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PLUTONIUM-BERYLL IUM SOURCE SAFETY TESTING PROGRAM 
J . 

* 

. 

R. G. Niemeyer and N .  C. Bradley 

ABSTRACT 

Some representative commercially fabricated Pu-Be 
neutron sources which had been in service for periods 
greater than ten years were examined. 
five Pu-Be sources which were both destructively and 
nondestructively tested had weld zone deficiences 
such as leaks, weld inclusions, excessive roll-over 
and grain growth, and marginal weld penetration. 
Due to these deficiencies the tantalum inner capsule 
cannot be considered a reliable sealed source con- 
tainer. This deficiency does not necessarily reduce 
the containment reliability of the sources because 
the outer stainless steel capsule is the primary 
containment capsule. 
leak test all sources and recall those that leak for 
reencapsulation or disposal. 
assurance program is recommended for future sources. 

Three of the 

A recommendation is made to 

An improved quality 

INTRODUCTION 
Encapsulated neutron sources containing the intermetallic compound 
239PuBe13 are uaed in a number of applications such as oil well 
logging and nondestructive testing procedures. 
sources could remain in use for many decades because of the long half- 
life of plutonium-239; however, their life may be limited by environ- 
mental effects whish degrade the structural integrity of the source 
encapsulation. 
reduction SF meehanicd strength properties due to long-term exposure 
to neutrons, incompatibility between the source compound and encapsu- 
lating materfaPs, and from stresses caused by pressure. 

Potentially these 

Degradation could occur from external corrosion, 

Since some of these sources have been in service nearly 20 years, it 
was decided to examine i~ detail a few representative Pu-Be sources 
which had been in actual use  OS several years. The objectives of the 
examination were (1) to evaluate the condition of the source capsules 
after several years of service, (2) to evaluate the quality of the 
original fabrication of the source capsules, (3) to evaluate the effec- 
tiveness of nondestructive test procedures in detecting potential 
containment problems in the source capsules, and ( 4 )  to determine if the 
frequency and/or type of inspection should be changed from the presently 
required 6-month wipe testa. 

The six sources tested were selected from AEC listings of Pu-Be sources 
so as t0 meet the criteria that the sources be old, from a variety of 
uses and users, and be fabricated by manufacturers other than USAEC 
Laboratories. A stud of Pu-Be sources fabricated by Mound Laboratory 
has been published. I- x 
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Five  of t h e  sources  were sub jec t ed  to bo th  nondes t ruc t ive  and d e s t r u c t i v e  
examination; one source  w a s  sub jec t ed  t o  nondes t ruc t ive  examination only.  
The sources  s e l e c t e d  f o r  t e s t i n g  are l i s t e d  i n  Table 1. 

Table  1. Pu-Be Neutron Sources Tested 

Source Use Source Fabr i ca t ion  Pu-Be Weight 
Number Date (8) 

N-PuBe-292 4-16-62 32 Not used 
N-PuBe-293 4-16-62 32 Not used 
N-PuBe-294 3-23-62 80 Source of neut rons  

N-PuBe-295 8-3-62 100 Well logging 
N-PuBe-296 11-17-61 80 Well logging 
N-PuBe-297 6-21-61 160 F i s s i o n  counter  t e s t i n g  

under water 

The au tho r s  wish t o  acknowledge t h e  va luab le  a s s i s t a n c e  of B. C .  Leslie 
of t h e  ORNL Metals and Ceramics Divis ion  who performed t h e  metalographic  
examination and p a r t i c i p a t e d  i n  i n t e r p r e t i n g  t h e  r e s u l t s .  

SOURCE DESCRIPTION 

The sources  were doubly encapsulated.  The inne r  capsu le s ,  con ta in ing  
t h e  intermetall ic compound PuBelg, were tantalum; t h e  o u t e r  capsu le s  
were type 304 s t a i n l e s s  steel  except  f o r  one (N-PuBe-296), which w a s  
made t o  s p e c i a l  o rde r  us ing  a Vega t o o l - s t e e l  o u t e r  capsu le .  Both 
i n n e r  and o u t e r  capsules  were sea l ed  by iner t -gas-sh ie lded ,  tungsten-  
e l e c t r o d e  arc (GTA) welding. Source con ten t s  ranged from 32 t o  160 g 
of 239Pu. 
end-to-end w i t h i n  t h e  o u t e r  s t a i n l e s s  s t ee l  capsule .  (The i n n e r  tan-  
talum capsu le  a t  t h e  threaded t o o l  pos tho le  end of t h e  s t a i n l e s s  steel 
capsu le  i s  des igna ted  capsule  A and t h e  o t h e r ,  B.) 

Source N-PuBe-294 contained two i n n e r  tantalum capsules  

NONDESTRUCTIVE TESTING 
The s ix  Pu-Be neut ron  sources  were sub jec t ed  t o  t h e  fo l lowing  nondestruc- 
t ive  t e s t i n g :  photography and v i s u a l  examination, s u r f a c e  contaminat ion 
test, l e a k  test, dimensional i n spec t ion ,  and radiography.  The tes t  
procedures ,  equipment, and test r e s u l t s  are given below. 

Photography and Visual Inspection 

The sources  were photographed i n  t h e  "as-received" condi t ion .  
p laced  on a l i g h t e d  t a b l e  i n  a hot  c e l l  and photographed through t h e  c e l l  
window us ing  a 285-mm l e n s  on a Nikon camera which w a s  adapted wi th  a 
magnifying back f o r  use wi th  4- by 5- in ,  f i lm .  
are shown i n  F igs .  1-2. The sources  were i n i t i a l l y  inspec ted  wi thout  
magni f ica t ion  and were then inspec ted  w i t h  a modified 1OX monocular. 
c rack  i n  t h e  weld of sou rce  N-PuBe-294 w a s  viewed us ing  a Questar  t e l e s c o p e  
a t  80X. 

They were 

Photographs of t h e  sources  

A 

t 
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. 

Sources N-PuBe-292 and N-PuBe-293 were b r i g h t  and shiny w i t h  no apparent  
d e f e c t s ,  as might be expected f o r  sources  that had been i n  s t o r a g e  and 
never used. Source N-PuBe-297 w a s  b r i g h t ,  c l e a n ,  and l i g h t l y  scra tched  
i n  random areas. Source N-PuBe-294 w a s  d u l l  and coated i n  some areas wi th  
a whi te  l e a d  oxide from t h e  l ead  capsule  s h i e l d .  
t h e  weld a t  the  top end cap i n  an  area t h a t  showed welding i r r e g u l a r i t i e s .  
Source N-PuBe-295 appeared d u l l  wi th  minor den t s  and s c r a t c h e s  on t h e  
su r face .  
appeared t o  be  r u s t e d  a l l  over w i t h  traces of yel low p a i n t  s t i l l  adhering 
i n  some areas. 

A c rack  w a s  noted i n  

Source N-PuBe-296, which w a s  encapsulated i n  Vega s teel ,  

Surface Contamination Test 

The sources  were t e s t e d  f o r  s u r f a c e  contaminat ion i n  t h e  "as-received" 
cond i t ion  by wiping a l l  s u r f a c e s  wi th  dry  4-cm-diam f i l t e r  paper wipes.  
Each wipe was then  analyzed f o r  a lpha  and beta-gamma a c t i v i t y  by de te r -  
mining t h e  r a d i a t i o n  emission rate from t h e  e n t i r e  s u r f a c e  of t h e  wipe. 
The r a d i a t i o n  emission rates l i s t e d  i n  Table 2 show t h a t  t h e  s u r f a c e  
contamination from t h e  e x t e r n a l  s u r f a c e s  of t h e  sources  is low. 

Table 2. Sur face  Contamination T e s t  Resu l t s  

Source Radia t ion  Emission Rates (dis/min) 
Number Alpha B e t  a -Gam 

a N-PuBe-29 2 130; < 5 O O a  
N-PuBe-293 <30b <500 
N-PuBe-294 3 0 

N-PuBe-295 6 140 
N-PuBe-296 0 300 
N-PuBe-297 0 260 

g C  

a I n d i c a t e s  no s i g n i f i c a n t  s u r f a c e  contamination 
w a s  found. 

bSurface contaminat ion on l ead  s h i e l d .  
C Sur face  contamination on s t a i n l e s s  steel  capsule .  

Leak Tests 

P r i o r  t o  be ing  l e a k  t e s t e d ,  t h e  sources  were cleaned t o  remove p a r a f f i n ,  
g rease ,  and d i r t  by scrubbing them w i t h  wipes wet ted wi th  t r i c h l o r o e t h y l e n e .  
This c leaning  procedure removed f o r e i g n  matter t h a t  might change t h e  l e a k  
d e t e c t i o n  c h a r a c t e r i s t i c s  o r  t he  dimensional measurements. 

The sources  were l e a k  t e s t e d  by us ing  t h e  vacuum l e a k  test4 system 
shown i n  Fig.  3 .  The source  is  placed i n  a chamber and submerged i n  
e thylene  g lyco l .  The chamber i s  s lowly evacuated t o  a vacuum of 25 i n .  
Hg as t h e  source  is  viewed; a stream of bubbles  a r i s i n g  from a p o i n t  on 
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t h e  s u r f a c e  i n d i c a t e s  a p o s i t i v e  leak .  
s e n s i t i v e  t o  a l e a k  rate of 4 x 

This  test has been shown t o  be  
a t m  cm3/sec. 

The l e a k  tests of a l l  sources  
o t h e r  than  N-PuBe-294 w e r e  neg- 
at ive.  Source N-PuBe-294 w a s  
rece ived  enclosed i n  a two-piece 
threaded l e a d  s h i e l d  as shown i n  
Fig.  2 ( a ) .  The source  was  re- 
moved from t h e  l e a d  s h i e l d  by 
sawing through t h e  s h i e l d  a f t e r  
a t tempts  t o  disassemble i t  a t  
t h e  threaded j o i n t  f a i l e d .  An 
x r a y  of t h e  source  w a s  used t o  
l o c a t e  a s u i t a b l e  p l a c e  t o  c u t  
t h e  l e a d  capsule  without  damaging 
t h e  source.  

The leak test of source N-PuBe-294 
gave an  i n d i c a t i o n  of gross  leak-  
age from t h e  welded end. Inspec- 
t i o n  of t h e  l e a k  area us ing  a 1OX 
monocular and an  80X Questar tele- 
scope revea led  a crack  i n  t h e  weld 
area on the  end cap. Fig.  3 .  Vacuum Leak T e s t  System. 

Dimens i onal Inspection 

The dimensional i n spec t ion  system shown i n  Fig.  4 w a s  used t o  dimension 
t h e  sources .  
capable  of measuring t o  0.001 i n .  
were set a t  two d i f f e r e n t  he igh t s .  

A s teel  in spec t ion  t a b l e  was  set up and two d i a l  i n d i c a t o r s  

Two p rec i s ion  gage b locks ,  
1 x 2 x 3 i n . ,  were provided t o  
p r e s e t  and test t h e  d i a l  i n d i -  
c a t o r s .  The p o s i t i o n s  of measure- 
ments made on each source  are 
shown i n  Fig.  5. The source  diam- 
eter w a s  measured a t  t h e  top  
(welded end cap ) ,  middle,  and 
bottom of each source  on the  x 
and y p lanes  which are 90" a p a r t .  
The l eng th  of t h e  sources  w a s  a l s o  
measured. 

The dimensional measurements of 
t h e  sources  are shown i n  Table 3 .  
I d e n t i c a l  measurements of t h e  rc - 
capsule  diameters  a t  a l l  measure- 
ment p o i n t s  on a p a r t i c u l a r  source  Fig.  4 .  Dimensional In spec t ion  
i n d i c a t e  a uniform c i r c u l a r  capsule  System. 
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O R N L - D W G  74-910 t h a t  has not  been deformed by 
usage and/or i n t e r n a l  gas  p r e s s u r e  
buildup. An i n c r e a s e  i n  gas 
p re s su re  w i t h i n  a capsu le  would be  
expected t o  cause a swel l ing  of 
t h e  capsu le ,  w i th  t h e  middle 
measurements increased  a s i g n i f -  
i c a n t  amount g r e a t e r  than t h e  end 
measurements. The measurements 
i n  Table 3 show t h a t  some sources  
are not  symmetrical. There are 
no measurements t h a t  i n d i c a t e  
swel l ing  i n  any of t h e  sources ;  
however, den t s  and i r r e g u l a r i t i e s  
from handling and/or f a b r i c a t i o n  
i r r e g u l a r i t i e s  were v i s i b l e .  

I 

Fig .  5. Schematic of Dimension 
Measurements 

Table 3. Dimensional Measurements 

Source x Diameter ( i n . )  y Diameter ( in . )  Length 
Number Top Middle Bottom Top Middle Bottom ( in . )  

N-PuBe-292 1.312 1.3135 1 .314  1.314 1.3145 1.3145 1.512 
N-PuBe-293 1 .311  1.311 1.311 1.3115 1.3115 1.3115 1.510 
N-PuBe-294 0.755 0.755 0.752 0.755 0.758 0.752 8.875 

N-PuBe-295 1.307 1.311 1.308 1.310 1.310 1.310 3.317 
N-PuBe-296 1.295 1.295 1.295 1.295 1.295 1.295 41.00 
N-PuBe-297 1 .551  1.552 1.553 1.551 1.553 1.558 

0. 753a 0. 752a 

a 

i n  t h e  midd le  of t he  inne r  capsules .  
Source contained two inne r  capsu le s ;  middle measurements were taken 

In  a d d i t i o n  t o  t h e  above sources ,  e i g h t  sources  c u r r e n t l y  i n  use i n  a 
production-line-type nondes t ruc t ive  t e s t i n g  ope ra t ion  were obtained 
temporarily from t h e  u s e r  and were given a d e t a i l e d  dimensional inspec- 
t i o n ;  no o t h e r  tests were performed on these  sources.  These sources  were 
re turned  t o  t h e  u s e r ,  and i t  is  planned t o  p e r i o d i c a l l y  r e i n s p e c t  t h e  
sources when they can be made a v a i l a b l e  dur ing  maintenance shutdowns. 
The test  r e su l t s  are given i n  Table 4 .  Only one of t h e  sources  had a 
diameter measurement t h a t  w a s  0.003 i n .  g r e a t e r  than t h e  corresponding 
minimum source  diameter, i n d i c a t i n g  t h a t  t h e r e  w a s  no deformation due 
t o  i n t e r n a l  gas p re s su re  bui ldup ,  
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Table 4 .  Dimensions of Neutron Sources Used i n  NDT Operat ion 

Source Diameter ( i n . )  Length 
No. X- I x-2 x-3 Y-1 Y-2 Y-3 ( i n . )  2 

112052 
112053 
112054 
112055 
112056 
112057 
112058 
112059 

1.552 
1,550 
a .  5511 
1.550 
1,550 
1 .550  
1 .551  
1.552 

1 ,553  1.553 1 .551  
1.552 1.552 l , , 550  
1.552 1.552 1.550 
1 .551  1.552 1.549 
1.552 1.553 1.549 
l , 5 5 0  1.550 1 , 5 5 1  
1.552 1.552 1.552 
1 , 5 5 1  1.550 1.549 

1,552 1.553 2.585 
1 ,550  1.552 2.590 
1.551 1,552 2.589 
1.550 1 .551  2.581 
1.550 1.552 2.587 
1.552 1.551 2.588 
1.552 1.552 2.585 
1 .551  1.551 2.586 

Radiography 

The s i x  sources  were placed i n  con tac t  w i th  type  M i n d u s t r i a l  x-ray f i l m  
packets  and radiographed wi th  a i 3 7 C s  source.  
source on t h e  x and y planes as shown i n  F ig .  5 .  The x r a y s  were viewed 
on a P icker  x-ray viewer us ing  a magni f ie r .  

Two views were made of each 

The rad iographs  showed some welding i n s u f f i c i e n c i e s  which were poss ib ly  
caused by misalignment of t h e  welding t o r c h  and t h e  capsu le  end-cap 
j o i n t  and/or  i n s u f f i c i e n t  pene t r a t ion .  
weld area over nsst of t h e  welded end cap of t h e  top ("A") tantalum capsu le  
( t h i s  sou rce  contained two inner  tantalum source  capsules  end-to-end). 
The radiographs d id  not  d e t e c t  t h e  czack i n  t h e  s t a i n l e s s  steel-welded 
end cap of t h i s  s o - ~ r c e  where the  g ross  l e a k  w a s  observed i n  t h e  vacuum 
l e a k  test. The zadiographs of source  N-PuBe-295 showed t h a t  i n  one area 
t h e  weld i n  t h e  bottom end cap (one without  t he  too1  pos t )  of t h e  s t a i n -  
less s teel  eapau1.e has i n s u f f i c i e n t  p e n e t r a t i o n  (pene t r a t ion  w a s  approxi-  
mately one-half of the capsule  w a l l  t h i c k n e s s ) .  

Source N-PuBe-294 shows a broken 

Source N-PuBe-296 shows an area of t h e  weld zone on t h e  s i d e  weld j o i n t  
of t h e  o u t e r  Vega steel  capsule  t h a t  appears  t o  have i n s u f f i c i e n t  weld 
pene t r a t ion .  The s t r e s s - r e l i e f  groove i n  t h e  end cap shows up s t r o n g l y  
and p a r t i a l l y  masks the area, making i n t e r p r e t a t i o n  d i f f i c u l t .  

DESTRUCTIVE TESTING 

I n  t h e  d e s t r u c t i v e  ' res t ing  program, f i v e  of t h e  sou rces  were f i r s t  
punctured t o  release t h e  contained gases  f o r  p r e s s u r e  measurements and 
gas composition. 
specimens of t h e  w e l d  areas f o r  m e t a l l u r g i c a l  examination. 

F m r  of t h e s e  sources were then  sec t ioned  t o  o b t a i n  
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Gas Sampling 

The q u a n t i t i e s  of gas contained wi th in  t h e  sources  w e r e  measured and 
sampled us ing  t h e  equipment shown i n  Fig.  6 .  
of the  equipment. 
the  va r ious  s i z e s  of sou rces ,  and s o l i d  aluminum ho lde r s  w e r e  d r i l l e d  
t o  f i t  each s i z e  of source  and t o  hold i t  i n  t h e  proper  p o s i t i o n  f o r  punc- 
tu r ing .  
increased  s e n s i t i v i t y  of t h e  p re s su re  measurements could be obtained.  
The ho lde r s  conta in ing  t h e  sources  were i n s e r t e d  i n t o  t h e  chamber from 
the  bottom, and an  e l e v a t o r  f a b r i c a t e d  from a bellows-sealed vacuum 
valve  s t e m  u n i t  w a s  used t o  raise and lower t h e  source  t o  the  proper  
level f o r  punctur ing.  The puncture  po in t  w a s  made of hardened t o o l  
steel and w a s  f a b r i c a t e d  wi th  a small curved groove from the  p o i n t  t o  
i t s  base.  The puncture  po in t  w a s  fas tened  t o  a bellows-sealed vacuum 
valve s t e m  d r i v e ,  which w a s  ac tua t ed  by a r a t c h e t  d r i v e  handle  t o  
i n s e r t  and withdraw t h e  poin t .  

F igure  7 shows a schematic  
The puncture  chamber w a s  cons t ruc ted  t o  accommodate 

The ho lde r s  a l s o  reduced t h e  volume of t h e  chamber s o  t h a t  

F ig .  6 .  Equipment f o r  Punctur ing Sources and Measuring 
and Sampling Contained Gas 
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ORNL- DWG 74- 911 
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PUNCTURE 
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GAS 
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i 

W 

MANOMETEF; 

DR lR lTE  TUBE 

- C E L L  ATMOSPHERE - 

Fig.  7 .  Schematic of Source Punctur ing,  G a s  
Measuring, and Sampling Equipment 

The gas contained i n  t h e  o u t e r  
source  capsule  w a s  r e l eased  by 
p e n e t r a t i n g  t h e  o u t e r  capsu le  a t  
t h e  p o i n t  between t h e  bottom s u r - .  
f a c e  of t h e  o u t e r  capsu le  end cap 
and t h e  top s u r f a c e  of t h e  inne r  
capsule  end cap. The inne r  cap- 
s u l e  w a s  punctured by pene t r a t ing  
both capsule  w a l l s .  

The gas w a s  sampled by al lowing 
the  r e l eased  gas t o  expand from 
the  puncture  chamber i n t o  an  
evacuated 500-ml gas sample f l a s k  
having a g l a s s  connector  and 
b reaksea l  f o r  connect ion t o  t h e  
mass spec t rographic  ana lyzer .  The 
gas sample f l a s k  w a s  removed 
from t h e  puncture  equipment and 
sea l ed  t o  prevent  contamination 
of t h e  sample due t o  in leakage  
( tub ing  sealer shown i n  Fig.  8 ) .  

F ig .  8. E l e c t r i c a l l y  Heated 
Glass Tubing S e a l e r .  
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The fol lowing procedure was used t o  measure t h e  source  gas volume and 
p res su re  i n  each source  and t o  ob ta in  gas samples: 

1. The source  w a s  placed i n t o  a source  ho lde r  and then  i n t o  t h e  
puncture  chamber. 

2. The system w a s  evacuated t o  ClO-pm Hg and l e a k  rate t e s t e d .  

3 .  The system was vented t o  c e l l  atmosphere through a tube  con ta in ing  
a d e s i c c a n t ,  and t h e  p re s su re  was recorded.  

4 .  The s tandard  volume chamber w a s  i s o l a t e d  and t h e  system evacuated t o  
10-pm Hg. 

5. The puncture  po in t  w a s  f u l l y  withdrawn and t h e  capsule  holder -  
e l e v a t o r  completely lowered t o  a zero  p o i n t  f o r  a l l  manometer 
readings  below atmosphere. The gas i n  t h e  s tandard  volume 
chamber was r e l eased  i n t o  the  puncture  chamber and t h e  manometer 
reading  was recorded.  

6. The s tandard  volume chamber was i s o l a t e d ,  and t h e  puncture  chamber 
evacuated and i s o l a t e d .  The capsule  w a s  pos i t ioned  and punctured. 
The puncture  p o i n t  and e l e v a t o r  were withdrawn t o  zero p o s i t i o n  
and t h e  manometer p re s su re  recorded.  

7. The r e l eased  gas i n  t h e  puncture  chamber was valved t o  t h e  
evacuated sample f l a s k ,  which w a s  then  i s o l a t e d ,  removed, and 
s e a l e d .  

8. The puncture  system w a s  then vented t o  c e l l  atmosphere through 
t h e  s tandard  volume chamber, and t h e  p re s su re  was recorded.  

9. The s tandard  volume chamber was i s o l a t e d ,  and t h e  puncture  chamber 
evacuated and i s o l a t e d .  The s tandard  volume of gas w a s  r e l eased  
i n t o  t h e  puncture  chamber and t h e  manometer reading  recorded.  

10. The gas volume i n  t h e  source  w a s  determined by d i f f e r e n c e  i n  
system p res su re  measurements be fo re  and a f t e r  puncture .  
us ing  t h e  r e l eased  gas p re s su re  and source  volume, t h e  p re s su re  
of t h e  contained gas i n  the  source  w a s  c a l c u l a t e d .  

By 

11. The inne r  capsu le  gas p re s su re  and sample were obta ined  by 
r e t u r n i n g  t o  s t e p  6 and r epea t ing  t h e  procedure.  

Five sources  were punctured f o r  gas p re s su re  de t e rmina t ions ,  and samples 
of gas were taken where s u f f i c i e n t  amounts of gas  were p r e s e n t .  The 
except ions were t h e  o u t e r  s t a i n l e s s  s teel  capsule  of N-PuBe-294, which 
had a gross  l e a k ,  and t h e  Vega steel  capsu le  of N-PuBe-296, which could 
not  be punctured.  The inne r  tantalum capsu le  of N-PuBe-296 was removed 
from the  o u t e r  Vega steel  capsule  and punctured,  and the  gas p re s su re  
was measured. Table 5 l i s ts  t h e  c a l c u l a t e d  i n t e r n a l  gas p re s su res  in 
t he  source  capsules .  A l l  p r e s su res  were found t o  be less than atmospheric.  
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Table 5. Source Gas Pres su res  

Source 
Number 

~ ~ ~~ 

Capsule 
Material 

Pres  s u r e  
( p s i 4  

N-PuBe-292 S t a i n l e s s  s teel  
Tantalum 

N-PuBe-293 S t a i n l e s s  steel  
Tantalum 

N-PuBe-294 S t a i n l e s s  s teel  
Tantalum, upper 
Tantalum, lower 

N-PuBe-295 S t a i n l e s s  steel  
Tantalum 

N-PuBe-296 Vega steel  
Tantalum 

11.9 
0.7 
0.2 
0 . 1  

Leaker 
1 . 4  
0.16 
8.4 

None de tec t ed  
Not punctured 

0.12 

S u f f i c i e n t  gas w a s  a v a i l a b l e  i n  t h r e e  of t h e  sources  f o r  determining 
gas composition; t h e  r e s u l t s  are  given i n  Table 6 .  

Table 6.  Mass Spectrometer Analysis  

Gas 
N-PuBe-292 N-PuBe-295 N-PuBe-294 

Outer Inner  Outer Inner  Inner  
(%> (%> (%> A (%> B (%> 

Hydrogen 7.9 2.6 0 .1  1.4 15.8 
Methane 2 .o 0.5 7 .8  
Hydrocarbon 3 .O <0 .1  0.2 6 . 1  
Nitrogen 81.8 61.7 77.9 7 7 . 1  54.8 
Oxygen 1 .4  25.6 20.7 18.9 10.2 
Argon 7 . 1  2.6 1.1 1.2 0.7 
Carbon d iox ide  1 .8  2 . 3  0 . 1  1.0 4.5 

. 

The ana lyses  i n d i c a t e  t h a t  t h e  major p o r t i o n  of a l l  t h e  sampled gases  
w a s  a i r .  Source N-PuBe-294 inne r  capsule  B (lower capsule)  conta ined  
q u a n t i t i e s  of hydrogen, methane, hydrocarbon, and carbon d iox ide ,  which 
t o t a l e d  34% of the  measured gases .  This  composition i n d i c a t e s  t h a t  a 
small q u a n t i t y  of some hydrocarbon w a s  p re sen t  as a contaminant.  The 
gas a n a l y s i s  f o r  source  N-PuBe-292 i n n e r  and o u t e r  capsules  showed 
i n d i c a t i o n s  of 10% hydrocarbon gas  products  pe r  sample. 
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Sectioning 

V 

The manipulator  c e l l  used i n  sec t ion ing  t h e  sources  w a s  equipped f o r  
handl ing h igh  levels of a lpha  contamination and f o r  i n e r t  gas ope ra t ion  
t o  prec lude  the  p o s s i b i l i t y  of burning plutonium d u s t  during t h e  sawing, 
opera t ions .  Shie ld ing  a g a i n s t  t h e  
neutrons emi t ted  from the  sources  
w a s  provided by 2- f t - th ick  water 
s h i e l d i n g  tanks.  

The c e l l  w a s  made i n e r t  wi th  argon 
t o  a level below 500 ppm of oxygen 
p r i o r  t o  s e c t i o n i n g  t h e  sources .  
The r o t a r y  s a w  shown i n  Fig.  9 w a s  
then used t o  c u t  o f f  t h e  end caps 
of t h e  sources .  These end caps 
were then c u t  i n  h a l f ,  and i n  some 
cases qua r t e red ,  t o  o b t a i n  t h e  
meta l lographic  specimens. Nine 
specimens taken from four  sources  
were chosen f o r  examination, The 
fol lowing is a l i s t  of t h e  s a m -  
p l e s  submitted f o r  meta l lographic  
examination. F ig .  9 .  Rotary Saw i n  Alpha C e l l  

Source Number Sample Sec t ion  Material 

N-PuBe-292 Weld end-cap inne r  capsule  Tantalum 
N-PuBe-294 Bottom end, i n n e r  and o u t e r  capsules  Tantalum and 

s t a i n l e s s  s tee l  
N-PuBe-294 Top end, ou te r  capsule  S t a i n l e s s  s tee l  
N-PuBe-295 Top end, ou te r  capsule  S t a i n l e s s  s teel  
N-PuBe-295 Bottom end, i nne r  a@ o u t e r  capsules  Tantalum and 

s t a i n l e s s  s teel  
N-PuBe-296 Top end, i n n e r  capsule  Tantalum 
N-PuBe-296 Top end, o u t e r  capsule  Vega steel  

Metallographic Examination 

The sec t ioned  samples of t he  source  capsules  were prepared,  examined, 
and photographed. The d e t a i l s  of t h e  i n s p e c t i o n  test r e s u l t s  are 
presented i n  Appendix A. A summary of t h e  examination r e l a t i n g  t o  
capsule  i n t e g r i t y  f o r  each source  is  presented  below, inc lud ing  a 
list of p o s s i b l e  l o s s e s  i n  source  i n t e g r i t y  caused by va r ious  d e f e c t s .  

Defec ts  Which Reduce Source I n t e e r i t v  

Defects  

1 )  Grain boundary ox ida t ion  

P o t e n t i a l  r e s u l t s  of d e f e c t  

Weakens a f f e c t e d  area and tends 
t o  cause  embri t t lement  
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Defects  P o t e n t i a l  r e s u l t s  of d e f e c t  

2) I n s u f f i c i e n t  weld p e n e t r a t i o n  

3)  Capsule l eaks  

4)  Excessive g r a i n  growth 

5) Weld ro l l -over  

6) Externa l  cor ros ion  

7) Weld c racks ,  vo ids ,  and occ lus ions  

Weld does not  have t h e  des ign  
s t r e n g t h  

Resul t  i n  p o s s i b l e  l e a k  of 
a c t i v i t y  e s p e c i a l l y  i f  v i b r a t e d  
o r  immersed i n  l i q u i d  

Weakens weld zone metal and t ends  
t o  cause embri t t lement  

Frequent ly  r e s u l t s  i n  low weld 
p e n e t r a t i o n  (See d e f e c t  2 above) 

Reduces s t r e n g t h  of capsule  i n  
area a f f e c t e d  and may r e s u l t  i n  
a leak ing  capsule  

Cause weak areas i n  t h e  weld zone 

Source N-PuBe-292, Welded Tantalum End Cap, Sample 1 

This  sample had a n e a r l y  s a t i s f a c t o r y  weld al though t h e  weld penet ra t ion*  
( ~ 7 0 %  of t h e  capsule  w a l l  th ickness)  w a s  somewhat less than d e s i r a b l e .  
The g r a i n  s i z e  was n o t  as l a r g e  as i n  several of t h e  samples descr ibed  
below. The weld zone appears  t o  be f r e e  of c r a c k s  and voids .  

Source N-PuBe-294, Sample 1, Bottom S e c t i o n ,  Inner  and Outer Capsules 

The sample of t h e  o u t e r  s t a i n l e s s  s tee l  capsule  weld zone i n d i c a t e s  a 
s a t i s f a c t o r y  weld. There were no v i s i b l e  c racks  o r  vo ids  i n  t h e  weld 
zone and weld p e n e t r a t i o n  w a s  %95% of t h e  capsule  w a l l  th ickness .  

The sample of t h e  inne r  tantalum weld zone showed a crack  p e n e t r a t i n g  
through the  weld zone, making i t  p o s s i b l e  f o r  f u e l  t o  l e a k  o u t  of t h e  
i n n e r  capsule .  Excessive g r a i n  growth, which weakens t h e  weld zone 
m e t a l  and tends  t o  cause embri t t lement ,  occurred dur ing  welding. It 
appears  t h a t  t h e  o r i g i n a l  weld p e n e t r a t i o n  w a s  only one g r a i n  t h i c k  
(~30% of t h e  capsule  w a l l  t h i c k n e s s ) .  Low p e n e t r a t i o n  such as t h i s  
d r a s t i c a l l y  reduces t h e  s t r e n g t h  of t h e  weld m e t a l .  Amorphous material  
observed between t h e  i n n e r  c a p s u l e  w a l l  and t h e  end cap may have con- 
t r i h u t e d  t o  t h e  f a i l u r e  of t h i s  weld. 

Source N-PuBe-294, Sample 2 ,  S t a i n l e s s  S t ee l  Outer Capsule 

This  sample of t h e  o u t e r  s t a i n l e s s  s tee l  weld zone i n d i c a t e s  t h a t  a n  
apparent  welding alignment problem occurred i n  which t h e  weld was n o t  
cen tered  over t h e  end cap-capsule i n t e r f a c e .  This  r e s u l t e d  i n  excess ive  
weld ro l l -over  and l o w  p e n e t r a t i o n  ( ~ 3 5 % )  and, t h e r e f o r e ,  i n  a weld wi th  
poor s t r e n g t h .  

*Weld p e n e t r a t i o n  is  def ined  as t h e  l ea s t  d i s t a n c e  from t h e  weld j o i n t  
pocket t o  t h e  capsule  w a l l  (80% p e n e t r a t i o n  i s  des i red  f o r  capsule  w a l l  
th icknesses  up t o  0.0625 i n . )  . 

An u n i d e n t i f i e d  i n c l u s i o n  w a s  t rapped between t h e  end 
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. 

cap and t h e  weld metal which can a l s o  reduce weld j o i n t  s t r e n g t h  by 
c r e a t i n g  void areas i n  t h e  weld zone. 

Source N-PuBe-295, Sample 1, Outer Capsule S t a i n l e s s  S t e e l  Weld 

This  sample i n d i c a t e s  a s a t i s f a c t o r y  weld, f r e e  of c r acks  and vo ids ,  
and having good p e n e t r a t i o n  (%loo%). 
Source N-PuBe-295, Sample  2 ,  Bottom Tantalum and S t a i n l e s s  S t e e l  
Outer Capsules 

The s t a i n l e s s  steel  o u t e r  capsule  weld sample showed less than  d e s i r a b l e  
weld p e n e t r a t i o n  (Q60%), which means t h a t  t h e  weld is  below t h e  d e s i r e d  
s t r e n g t h .  

The tantalum capsule  weld had n e a r l y  s a t i s f a c t o r y  p e n e t r a t i o n  (Q75%). 
The g r a i n s  i n  t h e  weld zone were q u i t e  l a r g e  (a cond i t ion  which weakens 
the  weld zone metal and tends  t o  cause embr i t t l ement ) .  
be  an oxide  l a y e r  adhering t o  t h e  o u t e r  s u r f a c e  of t h e  capsu le  and 
i n t e r n a l  oxide p r e c i p i t a t i o n  p l a t e l e t s ,  bo th  of which can weaken t h e  
weld j o i n t  and cause embri t t lement  of t h e  m e t a l .  

There appears  t o  

Source N-PuBe-296, Top Weld, Tantalum Inner  Capsule,  Sample 1 

This  sample i n d i c a t e s  t h a t  a nea r ly  s a t i s f a c t o r y  weld-was obta ined .  The 
g ra ins  are l a r g e r  than  d e s i r a b l e  and porous metall ic material w a s  p re sen t  
on t h e  i n s i d e  s u r f a c e  of t h e  end cap (condi t ions  which can cause low 
s t r e n g t h  and embri t t lement  i n  the  weld zone).  Weld p e n e t r a t i o n  w a s  100%. 

Source N-PuBe-296, Sample 2 ,  Top Vega S tee l  Weld, Outer Capsule 

I n  t h i s  sample t h e  weld nugget is not  centered  over t he  capsule  end-cap 
i n t e r f a c e ,  g iv ing  much less than  t h e  des i r ed  weld p e n e t r a t i o n  ( ~ 6 5 % )  and 
d e s i r e d  weld s t r e n g t h .  

SUMMARY OF NONDESTRUCTIVE TESTS 

The v i s u a l  i n s p e c t i o n  of t h e  sources  i n  t h e  "as received" cond i t ion  
revea led  t h a t  sou rce  N-PuBe-294, which had been used under water, 
was coated i n  some areas wi th  wh i t e  l ead  oxide which probably came 
from t h e  l e a d  capsu le  s h i e l d i n g .  
c rack  i n  t h e  top  end-cap weld i n  an  area t h a t  had v i s i b l e  welding ir- 
r e g u l a r i t i e s .  Source N-PuBe-296,.which had been used i n  w e l l  logging 
had a Vega steel. ou te r  capsule  which appeared t o  be  rus t ed  a l l  over 
and t o  have traces of yellow p a i n t .  The remaining fou r  sources  had 
e s s e n t i a l l y  c l e a n  s u r f a c e s  wi th  no v i s i b l e  d e f e c t s .  

This  sou rce  a l s o  had a v i s i b l e  

The wipe tests of t h e  sources  i n  t h e  "as received" cond i t ion  were near  
background and d i d  no t  i d e n t i f y  any source  as having a leak. The vacuum 
leak test was used f o r  l e a k  t e s t i n g  t h e  sources .  For  doubly encapsulated 
sources ,  t h i s  test w i l l  d e t e c t  l eaks  i n  t h e  o u t e r  capsu le  only.  A gross  



l e a k  i n  t h e  o u t e r  capsu le  of sou rce  N-PuBe-294 w a s  observed. 
tests of t h e  o t h e r  f i v e  sources  were nega t ive .  

The l e a k  

The dimensional i n s p e c t i o n  i n d i c a t e d  t h a t  t h e  sources  were only  s l i g h t l y  
out-of-round and t h a t  swe l l ing  had no t  occurred.  
i n  measurements of t h e  e i g h t  sources  obta ined  f o r  i n s p e c t i o n  from a 
source  user .  

This  was a l s o  i n d i c a t e d  

The radiographs showed some welding d e f i c i e n c i e s ,  poss ib ly  caused by 
misalignment of t h e  welding to rch  and t h e  capsu le  end-cap j o i n t s  and/or  
i n s u f f i c i e n t  pene t r a t ion .  Source N-PuBe-294 had a broken weld area over  
most of t h e  welded end cap of t h e  "A" tantalum capsu le  ( t h i s  sou rce  had 
two i n n e r  tantalum source  capsules  s tacked  end-to-end). The rad iographs  
d id  n o t  d e t e c t  t h e  c rack  i n  t h e  s t a i n l e s s  s teel  welded end cap t h a t  con- 
t a ined  t h e  gross  l e a k  observed i n  t h e  vacuum l e a k  test of sou rce  N-PuBe-294. 
I n s u f f i c i e n t  weld p e n e t r a t i o n  w a s  noted i n  some areas of sources  N-PuBe-295 
and -296 o u t e r  capsules .  

SUMMARY OF D E S T R U C T I V E  TESTS 

I n t e r n a l  p re s su res  were observed t o  be  less than  atmospheric  i n  t h e  gas  
p re s su re  measurements of t h e  e i g h t  capsu le s  which contained s u f f i c i e n t  
amounts of gas  f o r  measuring. Capsules f o r  which t h e  i n t e r n a l  p r e s s u r e  
could no t  be measured were t h e  o u t e r  capsu le  of sou rce  N-PuBe-294, which 
had a gross  l e a k ,  and t h e  o u t e r  Vega steel  capsu le  of source  N-PuBe-296, 
which could no t  be punctured due t o  t h e  hardness  of t h e  metal. 

The metallography r e s u l t s  show d e f i c i e n c i e s  i n  a l l  of t h e  tantalum weld 
zones--in one case, a c rack  was observed which pene t r a t ed  completely 
through t h e  weld zone. I n  most of t h e  samples t h e  tantalum showed excessive 
g r a i n  growth and ox ida t ion  near  t h e  weld zones,  and weld p e n e t r a t i o n  was 
somewhat less than  des i r ed .  Alignment problems occurred i n  two cases 
where t h e  bead w a s  no t  centered over t h e  end cap-capsule i n t e r f a c e ,  causing 
excessive ro l l -ove r  and r educ t ion  i n  weld p e n e t r a t i o n ,  

CONCLUSIONS 

1.0  The q u a l i t y  c o n t r o l  programs used i n  t h e  f a b r i c a t i o n  of t h e  s ix  
sources  examined i n  t h i s  s tudy  were n o t  adequate  to  d e t e c t  d e f e c t s  
which may r e s u l t  i n  t h e  release of r a d i o a c t i v e  contaminat ion.  The 
suppor t ing  d a t a  f o r  t h i s  conclusion are: 

a. One out  of s ix  of t h e  o u t e r  capsu le s  (16.6%) had a l e a k  i n  t h e  
weld area which w a s  no t  de t ec t ed  by a wipe test b u t  was d e t e c t e d  
by a vacuum l e a k  test wi th  t h e  capsule  submerged i n  e thy lene  
g lyco l .  

b .  The l o c a t i o n  of t h e  weld zone i n  r e l a t i o n  t o  t h e  end cap-capsule 
f n t e r f a s e  showed t h a t  t h e  welding e l e c t r o d e  was n o t  cen te red  i n  
t h e  case of two ou te r  capsule  welds .  

c. S u f f i c i e n t  weld p e n e t r a t i o n  was no t  ob ta ined  i n  two o u t e r  capsu le s .  
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d. Insufficient weld penetration, cracks, and large grain structure 
were observed in the weld zones of four inner capsules. Although 
a fully sealed inner capsule is not required by regulation, these 
defects indicate that welding procedures need to be improved. 

e. One of six inner capsules contained a gas composition indicating 
the presence of a hydrocarbon contaminant. 

f. The percentage of sources having defects (60%) in this study is 
in agreement with the results of a study of 53 similar sources 
by Mound Laboratory1,2'3, in which 62% of the sources were 
found to have defects. 

2.0 The present requirement for periodic ( 6  month) status reports of 
leak test results for sources in use appears to be adequate. 
wipe test, consisting of smearing the source with a dry wipe and 
assaying the radioactivity removed on the wipe in a suitable 
radiation counting instrument, has some inherent potential in- 
adequacies as follows: 

The 

a. Of most importance, the wipe test tells that release of con- 
tamination has already occurred; it cannot predict a potential 
release of contamination, but it can help prevent the contamination 
from becoming widespread. 

b. The mechanical action of wiping the source capsule may not be 
adequate because it must be done remotely by wiping all areas 
which may have contamination. 

c. The radiation counting instrumentation used by the source owner 
to determine the amount of contamination in the wipe may not 
remain in proper calibration during the periods of non-use 
between wipe tests. 

3 . 0  The results of this study indicate that some form of periodic 
nondestructive examination in addition to the 6-month wipe test is 
needed to detect defects not found by the manufacturer's quality 
control procedures and to serve as an independent check on the 
source containment integrity. This conclusion is based on the 
following: 

a. The smear test did not detect a leak in the outer capsule of 
one source. Evidently the inner capsule provided sufficient 
Containment to prevent the release of contamination in this 
case; however, the design of the capsule closure, the weld 
qualfty, and the welding deficiencies of the inner capsule 
indicate that it cannot be relied upon as a contamination 
containment barrier. 

b. The wipe test has inherent potential inadequacies which could 
allow a source having leak holes to go undetected. 
of this was observed while examining source N-PuBe-294 in which 

An example 



18 

both  t h e  i n n e r  and o u t e r  c a p s u l a  were found t o  have l e a k  h o l e s  
i n  t h e  weld zones which were n o t  d e t e c t e d  by t h e  wipe test .  The 
PuBe appeared t o  be i n  t h e  form of a s o l i d  mass, and t h e  l i k e l i -  
hood of PuBe migra t ion  through both  t h e  i n n e r  and o u t e r  end-cap 
weld l e a k s  would be q u i t e  low un le s s  some of t h e  Pu were p r e s e n t  
as a powder, such as 239Pu02, having p a r t i c l e  s i z e s  small enough 
t o  pass through the  l e a k  h o l e s ,  

Pe r iod ic  d e s t r u c t i v e  t e s t i n g  of sou rces  is no t  i n d i c a t e d  by t h i s  
s tudy;  however, t h e  thorough i n s p e c t i o n  of a few sources  from a given 
gene ra t ion  of sources  (de f in ing  a gene ra t ion  as those  sources  produced 
i n  a f ive-year  pe r iod )  a t  1 0 ,  15, and 20 y e a r s  a f t e r  manufacture as 
def ined  by t h e  median age of t h e  gene ra t ion  can be used t o  d e t e c t  t h e  
e f f e c t s  of ag ing ,  c o m p a t i b i l i t y  e f f e c t s ,  o r  e x t e r n a l  environmental  a t t a c k .  

Sources which show s i g n i f i c a n t  damage o r  co r ros ion  should be r e c a l l e d  
immediately f o r  thorough nondes t ruc t ive  and/or  d e s t r u c t i v e  i n s p e c t i o n  
and p o s s i b l e  r eencapsu la t ion  o r  removal from service. 

4.0 The r e s u l t s  of t h i s  s tudy do no t  i n d i c a t e  a maximum age f o r  a Pu-Be 
source  beyond which t h e  continued i n t e g r i t y  i s  suspec t .  The development 
of an  a c c e l e r a t e d  aging program, o r i g i n a l l y  planned f o r  t h i s  s tudy ,  
was d e l e t e d  due t o  funding problems. 

Acce lera ted  aging tests were conducted on 316L s t a i n l e s s  steel  encap- 
s u l a t e d  BNL s t r i p - t y p e  CsCl sources  i n  which f o u r  sources  were sub- 
j e c t e d  t o  thermal  cyc l ing  between -75°C and 176OC f o r  a minimum of 
757 t o  a maximum of 2457 c y c l e s .  
swe l l ing  o r  co r ros ion .  5 

There were no d e t e c t a b l e  l e a k s ,  

RECOMMENDATIONS 

1.1 The examination of t h e s e  sources  has  shown t h a t  t h e  major problem 
wi th  t h e  sources  is weld d e f e c t s ,  w i t h  t h e  g r e a t e r  p o r t i o n  of t h e  
d e f e c t s  found i n  t h e  tantalum capsu le s .  
t h e  d e f e c t s  are: (a )  excess ive  g r a i n  growth i n  tantalum weld j o i n t s ,  
(b) embr i t t l ement  of t h e  tantalum weld j o i n t  due t o  i m p u r i t i e s ,  
(c) misalignment of t h e  welding t o r c h  and weld j o i n t ,  (d) i n s u f f i c i e n t  
weld p e n e t r a t i o n ,  (e)  a weld j o i n t  des ign  j o i n i n g  a t h i n  w a l l  and 
t h i c k  end cap which l e a d s  t o  unequal h e a t i n g ,  which i n  t u r n  causes  
poor p e n e t r a t i o n .  

Some of t h e  reasons  f o r  

From t h e  evidence of t h e  number of weld d e f e c t s  found i n  t h e s e  tests 
of t h e  sources  manufactured dur ing  t h e  1961 and 1962 pe r iod ,  t h e  
i n t e g r i t y  of encapsu la t ion  of t h e  PuBe i s  ques t ionab le .  Leak- 
p roof ,  double encapsula t ion  is  a d e s i r a b l e  goa l  f o r  t h e  PuBe sources  
because of t h e  extremely high t o x i c i t y  l e v e l  of t h e  Pu and Be.  Based 
on t h i s  goa l ,  t h e  rate of d e f e c t s  (~60%) found i n d i c a t e s  t h a t  h a l f  of 
t h e  sources  of t h i s  per iod  are d e f e c t i v e .  However, t h e s e  tests showed 
a rate of o u t e r  capsule  l e a k s  t o  be Q17% and Q l O %  f o r  t hose  t e s t e d  by 
Mound Laboratory 

. 
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. 

2.1 

The q u a l i t y  of source encapsula t ion  could be improved by: (a )  redes ign  
of t h e  weld j o i n t s  t o  provide metal of equal  t h i ckness  f o r  f u s i o n  weld 
j o i n t s ,  (b) u se  of radiography t o  i n s p e c t  each weld j o i n t ,  ( c )  use  
of a r e l i a b l e  l e a k  test  which is both s e n s i t i v e  and capable  of 
measuring gross  l e a k s ,  such as a vacuum l e a k  test o r  a h o t  water 
bubble  test  , 4  (d) c a r e f u l  c leaning  and handl ing  of source  capsules  
p r i o r  t o  welding t o  ensure  t h a t  no organic  o r  f o r e i g n  material is  
i n a d v e r t e n t l y  encapsulated which could cause welding problems and/or  
the bui ldup  of i n t e r n a l  gas p re s su re  by r a d i o l y t i c  decomposition of 
t h e  material. 

The wipe t e s t i n g  of sources  every s i x  months as a means of d e t e c t i n g  
l eak ing  sources  should be cont inued,  even though it  is inadequate  i n  
d e t e c t i n g  sources  wi th  leaks un les s  t h e  sources  are l eak ing  a d e t e c t a b l e  
q u a n t i t y  of plutonium. This  l e a k  test should be supplemented wi th  a 
h o t  water bubble test a t  one-year i n t e r v a l s  o r  fol lowing an acc iden t  
t h a t  would deform t h e  capsule  and, i n  p a r t i c u l a r ,  t h e  weld area. A 
source  g iv ing  a p o s i t i v e  i n d i c a t i o n  of a l e a k  should be r e tu rned  f o r  
reencapsula t ion .  

An a d d i t i o n a l  tes t  t h a t  should be used f o r  a l l  newly f a b r i c a t e d  
sources  would be f o r  t h e  f a b r i c a t o r  t o  supply w i t h  each source  a 
low-cost simple go no-go gage t o  be used t o  test  f o r  source swe l l ing  
and/or  acc iden t  deformation. 
be made a t  six-month i n t e r v a l s  f o r  a per iod  of two o r  t h r e e  yea r s ,  
a f t e r  which t i m e  t h i s  could be d iscont inued  except  i n  t h e  case of 
an  a c c i d e n t ,  as t h e  p o s s i b i l i t y  of swel l ing  from gas formation of 
sea led- in  fo re ign  matter would be expected t o  have ceased,  

The go no-go test  of t h e  source  would 

3.1 Based upon t h e  %lo% rate  of l e a k s  found i n  t h e  sources  t e s t e d  f o r  
t h e  per iod  of 1958 t h r u  1962 (Mound Labora tory) ,  i t  is  recommended 
t h a t  two groups of sources  be  s e l e c t e d , o n e  group of approximately 
f i v e  year-old sources  and one less than one year o ld  f o r  nondes t ruc t ive  
t e s t i n g .  A s m a l l  f r a c t i o n  of t h e s e  sources  should be s e l e c t e d  f o r  
d e s t r u c t i v e  t e s t i n g .  This test program would i n d i c a t e  t h e  probable  
number of d e f e c t i v e  sources  i n  use and whether t h e r e  is a need f o r  a 
more s t r i n g e n t  u se r - t e s t ing  program f o r  d e t e c t i o n  of d e f e c t i v e  sources .  

4 . 1  There is no apparent  reason why a well-manufactured l e a k - t i g h t ,  
doubly encapsulated source  should no t  have an e s s e n t i a l l y  unl imited 
l i f e  span when used i n  mild environments. Sources used i n  w e l l  
logging  ope ra t ions  can  be  sub jec t ed  t o  c o r r o s i v e  and e r o s i v e  environment, 
and t h e i r  l i f e  w i l l  be dependent upon a minimum dimensional measurement 
t h a t  should be s p e c i f i e d  i n  t h e  o r i g i n a l  des ign .  

Leak tests of sources  have shown t h a t  %lo% of t h e  o ld  (10 yea r s  and 
o l d e r )  sources  would be expected t o  have l eaks .  
should be loca ted  and removed from s e r v i c e .  
by: (a )  e i t h e r  r e c a l l i n g  a l l  o ld  sources  f o r  l e a k  t e s t i n g  and 
r eencapsu la t ing  t h e  leak ing  sources  o r  (b) r e q u i r i n g  a use r  t o  perform a 
hot-water bubble t e s t  and wipe tes t ,  and t o  submit a sample of t he  
water used i n  the  hot-water bubble test f o r  de te rmina t ion  of t h e  

These l eak ing  sources  
This  can  be accomplished 
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contamhation removed from the source. 
indicazion of a leak,  the source should be returned for reencapsulating 
C I ~  disposal. 

If there is a positive test 
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APPENDIX A 

Metal lographic Inspection Results 

. 

The meta l lographic  examination cons i s t ed  of mounting the  samples i n  an  
epoxy r e s i n  meta l lographic  mount and gr inding  t h e  sample f l a t  on a 
lapping  machine, us ing  a s i l i c o n  ca rb ide  ab ras ive  s l u r r y .  A f t e r  being 
ground, t h e  samples were pol i shed  us ing  v i b r a t o r y  po l i sh ing  u n i t s .  The 
f i n a l  po l i sh ing  s t e p  employed a 1 / 2 - ~ m  diamond paste-water s l u r r y  on a 
nylon po l i sh ing  c l o t h .  Af t e r  being po l i shed ,  t h e  samples were examined 
us ing  a m e t a l l u r g i c a l  microscope and photographed i n  t h e  as-pol ished 
Condit ion.  The samples were then etched t o  reveal t h e  g r a i n  s t r u c t u r e ,  
An e t chan t  of f i v e  p a r t s  H C 1  and one p a r t  HNO3 w a s  used t o  e t c h  t h e  
s t a i n l e s s  steel  samples,  whi le  an e t chan t  of 30 g NH4F-HF, 50 m l  HNO3, 
and 20 m l  H20 w a s  used t o  reveal t h e  g r a i n  s t r u c t u r e  of t h e  tantalum 
samples. 
t h e  Vega steel  sample. 
us ing  a microscope, and photomicrographs were made t o  record  t h e  g r a i n  
s t r u c t u r e .  

A s o l u t i o n  of 2 m l  HNO3 and 98 m l  methanol was used t o  e t c h  
Af t e r  being e tched ,  t h e  samples were examined 

- Source N-PuBe-294, Sample 1, Bottom Sec t ion ,  Inner  and Outer Capsules 

F igure  10 shows t h e  weld zone of t h e  s t a i n l e s s  steel  o u t e r  capsule  i n  t h e  
as-pol ished cond i t ion .  This  photograph shows t h e r e  are no v i s i b l e  c racks  
i n  t h e  weld and t h a t  t h e  weld j o i n t  p e n e t r a t i o n  measures only  s l i g h t l y  
less than  t h e  tube w a l l  th ickness  of t h e  capsule .  
t h i s  capsule  i n  t h e  etched cond i t ion .  This  photomicrograph shows t h a t  
p a r t  of t h e  ou te r  s u r f a c e  of t h e  end cap material has  been e i t h e r  t o r n  
or ground away (probably dur ing  t h e  sec t ion ing  of t h e  capsu le ) ,  b u t  most 
of t h e  weld nugget was l e f t  i n t a c t ,  F igure  l l ( b )  shows t h e  weld zone 
mic ros t ruc tu re  a t  a high magni f ica t ion  (1OOX). Figure  12 shows t h e  weld 
zone of t h e  inne r  tantalum capsule  i n  t h e  as-pol ished condi t ion .  Note 
t h e  c rack  p e n e t r a t i n g  through t h e  weld zone. F igure  13 shows t h e  same 
area i n  t h e  etched cond i t ion .  Excessive g r a i n  growth is  v i s i b l e  around 
t h e  weld zone. A t  t h i s  p lane  of p o l i s h  i t  appears  t h a t  t h e  o r i g i n a l  
weld p e n e t r a t i o n  w a s  only one g r a i n  t h i c k  and t h a t  t h e  capsu le  end-cap 
s e p a r a t i o n  occurred a t  t h e  boundary of a l a r g e  g r a i n .  
shows amorphous material between the  inne r  capsu le  w a l l  and t h e  end cap. 
This  material w a s  observed i n  the  as rpol i shed  cond i t ion  only ,  When t h i s  
sample was etched t o  r e v e a l  t he  g r a i n  s t r u c t u r e  of t h e  tantalum, t h i s  
feathery-appearing material w a s  d i sso lved  a long  wi th  t h e  u n i d e n t i f i e d  
l a y e r  marked by arrows i n  F ig .  14 (b ) .  This  photomicrograph shows t h e  
bottom of t h e  end cap on t h e  l e f t  and t h e  i n s i d e  of t h e  capsule  on t h e  
r i g h t  of t h e  p i c t u r e .  

F igure  l l ( a )  shows 

Figure  14 (a )  

Source N-PuBe-294, Sample 2 ,  S t a i n l e s s  Steel  Outer Capsule 

F igures  15 and 16  show t h e  end-cap weld zone i n  t h e  as-pol ished and etched 
cond i t ions .  It is evident  t h a t  t h i s  weld p e n e t r a t i o n  is  less than  ha l f  t h e  
th i ckness  of t h e  capsule  tube w a l l .  Judging from t h e s e  photographs,  i t  
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appears  t h a t  a welding alignment problem was encountered dur ing  t h e  capsule  
welding process .  
cen tered  over t h e  end cap-capsule i n t e r f a c e .  I n  t h e  f i n a l  welding opera- 
t i o n  i t  appears  t h a t  t h e  w a l l  of t h e  capsu le  w a s  hea ted  t o  a molten s t a g e  
extending 0.120 i n .  down t h e  s i d e  of t h e  capsule  w a l l .  This  molten zone 
co l lapsed  (t’fiickened area near  top of tube  w a l l ) ,  which caused excessive 
ro l l -ove r  st t h e  corner  of t h e  weld zone. F igure  17 (a )  shows t h e  weld 
zone a t  a h igher  magni f ica t ion  (1OOX) i n  t h e  as-pol ished cond i t ion ,  and 
Fig .  1 S ( b )  shows t h e  etched condi t ion .  The arrow p o i n t s  t o  an  uniden- 
t i f i e d  fnc lus ion  t rapped between t h e  end cap and t h e  weld metal. 
shows a void area a t  t h e  tube wal l -col lapsed tube  s e c t i o n  i n t e r f a c e .  This  
void area. pene t r a t ed  0.004 fn. i n t o  t h e  tube  w a l l .  

F igure  1 6  shows t h e  f i r s t  weld bead (arrow) was n o t  

F igure  18 

Source N-PuBe-295, Sample 1, S t a i n l e s s  S tee l ,  Top Weld, Outer Capsule 

F igure  1 9  is  t h e  as-pol ished photomacrograph of t h e  weld zone. 
and 20(b) show t h e  weld zone i n  t h e  etched cond i t ion .  
appeared t o  be sound and f r e e  of c racks  and voids .  

F igures  20(a) 
This  weld j o i n t  

Source N-PuBe-295, Sample 2 ,  Bottom Sect ion  
Tantalum Inner  and S t a i n l e s s  Steel  Outer Capsules 

Both t h e  faner and ou te r  capsules  are shown i n  t h e  as-pol ished cond i t ion  i n  
Fig.  21. Higher magni f ica t ion  photomicrographs of t h e  o u t e r  s t a i n l e s s  steel  
weld zone are shown i n  F igs .  22(a) and 22(b) .  I n  F ig .  22(b) a small c rack  
( l e s s  than  0,002 i n ,  i n  l eng th )  i s  v i s i b l e  a t  t h e  capsule  wall-end-cap-weld 
metal I n t e r f a c e ;  t h i s  f i g u r e  shows t h e  weld zone i n  t h e  etched cond i t ion .  
The inne r  tantalum capsule  i s  shown i n  F igs .  23(a)  and 23(b) i n  t h e  etched 
condicion.  A s  I n  the  prev ious ly  d iscussed  tantalum capsu le ,  t h e  g r a i n s  are 
p i t e  large Rear %he weld zone. An oxide-appearing l a y e r  adheres  t o  t h e  
ot:ts5.de surface of t h i s  capsa l e .  Also noteworthy are t h e  p a r a l l e l  p l a t e l e t s  
near the o u t s i d e  s u r f a c e  of the  capsule  (a r rows) ;  t h e s e  could be i n t e r n a l  
oxide precipitation p l a t e l e t s .  

Source N-PuBe-296, Sample 1, Top Weld, - Tantalum Inner  Capsule 

Ffgure 24 shows rlie end-cap weld zone a long  w i t h  a n  u n i d e n t i f i e d  porous 
metall ic material which w a s  found near  t h e  i n s i d e  s u r f a c e  of t h e  end cap. 
Although t h i s  inaterial does no t  appear  t o  be a t t a c h e d  t o  e i t h e r  t h e  end cap 
o r  t h e  capsu le  w a l l  a t  t h i s  p lane  of obse rva t ion ,  it could n o t  be d is lodged  
dur ing  o r  a f t e r  t h e  sec t ion lng  of t h i s  material. The dark  l i n e  d i agona l ly  
spanning t h e  photograph i s  a s c r a t c h  caused by dis lodged segments of t h i s  
porous material. No c racks  were v i s i b l e  i n  the weld zone of t h i s  capsu le ,  
F igure  25Ca) shows t h i s  porous material a t  a h igher  magni f ica t ion .  
s h m n  i n  this photograph is t h e  inne r  s u r f a c e  of t h e  end cap.  
l i g h t  col-ored (arrow) l a y e r  adhering t o  t h i s  su r f ace .  
w a s  e tched ti? reveal the  g r a i n  s t r u c t u r e  of t h e  tantalum, t h i s  porous 
meterial r . e a c ~ ~ I  v i o l e n t l y  wi th  t h e  e t c h a n t .  
d i s so lved  by t h e  e t chan t  a long wi th  t h e  l a y e r  adher ing  t o  t h e  s u r f a c e  

Also 
Note t h e  

When t h i s  sample 

This material w a s  

. 
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of t h e  end cap. 
t o  t h e  crown of t h e  weld. Also observed i n  t h i s  e tched cond i t ion ,  
near  t h e  s u r f a c e  of t h e  capsule :  were Widmanstiitten pa t t e rned  p l a t e l e t s .  
These could be i n t e r n a l  oxide p r e c i p i t a t i n g  out  as p l a t e l e t s ;  F ig .  26 
shows t h e  weld zone i n  t h e  etched cond i t ion .  

F igure  25(b) shows a two-phase oxide l a y e r  adhering 

Source N-PuBe-296, Sample 2 ,  Top Weld, Vega S t e e l  Outer Capsule - 

The conf igu ra t ion  of t h i s  capsule  was d i f f e r e n t  from the  o t h e r  capsu le s ,  
as t h e  end cap was '$T" shaped: t h e r e f o r e ,  t h e  weld zone a t t a c h i n g  t h e  
end cap t o  t h e  capsule  was loca ted  on t h e  s i d e  of t h e  capsule .  
shown i n  F igs .  27 and 28 i n  both t h e  pol i shed  and etched cond i t ions .  
Seen near  t h e  top r i g h t  corner  of F ig .  27 is  a d iscont inuous  oxide o r  
s u l f i d e  s t r i n g e r  spanning three-fourths  the  th i ckness  of t h e  end cap.  
A l so  noted i n  F ig .  28 is  t h a t  t h e  weld nugget is  not  centered  a t  t h e  
capsule-end cap i n t e r f a c e .  F igures  29(a) and 29(b) show t h i s  weld zone 
a t  a h igh  magni f ica t ion .  

This  i s  

Source N-PuBe-292. S a m D l e  1. Welded Tantalum End Can 

Figures  30 t h r u  32 show t h e  mic ros t ruc tu re  of t h i s  tantalum end cap. I n  
Fig.  31 n o t e  t h a t  t h e  g r a i n s  around the  weld area are not  as l a r g e  as i n  
t h e  prev ious  tantalum weld zones t h a t  were examined. A s  shown, t h i s  
weld zone appears  f r e e  of c racks  and voids .  

. 
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Fig. 10. 
Capsule, Sample 1. As Polished. 

Source N-PuBe-294, Bottom Section, Outer Stainless Steel 
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Fig. 12. Source N-PuBe-294, Bottom Section, Inner Tantalum Capsule, Sample 1. As Polished. 
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F i g .  13. Source N-PuBe-294, Bottom Section, Inner 
Tantalum Capsule, Sample 1. Etched. 
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Fig.  14. Source N-PuBe-294, Bottom Section, Inner Tantalum Capsule, Sample 1. As Polished. 
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Fig. 15. 
Sample 2. As Polished. 

Source N-PuBe-294, Top Weld, Outer Stainless Steel Capsule, 
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Fig. 1 6 .  Source N-PuBe-294, Top Weld, Outer S t a i n l e s s  S tee l  Capsule, 
Sample 2.  Etched. 
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Fig. 1 8 .  
Sta inless  Steel Capsule, Sample 2 .  

Source N-PuBe-294, Top Weld, Outer 
Etched. 
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Fig.  21. Source N-PuBe-295, Bottom Sect ion ,  Inner  Tantalum Capsule 
and Outer Sta in less  Steel  Capsule, Sample 2 .  A s  Polished.  
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Fig. 22. Source N-PuBe-295, Bottom Section, Outer Stainless Steel Capsule, Sample 2. 
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F i g .  26. 
Inner Tantalum Capsule, Sample 1. 

Source N-PuBe-296, Top Weld, 
Etched. 
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Fig .  27. Source N-PuBe-296, Top Weld, Outer Vega Steel Capsule, 
Sample 2. As Pol i shed .  
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Fig .  28 .  
Sample 2. Etched. 

Source N-PuBe-296, Top Weld, Outer Vega S t e e l  Capsule,  
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Fig. 29. Source N-PuBe-296, Top Weld, 01 
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Fig .  30. Source N-PuBe-292, Welded Tantalum End Cap, Sample 1. 
As-Polished. 
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F i g .  31. 
End Cap, Sample 1. Etched. 

Source N-Pu-292, Welded Tantalum 
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Fig .  32. Source N-PuRe-292, Welded 
Tantalum End Cap, Sample 1. Etched. 
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