red with its plutonium fuel. This is 
considered to be the safe design life of the fuel capsule . The open-ci rcui t 
voltage indicated on the name plate was m e a s u r e d at the beginning of the 
genera tor l ife. The lower l imit to the open-c i rcui t voltage range given 
is the open-c i rcui t voltage expected at the end of the generator life as a 
resul t of decay of the plutonium heat source . If the open-c i rcui t voltage, 
as m e a s u r e d , at any t ime during the life of the genera tor falls outside of 
this range , then ei ther (1) the internal r e s i s t ance of the genera tor has 
changed from short or open circuit ing or (2) the fuel is leaking from the 
fuel capsule . The internal r e s i s t ance of the genera tor is marked on the 
name plate and may be compared at any t ime with measu red values to 
determine w^hether open or short circuit ing has occur red in the thermopi le . 
If loss of fuel from the fuel capsule is suspected for any reason , the 
p rocedures for safe handling given below should be followed. 

There a r e two potential h a z a r d s , both re la ted to the fuel capsule: 
(1) the decaying Pu"^^" emi ts gamma and fast neutron radiat ions that 
escape the gene ra to r , and (2) Pu238 may escape the fuel capsule and 
become a hazard if inhaled or ingested. The re fo re , the fuel capsules in 
genera to r s have been subjected to a s e r i e s of t e s t s designed to prove thei r 
inherent safety f ea tu res . Dose ra t e s m e a s u r e d at the surface of a genera tor 
a r e given in Table 1. The genera to r s have been subjected to the environ­
mental qualification t e s t s l i s ted in Table 2, and the fuel capsules have 
been subjected to the t e s t s enumerated in Table 3 . While the genera to r s 
have been designed to be safe and have been proof- tes ted under severe 
conditions, the u l t imate safety ajid the u se of these gene ra to r s depends 
upon the proper handling and constant checking to ensure the i r continuation 
in the safe condition. It is the purpose of this manual to set down the 
bas ic handling and shipping p rocedures to be followed to ensure safe u s e . 

The basic safety ru les to be followed a r e d iscussed in Section II. 
The control p rocedures requ i red to prevent loss or mishandling of the 
genera to r s a r e desc r ibed , andthe t e s t s designed to detect the p resence of 
a leaking source a r e d i scussed . 

Section III desc r ibes radia t ion-measur ing equipment a n d t h e shipping 
container . 
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Section IV gives the detailed procedures for performing certain 
routine operat ions inhandling of the gene ra to r s . The procedures for 
packing and unpacking the genera tor a r e descr ibed, as well as the methods 
of performing the wipe t e s t s for contamination and voltage tes t s to detect 
malfunctioning of the gene ra to r . 

tF? ^ 

^ 

SNAP-15A 
U.S. ATOMIC ENERGY COMMISSION 

ISOTOPE THERMOELECTRIC GENERATOR 

RESEARCH AND DEVELOPMENT PRODUCT OF 
GENERAL DYNAMICS/GENERAL ATOMIC DIV 

GENERATOR SER. NO. 18 

SAFE OPERATING LIMIT 

OPEN CIRCUIT VOLTAGE 

INTERNAL RESISTANCE 

CAPSULE SER. NO. 76 

5 /69 

7. 320 - 6. 950 

9005 n 

Fig . 1--Example of SNAP-ISA generator name plate 
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T a b l e 1 

DOSE R A T E M E A S U R E M E N T O F S N A P - I S A G E N E R A T O R 
( F u e l C a p s u l e 76) 

P o s i t i o n 

T o p 
Side (0 ) 
Side (180°) 
B o t t o m 

D i s t a n c e F r o m 
F u e l C e n t e r 

( c m ) 

4 . 1 
3 . 3 
3 . 3 
8 . 6 

Dose Ra te 

G a m m a 
( m r / h r ) 

3 . 3 
6 . 4 
6 . 3 
0 .37 

N e u t r o n 
( m r e m / h r ) 

3 . 2 
3 . 9 
4 . 2 
0 . 2 1 

To ta l 
( m r e m / h r ) 

6 . 5 

1 0 . 3 
10 .5 

0 .58 

T a b l e 2 

E N V I R O N M E N T A L QUALIFICATION T E S T S 

T h e r m a l shock -65 to +165 F in <5 m i n . : 6 c y c l e s . 
M e c h a n i c a l shock 1 1 -msec pu l se of 100 g: 3 shocks in 

2 d i r e c t i o n s a long o r t h o g o n a l a x e s 
V i b r a t i o n 32 to 2000 cps at 10 g for 60 man. 
C o n s t a n t a c c e l e r a t i o n ^0 g for 5 m i n . 
I r r a d i a t i o n IOCTR in <160 | J sec . 
H u m i d i t y 93% r e l a t i v e humid i t y at 1 4 9 ° F , 10 

4 8 - h r c y c l e s . 

T a b l e 3 

F U E L C A P S U L E S A F E T Y T E S T S 

F i r e H e a t e d to 2000 F and q u e n c h e d in t ap 
w a t e r : 2 c y c l e s . 

T h e r m a l Shock +500 to - 1 0 0 ° F in 10 s e c : 2 c y c l e s . 
^ x m s t r ^ 7 .V ir70O°F- a t -7^00 |>&i, 2 0 0 0 ° F ^ t 3000 p s i . 
I m p a c t 200 fps (136 mph) onto g r a n i t e . 
V i b r a t i o n 10 to 2000 to 10 c p s for 3 h r at 30 g . 
H a m m e r 10 f t - lb b l o w . 
Sal t W a t e r C o r r o s i o n O c e a n w a t e r e x p o s u r e for 3 m o n t h s . 
F r e s h W a t e r C o r r o s i o n T a p w a t e r e x p o s u r e for 1 w e e k . 
A i r C o r r o s i o n Humid a i r e x p o s u r e for 1 w e e k . 



II . BASIC SAFETY R U L E S 

The S N A P - I S A g e n e r a t o r can be u s e d safely only if a l l p h a s e s of 
handl ing and sh ipp ing a r e ca re fu l ly c o n t r o l l e d . C lose c o n t r o l is n e c e s s a r y 
to p r e v e n t m i s h a n d l i n g or l o s s of the g e n e r a t o r and to e l i m i n a t e , a s fa r 
a s p o s s i b l e , the d a n g e r of an a c c i d e n t which could damage the g e n e r a t o r 
and i t s fuel c a p s u l e . An add i t i ona l p r e c a u t i o n that m u s t be t aken is the 
p e r f o m a n c e of c e r t a i n t e s t s d e s i g n e d to de tec t a l eak ing fuel c a p s u l e . If 
t h e s e p r e c a u t i o n s a r e t a k e n , the SNAP-1 5A g e n e r a t o r can be u s e d with 
neg l ig ib le r i s k . 

A . C O N T R O L O F HANDLING AND SHIPPING 

All hand l ing and shipping of the g e n e r a t o r s should be s u p e r v i s e d by 
a c o m p e t e n t ind iv idua l who i s fully a w a r e of the h a z a r d s involved and the 
p r o c e d u r e s tha t m u s t be fo l lowed . T h i s p e r s o n wil l be r e s p o n s i b l e for 
enforc ing a d h e r e n c e to the de t a i l ed p r o c e d u r e s out l ined in Sec t ion IV of 
this m a n u a l and for deve lop ing and i m p l e m e n t i n g a p r o g r a m t o p r o v i d e 
both convenience and safety in t h e u s e of the g e n e r a t o r s . T h i s p r o g r a m 
should include confinement of the g e n e r a t o r to r e s t r i c t e d a r e a s with l i m i t e d 
personnel a c c e s s . It should a l s o provide for the maintenance of conaplete 
r e c o r d s of each generator to protect a g a i n s t o v e r u s e of the g e n e r a t o r ( 5 - y r 
des ign l i f e ) , and to detect the start of mal func t ion ing ( r e d u c e d vo l tage and 
p o w e r output) tha t m i g h t i nd i ca t e the leak ing of a c a p s u l e . The p r o g r a m 
should a l s o e n f o r c e c o m p l i a n c e wi th the d e t a i l e d p r o c e d u r e s con ta ined in 
Sec t ion IV and wi th a l l p e r t i n e n t r e g u l a t i o n s of the I n t e r s t a t e C o m m e r c e 
C o m m i s s i o n and B u r e a u of E x p l o s i v e s . 

B . T E S T FOR LEAKING C A P S U L E 

T h e r e a r e tw^o t e s t s for the effects of a l eak ing fuel c a p s u l e tha t 
should be p e r f o r m e d at c e r t a i n t i m e s . The vol tage t e s t is the s i m p l e s t 
to p e r f o r m , and wi l l p r o b a b l y i nd i ca t e g e n e r a t o r mal func t ion f r o m a 
l eak ing s o u r c e long b e f o r e t h e r e is an'y d e t e c t a b l e CK c o n t a m i n a t i o n e x t e r n a l 
to the g e n e r a t o r . The wipe t e s t for CK c o n t a m i n a t i o n , whi le it is l e s s l ike ly 
to give the f i r s t i nd i ca t ion of a l eak ing s o u r c e , is n e v e r t h e l e s s i m p o r t a n t , 
s i nce it is c e r t a i n to de tec t CK c o n t a m i n a t i o n on the ou t s ide of the g e n e r a t o r 
w h e r e it m a y r e p r e s e n t a hea l t h h a z a r d . T h e s e two t e s t s should be 
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perfornaed at the t imes specified in Section IV and periodical ly while the 
generator is in u s e . The frequency at which the t e s t s should be performed 
nnust be determined for each application by a qualified health physicist on 
the bas i s of exposure of personnel to the genera tor and its surroundings . 



III. EQUIPMENT FOR MONITORING AND SHIPPING 

A. HEALTH PHYSICS EQUIPMENT 

The health physics counting equipment will have a sensitivity of 3 
MMC of CK and 15 jLtjLiC of (CK+p). It will consist of an Eber l ine SAC-3 CK-
counting sys tem, or equivalent, modified to be used with a ZnS CK phosphor 
and a Pilot B plast ic phosphor. An Eber l ine PAC-ISA portable CK scintillation 
counter , or equivalent, will be" used for surveying personnel and packing 
m a t e r i a l s . Air samples will be collected and periodic wipe surveys will 
be made by a Health Phys ics Surveyor . 

GENERATOR SHIPPING CONTAINER 

The shipping container for the generator is shown in Fig . 2. The 
outer steel can is sealed by an O-ring and se rves as an additional a i r ­
tight enclosure for the fuel under normal conditions and as a fire wall in 
the event of a ser ious f i re . The inner steel can, which is separa ted from 
the outer can by thernnal insulat ion, s e rves as a heat sink to limit tempera­
tu re t r ans i en t s from a f i re . A vol tmeter is supplied in the lid of the inner 
can to allow the e l ec t r i ca l output of the genera tor to be checked before the 
genera tor is completely unpacked. This me te r m e a s u r e s the voltage of 
the genera tor to a 20,000-fi r e s i s t ive load. 
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Fig. 2--SNAP-15A genera tor and shipping container 



IV. DETAILED PROCEDURES 

The gene ra to r s will always be kept in the safest environment 
consis tent with the i r use at the t ime . Specifically, they will be stored in 
a shipping container and locked in a safe in a r e s t r i c t ed a r ea whenever 
they a r e not being used . They w^ill be removed from the shipping container 
only when neces sa ry to be placed in operat ion. One person will be assigned 
and will supervise al l handling of gene ra to r s outside of their shipping 
con ta ine r s . Gene ra to r s will be wiped and monitored for CK-activity as 
descr ibed below w^henever their surfaces a r e exposed by packing and 
unpacking for s torage or shipment; additional wipes will be taken during and 
after u s e . The voltage of the genera tor will a lso be checked at these t imes 
according to the p rocedures outlined below. The resu l t s of al l wipe and 
voltage checks will be recorded in a log book. The log book will be 
maintained as a permanent r e c o r d . If leaking of a capsule is confirmed, 
the genera tor in question will be packed in the appropria te shipping container 
and its u l t imate disposit ion will be determined by the Atomic Energy 
Commiss ion . The detailed p rocedures for routine handling of genera tors 
a r e outlined in steps A through D below. Checklists s imi la r to those 
appended to this manual will be filled out as each operation is per formed. 
Boxes will be checked after each step is per formed, and the values of 
voltages and CK-counts and other information will be recorded in the spaces 
provided. The completed checkl is ts will be fastened into the log book. 

A. RECEIPT OF GENERATOR 

1. A Health Phys ics Surveyor will be p resen t . 

2. A wipe of the en t i re outside surface of the shipping container will 
be made . If the CK-activity on the wipe is 6 /ujnC or l e s s , the genera tor may 
be unpacked. 

B . UNPACKING GENERATOR 

1. A Health Phys ic s Surveyor will be p resen t . 

2. The outer lid of the shipping container will be removed and the 
reading of the vol tmeter will be r ecorded . If there is a voltage loss of 
more than 5%, additional wipes will be made as d i rec ted by the Health 
Phys ics Surveyor . 
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3. The inner lid of the shipping container will be removed, and a 
wipe will be taken of the exposed surface of the genera to r . If the CK-
activity on the wipe is 6 ĵ MC or l e s s , the genera tor will be removed from 
the shipping container . After removal of the genera tor from the shipping 
container , a wipe will be taken over the ent i re surface of the genera to r . 
If the CK-activity on the wipe is 6 jt̂ pC or l e s s , the source will be considere 
to be intact . 

C. MAINTENANCE OF GENERATOR 

The genera tor is designed to operate 5 yr continuously without 
maintenance . How^ever, during the life of the generator , a wipe will be 
taken over the ent i re surface of the generator at in tervals specified by a 
competent health physic is t . If the CK-activity on the wipe is 6 MMC or l e s s , 
the genera tor will be r ega rded as safe for continued use . 

D. PACKING GENERATOR 

1. A Health Phys ics Surveyor will be p r e sen t . 

2. A wipe will be taken of the ent i re sarface of the genera tor , 

3. If the CK-activity on the wipe is 6 MMC or l e s s , the genera tor will 
be placed into the shipping container and the inner lid will be closed and 
the vol tmeter a t tached, 

4 . The vol tmeter reading will be recorded and the container will be 
sealed. 

5. After the shipping container is sealed, a wipe will be taken over 
the ent i re surface of the conta iner . If the CK-count is 6 ^^C or l e s s , the 
container and genera tor m a / be s tored or shipped. The generator may be 
igM|>pf>^ within i ts 04>ippit>g r.^^ntainer via all c o m m e r c i a l or military^ 
c a r r i e r s . 



# 

Appendix 

CHECKLISTS FOR HANDLING GENERATORS 

Checklist for Receipt of Gene ra to r s 

1. Health Phys ics Surveyor - Name (Pr int ) 

Signature . 

2. CK-Count 

3. nn 

R e m a r k s : 

• 
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Checklist for Unpacking of Genera to r s 

1. Health Phys ics Surveyor - Name (Pr in t ) 

Signature . 

2. CK-Count . In glove box? | \ 

3. Vol tmeter reading . 

4 . CK-Count . 

5. CK-Count . 

R e m a r k s : 

• 
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Checklist for Packing of Gene ra to r s 

1. Health Phys ics Suveryor - Name (Pr int ) 

Signature . 

2. CK_ Count . 

3. • 
4. Voltmeter reading . Sealed? 

5. CK - Count . 

R e m a r k s : 




