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ABSTRACT 

A ser ies  of Mound-fabricated a39Pu-Be neutron sources  w a s  sub jec t ed  t o  
d e s t r u c t i v e  and nondes t ruc t ive  t e s t s .  

I t  i s  concluded t h a t  i t  i s  not  p o s s i b l e ,  us ing  techniques a v a i l a b l e  t o  
Mound, t o  a s s u r e  i n t e g r i t y  of t h e  inne r  con ta ine r .  I t  i s  p r a c t i c a l  t o  
determine t h a t  t h e  ou te r  con ta ine r  i s  s e a l e d ,  a l though t h e  q u a l i t y  o f  
t h e  weld j o i n t  cannot be  assured .  A l l  t h e  sample sources  wi th  a s t a i n -  
less s t e e l  o u t e r  con ta ine r  s u c c e s s f u l l y  passed t h e  Department of  Trans-  
p o r t a t i o n  s p e c i a l  t es t s  f o r  s p e c i a l  form. Two of t h e  sources  wi th  a Vega 
s t e e l  o u t e r  con ta ine r  f a i l e d  t h i s  series of  t e s t s ,  one i n  an  ex tens ive  
fash ion .  

Fu r the r  use  of  s e l e c t e d  sources  i s  f e l t  t o  be  poss ib l e  wi th  a low degree 
of r i s k  i f  t h e  sources  are q u a l i f i e d  by t h e  r e s u l t s  o f  a ser ies  of NDT 
t e s t s ,  reasonable  r e s t r i c t i o n s  are placed on t h e i r  u se ,  and p e r i o d i c  
dimension, a lpha  wipe,  and leak  checks are made. Sources w i t h  Vega 
s t ee l  ou te r  con ta ine r s  should not  be  used. A higher  degree of  assurance  
would obviously be ob ta ined  by providing the  sources  w i t h  an  o u t e r  con- 
t a i n e r  us ing  c u r r e n t l y  a v a i l a b l e  q u a l i t y - c o n t r o l l e d  f a b r i c a t i o n  procedures.  

I t  must be noted t h a t  t h e  recommendations and conclusions i n  t h i s  r e p o r t  
can be  a p p l i e d  d i r e c t l y  on ly  t o  Mound sources ,  t he  only  f a b r i c a t o r  
r ep resen ted  i n  t h e  d e s t r u c t i v e  a n a l y s i s  and s p e c i a l  t e s t  phases.  
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BACKGROUND 

Neutron source f a b r i c a t i o n  began a t  Mound Laboratory i n  t h e  l a t e  1940's 
wi th  the  f a b r i c a t i o n  of  "'Po-Be neutron sources  which were s o l d  through 
t h e  I so tope  Poo l  a t  Oak Ridge. 
neutron sources .  

I n  1956, Mound began f a b r i c a t i n g  "'Pu-Be 

The f a b r i c a t i o n  method, developed a t  Mound Laboratory and used u n t i l  
September, 1960, was  as fol lows (Reference F igure  1): A weighed p e l l e t  
of plutonium (c)  w a s  placed i n  t h e  beryl l ium cup (a) which w a s  i n  t u r n  
placed i n  t h e  tantalum case (b) .  The tapered  tantalum plug (d) was 
d r iven  i n  f l u s h  wi th  t h e  top  of  t h e  case and then s e a l e d  by tungsten- 
i n e r t  gas welding. 

The assembly was then  placed on an  alumina support  i n  a Vicor vacuum 
chamber and induct ion-heated t o  i n i t i a t e  t h e  r e a c t i o n .  Although plu-  
tonium m e l t s  below 650°C, t h e  r e a c t i o n  d i d  no t  s ta r t  u n t i l  t h e  tempera- 
t u r e  approached t h e  mel t ing  po in t  of  beryl l ium, 1278°C. The hea t  of 
r e a c t i o n  then  c a r r i e d  t h e  temperature t o  about  2000°C. 

When t h e  source w a s  coo l ,  i t  w a s  removed from t h e  chamber and checked 
f o r  wipeable contamination. Although t h e  sources  u s u a l l y  had a wipe 
count of less than 500 counts/min, t h e  inne r  con ta ine r s  w e r e  occas iona l ly  
contaminated by t h e i r  surroundings i n  t h e  glovebox dur ing  removal. I n  
t h i s  case t h e  inne r  con ta ine r s  w e r e  decontaminated us ing  va r ious  tech-  
niques u n t i l  t h e  s u r f a c e  wipe count was  less than  500 counts/min. The 
source w a s  then placed i n t o  a n  ou te r  s t ee l  j a c k e t .  
normally conta in ing  a 10/32 threaded hole  f o r  handl ing,  was  welded i n  
place.  A f t e r  f i n a l  neutron c a l i b r a t i o n ,  t h e  source  was ready f o r  use. 

The t h i c k  end p lug ,  

An i n c i d e n t  i n  August, 1960, whereby a bulging Pu-Be neutron source 
(S/N M-218) rup tu red  v i o l e n t l y  as t h e  o u t e r  case  w a s  being removed, 
prompted an  in spec t ion  o f  a l l  sources .  A l l  u s e r s  of  Mound Laboratory 
sources  f a b r i c a t e d  p r i o r  t o  August 31, 1960, w e r e  reques ted  t o  v i s u a l l y  
in spec t  t h e i r  sources  and measure t h e i r  phys i ca l  dimensions. 
users included t h e  m i l i t a r y ,  t h e  AEC, o the r  government agenc ie s ,  un i -  
v e r s i t i e s  and c o l l e g e s ,  and p r i v a t e  i n d u s t r i e s  such as s h i p b u i l d e r s ,  
s c i e n t i f i c  l a b o r a t o r i e s ,  and o i l  companies. I n  May, 1961, t h e  u s e r s  
were reques ted  t o  r e t u r n  a l l  t h e  sources  t o  Mound Laboratory f o r  inspec-  
t i o n ,  t e s t i n g ,  and recanning.  Of t h e  743 sources ,  668 sources  w e r e  
r e tu rned  f o r  recanning.  The c a t e g o r i e s  of  u s e r s  of  t h e  sources  no t  
r e tu rned  are presented  i n  T a b l e  1. 

The source 
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FIGURE 1 - Pu-Be source assembly. 
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T a b l e  1 

SOURCES SUBJECT TO RECANNING AND NOT RETURNED 
BY USERS TO DECEMBER 31, 1963 

Atomic Energy Commission Labora tor ies  
Spec ia l  U. S .  Navy "Cable" T e s t  Sourcesa 
Other U. S .  Government Agencies (Pr imar i ly  M i l i t a r y )  
Educat ional  I n s t i t u t i o n s  
O i l  W e l l  Logging Companies 
Other I n d u s t r i a l  Companies 
Foreign Countr iesb 

T o t a l  

aThese are  s p e c i a l ,  heavy w a l l ,  inspec ted  t o  Naval 
r e a c t o r  s p e c i f i c a t i o n s .  

bNo a t tempt  was  made t o  have these  re turned .  

The fol lowing opera t ions  w e r e  performed on t h e  r e c a l l e d  sources:  

18 
15 
8 
7 

13 
2 

1 2  - 
75 

A small h o l e  was  d r i l l e d  through t h e  c e n t e r  of  one end 
of t h e  o u t e r  con ta ine r .  This  would f u r n i s h  an  indica-  
t i o n  of poss ib l e  i n t e r n a l  p re s su re ,  i f  it e x i s t e d ,  and 
s a f e l y  release i t .  

The o u t e r  con ta ine r  w a s  machined o f f  i n  a l a t h e .  

The inne r  source  con ta ine r  was  helium l eak  checked. 
I f  a l e a k  w a s  found, t h e  source w a s  heated t o  d r i v e  
out  any poss ib l e  t rapped l i q u i d s .  

I f  t h e  inne r  con ta ine r  w a s  l eak ing ,  i t  w a s  rewelded 
and l eak  checked aga in .  

The source  was  welded i n  a new o u t e r  con ta ine r ,  l eak  
checked, r e c a l i b r a t e d ,  and r e tu rned  t o  t h e  user. 

N o  sources  o t h e r  than  source #M-218 (which prompted t h e  i n v e s t i g a t i o n )  
had i n t e r n a l  pressure .  However, 142 sources  had leaking  inne r  con ta ine r s .  
These 142 sources  were recanned. 

Immediately a f te r  experiments on t h e  M-218 source ,  t h e  f a b r i c a t i o n  pro- 
cedure w a s  modified t o  inc lude  a helium l e a k  check of  t h e  inne r  con ta ine r  
af ter  r e a c t i o n ,  and t h e  sources  were not  immersed i n  l i q u i d s  dur ing  
decontamination. This  modi f ica t ion  precluded t h e  p o s s i b i l i t y  of  i n t e r n a l  
p re s su re  developing i n  f u t u r e  sources .  I t  w a s  a l s o  recommended t h a t  
users measure t h e  source diameters  a t  max imum i n t e r v a l s  of  s i x  months 
and r e p o r t  any inc rease  i n  diameter >0.010 i n .  t o  Mound Laboratory.  
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U n t i l  l a s t  y e a r ,  t h e r e  w a s  no a t tempt  t o  eva lua te  t h e  i n t e g r i t y  of t h e  
sources  i n  t h e  f i e l d  o the r  than t h e  in spec t ions  performed by the  use r s  

t h a t  a r e p r e s e n t a t i v e  sample of t h e  sources  be  r e c a l l e d  f o r  dimensional ,  
l e a k  check, and rad iographic  in spec t ion  t o  eva lua te  t h e  cont inuing  i n t e g -  

undergo d e s t r u c t i v e  a n a l y s i s  t o  determine a c t u a l  fue l /me ta l  compa t ib i l i t y  
and pressure  inc rease  wi th  t i m e .  This  recommendation w a s  prompted by 
t h r e e  in s t ances  of p o t e n t i a l  f a i l u r e  of neutron sources  t h a t  w e r e  brought 
t o  Mound Labora tory ' s  a t t e n t i o n  a t  t h a t  t ime. One source ,  r e tu rned  t o  
Mound by Schlumberger W e l l  Se rv ices ,  I n c . ,  had a wipe count on the  s u r f a c e  
of t h e  source  of 30,000 counts according t o  Schlumberger. This  source w a s  
s t o r e d  a t  Mound Laboratory i n  t h e  logging t o o l  i n  which it  w a s  used u n t i l  
i t s  d e s t r u c t i v e  a n a l y s i s  i n  May, 1972.  A second source ,  r ece ived  from 
NASA, L e w i s  Research Center ,  had an apparent  bulge. Likewise,  a source 
prev ious ly  r ece ived  from George Washington Un ive r s i ty  had a no t i ceab le  
bulge,  and a radiograph of t h i s  source showed an  apparent  c rack  i n  t h e  
inne r  l i n e r  beneath t h e  bulge. I n  a d d i t i o n ,  t h e r e  were two re tu rned  
sources  which, because of use h i s t o r y ,  w e r e  not  reused.  There were i n  
s t o r a g e  approximately 70 reuseable  sources  he ld  f o r  d i s t r i b u t i o n  t o  
educa t iona l  i n s t i t u t i o n s  under programs sponsored by t h e  AEC Div is ion  of 
Nuclear Education and Tra in ing  (DNET). The sources  wi th  t h e  evidence of 
p o t e n t i a l  f a i l u r e  a long  wi th  those  he ld  a t  Mound f o r  d i s t r i b u t i o n  accord-  
i ng  t o  AEC/DNET were t h e  ones recommended f o r  nondes t ruc t ive  t e s t i n g .  
It  w a s  a l s o  recommended t h a t  a small sample of sources  undergo des t ruc -  
t i v e  t es t s .  This  o r i g i n a l  proposed program cons i s t ed  of f i v e  phases as 
fol lows : 

- as mentioned above. Mound Laboratory recommended t o  t h e  AEC i n  March 1 9 7 1  

- r i t y  of t h e  sources .  It  w a s  a l s o  suggested t h a t  a sample of  t he  sources  

I .  Examination of a l l  sources  i n  s to rage  a t  Mound a t  t h e  t ime. 

11. Locat ion of  p o t e n t i a l  problem sources  i n  t h e  f i e l d  by ask ing  
a l l  l i c e n s e e s  t o  perform t e s t s  on sources  they hold and sub- 
m i t  t h e  da t a  t o  Mound. 

111. Recalling problem sources discovered in I1 above. 

I V .  Sampling t h e  remaining sources  i n  the  f i e l d  guided by any 
c o r r e l a t i v e  f a c t o r s  der ived  i n  111. 

V .  Evalua t ion  of  a l l  d a t a  and, recommending f u t u r e  a c t i o n .  

The AEC au tho r i zed  performance of  Phases I and 11, but on ly  on those  
sources  which were manufactured by Mound. 

E f f o r t s  on t h e  nondes t ruc t ive  t e s t i n g  and use r  ( l i censee )  survey on Mound- 
f a b r i c a t e d  sources  began i n  A p r i l ,  1971.  
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USER SURVEY 

Le t t e r s  wi th  a survey form a t t a c h e d  f o r  each neutron source shipped 
(Exh ib i t s  1 and 2) w e r e  s e n t  t o  t h e  l as t  known holder  of  Mound-fabricated 
sources  shipped by Mound. A t o t a l  of  317 u s e r s  of  1,226 239 Pu-Be neutron 
sources  were on record .  The fol lowing basic information w a s  requested:  

a .  wipe check 
b. dimensional check 
c .  na tu re  of use  of  source ,  p a s t  and present .  

It  should be noted t h a t  Mound i s  riot and w a s  no t  r e spons ib l e  f o r  l oca t ion  
inventory of  t hese  sources  not  a t  Mound ( l i c e n s e e s  are not  r equ i r ed  t o  
n o t i f y  Mound of shipment t o  another  l i c e n s e e ) .  Addi t iona l  information 
reques ted  on t h e  survey form included where t h e  source was  shipped t o  
should t h e  holder  of r eco rd  no longer  have t h e  source.  

Approximately 50% of  t h e  use r s  responded as fol lows:  

Located No Response Y e t  Negative Response 
No. of  Kg No. of Kg No. of Kg 
Sources Pu-239 Sources Pu-239 Sources Pu-239 

735 29.5 476 18.2 15 1.1 

A l l  nega t ive  responses  except  one r ep resen t  r e t u r n  of  t h e  survey l e t t e r s  
. unopened due t o  f i rms having gone out  of business  o r  moved w i t h  no f o r -  

warding address  now a v a i l a b l e ,  and some government a c t i v i t i e s  no longer  
i n  ex i s t ence .  The except ion  was  one f i r m  whose r eco rds  w e r e  a rch ived  
and not  r e a d i l y  a c c e s s i b l e ,  w i th  no c u r r e n t  record  of possessing t h e  
sources  i n  ques t ion .  

I n t e r i m  guidance provided by t h e  AEC i n  March 1972 d i r e c t e d  t h a t  e f f o r t s  
r ega rd ing  t h e  survey be discont inued.  (R. Roush, A .  F. Schmidt, S .  L.  
Snider )  

NONDESTRUCTIVE TESTING 

The nondes t ruc t ive  t e s t i n g  (NDT) program i n i t i a l l y  began on Mound sources ,  
b u t  w a s  soon a p p l i e d  t o  a l l  sources  being made a v a i l a b l e  under DNET when 
anomalies,  p a r t i c u l a r l y  from radiographic  in spec t ion ,  became apparent  i n  
Mound-fabricated sources .  I n t e r i m  guidance w a s  provided by t h e  AEC i n  
January 1972, which d iscont inued  sh ipping  of  non-Mound-fabricated sources  
under DNET auspices  due t o  poss ib l e  viewing of t h i s  p r a c t i c e  as compe- 
t i t i o n  wi th  p r i v a t e  indus t ry .  Addi t iona l  guidance rece ived  on 
A p r i l  2 7 ,  1972, h a l t e d  a l l  shipments of neutron sources  from Mound t o  
users i n d e f i n i t e l y .  n 
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August 9 ,  1971 

ABC D r i l l i n g  Inc .  
300 508th S t r e e t  
Denver , Colorado 

A t t e n t i o n  M r .  R .  K .  Roe 

Dear M r .  Roe: 

We a t  Mound Laboratory are i n  the  process  of t ak ing  a survey of 
t h e  cond i t ion ,  d i s p o s i t i o n ,  and use o f  plutonium-239 beryl l ium 
neutron sources  which w e r e  f a b r i c a t e d  by us .  

According t o  our r eco rds ,  you have i n  your possession t h e  neutron 
sources  l i s t e d  on t h e  enclosed p r i n t o u t .  W e  would a p p r e c i a t e  
your v e r i f i c a t i o n  o f  t h i s  l i s t ,  and completion of an  enclosed 
"Plutonium-239 Beryll ium Neutron Source Survey" form f o r  each 
source  i n  your possession.  Please r e t u r n  t h e  completed form t o  
us by September 15 ,  1971.  I n  the  event  t h a t  you have t r a n s f e r r e d  
a source  t o  another  l i c e n s e e  o r  otherwise disposed of a source ,  
p lease  complete t h e  appropr i a t e  s e c t i o n s  of t h e  form showing 
what t h e  d i s p o s i t i o n  of  t h e  source i s  and r e t u r n  t h e  form t o  us .  

I f  you have any ques t ions  concerning t h e  information w e  r eques t  
o r  t h e  methods f o r  t ak ing  t h e  measurements, o r  i f  our  r eco rds  
are i n c o r r e c t  o r  i n c o n s i s t e n t  wi th  your r e c o r d s ,  p l ease  con tac t  
M r .  A .  F.  Schmidt a t  Mound Laboratory,  te lephone (513) 866-7444, 
ex tens ion  3172. 

Very t r u l y  yours ,  

W. T .  Cave, D i rec to r  
Nuclear Operat ions 

WTC:km 
Enclosures  

EXHIBIT 1 
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Source  OM- MONSANTO RESEARCH CORPORATION 
Mound Labora to ry  

Miamisburg, Ohio 45342 

PLUTONIUM-239 BERYLLIUM NEUTRON SOURCE SURVEY 

G A U G I N G  DATA: 
Measure d i ame te r  ( n e a r e s t  0.001") of sou rce  n e a r  t op  ( s e r i a l  # e n d ) ,  a t  c e n t e r ,  and  n e a r  
bo t tom ( o p p o s i t e  s e r i a l  #) .  

Diameter 

TOP 

Cen te r  

Bottom 

Measurement t 2  
l a t  90" t o  (111 Measurement 111 

WIPE TEST: 
Wipe the  sou rce  tho rough ly  w i t h  a 1" d iame te r  p i e c e  o f  f i l t e r  pape r  and  check the  paper  
f o r  l o o s e  a lpha  con tamina t ion .  

R e s u l t :  coun t s /minu te  a lpha  

VISUAL EXAMINATION: 
Any n o t i c e a b l e  d e f e c t s  o r  damege? O Y e s  0 No 
I f   ye^, p l e a s e  s t a t e  n a t u r e  o f  d e f e c t  o r  damege. 

USE : - 
P l e a s e  s t a t e  n a t u r e  of use  t o  which t h e  sou rce  i s  be ing  o r  has  been p u t .  

LOCATION OF SOURCE: 

Company: ; c i t y :  ; S t a t e :  

OTHER INFORMATION (Check Appropr i a t e  Box):  
D C u r r e n t l y  l e a s e d  from AEC 
0 Purchased  ( n o t  l e a s e d )  
0 Procured  th rough  AEC D i v i s i o n  of Nuc lea r  E d u c a t i o n  and T r a i n i n g  sponsored  program 

agreement  # NET 
0 Source  n o t  i n  o u r  p o s s e s s i o n :  

Shipped  t o  

- 
on ( d a t e )  

0 Source  c a n  be made a v a i l a b l e  f o r  temporary r e t u r n  t o  Mound l a b o r a t o r y  f o r  i n s p e c t i o n  

S i g n a t u r e  ( T i t  l e )  Phone Date 

P l e a s e  d e t a c h  ye l low copy f o r  your f i l e .  Send o r i g i n a l  t o :  
Monsanto R e s e a r c h  Corpora t ion  
Mound Labora to ry  
Miamisburg, Ohio 45342 
A t t n :  A .  F .  Schmidt 

EXHIBIT 2 
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The technique f o r  each of t he  nondes t ruc t ive  t es t s  i s  as fol lows:  

Radiography Two rad iographic  views were made a t  0" and 90" 
i n t e r v a l s ,  us ing  an iridium-192 source and a two-speed f i l m  
combination ( type  "M" f i l m  f o r  t h e  l i n e r  and type "SR" 
f i l m  f o r  t h e  ou te r  con ta ine r )  i n  each exposure. Exposures 
ranged from 45 t o  80 Ci -hr ,  depending on t h e  s i z e  of t h e  
source being radiographed. 

A h i g h - i n t e n s i t y  Keleket  i l l umina to r  and 7X comparator w e r e  
used f o r  f i l m  read ing ,  w i th  r e p o r t i n g  i n  t h e  fol lowing areas: 
gene ra l  cond i t ion  of t h e  ou te r  c o n t a i n e r ,  i n t e g r i t y  of t h e  
ou te r  con ta ine r  weld,  minimum weld p e n e t r a t i o n ,  f u e l - l i n e r  
co r ros ion ,  i n t e g r i t y  of t h e  inner  weld and m i n i m u m  weld 
p e n e t r a t i o n ,  and any abnormal condi t ion  de tec t ed  i n  r ead ing  
the  rad iographs .  (M. I .  Gray, 3 .  Stockton)  

Leak Check I f  both t h e  inner  l i n e r  and ou te r  conta iner  e x h i b i t e d  
no anomalies i n  radiography,  a leak  check w a s  performed by f i r s t  
"soaking" t h e  sources  i n  a helium p res su re  v e s s e l  maintained a t  
300 p s i  f o r  30 min, then  p lac ing  them i n  a vacuum chamber 
d i r e c t l y  connected through the  manifold t o  t h e  spectrometer  
d e t e c t o r .  This  l eak  d e t e c t o r  w a s  c a l i b r a t e d  us ing  a c a l i b r a t e d  
s t anda rd  helium l e a k  and se t  up so  t h a t  a d i r e c t  readout  of 
t h e  a c t u a l  leak  r a t e  could be made. This  system would d e t e c t  
l eaks  of  less than 1 x l o e 6  s t d  cc / sec  of helium. (M. I .  Gray, 
J .  Stockton)  

Visual-Dimensional Check I f  no anomalies were de tec t ed  by 
radiography,  t h e  visual-dimensional  check w a s  performed. 
Equipment was borrowed from another  program t o  e s t a b l i s h  t h e  
f e a s i b i l i t y  of i t s  use  on neutron sources ,  and a l l  were not  
checked. 

The Remote Measuring System (RMS), developed at Mound for 
another  programmatic a p p l i c a t i o n ,  w a s  used f o r  t h e  dimensional 
measurements. It  c o n s i s t s  of a l a r g e  base approximately 
4 f t  long w i t h  a 1 f t  square  moveable p l a t e  mounted on top  
t h a t  moves t h e  l eng th  of  t h e  base on two p r e c i s i o n  b a l l  
s l i d e s .  This  l i n e a r  movement i s  monitored t o  t h e  n e a r e s t  
0.0001 i n .  by a Vernac readout  system. A Brunson model 75 
T r a n s i t  Square i s  a t t a c h e d  t o  t h e  moveable p l a t e .  A Brunson 
alignment scope,  model 83, wi th  a b u i l t - i n  au toco l l ima t ion  
u n i t  i s  used t o  main ta in  t h e  a t t i t u d e  o f  t h e  a x i s  of t h e  
T r a n s i t  Square dur ing  t h e  actual  r ead ing  of  t h e  diameter of 
t h e  source.  A remote c o n t r o l  r o t a r y  t a b l e  i s  used i n  con- 
j u n c t i o n  wi th  t h e  RMS t o  p o s i t i o n  t h e  p a r t  and reduce t h e  
exposure.  The T r a n s i t  Square i s  approximately 15  f t  from t h e  
source ,  and t h e  alignment scope i s  approximately 15 f t  from 
t h e  T r a n s i t  Square.  Dimensional accuracy t o  kO.001 i n .  i s  

11 



a t t a i n a b l e .  Length and diameter measurements w e r e  taken 
a t  var ious  loca t ions  on each source.  

Visua l  i n spec t ion  w a s  performed wi th  t h e  T r a n s i t  Square a t  
30X and wi th  a Questar t e l e scope  a t  80X. The v i s u a l  was  used 
t o  confirm a bulged cond i t ion  o r  any bad t o o l  marks, s c r a t c h e s ,  
c racks ,  o r  o t h e r  flaws t h a t  were de tec t ed  by t h e  eye a lone .  
(J. R .  Marshal l )  

Dose Rate and Alpha Wipe Check A 10-in.  Sphe r i ca l  Neutron 
Dosimeter (Texas Nuclear,  series 9140) w a s  used t o  determine 
t h e  neutron count r a t e ,  and a Gamma Survey Meter (Victoreen 
440) w a s  used f o r  t h e  gamma emission ra te  from t h e  bare 
neutron sources .  The neutron/gamma ra te  w a s  determined and 
recorded a t  vary ing  d i s t ances  i n  a i r .  There w a s  no a t tempt  
t o  c o n t r o l  o r  compensate f o r  t h e  s c a t t e r e d  r a d i a t i o n ,  except  
a l l  o b j e c t s  w e r e  a t  least  5 f t  from the  source o r  i n s t r u -  
ments (wa l l s ,  f l o o r ,  o r  o t h e r  s u r f a c e s ) .  Measurements on 
each source w e r e  made under e s s e n t i a l l y  i d e n t i c a l  condi t ions .  
A l l  recorded da ta  w e r e  p l o t t e d  on 3 x 3 cyc le  log  graph paper 
f o r  i nve r se  square l a w  observa t ions .  

An a lpha  wipe check was performed on each source and counted 
i n  a s c i n t i l l a t i o n  a lpha  counter  f o r  any d e t e c t a b l e  a lpha  
r a d i a t i o n .  (L. G .  Musen) 

Neutron Emission Neutron emission measurements were obta ined  
w i t h  a p r e c i s i o n  long counter  by comparing t h e  count r a t e  
from t h e  unknown neutron source t o  t h e  count r a t e  from a 
s tandard  source.  The emission ra te  of t h e  s tandard  source 
had been c a l i b r a t e d  by t h e  Nat iona l  Bureau of  Standards.  
Typica l  emission rates f o r  t h e  neutron sources  have an  
u n c e r t a i n t y  of  *3%. 
two measurements i s  normally *1%. (R. A .  Neff)  

The r e l a t i v e  u n c e r t a i n t y  between any 

Resu l t s  are t a b u l a t e d  i n  T a b l e  2 f o r  Mound-fabricated sources .  Appendix 
A tabulates r e s u l t s  from non-Mound-fabricated sources  from t h e  DNET loan  
program inventory.  Column t o t a l s  r e p r e s e n t  t h e  maximum number of  sources  
t o  which t h e  column heading i s  a p p l i c a b l e .  Some sources  e x h i b i t e d  more 
than  one anomaly. Radiography w a s  performed before l eak  check, and if 
sources  were found t o  have open inne r  c o n t a i n e r s ,  l eak  checks w e r e  no t  
performed due t o  t h e  r i s k  of  contaminating expensive helium l e a k  equip- 
ment and t o  these  sources  being deemed u n s u i t a b l e  f o r  f u r t h e r  use. 

SPECIAL TESTS (DOT Tariff  25: 173.398a) 

The NDT r e s u l t s  r a i s e d  a s i g n i f i c a n t  ques t ion  regard ing  t h e  s u i t a b i l i t y  
of  having these  sources  i n  c i r c u l a t i o n .  It w a s  recognized t h a t  t h e  
d e s t r u c t i v e  tes ts  y e t  t o  be performed would no t  provide a s a t i s f a c t o r y  n 

1 2  



T a b l e  2 

NONDESTRUCTIVE TEST SUMMARY 

MOUND-FABRICATED SOURCES 

Test 

No Evidence Evidence f o r  
f o r  P o t e n t i a l  Po t e n t  i a l  

Problem Problem Remarks Tes ted  

Radiography 20 

Leak Check 23 

V i s  ua 1 -Dimens i o  na 1 13 
Dose Rate and Alpha 53 

Neutron Emission 25 
Wipe 

T o t a l s  2 0" 

53 
2 Outer l i n e r  open 
3 Outer l i n e r  bulging 

20 Inne r  l i n e r  poss i -  
b ly  open 

appa ren t ly  bulging 

l i n e r  co r ros ion  

5 Inne r  l i n e r  

9 Apparent fue  1- 

24 
1 Leak >3 x 

cclsec 
13  
53 

33 

25 

53 

"Con t ro l l ed  by radiography.  

answer t o  t h i s  ques t ion .  Design c r i te r ia  and h i s t o r i c a l  data a g a i n s t  
which NDT resu l t s  could be  meaningful ly  compared were not  available,  
An engineer ing  eva lua t ion  could not  be made because of i n s u f f i c i e n t  i n f o r -  
mation being a v a i l a b l e  r ega rd ing  t h e  materials used and f a b r i c a t i o n  of 
each source.  

It w a s  recommended t o  t h e  AEC on March 3 ,  1 9 7 2 ,  t h a t  t h e  Department of  
T ranspor t a t ion  (DOT) s p e c i a l  tests f o r  s p e c i a l  form materials ( T a r i f f  
25, paragraph 173.398a) be used as t h e  t es t  c r i t e r i a  t o  e s t a b l i s h  t h e  
s u i t a b i l i t y  o f . t h e  source design.  

- P a r a l l e l  w i t h  t h i s  e f f o r t ,  t h e  p o s s i b l e  a p p l i c a t i o n  of u l t r a s o n i c  tech-  
niques t o  de te rmina t ion  o f  weld p e n e t r a t i o n  on t h e  o u t e r  con ta ine r  w a s  
i n v e s t i g a t e d .  
v a r i a t i o n  i n  t h e  conf igu ra t ion  of t h e  j o i n t  areas of  t h e  hardware p a r t s  
used i n  f a b r i c a t i o n .  (W. A.  Dudley) 

This  technique was  determined t o  be u n s u i t a b l e  due t o  t h e  
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The i n t e g r i t y  of t h e  inner  con ta ine r  cannot be assured  wi th  any degree 
of  c e r t a i n t y  us ing  known techniques.  Radiography does r e v e a l  t h e  con- 
d i t i o n  of t h e  l i n e r  through one plane,  but cannot be  used t o  d e t e c t  a 
d e f e c t  which would a l low a 1 x Thus, 
an  i n t e g r a l  inner  con ta ine r  could not  be p a r t  of t h e  design c r i t e r i a .  

s t d  cc /sec  l eak  of helium. 

P r i o r  t o  i n i t i a t i o n  of t h e  s p e c i a l  t e s t s ,  1 2  Mound-fabricated sources  
were a v a i l a b l e  which had been radiographed as p a r t  of  t h e  NDT program 
and i n  which t h e  only d e f e c t  e x h i b i t e d  was  a poss ib ly  open o r  open l i n e r .  
These had not  been l e a k  checked as p a r t  of NDT, but were l e a k  checked 
f o r  use i n  t h e  s p e c i a l  t es t s .  Four of t hese  sources ,  inc luding  M-436 
which w a s  then introduced i n t o  t h e  d e s t r u c t i v e  t es t  phase,  i nd ica t ed  
leaks  s u b s t a n t i a l l y  g r e a t e r  than  1 x l o m 6  s t d  cc/sec. N o  a lpha  contam- 
i n a t i o n  w a s  r e l e a s e d  from these sources .  The l e a k  w a s  too  g r e a t  t o  
permit use  of t h e  l e a k  d e t e c t o r ,  and t h e  helium b u b b l e  technique w a s  
employed f i r s t  as a screening  tes t ,  and la ter  as t h e  l eak  check between 
s p e c i a l  form tests. This  technique c o n s i s t s  of the helium p res su r i za -  
t i o n  descr ibed  i n  t h e  NDT s e c t i o n ,  and immersion i n d i v i d u a l l y  i n  a g l a s s  
beaker of  a l c o h o l  f o r  a t  least 2 min. Leaks g r e a t e r  than  1 x 
s t d  cc/sec can be de t ec t ed .  

The a d d i t i o n a l  10 Mound-fabricated sources  used i n  t h e  s p e c i a l  tests 
were obta ined  from a group of  1 2  sources  r e c e n t l y  r e t u r n e d  t o  Mound from 
o f f - s i t e  users. Again, no a lpha  contamination was  de t ec t ed  on the  two 
sources  e x h i b i t i n g  l eaks .  A l e a k  ra te  de termina t ion  ( see  t h e  NDT s e c t i o n )  
and a lpha  wipe tes t  only  were performed on these  10 sources  p r i o r  t o  t h e  
s p e c i a l  tests ( f r e e  drop,  percuss ion ,  h e a t i n g ,  and imnersion) being 
performed on each source i n  sequence. 

Free Drop T e s t  I n  t h i s  tes t  each source i s  free dropped from 
a d i s t a n c e  of  30 f t  on to  a f l a t ,  e s s e n t i a l l y  unyie ld ing ,  
h o r i z o n t a l  s u r f a c e ,  s t r i k i n g  t h e  s u r f a c e  i n  such a p o s i t i o n  
expected t o  s u f f e r  maximum damage. Due t o  t h e  p o t e n t i a l  
release hazard (which w a s  considered t o  be very  low), the 
free drop w a s  conducted i n  a r a d i o a c t i v e  c o n t r o l  area 
(Alpha Fuels  Bui ld ing ,  Cell 112) .  Previous impact s t u d i e s  
i n d i c a t e d  t h a t  t h e  ang le  of  impact a t  which max imum damage 
would occur i s  45" from ve r t i ca l  end on. 

To minimize spread of r a d i o a c t i v e  contamination i n  t h e  event  
of source r u p t u r e ,  a 1 / 2  i n .  s t e e l  p l a t e  was mounted i n s i d e  
a 77-gal drum supported by l ead  b r i cks .  Extending i n t o  t h e  
drum w e r e  a n  a i r  a lpha  monitor sample tube and a f i l t e r e d  
vacuum c l e a n e r  hose t o  d e t e c t  and remove, r e s p e c t i v e l y ,  
r e l e a s e d  r a d i o a c t i v e  material. 

The appa ra tus ,  shown schemat ica l ly  i n  F igure  2 ,  w a s  designed,  
b u i l t ,  and assembled i n  Alpha Fuels  Bui ld ing ,  C e l l  1 1 2 .  After 
t h e  drop appara tus  was checked, s e v e r a l  t es t  runs  w e r e  made 
us ing  dummy sources  t o  v e r i f y  t h e  impact ang le  and drop area 
of t h e  sources .  
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FIGURE 2 - Schematic o f  t h e  free drop t e s t  appa ra tus .  
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The sources  were removed one a t  a t i m e  from t h e  t r a n s f e r  
con ta ine r ,  wiped f o r  a lpha  contaminat ion,  and monitored f o r  
g a m a  and neutron emission. 

The sources  w e r e  then mounted one a t  a t i m e  on t h e  so lenoid-  
a c t i v a t e d  release mechanism and h o i s t e d  t o  a predetermined 
30 - f t  l e v e l  by p u l l i n g  t h e  e lec t r ica l  cord through a pul ley .  
Once t h e  source s t a b i l i z e d  a t  t h e  30 - f t  l e v e l ,  t h e  so lenoid  
release mechanism w a s  a c t i v a t e d  a l lowing  t h e  source t o  f r e e  
drop 30 f t  and impact t h e  1 /2- in .  s t ee l  p l a t e  a t  approxi-  
mately a 45" angle  i n s i d e  t h e  77-gal drum. A w e t  towel w a s  
immediately draped over t h e  source t o  prevent  t h e  spread  of  
a c t i v i t y  i f  t h e  source had rup tu red  on impact. 
w a s  taken immediately a f t e r  impact. No contamination w a s  
found. Each source  was  then  helium pressure/bubble  t e s t e d  
p r i o r  t o  percussion t e s t i n g .  (J. E.  S e l l e ,  C .  0. Brewer) 

An a lpha  wipe 

Percussion Test This  t e s t  w a s  performed i n  a Luc i t e  box as 
shown i n  F igure  3. Each source was  a lpha  wiped and placed 
on i t s  s i d e  on a 1 /4  i n .  t h i c k  s h e e t  of  l ead  which i n  t u r n  
w a s  r e s t i n g  on a smooth 1 /4  i n .  t h i c k  s h e e t  o f  steel. 
3-lb, 1 i n .  diameter ,  s tee l  rod  w a s  suspended 40 i n .  above 
t h e  sample by a s t r i n g  extending through a hole  i n  t h e  top  
of  t h e  box and a t t a c h e d  t o  a r i n g  s tand .  The box w a s  c losed ,  

s t r i n g  was severed;  t h e  weight dropped on t h e  source.  The 
a i r  monitor connected t o  t h e  box was  checked. I f  no evidence 
o f  a lpha  contamination w a s  found, t h e  lower box door w a s  
opened and an  a lpha  wipe taken. Upon a nega t ive  resu l t ,  a 
thorough a lpha  wipe check of  t h e  lower box i n t e r i o r  w a s  
made. I f  aga in  a nega t ive  a lpha  wipe r e s u l t e d ,  t h e  neutron 
source  was  s t o r e d  f o r  subsequent l eak  checking us ing  t h e  
helium bubble technique.  

A 

. t h e  exhaust  blower w a s  s t a r t e d ,  and t h e  weight suspension 

Very minor, i f  any,  phys i ca l  change i n  t h e  shape of t h e  
sources  was  observed w i t h  no evidence of a lpha  contamination 
o r  helium leak .  ( C .  P. Johnston,  D. R. Schaef fer )  

Heat ing Test The sources ,  one o r  two a t  a t i m e ,  were placed 
i n  a n  air-atmosphere muffle furnace (not  s ea l ed )  l oca t ed  i n  
a fume hood, and hea ted  f o r  a predetermined t i m e  t o  b r ing  
them t o  1475°F. They w e r e  h e l d  a t  t h i s  temperature f o r  
10 min. The sources  w e r e  then  removed from t h e  furnace ,  
placed on a f i r e  b r i ck  i n  t h e  hood, and a lpha  wiped wi th  a 
g l a s s  f i b e r  wipe. A nega t ive  r e s u l t  w a s  followed by a 
wipe a f t e r  they had cooled f o r  approximately 5 min. Again 
a nega t ive  a lpha  wipe r e s u l t  was  followed by cool ing  i n  a i r  
f o r  about  30 min. The sources  w e r e  then  water cooled and 
an  a d d i t i o n a l  a lpha  wipe check made. It w a s  nega t ive  i n  
each case, and t h i s  w a s  followed by helium bubble l e a k  

n 
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FIGURE 3 - Schematic o f  t h e  pe rcuss ion  t e s t  appa ra tus .  
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checking and s to rage .  No l eaks  w e r e  de tec ted .  The l a r g e r  
dimension sources  exh ib i t ed  s u b s t a n t i a l  s c a l i n g  (oxida t ion)  
as a r e s u l t  of  t h e  hea t ing  t e s t .  (C. P. Johnston,  
D. R .  Schaef fer )  

Immersion T e s t  This  t es t  cons i s t ed  of immersion f o r  24 h r  
i n  w a t e r  a t  room temperature i n  c l ean  p l a s t i c  con ta ine r s  wi th  
l i d s .  The water w a s  a t  an  i n i t i a l  pH of 6.5 wi th  a conduc- 
t i v i t y  of  leas than  10 pR/cm. A t  t h e  end of  t h e  24 h r  t h e  
immersion w a t e r  w a s  sampled and analyzed f o r  a lpha  contam- 
i n a t i o n .  
d r i e d ,  and a lpha  wiped. Source M-1006 was  found t o  have a 
crack  on t h e  bottom extending n e a r l y  t h e  f u l l  l eng th  of one 
s i d e  w i t h  t h e  inne r  con ta ine r  v i s i b l e .  Drying the source ,  
wiping, and count ing gave a r e s u l t  of approximately 1500 
dis/min. Source M-1127, which w a s  i n  t h e  s a m e  immersion 
v e s s e l  w i th  M-1006, w a s  found t o  have a wipe count of  about  
500 dis /min.  M-1127 w a s  e a s i l y  c leaned and placed i n  the 
s t o r a g e  con ta ine r .  
i n d i c a t e d  t h a t  t h i s  source  and 15 of t h e  1 6  o t h e r  sources  
were no t  leak ing .  
t h e  helium l e a k  ra te  appa ra tus ;  i t  w a s  n o t  d e t e c t a b l e  by 
t h e  helium bubble method. 

The sources  w e r e  removed from t h e  c o n t a i n e r s ,  

Subsequent helium l eak  rate checking 

A l e a k  i n  source M-1013 was  found us ing  

S c i n t i l l a t i o n  count ing of t h e  M-1006 immersion water samples 
gave no evidence of  a lpha  contaminat ion,  i n d i c a t i n g  l i t t l e  
o r  no s o l u b i l i t y  of t h e  leak ing  material under t h e  condi t ions  
of t h e  experiment. 

Sources M-1006 and 1013 w e r e  those  r e tu rned  from Schlumberger 
W e l l  Se rv ices ,  I n c . ,  and t h e  o u t e r  con ta ine r  material had 
been s p e c i f i e d  by them as i t  had f o r  M-1019, t h e  source which 
they found t o  be leak ing  and r e tu rned  t o  Mound i n  1970'. A 
complete d i scuss ion  regard ing  t h e  "Schlumberger" sources  i s  
incorpora ted  i n  t h e  fol lowing Des t ruc t ive  Test  s e c t i o n .  
(C. P. Johnston,  D.  R ,  Schaef fer )  

A t a b u l a t i o n  of source  d a t a ,  nondes t ruc t ive  tests performed, and s p e c i a l  
tes t  r e s u l t s  i s  provided i n  T a b l e  3. 

n 
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T a b l e  3 

S our ce 
No. 

M-253 

M-258 

M-273 

M-275 

M-47 1 

M-475 

M-618 

M-762 

M-873 

M-909 

M-912 

M-914 

M-923 

M-932 

M-950 

M-1006 

M-1013 

M-1127 

SOURCES SUEUECTED TO SPECIAL TESTS: 
FREE DROP, PERCUSSION, HEATING, AND IMMERSION 

39 Pu 
(a> 

79.74 

79.90 

79.52 

79.88 

79.63 

8.00 

79.98 

79.65 

160.05 

15.97 

11.99 

14.95 

15.98 

31.94 

63.99 

78.83 

76.13 

75.40 

Mfg. 
Date 

9 1221 58 

1 2 / 1 7  158 

121 17 158 

12/17/58 

4120159 

5/28/59 

2/8/60 

6/16/60 

1/27/61 

11/11/60 

12/20/60 

1/ 18 161 

11/18/60 

12/20/60 

1 /18/61  

7 127161 

7 /26/61 

- 

------- 

R a d i o -  
graph 

X 

X 

X 

X 

- 
- 
- 

X 

- 
- 

X 

- 
X 

- 
- 

X 

P r e -  
leak T e s t  

R a t e  

O.K. 

0 .K. 

0 .K. 

O.K. 

0 .K. 

0 .K. 

0 .K. 

O.K. 

O.K. 

O.K. 

0 .K. 

O.K.  

O.K. 

0 .K. 

O.K. 

O.K. 

O.K. 

O.K. 

P o s t -  
leak T e s t  

R a t e  

O . K .  

O.K.  

O.K. 

O.K. 

0 .K. 

0 .K. 

O.K.  

O.K. 

O.K. 

O.K.  

O.K.  

O.K.  

0 .K. 

O.K. 

O.K.  

a 

b 

O.K.  

a Fai led  i n  i m m e r s i o n ;  not  - leak checked ( " S c h l u m b e r g e r "  source) .  
bFailed; leak rate >3 x lo-" std cc/sec ("Schlumberger" source). 
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DESTRUCTIVE TESTS 

The d e s t r u c t i v e  t e s t  series cons i s t ed  of  t h e  fol lowing:  

a .  I n t e r n a l  pressure  measurement (gas t a p ) ,  sampling, and a n a l y s i s  
of t h e  contained gases .  

b. Metal lographic  a n a l y s i s  of  t h e  o u t e r  c o n t a i n e r ,  inner  con ta ine r ,  
and f u e l .  

Ten sources  were s e l e c t e d  f o r  d e s t r u c t i v e  a n a l y s i s .  Nondestructive t e s t s  
(NDT) were performed on these  sources  ( re ference  Appendix A) p r i o r  t o  
d e s t r u c t i v e  a n a l y s i s .  Sources were s e l e c t e d  which r ep resen ted  two areas 
of  i n t e r e s t :  
ments o r  which had v i s u a l  d e f e c t s ,  a lpha  wipe anomalies,  o r  l e a k s .  
These inc lude  M - 9 ,  7 1 ,  75, 436, and 1019. Sources M-493 and 1053-S were 
a l s o  of  i n t e r e s t  because of  rad iographic  evidence of  inner  l i n e r  
co r ros ion  and poss ib l e  f u e l  migra t ion .  Secondly, sources  w e r e  s e l e c t e d  
f o r  which no s i g n i f i c a n t  anomalies w e r e  noted i n  NDT. These included 
M-472, 1166, and 1190. 

f i r s t ,  thoAe which had been subjec ted  t o  unusual environ- 

S ince  sources  M-436 and 1019 w e r e  known t o  be l eak ing ,  they  w e r e  n o t  gas 
tapped. Sources M-493 and 619 were gas tapped only t o  o b t a i n  a d d i t i o n a l  
gas a n a l y s i s  da t a .  

A t a b l e  showing t h e  nondes t ruc t ive  tes ts  performed and a b r i e f  desc r ip -  
t i o n  of t h e  h i s t o r y  and p redes t ruc t  condi t ion  of  each source i s  given i n  
Appendix B. 

I n t e r n a l  Pressure  Measurement, Sampling, and Analysis  of  
t h e  Contained Gases 

In t roduc t ion  Ten Pu-Be neutron sources  w e r e  tapped f o r  gas 
samples, some of  which were l o s t  o r  contaminated. Two of  
t h e s e ,  M - 7 1  and 1053-S, w e r e  d r i l l e d  through t h e  f l a t  end wi th  
extreme d i f f i c u l t y  over a long span of  t i m e .  The gas c o l l e c -  
t i o n  and pressure  measurement technique was modified and t h e  
da t a  from these  two sources  r e j e c t e d .  Data on M-9 exh ib i t ed  
i n t e r n a l  pressure  - volume c o n t r a d i c t i o n s  which r e s u l t e d  i n  
i t s  r e j e c t i o n .  The fol lowing desc r ibes  t h e  method of  gas 
sampling and con ta ins  a compilat ion of t h e  r e s u l t s  of  t h e  
s u c c e s s f u l  t es t s .  

Equipment The pressure  sens ing  and gas sampling appara tus  
used i n  t h e  s t u d i e s  cons i s t ed  of a vacuum manifold t o  lower 
t h e  system p res su re ,  an  MKS-type 77H-300 pressure  sens ing  
head connected t o  a MKS lOOA series d i g i t a l  p ressure  readout  
t o  measure r e l e a s e d  gas p re s su re ,  a s tandard  r e fe rence  
volume, a d r i l l  p r e s s ,  a vacuum chamber t o  hold the  sou rces ,  
and a Toepler  pump t o  t r a n s f e r  t h e  r e l e a s e d  gases  t o  a 
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sampling tube ( see  F igure  4 ) .  The e n t i r e  appa ra tus  w a s  
opera ted  i n  a n i t rogen  atmosphere glovebox. 

The d r i l l  b i t s  used f o r  opening t h e  capsule  w e r e  locked 
i n t o  a hardened, s t a i n l e s s  s t e e l  ex tens ion  and i n s e r t e d  
i n t o  t h e  opening chamber through a t r i p l e  O-ring seal .  
The upper end of t h e  ex tens ion  w a s  connected t o  a d r i l l  
p r e s s .  

V A C U U  

A IR  

5 6 I O  

T O E P L E R  PUMP 

FIGURE 4 - Schematic o f  t h e  gas tapping  equipment. 

Procedure An initial volume of the empty system was deter- 
mined as fol lows:  

a .  The e n t i r e  system w a s  evacuated.  

b. The system w a s  b a c k f i l l e d  w i t h  a rgon  and its pres su re  
noted.  

c. The same p res su re  w a s  t rapped  i n s i d e  t h e  s t anda rd  volume 
and t h e  rest of t h e  system evacuated.  

d. The gas i n  t h e  s t anda rd  volume w a s  r e l e a s e d  i n t o  t h e  
system and t h e  new p res su re  noted.  

e. The system volume w a s  c a l c u l a t e d  us ing  P,V, = P,V, 
assuming a cons t an t  temperature .  
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This same method was used to find the system volume with the 
source in place and to find the free volume inside the source. 

Volume of Source = (volume of system) - (volume of system and 
source) 

v, = VOY SI - (V2) 
Free Volume of Source = (volume of system and source) - 
(volume of system and tapped source) 

Pressure on Standard Volume = Pl 

Volume of Standard Volume = Vl = 317.5 cc 

System Pressure after Release From Standard Volume = P, 

Examp le : 

Volume of Source M-259 

PI = 243.1 nun 
V, = 317.5 cc 
P, = 69.5 mm 

= 1180.3 cc 

V. = 1110.6 cc 
VSYSl P1V1 = P2Vsys = 243.5 x 317.5 = 69.5 V, 

vs = vsys1 - Va = 1180.3 cc - 1110.6 cc 69.7 cc 

Free Volume in Source M-259 Inner Container 

P1 = 243.5 mm 
Vl = 317.5 cc 
P, = 68.9 mm 
V, = 1110.6 cc 
P1V1 = PaV3 = 243.5 x 317.5 = 68.9 V3 
v3 = 1122.1 cc 
VSF = 1122.1 - 1110.6 = 11.5 cc 

Gas Pressure in M-259 Inner Container 

System Volume during Gas Tapping = (Volume of original 
system standard volume) - (Source Volume - Free Volume 
of Source) 

n 

22 



Pressu re  of Syste% a f t e r  tapping source M-259 
= 1.14 mm 

Free volume i n  source M-259 inne r  con ta ine r  = 11.5 cc  

Gas p re s su re  i n  i n n e r  con ta ine r  = PI 

PsySa x Vsys = PI x VSF = 1.14  mm x (1180.3-317.5) 
- (69.7-11.53 cc  = PI x 11 .5  cc  

PI = 79.8 mm = 1 .5  p s i a  

Discussion One source (M-1066) i nd ica t ed  such a s l i g h t  gas 
pressure  r e l e a s e  t h a t  no gas a n a l y s i s  w a s  taken.  

The h igher  pressures  i n s i d e  of  some sources  may have been 
caused by t h e  source f a b r i c a t i o n  technique of  d r i v i n g  i n  
t h e  t ape red  end plugs and p res s ing  t h e  inner  con ta ine r  i n t o  
t h e  ou te r  con ta ine r .  This  could compress any t rapped gases .  

Seve ra l  of t he  sources  gave only one pressure  i n d i c a t i o n  when 
they were tapped. There are  two poss ib l e  reasons f o r  t h i s :  
1) t h e  inner  con ta ine r  w a l l  w a s  rup tured  and a l l  gases  escaped 
when one con ta ine r  w a s  tapped, 2)  t h e  proximity o f  t h e  inne r  
con ta ine r  w a l l  t o  t h e  ou te r  con ta ine r  w a l l  may have produced 
a seal  i n  t h e  d r i l l e d  area and only t h e  pressure  i n s i d e  t h e  
inne r  con ta ine r  was r e l e a s e d  ( r e fe rence  Table  4 ) .  

T a b l e  4 

INTERNAL GAS PRESSURES 

Source 
Numb e r 

M-75 

M-259 

M-472 

M-493 

M- 6 19 

M- 1166 

M- 1190 

P res su re  (ps i a )  
Inner  Outer 

4.7 29.8 

1 . 5  Not d e t e c t a b l e  

16.6 Not d e t e c t a b l e  

12 .5  1 1 . 7  

9 .5  Not d e t e c t a b l e  

0.7 Not de t ec t a b  l e  

27.0 Not de tec  t a b  l e  
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None o f  t he  sources  i n d i c a t e d  any apprec iab le  helium content .  
I t  is probable t h a t  most of t h e  helium produced from pluton-  
ium-239 decay w a s  contained i n  t h e  c r y s t a l  l a t t i c e  of t h e  
Pu-Be ( re ference  T a b l e  5) .  (D.  L.  Fleming) 

Metal lographic  Analysis  of  t h e  Outer Container ,  Inne r  
Container ,  and Fuel  

In t roduc t ion  Des t ruc t ive  pos t  mortem a n a l y s i s  was performed 
on 10  Pu-Be neutron sources .  A summary of  t h e  t es t s  performed 
on t h e  sources ,  inc luding  d e s t r u c t i v e  a n a l y s i s ,  i s  shown i n  
Appendix B. 

T a b l e  5 

MASS SPECTROMETRIC ANALYSIS OF COLLECTED GAS SAMPLES 

M-75 M-493 
Inne r  Outer Inne r  Outer M-619 

Source (%I (%) (%) (%) (%) 

Argon 39.37 16.02 55 .11  9.03 73.65 

Hydrogen 0.19 0.00 0.13 0.17 0 .04  

H e l i u m  0.00 0.00 0.12  0.00 0.11 

Water 0.13 0 . 2 4  0 .26  0 . 2 3  0 .29  

Nitrogen 48.66  7 2 . 4 0  3 5 . 2 2  89 .79  2 0 . 7 0  

Oxygen 11.60 1 1 . 3 1  9 .12  0.71 5 . 2 1  

Ca rb  on 0 .04  0 . 0 3  0 . 0 4  0.00 0.00 
Dioxide 

(H. S . Carden) 

T e s t  Procedure Seve ra l  nondes t ruc t ive  t e s t s ,  inc luding  
rad iographic  in spec t ion ,  w e r e  made on t h e  sources  p r i o r  t o  
d e s t r u c t i v e  a n a l y s i s .  The purpose of  such s t u d i e s  was  t o  
determine t h e  i n t e g r i t y  of  t h e  s t a i n l e s s  s t ee l  o u t e r  con- 
t a i n e r  welds.  
a n a l y s i s ,  and oxygen and n i t rogen  s t u d i e s  w e r e  performed 
during t h e  d e s t r u c t i v e  i n v e s t i g a t i o n .  
w a s  done a f t e r  t h e  gas p re s su re  s t u d i e s .  Two of t h e  sources  
w e r e  no t  sub jec t ed  t o  t h e  gas a n a l y s i s .  
w a s  found t o  be leak ing  p r i o r  t o  t h e  s p e c i a l  tests,  and t h e  
o t h e r  (M-l019/Schlurnberger) was  known t o  be contaminated, 
sugges t ing  a seve re  c rack  o r  l eak  i n  t h e  o u t e r  con ta ine r .  

Metal lographic  examination, x-ray  microprobe 

Des t ruc t ive  a n a l y s i s  

One of  t hese  (M-436) 
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S e c t i o n i n g  
glovebox, us ing  a c i r c u l a r  s a w  wi th  an alumina oxide c u t t i n g  
blade.  A s  i nd ica t ed  i n  F igure  5 ,  a l l  welds ,  inc luding  small 
s e c t i o n s  of  t he  top ,  s idewa l l ,  and bottom, were taken f o r  
meta l lographic  examination. 

The sources  w e r e  sec t ioned  i n  a r a d i o a c t i v e  

, 
/ , 

/ 
/ 

I 
I 
I 
\ 
\ 
\ 
\ '. 

_- - -  J /  

, , 
/ 

/ 

/ 
I 
I 
I 
\ 
\ 
\ 
\ . , - -_-  

T I G  
W E L D  

OUTER 
C 0 NTA I N E R 

Ta L INER 

FIGURE 5 - Source a r e a s  subjec ted  t o  meta l lographic  
examination ( i n d i c a t e d  by d o t t e d  c i r c l e s ) .  

Resu l t s  During s e c t i o n i n g ,  va r ious  v i s u a l  observa t ions  were 
made on each source and these  are  summarized i n  T a b l e  6.  With 
t h e  except ion  o f  source  M-1019 no v i s i b l e  c racks  were noted i n  
t h e  o u t e r  con ta ine r .  T a b l e  7 summarizes t h e  r e s u l t s  ob ta ined  
dur ing  meta l lographic  examination. From t h i s  t a b l e  i t  can be 
seen  t h a t  a f e w  small c racks  w e r e  found. The two sources ,  
M - 7 1  and M-1053-S, w e r e  t h e  most s e v e r e l y  cracked. 
graphs of t h e s e  two sources  are shown i n  F igures  6 and 7 .  E l e c -  
t r o n  microprobe a n a l y s i s  w a s  performed on t h e  c rack  shown i n  
F igure  6. N o  d i f f e r e n c e  i n  composition w a s  found i n  t h e  r eg ion  
immediately a d j a c e n t  t o  t h e  c rack  and t h e  second phase boun- 
d a r i e s  away from t h e  c rack .  These areas w e r e  s l i g h t l y  enr iched  
i n  oxygen, s i l i c o n ,  s u l f u r ,  and carbon wi th  s l i g h t  d e p l e t i o n  
i n  i ron .  This  merely sugges ts  a concen t r a t ion  o f  i m p u r i t i e s  
which r e s u l t s  when t h e  lower mel t ing  c o n s t i t u e n t  s o l i d i f i e s  
las t .  Microhardness values measured i n  t h e  weld area v a r i e d  
between 150 and 200 Diamond Pyramid Hardness (DPH) which i s  
t y p i c a l  of  s t a i n l e s s  s teel .  It  i s  not  expected t h a t  under 
normal condi t ions  t h a t  t hese  cracks would cont inue  t o  propa- 
g a t e .  It  i s  a l s o  poss ib l e  t h a t  t h e  cracked areas are r a t h e r  
l o c a l i z e d  and are  no t  n e c e s s a r i l y  continuous around t h e  weld. 

Photomicro- 
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Source 

Outer Weld 
Vis ib le  
Cracks 

I n t e r i o r  
of Outer 
Container 

Exterior 
of Inner 
Container 

Inner Weld 
Vis ib le  
Cracks 

Condition 
o f  
Fuel 

Outer Cap- 
su l e  Body 
Condition 

Inner Cap- 
su l e  Body 
Condition 

No 

Traces of  
green oxide - 
l ayer  

Brown i s h  
i n  
co lor  

Pulled 
away from 
body 

-6 0% 
oxidized 
dust 

Green 
oxide 
layer  

Brownish 
i n  
co lor  

M-1166 

N o  

Clean 
and 
bright 

Clean 
and 
br ight  

Bluish gray 
co lor  around 
top weld 

Sol id  
du l l  gray 
chunk 

Good 

Good 

M* 

No 

Clean 
and 
br ight  

Brown i sh  
i n  
color 

No 

Dull 
gray 
chunk 

Good 

Good 

Table 6 

VISUAL OBSERVATIONS 

M-1190 

N o  

Clean 
and 
bright 

Dull 
gray 

No 

Bright 
s i l v e r  
chunk 

Good 

Good 

No 

Clean 
and 
bright 

Purplish 
i n  
co lor  

S m a l l  
crack 

D u l l  gray 
top of fue l  
purple 

Brownish 
i n  
color 

Good 

M-1053s 

No 

Clean 
and 
bright 

Greenish 
oxide 
layer 

Ruptured 
a t  weld 

Bright 
s i l ve r  
chunk 

Good 

Huge 
ruptured 
zone 

M A  

No 

Clean 

Dull 
metal 
color 

White 
residue 
top weld 

Dull gray 
on 
surface 

Good 

Good 

M-1019 

N o  

Clean 

Fa i r ly  
clean 

Greenish r i n g  
around weld 
a rea  

-50% 
oxidized 
dust 

Black 
in 
color 

Fa i r ly  
clean 

N o  

Clean 

Royal blue 
r i n g  m i d  
body brownish 

No 

Dull 
gray 
chunk 

D u l l  
metal 

Bluish t o  
dark blue 
r ing  

M-71 

No 

Clean 
and 
bright 

Clean 

No 

Bright 
s i l v e r  

Good 

Good 
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Tab le  7 

METALLOGRAPHIC OBSERVATIONS 

Source  M-259 

Top Weld S l a g  
Cracks  i n c l u s i o n  

Bottom 
Weld S l a g  
Cracks i n c l u s i o n  

Reac t  i o n ,  
P roduc t s  Yes 

Hole' i n  
bottom 

P o r o s i t y  weld 

No. o f  
Weld P a s s e s  
Top Welds 4 

M-1166 

Smal l  
c r a c k  

S l a g  
i n c l u s i o n  

NO 

No 

2 

No. of 
Weld P a s s e s  
Bottom 
Welds 1 .  1 

Crack 
Dimension -- 1 m i l  

M - 4 7 2  M-1190 M - 7 5  M-1053s M-9 

Small  S m a l l  Large  S l a g  
c rack  No c r a c k  c r a c k  i n c l u s i o n  

No weld 
S m a l l  c o r n e r  Smal l  S l a g  

N o  c r a c k  machined c r a c k  i n c l u s i o n  

No No Yes Yes Yes 

N o  No No No No 

I 1 1 1 3 

Corner  
1 1 machined 2 I 

13  m i l s  
4 m i l  2 .5  m i l s  -- 5 m i l s  - -  

M-1019 

comple te  1 y 
seve red  

No weld 
c o r n e r  
machined 

Outer  
edge 

Smal l  
amount 

1 

Corner  
machined 

-- 

M-436 M a  

S l a g  
i n c l u s i o n  No 

S l a g  Smal l  
i n c l u s i o n  c r a c k  

Yes No 

No No 

2 1 

1 

-5 m i l s  
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Examples o f  a s l a g  i n c l u s i o n  i n  t h e  weld j o i n t  are shown i n  
F igures  8 - 11. The rounded ends t o  these  s e p a r a t i o n s  are 
t y p i c a l  o f  t h i s  type of  a r t i f a c t .  Round-ended s e p a r a t i o n s  
such as these  woulh not  b e  expected t o  propagate.  A small 
c rack  i s  shown i n  F igure  1 2 .  Under c e r t a i n  c i rcumstances a 
sharp-ended crack  could conceivably propagate ,  b u t  i n  a 
d u c t i l e  material such as 304 s t a i n l e s s  s tee l  t h i s  i s  no t  
probable .  

Photomicrographs of t h e  top  and bottom welds of  source M-436,  
which had e x h i b i t e d  a l e a k ,  are shown i n  F igures  1 3  - 15. The 
s m a l l  c racks  o r  pores emanating from t h e  s i d e  of  t h e  j o i n t  
may have been r e spons ib l e  f o r  t h e  l eaks .  
phenomenon i s  not  known a t  t h i s  t i m e .  Although co r ros ion  
could be t h e  cause ,  e l e c t r o n  microprobe a n a l y s i s  could no t  
d e t e c t  any r e a c t i o n  product i n  these  areas. E i t h e r  t hese  a r e  
v o i d s ,  o r  t h e  r e a c t i o n  product pu l l ed  out  dur ing  meta l lographic  
p repa ra t ion .  

The reason  f o r  t h i s  

Oxygen analyses  w e r e  performed on t h e  tantalum i n n e r  con ta ine r  
of each source ,  and these  are  summarized i n  T a b l e  8 .  
pickup probably occurred dur ing  welding. 

Oxygen 

FIGURE 8 - Source M-259; s t a i n l e s s  s t ee l  
o u t e r  c o n t a i n e r ;  top weld ( 2 4 . 8 X ) .  
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We Id 
Zone 

FIGURE 9 - Source M-259; s t a i n l e s s  s t e e l  o u t e r  
c o n t a i n e r ;  t op  weld (620X) .  

Parent 
Material 

FIGURE 10 - Source M - 9 ;  s t a i n l e s s  s t ee l  o u t e r  con- 
t a i n e r ;  t op  weld (24 .8X) .  



FIGURE 11 - Source M - 9 ;  
s t a i n l e s s  s t ee l  ou te r  c o n t a i n e r ;  
t o p  weld (250X). 

FIGURE 1 2  - Source M-1166; 
s t a i n l e s s  s tee l  o u t e r  c o n t a i n e r ;  
t o p  weld (250X). 
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FIGURE 1 3  - Source M-436; s t a i n l e s s  s t e e l  o u t e r  con- 
t a i n e r ;  t op  weld (24 .8X)  

We I d  
Zone 

Parent  
Ma te r i a l  

FIGURE 14 - Source M-436; s t a i n l e s s  s t e e l  ou te r  con- 
t a i n e r ;  t op  weld (250X). n 
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FIGURE 15 - Source M-436; s t a i n l e s s  s t e e l  o u t e r  
c o n t a i n e r ;  bottom weld ( 2 5 0 X ) .  

Table 8 

SUMMARY OF OXYGEN ANALYSIS 

Source M- 259 1166 4 7 2  1190 7 5  1053s  9 1019 436 7 1  

Oxygen 18 1 30  136 374  6 1 3  240 359 273 274  881" 
Con t e n t  

( P P 4  

"Analys is  ques t ionab le  due . to  wide v a r i a t i o n  i n  d a t a .  
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Examination of M-1019 showed t h e  weld of t h e  o u t e r  con- 
t a i n e r ,  a m a r t e n s i t i c  s t e e l  as shown i n  F igure  20, t o  be 
completely severed from t h e  s idewa l l ;  t h e  cap l i f t e d  o f f .  
F igure  2 1  shows t h e  weld area. Some small voids  are 
observed,  which may b e  a t t r i b u t a b l e  t o  gas evo lu t ion  dur ing  
welding. As i n d i c a t e d  i n  Table 7 ,  t h e  bottom corners of  
t h e  capsule  were machined from one p i ece ,  not  welded. 
Visua l  observa t ions  made dur ing  sec t ion ing  are  l i s t e d  i n  
T a b l e  6. 

. 

No cracks  were observed i n  these  corners .  F igure  22 shows 
a r e a c t i o n  product conta in ing  va r ious  concent ra t ions  of  i r o n ,  
oxygen, and chromium, wi th  oxygen and s i l i c o n  i n  one p a r t i c l e  
on t h e  o u t s i d e  w a l l  o f  t h e  con ta ine r .  Pene t r a t ion  of  t h i s  
r e a c t i o n  product i s  r e a d i l y  observed. 
t h a t  t h e  source w a s  sub jec t ed  t o  e l eva ted  temperature which 
may have con t r ibu ted  t o  t h e  degradat ion.  

These da t a  sugges t  

Vickers microhardness va lues  f o r  t h e  Vega s tee l  ranged from 
550-600 DPH. These va lues  are i n d i c a t i v e  of t h i s  type 
m a r t e n s i t i c  s t e e l  as shown i n  F igure  20. 

A s  i n d i c a t e d  i n  T a b l e  7 some of t h e  weld j o i n t s  were found 
t o  have been sub jec t ed  t o  m u l t i p l e  passes .  

Samples o f  t h e  f u e l  and t h e  fue l - tan ta lum i n t e r f a c e  were 
examined and analyzed on t h e  e l e c t r o n  microprobe. Photo- 
micrographs of  t h e  areas examined are shown i n  F igures  16-19. 
Superimposed on each photomicrograph i s  t h e  d i r e c t i o n  of t h e  
beam and t h e  areas examined. I n  each case where beryl l ium i s  
i n d i c a t e d ,  i t  should be emphasized t h a t  t h i s  i s  implied by 
t h e  da t a .  The e l e c t r o n  microprobe d i d  not  d e t e c t  beryl l ium. 
The fact  t h a t  g r e a t  inhomogeneity e x i s t s  i n  t h e  f u e l ,  u s u a l l y  
a s s o c i a t e d  wi th  tantalum and probably bery l l ium,  sugges ts  
t h a t  free unreac ted  plutonium may be p resen t  i n  t h e  f u e l ,  
a l though no p o s i t i v e  i n d i c a t i o n  of unreac ted  plutonium w a s  
found . 
A l l  of  t h e  sources ,  w i t h  t h e  except ion  of  M-1019 (Schlum- 
be rge r ) ,  had o u t e r  c o n t a i n e r s  of  304 s t a i n l e s s  steel .  Source 
M-1019 was  appa ren t ly  made from a n  a i r  hardening t o o l  s tee l  
c a l l e d  Vega s teel .  This  material nominally conta ins  0.7 
w t  % C ,  2 .0  w t  % Mn, 1.0 w t  % C r y  1.35 w t  % Mo. E lec t ron  
microprobe a n a l y s i s ,  whi le  no t  q u a n t i t a t i v e  i n  t h i s  case, 
i n d i c a t e d  h igh  i r o n  wi th  small amounts of  manganese, 
chromium, and molybdenum, which tends  t o  v e r i f y  th i s  
compos it ion.  
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Fue 1 

React i o n  
Product & R i m  

FIGURE 

Tantalum 
Inner  Container  

- I n d i c a t e s  
X-Ray Microprobe 
Traverse  

1 6  - Source M-1053s; tantalum inne r  c o n t a i n e r ;  
tantalum r e a c t i o n  product .  React ion r i m  i nc reases  i n  
plutonium, decreases  i n  tantalum. 
i n d i c a t e d  (250X) .  

Presence o f  bery l l ium 

C 
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FIGURE 1 7  - Source M-1053s; t an ta lum i n n e r  con ta ine r .  
X-ray microprobe t r a v e r s e  "A": g r a i n  boundary r e a c t i o n  
product ,  plutonium decrease  i n  tan ta lum,  oxygen may be 
p r e s e n t .  Presence of bery l l ium i n d i c a t e d .  X-ray micro- 
probe t r a v e r s e  "B": dark  gray  phase,  plutonium + oxygen, 
no tan ta lum (250X). 

. 
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FIGURE 18 - Source M-1053s fuel chunk.X-ray microprobe 
traverse rrA'r: white grain boundary reaction product, in- 
crease in tantalum, no plutonium, slight decrease in oxygen, 
presence of beryllium indicated. X-ray microprobe traverse 
I I B I I .  . black phase seems to be pull-out (250X). 
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FIGURE 19 - Source M-1053s f u e l  chunk; x- ray  microprobe 
t r a v e r s e  "A" . l a y e r i n g ,  as tantalum goes up plutonium goes 
down, some h igh  peaks o f  oxygen (250X) .  

FIGmE 20 - Source M-1019; s t r u c t u r e  of Vega s t e e l  o u t e r  
c o n t a i n e r  (620X). 
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.Voids a r e  
P o r o s i t y  i n  
the  Weld 

FIGURE 21 - Source M-1019; Vega s t e e l  ou te r  c o n t a i n e r ;  
t o p  weld ( 2 4 . 8 X ) .  

FIGURE 22 - Source M-1019; Vega s t e e l  o u t e r  c o n t a i n e r ;  t o p  
weld o u t s i d e  edge (250X). 
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Conclusions Analysis  of t h e  s t a i n l e s s  s tee l  welds i n  n ine  
neutron sources  revea led  s m a l l  cracks i n  a t o t a l  of  seven 
welds out  of 1 7 .  An a d d i t i o n a l  s i x  welds contained s l a g  
i n c l u s i o n s  near  t h e  j o i n t  t i p .  Under normal condi t ions  
these  cracks o r  i nc lus ions  would not  be expected t o  propa- 
ga t e .  

A l l  of t h e  tantalum con ta ine r s  contained oxygen, probably 
from t h e  welding opera t ion .  I n  view of  t h i s  and t h e  f a c t  
t h a t  some of these  welds w e r e  observed t o  b e  cracked,  t h e  
tantalum should not  be r e l i e d  upon t o  con ta in  t h e  f u e l .  
Composition inhomogeneities exist  w i t h i n  t h e  f u e l  which 
raises t h e  p o s s i b i l i t y  t h a t  unreac ted  plutonium e x i s t s  i n  
the  sou rces ,  a l though neutron count ing i n d i c a t e s  a near  
t h e o r e t i c a l  number of neutrons f o r  each source.  

Des t ruc t ive  a n a l y s i s  r e s u l t s  on sources  M-472, 1166,  and 
1190 (sources  which showed no s i g n i f i c a n t  anomalies i n  NDT) 
gave no i n d i c a t i o n  of unusual o r  d e l e t e r i o u s  condi t ions .  
Metallography d i d  r e v e a l  some small c racks ,  none of which 
extended completely through the weld area, and which, 
under normal c o n d i t i o n s ,  would not  be  expected t o  propagate.  
(J. E .  Se l le ,  K.  L.  Breaka l l )  

CONCLUSIONS AND RECOMMENDATIONS 

User Survey This  a c t i v i t y  w a s  suspended p r i o r  t o  completion i n  accord-  
ance wi th  AEC guidance. 

Nondestruct ive Tests  (NDT) NDT techniques (radiography,  l e a k  t e s t i n g ;  
v i s u a l  and dimensional checks,  and a lpha  wipe t e s t i n g )  provided some 
s i g n i f i c a n t  information.  Abnormali t ies  i n  t h e  cond i t ion  of t h e  f u e l  and 
i n n e r  l i n e r  w e r e  a s c e r t a i n e d ,  t h e  i n t e g r i t y  of  t h e  o u t e r  con ta ine r  w a s  
v e r i f i e d ,  and s i g n i f i c a n t  dimensional changes w e r e  de t ec t ed .  The i n t e g -  
r i t y  of t h e  inne r  con ta ine r  could n o t  be a s su red  by NDT techniques.  
U l t r a son ic s  w a s  eva lua ted  as a method t o  determine weld p e n e t r a t i o n  on 
t h e  o u t e r  con ta ine r  b u t  w a s  found t o  be of no va lue  due t o  i r r e g u l a r  
geometries . 
Special  Tests (DOT T a r i f f  25:173.398a) S ix t een  of  18 sources  which w e r e  
s e l e c t e d  wi thout  r ega rd  t o  inne r  l i n e r  i n t e g r i t y  s u c c e s s f u l l y  passed t h e  
drop,  percuss ion ,  h e a t i n g ,  and immersion tes ts .  The two which f a i l e d  
t h e  immersion tes t  had o u t e r  con ta ine r s  f a b r i c a t e d  from Schlumberger- 
s p e c i f i e d  Vega s tee l .  

Des t ruc t ive  Tests Gas p res su re  and gas a n a l y s i s  i n d i c a t e d  t h a t  no 
s i g n i f i c a n t  p re s su re  bui ldup occurred wi th  t i m e .  
i n d i c a t e d  t h a t  t h e  s i n g l e  prev ious ly  r epor t ed  case of source f a i l u r e  i n  
use  (Schlumberger) had a n  o u t e r  encapsula t ion  of  Carpenter Vega a i r -  
hardened t o o l  s teel .  

Metal lographic  ana lyses  
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The degree of assurance  t h a t  sources  having an  i n t e g r a l  o u t e r  con ta ine r  
would pass  t h e  s p e c i a l  acc iden t  tests was inde termina te  because t h e  
p r e s e n t l y  a v a i l a b l e  d a t a  r ep resen t  a s t a t i s t i c a l l y  s m a l l  sample. However, 
t h e  s p e c i a l  t e s t  da t a  r e i n f o r c e d  t h e  h i s t o r i c a l l y  s u c c e s s f u l  use  da t a  from 
a l a r g e  number of  sources .  

General  Only one source of t h e  1 , 2 2 6  Mound-fabricated sources  i n  t h e  
f i e l d  dur ing  t h e  p a s t  decade has been involved i n  a r epor t ed  d e t e c t a b l e  
release of  r a d i o a c t i v i t y  (M-l019/Schlumberger). 
c o r r e l a t i o n  between the  use  of Vega s t ee l  ou te r  containment and fa i lures ,  
both i n  t h e  s p e c i a l  t es t s  and i n  t h e  f i e l d .  

There e x i s t s  a s t r i k i n g  

Recommendations I f  t h e  AEC cons iders  cont inued usage d e s i r a b l e ,  a l l  
Mound-fabricated sources  should be  sub jec t ed  t o  the  NDT eva lua t ions  
c o n s i s t i n g  of  radiography,  l eak  t e s t ,  v i s u a l  and dimensional checks,  
and a lpha  wipe t e s t i n g ,  w i th  "accep tab i l i t y"  based p r i m a r i l y  on t h e  
o u t e r  con ta ine r  material and i t s  cond i t ion .  No sources  us ing  Vega s t e e l  
as t h e  o u t e r  con ta ine r  material are recommended f o r  use.  Fu r the r  use  of 
"acceptable" sources  p re sen t s  a low l e v e l  of  r i s k  regard ing  release of  
r a d i o a c t i v i t y ,  based p r imar i ly  on h i s t o r i c a l  experience and s u b s t a n t i a t e d  
by no f a i l u r e s  i n  t h e  l i m i t e d  number of  sources  sub jec t ed  t o  t h e  s p e c i a l  
tes ts .  A higher  degree of  assurance  would be ob ta ined  by provid ing  t h e  
sources  wi th  a n  o u t e r  con ta ine r  u s ing  c u r r e n t  q u a l i t y - c o n t r o l l e d  f a b r i -  
c a t i o n  procedures.  

5 
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APPENDIX A 

NONDESTRUCTIVE TEST SUMMARY 

NON-MOUND -FABRICATED SOURCES (Loan Program Inventory)  

No Evidence Evidence f o r  
f o r  P o t e n t i a l  Po ten t i a l .  

T e s t  Problem Problem 

Ra d i  ograp hy 8 
2 

13 
11 

Leak Check 12  
1 

Dose Rate 

Visual  

T o t a l s  

31 
1 

31 
1 

Remarks 

Outer l i n e r  open 
Inner  l i n e r  open 
Inner  l i n e r  bu lg ing  

Tested 

32 

-- 

13 
Leak >3x10-6 c c / s e c  

32 
High gamma f o r  

r e a c t  o r  
a c t i v a t i o n  

32 
Deep saw c u t s  on 

s i d e  (no wipeable 
contaminat ion)  

8" 24 

" C o n t r o l l e d  by radiography.  
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Source 
No. 

M- 9 

M - 7 1  

M-75 

M-259 

M-436 

M-472 

M-493 

M- 6 19 

M- 1019 

239Pu 
(e;> 

16.10 

15.05 

15.05 

79.68 

79.56 

79.87 

79.46 

79.92 

76.34 

M-1053-S 15.09 

M-1166 91.52 

M-1190 15.52 

A P P E N D I X  B 

SOURCES S U B J E C T E D  TO DESTRUCTIVE A N A L Y S I S  

Mfg . 
D a t e  

11/9/56 

101 11/57 

10/17/57 

1 2 1  17/58 

3/9/59 

4120159 

5120159 

2 /8 /60  

7 / 2 7 / 6 1  

11 15/62 

3/9/62 

Radio- 
graph 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Leak 
C h e c k  

X 

X 

X 

- 
X 

X 

X 

- 

- 
X 

X 

X 

G a  s 
Tap 

X 

X 

X 

X 

- 
X 

X 

X 

- 
X 

X 

X 

M e t a l -  
logra-  
phy 

X 

X 

X 

X 

X 

X 

- 
- 

X 

X 

X 

X 
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M A  w a s  r e tu rned  from Mobil Research and Development Corporation on w 
February 22, 1971. NDT i n d i c a t e d  t h a t  t h e  o u t e r  conta iner  had a minimum 
weld approximately 0.018 i n .  long,  a s l o p - f i t  i n  t h e  end cap ,  and some r 

bulge i n  t h e  w a l l s .  The inne r  con ta ine r  exh ib i t ed  no i n d i c a t i o n  of  f u e l /  
l i n e r  cor ros ion;  t h e  l i n e r  w a s  poss ib ly  open a t  t h e  weld,  and a high- 
d e n s i t y  material, poss ib ly  f u e l ,  w a s  noted between t h e  l i n e r  and o u t e r  
con ta ine r  i n  t h e  l i n e r  weld area. 

M-71 was r e tu rned  from t h e  Un ive r s i ty  of  C a l i f o r n i a ,  Radia t ion  Laboratory,  
a f te r  having been i n  a nuc lear  t e s t ,  and w a s  s t r i p p e d  of  i t s  o u t e r  con- 
t a i n e r  on J u l y  13, 1963, f o r  examination. The tantalum l i n e r  w a s  badly 
cracked due appa ren t ly  t o  temperatures  reached i n  t h e  t e s t .  The source 
w a s  recanned i n  a s t a i n l e s s  s teel  o u t e r  con ta ine r  f o r  long-term obser-  
va t ion .  NDT i n d i c a t e d  t h a t  t h e  o u t e r  con ta ine r  w a s  f r e e  of d e f e c t s ,  
wi th  a minimum weld approximately 0.040 i n .  i n  length .  No f u e l / l i n e r  
cor ros ion  w a s  observed i n  t h e  inne r  l i n e r ;  t h e  weld j o i n t s  w e r e  poss ib ly  
open. 

M-75 w a s  r e tu rned  from Armour Research Foundation of  t h e  I l l i n o i s  I n s t i -  
t u t e  of Technology a f t e r  having been sub jec t ed  t o  sp ike  hea t ing .  
i n d i c a t e d  t h e  o u t e r  con ta ine r  t o  be free of d e f e c t s  and t o  have a minimum 
w e l d  approximately 0.025 i n .  long. T h e  i nne r  l i n e r  e x h i b i t e d  poss ib l e  
f u e l / l i n e r  co r ros ion  and a minimum weld approximately 0.025 i n .  long. 

NDT 

M-259 was  r e t u r n e d  from t h e  USAARDC i n  January ,  1970. NDT i n d i c a t e d  t h a t  
t h e  o u t e r  con ta ine r  had a bulge i n  t h e  o u t e r  w a l l  approximately 0.008 i n .  
long. 
checked). The inne r  l i n e r  weld w a s  poss ib ly  open. N o  a lpha  wipe w a s  
de t ec t ed .  

The o u t e r  con ta ine r  weld w a s  p o s s i b l e  open ( t h e  source w a s  no t  l eak  

M-436 w a s  r e t u r n e d  from Gulf Logging and P e r f o r a t i n g  Company i n  A p r i l ,  
1970. NDT i n d i c a t e d  t h a t  t h e  o u t e r  con ta ine r  w a s  free o f  d e f e c t s .  The 
inne r  con ta ine r  w a s  poss ib ly  open. Upon leak  checking p r i o r  t o  t h e  
s p e c i a l  t e s t  series,  t h e  source w a s  found t o  be leak ing  by t h e  helium 
bubble method. N o  a lpha  wipe w a s  de t ec t ed .  

M-472 was  r e t u r n e d  from Gulf Logging and P e r f o r a t i n g  Company i n  A p r i l ,  
1970. NDT i n d i c a t e d  t h e  o u t e r  l i n e r  t o  be f r e e  of d e f e c t s  w i t h  a minimum 
weld approximately 0.050 i n .  long. The inne r  l i n e r  exh ib i t ed  poss ib l e  
f u e l / l i n e r  co r ros ion  and was  poss ib ly  open. There w a s  no i n d i c a t i o n  of  
fue l  o u t s i d e  the l i n e r .  

M-493 w a s  r e t u r n e d  from Wells Survey, I n c . ,  f o r  recanning,  b u t  t h e  inne r  
tantalum con ta ine r  w a s  found t o  be un repa i r ab le .  It was recanned i n  a 
s t a i n l e s s  s tee l  o u t e r  con ta ine r  f o r  purposes of  l o c a l  handl ing a t  Mound. 
NDT i n d i c a t e d  t h a t  t h e  o u t e r  con ta ine r  w a s  f r e e  of  d e f e c t s ,  and had a 
minimum weld approximately 0.025 i n .  long. The inne r  l i n e r  cond i t ion  
noted i n  recanning was  confirmed, w i t h  f u e l  poss ib ly  between t h e  l i n e r  
and o u t e r  con ta ine r .  
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M-619 w a s  r e tu rned  from Dresser A t l a s  on July 1 5 ,  1971.  NDT ind ica t ed  
t h e  o u t e r  con ta ine r  t o  be  s l i g h t l y  d i s t o r t e d .  The inne r  l i n e r  weld 
appeared t o  be open, w i th  t h e  l i n e r  concaved approximately 0.012 i n .  
near  one end. No f u e l / l i n e r  co r ros ion  w a s  noted.  

M-1019 was re tu rned  from Schlumberger Well Se rv ices ,  I n c . ,  i n  Jur?e, 1970,  
and r e p o r t e d  by them t o  have an  a lpha  wipe of approximately 30,000 counts /  
min. 
no d e f e c t s  w e r e  noted i n  t h e  ou te r  con ta ine r ;  t h e  l i n e r  w a s  poss ib l e  open 
a t  t h e  weld, w i t h  poss ib l e  co r ros ion  of t h e  o u t e r  su r f ace  of  t h e  l i n e r  
a t  t h e  end cap. 

It w a s  radiographed i n  t h e  logging t o o l  i n  which i t  w a s  r e t u r n e d ;  

M-1053-S w a s  never shipped,  due t o  a known d e f e c t i v e  l i n e r .  NDT i n d i -  
ca t ed  t h a t  t h e  ou te r  con ta ine r  w a s  f r e e  of d e f e c t s ,  and confirmed t h e  
i r r e p a i r a b l e  cond i t ion  of t h e  l i n e r .  

M-1166 w a s  r e t u r n e d  from Texas Nuclear on December 7 ,  1970. NDT i n d i -  
ca t ed  both t h e  o u t e r  con ta ine r  and l i n e r  t o  be  f r e e  of d e f e c t s .  

M-1190 w a s  r e tu rned  from John C a r r o l l  Un ive r s i ty  i n  March, 1970.  
i n d i c a t e d  t h e  ou te r  con ta ine r  t o  b e  f r e e  o f  d e f e c t s ;  t h e  l i n e r  exh ib i t ed  
p o s s i b l e  f u e l l l i n e r  co r ros ion ,  but no apparent  weld d e f e c t s .  
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