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SUMMARY 

I n  t h e  fa1  1 o f  1976, B a t t e l l  e, P a c i f i c  Northwest Labora to r ies  conducted 

a survey o f  e i g h t  f a c i l i t i e s  r e c e i v i n g  p lu ton ium shipments t o  determine t h e  

c o n d i t i o n  o f  p l  u t o n i  um sh ipp ing  packages d u r i n g  shipment. Th is  survey 

fo l lowed a s i m i l a r  survey conducted by PNL i n  e a r l y  1974. 

The package types cons idered were t h e  L-10, 6M and LLD-1 packages. A 

t o t a l  o f  6,700 packages were i nc l uded  i n  t h e  survey. Compared t o  t h e  e a r l i e r  

survey, a marked r e d u c t i o n  was observed i n  nonstandard package c l osu re  condi -  

t i o n s .  One excep t ion  was an inc rease  i n  t he  occurrence o f  ext remely  t i g h t  

p ipe  p lugs i n  t h e  2R i n n e r  con ta ine r  f o r  t h e  6M package. Th is  i s  n o t  f e l t  t o  

be a s i g n i f i c a n t  s a f e t y  problem. 

The r e d u c t i o n  i n  nonstandard package c l osu re  cond i t i ons  was apparen t l y  

due t o  t h e  improved qua1 i t y  assurance i n  pack ing procedures. 
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PLUTONIUM TRANSPORT PACKAGE CLOSURE SURVEY 

1 .0 INTRODUCTION 

I n  February o f  1974, PNL surveyed n ine  rece i ve rs  o f  plutonium. Informa- 

t i o n  was obta ined on the  frequency o f  nonstandard package c losu re  cond i t ions  

f o r  t h ree  c o m n  p lutonium sh ipp ing  packages, t he  L-10, 6M and LLD-1 !a) This 

survey covered the pe r i od  from 1970 t o  e a r l y  1974. 'The r e s u l t s  were presented 

i n  "Importance o f  Qua1 i t y  Contro l  i n  Plutonium Packaging Loading" by C. L. 

Brown and S. W. Heaber l in  a t  the  4 t h  I n t e r n a t i o n a l  Symposium on Packaging and 

Transpor ta t ion  o f  Radioact ive Ma te r i a l s .  The r e s u l t s  were a l so  used as the  

basis  f o r  Chapter 7 - Condi t ion o f  Packages During Transport  - o f  BNWL-1846, 

"An Assessment o f  the  Risk o f  Transpor t ing Plutonium Oxide and L i q u i d  P lu to -  

nium N i t r a t e  by Truck." 

The i n fo rma t i on  from t h i s  1974 survey generated cont inued i n t e r e s t  i n  

the  quest ion o f  package c losure  e r r o r s .  A second survey was au thor ized  t o  

determine the  c u r r e n t  s t a t e  o f  packages i n  t r a n s p o r t  and t o  compare t h i s  

w i t h  t he  r e s u l t s  from the  e a r l i e r  survey. This r e p o r t  descr ibes the  

second survey and g ives i t s  r e s u l t s .  

2.0 SURVEY METHOD 

The survey was conducted i n  f o u r  steps: 1 ) e s t a b l i s h  a f a c i l i t y  contact ,  

2 )  p rov ide  a survey quest ionnai re,  3 )  v i s i t  the  f a c i l i t y ;  and 4 )  prepare a 

s i t e  r e p o r t .  The f i r s t  s tep  was t o  e s t a b l i s h  a contac t  a t  t he  rece i ve r  
f a c i l i t y ! b )  The s t a r t i n g  p o i n t  was most o f t e n  the  i n d i v i d u a l  o r  group contacted 

i n  t he  1974 survey. I n  most cases s t a f f  and r e s p o n s i b i l i t i e s  had changed. 

Therefore new contacts  were made. It was impor tan t  t h a t  t he  f a c i l i t y  con- 

t a c t  be c lose  t o  t he  operat ions s t a f f  ( i  .e., those hand1 i n g  the  packages) 

w h i l e  s tay ing  a t  a  respons ib le  management l e v e l .  Where appropr ia te,  t h e  

1 ocal Energy Research and Development Admin i s t ra t i on  (ERDA) o f f i c i a l  s  were 

a1 so contacted t o  i n f o r m  them o f  our  a c t i v i t i e s .  Often they became the  main 

source o f  in fo rmat ion .  

a. The packages a re  descr ibed i n  Appendix B. 
b. The f a c i l i t i e s  inc luded i n  t he  survey a re  l i s t e d  i n  Sect ion 3.1. 

1  



A f t e r  a  c o n t a c t  was i d e n t i f i e d  a t  t h e  f a c i l i t y  and agreed t o  p a r t i c i p a t e  

i n  t h e  survey, a  q u e s t i o n n a i r e  was sen t .  The q u e s t i o n n a i r e  i s  shown i n  Appen- 

d i x  A.  It i s  based on t h e  form used i n  t h e  1974 survey w i t h  improvements and 
1 

a d d i t i o n s  based on exper ience f r om t h e  f i r s t  survey. 

A da te  t o  v i s i t  t h e  f a c i l i t y  was e s t a b l i s h e d  d u r i n g  t h e  i n i t i a l  con tac t .  
I 

Th i s  da te  a1 lowed t h e  c o n t a c t  a  reasonable  amount of t ime  t o  examine t h e  

ques t i onna i r e .  Dur ing t h e  v i s i t ,  t h e  ques t i onna i r e  was d iscussed and ques- 

t i o n s  were answered. If poss ib l e ,  t h e  ques t i onna i r e  was completed and g iven 

t o  t h e  survey team. A d d i t i o n a l  i n f o rma t i on  was a l s o  ga ined on events ,  expe r i -  

ences, o p i n i o n s  and suggest ions cove r i ng  a  v a r i e t y  of t r a n s p o r t a t i o n  r e l a t e d  

i tems . 
A f t e r  t h e  f a c i l i t y  v i s i t  t he  survey team sumniarized t h e  i n f o rma t i on  

acqu i red  i n  a  s i t e  r e p o r t  which was then  g iven  t o  t h e  o r i g i n a l  f a c i l i t y  con- 

t a c t  f o r  comment. Th i s  f o l l o w  up was e i g h e r  by phone o r  l e t t e r .  

These s teps  were g e n e r a l l y  f o l l o w e d  b u t  d e v i a t i o n s  f rom t h e  procedure 

d i d  occur .  For example, i n  one i ns tance ,  t he  f a c i l i t y  was n o t  v i s i t e d .  The 

s i t e  i n t e r v i e w  was conducted e n t i r e l y  by phone. 

Two impo r tan t  elements were i n c o r p o r a t e d  i n t o  t h e  survey method. F i r s t ,  

each f a c i l i t y  was surveyed as a  r e c e i v e r  o f  p lu ton ium packages because package 

c l o s u r e  problems a r e  most r e a d i l y  observable  a t  t h e  t ime o f  unpacking. Th i s  

a l s o  a1 lows obse rva t i on  o f  package i n t e g r i t y  problems which may o r i g i n a t e  

d u r i n g  t r a n s p o r t .  Reports o f  c l o s u r e  problems were t he re fo re ,  a  r e p o r t i n g  

of  someone e l s e ' s  problem r a t h e r  than  t h e i r  own. Second, t o  assure t h e  

anonymity o f  t he  i n d i v i d u a l  s i t e  r e p o r t ,  the  r e s u l t s  a r e  f o r  a l l  s i t e s  

c o l l e c t i v e l y .  



3.0 SURVEY RESULTS 

The r e s u l t s  o f  t h e  su rvey  a r e  d e s c r i b e d  i n  t h i s  s e c t i o n .  The r e s u l t s  

f r o m  t h e  1974 survey,  wh ich  covered t h e  p e r i o d  f r o m  1970 t o  e a r l y  1974, w i l l  

be compared t o  t h a t  o f  t h e  1976 survey,  wh ich  covered t h e  p e r i o d  from e a r l y  

1974 t o  t h e  f a l l  o f  1976. 

3.1 PARTICIPATING FACILITIES 

The 1974 su rvey  was conducted a t  n i n e  f a c i l i t i e s .  Between 1974 and 1976 

two o f  these  f a c i l i t i e s  t e r m i n a t e d  t h e i r  p l u t o n i u m  a c t i v i t i e s .  One s i t e  n o t  

surveyed i n  1974 was added i n  t h e  1976 su rvey .  The f a c ' i l  i t i e s  i n c l u d e d  i n  

t h e  two surveys a r e  l i s t e d  i n  Tab le  3.1. 

TABLE 3.1 Fac i  1  i ti es Surveyed 

1974 Survey 1976 Survey 

Argonne N a t i o n a l  L a b o r a t o r y  Argonne N a t i o n a l  L a b o r a t o r y  
Argonne, I l l i n o i s  Argonne, I l l i n o i s  

E. I .  duPont dellemours 
Savannah R i v e r  P l a n t  
Aiken,  South Caro l  i n a  

E. I .  duPont del'iemours 
Savannah R i v e r  P l a n t  
Aiken,  South Caro7ins. 

Un ion Carb ide  C o r p o r a t i o n  Un ion  Carb ide  C o r p o r a t i o n  
Oak Ridge N a t i o n a l  L a b o r a t o r y  Oak Ridge N a t i o n a l  L a b o r a t o r y  
Oak Ridge, Tennessee Oak Ridge, Tennessee 

Los Alamos S c i e n t i f i c  L a b o r a t o r y  Los Alamos S c i e n t i f i c  L a b o r a t o r y  
Los Alamos, New Mexico Los A1 amos, New Mexico 

NLIMEC NUMEC 
Babcock and W i l  cox Company Babcoc k  and W i  1  cox Company 
Apol10,Pennsylvania Apol 1  o, Pennsy lvan ia  

A t l a n t i c  R i c h f i e l d  Hanford C o ~ i i ~ a n y  A t l a n t i c  R i c h f i e l d  Hanford  Company 
Rich1 and, Washington Rich land,  Washington 

Rocky F l a t s  P l a n t  
The Dow Chemical Company 
Golden, Co lorado 

Rocky F l a t s  P l a n t  
The Dow Chemical Company 
Golden, Co lorado 

New York S t a t e  Atomic and Mound L a b o r a t o r y  
Space Development A u t h o r i t y  Monsanto Research C o r p o r a t i o n  

New York, New York P.liamisburg, Ohio 

Kerr-McGee Nuc lea r  C o r p o r a t i o n  
Oklahoma C i t y ,  Oklahoma 



3.2 SURVEY QUESTIONNAIRE SUMMARY 

Each o f  t h e  e i g h t  f a c i l i t i e s  con tac ted  i n  1976 f i l l e d  o u t  a  survey I 

ques t i onna i r e .  The ques t i onnna i r e  used i s  shown i n  Appendix A. The f a c i l i t i e s  

surveyed i n  1974 f i l l e d  o u t  a  s i m i l a r  form. The r e s u l t s  ob ta i ned  f r om these 
b 

forms a r e  summarized i n  Tables 3.2 and 3.3. Tabl e  3.2 g i ves  t h e  t o t a l  number 

o f  r e c e i v e d  packages covered i n  t h e  su rvey  by package t ype  f o r  t h e  two per iods .  

Tabl e  3.3 surnniari zes t h e  frequency o f  nonstandard package c l o s u r e  c o n d i t i o n s  

observed. The f requency i s  g i ven  i n  observa t ions  per  package shipped. 

TABLE 3.2 Est imated Number o f  Packages 
Inc luded  i n  t h e  Surveys 

Package ( a )  
Number 

1974 1976 ) 

21 3 0 ( ~ )  21 9 ( f )  

a. The packages a re  descr ibed  i n  Appendix B.  

b.  Pe r i od  o f  1970 t o  e a r l y  1974. 

c .  Pe r i od  o f  e a r l y  1974 t o  f a l l  1976. 

d. I nc l udes  some 2 3 3 ~  sh ipped i n  t h e  same manner as l i q u i d  
p l u ton ium n i t r a t e .  

e. I nc l udes  some p lu ton ium metal  shipments.  

f. E i g h t  were L -3 ' s ,  a l l  o t h e r s  L - l o ' s .  

g  . I n c l  udes some 2 3 3 ~ 0 2 / ~ h 0 2  s h i  pmen t s  . 



TABLE 3.3 Frequency o f  Observed Nonstandard 
Package C l  osure Condi t i o n s  

Est imated 
Observat ion 

Observat ion 

P a r t  I - L-3 and L-10 Packages 

Frequency 
(pe r  c o n t a i  ner  r ece i ved )  

1974 Survey 1976 

Outs ide  Pr imary Containment Vessel 

1. B o l t  r i n g  on o u t e r  drum tu rned  2.2 x 1 0 - ~  
upward n 

2. V e r m i c u l i t e  l e v e l  l ow  9.4 x lo - [  

3. V e r m i c u l i t e  contaminated 

4 .  Ver~n icu l  i t e  water1 ogged 

5.  No cap on ven t  l i n e  

6. Vent cap l o o s e  

7. Valve on ven t  1 i n e  n o t  c losed  

8.  Flange b o l t s  t o o  t i g h t  (over  
8 0 - f t  1 b t o rque )  

9. Gasket m i ss i ng  

10. Improper gasket m a t e r i a l  

I n s i d e  Pr imary Containment Vessel 

1. P l a s t i c  bag p ressu r i zed  

2 .  P l a s t i c  b o t t l e  cap l oose  

3. P lu ton ium s o l u t i o n  i n  p l a s t i c  bag 

4. Contaminat ion o u t s i d e  p l a s t i c  ?ag 

5. Pl utoniurn so l  u t i o n  o u t s i d e  
p l a s t i c  bag 

6. P l a s t i c  b o t t l e  gasket  i n  " f i g u r e  
e i g h t "  

7. P l a s t i c  bag broken 

8. Low a c i d  r n o l a r i t y  

a. The 1976 survey i n c l u d e d  o n l y  219 L-10/L-3 t ype  packages. Frequencies of 
5 x 10-3 o r  l e s s  would n o t  appear. For t h i s  reason, d i r e c t  comparison 
between t h e  1974 and 1976 surveys may n o t  be v a l i d .  

b.  Not App l i cab le ,  t h i s  i t e m  was n o t  i n c l u d e d  i n  t h e  1974 survey.  



TABLE 3.3 (Conti nued) Est imated 
Observation 
Frequency 

(per  conta iner  received)  , 
Obervation 1974 Survey 1976 Survey 

Par t  I 1  - P l u t o n i ~ ~ m  Oxide Shipments i n  6M Packages 

Outside Primary Containment Vessel 

1. Hole i n  o u t e r  drum 1.6 

2. B o l t  r i n g s  turned upward 5.3 x l o - 2  
3. Bal t r i n g  b o l t  loose ( f i n g e r  t i g h t )  1.2 x 10-I 

4. B o l t  r i n g  b o l t  broke o f f  w h i l e  2.0 x l o - 2  
t i g h t e n i n g  

5. Tarnper i n d i c a t i o n  seal broken NA( a 1 
6. Plug i n  2R containment vessel 2.2 x l o - '  

n o t  t i g h t  

7. Threads damaged 0.0 

8. Plug extremely t i g h t  0.0 

Ins ide  Primary Containment Vessel 

1. Can bulged due t o  i n t e r n a l  pressure 5 

2. Contamination ou ts ide  o f  can 0.0 

3. Contamination o f  p l a s t i c  bag 0.0 

Pa r t  111 - Plutonium Oxide Shipments i n  LLD-1 Packages 

Outside Primary Containment Vessel 

1 . Locking cover 1 oose 4 l os4  2.9 

2. Tamper i n d i c a t i o n  seal broken Nda)  0.0 

3. Plug i n  2R containment vessel 0.18 0.0 
n o t  t i g h t  

4. Threads damaged 2.4 0.0 

5. Plug extremely t i g h t  2.4 6.2 
(d 

6. 0 r i n g  miss ing 3.9 2.6 

a. NA - Not asked i n  t h i s  survey. 
-b. Not a1 1 packages have tamper seals. 
c. Approximately 6% o f  these a re  p ipe caps, others a re  p ipe plugs, a1 so 93% 

of these occurrences were repor ted  by a s i n g l e  rece i ve r .  
1 

d. Approximately 10% o f  these are f langed 2R conta iners.  



Observat ion 

TABLE 3.3 (con t inued)  
Est imated 
Observat ion 
Frequency 

(per  con ta ine r  rece ived)  
1974 Survey 1976 Survey 

I n s i d e  Pr imary Containment Vessel 

1 . Can bulged due t o  i n t e r n a l  4.9 
pressure ., 

2. Can breached o r  n o t  comple te ly  1.1 x 10-J 0.0 
sealed upon a r r i v a l  

3. Contaminat ion o u t s i d e  can b u t  1.1 ~ 1 . 8  x lo- '  
n o t  o u t s i d e  containment vessel 



3.3 INDUSTRY OBSERVATIONS ON PACKAGING AND TRANSPORTATION 

Dur ing t h e  f a c i l i t y  v i s i t ,  much a d d i t i o n a l  i n f o r m a t i o n  was gained i n  

conversa t ions  w i t h  t h e  f a c i l i t y  s t a f f .  Th is  i n f o r m a t i o n  cons i s t ed  o f  op in ions ,  

t heo r i es ,  suggest ions and general  comments. Al though t h e  v a l i d i t y  o f  t h e  

s ta tements  was n o t  researched, t hey  a r e  l i s t e d  here t o  i n d i c a t e  t h e  c u r r e n t  

t h i n k i n g  o f  some members o f  t h e  i n d u s t r y .  'The f o l l o w i n g  l i s t  summarizes t h e  

most s i g n i f i c a n t  o f  these. 

1 .  More s t r i n g e n t  QA i n  package c l o s u r e  procedures were in t roduced  i n  
t h e  p e r i o d  1972-1 974. 

2. Most f a c i l i t i e s  f e l t  t h e i r  own c l o s u r e  procedures had improved somewhat 
b u t  packages rece i ved  had improved s i g n i f i c a n t l y .  

3. Documentation, r eco rds  c o n t r o l  and t r a i n i n g  had improved. 

4. Concern was expressed on t h e  ban o f  n i t r a t e  shipments. I t  was f e l t  
t h a t  n i t r a t e  s p i l l s  would be e a s i e r  t o  con ta i n  than ox i de  s p i l l s .  Use 
o f  t h e  foam g lass  package i n  p l ace  o f  t he  ver117icul i te i n s u l a t i o n  o f  
t h e  L-10 would reduce o r  remove t he  p resen t  s a f e t y  disadvantage o f  
t h e  n i t r a t e  form. 

5.  The f i r s t  PNL survey r e p o r t  suggested t h e  use o f  l u t i n g  m a t e r i a l  such 
as t e f l o n  tape  on 2R th reads .  I n  cases where t e f l o n  tape  was used on 
machined threads,  r a t h e r  than  p i p e  thread,  b i n d i n g  and excess ive  
t i q h t n e s s  r e s u l t e d .  It should be noted t h a t  n o t  a l l  o f  t h e  ex t r eme l y  
t i g h t  p lugs  l i s t e d  i n  Table 3.3 suf fered t h i s  f a t e .  

6 .  Some inc idence  o f  t h e  over  zealous use o f  f l l ~ i d  l u t i n g / l u b r i c a r , t  was 
repo r t ed .  Th i s  r e s u l t e d  i n  t h e  p roduc t  cans be ing  smeared w i t h  
1  u b r i c a n t .  

7. C r i t i c i s m  o f  t h e  12-31-74 amendment t o  t h e  6M c e r t i f i c a t e  were made. 
Some o f  t h e  new requi rements  were f e l t  t o  be excess ive and n o t  t o  
c o n t r i b u t e  t o  sa fe t y .  I n  p a r t i c u l a r  t h e  ven t i ng  requi rement  was 
t hough t  t o  p o s s i b l y  weaken t h e  conta inment .  

8. B e t t e r  documentat ion t o  accompany t h e  packages was suggested. I n  some 
cases, e s p e c i a l l y  scrap, con ten ts  a r e  ill def ined .  A lso  t he  na tu re  o f  
t h e  package m igh t  be b e t t e r  def ined, f o r  i ns tance ,  the  a d d i t i o n  o f  an 
exploded p a r t s  f i g u r e .  

9. T r a i n i n g  f o r  d r i v e r s  and t r a n s p o r t  hand le rs  cou ld  be improved. Ins tances  , 
o f  s loppy hand l i ng  i n d i c a t e  a  l a c k  o f  unders tanding o f  t h e  package 
and m a t e r i a l  be ing  t r anspo r t ed .  

10. A  few ins tances  o f  ca re l ess  hand l i ng  o f  empty packages were a l s o  
r epo r t ed .  Loss o f  c o n t r o l  o f  t h e  package and severe damage b o t h  were 
noted . 



3.4 CONCLUSIONS 

The conclus ions from t h i s  survey a re  determined by comparing the  1974 

survey and t h e  1976 survey. The conclusions a re  drawn f rom both  the  quest ion-  

n a i r e  data and i n d u s t r y  observat ions.  

Although both surveys i n d i c a t e d  some l e v e l  o f  package i n t e g r i t y  i n s u l t ,  

t he re  were no repor ted  instances of coniplete package containment f a i l u r e  

o r  leakage o f  any p lutonium fo r  e i t h e r  per iod.  

The frequency o f  package c losu re  problems f o r  t he  pe r i od  1974 t o  1976 i s  * 
s i g n i f i c a n t l y  l ess  than t h a t  f o r  1970 t o  1974. 

The q u a l i t y  assurance f o r  package c losure  procedures increased a t  the 

same t ime as improvements i n  package cond i t ions .  The b e t t e r  

qua1 i t y  assurance i s most 1  i ke l  y  responsi b l  e  f o r  t h a t  irr~provernent . 
While the  t o t a l  number of packages inc luded i n  both surveys was 

n e a r l y  equal, t he re  was a  marked reduc t i on  i n  t he  use o f  L-10, L-3 

n i t r a t e  s o l u t i o n  shipments. The m a j o r i t y  o f  the d i f f e r e n c e  seemed 

t o  be taken up by an increased use o f  t he  6M package. 

*The g rea tes t  except ion i s  t he  increase i n  frequency o f  extremely t i g h t  
2R plugs. Whi le t he re  was an increase f o r  LLD-1 packages the  mpst dramatic 
increase was i n  t h e  6M packages. The 2R conta iner  used i n  the  bM genera l l y  
does n o t  con ta in  an O-r ing seal,  us ing  r a t h e r  a  tapered p lug  t o  prov ide 
leak  t igh tness .  Therefore an o v e r t i g h t  plug, w h i l e  an inconvenience t o  t h e  
rece iver ,  does n o t  s i g n i f i c a n t l y  a f fec t  the  i n t e g r i t y  o f  the  package dur ing  
shipment. 2R conta iners  us ing O-r ing seals,  such as those used i n  LLD-1 
packages, a re  a f f e c t e d  by over t i gh ten ing .  This  would r e s u l t  i n  an over 
corrlpressed O-r ing and poss ib l y  a  bad seal .  
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Survey Questions I - Receivers of Pu(N03)4 

A.  Shiments 

Year - 
1974 

1975 
1976 

No. of 
Shipments 

No. of 
L-10 Packages 

B. Outside Primary Containment Vessel 

Occurrence 

1. Visible external damage 

2 .  Puncture in outer drum 

3 .  Packages having tamper indication seal 

4. Tamper indication seals  broken 

5. 001 t ring on outer drum turned upward 

6. Packaqes using verniicul i t e  as packing1 
insulating material 

7. Low vermicul i t e  1 eve1 

8. Inner vessel exposed by low vermiculite level 

9. Vermiculite contaminated 

10. Vermi cul i t e  water1 ogged 

11 . No cap on vent 1 ine 

12. Vent cap loose 

13. Valve on vent 1 ine not clos-ed 

14. Flange bolts loose or  missing 

15. Flange bolts too t i g h t  (over 80 f t .  I b 
torque) 

No. of 
L-3 Packaaes 

Nu~iiber of 
Occurrences 

16. Flange gasket missing 



C .  Inside Primary Containment Vessel 

Occurrence 

1 .  Plast ic  bag pressurized 

2 .  Contamination outside plast ic  bag 

3 .  Plutonium solution outside plast ic  bag 

4 .  Plast ic  bag broken 

5 .  Plutonium solution in p las t ic  bag 

6 .  Plast ic  bot t le  caD loose 

7 .  Plast ic  bot t le  gasket in "figure eight"  

8.  Plast ic  bot t le  ruptured 

D. Reusabil i  t v  of Packages 

Occurrence 

1 . Outer drum not reusabl e  
(reason for  reject ion)  

2 .  Outer drum reusable a f t e r  repair 
(specify-weld, paint,  e t c . )  

No. of 
Occurrences 

No. of 
Occurrences 

3 .  Inner steel t~essel n o t  reusable 
(reason fo r  reject ion)  



Occurrence 

4. I n n e r  s t e e l  vessel  r eusab le  a f t e r  r e p a i r  
( spec i  fy-we1 d, new f l  ange bo l  t s  , v e n t i n g  
r e p a i r ,  e t c . )  

5. P l a s t i c  b o t t l e  reused ( s p e c i f y  r e p a i r e d  
need f o r  reuse-c l  eaning , seam seal  i ng ,  
new cap, e t c .  ) 

No. o f  
Occurrences 



Survey Questions I I - Receivers of PuO7 6M Packaqes 

Year 
No . of 

Shi nments 

B. Outside Primary Containment Vessel 

Occurrence 

1 .  Visable external damage 

2 .  ?uncture in out2r drum 

3. Packages *ivi t h  tamper indication seal 

4 .  Tamper indication seals broken 

5. Bolt ring on outer drum turned upward 

6 .  Rolt ring bolt  loose (f-nger t i g h t )  

7 .  301t ring bolt broke off while tightening 

8. Insulatina disks missing 

9 .  Coritamination outside of 2 R  con ta i~nen t  
vessel 

10. Plug in 2R  containment vessel not tigiit 

1 1 .  2 R  plug extr~mely t ight  

C. Inside Primary Containment Vessel 

Occurrence 

1 .  2R's designed f o r  O-ring 

No. of 
Packages 

No. of 
Occurrences 

No. o f  
Occurrences 

2. For 2R's normally having O-ring, 
O-ring missing 



Occurrence 

3. For 2R's normally without O-ring, no 
luting (sealant)  on threads 

4.  Threads on plug or 2R pipe damaaed 

5. Can breached or not completely sealed 

6 .  Contamination outside of can 

7.  Can bulged due to  internal pressure 

8. Contamination outside plast ic  bag 

D. Reusability of Packages 

Occurrence 

1. Outer drum not reusable 
(reason for  reject ion)  

No. o f  
Occurences 

No. of 
Occurrences 

2. Outer drum reusable a f t e r  repair 
(specify-weld, paint, e t c . )  



3 .  2R container not reusable 
(reason for  re jec t ion)  

No. of  
?ccurreoces 9 

4 ,  2R container reusable a f t e r  repair  
(specify - weld, rethread, e t c . )  



Survey Quest ions 111 - Receivers o f  Pu02 LLD-1 Packages 

A. Shipments 

No. o f  No. o f  
Year Shipments Packages 

B. Outs ide Primary Containment Vessel 

Occurrence 
No. o f  
Occurrences 

1 . Visab l  e e x t e r n a l  damage 

2. Locking cover  l oose  

3. Packages w i t h  tamper i n d i c a t i o n  sea ls  

4.  Tamper i n d i c a t i o n  sea ls  broken 

5. Padding m a t e r i a l  m iss ing  

6. Contaminat ion o u t s i d e  o f  2 R  containment 
vessel 

7. Plug i n  2 R  containment vessel n o t  t i g h t  

8. 2R p lug  extremely t i g h t  

C.  , I n s i d e  Pr imary Containment Vessel . - 

Occurrence 

1. 2R1s designed f o r  O- r ing  

2. For  2R's no rma l l y  having O-r ing, 
O-r ing m iss ing  

3. For 2R1s no rma l l y  w i t h o u t  O-r ing, no 
l u t i n g  ( sea lan t )  on threads 

r;o . o f  
Occurrences 

4 .  Threads on p lug  o r  2 R  p i p e  damaged 



Occurrence 

5 .  Can breached o r  n o t  comp le te l y  sealed 

6. Contaminat ion o u t s i d e  o f  can 

7.  Can bulged due t o  i n t e r n a l  p ressure  

8. Contaminat ion o u t s i d e  p l a s t i c  bag 

Reusabi l  i t y  o f  Package 

Occurrence 

1.  Outer  package n o t  r eusab le  
( reason f o r  r e j e c t i o n )  

No. o f  
Occurrences 

No. o f  
Occurrences 

2. Outer  package reusab le  a f t e r  r e p a i r  
( s p e c i f y  - s t r a i g h t e n  b i rdcage,  
we1 d o u t e r  vessel  , p a i n t ,  e t c .  ) 



Occurrence 

3. 2R container not reusable 
(reason for rejection) 

4. 2R container reusable after repair 
(specify -we1 d, ret hread, etc  . ) 

No. of 
Occurrences 





A P P E N D I X  B 

DESCRI  PTIOIV OF PLUTONIUM 

TRANSPORT PACKAGES 





APPENDIX B  

PACKAGE DESCRIPTION 

Three plutonium t ranspor t  packages were covered i n  t h i s  survey. Two 

packages, t he  6M and LLD-1, a r e  used p r i m a r i l y  i n  t he  t ranspor t  o f  s o l i d  

plutonium compounds. The t h i r d  package, the  L-10, i s  used t o  sh ip  l i q u i d  

plutonium u s u a l l y  i n  t he  form o f  plutonium n i t r a t e .  Some data was a1 so 

obtained f o r  t he  L-3 package. The package i s  very s i m i l a r  t o  t he  L-10 

bu t  reduced i n  capaci ty .  The L-10 data presented i s  t he  combination o f  

L-10 and L-3 data co l l ec ted .  Each o f  the packages i s  descr-i bed below. 

0.1 PLllTONILlM NITRATE PACKAGES L-10, L-3 

The form o f  the p l  u ton i  uni product i s  p l  u ton i  um n i t r a t e  [ P u ( N ~ ~ ) ~ ]  

i n  3  - 6  molar n i t r i c  ac id.  Plutonium n i t r a t e  s o l u t i o n  i s  normal ly  shipped 

a t  a  concentrat ion of about 250 g  P u / l i t e r .  The most commonly used conta iners 

fo r  P u ( N O ~ ) ~  a re  the  L-3 and L-10. These hold 3  1 i t e r s  and 10 1  i t e r s  o f  

so lu t ion ,  respect ive ly .  The ou te r  conta iner  o f  t he  L-3 conta iner  i s  a  208 a 
(55 g a l l o n )  drum and the  ou te r  conta iner  o f  t he  L-10 i s  two 208 a drums 

we1 ded end-to-end . 
A s i n g l e  shipment i s  l i m i t e d  by c r i t i c a l i t y  sa fe ty  considerat ions t o  

68 b o t t l e s ,  o r  a  t o t a l  o f  170 kg o f  plutonium. A diagram o f  the  L-10 

conta iner  i s  shown i n  F igure 0.1. De ta i l s  taken froni the  "D i rec tory  o f  

Packagings f o r  Transportat ion o f  Radioact ive Ma te r ia l s "  WASH 1279, USAEC, 

1  973 a re  summarized be1 ow: 

Authorized Contents 

Up t o  10.5 l i t e r s  per package UHN so lu t i ons  having concent ra t ion  o f  235" 

n o t  exceeding 350 g / l i t e r ,  o r  having a  combined concent ra t ion  o f  2 3 3 ~  and 

2 3 5 ~  n o t  exceeding 250 g l l i t e r ;  o r  plutonium n i t r a t e  so lu t i ons  o f  concentra- 

t i o n  no t  exceeding 250 g  2 3 9 ~ u / l i t e r ;  o r  4.5 kg d r y  Pu-U compounds and 

mixtures.  

I n t e r i o r  and E x t e r i o r  Dimensions 

Pressure vessel - 12.2 cm ID x  132.6 cm deep ins ide ;  Drum - 61 cm diam. 

x  169 cm i n .  h igh  ou ts ide  x  18 ga. w a l l .  



L-10 CONTAINER 

BAGS OF VERMICULITE 

VALVE SHIELD 

VENT VALVE 

O-RING 

VENTED CAP 

POLYETHYLENE BOTTLE 

VERMICULITE 

CAGE 

CONTAINMENT VESSEL 

IDENTIFICATION PLATE 

DRUM 

FIGURE B . l  L-10 Package 



Descr i  p t i o n  o f  Con ta iner  

Outer c o n t a i n e r  c o n s i s t s  o f  two 208 a DOT Spec. 17H drums end-to-end. 

I n n e r  c o n t a i n e r  i s  a  s t a i n l e s s  s t e e l  p ressure  vesse l  (200 Atm a t  3 0 0 " ~ )  

supported i n s i d e  t h e  drum by a  t u b u l a r  s t e e l  frame. Annular  space i s  f i l l e d  

w i t h  vermicu l  i t e  f o r  thermal i n s u l a t i o n .  The p roduc t  s o l u t i o n  i s  con ta ined  

i n  a  10-1 i t e r  po l ye thy l ene  b o t t l e  sealed i n  a  p o l y v i n y l c h l o r i d e  bag and 

then  i n s e r t e d  i n t o  t h e  g ressure  vesse l ,  w i t h  a  t h i n  neoprene pad t o  cush ion  

t h e  bottom o f  t h e  b o t t l e .  Weight: 231 kg, t o t a l ;  206 kg w i t h o u t  b o t t l e .  

Type and Thickness o f  S h i e l d i n g  

23 cm v e r m i c u l i t e  i n s u l a t i o n .  

Heat Removal Capac i ty  

Not appl  i c a b l  e. 

Au tho r i zed  Modes o f  T ranspor t  

Cargo-only a i r c r a f t ,  motor v e h i c l e ,  r a i l  and vesse l .  May be used f o r  

f i s s i l e  Class I 1  o r  Class 111. 

0.2 PLUTOIVIUM OXIDE PACKAGES - 6M, LLD-1 

Two l i c e n s e d  p l u ton ium o x i d e  c o n t a i n e r s  a r e  descr ibed  here.  These a r e  

t h e  6M and LLD-1 con ta i ne rs .  Both o f  these packages can be used t o  t r a n s p o r t  

a  v a r i e t y  o f  f i s s i l e  compounds i n  a d d i t i o n  t o  p lu ton ium ox ide .  

DOT S p e c i f i c a t i o n  6M Conta iners  

The 6M d e s i g n a t i o n  r ep resen t s  a  c l a s s  o f  c o n t a i n e r s  which have been ap- 

proved f o r  r a d i o a c t i v e  m a t e r i a l  t r a n s p o r t .  The genera l  s e t  o f  des ign c r i t e r i a  

a r e  found i n  49CFR 178.104. The o u t e r  drum must conform t o  Spec. 6C and 17C 

as d e f i n e d  under paragraph 178.99 and 178.115, r e s p e c t i v e l y .  The i n n e r  con- 

t a i n e r  des ign  must meet o r  exceed t h e  2R s p e c i f i c a t i o n  presented i n  para-  

graph 178.34. 

The o u t e r  c o n t a i n e r  o f  t h e  6M can va ry  f rom a  38 t o  416 1  i t e r  c a p a c i t y .  

The f o l l o w i n g  d e s c r i p t i o n  i s  based on t h e  57 l i t e r  s i z e .  T h i s  s i z e  6M was 

used th roughou t  t he  r e p o r t  and i s  shown i n  F i gu re  0.2. Much o f  t h e  i n f o rma t i on  

shown below was taken f rom WASH-1279. Other i n f o r m a t i o n  has been ob ta i ned  

from a c t u a l  c o n t a i  ne r  measurements. 
B- 3  



6M CONTAINER 

OecKING A N D  BOLT R ING 

e K  D R U M  LID 

1 CELOTEX~ DISK 

@- PIPE PLUG 

INNER 
CONTAINER (2R)  

57-LITER D R U M  

FIGURE 8.2 6 M  Package (57-L i  t e r )  
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Author i zed  Contents 

Up t o  4.5 kg o f  p lu ton ium meta l ,  a l l o y  o r  compound o r  up t o  13.5 kg o f  

uranium 235 meta l  o r  a l l o y .  A d d i t i o n a l  d e t a i l s  and r e s t r i c t i o n s  a r e  pro-  

v ided  i n  49CFR 173.396. 

I n t e r i o r  and E x t e r i o r  Dimensions 

I n t e r i o r  13.3 cm ID x  26.7 i n .  deep i n s i d e ;  Drum - 39.6 cm diam. x  

54 cm h i g h  o u t s i d e  w i t h  18 ga. w a l l .  

D e s c r i p t i o n  o f  Con ta iner  

The o u t e r  c o n t a i n e r  i s  a  57 l i t e r  DOT Spec. 17C drum. The i n n e r  c o n t a i n e r  

i s  a  s t e e l  p i p e  w i t h  an i n n e r  d iameter  o f  12.2 cm and 0.95 cm wa l l  t h i c kness  

(5 i n .  Sch 80 ) .  It has a  threaded p lug .  The bottom end i s  c l osed  by a  welded 

s t e e l  cap. The p lu ton ium produc t  i s  con ta ined  i n  two sealed No. 8  s t e e l  cans 

which a r e  p laced i n s i d e  t h e  i n n e r  con ta i ne r .  The i n n e r  con ta i ne r  i s  l i n e d  

w i t h  padding t o  m in im ize  damage t o  t h e  s t e e l  cans d u r i n g  a  shipment. 

Type and Thickness o f  I n s u l a t i o n  

The i n n e r  c o n t a i n e r  i s  i n s u l a t e d  by Ce lo te  @' I n d u s t r i a l  Board w i t h  a  

minimum th ickness  o f  7.6 cm. 

S h i e l d i n g  

None prov ided,  may be added w i t h i n  t h e  containment vessel  when r e q u i r e d .  

Heat Removal Capac i t y  

Normal l i c e n s e d  l i m i t  o f  10 wa t ts .  Spec ia l  pe rm i t s  have been i ssued  

f o r  des igns which a l l o w  f o r  dp t o  50 wa t t s .  The 10 w a t t  l i m i t  r e s u l t s  i n  

a  containment vessel  temperature 1  i m i t  o f  68°C f o r  a  21 "C ambient temperature.  

Spec ia l  hand l ing  requi rements  a r e  r e q u i r e d  when m a t e r i a l s  t h a t  generate  more 

than 10 wa t t s  a r e  shipped. 

Au thor i zed  Modes o f  T ranspor t  

Vessel, cargo o r  passenger-car ry ing a i r c r a f t ,  motor  veh i c l e ,  r a i l  

f r e i g h t ,  and r a i l  express.  



LLD-1 Package 

A diagram o f  t he  LLD package i s  shown i n  F igure  B.3. The f o l l o w i n g  

s p e c i f i c a t i o n s  taken  f rom WASH-1279 summarizes t h e  con ta ine r  des ign  

c h a r a c t e r i s t i c s .  

Au thor ized  Contents 

Up t o  7  kg of  Pu meta l ,  o r  Pu-IJ a l l o y  c o n t a i n i n g  7  kg o f  f i s s i l e  uranium 

o r  up t o  4.5 kg o f  Pu ox ide .  

I n t e r i o r  and E x t e r i o r  2imensions 

I n t e r i o r  - 11.4 cm I D  x  26.0 cm h igh .  E x t e r i o r  - 42 cm x 42 cm x 66 cm 

h igh .  

D e s c r i p t i o n  o f  Conta iner  

A c y l i n d r i c a l  o u t e r  con ta ine r  i s  supported i n  a  cage o f  1 .9  crn OD x  

0.16 cm wa l l  seamless s t e e l  t ub ing .  Th is  o u t e r  con ta ine r  i s  c l osed  by engag- 

i n g  t h e  c l o s i n g  l u g s  on t h e  b i r d .  Seal i s  e f f e c t e d  by t i g h t e n i n g  t he  1  i d  

a g a i n s t  a  g a s - f i l l e d  O- r ing  us ing  t h e  hex head b o l t s  on t h e  l i d  assembly. 

The i n n e r  con ta ine r  i s  a  DOT-22 con ta ine r ,  f a b r i c a t e d  o f  s t e e l  p i pe  w i t h  an 

i n n e r  d iameter  o f  12.2 cm and 0.45 cm w a l l  t h i ckness  ( 5  i n  Sch 80 ) .  It i s  

c l osed  w i t h  a  threaded p lug  and a  g a s - f i l l e d  O- r ing  sea l .  The product  i s  

con ta ined  i n  two 140. 8 s tee l  cans which a r e  placed i n s i d e  t h e  i n n e r  c o n t a i n e r .  

The i n n e r  con ta ine r  i s  l i n e d  w i t h  padding t o  m in im ize  damage t o  t h e  s t e e l  

cans d u r i n g  t r a n s p o r t .  

Type o f  Sh i e l  d i ng  

None. 

Heat Remova 1  Ca pac i t y  

By convec t ion  on l y .  

Au thor ized  Modes o f  T r a n s ~ o r t  

A i r ,  highway, r a i l ,  water.  F i s s i l e  Class I 1  o r  111 by cargo o n l y  

a i r c r a f t .  



ASSEMBLY 

1.9 crn 0. D., 
WALL) 

\SHEET METAL 
OUTER BOX 

FIGURE B.3 LLD-1 Package 
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DISTRIBUTION 

No. o f  
Copies 

IVo. o f  
Copies 

OFFSITE 

A. A. Churm 
Chicago Pa ten t  Group 
DOE Chicago Operat ions O f f i c e  
9800 South Cass Avenue 
Argonne, I L  60439 

27 DOE Techn ica l  I n f o r m a t i o n  Center 

K. A. T r i c k e t t  
D i v i s i o n  o f  Reactor Development 

and Denlonstrat i  on 
Department o f  Energy 
Germantown, MD 2001 4 

10 W. B robs t  
D i v i s i o n  o f  Environmental  

C o n t r o l  Technology 
T r a n s p o r t a t i o n  Branch 
Department o f  Energy 
Wash i ng ton,  DC 20545 

M. Chais 
D i v i s i o n  o f  Environmental  

C o n t r o l  Technology 
T r a n s p o r t a t i o n  Branch 
Department o f  Energy 
Was h i  ng ton,  DC 20545 

R. F. G a r r i s o n  
D i v i s i o n  of Environmental  

C o n t r o l  Technology 
T r a n s p o r t a t i o n  Branch 
Department of Energy 
Washington, DC 20545 

J. A. S i s l e r  
D i v i s i o n  o f  Environmental  

C o n t r o l  Technology 
T r a n s p o r t a t i o n  Branch 
Department o f  Energy 
Washington, DC 20545 

R. B. Chitwood 
Waste Management D i v i s i o n  
Department o f  Energy 
Washington, DC 20545 

R. M. Moser 
DOE Chicago Operat ions O f f i c e  
9800 South Cass Avenue 
Argonne, I L  60439 

W. G. O ' Q u i n n  
DOE Savannah R i v e r  Operat ions 

O f f i c e  
P.O. Box A 
A i  ken, SC 29801 

i4. Ste tson  
DOE Savannah R i v e r  Opera t ions  

O f f  i c e  
P.O. Box A 
A i  ken, SC 29801 

L. L .  Turner  
DOE Savannah R i v e r  Opera t ions  

O f f i c e  
P.O. Box A 
A i  ken, SC 29801 

C .  H a l s t e d  
DOE Savannah R i v e r  Opera t ions  

O f f  i c e  
P.O. Box A 
A i  ken, SC 29801 

D. Davis 
DOE Albuquerque Opera t ions  

O f f i c e  
P.O. Box 5400 
A1 buquerque, NM 671 15 



No. o f  
Copies 

No. o f  
Copies 

J. A. Lamb 
DOE Oak Ridge Operations 

Of f ice 
P.O. Box E 
Oak Ridge, TN 37830 

J. J. Schre iber  
DOE Oak Ridge Operations 

O f f  i c e  
P.O. Box E 
Oak Ridge, TN 37830 

H. Aus t i n  
DOE Oak Ridge Operations 

Of f ice 
P.O. Box E 
Oak Ridge, TN 37830 

G. R. Swindel l  
I n t e r n a t i o n a l  Atomic Energy Agency 
A- 101 1 Vienna, AUSTRIA 

J. L. Russel l  
O f f i c e  of Rad ia t ion  Programs 
AW-459, EPA 
401 M S t .  S.W. 
Washington, DC 20460 

G. W. Cunningham 
Ass i s tan t  Admin i s t ra t i on  f o r  

Nuclear Energy 
Department of Energy 
Was h i  ng ton, DC 20545 

T. A. B u t l e r  
U n i v e r s i t y  of Cal i f o r n i a  
Los Alanios S c i e n t i f i c  Laboratory 
P.O. Box 1663 
Los Alanios, NM 87545 

D. R. Smith 
U n i v e r s i t y  of C a l i f o r n i a  
Los Alamos S c i e n t i f i c  Laboratory 
P.O. Box 1663 
Los Alamos, NM 87545 

L. Benner 
Nat iona l  T ranspor ta t ion  

Safety  Board 
Department o f  T ranspor ta t ion  
Washington, DC 20594 

E. J. Wilson 
Department o f  Transpor t  
Dangerous Goods Branch 
2 Marsham S t .  
London SW 1 
ENGLAND 

A. L. Schmieg 
Nat ional  T ranspo r ta t i on  

Safety  Board 
Department o f  T ranspor ta t ion  
Washington, DC 20594 

P. J. E icker  
Sandia Laborator ies,  Livermore 
Livermore, CA 94550 

J. W. Langhaar 
E. I. Dupont de Nemours & 

Company 
Savannah R iver  P l a n t  
A i  ken, SC 29801 

J. C u r t i s  
Department o f  T ranspor ta t ion  
Ma te r i a l s  Transpor ta t ion  Bureau 
2100 Second S t .  S.W. 
Was h i  ng ton, DC 20590 

A. G r e l l a  
Department o f  T ranspor ta t ion  
Ma te r i a l s  Transpor ta t ion  Bureau 
2100 Second St .  S.W. 
Was h i  ng ton, DC 20590 

D r .  H. C. Thompson 
B a t t e l  l e  Memorial I n s t i t u t e  
Washington Operations 
20301 M S t .  N.W. 
Washington, DC 20036 



;4o. of 
Copies 

No. o f  
Copies 

W. Rowe 
Environmental P ro tec t i on  Agency 
401 M S t .  
Washington, DC 20460 

A. J. Nertney 
Aero je t  Nuclear Company 
550 2nd S t .  
Idaho Fa l l s ,  I D  83401 

C. S t a r r  
E l e c t r i c a l  Power Research Ins  t. 
P.O. Box 10412 
Palo A1 to, CA 94304 

C. Comar 
E l e c t r i c a l  Power Research I n s t .  
P.O. Box 10412 
Palo A1 to,  CA 94304 

E. Zebrowski 
E l e c t r i c a l  Power Research I n s t .  
P.O. Box 10412 
Palo A1 to,  CA 94304 

R. Wi l l iams 
El e c t r i c a l  Power Research I n s t .  
P.O. Box 10412 
Palo A1 to, CA 94304 

Combustion Engineering, Inc. 
Windsor, CT 06095 

J. Desmond 
Babcock & Wilcox, Co. 
P.O. Box 1260 
Lynchburg, VA 24505 

C. Woods 
Babcock & Wilcox Co. 
P.O. Box 1260 
Lynchburg, VA 24505 

D. M. Krieg 
Rocky F l a t s  P lan t  
Atoniic I n t e r n a t i o n a l  D i v i s i o n  
P.O. Box 464 
Golden, CO 80401 

Prof .  Norman C. Rasmussen 
Massachusetts I n s t i t u t e  o f  

Techno1 ogy 
Canibri dge , MA 021 39 

L. Bonzon 
Sandia Laborator ies 
P.O. Box 5800 
A1 buquerque, NM 871 15 

J. T. Foley 
Sandia Laborator i  es 
P.O. Box 5800 
A1 buquerque, WM 871 15 

W. F. Hartmann 
Sandi a Laborator ies 
P.O. Box 5800 
A1 buquerque, NM 871 15 

R. M. Je f fe rson 
Sandia Laborator ies 
P.O. Box 5800 
A1 buquerque, NM 871 15 

T. G. Pr iddy 
Sandia Laborator ies 
P.O. Box 5800 
A1 buquerque, NM 871 15 

R. Yoshimura 
Sandia Laborator ies 
P.O. Box 5800 
A1 buquerque, NM 871 15 

N. H. MacKay 
Sandia Laborator ies 
P.O. Box 5800 
A1 buquerque, NM 871 15 

R. F. Barker 
Nuclear Regulatory Commission 
Washing ton, DC 20555 



ido. o f  
Copies 

No. o f  
Copies 

C.  B. B a r t l e t t  
Nucl ea r  Regu la to ry  Commission 
Washington, DC 20555 

R. 6.  Minogue 
iducl e a r  Regu la to ry  Commission 
Washington, DC 20555 

C .  McDonald 
Nuc lear  Regu la to ry  Commission 
Washington, DC 20555 

M. J. S t e i n d l e r  
Argonne Na t i ona l  Labora to ry  
9700 South Cass Avenue 
Argonne, I L  60439 

M. J. Ryan 
Argonne N a t i o n a l  Labora to ry  
9700 South Cass Avenue 
Argonne, I L  60439 

R. A.  Robinson 
B a t t e l  l e  Memorial I n s t i t u t e  
Columbus Operat ions 
505 King Avenue 
Col urr~bus, OH 43201 

Atomics I n t e r n a t i o n a l  
8900 DeSoto Avenue 
Conoga Park, CA 91 304 

A. L. Kaplan 
General E l e c t r i c  Co. 
Nuc lear  Fuel D i v i s i o n  
P.O. Box 780 
W i  lm ing ton ,  NC 28401 

G. L a p i e r  
Babcock & Wi lcox Co. 
Apol l o ,  PA 15613 

R. Long 
Babcock & Wi l cox  Co. 
Apo l l o ,  PA 15613 

R. D.  Seagren 
Union Carb ide Co rpo ra t i on  
Oak Ridge IJat iona l  Labo ra to r i es  
P.O. Box X 
Oak Ridge, TN 37830 

L.  Shappert 
Union Carb ide Corpora t ion  
Oak Ridge Na t i ona l  Labo ra to r i es  
P.O. Box X 
Oak Ridge, TN 37830 

J .  Duckworth 
Nuc lear  Fuel Serv ice ,  I n c .  
P.O. Box 124 
West Va l l ey ,  NY 14171 

G. L. Stukenbroeker 
N. L. I n d u s t r i e s ,  I nc .  
Nuc lear  T r a n s p o r t a t i o n  Dept. 
P.O. Box 2046 
Wilmington, DE 19899 

H. G. Shealy 
Bureau of  R a d i o l o g i c a l  Hea l t h  
South C a r o l i n a  Department o f  

Heal t h  and Environmental  
Con t ro l  

Columbia, SC 29405 

J. S. C o r b e t t  
ChemNuclear Systems, I nc .  
P.O. Box 1866 
Be1 levue,  WA 98009 

J. A. Heber t  
B a t t e l l e  S e a t t l e  Research 

Center 
P.O. Box 5395 
S e a t t l e ,  WA 98105 

P. T. T u i t e  
H i  t tman Nucl ea r  and Develop- 

ment Co rpo ra t i on  
9190 Red Branch Rd. 
Columbia, MD 21045 



No. o f  No. o f  
Copies Copies 

D. A. Edl ing S. Hartwig 
Mound Laborator ies B a t t e l l e  I n s t i t u t e ,  e.v. 
P.O. Box 32 Am Romerhof 35 
Miamisburg, OH 45342 600 Ft-ankfurt Main 90 

GERMANY 
J .  W. Doty 
Mound Laborator ies D. Turner 
P.O. Box 32 Union Carbide Corporat ion 
Miamisburg, OH 45342 O f f i c e  o f  Waste I s o l a t i o n  

P.O. Box Y 
W .  T. Cove Oak Ridge, TN 37830 
Mound Laborator ies 
P.O.  Box 32 S. C.  Cohn 
Miamisburg, OH 45342 Tekne kron 

4701 Sanganlore Rd. 
D. Okrent Washington, DC 20016 
Department o f  Engineering and 

Appl ied Science K. R. Shu l tz  
U n i v e r s i t y  o f  C a l i f o r n i a  Atomic Energy Control  Board 
Los Angeles, CA 90024 P.O.B. 104.6 

Ottawa KIP 5.59 
M. Gordon CANADA 
Atomic I n d u s t r i a l  Forum 
7101 Wisconsin Ave. W. R. Tay lo r  
Was h i  ng ton, DC 2001 4 Atomic Energy o f  Canada Ltd. 

Chal k River  Laborator ies 
A. L. Babb Chalk River,  Ontar io  KOJIJO 
Department o f  Nuclear Engineering CANADA 
Benson H a l l  
U n i v e r s i t y  o f  Washington Y.  Soussel i e r  
Seat t le ,  WA 98195 CEA/CEN 

B.P. No. 6 
W. S. Fellows F-92260 Fontenay-aux-Roses 
Southern I n t e r s t a t e  Nuclear FRANCE 

Board 
One Exchange Place, Su i te  1230 
At lan ta ,  GA 30341 

D. G. Maxwell 
N. L. I ndus t r i es  
Nuclear D i v i s i o n  
Foot o f  West S t ree t  
Wilmington, DE 19801 

W .  R. Teer 
Transnucl ear Inc.  
One N. Broadway 
Whi t e  Pla ins,  NY 10601 

S. Aoki 
Research Laboratory f o r  

Nuclear Reactors 
Tokyo I n s t i t u t e  o f  

Technology 
Ookayama , Meguroku , Tokyo 1 52 
JAPAN 

G. D. B e l l  
Uni ted  Kingdom Atomic Energy 

A u t h o r i t y  
Safety and Re1 i a b i l  i t y  

D i rec to ra te  
Warrington WA3 4NE 
UNITED KINGDOM 



No. o f  
Copies 

No. o f  
Copies 

M. Toml inson 
Whi te  She1 1 i i u c l e a r  Research 

Es tab l i shment  
Pinewa, Mani toba ROE ILO 
CANADA 

S .  A. Mayman 
Fuel  Recyc le  Waste 

Management Program 
Whi t e s h e l l  11uclear Research 

E s t a b l  ishment 
Pinewa, Mani toba ROE ILO 
CANADA 

D r .  R .  G i r a r d i  
Euratom 
21020 Cen t ro  Euratomdi 
I s p r a  (Varesse)  
ITALY 

Ake Hul t g r e n  
AB Atomenergi, S tudsv ik  
Fac k 
S-611 01 Nykoping 1 
SWEDEN 

W .  J .  S h e l l e y  
Kerr-McGee C o r p o r a t i o n  
Oklahoma C i t y ,  O K  

R. W .  Pe te rson  
A1 1 i ed General Nuc lear  Serv ices  
P .O .  Box 847 
Barnwe l l ,  SC 29812 

A. Carson 
General E l e c t r i c  Company 
175 C u r t n e r  Avenue 
San Jose, CA 95125 

R. A. Koynenburg 
U n i v e r s i t y  o f  C a l i f o r n i a  
Lawrence L ive rmore  L a b o r a t o r i e s  
P.O. Box 808 
L ivermore,  CA 94551 

W .  E. P o l l o c k  
Oregon Department o f  Energy 
Salem, OR 97301 

K. Woods 
Oregon Department o f  Energy 
Salem, OR 97301 

W. M. Rogers 
Western I n t e r s t a t e  Nuc lear  

Board 
1300 Car r  
Denver, C O  80226 

G. P.  Jones 
U n i v e r s i t y  o f  Southern 

C a l i f o r n i a  
U n i v e r s i t y  Park 
Los Angeles, CA 90007 

L. L. P h i l i p s o n  
U n i v e r s i t y  o f  Southern 

C a l i f o r n i a  
l l n i v e r s i  ty  Park 
Los Angeles, CA 90007 

C .  V .  Hodges 
Holmes & Narver  
400 E.  Orangethrope Ave. 
Anaheim, CA 92801 

E.  A. S t r a k e r  
Science A p p l i c a t i o n s ,  I n c .  
P.O. Box 2351 
La J o l  l a ,  CA 92038 

R. C. Erdman 
Science A p p l i c a t i o n s ,  I n c .  
2680 Hanover S t .  
Pa lo  A l t o ,  CA 94304 

G. Waymi r e  
Exxon Nuc lear  Company, I n c .  
P.O. Box 3990 
MS 8A-68 
S e a t t l e ,  WA 98124 



No. of 
Copies 

No. o f  
Copies 

01.4s I I E  

8 DOE Rich land Operat ions O f f i c e  

T. A. Bauman 
W. A. Burns 
R. B. Goranson 
A. H. Hinkson 
P. E. Lamont 
J. M. Peterson 
H. E. Ranson 
D. 3. Squi res 

3 Rockwell Hanford Company 

W. G. Bevan 
W. M. Ha r t y  
D. D. Woodrich 

3 Un i ted  Nuc lear  I n d u s t r i e s ,  I nc .  

J. A. Adams 
P.  A. C r o s e t t i  
T. E. Dabrowski 

2 Washington Publ i c  Power Supply 
Sys tem 

G. F. B a i l e y  
3 .  B. Vetrano 

2 Exxon Nuclear  Company, Inc .  

R .  N i l s e n  
R. K. Robinson 

Hanford Engineer ing Development 
Labora to ry  

A. W.  DeMerschman 

66 Ba t t e l l e -No r t hwes t  

W. B. Andrews 
W. J .  B a i r  
C .  L. Brown 
N. M. B u r l e i g h  ( 2 5 )  
S. H. Bush 
iV. E. Ca r t e r  
E. D. C lay ton  
L. C.  Davenport 
J. G. DeSteese 
H. K. E l de r  
A. L. F r a n k l i n  
D. E. F r i a r  
R .  J. H a l l  

H. Ha r t y  
S. W. Heabe r l i n  (10) 
H. L. Henry 
W. S. Ke l l ey  
M. A. Lewal len 
R. A. L i bby  
T. I .  McSweeney 

J. Mishima 
E. S. Murphy 
D. R. Oden 
R. E. Rhoads 
J. W. Voss 
L. D. W i l l i ams  
W. K. Winegardner 
Technica l  I n f o r m a t i o n  ( 5 )  
Technica l  Publ i c a t i o n s  




