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FOREWORD 

This  repor t  covers t h e  a c t i v i t i e s  . o f  one of t h e  s u b - t a s k s  w i t h i n  t h e  
"Spent LWR Fuel Transport  a t  ion  Receiving,  ~ a n d l i n ~ ,  and Storage" program. 
The sub-task is  i d e n t i f i e d  as  "Cask Handling Equipment S t a n d a r d i z a t i o n .  " 
The ob jec t ive  of the sub-task s p e c i f i e s  : 

" I n v e s t i g a t e  and i d e n t i f y  oppor tun i t i e s  fo r  s t anda rd i za t i on  of 
cask i n t e r f a c e  equipment. This s tudy w i l l  examine t h e  po ten-  
t i a l  b e n e f i t s  of s tandard ized  yokes?, decontamination ' b a r r i e r s  
and spec i a l  t o o l s ,  and, t o  the ex ten t  f e a s i b l e ,  s t a n d a r d i z e d  
methods  and s o f t w a r e  f o r  h a n d l i n g  t h e  v a r i e t y  of  c a s k s  
p r e s e n t l y  a v a i l a b l e  i n  the  U .  . S. f l e e t  .I1 

The r e s u l t  of t he  i n v e s t i g a t i o n s  is  a  c o m p i l a t i o n  of r e p o r t s  t h a t  a r e  
r e l a t e d  by t h e i r  common goal of reducing cask turnaround time. 
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1 .0  THE UNIVERSAL LWT LIFTING YOKE 

A s  of 6 / 1 / 8 0  t h e r e  were s i x  d i s t i n c t  models  of s p e n t  n u c l e a r  f u e l  
s h i p p i i g  casks c e r t i f i e d  by t h e  USNRC, and each r e q u i r e s  i t s  un ique  
l i f t i n g  yoke. This does not normally presen t  a problem t o  r eac to r  s i t e s  
when they a re  shipping spent  fue l  because one or m r e  casks of t h e  same 
model a r e  u sua l ly  assigned t o  a given shipping campaign. I f ,  however, a 
l im i t ed  number of AFR's or terminal  s t o r age  f a c i l i t i e s  a r e  brought  i n t o  
s e r v i c e ,  it is expected t h a t  numerous cask m d e l s  may a r r i v e  i n  random 
sequence t o  be unloaded. This  r e q u i r e s  removing t h e  p r e v i o u s l y  used 
yoke and r ep l ac ing  i t  w i t h  t h e  yoke needed t o  h a n d l e  t h e  n e x t  ca sk .  
Some yokes a r e  r e l a t i v e l y  easy t o  a t t ach  to  or t o  detach from t h e  c r a n e  
hook .  O t h e r s ,  p a r t i c u l a r l y  some of t h o s e  d e s i g n e d  f o r  u s e  w i t h  
redundant l i f t  systems, can take  up to  an hour t o  change. It s h o u l d  be 
noted t h a t  the  yokes i n  t h i s  l a t t e r  category can be f i t t e d  with a simple 
adaptor  t o  expedi te  changeover i f  t h e i r  redundant c a p a b i l i t i e s  a r e  no t  
needed. Since AFR's and t e r m i n a l  s t o r a g e  s i t e s  most l i k e l y  w i l l  no t  
need redundant l i f t  c a p a b i l i t y ,  such adaptors a re  recommended f o r  t h i s  
type of yoke. I f  s to rage  space were ava i l ab l e  a t  these  i n s t a l l a t i o n s ,  a 
complete inventory of s i x  yokes and the  necessary adaptors shou ld  be a s  
t ime-e f f i c i en t  as any a l t e r n a t i v e .  In the  smaller  r e c e i v i n g  i n s t a l l a -  
t i o n s ,  however, one yoke for  small casks and one for  the  l a r g e r  ones may 
h e l p  a l l e v i a t e  a s to r age  space problem. 

The Barnwel l  N u c l e a r  F u e l  P l a n t  p r o b a b l y  has  a s  much s t o r a g e  s p a c e  
a v a i l a b l e  "under the  crane" as any fue l  h a n d l i n g  f a c i l i t y  i n  t h e  U .S. 
Even so,  reducing the  number of yokes to  be s tored  by a f a c t o r  of t h r e e  
would be most welcome. The subjec t  of t h i s  r epo r t  is the  development of 
t h i s  concept.  

A survey of cask owners was made t o  e s t a b l i s h  t h e  d imens ions  of com- 
ponents in .  the v i c i n i t y  of the headend of t h e i r  . c a s k s .  With t he .  f i n e  
coopera t ion  of General E l e c t r i c ,  Exxon, NAC, TN, and NL, i n  r e s p o n s e  t o  
our  reques t s  for  the  dimensions shown i n  Figures  1 and 2 ,  we were a b l e  
t o  compile the  d a t a '  f o r  Tables 1 through 4. From t h i s  i n f o r m a t i o n ,  we 
determined the  maximum and minimum d imens ions  a t  each l o c a t i o n ,  and 
t h e s e  became t h e  l i m i t i n g  v a l u e s  t o  which a h a n d l i n g  d e v i c e  mus t  
con£ orm . 
This  s tudy was d i r ec t ed  toward c a s k s  of t h e  L e g a l  Weight Truck  (LWT) 
ca tegory  r a t h e r  than r a i l  casks because the LWR's a r e  c o n s i d e r e d  t o  be 
t h e  g r e a t e , r  c h a l l e n g e .  N o t e  t h a t  t h e  TN-8(9)  OWT c a s k s  a r e  of 
dimensions m r e  i n  t he  range of those of the  two r a i l  casks r a t h e r  t h a n  
those  of the  LWT's. Note a l s o  t h a t  the General Atomic - For t  S t .  V r a i n  
cask (FSV-1) i s  not now l icensed to  haul  LWR f u e l ,  but the paperwork is  
being readied fo r  submi t ta l  to.  NRC for  1i.censing. T h i s  ca sk  i s  un ique  
i n  t h a t  it has l i f t i n g  sockets  r a t h e r  than t runnions .  This adds another 
f a c e t  t o  t he  development of the un iversa l  yoke concept.  F igure  3 shows 
t h e  t h r ee  LWT casks i n  approximate scale ,  p ropor t ions .  



Four c r i t e r i a  were considered . in  the  design concept of t h i s  yoke .  They 
were : 

( 1 )  Remote (underwater)  ope ra t i on  

( 2 )  Conf igura t ion  changes t o  be made wi th in  approximately the  same time 
i n t e r v a l  as  needed t o  change from one convent ional  yoke t o  another .  

( 3 )  The cos t  should not exceed the  cos t  of the mst c o s t l y  of t h e  con- 
vent  i ona l  yokes. 

( 4 )  Operat ion and con f igu ra t i on  changeover shou ld  be no more compli-  
c a t ed  than the  handl ing of any of the e x i s t i n g  yokes. 

Underwater opera t ion  r equ i r e s  a  guidance system t o  p o s i t i o n  t h e  yoke i n  
both a x i a l  r o t a t i o n  and e l e v a t i o n  to  assure  the a l i gnmen t  n e c e s s a r y  t o  
engage  and t o  r e l e a s e  t h e  l i f t i n g  t r u n n i o n s  ( s o c k e t s ) .  F o r  t h i s  
purpose, a  spec i a l  adaptor for  t he  head of each cask m d e l  is  p r o v i d e d .  
See Drawings 535D-T-5004 and 535D-T-5005. They rep  l a c e  t h e  t u r n b u c k l e  
s l i n g s  otherwise required fo r  remote head handl ing ,  so  t h e r e  i s  l i t t l e  
n e t  change  i n  component h a n d l i n g  by t h e  o p e r a t o r s .  The h e a d  i s  
suspended from the  adaptor by two to  f o u r  8 - inch  s t u d s  screwed f i r m l y  
i n t o  t h e  t h r e a d e d  h o l e s  p r o v i d e d  on most c a s k s  h e a d s  f o r  l i f t i n g  
pu rposes .  (The NL c a s k  r e q u i r e s  m o d i f i e d  s t u d s ,  pinned t o  l i f t i n g  
l u g s . )  Since t he  yoke and adaptor  a r e  bol ted t o g e t h e r ,  any r o t a t i o n a l  
movement of t h e  head w i l l  r o t a t e  t h e  yoke.  By u s i n g  gu ide  p i n s  t o  
o r i e n t  t h e  head a s  it is s e a t e d  t o  t h e  ca sk  ( i f  g u i d e  p i n s  a r e  no t  
o r d i n a r i l y  used, they can be f a b r i c a t e d ,  then screwed i n t o  e x i s t i n g  head 
b o l t  h o l e s )  t h e  yoke arms w i l l  a l i g n  d i a m e t r i c a l l y  w i t h  t h e  t r u n n i o n s .  
The yoke decends f a r t h e r  u n t i l  t he  adap to r  "bot toms o u t "  on t h e  head .  
A t  t h i s  po in t ,  because of the  design of t h e  a d a p t o r ,  t h e  e l e v a t i o n  of 
t h e  yoke is  such t h a t  the  arms w i l l  c l o s e  over  t h e  t r u n n i o n s  ( o r  i n t o  
t h e  socke ts )  a s  t h e  yoke h y d r a u l i c  sys t em i s  a c t i v a t e d .  T h i s  head/  
adaptor  system p r o v i d e s  an a d d i t i o n a l  b e n e f i t  d u r i n g  d i sengagemen t .  
Some cranes ,  as they reverse  d i r e c t i o n ,  tend t o  r o t a t e  t h e  b l o c k  a  few 
degrees .  I f  the  block is  s t a r t i n g  upward, t h i s  r o t a t i o n  might cause one 
of  the l i f t i n g  arms (now s p r e a d  f o r  d i s e n g a g e m e n t )  t o  r eengage  one 
t runnion  and perhaps t i p  the cask over.  With the adaptor guiding on the  
head s tuds  while the head remains seated during the  f i r s t  few i n c h e s  of 
t r a v e l ,  the  r o t a t i o n  of the  block is p reven ted  u n t i l  t h e  l i f t i n g  arms 
c l e a r  t he  t runnions .  

The bending forces  which would r e s u l t  on the  l i f t i n g  arm e x t e n s i o n s  i f  
both strong-back s e c t i o n s  of t h e  yoke hung f r e e l y  a r e  e l i m i n a t e d  by 
caus ing  the  h o r i z o n t a l  fo rce  vec tors  t o  work aga ins t  one another .  These 
fo rces  a r e  t ransmi t ted  through a  spreader  p i n  ( I t e m  1 1 ,  Drawing 5001)  
which i s  p o s i t i o n e d  a c c o r d i n g  t o  t h e  ca sk  t o  be h a n d l e d .  A s  t h e  
a c t u a t i n g  cy l inde r  extends,  t h e  arms a r e  caused  t o  s p r e a d .  When t h e  
c y l i n d e r  is con t r ac t ed ,  the arms c lo se  t o  the pos i t i on  determined by the 
p o s i t i o n  of t he  spreader  pin.  



It should be noted' t h a t ,  when u s i n g  t h e  yoke i n  t h e  . r e m o t e  mode:, t h e  
head of the cask always remains a t tached  t o  the yoke. A f o l l o w  th rough  
of the generic  cask loading and unloading p r o c e d u r e s  ( s e e  Appendix A ,  
Sec t  ion 4.0)  i n d i c a t e s  t h a t  t h i s  w i l l  r e s e n t  no o p e r a t i o n a l  p.roblems. 
Experience a t  GE 'S  Morris O p e r a t i o n s c P )  h a s  shown t h a t  o p e r a t o r  dose  
l e v e l s  a r e  reduced i f  the head i s  i n  place any time t h e a . c a s k  i s  o u t  of 
t he  pool. 

' . '  
To the b e s t  of our  knowledge,  t h i s  i s  t h e  f i r s t  l i f t i n g  yoke t o  be 
designed using as  a  guide ANSI N-14.6, "American N a t i o n a l  S t a n d a r d  f o r  
S p e c i a l  L i f t i n g  Devices  f o r  Shipp.ing Containers  Weighing 1 0 , 0 0 0  .Pounds 
(4,500 ki lograms)  o r  More f o r  N u c l e a r  M a t e r i a l s . "  The . e n t i r e  N-14.6 
paperwork package i s  i n c l u d e d  i n  t h i s  r e p o r t  a s  Appendix B t o  . t h i s  
s e c t i o n .  Comments would be a p p r e c i a t e d  from r e a d e r s  of t h i s  r e p o r t  
regard ing  the app l i ca t i on  of N-14.6, and these  comments w i l  l....be pas sed  
on t o  the chairman of t h a t  t a sk  group f o r  c o n s i d e r a t i o n  d u r i n g  f u t u r e  
rev.iew of t h a t  s tandard.  . . 

A '  sketch of the yoke i s  shown i n  F i g u r e  4.  The yoke and a d a p t e r  a r e  
drawn with heavy l i n e s  while the cask head and cask a r e  r e p r e s e n t e d  by 
l i g h t e r  l i n e s .  The cask head i s  represented as  being suspended from the 
adap te r  and a  few inches above the cask. The a d a p t e r  would be removed 
p r i o r  t o  r o t a t i n g  t h e  c a s k  b e t w e e n  t h e  v e r t i c a l  and h o r i z o n t a l  
p o s i t  ions . 
A complete s e t  of drawings f o r  t h i s  l i f t i n g  yoke i s  i n c l u d e d  w i t h  t h i s  
r e p o r t .  These a r e  AGNS Drawings 535D-T-5001 t h r o u g h  535D-T-5005. 
Drawing 535D-T-5006 i s  f o r  a  s t o r a g e  s t a n d  f o r  t h e  yoke.  The yoke 
support  bar ( t o o l  support ba r ,  Item 8 )  i s  i n s e r t e d  t h rough  t h e  3-inch 
ho le s  of I tem 22, Drawing 5003, and the yoke i s  lowered t o  r e s t  on t h e  
support  frame. The 112-inch h i t c h  pins  a l l o w  t h e  s u p p o r t  f rame t o  be 
moved t o  a  new l o c a t i o n ,  e i t h e r  w h i l e  suspended  from t h e  yoke o r  by 
engaging t h e  c r a n e  hook on to  t h e  p inned  s u p p o r t  b a r .  The v e r t i c a l  
s e c t i o n  of 1-112-inch,  Schedu le  40,  p i p e  welded t o  t h e  base  i s  f o r  
s t o r a g e  of the too l  support bar when the l a t t e r  i s  not i n  use.  

The load t e s t i n g  f i x t u r e  f o r  t h i s  yoke i s  shown i n  Figure 7. 

The s t a t u s  of the f a b r i c a t i o n  and t e s t i n g  of t h i s  yoke ,  a s  of Septem- 
b e r  30, 1980, i s  t h a t  i f  an FSV cask can be scheduled i n t o  AGNS f o r  some 
remote-handling dry runs,  then t h i s  yoke w i l l  be b u i l t  t o  be used f o r  
t h e s e  t e s t s .  The cu r r en t  FSV yoke cannot be used i n  the  remote m d e .  

1.1 Al t e rna t e  Proposal  

The LWT yoke descr ibed i n  t h i s  r epo r t  cannot be adapted to  a  s y s  tem f o r  
redundant l i f t i n g .  Another c o n c e p t ,  w i t h  redundancy  s p e c i f i c a l l y  i n  
mind, is  shown i n  Figures  5  and 6 .  The d e s i g n  d e t a i l s  have no t  been 
completed (and w i l l  not be deve loped  f u r t h e r  u n l e s s  some a c t u a l  need 
a r i s e s ) .  Matching p a i r s  of h o l e s  a r e  d r i l l e d  i n t o  each  s i d e  of t h e  
s t r o n g b a c k s  t o  f i x  t h e  l i f t i n g  arms i n t o  t h e  d e s i r e d  p o s i t i o n  f o r  
l i f t i n g  a  given cask. The pivot  end of each l i f t i n g  arm i s  shaped such 



t h a t  t h e  arm canno t  swing i n b o a r d  beyond t h e  v e r t i c l e .  H y d r a u l i c  
' c y l i n d e r s  move the  palms outboard i n  a  hand-clapping m t i o n  t o  a l low fo r  

c l ea rance  of t he  t runnions .  The l i f t i n g  palms a re  i d e n t i c a l  t o  those of 
t h e  yoke p rev ious ly  d e s c r i b e d ;  howeve r ,  i n  t h i s  concep t  t h e r e  is  no 
p rov i s ion  for  l i f t i n g  a  cask with sockets  i n  place of t runnions,  such as  
t h e  FSV-1. One advantage of t h i s  system 'should be t h a t ,  by swinging one 
arm out t o  the h o r i z o n t a l  and p r o v i d i n g  means ' t o  h o l d  . i t  t h e r e ,  t h e  
assembled redundant system can be used while r o t a t i n g  casks between t h e  
h o r i z o n t a l  and v e r t i c l e  p o s i t i o n s .  This could r e s u l t  i n  a  t i m e  s a v i n g  
a t  s i t e s  which use  c u r r e n t  r edundan t  sys t ems  of t h e  f o u r  t r u n n i o n  
v a r i e t y ,  wherein only one s e c t i o n  of the dual system can be. used d u r i n g  
r o t a t i o n  of the cask. The overlaying of Figures  5 and 6 d e p i c t  t h e  two 
yoke sec t ions  i n  t h e i r  redundant con f igu ra t i on .  
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( T e n t a t i v e )  Unspec i f i ed  Unspec i f i ed  

Dimensions 

NLI 10/24 

7.25 

22.75 

7.75 

7.25 

8.0 

10.0 

74.25 

79.25 

64.5 

7 1 

88 

39.5 

5 

- 

- 

C 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

L 

M 

N 

P 

Q 
i 

i n  Inches 

ENC-Rail , 

26 

* 

2 7 

5.5 

6 

6 

* 

G + 15 

68.86 

68.86 

74.74 

* 

* 

- 

- 
*Presenety-  - 

NAC-1 

6.5 

None 

8.5 

8.625 

9.5 

12.75 sq 

46.25 

52.25 

25.50 

50.00 

39.20 

26.9 

N/ A 

- 
- -- 

IDENTIFICATION 

ENC 2/4 

13.6 

* 

13.6 

d -I 

4 

4.5 

41.5 
37.5 & 

39.9 Pr 
43.9 

None 

36 

41.5 

* 

N/A 

- 
- 

T r e s e n t l y  

IF-300 

10.06 

None 

P: 25.56 
B: 35.81 

5.625 

7.5 

9 x 14 

6 4 

74 

61.75 

67.75 

63.75 

48.2 

N/ A 

- 
- 

- A 

NLI 1/2 

4.5 

5.0 

8.875 

4.13 

5.0 

5.5 

31.75 

35.25 

24.00 

30.00 

47.125 

18.125 

2.875 

- 

- 

CASK MODEL 

FSV-l* 

6.13 

None 

10.75 . 

4.18 soc 

4.43 soc 

10.4 

27.5 

3 1 

3 1 

3 1 

28 

7 

5.875 

- 
- 

'*LwR Mod. 



TABLE 2 

CASK LID 

CASK LID -- 

Note by marking on t he  head 
diagram any fea tu re  (penetra- 
t i o n ,  l oca t ion ,  i r r e g u l a r i t y ,  
e t c .  ) t h a t  could a f f e c t  remote 
handl ing o f  t he  head. 

I 
CASK MODEL IDENTIFICATION Dimensions i n  Inches 

I I I 1 I I 

NAC-1 I NLI 1/2 1 FSV-1 I ENC 2/4 1 IF-300 1 NLI 10/24 1 ENC-Rail 
I 1 I I i I 

6 12 2 4 2 0 32 16 3 2  - 
*LWR Mod. *Present ly *est *Present ly 
(Ten ta t i ve )  Unspecif ied Unspecif ied 



TABLE 3' 

TN-HEAD 

CASK LID 

. . .. . I 
-CASK MODEL IDENTIFICATION mn converted. to. inches - 

;.. -TN-8 TN-9 - TN-12 . .. . .-. - 
. . a  

A. 880 .mm 34.65 in 800 mm 31.50 in 1620 & 63.k in' .' 
8 + 

B 810 . 31.90 - 720 28.35 1560 61.42 . .  . %  

C 25 :98 2 5 .98 40 1.57 -' - 1 

D . 8io 31.90 720 28.35 . 1510 59.45 

: E M32 x 80 1.26 M32 x 80 1.26 M40 1.57 . 

' F 260 ' 10.24 260 10.24 1510. 59.45 - 
G lug,204 .79 1 ug ,204 .79 1~9,364 1.42 I 

H '22.5O 22.5O 2 7' 

J 157.5~ ' 157.5~ 208' 

- K - - - - - - - 
. , --. 

L 90° 90° 90' -- 
. * 

. M 

N 90' 90' 90' ' 

11 . - 
P 90' 90' 90' 

Q 16 16 40 
L 



TABLE 4 

TN-LID 

CASK HEAD END / .  

I 
CASK MODEL IDENTIFICATION mn converted t o  inches 

.--- 

A 

B 

C 

D 

E 

F 

G 

H 

J , 

K 

L 

220 mm 

355 

390 

250 

280 

300 

2230 

2450 

1620 

2500 

2500 

TN-12 

8.66 i n  

13.98 

15.35 

9.84 

11.02 

11.81 

87.8 

96.46 . 

63.78 

98.43 

98.43 

TN-9 

M 

N 

P 

'289 mm 

260 

TN-8 

169 mm 

260 

192 

200 

220 

220 

1496 

1650 

880 

1700 

1718 * 

11.38 i n  

10.24 

6.65 i n  

10.24 

lr 7.56 

7.87 

8.66 

8.66 

58.87 

64.96 

34.65 

66.93 

67.64 

- Q * 

48.82 850 

+ 

850 33.46 

L 

314 

200 -------- 
220 

220 

1496 . 

1650 

800 

1700 

1718 

Go 

. 12.36 

7.87 

8.66 

8.66 

58.87 

64.96 

31.50 

66.93 

67.64 

33.46 

-- L - 1  .- 1 - 
mm (2.36") lugs. , 

1240 



CASK HEAD END .. / 

. ..  .. . . .. 
A Centerl ine o f  trunnions t o  top o f  cask body (no  l i d ) .  

A 

< .  

B Centerl ine o f  trunnions t o  nearest protrus ion w i th  a dimension greater 
than G (yoke arm inter ference).  

I 
. . 

C Centerline o f  trunnions t o  top o f  cask, w i th  l i d .  . , .  . . 
. : 

D Diameter o f  trunnion load bearing surface. . . 
. . . . .  . . . . 

' . E Diameter o f  trunnion end .flange. 
' >  . . ,, 6 

. . . : .  . ~ . , F .~i 'ameter o f  trunnion 'boss (o r  base). ., . 

I G Distance between trunnion boss faces. . . .... 
' . >  : . 

, H Distance between inboard faces o f  trunnion flanges. 
( I .  

. , . . 
J ~ i a m e t e r  'o f  any ' l i d  protruding above cakk body. 

I K Diameter o f  cask body a t  top end. 

I L .Diameter 'of cask body, maximum. ' - 
M 'Minimum clearance radius during cask rotat ion'.  1 .  
N' Centerline o f  trunnions t o  upper surface o f  prjmary pressure .boundary 

head (two-headed casks). 
. .. . .  , . !  

P Please note any other dimension which might a f f e c t  yoke design. ~ 

CASK HEADEND 

FIGURE 1 



CASK 

A Diameter o f  head 

B Diameter o f  guide p i n  r i n g  

C Guide p i n  hoie (o r  s l o t )  s i ze  

D Diameter o f  head b o l t  r i n g  

E Head b o l t  hole s ize  

F. Diameter o f  l i f t i n g  attachment b o l t  r i n g  

G . B o l t  s ize  for  l i f t i n g  attachment 

H I n c l u d e d a n g l e f r o m t o p o f  cask ( t r a n s p o r t p o s i t i o n , f a c i n g c a s k e n d )  
clockwise t o  f i r s t  guide p i n  hole (o r  s l o t )  

J Included angle from f i r s t  guide p i n  clockwise t o  second 

K Included angle from second guide p i n  clockwise t o  t h i r d  

L Angle from top o f  cask t o  f i r s t  l i f t i n g  attachment fastener hole 

M Angle from f i r s t  l i f t i n g  attachment fastener hole t o  second 

N Angle from second l i f t i n g  attachment fastener hole t o  t h i r d  

P Angle from t h i r d  l i f t i n g  attachment fastener hole t o  fou r th  

Q Number o f  head b o l t  holes 

CASK LID 

FIGURE 2 



NLI -111 

LWT CASKS 

RIGIlRE 3 



CASK L I F T I N G  YOKE 

CASK LIFTING YOKE 

FIGURE 4 



ALTERNATE CONCEPTUAL DESIGN "A" YOKE 

FIGURE 5 



ALTERNATE CONCEPTUAL DESIGN "B" YOKE 

FIGURE 6 



LOAD TEST FIXTURE 

FIGURE 7 
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1.0  GENERAL 

1.1 The des ign ,  f a b r i c a t i o n ,  t e s t i n g ,  and use  of' t h i s  l i f t i n g  yoke 
s h a l l  conform to  ANSI N14.6 f o r  n o n c r i t i c a l  loads ( S e c t i o n  6 . 0  i s  
excepted 1. 

1.2 Any othe'r  s t a n d a r d  r e f e r e n c e d  i n  t h i s  s p e c i f i c a t i o n  s h a l l  be 
considered a  pa r t  of t h i s  s p e c i f i c a t i o n .  

1 . 3  Refer t o  Drawings AGNS-535D-T-5001 through 535D-T-5006. 

2.0 DESIGN 

2.1 Performance C r i t e r i a  

2.1.1 The l i f t i n g  yoke s h a l l  be d e s i g n e d  t o  l i f t  a  l o a d  of  
30 tons ( i nc lud ing  the weight of the yoke)  . w i t h  t h e  arms 
each extended t o  45'. 

2.1.2 Each arm s h a l l  r o t a t e  f r e e l y  (no binding)  about t h e  lower 
c e n t e r  p in .  Motion of one arm s h a l l  no t  c a u s e  t h e  o t h e r  
t o  move when n e i t h e r  the  s p r e a d e r  p i n  nor  t h e  a c t u a t i n g  
c y l i n d e r  a r e  i n  place.  

2.1.3 The f luid-operated c y l i n d e r  s h a l l  f u n c t i o n  u s i n g  e i t h e r  
a i r  or water .  

2.2 Drawings 

2.2.1,  The q u a l i t y  of d r awings  s h a l l  comply w i t h  c u r r e n t  AGNS 
Standards for  engineer ing drawings. 

2.2.2 ~ r a w i n g  s i z e  and sca l e  is op t iona l .  

2.2.3 Provis ion  s h a l l  be made t o  e n s u r e  t h a t  o n l y  t h e  l a t e s t  
r e v i s i o n  of any d rawing  i s  a v a i l a b l e  f o r  f a b r i c a t i o n ,  
t e s t i n g ,  e t c .  

2.3 Mater ia l  S ~ e c i f i c a t i o n s  

2.3.1 A l l  m a t e r i a l s  of cons t ruc t ion  s h a l l  be 304 s t a i n l e s s  s t e e l  
with the  following except ions : 

(1) Load beari,ng p ins ,  i n c l u d i n g  t h e  FSV l i f t i n g  t r u n -  
, n ions ,  s h a l l  be N i t ron i c  60@. 

( 2 )  B o l t s  s h a l l  be of a  s t a i n l e s s  s e r i e s  o ther  t han  304 ,  
t o  reduce gaul ing.  

IA- 1 



2 .3 .2  M a t e r i a l  c e r t i f i c a t i o n s .  t o  t h e  e x t e n t  no t ed  s h a l l  be  
requi red  a t  t he  t ime  of . a c c e p t a n c e  of t h e  above l i s t e d  
meta l s  and e las tomers .  

2.4 In-Process I n s ~ e c t i o n  

2.4.1 . There a r e  no hold po in t s  f o r  witneSsing o r  approval of any 
s t e p  by the des igner .  

2.4.2 The in-process i n spec to r  s h a l l  review the design and f ab -  
r i c a t i o n  p lan  and s h a l l  spec i fy  a  hold point  f o r  each s t e p  
f o r  which a  subsequent s t e p  c o u l d  n e g a t e  h i s  a b i l i t y  t o  
v e r i f y  the con£ ormance of the s t e p  i n  ques t ion .  

2.4.3 R e f e r  t o  ANSI N14 .6 ,  S e c t i o n  4 . 2 ,  f o r  i n s p e c t o r ' s  
r e s p o n s i b i l i t i e s .  ' .  

2.4.4 Refer t o  ANSI N14.6, Sec t ion  5.0,  f o r  NDE s tandards .  

2.5 Fab r i ca t i on  P r a c t i c e s  

2.5.1 Refer to  ANSI N14.6, S e c t i o n  4 . 0 ,  f o r  t h e  f a b r i c a t o r ' s  
r e s p o n s i b i l i t i e s .  

2.5.2 The w r i t t e n  p r o c e d u r e s  r e q u i r e d  by S t e p .  4 .1 .10  o f  Sec- 
t i o n  4.0 ( i b i d )  s h a l l  be approved by the des igner  p r i o r  t o  
use. 

2.6 Tes t ing  

2.6.1 The f i n i shed  yoke s h a l l  be t e s t ed  t o  d e m o n s t r a t e  t h a t  i t  
I 

I can support a  45-ton load  ( e q u a l l y  d i s t r i b u t e d  t h rough  
1 ,  both arms) w i th  the arms a t  45 degrees  from the v e r t i c a l .  

The l i n e  from which the a n g l e  i s  de t e rmined  i s  one t h a t  
passes  through the a x i a l  c e n t e r  of t h e  lower  . c e n t e r  p i n  
and the p in  on which the arm extens ion  r o t a t e s .  The yoke 
i n  FSV conf igu ra t i on  s h a l l  be t e s t e d  t o  45 t o n s  w i t h  t h e  
arms a t  an angle compatible w i t h  t h e  FSV s o c k e t  s p r e a d .  
The t e s t i n g  f i x t u r e  i s  shown i n  F igure  7 of the r e p o r t  t o  
which t h i s  appendix i s  a t tached .  

( 

2.6.2 See ANSI N14.6, Sec t ion  5 . 2 ,  f o r  o t h e r  t e s t i n g  r e q u i r e -  
ments. 

2.7 Qual i ty  Assurance Requirements 

I n  add i t i on  t o  the s p e c i f i c  q u a l i t y  assurance r e q u i r e m e n t s  g i v e n  
throughout t h i s  c o m p i l a t i o n  of ANSI N-14.6 c r i t e r i a ,  f o r m a l l y  
documented and admin i s t e r ed  programs s h a l l  e x i s t  t o  gove rn  t h e  
fol lowing:  



2.7.1 Objec t ive  ev.idence s h a l l  e x i s t  , through the  .use  .of d e s i g n  
review with independent,  a l t e r n a t e  c a l c u l a t i o n s  o r  by t h e  

. : p e r f o r m a n c e  . o f  s u i t a b l e  t e s t i n g ,  t h a t .  t h e  d e s i g n  i s  
adequate  for  i t s  intended func t ions .  

, . 

2.7.2 A m a t e r i a l  c o n t r o l  s y s t e m  s h a l l  e n s u r e  t h a t  o n l y  t h e  
intended .ma te r i a l s ,  appropriaf  e l y  c e r t i f i e d  , a r e  used i n  
t h e  cons t ruc t ion  of the  ybke. -. 

2.7.3 S p e c i a l  p r o c e s s e s ,  such a s  .welding .and n o n d e s t r u c t : i v e  
examina t  i o n  s h a l l  be c o n t r o l l e d  and  a c c o m p l i s h e d  by 
q u a l i f i e d  p e r s o n n e l  u s i n g  q u a l i f i e d  . p r o c e d u r e s  i n  
accordance with acceptable  codes, s tandards ,  e t c  . 

2.7.4 A system, t r aceab le  t o  recognized s tandards ,  s h a l l  be pro- 
v i d e d  . for  . t h e  , c a l i b r a t i o n  o f  m e a s u r i n g  a n d  t e s t i n g  . 

equipment used i n  f u l f i l l m e n t  of the  requirements of these  
c r i t e r i a . .  

. . . . , . 

2.7.5 A l l  nonconformances s h a l l  be r e f e r r e d  t o  the  d e s i g n e r  f o r  
t approval  of o r  d i r e c t  ion  fo r  correct . ive ac t  i on .  

2.8 Documentation and Record Reten t ion  

-2.8.1 A w r i t t e n  record s h a l l  be. made of t h e  v a l u e s  upon which 
acceptance is  based for  a11 items r equ i r ing  c e r t i f i c a t i o n s  
o r  acceptance t e s t i n g .  

. . 

2.8.2 A copy of the  f a b r i c a t i o n  procedures ,  with each s t e p  i n i -  
t i a l e d  by t h e  i n - p r o c e s s  i n s p e c t o r  t o  . i n d i c a t e .  s a t i s -  
f a c t o r y  completion, w i l l  be r e t a ined  as a record .  

.2.8.3 Copies of a l l  o the r  records required by ANSI N14.6 s h a l l  
be r e t a i n e d .  

2.8.4 A l l  r ecords  s h a l l  be r e t a i n e d  . for  the.  l i f e  of t h e  yoke ,  
p lus  ,one year .  

3.0 CRITICAL ITEMS L1,ST . .. 

. . 
3.1  either t h i s  yoke nor any component ' thereof  is considered t o  be a  

c r i t i c a l  i tem as defined by ANSI N14.6. 
. , 

. . 
4.0 OPERATING PROCEDURE 

4.1 Determine which cask model is to  be l i f t e d .  

4.2 P u l l  t he  ex tens ion  r e t a i n i n g  pins .  



4.3 Adapt t he  yoke as follows fo r  the  FSV-1 cask. 

4 .3 .1  P o s i t i o n  the  ex tens ions  with the t runnion end down. 

4 .3 .2  Replace the  r e t a i n i n g  pin i n  the  lower ho les  of the arms. 

4.3.3 P l a c e  t h e  s p r e a d e r  p i n  t h r o u g h  t h e  s t r o n g - b a c k  h o l e s  
marked "FSV. " 

. 4 . 4  Adapt the  yoke as follows for  t he  NLI 112 cask.  

4.4.1 P o s i t i o n  the extensions with the l i f t i n g  palms down. 

4.4.2 Replace t he  r e t a i n i n g  pins i n  the upper holes  of the arms. 

4.4.3 P l a c e  t h e  s p r e a d e r  p i n  t h rough  t h e  s t r o n g - b a c k  h o l e s  
marked "NL." . 

4.5 Adapt the  yoke as follows for  t he  NAC-1 cask. 

4 .5 .1  P o s i t i o n  the extensions with the l i f t i n g  palms down. 

4 .5 .2  Replace the  r e t a i n i n g  pins i n  the  lower holes  of the arms. 

4.5.3 P l a c e  t h e  s p r e a d e r  p i n  t h r o u g h  t h e  b o t t o m  h o l e s  of 
I tem 22, Drawing 535D-T-5001. 

4.6 Allow the  yoke to  hang f r e e l y  from t h e  c r a n e  w i t h  t h e  h y d r a u l i c  
c y l i n d e r  i n  the cont rac ted  pos i t i on  and v i s u a l l y  confirm t h a t  both 
arm extens ions  a r e  v e r t i c a l .  

4.7 Verify t h a t  t he  cy l inder  is  f i l l e d  w i t h  t h e  f l u i d  t o  be used t o  
a c t u a t e  i t  ( a i r  o r  w a t e r ) .  S e e  S e c t i o n  4 . 3 1  f o r  p u r g i n g  
i n s t r u c t i o n s .  

4.8 I f  t he  yoke is  not a l ready  on the  c rane ,  b r i n g  t h e  hook ( 2 5 - t o n ,  
i f  t h e  l o a d  i s  e q u a l  t o  o r  l e s s  t han  25 t o n s ;  o t h e r w i s e ,  t h e  
135-ton hook) under t he  top pin and r a i s e  t o  engage the  pin.  

4.9 I f  e i t h e r  s ide  of the  hook has m r e  than 112 i n c h  c l e a r a n c e  w i t h  
t h e  inboard edge of the  yoke, add s p a c e r s  t o  e i t h e r  s i d e  of t h e  
hook and keep it cente red .  The yoke may have t o  be r e l e a s e d  from 
t h e  hook to  do t h i s .  

4.10 When an opera tor  can work i n  t he  immediate  v i c i n i t y  of t h e  yoke 
(e .g . ,  cask on t r a i l e r ) ,  the  arm extensions may be moved manua l ly  
( r a t h e r  than by hydraul ic  system) by removing t h e  e x t e n s i o n  p i n ,  
p ivo t ing  the  ex tens ion  u n t i l  i t  c l e a r s  the t runnion ,  and once f r e e  
of  t runnion i n t e r f e r e n c e ,  r e tu rn ing  the extensions t o  i t s  l i f t i n g  
p o s i t i o n  and r e i n s e r t i n g  the  pin.  



4.11 When the ca sk  is  upr igh t  i n  the work a r e a  w i t h  t h e  ( i n n e r )  head  
a c c e s s i b l e  and the cask i s  ready t o  go i n t o  t h e  p o o l ,  s c r ew  t h e  
r equ i r ed  number of s t uds  i n t o  the head ( p i n  t h e  s t u d s  t o  t h e  NL 
cask) .  

4.12 . Screw guide pins  'into . t he  cask. 

6 4.13 Attach the adap te r ,  un ique  t o  t h e  ca sk  b e i n g  p r o c e s s e d ,  t o  t h e  
. yoke. Open . the  yoke: arms. 

/ . \ '  . 

4.14 Bring the yoke. and adaptor  over the cask. . Lower them c a r e f u l l y *  
and guide the head s tuds  through the  ho les  i n  the adap to r .  Allow 

. . . . , t h e  adaptor t o  "bottom out" on the  head..  . . 
. . . . 

4.15 In  t h i s  p o s i t i o n ,  the ope ra to r  may want t o  c lo se  ,and open . t he  arms 
t o  v e r i f y  t h a t  t runnion engagement and disengagement is  f u n c t  i on -  

. . . . : i n g  without  . i n t e r f e r ence - .  Open the yoke. arms. . : .  . 
, _ .  . I . . .  

4.16 Run a standard nut and a locknut onto each s t u d  u n t i l  t h e  t o p  of 
: t h e  s t u d : i s  f l u s h w i t h  the upper s ide  of t h e ' u p p e r n u t .  

. . . .  . . , 

NOTE: Use locknuts  one time only. - 
2 '  . .  . ' I . . ,  

. . -  
Slowly r a i s e  t h e  yoke ,  u n t i l  t h e  a d a p t o r  i s  v e r y  n e a r ,  b u t  no t  
touching,  the lowest nu t .  Run a l l  s tandard nu t s  down on t h e  s t u d  

. . . , u n t i l  . i t  . j u s t  niakes c o n t a c t .  wi th  the adaptor .  . . 
. ' .  . . 

Run a l l  l o c k n u t s  down on t h e  s t u d  u n t i l  t h e y  s e a t  a g a i n s t  t h e  
,. . . s tandard  nu t .  

NOTE: This s t e p ,  once performed, should not . have  t o  be, . r e p e a t e d  
f o r  a given adaptor lhead makeup. 

4.19 Return t.he yoke and adaptor  t o  the "bottom out" p o s i t i o n  and c lo se  
t h e  yoke arms. . 

. .  , ,4.20 Move , the .cask t o  the pool f l o o r .  - .  

. . 
4.21 Open the yoke arms. V i s u a l l y  v e r i f y  t h a t  t h e y .  a r e  i n  t h e  f u l l  

open pos i t i on .  

4.22 Slowly r a i s e  yoke u n t i l  head c l e a r s  the cask and guide  p ins .  

4 . 2 3  Wash down yoke and head as  they emerge from the pool. , : 
. . 

*If  the block has a tendency to  cock due to  the d i r e c t i o n  of r o t a t i o n  of 
t he  sheaves,  t r y  t o  manually t u rn  i t s  p o s i t i o n  b e f o r e  i t  engages  t h e  
s t u d s  . 



The head may be s tored  on a s u i t a b l e  s tand w i t h  t h e  a d a p t o r  l e f t  
i n  p l a c e  w i t h  t h e  head .  Detach  t h e  a d a p t o r  from t h e  yoke by 
removing the four  b o l t s  which secure the adaptor  t o  the  yoke. The 
yoke is then a v a i l a b l e  for  o ther  uses .  

The cask is  r e t r i e v e d  from the  pool with the  yoke/adaptor /head i n  
t h e  con£ i g u r a t i o n  of Step. 4.23. 

A s  the  decending yoke nears  the  cask, maneuver t he  crane u n t i l  t he  
l o n g e r  g u i d e  p i n  engages  t h e  g u i d e  h o l e  ( s l o t )  on t h e  h e a d .  
Descend f u r t h e r  and engage the second guide p in .  

Descend f u r t h e r ,  v i s u a l l y  guarding aga ins t  head cocking, u n t i l  t he  
head s e a t s  p roper ly  on the cask and the  yoke a d a p t o r  bo t toms o u t  
on the  head. 

Close the  l i f t i n g  arms t o  engage the  l i f t i n g  t runnions or  socke ts .  
Confirm v i s u a l l y .  

L i f t  the cask '  t o  t h e  su r f ace ,  washing as i t  emerges from the  pool ,  
and t r anspo r t  it t o  t h e  work a r ea .  

CAUTION: Do no t  a t t e m p t  t o  r o t a t e  t h e  ca sk  o n t o  o r  . f r o m  t h e  
t r a i l e r  with the adaptor i n  place.  

Remove adaptor ,  s t uds ,  and guide pins from the  cask and s t o r e  f o r  
t h e  next use of a s i m i l a r  cask model. 

To purge t h e  a c t u a t i n g  cy l inde r  of one f l u i d  by another .  

4.31.1 Open the  bypass valve.  

4.31.2 A t t a c h  one l i n e  t o  t h e  s o u r c e  of  t h e  d e s i r e d  f l u i d .  
D i r ec t  the  open end of the o ther  l i n e  t o  a s u i t a b l e  d r a i n  
o r  off-gas vent ing system. 

4.31.3 Rotate  the  cy l inder  assembly about the  base p in  u n t i l  t h e  
p i s t o n  is  h o r i z o n t a l ,  w i th  t h e  i n l e t  / o u t l e t  p o r t s  down 
when purging water from t h e  sys t em o r  w i t h  t h e  p o r t s  i n  
t h e  h ighes t  p o s i t i o n  when purging a i r  from the  system. 

4.31.4 S t a r t  the  flow of the des i red  f l u i d .  

4.31.5 Manually force  the p i s ton  back and f o r t h  w h i l e  o b s e r v i n g  
t h e  e f f l u e n t  . Continue t h i s  opera t ion  u n t i l  t h e  e f f l u e n t  
i s  f r e e  of the f l u i d  being purged. S t o p  t h e  f l ow  a t  i t s  
source .  

4.31.6 Close the  bypass valve.  

4.31.7 Connect t he  two ' l i n e s  t o  the  des i red  f l u i d  source.  



4.31.8 Rotate  the  cy l inde r  assembly t o  i t s  normal p o s i t i o n  and 
secu re  the  p i s  ton end r e t a i n i n g  pin.  

5 .0  MAINTENANCE AND REPAIR 

5.1 Enough Neolublea may be a p p l i e d  t o  t h e  b e a r i n g  s u r f a c e s  of t h e  
lower cen t e r  p in  as needed t o  cover t he  bear ing su r f ace .  

Any component of t h i s  s y s t e m  may be r e p l a c e d  w i t h  a s i m i l a r  
component which h a s  been manufac tu red  and t e s t e d  t o  t h e  same 
s p e c i f i c a t i o n s  as the  l a t e s t  accepted r e v i s i o n  of t h i s  design.  

A l l  r e p a - i r s  t o  components s h a l l  be s u b j e c t  t o  t h e  f o l l o w i n g  
cond i t i ons .  

5.3.1 The damage s h a l l  be descr ibed i n  w r i t i n g ,  a long  w i t h  t h e  
recommended r e p a i r  procedure.  

5.3.2 Repair procedures must have the  approva l  of t h e  d e s i g n e r  
o r  t he  yoke cus tod ian .  

5.3.3 Repairs s h a l l  be s u b j e c t  t o  t h e  same s p e c i f i c a t i o n s  as  
a p p l i c a b l e  t o  t h e  l a t e s t  r e v i s i o n  of t h e  yoke d e s i g n ,  
inc lud ing  s t r e s s  a n a l y s i s ,  f a b r i c a t i o n ,  t e s t i n g ,  e t c  . 

5.4 A record of any component r ep l acemen t  o r  r e p a i r  s h a l l  become a 
p a r t  of t he  permanent record of each yoke. 

5.5 Adaptors w i l l  have s epa ra t e ,  ind iv idua l  h i s t o r y  f i l e s .  

I 6.0  IDENTIFICATION 

6.1 A name p l a t e  s h a l l  be s ea l -we lded  t o  one of t h e  two v e r t i c a l  
s e c t i o n s  of t he  yoke, located beneath the  lower four-inch p i n  and 
above the  i n t e r f a c e  a r ea  of adaptor attachment.  

6.2 . The prototype yoke of t h i s  design w i l l  be i d e n t i f i e d  as  AGU-1 and 
t h e  var ious  components w i l l  be stamped 1-A through 1-0 a s  shown i n  
Figure A-1. Any subsequent yokes of t h i s  design w i l l  be s e r i a l l y  
numbered and s i m i l a r l y  stamped w i t h  t h e  s e r i a l  p r e f i x  and t h e  
a lphabe t i c '  s u f f i x .  

6 .3  The name p l a t e  s h a l l  include the  phrase "Load l i m i t  30 tons ." 
6.4 Adaptors w i l l  have nameplates seal-welded on to  t h e  upper  s u r f a c e  

of the  c i r c u l a r  p l a t e .  Adap to r s  f o r  FSF c a s k s  w i l l  have  an F 
p r e f i x  f o l l o w e d  by a s e r i a l l y  numbered s u f f i x .  Adap to r s  f o r  
NLI 112 w i l l  use the p r e f i x  L and those for  the NAC cask w i l l  use  
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the p r e f i x  C .  A l l  adaptors w i l l  be labeled ' l o a d  l i m i t  1000 
pounds." 
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ABSTRACT 

¶ he hardware and ope ra t i ng  techniques envisioned f o r  a  Spen t  Fue l  Cask 
F l e e t  S e r v i c i n g  F a c i  1 i t y  (FSF) have  been d i s c u s s e d  i n  c o n s i d e r a b l e  
d e t a i l  i n  previous r e p o r t s .  This r epo r t  complements t he  e a r l i e r  ones i n  
t h a t  it desc r ibes ,  i n  genera l  t e r m s ,  a  s y s t e m  f o r  t h e  c o n t r o l  of t h e  
many a c t i v i t i e s  assoc ia ted  with t he  FSF. Using as  a  base t he  genera t ion  
and  r e t , e n t i o n  of r e c o r d s  t o  t r a c k  t h e  c o n t i n u i n g  r e c e r t i f i c a t i o n  
r e q u i r e m e n t s ,  t h e  s y s  tem becomes i n t e g r a t e d  w i t h  s c h e d u l i n g ,  spar ,e  
p a r t s ,  ope ra t i ng  procedures,  etc ' .  

To emphasize t he  s i m p l i c i t y  of t h e  sys t em,  i t  is  d e s i g n e d  t o  o p e r a t e  
u s ing  a  micro, o r  "personal" computer, with a  cos t  o f .  l e s s  than $3500. 
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1 .0  INTRODUCTION 

T h i s  r e p o r t  i s '  a s p i n - o f f  of t h e  c o n c e p t  o f  ' t h e  F l e e t  ' S e r v i c i n g  
F a c i l i t y .  (1,  2) That is the  term used t o  descr ibe  an i n s t a l l a t i o n ,  t h e  
main purpose of which is  t o  supply a l l  of the  maintenance, s e r v i c e s ,  and 
r e q u a l i f i c a t i o n  requirements for  a f l e e t  of ' spent  f u e l  c a s k s  and t h e i r  
a s soc i a t ed  v e h i c l e s .  A f l e e t  of s eve ra l  cask models,  s e v e r a l  c a s k s  of 
each model, and many i n t e r c h a n g e a b l e  components making up each ca sk  
p r e s e n t s  a f o r m i d a b l e  c o n t r o l  p roblem i n  a s s u r i n g  t h a t  a l l  o f  t h e  
r equ i r ed  t e s t i n g  and maintenance can mesh with r egu la r  cask usage. 

I d e a l l y ,  a F l ee t  Serv ic ing  ~ a c i l i t ~  (FSF) should be located and operated 
a s  a pa r t  of a cask unloading s i t e .  This w i l l  give the  g r e a t e s t  number 

, o f  casks exposure t o  the main tenance  f a c i l i t y  , w i t h o u t  d e v i a t i n g  frbm 
t h e i r  in-service t r a v e l  p a t t e r n s .  Whether b u i l t  a s  an add-on t o  an 
e x i s t i n g  AFR o r  cons t ruc ted  as  an i n t e g r a l  p'art of some new f a c i l ' i t y  
such as a terminal  s to rage  s i t e ,  s t u d i e s ( 2 )  have  shown t h a t  t h e  more 
n e a r l y  i n t e g r a t e d  t h e  FSF w i t h  t h e  c o m p a n i o n  f a c i l i t y ,  t h e  more 
e f f i c i e n t  the  combined ope ra t i ons .  This  i n t e g r a t i o n  can be even more 
c o m p l e t e  i n  t h e  s o f t w a r e  sys t ems  t h a t  s u p p l y  management  w i t h ,  t h e  
in format ion  needed t o  run these  f a c i l i t i e s ,  day by day and year by yea r .  

I t  might do well  a t  t h i s  point  t o  s t a t e  some th ings  t h a t  t h i s  r e p o r t  i s  
n o t .  

It is not an exe rc i s e  i n  computer p rograming .  

I t  is not an academic analys , is  of da ta  base management. 

I t  i s  no t  an advocacy  f o r  a "b l ack  box" t o  r e l i e v e  management  
personnel  of t h e i r  app rop r i a t e  r e s p o n s i b i l i t i e s .  

To n u l l i f y  the not ion t h a t  an e l a b o r a t e  computer  sys t em i s  needed t o  
perform the  tasks  descr ibed i n  t h i s  r e p o r t ,  t h i s  sy s t em i s ,  d e s c r i b e d  
a s  u s i n g  one of t h e  new, low-pr iced  (<$3500)  micro-computers  ; t h e  
so-cal led "personal" computer. The system, shown i n  Figure 1 ,  c o n s i s t s  
of a terminal  with 32K RAM, and CRT d i s p l a y ;  a 150 character-per-second,  
program-controlled matr ix  p r i n t e r ;  and dual "floppy" da t a  s t o r a g e  d i s k s  
wi th  340K bytes  of memory. Data a r e  processed by the  PET BASIC program 
language and t e x t s  a r e  processed using t h e  "Wordpro 111" t e x t  e d i t i n g  
package. 

Our purpose i s  t o  demonstrate t h a t  a c o m p a r a t i v e l y  s i m p l e  sys t em can 
provide a g rea t  deal  of information as a management t oo l  i n  working with 
a complex f l e e t  of Type B packages. Although we have l imi ted  ou r  scope  
t o  spent fue l  casks,  packages for  HLW, TRU, e t c  . , could be included with 
l i t t l e  a d d i t i o n a l  e f f o r t .  

The premise is t h a t  a c e n t r a l  f a c i l i t y  has been e s t a b l i s h e d  t o  p r o v i d e  
t h e  necessary maintenance for  a f l e e t ,  of casks.  I f  the cask f l e e t  w i t h  



which i t  would be conce rned  were an  e x t r a p o l a t i o n  of t h e  equipment  
c u r r e n t l y  ava i l ab l e ,  w e  may assume: 

The f l e e t  may c o n s i s t  of as many as  e i g h t  d i f f e r e n t  m d e l s  of casks 

Some p a r t s  may be interchangeable  between ca sk  models  w h i l e  o t h e r s  
may not be interchangeable  w i th in  models of the same cask 

A s  many as  a  dozen o r  so  c a s k .  owners may be i n v o l v e d ;  r e q u i r i n g  
d i f f e r e n t i a t i o n  among records ,  t e s t s ,  purchases ,. e t c .  

The t r a n s p o r t i n g  veh ic l e s  (power u n i t s  excluded) w i l l  be s u b j e c t  t o  
maintenance procedures,  schedules ,  and some form of c e r t i f i c a t i o n .  

A l l  of t h e  t e s t s  and r e p a i r s  n e c e s s a r y .  f o r  c o m p l i a n c e  w i t h  USNRC 
requirements  f o r  each component of each cask sys tern w i l l  be performed i n  
t h e  FSF. The two s a l i e n t  ob j ec t i ve s  of FSF management should be: 

To a s su re  t h a t  no ca sk  e v e r  i s  i n  a c t i v e  s e r v i c e  w i t h  an e x p i r e d  
c e r t i f i c a t i o n  or  on an unroadworthy veh ic l e  

1 
! To keep the out-of-service time f o r  each u n i t  t o  a  minimum. 

Th i s  r epo r t  r e l a t e s  s p e c i f i c a l l y  t o  the  sof tware support f o r  management 
of the f a c i l i t y .  It h a s  two s p e c i f i c  g o a l s  i n  t h a t  i t  must p r o v i d e  
a c c u r a t e  and t i m e l y  i n f o r m a t i o n  f o r  a  q u a l i t y - a s s u r a n c e  i n t e n s i v e  
program and it must func t ion  as  a  p a r t  of an o v e r a l l  d a t a  base  s y s  tem, 
a s  opposed to  a  s epa ra t e ,  s a t e l l i t e  system. A complete computer code i s  
not  presented because  each  code would have  t o  be deve loped  t o  f i t  a  
s p e c i f i c  need. A s u f f i c i e n t  number of subrout ines  i s  i n c l u d e d  t o  show 
i n  some d e t a i l  j u s t  how the var ious  components of the system i n t e r a c t  t o  
ach ieve  the des i red  end. Since the computer language used i s  BASIC, the 
l o g i c  s ta tements  can be followed r e l a t i v e l y  e a s i l y .  

.The advantage t o  be gained by u s i n g  a  more s o . p h i s t i c a t e d  .computer  i s  
t h a t  of reduced processing time. 



2.0 DESCRIPTION 

'..The' d a t a  base c o n s i s t s  of abput 15 f i l e s ,  f o r  purposes of i l l u s t r a t i o n .  
More may evolve a s  the system i s  adapted to  a  given f a c i l i t y .  The f i l e s  
a r e  i d e n t i f i e d  and descr ibed i n  Table 1. I n  T a b l e  2 ,  t h e  i d e n t i t y  of 
each f i e l d  i s  shown f o r  the i nd iv idua l  records  t h a t  make up each  f i l e .  
~ a c h  f i l e  c o n s i s t s  of "i" records  ( n  = 1 t o  i )  and "j" f i e l d s  ( n  = 1 t o  
j ) ,  so a  va r i ab l e  X ( i ,  j) w i l l  p e r t a i n  t o  one ,  and o n l y  one ,  i t e m  o f '  
d a t a  i n  the e n t i r e  d a t a  base.  Thus, any item of d a t a  i s  a v a i l a b l e  f o r  
ope ra t i ons  t h a t  may a f f e c t  i t  as  a  r e s u l t  of proces'sing t h a t  f i l e  o r ' a n y  
o t h e r  f i l e  i n  the system. Since the 3% RAM obvious iy  w i l l  hot accom&- 
d a t e  a l l  the  d a t a  needed i n  such a  sys t em,  f i l e  a c c e s s  must be con- 

. t r o l l e d  v i a  b l o c k  a d d r e s s  s y s t e m s  w i t h  t h e  v a r i o u s  b l o c k s  b e i n g  
' a s s o c i a t e d  with known increments of the f i l e .  This can be a l l e v i a t e d  o r  , 

a v o i d e d  w i t h  l a r g e r  memory b a n k s  t h a t  a r e  a v a i l a b l e  w i t h  o t h e r  
computers. . . 

The f i r s t  f i e l d  i n  each record (except  # l o )  i s  t h e  "key," i n  t h a t  t h e  
o r d e r  of t h e  r e c o r d s  i n  t h a t  f i l e  i s  d e t e r m i n e d  by t h e  numer' ic o r  
a lphabe t i c  sequence of t h i s  key f i e l d .  F i l e  #10 i s  a  continuous 10-year 
ca lendar  which i s  used to  convert  da tes  of the form M O / D A / Y R  t o  a  form 
more amenable t o  c a l c u l a t i n g  elapsed time, and then convert ing the  newly 
c a l c u l a t e d  da t e  back to  the  more common form. Subroutines a r e  l i s t e d  t o  
i l l u s t r a t e  how t h i s  is done, a s  w e l l  a s  t o  g i v e  an i n d i c a t i o n  of t h e  
s i m p l i c i t y  of the BASIC program l anguage .  F i l e  /I8 5 s  un ique  i n  t h a t  
F i e l d  2 i s  so r t ed  numerical ly  w i th in  r e p e t i t i v e  numbers of ' F i e ld  1. 

Table I1 provides  an overview of the complete da t a  base.  From t h i s ,  one 
can see  how en te r ing  a  sh ippe r ' s  code number a s  a  d e s t i n a t i o n  i n  F i e l d  7  
of F i l e  5  c a n  p r o v i d e  t h e  means by which t h e  s h i p p e r  I s  d a t a  can  be 
i d e n t i f i e d  and accessed from F i l e  13. To the depar ture  t ime, en te red  i n  
F i e l d s  4 and 5  of F i l e  5, can be added t h e  s c h e d u l e d  t r a v e l  and t u r n -  
a round  t i m e  from F i e l d s  7,  8 ,  and 9 o f  F i l e  1 3  t o  d e t e r m i n e  t h e  
es t imated  da t e  of r e t u r n  t o  be i n s e r t e d  a u t o m a t i c a l l y  i n t o  F i e l d  8  o f  
t he  proper record of F i l e  5. S i m i l a r l y ,  F i l e  8  which c o n t a i n s  each  
c r i t i c a l  component,  w i l l  be r e f e r e n c e d  a s  a ca sk  i s  s c h e d u l e d  f o r  
d e p a r t u r e  ( ~ i l e  5 )  and a l l  t h e  components of t h a t  ca sk  s y s t e m  a r e  
i d e n t i f i e d  ( ~ i l e  7 )  and the c e r t i f i c a t i o n  s t a t u s  of each  component i s  
checked ( ~ i l e  8 ) .  I f  "estimated da t e  of re turn"  i s  l e s s  than t h e  " d a t e  
due1' f o r  any component i n  F i l e  8  (p lu s  a  s a f e t y  margin) then  the  "out of 
s e rv i ce"  f l a g  i s  r a i s ed  i n  F i e l d  9 of F i l e  5  and a  message i s  p r i n t e d  
s t a t i n g  t h a t  the cask i s  out of s e r v i c e  and f o r  what r e a s o n ,  by p a r t  
number, and t e s t  requirement.  

The keyboard inqui ry  system i s  an important management f e a t u r e .  . It i s  
d iscussed  i n  more d e t a i l  i n  a  fol lowing sec t ion .  



3.0 SYSTEM OPERATION 

Eight  unique input  forms a r e  required t o  opera te  t h i s  system. These a r e  
descr ibed  i n  Sec t ions  A-1 through A-8. A l l  but the  f i r s t  make use  of a 
r o u t i n e l y  used r epo r t i ng  document ( p a r t  r e q u i s i t i o n ,  r e c e i v i n g  r e p o r t ,  
e t c . )  f o r  the des i red  da t a  and these forms should be designed wi th  t h i s  
use i n  mind. Item 1 i s  simply a complete record f o r  wh icheve r  f i l e  - i s  
t o  be expanded. 

Input  d a t a  i s  man ipu la t ed  by d i r e c t i n g  i t  t o  r o u t i n e s  which per form 
assigned funct ions ; and these  r o u t i n e s ,  i n  t u r n ,  may c a l l  s u b r o u t i n e s  
f o r  such jobs as f i l e  updating o r  information p r i n t o u t .  

A s  an example of how the  system would be accessed,  once t h e  program i s  
loaded and ready to  run: 

Operator :  RUN (Typed on keyboard) 

Computer: SELECT THE DESIRED ACTIVITY BY ENTERING THE INITIAL LETTER. 
(Visual d i sp l ay  on CRT) 

New d a t a  
Ar r iva l  
Departure 
Serv ice  s t a t u s  change 
Component reassignment 
Pa r t  r e q u i s i t i o n  
Receiving repor t  
Test  
Keyboard inqui ry  

Suppose, for  example, t h a t  the opera tor  wishes t o  add a new r e c o r d  i n t o  
a f i l e .  The opera tor  would respond: 

Operator :  N 

Computer: WHICH FILE? 

M Master C Cask I . D .  S Suppl ier  
N Inventory K Cert Cont . 0 Owner 
L Cask Act ' t y  T Test Q Certs  
P Cask Control R Shipper 

I f  t he  f i l e  t o  be expanded i s  t h e  i n v e n t o r y  f i l e ,  t h e  o p e r a t o r  would 
respond with : 

Operator :  N 

The computer would then request  da t a  t o  f i l l  exac t ly  one record  of t h a t  
f i l e ,  t o  which the  opera tor  would respond as each quest ion is  asked. 



Computer: PART NUMBER? 
QUAN. ON HAND? 
REORDER LEVEL ? 
REORDER OUAN.? 

. . 
STORES L ~ c . ?  
LEAD TIME ? . 
UNIT PRICE? 
CERT. NO.? 
CERT. NO.? 
CERT. NO.? 

A ' ' ca r r iage  re turn"  without  i n p u t t i n g  a c e r t i f i c a t i o n  i d e n t i f i c a t i o n  
number w i l l  terni inate  the i n p u t  s equence .  A t  t h a t  t ime  t h e  computer  
code "INSERT" ( see  I1 A-8) w i l l  p l a c e  t h e  new r e c o r d  i n  par t -number 
'numerical o rder  i n  the  inventory f i l e .  Note t ha t  program "INSERT" w i l l  
i n s e r t  the  record i n  i t s  proper sequence i n  a f i l e  of 2000 r e c o r d s  w i t h  
about 15 t o  20 comparisons. 

A. System Input  

1. New items or changes 

Input  : The complete new record for  each a f f ec t ed  f i l e .  

System ( 1 )  I n s e r t  t h e  new r e c o r d ,  i n  s e q u e n c e ,  i n t o  t h e  
Response : approp r i a t e  f i l e .  

( 2 )  Check o ther  f i l e s  and update  them a c c o r d i n g l y ,  

. . o r ,  i f  the necessary companion record is  missing 
from another f i l e ,  p r i n t  out a message regarding 

. . t h e  m i s s i o n .  

( I t  is through t h i s  type of e n t r y  t h a t  t h e  o r i g i n a l  
f i l e s  would be s e t  up.) 

2. Cask Arr iva l  

Input  : F i l e  number, cask (body) p a r t  number, d a t e  and '  t i m e  
of  a r r i v a l .  

System (1 )  Replace the previous "a r r iva l "  d a t a ,  bu t  do not  
Response: change t h e  e x i s t i n g  d e p a r t u r e  d a t a .  ( L a t e r ,  

comparisons of a r r i v a l  and depar ture  d a t e s  w i l l  
i n d i c a t e  whether the  cask is in-house o r  on t h e  
road. ) 

( 2 )  Compare elapsed t r a v e l  time w i t h  c o r r e s p o n d i n g  
d a t a  i n  SHIPPER* ( t r a v e l  t ime  p l u s  t u rna round  
t i m e  f o r  t h a t  s p e c i f i c  s h i p p e r )  and  f l a g  

- - 

*References t o  f i l e s  a re  i n  upper case cha rac t e r s .  



d i f f e r e n c e s  of > kx for  r a i l  shipments and > +y 
f o r  t ruck.  

( 3 )  P r i n t  out a  l i s t i n g  of SOP'S and c h e c k l i s t s  t o  
be a v a i l a b l e  a t  each work s t a t i o n  a s  t h e  ca sk  
system is  processed through the  f a c i l i t y .  D i t t o  
f o r  spec i a l  too l  k i t s  . 

( 4 )  P r i n t  ou t  t h e  n e x t  c e r t i f i c a t i o n  ' t e s t i n g  due 
d a t e  for  each component i n  t h e  sys tem.  I f  any 
due da t e  is wi th in  x days for  r a i l  o r  y  days fo r  
t r u c k ,  s e t  t h e  o u t - o f - s e r v i c e  f l a g  a u t o m a t i -  
c a l l y .  

( 5 ) update  HISTORY f o r  , a l l  cask components . 
. . 

3. Cask Departure 

Input  : (At the time the depar ture  is  f i r s t  scheduled.) 
F i l e  number (CASK ACT), cask (body) p a r t  number, t r i p  
pack number and d e s t i n a t i o n  code. 

System (1 )  Replace p r e v i o u s  d e p a r t u r e  d a t a  w i th  c u r r e n t  
Response : t r i p  in£ ormat ion.  

( 2 )  Check a l l  components w i th in  t h e  system f o r  ' n e x t  
c e r t i f i c a t i o n  t e s t i n g  due-date and f l a g  ou t -o f -  . 

s e r v i c e  i f  t h a t  da t e  f a l l s  due i n  l e s s  than,  for  
example, twice the scheduled t r a v e l  time. 

. . 

( 3 )  Compare cask makeup with SHIPPER t o  v e r i f y  t h a t  
. . . . t h e  cask model and i t s  assoc ia ted  i n t e r n a l s  a r e  * .. 

c o m p a t i b l e  w i t h  t h e  r e q u i r e m e n t s  of  t h a t  
r e a c t o r .  

( 4 )  Compare cask c a p a c i t y  w i t h  t h e  number of f u e l  . . 
assemblies  remaining i n  t h e  c u r r e n t  commitment 
and i f  l e s s  t h a n  a  f u l l  l o a d ,  p r i n t  o u t  a  
message f l a g .  

Input  : (At the time of ac tua l  depa r tu re . )  
. F i l e  number, cask (body) p a r t  number, d a t e ,  and t ime 

of depa r tu re .  

System (1) Update HISTORY f o r  each component. 
. . Response : 

( 2 )  Compare da te  and time-out versus  da t e  and time- 
i n  and determine in-house turnaround time. 

( 3 )  Update est imated da t e  of r e t u r n .  



, 4 .  In-service Change 

Input  : The out-of-service code i n  CASK ACT w i l l  be changed 
au toma t i ca l l y  when t e s t s  a r e  needed o r  when t h e y  a r e  
s a t i s f a c t o r i l y  completed. This  code may be changed 
v i a  manual input t o  take casks out of s e r v i c e  ( e .  g .  , 
f o r  r e p a i r s )  and a s  a sys tern ove r r ide  t o  r e t u r n  them 
t o  s e rv i ce .  

Sys t e m  E i t h e r  method of input w i l l  update HISTORY. 
Response : 

5. Component Reassignment ' ( to  o r  from a cask) .  Note: "Storage" i s  
. assigned a "cask number." . 

Input  : Component f i l e  number (INVENTORY), component number , 
new "Locat ion." , 

, . . . 
System' ' (1)  update CASK $D ( 2  P /N ' s )  
Response.: ( 2 )  update  HISTORY 

6. Test  Performed 
. . 

Input  : F i l e  number (CERT O N ) ,  p a r t  number,," d a t e ,  and 
. .  , test  r e s u l t s .  

S.ys tern ( 1 )  Determine  n e x t  due d a t e  and u p d a t e  t h a t  
Response : f i e l d  i n  the  record. 

( 2 )  Scan CASK ACT and remove the  OOS f l a g  i f  no 
o t h e r  component of t h a t  sy s  tern i s  d e l i -  
quent . 

7.  Pa r t  Requ i s i t i on  

Input  : F i l e  number (USAGE) ,  p a r t  number,  q u a n t i t y ,  
d a t e ,  job 

a 
Sys tem ( 1 )  Decreases quan t i t y  on-hand (QoH) i n  I N V E N -  
Response : TORY 

( 2 )  Compares new QOH t o  reorder  l eve l  (ROL). 
I f  QOH < ROL, the system w i l l :  

a .  genera te  a new record i n  ACT ORD i n d i -  
c a t i n g  an a c t i v e  order, .  

b .  p r i n t  out a s e r i a l l y  numbered P u r c h a s e  
O r d e r  t o  t h e  c o d e d  v e n d o r  f o r  t h e  
r eo rde r  q u a n t i t y  (ROQ) wi th  c e r t  i f i c a - ,  
t i o n  requirements l i s t e d  on the order .  



c. g e n e r a t e  memo on t h e  p r i n t e r  g i v i n g  
p a r t  number,  QOH, d u e  d a t e ,  o w n e r ,  
desc- r ip t  ion.  

d .  ACT ORD d a t e  due w i l l  be de te rmined  by 
o r d e r  d a t e  p l u s  l e a d  t i m e  ( f r o m  
INVENTORY . 

( 3 )  Assign cos t  of p a r t  t o  the  job number a s s i g n e d  
t o  the work being done a s  a  p a r t  of t h e  cos t i n g  
sys  tem. 

( 4 )  . Updates t h e  u sage  r a t e  f o r  t h a t  p a r t  for t h e  
previous 6 months ( o r  1 y e a r ,  e t c .  as a  m n i t o r  
of reorder ing  parameters.  

8. ~ e c e i v i n g  Report / ~ n v o i c e  

Input  : F i l e  name (ACC ORD), p a r t  number, P.O. 41, RR 41, 
d a t e  received,  quan t i t y  received,  c e r t  s rece ived ,  
u n i t  cos t . .  

System ( 1 )  Compares c e r t s  reque'sted t o  c e r t s  r e c e i v e d  ; 
Response : places  f l a g  bes ide  q u a n t i t y  r e c e i v e d  u n t i l  

a l l  c e r t s  a r e  i n  compliance. 

( 2 )  Calcu la t e s  d e l i v e r y  t ime  and u p d a t e s  l e a d  
time (INVENTORY) by a  weighted f a c t o r  

( 3)  Updates p r i c e  (assuming LIFO account ing ) 

( 4 )  Compares usage  r a t e  t o  ROL, ROQ, and l e a d  
' t i m e .  P r i n t  ou t  . r e s u l t s  f o r  management  

i n £  o.  

( 5 )  Updates QOH i n  INVENTORY when p a r t s  a r e  OK'd 
f o r  use.  

I n  a l l  of the foregoing,  the system response can, and should, be v a r i e d  
i n  accordance with the s p e c i f i c  needs of the user .  

B . Sys tem Output 

1.  Automatic Output 

Previous mention has been made of t h e  a u t o m a t i c  r e s p o n s e s  t o  
c e r t a i n  modes of i n p u t  t o  t h e  d a t a  b a s e .  I n  a d d i t i o n ,  a  
p e r i o d i c  output ( d a i l y ,  weekly) of the following i n f o r m a t i o n  i s  
app rop r i a t e .  

( 1 )  Cask numbers and da t e  due t o  r e t u r n  to  the s i t e  d u r i n g  t h e  
next  x  days. 



( 2 )  Tes t s  due t o  be performed wi th in  the  next x days. 

I ( 3 )  Quanti ty  of f u e l  remaining a t  each  r e a c t o r  a p p l i c a b l e  . t o  
t he  cu r r en t  shipping commitment. 

( 4 )  P a r t s  received but l ack ing  a l l  c e r t s .  , 

I ; 
( 5 )  ~ n v e n t o r )  l i s t i n g  and va lue ,  by owner. 

. . 
( 6 )  Casks ,o r  components out of s i r v i c e  and reason. 

( 7 )  Cask u t i l i z a t i o n  f a c t o r s .  

( 8 )  Ant ic ipa ted  t e s t i n g ,  schedules  by week, month. 

2 .  Keyboard Inqu i ry  

A u se fu l  a t t r i b u t e  of any d a t a  base system i s  the p r o v i s i o n  f o r  
t h e  user  t o  ask f o r  s p e c i f i c  i n f o r m a t i o n  by t y p i n g  i n q u i r i e s  
i n t o  t h e  sys t em.  By a c t i v a t i n g  a  c e r t a i n  program and t h e n  
supplying answers t o  ques t ions  p r i n t e d  on t h e  c o n s o l e  s - c r een ,  
t he  system w i l l  d i sp l ay  (on the CRT) o r  p r i n t  out the r e s p o n s e .  
Fqr example : 

Computer: INFORMATION REQUESTED? 
Operator :  COMPONENT LOCATION 
Computer: PART NUMBER? . . 
Operator :  84-4378 
Computer: PART NUMBER 84-4378 IS A RELIEF VALVE ASSIGNED TO 

CASK 81-1002 (CP&L OWNED I F - 3 0 0 )  DISPATCHED ON 
10124183 TO MEGAJOLT REACTOR. EDR IS 11/17/83. 

S imi l a r  i n q u i r i e s  could include : 

Number of helium leak  t e s t s  t o  be done between November 1 and 
December 1 

p a r t  numbers with the 10 h ighes t  usage r a t e s .  

H i s t o r i c a l  d a t a  on p a r t  number xxx between two da t e s  

Why is  cask yyy out of s e r v i c e ?  e t c .  

Some General Comments 

The pa r t  number should be given c a r e f u l  c o n s i d e r a t i o n  a s  t o  i t s  s t r u c -  
t u r e .  The f i r s t  d i g i t  might de f ine  the pa r t  as  being: 

1. a cask component (body, head, ba ske t ,  e t c .  ) 
2. a  s t o r e s  i tem 
3. a  s p e c i a l  p a r t ,  expendable (cask sit-down d i s k )  



4. a  s p e c i a l  p a r t ,  nonexpendable ( l i f t i n g  yoke) 
5. e t c .  

Thus, on ly  pa r t  numbers beginning wi th  the d i g i t  "1 , I 1  f o r  example,  need 
be  screened f o r  c e r t i f i c a t i o n  s t a t u s .  S imi la r  expediencies  would a p p l y  
t o  the o ther  d i g i t s .  The second d i g i t  might  i d e n t i f y  t h e  p a r t  number 
wi th  a  s p e c i f i c  cask  model ( i . e . ,  1 t o  9) o r  a s  a  g e n e r a l  p a r t  n o t  
a s s o c i a t e d  with any s p e c i f i c  cask (@). A s i m i l a r l y  coded t h i r d  d i g i t  
might be used, o r  the remaining d i g i t s  cou ld  be un ique  t o  each  g i v e n  
p a r t .  Coding of c e r t i f i c a t i o n  r e q u i r e m e n t s ,  t e s t  i d e n t i f i c a t i o n ,  
s tandard  opera t ing  procedures ,  e t c  . , should be cons i d e r e d  i n  a  s i m i l a r  
manner . 
The c o n t r o l s  which monitor cask compl.iance can be a p p l i e d  e q u a l l y  w e l l  
t o  the Q.C. instrument c a l i b r a t i o n  con t ro l  needs, w i t h o u t  s e t t i n g  up a  
s e p a r a t e  system f o r  t h i s  v i t a l  func t ion .  

Data ava i l ab l e  i n  the p a r t s  c o n t r o l  p o r t i o n  can be s e t  up t o  p r o v i d e  
i n p u t  t o  t h e  c o s t i n g  sys tem.  It  can a d a p t  t o  e i t h e r  LIFO o r  FIFO 
c o s t i n g ,  with cur ren t  inventory va lue  always a v a i l a b l e  w i th in  minutes. 

Job shop cos t ing  f i t s  i n  e a s i l y  i f  t ime  c a r d s  a r e  d e s i g n e d  w i t h  t h e  
system i n  mind. This a f f o r d s  the opt ion of b i l l i n g  p a r t s  and s e r v i c e s  
on the b a s i s  of time and m a t e r i a l s .  O r ,  i f  a  f i xed  p r i c e  f o r  each  job 
i s  i n v o i c e d ,  a c t u a l  pe r fo rmance  can  be compared t o  t h e  " s t a n d a r d "  
charge ,  subdivided to  the ex t en t  des i r e d .  

A s  a  s epa ra t e  e n t i t y  on t h e  same ha rdware  sys  tem,  a  $200 i n v e s t m e n t  
enables  one t o  include word processing (or  t e x t  e d i t i n g )  c a p a b i l i t i e s .  
A s  procedures a r e  prepared, they a r e  s t o r e d  i n  t h e  magnet ic  memory of 
t h e  floppy d i sks .  In  the word p r o c e s s i n g  mode, words ,  s e n t e n c e s ,  o r  
paragraphs can be added or  de le ted  very q u i c k l y .  Through " sea rch  and 
change" commands, a  given s t r i n g  of cha rac t e r s  can be changed throughout 
t h e  document t o  any o the r  spec i f i ed  s t r i n g .  For  example ,  "SOP 12345, 
Rev. 6 , "  can be changed ,  anywhere i t  a p p e a r s ,  t o  r ead  "SOP 1 2 3 4 5 ,  
Rev. 7 , "  and new c o p i e s  of  t h e  u p d a t e d  p r o c e d u r e  c a n  be t y p e d  
au toma t i ca l l y  with a  very low p r o b a b i l i t y  of e r r o r s  (un l e s s  they a l r eady  
were i n  the s tored  ve r s ion )  a t  a  r a t e  of one page p e r  m i n u t e .  Merging 
t h i s  c a p a b i l i t y  w i t h  t h e  document c o n t r o l  r e q u i r e m e n t s  of a  g i v e n  
f a c i l i t y  would r e q u i r e  a d m i n i s t r a t i v e  p r o c e d u r e s  u n i q u e  t o  e a c h  
f a c i l i t y .  

I f  more than one FSF were t o  e x i s t  and c a s k s  were r o u t e d  t o  them on a  
more o r  l e s s  random b a s i s ,  a  p e r i o d i c  d a t a  exchange cou ld  keep a l l  
systems cu r r en t .  In t h i s  s i t u a t i o n ,  however, i t  would be b e t t e r  t o  s e t  
up one c e n t r a l  s t a t i o n  with te rmina ls  a t  the o the r  f a c i l i t i e s  a c c e s s i n g  
t h e  system on a  time-share b a s i s .  

Conclusions and Recommendations 

Th i s  r epo r t  provides one approach t o  overseeing the QA requirements  of a  
cont inu ing  r e c e r t i f i c a t i o n  program f o r  a  v a r i e t y  of c a s k s  a t  any g i v e n  



se rv i c ing  f a c i l i t y .  The l i ke l i hood  of more than one s e r v i c i n g  f a c i l i t y  
warran ts  the need t o  examine the r a m i f i c a t i o n s  of t h i s  c o n t i n g e n c y  i n  
more d e t a i l .  

I t  is recommended t h a t  some c o m p u t e r i z e d  s y s t e m  be f o r m u l a t e d  f o r  
r e c e r t i f i c a t i o n  c o n t r o l  before  an FSF is pu t  i n t o  o p e r a t i o n .  An ade- 
q u a t e  s y s t e m  would a p p e a r  t o  e x c e e d  t h e  c a p a b i l i t i e s  of  m a n u a l  
record-keeping. 
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TABLE 1 

FILE DESCRIPTIONS 

Tag* - 
M 

F i l e  No. 

1  

2 

3 .  

Name 

MASTER Pa r t  d e s c r i p t i o n  

INVENTORY 

ACT ORD 

Primary inventory con t ro l  f i l e  

Act ive order  f i l e  for  p a r t s  
o rdered ;  r ece iv ing  incomplete 

Running usage r a t e  "Requisit ion" . ' 

f i l e  
USAGE 

Cask s t a t u s  and loca t ion  CASK ACT 

CASK CONT Record of SOP'S (ope ra t i ona l  and 
t e s t )  f o r  each cask component 

Record of components i n  each cask 
sys  t e m  

CASK I D  

CERT CONT Record of each test required for  
each component; d a t e  l a s t  
performed and next da te  due 

HISTORY 

DATES 

A compilat ion of every a c t i v i t y  
af f e c t  ing  each cask component 

A ca lendar  of the  number of d;lys 
from an a r b i t r a r y  s t a r t i n g  da te  
of the l a s t  day of each m n t h  for  
x years  

A record descr ib ing  each t e s t  in 
use 

11 TESTS T 

12 SHIPPER R Tnformat ion pe r t a in ing  to  each 
sh ipper  

13 SUPPLIER S 

14 OWNER 0 

15 CERTS Q 

Name and address of each supp l i e r  

Name and address of each owner 

C e r t i f i c a t i o n  requirements 
d e s c r i p t i o n  

*This is the va r i ab l e  unique ,to each f i l e .  



2 IumnmnI 
3 m o w  

9 n 1 s i a m  

10 DATES 
H 
H 
I I1 Tens 
C 
W 

11 SHIPMI 

TABLE 2 

FILE RECOBD DESCRIPTION 

Qmmmtifr 9. 0.  lo .  V Code M. ord. Dt. dUL . d 8.  . M. CerC. Mrt. C.ll. 

C w m l l l y  D.I. 3-b 6-. t m l .  

OI. i n  TIY i n  m. our tie out I.. a t  m.r. mn 00s cod. h a d  TL- E mad ~ n .  

sm MII SO? 10s JW h.t =st nsr  test T Z . ~  

TI* 

sen* 
Cod. 

1 

D..cl'ie 
cia 

*Ir 

I...= 

h . C .  

uq - *nd.r suntic. 
10C - 10C.ti.. 
005 - hit of s e n i c e  
ED. - E.c~-.t*d rime of re.- 
rn - rra-1 r x r  to 
mf - h s - 1  Z i u  1- 
TAT - Turn . r d  lLr 
ffi - k c  *ra.vt.bl. 
SOP - Slamdud npr.%inl p r d m z .  

&dd to h i p  ?arb 

6 I 

too l  K i t  ircvt or. 

Li..".. w* 

Cit. s t .  

crtr st. 

h r r  
CwlE 



COMMODORE PET PERSONAL COMPUTER SYSTEM 

FIGURE 1 
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The p r e p a r a t i o n  of t h e  complete computer p r o g r a m  t o  h a n d l e  t h e  t r a n s -  
a c t i o n s  of t h e  FSF would be more voluminous than  c o m p l i c a t e d .  F o r  t h e  
most p a r t ,  i t  c o n s i s t s  s imply of ". . . i f  X ( i ,  j )  is  changed,  t h e n  l o c a t e  
Y ( i ,  j ) and m.ake a  c o r r e s p o n d i n g  c h a n g e  ." Some of  t h e .  s u b r o u t i n e s  
i n v o l v e  more l o g i c  so a  few examples a r e  p r e s e n t e d .  

A r o u t i n e  e n t i t l e d  "DATES", P a g e  A-2, w l l l  g e n e r a t e  a  c o n t i n u o u s  
c a l e n d a r  f o r  any number of f u t u r e  y e a r s ,  l i s t i n g  t h e  l a s t  day of e a c h  
month. A l l  d a t e s  recorded throughout  the  sys tem would be s t o r e d  i n  t h i s  
con t inuous  form. A p r i n t o u t  of t h i s  r o u t i n e  i s  shown on P a g e  A-3. A 
s i m i l a r  r o u t i n e  "CALEN , ' I  on Page A-4, g e n e r a t e s  a  f i l e  cons i s  t i n g  of t h e  
same d a t a .  Th i s  f i l e  then is used i n  such a p p l i c a t i o n s  a s  "DATE DIF,"  
on Page A-5, which w i l l  c a l c u l a t e  t h e  number of d a y s  be tween  any two 
d a t e s  g iven i n  t h e  form M / D / Y .  The r o u t i n e  "DATEREAD" w i l l  c h a n g e  any 
of , the  c o n t i n u o u s  d a t e s  ( t h e  t y p e  i n  memory) . t o  t h e  form M / D / Y  f o r  
r e p o r t i n g  purposes ( see ,  Page A-6).  he l a s t  example g i v e n ,  on Page A-7, 
i s  a  program, "INSERT," which w i l l  i n s e r t  a new record  i n t o  an  e x i s g i n g  
f i l e  i n  i t s  proper  sequence by e l i m i n a t i n g  from f u r t h e r  t e s t i n g  h a l f  of 
t h e  r e c o r d s  remaining a f t e r  each t e s t .  

. . 

These a r e  working p r o g r a m s  b u t  t h e y  c a n n o t  be s a i d  t o  be a b s o l u t e l y  
d e b u g g e d .  Anyone a t t e m p t i n g  t o  make u s e  o f  t h e  l a s t  e x a m , p l e  i s  
c a u t i o n e d  t h a t  it was w r i t t e n  a s  though rows and co lumns  a r e .  r e v e r s e d  

. . 
between f i l e  r ead ing  and f i l e  use .  

Some e x p l a n a t i o n  of t h e  v a r i a b l e s  used i n  "INSERT." 

I1 . The number of . i t ems  i n  each - record  ( s e e  Table  11) :  

R 1 The number of r e c o r d s  i n  t h e  f i l e .  I t  i s  shown a s  ma.nua1 
i n p u t  i n  t h i s  program; i n  p r a c t i c e  i t  would be t h e .  f i r s t  b i t  
of  d a t a  i n  each f i l e .  

F ( J , I )  The "key" t o  each r e c o r d .  Th i s  i s  more e a s i l y  handled i f ,  it 
i s  numeric.  The r e m a i n d e r  may be n u m e r i c  o r  a l p h a b e t i c ,  
r e p r e s e n t e d  by F$(J ,K) .  . , 

Z ( I )  The "key" (numeric)  t o  t h e  record  t o  be i n s e r t e d .  ' The o t h e r  
i t e m s ,  z$ ( I )  may be numeric o r  a l p h a b e t i c .  

U and L Upper and lower l i m i t s  of the  p o s s i b l e  range of r e c o r d s  i n t o  
which t h e  new record  may f a l l .  

Note t h a t  t h e  ou tpu t  i s  t o  t h e  p r i n t e r .  I n  p r a c t i c e  i t  would " w r i t e  
over"  t h e  o r i g i n a l  d a t a  f i l e .  

IIA-I 



- 

DATES 

This program generates a continuous calendar, such as listed on the 
following pages. 

130 FOR 1=1 TO 12:REitD Pl$(Ij:tJEXT 
140 PHI t.IT "STHRT WITH THE .YEAR 1 9 A B 1 " ;  
150 INPUT S 
160 PRI!JT "AND Er4D WITH THE YEAR 13 J B l " ;  
170 INPUT E 
180 OPEN1 .o 4 : C:MD 1 
190 OPEN 2.-4,2 
200 OPEtQ, 4,1 
210 F$=" 9399 fii" 
220 F K I  tJT#2, F$ 
230FKI t4T# I ,CHH$ i l~ , "  Y E H R "  
240 PRIbIT#l, " "-. 
250 FOR I=S Ti! CE-111 
255 PR I NT#I, " I, . .' 
268 PRI  t4T#3, i+1980;  (NEST 
27B F'RINT#3.. E+1908 
280 PKIidT#1,U----------------------------------------------------------------ll' ................................................................ , 
281 FRItjT#1, "============" 
290 FUR J=(!s-80 j TO (E-80) . 
'300 FOR 1=1 TO 12  
310 ti=N+D(I) 
320 I F  I = 2  HND .Ts,'4=INT( J/4j THEN N=N+1 
330 Ti; I, J j=N 

I 340 t.IEXT : NEXT 
350 FOR I = 1  Te 12 

. 360 PRINT#l , "  ".;Pl$cI>;t' 1 ' ' ;  
376 FOR. J=iS-80) TO (E-81) 
380 PRItJT#3,T(I,JI; 
330 NEXT 
480 PRINT#3,TCI,(E-80)) . 
410 NEXT 

520 PRI  NT#3 : C i O S E 3  
999 END 

KEHDY. 



1982 1 1983 1 1984 1 1985 1 1986 i 1987 1 1988 1 1989 1 1998 1 1391 1 ............................................................................ ............................................................................ 
JAt4 1 31 1 396 1 761 11127 I1492  11857 12222 12588 12953 13318 1 
FEE 1 59 1 424 1 730 1 1155 1 1520 1 1885 I 2251 1 2616 1 2981 1 3346 1 
MRR i 30 1 455 1 821 1 1186 1 1551 1 1316 1 2282 I 2647 1 3812 1 3377 1 
-RPR 1 120 1 485 1 851 1 1216 1 1581 1 1946 1 2312 1 2677 1 3042 1 3407 1 
MAY 1 151 1 516 1 882 I 1247 1 1612 1 1977 1 2343 I 2708 1 3073 1 3438 1 
JUN 1 181 1 546 1 312 1 1277 1 1642 1 2807 1 2373 1 2738 1 3103 1 3468 1 
JUL I 212 1 577 1 943 1 1308 1 1673 1 2038 1 2404 1 2769 1 3134 1 3499 1 
RUG i 243 i 608 1 974 1 1339 1 1764 1 2869 1 2435 1 2800 1 3165 1 3530 1 
SEP 1 273 1 638 1 1004 1 1369 1 1734 1 2099 1 2465 1 2830 1 3195 1 3560 1 
OCT 1 304 1 669 1 1035 1 1400 1 1765 1 2130 1 2496 1 2861 1 3226 1 3591 1 
NOV 1 334 1 699 1 1865 1 1430 I 1795 1 2160 1 2526 1 2891 1 3256 1 3621 1 
DEC 1 365 1 738 1 1096 1 1461 1 1826 1 2191 1 2557 1 2922 1 3287 1 3652 1 



CALEN 

Th i s  program g e n e r a t e s  a  cont inuous  c a l e n d a r  and w r i t e s  i t  t o  a 
floppy-disk f i l e  for future reference.  

8 PRINT "HND END WITH THE YEAH 19-"' 
38 OPEN 15,8,15 
30 DIM D ( i 2 )  .# M$( 1Z>, T8 (  12,12> 
1 0 0  JjfiTfiB1,28) 31,3@, 31,3@, 31,.31,38,31,36,31 
118  FOR I=l TO 12:REHD D<I> :NEXT.  
1 4 0  PEIt4T "START WITH THE YEnR 1 9 "  
158  ItJPUT S 
160  PRIt4T "Rt4D END WITH THE YEAR 1 9 "  
1 7 0  I NPClT E 
.3s@ FoF; J=(5-8@> (E-80) * -* 
308  I=l TO 12 
3 1 0  ~I=N+D(I:~ 
3 2 0  I F  I=2 fit.jD J)4=1/.jT(J/4> THEN N=N+i 
3-6 3 T 9  (I, .J>=STR$(t.jj 
348 NEXT : NEXT 
345  CR$=CHR$ ( 113 j 
.:, c .-,.-I@ C1F'Et.j 2 .1 8; 1 4  .. " : [:F(LREAD, SEQ'., WR 1 TE" 

a. - ". "....a 355 1;usIJB ikiuu 
3 6 0  FOR J=(!s-8!3:1 Ti11 (E-8!3> 
376 FOR I=l TI:I 12 
386 PR I tJT#2 .I T$ ( 1 .a J :> .; CR9 ; 
.-a 8-8 .a05 PR I t4T T$ ( I ,I J > I 
.- - 9 .::st t.jEXT: tdE::.::T 
390  CLOSE2 
399 Et.jB 
1000 1 t#'UT# 15 ., Ei*j$, E?1$ ., ET9 ., E:3$ 
1810 I F  EN$="@Q" THEH j?'ETURt.I 
1033 PRINT EREilf;' i1t.j D I ! sMH 
1838 F'R 1 NT Et.j$ ., EM$ .# E l $ ,  ES$ 
1848 CLOSE2 
1058 12i1 Ti11 999 

REfiDY. 

I IA- 4 



DATEDIF 

Lra'c3. REP1 :THIS PROI~RHPI WILL DETERMINE 
1 10 REb1 THE NUMBER OF DHPS BETWEEt-4 
1 2 8  REPI .THC1 DRTES FI:IRMRTTED fiS M,)D,.?7 

, . , 130  REM F.'f.lPl 1 /3!3,..'81.3 ''DATED I i- ' . 
sfi Vi=@ : : t..+u : I =@ : Z=Q : .J=O : ;{=a : I-.- - 

208 DIP1 T1::13., 1:3::1 
2 1 8  1:lPEf.j 15., :3., 15 
2213 F'RIt.jT#15., " 18" 
2 3 0  13il::;;UE: 5:QGj 
2 4 0  111pEtJ 32 ; ;2 ,  '1 4, Il.0 ; C::;~LREI=~D., S ., Fc " 
258 J=1 TO 12 
.-; .- - 
r . l = t & j  FIIIE I = 1  Ti11 12 
.-, --1 - ~ i . u  If4PI-lT#3~., T <  I ., .,J::I 
?:=;GI .RS=ST *-.. 
2 9 0  I F  E::;=64 THEN 5 1 0  
3 8 0  t.iEXT : tdEXT 
310 F'HifiT "TYPE TlJil DfiTES EI=iC:H IN THE 
3 2 0  PR I NT ''I FORMfiT M/DrJ1+ .a SEPfjHfiTED 
3 3 0  PRIr.,/T "BY fi ..'COpl?lfi..' 
340 1 t.JPUT C$. ( 1 > ., C$ (2 > 
:359 fi=A+1 
:36;0 FI~IR S=1 Ta  5: 
3 7 8  I F  MID$.I:C$(A> , !sz  1 )=11)11 ?ki-(Etd '468 
:380 i.]EXT 
'scl TI11 3 1 0  .,'-. 
480 t./=t.i+ 1 
418  X (~ .~ : : I =~# )HL(MID$<~ :$ (~~>  ., C;+l S-~-G::I) 
420 I;=!;; : I F  t4=2 THEr.4 430 : @j TI:I 380 
425  C;I:I Ti11 330 
438 I=X(~: : I  :D=X(z> 
435 J=c:~,,!~~L(RII;HT$(C$(B~ .,2:):>:.1-73 
437 I F  1:1-1:1>..5 TdEt.4 4 4 8  
438 I = 1 3  : J=J- 1 
440 Z ( H ) = T ( ( I - 1  ;I.,J>+D ' 

4513 I F  A:::.1. 5 iHEr.1 4 7 8  
468 td=O : C;=Q : 121-1 'TI:I 350 , 

-., 465 PRINT i ( l > . , Z < z '  ..I 

478 PR 1 i.JT fl ELfiF'!sED DiqC!:; = " , 7' 1:: 2 > -2 .. . L. 1.. 1 :I 
4 9 8  CLOSE :1;2 : Ei.jD 
808 1 t.IPUT# 15 ., El42 ., EM$ ., ET$ ., E:s$ 
8 1 0  1 F Et.l$= "OQM THEW RETI-igt-j 
i = : 3 f i  - &- - PF;I!.JT "j=Rt;.:~:lR C1i.j DISi:::" 
838 PR I HT " Et.49 8 EP1$ ., ET$ .# ES$ 
8 4 9  ~::LI:ISE 15 
.:,I= - ,-,.-lkl Ebjll 

;yfi1li,'. 



DATE READ 

REM THIS PRCIGR~~M CHANGES 
118 REM TIt4UOUS CALfiNDER DATES TO 
120 REM THE FORMAT 'i'lM,.'DD/YY. 
138 REM PtJMC 1 /38/88. DfiTERERD 
.3@0 Jj=@ : I=@ : J=Q h 

210 D I M  T(1Zc 12) 
220 CIPEf.4 15.t 8.8 15 
230 PHItdT#15, "I@" 
240 CiO!3IJB 888 
258 0PEt.j 16  8 ., 1 3 ,a " i3 C:ALRERD .I S .a R " 
560 FOR J = l  TO 12 
.- --# d i ~ ' F ( j E  I=l TO 12 
280 It-pUT#l&., T( I ., J::l 
290 RS=!C;T 
3130 I F  ES=64 THEr-4 328 
3 10 ~ E X T  : NEXT 
:320 PRINT HCOt+)ERT TdE DATE' 
3313 I ~.IF'UT 11 
c .:,r .d,.l IF D=B TiiEk.4 458 
348 IF Dc355*(Jj TdEN 348 
345 PRINT "DfiTE CiUT OF F:At-IGE. ' . 

34& C;O ~111 328 
348. K=.J 
358 FOR .J=1 TO K 
.>cc 
.-*.-l.-l FR I NTJ ., 
360 I F  J=K+1 THE14 488 
.-, 9 - .:,la~i I F  D((T(1.,J)-31> THEN 390 
380 t.jEXT .T 
13913 J=J-1 
4013 I = 1  TO 12 
485 PRIt.ITT( I .I J::l 
4 18 1 F D=(T ( 1 , J::I Ti1Ei.l 421  
420 ~ . ~ E X T  
421 : L=.J 
422 I F  I-1=O THEiJ it4=1:3 
*42:3 I F  i14=13 THE!.] J=J- 1 
435 D=D-T 1:: W- 1 ., J 1:) 
448 PRIf.jT 1 .; ll ..I 1" 'D ; I  I t  . +Ti4 

1. .I C ,  - 
445 J = K :  GO Ti11 333 
,450 C:LI:I!:;E~& : Et.j11 
8138 1 t.jPUT# 1 5 ., Er.J$: ., Ei';!$, ET$, ES$ 
3 18 1 F EfJ$="@@" Ti.1Eij RETUF:td 
533 PE I i.jT " EF:EIIIR Oi..l D 1 Sb.1 
830 PR 1 AT Et.j$ .; EM$.; E"r$ ,; ES$ 
840 C:LI:I!:;E 15 
350 Et.ID 

... - - ;ZtH1!f1 

I IA- 6 



INSERT 

18 REP1 THIS PROGRAM IS USED TO IiJSERT A NEW RECORD INTO AN 
28 HEM EXISTING SEQUENTIAL FILE. PNNC -- 9r"0. 
100 PRINT "FILE NiiNE TO BE EXPANDED, AND THE NUMBER OF ITENS IN THAT FILE" 
113 INPUT Q$# 1 1  
120 FL$="l: "+Q$+"JS,Rn 
130 O P E N ~ ~ , ~ J ~ J F L $  
140 PRINT "WHAT IS Rl" 
156 INPUT R1 
160 DIN F(R1+1,1) 
170 DIM F$(R1+1~11) 
180 DIN Z(R1+1> 
190. DIN Z$(  I1 > 
200 FOR J=1 TO Rf 
,210 INFUT#~~JF(JI 1) 
220 NEXT 
230 FOR 1=2 TO 11. ' 
240 FOR J=l TO Rl 
250 INPUT#17,F$(J,I> 
260 NEXT : NEXT 
270 PRINT#l?:CLOSE17 
280 PRINT "ENTER NEW RECORD" 
290 INPUT Z(1> 
300 FOR I3=2 TO 1 1  
310 INPUT Z$(IB> 
320 NEXT 
330 .I=INT(R1/2> ' . 
340 U=Rl:L=0 
350 IF'Z(l>>F(RIJ1> 'THEN 400 . . .  

. . 360 IF Z(l><F(I,l> THEN U=I:I=INT((I+L>/2> 
370 IF Z(l)>F(IJl) THEN L=I:I=INT(I+(U-I)/2> 
380 IF.BBS(U-L><=l THEN 450 
390 GO TO 360 . 
400 F(Rl+l J l>=Z(l> . 
410 FOR K=2 TO I1 
420 FB(R~+~JK>=Z$(K> 
430 NEXT 
440 GO TO 540 
450 FOR J=R1+1 TO 1+2 STEP-1 
460 FCJ, l>=F(J-lJ 1) 
470 FOR K=2 TO I 1  
480 FS(J,K>=F$(J-l,K> 
490 NEXT : NEXT 

' 500 F(I+l>l>=Z(l> 
510 FOR I3=2 TO I1  
520 F8(1+1,13>=Z$(I3> 
530 NEXT 
540 OPEN4,4 
590 CHD4 
560 FOR J=1 TO R1+1 
570 PRINT#4JF(J,l>; 
580 FOR 1=2 TO I1 
590 PRINT#~,F$.(JJ I>; 
600 NEXT : NEXT 
61 0 PRINT#4 ; CLOSE4 
620 END 
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ABSTRACT 

a 
This  s tudy is  a  c o n t i n u a t i o n  of work done a t  A l l i e d - G e n e r a l  N u c l e a r  
Serv ices  during 1978 and a  j o i n t  UCC-AGNS e f f o r t  i n  1979-80. The former 
desc r ibes  an independently operated cask F l ee t  Serv ic ing  Fac i  1 i t y  ,(FSF ) 
and l a t e r  compares the  independent FSF with both an i n t e g r a t e d  c o n c e p t ,  
one b u i l t  and operated as an i n t e g r a l  pa r t  of a  f u e l  r ece iv ing  complex,  
and one colocated -- shar ing  a  wal l  -- w i t h  an e x i s t i n g  complex. The 
re fe renced  s t u d i e s  assumed a  fue l  r ece iv ing  r a t e  of 2000 MTU. However, 
t h e  presen t  s i z e  of t he  United S t a t e s  ca sk  f l e e t  l i m i t s  t h e  r e c e i v i n g  
r a t e  t o  approximately 600 MTU/year . The subjec t  s t u d y  examines d e s i g n  
and cos t  comparisons between t h e  600 MTU/year and t h e  2000 MTU/year 
FSF's, both of which a r e  cask f l e e t  s e rv i c ing  f a c i l i t i e s  c o l o c a t e d  w i t h  
t h e  e x i s t i n g  BNFP f u e l  rece iv ing  and s torage  s t a t i o n .  

Two cases  a r e  examined i n  t h i s  study. They a re :  

( 1 )  Receipt  of 600 MTU/year of LWR spent  fue l  assemblies .  

(2)  R e c e i p t s ,  per  C a s e  I ,  and t h e  s h i p m e n t  of 6 0 0  MTU/year of 
disassembled and can i s t e r ed  f u e l .  
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1 .0  INTRODUCTION 

I n  s t u d i e s  r e c e n t l y  pe r fo rmed ,  ( l ,  2, which compared t h r e e  c o n c e p t u a l  
des igns  of cask f l e e t  s e r v i c i n g  f a c i l i t i e s ,  a  f u e l  r e c e i v i n g  r a t e  of 
2000 MTU/year was assumed i n  each  c a s e .  While t h i s  d e l i v e r y  r a t e  is  
app rop r i a t e  for  a  r ep roces s ing  p l a n t ,  i t  i s  about  t h r e e  t imes  l a r g e r  
than might be a n t i c i p a t e d  f o r  an e a r l y  r e g i o n a l  AFR. A l l i e d - G e n e r a l  
Nuclear Serv ices  ' cu r r en t ly  is under con t r ac t  t o  DOE ( ~ ~ - A ~ - 9 7 - ~ ~ 4 7 9 2  1 ) 
t o  fu rn i sh  design and l i cens ing  information prepara tory  t o  conversion of 
a  nuclear  fue l  reprocessing p l a n t ' s  f ue l  rece iv ing  and s to rage  f a c i l i t y  
t o  an Away-From-Reactor (AFR) spent  fue l  s to rage  f a c i l i t y ,  using BNFP a s  
a  model. A fue l  rece iv ing  r a t e  of 2  MTU/day or 600 MTU/year i s  assumed 
f o r  BNFP a s  an AFR. 

I n  t h i s  s tudy we f i r s t  examine the FSF requirements for  an AFR rece iv ing  
spent  fue l  a t  a  r a t e  of 600 MTU/year, and then as a  second c a s e ,  we add 
t h e  r e q u i r e m e n t s  of s h i p p i n g  600 MTU/year a s  d i s a s s e m b l e d  f u e l  i n  
c a n i s t e r s .  The second case represen ts  the s t a r t u p ,  a t  some l a t e r  d a t e ,  
of  a  terminal  s t o r age  f a c i l i t y .  

When eva lua t ing  a  hypo the t i ca l  f a c i l i t y ,  i t  i s ,  of course ,  n e c e s s a r y  t o  
make many assumptions regarding , input  p a r a m e t e r s  . An e f f o r t  is,  made, 
us ing  s e n s i t i v i t y  , a n a l y s e s ,  t o  i d e n t i f y  t h o s e  a s sumpt ions  f o r  which 
v a r i a t i o n s  w i l l  s i g n i f i c a n t l y  a f f e c t  the  r e s u l t s .  Assumptions used i n  
t h i s  study should be compared w i t h  t h e  t h e n - c u r r e n t  s i t u a t i o n  a t  any 
time t h i s  repor t  is referenced for  design bas i s .  

ASSUMPTIONS 

1. The f a c i l i t y  w i l l  s e rv i ce  the t r a n s p o r t a t i o n  sys t ems  r e q u i r e d  t o  
d e l i v e r  600 MTU/year with 75%, by weight,  of t h e  s p e n t  f u e l  be ing  
moved by r a i l  and 25% by l ega l  weight t ruck.  

2 .  The f a c i l i t y  w i l l  be incorporated wi th in  the BNFP SNM l i c e n s e .  

3.  Any required t e s t  fo r  any USNRC c e r t i f i e d  cask can be performed i n  
t h i s  f a c i l i t y .  

4 .  The f a c i l i t y  w i l l  maintain an inventory of s p a r e  p a r t s , .  a s  d e l i n -  
ea ted  by each cask owner, to  be used as r equ i r ed  t o  min imize  cask  
i d l e  time. 

5 .  A l l  r e p a i r s  except those of a  major n a t u r e  ( e . g . ,  d i s t o r t e d  head 
due t o  high impact) w i l l  be performed a t  t h i s  f a c i l i t y .  

6 .  Provis ion  for  decontaminat ion of c a s k s  and p a r t s  is  p rov ided  i n  
a d d i t i o n  t o  t h a t  a l r e a d y .  i n s t a l l e d  i n  t h e  Fuel  R e c e i v i n g  and 
S torage  S t a t i o n  (FRSS) . 



7. Cask/vehicle  inspec t ion  w i l l  be performed p r i o r  t o  each  d e p a r t u r e  
o f  a  ca sk  sys  tern. I n s p e c t i o n s  may i n c l u d e  n o n d e s t r u c t i v e  
examinat ion.  

8 .  Maintenance w i l l  be performed on any equipment  t h a t  i s  a  p a r t  of 
any cask system. 

9. No provis ion  i s  made f o r  s e r v i c i n g  t h e  commercial  r oad  t r a c t o r s  
wh ich  hau 1 the highway casks . 

10. I n  the second phase of the s tudy,  can i s t e r ed  f u e l  i s  removed from 
t h e  BNFP a t  a  r a t e  of 600 ~ T U / ~ e a r ,  a l l  by r a i l ,  t o  a  l o c a t i o n  

I 2400 miles d i s t a n t .  

11. Canis te red  f u e l  i s  disassembled and shipped a t  twice the weight per 
u n i t  volume as  incoming fue 1. 

12. The capac i ty  of incoming r a i l  casks i s  a we igh ted  a v e r a g e  of t h e  
c a p a c i t y  of t h e  s i x  e x i s t i n g  r a i l  c a s k s .  The c a p a c i t y  of t h e  
o u t g o i n g  r a i l  c a s k s  ( c a n i s t e r e d  f u e l )  i s  t h a t  of t h e  l a r g e s t  
e x i s t i n g  r a i l  casks.  

13. The BNFP i s  assumed to  be a  "regional  AFR," so the average d i s t ance  
between the sh ippers  and Barnwell  w i l l  be cons i d e r a b  l y  l e s s  t h a n  
those  of previous s t u d i e s .  

14. Assume f o r  r a i l  shipments: 
( a )  Average d i s t a n c e ,  600 mi l e s  f o r  incoming, 2400 m i l e s  f o r  o u t -  

going 
( b )  Average speed, incoming f u e l ,  5  mi les  per  hour 
( c )  Average speed, outgoing f u e l  (Case 111, 10 mi les  per hour 

, ( d )  Cask loading and unloading time, 2  days each 
( e l  E f f e c t i v e  u t i l i z a t i o n  of casks;  75% f o r  incoming, 90% f o r  out- 

going 
(£1  Avai lable  335 days lyea r .  

15. Assume f o r  LWT shipments:  
( a )  Average d i s t a n c e ,  500 mi l e s  
(b) Average speed, 36 m i l e s  per hour 
( c )  Cask loading and unloading time, 1 day each 
( d )  Cask u t i l i z a t i o n  i s  75% 
( e l  Cask capac i ty  is  1 PWR, 2  BWR1s 
( £1 Avai lable  350 days/year  . 

16. Load r a t i o s  a r e  62% PWR, 38% BWR, by weight,  a l l  m v e s .  

17. Only one cask u n l o a d i n g  p o o l  ( C U P )  i s  t o  be used f o r  u n l o a d i n g  
ca sks .   he o the r  i s  t o  be used f o r  s to r age . )  

Based on the above assumptions, cask needs  and f r e q u e n c i e s  of a r r i v a l  
. a r e  ca l cu l a t ed  as  fol lows:  



Rail-Incoming 

One way t r a v e l  time; 600 miles15 mph = 120 hours  = 5 days 
Time for  one complete t r i p ;  ( 5 x 2 )  + ( 2 x 2 )  = 1 4 d a y s  

' .62 x  .45 MTUIunit x  8  u n i t s  + .38 x  .19 MTUIunit x  20 u n i t s  = 
3.7 MTUIload , average 

600 MTUIyear x  .75 ( r a i l )  ? 3.7 MTU/load = 122 loads lyea r  
3 3 5 d a y s I y e a r  t 1 4 d a y s l t r i p  x  .75 ( u t i l . )  . = 18 l o a d s I y r / c a r  
122 loads /year  t 18 loads /yea r / ca r  = .7 c a r s  

. Average, a r r i v a l  frequency, 365 days lyear  t 122/loads/year  = 
3 days l load  or 1  every 3  days .  

Rail-Outgoing 

One way t r a v e l  time; 2400 mi les / lO mph = 240 hours = 10 days 
Time for  one complete t r i p ;  (10 x  2 )  + (2  x  2 )  = 24 days 
.62 x  .9  MTUIunit x  10 u n i t s  + .38 MTUIunit x  24 u n i t s  = 

9.1 MTUIload 
600 MTUIyear t 9 . 1  MTUIload = 67 loads lyea r  
335 days lyear  t 24 d a y s / t r i p  x  .9 ( u t i l . )  = 12.5 l o a d / y r / c a r  
67 loads lyea r  t 12.5 l oads /yea r / ca r  = 5.3 = 6 c a r s  
Average depar ture  frequency, 365 days lyea r  t 67 loads lyea r  = 

5.4 days l load  or  a l t e r n a t e  5 th  and 6 t h  day depar tures .  

LWT Casks 

One way . t r a v e l  time; 500 mi les  ? 36 mph = 14 hours 
To ta l  time for  one t r i p  ( 1 4 x  2  t 24) + ( 1 x  2 )  = 3 .25days  
.62 x  -45  MTUIunit + .38 x  .19 MTUIunit x  2  u n i t s  = .42,MTU/load, avg 
600 MTUIyear x  .25 (LwT) t .42 MTUIload = 357 loads lyea r  
350 days lyear  t 3.25 d a y s / t r i p  x : . 75  ( u t i l . )  = 81 loads/year /cask 
357 loads lyea r  t 81 loads /year /cask  = 4.4 = 5 casks  
Average a r r i v a l  frequency, 365 days lyear  t 357 loads lyea r  = 1 load /  

day. 



2.0 FACILITY CONCEPT 

2.1 S i t e  

T h i s  f a c i l i t y  would be l o c a t e d  i m m e d i a t e l y  a d j a c e n t  t o  t h e  F u e l  
Receiving and S torage  S t a t i o n  (FRSS) of the Barnwell Nuclear Fuel P l a n t .  
Figure 2-1 shows the proposed se rv i ce  f a c i l i t y  as i t  would a p p e a r  n e x t  
t o  t h e  e x i s t i n g  ( s h a d e d )  FRSS. T h i s  a r r angemen t  h a s  b e e n  demon- 
~ t r a t e d ( ~ )  as  providing f a s t e r  o v e r a l l  t u r n a r o u n d  t ime f o r  c a s k s  t han  
separa ted  s t r u c t u r e s  can provide. 

The f a c i l i t y  would occupy space now a l loca t ed  t o  t h e  berm (be tween  t h e  
bays)  and to  a  port  ion  of the  parking l o t .  The reduct ion  i n  parking l o t  
a r ea  is n e g l i g i b l e .  The loca t ion  of t he  ma in t enance  bay @ h a s  been 
v e r i f i e d  as not i n t e r f e r i n g  with any planned or p o t e n t i a l  e x p a n s i o n  of 
t he  s to rage  pool and access  t he re to .  

2 .2  Funct ional  Descr ip t ion  

2.2.1 F a c i l i t y  Descr ip t ion  

The 600 MTU/year f a c i l i t y  is  f o r  t h e  most p a r t ,  s imp ly  a  scaled-down 
ve r s ion  of the 2000 MTU/year concept descr ibed i n  the  second r e f e r e n c e  . 
The cos t  i s  l e s s  but the economics of s ca l e  a r e  a p p a r e n t .  The Summary 
F a c i l i t y  Descr ip t ion ,  Sect ion 3.2.1 of  Reference 2 ,  i s  used a s  a  gu ide  
f o r  the  following d e s c r i p t i o n  of the 600 MTU/year f a c i l i t y ,  and a  d i r e c t  
comparison of the  two w i l l  serve to  h i g h l i g h t  the d i f f e r ences .  

The e x i s t i n g  crane can handle a l l  cask l i f t i n g .  

E x i s t i n g  bays for  off- loading and re loading  casks w i l l  cont inue t o  be 
used as such e x c e p t  t h a t  highway v e h i c l e s  can be accommodated i n  
e i t h e r  bay while r a i l  c a r s  can use only one of them. 

Areas of p o t e n t i a l l y  high r a d i a t i o n  l e v e l s  a re  arranged i n  a  compact 
a r r a y  with those i n  need of the g r e a t e s t  sh i e ld ing  a t  the  cen t e r .  

Addi t iona l  s t o r age  a r ea  is made a v a i l a b l e  t o  the FRSS as well  as  t h e  
FSF. 

The colocated FSF is  envisioned as a  southward e x t e n s i o n  of t h e  FRSS. 
The c o r e  s t r u c t u r e  which houses  t h e  h i g h  r a d i a t i o n  a r e a s  i s  a b o u t  
45 f e e t  by 85 f e e t  and t h i s  is the only added a rea  requi r ing  s u b s t a n t i a l  
foundat  i o n s .  The r ema inde r  of t h e  100 - foo t  by 200- foot  s t r u c t u r e ,  
except  for  the 15-ton crane-way s u p p o r t s ,  w i l l  r e q u i r e  no more t han  
convent ional  loadings for  l i g h t  i n d u s t r i a l  o p e r a t i o n s .  The c e n t e r  of 
t h e  45-foot by 85-foot core s t r u c t u r e  w i l l  be about 23  f e e t  g r e a t e r  i n  
overhead e l e v a t i o n  than the  ends, so the  roof  of t h e  lower s i d e s  w i l l  
p r o v i d e  room f o r  i n a c t i v e  s t o r a g e  which was no t  a v a i l a b l e  i n  t h e  
prev ious  concepts .  The 15-ton crane se rves  both incoming and o u t g o i n g  
bays as  wel l  as the s torage  and shop area between the bays. The H e a l t h  



Physics  counting room is c lo se  t o  the rece iv ing  .and d e p a r t u r e ,  a r ea s ,  but 
we l l  away from the  high r a d i a t i o n  a reas  of the complex. 

I t  is expected t h a t  the FSF w i l l  be capable of r e p a i r i n g  damaged c a s k s .  
However, c a s k s  damaged so  s e v e r e l y  t h a t  t h e y  cannot  be opened i n  a  
normal way w i l l  be considered on a  case-by-case b a s i s .  The c o n t e n t s  of 
t h e  casks;  spent  f u e l ,  h igh-level  wastes ,  e t c . ,  w i l l  be a  major c o n s i d -  
e r a t i o n  as to  how it is opened and the  k ind  of a r e a  needed t o  pe r fo rm 
t h e  opening or r e p a i r  opera t ions .  The E-MAD F a c i l i t y  i n  J a c k a s s  F l a t s ,  
Nevada, might se rve  as a  c e n t r a l  r ep ' a i r  s t a t i o n  f o r  s e v e r e l y  damaged 
ca sks .  

The o v e r a l l  f a c i l i t y  makeup is nea r ly  i d e n t i c a l  t o  t h a t  of the  2000 MTU/ 
y e a r  c o l o c a t e d  F S F .  The a r r angemen t  of t h e  v a r i o u s  components  i s  
changed to  the  ex ten t  necessary t o  be a s  c o m p a t i b l e  as  p r a c t i c a l  w i t h  
e x i s t i n g  f a c i l i t i e s ,  with a  minimum c o s t .  

Highway v e h i c l e s  may e n t e r  e i t h e r  a v a i l a b l e  bay f o r  o f f - l o a d i n g  o r  
on-loading. Rai l  c a r s  use the  e a s t  bay only. Veh ic l e  ma in t enance  may 
be performed ou t s ide  e i t h e r  bay or  i n  a  s e p a r a t e  ma in t enance  l o c a t i o n  
i d e n t i f i e d  as @ on Figure 2.71. 

Removable i m  a c t o r s  or personnel  b a r r i e r s  a r e  t aken  from t h e  ca sk  a t  
p o s i t i o n s  6 o r  @ and a r e  s t o r e d  i n  a r e a  @ u n t i l  r e a d y  t o  be 
rep laced  a f t e r  the cask has been processed and is  ready t o  leave.  

Once off-loaded, a  cask follows e s s e n t i a l l y  the  same flow p a t t e r n  a s  i n  
convent ional  FRSS opera t ions  excep t  t h a t  c o n t i n g e n c i e s  f o r  r e c e i v i n g  
only  600 MTU/year include the a v a i l a b i l i t y  of o n l y  one Cask Unloading  
Pool (CUP). 

A cask moving to  the  cask maintenance a r e a  ( @ o r  @ on F i g u r e  2- 1 ) 
m u s t  be  l o w e r e d  o n t o  a  s e t  of a i r  p a l l e t s  i n  t h e  w e s t  b a y ,  
p o s i t i o n  0 . While on the p a l l e t s ,  the  cask is then  moved a long  t h e  
f l a t ,  l e v e l  sur face  @ t o  the T6R s t a l l s  of pos i t i on  @ o r  t h e  b a s k e t  
change  s t a t i o n ,  @ . The l a t t e r  a l s o  s e r v e s  as  a  d e c o n t a m i n a t i o n  
s t a t i o n  for  cask received with excessive contamination. 

Two t e s t  and r e p a i r  s t a l l s  a r e  p rov ided  based  on an e x t r a p o l a t i o n  of 
needs determined by computer s imulat ions of the e a r l i e r  concepts.  

The roof over the a reas  for  t e s t  and r e p a i r ,  c leaning equipment s e r v i c e ,  
d e c o n t a m i n a t i o n  and c o n t a m i n a t e d  s t o r a g e  w i  11 p r o v i d e  e x c e l l e n t  
s h e l t e r e d  s torage  for  i n f r equen t ly  used equipment from both t h e  FSF and 
t h e  FRSS. It is acces s ib l e  from the FRSS a t  the  same f l o o r  l e v e l  a s  a t  
pool-side and i s  acces s ib l e  from the FSF work a r e a  by a  j i b  c r a n e .  A 
s e c t i o n  could be extended to  allow se rv i ce  by the 15-ton crane.  

An o f f i c e  a r ea ,  Health Physics  o f f i c e ,  wash rooms, r e c o r d s  v a u l t ,  d a t a  
p r o c e s s i n g  room, e t c . ,  a r e  p rov ided  f o r  t h e  FSF o p e r a t o r s  and f o r  
r e p r e s e n t a t i v e s  of the cask owners . 



2.2.2 Summary Operating Procedure 

( 1 )  Cask systems a re  stopped a t  the s e c u r i t y  access  po r t a l*  where  t h e y  
a r e  su rveyed  f o r  bo th  s e c u r i t y  and p r e l i m i n a r y  H e a l t h  P h y s i c s  
requirements .  

( 2 )  Vehicles w i l l  be parked in s ide  the  s e c u r i t y  a c c e s s  p o r t a l  by t h e  
commercial c a r r i e r s .  A l l  subsequent movement w i t h i n  t h e  s e c u r e d  
a r e a  w i l l  be by p lan t  m t i v e  power. 

( 3 )  Vehicles without excessive contamination w i l l  be routed to  the out- 
s i d e  washdown area  and cleaned of road d i r t .  Those with e x c e s s i v e  
c o n t a m i n a t i o n  w i l l  be t a k e n  i n s i d e  where t h e  v e h i c l e  w i l l  be  
decontaminated u n t i l  acceptable  for  ou ts ide  washing ,  and t h e  cask  
w i l l  be decontaminated i n  the cask and i n s e r t  c leaning a r ea .  

( 4 )  Rai l  cars  w i l l  be brought i n t o  t h e  e a s t ,  o r  r e c e i v i n g  and wash- 
down,** bay. Highway v e h i c l e s  may e n t e r  e i t h e r  a v a i l a b l e  bay. 
Vehicles  w i l l  r e ce ive  s p o t  c l e a n i n g  a s  r e q u i r e d  and be g i v e n  an 
i n spec t ion  for  t r a v e l  damage. 

( 5 )  Removable personnel b a r r i e r s  and impact l i m i t e r s  w i l l  be t aken  o f f  
and moved to  a l oca t ion  i n  the  shop and s torage  bay. 

( 6 )  The loaded cask w i l l  be moved i n t o  t h e  u n l o a d i n g  bay. The ca sk  
w i l l  be a v a i l a b l e  for  immediate l i f t - o f f  as soon as the v e h i c l e  i s  
pos i t ioned  . 

(7) Cask handling from the v e h i c l e ,  i n t o  the  Test  and D e c o n t a m i n a t i o n  
(T&D) P i t  of the FRSS, i n t o  and o u t  of t h e  Cask Unloading  P o o l s  
(CUP), through decontamination and back o n t o  t h e  c a r  i n  t h e  ca sk  
loading  bay w i l l  be i d e n t i c a l  t o  e x i s t i n g  BNFP handl ing procedures,  
except  t h a t  only one Cask Unloading Pool w i l l  be used. 

( 8 )  While the cask i s  i n  the  T&D/CUP complex, the vehic le  w i l l  be mved 
t o  a v e h i c l e  ma in t enance  bay f o r  i n s p e c t  i o n ,  s e r v i c i n g ,  and 
r e p a i r .  

( 9 )  I f  pe r iod i c  checking is  due for  cask q u a l i f i c a t i o n ,  i f  c a sk  r e p a i r  
i s  needed, i f  cask cleaning or  i n t e r n a l s  changeout i s  needed ,  t h e  
135-ton crane ( e x i s t i n g  i n  the  FRSS) w i l l  p l a c e  t h e  cask  on to  an 
a i r  p a l l e t  in  the west bay, on which i t  w i l l  be t r a n s p o r t e d  t o  a 
work s t a t i o n .  

*Not shown on drawings i n  t h i s  r e p o r t .  

**This term is re ta ined  for  e a s i e r  re fe rence  to  the  o ther  FSF c o n c e p t s .  
I n  t h i s  concept,  it might be b e t t e r  d e s c r i b e d  a s  a "spot  c l e a n i n g "  
bay. 



(10) When both cask and vehicle have been processed, the  veh i c l e  w i l l  
move in to  any available loading bay to receive the cask. 

(11) The cask and vehicle w i l l  return t o  the Maintenance and Inspection 
Bay to have impact l i m i t e r s  r ea t t ached ,  personnel b a r r i e r s  s e t  
i n to  place, and Health Physics checks completed. 

(12) The cask system w i l l  be returned to the parking area to w a i t  dis- 
patching for i t s  next load. 

A detailed operating procedure i s  given in  Appendix A. 



1 Washdown 7 Cask & insert cleaning area 
2 Rail car inspection 8 Cask 8, insert service area 
3 Vehicle Maintenance 9 Shop & storage area 
4 Trailer ~nspection 10 Offices. personnel services 
5 Air-pallet path 11 Truck Bay 
6 Test & repair stalls 12 Truck or rail bay 
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BNFP COLOCATED FSF - 600 HTU/YEAR (PLAN VIEW) 

FIGURE 2-1 
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3.0 COMPUTER SIMULATION ANALYSIS 

3.1 Background 

A process simulation analysis was performed on the Independent FSF of 
Reference 1 ( a f t e r  the f ac t )  and on the Integrated and Colocated FSF's 
of Reference 2. IBM's General Process Simulation System (GPSS) was used 
by Union Carbide Nuclear personnel f o r  those ana lyses ,  and the same 
system was used in analyzing the conceptual design on which the current, 
600 MTU/year study i s  based. 

3.2 Analysis of the Concept 

3.2.1 Traff ic  Flow Patterns 

A l l  vehicles a r r ive  a t  and depar t  from the parking l o t .  The i n i t i a l  
queue may form a t  t h i s  location as vehicles  await t h e i r  t u rn  to  e n t e r  
the system. 

A routine unloading of e i ther  r a i l  or t ruck  veh ic l e s  would proceed a s  
follows. Refer to Figure 2-1 f o r  location identifying numbers. 

Location Event 

Parking Lot 
1 
2 
12 
FRSS* 
12 
2 
Parking Lot 

Receiving 
Washdown 
Remove inpact l imiters and personnel barr iers  
Off -load cask 
Cask preparation, cooldown, unloading, decontamination 
Reload cask onto vehicle 
Attach impact l imiters and personnel bar r ie r  
Final survey and release 

While the  cask is being processed i n  the FRSS, the  
vehicle inspection and maintenance takes place i n  Bay 2 
or  3 (or  4, i f  truck). 

Trucks have the option of using a t o  @ t o  t o  FRSS t o  0 ( o r  
12) t o  4 (or 2, 3) t o  parking lo t .  

Excessively contaminated casks d i r e c t l y  t o  @ , then to  
0 (or d i rec t ly  to 0 , i f  to  @ where the cask would 

be cleaned. It then t o  FRSS and is  processed 
fur ther  as in the routine the receipts are  assumed to 
go th i s  route. 

Casks requiring recer t i f ica t ion ,  maintenance, or  basket change are  f i r s t  
unloaded as i n  the  r o u t i n e  mode; but i n s t ead  of re loading  onto the 
v e h i c l e ,  they a re  s e n t  t o  0 t o  @ t o  @, where t h e  work i s  
performed. After recer t i f ica t ion ,  etc. ,  the routine i s  to  @ t o  0 
t o  @ t o  @ t o  parking l o t .  Note t h a t  f o r  t rucks ,  the cask must 



vaca t e  0 b e f o r e  a  v e h i c l e  can be b rough t  i n t o  bay f o r  ca sk  
loading .  

3.2.2 Events 

The e v e n t s  used i n  t h e  a n a l y s i s  o f  t h e  s y s t e m  a r e  p r e s e n t e d  i n  
Table 3-1. 

3 .2 .3  Assumptions 

I n  add i t i on  t o  the assumptions d i s c u s s e d  e a r l i e r  i n  t h i s  r e p o r t ,  t h e  
fol lowing assumptions I r e s  t r a i n t s  govern s imula t ion  dec i s ions .  R e f e r  t o  
Table 3-1. 

( 1 )  Use t he  same ' t i m e  ' e s t i m a t e s  f o r  s h i p p i n g  c a n i s t e r e d  ' f u e l  ( r a i l  
casks  only)  except S tep  7,  Cooldown/Flush w i l l ,  be 0  minutes .  . 

( 2 )  I f  a  t ruck cask r equ i r e s  e x t r a o r d i n a r y  d e c o n t a m i n a t i o n ,  t h e  pre-  
f e r r e d  r o u t i n g  i s  4-11-5-7 f o r  o f f - l o a d i n g .  I f  P o s i t i o n  4  i s  
occupied,  then 2-12-11-5-7 may be u sed .  R a i l  c a s k s  ca* o n l y  go 
2-12-11-5-7. ~ e h i c l e s ' m a y  be assumed to  be removed from the  bay as 
soon as the cask is  gone. Pos i t i ons  5 ,  11, and a  space i n  t h e  T&D 
p i t  must be open t o  remove a  cask from decontamination Pos t ion  7.  

( 3 )   he bay should correspond to  the l i n e  used for  the preceding event .  

( 4 )  The on-loading bay need not be the same as  the off-loading bay, for  
t r u c k s .  

( 5 )  I f  veh i c l e  T&I i s  not, performed, i n - l i ne  with t h e  o f f - l o a d i n g  . . .  bay, 
add '30 minutes t o  . the  T&I time . 

( 6 )  Assume no basket changes for  outgoing shipments ( can i s t e r ed  fue l  t o  
r e p o s i t o r y ) .  Basket changes for  casks with incoming f u e l  ' w i l l  be 
i n i t i a t e d  a f t e r  fue l  i s  unloaded. Pos i t i ons  5  and 11  must be open 
t o  remove a  cask from b a s k e t  c h a n g e .  The c a s k  can occupy P o s i -  
t i o n  11 without  being on a  veh ic l e  w h i l e  t h e ,  c r a n e  i s  u s e d ,  e l s e -  
where. I d l e  time fo r  the cask i n  t h i s  p o s i t i o n  does not change the  
240-minute working time. 

( 7 )  Cask t e s t i n g  and. r e c e r t i f i c a t i o n  times a re  appl icab le  t o  each ca sk  
a t  six-month i n t e r v a l s .  

(8)  The t ime  i n t e r v a l s ,  a s  s t a t e d ,  i n c l u d e  a p p r o p r i a t e  changes  of 
l i f t i n g  yokes and crane pos i t i on ing  time. 

3.2.4 Cases 

Two s p e c i f i c  cases a re  examined, namely: 

( 1 )  The r e c e i p t  of 600 MTU/year i n  the quan t i t y  and mix of s p e n t  f u e l  
casks  as pos tu la ted  e a r l i e r  i n  t h i s  r e p o r t .  



( 2 )  The . r ece ip t  of 600 MTUIyear, a s  i n  Case I ,  p l u s  t h e  sh ipment  by 
r a i l  of 600 MTU/year of d i s a s s e m b l e d ,  c a n i s t e r i z e d  f u e l  t o  a  
western r epos i to ry .  

3 .2 .5  Discussion 

The t ime i n t e r v a l s  of T a b l e  3-1 a r e  a v e r a g e ,  o r  mean, v a l u e s .  The 
d e v i a t i o n  from t h i s  mean time was e s t ab l i shed  based on e i t h e r  a  " t i g h t "  
o r  "wide" d i s t r i b u t i o n  of f50%. With the wide d i s t r i b u t i o n ,  33% o f  t h e  
t ime w i l l  f a l l  ou ts ide  the r a n g e  of +20%, bu t  w i t h  t h e  t i g h t  d i s t r i -  
b u t i o n ,  only 18% o f  i ts  poin ts  f a l l  ou t s ide  t h i s  range. Crane mvements 
fo l l ow  the  t i g h t  d i s t r i b u t i o n ,  and a l l  o thers  use the wide d i s t r i b u t i o n .  
Cask a r r i v a l  times a re  d i s t r i b u t e d  uniformly over a  r ange  of +50% from 
t h e  midpoint of the average i n t e r v a l  between cask a r r i v a l s .  

Summaries of Cases I and I1 fol low,  as Table 3-2, along with h i s t o g r a m s  
showing cask turnaround times and p i t  occupancy. A l l  s t a t i s t i c s  a r e  the 
average of four i n d e p e n d e n t  two-year runs'  a f t e r  an i n i t i a l  two-year 
warmup p e r i o d .  Any d i f f e r e n c e s  of more t han  5 %  be tween  comparable  
numbers i n  the two cases  a r e  considered s t a t i s t i c a l l y  s i g n i f i c a n t .  

3.2.6 Conclusions 

The system ran smoothly i n  both cases .  No f a c i l i t y  has  u t i l i z a t i o n  of 
over  20%, the h ighes t  being the  135-ton crane,  the  CUP, and t h e  P i t  i n  
Case 11. ~ h r o u ~ h ~ u t  times were not a f f ec t ed  by the  a d d i t i o n a l  c a s k s  i n  
t h e  system for  sh ipmen t s  o u t .  T h e .  a r e a s  af f e c t e d  were a s  e x p e c t e d ;  
namely, t he  r a i l  bay, p i t ,  c r anes ,  and vehic le  main tenance  a r e a s .  The 
only  queue of s i g n i f i c a n c e  i n  any run was for  the  CUP, al though o n l y  7 %  
of the  casks waited i n  Case I and 10% i n  Case 11. These wai t s  added an 
average of l e s s  than 15 minutes t o  turnaround times. Even though t r u c k  
casks  were allowed to  e n t e r  v i a  t he  r a i l  r o u t e ,  l e s s  t han  2% o f  t h e s e  
casks  found it advantageous t o  do so. 

One might conclude t h a t  t h i s  conceptual design could handle considerably 
more f u e l  than the combined 600 MTU/year coming i n  plus the  600 MTU/year 
g o i n g  o u t .  How much more would be r a t h e r  academic  a t  t h i s  t i m e .  
Another a l t e r n a t i v e  might be t o  reduce the capac i ty  of the FSF ( t h e  FRSS 
a l r e a d y  e x i s t s  and reducing i t s  capac i ty  -- o t h e r  t h a n  by t h e  e l i m i n a -  
t i o n  of one CUP a s  a l r e a d y  p o s t u l a t e d  -- would be m e a n i n g l e s s  a s  a  
cost-saving endeavor).  From an o p e r a t i o n s  p o i n t  of view, t h i s  FSF i s  
about as small as i t  can be, while s t i l l  accomplishing a l l  i t s  necessary 
func t ions  . 



TABLE 3.-1 

OPERATING EVENTS, 600 MTUIYEAR COLOCATED CONCEPT 

Locat ion* ~ i m e  (8) 
l vent (l) R ~ ~ ~ / L W T  Rail/LWT 

Receiving Parking Lot 125/100 

Washdown 111 35/25 

Extraordinary Decontamination 717(~) 180/150 

Remove Impact Limiters and Personnel Barrier . 212 or 4 . . 60140 

Cask Off-Loading 12/11 or ld3) 45/30 s 

Cask Preparation for Cooldown FRS S 90140 

Attach Decontamination Barrier, Yoke, 
Slings; then Transport to CUP 

Unload Fuel 

Transport to T&D Pit 

Decontamination, Ready to Ship 

Cask On-Loading 

Attach Impact Limiters and Personnel Barrier 

Final Survey 

vehicle T&I 

Basket Change . . 
Cask T&R 

FRSS 

FRSS 

FRS S 

FRSS 

FRSS 

12/11 or 12(4) 

212 or 4(3) 

Parking Lot 

*See Figure 2.1. 



TABLE 3-2 
4 

SUMMARIES 

Receiving Time Case I 

R a i l  
Truck 

1982 rnin 
968 rnin 

Case I1 

1985 rnin 
983 rnin 

Shipping Time 

R a i l  -- 1903 min 

Average Contents Average Contents 

15-Ton Crane* 

135-Ton Crane* 

P a l l e t *  

R a i l  Off* 

Truck Off* 

R a i l  Bay* 

Truck Bay* 

Clean & Basket 0.029 

T&R* 

CUP* 

Vehicle Maintenance* 0.164 

P i t *  0.640 

0.201 (d iv ide  by 2 f o r  
u t i l i z a t i o n )  

0.760 (d iv ide  by 4 f o r  
u t i l i z a t i o n )  

"Denotes d i f f e r ences  of s t a t i s t i c a l  s ign i f i cance  t h a t  e x i s t  between t h e  
two cases .  
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4.0 COST ANALYSIS 

4 .1  Scope 

T h i s  e s t i m a t e  c o v e r s  t h e  p r o j e c t  c o s t s  f o r  t h e  c o n s t r u c t i o n  of a  
600 MTU/year Co loca t ed  F l e e t  S e r v i c i n g  F a c i l i t y  f o r  r e c e i v i n g ,  
i n spec t ing  , and se rv i c ing  spent fue l  casks aqd veh ic l e s .  This  i n c l u d e s  
a l l  f a c i l i t i e s  and equipment  n e c e s s a r y  f o r  p r e v e n t a t  i v e l c o r r e c t  i v e  
maintenance and l i cense  compliance i n s p e c t i o n  s e r v i c e s  on c a s k s ,  r a i l  
c a r s ,  and t r a c t o r  t r a i l e r  sys tems. 

The methodology of the cos t  es t imate  i s  taken d i r e c t l y  from S e c t  i o n  5 . 2  
of Reference 2.  This a s su re s  a  c o n t i n u i t y  of a s s u m p t i o n s ,  e t c . ,  and 
provides for  easy comparison with the l a rge r  f a c i l i t y .  

F a c i l i t i e s  and se rv i ces  ' that  normally a re  required and supplied a t  spent 
f u e l  rece iv ing  s t a t i o n s  a re  not included i n  t h i s  e s t i m a t e ,  because  of 
t h e  co loca ted /a t tached  na ture  of the concept.  

4.2 Assumptions 

( 1 )  F a c i l i t y  i s  to  be colocated with t h e  BNFP, FRSS, Ba rnwe l l ,  South 
Caro l ina .  

( 2 )  The companion f a c i l i t y ,  BNFP, i s  des igned  f o r  wet l o a d i n g  and 
unloading. 

( 3 )  No spec i a l  provis ions a r e  made for  r e c e i v i n g  e x t e n s i v e l y  damaged 
casks  but ,  once rece ived ,  w i l l  be examined and the fu tu re  course of 
a c t i o n  made on a  case-by-case bas i s .  

( 4 )  The f a c i l i t y  w i l l  handle United S t a t e s  c e r t i f i e d  c a s k s  as  w e l l  a s  
those cu r r en t ly  i n  the c e r t i f i c a t i o n  process.  

( 5 )  The f a c i l i t y  w i l l  be Government owned; casks and c a r r i e r s  p r i v a t e l y  
owned. 

4 .3  Method of Est imating 

The es t imate  i s  based on sketches and s p e c i f i c a t i o n s ,  conceptual  d e s i g n  
d e s c r i p t i o n s ,  and o t h e r  b a c k u p  i n f o r m a t i o n  p r o v i d e d  by D e s i g n  
Engineers .  

Ma te r i a l  take-offs were made wherever s u f f i c i e n t  d e t a i l  was shown on the 
drawings. For c e r t a i n  work such as . p a i n t i n g  and f i n i s h  i t e m s ,  a l low- 
ances were included based on h i s t o r i c a l  da t a .  

Labor r a t e s  were based on a  t y p i c a l  s o u t h e a s t  l o c a t i o n .  D e t a i l  and 
support  for  these r a t e s  are  included i n  Re fe rence  2.  C o n s t r u c t i o n  of 
t h e  f a c i l i t i e s  has been assumed to  be on a  s t a n d a r d  40-hour work week 
and no a l lowance  has  been made f o r  o v e r t i m e  o r  a d d i t i o n a l  s h i f t s  . 



Modif icat ions t o  e x i s t i n g  f a c i l i t i e s  (BNFP, FRSS) a r e  t o  be .  accomplished 
whi le  of £-stream. 

The cos t  of a l l  ma te r i a l  and equipment i f  FOB job - s i t e ,  t o  be e rec ted  by 
an on-s i te  c o n t r a c t o r .  P r i c ing  fo r  cons t ruc t ion  m a t e r i a l s  and equipment 
was based on h i s t o r i c a l  information from s i m i l a r  sou theas t  c o n s t r u c t  i o n  
s i t e s .  . . 

' 
.. Sales  tax ,  a t  5% on m a t e r i a l s ,  has been incxuded .in i n d i r e c t  cos t s .  

1nd. i rect  c o s t s ,  including f i e l d  d i s t r i b u t a b l e s  and p a y r o l l ,  bu rdens  and 
markup ( ~ e e s ) ,  a re  approximately 45% and 3%. 

A 1 1  p r i ce s  a r e  based on t h i r d  ; qua r t e r  FY 1980. C o s t s  h i v e  no t  .been 
e s c a l a t e d  beyond t h a t  po in t .  Table 4-1 p r o v i d e s  a compar i son  between 
t h e  t o t a l  1980 c0s.t and c o s t s  a d j u s t e d  t o  o n e  y e a r  e a r l i e r  ' f o r  

'comparison with Reference 2. . . .. 
. . 

I 

i A contingency of approximately 30% was a p p l i e d  t o  t h e  p r o j e c t  a s  p re -  
s e n t l y  def ined .  It' is  not intended t o  c.over changes i n  s c o p e ,  chhnges  

:.. i n  F e d e r a l  o r  S t a t e  r e g u l a t i o n s ,  changes  i n  l o c a t i ' o n ' o r  changes  i n  
schedule .  

' Excluded from c6s t cons idera t  ions ..are the following: 
4 

0 (1) Permits  and Licenses  

( 2 )  Costs  of any add i t i ona l  land 

( 3 )  Spare p a r t s  (except  for  i n s t a l l e d  equipment  as  l i s t e d  and recom- 
mended by the  manufacturer ) 

( 4 )  Cons t ruc t ion  models of f a c i l i t i e s  o r  equipment 

( 5 )  Research and development except where cons idered  a p a r t  of a pur- 
chase order  t o  a vendor 

( 6 )  Government's admin i s t r a t i ve  c o s t s  

( 7 )  Tornado r e s i s t a n t  cons t ruc t ion  

( 8 )  U t i l i t y  t i e - i n s  t o  be done by the Operating Cont rac tor  

( 9 )  Safeguard requirements i n  add i t i on  t o  those provided by t h e  p a r e n t  
f a c i l i t y  (FRSS). 

The method of con t r ac t i ng  assumed is tha t  the p r o j e c t  w i l l  be l e t  t o  a 
Cos t  P l u s  Fixed Pee. C o n t r a c t o r  w i th  c e r t a i n  p o r t i o n s  of  t h e  work 
subcont rac ted .  

Deta i led  cos t  schedules appear i n  Appendix B. 

a 



4.4  Cost Comparisons with 2000 MTU/Year FSF 

I n  terms of t h i r d  q u a r t e r  CY 1979 d o l l a r s ,  the var ious  FSF c o n c e p t s  a r e  
e s t ima ted  to  c o s t :  

2000 MTU/year Independent $26 M 
2000 ~ T U / y e a r  In t eg ra t ed  13 M 
2000 MTU/year Colocated 16 M 
600 MTU/year .Colocated 10 M I 

A breakdown of t h e  c o s t  of t h e  600 ~ ~ U / ~ e a r  f a c i l i t y  i s  g i v e n  i n  
Table  4-1. 
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( 3 )  Personal  ~ommunicat ion - Watson, C.  D .  and Hudson, B . ,  . (ORNL) t o  
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TABLE 4-1 

COLOCATED FSF DESIGN CONCEPT PROJECT SUMMARY 

Total $ in Thousands 
Third Quarter - FY .- 1980 

Engineering Design 
Land & Land Rights 

Construction 

I 

Improvements to Land $ 345 
New Building Costs , 2,210 
Building Modifications 11 
Special Facilities 1,788 
Outside Utilities 259 
Standard Equipment 5 2 

0. Indirects and Fees 2,350 

Contingency at 30%, Approximately 

TOTAL PROJECT IN THIRD QUARTER 
FY 1980 IN THOUSANDS 

Adjusted to Third Quarter 1979 for Comparison 
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INTRODUCTION 

The concept of the  F l e e t  Serv ic ing  F a c i l i t y  (FSF) i s  unique only i n  t h a t  
t h e  r e q u i s i t e  cask s e rv i c ing  is  performed under a  c e n t r a l  c o n t r o l  system 
r a t h e r  than by i n d i v i d u a l  c a s k  owners .  A l o g i c a l  e x t e n s i o n  of ' t h i s  ' 

func t ion  i n  a  colocated f a c i l i t y  is to  merge cask s e rv i c ing  c o n t r o l  and 
ope ra t i ons  schedul ing.  This o p e r a t i n g  p r o c e d u r e  i s  premised  on t h a t  
type  of o rganiza t ion .  

The maintenance and the  requirements for  cont inu ing  r e q u a l i f i c a t i o n  of 
each' cask a r e  pecu l i a r  t o  each cask model and t h e s e  a r e  d e l i n e a t e d  i n  
t h e  Safe ty  Analysis Report of t h a t  model.  Each ca sk  owner w i l l '  have  
prepared s tandard t e s t i n g  p r o c e d u r e s  a l o n g  w i t h  s p e c i f i c  a c c e p t a n c e  
c r i t e r i a  for  h i s  casks.  These p r o c e d u r e s  become a  p a r t  of t h e  FSF's  
o p e r a t i n g  p r o c e d u r e  when s e r v i c i n g  any g i v e n  ca sk .  T r a n s p o r t  a t  i o n  
v e h i c l e s  s h a l l  be i n s p e c t e d  t o  owner-approved ( o r  owner-supp l i e d  ) 
s t anda rds .  

This  opera t ing  procedure f u r t h e r  assumes an automated da t a  sys tem.  which 
provides  i n d i v i d u a l l y  or  c o l l e c t i v e l y  t h e  due d a t e s  f o r  i n s p e c t i o n  o r  
r equa l  i f i c a t  ion of each component of each cask, cont inuously upda ted  a s  
i n s p e c t i o n s  a r e  s a t i s f a c t o r i l y  pe r fo rmed .  T h i s  would  p r o v i d e  a n  
app rop r i a t e  agency +I independent check of a l l  opera t ing  t r a n s p o r t  a t  i o n  
systems which can,  i n  t u r n ,  be used t o  a s s u r e  v a r i o u s  s t a t e  a g e n c i e s  
t h a t  s tandards  have been met. (These procedures a p p l y  whether  t h e  FSF 
i s  Independent,  I n t eg ra t ed ,  o r  Colocated.)  



PROCEDURE 

1.0 Incoming In spec t ion  

1.1 Verify t h a t  the B i l l  of Lading and 'the T r i p  Pack* in£  ormat  i o n  i s  
t h a t  of the veh ic l e  being readied f o r  r e c e i p t .  

1.2 Visua l ly  check the c a s k / v e h i c l e  s y s t e m  f o r  damage. I f  s a f e t y -  
r e l a t e d  damage i s  noted, n o t i f y  FSF s u p e r v i s o r  f o r  i n s t r u c t  i o n s  
regard ing  c o n t i n u i n g  work o r  removal  f rom queue a w a i t i n g  con- 
cur rence  of cask owner f o r  course of a c t i o n .  Advise S c h e d u l e r  of 
n o n s a f e t y - r e l a t e d  damage s o  t h a t  a c t  i o n  may be i n i t i a t e d  t o  
accomplish the necessary r e p a i r s .  

1 ..3 Perform an i n i t i a l  instrument survey (8 ,  Y ,  n )  of the ca sk lveh ic l e  
= ' .  system. Compare readings with those on the T r i p  Pack  and n o t i f y  

supe rv i so r  of d i f f e r ences  g r e a t e r  than two t i m e s  s h i p p e r  's v a l u e  
o r  i n  excess of DOT l i m i t s .  

1.4 Weather permi t t ing ,  take i n i t i a l  contamination smears (a, 8,  Y)  of 
cask and veh ic l e  while the system i s  s t i l l  o u t s i d e  t h e  b u i l d i n g .  
I f  system i s  wet o r  covered with i c e ,  it w i l l  be brought i n t o  t h e  
washdown bay to  thaw and/or dry  before  smears a r e  taken.  (DO n o t  
wash down the sys tem to  expedi te  thawing. ) The sys tem w i l l  not be 
washed down before  smears a r e  taken. 

1.5 Remove s e c u r i t y  s e a l s  from the personnel b a r r i e r  and compare w i t h  
T r i p  Pack in£ ormat ion .** 

1.6 The Scheduling group s h a l l  ass ign  a processing sequence number and 
i d e n t i f y  the cask model t h a t  t h i s  number r e p r e s e n t s .  T h i s  g roup  

. w i l l  then i s sue  i n s t r u c t i o n s  f o r  assembling a t  v a r i o u s  l o c a t i o n s  
. t h e  a p p r o p r i a t e  o p e r a t i n g  p r o c e d u r e s ,  t e s t  i n s  t r u c t . i o n s ,  and 

c e r t i f i c a t i o n  forms, check' l i s t s ,  and t o o l s  t o  be used. 

2.0 Washdown 

NOTE: , I f  cask/vehicle  contamina t  i o n  exceeds  DOT l i m i t s ,  t h e  r o u t i n e  
washdown o p e r a t i o n  i s  o m i t t e d  and t h e  ca sk  and v e h i c l e . a r e  
decontaminated s epa ra t e ly .  See Sect  ion 12.0. 

2.1 Thoroughly wash the cask and veh ic l e  with water ,  using no  g r e a t e r  
f low o r  pressure  than i s  . n e c e s s a r y  t o  d i s l o d g e  and remove road  

*This terminology is  used t o  i d e n t i f y  t h e  paperwork r e l a t i n g  t o  c a s k  
and veh ic l e  . r a d i a t i o n  physics d a t a  f o r  a given t r i p .  

*%roughout t h i s  procedure i t  i s  unders tood  t h a t  when compar i sons  of 
t h i s  type r e s u l t  i n  con£ l i c t i n g  d a t a ,  t h e  s u p e r v i s o r  i s  t o  be con- 
s u l t e d  f o r  i n s t r u c t  ions p r i o r  t o  proceeding. 



d i r t .  Road t a r ,  e t c . ,  is to  be removed by manual c l e a n i n g  u s i n g  
a p p r o p r i a t e  so lven t s  . 

3.0  Removal of Impact L imi t e r s ,  Etc .  

3 .1  With the veh ic l e  pos i t ioned  i n  the ou te r  bay, use the  15-ton crane 
t o  remove i m p a c t o r  l i m i t e r s  and  ( i f  ' r e m o v a b l e )  p e r s o n n e l  
b a r r i e r s .  

3.2 ' A s  appur tenances  a r e  be ing  removed, check them f o r  damage and 
n o t i f y  Scheduling i f  r e p a i r s  or replacements a r e  needed. 

3.3 S to re  appurtenances i n  the  a r ea  assigned t o  t h i s  use.  

4 . 0  Off-loading from Vehicle 

A t t a c h  t o  t h e  a p p r o p r i a t e  l i f t i n g  hook t h e  ca sk  l i f t i n g  yoke 
requi red  for  the cask t o  be off-loaded. 

Following procedures based on the  cask owner's i n s t r u c t  i o n s ,  l i f t  
t h e  cask from t h e  v e h i c l e .  T r a n s p o r t  i t  w i t h o u t  d e l a y  t o  t h e  
designated a r ea  i n  t he  handling p i t .  

P r e p a r a t i o n  f o r  Un load ing  F u e l  

Compare head s e c u r i t y  s e a l  i d e n t i f i c a t i o n  wi th  i n £  ormat  i o n  g i v e n  
i n  the T r i p  Pack. 

Verify t h a t  the  assembled s e t  of t o o l s  i s  the a p p r o p r i a t e '  s e t  f o r  
t h e  cask being processed. 

A s  each pa r t  is  handled, v i s u a l l y  examine it  for  damage o r  exces -  
s i v e  wear. Advise the  Scheduler of d e f i c i e n c i e s  v i a  an i n t e r c o m  
system so t h a t  r e p a i r s  or replacements can be arranged. 

Obtain cav i ty  pressure  readings t o  a s c e r t a i n  t h a t  damaged fue l  has 
not  r e su l t ed  i n  higher-than-normal pressures .  

Obtain samples of cav i ty  f l u i d s  as requi red .  Do not proceed u n t i l  
sample a n a l y s i s  r e s u l t s  a re  ava i l ab l e  and i n s t r u c t i o n s  a r e  g i v e n  
by the superv isor  for  the d i s p o s i t i o n  of the f l u i d s .  

Remove outer  head ( i f  one is  used) and place i t  on the app rop r i a t e  . 
head s tand .  Be c a r e f u l  no t  t o  damage t h e  s e a l  o r  t h e  s e a l i n g  
s u r f a c e .  Assume t h a t  t h e  u n d e r s i d e  of t h i s  head i s  h e a v i l y  
contaminated and handle it accordingly.  Repeat S t e p s  5 . 2  t o  5 .5  
f o r  two-headed casks.  

Cooldown and/or f l u sh  the cask as i n s t ruc t ed  by schedul ing.  

F i t  the contamination b a r r i e r  over the cask. 



5.9 Loosen head f a s t e n e r s ,  a t t ach  head l i f t i n g  d e v i c e s ,  . i n s t a l l  ' head 
guide pins plus  any o the r  remote handl ing a id s .  

5.10 Move the cask i n t o  the CUP. 

5.11 Raise yoke from the  CUP, br ing ing  the  cask head with i t .  

5.12'  Unload the  f u e l .  

6 .0  Cask Removal from CUP 

6.1 Vacuum loose p a r t i c u l a t e  mat te r  from t h e  exposed ca sk  s u r f a c e s .  
Be e s p e c i a l l y  c e r t a i n  t o  remove mat te r  from the s ea l i ng  su r f aces .  

6,. 2  Replace the  head onto the cask p r i o r  t o ,  l i f t i n g  the cask from t h e  
CUP. . . 

6.3 Transport  the cask t o  ' a  work s t a t i o n  i n  th,e T&D p i t .  

6.4 Decontaminate exposed cask su r f aces  a s  r e q u i r e d  t o  meet r e l e a s e  
l i m i t s .  

6 . 5  Remove the contamination b a r r i e r  from the cask. 

6.6 Flush cask i n t e r i o r ,  then d ra in .  

6.7 I n s t a l l  the  ou te r  head ( i f  one i s . u s e d ) .  

6 .8  F i t  the app rop r i a t e  l i f t i n g  yoke onto the  crane.  

6.9 Attach the yoke t o  the cask and l i f t  the  cask from the  p i t .  

7 .0  On-Loading Empty Cask Onto Vehicle 

NOTE: During the  i n t e r v a l  i n  which the cask has been separated from the  
veh ic l e  the  l a t t e r  w i l l  have been inspected and i t s  r o a d w o r t h i -  
ness  assured.  The vehic le  maintenance procedure is  de l inea ted  i n  
Sec t ion  11.0. Chronological ly  it precedes t h i s  s ec t  i on .  

7.'1 P o s i t i o n  the  veh ic l e  t o  rece ive  the cask. 

7.2 Place cask on veh ic l e  and rmve the  ca sk /veh ic l e  t o  a  ma in t enance  
bay. 

8 .0  Replacement of Impact L imi t e r s ,  E tc .  

8 .1  Assemble impact l i m i t e r s ,  personnel b a r r i e r ,  e t c  . , i n  a c c o r d a n c e  
wi th  cask owner's i n s t r u c t i o n s  . 

8.2 Get f i n a l  smears of cask and vehic le  p r i o r  t o  r e l e a s e .  

8 .3  Record r a d i a t i o n  da t a  on a  new Trip Pack which h a s  been s u p p l i e d  
by scheduling for  t h i s  s p e c i f i c  cask. 



8.4 Place s e c u r i t y  s e a l s  on personnel b a r r i e r  and record s e a l  numbers 
on the T r i p  Pack i n  the  space provided. 

9 .0  Release Author iza t ion  

9 .1  P r i o r  t o  r e l e a s i n g  a  cask system, the app rop r i a t e  records f o r  each 
' component of the cask sys tem w i l l  have been updated and mon i to red  

f o r  except ions.  Cask h i s t o r y  f i l e s  s h a l l  have been updated w i t h i n  
24 hours of the completion of the f i n a l  inspec t  ion s t e p .  

9 .2  The Tr ip  Pack which was i n i t i a t e d  by S c h e d u l i n g  s h a l l  be s i g n e d  
o f f  by a  r e p r e s e n t a t i v e  of the H e a l t h  P h y s i c s  group ,  c e r t i f y i n g  
t h a t  contamination l e v e l s  of the  system a r e  w i th in  r e l e a s e  l i m i t s .  
I t  a l s o  s h a l l  be s i g n e d  o f f  by a  r e p r e s e n t a t i v e  of Q u a l i t y  
Assurance c e r t i f y i n g  t h a t  a1  1 t e s t s  and i n s p e c t  i o n s  have  been  
performed i n  accordance wi th  c u r r e n t  p r o c e d u r e s ,  t h e  r e s u l t s  of 
t h e s e  inspec t ions  meet o r  exceed the s t a t e d  a c c e p t a n c e  c r i t e r i a ,  
and tha t  the cask meets a l l  c e r t i f i c a t i o n  r e q u i r e m e n t s  and w i l l  
con t inue  t o  do, so f o r  a  time a p p r o p r i a t e  t o  t h e  maximum a n t i c i -  
pa ted  du ra t i on  of i t s  assigned t r i p .  

9 .3  I f  a  cask i s  to  be delayed in  d e p a r t i n g  t o  i t s  n e x t  a s s i g n m e n t ,  
S c h e d u l i n g  s h a l l  r e v i e w  needed upcoming t e s t s  a n d ,  w i t h  t h e  
concurrence of the cask owner, use t h i s  a v a i l a b l e  dead t ime f o r  
r e q u a l i f  i c a t  ion t e s t i n g  . 

10.0 Cask Tes t ing  and In spec t ion  

10.1 When a  ca sk  s y s t e m  e n t e r s  t h e  r e c e i v i n g  queue ( s t e p  1 ) ,  t h e  
Scheduler  w i l l  provide each opera t ing  s e c t i o n  w i t h  t h e  p r o c e d u r e  
t o  be used i n  processing t h a t  p a r t i c u l a r  cask. Accompanying each  
p r o c e d u r e  w i l l  be a  c h e c k l i s t  t o  be i n i t i a l e d  by an  a s s i g n e d  
person immediately fol lowing the  succes s fu l  completion of a  p a r t i -  
c u l a r  phase of work. ~ n c l u d e d  i n  these procedures and c h e c k l i s t s  
w i l l  be the maintenance checks and t e s t s  t o  be per formed d u r i n g  
r o u t i n e  h a n d l i n g .  I f  t h e  t e s t  o r  i n s p e c t i o n  i n v o l v e s  t h e  
measurement of some va lue ,  then the  va lue  upon which acceptance o r  
r e j e c t i o n  of the t e s t  is  judged w i l l  be en te red  on the c h e c k l i s t .  
These c h e c k l i s t s  then become a  p a r t  of the permanent record of the 
g iven  cask component. 

10.2 Requa l i f i ca t i on  t e s t s  w i l l  be per formed a t  such i n t e r v a l s  t h a t  
c e r t i f i c a t i o n  w i l l  n o t  e x p i r e  w h i l e  t h e  c a s k  i s  i n  n o r m a l  
ope ra t i on .  

10.3 I f  a  cask is out-of-service f o r  an extended p e r i o d  of t i m e ,  t e s t  
due da tes  w i l l  be postponed u n t i l  the  cask i s  scheduled t o  r e t u r n  
t o  s e rv i ce .  

10.4 Requa l i f i ca t i on  t e s t s  w i l l  be performed i n  accordance w i t h  a  pro-  
cedure approved i n  w r i t i n g  by the cask owner. . 



10.5 The Q u a l i t y  A s s u r a n c e  p r o g r a m  o f  t h e  FSF w i l l  c o n f o r m  t o  
10 CFR 71, Appendix E .  

10.6 Data and h i s t o r y  pe r t a in ing  to  cask components w i l l  be a v a i l a b l e  
t h r o u g h  t h e  d a t a  sys t em.  I n  a d d i t i o n ,  p e r i o d i c  p r i n t o u t s  of  
s e r v i c e s  t o  be per formed w i t h i n  g i v e n  t ime  i n t e r v a l s  w i l l  be  
generated r o u t i n e l y  fo r  use i n  schedul ing.  

10.7 Spec i f i ca t i ons  for  s p a r e  p a r t s  and p r o c e d u r e s  f o r  ca sk  r e p a i r s  
w i l l  be furnished by the  cask owners. 

10.8 I f  more than one FSF is  i n  opera t ion  a t  any given time, p r o v i s i o n  
w i l l  be made f o r  a  m u t u a l  u p d a t i n g  o f  r e c o r d s  of  s e r v i c e s  
performed. 

11.0 Vehicle Maintenance and R e ~ a i r  

11.1 The same provis ions for  casks,  as de l inea ted  i n  Sec t ion  9 . 1 ,  w i l l  
apply t o  veh ic l e s  . 

11.2 Rai l  c a r  maintenance and r e p a i r  i s  per formed i n  a c c o r d a n c e  w i t h  
AAR d i r e c t i v e s .  

11.3 Main tenance  of a n c i l l a r y  equipment  ( d i e s e l - p o w e r e d  c o o l i n g  
systems, e t c . )  i s  i n  accordance with procedures  f u r n i s h e d  by t h e  
v e h i c l e  owner a f t e r  concurrence with FSF Operators .  

11.4 NDE's w i l l  be s u b s t a n t i a t e d  w i t h  p h o t o g r a p h i c  e v i d e n c e  u n l e s s  
s p e c i f i c a l l y  exempted. 

11.5 Vehicle maintenance and r e p a i r  w i l l  be i n c l u d e d  i n  t h e  q u a l i t y  
assurance program and i n  the  data-base system i n  e f f e c t  f o r  ca sk  
maintenance. 

I 12 .0  R e c e i ~ t  of Excessivelv Contaminated Casks/Vehicles 

12.1 I f  contamination l e v e l s  exceed the  l i m i t s  a c c e p t a b l e  f o r  r o u t i n e  
r e c e i p t ,  the  cask system is  mved i n t o  t h e  washdown bay w i t h o u t  
normal washdown. 

12.2 I f  the excessive contamination is  l o c a l i z e d ,  s p o t  c l e a n i n g  t ech -  
niques a r e  used to  decontaminate without genera t ing  f r e e  l i q u i d s .  

12.3 I f  s p o t  c l e a n i n g  i s  s u c c e s s f u l ,  t h e  t r a n s p o r t a t i o n  sys t em i s  
queued i n t o  the  r o u t i n e  r e c e i v i n g  o p e r a t  i o n  b e g i n n i n g  w i t h  t h e  
washdown s t ep .  

12.4 I f  spot c leaning cannot be used or  is une f f ec t i ve ,  the  cask system 
i s  mved d i r e c t l y  t o  the off- loading bay. Appropriate  precaut ions  
a r e  taken t o  prevent s p r e a d  of c o n t a m i n a t i o n  a s  t h e  v e h i c l e  i s  
being moved. 



12.5 Off-load cask and m v e  i t  d i r e c t l y  t o  the  a i r  p a l l e t  . i n  t h e  wes t  
bay.  Caut ion:  Do not i n i t i a t e  t h i s  m v e  u n t i l  t h e  bay is  empty 
and the a i r  p a l l e t  is i n  p l a c e .  

12.6  The cask i s  t r a n s f e r r e d  t o  the  cask and i n s e r t  c l ean ing  s t a l l  f o r  
decontaminat ion.  When contaminat ion i s  reduced t o  an  a c c e p t  a b l e  
l e v e l ,  t h e  cask is queued f o r  f u e l  unloading.  

12.7 The v e h i c l e  is re tu rned  t o  the  washdown a r e a  and d e c o n t a m i n a t e d  
wi thout  the  g e n e r a t i o n  of f r e e  l i q u i d .  Any a d d i t i o n a l  r o a d  d i r t  
i s  hosed away, followed by queuing t h e  v e h i c l e  i n t o  t h e  v e h i c l e  
i n s p e c t  i o n  bay. 

12 .8  Once a cask or  v e h i c l e  e n t e r s  a  r o u t i n e  q u e u e ,  t h e  a p p r o p r i a t e  
s t a n d a r d  procedures a r e  followed from then on. 

13 .0  Receipt  o f  Damaged Casks 

I t  is expected t h a t  the  FSF w i l l  be capable  of r e p a i r i n g  damaged c a s k s .  
However, c a s k s  damaged s o  s e v e r e l y  t h a t  t h e y  c a n n o t  be opened i n  a  
normal way w i l l  be considered on a  case-by-case b a s i s .  The c o n t e n t s  of 
t h e  c a s k s ;  s p e n t  f u e l ,  h i g h  l e v e l  w a s t e s ,  e t c . ,  w i l l  be  a  m a j o r  
c o n s i d e r a t i o n  as  t o  how i t  is  opened and t h e  k i n d  of a r e a  needed t o  
perform the  opening o r  r e p a i r  o p e r a t i o n s .  The E-MAD F a c i l i t y  i n  J a c k a s s  
F l a t s ,  Nevada, might se rve  as  a  c e n t r a l  r e p a i r  s t a t i o n .  
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ESTIMATE SUMMARY 
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ESTIMATE SUMMARY 

PROJECT: S P E N T  FUEL CASK F S F  - COLOCATED (BNFP) - 600 MI'U ES~MATE NO. 

SHEET NO 2 o f 2  - 
D I R E C T  COST SUMMARY PREPARED BY: EME , PNM DATE: - 

CHECKED BY: DATE: - - 



ESTIMATE DETAILS 
p S P E N T  FUEL CASK F S F  - COLOCATED CBNFP) - 600 MTU ES~UATE NO. 

AccouHT. SHEETNO 1 of 11 
IMPROVEMENTS TO LAND PREPAREDEY: EME,PNM DATE: 

CCECKED BY: - DATE: - 



ESTIMATE DETAILS 

PROJECT: SPENT FUEL CASK FSF - COLOCATED ( B N F P )  - 600 MTU 
€STMATE NO. 

ACCOUNT !%EmNO 2 ,3f 11 
NEW B U I L D I N G  PREPAREDBY: E E . P N M  DATE: 

..."z..".?* ..". ma-. 



ESTIMATE DETAILS - .  
S P E N T  FUEL CASK F S F  - COLOCATED (BNFP) - 600 !4TU ES~UATE NO 

ACCCyHT SHOnNO 3 of 11 
NEW BUILDING PREPARED BY EME Pm DATE 

DESCRIPTION 
MATERIALS LABOR SUB-CONT RACT ( aUA*T'Ty lVUrW?ICEl AMOUNT ( U n Y I  ITOTALY.H.1 UTE I AMWNT ~ W R U C E ~  AMOUNT I TOTAL 



ESTIMATE DETAILS 
PROJECT: SPENT FUEL CASK FSF - COLOCATED (BNFP) - 600 MTU €-ATE NO. 

ACCOUNT: !WanNO 4 o f  11 
NEW B U I L D I N G  PREPARED BY: EME , PNM DATE: 

Pa in t ing  and Insu la  
I I I 1 

Pip ing  
Supply and Drains 1 l o t  
F ix tu re s  24 each 620.00 14,900 380 
Miscellaneous 1 l o t  

TOTAL 

E l e c t r i c a l  [ Including F i r e  Alarm and 
Communication System) 1 l o t  90.000 4.000 13.75 55,000 - - 1- 

I 

MATERIALS I LABOR I SUB-CONTRACT 
kUNm I AMOUNT I W M . H .  1 T0TALM.H. 1 RATE 1 AMOUNT 1 UNlT PRICE 1 AMOUNT 

1 1 1 I I I I 

DESCRIPTION 

1 

TOTAL NEW B U I L D I N G  
- 

943,800 
I I 

QUANTITY 



ESTIMATE DETAILS 
PROJECT: S P E N T  F U E L  CASK F S F  - COLOCATED ( B N F P )  - 600 MTU ESTMATE NO. 

ACCOUNT. SHOETNO 5 of 11 
M O D I F I C A T I O N S  T O  [ E X I S T I N G )  B U I L D I N G  PREPAREDBY: EME . PNM DATE: - 

--we.. -_ ,.A=. 



ESTIMATE DETAILS 
S P E N T  FUEL CASK F S F  - COLOCATED (BNFP) - 600 MTU E m A T E  NO. 

ACCWNT. SHEETNO 6 of 11 
S P E C I A L  F A C I L I T I E S  PREPARED BY: EME . PNhI DATE: .- i 

CHECKED BY: DATE: .- 

Spare Parts & Vendor Reps. 
M i s c e m o u s  

SUR'TOTALS 

1 lot 
1 lot 

520 
550 

6.250 

- - 
15 

140 .11.60 1,650 
k 

7,900 



ESTIMATE DETAILS 
SPENT FUEL CASK FSF - COLOCATED (BNFP) - 600 MTU 

I 

ESTUATE NO. 

ACCOUNT. SHEETNO 7 of  11 
SPECIAL FACILITIES PREPARED BY: EME . PN?II DATE: 

CHK'XED BY: DATE: -- 

I 

I I I I I I 
Subtot a1 Process Eauipment f 702.350 1 1 5.200 60,450 ( 762.80 

Less Cranes. Shop E Viewinn 1 1451.1501d I 
Equipment 1 1 

1 1 



ESTIMATE DETAILS 

PROJECT: SPENT FUEL CASK FSF - COLOCATED (BNFP) - 600 MTU ESTWATE NO. 
ACCOUNT. SHEErNO 8 of 11 

SPECIAL FACILITIES PREPARDD BY: EME , PNM DATE: 

C)(ECKED BY: DATE: 

I a I I I .  I I I I I 

Process Instrumentation 20%* x 1.14 1 1 lot 1 71,0001 1 2.350 113.601 32.0001 I - - 1 103.009 
R I, I I I 1 

II Y 1 I I I I I I 

Process Piping 33%* x 1.14 & 1 lot 1 1 75,800E 1 6,900 113.601 94,0001 I 1 169.801) 
I I I I I I I 

DESCRIPTION 

n I I I I I I I I 

SUBTOTALS 1 1 290 -800 8 I 8.130 L 7 n !  i n 7 a  I - - ! 398 J Q O  

a' 

I I I 1 I 1 I I I 

Process Electrical 20%*x 1.14 

SUB-CONTRACT 
UNlT PRICE 1 AMOUNT 

I I 

MATERIALS 
UNIT ~ C E  I AMOUNT 

I 

9 I I I I I I I I I 

Painting G Insulation Incl. Spl.~oatinnd 1 lot ?I 1 31.600 1 1 .2 .380 112.901 30.700 1 - - 
I I I I I I I 

LABOR 
UNITM.H. I T0TALM.H. I RATE I AMWNT 

I I 1 

I1 P I I 1 I I I I I 

Fire Protection - Cell 1 1 lot 1 I - - I - - I 1. I 1 53,0001 53,000 - - 
I I I I 

Heating,Ventila~lun c j  nlr Lunaicionlng V 
Equipment,HEPA Filter,Duct G Controls 
Radiation Monitoring G Alarm System 
Security Detection Svstem 

1 lot 
1 lot 
1 lot 

B 

39,500 
29,000 
22.500 

I I 

2,810 
340 
440 

12.10 
13.60 
13.60 

34,000 
4,600 
6,000 

- - 
- - 
- - 

73.500 
33,600 
28.500 



ESTIMATE DETAILS 

PROJECT: 
SPENT FUEL CASK FSF - COLOCATED (BNFP) - 600 MTU 

ESTI lATE NO. 
ACCOUNT. SHEETNO 9 of 11 

O U T S I D E I E S  PRDPARED BY: EbfE , PNM DATE: ,- 

-sn mv. nan. 



ESTIMATE DETAILS 

PROJECT: SPENT FUEL CASK FSF - COLOCATED (,BNFP) - 600 MTU €STMATE NO. 

ACCOUNT. SnnrNO 10 of  11 
0-TIES PREPARED BY: EhE , PNM DATE: 

CHECXED BY: DATE: -, 



ESTIMATE DETAILS 
PROJECT: SPENT FUEL CASK FSF - COLOCATED (BNFP) - 600 MTU ESTUATE NO. 

ACCOUFCT- SHEETNO 11 of 11 
STANDARD EQUIPMENT PREP- BY: EhE , PNM DATE: 

CnECUEDBY: DATE: .- I 
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CHECKOUT PROCEDURE 

SECTION NUMBER 

SEPARATIONS I[ S-COP-O1-10 1 [ ~ ~ r ~ 1 [ ~ ~ ~ ~  -1 
r TITLE 1 I FSV-1 (TRUCK) CASK CHECKOUT I 
PREPARED BY ERECTIVE TO PAGE -1 

M. YOUNG I[ INDEFINITE 1 OF 1 4  

1 .0  INTRODUCTION 

S p e n t  f u e l  a s s e m b l i e s  t r a n s p o r t e d  t o  BNFP w i l l  be r e c e i v e d  i n  s h i e l d e d  
l i c e n s e d  c a s k s  on t r u c k  o r  r a i l  t r a n s p o r t i n g  equ ipmen t .  The c a s k  t o  be 
checked  o u t  i s  t h e  F o r t  S t .  V r a i n  FSV-1. The c h e c k o u t  w i ' l l  p r o v i d e  
d a t a  f rom which an o p e r a t i n g  p r o c e d u r e  w i l l  be  deve loped .  

2.0 PURPOSE 

The p u r p o s e  o f  t h i s  document i s  t o  e s t a b l i s h  p r o c e d u r a l  s t e p s  f o r  t h e  
movement o f  t h e  FSV-1 s p e n t - f u e l  s h i p p i n g  c a s k  f rom t h e  r o a d  t r a n s p o r t  
v e h i c l e .  A l l  r e q u i r e d  p h a s e s  o f  c a s k  h a n d l i n g  w i l l  be accompl i shed  
e i t h e r  by a c t u a l  c a s k  and equipment  m a n i p u l a t i o n  or by s i m u l a t i o n  a s  i n  
t h e  c a s e  o f  c a s k  cooldown, f u e l  assembly  u n l o a d i n g ,  and c a s k  s ampl ing .  
T h i s  c h e c k o u t  i s  t o  d e m o n s t r a t e  t h a t  t h e  c a s k  and equipment  c a n  be han- 
d l e d  i n  t h e  FRSS a r e a  and t o  v e r i f y  t h e  equipment  used  is s a t i s f a c t o r y  
f o r  u s e  a t  t h e  BNFP. O p e r a t i n g  p e r s o n n e l  w i l l  become f a m i l i a r  w i t h  
t h i s  equ ipment  and p r o v i d e  d a t a  f o r  p r e p a r i n g  o p e r a t i n g  p r o c e d u r e s .  

. .  . 

3.0 'SCOPE 

3.1 Areas  I n v o l v e d  

. . 3 . 1 .1  Yard 
3.1.2 Washdown- Area 
3.1.3 Unloading  Bay 
3.1.4 T e s t  and Decontamina t ion  P i t  
3 .1 .5  C a s k u n l o a d i n g  Poo l .  

• 3.2 P r i n c i p a l  Equipment . . 

' . . 3.2.1 FSV-1 Cask and T r a i l e r  
3.2.2 T r a i l e r  Jockey  
3.2.3 Waste Water Pump 
3.2.4 Cask Handl ing Crane 
3 .2 .5 ,  Cask Unloading Crane .  

OD- 1 
3/80 

- REVIEWEO RY DATE - REVIEWED BY DATE - RNlRhlED BY DATE -APPROVED BY DATE -, 
Dlrector Operottons 

Monojer 6 A  ond LIC Compltonce 

Ch01tman Oper Sofety Commtttee 

Cognlzont Oper Dlv Oept Monoger 



CHECKOUT PROCEDURE 

NUMBER RYSION 1 DATE 7 ["'/ 
S-COP-01-10 2 OF 1 4  

3 . 3  R e f e r e n c e  P r o c e d u r e s  ( AGNS ) 

Trailer  J o c l t e y  O p e r a t i o n  
O u t s i d e  Wash S t a t i o n  
Cask  H a n d l i n g  C r a n e  a n d  A u x i l i a r y  U n i t  
C a n i s t e r  C r a n e  
Cask  U n l o a d i n g  P o o l  C r a n e  
F u e l  H a n d l i n g  G r a p p l e  O p e r a t i o n  
U n d e r w a t e r  P o o l  L i g h t i n g  
U n d e r w a t e r  TV Camera  O p e r a t i o n .  

3 .4 A c c e p t a n c e  C r i t e r i a  

3 . 4 . 1  D e m o n s t r a t e  a b i l i t y  t o  r e c e i v e  c a s k  i n  FRSS. 

3 . 4 . 2  D e m o n s t r a t e  c a s k  h a n d l i n g  t e c h n i q u e s  r e q u i r e d  f o r  c a s k  
r e c e i v i n g  a n d  s h i p p i n g .  

4.0 PREREQUISITES 

4 . 1  U t i l i t i e s  R e q u i r e d  

4 . 1 . 1  E l ec t r i c a l  p o w e r  
4.1.2 U t i l i t y  water 
4 . 1 . 3  D e m i n e r a l i z e d  wa'ter 
4 .1 .4  U t i l i t y  a i r  or  i n s t r u m e n t  a i r .  

4 . 2  E q u i p m e n t  a n d  Materials R e q u i r e d  

4 . 2 . 1  Tra i l e r ,  c a s k ,  a n d  y o k e  
4 .2 .2  C a s k  h a n d l i n g  c r a n e  (05-T-004) 
4 .2 .3  Cask  u n l o a d i n g  c r a n e  (05-T-005) 
4.2,. 4  M i s c e l l a n e o u s  h a n d  too l s  
4.2.5 FSV-1 s p e c i a l  t oo l s ,  

4 . 3  P e r s o n n e l  R e q u i r e m e n t s  

4 . 3 . 1  C r a n e  O p e r a t o r s  
4 .3 .2  M a i n t e n a n c e  E l e c t r i c i a n  as  r e q u i r e d  
4 .3 .3  M a i n t e n a n c e  M e c h a n i c  as r e q u i r e d  
4 .3 .4  P r o d u c t i o n  S u p e r v i s i o n  
4 .3 .5  S a f e t y  a n d  E n v i r o n m e n t a l  C o n t r o l  T e c h n i c i a n  

P r e r e q u i s i t e s  h a v e  b e e n  m e t .  Cog, Eng. Date 



CHECKOUT PROCEDURE 

5.0 PRECAUTIONS 

NUMBER 1 Rl$%SlON 1 1 DATE 7 PAGE -I 

5 . 1  . Only a u t h o r i z e d  p e r s o n n e l  s h a l l  o p e r a t e  t h e  c r a n e s .  

S-COP-01-10 

5.2 The c a s k ,  h a n d l i n g  t o o l s ,  and  equ ipmen t  a r e  m a s s i v e .  Many p i n c h  
p o i n t  h a z a r d s  e x i s t .  A v e r y  s l o w  swing  o f  t h e  su spended  c a s k  
w i l l  c o n t a i n  a  l a r g e  amount o f  e n e r g y .  

3  OF 1 4  

5 .3  The c a s k  is  u p r i g h t  and 1 7  f e e t  6  i n c h e s  h i g h ,  which c o n s t i t u t e s  
a f a l l  h a z a r d .  Improper  r i g g i n g  c a n  c a u s e  a  c a s k  o r  equ ipmen t  
d r o p .  

5 . 4  I t  is i m p e r a t i v e  t h a t  t h e  c a s k  h a n d l i n g  crew become t h o r o u g h l y  
f a m i l i a r  w i t h  t h e  c a s k  equ ipmen t ,  p o t e n t i a l  h a z a r d s ,  and p r o p e r  
h a n d l i n g  p r o c e d u r e .  

5 .5  Avoid e x c e s s i v e  " j e r k y "  m o t i o n '  o f  c r a n e  when c a r r y i n g  c a s k  and 
p r e v e n t  u n n e c e s s a r y  s w i n g i n g  a c t i o n .  

5 .6  Always i n s u r e  a d e q u a t e  c l e a r a n c e  e x i s t s  between t h e  bo t tom o f  
c a s k  and  o b s t r u c t i o n s  o r  p o o l  w a l l s  p r i o r  t o  moving c a s k  ho r i zon -  
t a l l y .  

5.7 Whenever t h e  l i f i i n g  yoke o r  s p e c i a l  s e r v i c e  t o o l s  a r e  b e i n g  
moved u n d e r w a t e r ,  a t  l e a s t  one  p e r s o n  o t h e r  t h a n  t h e  man c o n t r o l -  
l i n g  t h e  c r a n e  s h o u l d  be o b s e r v i n g  t h e  o p e r a t i o n  and a s s i s t i n g  
t h e  c r a n e  o p e r a t o r .  

5.8 Do n o t  a t t e m p t  t o  r o t a t e  t h e  c a s k  o n t o  or f rom t h e  t r a i l e r  w i t h  
t h e  yoke a d a p t o r  i n  p l a c e .  

6 .0  PROCEDURE 

MOTE: . L i s t  and d e s c r i b e  a l l  d e f i c i e n c i e s  on comment s h e e t  a t  t h e  end  
o f  t h i s  p r o c e d u r e .  

. 6 . 1  N o t i f i c a t i o n  t h a t  t h e  FSV-1 c a s k  h a s  a r r i v e d  w i l l  be g i v e n  t o  t h e  
S h i f t  S u p e r v i s o r  o r  h i s  d e s i g n a t e d  r e p r e s e n t a t i v e .  He w i l l  pro-  
v i d e  an  e s c o r t  f o r  t h e  d r i v e r  who w i l l  s p o t  t h e  t r a i l e r  i n  t h e  
FRSS p a r k i n g  l o t .  

6 . 2  Reques t  H e a l t h  P h y s i c s  t o  m o n i t o r  t h e  t r a c t o r ,  c o m p l e t e  t h e  
r e l e a s e  form,  and make c o p i e s  f o r  d r i v e r ,  O p e r a t i o n s ,  H e a l t h  
P h y s i c s ,  and S e c u r i t y .  O b t a i n  a  c l e a r a n c e  p a s s  f rom t h e  Super-  
v i s o r ,  t h e n  e s c o r t  d r i v e r  t o  t h e  main g a t e .  

6 .3  I n s p e c t  t h e  u n i t  f o r  o b v i o u s  damage. R e p o r t  any  damage t o  t h e  
S u p e r v i s o r .  
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6.4 Remove t h e  p e r s o n n e l  b a r r i e r  ( i f  u s e d )  a n d  r e q u e s t  H e a l t h  P h y s i c s  
t o  s u r v e y  c a s k .  When n o t i f i e d  o f  r e s u l t s ,  wash c a s k  and  t r a i l e r  
u n l e s s  s u r v e y  i n d i c a t e s  r e s u l t s  o v e r  2200 dpm/beta/gamma or  
220 dpm a l p h a .  Shou ld  t h e s e  l e v e l s  be  e x c e e d e d ,  washdown w i l l  b e  
done  i n s i d e  t h e  t r u c k  bay.  

6 .5  Move t h e  t r a i l e r  u s i n g  t h e  t r a i l e r  j ockey  p e r  S-POP-01-3 t o  t h e  
washdown pad  and  wash c a s k  and  t r a i l e r .  

6 .6  Back c a s k  t r a i l e r  i n t o  'FRSS u n l o a d i n g  bay.  B l o c k  w h e e l s  on 
t r a i l e r  a g a i n s t  movement i n  e i t h e r  d i r e c t i o n  and 1.eave t r a c t o r  
a t t a c h e d .  A f t e r  c a s k  is  removed, t h e  t r a i l e r  may be moved t o  t h e  
p a r k i n g  a r e a  a t  t h e  d i s c r e t i o n  o f  t h e  S u p e r v i s o r . ,  

NOTE: Fo r  c o l d  t e s t i n g  o n l y ,  remove t h e  bo t tom sample  ( d r a i n )  
c o v e r  p e r  Appendix B .  

6 .7  Remove l o c k w i r e s  and . l o o s e n  t h e  f o u r  1 1 /4 - inch  s o c k e t  h.ead b o l t s  
be tween  t h e  bo t tom s u p p o r t  s t r u c t u r e  and  t h e  c a s k .  DO NOT 
RE MOVE ! 

6 . 8  T i g h t e n  t h e  f o u r  1 1/4- inch  s o c k e t  head  b o l t s  o n l y  t o  c o n t a c t  
( z e r o  t o r q u e )  . 

6 .9  Renove t h e  t ie-down f rom t h e  c a s k  t o p  s u p p o r t  s t r u c t u r e  by 
u n b o l t i n g  f o u r  3/4- inch hex b o l t s ,  n u t s ,  and l o c k  w a s h e r s  and 
s t o r e  on  t r a i l e r .  

6 . 10  Remove s i x  1 /2- inch  hex l o c k n u t s  and f l a t  w a s h e r s  f rom t h e  
mount ing  s t u d s  f o r  t h e  i m p a c t  l i m i t e r  mount ing  r i n g .  

6 . 1 1  s l i d e  t h e  mount ing  r i n g  o f f  t h e  s t u d s .  

6 . 12  A t t a c h  t h e  l i f t i n g  b a r  f o r  t h e  impac t  l imiter t o  t h e  o v e r h e a d  
c r a n e  and  c o n n e c t  t o  t h e  e y e b o l t s  i n  t h e  i m p a c t  l imi te r .  

6 .13  P l a c e  t h e  work p l a t f o r m  on t h e  t r a i l e r  and remove t h e  i m p a c t  : 

l imi te r  f rom t h e  c a s k  and s t o r e  on t h e  f loor- .  

6 .14  A t t a c h  t h e  c a s k  l i f t i n g  yoke t o  t h e  o v e r h e a d  c r a n e .  

6 .15 Engage t h e  c a s k  l i f t i n g  yoke i n t o  t h e  l i f t i n g  s o c k e t s  n e a r  t h e  
t o p  o f  t h e  c a s k .  See Appendix A f o r  d e t a i l e d  p r o c e d u r e  f o r  yoke 
s e t u p  ( S e c t i o n s  4.3, 4 .6 ,  and 4 . 1 0 ) .  

6 .16 Raise t h e  s h i p p i n g  c a s k  a b o u t  20 i n c h e s  above t h e  t o p  s u p p o r t  
s t r u c t u r e  and  s l i d e  t h e  impac t  l imi ter  mount ing r i n g  t o  t h e  
bo t t om o f  t h e  c a s k .  

CAUTION: Keep'  t h e  c r a n e  - t r o l l e y  d i r e c t l y  o v e r  t h e  c a s k  l i f t i n g  
s o c k e t s  w h i l e  h o i s t i n g  t o  p r e v e n t  l i f t i n g  or  moving t h e  
t r a i l e r .  The c a s k  i s  s t i l l  b o l t e d  t o  t h e  t r a i l e r  
t h r o u g h  t h e  bo t tom s u p p o r t  s t r u c t u r e .  Keep t h e  l o a d  
l i n e  plumb. 
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6.17 Raise t h e  s h i p p i n g  c a s k  c a r e f u l l y  t o  a v e r t i c a l  p o s i t i o n  and  
p o s i t i o n  t h e  mount ing r i n g  on t h e  d i s h e d  head  o f  t h e  bo t tom 
s u p p o r t  s t r u c t u r e .  
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6 .18  Remove t w o  1 /2 - inch  hex head  b o l t s  h o l d i n g  t h e  l o c k i n g  b l o c k  on 
t h e  t r a i l e r .  I n s t a l l  t h e  l o c k i n g  b l o c k  on  t h e  i n s i d e  o f  t h e  l e f t  
t r u n n i o n  u s i n g  t h e  same b o l t s .  

S-COP-01-10 

6.19 Disengage  t h e  f u e l  s h i p p i n g  c a s k  f rom t h e  t r a i l e r  and t h e  bo t t om 
s u p p o r t  s t r u c t u r e  by removing t h e  f o u r  1 1/4- inch  s o c k e t  head  
b o l t s .  
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6.20 Raise t h e  c a s k  f rom t h e  bo t tom s u p p o r t  s t r u c t u r e  and t r a n s f e r  t o  
t h e  T e s t  and Decon tamina t i on  (T&D) P i t  c e n t e r  ( o n e  o f  t w o )  
p o s i t i o n .  

6 .21  S e t  t h e  c a s k  on a p r o t e c t i v e  b a s e  i n  t h e  T&D p i t .  

6.22 Disengage  t h e  c a s k  l i f t i n g  yoke .  

6 . 2 3  Move t h e  work ing  p l a t f o r m  i n t o  p o s i t i o n .  

6.24 Remove t h e  c a s k  c l o s u r e  head  (1050  pounds)  by removing t h e  - l o c k -  
w i r e  and  t h e  twen ty - fou r  1 1/4- inch  s o c k e t  head  c a p  screws f rom 
t h e  c a s k  c l o s u r e  head  ( F i g u r e  FSV-3). 

6 .25 Remove t h e  t h r e e  3/4- inch s o c k e t  head  s e t  screws from t h e  c a s k  
c l o s u r e  head  and  r e p l a c e  w i t h  t h r e e  3/4- inch s h o u l d e r e d  
e y e b o l t s .  

6.26 Us ing  a t h r e e - l e g g e d  s l i n g  a t t a c h e d  t o  t h e  c r a n e ,  remove t h e  
c l o s u r e  head  and s t o r e .  Be c a r e f u l  t o  p r o t e c t  t h e  s e a l s .  

NOTE: The f o l l o w i n g  w i l l  be pe r fo rmed  o n l y  on t h e  uncon tamina t ed  
c a s k  c o n t a i n e r .  T h i s  w i l l  a l l o w  t h e  w a t e r  t o  d r a i n  f rom : 

t h e  c a s k  as  p a r t  o f  t h i s  c h e c k o u t .  

6 .26.1  I n s t a l l  t h e  t h r e e  l / 2 - i n c h  l ong  s h o u l d e r e d  e y e b o l t s  i n  
. , t h e  c o n t a i n e r  l i d .  

6.26.2 Using a t h r e e - l e g g e d  s l i n g '  ( r a t e d  f o r  a t  l eas t  2 ,000  
pounds)  a t t a c h e d  t o  t h e  c r a n e  and  t h e  e y e b o l t s ,  c a r e f u l l y  
r a i s e  t h e  c o n t a i n e r  o u t  o f  t h e  c a s k .  

6 .26 .3  Remove t h e  1 /2- inch  p l u g  f rom t h e  bo t tom o f  t h e  con- 
t a i n e r .  Tag and  s t o r e  t h e  p l u g  f o r  r e i n s e r t i o n  l a t e r .  

6.26.4 C a r e f u l l y  lower t h e  c o n t a i n e r  back  i n t o  t h e  c a s k  c a v i t y .  

6.26.5 Remove t h e  t h r e e  1 /2- inch  e y e b o l t s  and s l i n g .  
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6.27 S i m u l a t e  s a m p l i n g  t h e  c a s k  c a v i t y  as  p e r  S t e p s  6 .27.1  t h r o u g h  
6 .27.6 .  
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6 .27 .1  Remove t h e  1 /2 - inch  hex head  p l u g  f rom t h e  s a m p l i n g  p o r t  
i n  t h e  c o n t a i n e r  l i d .  

S-COP-01-10 

6.27.2 Remove - t h e  s e a l  p l u g  a s sembly  f rom t h e  i n t e r i o r  t h r e a d s  
o f  t h e  s a m p l i n g  p o r t .  

6  O F  1 4  

6 .27.3  I n s t a l l  t h e  s a m p l i n g  p l u g  a s sembly  i n t o  t h e  g a s  s a m p l i n g  
p o r t  i n  t h e  c o n t a i n e r  l i d .  V e r i f y  t h e  s h u t o f f  v a l v e  i s  
c l o s e d  ( F i g u r e  FSV-1&2 ) . 

6.27.4  A t t a c h  t h e  e v a c u a t e d  sample  bomb t o  t h e  s a m p l i n g  assem- 
b l y .  Open s h u t o f f  v a l v e  and draw a  s amp le .  ( O m i t  i f  
s amp le  bomb i s  n o t  a v a i l a b l e . )  C l o s e  s h u t o f f  . v a l v e  and 
remove sample  bomb. 

6 .27 .5  D i s c o n n e c t  s a m p l i n g  p l u g  a s sembly  and r e p l a c e  t h e  ' s e a l  
p l u g  a s sembly .  

6 .27 ,6  Rep lace  t h e  ' l / 2 - i nch  hex head  p l u g  i n  t h e  s a m p l i n g  p o r t .  

6 .28 Remove t h e  t w e l v e  1 /2- inch  s o c k e t  head  b o l t s  f rom t h e  s p e n t  f u e l  
c o n t a i n e r  l i d .  I f  a t t a c h m e n t s  on t h e  l i f t i n g  yoke are a v a i l a b l e  
f o r  u n d e r w a t e r  head  r emova l ,  f o l l o w  S t e p s  4 .11 t h r o u g h  4.24 o f  
Appendix A. 

NOTE: Should  t h e  a t t a c h m e n t s  f o r  u n d e r w a t e r  head  r e m o v a l  n o t  be 
a v a i l a b l e ,  remove t h e  c o n t a i n e r  head  w h i l e  t h e  c a s k  is  i n  
t h e  T&D p i t .  T h i s  o n l y  a p p l i e s  f o r .  t h e  c o l d  uncontami- 
n a t e d  c a s k  o p e r a t i o n .  

6 .28 .1  A t t a c h  t h e  t h r e e - l e g g e d  s l i n g  t o  t h e  a u x i l i a r y  c r a n e  hook 
and  t h e  t h r e e  e y e b o l t s .  

6.28.2 Remove t h e  c o n t a i n e r  head  (1370  pounds)  c a r e f u l l y  t o  • I 
p r o t e c t  t h e  sea l s .  

6.28.3 R e q u e s t  H e a l t h  P h y s i c s  t o  s u r v e y  i n n e r '  c a v i t y  o p e n i n g  
( p r e c a u t i o n a r y ,  n o  c o n t a m i n a t i o n  or r a d i a t i o n  is  
e x p e c t e d ) .  . 

6.28.4 I n s p e c t  t h e  c o n t a i n e r  head  s e a l s .  

6 .28.5  S t o r e  t h e  . c o n t a i n e r  head  b e i n g  c a r e f u l  t o  p r o t e c t  t h e  
seals.  

6.28.6 I n s p e c t  t h e  s e a l i n g  s u r f a c e  o f  t h e  c a s k  t o p  f o r  d e f e c t s .  
N o t i f y  s u p e r v i s o r  i f  d e f e c t s  are n o t e d .  

I 

6.28.7 F i l l  t h e  c a s k  w i t h  water. 
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6 . 2 9 .  R a i s e  t h e  c a s k  j u s t  h i g h  enough t o  c l e a r  t h e  hand r a i l s  t h e n  move 
i n t o  p o s i t i o n  o v e r  t h e  Cask Unload ing  P o o l  (CUP) and lower c a s k  
t o  bo t tom o f  t h e  CUP. 
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6.30 Disengage  t h e  c a s k  yoke f rom t h e  c a s k  and  c a r e f u l l y  ra i se  i t  o u t  
o f  t h e  w a t e r .  Wash t h e  yoke and  head  ( i f  a t t a c h e d )  w i t h  deminer-  
a l i z e d  w a t e r  a s  it comes o u t  o f  t h e  CUP. L e t  d r i p  ' f o r  a  few 
m i n u t e s .  

S-COP-01-10 

6 .31  C a r e f u l l y  move t h e  yoke and head  ( i f  a t t a c h e d )  t o  t h e  T&D p i t .  
Fo l l ow  S t e p s  6.28.4 and 6.28.5 above i f  head  is a t t a c h e d  t o  t h e  
yoke .  
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6 .32  Engage f u e l  g r a p p l e ,  G E  t y p e ,  s i m u l a t e  f u e l  removal .  

6 .33 R e t u r n  g r a p p l e  t o  g r a p p l e  s t o r a g e  r a c k  and  d i s e n g a g e  f rom c r a n e .  
a l 

6.34 R e t u r n  yoke and  head ,  i f  a t t a c h e d ,  t o  t h e  CUP and  c a r e f u l l y  p o s i -  
t i o n  o v e r  t h e  c a s k .  U t i l i z e  t h e  u n d e r w a t e r  TV w h i l e  p e r f o r m i n g  
S t e p s  6.35 t h r o u g h  6 .37 ,  i f  a v a i l a b l e .  i 

6 .35  A s  t h e  d e c e n d i n g  yoke n e a r s  t h e  c a s k ,  maneuver t h e  c r a n e  u n t i l  
t h e  l o n g e r  g u i d e  p i n  e n g a g e s  t h e  g u i d e  h o l e  i n  t h e  head .  Descend 
f a r t h e r  and  engage  t h e  s econd  g u i d e  p i n .  

6.36 Descend f a r t h e r ,  v i s u a l l y  g u a r d i n g  a g a i n s t  head  c o c k i n g ,  u n t i l  
t h e  head  s e a t s  p r o p e r l y  on t h e  c a s k  and  t h e  yoke a d a p t e r  bo t t oms  
o u t  on t h e  head.  

6.37 C l o s e  , t h e  l i f t i n g  'a rms t o  engage  t h e  l i f t i n g  s o c k e t s .  Conf i rm 
v i s u a l l y .  

6.38 L i f t  t h e  c a s k  t o  t h e  s u r f a c e ,  washing as i t  emerges  f rom t h e  
p o o l .  L e t  d r i p  f o r  a few m i n u t e s  and t r a n s p o r t  i t  t o  t h e  T&D 
p i t .  

6.39 With  t h e  c a s k  a b o u t  one  f o o t  above t h e  se tdown s t a n d ,  a t t a c h  a 
d r a i n  h o s e  w i t h  t h e  ma t ing  q u i c k - d i s c o n n e c t  f i t t i n g  t o  t h e  
s a m p l e r  f i t t i n g  i n  t h e  bo t tom o f  t h e  c a s k .  

6.40 C a r e f u l l y  s e t  t h e  c a s k  on t h e  se tdown s t a n d .  Make s u r e  t h e  d r a i n  
h o s e  f i t s  p r o p e r l y  i n  t h e  s l o t  o f  t h e  s t a n d .  

6 .41  ' Remove a d a p t o r ,  s t u d s ,  and  g u i d e  p i n s  frorn t h e  c a s k  and  s t o r e  f o r  
t h e  n e x t  u s e  o f  a FSV c a s k .  

CAUTIOIJ: Do n o t  a t t e m p t  t o  r o t a t e  t h e  c a s k  o n t o  or f rom t h e  
t r a i l e r  w i t h  t h e  yoke a d a p t o r  i n  p l a c e .  
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6 .42  A l l o w  t h e  c a s k  t o  d r a i n  by i n s t a l l i n g  t h e  t o p  s a m p l i n g  f i t t i n g s .  
Fo l l ow  S t e p s  6.2'4.1 t h r o u g h  6.24.3 and o p e n  t h e  s h u t o f f  v a l v e .  
R e p l a c e  t h e  t w e l v e  l / 2 - i n c h  s o c k e t  head  b o l t s  i n  t h e  c o n t a i n e r  
l i d  and t o r q u e  t o  1 5  t o  20 f o o t  pounds .  

6 . 4 3  Remove t h e  s a m p l i n g  f  i t t i n q s  when t h e  c a s k  c a v i t y  h a s  d r a i n e d .  

6 .44 I n s t a l l  t h e  s e a l  t e s t  a d a p t e r  i n t o  t h e  t e s t / s a m p l e  p o r t  and con- 
n e c t  vacuum l i n e ,  s h u t  o f f  v a l v e ,  and gauge  t o  t h e  vacuum pump 
( F i g u r e  FSV-2). 

6 .45 Evacua t e  t h e  l i d  s e a l  i n t e r s p a c e  t o  one  millimeter of  mercury  
a b s o l u t e  and  c l o s e  t h e  s h u t o f f  v a l v e .  

6 .46 Read t h e  vacuum/pressure  gauge  when two m i n u t e s  have  e l a s p e d .  
The maximum a l l o w a b l e  p r e s s u r e  i n c r e a s e  i n  two m i n u t e s  is 
6 .5  m i l l i m e t e r s  mercury  a b s o l u t e .  . .. 

6 .47  Rep lace  t h e  c o n t a i n e r  l i d  g a s k e t  a s sembly  p e r  p r o c e d u r e  i n  Appen- 
d i x  C and t h e  p r i m a r y  p l u g  sea l s  i f  t h e  p r e s s u r e  r i s e  e x c e e d s  t h e  
a l l o w a b l e .  T e s t  r e p l a c e m e n t  g a s k e t  a s sembly  p e r  Appendix D. 

6 .48 Vent  and  remove t h e  l e a k  t e s t  a s sembly  and  t h e  s e a l  t e s t  a d a p t e r .  
R e p l a c e  t h e  5/8- inch hex  s h i p p i n g  p l u g  i n  t h e  t e s t / s a m p l e  p o r t .  

6 .49  Rep lace  t h e  c l o s u r e  head  u s i n g  t h e  t h r e e - l e g g e d  s l i n g  and 
o v e r h e a d  c r a n e .  Manua l ly  a l i g n  t h e  b o l t  h o l e s .  

6.50 R e p l a c e '  t h e  t w e n t y - f o u r  1 1/4- inch  s o c k e t  head  c a p s  i n  t h e  c a s k  
c l o s u r e  head  and t o r q u e  t o  90 t o  100  f o o t  pounds .  

6 . 51  Remove t h e  t h r e e - l e g g e d  s l i n g  and  t h e  t h r e e  e y e b o l t s  and  i n s t a l l  
t h e  t h r e e  s o c k e t  head  s c r e w s  i n  t h e  c l o s u r e  head.  

6 .52 Leak tes t  t h e  c l o s u r e '  head  s e a l  a s  f o l l o w s :  

6 .52.1  Remove t h e  5/8- inch hex s h i p p i n g  p l u g  f rom t h e  t es t  p o r t  @ #  
i n  t h e  c l o s u r e  head.  

6.52.2 I n s t a l l  t h e  s e a l  t e s t  a d a p t e r  i n  t h e  t e s t  p o r t  and con- 
n e c t  s e a l  t e s t  a s sembly  t o  t h e  t e s t  p o r t  and t h e  vacuum 
s u p p l y .  

6 .52.3  E v a c u a t e  t h e  s e a l  i n t e r s p a c e  t o  one  m i l l i m e t e r  mercury  
a b s o l u t e  and c l o s e  t h e  s h u t o f f  v a l v e .  

6 .52.4  Read t h e  vacuum/pressure  gauge  when two m i n u t e s  have  
e l a p s e d .  The maximum a l l o w a b l e  p r e s s u r e  r i se  i n  two min- 
u t e s  is  t o  6 . 5  millimeters mercury  a b s o l u t e .  I f  p r e s s u r e  
r ise e x c e e d s  t h e  a l l o w a b l e ,  t h e  c l o s u r e  head  g a s k e t  mus t  
b e  r e p l a c e d  and l e a k  t e s t e d  f o l l o w i n g  t h e  p r o c e d u r e  o f  
Appendix E.  
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6.25.5 Vent  t h e  s e a l  i n t e r s p a c e  and  remove t h e  t e s t  a s s e m b l y  and  
t h e  s e a l  t e s t  a d a p t e r .  

6 .25.6  I n s t a l l  t h e  5/8- inch hex  s h i p p i n g  p l u g  i n  t h e  t e s t  p o r t  
• o f  t h e  c l o s u r e  head .  

6 .53 Wipe down c a s k  as  r e q u i r e d .  

6 .54 A t t a c h  t h e  c a s k  l i f t i n g  yoke  t o  t h e  c r a n e .  

6.55 R a i s e  t h e  c a s k  o u t  o f  t h e  T&D p i t  and  t r a n s f e r  t o  t h e  t r a i l e r .  

6.56 ' T r a n s f e r  t h e  c a s k  t o  a p o s i t i o n  d i r e c t l y  o v e r  t h e  c a s k  bo t tom 
s u p p o r t  s t r u c t u r e  on t h e  t r a n s p o r t  t r a i l e r .  

6.57 V e r i f y  t h a t  t h e  impac t  l imi te r  mount ing  r i n g  i s  i n  p l a c e  on t h e  
d i s h e d  head  o f  t h e  bo t tom s u p p o r t  s t r u c t u r e .  

6 .58 Lower t h e  c a s k  t o  s ea t  i n  t h e  bo t tom s u p p o r t  s t r u c t u r e ,  r o t a t i n g  
t h e  c a s k  as  r e q u i r e d  t o  a l i g n  t h e  keyway i n  t h e  c a s k  b a s e  w i t h  
t h e  k e y  i n  t h e  bo t tom s u p p o r t  s t r u c t u r e .  

CAUTION: Do n o t  t i l t  t h e  F u e l  s h i p p i n g  c a s k  w h i l e  t h e  l o c k i n g  
b l o c k  is i n s t a l l e d  on t h e  t r u n n i o n .  

6.59 I n s t a l l  t h e  f o u r  1 1/4- inch  s o c k e t  head  b o l t s  and  l o c k  w a s h e r s  . t o  
s e c u r e  t h e  c a s k  t o  t h e  bo t tom s u p p o r t  s t r u c t u r e .  To rque '  t o  500 
t o  600 f o o t  pounds .  

6.60 Remove t h e  t w o  1 /2 - inch  hex  head  b o l t s  and t h e  l o c k i n g  b l o c k  f rom 
t h e  l e f t  t r u n n i o n  o f  t h e  bo t tom s u p p o r t  s t r u c t u r e .  A t t a c h  o n t o  
t h e  t r a i l e r  s t o r a g e  p o s i t i o n  w i t h  t h e  same b o l t s .  

6 .61  Lower t h e  c a s k  u n t i l  a p p r o x i m a t e l y  20 i n c h e s  above t h e  t o p  
s u p p o r t  s t r u c t u r e .  

6 .62 R e q u e s t  H e a l t h ,  P h y s i c s  t o  s u r v e y  c a s k  s u r f  ace and d e c o n t a m i n a t e ,  
. . ' i f  r e q u i r e d .  , 

6.63 S l i d e  impac t  l imi te r  mount ing r i n g  t o  t h e  s h o u l d e r  o f  t h e  t o p  o f  
. t h e  c a s k .  

6 .64 Lower t h e  c a s k  t o  s e a t  i n  t h e  t o p  s u p p o r t  s t r u c t u r e .  

. 6 .65  Disengage  t h e  l i f t i n g  yoke f rom t h e  c a s k .  

6.66 L i f t  t h e  impac t  l i m i t e r  u s i n g  t h e  c r a n e  and t h e  i m p a c t  l imi ter  
l i f t i n g  b a r  and i n s t a l l  on t h e  c a s k .  

6 .67 L o c a t e  t h e  mount ing r i n g  on t h e  1 /2- inch  mount ing s t u d s  o f  t h e  
i m p a c t  l imiter  and  s e c u r e  w i t h  n u t s  and l o c k  w a s h e r s .  
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6.68 Rep lace  t h e  c a s k  t ie-down on t h e  c a s k  t o p  s u p p o r t  s t r u c t u r e  and 
s e c u r e  w i t h  f o u r  3/4- inch hex  b o l t s ,  n u t s ,  and l o c k  washe r s .  
To rque  t o  120  t o  130  f o o t  pounds .  

6 .69  Rep lace  t h e  b a s e  c o v e r  p l a t e  f o l l o w i n g  t h e  p r o c e d u r e s  i n  
Appendix B. 

6 .70 Remove t h e  work p l a t f o r m  f rom t h e  d e c k  of  t h e  f u e l  s h i p p i n g  
t r a i l e r .  

6 . 7 1  Reques t  H e a l t h  P h y s i c s  f o r  a  r e l e a s e  r a d i o l o g i c a l  s u r v e y  o f  t h e  
f u e l  s h i p p i n g  c a s k .  

6 . 7 2  Move t h e  t r a i l e r  t o  t h e  o u t s i d e  p a r k i n g  a r e a  and s p o t  t r a i l e r .  
N o t i f y  s u p e r v i s o r  o r  h i s  d e s i g n e e  when t h i s  is  comple ted .  

7.0 APPENDICES 

Appendix A -- Cask L i f t i n g  Yoke 

Appendix B -- Removal and P lacement  o f  Cask Bottom Sample Cover 

Appendix C -- Replacement  o f  C o n t a i n e r  L id  Gaske t  

Appendix D - -  Leak T e s t i n g  t h e  S p e n t  F u e l  C o n t a i n e r  L id  G a s k e t  
Assembly 

Appendix E -- R e p l a c i n g  t h e  C l o s u r e  Head G a s k e t  Assembly 
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TABLE FSV-1 

NUMBER l R y l m l l P A G - ,  

FSV-1 CASK DATA 

S-COP-01-10 

C a v i t y  S i z e  ( c a s k )  17.76 i n c h e s  I D  x 192.5 i n c h e s  long  
C a v i t y  S i z e  ( c o n t a i n e r )  16.63 i n c h e s  I D  x 187.6 i n c h e s  long  
GVrf 74,000 t o  76,000 pounds 

14  OF 1 4  

Oute r  C losu re  Head 
I n n e r  C l o s u r e  Head 
Impact L i m i t e r  
F u e l  C a n i s t e r  - PWR 
Space r  - PWR C a n i s t e r  
Rea r  Tie-Down 
Front Tie- own 
P e r s o n n e l  Barrier 

1 ,035 pounds 
1 ,370 pounds 
1,060 pounds 

500 pounds 
650 pounds 

1 ,120 pounds 
370 pounds 
600 pounds 
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CASK LIFTING YOKE 

Arm A s s e m b l y  

Arm E x t e n s i o n  

FSV T r u n n i o n s  

Head A d a p t o r  
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1.0 OPERATING PROCEDURE FOR LIFTING YOKE 

Determine which c a s k  model is t o  be l i f t e d .  

P u l l  t h e  ex t ens ion  r e t a i n i n g  p i n s .  

Adapt t h e  yoke a s  fo l lows  f o r  t h e  FSV-1 cask .  

1.3.1 P o s i t i o n  t h e  e x t e n s i o n s  w i th  t h e  t runn ion  end down. 

1.3.2 Replace t h e  r e t a i n i n g  p i n  i n  t h e  lower h o l e s  of  t h e  
arms. 

1.3.3 I n s e r t  t h e  s p r e a d e r  p i n  i n t o  t h e  "FSVn p o s i t i o n .  

Adapt t h e  yoke as fo l lows  f o r  t h e  N L I  1/2 cask .  

1.4.1 P o s i t i o n  t h e  e x t e n s i o n s  w i th  t h e  l i f t i n g  palms 
down. 

1.4.2 Replace t h e  r e t a i n i n g  p i n s  i n  t h e  upper h o l e s  of  t h e  
arms. 

1.4.3 I n s e r t  t h e  sp reade r  p i n  i n t o  t h e  "NL' p o s i t i o n .  

Adapt t h e  yoke a s  fo l lows  f o r  t h e  NAC-1 cask.  

1.5.1 P o s i t i o n  t h e  ex t ens ions  wi th  t h e  l i f t i n g  palms 
down. 

1.5.2 Replace t h e  r e t a i n i n g  p i n s  i n  t h e  lower h o l e s  of  t h e  
arms. 

1.5.3 I n s e r t  t h e  sp reade r  p i n  i n t o  t h e  "NAC" p o s i t i o n .  

Allow t h e  yoke t o  hang f r e e l y  from t h e  c r ane  wi th  t h e  
h y d r a u l i c  c y l i n d e r  i n  t h e  c o n t r a c t e d  p o s i t i o n  and v i s u a l l y  
conf i rm t h a t  both arm e x t e n s i o n s  a r e  v e r t i c a l .  

Ve r i fy  t h a t  t h e  c y l i n d e r  is f i l l e d  w i th  t h e  f l u i d  t o  be used 
t o  a c t u a t e  it ( a i r  o r  wa te r ) .  See Sec t ion  1.31 f o r  purging 
i n s t r u c t i o n s .  

I f  t h e  yoke is n o t  a l r e a d y  on t h e  c r a n e ,  b r ing  t h e  135-ton 
hook under t h e  t o p  p i n  and r a i s e  t o  engage t h e  p i n .  

I f  e i t h e r  s i d e  of t h e  hook has  more than  1/2 i nch  c l e a r a n c e  
w i t h  t h e  inboard  edge of t h e  yoke, add s p a c e r s  t o  e i t h e r  
s i d e  of t h e  hook and keep it cen te red .  The yoke may have to  
be r e l e a s e d  from t h e  hook t o  d o  t h i s .  
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When an  o p e r a t o r  c a n  work i n  t h e  immedia te  v i c i n i t y  o f  t h e  
yoke ( e  .g. , c a s k  on t r a i l e r )  , t h e  arm e x t e n s i o n s  may be 
moved manua l ly  ( r a t h e r  t h a n  by h y d r a u l i c  s y s t e m )  by removing 
t h e  r e t a i n i n g  p i n ( s ) ,  p i v o t i n g  t h e  e x t e n s i o n  u n t i l  i t  c l e a r s  
t h e  t r u n n i o n ,  and o n c e  f r e e  of  t r u n n i o n  i n t e r f e r e n c e ,  
r e t u r n i n g  t h e  e x t e n s i o n s  t o  t h e i r  l i f t i n g  p o s i t i o n  and 
r e i n s e r t i n g  t h e  p i n ( s ) .  

1.11 When t h e  c a s k  i s  u p r i g h t  i n  t h e  work a r e a  w i t h  t h e  ( i n n e r )  
head  a c c e s s i b l e  and t h e  c a s k  i s  r e a d y  t o  g o  i n t o  t h e  p o o l ,  
s c r e w  t h e  r e q u i r e d  number o f  s t u d s  i n t o  t h e  head  ( p i n  t h e  
s t u d s  t o  t h e  NL c a s k )  . 

1.12  Screw head g u i d e  p i n s  i n t o  t h e  c a s k .  

1 . 1 3  A t t a c h  t h e  a d a p t e r ,  un ique  t o  t h e  c a s k  b e i n g  p r o c e s s e d ,  t o  
. t h e  yoke.  Open t h e  yoke arms.  

1 . 1 4  B r ing  t h e  yoke and a d a p t o r  o v e r  t h e  c a s k .  Lower them c a r e -  
f u l l y *  and g u i d e  t h e  head s t u d s  t h r o u g h  t h e  h o l e s  i n  t h e  
a d a p t o r .  Allow t h e  a d a p t o r  t o  "bo t tom o u t "  on t h e  head .  

1 .15  I n  t h i s  p o s i t i o n ,  t h e  o p e r a t o r  s h o u l d  c l o s e  and open . .  t h e  
arms t o  v e r i f y  t h a t  t r u n n i o n  engagement and d i s engagemen t  i s ,  
f u n c t i o n j n g  w i t h o u t  i n t e r f  e r e n c e  . . Open t h e  yoke arms ., 

1 . 1 6  Run a  s t a n d a r d  n u t  and a  l o c k n u t  o n t o  e a c h  s t u d  u n t i l  t h e  
t o p  of  t h e  s t u d  i s  f l u s h  w i t h  t h e  uppe r  s i d e  o f '  t h e  uppe r  
n u t .  

1 .17 S lowly  r a i s e  t h e  yoke u n t i l  t h e  a d a p t o r  i.s v e r y  n e a r ,  b u t  
n o t  t o u c h i n g ,  t h e  l o w e s t  n u t .  Run a l l  s t a n d a r d  n u t s  down on 
t h e  s t u d  u n t i l  i t  j u s t  makes c o n t a c t  w i t h  t h e -  a d a p t o r .  

1 .18  Run a l l  l o c k n u t s  down on t h e  s t u d  u n t i l  t h e y  s e a t  a g a i n s t  
t h e  s t a n d a r d  n u t .  

NOTE: T h i s  s t e p ,  once  pe r fo rmed ,  s h o u l d  n o t  have  t o  be 
r e p e a t e d  f o r  a  g i v e n  a d a p t o r / h e a d  makeup. 

1 .19  Re tu rn  t h e  yoke and a d a p t o r  t o  t h e  "bo t tom o u t "  p o s i t i o n  and 
c l o s e  t h e  yoke arms.  A t t a c h  e x t e r n a l  h y d r a u l i c  sy s t em.  

* I f  t h e  b lock  h a s  a  t e n d e n c y  t o  cock .  due  t o  t h e  d i r e c t i o n  o f  r o t a - '  
t i o n  of  t h e  s h e a v e s ,  t r y  t o  manua l ly  t u r n  i t s  p o s i t i o n  b e f o r e  i t  
e n g a g e s  t h e  s t u d s .  
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1 . 2 0  Nove t h e  c a s k  t o  t h e  p o o l  f l o o r .  C o n t i n u e  downward m o t i o n  
o f  t h e  b l o c k  u n t i l  t h e  yoke  a d a p t o r  bo t t oms-ou t  on  t h e  
h e a d .  

1 . 2 1  Open t h e  yoke  arms. V i s u a l l y  v e r i f y  t h a t  t h e y  are i n  t h e  
f u l l  open  p o s i t i o n .  

1. '22 S l o w l y  ra i se  yoke  u n t i l  t h e  h e a d  c l ea r s  t h e  c a s k  a n d  g u i d e  
p i n s .  

1 . 2 3 .  Wash down yoke  and  h e a d  as  t h e y  emerge  f r o m  t h e  p o o l .  

1 .24  The h e a d  may be  s t o r e d  on a s u i t a b l e  s t a n d  w i t h  t h e  a d a p t o r  
l e f t  i n  p l a c e  w i t h  t h e  head .  D e t a c h  t h e  a d a p t o r  f r o m  t h e  
yoke  by  removing  t h e  . f o u r  s o c k e t  head  c a p  screws which  
s e c u r e  t h e  a d a p t o r  t o  t h e  yoke .  The yoke  i s  t h e n  a v a i l a b l e  
f o r  o t h e r  u s e s .  , 

1 . 2 5  The c a s k  i s  r e t r i e v e d  f rom t h e  p o o l  w i t h  t h e  y o k e / a d a p t o r /  
h e a d  i n  t h e  c o n f i g u r a t i o n  o f  S t e p  1 .23.  

1..26 A s  t h e  d e s c e n d i n g  ' y o k e  n e a r s  t h e  c a s k ,  maneuver  t h e  c r a n e  
u n t i l ,  t h e  l o n g e r  g u i d e  p i n  e n g a g e s  t h e  g u i d e  h o l e  on t h e  
h e a d .  Descend f u r t h e r  and  e n g a g e  t h e  s e c o n d  g u i d e  p i n .  

1 . 2 7  Descend f u r t h e r ,  v i s u a l l y  g u a r d i n g  a g a i n s t  h e a d  c o c k i n g ,  
u n t i l  t h e  h e a d  sets  p r o p e r l y  on  t h e  c a s k  and  t h e  yoke  
a d a p t o r  bo t t oms  o u t  on  t h e  head .  

1 . 2 8  Close t h e  l i f t i n g  arms t o  e n g a g e  t h e  l i f t i n g  t r u n n i o n s  or 
s o c k e ' t s .  Conf i rm  v i s u a l l y .  

1 . 2 9  L i f t  t h e  c a s k  t o  t h e  s u r f a c e ,  wash ing  a s  it emerges  f r o m  t h e  
p o o l ,  and  t r a n s p o r t  i t  t o  t h e  work area.  

CAUTION: D o  n o t  a t t e m p t  t o  r o t a t e  t h e  c a s k  o n t o  or f r o m  t h e  
t r a i l e r  w i t h  t h e  yoke  a d a p t o r  i n  p l a c e .  

1 . 3 0  Remove a d a p t o r ,  s t u d s ,  and  g u i d e  p i n s  f rom t h e  c a s k  and  
s to re  f o r  t h e  n e x t  u s e  o f  a  s im i l a r  c a s k  model .  

1 . 3 1  To p u r g e  t h e  a c t u a t i n g  c y l i n d e r  o f  o n e  f l u i d  by a n o t h e r  (see 
F i g u r e  x ) :  

1 . 3 1 . 1  Open t h e  b y p a s s  v a l v e .  

1 .31 .2  A t t a c h  o n e  l i n e  t o  t h e  s o u r c e  o f  t h e  d e s i r e d  f l u i d .  
Direct t h e  o p e n  e n d  o f  t h e  o t h e r  l i n e  t o  a s u i t a b l e  

. d r a i n  or  o f f - g a s  v e n t i n g  s y s t e m .  
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1.31.3  R o t a t e  t h e  c y l i n d e r  a s s e m b l y  a b o u t  t h e  b a s e  p i n  
u n t i l  t h e  p i s t o n  is h o r i z o n t a l ,  w i t h  t h e  i n l e t /  
o u t l e t  p o r t s  down when p u r g i n g  water f rom t h e  s y s t e m  
o r .  w i t h  t h e  p o r t s  i n  t h e  h i g h e s t  p o s i t i o n  when 
p u r g i n g  a i r  f rom t h e  sy s t em.  

1 .31 .4  S t a r t  t h e  f l o w  o f  t h e  d e s i r e d  f l u i d .  

1 .31 .5  Manua l ly  f o r c e  t h e  p i s t o n  back  and f o r t h  whi.le 
o b s e r v i n g  t h e  e f f l u e n t .  C o n t i n u e  t h i s  o p e r a t i o n  
u n t i l  t h e  e f f l u e n t  is  f r e e  o f  t h e  f l u i d  b e i n g  
pu rged .  S t o p  t h e  f l o w  a t  i t s  s o u r c e .  

1.31.6 C l o s e  t h e  bypas s  v a l v e .  

I 1.31.7  Connec t  t h e  two l i n e s  t o  t h e  d e s i r e d  f l u i d  s o u r c e .  . . 

' 1 . 3 1 . 8  R o t a t e  t h e  c y l i n d e r  a s sembly  t o  i t s  no rma l  p o s i t i o n  
and  s e c u r e  t h e  p i s t o n  end  r e t a i n i n g  p i n .  

2.0 MAINTENANCE AND REPAIR 

2 .1  ,Enough Neo lub l eo  may be a p p l i e d  t o  t h e  b e a r i n g  s u r f a c e s  o f  
t h e  lower  c e n t e r  p i n  a s  needed  t o  c o v e r  t h e  b e a r i n g '  
s u r f a c e .  

2.'2 Any component o f  t h i s  s y s t e m  may be r e p l a c e d  w i t h  a s imi lar  
component which h a s  been manufac tu red  and  t e s t e d  t o  t h e  same 
s p e c i f i c a t i o n s  as t h e  l a t e s t  a c c e p t e d  r e v i s i o n  o f  t h i s  
d e s i g n .  

2 .3  ~ l l  r e p a i r s  t o  components  s h a l l  be  s u b j e c t  t o  t h e  f o l l o w i n g  
c o n d i t i o n s .  

2.3.1 The damage s h a l l  be d e s c r i b e d  i n  w r i t i n g ,  a l o n g  w i t h  
t h e  recommended r e p a i r  p r o c e d u r e .  

2.3.2 .Repa i r  p r o c e d u r e s  mus t  have  t h e  a p p r o v a l  o f  t h e  
d e s i g n e r  o r  t h e  yoke c u s t o d i a n .  

2.3.3 R e p a i r s  s h a l l  be  s u b j e c t  t o  t h e  same s p e c i f i c a t i o n s  
a s  a p p l i c a b l e  t o  t h e  l a t e s t  r e v i s i o n  o f  t h e  yoke 
d e s i g n ,  i n c l u d i n g  stress a n a l y s i s ,  f a b r i c a t i o n ,  
t e s t i n g ,  e t c ,  

2.4 A r e c o r d  o f  any component r e p l a c e m e n t  o r  r e p a i r  s h a l l  become 
a  p a r t  o f  t h e  permanent  r e c o r d  o f  e a c h  yoke.  

2.5 . Adap to r s  w i l l  h ave  s e p a r a t e ,  i n d i v i d u a l  h i s t o r y  f i l e s .  
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REMOVAL AND REPLACEMENT OF CASK BOTTOM SAMPLE COVER 

1 . 0  REMOVAL OF CASK BOTTOM.SAMPLE COVER 

1.1 Remove t h e  s e a l  and  l o c k w i r e .  

1 . 2  Remove t h e  t h r e e  3 /8 - i nch  s o c k e t  h e a d  screws a n d  l i f t  o f f  t h e  
b a s e  c o v e r  p l a t e .  

1 . 3  S t o r e  items f r o m  S t e p  1 . 2  u n t i l  t h e y  ar'e i n s t a l l e d  when t h e  
c a s k  i s  r e t u r n e d  t o  t h e  t r a i l e r  f o l l o w i n g  u n l o a d i n g .  

2 . 1  I n s t a l . 1  t h e  b a s e  c o v e r  p l a t e '  a n d  s e c u r e  i n  p l a c e  w i t h  t h e  
t h r e e  3 /8 - i nch  s o c k e t  h e a d  scr,ews. T o r q u e  t o  20 f o o t  
p o u n d s .  

2 .2  Lockwi r e  t h e  s o c k e t  h e a d  screws. 
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REPLACEMENT OF CONTAINER LID GASKET 

Remove t h e  t h r e e  c o u n t e r s u n k  head  screws and  t h e  c o n t a i n e r  l i d  
g a s k e t  a s sembly .  

( . i  

Examine t h e  g a s k e t  s e a l i n g  s u r f a c e s  o f  t h e  c o n t a i n e r  l i d  f o r  
d e f e c t s .  N o t i f y  s u p e r v i s o r  i f  d e f e c t s  a re  n o t e d .  

I n s t a l l  a new g a s k e t  a s sembly  on t h e  c o n t a i n e r  l i d  u s i n g  t h e  
t h r e e  c o u n t e r s u n k  head  screws. 
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LEAK TESTING THE SPENT FUEL CONTAZNER L I D  GASKET ASSEMBLY 

1. V e r i f y  t h a t  t h e  c o r r e c t  components  a r e  u s e d  and  a r e  p r o p e r l y  
i n s t a l l e d - a n d  c o n n e c t e d  t o  t h e  vacuum s u p p l y .  

2 .  E v a c u a t e  t h e  s e a l  i n t e r s p a c e  t o  o n e  mi l l imeter  mercu ry  
a b s o l u t e  and c lose  t h e  s h u t o f f  v a l v e .  

3 .  Read t h e  vacuum/p re s su re  gauge  when f i v e  m i n u t e s  have  e l a p s e d .  
The  maximum a l l o w a b l e  p r e s s u r e  r i s e  i n  f i v e  m i n u t e s r  i s '  t o  be 
6 .7  mil l imeters  m e r c u r y  a b s o l u t e .  I f '  t h e  p r e s s u r e  r i s e  
e x c e e d s  t h e  a l l o w a b l e ,  t h e  c o n t a i n e r  l i d  g a s k e t  a s s e m b l y  mus t  
b e  r e p l a c e d  f o l l o w i n g  t h e  p r o c e d u r e  i n  Appendix C .  
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REPLACING THE CLOSU.RE HEAD GASKET ASSEMBLY . . 

C 

1. P l a c e  t h e  c l o s u r e  head  on b l o c k s  w i t h  t h e  g a s k e t  f a c e  up. 

2 .  Remove t h e  t h r e e  c o u n t e r s u n k  head  screws and t h e  c losure head  
g a s k e t  assembly .  

a 
3 .  Examine t h e  g a s k e t  s e a l i n g  s u r f a c e s  o f  t h e  closure head  f o r  

. d e f e c t s .  N o t i f y  s u p e r v i s i o n  i f  d e f e c t s  a re  n o t e d .  

4 .  I n s t a l l  a new g a s k e t  a s sembly  on t h e  c losure head  u s i n g  t h e  
. . t h r e e  c o u n t e r s u n k  head  screws. T e s t  t h e  a s sembly  p e r  

4, ' . Appendix D o f  t h i s  p r o c e d u r e .  
. . 
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ABSTRACT , . 

This repor t  d e s c r i b e s  t h e  r a d i o c h e m i c a l  and chemica l  a n a l y s e s  t o  be 
performed i n  support of a spen t  n u c l e a r  f u e l  r e c e i v i n g  f a c i l i t y .  It 
,assumes tha t  f u e l  casks w i l l  be received with both dry- and water - f i l l ed  
c a v i t i e s ,  and t h a t  fue l  un loading  w i l l  be performed 'underwater .  The 

. pre fe r r ed  a n a l y t i c a l  techniques a r e  included, whether developed by AGNS 
o r '  by another agency. 
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1.0 RADIOCHEMISTRY SUPPORT FDR .OPERATION OF A ' 
FUEL RECEIVING AND STORAGE STATION (FRSS) 

A s  a  r e s u l t  of t h e  exchange  of 7 i d e a s  w i t h  . p e r s o n n e l  a t  t h e  I d a h o  
Chemical P rocess ing  P l a n t  a n d s t h e  General  E l e c t r i c  Fuel  S to rage  F a c i l i t y  
(Morr is ,  I l l i n o i s ) ,  the  fo l lowing r a d i o c h e m i c a l  and c h e m i c a l  a n a l y s e s  

* w i l l  be performed i n  suppor t  of the  o p e r a t i o n  of an FRSS. 

( 1 )  g r o s s  be ta  count ing 
( 2 )  t r i t i u m  de te rmina t ion  
( 3 )  strontium-90 d e t e r m i n a t i o n  
( 4 )  gamma-scan of pool water and a i r  ( g a s )  samples 

1.1 Recommended Radiochemical Analyses f o r  t h e  Environmental  C o n t r o l  of 
t h e  FRSS S to rage  F a c i l i t y  

The types  of radiochemical  ana lyses  and t h e  f r e q u e n c y  of s a m p l i n g  a r e  
p resen ted  below: 

TABLE 1 

POOL WATER 

Ana lys i s  Frequency 

Gross Beta 
T r i t i u m  
S t r o n t  ium-90 
Gamma-scan 

TABLE 2 

AIR (GAS) 

weekly 
weekly 
monthly 
weekly 

Analys is  Frequency 

Krypton-85 C o n t i n u a l l y  (when needed ) 
Iodine-131 d a i l y  
T r i t i u m  weekly 
Gross b e t a  d a i l y  

rn 
These ana lyses  must be performed t o  e n s u r e  t h e  i n t e g r i t y  of t h e  f u e l  
e l e m e n t s  i n  t h e  FRSS and t h e  r a d i o l o g i c a l  s a f e t y  of p e r s o n n e l .  
C o r r e c t i v e  measures can  t h e n  be i n s t i t u t e d  i f  a  p r e s c r i b e d  a c t i v i t y  
l e v e l  is exceeded. Procedures r e f e r e n c e d  i n  t h e  Methodology s e c t i o n s  
which fo l low a r e  appended t o  t h i s  r e p o r t .  



1.1.1 Methodology f o r  Pool Water Analyses 

( 1 )  Gross be ta  a c t i v i t y  - An a l iquo t  of the  pool water ,  a f t e r  d i l u t i o n  
t o  an app rop r i a t e  a c t i v i t y  range, is  e v a p o r a t e d  t o  n e a r  d r y n e s s .  
The res idue  is  q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  a  p l a n c h e t ,  and t h e  
p lanche t  is counted using a  be t a  propor t iona l  counter .  Two methods 
w i l l  be used for  these  a n a l y s e s ,  BETA-RC-1-B, " D e t e r m i n a t i o n  of 
G r o s s  Beta  ~ c t i v i t ~ ,  'I and BETA-RC-2-A, " D e t e r m i n a t i o n  of Be ta  
A c t i v i t y  i n  Liquid Sample from the  FRSS." 

(2 )  T r i t i u m  - An a l i q u o t  of t h e  pool  w a t e r  i s  added t o  a  p r e p a r e d  
s c i n t i l l a t i o n  mixture and counted i n  a  l i q u i d  s c i n t i l l a t i o n  sys tem 
u s i n g  method H3-RC-1-A, " D e t e r m i n a t i o n  of  T r i t i u m  by L i q u i d  
S c i n t i l l a t i o n  ." 

(3) strontium-90 -'An a l i quo t  of the pool water i s  ana lyzed  a c c o r d i n g  
t o  t h e  p r o c e d u r e  f o r  s t r o n t i u m - 9 0  found i n  t h e  E n v i r o n m e n t a l  
P r o t e c t i o n  Agency pub l i ca t i on  "Inter im Radiochemica l  Methodology 
f o r  Drinking Water ," EPA-60014-75-008 ( r e v i s e d  March 1 9 7 6 ) .  I n  
t h i s  procedure,  the r ad ioac t ive  s t ron t ium i s  s e p a r a t e d  from o t h e r  
r a d i o a c t i v e  elements by p r e c i p i t a t i o n  as  s t r o n t i u m  n i t r a t e  from a  
fuming n i t r i c  acid s o l u t i o n .  It is then p r e c i p i t a t e d  as s t r o n t i u m  
carbonate  and counted with a  be t a  propor t iona l  counter .  

(4)  Gauima-scan - An a l i q u o t  of t h e  pool  w a t e r  i s  t r a n s f e r r e d  t o  a  
polyethylene b o t t l e  and counted with a  Ge(Li) d e t e c t o r  t o  i d e n t i f y  , 
t h e  var ious gamma-ray emi t t e r s .  The procedure t h a t  w i l l  be used is  
GAMMA-RC-3-A, "Determination of R a d i o a c t i v e  I s o t  o p e s  by Scanning  
Gamma-Ray Spectroscopy. " 

1.1.2 Methodologv f o r  A i r  (Gas) Analvses 

( 1 )  Krypton-85 - P r o c e d u r e  GAMMA-RC-2-A, " D e t e r m i n a t i o n  of Gamma 
A c t i v i t y  i n  Cask Coolant Gas," w i l l  be followed fo r  the  d e t e r m i n a -  
t i o n  of gamma a c t i v i t y  i n  cask coolant  gas. S t a i n l e s s  s t e e l  sample 
con ta ine r s  t ha t  w i l l  wi thstand the gas pressures  i n  the  s p e n t  f u e l  
cask are  a v a i l a b l e  from the  Whitey Company. These c o n t a i n e r s  a r e  
a v a i l a b l e  i n  100-ml s i z e s  and a r e  compatible with the BNFP count ing 
room geometries.  In  add i t i on ,  Kr-85 w i l l  be con t inua l ly  mon i to red  
i n  the  a i r  by use of the  s t ack  monitor.  

( 2 )  Iodine-131 - To determine the  concent ra t ion  of 1-131 i n  t h e  FRSS, 
a n  a i r  sample  w i l l  be c o l l e c t e d  on a  s i l v e r - z e o l i t e  c h a r c o a l  
c a r t r i d g e  and counted using a  NaI(T1) system. The procedure t o  be 
f o l l o w e d  w i l l  be GAMMA-RC-3-A, " D e t e r m i n a t i o n  of R a d i o a c  t i v e  
I so topes  by Scanning Gamma-Ray Spectroscopy. " Where o ther  v o l a t i l e  
r ad ionuc l ides  a r e  analyzed, the charcoal  c a r t r i d g e  w i l l  be counted  
us ing  a  Ge(Li) system which g i v e s  much b e t t e r  r e s o l u t i o n  of t h e  
gamma r a y  e n e r g i e s  bu t  r e q u i r e s  much l o n g e r  c o u n t i n g  t i m e s  t o  
o b t a i n  t h e  necessary a c t i v i t y  l e v e l s .  



(3 )  ~ r i t i u m ' -  A i r  w i l l  be passed through a  ~ i . l i c a - ~ e l '  column which w i l l  
absorb the moisture i n  the a i r .  The column is  then heated,  and the 
t r i t i u m  content  of the d i s t i l l e d  water is determined with a  l i q u i d  
s c i n t i l l a t i o n  sys tem using procedure H3-RC-1-A, "De te rmina t ion  of 

. .  Tri t ium by Liquid S c i n t i l l a t i o n . "  

( 4 )  Gross Beta - For the determination of gross b e t a ,  an a i r  p a r t i c u -  
l a t e  f i l t e r  is placed i n  f ron t  of a  charcoal ca r t r i dge  and counted  
using a  proport ional  beta  counter.  The p rocedure  t o  be fo l lowed 
w i l l  be BETA-RC-2-A, "De te rmina t ion  of Beta  A c t i v i t y  i n  L i q u i d  
Samples from the FRSS." 

1.2 Recommended Chemical Assay Techniques f o r  Determining Pool Water 

The types  of chemica l  a n a l y s e s  and t h e  f r e q u e n c y  of s a m p l i n g  a r e  
presented below. These analyses can be performed without d i f f i c u l t y  and 
do not requi re  sophis t ica ted  instrumentat ion.  

TABLE 3  

POOL WATER 

Analysis Frequency 

Chloride 
pH 
Temperature 
Conductivity 
Turb id i ty  

weekly 
weekly 
weekly 
weekly 
weekly 

1.2.1 Methodolow 

(1 )  Chloride - Chloride i n  aqueous s o l u t i o n s  can be r e a d i l y  measured - u s i n g  a  nephe lome t r i c  t e c h n i q u e  which i n v o l v e s  t h e  t u r b i d i t y  
produced by the presence of ch lor ides  in  so lu t ion .  A more de t a i l ed  
desc r ip t i on  of the technique may be found i n  method CL-TURB-1-A, 

• "Turbidimetric Determination of Chloride i n  Aqueous Solutions. '! 

I 
( 2 )  pH - The pH of  the pool water w i l l  be determined on an a l i q u o t  of - 

t h e  pool wa te r  u s i n g  P rocedure  B-ACLOP-80A-5, "Orion pH Meter 
Operating Procedure ." 

( 3 )  Conductivity - The conduct ivi ty  of t h e  pool  wa te r  w i l l  be d e t e r -  
mined on an a l i q u o t  of t h e  pool water  u s i n g  P rocedure  B-ACLOP- 
808-37, "CDM3 Conductivity Meter Operating Procedure." 

(4 )  Turb id i ty  - The t u r b i d i t y  of t h e  pool water  w i l l  be de te rmined  
using the Hach Low Range Turbidimeter Model 1720A. This p rocedure  ' 

involves the s c a t t e r i n g  of l i g h t  from a  sou rce  t o  a  p h o t o c e l l  by 
t h e  suspended p a r t i c u l a t e  m a t t e r  i n  t h e  p o o l  w a t e r .  T h i s  



measurement may be conducted c o n t i n u a l l y  i f  de s i r ed  using ava i l ab l e  
ins t rumenta t ion  a t  the BNFP. A procedure is  being w r i t t e n .  

1 . 3  Recommended B io loe i ca l  Analvses f o r  t h e  Pool Water 

Techn iques  and p r o c e d u r e s  f o r  b i o l o g i c a l  measurements  t h a t  may be 
necessary ,  such as BOD and COD, w i l l  be as those descr ibed i n  "S tandard  
Methods fo r  the Examination of Water and Waste water," publ i shed  by t h e  
American Publ ic  Heal th  Assoc ia t ion ,  14 th  Ed i t i on ,  1975. The instruments  
f o r  these  analyses  a r e  p re sen t ly  i n  house. 

1 .4  Qua l i t y  Control  

Q u a l i t y  c o n t r o l  s t a n d a r d s  w i l l  be a n a l y z e d  t o  a s s u r e  t h a t  e a c h  
a n a l y t i c a l  system is  i n  con t ro l  before  t h e  method i s  used f o r  r o u t i n e  
ana lyses .  C a l i b r a t i o n  s tandards  a re  prepared by the Analy t ica l  Serv ices  
S t a n d a r d s  L a b o r a t o r y  and a r e  t r a c e a b l e  t o  t h e  N a t i o n a l  B u r e a u  of  
S tandards  where requi red .  

1 .5  P r e ~ a r a t i o n  of Radioact ive S a m ~ l e s  and Waste 

The a c t i v i t y  of some samples may be t o o  h i g h  t o  be t r a n s f e r r e d  t o  o r  
handled i n  the Hot and Cold Laboratory Area. P r e l i m i n a r y  p r e p a r a t i o n ,  
e .g . ,  subdividing or d i l u t i n g ,  of these samples w i l l  be performed i n  the 
Fuel  Receiving Area Laboratory.  Temporary sh i e ld ing ,  t o  reduce exposure 
t o  p e r s o n n e l ,  w i l l  be p rov ided  i n  t h e  fume hood l o c a t e d  i n  t h i s  
l abo ra to ry .  

Samples and sample a l i q u o t s  d i l u t ed  with n i t r i c  acid w i l l  be disposed of 
v i a  t he  fume hood d r a i n  located i n  the  Fuel Receiving Area  L a b o r a t o r y .  
This  d r a i n  w i l l  connect t o  the  FRSS waste water sump. Sample a l i q u o t s  
which have been t r e a t e d  with reagents  o ther  than acid w i l l  be c o l l e c t e d  
an.d s o l i d i f i e d  i n  t h e  Hot  and C o l d  L a b o r a t o r y  A r e a  a n d  t h e  
Fuel  Receiving Area L a b o r a t o r y  i n  acco rdance  w i t h  t h e  p r o v i s i o n s  of 
A-ODAP-32, "Handling and Shipping of Low Level R a d i o a c t i v e  Waste , " and 
B-ACLOP-82A-5, " S o l i d i f i c a t i o n  of L i q u i d  Radwaste  G e n e r a t e d  i n  BNFP 
Labora tor ies  .I1 
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I 1.0 Scope 

This method is applicable to the determination of gross beta activity 
in liquid samples that normally contain high levels. of activity. 

PAGE 

1 o t 4  

( 2.0 Summary I 

I _ - . _ - _ 

DATE OF THIS ISSUE 

4 / 2 7 / 7 9  

NO 

BETA-RC-1-B 

E'ollowing. dilution of the sample to an appropriate activity range, an 
aliquot is evaporated to dryness on a 1-inch microscope coverglass and 
counted with a beta counter. 

REV 

B 

1 3.0 Interferences I 
~xtrklne care must be exer.cised to avoid contamination. Cross- 
contamination of samples . could result if the equipment and preparation 
area are .not kept free of contamination.. 

. . . . . . . .  .- -. . .. . :_. . _ ..._.._ .... ._. _ . . __, .  _ .  . 

4.0 Apparatus 

4.1 Masking tape - Double-coated, two inches wide. 
4.2 ~ i c r o b c o ~ e  coverglasses - One-inch diameter. 
4.3 Mounting plates - Aluminum, 2.50 by 3.25 in. 

4.4 Pipets - Micro, assorted sizes. 
4.5 Saran wrap (or ' equivalent plastic material J .  

4 . 6  Template - Aluminum mounting plates with a 1-inch diameter hole 
in the center. 

5.0 Reagents 
. . 

5.1 Purity of reagents - Unless otherwise stated, reagent grade chem- 
icals shall be used, where available. All reagents shall conform 
,to the specifications of the Committee on Analytical Reagents of 
the American Chemical 'society (ACS ) , where such specifications 
are available. 

REVIEWEP BY APPROVED BY 1 

bpnizant OWI. Div. oadJ6anr8ar 

FORM OD.1 
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5.2 P u r i t y  o f  w a t e r  - U n l e s s  o t h e r w i s e  i n d i c a t e d ,  a l l  r e f e r e n c e s  t o  
. wate r  s h a l l  b e  u n d e r s t o o d  t o  mean d i s t i l l e d  or d e m i n e r a l i z e d  

( d e i o n i z e d )  w a t e r .  

5 . 3  N i t r i c  a c i d  - ( H N 0 3 )  - 0.1M - .  P r e p a r e  b y  a d d i n g  6 . 5  m l  o f  c o n -  
c e n t r a t e d  H N 0 3  t o  500 m l  o? w a t e r  and d i l u t i n g  t o  1 l i t e r .  

ANALYTICAL CHEMISTRY METHODS MANUAL 

C a u t i o n :  S p e c i a l  care s h o u l d  b e  u s e d  t o  e n s u r e  c o n t a m i n a t i o n -  
f r e e  a c i d .  D i s c a r d  t h i s  r e a g e n t  i f  1' m l ,  c a r r i e d  
t h r o u g h  t h e  p r o c e d u r e ,  g i v e s  a c o u n t i n g  r a t e  t h a t  
e x c e e d s  t h e  b a c k g r o u n d  c o u n t i n g  r a t e  by more t h a n  1 0 % .  

6 . 0  s a f e t y  

PACE 

2 o f  4 

6 . 1  F r e q u e n t l y  m o n i t o r  t h e  a r e a  and a l l  e q u i p m e n t  t o  d e t e c t  a n y  c o n -  
t a m i n a t i o n .  M o n i t o r  e q u i p m e n t  b e f o r e  r e m o v a l  f r o m  t h e  fume hood.  
M o n i t o r  h a n d s  a n d  arms i m m e d i a t e l y  a f t e r  w i t h d r a w a l  f r o m  t h e  
g l o v e b o x  or fume hood.  I f  any  c o n t a m i n a t i o n  is f o u n d ,  n o t i f y  t h e  
' s u p e r v i s o r  i m m e d i a t e l y  and d e c o n t a m i n a t e  a c c o r d i n g  t o  t h e  p r o p e r  
p r o c e d u r e s .  

DATE 

4 / 2 7 / 7 9  
NO 

BETA-RC-1-B 

6 . 2  M o n i t o r  t h e  s a m p l e  f o r  r a d i a t i o n  d o s e  r a t e .  I f  t h e  d o s e  r a t e  
e x c e e d s  t h e  l i m i t s  i n  t h e  SEC P o l i c y  Manual ,  c o n t a c t  y o u r  s u p e r -  
v i s o r  f o r  p r o p e r  h a n d l i n g  p r o c e d u r e s .  C o m p l y  w i t h  e s t a b l i s h e d  
p r o c e d u r e s  when h a n d l i n g  r a d i o a c t i v e  s a m p l e s .  

REV 

B 

1 7 . 0  C a l i b r a t i o n  

Background  - 

7 . 1 . 1  Mount  a  m i c r o s c o p e  c o v e r g l a s s  as  d e s c r i b e d  i n  S t e p  8 . 4  a n d  
p . l a c e  it i n  t h e  c o u n t i n g  chamber.  

7 .1 .2  A c t i v a t e  t h e  c o u n t e r  and  a l low it t o  ' o p e r a t e  f o r  20  m i n u t e s .  
C a l c u l a t e  t h e  b a c k g r o u n d  as c o u n t s  p e r  m i n u t e .  

..- 

1 7 . 2  B l a n k  

P i p e t  1 m l  o f  t h e  0.1M H N 0 3  r e a g e n t  o n t o  a m i c r o s c o p e  c o v e r g l a s s  
a n d  p r o c e e d  a c c o r d i n g  t o  S e c t i o n  8 . 3 .  I f  t h e  c o u n t i n g  r a t e  
e x c e e d s  t h e  b a c k g r o u n d  by l o % ,  r e p e a t  t h e  b l a n k  a n a l y s i s  u s i n g  a  
new p i p e t .  I f  t h e  c o u n t i n g  r a t e  r e m a i n s  h i g h ,  o b t a i n  new r e a g e n t  
a n d  a  new p i p e t .  

I 7 . 3  E f f i c i e n c y  F a c t o r  

P l a c e  t h c  g r o s s  b e t a  c a l i b r a t i o n  s t a n d a r d  i n  t h e  c o u n t i n g  chamber 
a n d  a c t i v a t e  . t h e  c o u n t e r .  A l low t h e  c o u n t e r  to  a c c u m u l a t e  1 0 , 0 0 0  
c o u n t s .  D i v i d e  t h e  n e t  c o u n t s  p e r  m i n u t e  by  t h e  known d i s i n t e -  
g r a t i o n  r a t e  o f  t he  s t a n d a r d  to  o b t a i n  t h e  e f f i c i e n c y  f a c t o r .  
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8.0 P rocedure  

ANALYTICAL CHEMISTRY METHODS MANUAL 

8 . 1  Measure t h e  t o t a l  beta-gamma r a d i a t i o n  l e v e l  o f  t h e  s a m p l e  a t  
' c o n t a c t  w i t h  a  p o r t a b l e  s u r v e y  i n s t r u m e n t .  D i l u t e  1 0 0 0  f o l d  f o r  
each  R of  a c t i v i t y  by p i p e t i n g  a n  a l i q u o t  o f  t h e  s a m p l e  i n t o  a  

. . ' v o l u m e t r i c  f l a s k  and d i l u t i n g  t o  volume w i t h  0.1M H N O  3 .  

Cau t ion :  ' Perform t h e  e n t i r e  . p r o c e d u r e  i n  a  glovebox. '  

PAGE 
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8 .2  p i p e t  a  1 - m l  a l i q u o t  o f  t h e  d i l u t e d  s a m p l e  o n t o  a  m i c r o s c o p e  
c o v e r g l a s s .  

DATE 

4/27/79 

I 

C a u t i o n :  M o n i t o r  t h e  w o r k i n g  a r e a  a n d ,  e q u i p m e n t  f o r  a l p h a  
' a c t i v i t y .  

NO 

BETA-RC-1-B 

8 .3  Evapora t e  s l o w l y  ( w i t h o u t  s p a t t e r i n g )  to. d r y n e s s  under  t h e  in£ ra - .  
r e d  lamps. I n  o r d e r  t o  a v o i d  s p a t t e r i n g ,  t h e  s a m p l e  s h o u l d  be 

. . .  , e v a p o r a t e d  a lmos t  t o  d r y n e s s  w i t h  t h e  h e a t  lamp set on low: ,When 
t h e  sample is a lmos t  d r y ,  t u r n  t h e  l amps  t o  h i g h  f o r  a b o u t  two . - . . . . , . 

. ,m inu te s  t o  e n s u r e  t ho rough  d ry ing .  ' '  "' ';.""' , . 
.. . . . . . ., ... . . - 

REV 

B 

8.4 Mount, t h e  microscope  c o v e r g l a s s  i n  t h e  aluminum p l a t e  a s  f o l l o w s :  

a 

. . 

. . . . 
-. . 

. 
. . ._ . . .., .. . . . ' . . . .  . . . . ~ 

. . 

8 .4 .1 '  Using t h e  t e m p l a t e ,  i n s c r i b e  a  one- inch d i a m e t e r  cir .cle on t h e .  
,aluminum mounting p l a t e . .  

8.4.2 A t t a c h  a .  s t r i p  of double-coa ted  masking ,t.ape o v e r  t h e  i n s c r i b e d  
circle.  

8.4 .3  P l a c e  t h e  microscope  c o v e r g l a s s  c o n t a i n i n g  t h e  ' e v a p o r a t e d  sam- 
, ' ,  p l e  on t h e  i n s c r i b e d  c i rc le .  . . . . 

. . 
8.4.4 ,Cover t h e  m i c r o s c o p e .  c o v e r g l a s s  w i t h  a  p i e c e  of  S a r a n  Wrap 'and 

p r e s s  down f i r m l y  to  t h e  masking t a p e .  

C a u t i o n :  ' Monitor  hands and arms i m m e d i a t e l y  a f t e r  w i t h d r a w a l  
f rom glovebox.  

8.5. c o u n t  t h e  sample w i t h  t h e  b e t a  c o u n t e r  t o  an i n t e g r a t e d  c o u n t  o f  
. ' .  1 0 , 0 0 0  c o u n t s  o r .  a  minimum o f  1 0  m i n u t e s .  I f  t h e  c o u n t  r a t e  

, exceeds  10,000 c o u n t s  p e r  m i n u t e  -- t h e  l i n e a r i t y  l i m i t  o f  t h e  ' 
c o u n t e r  -- s t a r t  o v e r  a t  S t e p  8 . 1  w i t h  a p p r o p r i a t e l y  s m a l l e r  

' 8  

' a l i q u o t s .  

8 .6  . . The a l l o w a b l e  r a n g e  f o r  d u p l i c a t e  s a m p l e s  is 1 0 % .  I f  t h i s  ' is 
exceeded ,  t h e  e n t i r e  a n a l y s i s  shou ld  be r e p e a t e d .  The  r a n g e  is 
c a l c u l a t e d  a s  f o l l o w s :  . . 

! .  

. 
10(UoD-2 . L .  . 

L 

. .  .. . . 
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where:  

I (  

X 1 = h i g h e s t  sample c o u n t ,  
X 2  = l o w e s t  s amp le  c o u n t ,  

X = t h e  mean o f  a l l  t h e  s amp le  c o u n t s ,  and 
100  = t h e  f a c t o r  to  c o n v e r t  to  p e r c e n t .  

9.0 C a l c u l a t i o n s  

P M E  

4 o f  4 

9 . 1  C a l c u l a t e  t h e  b e t a  a c t i v i t y  p e r  s amp le  a l i q u o t  as f o l l o w s :  

DATE 

4/27/79 
.to 

BETA-RC-1-B 

C - B  ' = (V) (El 

REV 

B 

where :  

. . = b e t a  a c t i v i t y  o f  sample  i n  dpm/ml; 

C = t o t a l  b e t a  a c t i v i t y  o f  d i s k s  i n  cpm, 

B ,= . background  i n  cpm, 

E  = e f f i c i e n c y  f a c t o r  f o r  b e t a  c o u n t e r  t o  c o n v e r t  f rom cpm 
t o  dpm, o b t a . i n e d  b y  d i v i d i n g  n e t  cpm o b t a i n e d  o n  a 
s t a n d a r d  by t h e  known dpm f o r  t h e  s t a n d a r d ,  and 

, . 
V = volume of s amp le  a l i q u o t  i n  m l .  

9 .2  T y p i c a l  C a l c u l a t i o n  

C  = 8.0 x 103  cpm 
B = 11 cpm 
E = 0 . 1  c /d  
V = 0 .5  m l  

C - B  
= (V) (El 

0 = ( 8 . 0  x l o 3  cpm) - (11 c@m) 
( 0 . 5  m l )  ( 0 . 1  c/d) 

1 0 . 0  R e f e r e n c e s  

. - 1 ' 0 . 1  I d a h o  N u c l e a r  C o r p o r a t i o n  A n a l y t i c a l  Manual ~ c t - 2 ,  March 1965.  . .  . :';. " 
.? 

. 1 0 . 2  Savannah  R i v e r  P l a n t  Works T e c h n i c a l  M a n u a l ,  DPSOP 82-1,  S t a n -  
d a r d  P r o c e d u r e s ,  Groqs  B e t a  a n d  Gross Gamma ~ c t i v i t y  C o u n t i n g  
Method,  J u l y  1970.  . .  
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DETERMINATION OF BETA ACTIVITY I N  LIQUID 
SAMPLES FROM THE FRSS 

1. Scope 

I. 1 T h i s  method is a p p l i c a b l e  t o  t h e  d e t e r m i n a t i o n  o f  
. . b e t a  a c t i v i t y  i n  l i q u i d  samples from t h e '  Fue l  Re- 

c e i v i n g  and S t o r a g e  S t a t i o n  (FRSS) . These samples 
. .  . i n c l u d e  s t o r a g e  pool  samples,  p o o l  sump samples ,  

and cask  cooldown l i q u i d  . samples .  The range  o f  
a c t i v i t y  i n  t h e  sample is normal ly  l o m 4  t o  5 p C i / m l .  

2. Summary 
. . .  

. , 2.1  An a l i q u o t  o f  t h e  sample i s  e v a p o r a t e d  on a  coun t ing  
p l a n c h e t  and t o t a l  be ta -a lpha  a c t i v i t y  de termined 
w i t h  a  p r o p o r t i o n a l  coun te r .  I f  a c t i v i t y  exceeds  
t h e  s p e c i f i e d  l i m i t s  f o r  t h e  sample, t h e  rad io -  
n u c l i d e s  p r e s e n t  a r e  i d e n t i f i e d  u s i n g  gamma spec-  
t romet ry  t echn iques .  I f  t h e  b e t a  a c t i v i t y  p r e s e n t  
i n  t h e  sample exceeds  t h e  l e v e l  c a l c u l a t e d  from 
t h e  gamma s p e c t r o m e t r y  measurements, t h e  sample 
i s  ana lyzed  f o r  ' ~ r  us ing  radiochemical  s e p a r a t i o n  
t echn iques .  Alpha a c t i v i t y  i s  n o t  normal ly  p r e s e n t ;  
however, t h e  sample i s  counted  t o  de te rmine  i f  any 
a l p h a  a c t i v i t y  i s  p r e s e n t .  If a l p h a  a c t i v i t y  i s  found 
and i s  above s p e c i f i e d  l i m i t s  f o r  t h e  sample, t h e  sample 
w i l l  be  examined u s i n g  a l p h a  spec t romet ry  t e c h n i q u e s .  

3 .  I n t e r f e r e n c e s  

3 . 1  Extreme c a r e  must b e  e x e r c i s e d  t o  avo id  contaminat ion .  
Cross-contaminat ion  o f  samples can r e s u l t  i f  t h e  
equipment and p r e p a r a t i o n  a r e a  a r e  n o t  k e p t  f r e e '  
o f  a c t i v i t y .  

4 .  Apparatus 

4 . 1 '  P l a n c h e t s  - 1-inch,  rimmed s t a i n l e s s  s teel .  

4 . 2  Saran  wrap - O r  e q u i v a l e n t  p l a s t i c  m a t e r i a l .  

. 4.3 P l a n c h e t  fo rceps .  

4 . 4  Alpha-beta c o u n t e r  - Low background p r o p o r t i o n a l  
d e t e c t o r .  (.. . :{; - 
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5. Reagents  

5 . 1  p u r i t y '  o f  _ r e a g e n t s  ':' u n l e s s  o t h e r w i s e  s t a t e d ,  
r e a g e n t  g r a d e  chemicals  s h a l l  be  used. 

BETA-RC-2-A 
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5.2 P u r i t y  o f  w 6 t e r  - u n l e s s  o t h e r w i s e  indicates, 
a l l  r e f e r e n c e s - t o  w a t e r  s h a l l  be  unders tood t o  - .  
mean ' d i s t i l l e d '  water; ' , , ,  

L :. T L- . 
5.3 N i t r i c  acid-:  (FINO;) - 0.1M - P r e p a r e  by adding 

6.5 * m l  o f  c o n c e n t r a t e d  H N O ~  t o  500 m l  o f  w a t e r  
and d i l u t i n g  t o L l  liter. '' S p e c i a l  c a r e  s h o u l d  
b e  used, . to  e n s u r e  con tamina t ion- f ree  a c i d .  
 isc card t h e  r e a g e n t  i f  1 m l  c a r r i e d  th rough  
t h e  procedure  g i v e s  a  c o u n t i n g  r a t e  more t h a n  
10% above background. 

. . 
6. S a f e t y  

6 . 1  Monitor  sample f o r  beta-gamma a c t i v i t y .  Samples 
r e a d i n g  less t h a n  100 mR/hr o r  500 mrad/hr a t  
c o n t a c t  may be  handled  w i t h  s e l f - m o n i t o r i n g .  I f  
t h e  r a d i a t i o n  exceeds  e i t h e r  o f  t h e s e  v a l u e s ,  
c o n t a c t  your  s u p e r v i s o r  f o r  h a n d l i n g  p rocedures .  
Comply w i t h  t h e  e s t a b l i s h e d  s a f e t y  p r o c e d u r e s  
when h a n d l i n g  a n y . r a d i o a c t i v e  sample. 

-, 

6.2 F r e q u e n t l y  moni tor  t h e  working a r e a  and a l l  
equipment t o  d e t e c t  any - cont.*+n_ation. Moni tor  
equipment b e f o r e  removal from , the  fume hood. 
Monitor  hands and arms immediately a f t e r  wi th -  
drawal  from t h e  g l o v e  box. I f  any con tamina t ion  
i s  found, n o t i f y  t h e  s u p e r v i s o r  immedia te ly  and 
decontaminate  a c c o r d i n g  t o  p r o p e r  procedure .  

7. C a l i b r a t i o n  

7 .1  P l a c e  a  c l e a n  p l a n c h e t  i n  t h e  c o u n t i n g  chamber. 

7.2 S t a r t  t h e  c o u n t e r  and c o u n t  f o r  1 0  minutes .  Cal- 
c u l a t e  t h e  background ( B )  i n  c o u n t s  p e r  minute.  

7.3 P l a c e  a  g r o s s  b e t a  s t a n d a r d  p l a n c h e t  c o n t a i n i n g  
0 .01  p C i  o f  1 3 7 ~ s  i n  t h e  c o u n t i n g  chamber and 
c o u n t  u n t i l  10,000 coun t s  have been accumulated. 

7.4 C a l c u l a t e  t h e  b e t a  c o u n t i n g  e f f i c i e n c y  f a c t o r  ( E )  
by d i v i d i n g  t h e  de termined c o u n t s  p e r  minute (cor- 
r e c t e d  f o r  background) by t h e  known d i s i n t e g r a t i o n s  
p e r  minute f o r  t h e  s t a n d a r d .  
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' . 8. Procedure 

8 .1  Make any necessary sample d i l u t i o n  wi th  0. l N  HNOo.  
The sample a l i q u o t  t r a n s f e r r e d  t o  t h e  p l a n d i e t  ' 

should n o t  exceed 50,000 cpm t o  prevent  excess ive  
dead-time lo s se s .  A count ing r a t e  o f  5,000 cpm 

... is t h e  d e s i r e d  a c t i v i t y  range. . . 

. . 8 .2  P i p e t  a  sample a l i q u o t ,  n o t  t o  exceed 1 m l ,  o n t o '  
. . a  count ing p lanche t  us ing  a d i s p o s a b l e ' t i p  micro- 

p i p e t .  

8 . 3  Evaporate slowly (wi thout  s p a t t e r i n g )  t o  dryness 
under an i n f r a r e d  lamp. 

., 8.4  Using t h e  p l anche t  fo rceps ,  mount t h e  p l anche t  i n  
a  p lanche t  holder .  

'. , 8 .5  Place  ' the  p lanche t  i n .  t he  c o u n t i n g  chamber and 
I 

. . . . 
. . . . ' . . count f o r  l o ' m i n u t e s  o r  u n t i l  10,000 counts  have . .-. .  

been accumulated. ., 

/' c .  8.6  . c a l c u l a t e '  t h e  t o t a l -  a c t i v i t y  'as b e t a  a c t i v i t y .  
' I f  t h e  a c t i v i t y  exceeds"  t h e  s p e c i f i e d  l i m i t s  f o r  

. . ' . t h e '  sample, p l ace  an' a lpha absorber  over  t h e  sample 
and determine the b e t a  a c t i v i t y .  I f  t h e  d i f f e r e n c e  
i n  counts wi th  and without  t h e  absorber  i n d i c a t e s  

• , , t h e  presence of  a lpha  a c t i v i t y ,  determine t h e  a lpha 
e m i t t e r s  by a lpha  spectrometry  us ing  a  s u r f a c e  
b a r r i e r  de t ec to r .  I.f t h e  b e t a  a c t i v i t y  is above 
s p e c i f i e d  l i m i t s  f o r  t h e  'sample and exceeds t h e  
va lue  c a l c u l a t e d  from gamma spectrometry  measure- 
ments on t h e  sample, process  a  s e p a r a t e  sample . . 

. . a l i q u o t  f o r .  ' ~ r  a n a l y s i s  by t h e  s p e c i f i e d  method. 

9.  Ca l cu l a t i ons  

9 . 1  Ca lcu l a t e  . the  b e t a  a c t i v i t y  o f  t h e  sample a s  fol lows:  

where : 

B = b e t a  a c t i v i t y  o f  t h e ,  sample i n  u C i / m l ,  

C = a c t i v i t y  of  t he  p lanche t  i n .  counts p e r  
minute, 

. . 
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coun t s  p e r  minute ,  

V = volume o f  sample a l i q u o t  t r a n s f e r r e d  t o  
I 

t h e  p l a n c h e t  i n  m l ,  
. . i ! 

! 
F = d i l u t i o n  f a c t o r  i f  sample was d i l u t e d ,  . , 

E = e f f i c i e n c y  f a c t o r  f o r  t h e . b e t a  coun te r  
. . 

t o  conve r t  coun ts  p e r  minute t o  d i s -  ' 

. . i n t e g r a t i o n s  p e r  minute,  and 

2.22 x l o 6  = f a c t o r  t o  conve r t  dpm t o  u C i .  

9.2. Typica l  C a l c u l a t i o n  

C = 8.0 x l o 3  cpm a. 
. ' - B = 11 cpm 

.. . F = l  . . . . .  . . -, . - . . . . . . .  . -  
i 

. . .  
i 

" ' . V =  l m l  
. . 

E = 0.5 c/d 

(8.0 x l o 3  cpm - 11 cpm) x 1 B = 1 m l  x 0.5 c/d x 2.22 x l o 6  dpm/uCi 
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~ DETERMINATION OF T R I T I U M  BY L I Q U I D  SCINTILLATION 

1. Scope 

1.1 T h i s  method can  be  used  f o r  b o t h  h igh-  and low- l eve l  
t r i t i u m  d e t e r m i n a t i o n s  i n  v a r i o u s  p r o c e s s  s t r e a m s  and 
s t a c k  g a s  condensa t e  samples .  

The lower  l i m i t  o f  d e t e c t i o n  f o r  t r i t i u m  i n  w a t e r  .is 
0.5 n C i / l i t e r .  The r e l a t i v e  s t a n d a r d  d e v i a t i o n  is 
less t h a n  10% when a 30-minute c o u n t i n g  p e r i o d  i s  used.  
A t  h i g h e r  l e v e l s  o f  t r i t i u m ,  a  co r r e spond ing  imp'rovement 
i n  p r e c i s i o n  i s  o b t a i n a b l e  due t o  b e t t e r  c o u n t i n g  s t a -  
t i s t ics .  . . 

1 ,  

2.  Summary . . .. . '1 . - - . b 

2.1  The sample i s  d i s t i l l e d ,  i f  n e c e s s a r y ,  t o  remo4e ln#e r -  
f e r e n c e s  and a n  a l i q u o t  i s  mixed w i t h  a  s c i n t i l l a t i o n  
m i x t u r e  i n  a  p o l y e t h y l e n e  b o t t l e  away from s u n l i g h k '  
and s t r o n g  a r t i f i c i a l  l i g h t .  The sample i s  c o u n t e d .  
f o r  abou t  30 minutes', depending  upon t h e  s e n s i t i v i t y  
r e q u i r e d  and t h e  a c t i v i t y  l e v e l .  D i s t i l l e d  water 
b l a n k s  and t r i t i u m  s t a n d a r d s  a r e  p r&cessed  a l o n g  wkth 
each  group o f  samples .  A f t e r  s u b t r a c t i o n  o f  t h e  b l a n k  
c o u n t s  p e r  minute  from t h e  sample,  t h e  t r i t i u m  con$ent  
o f  t h e  sample i s  c a l c u l a t e d  by comparison w i t h  a  s t a n -  
da rd .  - r I I 

3. I n t e r f e r e n c e s  

3 . 1  con tamina t ing  r a d i o n u c l i d e s  i n t e r f e r e  by c o n t r i b u t i n g  
t o  t h e  low ene rgy  spec t rum.  The p r e s e n c e  o f  t h e s e  
emitters can  b e  d e t e c t e d  by u s e  o f  a mon i to r  c h a n n e l  
a d j a c e n t  t o  t h e  sample c h a n n e l  and  comparison o f  t h e  
c o u n t i n g  r a t i o  o b t a i n e d  w i t h  t h a t  o f  pu re  t r i t i u m .  
These i n t e r f e r e n c e s  can u s u a l l y  b e  removed by ' d i s -  
t i l l a t i o n  (1). 

3 . 2  Suspended s o l i d s  and c o l o r  i n  samples  can  i n t e r f e r e .  
The e f f e c t  o f  bo th  can be c o r r e c t e d  by use  of an  
i n t e r n a l  s t a n d a r d  (1). The sample i s  counted  b e f o r e  
and a f t e r  t h e  a d d i t i o n  of  t h e  known s t a n d a r d  t o  g e t  
an e f f i c i e n c y  f a c t o r ,  which i s  t h e n  a p p l i e d  t o  t h e  
c o u n t s  p e r  minute  o b t a i n e d  b e f o r e  t h e  a d d i t i o n  of  t h e  
s t a n d a r d .  
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3.3  Another  t y p e  o f  i n t e r f e r e n c e  o c c u r s  when t h e  t r i t i u m  
i s  chemica l ly  bound i n  such  a  manner t h a t  d i s s o l u t i o n  
does  n o t  o c c u r  i n  t h e  s c i n t i l l a t i o n  m i x t u r e .  T h i s  
t y p e  o f  i n t e r f e r e n c e  can  o c c u r  i n  s u b s t a n c e s  such  a s  
b i o l o g i c a l  t i s s u e  and  o t h e r  i n s o l u b l e  o r g a n i c  com- 
pounds.  These samples  must be  o x i d i z e d  p r i o r  t o  
l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  ( 2 ) .  

3.4 Count ing  e f f i c i e n c y  is  reduced  f o r  sampxes c o n t a i n i n g  
more t h a n  0.1M a c i d  ( n i t r i c  a c i d  o r  h y d r o c h l o r i c  a c i d ) ;  
t h e r e f o r e ,  cof ; t rol  o f  a c i d  c o n t e n t  i s  n e c e s s a r y .  

4. Appa ra tus  

4 . 1  L iqu id  s c i n t i l l a t i o n  s p e c t r o m e t e r .  

4.2 S p e c i a l  low-blank p o l y e t h y l e n e  sample v i a l s .  

4 .3  P i p e t s  - Micro,  v a r i o u s  s i z e s .  

4.4 P i p e t s  - Macro, 3- and 10-ml. 

4 .5  . P i p e t  - Macro, g r a d u a t e d ,  0-3 m l .  

4.6 D i s t i l l a t i o n  a p p a r a t u s .  - Pyrex ,  F i s h e r  C a t a l o g  No. 
9-126 A ,  o r  e q u i v a l e n t .  

Reagents  

5 . 1  P u r i t y  o f  r e a g e n t s  - Reagent g rade .  

Note: U s e  s p e c i f i e d  r e a g e n t  as t h e r e  i s  a wide 
v a r i a t i o n  i n  per formance  -'among p r o d u c t s  
o f  v a r i o u s  manufac tu re r s .  

5.2 P u r i t y  o'f w a t e r  - Unless  o t h e r w i s e  i n d i c a t e d ,  a l l  
r e f e r e n c e s  t o  w a t e r  s h a l l  be  unde r s tood  t o  mean 
d i s t i l l e d  w a t e r .  

5 .3  P-Dioxane - Eastman Organ ic  Chemicals ,  R o c h e s t e r ,  N .  Y . ,  
mp 10.5°-11.00C. 

5.4 2 ,5-d iphenyloxazole  - (PPO) - S c i n t i l l a t i o n  g r a d e ,  
P i l o t  Chemicals ,  Watertown, Mass. 

5 .5  p -b i s  ( 2 - ( 5 - p h e n y l o x a z o l y l ) ]  benz ine  - (POPOP) - 
Scintillation g r a d e ,  P i l o t  Chemicals ,  Watertown, Mass. 
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5.6 Naphthalene - R e c r y s t a l l i z e d  from a l c o h o l  by Eastman 
Organ ic  Chemicals .  ' 

5.7 , S c i n t i l l a t i o n  m i x t u r e  - Combine 4.00 g o f  PPO, 0.050 g 
o f  POPOP, and  120.0 g o f  naph tha l ene .  Add m i x t u r e  t o  
1 l i t e r  o f  p-dioxane.  S t o r e  i n  a r e f r i g e r a t o r  i n  a 
brown g l a s s  b o t t l e .  

5.8 Sodium c a r b o n a t e  - ( N a 2 C 0 3 )  - ~ n h ~ d r o u s  . g r a n u l a r .  

S a f e t y  

6 . 1  See '  t h e  S a f e t y  Manual. f o r  s p e c i a l  p r e c a u t i o n s  b e f o r e  
a n a l y s i s  o f  any sample. r e q u i r i n g  w e t .  o x i d a t i o n .  

6.2 Because p-dioxane . i s  e x t r e m e l y  t o x i c ,  a l l  p r e p a r a t i o n  
o f  samples  and  r e a g e n t s  must b e  c a r r i e d  o u t  i n  a  hood 
d e s i g n a t e d  f o r  o r g a n i c  s o l v e n t s .  Rubber g l o v e s  must 

. be  worn d u r i n g  t h e  p r e p a r a t i o n  of  s c i n t i l l a t i o n  s o l u -  
., t i o n .  

7 .1  See  S e c t i o n  3 f o r  p r e t r e a t m e n t  o f  samples ,  where  neces'- 
s a r y .  

7 . 2 '  For  l ow- l eve l  samples ,  p i p e t  3  m l  o f  t h e . s a m p l e  d i r e c t l y  
i n t o  t h e  c o u n t i x g  v i a l .  

. . 
' . 7 .3  Fo r  h i g h - l e v e l  samples ,  u se  a  m i c r o p i p e t  t o  t r a n s f e r  

t h e  optimum sample s i z e  (approximately.1,OOO-10,000 cpm) 
t o  t h e  sample v i a l .  U s e  a g r a d u a t e d  0-3 m l  p i p e t  t o  add  
enough w a t e r  t o  t h e  sample v i a l  s o  t h a t  t h e  f i n a l  volume' .-' 

of  t h e  aqueous s o l u t i o n  w i l l  b e  3.00 m l .  

8. C a l i b r a t i o n  

8 . 1  P r o c e s s  a  d i s t i l l e d  water b l a n k  ,and  a t r i t i u m  s t a n d a r d  
(o f  s i m i l a r  r ange  t o  samples)  w i t h  each  group o f  samples. .  

8.2 P r o c e s s  a. 'bench s t a n d a r d  w i t h  each  se t  o f  samples .  
L i m i t s  w i l l  be  s p e c i f i e d  by t h e  Q u a l i t y  C o n t r o l  , 

Labora tory .  
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9. P rocedure  

9 . 1  D i s t i l l a t i o n  

9,. 1.1 D i s t i l l  a l l  samples  n o t  p r e v i b u s l y  shown t o  be 
i n t e r f e r e n c e - f r e e .  

9 .1 .1 .1  Fo r  l ow- l eve l  s amples ,  p l a c e  10 t o  50 m l  
o f  t h e  sample i n  t h e  d i s t i l l a t i o n  appa- 
r a t u s  (see 4 . 6 ) ,  add approx ima te ly  1 . 5  g 
o f  anhydrous g r a n u l a r  N a 2 C 0 3 ,  and d i s -  
till j u s t  t o  d r y n e s s  -- c o l l e c t i n g  t h e  
d i s t i l l a t e  i n  a  s m a l l  c o n t a i n e r .  P r o -  
ceed d i r e c t l y  t o  9 .2 .  

For  h i g h - l e v e l  samples ,  a c c u r a t e l y  
p i p e t  a volume c o n t a i n i n g  8,000 t o  
80,000 cpm t r i t i u m  t o  t h e  d i s t i l l a t i o n  
a p p a r a t u s  (see 4 . 6 )  and  add w a t e r  t o  
b r i n g  t h e  t o t a l  volume t o  approx ima te ly  
20 m l .  Add approx ima te ly  1 . 5  g  o f  
anhydrous g r a n u l a r  Na2C03 and  d i s t i l l  
j u s t  t o  d r y n e s s ,  c o l l e c t i n g  t h e  d i s -  
t i l l a t e  i n  a  25-ml v o l u m e t r i c  f l . ask .  
D i l u t e  t o  t h e  marlc w i t h  water and mix. 
Proceed  d i r e c t l y  t o  9.2 .  

9 .1 .2  T e s t  a  sample f o r  i n t e r f e r e n c e  by p r o c e s s i n g  an  
a l i q u o t  w i t h o u t  d i s t i l l a t i o n .  I f  r e s u l t s  w i t h  
and  w i t h o u t  d i s t i l l a t i o n  a g r e e  w i t h i n  t h e  
s t a t e d  accu racy  o f  t h e  method, t h e  d i s t i l l a t i o n  
s t e p  may b e  o m i t t e d  on subsequen t  s imilar  Sam-  
p l e s .  

9 . 2 . 1  Dispense  3 m l  o f  water sample (see S e c t i o n  7 )  
and 1 3  m l  o f  t h e  s c i n t i l l a t i o n  m i x t u r e  i n t o  a 
p o l y e t h y l e n e  sample v i a l :  E l i m i n a t e  s u n l i g h t  
and use  a  minimum o f  a r t i f i c i a l  l i g h t .  

9 . 2 . 2  P l a c e  t h e  sample i n  p o s i t i o n  i n  t h e  c o u n t i n g  
chamber. 

9 .2 .3  L e t  t h e  sample c o o l  f o r  a t  l e a s t  30 minu te s .  

9.2.4 Count t h e  sample f o r  s u f f i c i e n t  t i m e  t o  o b t a i n  
a t  l eas t  10 ,000  c o u n t s  ( s t a n d a r d  d e v i a t i o n  = I%), 

I where p r a c t i c a l .  , 
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9.2.5 If the' radiochemical purity of the sample is not. 
known, count the sample in the monitor channel 
also. If contaminants are present, a. smaller 
ratio is obtained for' the sample than for the 
tritium standard -- depending on the quantity 
.of contaminants' present. Depending on the 
given instrument'and counting conditions, the 
value of this ratio is approximately 14. To 
eliminate radiochemical impurities, perform a 
chemical separation such as distillation. . 

. . .  

10..1 Correction for Dilution of Distilled Samples 

Note: Applies only to.samples processed by 9.1.1.2. rJ - I 
P x A  v = -  

B . .  

where:' 

V = corrected volume of:sample in ml, 

P =' volume of sample used ' (see 9.1.1.2) , 
A = volume of aliquot used (see . . 9.2.1) in ml, and . 

. . - . . 

B = volume of flask used (s,ee. 9.1.1.2) in ml. 
. . 

10.2 Tritium Concentration 

I .  

where: ' .  I 
T = tritium concentration in pCi/literr 

S = sample cpm, 

B = blank cpm, 

C = total tritium content of standard in pCi, . . . . 

A = standard cpm, 

. . 

, . ,  
V = volume of sample in ml, and 

/ ' ' 

1000 = factor to convert ml to liters. 
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1 0 . 3  R a t i o ,  cprn a n a l y z e r / m o n i t o r  c h a n n e l s  

where:  

R = r a t i o  o f  cprn a n a l y z e r / m o n i t o r  c h a n n e l s ,  

S, = s amp le  cprn i n  a n a l y z e r  c h a n n e l ,  

Ba = b l a n k  cprn i n  a n a l y z e r  c h a n n e l ,  

Sm = sample  cprn i n  m o n i t o r  c h a n n e l ,  and 

B, = b l a n k  cprn i n  m o n i t o r  c h a n n e l .  

10.4 T y p i c a l  C a l c u l a t i o n  

1 0 . 4 . 1  C o r r e c t i o n  f o r  ~ i i u t i o n  

P x A  v = -  
B 

v = 
(0.250 m l )  (3.00 m l )  

25.00 m l  

V = 0.030 m l  

10 .4 .2  T r i t i u m  C o n c e n t r a t i o n  

S = 7856 cprn 

B = 69 cprn 

C  = 0.00153 p C i  

A = 6514 cprn 

V = 3.00 m l  
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(S - B) x 1000 x C 
T = (A - B) x V 

T = 
(7856 cprn - 69 cpm) (1000 m l / Q )  (0.00153 pCi )  

(6514, cprn - 69 cpm) (3 .00 m l )  

T = 0.616 pCi/Q 

I '  ' ,  

. . 10 .4 .3  R a t i o ,  a n a l y z e r / m o n i t o r  c h a n n e l s  

Sa = 7856 cprn 

, , Ba = 69 cprn 

Sm = 593 cprn 
, . 

Bm = 31  cpm 

.> . . .  . , 

(7856 cprn - 69 cpm) 
. - '  = (593 cprn - , 3 1  cpm) 

. . .  
R = 13.9 

. . 

. . .  
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Princi~le of Method 

Strontium carricr is addcd to the drinking watcr sample, collected as 
thc soluble carbonntc, and separated from most of the calciwn as the nitrate. 
Impurities are removed by an hydroxide scavenge. After the barium is 
removed as the chromate, the strontium is purified as SrC03 for counting. 

Procedure Time 

Four samples in 6 hours. 

Reagents 

Ammoni~un acetate .buffer, (CH3COOtl-CbI3COONIQ) : pl.1 5.0 
Ammonium hydroxide, Nli4Utl: 15 - N (conc. ) , 6 - N 
Barium carrier: 16 mg/ml 
Ethanol, C2I~l5O1~1: 95% 
Hydrochloric acid, HC1: 1 N 
Indicator, methyl red: '0.1% 
Iron chloride, FeC13: 0.1 M 
Nitric acid,, HN03: 16 N (conc.), 6 - N, 1 - N 
Oxalic acid, H2C204 : saturated 
Sodium carbonate, Na2C03: 1.5 M 
Sodium chromate, NazCrO4: 0.5 M - 
Sodium hydroxide, NaOll: 6 N 
Strontium carrier: 20 mg/mi . , 

Yttrium carrier: 10 mg/ml 

Procedure 

To a 1000-ml drinking water sample, add 1.0 ml strontium carrier and 1 ml 

barium carrier. 

Make basic with 5 to 10 ml 6 - N NaOH and heat to boiling. 

Add 5 ml 1.5 - M Na2C03, stir, and digest until SrCO coagulates, cool, 3 
centrifuge, and discard.supernatant. 

Wash precipitate with 15 ml water and discard wash solution. 

Dissolve precipitate with 1 ml 6 N HNO - 3' 
Add 25 ml 16 N HN03, stir, and cool in an ice bath 5 minutes. - 
Centrifuge, discard supernatant, and let drain a few minutes (Note 1). 

Dissolve precipitate with 10 ml water and add 0.5 ml 0.1 - M FeCl 
3' 

Heat to near boiling in water bath and add 6 - N NH40H dropwise until 
Fe(OH)3 precipitates. 



10. Cool, c c n t r i  fuge ,  i~ntl t r a n s f e r  sul)ci-natant t o  n c l c a n  centrifuge tube .  

I . . 1)isc;lrd p r c c i p i t a t c .  Notc tinie of  l a s t  p r e c i p i t a t i o n ;  t h i s  i s  t h e  

beginning o f  y t t r i u n  ingrowth.  (Complete s t e p s  11 through 18 wi thou t  
9 0 d c l a y  t o  minimize ingrowth of Y .) 

11. Add 3 drops  mcthyl r ed  i n d i c a t o r ,  and a d j u s t  pll t o  n e a r  5 w i t h  a  few 

drops  1  - N 1IC1. (Color change i s  from yel low t o  r e d . )  
I :. 12. Add 5  m l  ammonium a c e t a t e  b u f f e r  s o l u t i o n  and h c a t  i n  wa te r  b a t h .  
I 
i 13. Slowly add 1 m l  0 . 5  - M Na2Cr0 S t i r ,  h e a t ,  and c e n t r i f u g e .  T r a n s f e r  

4 ' 

I s u p e r n a t a n t  t o  3 c l e a n  c e n t r i f u g e  t b b c ;  d i s c a r d  r e s i d u e .  

14. Add 2  m l  15 - N NH4011 t o  t h e  s u p e r n a t a n t ,  h e a t  i n  wa te r  b a t h ,  and s lowly 

; ~ d d ,  w i t h s t i r r i n g ,  5 n 1 l  1 . 5 M N n C O  l l igcs t  u r i t i l p r c c i p i t a t i o n  i s  
- 2  3 '  

c o n ~ p l e t e ,  c o o l ,  c e n t r i f u g e ,  and d i s c a r d  supernatant , .  

15. Disso lve  precipitate with  5  m l  1  - N lIC1, add 10 m l  w a t e r ,  and r e p e a t  

s t e p  14.  

1 • 16. Wash t h e  stroll t iurn ca rbona te  p r e c i p i t a t e  wi th  20 n i l  wa te r ,  and d i s c a r d  
I 

wash s o l u t i o n .  

' .17. S l u r r y  t h e  p r e c i p i t a t e  wi th  minimum o f  water  and t r a n s f e r '  t o  a  t a r e d  

s t a i n l e s s - s t e e l  p l a n c h e t  . ~r~ under i n f r a - r e d  lamps. 

18: Cool, weigh, and b e t a . c o u n t  immediately (Note 2 ) .  

C a l c u l a t i o n  ' 

C a l c u l a t e  t h e  concen t ra t ion . ,  D ,  of t h e  s t r o n t i u m  a c t i v i t y  i n  p i c o c u r i e s  
p e r  l i t e r  a s  fo l lows :  

L 
D = '  2.22 x EVR 

. . where : 

C = n e t  count r a t e ,  counts /minute ,  
E = c o u n t e r  e f f i c i ' e n c y ,  
V = l i t e r s  o f  sample used,  
R = f r a c t i o n a l  chemical y i e l d ,  and 
2 . 2 2 ' =  convers ion f a c t o r  from d i s i n t e g r a t i o n s / m i n u t e  t o  p i c o c u r i e s .  

,Not c s  : - .  

1.' I f  t h e  d r i n k i n g  wa te r  samples c o n t a i n  much CaC03 (ha rdness ) ,  i t  w i l l  be 
necessa ry  t o  r e p e a t  s t e p s  5 ,  6,  and 7 u n t i l  i t  i s  a l l  e l i m i n a t e d  from 
t h e  S r  (NO3) p r e c i p i t a t e .  

2.  The coun t ing  r e s u l t ,  immediately a s c e r t a i n e d ,  r e p r e s e n t s  t h e  t o t a l  
. . s t r o n t i u m  a c t i v i t y  ( 9 0 ~ r  * 8 9 ~ 1 . )  p l u s  an i n s i g n i f i c a n t  . f r a c t i o n  of t h e  



t h a t  has grown in  from the  separated 9 0 ~ r .  To determine t h e  8 9 ~ r  
and 90Sr with a grcn te r  prec is ion ,  t he  planchet should be s to rcd  a t  
l e a s t  2 weeks s o  t h a t  t he  9 0 ~ r - 9 0 ~  a c t i v i t y  w i l l  be i n  equi l ibr ium. 
A t  t h i s  po in t ,  s t eps  19-39 a r e  performed on the  p r e c i p i t a t e  t o  s epa ra t e  
t h e  y t t r ium from the  s t ront ium.and determine t h c  'OSr a c t i v i t y .  

Af te r  t he  f o r  ingrowth, s l u r r y  the  p r e c i p i t a t e  on t h e  

planchet with 2  m l  water and t r a n s f e r  t o  a cen t r i fuge  t u b e  with t h e  a i d  

of  a rubher policeman. To make the  t r a n s f e r  q u a n t i t a t i v e ,  wash t h e  a 
rc'sidue from the  planchet with a  sma.11 amount of  1  - N I-1N03. Dissolve the  

p r e c i p i t a t e  i n  t he  tube with s u f f i c i e n t  1  - N HN03,  and d i l u t e  with water 

t o  10 m l ' .  

Add 1 .0  m l  y t t r ium c a r r i e r  and s t i r .  

Boil t o  expel dissolved carbon dioxide;  cool t o  room temperature.  

Replace i n  water bath and make bas i c  with 2 t o  3 m l  15 N NH OH. S t i r  - 4 
and d iges t  u n t i l  t h e  yt t r ium hydroxide p r e c i p i t a t i o n  is complete. 

Cool, cen t r i fuge ,  and decant supernatant  i n t o  a  100-ml beaker.  Note 

time of  l a s t  p r e c i p i t a t i o n ;  t h i s  is the  end of ingrowth and t h e  

beginning of decay. 

Dissolve p r e c i p i t a t e  i n  1  m l  1  - N HN03 and d i l u t e  with water t o  10 m l .  

Reprec ip i ta te  yt t r ium by dropwise addi t ion  of 15 - N NH40H. 

Centr i fuge and combine supernatant  with so lu t ion  i n  t he  100-ml beaker 

( s t e p  23). 

Repeat s t eps  24, 25, and 26. Save t h e  combined supernatant so lu t ions  i n  

t h e  beaker f o r  s t ront ium a c t i v i t y  and gravimetr ic  y i e ld  determinat ion,  

s t e p  35 (Note 3 ) .  

Add 2 m l  1  N HNO t o  the  Y(OH)3 p r e c i p i t a t e  from s t e p  26 and d i s so lve .  - 3 
Di lu te  t o  5  m l  with water .  F i l t e r  through Whatman #42 f i l t e r  paper and 

c o l l e c t  f i l t r a t e  i n  a  cen t r i fuge  tube.  

Slowly add 5  m l  s a tu ra t ed  H2C204, with s t i r r i n g ,  and d iges t  in  hot-water 

bath f o r  10 minutcs. 

Cool in an i c c  b;ltll t o  room l c r ~ l ~ c r n t i ~ l - c .  

Centr i fuge and d iscard  supernatant .  

Wash p r e c i p i t a t e  twice with 10 m l  hot water. Centr i fuge and d iscard  

wash so lu t ions .  

F i l t e r  the  y t t r ium oxa la t e  on a  t a r ed  g l a s s - f i b e r  f i l t e r .  Wash with 

hot water and e thanol .  



1 34. ~ r i ,  c o o l ,  weigh, mount, and b e t a  count  t h e  "Y immediately.  

I 35. ' ~ a l m  t h e  coml,incd s u p e r n a t a n t  s o l u t i o n  from s t e p  . 27, . add 5  m l  1 . 5  - M 

I Na2C03, and d i g e s t  f o r  10  minutes.  

I . (  3 6 .  , C o o l ,  c e n t r i f u g e ,  and d i s c a r d  s u p e r n a t a n t .  . 

1 37. Wash t h e  SrCO with  15 m l  wa te r  and d i s c a r d  wash s o l u t i o n .  
3  

38. S l u r r y  wi th  a  few m l  wa te r  and t r a n s f e r  q u a n t i t a t i v e l y  t o  a  t a r e d  

s t a i n l e s s - s t e e l  p l a n c h e t .  Dry under i n f r a - r e d  lamps. 

39. Cool, weigh, and b e t a  colrnt immediately.. 

C a l c u l a t i o n  

C a l c u l a t e  t h e  c o n c e n t r a t i o n  o f  8 9 ~ r  and 9 0 ~ r  i n  . p i c o c u r i e s  p e r  . l i t e r  
a s  fo l lows :  

c/m 1. c/m ( c o r r e c t e d )  = A BI 

D 
2 .  ' " ~ r  c/m = c/m ( c o r r e c t e d )  x - 

E 

c/m = 
c/m ( c o r r e c t e d )  x G x B2 

3 .  
E 

c/m ( c o r r e c t e d )  
. 5. ' O S ~  a c t i v i t y  = 2.22 x EIV 

8 9 ~ r  c/m 
6 .  "Sr a c t i v i t y  = - 2.22 x H I V  

where : 

A = decay f a c t o r  f o r  from s t e p  23 t o  coun t ing  t ime,  
B 1  = ingrowth f a c t o r  o f  9 0 ~  from t ime  o f  s t r o n t i u m  p u r i f i c a t i o n  t o  y t t r i u m  

s e p a r a t i o n ,  
B2 = ingrowth f a c t o r  of  9 0 ~  from t ime o f  y t t r i u m  s e p a r a t i o n  t o  t ime  o f  t o t a l  

s t r o n t i u m  coun t ,  
C - f r a c t i o n a l  chemical  y i e l d  f o r  y t t r i u m ,  
I 1  = 9 0 ~ r  e f f i c i c n c y  f o r  coun te r  in  which r a d i o s t r o n t i u m  i s  counted,  
1; = 9 0 ~  e f f i c i c n c y  f o r  collntcr  i n  which i s  coun ted ,  
F = decay f a c t o r  f o r  89Sr from sample c o l l e c t i o n  t o  count ing t i m e ,  
C = 9 0 ~  e f f i c i c n c y  f o r  c o u n t e r  i n  which r: ldiostrontium i s  counted,  
II = 8 % r  e f f i c i c n c y  f o r  c o u n t e r  i n  which r a d i o s t r o n t i u m  i s  counted,  
I = f r a c t i o n a l  clicmicnl y ic l r l  f o r  s t r o ~ ~ t i u m ,  
11 = observed count r a t e  o f  t o t a l  r a d i o s t r o n t i u m  f r a c t i o n  ( s t e p s  18 o r  39) ,  
V = l i t e r s  o f  s s n ~ p l e  used,  and 
2.22 = convers ion f a c t o r  from d i s i n t e g r a t i o n s / m i n u t e  t o  p i c o c u r i e s .  



3 .  Stcps 55-.in ;~i.c n rcpc:it of t h c  strontium carl)onate p r c c i l ~ i  tcit ion t o  

: ,. Jctcrnline chcmi.c;.ll y i e ld  a f t e r  t he  y t t r ium has been removed. The be ta  
a c t i v i t y  should be comparable t o  t h a t  obtained previously f o r  t h e  
p r e c i p i t a t e  from s t e p  18.. I t  'is a more accura te  r e s u l t ,  however, pince 
t hc  only corrccti.on t h a t  necd be made is t h a t  f o r  t he  ingrowth of  9 0 ~  . ' 

, from tlic time of yt t r ium separa t ion  ( s t ep  27) t o  t h e  time o f  t he  t o t a l  
stront:ium count.  

Dollelas, (;. S. , ed.  Rntli.o:lssay ~ E o c e d l ~ r e s  f o r  Environmental Samples, 
Envi'ronmetita 1 tlea.lth S e r i e s .  USDHEW ~ e p t  . 999-RH-27, National Center 
f o r  Ra .d io lo~ica1  Health. Rockvi l le ,  Md. 10852 (Jan. 1967). 

tlnhn. R .  R .  nnil C .  P. S t r a l ~ b .  D'eterminat.i.on of Radioactive Strontiwn : 

and  R : ! r j ~ ~ m  i n  Water. .I. Am. \\rater Works Assoc. 47 (4) 3.35-340 
(Apr:i.l 1955) . 
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DETERMINATION OF RADIOACTIVE ISOTOPES 
BY SCANNING GAMMA-RAY SPECTROSCOPY 

1. Scope 

. .  . 1.1 This  method i s  a p p l i c a b l e  t o  t h e  measurement of gamma 
ray  e m i t t i n g  i s o t o p e s  p r e s e n t  i n  l i q u i d  o r  s o l i d  samples. 
The expected  p r e c i s i o n  f o r  a  s i n g l e  s c a n ,  v a r i e s  wi th  
t h e  i s o t o p i c  composi t ion of  t h e  sample. The range 
o f  s e n s i t i v i t y  f o r  t h i s  t echn ique  v a r i e s  from 0.01 
t o  50 mic rocur ies  p e r  sample. 

2. Summary 

' 2.1 An a l i q u o t  o f  t h e  sample i s  t r a n s f e r r e d  t o  a  polyethy- 
l e n e  ampoule o r  a  ' p l a n c h e t  and t h e  r a d i o n u c l i d e s  p r e s e n t  
a r e  determined u s i n g  a l i t h i u m  d r i f t e d  germanium de- 

. . t e c t o r  and t h e  computer based mul t i channe l  ana lyze r .  
The . r a d i o n u c l i d e s  p r e s e n t  i n  t h e  'sample a r e  determined 

. . by gamma r a y  s p e c t r o s c o p i c  t echn iques .  
. . . , . .  . . . . . . . . . . . . , . .  . 

3 .  I n t e r f e r e n c e s  
a .  \ 

' 3.1 Extreme c a r e  must be  e x e r c i s e d  t o  avo id  contaminat ion.  
Cross-contamination of  samples cou ld  r e s u l t  i f  t h e  
equipment and p r e p a r a t i o n  a r e a  a r e  n o t  k e p t  f r e e  of 
r a d i o a c t i v e  Contamination. 

4 .  Apparatus 

4 . 1  Counting v i a l s  - Polye thy lene  - 1/2 ,  2,  and 7-dram 
and 10 m l .  c a p a c i t y .  

4.2 Gamma Ray De tec to r  - Ge(Li)  semiconductor  d e t e c t o r  
wi th  a s s o c i a t e d  e l e c t r o n i c s .  

4.3 Mult ichannel  Analyzer - Computer based TP-5000 system 
wi th  a s s o c i a t e d  p e r i p h e r a l s .  

4 . 4  Ampoule S e a l e r .  
. , 

4.5 S i l i c o n e  Spray Lubr ican t .  . . 

4.6 Hot P l a t e .  

. ' 4.7 Heating Lamp. 
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4.8 P i p e t s  - Assor ted  m i c r o p i p e t s  and c o n t r o l l e r .  

4.9 P l a n c h e t s  - 2-inch diame,ter  s t a i n l e s s  steel.  
, . 

5 .1  P u r i t y  o f  r e a g e n t s  - Unless o the rwise  s t a t e d ,  r e a g e n t  
grade  chemicals  s h a l l  be  used. 

5.2 P u r i t y  of  w a t e r  - Unless o t h e r w i s e  i n d i c a t e d ,  a l l  
r e f e r e n c e s  t o  w a t e r  s h a l l  be  unders tood t o  mean d i s -  
t i l l e d  water .  

5 .3 N i t r i c  a c i d  (HN03) - 0.1M - P r e p a r e  by adding 6.5 m l  
o t  c o n c e n t r a t e d  H N 0 3  t o  500 m l  o f  w a t e r  and d i l u t i n g  
t o  1 l i t e r .  

5.4 Col lodion s o l u t i o n  - 0.4 mg t o t a l  s o l i d s  - P r e p a r e  
by d i s s o l v i n g  4 g o f  s o l i d  c o l l o d i o n  i n  one l i t e r  
o f  s o l u t i o n  which i s  t e n  p e r c e n t  (by volume) e t h a n o l  
i n  d i e t h y l  e t h e r .  Th i s  s o l u t i o n  shou ld  be  s t o r e d  
i n  t h e  r e f r i g e r a t o r  (See B-ODAP-6) . A 50 m l  dropping 

, b o t t l e  s h o u l d ' b e  used i n  t h e  l a b o r a t o r y  t o  d i s p e n s e  ... .- . . 

t h e  s o l u t i o n .  

6.  S a f e t y  . . 

6 . 1  Frequen t ly  moni tor  t h e  a r e a  and a l l  equipment t o  de- 
tec t  'any contaminat ion .  Monitor equipment b e f o r e  
removal from t h e  fume hood. Monitor hands and arms 
immediately a f t e r  wi thdrawal  from t h e  g love  box o r  
fume hood. I f  any 'contaminat ion is  found,  n o t i f y  
t h e  s u p e r v i s o r  and SEC immediately and decontaminate 
accord ing  t o  i n s t r u c t i o n s .  

6.2 Monitor t h e  sample f o r  beta-gamma a c t i v i t y .  Samples 
r ead ing  less than 100 mrem/hr a t  c o n t a c t  may b e  handled  
w i t h o u t  s p e c i a l  i n s t r u c t i o n s  by se l f -moni to r s .  I f  
t h e  r a d i a t i o n  l e v e l  exceeds t h e  above l i m i t ,  c o n t a c t  
your  s u p e r v i s o r  f o r  s p e c i a l  i n s t r u c t i o n s .  

7. C a l i b r a t i o n  

7.1 P l a c e  a  c l e a n  p o l y v i a l  f i l l e d  w i t h  w a t e r ,  t h e  same 
s i i e ' . a s  t h e  sample v i a l ,  i n  t h e  a p p r o p r i a t e  sample 
h o l d e r  and p l a c e  it i n  geometry p o s i t i o n  t h r e e  i n  
t h e  . source  h o l d e r  t r a y .  Close  t h e  r o l l  t o p  door  t o  
t h e  Ge ( L i )  b a r r i c a d e .  Record a background spectrum 
f o r  t e n  minutes.  Run t h e  Background Check program, 

. PROGt4. 
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7.2 The Ge(Li)  d e t e c t o r  has  been c a l i b r a t e d  us ing  NBS 
and secondary s t a n d a r d s  e n c a p s u l a t e d  i n  t h e  sample 
c o n f i g u r a t i o n s  ( i .e . ,  1/2-dram samples doubly encap- 
s u l a t e d  i n  p o l y v i a l s ,  10-ml samples doubly en 'capsulated 
i n  p o l y v i a l s ,  and samples evapora ted  on 2-inch d iamete r  

• p l a n c h e t s )  . The v a r i o u s  s t a n d a r d  samples have been 
used t o  g e n e r a t e  c a l i b r a t i o n  curves  f o r  t h e  t e n  s o u r c e  
p o s i t i o n s  o f  t h e  d e t e c t o r  .system. ' Make s u r e  t h a t  
t h e  p roper  c a l i b r a t i o n  f a c t o r s  f o r  t h e  sample a r e  
used i n  t h e  a n a l y s i s .  

7.'3 P l a c e  a  O C O  s t a n d a r d  which d u p l i c a t e s  t h e  s,ample 
p o l y v i a l  i n  t h e  same geometry p o s i t i o n  a s  t h e  .sample 
and count  f o r  10  minutes t o  check t h e  c a l i b r a t i o n .  
Run an ISOTYPE a n a l y s i s  of t h e  gamma spectrum. Make 
s u r e  t h a t  t h e  r e s u l t s  a r e  w i t h i n  t h e  c o n t r o l  l i m i t s  
f o r  t h e  system. 

8. Procedure f o r  L iqu id  Samples 

8.1, P i p e t  a  known a l i q u o t  o f  t h e  sample i n t o  the 1/2-dram 
o r  10-ml p o l y v i a l .  F i l l  t h e  remaining volume w i t h  . . 

n i t r i c  a c i d .  

c . , 8.2 S e a l  t h e  p o l y v i a l  us ing  t h e  ampoule s e a l e r .  

8.3 ' Place  t h e  sample v i a l  i n t o  t h e  secondary containment  
p o l y v i a l  and s e a l .  

8.4 P l a c e  t h e  s e a l e d  sample i n  t h e  a p p r o p r i a t e  source  
h o l d e r  and i n s e r t  .it i n t o  t h e  s o u r c e  h o l d e r  t r a y .  

8.5 Accumulate a  spectrum. I f  t h e  dead t i m e  i s  g r e a t e r .  
than  t e n  p e r c e n t  move t h e  source  t o .  a  geometry pos i -  
t i o n  f a r t h e r  from t h e  d e t e c t o r .  I f  t h e  dead t ime 
i s  g r e a t e r  than  t e n  p e r c e n t  i n  s o u r c e  p o s i t i o n  10,  
make up a n o t h e r  sample u s i n g  a  s m a l l e r  a l i q u o t  o r  
d i l u t e  t h e  sample u s i n g  n i t r i c  a c i d .  

8.6 Perform an ISOTYPE a n a l y s i s  of  t h e  s p e c t r u m , a f t e r  
10,000 coun t s  a r e  o b t a i n e d  i n  t h e . i n t e n s e  y-ray peaks 
i n  t h e  spectrum. The coun t ing  t i m e  shou ld  normally 
n o t  t a k e  more than  1000 sec. I f  s o ,  t a k e  a  l a r g e r  
a l i q u o t  o f  t h e  sample o r  move t h e  source  n e a r e r  t h e  
d e t e c t o r .  
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9. Procedure  f o r  P l a n c h e t  Samples 

9 .1  Most r a d i o i s o t o p i c  scans  w i l l  b e  performed on l i q u i d  
samples u s i n g  p o l y v i a l s .  I f  p l a n c h e t  samples a r e  
r e q u i r e d ,  t h e  fo l lowing  procedure  s h a l l  be '  used. 

9.2 P l a c e  an a l i q u o t  o f  t h e  sample o n t o  a  2-inch d i a m e t e r  
s t a i n l e s s  steel p lanche t .  .(SO0 p 1  maximum i n  one 
d e  1 i v e r y  ) 

9.3  Dry t h e  p l a n c h e t  under  a  h e a t  lamp. 

9.4 P u t  a drop o f  c o l l o d i o n  s o l u t i o n  on t h e  p l a n c h e t  t o  
s e a l  t h e  sample a f t e r  t h e  p l a n c h e t  has  cooled.  

9.5 . Dry t h e  p l a n c h e t  under  a  h e a t  lamp. 

9.6 P l a c e  t h e  p l a n c h e t  i n  t h e  a p p r o p r i a t e  h o l d e r  and count  
the sample. P repare  a  background p l a n c h e t  by t h e  
above procedure  u s i n g  water and count.  

NOTE: The p l a n c h e t  s t a n d a r d s  s h a l l  b e  used t o  c a l -  . . - 
c u l a t e  t h e  e f f i c i e n c y  f o r  t h e  sample. . . . . . .  

9 . 7  . Proceed w i t h  s t e p  8.5 ,and subsequent  s t e p s  f o r  a n a l y s i s .  
. : ( ' ' ,.%: - 

10. C a l c u l a t i o n s  

1 0 . 1  A l l  c a l c u l a t i o n s  w i l l  be  performed by t h e  computer 
a f t e r  in fo rmat ion  concerning t h e  sample has  been e n t e r e d .  
The fo l lowing  d e s c r i b e s  t h e  g e n e r a l  c a l c u l a t i o n  method. 
f o r  de te rmin ing  t h e  amount of a s i n g l e  i s o t o p e  i n  
a  sample. 

A - B  
Y = V x E x R x 2 . 2 2 x 1 0 6  x T  

where : 

y = gamma a c t i v i t y  o f  t h e  sample f o r  one par-  
t i c u l a r  i s o t o p e  i n  p C i / m l ,  

A = a r e a  under t h e  y-ray peak known t o  belong 
t o  t h a t  i s o t o p e  i n  coun t s ,  

B = background 'under t h e  y-ray peak . . i n  c o u n t s ,  

V = volume o f  s,ample i n  m l ,  
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E = e f f i c i e n c y  of t h e  d e t e c t o r  . a t  t h a t  energy 
i n  c /d ,  

R = f r a c t i o n  o f  decays l e a d i n g  t o  t h a t  p a r t i c u l a r  
y-ray f o r  t h a t  i s o t o p e  i n  gammas/d, 

T = t h e  l i v e  time i n  minutes ,  and 

2.22 'x l o 6  = f a c t o r  t o  c o n v e r t  dpm t o  p C i .  

10.2 Typ ica l  c a l c u l a t i o n  

A = 339493 counts  

B = 13422 counts  

. . . . .  . .  . .  . . . . . . . . - and T = 10 min . 

y  = 14.38 ~ C i / m l  o f  t h a t  i s o t o p e  
I .  



BNFP, Ana ly t i ca l .  Chemistry 
Methods Manual 

GAMMA-RC-.2-A . 
Page l ' o f  4 ; 

DETERMINATION OF GAMMA 
ACTIVITY I N  CASK COOLANT GAS 

1. 'Scope 

1.1- ' T h i s  method i s  a p p l i c a b l e  t o  t h e  d e t e r m i n a t i o n  o f  
gamma a c t i v i t y  i n  samples o f  c o o l a n t  gas  from f u e l  
c a s k s .  ' 

, . . . 

2.  Summary 

2..1 A sample o f  t h e  f u e l  cask  c o o l a n t  'gas i s  f i l t e r e d  
through a  m i l l i p o r e  f i l t e r  and c o l l e c t e d  i n  a . g a s  

.sample c y l i n d e r  i n  t h e  FRSS. A p o r t i o n  of t h e .  gas 
sample is  t r a n s f e r r e d  t o  a  gas  c o u n t i n g  ce l l  and 

. . t h e  gamma a c t i v i t y  measured u s i n g  a  we l l - type  NaI ( T l )  

0 s c i n t i l l a t i o n  d e t e c t o r .  Krypton-85 i s  used a s  a  s t a n -  
d a r d  t o  c a l i b r a t e  t h e  c o u n t i n g  equipment.  I f .  t h e  

' . ' a c t i v i t y  l e v e l  i s  above s p e c i f i e d  l i m i t s  f o r  t h e  
. .. . sample.; t h e  r a d i o n u c l i d e s  p r e s e n t  a r e  i d e n t i f i e d  

u s i n g  a  Ge(Li)  d e t e c t o r  and gamma spec t romet ry  
. . 

t echn iques .  , . 

2.2 The a c t i v i t y  l e v e l  on t h e  m i l l i p o r e  f i l t e r  a s s d c i a t e d  
w i t h  t h e  gas  sample is  determined by g r o s s  b e t a ,  
c o u n t i n g  i n  t h e  FRSS. I f  t h e  a c t i v i t y  l e v e l  is 

. . above s p e c i f i e d - l i m i t s ,  t h e  f i l t e r  i s  s e n t  t o  t h e  : 
l a b o r a t o r y  w i t h  t h e  g a s  sample and t h e  r a d i o n u c l i d e s  
on t h e  f i l t e r  a r e  i d e n t i f i e d .  

. . 
3 .  I n t e r f e r e n c e s  

3 . '1  Extreme c a r e  must 'be e x e r c i s e d  t o  a v o i d  con tamina t ion .  
.. . Cross-contaminat ion o f  samples c o u l d  r e s u l t  i f  t h e  

equipment and p r e p a r a t i o n  a r e a  a r e ' n o t  k e p t  f r e e  o f  
a c t i v i t y .  

4 .  Apparatus 

4 . 1  Gas coun t ing  c e l l  -   lass ce l l  w i t h  Tef lon  stopcock, '  
' . approximate ly  15  cc volume. 6. 

I . 4 . 2  . . Gas sampling 'man i fo ld  - S p e c i a l  manifo ld  f o r  t r a n s -  
I . f e r r i n g ,  d i l u t i n g ,  and measuring p r e s s u r e  of  gas  
i samples.  

. 4 . 3  Gross gamma c o u n t e r  - NaI(T1) s c i n t i l l a t i o n  d e t e c t o r ,  
3 . i nch  x 3 i n c h ,  we l l - type .  
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4 .4  Gamma-spectrometer - Multichannel  ana lyze r  wi th  a  
G e  ( L i )  d e t e c t o r .  

5. Reagents 

5.1 Krypton-85 - Gaseous s t anda rd  i n  a  s e a l e d  gas c e l l  
con ta in ing  approximately 0.01 p C i  o f  "Kr: 

6 .1  Frequent ly  monitor t h e  area and a l l  equipment t o  d e t e c t  
. any contamination.  Monitor equipment be fo re  removal 

from t h e  fume hood. Monitor hands and arms immediately 
a f t e r  withdrawal from t h e  glove box o r  fume hood. I f  
any contamination i s  found, n o t i f y  t h e  s u p e r v i s o r  
immediately and decontaminate according t o  t h e  proper  
procedures.  t 

6.2 Monitor t h e  sample f o r  beta-gamma a c t i v i t y .  Samples 
read ing  less than  100 mR/hr o r  500 mrad/hr a t  c o n t a c t  , 

may be handled wi th  se l f -moni tor ing.  I f  t h e  r a d i a t i o n  
.exceeds  e i t h e r  of t h e s e  va lues ,  c o n t a c t  your super-  
v i s o r  f o r  handl ing procedures.  Comply wi th  e s t a b l i s h e d '  
procedures  when handl ing any r a d i o a c t i v e  sample.. 

7 .  C a l i b r a t i o n  

7.1 P l ace  a c l ean  evacuated gas count ing ce l l  i n  t h e  count- 
i n g  w e l l  and count  f o r  10 minutes. Ca lcu l a t e  t h e  back- 
ground i n  cpm. 

7.2 Place  th,e gas  c e l l  con ta in ing  t h e  " ~ r  s t anda rd  i n  t h e  
count ing w e l l  and count u n t i l  10,000 counts  have been 
accumulated. 

7 .3  Ca lcu la t e  t h e  e f f i c i e n c y  f a c t o r  (E) f o r  ' K r  by d iv id -  
i n g  t h e  determined n e t  counts  p e r  minute by t h e  known 
d i s i n t e g r a t i o n s  p e r  minute of t h e  s tandard .  

8. Procedure 

8 .1  I f  a  f i l t e r  sample i s  rece ived  with  t h e  gas  sample, 
p l a c e  it i n  a  p l a s t i c  ho lde r  and o b t a i n  a  gamma 
spectrum of  t h e  sample us ing a  Ge(Li)  d e t e c t o r .  
I d e n t i f y  t h e  r ad ionuc l ides  p r e s e n t  and r e p o r t  t h e s e  
wi th  t h e  gas a n a l y s i s .  I f  t h e  b e t a  a c t i v i t y  p r e s e n t  
cannot be accounted f o r  by t h e  nuc l ides  i d e n t i f i e d  
i n  t h e  gamma scan,  analyze t h e  sample f o r  ' ' ~ r .  
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8 . 2 .  Connect t h e  g a s  sample c y l i n d e r  t o  t h e  sample mani fo ld .  

8.3 Connect a  c l e a n  g a s  c o u n t i n g  ce l l  t o  t h e  g a s  mani fo ld .  

8.4 ' E v a c u a t e  t h e  mani fo ld  and c o u n t i n g  ce l l .  

8 .5  Open t h e  v a l v e  on t h e  sample c y l i n d e r  s l o w l y  and a l low 
t h e  p r e s s u r e  i n  t h e  mani fo ld  t o  r e a c h  a tmospher ic  o r  

. room p r e s s u r e .  

8.6 Close  t h e  sample c y l i n d e r  v a l v e  and remove t h e  sample 
c y l i n d e r  and c o u n t i n g  c e l l  from t h e  manifo ld .  

8 .7  P l a c e  t h e  c o u n t i n g  ce l l  i n  t h e  w e l l  d e t e c t o r  and coun t  
t h e  gamma a c t i v i t y  f o r  10 minutes  o r  u n t i l  10,000 cpm 
have been accumulated.  

8.8.  C a l c u l a t e  t h e  a c t i v i t y  a s  " ~ r .  I f , t h e  a c t i v i t y  I e v e l  
exceeds  t h e  a c t i v i t y  l i m i t s  e s t a b l i s h e d  ' f o r  t h e  sample,  
i d e n t i f y ' t h e  r a d i o n u c l i d e s  p r e s e n t  u s i n g  a Ge(Li)  

' d e t e c t o r  and gamma s p e c t r o m e t e r .  

9 .  c a l c u l a t i o n s  

9..1 C a l c u l a t e  t h e  gamma a c t i v i t y  o f  t h e  g a s  sample ' a s :  
fo l lows:  

where: I 

. . .  

y = gamma a c t i v i t y  of t h e  sample i n  y C i / m l  
c a l c u l a t e d  a s  ' ~ r ,  . ,, 

0 C = gamma a c t i v i t y  of  sample ' i n  c o k t i n g , c e l l  
i n  cpm, 

B = background a c t i , v i t y  i n  cpm, ' ,  .. . 

F = f a c t o r  t o  c o n v e r t  .sample volume t o  a s t a n d a r d  
t empera tu re  and p r e s s u r e  (STP) c o n d i t i o n s ,  
i . e . :  

. . 

F = s p l  temp i n  OC + 273 760 mm Hg 
273 ' : sp l  p r e s s u r e  i n  mrn Ilg 
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V = volume o f '  c o u n t i n g  ce1:l i n  ml, 

E = e f f i c i e n c y  f a c t o r  of  c o u n t i n g  f o r  " ~ r  
(,see 7.3), and 

2 . 2 2  x l o 6  = f a c t o r  t o  c 'onvert  dpm, t o  v C i .  

9 . 2  T y p i c a l  C a l c u l a t i o n  

C = 2 5 1 8  cpm 

B = 8 0  cpm 
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TURBIDIMETRIC DETERMINATION OF CHLORIDE IN AQUEOUS SOLUTIONS 

1. Scope 

This method is applicable to the determination of chloride 
in both acidic and basic aqueous samples. The method is 
useful for semi-quantitative determinations in samples that 
contain <50 ppm chloride. 

2. Summary 

Silver nitrate is added .to ah acidified sample solution, 
to precipitate AgC1, and the resulting turbidity is com- 
pared to that of known standards. 

. 4 .  - 

3. Apparatus 
I 

3.1 Graduated cylinder :- 25-ml. 
. . , . 

3.2 '~edicine droppers. 

3.3 ~urbidity tubes - Tubes to fit the Haake'Model 2100 A 
' turbidimeter. 

3.4 Turbidimeter - Haake .Model 2100 A or equivalent. 
. . . , . . ., 

3.5 Vortex mixer - Equipped with a test tube shaker head. . . 

Reagents 

4.1 Purity of reagents - Unless otherwise stated,- ACS 
reagent grade chemicals, where applicable, shall be 
used. 

4.2 Purity of water - Unless otherwise indicated, all 
references to water shall be understood to mean de- 

, mineralized water. 

4.3 Nitric acid - (HN03)-8M - Prepare by carefully adding 
250 ml of 68% HNO3 to TOO ml of water in a 500-ml 
volumetric flask, swirl to mix, and dilute to volume 
after cooling. 

4.4 pH Indicating Paper - 2 to 12 pH range. 
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4.5 Sodium c h l o r i d e  s t a n d a r d '  s o l u t i o n  - (NaC1)  - (100 mg 
C l / L )  - P r e p a r e  by d r y i n g  s e v e r a l  grams o f  NaCl f o r  
one  hour  a t  600°C. P r e p a r e  a s t o c k  s o l u t i o n  by d i s -  
s o l v i n g  e x a c t l y  16.486 g  o f  t h e  d r y  s a l t  i n  water 
and d i l u t i n g  t o  one  l i t e r .  P r e p a r e  t h e  s t a n d a r d  
s o l u t i o n  by d i l u t i n g  1 0  m l  o f  t h e  s t o c k  s o l u t i o n  t o  
one  l i t e r  w i t h  water. The r e s u l t i n g  s t a n d a r d  c o n t a i n s  
100 mg c h l o r i d e  i o n  p e r  l i t e r  (100 ppm). 

4.6 S i l v e r  n i t r a t e  - (AgNO,) - 0.1M - P r e p a r e  by d i s s o l v -  
i n g  1 7  g o f  AgNO, i n  500 m l  of-water and  d i l u t i n g  t o  
one  l i t e r  w i t h  w a t e r .  S t o r e  i n  a brown b o t t l e .  

5. C a l i b r a t i o n  

5.1 P r e p a r e  c h l o r i d e  s t a n d a r d s  by p i p e t i n g  1 0  and 50 m l  
o f  t h e  100-ppm s t a n d a r d  s o l u t i o n  i n t o  a 100-ml vo lu -  
metric f l a s k  and  d i l u t i n g  t o  volume w i t h  water. 
These  r e p r e s e n t  C1-  c o n c e n t r a t i o n s  of 1 0  and 50 ppm, 

. . r e s p e c t i v e l y .  

5.2 C a r r y  t h e s e  s t a n d a r d s  t h r o u g h  p r o c e d u r e  s t a r t i n g  
w i t h  6.3. 

6. P r o c e d u r e  - 
6 . 1  I f  t h e  sample i s  t u r b i d ,  c e n t r i f u g e  25 m l  b e f o r e  

p roced ing .  

6.2 Pour  15  m l  o f  t h e  sample i n t o  a  25-ml g r a d u a t e d  
c y l i n d e r .  Check t h e  pH of  t h e  sample w i t h  pH i n d i -  
c a t i n g  p a p e r .  I f  t h e  pH i s  le,ss t h a n  7 ,  p roceed  t o  
s t e p  6.3.  

6 .2 .1  F o r  samples  w i t h  a  pH o f  g r e a t e r  t h a n  7 ,  add 
8M HNO3 d ropwise  t o  t h e  sample and s w i r l  u n t i l  
tEe pH i s  a b o u t  7. 

NOTE: I f  o v e r  1 m l  o f  8M HNOs. must be used to 
n e u t r a l i z e  t h e  b a s i c  sample ,  d i l u t e  
t h e  sample  a c c o r d i n g l y  and r e a n a l y z e .  

6 .3  T r a n s f e r  t h e  sample ( o r  15 m l  o f  t h e  s t a n d a r d s )  t o  
s e p a r a t e  t u r b i d i t y  t u b e s ,  add 1 o r  2 d r o p s  o f  8M - 
HNO,,  and 1 o r  2  d 'rops o f  t h e  0.1M AgNO,. - 
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6 .4  Gent ly  mix t h e  c o n t e n t s  o f  t h e  t u b e s  on a v o r t e x  
mixer  and v i s u a l l y  compare the .  t u r b i d i t i e s  o f  t h e  
s t a n d a r d s  and sample. I f  t h e  t u r b i d i t y  of  t h e  . 

sample i s  n o t , d i s t i n c t l y  less t h a n  t h e  s t a n d a r d s ,  
u s e  t h e  Yodel 2100 A t u r b i d i m e t e r  t o  make t h i s  
comparison. . . 

7. Ca lcu la t ion ' s  

' 7.1 I f  t h e  t u r b i d i t y  of  t h e  sample is less than  t h e  10-ppm 
C1' s t a n d a r d ,  r e p o r t  <10 ppmC1'. 

. . 

. . 7.2, I f  t h e  t u r b i d i t y  of  t h e  sample  is  g r e a t e r  t h a n  t h e  
. . 10-ppm C1' s t a n d a r d  b u t  less t h a n  t h e  50-ppm ~ 1 -  

s t a n d a r d ,  r e p o r t  >10 ppm C1' <50 ppm Cl'. 

< 7 . 3  I f  t h e  t u r b i d i t y  of  t h e  sample.  is  g r e a t e r  t h a n  t h e  
50-ppm C1' s t a n d a r d ,  r e p o r t  >50 ppm Cl'. 

. . . . 
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ORION pH METER OPERATING PROCEDURE 

PAGE 

1 . 0  PURPOSE 

1 

The purpose of t h i s  procedure i s  t o  provide an uniform ope ra t ing  
procedure f o r  t he  Orion pH Meter. 

2.0 S'COPE 

2.1 This procedure i s  app l i cab le  t o  t h e  Orion Model 701 pH Meter. 
The Orion Model 701 i s  a s o l i d  s t a t e  ins t rument  wi th  an e l e c -  
t r o n i c  d i g i t a l  d i sp l ay  system. The func t ion  switch a l lows the  
s e l e c t i o n  o f  f i v e  d i f f e r e n t  func t ions  as  fol lows:  

2.1.1 mV - A l l o w s  e l e c t r o d e  p o t e n t i a l  measurements i n  abso lu te  I 

~ l l i v o l t s  p r e c i s e  t o  1 mV, between -1999 and+1999 mV. 1 
i 

2.1.2 Rela t ive  mV - Used f o r  m i l l i v o l t  readings  between -1999. ;: 
and +I999 mV when t h e  d i sp lay  has  been o f f - s e t  by us'e ' 

. . .  of  the  c a l i b r a t i o n  con t ro l .  .. . . . 
. . . * 

2 .l. 3 Exp'ande'd mV - Expands r e l a t i v e  m i l l i v o l t  readings  t o  
0.1 mV p r e c i s i o n  between -199.9 and +199.9 mV: These 
readings  a r e  equ iva l en t  t o  those  of ~ e l a t i v e  mV b u t  
accura te  t o  one more s i g n i f i c a n t  d i g i t .  

2.1.4 pH - Allows p H  measurements p r e c i s e  t o  0.01 pH u n i t s  
between pH 0.00 and pH 13.99. 

2.1.5. Expanded pH - Expands pH r e s o l u t i o n  t o  0.001 pH u n i t s  
between pH 6.000 and 7.999. 

2.2 The c a l i b r a t i o n  c o n t r o l  i s  used t o  o f f - s e t  the  d i sp l ay  i n  r e l a -  
t i v e  and expanded m i l l i v o l t s  up t o  k 220 mV and t o  o f f - s e t  t h e  
pH reading up t o  f 3.7 pH u n i t s .  

3.0 OPERATION I 
3.1  pH measurements 

3.1.1 Plug both t h e  re fe rence  and pH e l e c t r o d e s  i n t o  t h e  appro- 
p r i a t e  e l e c t r o d e  jacks. I 

FORM 0 D . l  
~-~ 

-.. 
REVIEWED BY APPROVED BY 



3.1.3 Immerse t h e  e l e c t r o d e s  i n  a pH 7.00 b u f f e r  s o l u t i o n .  
Turn t h e  func t ion  switch t o  "pH". 

e .  / ,. I . . f 
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t 
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'3.1.4 Turn t h e  " c a l i b r a t i o n "  c o n t r o l  t o  o b t a i n  a d i sp l ay  o f  
7.00. Turn t h e  func t ion  switch t o  "standby". 

3.1.5 Rinse t he  e l e c t r o d e s  wi th  .water  and b l o t  dry. 

3.1.6 Immerse t he  e l e c t r o d e s  i n  t h e  unknown s o l u t i o n .  

* 

3.1.7 Turn. t h e  func t ion  switch t o  "pH". 
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3.1.8 Record the  pH reading o f  t he  unknown. 

3.1.2 Check t o  be su re  t h a t  t h e  r e f e rence  e l e c t r o d e  i s  f i l l e d .  
I f  necessary,  f i l l  t h e  e l e c t r o d e  wi th  t he  re fe rence  e l ec -  
t rode  f i l l i n g  so lu t ion .  

DATE 

6-10-75 

I 3.1.9 Throughly r i n s e  and s t o r e  t he  e l e c t r o d e s  i n  d i s t i l l e d  
water  a f t e r  use. 

1 3.2 S p e c i f i c  Ion Measurement . . . .. . . . , . . I 
3.2.1 Plug both t h e  re fe rence  e l e c t r o d e  and t h e  s p e c i f i c  ion 

e l e c t r o d e  secure ly  i n t o  t h e  appropr ia te  e l e c t r o d e  j acks . 
3.2.2 Check t o  be sure  t h a t  t he  re fe rence  e l e c t r o d e  i s  f i l l e d .  

I f  necessary,  f i l l ' t h e  e l e c t r o d e  wi th  t h e  r e f e rence  e l e c -  
t rode  f i l l i n g  so lu t ion .  

3.2.3' Rinse t h e  e l e c t r o d e s  wi th  wate r  and b l o t  dry. 

3.2.4 Prepare  a s e r i e s  o f  s tandards  i n  t h e  range of t h e  unknowns. 
Immerse the  e l e c t r o d e s  i n  t h e  s tandard '  having t h e  l a r g e s t  
p o t e n t i a l  value  wi thout  regard t o  s ign.  S e t .  t h e  func t ion  
switch t o  expanded mV. Measure t h e  developed p o t e n t i a l  
o f  each stan'dard s o l u t i o n  while mixing. 

3.2.5 L e t  the  e l e c t r o d e  remain i n  t h e  s o l u t i o n s  u n t i l  the  
readings  s t a b i l i z e .  

3.2.6 Using semi-logari thmic graph paper ,  p l o t  the  va lues  of 
t h e  s tandard  s o l u t i o n s  ( l og  a x i s )  a g a i n s t  t h e  e l e c t r o d e  
p o t e n t i a l s  developed i n  t h e  s o l u t i o n s  .. ( l i n e a r  a x i s ) .  

3.2.7 Immerse t he  e l e c t r o d e s  i n  t h e  unknown so lu t ion .  Measure 
t h e  developed p o t e n t i a l  of the  unknown whi le  mixing. 
Determine the  unknown concent ra t ion  by us ing  t h e  c a l i b r a -  
t i o n  curve. 

3.2.8 Throughly r i n s e  and s t o r e  t h e  e l e c t r o d e s  i n  d i s t i l l e d  
water  a f t e r  use. 
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CDM3 CONDUCTIVITY METER OPERATING PROCEDURE 

PREPARED BY 

D. R. Matthews 

1 .0  PURPOSE 

T h i s  p r o c e d u r e  p r o v i d e s  uni form o p e r a t i n g  i n s t r u c t i o n s  f o r  t h e  CDM3 
c o n d u c t i v i t y  meter. 

2.0 SCOPE 

T h i s  p rocedure  e x p l a i n s  t h e  o p e r a t i o n  o f  t h e  CDM3 c o n d u c t i v i t y  meter. 
I n s t r u c t i o n s  are g i v e n  f o r  s e t t i n g - u p  t h e  , i n s t r u m e n t ,  i n s t r u m e n t  
c a l i b r a t i o n ,  and sample measurement. 

I 3.0 SAFETY 

No s a f e t y  h a z a r d s  a r e  p r e s e n t e d  t o  l a b o r a t o r y  p e r s o n n e l  by t h i s  i n -  
s t r u m e n t .  

4.0 OPERATION . . . . .  

, 4 .1  c o n n e c t  t h e  power c a b l e  t o  a 110 V k l o % ,  50/60 Hz grounded 
r e c e p t a c l e .  

1 4.2 Swi t ch  t h e  ON/OFF t o g g l e  s w i t c h  t o  t h e  ON p o s i t i o n .  - I / 4.3 Push t h e  T. C. COMPENSATION s e l e c t o r  t o  t h e  OFF p o s i t i o n .  I .  
4.4 Connect  t h e  c o n d u c t i v i t y  c e l l  t o  t h e  t e r m i n a l  marked MEASURING 

CELL l o c a t e d  on t h e  rear p a n e l  o f  t h e  i n s t r u m e n t .  
I 
I 

i .  4.5 S e t  t h e  CELL CONSTANT i n d i c a t o r  t o  t h e  a p p r o p r i a t e  p o s i t i o n  
a s  w r i t t e n  on t h e  ce l l  (e i ther  1.00 o r  0.316 c m )  . 

I 
I 4.6' Turn t h e  METER RANGE s e l e c t o r  t o  p o s i t i o n  1 .5  US f o r  cells 
! h a v i n g  1.00 c m  c o n s t a n t s  and t o  p o s i t i o n  5  US f o r  cel ls  w i t h  
I 0.316 c m  c o n s t a n t s .  Suspend t h e  c e l l  i n  a i r .  y 

j 4.7 Turn t h e  CABLE CAP. COMP. knob t o  produce  minimum meter d e f l e c -  
i t i o n .  
! 

I- I REVIEWED BY APPROVED BY 
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4.8 Turn t h e  CELL CONST. CORR. % knob . t o  t h e  same v a l u e  a s  t h a t  
engraved on t h e  m e t a l  p a r t  of  t h e  c o n d u c t i v i t y  c e l l ,  and lock  
t h e  knob w i t h  t h e  LOCK s c r e w .  

4.9 I m m e r s e  t h e  c o n d u c t i v i t y  c e l l  i n  t h e  s o l u t i o n  t o  b e  measured. 
S e l e c t  t h e  p r o p e r  meter range ,  and r e a d  t h e  meter when t h e  
p o i n t e r  has s e t t l e d .  The meter  r e a d i n g s  may b'e microsiemens 
(pS) o r  m i l l i s i e m e n s  (mS). 

I 
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4.10 Rinse t h e  c e l l  i n  deminera l i zed  w a t e r  and shake t h e  excess  
w a t e r  from t h e  c e l l  between measurements. Always r i n s e  t h e  
ce l l  i n  deminera l i zed  w a t e r  b e f o r e  s t o r a g e .  

4 . 1  The c e l l s  may be  k e p t  c l e a n  'by s t o r i n g  i n  deminera l i zed  w a t e r .  

DATE 

February  20, 1976 

5.0 ROUTINE MAINTENANCE I 
5 . 1  The ce l l  c o n s t a n t  c o r r e c t i o n  (engraved on t h e  m e t a l  p a r t  of 

t h e  c e l l )  can b e  checked by measuring t h e  s p e c i f i c  c o n d u c t i v i t y  
o f  a  0.01000N KC1 s o l u t i o n .  

. .  . - 
5 . 1 . 1  Prepare  t h e  0.01000N K C 1  s t a n d a r d  by d i s s o l v i n g  e x a c t l y  

0.7455 g  of a n a l y t i c a l  grade  K C 1  i n  deminera l i zed  w a t e r  
which has  a  s p e c i f i c  c o n d u c t i v i t y  l e s s  than  1 pS and 
. d i l u t i n g  t o  e x a c t l y  .one l i t e r  w i t h  t h e  deminera l i zed  
wa te r .  - 

5.1.2 Soak t h e  c e l l  i n  t h i s  K C 1  s t a n d a r d  f o r  24 hours  b e f o r e  
measuring. J u s t  b e f o r e  measuring remove t h e  c e l l  from 
t h e  s o l u t i o n  and shake e x c e s s  s o l u t i o n  from t h e  cel l .  

I ' -  

5.1 .3  Turn t h e  CELL CONST. CORR. % knob t o  0 % ,  and lock  t h e  
knob i n  t h i s  p o s i t i o n .  I 

5.1.4 Measure t h e  s p e c i f i c  c o n d u c t i v i t y  of  the' 0.01000N K C 1  
p e r  s e c t i o n  4.0 ( e x c e p t  l e a v e  t h e  CELL CONST. COER. % 
on 0% f o r  t h i s  s t a n d a r d  measurement). Measure t h e  
t empera tu re  of  t h e  K C 1  s o l u t i o n  t o  w i t h i n  + 0.05 O C .  

5.1.5 C a l c u l a t e  t h e  c e l l  c o n s t a n t  c o r r e c t i o n  u s i n g  t h e  fo l lowing  
e q u a t i o n  : 

where : 
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X = c e l l  c o n s t a n t  c o r r e c t i o n  % ,  

SM = measured v a l u e  from s t e p  5  .l. 4,  and 

SR = s p e c i f i c  c o n d u c t i v i t y  a t  t h e  measur ing  
t e m p e r a t u r e  found i n  Tab le  1. 

5.1.6 Record t h e  d a t e  and  t h e  v a l u e s  o f  X ,  SM, and SR i n  
a c a l i b r a t i o n  l o g  book f o r  t h e  CDM3 meter. 

5 .1 .7  I f  t h e  v a l u e  f o r  X d i f f e r s  from t h a t  engraved  on t h e  
c e l l ,  n o t i f y  y o u r  s u p e r v i s o r .  

J 

DATE 

Februa ry  2 0 ,  1976 
NO 

B-ACLOP- 80A- 37 
REV 

0  



ALLIED-GENERAL NUCLEAR SERVICES 
B a r n w e l l  N u c l e a r  F u e l  P l a n t  

TABLE 1 I 
S P E C I F I C  CONDUCTIVITY OF 0 . 0 1 N  KC1 - 
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- TITLE ---- 

H A N D L I N G  AND SHIPPING OF LOW-LEVEL RADIOACTIVE WASTES I 
- PREPARED BY EFFECTIVE TO 

J .  B.  Maier/K. E .  Plummer 

1 . O  PURPOSE. 

The p u r p o s e  o f  t h i s  p r o c e d u r e  is to d e f i n e  t h e  h a n d l i n g  a n d  s h i p p i n g  
r e q u i r e m e n t s  and' g u i d e l i n e s  f o r  l o w - l e v e l  r a d i o a c t i v e  w a s t e s  g e n e r a t e d  
a t  t h e  B a r n w e l l  N u c l e a r  F u e l  P l a n t .  

2.0 SCOPE 

T h i s  p r o c e d u r e  a p p i i e s  t o  a l l  p e r s o n n e l  i n v o l v e d  i n  t h e  g e n e r a t i o n ,  
t r a n s f e r ,  p a c k a g i n g ,  and  s h i p p i n g  o f  l o w - l e v e l  r a d i o a c t i v e  wastes  a t  
t h e  B a r n w e l l  N u c l e a r  F u e l  P l a n t . .  

3.0 'DEFINITIONS 

3 . 1  H a z a r d o u s  M a t e r i a l s  S p e c i a l i s t  (HMS) - An AGNS e m p l o y e e  c h a r g e d  
w i t h  t h e  r e s p o n s i b i l i t y  o f  p r o v i d i n g  i n f o r m a t i o n  n e c e s s a r y  t o  
colnply w i t h  r e g u l a t i o n s  g o v e r n i n g  t h e  p a c k a g i n g  , c e r t i f i c a t i o n ,  
l a b e l i n g ,  p l a c a r d i n g ,  and s h i p p i n g  o f  h a z a r d o u s  ma te r i a l s .  I n .  
t h e  a b s e n c e  o f  t h e  HMS, a n  O p e r a t i o n a l  S a f e t y  S u p e r v i s o r  s h a l l  
a c t  i n  h i s  b e h a l f .  

3 . 2  . C o m p a c t i b l e  Waste  - Dry t r a s h  c o n s i s t i n g  o f  r a g s ,  p a p e r  p r o d -  
u c t s ,  r u b b e r ,  g l a s s - e x c e p t  pyramid s a m p l e  b o t t l e s , .  a n d  p l a s t i c  
m a t e r i a l s  t h a t  a r e  n o t  r i g i d  a n d  h a v e  b e e n  c o n t a m i n a t e d  w i t h  
n a t u r a l  or  d e p l e t e d  u r a n i u m a n d  t h o r i u m  wastes. 

3 . 3  N o n c o m p a c t i b l e  Was te  - M e t a l  s c r a p  and p i p e ,  wood, g l a s s  pyramid 
s a m p l e  b o t t l e s ,  aerosol c a n s ,  l i q u i d s  ( a q u e o u s  o r  o r g a n i c )  , o r  
l i q u i d s  w i t h  a b s o r b e n t  m a t e r i a l  , a n y  waste c o n t a m i n a t e d  w i t h  
t r a n s u r a n i c  e l e m e n t s ,  and m a t e r i a l  e x c e e d i n g  t h e  d e f i n i t i o n  o f  
l o w - l e v e l  r a d i o a c t i v e  wastes. 

3.4 T r a n s u r a n i c  -- (TRU) W a s t e  - R a d i o a c t i v e  w a s t e s  t h a t  c o n t a i n  
g r e a t e r  t h a n  or  e q u a l  to  1 0  nCi o f  t r a n s u r a n i c  e l e m e n t s  p e r  gram 
o f  w a s t e .  T h e s e  w a s t e s  r e q u i r e  s p e c i a l  o f  f - s i t e  s h i p p i n g  
a r r a n g e m e n t s .  S o l i d  w a s t e s ,  which  h a v e  t h e  p o t e n t i a l  f o r  b e i n g  
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c o n t a m i n a t e d  w i t h  t r a n s u r a n i c s  and c a n n o t  b e  s u r v e y e d  o; e a s i l y  
s a m p l e d  s h a l l  b e  c o n s i d e r e d  TRU w a s t e .  

Wastes c o n t a m i n a t e d  w i t h  U-233,  U-235,  a n d  p l u t o n i u m  i s o t o p e s  
s h a l l  a l so  meet t h e  f o l l o w i n g  r e q u i r e m e n t s :  

T h e  c o m b i n e d  w e i g h t  o f  U-235,  U-233, a n d  p l u t o n i u m  s h a l l  
n e v e r  e x c e e d  1 5  g r a m s  p e r  c u b i c  f o o t  o f  p a c k a g e .  

The t o t a l  i s o t o p i c  c o n c e n t r a t i o n  p e r  s i n g l e  p a c k a g e  s h a l l  n o t  
e x c e e d  : 

100 g r a m s  U-235 
60 g r a m s  U-233 
60 g r a m s  p l u t o n i u m  

I f  more t h a n  o n e  s u c h  i s o t o p e  is i n c l u d e d  i n  t h e  p a c k a g e ,  t h e  
sum o f  c o n t a i n e d  

g r a m  o f  U-235 
100  

gram o f  U-233 
60 

gram o f  p l u t o n i u m  
60 

. . . . . . - . ... 
s h a l l  n o t  e x c e e d  u n i t y .  

. The combined t o t a l  c u r i e  c o n t e n t ,  f o r  a l l  r a d i o n u c l i d e s  p r e s -  
e n t ,  s h a l l  n o t  e x c e e d  1 c u r i e  p e r  c u b i c  f o o t  a n d  no  s i n g l e  
p a c k a g e  s h a l l  c o n t a i n  more t h a n  20 c u r i e s . -  

. M a t e r i a l s  e x c e e d i n g  t h e s e  i s o t o p i c  , c o n c e n t r a t i o n s  c a n n o t  b e  
s h i p p e d  to  l i c e n s e d  w a s t e  b u r i a l  s i t e s .  

3 . 5  N o n t r a n s u r a n i c  (Non-TRU) Waste - R a d i o a c t i v e  wastes t h a t  c o n t a i n  
less  t h a n  1 0  nCi o f  t r a n s u r a n i c  e l e m e n t s  p e r  gram o f  waste. 

3 .6  Low-Level R a d i o a c t i v e  Wastes (LLW) - S o l i d  waste (TRU a n d  Non- 
TRU) t h a t  is < 200 mrem/hour  a t  c o n t a c t  a n d  < 1 0  m r e m / h o u r  a t  
3  f e e t  from t h e  f i n a l  s h i p p i n g  c o n t a i n e r  s u r f a c e s .  

3 . 7  R a d i o a c t i v e  W a s t e  T r a n s f e r  -- R e c o r d  - A f o r m  c o m p l e t e d  b y  t h e  
w a s t e  o r i g i n a t o r  w h i c h  d e s c r i b e s  t h e  w a s t e  p a c k a g e  c o n t e n t s  
r e c e i v e d  a t  t h e  WTEG o r  d e s i g n a t e d  s t o r a g e  a r e a  ( A t t a c h m e n t  1). 
T h i s  form p r o v i d e s  t h e  b a s i s  f o r  a s s i g n i n g  s e q u e n t i a l  numbers to  
waste c o n t a i n e r s .  (AGNS Form N o .  OD-73) • 

3 .8  R a d i o a c t i v e  Waste I n s p e c t i o n  C h e c k l i s t  - A form used to  document  
t h e  p a c k a g i n g ,  l a b e l i n g ,  and l o a d i n g  i n s p e c t i o n s  p e r f o r m e d  prior  
t o  o f f - s i t e  s h i p m e n t  to Chem-Nuclear ( A t t a c h m e n t  2 ) .  (AGNS Form 
N o .  OD-74) 
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3.9 Chem-Nuclear R a d i o a c t i v e  S h i p m e n t  Record  Form - A r e c o r d  i d e n t i -  
f y i n g  t h e  w a s t e  m a t e r i a l s  w h i c h  m u s t  b e  c o m p l e t e d  b y  AGNS 
p e r s o n n e l  and p r e s e n t e d  to t h e  c a r r i e r  b e f o r e  o f f - s i  t e  t r a n s f e r  
t o  t h e  c o n t r a c t  Low-Level Waste B u r i a l  S i t e  ( A t t a c h m e n t  3 ) .  

@ 3.10 AGNS C l e a r a n c e  P a s s  - A s e c u r i t y  fo rm a u t h o r i z i n g  t h e  r emova l  o f  
m a t e r i a l s  or  e q u i p m e n t  from t h e  c o n t r o l l e d  a r e a s  ( A t t a c h m e n t  4 ) .  
The Chem-Nuclear R a d i o a c t i v e  S h i p m e n t  R e c o r d  f o r m  s h a l l  b e  a n  
a d d i t i o n a l  r e q u i r e m e n t  f o r  t h e  r emova l  o f  r a d i o a c t i v e  w a s t e s .  

3 . 1 1 ,  - HP - The H e a l t h  P h y s i c s  s e c t i o n  o f  t h e  S a f e t y  and E n v i r o n m e n t a l  
C o n t r o l  D e p a r t m e n t .  

3 .12  O r g a n i c  R a d i o a c t i v e  Waste - Any l i q u i d  waste c o m p o s e d  o f  a n y  
h y d r o c a r b o n  s o l v e n t  a n d  c o n t a i n i n g  r a d i o n u c l  i d e s .  O r g a n i c  

. . w a s t e s  may b e  e i t h e r  TRU o r  Non-TRU, b a s e d  o n  t h e ,  1 0  n C i / g r a m  
l i m i t .  

3 .13 S h i p m e n t  C o o r d i n a t o r  - An i n d i v i d u a l  d e s i g n a t e d  i n  w r i t i n g  b y  
h i s  d e p a r t m e n t  manager  who is r e s p o n s i b l e  f o r :  (1) c o o r d i n a t i n g  
s h i p m e n t  a c t i v i t i e s  w i t h  t h e  HMS: ( 2 )  g e n e r a t i n g ,  as r e q u i r e d ,  a 

. . 
p u r c h a s e  r e q u i s i t i o n  f o r  s h i p m e n t  s e r v i c e s ;  AGNS w o r k  r e q u e s t  . 
i n p u t  to  t h e  HMS; ( 3 )  d i s s e m i n a t i o n  o f  p e r t i n e n t  l o w - l e v e l  
r a d i o a c t i v e  waste s h i p p i n g / h a n d l i n g  i n f o r m a t i o n  ( p r o c e d u r e ,  
p o l i c y ,  and r e g u l a t i o n  r e q u i r e m e n t s )  s u p e r v i s i n g  t h e  l o a d i n g  
o p e r a t i o n ;  and ( 4 )  c o m p l e t i o n  o f  t h e  R a d i o a c t i v e  Waste I n s p e c -  
t i o n  C h e c k l i s t  ( A t t a c h m e n t  2 ) .  

'3.14 I n t e r i m  S t o r a g e  A r e a s  - The t e m p o r a r y  i n t e r i m  s t o r a g e  a r e a s  f o r  
Non-TRU and TRU wastes a r e  t h e  Waste Tank Equipment  G a l l e r y  a n d  
t h e  UF, F a c i l i t y ,  r e s p e c t i v e l y .  S o l i d  i f  i e d  w a s t e  f r o m  t h e  
t e m p o r a r y  waste e v a p o r a t o r  s y s t e m  s h a l l  b e  s t o r e d  i n  t h e  y a r d  
area a d j a c e n t  t o  t h e  t e m p o r a r y  w a s t e  e v a p o r a t o r .  The  u s e  o f  
o t h e r  waste a r e a s  s h a l l  be  a p p r o v e d ,  by SEC and i d e n t i f i e d  o n  a n  
a p p r o v e d  AGNS Work R e q u e s t .  

3 .15  T r a n s p o r t  Group  I R a d i o n u c l i d e s  - R a d i o n u c l i d e s  h a v i n g  a n  A t o m i c  
Number 8 2  and o v e r  w i t h  a r a d i o a c t i v e  h a l f - l i f e  o f  z , e r o  d a y s  up 
t o  1 0  y e a r s  a r e  T r a n s p o r t  Group I R a d i o n u c l i d e s .  

3.16 DOT S p e c i f i c a t i o n  17H Drum - S h a l l  i n c l u d e  a n y  new d r u m '  f a b r i -  
c a t e d  to  DOT S p e c i f i c a t i o n  1 7 C ,  1 7 E ,  a n d  17H o r  a n y  r e c o n d i -  

& t i o n e d  drum marked DOT R ---- ( f o u r  d i g i t  r e g i s t r a t i o n  
number,  f o r  example  DOT R-1001 or DOT R-1109).  The color o f  t h e  
d rums  s h a l l  be o r a n g e .  

3.17 Form RHA-PNC - A S o u t h  C a r o l i n a  D e p a r t m e n t  o f  ~ e a l  t h  a n d  E n v i -  
r o n m e n t a l  C o n t r o l  R a d i o a c t i v e  Waste Sh ipment  P r i o r  N o t  i f  i c a t i o n  

0 and M a n i f e s t  form. A c o p y  mus t  be  s u b m i t t e d  a t  l e a s t  7 2  h o u r s  
b e f o r e  t r a n s p o r t i n g  e a c h  w a s t e  s h i p m e n t  ( A t t a c h m e n t  5 ) .  
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3 .18  PNP Form - A Chem-Nuclear P r i o r  N o t i f i c a t i o n  P l a n  f o r m .  A c o p y  w -- 
m u s t  b e  s u b m i t t e d  b e f o r e  t r a n s p o r t i n g  e a c h  w a s t e  s h i p m e n t  
( A t t a c h m e n t  6 ) .  

4.0 LOW-LEVEL WASTE HANDLING 

4 . 1  G e n e r a l  

4 . 1 . 1  P e r s o n n e l  i n v o l v e d  i n  a c t i v i t i e s  t h a . t  p r o d u c e  l o w - l e v e l  
w a s t e s  s h a l l  t a k e  w h a t e v e r  s t e p s  a v a i l a b . l e  w i t h i n  
p r o c e d u r e  g u i d e l i n e s  to m i n i m i z e  t h e  volume o f  l o w - l e v e l  
waste g e n e r a t e d .  T h e s e  a c t i o n s  i n c l u d e ,  b u t  a r e  n o t  
l i m i t e d  to ,  m i n i m i z i n g  v o l u m e s  o f  f l u s h  s o 1 u t i o n . s  a n d  
d e c o n t a m i n a t i o n  s u p p l i e s .  u s e d ,  a n d  u s i n g  l o w - l e v e l  
r a d i o a c t i v e  waste c o l l e c t i o n  c o n t a i n e r s  f o r  c o n t a m i n a t e d  
w a s t e  o n l y .  

4 . 1 . 2  N u c l e a r  M a t e r i a l  C o n t r o l  r e q u i r e m e n t s  a s  o u t l i n e d  i n  
P r o c e d u r e  NMC-030, " P r e - O p e r a t i o n a l  N u c l e a r  Mate r ia l s  
C o n t r o l  A c c o u n t i n g  P r o c e d u r e , "  s h a l l  b e  a p p l i e d  , w h e r e  
a p p l i c a b l e ,  to  waste t r a n s f e r s  d e s c r i b e d  i n  t h i s  p r o -  
c e d u r e .  . . 

4 .2  S o l i d  Low-Level Wastes 

4 . 2 . 1  S o l i d  Low-Level Waste C o l l e c t i o n  C o n t a i n e r s  

' 4 . 2 . 1 . 1  c a r d b o a r d  Boxes  - C a r d b o a r d  b o x e s  a r e  u s e d  f o r  
t h e  c o l l e c t i o n  o f  c o m p a c t i b l e  LLW o n l y  a n d  a re  
t o  be l i n e d  w i t h  a p o l y e t h y l e n e  b a g .  T h e s e  
b o x e s  h a v e  a n o m i n a l  c a p a c i t y  o f  7-1/2  c u b i c  
f e e t  a n d  a  6 5 - p o u n d  maximum l o a d  c a p a c i t y .  
T h e s e  b o x e s  a r e  n o t  t o  b e  u s e d  t o  c o l l e c t  
w a s t e s  h a v i n g  s h a r p  e d g e s .  u l t i m a t e  o f f  - s i t e  
d i s p o s a l  o f  c o n t a m i n a t e d  c a r d b o a r d  c o n t a i n e r s  
s h a l l  b e  b y  c o m p a c t i o n  i n t o  m e t a l  d r u m s  o r  
p a c k a g  i n g  i n  t o  wooden b o x e s .  

4 .2 .1 .2  Metal Drums - O r a n g e  metal d r u m s  a r e  u s e d  f o r  
t h e  c o l l e c t i o n  a n d  f o r  o f f - s ' i t e  s h i p m e n t  o f  
l o w - l e v e l  r a d i o a c t i v e  compacted  and noncompac-  
t i b l e  wastes (TRU a n d  Non-TRU). S u c h  d r u m s  
s h a l l  meet DOT S p e c i f i c a t i o n  17H. W i t h  t h e  
e x c e p t i o n  o f  compacted  waste d r u m s ,  d rums  s h a l l  
b e  l i n e d  w i t h  .a p l a s t i c  bag.  

O t h e r  C o n t a i n e r s  - C o n t a i n e r s  o r  p a c k a g  i n g  ----- 
r e q u i r e m e n t s  f o r  n o n c o m p a c  t i b l e  w a s t e  t h a t  
c a n n o t  b e  c o n t a i n e d  w i t h i n  a  5 5 - g a l l o n  metal 
drum (DOT S p e c i f i c a t i o n  17H) s h a l l  b e  p a c k a g e d  
as  d i r e c t e d  i n  w r i t i n g  by t h e  HMS v i a  a n  AGNS 
Work R e q u e s t .  
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T e m p o r a r y  c o l l e c t i o n  c o n t a i n e r s  o t h e r  t h a n  
c a r d b o a r d  b o x e s  may b e  u s e d  a t  t h e  d i s c r e t i o n  
o f  t h e  c o g n i z a n t  d e p a r t m e n t .  Th'ese c o n t a i n e r s  
s h a l l  be  l i n e d  w i t h  a  p o l y e t h y l e n e  b a g .  The  
w a s t e  c o l l e c t e d  i n  t h e s e  c o n t a i n e r s  s h a l l  b e  
r e p a c k e d  i n t o  an  a c c e p t a b l e  s h i p p i n g  c o n  t a  i n e r  
( 1 . .  , DOT S p e c i f i c a t i o n  17H d r u m )  p r i o r  t o  
i n t e r i m  s t o r a g e  or  o f  f - s i t e  s h i p p i n g .  

4 .2 .1 .4  L a b e l i n g  - LLW s o l i d  ' w a s t e ,  c o n t a i n e r s  s h a l l  b e  
s t e n c i l e d ,  a t  t h e  t i m e  o f  u s e ,  w i t h .  t h e  w o r d s  
" RADIOACTIVE WASTE ONLY, l1 i n  1 / 2 - i n c h  or l a r g e r  
l e t t e r s  o f  a c o n t r a s t i n g  c o l o r ,  o n  t h e  u p p e r  
1 / 3  o f  two o p p o s i t e  s i d e s  o f  t h e .  c o n t a i n e r .  

. P r i o r  t o  u s i n g  t h i s  c o n t a i n e r  f o r  a  s h i p p i n g  
c o n t a i n e r ,  t h e  w o r d s  "WASTE ONLY1' m u s t  b e  
p a i n t e d  o v e r ;  a n y  a d d i t i o n a l  DOT l a b e l i n g  
r e q u i r e m e n t s  s h a l l  b e  s p e c i f i e d  b y  t h e  H M S  
p r i o r  to l o a d i n g .  I n f o r m a t i o n  o n l y  t a g s  s h a l l  
b e  p l a c e d  on  TRU and  so l  i d l f  i e d  . o r g a n i c  waste 
c o l l e c t i o n  c o n t a i n e r s .  T h e s e  t a g s  s h a l l  
i d e n t i f y  t h e  waste .  F o r  e x a m p l e ,  l a b e l  a s  
"TRU" or  " s o l i d i f i e d  o r g a n i c "  a n d  " N o t  f o r  

. . S h i p m e n t  to  C h e m - N u c l e a r  . l1 T h e s e  c o n t a i n e r s  
s h a l l  n o t  b e  s h i p p e d  t o  C h e m - N u c l e a r  S y s t e m s ,  
I n c .  

4  . '2.2 Waste  C o l l e c t i o n  

4 . 2 . 2 . 1  S o l i d  l o w - l e v e l  r a d i o a c t i v e  w a s t e s  g e n e r a t e d  a t  
t h e  B a r n w e l l  N u c l e a r  F u e l  P l a n t  s h a l l  be  s e g r e -  
g a t e d  a t  t h e  p o i n t  o f  ' o r i g i n  i n t o  t h e  f o l l o w i n g  
t y p e s  : 

C o m p a c t i b l e  

N o n c o m p a c t i b l e  

TRU 

O r g a n i c  l i q u i d s  ( s u b d i v i d e d  a s  TRU o r  
Non-TRU) 

NOTE: I n o r g a n i c  and o r g a n i c  TRU waste may b e  
combined .  

The d e p a r t m e n t  g e n e r a t i n g  t h e  s o l i d  w a s t e  s h a l l  
b e  r e s p o n s i b l e  f o r :  

P r o v i d i n g  p r o p e r  t y p e  a n d  n u m b e r  o f  waste 
c o n t a i n e r s  a t  a p p r o p r i a t e  work l o c a t i o n s  
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P r o p e r l y  l a b e l i n g  t h e  w a s t e  c o l l e c t i o n  and  
s h i p p i n g  c o n t a i n e r s  ( s e e  S e c t i o n s  4 . 2 . 1 . 4  
a n d  4 . 4 )  

M a i n t a i n i n g  w a s t e  c o n t a i n e r s  i n  s e r v i c e a b l e  
c o n d i t i o n  ( f r e e  o f  s t r u c t u r a l  d e f e c t s  a n d  
d r y )  

M a i n t a i n i n g  a  r e c o r d  o f  f i l l e d  w a s t e  c o n -  
t a i n e r s  a n d  a s s i g n i n g  s e q u e n t i a l  n u m b e r s  
u s i n g  t h e  R a d i o a c t i v e  Waste T r a n s f e r  Record  

D e l i v e r i n g  w a s t e  t o  t h e  i n t e r i m  s t o r a g e  
a r e a .  

4 .2 .2 .3  C o l l e c t i o n  c o n t a i n e r s  s h a l l  n o t  be  o v e r f i l l e d .  

4 . 2 . 3  C o m p a c t i b l e  W a s t e s  

4 . 2 . 3 . 1  C o m p a c t i b l e  wastes, as d e f i n e d  i n  S e c t i o n  3 . 2 ,  
s h a l l  be compacted  u s i n g  t h e  Radwaste  Compactor  
402408.  O p e r a t i o n  o f  t h e  Radwaste  c o m p a c t o r  is 
c o v e r e d  by S e p a r a t i o n s  P r o d u c t i o n  D e p a r t m e n t  
p r o c e d u r e s .  

4 .2 .3 .2  A l l  c o m p a c t i b l e  wastes s h a l l  b e  p r e p a c k a g e d .  
When p l a s t i c  b a g s  a r e  u s e d ,  t h e  s i z e  o f  t h e s e  
p l a s t i c  b a g s  s h a l l  n o t  e x c e e d  a  n o m i n a l  c a p a c -  
i t y  o f  30 g a l l o n s .  I f  l a r g e r  b a g s  a r e  u s e d ,  
t h e y  s h o u l d  n o t  b e  f i l l e d  to  more t h a n  a p p r o x i -  
m a t e l y  3 0 - g a l l o n  c a p a c i t y , .  When f u l l ,  t h e s e  
b a g s  m u s t  b e  s e c u r e l y  t a p e d  s h u t  b y  t w i s t i n g  
t h e  t o p  o f  t h e  bag and w r a p p i n g  t a p e  a r o u n d  t h e  
t w i s t e d  p o r t i o n .  

4 . 2 . 3 . 3  When t h e  w a s t e  c o l l e c t i o n  c o n t a i n e r s  ( d r u m s  o r  
b o x e s )  a r e  f u l l ,  t h e y  s h a l l  b e  moved t o  t h e  
Was te  Tank Equipment  G a l l e r y  (WTEG) f o r  tempo-  
r a r y  s t o r a g e .  T h e s e  c o n t a i n e r s  s h a l l  be t a g g e d  
w i t h  t h e  d a t e  f i l l e d ,  o r i g i n a t i n g  d e p a r t m e n t ,  
and  t h e  w o r d s  " f o r  c o m p a c t i o n . "  S t e n c i l  t h e  
c o n t a i n e r  w i  kh t h e  w o r d s  "RADIOACTIVE WASTE 
ONLY" on two o p p o s i t e  s i d e s .  S e p a r a t i o n s  P r o -  
d u c t i o n  S h i f t  S u p e r v i s o r  is to  be n o t i f i e d  t h a t  
t h e r e  is w a s t e  f o r  c o m p a c t i o n ,  a n d  a c o p y  o f  
t h e  r a d i o a c t i v e  waste t r a n s f e r  r e c o r d  s h a l l  b e  
t r a n s f e r r e d  t o  h i m  f r o m  t h e  o r i g i n a t i n g  
d e p a r t m e n t .  

4 .2 .3 .4  S e p a r a t i o n s  P r o d u c t i o n  p e r s o n n e l  s h a l l  move t h e  
c o n t a i n e r  to  . t h e  Cask Loading S t a t i o n  (CLS) and 
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p e r f o r m  t h e  c o m p a c t i o n  a n d  p a c k a g i n g  f o r  
s h i p m e n t .  

4 .2 .3 .5  C o n t a i n e r s  o f  c o m p a c t i b l e  w a s t e  t h a t  h a v e  n o t  
b e e n  p r e p a c k a g e d  ' s h a l l  b e  r e t u r n e d  t o  t h e  
o r i g i n a t i n g  d e p a r t m e n t  f o r  r e p a c k a g i n g  p e r  
S e c t i o n  4 .2 .3 .2 .  

4.2.3.6 Fo l lowing  compac t ion  o f  c o n t a i n e d  waste ,  d r u m s  
used  f o r  t h e  c o l l e c t i o n  o f  c o m p a c t i b l e  w a s t e  
s h a l l  be su rveyed  by SEC and d e c o n t a m i n a t e d ,  a s  
r e q u i r e d ,  p r i 0 . r  to b e i n g  e i t h e r  r e t u r n e d  t o  t h e  
o r i g i n a t i n g  d e p a r t m e n t  o r  u s e d  f o r  c o m p a c t i n g  
o t h e r  w a s t e s .  I n  e i t h e r  c a s e , . ' t h e  o r i g i n a l  
s e q u e n t i a l  number w i l l  be  p a i n t e d  o v e r  f o l l o w -  
i n g  compac t ion  o f  t h e  waste. 

4.2.3.7 A r e c o r d  o f  c o m p a c t i b l e  was t e  a c t i v i t i e s  
( R a d i o a c t i v e  Waste T r a n s f e r  Record)  (A t t achmen t  
N o .  1) s h a l l  be m a i n t a i n e d  a t  t h e  waste cornpac- 
t i o n  area by t h e  S e p a r a t i o n s  P r o d u c t i o n  Depar t -  
ment  p e r s o n n e l .  

4.2..4 N o n c o m p a c t i b l e  --- Waste - N o n c o m p a c t i b l e  waste s h a l l  be  
c o l l e c t e d  and  p a c k a g e d  s e p a r a t e l y  f r o m  c o m p a c t i b l e  
wastes. Spec i f  i c  i n s t r u c t i o n s  f o r  packag ing  l a r g e  bu lky  
i tems (was t e ,  t h a t  w i l l  n o t  f i t  i n . t o  a 5 5 - g a l l o n  17H 
drum)  s h a l l  b e  i s s u e d ,  i n  w r i t i n g ,  o n  a c a s e - b y - c a s e  
b a s i s  by  t h e  HMS. A r e c o r d  o f  n o n c o m p a c t i b l e  w a s t e  
( R a d i o a c t i v e  Waste ~ r a n s f e r  ' ~ e c o r d )  w i l l  be  m a i n t a i n e d  

@ by t h e  o r i g i n a t i n g  d e p a r t m e n t .  

4 .2 .5  T r a n s u r a n i c  Waste - TRU waste h a n d l i n g  is cove red  by t h e  
f o l l o w i n g  p r o c e d u r e s  : 

B-ACLOP-80-3, " P r o c e d u r e  f o r  P l u t o n i u m  H a n d l i n g  i n  
t h e  HCLA p r i o r  to o b t a i n i n g  a F e d e r a l  L i c e n s e  f o r  H o t  
O p e r a t i o n s  o f  t h e  S e p a r a t i o n s  F a c i l i t y "  , 

B-ACLOP-82A-5, " S o l i d i f i c a t i o n  o f  L i q u i d  R a d w a s t e  
G e n e r a t e d  i n  BNFP L a b o r a t o r i e s "  

B-ODAP-6, " A n a l y t i c a l  S e r v i c e s  L a b o r a t o r y  S a f e t y . "  

4 .2 .6  Low-Level Waste C o n t a i n e r  Hand l ing  and I n s p e c t i o n  

4 .2 .6 .1  Cardboard  c o n t a i n e r s  s t o r e d  i n  a r e a s  l a c k i n g  
s u f f i c i e n t  wea the r  p r o t e c t i o n  s h a l l  be s u i t a b l y  
p r o t e c t e d  from wea the r  damage. 

4 .2 .6 .2  I n  o r d e r  to  p r e v e n t  i n - l e a k a g e  o f  r a i n  water ,  
m e t a l  drums s t o r e d  o u t s i d e  s h a l l  be c o v e r e d ,  i n  
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a d d i t i o n  t o  t h e  d rum l i d ,  w i t h  p l a s t i c  l i d  
c o v e r s  or  p l a s t i c  b a g s .  

4 .2 .6 .3  W i t h i n  48 h o u r s  p r i o r  t o  l o a d i n g  f o r  o f f - s i t e  
s h i p m e n t ,  d r u m s  s h a l l  b e  i n s p e c t e d  b y  t h e  
d e p a r t m e n t  r e s p o n s i b l e  f o r  s h i p p i n g  u s i n g  t h e  
R a d i o a c t i v e  Waste  I n s p e c  t i o n  C h e c k 1  i s t  
( A t t a c h m e n t  2 ) .  C o r r e c t i v e  a c t i o n s  a r e  t h e  
r e s p o n s i b i l i t y  o f  t h e  o r i g i n a t i n g  d e p a r t m e n t .  
The o r i g i n a t i n g  d e p a r t m e n t  f o r  c o m p a c t e d  w a s t e  
i s  t h e  S e p a r a t i o n s  P r o d u c t i o n  Depar tment .  

4 .2 .6 .4  A r e c o r d  of  i n s p e c t i o n s ,  d e f e c t s ,  and  correc- 
t i v e  a c t i o n s  s h a l l  be m a i n t a i n e d  by t h e  d e p a r t -  
ment  r e s p o n s i b l e  f o r  t r a n s f e r / s h i p p i n g  . The 
R a d i o a c t i v e  Waste I n s p e c t i o n  C h e c k l i s t  a n d  
d e p a r t m e n t  s h i f t  l o g s  s h a l l  be used to m a i n t a i n  
t h i s  r e c o r d .  

4 .3  L i q u i d  Wastes - A l l  l i q u i d  l ow- l eve l  r a d i o a c t i v e  w a s t e s  s h a l l  be 
s o l i d i f i e d  p r i o r  t o  b e i n g  s h i p p e d  o f f - s i t e  f o r  d i s p o s a l  a t  a 
commerc ia l  l ow- l eve l  w a s t e  b u r i a l  f a c i l i t y .  

4.3..1 S o l i d i f i c a t i o n  o f  L i q u i d  Wastes 

4 .3 .1 .1  L a r g e  v o l u m e s  o f  a q u e o u s  (TRU a n d  Non-TRU) 
l i q u i d  l o w - l e v e l  r a d i o a c t i v e  wastes s h a l l  b e  
s o l i d i f i e d ,  w i t h  c e m e n t  u s i n g  a p p r o v e d  p r o c e -  
d u r e s  or work i n s t r u c t i o n s .  

4.3.1.2 La rge  volumes o f  o r g a n i c  l ow- l eve l  r a d  i o a ' c t i v e  
waste s o l u t i o n s  (TRU a n d  Non-TRU) s h a l l  b e  
a b s o r b e d  on an  a b s o r b e n t  ma te r i a l  a p p r o v e d  by  
t h e  HMS. The s o l i d i f i c a t i o n  o f  o r g a n i c  l i q u i d s  
s h a l l  be  c o n d u c t e d  u s i n g '  a p p r o v e d  AGNS Work 
R e q u e s t .  

4 .3 .1 .3  S m a l l  q u a n t i t i e s  o f  l i q u i d  aqueous  and  o r g a n i c  
l o w - l e v e l  rad  i o a c t i v e  w a s t e s  (TRU and Non-TRU) , 
g e n e r a t e d  i n  BNFP l a b o r a t o r i e s ,  s h a l l  b e  b a t c h  
s o l i d i f i e d  u s i n g  p r o c e d u r e s  s p e c i f i e d  i n  
B-ACLOP-82A-5. 

4 .3 .2  S o l i d i f i e d  Waste P a c k a g i n g  

4 .3 .2 .1  A l l  s o l i d i f i e d  l i q u i d  w a s t e  s h a l l  b e  p a c k a g e d  
f o r  s h i p m e n t  i n  DOT T y p e  17H o r a n g e  m e t a l  
d r u m s .  Each  drum s h a l l  h a v e  a  p l a s t i c  b a g  
1 i n e r  . 

4.3.2.2 '  Waste drums c o n t a i n i n g  T r a n s p o r t  Group I r a d i o -  
n u c l i d e s  e q u a l  t o  or g r e a t e r  t h a n  1 m i l l i c u r i e  
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p e r  w a s t e  drum r e q u i r e  s p e c i a l  t r a n s p o r t a t i o n  
a r r a n g e m e n t s .  

4.3.3 Waste Drum Handl ing  and I n s p e c t i o n  

4.3.3.1 Where l a r g e  q u a n t i t i e s  o f  w a s t e  s o l u t i o n s  a r e  
s o l i d i f i e d  i n  5 5 - g a l l o n  d r u m s ,  t h e s e  d r u m s  
s h a l l  be i n s p e c t e d  by t h e  o r i g i n a t i n g  d e p a r t -  
ment w i t h i n  48 h o u r s  p r i o r  to  l o a d i n g  f o r  s h i p -  
ment .  T h i s  i n s p e c t i o n  is f o r  drum i n t e g r i t y ,  
p r o p e r  l abe l i ' ng ,  h a r d n e s s  o f  cement ,  a b s e n c e  of  
w a t e r ,  and l i d s  p r o p e r l y  s e c u r e d .  

4 .3 .3 .2  I f ,  upon such  i n s p e c t i o n ,  drums a r e  f o u n d  w i t h  
cement  t h a t  c a n  b e  m a n u a l l y  c o m p r e s s e d ,  t h e y  
c a n n o t  be s h i p p e d ,  and s h a l l  be s p e ' c i a l l y  han-  
d l e d  ( t r e a t e d )  by t h e  o r i g i n a t i n g  d e p a r t m e n t .  

, S p e c i a l l y  h a n d l e d  d r u m s  s h a l l  be  r e i n s p e c t e d  
. p r i o r  t o  s h i p p i n g .  S p e c i a l  h a n d l i n g  . i n s t r u c -  

t i o n s  s h a l l  b e  i s s u e d  b y  t h e  o r i g i n a t i n g  
d e p a r t m e n t  o n  a c a s . e - b y - c a s e  b a s i s  u s i n g  
approved  AGNS Work Reques t s .  

4 .3 .3 .3  During i n s p e c t i o n ,  a n y  drum c o n t a i n i n g  l i q u i d  
s h a l l  r e c e i v e  s p e c i a l  h a n d l i n g .  T h e s e  
s p e c i a l l y  handled  drums s h a l l  be r e i n s p e c  t e d  by 
t h e  o r i g i n a t i n g  d e p a r t m e n t a l  s u p e r v  i s o r  o r  
c o g n i z a n t  e n g i n e e r  p r i o r  to s h i p p i n g .  ( S p e c i a l  
h a n d l i n g  i n s t r u c t i o n s  s h a l l  be  i s s u e d  by t h e  
o r i g i n a t i n g  d e p a r t m e n t  on  a  c a s e - b y - c a s e  b a s i s  
u s i n g  approved AGNS Work Reques t s .  ) 

4.3.3.4 A R a d i o a c t i v e  Waste I n s p e c t i o n  C h e c k l i s t  s h a l l  
b e  c o m p l e t e d  f o r  s h i p m e n t  by  t h e  d e p a r t m e n t  

: pe r fo rming  t h e  s h i p p i n g .  

4.3.3.5 N o  drum s h a l l  be loaded  o n t o  a  t r u c k  f o r  s h i p -  
ment t h a t  ha s  n o t  been i n s p e c t e d .  

. . : 4.3.3.6: F i l l e d  was t e  drums s t o r e d  i r i  a r e a s  l a c k i n g  s u f -  ~ 
f  i c i e n t  wea the r  p r o t e c t i o n  s h a l l  be  p r o t e c t e d '  

. . from in - l eakage  of r a i n  wa te r  o r  o t h e r  l i q u i d s  
by a  p l a s t i c  l i d  c o v e r .  

4 . 4  Numbering of  Waste Drums 

4 .4 .1  A l l  was te  c o n t a i n e r s ,  e x c e p t  t h o s e  u sed  f o r  c o l l e c t i o n  
o n l y ,  s h a l l  be numbered i n  acco rdance  w i t h  t h e  f o l l o w i n g  
alpha-numer i c  s y s  tem : 
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X 1  = Area/waste  d e s i g n a t i o n  

A = A n a l y t i c a l  S e r v i c e s  D e p a r t m e n t  R a d i o a c t i v e  
Waste 

C = Compacted R a d i o a c t i v e  Waste 
F = FRSS R a d i o a c t i v e  Waste 
M = Maintenance  R a d i o a c t i v e  Waste 
N = Nuc lea r  Technology L a b o r a t o r y  R a d i o a c t i v e  Waste 
S  = S e p a r a t i o n s  F a c i l i t y  R a d i o a c t i v e  Waste 
T = UF,. F a c i l i t y  R a d i o a c t i v e  Waste 
W = WTEG R a d i o a c t i v e  Waste 

X2 = L a s t  d i g i t  of  c u r r e n t  y e a r .  
Example: f o r  1979 ,  X2 =, 9  

X3X4X5 = S e q u e n t i a l  number a s s i g n e d  by t h e  o r i g i n a t i n g  
d e p a r t m e n t .  Compacted w a s t e  drum number s  a r e  
a s s i g n e d  by S e p a r a t i o n s  P r o d u c t i o n  D e p a r t m e n t .  
One series of  s e q u e n t i a l  numbers s h a l l  be main- 
t a i n e d  by each  o r i g i n a t i n g  d e p a r t m e n t  r e g a r d -  
l ess '  o f  t h e  c l a s s  a f f  i l i a t i o n  o f  w a s t e  ( s e e  
S e c t i o n  4.4.3). 

4.4.2 These numbers s h a l l  be  a  minimum o f  1 / 2  i n c h  h i g h  and 
a p p l i e d  t o  t h e  o u t s i d e  of t h e  drum a t  two l o c a t i o n s ,  on  
o p p o s i t e  s i d e s .  ,The number s h a l l  b e  p l a c e d  a t  t h e  
c o n t a i n e r  m i d s e c t i o n  i n  a  c o n t r a s t i n g  color. 

4.4.3 The o r i g i n a t i n g  . d e p a r t m e n t  s h a l l  m a i n t a i n  a  r e c o r d  of 
s e q u e n t i a l  numbers a s s i g n e d  ' t o  was te  packages  u s i n g  t h e  
R a d i o a c t i v e  Waste T r a n s f e r  Record.  

5.0 RADIOACTIVE WASTE SHIPMENTS 

5 . 1  Each depa r tmen t  s h a l l  d e s i g n a t e  i n  w r i t i n g  by memo t o  t h e  HMS a  
p e r s o n  t o  a c t  a s  sh ipment  c o o r d i n a t o r  f o r  low- leve l  r a d  i o a c  t i v e  
w a s t e  sh ipments .  The HMS s h a l l  d i s s e m i n a t e  p r o c e d u r e ,  p o l  i c y ,  
and r e g u l a t i o n  changes  and o t h e r  p e r t i n e n t  low- leve l  rad  i o a c  t i v e  
w a s t e  s h i p p i n g / h a n d l  i n g  i n f o r m a t i o n  t o  t h e  d e s i g n a t e d  r a d i o -  
a c t i v e  shipment  c o o r d i n a t o r s .  

5 .2  Shipments  T r a n s p o r t e d  t o  Chem-Nuclear Waste Management F a c i l i t y  
Q 

5 . 2 . 1  The r e s p o n s i b l e  s h i p m e n t  c o o r d i n a t o r  s h a l l  n o t i f y  t h e  
HMS when of  f - s i t e  t r a n s p o r t a t i o n  is d e s i r e d .  

5 .2 .2  The HMS s h a l l  c o n t a c t  a  c a r r i e r ,  s c h e d u l e  a  s h i p p i n g  
d a t e ,  and r e l a y  t h e  i n f o r m a t i o n  to t h e  O p e r a t i o n s  S h i f t  
S u p e r v i s o r  and t h e  O p e r a t i o n a l  S a f e t y  S u p e r v  i s o r .  The 
HMS s h a l l  comple te  t h e  P r i o r  N o t i f i c a t i o n  P l a n  forms f o r  
d i s t r i b u t i o n  to t h e  South  C a r o l i n a  Depar tment  o f  H e a l t h  
and Envi ronmenta l  C o n t r o l  and Chem-Nuclear Sys tems ,  Inc  . 
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5 .2 .3  W i t h i n  48 ' h o u r s  p r i o r  t o  ' t h e  s c h e d u l e d  l o a d i n g  d a t e ,  a  
f i n a l  i n s p e c t i o n  o f  t h e  s h i p p i n g  c o n t a i n e r s  a n d  t h e i r  
c o n t e n t s  s h a l l  b e  p e r f o r m e d  by t h e  d e p a r t m e n t  r e s p o n s i -  
b l e  f o r  s h i p p i n g .  T h e  i n s p e c t i o n  r e s u l t s  s h a l l  b e  

I documented  o n  t h e  R a d i o a c t i v e  Was te  I n s p e c t i o n  C h e c k l i s t  
I 

r e c o r d  and v e r i f i e d  by t h e  HMS b e f o r e  t h e  c e r t i f i c a t i o n  
I s t a t e m e n t  o n  t h e  C h e m - N u c l e a r  R a d i o a c t i v e  S h i p m e n t  

R e c o r d  Form ( A t t a c h m e n t  3 )  is c o m p l e t e d .  

5 .2 .4  HP s h a l l  p e r f o r m  a r a d i o l o g i c a l  s u r v e y  o f  t h e  w a s t e  con- 
t a i n e r s  w i t h i n  24 h o u r s  p r i o r  t o  t h e  s c h e d u l e d  l o a d i n g  
d a t e  a n d  c o m p l e t e  t h e  a p p l i c a b l e  s e c t i o n s  o f  t h e  
Chem-Nuclear  R a d i o a c t i v e  S h i p m e n t  R e c o r d  Form ( A t t a c h -  
m e n t  3 ) .  HP s h a l l  p e r f o r m  a n  i n c o m i n g  s u r v e y  o f  t h e  
c a r r i e r ' s  t r a i l e r  p r i o r  t o  l o a d i n g  o f  t h e  w a s t e  
s h i p m e n t .  

5 .2 .5  The HMS s h a l l  r e v i e w  t h e  waste  p a c k a g i n g  i n f o r m a t i o n ,  
w a s t e  i n s p e c t i o n  c r i t e r i a ,  and s u r v e y  r e s u l t s  t o  d e t e r -  
m i n e  p r o p e r  l a b e l i n g  and s h i p p i n g  r e q u i r e m e n t s .  A f t e r  
v e r i f y i n g  t h e  c o m p l e t i o n  o f  t h e s e  r e q u i r e m e n t s ,  t h e  HMS 
s h a l l  s i g n  t h e  d i s c l a i m e r  and c e r t i f i c a t i o n  s t a t e m e n t s  
o n  t h e  C h e m - N u c l e a r  R a d i o a c t i v e  S h i p m e n t  R e c o r d  Form 
( A t t a c h m e n t  3 ) .  

5 .2 .6  C o p i e s  o f  t h e  Chem-Nuclear R a d i o a c t i v e  S h i p m e n t  R e c o r d  
' Form ( A t t a c h m e n t  3 )  s h a l l  be  d u p l i c a t e d  and d i s t r i b u t e d  

. to  t h e  O p e r a t i o n s  S h i f t  S u p e r v i s o r  and N u c l e a r  M a t e r i a l  
C o n t r o l  D e p a r t m e n t .  The o r i g i n a l  document s h a l l  r e m a i n  
i n  t h e  HP o f f i c e  u n t i l  t h e  c a r r i e r  a r r i v e s .  

5.2.7 The O p e r a t i o n s  S h i f t  S u p e r v i s o r  s h a l l  h a v e  t h e  r e s p o n s i -  
b i l i t y  o f  a s s i g n i n g  a c a r r i e r  e sco r t  a n d  a p p r o v i n g  a  
M a t e r i a l s  C l e a r a n c e  P a s s  , ( A t t a c h m e n t  4 )  f o r  t h e  
s h i p m e n t .  

5 .2 .8  The c a r r i e r  escort s h a l l  c o n t a c t  HP f o r  f i n a l  i n s p e c t i o n  
o f  t h e  l o a d e d  w a s t e  s h i p m e n t ,  r a d i o l o g i c a l  r e l e a s e  
s u r v e y ;  and s h i p p i n g  r e c o r d  c o m p l e t i o n .  

5.2.9 HP s h a l l  p l a c a r d  t h e  f r o n t  o f  t h e  motor v e h i c l e ,  p e r f o r m  
t h e  f i n a l  r a d i o l o g i c a l  r e l e a s e  s u r v e y ,  v i s u a l l y  i n s p e c t  
t h e  l o a d e d  t r a i l e r ,  and s e c u r e  t h e  t r a i l e r  door w i t h  a n  
A l l i e d - G e n e r a l  s e c u r i t y  s e a l .  

5 .2.10 HP s h a l l  e n t e r  t h e  v e h i c l e  s u r v e y  r e s u l t s  o n  a l l  o f  t h e  
m u l t i c o p y  s h e e t s  of t h e  R a d i o a c t i v e  S h i p m e n t  R e c o r d .  

' A f t e r  o b t a i n i n g  t h e  d r i v e r ' s  s i g n a t u r e ,  HP s h a l l  d e t a c h  
t h e  c o m p l e t e d  p i n k  copy and r o u t e  t o  t h e  HMS. 

5 . 2 . 1 1  T h e  c a r r i e r  e sco r t  s h a l l  a c c o m p a n y  t h e  v e h i c l e  a n d  
d r i v e r  t o  t h e  main g a t e  and p r e s e n t  t h e  y e l l o w  c o p y  o f  
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t h e  comple ted  Chem-Nuclear R a d i o a c t i v e  M a t e r i a l s  S h i p -  
ment Reco rd  Form and a n  a p p r o v e d  M a t e r i a l s  C l e a r a n c e  
P a s s  t o  S e c u r i t y .  

5 .3  T r a n s u r a n i c  (TRU)  Waste Shipments  - TRU w a s t e  s h a l l  be  s h i p p e d  
i n  s p e c i a l  l i c e n s e d  n u c l e a r  m a t e r i a l  t r a n s p o r t e r s  to  t h e  b u r i a l  
s i t e  i n  R i c h l a n d ,  Washington,  f o r  d i s p o s a l .  A maximum q u a n t i t y  
o f  1 5  55 -ga l lon  DOT 17-H d r u m s  w i t h  a  maximum g r o s s  w e i g h t  o f  
5000 pounds a r e  l i m i t a t i o n s  imposed on each  sh ipment .  F u l l  l oad  
s h i p m e n t s  shou ld  be p lanned  t o  j u s t i f y  t h e  t r a n s p o r t a t i o n  c o s t s .  

5 .3 .1  The HMS s h a l l  p r o v i d e  t h e  n e c e s s a r y  s h i p p i n g  i n f o r m a t i o n  
r e q u i r e d  on  t h e  p u r c h a s e  r e q u i s i t i o n  t o  t h e  s h i p m e n t  
c o o r d i n a t o r .  The sh ipment  c o o r d i n a t o r  s h a l l .  i n i t i a t e  a  
p u r c h a s e  r e q u i s i t i o n  f o r  s h i p p i n g  p r i o r  to  t h e  d e s i r e d  
s h i p p i n g  d a t e .  T h e  s h i p m e n t  c o o r d i n a t o r  s h a l l  b e  
d e s i g n a t e d  on t h e  pu rchase  o r d e r  a s  t h e  AGNS c o n t a c t  f o r  
t h e  s h i p p e r .  

5 .3 .2  The HMS s h a l l  r e g i s t e r  t h e  company as  a  s h i p p e r  a n d  
o b t a i n  l i c e n s e  and t r a n s p o r t e r  d o c u m e n t s  r e q u i r e d  by 
F e d e r a l  R e g u l a t i o n s  o n c e  t h e  s h i p p i n g  d a t e  h a s  b e e n  
con f i rmed .  The HMS s h a l l  n o t i f y  NMC when t h e s e  r e q u i r e -  
ments  have been comple ted .  

5 .3 .3  Upon r e c e i p t  o f  t h e  "Nuclear  M a t e r i a l  T r a n s p o r t e r  C e r t i -  
f  i c a t e  o f  Compliance" and i n s p e c t i o n  c h e c k l i s t ,  t h e  HMS 
s h a l l  g e n e r a t e  an AGNS Work Request  d e s c r i b i n g  t h e  load-  

. i n g  and i n s p e c t i o n  r e q u i r e m e n t s .    he Shipment Coord ina-  
t o r  s h a l l  i s s u e  t h e  AGNS Work Request  a t  l e a s t  48  h o u r s  
p r i o r  to  t h e  s chedu led  l o a d i n g  d a t e .  

5.3.4 Wi th in  48 h o u r s  p r i o r  to t h e  s chedu led  l o a d i n g  d a t e ,  t h e  
TRU w a s t e  s h a l l  be i n s p e c t e d ,  s u r v e y e d ,  and l a b e l e d  as 
d i r e c t e d  by t h e  sh ipment  c o o r d i n a t o r  and t h e  HMS. 

5 .3 .5  The l o a d i n g  of  t h e  was t e  t r a n s p o r t e r  s h a l l  be  c o m p l e t e d  
a s  o u t l i n e d  i n  t h e  approved AGNS Work Reques t  and s h a l l  
be w i t n e s s e d  by t h e  sh ipment  c o o r d i n a t o r  and HMS. 

5.3'. 6 The HMS s h a l l  comple te  t h e  r a d i o a c t i v e  m a t e r i a l  s h i p p i n g  
documents  and n o t  i f  i c a t i o n s  r e q u i r e d  to  t r a n s p o r t  t h e  
sh ipmen t  o f f - s i t e .  

5.4 S o l i d i f i e d  O r g a n i c  R a d i o a c t i v e  Was t e  S h i p m e n t s  - L o w - l e v e l  - ---- 
r a d i o a c t i v e  s o l  i d  i f  i e d  o r g a n i c  m a t e r i a l s  s h a l l  be t r a n s p o r t e d  t o  

. a n  approved b u r i a l  s i t e  f o r  d i s p o s a l .  A g r o s s  w e i g h t  - l i m i t  o f  
40,000 pounds is t h e  v e h i c l e  f u l l  l oad  c a p a c i t y .  

5 .4 .1  The HMS s h a l l  p r o v i d e  s h i p p i n g  i n f o r m a t i o n  t o  t h e  s h i p -  
ment c o o r d i n a t o r  who s h a l l  g e n e r a t e  a n  AGNS p u r c h a s e  
r e q u i s i t i o n .  



NUMBER 1 REV'ION 1"' 1 Wt -1 A-ODAP-3 2 8/18/80 1 3  OF 14 

5.4.2 The HMS s h a l l  o b t a i n  t h e  n e c e s s a r y  l i c e n s e  d o c u m e n t s  
r e q u i r e d  by F e d e r a l  R e g u l a t i o n s  o n c e  t h e  s h i p p i n g  d a t e  
h a s  been conf i rmed.  The HMS s h a l l  n o t i f y  NMC when t h e s e  
r e q u i r e m e n t s  have  been comple ted .  . 

5.4.3  W i t h i n  48 h o u r s  p r i o r  to  t h e  s c h e d u l e d  l o a d i n g  d a t e ,  t h e  
w a s t e  s h a l l  be  i n s p e c t e d ,  s u r v e y e d ,  a n d  l a b e l e d  a s  
d i r e c t e d  by t h e  sh ipment  c o o r d i n a t o r  and t h e  HMS. 

5.4.4 HP s h a l l  pe r fo rm a  r a d i o l o g i c a l  s u r v e y  of t h e . w a s t e  con- 
t a i n e r s  w i t h i n  24 h o u r s  p r i o r  t o  t h e  s c h e d u l e d  l o a d i n g  

. d a t e  and comple te  t h e  a p p l i c a b l e  s e c t i o n s  o f  t h e  Chem- 
. N u c l e a r  R a d i o a c t i v e  Shipment  Record Form ( ~ t t a c h m e n t  3 ) .  
HP s h a l l  p e r f o r m  a n  i n c o m i n g  s u r v e y  o f  t h e  c a r r i e r ' s  
t r a i l e r  p r i o r  t o  l o a d i n g  of  t h e  w a s t e  sh ipment .  

, 5.4.5  The sh ipment  c o o r d i n a t o r  s h a l l  s u p e r v i s e  t h e  w a s t e  l oad -  
i n g  o p e r a t i o n s .  

5.4.6 . The HMS s h a l l  comple te  t h e  r a d i o a c t i v e  m a t e r i a l  s h i p p i n g  . 

documents  and n o t i f i c a t i o n s  r e q u i r e d  t o  t r a n s p o r t  t h e  
s h i p m e n t  o f f - - s i t e .  . . . ... 

5.4.7 The O p e r a t i o n s  S h i f t  S u p e r v i s o r  s h a l l  have t h e  r e s p o n s i -  
b i l i t y  o f  a s s i g n i n g  a  c a r r i e r  e s c o r t  a n d  a p p r o v i n g  a  

' M a t e r i a l s  C l e a r a n c e  P a s s  ( A t t a c h m e n t  4 )  f o r  t h e  
sh ipmen t .  - 

5.4.8 The c a r r i e r  e s c o r t  s h a l l  con t . ac t  HP f o r  f  ina .1  i n s p e c t i o n  

, . 
o f  t h e  l o a d e d  w a s t e  s h i p m e n t ,  r a d i o l o g i c a l  r e l e a s e  
s u r v e y ,  and s h i p p i n g  r e c o r d .  

5.4.9 HP s h a l l  v i s u a l l y  i n s p e c t  t h e  s h i p m e n t  and  s e c u r e  t h e  
t r a i l e r  door  w i t h  a  s e a l ,  pe r fo rm t h e  c a r r i e r  s u r v e y  and 
document t h e  r e s u l t s ,  o b t a i n  t h e  d r i v e r ' s  s i g n a t u r e  on  
t h e  r e c o r d ,  and  r o u t e  t h e  p i n k  c o p y  o f  t h e  c o m p l e t e d  
R a d i o a c t i v e  M a t e r i a l s  Shipme.nt  R e c o r d  F o r m  ( A t t a c h -  
ment 3 )  t o  t h e  HMS. 

' 5 . 4 . 1 0  The  c a r r i e r  e s c o r t  s h a l l  accompany ' t h e  v e h i c l e  a n d  
d r i v e r  to  t h e  main g a t e  and p r e s e n t  t h e  y e l l o w  c o p y  o f  
t h e  completed R a d i o a c t i v e  M a t e r i a l s  Shipment Record Form 
and an approved M a t e r i a l s  C l e a r a n c e  P a s s  to  S e c u r i t y .  
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RADIOACTIVE WASTE TRANSFER RECORD 

DATE OF TRANSFERRED PACKAGE/ . GENERAL DESCRIPTION CHEMICAL FORM OF . COMMENTS* TRANSFERRED BY 
TRANSFER TO DRUM NO. OF WASTE COMPONENTS . ISOTOPES AND MATERIALS 

- - - - - - E m P L E S - - - - - - - - - - E m P L E S - - - - - - - - - -  EXAMPLES - - - - - - - - - - EXAMPLES - - - - - - 

121 15/79 
. . 

WTEG S901 Solidified Process Liquids Uranyl Nitrate in Cement John Operations i 
1 

12/1!j/79 WTEG A901 Laboratory Trash Uranium .Oxides and <10 nCi/gm John Analytical ' 

Neptunium Sulfate Neptunium 
in Cement 

. I 
I 

121.15179 WTEG A901 HEPA Filters Cesium Sulfate Cs-134, '1 pCi John Analytical I 

Cs-137 -5 pCi 
I 

12/15/79 WTEG C901 Compacted Analytical Trash .Plastic and Paper.Con- John Operations 
tamination with Natural 
Uranium 

WTEG . C902 Compacted Analytical Trash Pap'er and Plastic Con,- 
tamination with Natural 
Uranium 

. . . . 

WTEG . C903 . Compacted Analytica'l Trash Paper .and Plastic Con- 
tamination with Natural 
Uranium ' 

WTEG C904 .I Compacted Analytical Trash Paper and Plastic Con- 
tamination with Natural 
Uranium . . 

John Operat ions 

John Operations 

John Operat ions 

*The type and quantity of isotopes other than natural uranium/thoriurn must be identified in the comment column. 

I AGNS FORM OD-73 
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Number of Waste Drums.1nspected 
 is t S p e c i f i c  Drums " ~ n s p e c t e d  on Reverse S i d e )  

RADIOACTIVE WASTE INSPECTION CHECKLIST 
+ .  

Date:  . 

Within 48 hours  of the  scheduled load ing  d a t e ,  a l l  drums have  
b e e n  o p e n e d ,  v i s u a l l y  i n s p e c t e d ,  a n d  do  n o t  c o n t a i n  a n y  
u n s o l i d i f i e d  l i q u i d ,  o r g a n i c ,  o r  f ree-f lowing l i q u i d .  

The chime ( r im)  and l i d  a rb  f r e e  of obvious damage which migh t  
p reven t  proper  c l o s u r e .  The orange co lo red  e x t e r i o r  drum s u r -  
f a c e s . a r e  f r e e  of b l i s t e r e d ,  bubbled,  o r  r u s t e d  a r e a s  and a l l  
bungs a r e  i n  p lace .  

r . 

~ l G s s w a r e ,  empty b o t t l e s ,  and empty c o n t a i n e r s  hav: been  t h o r -  
ou ' ih ly  d r i e d .  I n v e r t i n g  p a c k a g e s  o r  b a g s  c o n t a i n i n g  t h e s e  
i t ems  has  not  produced f ree - s t and ing  l i q u i d .  

Drums w i t h  v i s i b l e  s t a i n s ,  w a t e r  m a r k s ,  o r  m o i s t u r e  on t h e  
e x t e r i o r  s u r f a c e s  h a v e  been  i n s p e c t e d  f o r  p i n h o l e  l e a k s  
(obvious  breach of drum i n t e g r i t y ) .  

The l i d  h a s  been secured by a  threaded b o l t - t y p e  l o c k i n g  r i n g  
on each orange drum. 

Wooden boxes have been secured w i t h  a t  l e a ' s t  two s t e e l  b a n d s  
around t h e  e x t e r i o r  s u r f a c e s .  

C 

Each c o n t a i n e r  has  the  words "RADIOACTIVE-LSA" i n  a  c o n t r a s t i n g  
c o l o r ,  s t e n c i l e d  i n  112-inch ( o r  l a r g e r )  l e t t e r s  on two oppo- 
s i t e  s i d e s .  Each c o n t a i n e r  h a s  a  s e q u e n t i a l  number s t e n c i l e d  
below t h e  words "RADIOACTIVE-LSA." i . 

Conta ine r s  weighing i n  excess  of 600 pounds have been p + a l l e t e d  
f o r  load ing .  

Con ta ine r s  weighing i n  excess  of 200 pounds  h a v e  -been s e g r e -  
g a t e d . t o  prevent  double s t a c k i n g  dur ing  load ing  opera t ibns ; ;  

P r i o r  t o  load ing ,  the  o p e r a t o r  has  v e r i f i e d  t h e  co.fnpletion of  
t h e  HP t r a i l e r  i n s p e c t i o n  and c o n t a i n e r  s u r v e y ,  and t h e  quan-  
t i t y  and l o c a t i o n  of t h e  c o n t a i n e r s  t o  be loaded.  : 

11. Drums have been loaded u p r i g h t  i n  a  s tu rdy . , - a r ray ;  -,if s t a c k e d ,  
t h e  t i e r s  of c o n t a i n e r s  h a v e  been  s e p a r a t e d  b y  b o a r d s  o r  
p a l l e t s  and braced o r  chained t o  prevent  s h i f t i n g .  

1 2 .  The shipment was l o a d e d  w i t h o u t  damage t o  t h e  c o n t a i n e r s  o r  ' 

t r a i l e r .  

13 .  The loaded t r a i l e r  i s  p lacarded "RADIOACTIVE" on both s i d e s  and 
a t  r e a r  of t r a i l e r .  

1 
REPORT DISCREPANCIES TO COGNIZANT SUPERVISOR OR ENGINEER. 



H.P. Tech Init ials 

. ..: ATTACHMENT 2 TC A-ODAP-32 . . 
Page 2 oi 2. S EC Survey Number .. . .. 

' "  

mci , 

I 

, 

Net Na l 
CPM 

i 

. 

- 

v 

. 

,.. - 
Waste Drum 

Number 

. . 

Inspect ion 
Discrepancies 

mr/ 
Contact 

hr 
3' 



Contacl: 

Address' 

BARNWELL WASTE MANAGEMENT FACILITY shipping Date 
Operated by: CHEM-NUCLEAR SYSTEMS, INC. 

P. 0. Box 726. Barnwell. South Carolina 29812 

s .  . 
' . Arrival Date Survey %:..- 

I I. - .. . 

(803) 259-1 701 Customer Survey. '. Date Buried BY- 

RADIOACTIVE SHIPMENT'RECORD FORM No. Radiation Reading Weigh 
1 
I Page of 
I 

' (16) Trench No. WCC - 1 '  Telep3one a carrier Name 

Driver Signature Type of Cask LOC Code Items.- 

. .. 
.' Date & Time Rec'd Trailer # Total PEAS EXP. 

I (1) !3) (6) ' (71 (1 1) (12) (1 3) (14) . 
(1 ! 

I , 
I 
I I 
I .  
I 1 

I I 
I 
I I 

I 

I I 

I I I 
'! 9NT: *This is to cenaly that the above-named materials are properly classilied, described, packaged. 

10 labeiec. and are in p-oper condition tor transporlalion according to the applicable regulations of the 
. nt 01 Trans2onat1on." 

8 .  

.: 
(See Reverse Sde lor lnstruct~ons for Comple:ing This Form) 

Copies: While-Acccmpany Shipment: Canary-Cuslomer; Pink-Carrier 

"Cerlificalion is hereby made tothe Soulh Carolina Depanmentol Healthand Environmental Conlroi lhal tn~s snapmcnt 01 1sw.lede; raJmoz::.re u . r s : ~  
inspected in accordance with the requirements 01 Soulh Carolina Radloaclive Material License No 097 as ace.?ccf. a.:a I re  :.LC;EJI F 
Commission's License No. 46-1 3536-01 as amendca. and the ellecl~vc Darnwell Slte D~sposalCr~lrr;a:\~:n ;e ncurs pr~or lo sf! 2ni.nl. ar.c !,nrar cc  
is made lhat the inspection revealed no items ol non-comphance wllh all applicable laws. rclcs and reg~ia!nons " 

Dale: By: Form t;2 ChS.201 
' (9. 791 

Tille and Organization 

Telephone No. 1 
,. . P 5r 

I ) '  



ATTACHMENT 4 TO 
P R O C E D U R E  A-ODXP-32 

, CLEARANCE PASS. . 

AUIED-GENERAL NUCLEAR SERVICES 

. . 
NO- - - 4 2 8 1 .  . . . '  DATE . . 

. . 
VALID FOR: From To 

, . 
. (  ) Material ( )Tool ( ) Package ( ~quipment. ( ) Other ' . ' 

. . . . . .  . .  . . .. . . ...... .... - . .. . .,... : . '. '- - ., ,: - .,,.,, . ,: ..: ,.. _i_L__ . . . . . . . . . . . . . . . . 
. , . . .  . 

, TO: patrol .Officer . . 

. . . . Badge No. 
, . Please pass . . .  

. . 

. , . , 
. . 

, . 

. . 

,,,-_;_-_, :_ _ _  ... 
. . . . 

. ,  
. . 

. .  . . . . . 
'with . . 

. . 

Authorized By . . <  

Patrol Officer I 

' . !  

. , 
' 3  

. . 
' . . . . I  

! '  
. . I' . . 

. . 
I .  
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Attachment 5 TO A-ODAV-32 

. . . . ; Page 1 of 1 
Form RHA-PNC 

(5/8O) SOUTH CAROLINA DEPARTHENT OF HEhLTH AND ENVIRONAMENTAL CONTRL 
Radioactive Waste Shipment Prior  Notif icat ion and Yanifest Form 

See Reverse Side for  Instruct ions . 
1. Name and Address of Shipper: , 2. Person Responsible fo r  Radioactive 

waste Shipment: ! (a )  Name 

(b) T i t l e  
! (c) Telephone No. ( 1 

3. Radioactive Waste Transport Permit No. ' ; 4. Shipment Iden t i f i ca t ion  No..: 
i 

I 
9. C a n i e r :  . 10. Type of Transport No. +nd Owner . . ! .  

5, Location from which waste w i l l  be shipped: 

I 

I 

,12. Routes shipment w i l l  follow i n  S ta te  of South Carolina (Be Specif ic) :  . 

6. Name and Address of Consignee 

7. Scheduled Date of Departure of Shipment: 8. Estimated Date of Arrival of Shipment: 

. . 

Manifest Summary 

I I 
s .  21. Waste Classif icat ion:  . . . . .  . . . .  ' , '  [JRadioact iveLSA [IBulkLSA . Normal Fona . - Special Form F+ss i le  

1.1 Radioactive LSA ' [ I  Limited quant i t i es  [ I  Type' A quant i ty  . [ I  Type A quantity [ I  Class I . ' 
. , 

grea te r  than and radioactive [ I  Type B quant i ty ,  , [ I  Type B quantity [ I  ' Class I1 
. . . ' Type A quant i t i es  . - devices . [ I  Large quantity [ I  Large quant i ty  [ I  Class I11 . , .  , 

I I 

CERTIFICATION . . .  . . . . .  . . .  

15. Total No. of Conta+err . . 
13. Type Container o r  Cask: 

16..Waste Description; Physical and 
Chemicitl Form 

. ' .  I hereby c e r t i f y  on behalf of the above-named shipper t o  the  South Carolina Department of.Health 
,, 

' 

. and Environmental Control t h a t  the information provided herein is complete and cor rec t  t o  the ' I  

best  of my knowledge; and t h a t  the shipper has complied with a l l  the provisions as . required by : . . 
Act No. 499 of 1980, the,South Carolina Radioactive Waste Transportation.and Disposal Act: 

. . . . .  .- Date . . . . . 
I . . . . .  

. . . . 

14. Container Spec. . 

17. Prominent Radionuclidest 

. . 
Typed Name and T i t l e  of Agent of Shipper Signature ' . . - '  . I '  

CONSIGNEE ACKNOWLEDGEXENT . . ; 

This acknowledgesto the South W o l i n a  Department of H ~ a l t h  and ~ ~ v i r o - i t a l  ~ o n t r o i  jlit . . I  ' 
. . . . .  a e  above-described radioactive waste shipment was received. ' . I  

, . 
.. I . '  . . . 

8 ' ' ,  

signature of Consignee or .  au$hori.ted i . . '  . Date of Delivery 
Agent 

. . , . '. I 
. . . . .  . . .  . . Typed or  Printed'Name and T i t l e  . 

. , I. 

, . . . . DHEC a02 i 
(5/80) 

(Copies of Ll is  form may be reproduced l o c a l l y ' a s  needed) 
, ' 

. . ( I  
. . . . . . : I '  



General Ins t ruc t ions  and Information 

1. This form is t o  be used t o  provide the  Department with p r i o r  n o t i f i c a t i o n  of radioact jve  . : 

waste shipments t ransported i n t o  o r  within the  S t a t e  of South Carolina. This n o t i f i c a t i o n  
i s  t o  be made 72 hours before the  expected d a t e  of a r r i v a l  i n  the  S ta te .  A l l  wr i t t en  
no t i ces  should be mailed to :  

Bureau of  Radiological Health 
Radioactive Waste Management Section 
S.C. Dept. of Health and Environmental Control 
2600 Bull  S t r e e t  
Columbia, South Carolina 29201 

2. A separa te  form s h a l l  be submitted f o r  each' radioact ive  'waste shipment. 

3 .  Pr io r  n o t i f i c a t i o n  is  required of a l l  radioact ive  waste shipments a s  defined i n  
paragraph 2 of Interim Regulations f o r  t h e  Transportation of Radioactive Waste i n t o  
o r  wi th in  South Carolina except a s  provided i n  paragraph 4.1.2 of the  Regulation. 

4. The "Manifest Summary" por t ion  of t h i s  form w i l l  s a t i s f y  requirements of providing 
the  Department with a shipping manifest,  however, it does not  s a t i s f y  the  requirements 
of shipping documents which s h a l l  accompany the  shipments a s  required by DOT Regulations 
and the  d isposal  f a c i l i t y ' s  l i cense  and c r i t e r i a .  

5. A '  copy of this completed form s h a l l  be provided, t o  t h e  c a r r i e r  and a l l  d r i v e r s  of the  
radioact ive  waste shipment. 

6. Upon del ivery  of the  shipment t o  t h e  consignee, acknowledgement of r e c e i p t  s h a l l  be 
obtained, and a copy of t h i s  form and t h e  s h i p p e r / c a r r i e r l s  c e r t i f i c a t i o q  form s h a l l  
be returned t o  the  Department. . . 

. . . . . . . . . . . . . . .  . . . .  . . . . . . . .  .. . . . . . .  . .  . . .  . . . . . . . . . . . .  ........................ . . . . . . . . . .  - - ... -. -.- . . . . . . . .  - ...... -- ... 
Speci f ic  Ins t ruc t ions  . ' . . 

Item Number 
. . . . . . . . . . 

1. Self  Explanatory 
2. Se l f  Explanatory 
3.  This item app l i e s  t o  a l l  shipments of radioact ive  waste ' t ranspor ted  t b  and within , ' 

the  S t a t e  of South Carolina. 
4.  Each shipment of radioact ive waste s h a l l  be iden t i f i ed  i n  some manner by the  shipper. 

This number can be a radioact ive  shipment record number, b i l l  of lading number, a l l o -  
ca t ion  number, e tc . .  The identif icat ion.number s h a l l  only be used once t o  iden t i fy  the  
one shipment f o r  which n o t i f i c a t i o n  is  being made. 

5. Se l f  Explanatory 
6. Ind ica te  i n  t h i s  i t e m  the  d isposal  f a c i l i t y ,  company, organizat ion,  e t c . ,  t o  which t h i s  

shipment has been consigned. 
7. Self  Explanatory 
8. For.through shipments, ind ica te  i n  t h i s  i t e m  estimated da te  shipment w i l l  pass , . 

through the  s t a t e .  
9 Self  Explanatory 

10. & 11. Appl ies  only t o  exclusive use, so le .  use, and f u l l  l e a d  shipments. 
12. A l l  rout ing  information must be spec i f i c .  You should check with c a r r i e r  t o  insure  

routes  you prescr ibe  a r e  appropriate.  The c a r r i e r  is responsible t o  inform the  
Department of any changes of routes  i n  South Carolina a f t e r  departure. 

3 thru 21. Sel f  Explanatory 

Cer t i f i ca t ion :  To be signed only by an authorized representa t ive  o r  agent of the  shipper 
and c a r r i e r .  



, , .  
' <  1 

.. f CHEM-NUCLEAR SYSTEMS, INC .  
P.O. BOX 726 
BARNWELL, S.C. 298 12 
Telephone (803 )  259-3577 or '259-3578 

PNB FORM 

I 

1. Category  of  Shipment:  

~ttachment 6 TO X-CZ?:7-3; 
Page 1 of' 1 

10.' Es t ima ted  Date o f  A r r i v a l  o f  Shipment: 
1 

- 

3.  S h i p p e r ' s  Name: 

C i t y :  

-- 
4.  Emergency Con tac t  Person:  

5. Carrier's Name: 

C i t y :  

6 .  Emergency -.. Contac t  Pe r son  

k 

11. Routes Shipment W i l l  Fol low I n  S t a t e  Of South C a r o l i n a  (Be S p e c i f i c ) :  

. . 

I .  
: .  . . .  . 

., . . . ,  
. I  

i . . 
12. . . i 

. . ~ i g n a t u r e / ~ q m e  o f  P e r s o n  Cbmplet ing j 
I Form , 
I . . 13. 

i Copy 111: Chem-Nuclear Systems,  I n c .  Telephone Number 
I ., , . .Copy 1 2 :  S t a t c  of  Sou th  ' C a r o l i n a ,  DEEC . . I 

. Copy ,113: Attach' t o  RSR. Form ! .. . .  . , 
, Copy 1/4: ~ l r i ~ ~ c r ' s .  COPY 

I 

. . 
1 ,  

2 .  Date:  

Revised Date: 

S t r e e t  Address  : 

S t a t e :  Z ip  : 

Emergency Telephone No. 
i -  

S t r e e t  Address  : 

S t a t e :  

I 

Zip  : 

7. Volume of  Shipment: Cubic F e e t :  

Emergency Telephone No. 

8. Es t ima ted  T o t s 1  A c t i v i t y  (For Type B 
C Large  Q u a n t i t y )  

-- - 

9. Es t ima ted  Date o f  Shipment: 

h 



T1'e P r i o r  Xot i f ica t i .on  Plan ( P 2 )  is  r e q u i r e d  by the  S t a t e  of South Caro l ina .  P r i o r  
n o t i f i c a t i o n  i s  requ i red  f o r  shipments f a l l i n g  i n t o  the follo\.!in; ca t e g o r i c s  : 

Category of Shipments: 

Category I :  Shipments c o n t a i n i n g  Type B c r  Larger @tiantit!: Packages 
( twelve days n o t i c e  required!. 

Category 11: All .Cesk Shipnents  (Five,  day s n o t i c e  r e q u i r e d ) .  
Category 111: Non-Cask shipments g r e a t e r  t h a n  7 5  c u b i c  f e e t  ( t e n  55-gal lon d r u m )  

(Five days n o t i c e  r e q u i r e d ) .  

S p e c i f i c  i t ems  a s  p e r  f r o n t  of form: 

I tem (1) 
(2) 
(3)  

Category of shipment ( s e e  above).  . . 

Date: t h e  d a t e  t h i s ,  form i s  f i l l e d  o u t  o r  r e v i s e d .  
S h i p p e r ' s  name: S p e c i f i c  company and p l a n t  nane, l o c a t i o n  by name of 

s t r e e t ,  c i t y ,  s t a t e ,  and z i p  code. 
Name. of p r s o n  ' t o  be con tac ted  i n  c a s e  of  a n  emergency wi th  t h e  shipment,  . . . .  

w i t h  the  a p p r o p r i a t e  EMERGENCY te lephone nurnber. . . .  
Name of t r a n s p o r t a t i o n  company p i c k i n g  up, t h i s  shipment f o r  d e l i v e r y  . . 

w i t h  s t r e e t  a d d r e s s ,  c i t y ,  s t a t e ,  and z i p  code of major home o f f i c e .  
Name of t h e  person t o  be con tac ted  i n  c a s e  of  a n  emergency wi th  t h e  , , ' 

shipment,  wi th  the  appropr ia t 'e  EMERGENCY te lephone number. . . .  

E x t e r n a l  volume of the  l i n e r ,  box, c o n t a i n e r  used t o '  c o n t a i n  t h e  rad io -  . . . 
a c t i v e  m a t e r i a l  d'uring shipment .  (The a c t u a l  volune of t h e  package ...... .. -. . . . . .  . . . . . . . .  . . . .  . . . . . . .  - . . . . . . .  ... ........ :' ...... :;L; ...... : -.;.: ,:-.-> -,.- 

. . . .  t o  be  d isposed of) ' .  . . . . .  

The es t ima ted  t o t a l  a c t i v i t y  f o r  Category I (Type B o r  Larger Q u a n t i t y ,  ,- ' 

packages).  The a c t u a l  computed a c t i v i t y  mus t .be  telephoned t o  ' . 

. . . . . . . . . .  .. . . .  Chem-Nuclear Systems, I n c .  on ' t h e  day of a c t u a l  shipment.  c s  - - 
The "es t imated d a t e  of  shipment". .The a c t u a l  d a t e  w i l l .  b e  provided by ,;.. 

te lephone on t h e  d a t e  o f  shipmeiic. 
The ."estimated d a t e  of  shipment ARRIVAL". Th i s  d a t e  w i l l  be. r ev i sed-when  

t h e  " a c t u a l  shipment. da te"  is determined and telephoned t o  Chem-Nuclear 
,Systems, Inc .  A d d i t i o n a l l y ,  i f  t h e  shipment i s  delayed e n r o u t e  and w i l l '  
n o t  a r r i v e  on t h e  es t ima ted  d a t e ,  CNSI w i l l ' b e  advised b y ' t h e  s h i p p e r  
of' t h e  " r sv i sed  e s t i m a t e d  a r r i v a l  date". 

Spec i fy  t h e  r o u t e  t h a t  t h e  shipment w i l l  f o l l o w  d u r i n g  i ts t r a v e l  i n  . t h e  
. . .  S t a t e  of South Caro l ina .  . . . % . .  

S i g n a t u r e  and name ( p r i n t e d )  of t h e  person completing t h i s  f o m - w i t h  
o f f  i c e  te lephone .number. . . . . .  : . . .  , .  ., . - ... 

. . . . .  . .  . . . .  . . .  . . 
SPECIAL ROTE: 5 .  

j ieccipt  of mailgr3m o r  l e t t e r  must b e  twelve (12) bus iness  days  p r i o r  t o  . . 

sl l ip~netl t  of Category I ,  and f i v e  (5)  b u s i n e s s  days p r i o r  t o  shipment of : .a 
.' Category 11 and 111 shipments . .  Send to :  

. . 
CHEM-NUCLEAR SYSTEMS, INC. . . . . .  . . . .  

Post Office Box 726 
Barnwell, South Carolina 2981 2 

Telephone No: (803) 259-3577 or 259-3578 

. . . . . . .  . . 
. . . : . . . . . . . , . .  ' . i ._. . : :  . , i . : ;  , ; .- , . , . I .  $.,r ' :.: ..:;.;. , .: . j . , , $ .  > ,.,:, .I . . c , . ~  . -:,.!' . . .  . - .  . . 

. . 
.,... > .  ; 

. . . . 
' . .  . . ....i<,.) . . ':. ..:;\;:; i ,  ;L: : i. ,;;: ...,:,, :.:;, 

. . . . . . . . . . . . .  I .- . . . . ,  . 



ALLIED-GENERAL NUCLEAR SERVICES , 
Barnwell Nuclear Fuel Plant 

I SOLIDIFICATION OF LIQUID RADWASTE GENERATED I N  BNFP LABORATORIES l 
1 . 0  PURPOSE 

The .  p u r p o s e  o f  t h i s  p r o c e d u r e  is t o  e s t a b l i s h  a u n i f o r m  m e t h o d  f o r  
s o l i d i f i c a t i o n  a n d  d i s p o s a l  o f  l o w - l e v e l  r a d i o a c t i v e  l i q u i d  w a s t e  
g e n e r a t e d  i n  t h e  A n a l y t i c a l  C h e m i s t r y  a n d  N u c l e a r  T e c h n o l o g y  l a b o r a -  
t o r i e s  i n  t h e  HCLA. 

2 .0  SCOPE 

PAGE NO B-ACLOP- 
82A-5 

2 .1 .  T h i s  p r o c e d u r e  is a p p l i c a b l e  to  t h r e e  t y p e s  of l i q u i d  waste: 

TITLE 

'2.1.1 Non-TRU, d e f i n e d  as a n y  l i q u i d  r a d w a s t e  i n  w h i c h  t h e  f i n a l  
s o l i d i f i e d  fo rm w i l l  c o n t a i n  < 1 0 n C i  t r a n s u r a n i u m  e l e m e n t s  
p e r  gram s o l i d  waste. 

REV 

0  

. . 

2 .1 .2  TRU, d e f i n e d  a s  a n y  l i q u i d  r a d w a s t e  i n  w h i c h  t h e  f i n a l  ----- 
s o l i d i f i e d  f o r m  w i l l  c o n t a i n  > 1 0 n C i  t r a n s u r a n i u m  e l e m e n t s  
p e r  gram s o l i d  waste. O f f - s i t e  t r a n s p o r t a t i o n  of TRU waste 
s h a l l  r e q u i r e  s p e c i a l  s h i p p i n g  a r r a n g e m e n t s .  

2 .1 .3  O r g a n i c ,  d e f i n e d  as a n y  l i q u i d  waste composed o f  a n y  hydro-  
c a r b o n  compound  a n d  c o n t a i n i n g .  r a d i o n u c l i d e s .  O r g a n i c  
wastes may b e  e i t h e r  TRU o r  non-TRU ba ,sed  on t h e  lOnCi /gram 
l i m i t .  

2 .1 .4 Of t h e s e ,  2 . 1 . 1  a n d  2 . 1 . 2  a r e  s o l i d i f i e d  as c e m e n t ,  a n d  
2 . 1 . 3  is s o l i d i f i e d  by a s o r b e n t .  

DATE OF THIS ISSUE 12/6/79 

OAT€ OF PREV. ISSUE 

2 , ' l . S  The f o l l o w i n g  c o n d i t i o n s  mus t  be  m e t  d u r i n g  s o l i d i f i c a t i o n  
o f  a l l  l o w - l e v e l  l i q u i d  waste : 

PREPARED BY 

J. C. Neace 

2 . 1 . 5 . 1  The combined w e i g h t  o f  U-235, U-233, and p l u t o n i u m  
s h a l l  n e v e r  e x c e e d  1 5  g r a m s  p e r '  c u b i c  f o o t  o f  
c e m e n t .  N o  s i n g l e  p a c k a g e  s h a l l  c o n t a i n  more t h a n  
1 0 0  g  U-235, 60  g  U-233, or 60 g  p l u t o n i u m  a n d ,  i f  
more t h a n  o n e  s u c h  i s o t o p e  is i n c l u d e d  i n  t h e  

REVIEWED BY I APPROVED BY 

s&.. License Compliance 

- 

- 
// 27- 77 

I I Cognizant Oper. D i v f ~ l p t .  Manager I 
FORM OD-1 



ALLIED-GENERAL NUCLEAR SERVICES 
Brmwoll Nuelrrr Furl Plant 

p a c k a g e ,  . t h e  sum o f  c o n t a i n e d  

s h a l l  n o t  e x c e e d  u n i t y .  
. . 

2.1.5.2 The  combined t o t a l  c u r i e  c o n t e n t  o f  t h e  c e m e n t ,  
f o r  a l l  r a d i o n u c l i d e s  p r e s e n t ,  s h a l l  n o t  e x c e e d  
1 c u r i e  p e r  c u b i c  f o o t  a n d  n o  s i n g l e .  p a c k a g e  
s h a l l  c o n t a i n  more t h a n  20 c u r i e s .  

4 

2.1 .5 .3  The d o s e  r a t e  s h a l l  n o t  e x c e e d  200 mr/hr  a t  con- 
t a c t  ( u n s h i e l d e d )  a t  t h e  s t o r a g e  c o n t a i n e r  
s u r f  a c e .  

C M E  

2 o f  6 

2 .1 .6  NMC-030 ( P r e - O p e r a t i o n a l  N u c l e a r  M a t e r i a l s  C o n t r o l  
A c c o u n t i n g  P r o c e d u r e )  s h a l l  a p p l y .  

I 

DATE 

12 /6 /79  
NO 

B-ACLOP-82A-5 

3 .0  FACILITIES 

REV 

0  

F o r  s o l i d i f i c a t i o n  o f  r a d w a s t e  c o n t a i n i n g  a l p h a  e m i t t e r s  o t h e r  t h a n  
s o u r c e  mater ial ,  a fume hood,  a g l o v e b o x ,  or  a n  SEC-approved h o u s i n g  i s  
r e q u i r e d .  

4.0 SPECIAL EQUIPMENT 

4 . 1  The  r e q u i r e d  e q u i p m e n t  i n c l u d e s  t h e  £allowing: 

4 .1 .1  A means  f o r  d e t e r m i n i n g  w e i g h t s  and vo lumes  s h a l l  b e  p r o -  
v i d e d .  

A p r i m a r y  c o n t a i n e r  o f  a p p r o p r i a t e  s i z e  which may c o n s i s t  
o f  p o l y e t h y l e n e ,  or m i l d  s t ee l  l i n e d  w i t h  a p o l y e t h y l e n e  
bag .  The bag s h o u l d  be  f o l d e d  o v e r  t h e  s i d e s  o f  t h e  m e t a l  
c o n t a i n e r  and s h o u l d  be  l o n g  e n o u g h  so t h a t  i t  c a n  l a t e r  
be t w i s t - s e a l e d .  A p p r o p r i a t e  s i z e  s h a l l  mean a n y  c o n -  
t a i n e r  which  c a n  be  c o n v e n i e n t l y  h a n d l e d  b u t  i n  n o  c a s e  
may t h e  c o n t a i n e r  e x c e e d  a  5 5 - g a l l o n  drum. I f  a 5 5 - g a l l o n  
d r u m  i s  t o  b e  u s e d ,  i t  s h a l l  b e  t h e  f i n a l  p a c k a g i n g  
c o n t a i n e r  r e f e r e n c e d  i n  S e c t i o n  4 .2  be low.  

A s u i t a b l e  m e a n s  f o r  m i x i n g  t h e  c e m e n t  w i t h i n  t h e  c o n -  
t a i n e r .  

4.2 S h i p p i n g  or f i n a l  p a c k a g i n g  c o n t a i n e r  s h a l l  b e  a n  o r a n g e  DOT s p e c -  
i f i c a t i o n  17H 5 5 - g a l l o n  drum. 



ALLIED-GENERAL NUCLEAR SERVICn 
Bmwdl Nuclrrr - Fuil- Phnt ' 

.. . 

5.0 REAGENTS 

5 . 1  The r e q u i r e d  r e a g e n t s  f o r  aqueous  p h a s e .  s a m p l e s  i n c l u d e  t h e  f o l -  
lowing :  

P M E  
. . 3 0 f 6 ,  

NO REV 

B-ACLOP-82~-5 0 

5 . 1 . 1  P o r t l a n d  cement .  

DATE 

' 1226179 ' 

5 .1 .2  Lime (CaO) , also  c a l l e d  b u r n t  l i m e  or masonry l i m e .  

[NOTE: L imes tone  (CaC03)  s h a l l  n o t  be  u sed . ] '  

5 .1 .3  C l e a n  w a t e r .  

5 .2  The r e q u i r e d  r e a g e n t  f o r  o r g a n i c  s amp le s  is Plorco-X.  

6 .0  TRANSPORT GROUP I SHIPPING REGULATIONS 

The  DOT s h i p p i n g  r e g u l a t i o n s  f o r  T r a n s p o r t  Group I e l e m e n t s  ( a l l  r a d i o -  
n u c l i d e s  above a t o m i c  number  8 7 ,  e x c e p t  s o u r c e  m a t e r i a l  a n d  e n r i c h e d  
u ran ium) .  r e q u i r e  s p e c i a l  s h i p p i n g  a r r a n ' g e m e n t s  when t h e  c o n t e n t s  of ~a 
s h i p p i n g  p a c k a g e  e x c e e d  1 mCi. T h e r e f o r e ,  when p o s s i b l e , - l i m i t  t h e  
c o n t e n t s  o f  a  s h i p p i n g  p a c k a g e  by b l e n d i n g  o r  r e d u c i n g  t h e  vo lume  . t o  
k e e p  t h e  a c t i v i t y  l e v e l  below l . m C i .  

7 .0 CALCULATIONS , . 

7.1  For  aqueous  w a s t e  w i t h  a  f r e e  a c i d  c o n t e n t  n o t  ' e x c e e d i n g  0 . 5  g, 
t h e  nomina l  c o m p o s i t i o n  of t h e  b l e n d  c o n s i s t s  o f  t h e  a p p r o p r i a t e  
m u l t i p l e  o f  t h e  f o l l o w i n g  s u g g e s t e d  r a t i o :  . 12 .  g r a m s  l i m e ,  3 0  m l  
l i q u i d  w a s t e ,  24 g r ams  cement .  . . 

7 .1 .1  The f i n a l  volume o f  t h e  bl ,end w i l l  be  a p p r o x i m a t e l y  42  m l  
when t h e  a b o v e  l i s t e d  b a s e  q u a n t i t . i e s  o f ,  r e a g e n t s  a r e  
u s e d .  

7 .1 .2  For  c a l c u l a t i o n  p u r p o s e s ,  t h e  c a p a c i t y  o f  a g i v e n  con-  
t a i n e r  f o r  t h e  b l e n d  s h a l l  be  l i m i t e d  t o  80% o f  t h e  t o t a l  
c o n t a i n e r  volume. T h i s  w i l l  a l l o w  room t o  s ea l  t h e  . p o l y -  
e t h y l e n e  i n t e r l i n e r  and .  a lso p r o v i d e  f o r  m ino r  a d j u s t m e n t  
i n  volume when more 1 , i q u i d  o r  c e m e n t  a r e  r e q u i r e d  ( S e c -  

' t i o n  8 . 4 . 4 ) .  
. . 

Specimen c a l c u l a t i o n s  ( a q u e o u s  w a s t e ) :  

7 . 2 . 1  An a q u e o u s  w a s t e  s o l u t i o n ,  0 . 5  N i n  f r e e  a c i d  i s  t o  b e  
s o l i d i f i e d  a s  c e m e n t .  c a l c u l a t e  t h e  q u a n t i t y  of l ime,  
w a s t e  l i q u i d ,  a n d  c e m e n t  t o  b e  a d d e d  t o  a o n e - . g a l l o n  
b u c k e t  c o n t a i n e r .  ' 
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1 gallon = 3785 ml 
0.8 x 3785 ml = 3028 ml 
3028 m1/42 ml = 72.1 (dimensionless) 

72.1 x 12 g lime = 865 g lime 
72.1 x 30 ml liquid = 2163 ml liquid 
72.1 x 24 g cement = 1730 g cement 

7.2.2 Estimate the nCi/g of the above waste form if the density 
of the starting liquid was 1.05 g/ml and the concentration 
of Np-237 in the liquid was .20 nCi/g. 

I. 8.0 PROCEDURE I 
8.1 Aqueous samples containing up to 0.5 g free acid may be .processed. 

Higher concentrations of acid may 'be processed provided the 
aqueous solution is first diluted with water (or low-acid waste) 
or partially neutralized to bring the acid level to 0.5 - N or 
lower. 

CAUTION: Lime or a solution of sodium hydroxide may be used to 
neutralize acidic wastes. Solid sodium hydroxide should 
not be used due to the possibility of an accumulation of 
undissolved NaOH. This could lead to localized high 
temperatures and an erruption due to the formation of 
steam. The lime or sodium hydroxide should be added 
cautiously and slowly with constant stirring. When 
neutralizing highly acid solutions, a large amount of 
heat will be generated. The temperature should not be 
allowed to rise to a point where it is unsafe to handle 
or, if in a plastic container, the container is 
weakened. 

For all types of liquid waste to be solidified in a metal con- 
tainer, first line the container with a loose fitting polyethylene 
bag of appropriate size. Fold the top of the bag over the side of 
the metal container for sufficient distance to allow for sealing. 
Using tape, make a temporary attachment to prevent slippage of the 
bag. 

Notify the Material Control Area (MCA) Custodian, or his delegate 
(identified in writing), prior to the solidification of the 
material, if the batch contains greater than the quantities of SNM 
or source material specified in Section 5.3.2 of NMC-030, which is 
as follows: 



NMC-030, 5 .3 .2  " . . .Source  Material: ( n a t u r a l  or d e p l e t e d  ... 0 . 1  kg 
uran ium,  and t h o r i u m )  
S p e c i a l  N u c l e a r   ater rial: 

E n r i c h e d  U -- 1 gram U-235 , . .  

p l u t o n i u m  -- 1 gram . . 
'u-233 " -- 1 gram' , 

8.4 For  aqueous  ' l i q u i d  waste, c a l c u l a t e  t h e  q u a n t i t y  o f  l ime,  l i q u i d ,  
and  cement r e q u i r e d ,  , u s ing  t h e  i n s t r u c t i o n s  g i v e n  i n  S e c t  i o n  7 . 0 .  
Use Form AS-44, shown as At tachment  1, to  r e c o r d  d a t a  ,and p r o c e e d  
w i t h  t h e  f o l l o w i n g  s t e p s .  (NOTE': S t e p s '  8 . 4 . 1  a n d  8 . 4 . 2  may b e  

. < .  
I 

pe r fo rmed  o u t  o f  s equence . )  . , . .  

. . . . 
8 .4 .1  Add a l l  o f  t h e  l i m e  to  t h e  c o n t a i n e r . ,  ': 

. . 
. . .  I 

Pour  t h e  ' l i q u i d '  waste i n t o  t h e  . . l i m e  and .mix .  , 

I m m e d i a t e l y  f o l l o w  w i t h  t h e  ? n t i r e  1.o.t ' o f  c e m e n t  , a d d e d  
r a p i d l y .  . . .  

. . .. . . . . . . . . . . - 

Con t inue  mix ing  u n t i l  b l ended .  Should  t h e  b l e n d  appea r  t o o  
t h i c k  f o r  p r o p e r  mix ing ,  add up t o  1 0 %  more l i q u i d  w a s t e ,  
k e e p i n g  a c c o u n t  of t h e  t o t a l  l i q u i d  waste a d d e d .  S h o u l d  
t h e  b l e n d  a p p e a r  t o o  t h i n  f o r  p r o p e r  h a r d e n i n g . o f  . , , t h e  . 
cement ,  add up to  1 0 %  more 'cement. ' ,  

# .  
." , . 

P l a c e  t h e  c o n t a i n e r  where i n t r u s i o n  by unwanted s u b s t a n c e s  
c a n n o t  o c c u r  and allow t h e  cement to  s o l i d i f y .  

8.4.6 A f t e r  t h e  cement h a s  set for ' a  minimum o f .  24 h o u r s , .  v i s u -  
a l l y  i n s p e c t  f o r  absence  o f  f r e e  l i q u i d .  I f  free l i q u i d  is 
found ,  add s u f f i c i e n t  cement t o  s o l i d i f y .  S e a l  t h e  l i n e r  
b y  t w i s t i n g  t h e  t o p  a n d  w r a p  t a p e  a r o u n d  t h e  t w i s t e d  
p o r t i o n  o f  t h e  l i n e r .  A t t a c h  t h e  c o v e r  t o  t h e  c o n t a i n e r .  

8 .4 .6 .1  When p o l y e t h y l e n e  b o t t l e s  h a v e  b e e n  u s e d  as  p r i -  
m a r y  . c o n t a i n e r s ,  f a s t e n  t h e  b o t t l e  c a p .  T h e s e  
c o n t a i n e r s  w i l l  be p l a c e d  i n  a  p o l y e t h y l e n e  l i n e d  
drum. When t h e  drum is s u i t a b l y  f i l l e d ,  s e a l  t h e  
l i n e r  as d e s c r i b e d  i n  S e c t i o n  8.4.6.  

8.4.6.2 Check Form AS-44 f o r  comple t enes s .  Where  e n t r i e s  
are n o t  r e q u i r e d ,  e n t e r  "NA" and i n i t i a l .  

8 .4 .6 .3  P e r f o r m i n g  p e r s o n n e l  s h a l l  s i g n  a n d  d a t e  F o r m  
AS-44 a n d  o b t a i n  t h e  s u p e r v i s o r ' s  a p p r o v a l  
s i g n a t u r e .  

8 .5  For  t h e  s o l i d i f i c a t i o n  o f  o r g a n i c  w a s t e ,  as a  minimum, u s e  s u f f i -  
c i e n t  s o r b e n t  t o  immobi l i ze  t h e  l i q u i d .  S e a l  t h e  p l a s t i c  bag  a n d  
a t t a c h  t h e  c o v e r  o r  p l a c e  t h e  c a p  o n  t h e  b o t t l e .  P l a c e  t h e  

, p r i m a r y  c o n t a i n e r  i n t o  a s econda ry  c o n t a i n e r .  The re  s h o u l d  b e  n o  
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l i q u i d  phase .  i n  t h e  c o n t a i n e r .  AS-44 f o r m  m u s t  b e  c o m p l e t e d  f o r  
o r g a n i c  w a s t e .  

NOTE: O r g a n i c  s o r b e d  w a s t e  w i l l  be s t o r e d  i n  a s e a l e d  c o n t a i n e r  
s t o r e d  o n - s i t e  u n t i l  such '  t i m e  as  a n  a c c e p t a b l e  p r o c e d u r e  
h a s  been d e v e l o p e d  f o r  o f f - s i t e  d i s p o s a l .  The s t o r a g e  a r e a  
f o r  t h e s e  c o n t a ' i n e r s  is to  be  a p p r o v e d '  by t h e  SEC D e p a r t -  
ment.  

. 8 . 6  . The MCA C u s t o d i a n  s h a l l  f i l l  o u t  an  NMC-3 f o r m  f o r  e a c h  s h i p p i n g  
c o n t a i n e r  a s  i d e n t i f i e d  on  AS-44 f o r m .  The  c o m p l e t e d  NMC-3 a n d  
'AS-44 f o r m s  are t o  r ema in  w i t h  t h e  c o n t a i n e r  u n t i l  s u c h  t i m e  a s  
t h e  c o n t a i n e r  i s  moved f r o m  t h e  MCA. When t h e  c o n t a i n e r  i s  
removed f rom t h e  MCA, t h e  MCA C u s t o d i a n s  o f  b o t h  a r e a s  s h a l l  s i g n  

. ,  t h e  NMC-3 . fo rm a s  r e q u i r e d .  The  NMC-3 a n d  a c o p y  o f  . t h e  AS-44 
form s h a l l  t h e n  b e  f o r w a r d e d  t o  NMC. A c o p y  o f  t h e  AS-44 f o r m '  
s h a l l  s t a y  w i t h  t h e  c o n t a i , n e r  ( a t t a c h e d  t o  t h e  drum i n  a p l a s t i c  
f o l d e r  or e n v e l o p e )  u n t i l  it is s h i p p e d  o f f - s i t e  a t  w h i c h  t ime i t  

, . s h a l l .  be  fo rwarded  t o  t h e  RMSS. . . . .  

. . 

. . 9.0 SAFETY 

9 . 1  H e a l t h  Phys i . c s  s h a l l  be n o t i f i e d  b e f o r e  t h e  s t a r t  of  t h e  s o l i d i f i -  
c a t i o n  o f  >1 mg TRU o u t s i d e  of  a  g ' lovebox. R a d i a t i o n  Work P e r m i t s  
(RWP) s h a l l  be p r e p a r e d  when r e q u e s t e d  by SEC. 

9 . 2  S a f e t y '  r e q u i r e m e n t s  l i s t e d  i n  A-ODAP-27, .B-ACLOP-80-3,  a n d  
B-ODAP-6 s h a l l  be f o l l o w e d .  

i , ,  

BATE 

12/6/79 
NO 

B-ACLOP-82A-5 

REV 

0 



ATTACHMENT 1  
B-ACLOP-82A-5 

LIQUID RADWASTE SOLIDIFICATION WORKSHEET 
. . 

I ' 

Gross  Weight of  C o n t a i n e r  kg Date  P r e p a r e d  Locat  i o n  
:: , 

.. ; 
T a r e  Weight o f  C o n t a i n e r  kg S h i p p i n g  C o n t a i n e r  No'. Department 

I 

New Weight of  Conten ts  kg S i z e  of C o n t a i n e r  Dose Rate  a t  C o n t a c t m r / h r  
... 

L i s t  Weight ,  o r  volume, o f  a l l  l i q u i d s  s o l i d i f i e d ,  i n c l u d i n g  w a t e r  and l ist  a l l  r a d i o n u c l i d e s  p r e s e n t  i n  each sample.  ... 

~ a d i o n u c ' l i d e  C o n c e n t r a t  i o n  
A c t i v i t y  ~ota1 '**  Radionucl ide  SNM TRU 

Sample No. kg o r  R R a d i o n u c l i d e s  P r e s e n t  Ci /kg  o r  Ci/R ( g / k g )  o r  ( g / d  A c t i v i t y  T o t a l  w e i g h t '  ( g )  ( n  C i )  
. . .  

, . 

T o t a l  kg o r  of  l i q u i d  was te  kg a A  TOTALS - - 
( B )  

T o t a l  weight  o f  l ime added k g  = C  

T o t a l  weight  of  cement added kg = D 
, . 

T o t a l  TRU a c t i v i t y  a s  nCi = B  . . .  . : .  . , . ..:2.: 

. '* C a l c u l a t i o n :  *Use Eormula nCi TRU = )Bx show c a l c u l a t i o n  below. ' . , 
- ,  

- .  nCi THU/g .... 

I n s p e c t i o n  f o r  absence ' 

o f  f r e e  l i q u i d :  1 
Per forming  T e c h n i c i a n  D a t e  

I .  ,, > 
S u p e r v i s o r ' s  Approval  . ' Date  

I *  NA - Not ~ p p l i c a b l e .  
*Net weight  may be used i n  p l a c e  of (A+c+D).  

**Spec i f ic  a c t i v i t i e s  a r e  provided  in  Attachment 2 f o r  purposes  of  convers ion  t o  t o t a l  a c t i v i t y ,  i f  r e q u i r e d .  

I FORM M - 0 4  



Nuc 1 i d e  Sp. Act .  (ciIgm) ' 

22aTh 8.20 x l o 2  

32 ~h 1.09 x 
.2 32u . .  2 ..I4 x 10 '  

. . 
. . 233u . . 9.64 x 10-3 

. .  . 2 3411 
' 6.25 x 

. . 23511 2.14 x 10-6 
. . 23611 6.47 x 

23811 . , 3 . 3 6  x 
, . 

2 3 7 ~ ~ .  ,7 .05 lo-b 

2 38pk 1 .71  x 10' 

. . 239pU . 
6.14' x 1 0 ' ~  

' 24OPu. 2 .28  x 10-I 

2 4 1 ~ u  1 .03 x l o 2  . 

. . 242pu' , 3.82 x 1 0 ' ~  

24  l ~ r n  3.43 
' 2438, 2.00 x 10-1 

' . . ' F o r  a l l  n u c l i d e s :  

S p  ,Act (~ilgm) = ' 3 . 5 7 7 6 ' ~  l o 5 ,  
t 4 ( y r )  a t  weight 
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