
Nuclear Waste Management 
Quarterly Progress Report 
July Through September 1978 

A. M. Platt 
J. A. Powell 

Prepared far the U.S. Department of Energy 
under Contract EY-76-C-06-1830 

Pacific Northwest laboratmy 
Operated tor the U.S. Department of Energy 
by Battelle Memorial Institute 



N O T I C E  

This report wrb prepared i s  r n  account of work sponwrzd by the United Sfat- Governmnt. Neither the 
United Stam nor the Dcpanmenr of Emrgy, nor any of [heir tmploycts, n u  any of their contractors, 
sukonlractorr, or their employees, make any warranry, ekprtss or implied, or assumes any kgal liability 
or re~ponsibikty for the accuracy. completeness or uwfulnela of any Informatlon, apparatus, product or prweu 
d k i d .  or represents that iu use would not iniringt privately owned rights. 

The vicm, opinions and conclusions contained In thi3 report arc thor of the contractor a d  do nor 
nccczurily repmen! those of tht United Stales Cwernmcnt or the United Stater r)epanment at Energy. 

PACIFtC NORTHWEST LABORATORY 
operated by 

BA7TELLE 
for the 

UNIT ED STATES DEPARTMENT OF ENERGY 
Under Conwan CY-76-C-06-1830 

Prinrcd in the United Sraln of A m k a  
Available frmn 

Nnlarul Technical Idormmh St* 
United Sate Orplrvncnt oi C o m m m  

5MS Port R q a l  Ropd 
Sprind~ckl. Vlrginu U l S l  

Prke! Primed Copy I:: Micrdiche SS.W 



NUCLEAR WASTE MANAGEMENT 
QUARTERLY P R O G R E S S  REPORT 
JULY THROUGH SEPTEMBER 1 9 7 8  

Compi 1  e d  b y  
A. M .  P l a t t  and  J .  A .  P o w e l l  
N u c l e a r  Waste T e c h n o l o g y  P r o g r a m  

J a n u a r y  1 9 7 9  

P r e p a r e d  f o r  
t h e  U.S. D e p a r t m e n t  o f  E n e r g y  
Under  C o n t r a c t  EY-76 -C-06 -1830  

P a c i f i c  N o r t h w e s t  L a b o r a t o r y  
R i c h l a n d ,  W a s h i n g t o n  9 9 3 5 2  





FOREWORD 

T h i s  d o c u m e n t  i s  o n e  o f  a  s e r i e s  o f  t e c h n i c a l  p r o g r e s s  r e p o r t s  

d e s i g n e d  t o  r e p o r t  o n  c o m m e r c i a l  r a d i o a c t i v e  w a s t e  m a n a g e m e n t  p r o -  

g r a m s  a t  P a c i f i c  N o r t h w e s t  L a b o r a t o r y .  T h e s e  p r o g r a m s  a r e  f u n d e d  

by t h e  D e p a r t m e n t  o f  E n e r g y ' s  O f f i c e  o f  N u c l e a r  W a s t e  M a n a g e m e n t .  

T h e  C o m m e r c i a l  R a d i o a c t i v e  W a s t e  I m m o b i l i z a t i o n  P r o g r a m  i s  r e p o r t e d  

e l s e w h e r e .  T h e s e  r e p o r t s  a r e  i s s u e d  o n  a  q u a r t e r l y  b a s i s .  

T h e  p r i o r  r e p o r t  i n  t h i s  s e r i e s  i s  N u c l e a r  W a s t e  M a n a g e m e n t  

Q u a r t e r l y  P r o g r e s s  R e p o r t  A p r i l  T h r o u q h  J u n e  1 9 7 8 ,  P N L - 2 3 7 8 - 2 .  
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1.0 DECONTAMINATION AND DENSIFICATION 

OF CHOP-LEACH CLADDING RESIDUES 

R. L. Dillon, R .  S. Kemper, R. R. King 

Fuel e l e m e n t  c l a d d i n g  r e s i d u e s  from t h e  c h o p - l e a c h  head-end p r o c e s s  
c o n s t i t u t e  a  l o w - d e n s i t y ,  h i g h - s u r f a c e - a r e a  m e t n l l i c  w a s t e  w i t h  a  sub-  
s t a n t i a l  a c t i n i d e  e l e m e n t  c o n t a m i n a t i o n .  The o b j e c t i v e  o f  t h i s  s t u d y  
i s  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f ,  and t o  d e v e l o p  methods f o r ,  removal  
o f  long  h a l f - l i f e  t r a n s u r a n i c s  from t h e  c l a d d i n g  r e s i d u e s  and f o r  con-  
s o l i d a t i o n  o f  t h e  z i r c o n i u m  and s t a i n l e s s  s t e e l  r e s i d u e s .  The s t u d y  
i n v o l v e s :  

I .  s e l e c t i o n  and l a b o r a t o r y  t e s t i n g  o f  me thods  f o r  t r a n s u r a n i c  
removal  by 

a )  aqueous r e a g e n t s  

b l  m o l t e n  s a l t  r e a g e n t s  

c )  f l u x i n g  d u r i n g  m e l t i n g  

2 .  c o n s o l i d a t i o n  o f  t h e  f u e l  eZement h u l l s  by  m e l t i n g  and c a s t i n g  
Z i r c a l o y ,  s ' t a i n l e s s  s t e e l ,  I n c o n e l  o r  a l l o y s  o f  t h e  t h r e e  

3 .  t e s t i n g  and e v a l u a t i n g  t h e  c o n s o l i d a t e d  f u e l  h u l l s  f o r  l o n g -  
t e r m  w a s t e  management 

4 .  a b s o r p t i o n  and f i x a t i o n  o f  t r i t i u m  i n t o  t h e  w a s t e  i n g o t s  

5. conso  l i d a t i o n  o f  t r a n s u r a n i c s  removed. 

SUMMARY 

A prototype system for decontaminat- 

ing and densifying chop-leach cladding 

residues has been assembled in a build- 

ing operated by the Pacific Northwest 

Laboratory. Pilot-scale chemical de- 
contamination equipment and an Inducto- 

slag ingot melting furnace are set up 

on a simulated hot cell floor plan for 

eventual combined nonradioactive 

demonstration. Simulated unirradiated 

cladding residues will be cleaned in 

the decontamination prototype, with 

HFIAr followed by an aqueous rinse, 

and then melted in the induction fur- 

nace to produce ingots. 

The assembled decontamination equip- 

ment and associated control equipment 

are being tested and calibrated. 

A melting test of the Inductoslag 

furnace confirmed that a helium atmos- 

phere could be used during Zircaloy 

melts; previous tests used argon as 

the inert atmosphere. Seven ingots 

from previous melting tests were ana- 

lyzed and found to meet specifications 

for metal composition, impurity, and 

hardness of nuclear-grade Zircal oy. 

Five zirconium alloys were com- 

pared to Zircaloy-2 sheet material in 

standard water and steam corrosion 

tests to examine the effects of alloy 

composition on corrosion resistance. 



The a l l o y  c o m p o s i t i o n s  w e r e  v a r i e d  

by c l e a n i n g ,  s e p a r a t i n g ,  and  m e l t i n g  
s i m u l a t e d  c l a d d i n g  r e s i d u e s  t o  v a r i -  

o u s  d e g r e e s .  I t  a p p e a r e d  t h a t  

Z i r c a l o y - 4  a l l o y e d  w i t h  5  w t %  m e t a l  
a d d i t i o n s  was l e s s  r e s i s t a n t  t o  c o r -  
r o s i o n  t h a n  Z i r c a l o y - 4  a l l o y e d  w i t h  
1 0  w t %  and  1 5  w t %  m e t a l  a d d i t i o n s .  

DECONTAMINATION PROCESS 

The p r o t o t y p e  c h e m i c a l  d e c o n t a m i -  

n a t i o n  e q u i p m e n t  c o n s i s t s  o f  an  H F  

g a s  r e a c t o r ,  an a q u e o u s  w a s h e r / r i n s e r ,  
p l u s  a s s o c i a t e d  p r o c e s s  s o l u t i o n  t a n k s  

and  p i p i n g .  ")  The p i l o t - s c a l e  

e q u i p m e n t  i s  d e s i g n e d  t o  d e c o n t a m i n a t e  
a 2  kg c l a d d i n g / h r .  The e q u i p m e n t  was 

c o m p l e t e l y  i n s t a l l e d ,  and a l l  compo- 
n e n t s  and  c o n t r o l  i n s t r u m e n t a t i o n  a r e  

b e i n g  c h e c k e d  and c a l i b r a t e d .  A 

s c r u b b e d  v e n t i l a t i o n  s y s t e m  i s  i n  

p l a c e  t o  remove a n y  HF g a s  t h a t  m i g h t  
r e s u l t  f rom m i n o r  l e a k s  n e a r  t h e  r o -  

t a t i n g  r e a c t o r  s e a l s .  Flow t e s t s  

showed t h a t  s i m u l a t e d ,  chopped  f u e l  
h u l l s  c o u l d  be t r a n s p o r t e d  f rom t h e  
i n l e t  o f  t h e  HF r e a c t o r  t o  t h e  e x i t  
o f  t h e  w a s h e r / r i n s e r  i n  a  minimum 
t i m e  o f  7 2  min .  

DENSIFICATION PROCESS 

The b a s i c  t e s t i n g  o f  t h e  I n d u c t o -  

s l a g  i n g o t  m e l t i n g  f u r n a c e  has  been 

c o m p l e t e d .  The I n d u c t o s l a g  f u r n a c e  
i s  t h e  d e n s i f i c a t i o n  p o r t i o n  o f  t h e  

p r o t o t y p e  d e c o n t a m i n a t i o n / d e n s i f i c a -  

t i o n  s y s t e m .  The p r o t o t y p e  f u r n a c e  

h a s  been u s e d  w i t h  a  s t a t i c  o n e - t h i r d  
a t m o s p h e r e  o f  a r g o n  a s  a  p r o t e c t i v e  
a t m o s p h e r e  d u r i n g  me1 t i n g  o f  Z i r -  

c a l o y - 4 .  Twenty I n d u c t o s l a g  f u r n a c e  
h e a t s  t o  m e l t  Z i r c a l o y  c l a d d i n g  
r e s i d u e s  have  been d e s c r i b e d  i n  p r e -  

v i o u s  r e p o r t s .  ( I y 2 )  A n o t h e r  Z i r -  
c a l o y - 4  m e l t i n g  h e a t  (No. 2 1 )  was made 

u s i n g  h e l i u m  a s  a  p r o t e c t i v e  a t m o s p h e r e  
i n s t e a d  o f  a r g o n .  T a b l e  1 . 1  summar izes  
t h e  m e l t i n g  h e a t .  No s i g n i f i c a n t  d i f -  

f e r e n c e  was d e t e c t e d  be tween  t h e  m e l t -  

i n g  c h a r a c t e r i s t i c s  o r  v i s i b l e  i n g o t  

q u a l i t i e s  o f  i n g o t s  m e l t e d  i n  t h e  two 

a t m o s p h e r e s .  
Dur ing  t h e  m e l t i n g  h e a t  i n  h e l i u m  

a t m o s p h e r e ,  t h e  f u r n a c e ' s  t e l e v i s i o n  

m o n i t o r  d i d  n o t  show a  s l a g  r i n g  a r o u n d  
t h e  m o l t e n  m e t a l .  I t  i s  b e l i e v e d  t h a t  
a  c h a n g e  i n  o p t i c a l  f i l t e r i n g  would 

show t h e  c o n t r a s t  be tween t h e  s l a g  
r i n g  and m o l t e n  m e t a l  t h a t  i s  t y p i c a l l y  
o b s e r v e d  when a r g o n  i s  t h e  m e l t i n g  

a t m o s p h e r e .  
The a l l o y i n g  e l e m e n t s ,  i m p u r i t i e s ,  

and  i n g o t  h a r d n e s s e s  f rom s e v e n  p r e -  
v i o u s l y  m e l t e d  i n g o t s  a r e  shown i n  
T a b l e s  1 . 2 ,  1 . 3 ,  and  1 . 4  a l o n g  w i t h  
t h e  i n g o t  c h a r a c t e r i s t i c s  s p e c i f i e d  

by t h e  American S o c i e t y  f o r  T e s t i n g  
and  M a t e r i a l s  (ASTM) f o r  n u c l e a r - g r a d e  

TABLE 1.1.  Inductoslag Furnace Me1 t i n g  Heat No. 21 : 
Zircaloy-4 Melted in a  Helium Atmosphere 

Heat Me1 ted Me1 t Rate, Approximate Energy Use, 
Number Weight, kg kg/hr Power, kW kWh/kg Remarks 

21 2  0 4 1  114 2.8 Me1 ted in helium atmosphere. Slag 
ring not v i s i b l e  in  TV monitor. 
Need d i f f e r e n t  opt ica l  f i l t e r i n g ;  
a l l  o ther  melting and ingot appear- 
ances the  same as  w i t h  argon. 



TABLE 1.2. A1 l o y  Element Analysis o f  Inductoslag-Me1 ted  Z i rca loy-4  

Specified by Composition o f  Inductoslag Me1 t i n g  Heats, w t %  ASTM - 8-350, 
A1 1 oy El ement wt% 8 9 10 11 15 17 ------- 
T i n  1 . 2 0 t 0 1 . 7 0  1.55 1.47 1.47 1.47 1.50 1.42 1.47 

I r o n  0 . 1 8 t 0 0 . 2 4  0.217 0.205 0.207 0.203 0.204 0.188 0.202 

Chromium 0.07 t o  0.13 0.117 0.106 0.110 0.105 0.106 0.100 0.109 

Fe t C r  t Ni 0.28 t o  0.37 0.335 0.312 0.318 0.309 0.311 0.289 0.312 

a. Inductoslag me1 t i n g  heat number. 

TABLE 1.3. Impur i ty  Analysis o f  Tnductoslag-Me1 ted  Zircaloy-4 

Impur i t y  

A1 umi num 

Boron 

Cadmi um 

Calcium 

Carbon 

Cobalt 

Copper 

Fl  u o r i  ne 

Hafnium 

Hydrogen 

Oxygen 

Lead 

Magnesium 

Manganese 

Nickel  

N i t rogen 

S i  1 i con  

Thor i  um 

T i  t a n i  um 

Tungsten 

Uranium 

Va nad i um 

Maximum Spec i f ied  
by ASTM 8-350, 

p pm 

75 

0.5 

0.5 

< loo  

270 

20 

50 

Composition o f  Inductoslag Mel t ing  Heats, ppm 
8 9 10 11 15 17 ------- 

a. Inductoslag me l t i ng  heat number. 



TABLE 1.4. Ingot Hardness of Inductosl ag-Me1 ted Zircaloy-4 

Determined f o r  Inductoslag Me1 t i n g  

Specified by Heats 

Ingot Hardness ASTM 8-350 6(al -8- 10 11 15_ j7- 
Brine1 1  hardness 2  00 185 189 185 186 1  84. 

a .  Inductoslag me1 t ing  heat number. 

Z i r c a l o y .  Al l  t h e  i n g o t s  met t h e  3000 p s i )  have  been c o m p l e t e d ,  and  

r e q u i r e d  ASTM B-350 i n g o t  specifics- t h e  r e s u l t s  a r e  shown i n  T a b l e  1 . 5 .  

t i o n s .  A maximum c o n c e n t r a t i o n  o f  F u r t h e r  c o r r o s i o n  t e s t i n g  i n  g r o u n d -  

f l u o r i n e  i m p u r i t y  i s  n o t  s p e c i f i e d  w a t e r s  a t  v a r i o u s  t e m p e r a t u r e s  i s  i n  

i n  ASTM 8 - 3 5 0 .  A p r e v i o u s  f l u o r i n e  p r o g r e s s .  

a n a l y s i s  o f  Zi r c a l o y  c l a d d i n g  me1 t The w e i g h t  g a i n  and a p p e a r a n c e  o f  

s t o c k  was 7  ppm. These  r e s u l t s  i n -  

d i c a t e  t h a t  t h e  CaF2 s l a g  may be 

a d d i n g  7  t o  50 ppm f l u o r i n e  t o  t h e  

me1 t e d  i n g o t s .  

The c o r r o s i o n  r e s i s t a n c e  o f  z i r -  

conium a l l o y s  made f rom f u e l  c l a d d i n g  

r e s i d u e s  a f f e c t s  t h e  p o t e n t i a l  l e a c h -  

a b i l i t y  o f  t h e  a l l o y  i n g o t s .  The p a r -  

t i c u l a r  a l l o y  made f rom w a s t e  c l a d d i n g  

d e p e n d s  on t h e  d e g r e e  o f  c l e a n i n g  and 

s e p a r a t i o n  and on v a r y i n g  m a n u f a c t u r -  

i n g  p a r a m e t e r s  which p r o d u c e  t o o  many 

a l l o y s  t o  r e a s o n a b l y  t e s t  e v e r y  com- 

b i n a t i o n .  A s e l e c t i o n  o f  v a r i o u s  
a l l o y s  p roduced  t o  d a t e  was made on 

t h e  b a s i s  o f  m a t e r i a l s  c o n c e n t r a t i o n s  

r e p r e s e n t a t i v e  o f  c l a d d i n g  r e s i d u e s  

t h a t  were  1 )  s e p a r a t e d ,  2 )  s e p a r a t e d  

and c l e a n e d ,  3 )  u n s e p a r a t e d ,  4 )  u n -  
s e p a r a t e d  b u t  o n l y  p a r t i a l l y  m e l t e d ,  

and  5 )  p a r t i a l l y  s e p a r a t e d  and p a r -  

t i a l l y  m e l t e d .  I n i t i a l  c o r r o s i o n  

t e s t s  ( 4 0 0 ° C ,  1500  p s i ;  360°C,  

REFERENCES 

s a m p l e s  e x p o s e d  t o  t h e  two c o r r o s i o n  

c o n d i t i o n s  i n d i c a t e  t h a t  t h e  p r e s e n c e  

o f  0 . 5 %  and 1 %  oxygen f rom a b s o r b e d  

c o r r o s i o n  p r o d u c t  l a y e r s  had l e s s  

e f f e c t  on t h e  s h o r t - t e r m  c o r r o s i o n  

r e s i s t a n c e  i n  w a t e r  t h a n  i n  s t e a m .  

A1 l o y s  534-8 ,  534-21 ,  and 534-1 3  w e r e  

h e t e r o g e n e o u s  m e t a l s ,  e s s e n t i a l l y  some 

unmel t e d  Z i r c a l o y ,  s t a i n l e s s  s t e e l ,  

and I n c o n e l  p o t t e d  i n  a  e u t e c t i c  a l l o y .  

T h i s  p o t t e d  m a t e r i a l  t e n d e d  t o  r e t a i n  

e t c h i n g  s o l u t i o n s  a t  o c c a s i o n a l  c r a c k e d  

i n t e r f a c e s ;  a  t y p i c a l  w h i t e  c o r r o s i o n  

p r o d u c t  was p r o d u c e d  a t  t h e s e  i n t e r -  

f a c e s .  P r e v i o u s  e x p e r i e n c e  w i t h  s u c h  

" a c i d  s t a i n i n g "  o f  Z i r c a l o y  i n d i c a t e s  

t h a t  t h e  s t a i n i n g ' s  e f f e c t s  a r e  m i t i -  

g a t e d  w i t h  t i m e .  Even w i t h  t h e  u n c e r -  

t a i n t y  o f  t h e  p o t t e d  m a t e r i a l ,  i t  

a p p e a r s  t h a t  5% a l l o y  (534-21  ) i s  l e s s  

c o r r o s i o n  r e s i s t a n t  t h a n  t h e  1 0 %  a l l o y  

(534-14.)  o r  t h e  1 5 %  a l l o y  ( 5 3 4 - 8 ) .  

1 .  A .  M .  P l a t t ,  c o m p i l e r ,  N u c l e a r  2 .  A .  M .  P l a t t ,  c o m p i l e r ,  N u c l e a r  
Waste  Management Q u a r t e r l y  P r o g r e s s  Waste  Management Q u a r t e r l y  P r o g r e s s  
R e p o r t ,  J a n u a r y  t h r o u g h  March 1978 .  R e p o r t ,  A p r i l  t h r o u g h  J u n e  1 9 7 8 .  
PNL-2378-1, P a c i f i c  N o r t h w e s t  Lab- PNL-2378-2, P a c i f i c  N o r t h w e s t  Lab- 
o r a t o r y ,  R i c h l a n d ,  W A ,  Augus t  1978 .  o r a t o r y ,  R i c h l a n d ,  W A ,  Augus t  1 9 7 8 .  



TABLE 1.5. Comparison o f  Various Zirconium A1 l oys  Corrosion-Tested 
i n  Steam and Water 

A l l o y  # A1 l o y  ~ y p e ( ~ ' ~ )  
- - Unmelted standard 

Zr-2 sheet 

431 Z i rca loy-4  

9-5-74 85% Zi rcaloy-4 
10% Sta in less  Steel  304 

5% Inconel 718 

534-8 85% Zi  r c a l  oy-4 
10% Sta in less  Steel 304 

5% Inconel 718 
20.5% o2 

534-21 95% Z i  rcaloy-4 
5% Inconel 718 

4 . 5 %  O2 

534-1 3 90% Zi  rcaloy-4 
10% Inconel 718 

20.5% o2 

Weight Gain During Corrosion, ( c )  
mq/dm2 

Steam (400°C, Water (360°C, 
1500 ps i ,  3000 p s i  , 
72 h r )  13 days) Remarks 

Typical  black shiny 

Typical  b lack shiny 
analyses 0.3% O2 

A1 1 b l  ack--some-dul 1 
areas 

Black w i t h  few small 
wh i te  streaks on steam 
t e s t  

Du l l  --dark grey 
(completely me1 ted  i n  
graph i te  c ruc ib le )  

Dull--rough--dark grey 
(not  completely me1 ted)  

L i g h t  grey--rough--sev- 
era1 whi te spots and 
streaks (not  completely 
me1 ted ) 

Medium grey--rough-- 
whi te streaks a t  some 
pot ted  metal i n te r faces  
(not  completely melted) 

a. A l l  a l l o y s  except Zr-2 sheet and 9-5-74 were "Inductoslag" melted ingots.  
b. Percentages given are  weight percent. 
c. Samples etched i n  39 vo l% HN03-4 vo l% HF before exposure. 





2.0  MONITORING METHODS FOR PARTICULATE AND GASEOUS 

EFFLUENTS FROM WASTE SOLIDIFICATION PROCESSES 

R. W. G o l e s  - P r o j e c t  Manager  

The o b j e c t i v e  o f  t h i s  program i s  t o  d e v e l o p  r e l i a b l e  and a c c u r a t e  
t e c h n i q u e s  for p r o c e s s  m o n i t o r i n g  and s t a c k  erniks ion m o n i t o r i n g  f o r  
f u t u r e  w a s t e  s o l i d i f i c a t i o n  f a c i l i t i e s .  

SUMMARY 

P r o c e s s  l i n e  m o d i f i c a t i o n s  have  f o l d .  I n s t a l  l a t i o n  o f  sampl i n g  n e t -  

been  c o m p l e t e d ,  and d e p l o y m e n t  o f  wo rk  components  a l s o  began d u r i n g  

t h e  s a m p l i n g  n e t w o r k  has  begun.  t h i s  p e r i o d .  

O p e r a t i o n a l  t e s t i n g  o f  l a b o r a t o r y -  

based  e q u i p m e n t  has  been done.  LABORATORY PREPARATION 

SAMPLING SITE 

A l l  n e c e s s a r y  m o d i f i c a t i o n s  t o  

t h e  p r o c e s s  o f f - g a s  l i n e ,  POG-88, 

r e q u i r e d  b y  t h i s  m o n i t o r i n g  p r o g r a m  

were  c o m p l e t e d  d u r i n g  t h i s  r e p o r t i n g  

p e r i o d .  S a m p l i n g  l i n e s  were  r u n  f r o m  

POG-88 t o  Room 147 o f  t h e  324 B u i l d -  

i n g ,  w h e r e  t h e y  were  l i n k e d  t o  a  p r e -  

v i o u s l y  i n s t a l  l e d  gas h a n d l i n g  m a n i -  

We samp led  b a c k g r o u n d  l e v e l s  o f  

s e l e c t e d  i s o t o p e s  o f  i n t e r e s t  and s u c -  

c e s s f u l l y  a n a l y z e d  them i n  t h e  l a b o -  

r a t o r y .  T h i s  e x e r c i s e  s e r v e d  n o t  

o n l y  t o  e s t a b l i s h  b a s e l i n e  v a l u e s  f o r  

c e r t a i n  i m p o r t a n t  r a d i o n u c l i d e s ,  b u t  

a l s o  a1 l o w e d  o p e r a t i o n a l  p r o b l e m s  t o  

be s o l v e d  p r i o r  t o  t h e  a c t u a l  sam- 

p l i n g  campa ign .  T h i s  w o r k  i n d i c a t e d  

a d e q u a t e  a n a l y t i c a l  c a p a b i l i t y  and  

s e n s i t i v i t y  f o r  t h e s e  i s o t o p e s .  





3 . 0 .  TRU WASTE IMMOBIL IZATION PROGRAM 

C .  R. P a l m e r  - P r o j e c t  M a n a g e r  

The o b j e c t i v e s  o f  t h i s  program a r e  t o  d e t e r m i n e  t h e  d e g r e e  o f  
i m m o b i l i z a t i o n  t h a t  may be  n e c e s s a r y  f o r  t h e  a c c e p t a b l e  d i s p o s a l  
o f  t r a n s u r a n i c  w a s t e  r e s i d u e s ,  and t o  d e v e l o p  p r o d u c t  and p r o c e s s  
t e c h n o l o g i e s  t o  p r o v i d e  s u c h  i m m o b i l i z a t i o n .  

S e v e r a l  t r a n s u r a n i c  w a s t e  r e s i d u e s  

w e r e  i d e n t i f i e d  a s  c a n d i d a t e s  f o r  a p -  

p l  i c a t i o n  o f  h i g h - l e v e l  w a s t e  i m m o b i l -  

i z a t i o n  t e c h n o l o g y ,  a n d  c h e m i c a l  

c o m p o s i t i o n s  w e r e  d e v e l o p e d  f o r  t h e s e  

r e s i d u e s .  L a b o r a t o r y - s c a l e  e x p e r i  - 
m e n t a l  p r o g r a m s  w e r e  d e s i g n e d  t o :  

a )  d e v e l o p  n e a r - t e r m  b o r o s i l i c a t e  

g l a s s  f o r m u l a t i o n s  f o r  u s e  i n  p r o c e s s  

d e v e l o p m e n t ;  b )  d e v e l o p  a  g e n e r i c  

p r e d i c t i v e  m o d e l  f o r  g l a s s  c o m p o n e n t /  

p e r f o r m a n c e  c h a r a c t e r i s t i c s  r e l a t i o n -  

s h i p s ;  a n d  c )  e v a l u a t e  t h e  f e a s i -  

b i l i t y  o f  s i n t e r e d  a n d  c e r a m i c  w a s t e  

f o r m s  f o r  t h e s e  r e s i d u e s .  P r e p a r a -  

t i o n  f o r  b o r o s i l i c a t e  g l a s s e s  was 

b e g u n ,  a n d  p r e l  i m i n a r y  c h a r a c t e r i z a -  

t i o n  d a t a  f o r  s i n t e r e d  c e r a m i c s  w e r e  

o b t a i n e d .  

WASTE CHARACTERIZATION - D .  K .  D a v i s  

a n d  C .  R. P a l m e r  

T h e  c h e m i c a l  c o m p o s i t i o n s  o f  s e v -  

e r a l  t r a n s u r a n i c  w a s t e  r e s i d u e s  w e r e  

d e f i n e d  d u r i n g  t h e  r e p o r t i n g  p e r i o d ;  

t h e s e  w i l l  s e r v e  a s  t h e  i n i t i a l  b a s i s  

f o r  e x p e r i m e n t a l  i m m o b i l i z a t i o n  s t u d -  

i e s .  T h e s e  r e s i d u e s ,  shown i n  

T a b l e  3 . 1 ,  a r e  g e n e r a l l y  t h e  r e s u l t  o f  

i n c i n e r a t i n g  t y p i c a l  c o m b u s t i b l e  t r a s h .  

T h e y  w e r e  o b t a i n e d  f r o m  t h e  l i t e r a -  

t u r e  o r  f r o m  c o m m u n i c a t i o n s  w i t h  t h o s e  

d e v e l o p i n g  t h e  p a r t i c u l a r  w a s t e  h a n -  

d l i n g  s y s t e m .  The  p l u t o n i u m - c o n t a m i n a t e d  

s o i l  c o m p o s i t i o n  l a b e l e d  Z - 9  i s  a l s o  

i n c l u d e d  i n  t h e  l i s t i n g .  A s h  compo-  

s i t i o n s  a r e  h i g h l y  d e p e n d e n t  u p o n  t h e  

m i x t u r e  o f  c o m b u s t i b l e s  a s  w e l l  a s  t h e  

i n c i n e r a t o r  d e s i g n  a n d  o p e r a t i n g  c o n -  

d i t i o n s ,  b u t  t h i s  c o l l e c t i o n  o f  d a t a  

i l l u s t r a t e s  some t y p i c a l  c o n s t i t u e n t s  

a n d  t h e  v a r i a b i l i t y  i n  c o m p o s i t i o n  

t h a t  a n  i m m o b i l i z a t i o n  s y s t e m  m u s t  

a c c o m m o d a t e .  

S e c o n d a r y  w a s t e s  f r o m  d e c o n t a m i n a -  

t i o n  o f  m e t a l  s u r f a c e s  u s i n g  e l e c t r o -  

p o l i s h i n g  t e c h n i q u e s  w e r e  i d e n t i f i e d  

a n d  s e m i - q u a n t i t a t i v e l y  c h a r a c t e r i z e d .  

An a c i d  p r o c e s s i n g  s y s t e m  f o r  e l e c t r o -  

l y t e  r e c o v e r y  w i l l  g e n e r a t e  a  h i g h l y  

c o n c e n t r a t e d  s o l u t i o n  o f  m e t a l  p h o s -  

p h a t e s ,  t h e  c a t i o n s  b e i n g  t h o s e  m e t a l s  

r e m o v e d  f r o m  t h e  d e c o n t a m i n a t e d  s u r -  

f a c e .  F i x a t i o n  o f  t h i s  w a s t e  i n  a  

p h o s p h a t e  g l a s s  m a t r i x  w i l l  b e  

s t u d i e d  n e x t  f i s c a l  y e a r .  

GLASS DEVELOPMENT - C .  W .  G r i f f i n ,  

G. 8. M e l l i n g e r  a n d  L .  A. C h i c k  

I n i t i a l  e x p e r i m e n t s  t o  d e v e l o p  

b o r o s i l  i c a t e  g l a s s e s  f o r  s e v e r a l  



TABLE 3.1. Composit ions o f  T ransuran ic  Waste 
Residues, w t% 

Blend ---- Mound F'NL'~) Heel RFP(3) SRL Component 

2'3 

'2'3 

BaO 

CaC1 

CaO 

CaS04 

Cr203 

cuo 

FeO 

Mn02 

NaCl 

PbO 

'2'5 

PuO* 

S i02  

T i 0 2  

ZnO 

TOTAL 

a. Reported as " v o l a t i l e s , "  13 w t %  l o s s  on i g n i t i o n  a t  700°C; p r i m a r i l y  
H20 and degraded o r g a n i c  s o l v e n t s .  



i n c i n e r a t o r  a s h e s  h a v e  b e g u n  a n d  w i l l  

f o l l o w  t w o  s t r a t e g i e s .  T h e  f i r s t  w i l l  

b e  t o  d e v e l o p  g l a s s  f r i t s  w h i c h  w i l l  

p r o d u c e  f i n a l  g l a s s e s  o f  c h e m i c a l  com- 

p o s i t i o n  s i m i l a r  t o  t h e  p r e v i o u s l y  

d e v e l o p e d  h i g h - l e v e l  w a s t e  g l a s s  7 6 -  

6 8 .  ( 5 )  T e n t a t i v e  f r i t  c o m p o s i t i o n s  

a r e  shown i n  T a b l e  3 . 2 .  P e r f o r m a n c e  

c h a r a c t e r i s t i c s  w i l l  t h e n  b e  e v a l  u -  

a t e d  f o r  e a c h  w a s t e  g l a s s  s y s t e m  t o  

d e t e r m i n e  t h e  d e g r e e  o f  i m m o b i l i z a t i o n  

a c h i e v e d .  R e s u l t i n g  g l a s s  f o r m u l a -  

t i o n s  w i l l  s u b s e q u e n t l y  b e  u s e d  t o  

d e m o n s t r a t e  t h e  a p p l i c a b i l i t y  o f  

l a r g e - s c a l e  h i g h - l e v e l  w a s t e  v i t r i f i -  

c a t i o n  e q u i p m e n t  t o  l o w - l e v e l  t r a n s -  

u r a n i c  w a s t e s .  

T h e  s e c o n d  e x p e r i m e n t a l  s t r a t e g y  

w i l l  b e  m o r e  f u n d a m e n t a l  i n  n a t u r e .  

T h i s  a p p r o a c h  w i l l  i n v o l v e  p r e p a r a -  

t i o n  o f  a  g e n e r i c  s e r i e s  o f  g l a s s e s  

a n d  d e t e r m i n a t i o n  o f  t h e i r  p e r f o r -  

mance  c h a r a c t e r i s t i c s  u s i n g  a  s t a t i s -  

t i c a l  l y  d e s i g n e d  e x p e r i m e n t a l  m a t r i x .  

T h e s e  d a t a  w i l l  t h e n  b e  m a t h e m a t i c a l l y  

m o d e l e d  i n  a n  a t t e m p t  t o  q u a n t i t a -  

t i v e l y  r e l a t e  c o m p o n e n t  c o n c e n t r a t i o n  

t o  d e p e n d e n t  p e r f o r m a n c e  p a r a m e t e r s ,  

s u c h  a s  l e a c h  r e s i s t a n c e ,  h o m o g e n e i t y ,  

e t c .  T h e  p r e d i c t i v e  v a l u e  o f  s u c h  a  

m o d e l  w i l l  g r e a t l y  e n h a n c e  t h e  d e v e l -  

o p m e n t  o f  f u t u r e  w a s t e  g l a s s e s .  T h e  

e l  e v e n  g l a s s  c o m p o n e n t s  w h i c h  w i  1 1  b e  

p a r a m e t r i c a l l y  s t u d i e d  a r e  shown i n  

T a b l e  3 . 3 ,  a n d  t h e  r a n g e  o f  v a r i -  

a b i l i t y  i s  i n d i c a t e d .  

SINTERED CERAMICS - J. M. R u s i n  a n d  

R .  A. W h e e l e r  

Two s i m u l a t e d  w a s t e  c o m p o s i t i o n s ,  

R o c k y  F l a t s  P l a n t  (RFP) B l e n d  a n d  

RFP A l p h a  ( s e e  T a b l e  3 . 1  ; c o m p o s i t i o n s  

w e r e  m o d i f i e d  s l i g h t l y  t o  make u s e  o f  

r e a g e n t  c h e m i c a l s  r e a d i l y  a v a i l a b l e ) ,  

w e r e  s e l e c t e d  t o  e v a l u a t e  t h e  f e a s i -  

b i l i t y  o f  i m m o b i l i z i n g  s u c h  w a s t e s  

a s  s i n t e r e d  c e r a m i c s .  P e l  1  e t s  a b o u t  

TABLE 3.2. TRU F r i t  Composit ions 

Concentrat ion,  w t% 
F r i t  1  F r i t  2  F r i t  3  F r i t  4  F r i t  5 F r i t  6  F r i t  7 
( R F P ( R F P ( m ( P N L ) ( R F P o o  
Blend)  Alpha)  Heel ) 

Na20 7.0 - 25.8 19.4 32.0 22.0 31.3 

CaO 5.6 3.6 1.6 - - - - 

14.1 9.1 - ZnO - - 8.0 13.2 4.1 14.8 6.8 - - - - 
TOTAL 99.8 100.0 99.9 100.0 100.3 100.0 100.0 

Waste Loading , 
wt% o f  
f i n a l  
g l a s s  64.4 44.8 51.6 37.8 62.2 43.1 66.2 



TABLE 3.3. TRU Waste Glass Components and 
C o n s t r a i n t s ,  Based on F i n a l  Composit ion Ap- 
p r o x i m a t i n g  Waste Glass 76-68 

C o n s t r a i n t s ,  mole % 
Component Lower Upper 

CaO 2  14 

Cr203 0  3  

Fe203 0  3  

NiO 0  3  

ZnO 0  6  

1 . 6  cm ( 0 . 6 3  i n . )  d i a  b y  1 . 3  cm 

( 0 . 5 0  i n . )  l o n g  w e r e  f o r m e d  b y  c o l d  

p r e s s i n g  a t  1 . 4  x  l o 8  Pa ( 2 0 , 0 0 0  p s i ) ,  

f o l l o w e d  b y  s i n t e r i n g  f o r  2  h r  a t  

v a r i o u s  t e m p e r a t u r e s .  

F o u r  s e r i e s  o f  s a m p l e s  w e r e  s t u d i e d  

f o r  e a c h  w a s t e  c o m p o s i t i o n :  

1 .  n o  a d d i t i v e s  

2 .  g l a s s  f r i t  a d d i t i v e *  

3 .  s i l i c a  a d d i t i v e  ( - 2 0 0  m e s h )  

4 .  c l a y  a d d i t i v e  ( b e n t o n i t e ) .  

T h e  s e l e c t e d  a d d i t i v e s  may i m p r o v e  

t h e  d u r a b i l i t y  o f  t h e  f i n a l  w a s t e  

f o r m  i n  t h e s e  w a y s :  

i n c r e a s e  s i n t e r i n g  b y  p r o v i d i n g  a  

v i t r e o u s  p h a s e  ( e . g . ,  S i 0 2  r e a c -  

t i o n s  t o  f o r m  g l a s s )  

i n c r e a s e  c o n s o l i d a t i o n  b y  p r o v i d i n g  

a  l o w - t e m p e r a t u r e  m a t r i x  ( e . g . ,  

c o a t  p a r t i c l e  w i t h  g l a s s )  

* PF 6 3 0 @  ( - 2 0 0  m e s h ) ,  t h e  0.  Hammel 
Company,  C a r n e g i e ,  PA 1 5 1 0 6 .  

p r o d u c e  s t a b l e  c r y s t a l l i n e  p h a s e s  

( e . g . ,  r e a c t i o n  o f  c l a y  w i t h  w a s t e ) .  

S i n t e r i n g  c h a r a c t e r i s t i c s  w e r e  

e v a l u a t e d  b y  c o m p a r i n g  w e i g h t  l o s s  

a n d  s h r i n k a g e / e x p a n s i o n  o f  t h e  s a m p l e  

d u r i n g  s i n t e r i n g .  R e s u l t s  f o r  RFP 

B l e n d  a r e  shown i n  T a b l e  3 . 4  a n d  f o r  

RFP A l p h a  i n  T a b l e  3 . 5 .  

When f i r e d  w i t h o u t  a d d i t i v e s ,  b o t h  

w a s t e  c o m p o s i t i o n s  e x h i b i t e d  c o n s i d e r -  

a b l e  w e i g h t  l o s s ,  a n d  b o t h  e x p a n d e d  

a t  l o w e r  t e m p e r a t u r e  s i n t e r i n g  s c h e d -  

u l e s .  T h e  RFP B l e n d  d i d  d e m o n s t r a t e  

some s h r i n k a g e  a t  1 0 0 0 ° C ,  a n d  t h e  RFP 

A l p h a  a l s o  s h r a n k  a t  l l O O ° C .  

Use  o f  a d d i t i v e s  g e n e r a l l y  p r o -  

d u c e d  m o r e  a c c e p t a b l e  p e l l e t s .  I n  

g e n e r a l  t h e  s i  1  i c a  a n d  b e n t o n i t e  

( c l a y )  a d d i t i o n s  p r o d u c e d  t h e  b e s t  

p e l  l e t s  b u t  r e q u i r e d  h i g h e r  t e m p e r a -  

t u r e s .  T h e  f r i t  was l i m i t e d  t o  7 0 0  

a n d  8 0 0 ° C  b e c a u s e  o f  e x c e s s i v e  m e l t -  

i n g  a n d  b l o a t i n g  ( b u b b l e s  a n d  e x p a n -  

s i o n  c a u s e d  b y  r e a c t i o n s )  a t  h i g h e r  

t e m p e r a t u r e s .  T h e  b e s t  p e l l e t s  p r o -  

d u c e d  a t  7 0 0  a n d  8 0 0 ° C  w e r e  f r o m  t h e  

RFP B l e n d - f r i t  m i x t u r e .  RFP A l p h a  

m i x t u r e s  d i d  n o t  i m p r o v e  t h e  s i n t e r -  

i n g  b e 1  ow 800°C.  

C o n d e n s a t i o n  o f  a  v a p o r  p h a s e  

( p r o b a b l y  c h r o m i u m )  was o b s e r v e d  o n  

t h e  RFP A l p h a  s i l i c a  m i x t u r e s  e x c e p t  

f o r  t h e  6 6 %  s i l i c a  m i x t u r e  f i r e d  a t  

l l O O ° C .  T h i s  p e l l e t  v i s u a l l y  a p p e a r s  

t o  b e  t h e  b e s t  o f  t h a t  s e r i e s .  The  

RFP A1 p h a  b e n t o n i t e  s e r i e s  p r o d u c e d  

g o o d  p e l l e t s  e x c e p t  a t  110O0C,  w h e r e  

e x c e s s i v e  b l o a t i n g  was o b s e r v e d .  

T h e  RFP B l e n d - s i l i c a  a n d  RFP B l e n d -  

b e n t o n i t e  s e r i e s  b o t h  p r o d u c e d  a c c e p t -  

a b l e  p e l l e t s .  A g a i n ,  some b l o a t i n g  

a n d  c r a c k i n g  w e r e  o b s e r v e d  a t  1 1  OO°C. 



C o n t i n u a t i o n  o f  t h i s  p r o g r a m  w i l l  s e r i e s  f o r  f u r t h e r  c h a r a c t e r i z a t i o n  

i n v o l v e  m e a s u r e m e n t  o f  d e n s i t y  a n d  b y  l e a c h ,  v o l a t i l i t y ,  a n d  i m p a c t  

d e t e r m i n a t i o n  o f  c r y s t a l l i n e  p h a s e s  t e s t s .  

b y  x - r a y  d i f f r a c t i o n  (XRD) .  C a n d i d a t e  

p e l l e t s  w i l l  b e  s e l e c t e d  f r o m  e a c h  

TABLE 3 . 4 .  S i n t e r i n g  D a t a  f o r  RFP B l e n d  

A d d i t i v e  

No A d d i t i v e  

50% F r i  t 

6 7 %  F r i t  

5 0 %  S i l i c a  

6 7 %  S i l i c a  

50% B e n t o n i t e  

6 7 %  B e n t o n i t e  

S i n t e r i n q  T e m p e r a t u r e .  O C  a t  Temp. 2  H r  
7 0 0  8 0 0  9 0 0  1 0 0 0  

% A W t  % A H t  % A W t  % A H t  % A W t  % A H t  % A W t  % A H t  - - - - - - - - 
- 1 0 . 6  + 4 . 3  - 1 0 . 9  + 2 . 7  - 1 1 . 8  + 2 . 0  - 1 2 . 5  - 5 . 6  

N . D . ( a )  - 2 . 6  - 7 . 3  - 2 . 7  N.D. - 5 .3  m e l t e d  me1 t e d  

N.D. - 6 . 0  - 5 . 5  - 9 . 4  N.D. + 1 2 . 4  m e l t e d  m e l t e d  

- 6 . 1  + 1 . 0  - 6 . 3  - 2 . 9  - 6 . 8  - 2 . 5  - 7 . 0  - 2 9 . 6  

- 6 . 3  + 0 . 8  - 6 .1  - 2 . 3  - 6 . 8  - 3 . 1  - 7.1 - 3 0 . 6  

- 1 1 . 2  N.O. - 1 1 . 8  + 0 . 3  - 1 2 . 0  - 0 . 4  -12 .4  + 2 7 . 6  

- 1 0 . 9  - 1 . 8  - 1 1 . 5  - 1 . 2  - 1 1 . 6  - 4 . 7  - 1 2 . 1  N.D. 

- 1 2 . 5  m e l t e d  

me1 t e d  me1 t e d  

me1 t e d  me1 t e d  

- 7 . 1  0  

- 7 . 0  - 3 . 4  

- 1 2 . 7  - 3 . 8  

- 1 2 . 1  - 5 . 7  

a .  N.D. - N o t  D e t e r m i n e d  

TABLE 3 . 5 .  S i n t e r i n g  D a t a  f o r  RFP A l p h a  

S i n t e r i n g  T e m p e r a t u r e ,  "C a t  Temp. 2  H r  
7 0 0  8 0 0  9 0 0  1 0 0 0  1 1 0 0  

A d d i t i v e  X A W t  % A H t  % A W t  % A H t  % A W t  % A H t  % A W t  % A H t  % A W t  % A H t  ---------- 
No A d d i t i v e  - 1 5 . 8  + 8 . 1  - 1 6 . 0  + 5 . 6  - 1 1 . 8  t 7 . 3  - 1 8 . 4  + 7 . 7  - 2 0 . 0  - 1 5 . 3  

5 0 %  F r i t  N . O . ( a )  - 4 . 7  - 9 . 3  m e l t e d  m e l t e d  m e l t e d  m e l t e d  m e l t e d  m e l t e d  m e l t e d  

6 7 %  F r i t  N.D. - 3 . 5  - 6 . 8  + 6 . 3  m e l t e d  m e l t e d  m e l t e d  m e l t e d  m e l t e d  m e l t e d  

5 0 %  S ' i l i c a  - 7 . 7  + 3 . 0  - 9 . 3  - 5 . 1  - 9 . 2  - 8 . 3  - 9 . 4  - 6 . 5  - 1 0 . 2  + 3 4 . 5  

6 7 %  S i l i c a  + 1 . 2  - 4 . 7  - 1 . 5  - 5 . 1  - 0 . 5  - 5 . 8  - 6 . 6  - 9 . 6  - 0 . 8  - 7 . 2  

5 0 % B e n t o n i t e  - 1 3 . 9  + 0 . 9  - 1 4 . 2  + 0 . 9  - 1 4 . 7  - 1 . 1  - 1 5 . 1  + 0 . 9  - 1 5 . 4  +  2 . 3  

6 7 %  B e n t o n i t e  - 1 2 . 7  + 0 . 3  - 1 3 . 6  0  - 1 3 . 8  - 5 . 1  - 1 3 . 8  N.O. - 1 4 . 3  t 1 4 . 4  

a .  N.D. - N o t  D e t e r m i n e d  
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4 .0  KRYPTON SOL ID IF ICAT ION 

G. L .  T i n g e y  - P r o j e c t  M a n a g e r  

The objective of this program is to develop alternative tech- 
niques for storing radioactive krypton in a solid matrix. TUO 
techniques are currently being investigated: dissolution of 
krypton in Zow-density glass folZowed by densification at high 
temperature and entrapment of the krypton in solids during ion 
sputtering. 

R e l e a s e  o f  k r y p t o n  f r o m  s p u t t e r  

d e p o s i t e d  amorphous  Fee8,  Y S l 3  shows 

a  m e c h a n i s m  s i m i l a r  t o  t h a t  o f  h i g h -  

t e m p e r a t u r e  r e l e a s e .  Re1 e a s e  o f  8 5 ~ r  

f r o m  a  m e t a l  s a m p l e  was c a l c u l a t e d  t o  

be  0 . 0 7 %  o f  t h e  8 5 ~ r  r e l e a s e d  i n  1 0 0  

y e a r s  a t  200°C a n d  1 2 %  r e l e a s e d  i n  

t h a t  p e r i o d  a t  300°C.  T h i s  k r y p t o n  

r e t e n t i o n  s h o u l d  b e  m o r e  t h a n  a d e -  

q u a t e  f o r  r a d i o a c t i v e  k r y p t o n  s t o r -  

a g e .  

K r y p t o n  s o l  u b i  1  i t y  m e a s u r e m e n t s  

i n  l o w - d e n s i t y  g l a s s  u n d e r  347  a t m .  

p r e s s u r e  o f  k r y p t o n  h e a t e d  t o  840°C 

a n d  h e l d  f o r  4  h r  show k r y p t o n  c o n -  

t e n t s  f r o m  2  t o  3  cm3 o f  K r ( S T P ) / g m  

o f  g l a s s .  T h e s e  l o a d i n g s  now a p p e a r  

t o  b e  s u f f i c i e n t  f o r  k r y p t o n  s t o r a g e .  

F u r t h e r m o r e ,  p r e l i m i n a r y  m e a s u r e m e n t s  

o f  t h e  r e l e a s e  c h a r a c t e r i s t i c s  o f  

s u c h  s a m p l e s  i n d i c a t e d  e v e n  b e t t e r  

r e t e n t i o n  t h a n  o b s e r v e d  f o r  t h e  

s p u t t e r - d e p o s i t e d  m e t a l s .  

KRYPTON ENTRAPMENT DURING SPUTTERING - 
G. L .  T i n g e y ,  M. A. Bayne ,  

E.  D. M c C l a n a h a n  a n d  P. J .  Raney  

We h a v e  d e m o n s t r a t e d  e a r l i e r  t h a t  

k r y p t o n  g a s  c a n  be t r a p p e d  i n  

s p u t t e r - d e p o s i t e d  m e t a l  m a t r i c e s .  

As r e p o r t e d  i n  a  p r e v ' i o u s  q u a r t e r l y  

r e p o r t , " )  s p u t t e r - d e p o s i t e d  amorphous  

m e t a l s  may c o n t a i n  h i g h e r  t h a n  1 0  a t . %  

k r y p t o n .  K r y p t o n  r e l e a s e  rneasu re -  

m e n t s  h a v e  a l s o  b e e n  r e p o r t e d  ( 2  ) 

w h i c h  showed t w o  t y p e s  o f  r e l e a s e ,  

o n e  a t t r i b u t e d  t o  n o r m a l  d i f f u s i o n  

t h r o u g h  t h e  m e t a l  a n d  a  s e c o n d  w h i c h  

r e l e a s e d  a t  l o w  t e m p e r a t u r e s  m o r e  

r a p i d l y  t h a n  e x p e c t e d  f r o m  t h e  d i f -  

f u s i o n  m e c h a n i s m .  

D u r i n g  t h i s  q u a r t e r  we h a v e  mea- 

s u r e d  t h e  l o n g - t e r m  l o w - t e m p e r a t u r e  

r e l e a s e  r a t e  o f  a  s a m p l e  o f  k r y p t o n  

l o a d e d  8 7 %  i r o n ,  1 3 %  y t t r i u m  w h i c h  

s p u t t e r e d  a s  a n  a m o r p h o u s  m e t a l .  I n  

t h i s  s t u d y  t h e  s a m p l e  was h e l d  a t  

v a r i o u s  t e m p e r a t u r e s  f o r  s e v e r a l  d a y s  

a n d  t h e  r e l e a s e  r a t e s  d e t e r m i n e d  a s  

a  f u n c t i o n  o f  t i m e .  I t  was o b s e r v e d  

t h a t  t h e  i n i t i a l ,  r e l a t i v e l y  h i g h  

r a t e  was t r a n s i t o r y  a n d  w o u l d  d e -  

c r e a s e  w i t h  t i m e  t o  a n  a p p a r e n t  

s t e a d y - s t a t e  r a t e  a f t e r  s e v e r a l  h o u r s .  

The  s t e a d y - s t a t e  r a t e s  a p p e a r  t o  

a g r e e  w e l l  w i t h  t h e  e x t r a p o l a t e d  r a t e  

f r o m  t h e  h i g h e r  t e m p e r a t u r e  r e l e a s e ,  

a n d  a r e  t h u s  c o n s i d e r e d  t o  b e  r e l e a s -  

i n g  v i a  t h e  same m e c h a n i s m  a s  a t  h i g h  

t e m p e r a t u r e .  The  r e l e a s e  r a t e s  o f t h e  

s a m p l e  a r e  shown i n  F i g u r e  4 . 1 .  T h i s  



r a t e  i s  p l o t t e d  a s  a  f u n c t i o n  of  tem- 

p e r a t u r e  and f i t s  t h e  e q u a t i o n :  

where d[KrR] i s  t h e  krypton  r e l e a s e  

r a t e  of t h e  sample a t  t e m p e r a t u r e  T 
i n  u n i t s  o f  moles of k rypton  r e l e a s e d  

per  minute .  R i s  t h e  gas c o n s t a n t  

and has t h e  v a l u e  of 1 .987 c a l o r i e s /  

mo le ldeg ree .  Kr i s  t h e  moles of  
( s  

krypton  c o n t a i n e d  i n  t h e  sample.  

FIGURE 4 . 1 .  Krypton Released  from a  
Sample of S p u t t e r - D e p o s i t e d  
Fe.82Y.12Kr.06 a s  a  Funct ion  o f  
Temperature 

I t  i s  o f  i n t e r e s t  t o  de t e rmine  t h e  

e x t e n t  t o  which r a d i o a c t i v e  krypton  
8 5  ( Kr) would be r e l e a s e d  from a  sam- 

p l e  ove r  a  long  t i m e ,  t a k i n g  i n t o  

accoun t  t h e  decay of t h e  8 5 ~ r .  The 

8 5 ~ r  c o n c e n t r a t i o n  i n  a  sample a t  

any t i m e ,  t ,  can be exp re s sed  by t h e  

e q u a t i o n :  

where 8 5 ~ r ( s )  i s  t h e  moles of 8 5 ~ r  i n  
8  5  t h e  s o l i d  a t  t ime  t ,  Kr(s)O i s  t h e  

moles a t  t = 0,  and h i s  t h e  r a d i o -  

a c t i v e  decay c o n s t a n t  equa l  t o  
- 1  1 . 2 2  x min. . S u b s t i t u t i o n  of 

e q u a t i o n  2 i n t o  e q u a t i o n  1  and i n t e g r a -  

t i o n  w i th  r e s p e c t  t o  t ime  from 0  t o  t 
y i e l d s  t h e  e x p r e s s i o n  

Using t h e  e x p r e s s i o n  t h e  f r a c t i o n  of  

8 5 ~ r  r e l e a s e d  .dur ing  t ime t can be 

c a l c u l a t e d  f o r  any sample t e m p e r a t u r e .  

For example,  0 .07% of t h e  8 5 ~ r  would 

be r e l e a s e d  a f t e r  100 y e a r s  from a  

sample he ld  a t  200°C, and 12% would 

be r e l e a s e d  i f  t h e  sample t e m p e r a t u r e s  

were ma in t a ined  a t  300°C f o r  100 y e a r s .  

Although t h e s e  d a t a  a r e  somewhat 

p r e l i m i n a r y ,  t h e y  show more t han  ade-  

q u a t e  krypton  r e t e n t i o n  p r o p e r t i e s  

f o r  s t o r a g e  of  8 5 ~ r  f o r  t h e  long  

te rm.  

K R Y P T O N  DISSOLUTION IN LOW-DENSITY 

GLASS - W .  J .  Gray, G .  L .  Tingey and 

K .  R .  Wheeler 

Krypton d i s s o l u t i o n  i n  low-densi  t y  

g l a s s e s  fo l l owed  by s i n t e r i n g  of  t h e  

g l a s s  t o  p r even t  r a p i d  r e l e a s e  of t h e  

krypton  was s t u d i e d  a t  nea r  1  atm 



k r y p t o n  p r e s s u r e  and r e p o r t e d  i n  a  

p r e v i o u s  q u a r t e r l y  r e p o r t .  ( 3 )  These 

e x p e r i m e n t s  showed a  s a t i s f a c t o r v  

k r y p t o n  c o n t e n t ,  b u t  t h e  l o n g  e x t r a p -  

o l a t i o n  t o  u s e f u l  p r e s s u r e s  ( s 2 0 0 0  

a t m . )  p r o v i d e d  t h e  i n c e n t i v e  t o  s t u d y  

t h e  d i s s o l u t i o n  a t  h i g h e r  p r e s s u r e s .  

D u r i n g  t h i s  q u a r t e r ,  we have  d i s -  

s o l v e d  k r y p t o n  i n  a  l o w - d e n s i t y  S i 0 2 -  

based  g l a s s  and i n  a  l o w e r  m e l t i n g  

g l a s s .  These samp les  were  h e a t e d  a t  

a  r a t e  o f  a b o u t  200°C /h r  t o  840°C a t  

a  p r e s s u r e  o f  347 atm. k r y p t o n  and 

h e l d  a t  t h i s  t e m p e r a t u r e  f o r  4  h r  t o  

d e n s i f y  t h e  samp les .  The samp les  

were  t h e n  c o o l e d  u n d e r  p r e s s u r e  and  

k r y p t o n  r e l e a s e  measurements  p e r -  

f o r m e d  i n  vacuum as a  f u n c t i o n  o f  

t e m p e r a t u r e .  

The S i 0 2  g l a s s  c o n t a i n e d  2 .16  cm 3  

o f  K r ( S T P ) / g  o f  S i 0 2  and r e l e a s e d  
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5 . 1  

5 . 0  CARBON-14 AND IODINE-129  F IXAT ION 

L .  L .  B u r g e r  - P r o j e c t  Manage r  

The o b j e c t i v e  o f  t h i s  program i s  t o  d e v e l o p  and d e m o n s t r a t e  t h e  t e c h -  
n o l o g y  needed  t o  s a f e l y  and e f f e c t i v e l y  i m m o b i l i z e  1 2 9 1  and 1 4 ~  r e l e a s e d  
from t r e a t m e n t  o f  i r r a d i a t e d  f u e l s .  

SUMMARY 

S i g n i f i c a n t  f a c t o r s  i n f l u e n c i n g  

t h e  i o d a t e  l e a c h  r a t e  f r o m  P o r t l a n d  

t y p e  I 1 1  c e m e n t  h a v e  b e e n  s t a t i s t i -  

c a l l y  i s o l a t e d  f r o m  1 7  f a c t o r s  

s c r e e n e d  i n  a  P l a c k e t t  Burman S c r e e n -  

i n g  A n a l y s i s .  T e m p e r a t u r e ,  C02 c o n -  

c e n t r a t i o n  i n  t h e  l e a c h a t e ,  a n d  c o n -  

c e n t r a t i o n  o f  f i x a t i o n  m a t e r i a l ,  c a t -  

i o n  common t o  t h e  f i x a t i o n  m a t e r i a l  

a n d  s i l v e r  n i t r a t e  i n  t h e  c e m e n t  

m a t r i x  showed t h e  m o r e  c o n s i s t e n t l y  

s i g n i f i c a n t  e f f e c t s .  

A  s y s t e m  was c o n s t r u c t e d  a n d  

t e s t e d  f o r  l o a d i n g  i o d i n e  o n t o  m e t a l -  

e x c h a n g e d  z e o l  i t e s  a n d  r e c y c l  i n g  t h e  

z e o l i t e  b y  s t r i p p i n g  o f f  t h e  l o a d e d  

i o d i n e  w i t h  h y d r o g e n .  R e s u l t s  com- 

p a r a b l e  w i t h  p r e v i o u s l y  r e p o r t e d  

s t u d i e s  w e r e  o b t a i n e d .  

A d d i t i o n a l  t e s t s  o n  i o d i d e - i o d a t e  

c o n v e r s i o n  w e r e  c o n d u c t e d  t o  e v a l u a t e  

o x i d a t i o n  a n d  t o  d e t e r m i n e  t h e  e f f e c t  

o f  h y d r o x i d e  c o n c e n t r a t i o n  o n  o z o n e  

o x i d a t i o n  o f  i o d i d e .  The  e l e c t r o l y t i c  

m e t h o d  c o n v e r t e d  98% o f  t h e  i o d i d e  t o  

i o d a t e .  P r e l i m i n a r y  r e s u l t s  i n d i c a t e  

t h a t  h y d r o x i d e  c o n c e n t r a t i o n  a f f e c t s  

t h e  f i n a l  o x i d a t i o n  s t a t e  o f  i o d i n e  

i n  an  o z o n e  e n v i r o n m e n t .  

LEACHABILITY STUDIES - K.  D. W iemers  

One m e t h o d  o f  i m m o b i l i z i n g  1  2gI 

i n v o l v e s  c o n v e r s i o n  t o  some s t a b l e ,  

i n s o l u b l e  s o l i d  compound o f  i o d i n e  

f o l l o w e d  b y  i n c o r p o r a t i o n  o f  t h e  com- 

p o u n d  i n  P o r t l a n d  c e m e n t .  To e v a l u -  

a t e  t h e  f e a s i b i l i t y  o f  t h i s  s t o r a g e  

f o rm ,  t e s t s  o n  t h e  l e a c h a b i l i t y  o f  

i o d i n e  f r o m  c e m e n t  a r e  b e i n g  c o n d u c t e d .  

P r e v i o u s  r e p o r t s  y 2, h a v e  d e s c r i b e d  

t h e  r e s u l t s  o f  Phase  I a n d  t h e  e x p e r i -  

m e n t a l  p a r a m e t e r s  o f  Phase  I 1  o f  t h e  

l e a c h a b i  1  i t y  s t u d i e s .  The  f o l l o w i n g  

d i s c u s s i o n  d e s c r i b e s  t h e  r e s u l t s  o f  

Phase  11,  a  1 7  f a c t o r  x  28  t r i a l  

P l a c k e t t  Burman S c r e e n i n g  A n a l y s i s .  ( 3 )  

I n  t h i s  a n a l y s i s  t h e  e f f e c t  w h i c h  

c e m e n t  c o m p o s i t i o n ,  l e a c h a t e  c o m p o s i -  

t i o n ,  a n d  f i x a t i o n  m a t e r i a l  h a d  o n  t h e  

l e a c h  r a t e  o f  i o d a t e  f r o m  c e m e n t  w e r e  

i n v e s t i  g a t e d .  

To d e t e r m i n e  t h e  e f f e c t s  o f  t h e  1 7  

f a c t o r s  s t u d i e d  a s  a  f u n c t i o n  o f  t i m e ,  

t h e  i o d a t e  l e a c h  r a t e  was t a b u l a t e d  

d a i l y .  W i t h  t h e  i n i t i a l  a m o u n t  o f  

i o d a t e  i n  t h e  S p e c i m e n ,  A,, t h e  i n c r e -  

m e n t a l  a m o u n t  o f  i o d a t e  l e a c h e d ,  a n ,  

t h e  s p e c i m e n ' s  g e o m e t r i c  v o l u m e ,  V ,  

s u r f a c e  a r e a ,  A, a n d  w e i g h t ,  M, a n d  

t h e  l e a c h  p e r i o d ,  tn, a l l  known,  t h e  

v a l u e s  shown i n  T a b l e  5.1 w e r e  c o m p u t e d  



TABLE 5.1. Leach Data Computed 

D e s c r i p t i o n  Symbo 1  U n i t s  

Cumulat ive amount i o d a t e  Can mg I 
1  eached 

Cumulat ive f r a c t i o n  i o d a t e  Ca, 
1  eached A. dimension1 ess 

Normalized cumula t i ve  
f r a c t i o n  i o d a t e  leached cm 

Incrementa l  l each  r a t e  

f o r  e a c h  t r i a l .  The  i n c r e m e n t a l  

l e a c h  r a t e ,  cm /day ,  was s e l e c t e d  a s  

t h e  d e p e n d e n t  v a r i a b l e  f o r  t h e  s t a t i s -  

t i c a l  a n a l y s i s  b e c a u s e  i t  was i n d e p e n -  

d e n t  o f  p r i o r  l e a c h  d a t a  a n d  n o r m a l -  

i z e d  f o r  b o t h  t h e  v o l u m e  a n d  s u r f a c e  

a r e a  o f  t h e  s p e c i m e n .  The  P l a c k e t t  

Burman s c r e e n i n g  d e s i g n  was a p p l i c a b l e  

t o  t h e  d a t a  f r o m  t h e  f i r s t  1 5  d a y s  o f  

l e a c h i n g .  A p r o g r a m m a b l e  c a l c u l a t o r  

was u s e d  t o  p e r f o r m  t h e  s t a t i s t i c a l  

c o m p u t a t i o n s .  

I n  t h e  s t a t i s t i c a l  a n a l y s i s  a  v a l u e  

f o r  e a c h  f a c t o r  e f f e c t  was c o m p u t e d  

d a i l y .  R a n k i n g  t h e  e f f e c t  v a l u e s  f r o m  

l a r g e s t  t o  s m a l l e s t  e s t a b l i s h e d  t h e  

r e l a t i v e  i m p o r t a n c e  o f  t h e  f a c t o r s .  

R e p o r t e d  a r e  a l l  o f  t h e  f a c t o r s  o b -  

t a i n e d  b y  s e l e c t i n g  t h e  t o p  f i v e  f a c -  

t o r s  f r o m  t h e s e  d a i l y  r a n k i n g s .  T h e s e  

f a c t o r s  w e r e  r e t a i n e d  f o r  f u r t h e r  

e v a l u a t i o n  a s  recommended f o r  t h e  

P l a c k e t t  Burman s c r e e n i n g  p r o c e d u r e .  ( 3  

Ranked  f a c t o r s  w h i c h  w e r e  s t a t i s t i c a l l y  

s i g n i f i c a n t  a t  a  9 5 %  c o n f i d e n c e  l e v e l  

w e r e  t e m p e r a t u r e ,  c o n c e n t r a t i o n  o f  

c a r b o n  d i o x i d e  a n d  s u l f a t e  i n  t h e  

l e a c h a t e ,  a n d  c o n c e n t r a t i o n  o f  f i x a -  

t i o n  m a t e r i a l ,  s i l v e r  n i t r a t e ,  b e n t o n -  

t h e  c e m e n t  m a t r i x .  The r e m a i n d e r  o f  

t h e  r a n k e d  f a c t o r s ,  w h i c h  w e r e  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t ,  w e r e  f i x a -  

t i o n  m a t e r i a l  s o l u b i l i t y ,  c o n c e n t r a -  

t i o n  o f  c a l c i u m  i n  t h e  l e a c h a t e ,  c o n -  

c e n t r a t i o n  o f  b a r i u m  i n  t h e  c e m e n t  

m a t r i x ,  a p p l i c a t i o n  o f  a  c o m m e r c i a l  

d r e s s i n g  o r  s o d i u m  s i l i c a t e  c o a t i n g ,  

a n d  c u r i n g  t i m e .  F i g u r e  5 . 1  p r o v i d e s  

a  r e p r e s e n t a t i o n  o f  t h e  r e l a t i v e  

i m p o r t a n c e  o f  t h e s e  f a c t o r s  a s  a  f u n c -  

t i o n  o f  t i m e .  The  m o s t  c o n s i s t e n t  

e f f e c t s  w e r e  o b s e r v e d  w i t h  t e m p e r a t u r e ,  

c o n c e n t r a t i o n  o f  C02 i n  t h e  l e a c h a t e ,  

c o n c e n t r a t i o n  o f  t h e  f i x a t i o n  m a t e r i a l ,  

c a t i o n  common t o  t h e  f i x a t i o n  m a t e r i a l ,  

a n d  s i l v e r  n i t r a t e  i n  t h e  c e m e n t  

m a t r i x ,  a s  d e s c r i b e d  b e l o w :  

I n c r e a s i n g  t e m p e r a t u r e  i n c r e a s e d  

t h e  l e a c h  r a t e  o f  i o d a t e  f r o m  t h e  

c e m e n t  m a t r i x .  T h i s  e f f e c t  was 

g r e a t e s t  d u r i n g  t h e  f i r s t  7 d a y s  

o f  l e a c h i n g .  The  t e m p e r a t u r e  l e v e l s  

i n  t h i s  s t u d y  w e r e  a m b i e n t  a n d  75OC. 

I n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  C02 

i n  t h e  l e a c h a t e  d e c r e a s e d  t h e  l e a c h  

r a t e  o f  i o d a t e .  The  e f f e c t  was 

l a r g e s t  d u r i n g  t h e  f i r s t  9 d a y s .  

The  i n i t i a l  c o n c e n t r a t i o n  l e v e l s  

i t e ,  a l u m i n u m  c h l o r i d e ,  a n d  c a t i o n  f o r  C02 i n  t h e  l e a c h a t e  w e r e  0 a n d  

common t o  t h e  f i x a t i o n  m a t e r i a l  i n  0 . 0 4  M. - 



0 1 2 3 4 5 6 7 8 9 1 0  11 12 1 3 1 4  15 

CUMULATIVE LEACH PERIOD, days 

KEY FOR FIGURE 5.1 

FACTOR 

A.a [ A ~ + ]  CEMENT 

B. b [6at2] LEACHATE 

C,C [co~] LEACHATE 

D . d  COMMERCIAL DRESSING 

I,  i [ I O ~ ]  CEMENT 

K. k SOLUBILITY FIXATION MATERIAL 

N . n  SODIUM SILICATE COATING 

FACTOR 

[AIC13] CEMENT 

[BENTONITE] CEMENT 

  SO:^ LEACHATE 

TEMPERATURE 

[ ~ a  t2] LEACHATE 

CONCENTRATION I N  CEMENT 
OF CATION COMMON TO 
FIXATION MATERIAL 

CURING TIME 

CAPITAL LETTERS - FACTORS SIGNIFICANT AT A 95"hONFlDENCE LEVEL 

FIGURE 5 . 1 .  S i g n i f i c a n t  F a c t o r  E f f e c t s  

I n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  

f i x a t i o n  m a t e r i a l  i n  t h e  c e m e n t  

s a m p l e  i n c r e a s e d  t h e  l e a c h  r a t e .  

T h e  e f f e c t  was g r e a t e s t  a f t e r  t h e  

t h i r d  d a y .  C o n c e n t r a t i o n  l e v e l s  

w e r e  0 . 1 3 7  a n d  0 . 6 8 6  mmole  i o d a t e /  

g  c e m e n t .  

o A d d i n g  s i l v e r  n i t r a t e  t o  t h e  c e m e n t  

m a t r i x  d e c r e a s e d  t h e  l e a c h  r a t e  o f  

i o d a t e .  T h e  e f f e c t  became s i g n i f i -  

c a n t  a f t e r  4 d a y s .  C o n c e n t r a t i o n  

l e v e l s  w e r e  0 a n d  0 . 0 1 4  mmole  s i l -  

v e r  i o n / g  c e m e n t .  

A d d i n g  t o  t h e  c e m e n t  m a t r i x  a  

c a t i o n  common t o  t h e  f i x a t i o n  m a t e -  

r i a l  d i d  n o t  r e s u l t  i n  t h e  p r e d i c t e d  

r e t a r d a t i o n .  B e t w e e n  t h e  f o u r t h  

a n d  t h i r t e e n t h  l e a c h i n g  d a y s  c a t i o n  

a d d i t i o n  i n c r e a s e d  t h e  l e a c h  r a t e .  

T h e  l e v e l s  o f  c a t i o n  a d d i t i o n  w e r e  

0  a n d  0 . 6 8 6  mmole  c a t i o n / g  c e m e n t .  

T h e  r e m a i n i n g  f a c t o r s  h a d  e f f e c t s  

w h i c h  w e r e  e i t h e r  o f  s h o r t  d u r a t i o n  

o r  o f  i r r e g u l a r  o c c u r r e n c e .  S o l u -  

b i l i t y  o f  t h e  f i x a t i o n  m a t e r i a l  was 

i m p o r t a n t  d u r i n g  t h e  f i r s t  2 d a y s  o f  

l e a c h i n g :  i o d a t e  l e a c h  r a t e  i n c r e a s e d  

w i t h  i n c r e a s i n g  s o l u b i l i t y  o f  t h e  

f i x a t i o n  compound.  C o n c e n t r a t i o n  o f  

c a l c i u m  i n  t h e  l e a c h a t e  was i m p o r t a n t  

d u r i n g  t h e  t h i r d ,  f o u r t h ,  a n d  

e l e v e n t h  l e a c h  d a y s :  i n c r e a s e d  c o n -  

c e n t r a t i o n  o f  c a l c i u m  i n  t h e  l e a c h a t e  

i n c r e a s e d  t h e  l e a c h  r a t e .  R a n k e d  

f a c t o r s  s h o w i n g  no  o b v i o u s  t r e n d  



were c o n c e n t r a t i o n  of barium and ben- 
t o n i t e  i n  t h e  cement m a t r i x ,  a p p l i c a -  
t i o n  of commercial d r e s s i n g  o r  sodium 
s i l i c a t e  c o a t i n g ,  c o n c e n t r a t i o n  of 
s u l f a t e  i n  t h e  l e a c h a t e ,  and c u r i n g  
t i m e .  

Although t h e  d a t a  were p r e s e n t e d  
a s  i f  each  f a c t o r  were i s o l a t e d ,  i n t e r -  
p r e t a t i o n  of t h e  r e a l  c e m e n t / i o d a t e  
l e a c h i n g  sys tem shou ld  c o n s i d e r  each 
f a c t o r  a s  an i n t e g r a l  p a r t  of t h e  

t o t a l  sys tem.  Exp lana t i on  of  t h e  
e f f e c t s  o f  t h e  more impor t an t  and 
c o n s i s t e n t  f a c t o r s  observed  w i l l  be 
d i s c u s s e d  i n  a  t o p i c a l  r e p o r t .  The 
f o l l o w i n g  comments on t h e s e  e f f e c t s  
a r e  l a r g e l y  c o n j e c t u r e .  In t h e s e  
comments a  p o s i t i v e  e f f e c t  co r r e sponds  
t o  an i n c r e a s e d  l e a c h  r a t e ,  and a  
n e g a t i v e  e f f e c t  t o  a  dec rea sed  l e a c h  
r a t e .  

The p o s i t i v e  e f f e c t  of t e m p e r a t u r e  
on t h e  l e a c h  r a t e  of i o d a t e  from a  
cement m a t r i x  i s  c o n s i s t e n t  w i th  s o l u -  
b i l  i t y ,  d i f f u s i o n ,  and cement s t a b i l -  
i  t y  phenomena. ( 4 )  F u r t h e r  s t u d y  i s  
r e q u i r e d  t o  d e f i n e  t h e  mechanisms. 

Evidence s u g g e s t s  t h a t  r e g u l a t i o n  of 
t e m p e r a t u r e  d u r i n g  l e a c h  s t u d i e s  i s  
impor t an t  and t h a t  t e m p e r a t u r e  c r i -  
t e r i a  may need t o  be e s t a b l i s h e d  f o r  
1 2 9 ~  s t o r a g e  i n  cement .  

The n e g a t i v e  e f f e c t  of C02 concen-  
t r a t i o n  i n  t h e  l e a c h a t e  on t h e  l e a c h  
r a t e  of i o d a t e  from cement may r e s u l t  
from p o r e - f i l l i n g  o r  c o a t i n g  a c t i o n s  
of  c a r b o n a t e  s a l t s .  These r e s u l t s  
s u g g e s t  t h a t  a  c a r b o n a t e  p r e t r e a t m e n t  
f o r  cement c o n t a i n i n g  t h e  i o d i n e  f i x a -  
t i o n  form may r educe  t h e  i o d a t e  l e a c h  

r a t e  and t h u s  p rov ide  a  more s t a b l e  

s t o r a g e  form. 

The p o s i t i v e  e f f e c t  o f  i o d a t e  con- 
c e n t r a t i o n  on t h e  l e a c h i n g  of i o d a t e  
from cement s u g g e s t s  t h a t  a  compromise 
may be r e q u i r e d  between t h e  r e s i s t a n c e  
t o  l e a c h i n g  and t h e  amount of f i x a t i o n  
m a t e r i a l  e n c a p s u l a t e d .  

Add i t i on  of s i l v e r  n i t r a t e  t o  t h e  
cement ma t r i x  cause s  a  n e g a t i v e  e f f e c t  
on t h e  i o d a t e  l e a c h  r a t e .  Th i s  i n d i -  
c a t e s  t h a t  s i l v e r  i o n s  may t r a p  f r e e  
i o d a t e  r e s u l t i n g  from s o l u b i l i t y  and/  
o r  exchange p r o c e s s e s .  The e f f e c t i v e -  
ne s s  of t h i s  f a c t o r  w a r r a n t s  f u r t h e r  
i n v e s t i g a t i o n .  

The a d d i t i o n  of  common c a t i o n  t o  
t h e  cement m a t r i x  caused an unexpec ted  
e f f e c t  on t h e  l e a c h  r a t e  of  i o d a t e .  
Th i s  may be due t o  i n t e r f e r e n c e  of  t h e  
e x c e s s  i o n s  of t h e  s a l t  wi th  t h e  cement 
c u r i n g  p r o c e s s .  ( 4 )  Th i s  e f f e c t  dem- 
o n s t r a t e s  t h e  i n t e r a c t i o n  of  t h e  
cement system wi th  b a s i c  l e a c h i n g  
phenomena. I t  s u g g e s t s  t h e  need t o  
avo id  adding  l a r g e  amounts of  i o n s  
uncommon t o  t h e  cement m a t r i x .  

From t h e  l e a c h  d a t a  c o l l e c t e d  i n  
t h i s  s t u d y  s p e c i f i c  v a l u e s  can be 
e x t r a c t e d  and compared w i th  p r e v i o u s l y  
performed l e a c h  t e s t s .  By t h e  f i f -  
t e e n t h  day of l e a c h i n g ,  0 .02 t o  2 .05  
w t %  of t h e  i o d a t e  had been l eached  
from t h e  specimens and t h e  i nc r emen ta l  
l e a c h  r a t e  f o r  t h a t  day ranged from 
0  t o  2.23 x  cm/day. Values f o r  
s i m i l a r  i o d a t e  l e a c h  r a t e  e x p r e s s i o n s  
e x t r a c t e d  from d a t a  c o l l e c t e d  by Oak 
Ridge Nat iona l  Labo ra to ry  ( O R N L )  were 
i n  t h e  range  of 0.44 w t %  and 2.4 x  

cm/day. (5) The d i f f e r e n c e s  between 
t h e  O R N L  v a l u e s  and t h e  l owes t  v a l u e s  
o b t a i n e d  i n  t h e  s c r e e n i n g  t e s t  sup-  

P o r t  t h e  concept  o f  d e c r e a s i n g  t h e  



l e a c h  r a t e  b y  o p t i m i z i n g  t h e  m o s t  

i n f l u e n t i a l  f a c t o r s .  

F u t u r e  s t u d i e s  t o  b e  c o n d u c t e d  

i n c l u d e :  

e x t e n d e d - t i m e  l e a c h  s t u d y  t o  e s t a b -  

l i s h  p r e d i c t a b i l i t y  c u r v e s  f o r  e x -  

t r a p o l a t i o n  t o  l o n g - t e r m  s t o r a g e  

a  r e s p o n s e  s u r f a c e  a n a l y s i s  t o  

e s t a b l i s h  p r e d i c t a b i l i t y  c u r v e s  

f o r  t e m p e r a t u r e ,  c o n c e n t r a t i o n s  o f  

C02 i n  t h e  l e a c h a t e ,  a n d  c o n c e n t r a -  

t i o n  o f  f i x a t i o n  m a t e r i a l  a n d  s i l v e r  

n i t r a t e  i n  t h e  c e m e n t  m a t r i x .  

o s c r e e n i n g  t e s t  t o  d e t e r m i n e  f a c t o r s  

a f f e c t i n g  t h e  l e a c h  r a t e  o f  i o d i d e  

f i x a t i o n  m a t e r i a l s  i n  c e m e n t  

s c r e e n i n g  t e s t  t o  d e t e r m i n e  f a c -  

t o r s  a f f e c t i n g  t h e  l e a c h  r a t e  o f  

c a r b o n a t e  f i x a t i o n  m a t e r i a l s  i n  

c e m e n t .  

I O D I N E  TRAPPING - K .  D .  W i e m e r s  

A  s y s t e m  was c o n s t r u c t e d  a n d  

t e s t e d  f o r  l o a d i n g  i o d i d e  o n t o  m e t a l  

e x c h a n g e d  z e o l i t e s  f o l l o w e d  b y  r e -  

c y c l i n g  o f  t h e  z e o l i t e  b e d  b y  r e g e n -  

e r a t i o n  w i t h  h y d r o g e n .  T h i s  w o r k  was 

t h e  i n i t i a l  p h a s e  i n  c o n t i n u i n g  t h e  

e x t e n s i v e  t e s t s  o f  d i f f e r e n t  m e t a l -  

e x c h a n g e d  z e o l i t e s  f o r  t r a p p i n g  i o d i n e  

f r o m  d i s s o l v e r  o f f - g a s  p e r f o r m e d  a t  

t h e  I d a h o  N a t i o n a l  E n g i n e e r i n g  L a b o r a -  

t o r y  ( I N E L ) .  ( 6 ' 7 )  F u t u r e  w o r k  i n c l u d e s  

s t u d i e s  o f  b o t h  t h e  c h a r a c t e r i s t i c s  

o f  m e t h y l  i o d i d e  l o a d i n g  o n t o  r e d u c e d  

m e t a l  z e o l i t e s  a n d  v a r i o u s  s t r i p p i n g  

t e c h n i q u e s .  T h e  d a t a  d e s c r i b e d  b e l o w  

a r e  t o  p r o v i d e  a  r e f e r e n c e  p o i n t  f o r  

t h e s e  i n v e s t i g a t i o n s .  

T h e  i o d i n e  l o a d i n g  a p p a r a t u s  was 

d e s c r i b e d  i n  a  p r e v i o u s  r e p o r t .  ( 2  

I n  t h e  i o d i n e  s t r i p p i n g  s y s t e m  n i t r o -  

g e n  a n d  1 0 0 %  h y d r o g e n  w e r e  p l u m b e d  

t o  t h e  r e a c t i o n  v e s s e l  t o  p u r g e  t h e  

s y s t e m  w i t h  n i t r o g e n  a n d  t h e n  r e p l a c e  

t h e  n i t r o g e n  w i t h  h y d r o g e n .  T h e  i n -  

f l u e n t  g a s  was p r e h e a t e d  i n  a  U - t u b e  

a n d  p a s s e d  i n t o  t h e  b o t t o m  o f  t h e  r e -  

a c t i o n  v e s s e l .  T h i s  a r r a n g e m e n t  p r o -  

v i d e d  a n  i o d i n e  s t r i p p i n g  o p e r a t i o n  

c o u n t e r c u r r e n t  t o  t h e  i o d i n e  l o a d i n g  

p r o c e s s .  T h e  h y d r o g e n  i o d i d e  i n  t h e  

e f f l u e n t  was t r a p p e d  w i t h  0 . 1  N  NaOH 

s c r u b b e r s .  A  c o l d t r a p  d o w n s t r e a m  f r o m  

t h e  s c r u b b e r s  r e m o v e d  w a t e r  f r o m  t h e  

e f f l u e n t  t o  p r e v e n t  c o n d e n s a t i o n ' s  

f o r m i n g  i n  t h e  e x h a u s t  f l o w m e t e r .  An 

i o d i d e - s p e c i f i c  i o n  e l e c t r o d e  was u s e d  

t o  a n a l y z e  t h e  s c r u b b e r  s o l u t i o n s .  

T h i s  a n a l y t i c a l  m e t h o d  h a d  a  d e t e c -  

t i o n  l i m i t  f o r  o u r  c o l l e c t i o n  s y s t e m  

o f  2 . 5  p p b  H I  ( g )  b y  v o l u m e .  

S t u d i e s  o f  t h e  f l o w  r a t e  a n d  c o l u m n  

d i m e n s i o n s  i n d i c a t e d  t h a t  t h e  i o d i n e  

l o a d i n g  c a p a c i t y  c o u l d  b e  s i g n i f i c a n t l y  

i n c r e a s e d  o v e r  t h o s e  p r e v i o u s l y  r e -  

p o r t e d ( 3 )  b y  u s i n g  a  1 0 - c m  b e d  d e p t h .  

A t  t h i s  d e p t h  t h e  i o d i n e  l o a d i n g  c a -  

p a c i t y  a t  r o o m  t e m p e r a t u r e  f a c e  v e l o c -  

i t i e s  o f  5 . 1  a n d  1 5  m / m i n  d i d  n o t  v a r y  

s i g n i f i c a n t l y .  R e p r o d u c i b i l i t y  o f  

t h e  I N E L  i o d i n e  l o a d i n g  a n d  s t r i p p i n g  

d a t a  y 2 )  p r o v i d e d  t h e  a c c e p t a n c e  

c r i t e r i a  f o r  t h e s e  p a r a m e t e r s .  

The  t e s t i n g  c o n d i t i o n s  f o r  b o t h  

t h e  i o d i n e  l o a d i n g  a n d  i o d i n e  s t r i p -  

p i n g  p r o c e s s e s  a r e  g i v e n  i n  T a b l e  5 . 2 .  

S i  l v e r - e x c h a n g e d  ( 1 8 . 2 % )  m o r d e n i  t e ,  

Agm, i n  t h e  f o r m  o f  1 / 1 6 - i n .  e x t r u -  

d a t e s  was u s e d  i n  t h i s  s t u d y .  

The  r e s u l t s  f o r  t h e  i o d i n e  l o a d i n g  

a r e  b e s t  d i s c u s s e d  i n  t e r m s  o f  t h e  

i n s t a n t a n e o u s  d e c o n t a m i n a t i o n  f a c t o r  

a s  a  f u n c t i o n  o f  l o a d i n g  c a p a c i t y  ' 

( ~ i ~ u r e s  5 . 2  a n d  5 . 3 ) .  T h e  c u r v e s  

b e g i n  a t  a  l o a d i n g  c a p a c i t y  c o r r e s p o n d -  

i n g  t o  t h e  m i n i m u m  t i m e  r e q u i r e d  t o  



TABLE 5.2. Experimental Condit ions 

I o d i n e  Loading I o d i n e  S t r i p p i n g  

Run o r d e r ( a )  

Dry bed wt, g 

Bed diameter, cm 2.5 2.5 2.5 

Bed depth, cm 10.0 10.0 10.0 

Bed temperature, OC 150 150 500 

C a r r i e r  gas A i r  A i r  Hydrogen 

Face v e l o c i t y ,  m/min 5.1 . 5.1 5.1 

Average 12 concentrat ion,  2.0 1.5 0.0 
g/m3 
Average ti20 ( g )  concen- 7 7 0 
t r a t i o n ,  X 
Pretreatment  ( c )  ( d l  ( e l  

a .  The Agm was exposed t o  t h e  f o l l o w i n g  sequent ia l  runs:  
1 )  i o d i n e  loading,  2)  i o d i n e  s t r i p p i n g ,  and 3) i o d i n e  
r e 1  oadi ng . 

b. To m a i n t a i n  d i s t r i b u t i o n  o f  mordeni te m a t e r i a l ,  t h e  weight  
was n o t  determined p r i o r  t o  these runs. 

c .  The Agm was exposed t o  a i r  c o n t a i n i n g  7% Hz0 a t  a f l o w  r a t e  
o f  2.5 L/min f o r  23 h r  a t  150°C. 

d. Mordeni te m a t e r i a l  was loaded and s t r i p p e d  under g iven  
cond i t i ons .  

e. Mordeni te m a t e r i a l  was loaded w i t h  i o d i n e  and exposed 
t o  d r y  n i t r o g e n  f o r  2 h r  a t  300°C. 

I I I I I I 
10 40 60 80 100 120 

mg I/g Agm 

FIGURE 5 . 2 .  R u n  1 :  I o d i n e  L o a d i n g  o n t o  S i l v e r  M o r d e n i t e  
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FIGURE 5.3 .  Run 3:  I o d i n e  L o a d i n g  o n t o  R e c y c l e d  
S i  1  v e r  M o r d e n i  t e  

r e c o v e r  t h e  f i r s t  e f f l u e n t  samp le .  a  d e c o n t a m i n a t i o n  f a c t o r  o f  4. The 

F i g u r e  5 . 3  i s  s h i f t e d  t o  t h e  r i g h t  amount  o f  i o d i n e  p h y s i c a l l y  a b s o r b e d  

because  t h e  i o d i n e  p r e v i o u s l y  l o a d e d  

and n o t  s t r i p p e d  was i n c l u d e d  i n  t h e  

l o a d i n g  c a p a c i t y .  T a b l e  5.3 sum- 

m a r i z e s  t h e s e  d a t a .  

D u r i n g  t h e  f i r s t  r u n  t h e  s i l v e r -  

exchanged  m o r d e n i t e  was l o a d e d  t o  

1 0 9  mg I / g  Agm. T h i s  c o r r e s p o n d s  t o  

TABLE 5.3. Iod ine Loading Results 

Maximum 17 Loading, 
mg~/gm Agm - 

Run  umber(^) D F > ~  o3 DF>1 o2 

a. Defined i n  Table 5 . l ( a ) .  
b. The Agm used f o r  Run 1  was pre- 

t r ea ted  w i t h  a i r  conta in ing  7% 
Hz0 a t  150°C f o r  23 hr. 

c. The Agm used f o r  Run 3  was no t  
removed from the reac t i on  vessel 
s ince Run 1. I t s  "pretreatment" 
t he re fo re  cons is ts  o f  a l l  the  
previous runs. 

was c a l c u l a t e d  f r o m  t h e  i o d i n e  t r a p p e d  

i n  t h e  c a u s t i c  s c r u b b e r  d u r i n g  t h e  

n i t r o g e n  d r y i n g  p e r i o d .  D u r i n g  t h i s  

p e r i o d  0 .6% o f  t h e  t o t a l  i o d i n e  l o a d e d  

o n  t h e  s i l v e r - e x c h a n g e d  m o r d e n i t e  was 

removed.  The i n c r e a s e  i n  l o a d i n g  

c a p a c i t y  ( f r o m  4 2  t o  1 1 8  mg I / g  Agm 

a t  DF o f  l o 3 )  o b s e r v e d  d u r i n g  Run 3  

may be due t o  t h e  r e d u c t i o n  a n d / o r  

m i g r a t i o n  o f  t h e  s i l v e r  d u r i n g  t h e  

i o d i n e  s t r i p p i n g  p r o c e s s .  ( 8 )  

The r e s u l t s  f o r  t h e  i o d i n e  s t r i p -  

p i n g  a r e  p r e s e n t e d  i n  t e r m s  o f  t h e  

d e s o r p t i o n  r a t e  o f  h y d r o g e n  i o d i d e  as  

a  f u n c t i o n  o f  t h e  amount  o f  i o d i n e  

removed f r o m  t h e  i o d i n e - l o a d e d  s i  1  v e r -  

exchanged  m o r d e n i t e  ( F i g u r e  5 . 4 ) .  The 

a v e r a g e  H I  s t r i p  r a t e  was 2.1 mg H I /  

min-cm2,  o c c u r r i n g  when 27 t o  70% o f  

t h e  l o a d e d  i o d i n e  had been  removed  

f r o m  t h e  s i l v e r - e x c h a n g e d  m o r d e n i t e .  

A  s h a r p  d e c r e a s e  i n  t h e  H I  s t r i p  r a t e  
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FIGURE 5 . 4 .  Run 2:  I o d i n e  S t r i p p i n g  
f r o m  S i l v e r  I o d i d e  M o r d e n i t e  

was o b s e r v e d  a f t e r  70% o f  t h e  l o a d e d  

i o d i n e  was removed f r o m  t h e  s i l v e r -  

e x c h a n g e d  m o r d e n i t e .  The s t r i p p i n g  

p r o c e s s  was t e r m i n a t e d  when 80% o f  

t h e  l o a d e d  i o d i n e  was removed f r o m  t h e  

s i l v e r - e x c h a n g e d  m o r d e n i t e .  The H I  

s t r i p  r a t e  a t  t e r m i n a t i o n  was 0.2 mg 
2 I l m i n - c m  . 

IODIDE TO IODATE CONVERSION - 
R.  D .  S c h e e l e  

A d d i t i o n a l  e x p e r i m e n t s  were  p e r -  

f o r m e d  t o  e v a l u a t e  e l e c t r o l y t i c  o x i -  

d a t i o n  o f  i o d i d e  t o  i o d a t e  and  t o  

d e t e r m i n e  t h e  e f f e c t  o f  h y d r o x i d e  

c o n c e n t r a t i o n  o n  o z o n e  o x i d a t i o n  o f  

i o d i d e .  

The e l e c t r o l y s i s  was p e r f o r m e d  

by  a  p o r o u s  P y r e x  g l a s s  f r i t .  N e i t h e r  

c o m p a r t m e n t  was s p a r g e d .  The mecha- 

n i s m  and r e a s o n s  f o r  s e l e c t i o n  o f  t h e  

a n o d e l y t e  and c a t h o d e l y t e  a r e  d i s -  

c u s s e d  b y  W i l l a r d  and R a l s t o n .  

The c e l l  was o p e r a t e d  f o r  1 . 6  h r  
2 a t  a  c u r r e n t  d e n s i t y  o f  0.1 amp/cm . 

A t  t h e  end o f  t h i s  p e r i o d  98% o f  t h e  

i o d i d e  was c o n v e r t e d  t o  i o d a t e  a s  

d e t e r m i n e d  b y  i o d i o m e t r i c  t i t r a t i o n ;  

8% o f  t h e  i o d a t e  was f o u n d  i n  t h e  

c a t h o d e  s o l u t i o n .  Two o x i d a t i o n  s t e p s  

were  o b s e r v e d :  1) t h e  i o d i d e  c o n v e r -  

s i o n  t o  i o d i n e  and 2) i o d i n e  c o n v e r -  

s i o n  t o  i o d a t e .  D u r i n g  t h e  e x p e r i -  

men t  i o d i n e  p r e c i p i t a t e d  o u t  o n  t h e  

anode.  I o d i n e  was a l s o  p r e s e n t  i n  t h e  

v a p o r  above  t h e  s o l u t i o n .  As t h e  i o -  

d i n e  was o x i d i z e d ,  t h e  i o d i n e  i n  t h e  

u s i n g  a  t e c h n i q u e  s i m i l a r  t o  t h a t  v a p o r  phase r e d i s s o l v e d ;  t h u s  no i o -  

d e v e l o p e d  b y  H.  H .  W i l l a r d  and d i n e  was l o s t  due t o  v a p o r i z a t i o n .  

R. R .  ~ a l s t o n ' ~ )  f o r  c o n v e r s i o n  o f  P o s s i b l e  me thods  f o r  r e t a r d i n g  i o d i n e  

i o d i n e  t o  i o d a t e .  I n  o u r  wo rk  t h e  v o l a t i l i z a t i o n  i n c l u d e  i n c r e a s i n g  t h e  

a n o d e l y t e  was 0.8 M H C 1  and  0 .1  M K I ,  HC1 c o n c e n t r a t i o n  a n d / o r  o p e r a t i n g  a t  

and  t h e  c a t h o d e l y t e  2 M HN03. P l a t i -  l o w e r  t e m p e r a t u r e s .  

num d i s k s  were  used  f o r  b o t h  e l e c -  As m e n t i o n e d  i n  t h e  p r e v i o u s  q u a r -  

t r o d e s .  The e l e c t r o l y s i s  c e l l  con -  t e r l y  r e p o r t ,  o z o n e  o x i d a t i o n  o f  i o -  

s i s t e d  o f  two c o m p a r t m e n t s  s e p a r a t e d  d i d e  r e q u i r e s  a  pH > 7  t o  p r e v e n t  



i o d i n e  v o l a t i l i z a t i o n .  T h e  t w o  e x -  

p e r i m e n t s  d e s c r i b e d  h e r e  w e r e  p e r f o r m e d  

i n  0 . 0 5  a n d  0 . 0 1  M NaOH. T h e  i o d i d e  

c o n c e n t r a t i o n  was 0 . 1  M. I o d i o m e t r i c  

t i t r a t i o n s  w e r e  u s e d  f o r  d e t e r m i n i n g  

t h e  i o d i d e  o x i d a t i o n  p r o d u c t s .  F o r  

b o t h  e x p e r i m e n t s  t h e  o z o n e  c o n c e n t r a -  

t i o n  was 4 . 5  m o l e  % i n  a i r .  I n  t h e  

f i r s t  e x p e r i m e n t  t h e  p r o d u c t  was a  

m i x t u r e  o f  i o d a t e  a n d  p e r i o d a t e ;  a  

w h i t e  p r e c i p i t a t e  b e g a n  f o r m i n g  a t  a n  

o z o n e - t o - i o d i n e  m o l e  r a t i o  o f  1 8 .  

T h e  e x p e r i m e n t  was t e r m i n a t e d  a t  a n  

o z o n e - t o - i o d i n e  m o l e  r a t i o  o f  90.  I n  

t h e  s e c o n d  e x p e r i m e n t  i o d a t e  was t h e  
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6.1  

6 . 0  INTERNATIONAL P R O G R A M  COORDINATION 

K .  M .  Harmon - P r o j e c t  Manager 

Develop and maintain an information system covering nuclear waste 
management R&D Programs and technology in other nations, for use by 
U.S. government agencies and DOE contractors. 

C o l l e c t i n g ,  r ev i ew ,  summarizing Research and r e f e r e n c e  s e r v i c e s  were 

and c a t a l o g i n g  of s i g n i f i c a n t  f o r e i g n  provided t o  D O E  and c o n t r a c t o r  pe r -  

t r a v e l  r e p o r t s ,  t e c h n i c a l  documents,  sonnel  upon t h e i r  r e q u e s t .  

and o t h e r  p u b l i c a t i o n s  con t inued .  





7 . 0  WASTE MANAGEMENT SYSTEM STUDIES 

J. V. R o b i n s o n  - P r o g r a m  Manage r  

The o b j e c t i v e s  o f  t h i s  program a r e  t o  e v a l u a t e  a l t e r n a t i v e  s y s t e m s  
f o r  t r e a t m e n t  and d i s p o s a l  o f  r a d i o a c t i v e  w a s t e s  and t o  d e v e l o p  i n f o r -  
m a t i o n  r e q u i r e d  t o  e n s u r e  e f f e c t i v e  communicat ion w i t h  t h e  p u b l i c .  

SUMMARY 

A  s e i s m i c i t y  c a t a l o g u e  was c o m p i l e d  

o f  a p p r o x i m a t e l y  5500  e a r t h q u a k e s  i n  

t h e  P a c i f i c  N o r t h w e s t .  S e i s m i c  s t r a i n  

r e l e a s e  maps w e r e  c o n s t r u c t e d  f o r  t h e  

H a n f o r d  a r e a ,  W a s h i n g t o n  S t a t e ,  t h e  

P a c i f i c  N o r t h w e s t ,  t h e  c o n t i n e n t a l  

U.S., A l a s k a ,  a n d  t h e  w o r l d .  A  map 

s h o w i n g  a l l  known f a u l t s  i n  t h e  S t a t e  

o f  W a s h i n g t o n  a n d  a n o t h e r  l o c a t i n g  

a l l  r i v e r s  a n d  l a k e s  i n  O r e g o n  w e r e  

c o n s t r u c t e d .  G e o l o g i c  f i e l d  i n v e s t i -  

g a t i o n s  o f  a  2 7 0 - k m - l o n g  p h o t o l i n e a -  

m e n t  i n  t h e  S t a t e s  o f  W a s h i n g t o n  a n d  

O r e g o n  w e r e  c o m p l e t e d  a n d  p r e l i m i n a r y  

c o n c l u s i o n s  r e a c h e d  r e g a r d i n g  t h e  

p h o t o l i n e a m e n t ' s  g e o l o g y .  

The  f e a s i b i l i t y  o f  u s i n g  k r i g i n g  

t o  c h a r a c t e r i z e  g e o l o g i c  w a s t e  r e p o s i -  

t o r y  s i t e s  h a s  b e e n  d e m o n s t r a t e d .  

Work was b e g u n  i n  d e v e l o p i n g  a  

s u i t a b l e  a n a l y t i c a l  f r a m e w o r k  f o r  t h e  

s y s t e m a t i c  a n a l y s i s  o f  w a s t e  manage-  

m e n t  i s s u e s  b y  a n  i n t e r d i s c i p l i n a r y  

( t e c h n i c a l  a n d  n o n t e c h n i c a l )  t eam.  

D r a f t  r e p o r t s  w e r e  c o m p l e t e d  o n  

p r i n t  m e d i a  c o v e r a g e  o f  n u c l e a r  a n d  

c o a l  i s s u e s ;  t h e  r e l a t i o n s h i p  o f  human 

v a l u e s  a n d  a t t i t u d e s  t o  n u c l e a r  p o w e r /  

n u c l e a r  w a s t e  i s s u e s ;  DOE'S commun i ca -  

t i o n  p r o c e s s ;  a n d  p u b l i c  a t t i t u d e s  

t o w a r d  w a s t e  d i s p o s a l  f a c i l i t i e s .  

DATA BASE DEVELOPMENT FOR NUCLEAR 

WASTE MANAGEMENT - H. P .  F o o t e  a n d  

T.  N. B i s h o p  

' T h i s  w o r k  i s  a i m e d  a t  p r o v i d i n g  

d a t a  a n d  m e t h o d s  t o  q u a n t i t a t i v e l y  

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

s e i s m i c  s t a b i l i t y  t h a t  a r e  a  c o n c e r n  

i n  l i c e n s i n g  a n d  s a f e t y  a n a l y s i s  p r o -  

c e d u r e s  f o r  w a s t e  r e p o s i t o r i e s .  

P r e s e n t  w o r k  i s  d e v e l o p i n g  t h e  d a t a  

b a s e  a n d  c o m p u t e r i z e d  c a p a b i  1  i t y  t o  

m a n i p u l a t e  t h e  d a t a  f o r  p r a c t i c a l  

a p p l i c a t i o n s .  

S e i s m i c  D a t a  Base  

A  s e i s m i c i t y  c a t a l o g u e  f o r  t h e  

P a c i f i c  N o r t h w e s t  was c o m p i l e d  t h i s  

q u a r t e r .  Ou r  v a r i o u s  d a t a  b a s e s  ( p r i -  

m a r i l y  N a t i o n a l  O c e a n i c  a n d  A t m o s p h e r i c  

A d m i n i s t r a t i o n  (NOAA); Canada;  a n d  

W o o d w a r d - C l y d e )  w e r e  m e r g e d  t o  f o r m  a  

t o t a l  o f  8 5 0 0  e a r t h q u a k e s  i n  t h e  r e g i o n  

o f  41°N t o  5Z0N a n d  a n d  103"W t o  135"W. 

R o u g h l y  3 0 0 0  d u p l i c a t e  e v e n t s  w e r e  s u b -  

s e q u e n t l y  i d e n t i f i e d  a n d  d i s c a r d e d ,  

u s i n g  t h e  p r o g r a m s  AUTO a n d  DOOP. 

Maps a t  a  s c a l e  o f  1 : 500 ,000  w e r e  

p l o t t e d  w i t h  s y m b o l  s i z e  a  f u n c t i o n  

o f  m a g n i t u d e .  T h e s e  maps, a l o n g  w i t h  

t h e  l i s t i n g s  o f  t h e  e v e n t s  i n  t h e  

c a t a l o g u e ,  w e r e  s e n t  t o  t h e  Army C o r p s  



of  Eng inee r s  i n  S e a t t l e  f o r  use  i n  

t h e i r  Dam S a f e t y  program. 

A s e i s m i c  s t r a i n  r e l e a s e  map was 

made f o r  t h e  P a c i f i c  Northwest u s ing  

t h e s e  d a t a .  B e n i o f f ,  i n  1952, pos tu -  

l a t e d  t h a t  s t r a i n  r e l e a s e ,  r e l a t e d  t o  

f a u l t  d i s p l a c e m e n t  a t  t h e  t ime  of t h e  

e a r t h q u a k e ,  i s  p r o p o r t i o n a l  t o  t h e  

s q u a r e  r o o t  o f  i t s  energy  r e l e a s e .  

The e n e r g y ,  E ,  can be r e l a t e d  t o  s u r -  

f a c e  wave magnitude (M,) u s ing  t h e  

e q u a t i o n  g iven  by R i c h t e r  ( 1 9 5 8 ) :  

l o g l O  E = 11.4 + 1.5Ms where 

E i s  i n  e r g s  (1 

O f t e n ,  however, M s  i s  unknown, and 

o t h e r  magnitudes o r  non ins t rumen ta l  

d a t a  such a s  i n t e n s i t y  o r  f e l t  a r e a  

must be used t o  s o l v e  f o r  t h e  ene rgy .  

Using t h e  P a c i f i c  Northwest  d a t a ,  t h e  

f o l l o w i n g  r e l a t i o n s  were d e r i v e d :  

M s  = 1.88mb -4 .65  ( m b  i s  body 

wave magnitude ( 2 )  

m b  = 0.75ML + 1 . 2 8  ( M L  i s  

l o c a l  magn i tude )  ( 3 )  

M s  = 1 .22  l o g l  O A  -0 .50  ( A  
2  i s  f e l t  a r e a  i n  k m  ) f o r  

e v e n t s  e a s t  of 120°W ( 4  

M s  = 1 . 4 7  loglOA -1 .53  f o r  

e v e n t s  west  of 120°W ( 5 )  

M s  = 0.667 I, + 1  ( I o  i s  
maximum i n t e n s i t y  on t h e  

Merca l l  i  s c a l e )  ( 6  

Energy was c a l c u l a t e d  f o r  each of 

t h e  e a r t h q u a k e s  u s i n g  e q u a t i o n s  ( 1 )  

t h rough  ( 6 ) .  Then t h e  a p p r o p r i a t e  

map p r o j e c t i o n  was chosen ,  a  g r i d  

system s e t  up,  and t h e  e n e r g i e s  of  

t h e  e a r t h q u a k e  i n  each s q u a r e  were 

summed. The summed energy  g r i d  was 

smoothed,  l o g a r i t h m s  were t a k e n ,  t h e  

d a t a  were con tou red  and p r i n t e d  on a  

c o l o r - c o n t o u r e d  map. The zones of 

high s e i s m i c  a c t i v i t y  show up well i n  

red  and ye l l ow .  The most a c t i v e  a r e a s  

seem t o  be t h e  Blanco f r a c t u r e  zone ,  

t h e  Gorda Ridge,  t h e  Mendocino f r a c -  

t u r e  zone ,  and t h e  Queen C h a r l o t t e  

I s l a n d s  f a u l t  o f f s h o r e ,  and t h e  Puget  

Sound-Wil lamette  t r ough  and t h e  Rocky 

Mountains on l a n d .  

Add i t i ona l  s t r a i n  r e l e a s e  maps of 

t h e  Hanford a r e a  and of t h e  S t a t e  of 

Washington were c o n s t r u c t e d  u s ing  

mic rose i smic  d a t a  from 1969-1978. 

S t r a i n  r e l e a s e  maps of t h e  c o n t i n e n t a l  

United S t a t e s ,  A la ska ,  and t h e  world 

used e d i t e d  d a t a  from t h e  N O A A  d a t a  

base .  These s t r a i n  r e l e a s e  maps have 

been s t u d i e d  c a r e f u l l y ,  and ~ c o n c l  u -  
s i o n s  w i l l  appea r  i n  a  f i n a l  r e p o r t .  

Mapping and Geographic Data Base 

A compos i te  f a u l t  map has been 

compiled f o r  t h e  S t a t e  of Washington 

from f i v e  s o u r c e s :  

1 .  S t a t e  of  Washington Department of 

Natura l  Resources Geologic  Map of  

Washington - 1961 

2. Geologic s t u d i e s  of Columbia R ive r  

B a s a l t  S t r u c t u r e s  and age  of  Deforma- 

t i o n .  The D a l l e s - U m a t i l l a  r e g i o n ,  

Washington and Oregon, Boardman 

Nuclear  P r o j e c t ,  Repor t  ID PJB by 

Shannon and Wilson,  I n c . ,  1973.  

3 .  Washington f a u l t  map 

4. Geologic  Reconnaissance  of  t h e  Cle  

Elum-Wallula Lineament and Re l a t ed  

S t r u c t u r e s ,  Shannon and Wilson,  I n c . ,  

1977. 

5. T e c t o n i c  map from Shannon and 

Wilson,  I n c . ,  r e p o r t  o n  WPPSS 

Nuclear  P r o j e c t  u n i t s  No. 1  and 

4 ,  1977. 

The f a u l t s  were d i g i t i z e d  i n  t h r e e  

c a t e g o r i e s :  

known f a u l t s  



i n f e r r e d  f a u l t s  

c o n c e a l e d  f a u l t s .  

T h e s e  maps  p r o v i d e  b e t t e r  c o v e r -  

a g e  i n  t h e  c e n t r a l  a n d  e a s t e r n  p o r -  

t i o n  o f  t h e  s t a t e  t h a n  i n  t h e  w e s t .  

T h e r e  i s  a l s o  a  r a n g e  o f  a c c u r a c y  a n d  

s c a l e  r e p r e s e n t e d  b y  t h i s  s a m p l e  o f  

m a p s .  H o w e v e r ,  many  o f  t h e  b e t t e r  

k n o w n  f a u l t s  a r e  c o v e r e d ,  a n d  t h e  

c o m p o s i t e  map c a n  b e  u p g r a d e d  i n  

l o c a l  a r e a s  w h e r e  t h e  i n f o r m a t i o n  i s  

a v a i l a b l e .  I n  m a k i n g  t h e  c o m p o s i t e  

map, d u p l i c a t e  f a u l t  c o v e r a g e  was 

e l i m i n a t e d  b y  r e t a i n i n g  w h a t  i s  

t h o u g h t  t o  b e  t h e  m o s t  c u r r e n t  a n d  

d e t a i l e d  i n t e r p r e t a t i o n .  S o u r c e s  2 

a n d  4 w e r e  r a n k e d  b e s t ,  f o l l o w e d  b y  

5, 1 a n d  3. F i g u r e  7 . 1  i s  a  p l o t  o f  

t h e  l e v e l  1 ,  o r  known,  f a u l t s .  T h e  

r e m a i n i n g  l e v e l s  o f  f a u l t s  c o u l d  b e  

p l o t t e d  s e p a r a t e l y  o r  a d d e d  i n  d i f -  

f e r e n t  c o l o r s  . 
T h e  c o m p i l a t i o n  o f  t h e  h i g h - r e s o l u -  

t i o n  O r e g o n  map f r o m  t h e  1 : 2 5 0 , 0 0 0 -  

s c a l e  s e r i e s  USGS maps h a s  b e e n  com- 

p l e t e d .  T h e r e  a r e  t w o  c o m p o s i t e  f i l e s :  

F i l e  1 :  c o a s t l i n e s ,  l a k e s ,  

i s l a n d s  a t  t h r e e  l e v e l s  

o f  d e t a i l  

F i l e  2 :  r i v e r s  a t  f o u r  l e v e l s  o f  

d e t a i l  p l u s  c a n a l s .  

I n  b o t h  f i l e s  t h e  p o i n t  s p a c i n g  c o r -  

r e s p o n d s  t o  a b o u t  6 0 0  f t  o n  t h e  g r o u n d .  

F i g u r e  7 . 2  i s  a  p l o t  o f  a l l  r i v e r  a n d  

l a k e  l e v e l s  f o r  O r e g o n .  E v e r y  f i f t h  

p o i n t  was p l o t t e d  i n  t h i s  c a s e  b e c a u s e  

o f  t h e  s m a l l  s c a l e .  M o r e  o f  t h e  

p o i n t s  w o u l d  b e  u s e d  f o r  a  l a r g e r  

s c a l e  map. 

Two new c o m p u t e r  p r o g r a m s  (ERGMAP, 

ERGPIC) w e r e  w r i t t e n  t o  p r o d u c e  t h e  

s e i s m i c  s t r a i n  r e l e a s e  maps.  T h e  

f i r s t  p r o g r a m  (ERGMAP) r e a d s  a  b i n a r y  

f i l e  c o n t a i n i n g  t h e  e a r t h q u a k e  l o c a -  

t i o n s  a n d  e n e r g i e s .  T h e  e v e n t s  a r e  

a v e r a g e d  o n  a  g r i d  a p p r o p r i a t e  t o  t h e  

s i z e  o f  t h e  r e g i o n  c o n s i d e r e d .  The  

map may b e  i n t e r p o l a t e d  t o  a  f i n e r  

s p a c i n g  a n d  s m o o t h e d .  S e v e r a l  com- 

m o n l y  u s e d  p r o j e c t i o n s  may b e  s e l e c t e d  

f o r  t h e  o u t p u t  map.  T h e  s e c o n d  p r o -  

g r a m  (ERGPIC) g e n e r a t e s  t h e  c o l o r -  

c o d e d  h a r d c o p y  i m a g e  o n  t h e  DICOMED 

d i g i t a l  i m a g e  r e c o r d e r .  A d d i t i o n a l l y ,  

t h e  p r o g r a m  comp.utes t h e  map s c a l e  a n d  

o t h e r  p a r a m e t e r s  r e q u i r e d  f o r  t h e  g e o -  

g r a p h i c  o v e r l a y .  T h e  o v e r l a y  map i s  

p r o d u c e d  w i t h  t h e  m a i n  m a p p i n g  p r o -  

g r a m s  a s  a  s t a n d a r d  p l o t  f i l e .  T h i s  

f i l e  i s  c o m b i n e d  o n  t h e  DICOMED n e g a -  

t i v e  t o  f o r m  t h e  c o m p l e t e  map. Any  

o f  t h e  a v a i l a b l e  g e o g r a p h i c  f i l e s  

c o u l d  b e  o v e r l a y e d  i n  t h i s  s t e p .  F o r  

e x a m p l e ,  t h e  W a s h i n g t o n  f a u l t  map 

c o u l d  h a v e  b e e n  a d d e d  t o  t h e  e n e r g y  

r e l e a s e  map. T h e  f i n a l  r e s u l t  i s  o n e  

c o l o r  n e g a t i v e  t h a t  may b e  p r i n t e d  a t  

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

We a r e  p r e s e n t l y  p r e p a r i n g  a  r e p o r t  

o n  t h e  c u r r e n t  s t a t u s  o f  t h e  GEOMAP 

s y s t e m  o f  p r o g r a m s  a n d  d a t a  b a s e s .  

I t  w i l l  c o n t a i n  d e t a i l e d  d e s c r i p t i o n s  

o f  t h e  p r o g r a m s  a n d  p r o v i d e  e x a m p l e s  

o f  t h e  o u t p u t  p r o d u c t s  p r o d u c e d  t o  

d a t e .  

GEOLOGIC INVESTIGATIONS I N  THE 

NORTHWEST - G. A. S a n d n e s s  a n d  

W .  M .  P h i l l i p s  

T h e  p u r p o s e  o f  t h i s  r e s e a r c h  p r o -  

g r a m  i s  t o  i d e n t i f y  a n d  e v a l u a t e  

m a j o r  p h o t o l i n e a m e n t s *  i n  t h e  

* A  p h o t o l i n e a m e n t  i s  a n  a l i g n m e n t  o f  
t o p o g r a p h i c ,  t o n a l ,  o r  t e x t u r a l  
f e a t u r e s  s e e n  i n  a e r i a l  p h o t o g r a p h s  
o r  s a t e l l i t e  i m a g e r y .  









FIGURE 7 .2 .  D i g i t i z e d  
R i v e r s  a n d  L a k e s  f o r  O r e g  
(116OW t o  125OW, 4Z0N t o  
46 "N)  





Northwest .  Research was d i v i d e d  i n t o  
t h e  f o l l o w i n g  primary t a s k s :  

use  of s a t e l l i t e  imagery,  U-2 
a e r i a l  photographs ,  and conven- 

t i o n a l  a e r i a l  photographs  t o  i den -  
t i f y  1  ineaments  t o  be s t u d i e d  

c o l l e c t i o n  of e x i s t i n g  g e o l o g i c a l  
and geophys ica l  d a t a  p e r t i n e n t  t o  
l ineament  s t u d i e s  

g e o l o g i c  f i e l d  s t u d i e s  of s e l e c t e d  
l i neamen t s  
e v a l u a t i o n  of  c o l l e c t e d  d a t a .  

Based upon a n a l y s i s  of Landsa t  

s a t e 1  1  i  t e  imagery,  augmented by U-2 

and conven t iona l  a e r i a l  pho tog raphs ,  
a  major NE-SW t r e n d i n g  photo l ineament  

abou t  270  km long  was i d e n t i f i e d  i n  

t h e  s t a t e s  of Washington and Oregon. 
The photo l ineament  c r o s s e s  t h e  Columbia 

River  nea r  P o r t l a n d ,  Oregon, and con- 

t i n u e s  N E  t o  a  p o i n t  j u s t  e a s t  o f  
Omak ~ a k e ,  Okanogan County, Washington. 

This  photo l ineament  was s e l e c t e d  f o r  

f u r t h e r  s t u d y  a f t e r  rock exposure  con- 

d i  t i o n s  and a c c e s s i b i l i t y  were shown, 
v i a  remote s e n s i n g  t e c h n i q u e s ,  t o  be 

f a v o r a b l e .  
Upon s e l e c t i o n  of t h e  major photo-  

l i n e a m e n t ,  a  d a t a  base was c o n s t r u c t e d  
u s ing  t h e  f o l l o w i n g  s o u r c e s :  

U n i v e r s i t y  of Washington and 
Washington S t a t e  U n i v e r s i t y  M.S.  

and P h  .D .  t h e s e s  
p u b l i c a t i o n s  o r  o p e n - f i l e  r e p o r t s  
o f  t h e  United S t a t e s  Geologica l  
Survey 
p u b l i c a t i o n s  o r  o p e n - f i l e  r e p o r t s  
o f  t h e  Department of Natura l  

Resou rces ,  S t a t e  of Washington 

dam s i t i n g  r e p o r t s  commissioned 
by P a c i f i c  Power and L igh t  f o r  

h y d r o e l e c t r i c  p r o j e c t s  i n  t h e  
c e n t r a l  Cascades of Washington 

p r o f e s s i o n a l  papers  pub l i shed  i n  
v a r i o u s  g e o l o g i c a l  and geophys ica l  

j o u r n a l s .  

Computer r e f e r e n c e  s e a r c h  s e r v i c e s  
were used t o  i n s u r e  comple teness  of 
t h e  d a t a  ba se .  Computer s e a r c h e s  were 
made of a l l  d a t a  pub l i shed  between 

1967 and t h e  p r e s e n t  conce rn ing  s t r u c -  

t u r a l  geo logy ,  igneous  p e t r o l o g y ,  

s e i s m i c i t y ,  vo lcan ism,  s ed imen ta ry  
p e t r o l o g y ,  and r e g i o n a l  geology i n  t h e  
S t a t e  of Washington. A n  a d d i t i o n a l  

computer s e a r c h  provided  l i s t i n g s  of 
c u r r e n t  g e o l o g i c  r e s e a r c h  i n  t h e  
s t a t e .  

Ana lys i s  of t h e  d a t a  base  i n d i c a t e d  

t h a t  NE-SW t r e n d i n g  f a u l t s  had been 

p r e v i o u s l y  r ecogn ized  a long  two por-  
t i o n s  of t h e  major pho to l i neamen t .  

The two a r e a s ,  t h e  Bumping Lake a r e a  
n o r t h e a s t  of Mt. R a i n i e r  and t h e  Lake 

Merwin a r e a  sou th  of Mt. S t .  Helens ,  

were s e l e c t e d  a s  s i t e s  f o r  g e o l o g i c  
f i e l d  s t u d i e s .  

The d a t a  base  was a l s o  used i n  con- 
j u n c t i o n  wi th  remote s e n s i n g  t e c h -  

n iques  t o  i d e n t i f y  f u r t h e r  a r e a s  a long  
t h e  t r a c e  of t h e  photo l ineament  b e s t  
s u i t e d  f o r  p r o d u c t i v e  g e o l o g i c  f i e l d  
s t u d i e s .  As t h e  g r e a t  l e n g t h  of t h e  
photo l ineament  prec luded  mapping a long  

i t s  e n t i r e  l e n g t h ,  t h e  f o l l o w i n g  
c r i t e r i a  were used t o  s e l e c t  f i e l d  
s i t e s :  1 )  rock t y p e ;  2 )  deg ree  of 

e x p r e s s i o n  of t h e  pho to l i neamen t ;  
3 )  amount of p r ev ious  work done a long  

t h e  pho to l i neamen t ;  4 )  a c c e s s i b i l i t y .  



p r e f e r e n c e  was g iven  t o  a r e a s  wi th  

s ed imen ta ry  o r  f l o o d  b a s a l t  l i t h o l -  

o g i e s  a s  t h e i r  uniform l a y e r i n g  a l l ows  
r a p i d  d e t e c t i o n  of f a u l t s .  

However, much of  t h e  l i neamen t  i s  

b e s t  e x p r e s s e d  i n  t h e  v o l c a n i c  t e r -  
r a i n  of  t h e  c e n t r a l  Cascades and i n  
t h e  g r a n i t i c  t e r r a i n  of t h e  Okanogan 

Highlands of n o r t h  c e n t r a l  Washington. 
Seve ra l  s i t e s  f o r  f i e l d  a n a l y s i s  were 

t h u s  chosen i n  t h o s e  l o c a l i t i e s  where 

e x p r e s s i o n  of  t h e  pho to l i neamen t ,  

e x i s t i n g  p r ev ious  work, and a c c e s s i -  

bi 1  i  t y  were f a v o r a b l e .  These a r e a s  

(shown i n  F igu re  7 . 1 )  a r e :  
1 .  t h e  Lake Merwin a r e a ,  Cowl i tz  and 

C la rk  c o u n t i e s ,  Washington 

2 .  t h e  S p i r i t  Lake a r e a ,  j u s t  n o r t h -  

e a s t  of M t .  S t .  Helens ,  Skamania 
County, Washington 

3 .  t h e  Randle a r e a ,  Lewis County, 

Washington 
4 .  t h e  Bumping Lake a r e a ,  e a s t  and 

n o r t h e a s t  o f  M t .  R a i n i e r ,  Lewis 

and Yakima c o u n t i e s ,  Washington 
5 .  t h e  Corba ley  Canyon a r e a ,  Douglas 

County,  Washington 
6 .  t h e  Omak Lake a r e a ,  Okanogan 

County, Washington. 
The f i r s t  f i v e  a r e a s  were s t u d i e d  

by B a t t e l l e  g e o l o g i s t s  from June  1978 
t o  t h e  end of  September 1978. Pre-  
v i o u s  work by B a t t e l l e  g e o l o g i s t s  i n  
t h e  Bumping Lake a r e a  was done i n  t h e  
f a l l  of 1977. 

G e o l o g i s t s  from Washington S t a t e  

U n i v e r s i t y  under  d i r e c t i o n  of Dr. 

J .  W .  M i l l s  were c o n t r a c t e d  by 
B a t t e l l e  t o  s t u d y  t h e  Omak Lake a r e a  

d u r i n g  t h e  summer of 1978. T h e i r  
work was completed t h i s  q u a r t e r ,  and 

a  f i n a l  r e p o r t  has been submi t t ed  t o  

B a t t e l l e .  

A v a r i e t y  of g e o l o g i c  f i e l d  methods 
were employed by B a t t e l l e .  They i n -  

c l  uded d e t a i l e d  pho togeo log i c  a n a l y s i s  
o f  geomorphologic f e a t u r e s  of  t h e  
s t u d y  a r e a s ,  s t r a t i g r a p h i c  s t u d i e s  of  

t h e  v o l c a n i c  and s ed imen ta ry  rocks  
p r e s e n t ,  sampling of  f o s s i l s ,  p e t r o -  
l o g i c  d e s c r i p t i o n s  of  r e p r e s e n t a t i v e  

l i t h o l o g i e s ,  and mapping of j o i n t s ,  
f o l d s ,  f a u l t s ,  and l i t h o l o g i c  c o n t a c t s .  

I n - l a b  r e s e a r c h  i nc luded  a n a l y s i s  

of f o s s i l  p o l l e n  from t h e  Bumping 

Lake a r e a  and x- ray  f l u o r e s c e n c e  ( X R F )  

a n a l y s i s  f o r  t e n  major  e l emen t s  i n  

50 whole-rock samples  c o l l e c t e d  i n  
t h e  Bumping Lake a r e a .  Neutron 

A c t i v a t i o n  Ana lys i s  ( N A A )  f o r  t r a c e  
e l emen t s  was a1 so  performed on f i v e  

of t h e  whole-rock specimens used f o r  
X R F  a n a l y s i s .  The f o s s i l  p o l l e n  

a n a l y s i s  was performed by P r o f e s s o r  

L .  H .  F i sk  a t  Walla Walla C o l l e g e ,  
Washington, i n  June  1978.  The X R F  

major  e lement  a n a l y s i s  was conducted  

by Dr. P e t e r  Hooper a t  Washington 
S t a t e  U n i v e r s i t y ,  and Dr. J .  C .  Laul 
of B a t t e l l e  performed t h e  N A A  p o r t i o n ,  
both d u r i n g  t h i s  q u a r t e r .  

PRELIMINARY CONCLUSIONS 

P r e l i m i n a r y  c o n c l u s i o n s  a v a i l a b l e  
a t  t h e  end of t h e  q u a r t e r  i n c l u d e  
t h o s e  of B a t t e l l e  g e o l o g i s t s  and t h o s e  
of  t h e  Washington S t a t e  U n i v e r s i t y  

team: 

Lake Merwi n Area 

F a u l t i n g  producing  small  d i s p l a c e -  

ments o c c u r s  i n  T e r t i a r y  (Eocene-  

01 i  gocene?)  b a s a l t  o r  b a s a l t i c -  

a n d e s i t e  f lows  i n  the  A r i e l  d a m s i t e  



a r e a .  The f a u l t  t r a c e s  t r e n d  NE-SW 
and l i e  on t h e  t r a c e  of t h e  p h o t o l i n e a -  
ment.  The t ime  of  f a u l t i n g  i s  uncer -  
t a i n .  Undeformed c a l c i t e  and z e o l i t e  

v e i n s  c r o s s - c u t t i n g  f a u l t  p l anes  

i n d i c a t e  t h a t  t h e  f a u l t s  a r e  no t  

p r e s e n t l y  a c t i v e .  

A n  a p p a r e n t  s t r u c t u r a l  o f f s e t  i s  

a l s o  p r e s e n t  a c r o s s  t h e  t r a c e  of t h e  

photo l ineament  a t  t h e  A r i e l  dams i t e .  
E a s t - s t r i k i n g ,  s o u t h e r l y  d ipp ing  

T e r t i a r y  v o l c a n i c s  a r e  p r e s e n t  on t h e  
e a s t  s i d e  of  t h e  dam. To t h e  wes t ,  

a c r o s s  Lake Merwin, T e r t i a r y  v o l c a n i c s  
o u t c r o p  w i t h  a  v a r i e t y  of  s o u t h e a s t e r l y  
d  i  ps . 

Pho togeo log i c  a n a l y s i s  s u g g e s t s  

t h a t  N E  and NW t r e n d i n g  f r a c t u r e s  have 

broken t h e  major  s t r u c t u r e  of  t h e  

a r e a ,  an e a s t - w e s t  t r e n d i n g  a n t i c l i n e ,  

i n t o  s e v e r a l  p a r t s ,  r o t a t i n g  l a r g e  

b locks  of  i n c l i n e d  v o l c a n i c s  i n t o  
NE-SW s t r i k i n g  a t t i t u d e s .  The p a t -  

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

a t  T u m T u m  Mountain,  abou t  16 km e a s t  

of Lake Merwin. TumTum Mountain i s  

a  r e c e n t  b a s a l t i c  c i n d e r  cone.  Recent 

v o l c a n i c  a c t i v i t y  i n  t h e  a r e a  may have 

been l o c a l i z e d  a t  T u m T u m  Mountain by 
t h e  p r e sence  of  o l d e r  (Miocene t o  

Pl i o c e n e ? )  f a u l t  zones .  

Spi r i  t Lake Area 

The t r a c e  of  t h e  major p h o t o l i n e a -  
ment co r r e sponds  t o  d i f f e r e n t i a l  e r o -  
s i o n  between t h e  r e s i s t a n t  M t .  Margare t  

b a t h o l i t h  and s u r r o u n d i n g ,  hydro- 

thermal  1  y  a1 t e r e d ,  Eocene t o  01 i gocene  
v o l c a n i c s  and v o l c a n i c  c l a s t i c s .  D i f -  

f u s e  zones of  c h a l c o p y r i t e - p y r i t e -  

t o u r m a l i n e - q u a r t z  m i n e r a l i z a t i o n  appear  

t o  f o l l o w  e a s t - w e s t  s t r u c t u r a l  t r e n d s  

i n  t h e  a r e a .  Mine ra l i z ed  zones ,  i s o -  

l a t e d  f a u l t  zones ,  and n e a r - v e r t i c a l  
t u f f  beds appea r  t o  r e f l e c t  deforma- 
t i o n  r e l a t e d  t o  b a t h o l i t h i c  i n t r u s i o n .  

Randle Area 

A ve ry  narrow, ex t r eme ly  s t r a i g h t  

NE-trending s y n c l i n e  o r  i n t r a c a n y o n  

f low i n  b a s a l t s  and b a s a l t i c - a n d e s i t e s  

of t h e  Ohanapecosh Formation (O l igo -  
c e n e )  was mapped on t h e  t r a c e  of  t h e  
major photo l ineament  i n  t h e  I ron  

Creek B u t t e  a r e a .  The s t r u c t u r e  
r e p r e s e n t s  a  d e v i a t i o n  i n  t h e  gene ra l  
n o r t h w e s t e r l y  s t r u c t u r a l  t r e n d s  of  
t h e  r eg ion  and may be c o n t r o l l e d  by 
an Ol igocene  o r  o l d e r  f a u l t  zone.  

A d i k e  swarm, probably  r e p r e s e n t -  

i ng  an Ol igocene  v o l c a n i c  c e n t e r ,  was 
a l s o  mapped on Lone T ree  Mountain. 

The t r a c e  of t h e  major photo l ineament  

i s  s t r o n g l y  exp re s sed  i n  both t h e  I ron  
Creek B u t t e  and Lone Tree  Mountain 

a r e a s .  

Bumping Lake Area 

The r eg ion  l i e s  on t h e  p r o j e c t e d  

s o u t h e r l y  t r a c e  of t h e  S t r a i g h t  Creek 
F a u l t ,  a  s t r u c t u r e  r e c e n t l y  deemed by 
WPPSS g e o l o g i s t s  a s  probably  a c t i v e .  
The s t r u c t u r e  and s t r a t i g r a p h y  of t h e  
a r e a  i s  complex. S o l u t i o n  of  key 
g e o l o g i c  problems r e v o l v e s  around t h e  
a b i l i t y  t o  d e f i n e  an a c c u r a t e  s t r a t i -  
g r a p h i c  s e c t i o n  i n  t h e  l i t h o l o g i c a l l y  

monotonous Ohanapecosh Formation.  A 

p i l o t  s t u d y  aimed a t  u s ing  major  and 

t r a c e  e lement  c o n c e n t r a t i o n s  i n  t h e  

v o l c a n i c  s u i t e  t o  d e f i n e  a  s t r a t i g r a p h i c  

s e c t i o n  has been i n i t i a t e d  us ing  XRF 

and N A A  t e chno logy .  



P r e l i m i n a r y  r e s u l t s  o f  t h e  XRF 

p i l o t  s t u d y  i n d i c a t e  t h a t  XRF t e c h -  

n i q u e s  o f f e r  p r e c i s e  means o f  c h e m i -  

c a l l y  c l a s s i f y i n g  i g n e o u s  r o c k s  f o u n d  

i n  t h e  Bumping L a k e  a r e a  and e l s e w h e r e  

i n  t h e  Cascades.  An examp le  o f  t h e  

me thods  used  t o  i d e n t i f y  and c h e m i c a l l y  

compare r o c k  samp les  i s  shown o n  t h e  

v a r i a t i o n  d i a g r a m  o f  F i g u r e  7.3.  S t a n -  

d a r d  g r a n i t e ,  d i o r i t e ,  and  g a b b r o  com- 

p o s i t i o n s  a r e  p l o t t e d  on t h e  d i a g r a m  

t o  d e l  i n e a t e  g e n e r a l  c l a s s i f i c a t i o n  

f i e l d s .  O x i d e  c o n c e n t r a t i o n s  o f  

a n a l y z e d  samp les  a r e  t h e n  p l o t t e d  t o  

e s t a b l i s h  g e n e r a l  c o m p o s i t i o n a l  l i m i t s  

o f  t h e  samp le  p o p u l a t i o n .  More  s o p h i s -  

t i c a t e d  s t a t i s t i c a l  me thods  a r e  used  

t o  s t u d y  c h e m i c a l  v a r i a t i o n  i n  samp les  

w i t h i n  a  s i n g l e  c o m p o s i t i o n a l  c a t e g o r y .  

To d a t e ,  t h e  XRF d a t a  h a v e  been 

u s e f u l  i n  e s t a b l i s h i n g - - o r  d i s p r o v i n g - -  

c o r r e l a t i o n  o f  r o c k s  p o s s e s s i n g  s i m i -  

l a r  f i e l d  c h a r a c t e r i s t i c s .  A n a l y s i s  

o f  NAA t r a c e  e l e m e n t  d a t a  and m o r e  

s o p h i s t i c a t e d  s t u d y  o f  XRF i n f o r m a t i o n  

w i l l  g r e a t l y  a i d  i n  d e f i n i n g  t h e  

s t r a t i g r a p h i c  c o l u m n  needed t o  i d e n -  

t i f y  m a j o r  f a u l t s  i n  t h e  Bumping L a k e  

a r e a .  

F i e l d  e v i d e n c e  i n d e p e n d e n t  o f  t h e  

XRF and NAA s t u d i e s  i n d i c a t e s  t h a t  a  

g e o l o g i c  d i s c o n t i n u i t y ,  e i t h e r  a  f a u l t  

o r  u n c o n f o r m i t y ,  e x i s t s  i n  t h e  NE 

t r e n d i n g  Bumping R i v e r  v a l l e y .  

FIGURE 7.3 .  V a r i a t i o n  D i a g r a m  I 1  1  u s t r a t i n g  Use o f  M a j o r  E l e m e n t  O x i d e  
C o n c e n t r a t i o n  t o  C h e m i c a l l y  C l a s s i f y  I g n e o u s  Rocks f r o m  t h e  Bumping 
L a k e  A r e a .  O x i d e  c o n c e n t r a t i o n s  o f  t h r e e  samp les  a r e  p l o t t e d .  The 
samp les  have  s i m i l a r  s t r u c t u r a l  and p e t r o l o g i c a l  c h a r a c t e r i s t i c s  i n  
t h e  f i e l d ,  b u t  XRF a n a l y s i s  shows them t o  b e  d i s t i n c t  u n i t s  c h e m i c a l l y .  



Addi t i ona l  ev idence  f o r  f a u l t i n g  
e x i s t s  i n  t h e  Three Lakes,  C a r l t o n  
P a s s ,  and p o s s i b l y  C o r t r i g h t  Creek 
a r e a s .  

Corbaley Canyon 

The photo l ineament  i s  exp re s sed  
by a  narrow, very  s t r a i g h t  canyon 

c o n t a i n i n g  on ly  emphemeral d r a i n a g e .  

The canyon ' s  N E  t r e n d  i s  c o n t r o l l e d  
by s t r o n g  j o i n t i n g  i n  t h e  p r e - T e r t i a r y  

metamorphics and Miocene b a s a l t s  o f  

t h e  a r e a .  No ev idence  f o r  f a u l t i n g  
was l o c a t e d  i n  t h e  a r e a .  

Omak Lake Area 

The r e g i o n  i s  g e n e r a l l y  u n d e r l a i n  
by massive g r a n i t e  of C re t aceous  age .  

A s t udy  of t h e  g r a n i t e s  exposed t o  
t h e  s o u t h e a s t  of Omak Lake, and of 

t h e  Miocene Columbia P l a t e a u  b a s a l t s  

t o  t h e  sou thwes t ,  r e v e a l e d  no ev idence  

of major f a u l t i n g  i n  t h e  d i r e c t i o n  

of t h e  pho to l i neamen t .  F u r t h e r ,  no 
s t a t i s t i c a l  predominance of j o i n t  

t r e n d s  i n  t h e  d i r e c t i o n  of t h e  photo-  

l i neamen t  was i d e n t i f i e d .  However, 
d e f i n i t i v e  c o n c l u s i o n s  conce rn ing  

t h e  n a t u r e  of t h e  photo l ineament  
could  no t  b e  made because  of Q u a t e r n a r y  
a1 1  uvium a long  t h e  p o s t u l a t e d  t r a c e  
of t h e  photo l ineament  i n  t h e  a r e a  
s o u t h e a s t  of Omak Lake. 

Eva lua t i on  of  t h e  Photo l ineament  

Evidence t o  d a t e  s u g g e s t s  t h a t  t h e  

major  NE-trending photo l ineament  i s  a  

complex, compos i te  s t r u c t u r e  geolog-  

i c a l l y  exp re s sed  by f a u l t i n g ,  f o l d i n g ,  

r e l e a s e  s t r u c t u r e s  ( j o i n t s ) .  Age of 
t h e  s t r u c t u r e  i s  u n c e r t a i n  and i s  

p robably  compos i te .  Accu ra t e  d e t e r -  
m ina t i on  a s s o c i a t e d  wi th  t h e  l i neamen t  

a w a i t s  much more d e t a i l e d  mapping i n  
t h e  Washington Cascades t o g e t h e r  wi th  

r a d i o m e t r i c  d a t i n g  of  key v o l c a n i c s  

and i n t r u s i v e s .  
Add i t i ona l  i n fo rma t ion  r e l a t i n g  t o  

g e o l o g i c  s t r u c t u r e ,  p a r t i c u l a r l y  i n  
t h e  Bumping Lake a r e a ,  w i l l  r e q u i r e  

f u r t h e r  f i e l d  and l a b o r a t o r y  s t u d i e s  
t o  examine t h e  p o s s i b l e  c o r r e l a t i o n s  
among rock u n i t s  i n  t h e  s t udy  a r e a s  

and t o  e s t a b l  i  sh improved s t r a t i  - 
g r a p h i c  c o n t r o l  on which sound s t r u c -  

t u r a l  i n t e r p r e t a t i o n s  can be based .  

KRIGING - P .  G .  Doctor 

The o b j e c t i v e  of t h i s  e f f o r t  i s  t o  
e v a l u a t e  t h e  k r i g i n g  method f o r  i t s  
a p p l i c a b i l i t y  t o  t h e  c h a r a c t e r i z a t i o n  

of p o t e n t i a l  g e o l o g i c  r e p o s i t o r y  

s i t e s  f o r  s t o r a g e  of h i g h - l e v e l  r a d i o -  
a c t i v e  w a s t e s .  Kr ig ing  i s  a  s t a t i s t i -  
c a l  method f o r  e s t i m a t i n g  f u n c t i o n s  

which d e s c r i b e  s p a t i a l  l y  d i s t r i b u t e d  
phenomena such a s  groundwater  e l e v a -  
t i o n  and depth  t o  s a l t ,  b a s a l t ,  o r  

s h a l e  d e p o s i t s .  
The s t u d y  e v a l u a t i o n  p roces s  i s  

pe r ce ived  t o  be a  two-s tage  p rocedu re .  
The f i r s t  s t e p  i s  t o  c h a r a c t e r i z e  r e p -  
r e s e n t a t i v e  d a t a  s e t s ,  such a s  t h o s e  
mentioned above ,  us ing  k r i g i n g  t e c h -  
n iques .  D u r i n g  t h e  l a s t  q u a r t e r  t h i s  
was accomplished us ing  wa te r  e l e v a -  

t i o n  and dep th  t o  b a s a l t  d a t a  s e t s  

f o r  t h e  Columbia P l a t e a u .  
The second s t e p  i s  t o  obse rve  t h e  

behavior  of t h e  k r i g i n g  t e c h n i q u e  a s  

igneous  a c t i v i t y ,  and r e s i d u a l  s t r a i n  t h e  number of  d a t a  p o i n t s  d e c r e a s e s ,  



t h e r e b y  s i m u l a t i n g  a n  a c t u a l  s i t e -  

e v a l u a t i o n  d a t a  s e t .  T h i s  was com- 

p l e t e d  i n  t h i s  q u a r t e r  u s i n g  t h e  b a -  

s a l  t m e a s u r e m e n t s .  

The  b a s a l t - e l e v a t i o n  d a t a  s e t  was 

s y s t e m a t i c a l l y  r e d u c e d  t o  o b s e r v e  t h e  

e f f e c t  o f  f e w e r  d a t a  p o i n t s  o n  t h e  

c o n t o u r s  e s t i m a t e d  b y  t h e  k r i g i n g  

m e t h o d .  The  b a s a l t  k r i g i n g  e l e v a -  

t i o n s  a r e  q u i t e  v a r i a b l e ,  e v e n  o v e r  

s h o r t  d i s t a n c e s .  C o n t r a r y  t o  w h a t  i s  

i n t u i t i v e l y  e x p e c t e d ,  r e d u c i n g  t h e  

d a t a  s e t  s o m e t i m e s  makes  t h e  phenome- 

n o n ' s  e s t i m a t e d  s t r u c t u r e  m o r e  com- 

p l e x .  Howeve r ,  t h e  r e d u c e d - d a t a  

e s t i m a t e s  seem t o  r e m a i n  w i t h i n  t w o  

s t a n d a r d  e r r o r s  o f  t h e  f u l l - d a t a  e s t i -  

m a t e s ,  a n d  i n  m o r e  t h a n  o n e  i n s t a n c e ,  

t h e  r e d u c e d  d a t a  s e t  w i t h  a  m o r e  com- 

p l e x  s t r u c t u r e  l e d  t o  m a r k e d l y  b e t t e r  

e s t i m a t e s  t h a n  t h o s e  p r o d u c e d  b y  t h e  

f u l l  d a t a  s e t .  

A n o t h e r  a p p r o a c h  f o r  d e a l i n g  w i t h  

s p a r s e  d a t a  t h a t  seems t o  h a v e  g o o d  a p -  

p l i c a t i o n  f o r  s i t e  s e l e c t i o n  i s  c o -  

k r i g i n g .  B a s i c a l l y ,  i t  c o n s i s t s  o f  

1  ) r e l a t i n g  c o s t l y  m e a s u r e m e n t s  ( c o r e  

d a t a )  t o  l e s s  c o s t l y  n o n i n t r u s i v e  mea- 

s u r e m e n t s  ( p e r h a p s  s e i s m i c  d a t a ) ,  

2 )  e s t i m a t i n g  c o r e  m e a s u r e m e n t s  a t  l o -  

c a t i o n s  w h e r e  t h e  o t h e r  d a t a  w e r e  

t a k e n ,  a n d  3 )  t h e n  e s t i m a t i n g  c o n t o u r s  

a n d  a d d i t i o n a l  s a m p l i n g  l o c a t i o n s  f r o m  

t h e  e x t e n d e d  c o r e  d a t a .  I t  i s  a  q u a s i -  

s i m u l a t i o n  p r o c e d u r e  t h a t  c o u l d  e f f e c -  

t i v e l y  c o m b i n e  d i f f e r e n t  t y p e s  o f  i n -  

f o r m a t i o n .  P i e r r e  D e l f i n e r  o f  t h e  

P a r i s  S c h o o l  o f  M i n e s  h a s  b e e n  w o r k i n g  

o n  t h i s  t e c h n i q u e .  I t  i s  b e i n g  u s e d  

s u c c e s s f u l l y  t o  e s t i m a t e  p l u t o n i u m  

d i s t r i b u t i o n  f r o m  i n - s i t u  a m e r i c i u m  

m e a s u r e m e n t s  i n  t h e  E n i w e t o k  A t o l l  

c l e a n - u p  a n d  a t  t h e  Nevada T e s t  S i t e .  

To r e s o l v e  c e r t a i n  q u e s t i o n s  w h i c h  

h a d  a r i s e n  d u r i n g  t h i s  s t a g e  o f  i n v e s -  

t i g a t i o n s ,  P .  G. D o c t o r  a t t e n d e d  t h e  

P a r i s  S c h o o l  o f  M i n e s  s h o r t  c o u r s e  o n  

k r i g i n g ,  S e p t e m b e r  1 1 - 2 2 .  The  c o u r s e  

was e m i n e n t l y  w o r t h w h i l e  f r o m  t w o  

s t a n d p o i n t s .  F i r s t ,  i t  p r o v i d e d  a  

g o o d  o v e r v i e w  o f  g e o s t a t i s t i c s  a n d  i t s  

a p p l i c a t i o n  t o  s p a t i a l  phenomena.  

Many t e c h n i c a l  q u e s t i o n s  h a v e  b e e n  r e -  

s o l v e d  o r  c a n  now b e  r e s o l v e d  b y  r e -  

f e r r i n g  t o  t h e  1  i t e r a t u r e .  S e c o n d l y ,  

i n t e r a c t i o n  w i t h  m i n i n g  a n d  p e t r o l e u m  

g e o l o g i s t s  a t t e n d i n g  t h e  c o u r s e  has  

l e d  t o  a n  i m p r o v e d  p e r s p e c t i v e  o f  g e -  

o l o g y ,  i n c l u d i n g  t h e  t y p e s  o f  d a t a  

a v a i l a b l e  a n d  g e o s t a t i s t i c a l  

a p p l  i c a t i o n s .  

The  o v e r a l l  p e r s p e c t i v e  g a i n e d  

f r o m  t h e  c o u r s e  i n d i c a t e s  t h a t  t h e  

w o r k  o n  c h a r a c t e r i z i n g  t h e  w a t e r  a n d  

b a s a l t  e l e v a t i o n  d a t a  s e t s  h a s  b e e n  

r e a s o n a b l e .  The  w o r k  o n  r e d u c i n g  t h e  

b a s a l t  d a t a  s e t  t o  s i m u l a t e  a  s p a r s e  

d a t a  s e t  i s  o f  a c a d e m i c  i n t e r e s t  b u t  

o f  q u e s t i o n a b l e  p r a c t i c a l  v a l u e  f o r  

s i t e  c h a r a c t e r i z a t i o n .  

I n  r e a l i t y ,  a l t h o u g h  t h e r e  may be  

l i t t l e  c o r e  d a t a ,  t h e r e  a r e  o t h e r  

t y p e s  o f  d a t a  ( e . g . ,  s e i s m i c ,  o r  

k n o w l e d g e  o f  a  f a u l t )  t o  u s e  i n  c o m b i -  

n a t i o n  b e c a u s e  a  d e c i s i o n  o n  t h e  

s u i t a b i l i t y  o f  a  p o t e n t i a l  s i t e  w i l l  

n o t  r e s t  o n  t h e  c o r e  d a t a  a l o n e .  Use 

o f  k r i g i n g  t o  c o m b i n e  d i f f e r e n t  t y p e s  

o f  d a t a  i s  a  s o u n d  i d e a ;  s p a r s i t y  o f  

c o r e  d a t a  i s  a  p r o b l e m  s h a r e d  w i t h  

p e t r o l e u m  e n g i n e e r s ,  a n d  c o - k r i g i n g  

h a s  b e e n  a  v a l u a b l e  a p p r o a c h  f o r  t hem.  

One c a s e  s t u d y  i n  t h e  P a r i s  S c h o o l  o f  

M i n e s  c o u r s e  was a n  e x a m p l e  o f  u s i n g  

s e i s m i c  a n d  c o r e  d a t a  t o  e v a l u a t e  a  

p o t e n t i a l  u n d e r g r o u n d  g a s  r e s e r v o i r .  



The t e c h n i q u e  f o r  s e l e c t i n g  t h e  op-  

t ima l  l o c a t i o n  of an a d d i t i o n a l  c o r e  

sample i s  e a s i l y  a p p l i e d .  However, 

i t s  s u c c e s s f u l  a p p l i c a t i o n  r e s t s  on 

how well t h e  g e o l o g i c  phenomena have 

been modeled. I t  seems t h a t  t h e  em- 

p h a s i s  should  be t o  deve lop  k r i g i n g  

i n  combina t ion  wi th  a l l  e x i s t i n g  d a t a  

t o  o b t a i n  t h e  most comple te  c h a r a c -  

t e r i z a t i o n  of t h e  s i t e ,  and then  ap-  

p ly  t h e  sample l o c a t i o n  s e l e c t i o n  

t e c h n i q u e .  

Although q u e s t i o n s  of a  t e c h n i c a l  

n a t u r e  remain ,  k r i g i n g  has demon- 

s t r a t e d  i t s  f e a s i b i l i t y  t o  c h a r a c t e r -  

i z e  g e o l o g i c  was te  r e p o s i t o r i e s .  

SPENT F U E L  STORAGE - A .  B .  Johnson ,  J r .  

This  program has deve loped  an a s -  

sessment  of s p e n t  f u e l  behav io r  i n  

wa te r  pool s t o r a g e  which i n c l u d e s  t h e  

fo l l owing  pub1 i c a t i o n s  by 

A .  B .  Johnson ,  J r . :  

1 .  Behavior  of Spent  Nuclear  Fuel i n  

Water Pool S t o r a g e ,  BNWL-2256, 

P a c i f i c  Northwest Labo ra to ry ,  

R ich l and ,  WA,  September 1977.  

2. " Impacts  of Reac tor - Induced  Fuel 

Cladding  Defec t s  on Spent  Fuel 

S t o r a g e , "  p r e s e n t e d  a t  O E C D I N E A  
Symposium on Spent  Fuel S t o r a g e ,  

Madrid, S p a i n ,  June  20-30, 1978. 

Publ i shed  i n  Conference Proceed-  

i n g s ,  S t o r a g e  of  Spent  Fuel 

Elements .  

3 .  "Testimony f o r  C a l i f o r n i a  Energy 

Resources Conse rva t i on  and Devel- 

opment Commission , I 1  BNWL-SA-6213, 

March 1 0 ,  1977. Summarized i n  

Summary of Test imony Regard ing  

Spent  Fuel Assembly S t o r a g e ,  

C a l i f o r n i a  P u b l i c  Resources Code 

25524.1, March 10 ,  1977,  Docket 

Nos. 70-NL-1, and 76-NL-3, i s s u e d  

May 26 ,  1977.  

4 .  "Spent  Fuel I n t e g r i t y  i n  Water 

Pool S t o r a g e , "  A m .  Nucl. Soc.  

Trans  27-:488-89, 1977. ., 
5.  "Spent  Fuel Behavior  i n  Water 

Pools  ," PNL-SA-6817. P re sen t ed  

a t  NRC-IAEA Spent  Fuel S t o r a g e  

Meeting,  Bethesda ,  Maryland,  . 

February  28-March 2 ,  1978;  pub- 

l i s h e d  i n  P roceed ings .  

6 .  "Spent  Fuel I n t e g r i t y  i n  Pool 

S t o r a g e , "  p r e s e n t e d  a t  t h e  meet- 

ing  Back End of  t h e  L W R  Fuel 

Cycle ,  Savannah,  Geo rg i a ,  

March 19-23,  1978. 

7 .  " U t i l i t y  Spent  Fuel S t o r a g e  Ex-  
p e r i e n c e , "  PNL-SA-6863, p r e s e n t e d  

a t  t h e  American Nuclear  S o c i e t y  - 
Execut ive  Conference on Spent  

Fuel P o l i c y  and I t s  I m p l i c a t i o n s ,  

Buford,  Geo rg i a ,  Apr i l  2 -5 ,  1978; 

pub l i shed  i n  Conference P roceed ings .  

8 .  "Spent  Fuel S t o r a g e  Expe r i ence ,  I' 

t o  be pub l i shed  i n  Nuclear  

Technology.  

A program i s  now moving i n t o  an 

expe r imen ta l  s t a g e  which w i l l  be 

funded by t h e  D O E  th rough t h e  Away 

From Reac tor  Spent  Fuel S t o r a g e  Pro- 

gram O f f i c e  l o c a t e d  a t  t h e  Savannah 
River  L a b o r a t o r i e s .  

A .  B .  Johnson ,  J r .  w i l l  a t t e n d  an 

I n t e r n a t i o n a l  Fuel Cycle (INFCE) Work- 

ing  Group No. 6  meet ing i n  Vienna i n  

October  t o  p rov ide  t e c h n i c a l  s u p p o r t  

t o  t h e  U.S. d e l e g a t i o n .  V i s i t s  t o  

d i s c u s s  s p e n t  f u e l  s t o r a g e  i s s u e s  t o  

K W V  a t  E r l angen ,  Germany, and t o  

Swedish l a b o r a t o r i e s  a t  S tudsv ik  

( S t u d s v i k  E n e r g i t e k n i k  A B )  and 

VSster8s (Asea Atom) a l s o  a r e  planned 



d u r i n g  t h e  t r i p .  T h e  t r i p  w i l l  b e  

f u n d e d  b y  t h e  DOE AFR p r o g r a m .  D e v e l -  

o p m e n t  o f  i n f o r m a t i o n  f o r  t h e  m e e t i n g  

was d o n e  u n d e r  B a t t e l l e ' s  W a s t e  Manage-  

m e n t  S y s t e m s  S t u d i e s  s u p p o r t .  

A  p r o g r a m  was s c o p e d  t o  e v a l u a t e  

t h e  l o n g - t e r m  ( m u l t i - c e n t u r y )  b e h a v -  

i o r  o f  m e t a l s .  T h e  g o a l  i s  t o  a s s e s s  

l o n g - t e r m  s u r v i v a l  o f  v a r i o u s  m e t a l s  

i n  a  v a r i e t y  o f  e n v i r o n m e n t s  s o  a s  t o  

d e t e r m i n e  w h e t h e r  s u c h  i n f o r m a t i o n  i s  

u s e f u l  i n  w a s t e  m a n a g e m e n t  a s s e s s m e n t s .  

ASSESSING NUCLEAR WASTE MANAGEMENT 

OPTIONS - R. G. B r a d l e y  ( T e k n e k r o n ,  

I n c . )  

A t  t h e  e n d  o f  t h e  l a s t  q u a r t e r ,  

w o r k  was i n i t i a t e d  u n d e r  a  s u b c o n t r a c t  

w i t h  T e k n e k r o n ,  I n c . ,  o f  W a s h i n g t o n ,  

DC, o n  d e v e l o p m e n t  o f  a  s u i t a b l e  

a n a l y t i c a l  f r a m e w o r k  f o r  t h e  s y s t e m -  

a t i c  a n a l y s i s  o f  r a d i o a c t i v e  w a s t e  

m a n a g e m e n t  i s s u e s  b y  a n  i n t e r d i s c i p l i -  

n a r y  t e a m .  

R e v i e w  o f  a t t e m p t s  t o  a n a l y z e  com- 

p l  e x  i s s u e s  b y  i n t e r d i s c i p l  i n a r y  e x -  

p e r t s  h a s  r e v e a l e d  o n e  o r  m o r e  o f  

t h e s e  d i s a d v a n t a g e s  i n h e r e n t  i n  t h e  

a n a l y t i c a l  a p p r o a c h e s  h e r e t o f o r e  

e m p l o y e d :  

t h e  t e c h n i c a l  a n d  n o n t e c h n i c a l  r e p -  

r e s e n t a t i v e s  w e r e  s e p a r a t e d  d u r i n g  

t h e i r  a n a l y s e s  

t h e  u n m a n a g e a b l y  l a r g e  s i z e  o f  t h e  

g r o u p s  p e r f o r m i n g  t h e  a n a l y s e s  i m -  

p e d e d  d e v e l o p m e n t  o f  t h e  d e s i r e d  

p r o d u c t  

t h e  f r a m e w o r k  f o r  t h e  d e l  i b e r a t i o n s  

was i n s u f f i c i e n t l y  s t r u c t u r e d  a n d  

g u i d e l  i n e s  w e r e  i n a d e q u a t e l y  d e -  

f i n e d  t o  k e e p  e f f o r t s  f o c u s e d  o n  

a c h i e v i n g  t h e  p r o d u c t .  

T e k n e k r o n  h a s  e l e c t e d  t o  t e s t  t h e  

c o n c e p t u a l  a n a l y t i c a l  f r a m e w o r k  b y  

a n a l y z i n g  a  w a s t e  m a n a g e m e n t  i s s u e  

w i t h  a  r e l a t i v e l y  s m a l l  i n t e r d i s c i p l  i- 

n a r y  t e a m  ( t h r e e  t e c h n i c a l  a n d  t h r e e  

n o n t e c h n i c a l  p e r s o n n e l  ) . T h e  t e a m  

w i l l  u n d e r t a k e  t h e  a n a l y s i s  a s  a  d i -  

r e c t  a n d  c o n t i n u o u s  d i a l o g u e  u n t i l  t h e  

d e s i r e d  p r o d u c t  i s  d e r i v e d .  M o r e o v e r ,  

t h e  d e l i b e r a t o r s  w i l l  b e  c o n s t r a i n e d  

b y  g r o u n d  r u l e s  t o  f o c u s  o n  t h e  i s s u e  

t o  b e  a n a l y z e d  a n d  t h e  p r o d u c t  t o  b e  

d e r i v e d  w i t h o u t  u n d u l y  c o n f i n i n g  t h e  

d i a l o g u e ' s  s c o p e .  T h e y  w i l l  a l s o  b e  

p r o v i d e d  i n  a d v a n c e  c o n c i s e  b a c k -  

g r o u n d  m a t e r i a l  t o  e n s u r e  u n d e r s t a n d -  

i n g  o f  t h e  i s s u e  a n d  i t s  r e l a t i o n  t o  

t h e  p h y s i c a l  w a s t e  m a n a g e m e n t  s y s t e m  

c o n s i d e r e d .  

To  g a i n  f u r t h e r  i n s i g h t  o n  t h e  a p -  

p l i c a b i l i t y  o f  t h e  a n a l y t i c a l  f r a m e -  

w o r k ,  t h e  s u b c o n t r a c t o r  p l a n s  t o  t e s t  

i t  b y  c o n v e n i n g  t w o  s u c h  s m a l l  i n t e r -  

d i s c i p l i n a r y  t e a m s - - o n e  c o n s t i t u t e d  

f r o m  e x p e r t s  w i t h i n  T e k n e k r o n  a n d  o n e  

w i t h  p a r t i c i p a n t s  f r o m  o t h e r  p r i v a t e  

i n d u s t r i a l  o r g a n i z a t i o n s  a n d  u n i v e r s i -  

t i e s .  B o t h  g r o u p s  w i l l  a n a l y z e  t h e  

same i s s u e  a n d  w o r k  u n d e r  t h e  same 

g r o u n d  r u l e s  a d m i n i s t e r e d  b y  a  T e k n e -  

k r o n  p a n e l  t o  b e  c o n v e n e d  f i r s t .  T h i s  

s h o u l d  p e r m i t  a  u s e f u l  i t e r a t i o n  o f  

t h e  g u i d e l  i n e s  a n d  b a c k g r o u n d  m a t e r i a l  

b e f o r e  c o n v e n i n g  t h e  o u t s i d e  p a n e l  i n  

O c t o b e r  1 9 7 8 .  

W h i l e  t h e  c h i e f  a i m  f o r  b o t h  p a n e l s  

i s  t o  p e r f o r m  t h e  s y s t e m a t i c  a n a l y s i s  

o f  t h e  a s s i g n e d  w a s t e  m a n a g e m e n t  i s s u e  

w i t h i n  t h e  s t r u c t u r e d  a n a l y t i c a l  f r a m e -  

w o r k ,  T e k n e k r o n  p l a n s  t o  g a i n  c e r t a i n  

a d d i t i o n a l  b e n e f i t s ,  t o  t h e  e x t e n t  f e a -  

s i b l e ,  f r o m  t h i s  c o l l e c t i o n  o f  e x p e r -  

t i s e .  T h e s e  w o u l d  i n c l u d e :  



a  c r i t i q u e  of  t h e  a n a l y t i c a l  f rame- 
work a s  a  v i a b l e  t o o l  f o r  a n a l y z i n g  
was te  management i s s u e s  
t h e  e x p e r t s '  views on a l t e r n a t i v e  
methodologies  f o r  per forming  such 
a n a l y s i s  
i d e n t i f i c a t i o n  of  what they  p e r -  

c e i v e  t o  be t h e  compel l ing  i s s u e s  
f o r  t h e  a c c e p t a b i l i t y  of  deep geo- 
l o g i c  r e p o s i t o r i e s  a s  a  long- te rm 
was te  managementldisposal  s t r a t e g y .  

N U C L E A R  WASTE COMMUNICATIONS - 
S .  M .  Nealey and W .  L .  Rankin ( H A R C )  

The p u b l i c ' s  p e r c e p t i o n s ,  a t t i t u d e s  
and know1 edge abou t  n u c l e a r  was t e  
management a r e  h i g h l y  r e l a t e d  t o  
r e a c t i o n s  t o  n u c l e a r  power. Our 
s t u d i e s  have t h e r e f o r e  focused  on 
n u c l e a r  was t e  management i s s u e s  a s  
imbedded i n  a  l a r g e r  framework of  

n u c l e a r  power and broader  energy  
i s s u e s .  These p e r c e p t i o n s  and a t t i -  
t u d e s  have been ana lyzed  through 

news media and government coverage  
of n u c l e a r  power and n u c l e a r  was te  
i s s u e s  
p u b l i c  a t t i t u d e s ,  knowledge, and 
v a l u e s  r e g a r d i n g  n u c l e a r  power and 
n u c l e a r  was te  d i s p o s a l  
p u b l i c  p o l i c y  i s s u e s  i n  n u c l e a r  
was t e  management. 
I n  ou r  p r i n t  media a n a l y s e s ,  we 

have found t h a t :  
1 .  The p r i n t  media g e n e r a l l y  have 

provided  a  somewhat ba lanced  p i c -  
t u r e  of n u c l e a r  power, a l t hough  
c e r t a i n  s p e c i f i c  s o u r c e s  such a s  
Environment and t h e  Nat iona l  

Observer  were a n t i n u c l e a r .  

2 .  A n t i n u c l e a r  s t o r i e s  s l i g h t l y  o u t -  
numbered p r o n u c l e a r  s  t o r i  e s  , pos- 
s i b l y  l e a v i n g  a  s l i g h t l y  n e g a t i v e  
i n f l u e n c e  w i t h  r e a d e r s .  

3 .  Coal i s s u e s  were t r e a t e d  by t h e s e  
s o u r c e s  more n e u t r a l l y  and l e s s  

c o n t r o v e r s i a l l y  and g iven  l e s s  
prominence than  n u c l e a r  i s s u e s .  

4 .  Coverage of n u c l e a r  i s s u e s  
( e s p e c i a l l y  a n t i n u c l e a r )  has i n -  
c r e a s e d  s t e a d i l y  s i n c e  1972,  
whereas coa l  coverage  peaked i n  
1974 and has s i n c e  d e c r e a s e d .  

5 .  Peaks i n  coverage  of n u c l e a r  was t e  
i s s u e s  came i n  1974 because of a  
was te  l e a k  a t  Hanford and a g a i n  i n  

1976 a s  a  r e s u l t  of s t a t e  n u c l e a r  
power i n i t i a t i v e s .  
The t e l e v i s i o n  a n a l y s i s ,  now i n  

t h e  w r i t e - u p  s t a g e ,  i n d i c a t e s  t h a t  
n u c l e a r  power and coa l  i s s u e s  have 
r e c e i v e d  more prominence than  s o l a r  
i s s u e s  i n  t h e  number of news broad-  
c a s t s  and t h a t  n u c l e a r  power was 
handled i n  a  more p o l a r i z e d  manner, 

coa l  i n  a  more n e u t r a l ,  and s o l a r  i n  
a  p o s i t i v e  manner. T e l e v i s i o n  news 

b r o a d c a s t s  have tended  t o  t r e a t  coa l  
and s o l a r  more f a v o r a b l y  than  n u c l e a r  
power; however, a b s o l u t e l y  s p e a k i n g ,  
n u c l e a r  power has no t  r e c e i v e d  an 
e x c e p t i o n a l  amount of  bad p u b l i c i t y .  

While t h e  p r i n t  media and t e l e v i -  
s i o n  have i n c r e a s e d  t h e i r  c o v e r a g e ,  
t h e  Federa l  government has  g r e a t l y  
dec rea sed  i t s  i n f o r m a t i o n  f low t o  t h e  
publ i c  r e g a r d i n g  n u c l e a r  power. Under- 
e s t i m a t i n g  t h e  publ i c ' s  t r u s t  i n  
t h e  government t o  p rov ide  unbiased  i n -  
f o r m a t i o n ,  D O E  has ve ry  few brochures  

a v a i l a b l e  on n u c l e a r  power, w i th  on ly  



one abou t  n u c l e a r  was t e  ( t h e  n u c l e a r  

i s s u e  t h e  p u b l i c  wants most t o  l e a r n  

a b o u t ) .  These b rochu re s  appea r  

u n i n t e r e s t i n g l y  w r i t t e n  and d i f f i c u l t  
t o  r e a d ,  r e q u i r i n g  a  c o l l e g e  educa-  

t i o n  f o r  u n d e r s t a n d i n g .  
A su rvey  of  Washington r e s i d e n t s  

conducted e a r l i e r  has  r e s u l t e d  i n  c o l -  

l e c t i o n  of  d a t a  i n  two c a t e g o r i e s :  

1  ) n u c l e a r  knowledge a s  r e l a t e d  t o  
n u c l e a r  a t t i t u d e s  and 2 )  t h e  r e l a t i o n -  

s h i p  of human v a l u e s  and a t t i t u d e s  t o  

n u c l e a r  power i s s u e s .  A d d i t i o n a l l y ,  

d a t a  from t h i s  su rvey  a r e  be ing  ana-  
lyzed  a s  t o  whether  o r  no t  t h e r e  a r e  

sex  d i f f e r e n c e s  i n  a t t i t u d e s  r e g a r d -  
i ng  n u c l e a r  power. Th i s  r e s e a r c h  i n  

knowledge, a t t i t u d e s ,  and v a l u e s  r e l e -  
van t  t o  n u c l e a r  power i n d i c a t e s  t h a t  

t h e r e  i s  no s i n g l e ,  s imp le  exp l ana -  

t i o n  a s  t o  why some people  s u p p o r t  and 
some oppose n u c l e a r  power. I n d i v i d u a l  

d i f f e r e n c e s  on t h e  impor tance  p laced  

on human v a l u e s ,  on i n f o r m a t i o n  and 
mi s in fo rma t ion  abou t  n u c l e a r  power, 

and on a t t i t u d e s  abou t  gene ra l  energy  

and n u c l e a r - s p e c i f i c  i s s u e s  a1 1  i n -  
f l u e n c e  a t t i t u d e s  abou t  n u c l e a r  power. 

However, human v a l u e s  and knowledge 
appea r  t o  combine t o  form a t t i t u d e s  
about  n u c l e a r  power, t h u s  making t h e  
combina t ion  of v a l u e s  and knowledge a  
c e n t r a l  d e t e r m i n a n t .  

O u r  f i n d i n g s  a r e  t h a t  t h e  impor tance  
one p l a c e s  on t h e  v a l u e s  f o r  a  comfo r t -  

a b l e  l i f e ,  a  world a t  peace ,  a  world 

of b e a u t y ,  f ami ly  s e c u r i t y ,  f reedom, 

and n a t i o n a l  s e c u r i t y  i s  a  s t r o n g  

d e t e r m i n a n t  of n u c l e a r  power a t t i t u d e .  
Fur thermore ,  p r o n u c l e a r  and a n t i -  

n u c l e a r  r e sponden t s  have t o t a l l y  

o p p o s i t e  p e r c e p t i o n s  a s  t o  whether  

n u c l e a r  power he lp s  o r  h i n d e r s  t h e  

a t t a i n m e n t  of  t h e s e  g o a l s .  

We found t h a t  t h e  p u b l i c  i s  l a r g e l y  
uninfarmed abou t  n u c l e a r  power, and 

e s p e c i a l  1  y  n u c l e a r  was t e  management. 

Most r e sponden t s  g r e a t l y  u n d e r e s t i m a t e  

n u c l e a r ' s  r o l e  i n  e l e c t r i c i t y  produc-  

t i o n ,  b e l i e v e  t h a t  most n u c l e a r  was t e s  
a r e  l i q u i d s  s t o r e d  i n  " H a n f o r d - l i k e "  

t a n k s ,  and o v e r e s t i m a t e  t h e  amount and 
Tongevity of n u c l e a r  w a s t e s .  

E n v i r o n m e n t a l i s t s  a r e  more knowl- 
edgab l e  about  n u c l e a r  power than  a r e  

n u c l e a r  ne ighbor s  and t h e  g e n e r a l  

Washington p u b l i c .  Among t h e  gene ra l  
p u b l i c ,  however, t h o s e  s t r o n g l y  sup-  
p o r t i n g  n u c l e a r  power p o s s e s s  s i g n i f i -  

c a n t l y  more n u c l e a r  knowledge t han  
any of t h e  o t h e r  a t t i t u d e  g roups .  
Also ,  on t h e  t h r e e  knowledge q u e s t i o n s  

( a l l  t h r e e  r e l a t e d  t o  was te  manage- 

ment)  t h a t  b e s t  p r e d i c t e d  n u c l e a r  

a t t i t u d e ,  p ronuc l ea r  r e sponden t s  

answered t h e  q u e s t i o n s  c o r r e c t l y  more 
o f t e n  than  a n t i n u c l e a r  r e s p o n d e n t s .  

Although human v a l u e s  and n u c l e a r  

knowledge a r e  s t r o n g  d e t e r m i n a n t s  of  

o n e ' s  n u c l e a r  power a t t i t u d e ,  gene ra l  
energy  b e l i e f s  and n u c l e a r - s p e c i f i c  

b e l i e f s  add something more t o  t h e  ex-  
p l a n a t o r y  model. With r e g a r d  t o  more 
gene ra l  b e l i e f s ,  p r o n u c l e a r  respond-  
e n t s  b e l i e v e  t h a t  t h e  United S t a t e s  
economy w i l l  d e c l i n e  w i t h o u t  i n c r e a s e d  
energy  p r o d u c t i o n ,  whereas a n t i n u c l e a r  
r e sponden t s  a r e  no t  s u r e  abou t  t h e  
energy-economy r e l a t i o n s h i p ;  a n t i  - 
n u c l e a r  r e sponden t s  be1 i e v e  t h a t  more 

c o n s e r v a t i o n  would make i n c r e a s e d  e l e c -  

t r i c a l  p roduc t ion  unneces sa ry ,  wh i l e  

p r o n u c l e a r  r e sponden t s  b e l i e v e  t h a t  

c o n s e r v a t i o n  a l o n e  w o n ' t  be enough; 

and a n t i n u c l e a r  r e sponden t s  p l a c e  more 

f a i t h  than  p r o n u c l e a r  r e sponden t s  i n  

t h e  a b i l i t y  of a l t e r n a t i v e  energy  t e c h -  

n o l o g i e s  ( e s p e c i a l l y  s o l a r  power) t o  



provide  a  l a r g e  s h a r e  of f u t u r e  en-  
e rgy  needs.  With regard  t o  n u c l e a r -  
s p e c i f i c  a t t i t u d e s  we found t h a t  a t -  
t i t u d e s  about  n u c l e a r  s a f e t y ,  was te  
d i s p o s a l ,  p o l l u t i o n ,  and r e p r o c e s s i n g  

were most p r e d i c t i v e  of  o n e ' s  a t t i t u d e  

about  b u i l d i n g  more n u c l e a r  power 
p l a n t s .  

F i n a l l y ,  our  a n a l y s i s  of  p u b l i c  

p o l i c y  i s s u e s  has r e s u l t e d  i n  t h e  i s -  

suance of  t h e  r e p o r t  e n t i t l e d  P u b l i c  
Po l i cy  I s s u e s  i n  Nuclear  Waste Manage- 

ment. Four main c l u s t e r s  of i s s u e s  
su r round ing  waste management were 

i d e n t i f i e d  and d i s c u s s e d :  1 )  tempo- 

r a l  e q u i t y  i s s u e s  ( f a i r n e s s  ove r  t i m e ) ;  

2 )  geographic  and socioeconomic e q u i t y  
i s s u e s  ( f a i r n e s s  by r eg ion  and s o c i a l  

c l a s s ) ;  3 )  implementat ion i s s u e s  ( o r -  
g a n i z a t i o n ,  r e g u l a t i o n ,  f i n a n c i a l  a r -  

rangements ,  and long-term management); 
and 4 )  p u b l i c  involvement  i s s u e s  (what 

can be gained o r  l o s t  by p u b l i c  i n -  
volvement ,  who should  be i nvo lved ,  and 

c o n d i t i o n s  impeding o r  f o s t e r i n g  pub- 

l i c  i nvo lvemen t ) .  Of t h e s e  i s s u e  
a r e a s ,  t h e  t empora l ,  geog raph ic ,  and 

socioeconomic e q u i t y  i s s u e s  appear  t o  

be foremost  i n  t h e  p r e s e n t  n u c l e a r  
waste  d e b a t e .  A thorough a n a l y s i s  of 
how t h e s e  i s s u e s  impact was te  d i s p o s a l  
w i l l  a l s o  r e q u i r e  t h a t  f i v e  r e l a t e d  
f a c t o r s  be taken  i n t o  c o n s i d e r a t i o n :  
amount of was t e ,  t ype  of  was t e ,  t ype  
of was te  d i s p o s a l ,  i r r e v e r s i  b i l  i  t y  of  
d i s p o s a l ,  and t h e  i n h e r e n t  u n c e r t a i n t y  
i n  comparing t h e  c a l c u l a t i o n s  of bene- 

f i t s  and r i s k s  of d i f f e r e n t  d i s p o s a l  

modes ove r  t ime .  

PUBLIC PERCEPTION A N D  EVALUATION OF 
RISKS - M .  K .  L inde l l  and 
J .  A .  H6bert ( H A R C )  

During t h e  p a s t  q u a r t e r ,  work has 

been completed on t h e  a n a l y s i s  of t h e  

r i s k  t r a d e o f f s  q u e s t i o n n a i r e .  A r e -  

p o r t  on t h e  s u r v e y ' s  r e s u l t s ,  now com- 
p l e t e d  and under r ev i ew ,  d e s c r i b e s  
t h e  r a t i o n a l e  and procedure  f o r  t h e  

sampling of  i n t a c t  groups and t h e  f o r -  

mation of c l u s t e r s  of r e l a t i v e l y  homo- 

geneous groups .  This  r e p o r t ' s  sub-  
s t a n t i v e  focus  i s  on t h o s e  p o r t i o n s  

of  t h e  q u e s t i o n n a i r e  most c l o s e l y  r e -  
l a t e d  t o  i s s u e s  a s s o c i a t e d  wi th  n u -  
c l e a r  d i s p o s a l  f a c i l i t i e s .  This  i n -  

c l u d e s  q u e s t i o n s  about  t h e  pe rce ived  

need f o r ,  and e f f i c a c y  o f ,  s i t e  con- 

t r o l ,  s i t e  mon i to r ing ,  and informa-  

t i o n  t r a n s f e r  i n  producing system 
s a f e t y .  Also inc luded  a r e  t h e  d a t a  

on t h e  minimum a c c e p t a b l e  d i s t a n c e  

from t e c h n o l o g i c a l  f a c i l i t i e s  t h a t  

r e sponden t s  a r e  w i l l i n g  t o  l i v e  o r  

work. 
Other  d a t a  from t h i s  q u e s t i o n n a i r e  

w i l l  be p re sen ted  i n  a  subsequent  r e -  

p o r t ,  now in  t h e  d r a f t  s t a g e .  This  

r e p o r t  w i l l  d i s c u s s  s y s t e m a t i c  d i f -  

f e r e n c e s  between p ronuc lea r  and a n t i -  
n u c l e a r  groups i n  t h e  r e l a t i v e  impor- 
t a n c e  t hey  a t t a c h  t o  i s s u e s  such a s  
envi ronmenta l  p o l l u t i o n ,  energy 
s h o r t a g e ,  and economic growth.  The 

subsequent  r e p o r t  w i l l  a l s o  show how 
t h e s e  d i f f e r e n c e s  i n  i s s u e  s a l i e n c e  
a r e  r e l a t e d  t o  r e s p o n d e n t s '  concerns  

about  d i f f e r e n t  a s p e c t s  o f  energy  

t e c h n o l o g i e s ,  e s p e c i a l l y  r i s k .  



A r e v i e w  d r a f t  o f  t h e  q u e s t i o n -  u n d e r  way t o  o b t a i n  commi tmen ts  f r o m  

n a i r e  a d d r e s s i n g  t h e  t r a d e o f f s  b e -  g r o u p s  t o  d i s t r i b u t e  t h i s  q u e s t i o n -  

tween  p u b l i c  and o c c u p a t i o n a l  r i s k  n a i r e  t o  t h e i r  members. 

has  been c o m p l e t e d .  E f f o r t s  a r e  now 



8.0 WASTE MANAGEMENT SAFETY STUDIES 

W. K .  Winegardner - Project Manager 

Eva lua t e  t h e  s a f e t y  o f  a l t e r n a t i v e  was te  management schemes f o r  
v i a b l e  n u c l e a r  f u e l  c y c l e s  up t o  t h e  f i n a l  d i s p o s a l  s t e p ;  deve lop  t h e  
methodology n e c e s s a r y  t o  permi t  t h e  s a f e t y  a s se s smen t ;  i d e n t i f y  por- 
t i o n s  o f  was te  management s y s t ems  which cou ld  b e n e f i t  by s a f e t y  d e s i g n  
emphas is .  

SUMMARY 

Once-through fuel cycle waste 

management operations were evaluated 

using safety indices based o w s u c h  

factors as radioactivity, volume, 

gamma power, heat generation, and 

radionuclide mobility and toxicity. 

Using assessment of 8 5 ~ r  management 

techniques, work continued on the 

development of insights concerning 

trade-offs between management by dis- 

persion/dilution and by accumulation/ 

containment. Seven different safety 

indices were examined to identify 

biases that could result from their 

application. 

ONCE-THROUGH FUEL CYCLE ASSESSMENT - 
P. J. Pelto, J. W. Voss 

The evaluation of the once-through 

fuel cycle waste management operations 
continued during the quarter. A spe- 

cific reference system consisting of 

one pressurized water reactor and one 

3000-MT away from reactor storage 

basin is being evaluated using the 

analysis methods outlined in earlier 

quarterly reports. (1 , 2 )  

The initial scoping analysis has 

been completed for the reference sys- 

tem and is shown in Tables 8.1 and 

8.2. In this scoping analysis, safety 

indices based on such factors as radio- 

activity, volume, gamma power, heat 

generation, mobility, and toxicity are 

defined. These indices may be useful 

for providing relative comparisons of 

waste streams within a fuel cycle and 

of different fuel cycles. 

The more detailed analysis of the 

reference system's waste streams is 

continuing. In this analysis, such 

factors as public safety, occupational 

safety, and cost will be quantified 

to the degree possible. 

DISPERSION/ACCUMULATION TRADE-OFF 

ASSESSMENT - P. J. Mellinger 

Work continued on methods for 

providing insights concerning trade- 

offs between management by dispersion/ 

dilution and by accumulation/contain- 

ment. Assessment of noble gas manage- 

ment techniques is being used as the 

basis for this work. An in-depth 

description of 8 5 ~ r  immobilization 

by high-temperature, high-pressure 

sorption on zeolite was completed. 

The use of high-pressure steel cylin- 

ders for 8 5 ~ r  storage was reviewed. 

Meteorological and population data 

were selected for use in siting a 

reference facility and calculating 

radiological consequence. 



TABLE 8.1. Scoping Analysis Safety Indices of Reactor Wastes ( a )  

Untreated Untreated T o x i c i t y  Gama Heat Ava i lab le  
Waste Volme, Mass, A c t i v i t y .  jndex Power Generation, Mobil  t Techno o y .Y Stream kg C i m a ~ r ( b )  ~ e ~ / s e c l c )  W I n d e x l d j  Indexle? ~ i f e t i m e ( f )  

Trash 40 1.92 x l o 4  8 1.48 x 10'' 2.60 x 10'' 5.58 x 4 1 2 5 

Wet t rash  550 1 . 6 5 x 1 0 6  5.880 1 . 0 7 ~ 1 0 ~ ~  1 . 7 4 ~ 1 0 ' ~  3 . 7 1 x 1 0 - '  6 1 34 

Noncombustible, 40 4.0 x l o 4  16 2.13 x 10 l0  5.55 x 10'' 1.22 x 10-I 2 1 7.0 
noncompactabl e 
t rash  

Core i n t e r n a l s  5 2.5 x l o3  156,000 1.85 x 1014 5.52 x 1015 1.22 x 0 5 0.7 

a. For annual reactor  operations; t rea ted  wastes. 
b .  A i r  t o  d i l u t e  a c t i v i t y  t o  recomnended concentrat ion guide. 
c. Energy released i n  decay by gamna emission per u n i t  time. 
d. 0 = imnobile, 10 = gaseous. 
e. 0 = ava i lab le  technology, 10 = no t  ava i lab le .  
f. Percent o f  discharge radionucl ides w i t h  h a l f - l i f e  greater  than 10 y r .  

TABLE 8.2. Scoping Analysi r Safety Indices fo r  3000-MTHM Away from Reactor Storage   as in'^) 

Untreated Untreated T o x i c i t y  Gamna Heat Ava i lab le  
Treatment Vol me, Mass, Y A c t i v i t y ,  Inde Power Generation, Mobi 1 ' t  Technolo y 

Waste Stream Options m kg C i  m3 a i r t c )  ~ e ~ / s e c f d )  W Indexler  Index(f7 ~ i f e t i m e ( 9 )  

Spent f u e l  

General t rash  Compaction 

HEPA f i  1 t e r s  Drumning 

Wet waste Cementation 

Noncombustible, Drumni ng 
noncompactable t rash  

Gaseous e f f l u e n t s  None 

a. For t rea ted  wastes; annual quan t i t i es  f o r  rece iv ing  410 MTHM and s t o r i n g  2460 MTHM. 
b. Mass o f  excess water vaporized annually. 
c. A i r  t o  d i l u t e  a c t i v i t y  t o  recommended concentrat ion guide. 
d. Energy released i n  decay by gamma emission per u n i t  t ime. 
e. 0 = immobile, 10 = gaseous. 
f. 0 = ava i lab le  technology, 10 = not  avai lab le.  
g. Percent o f  discharge radionucl ides w i t h  h a l f - l i f e  greater  than 10 y r .  



USE OF INDICES - J.  W .  Y O S S  

Seven d i f f e r e n t  s a f e t y  i n d i c e s ,  

d e f i n e d  i n  T a b l e  8 .3 ,  we re  examined  

t o  i d e n t i f y  b i a s e s  w h i c h  c o u l d  r e s u l t  

f r o m  t h e i r  r e s p e c t i v e  a p p l i c a t i o n .  

The use  o f  s a f e t y  i n d i c e s  i n  w a s t e  

management s a f e t y  s t u d i e s  i s  one 

a l t e r n a t i v e  assessmen t  t e c h n i q u e .  I n  

p a r t i c u l a r  a p p l i c a t i o n s ,  i f  t h e i r  

l i m i t a t i o n s  a r e  u n d e r s t o o d ,  s a f e t y  

i n d i c e s  c a n  p r o v i d e  v a l u a b l e  i n s i g h t s  

i n t o  s a f e t y .  However,  u s e  o f  s a f e t y  

i n d i c e s  s h o u l d  be a v o i d e d  u n l e s s  i t  

i s  f u l l y  u n d e r s t o o d  t h a t  t h e y  do n o t  

a c c o u n t  f o r  w a s t e  f o r m  c h a r a c t e r i s t i c s ,  

f a c i l i t y  d e s i g n s ,  o r  e n v i r o n m e n t a l  

b e h a v i o r .  

The seven  i n d i c e s  have  been examined  

o n  t h e  b a s i s  o f  t h e i r  p r e d i c t i o n  o f  t h e  

t i m e - d e p e n d e n t  h a z a r d  o f  t h e  packaged  

s p e n t  f u e l  f r o m  t h e  o n c e - t h r o u g h  f u e l  

c y c l e .  The s a f e t y  i n d i c e s  n o r m a l i z e d  

t o  u n i t y  a t  t i m e  z e r o  a r e  p l o t t e d  a s  

f u n c t i o n s  o f  t i m e  i n  F i g u r e  8 .1 .  The 

HM1 , HM2,  PHM and RTI  a r e  c a l c u l a t e d  

on t h e  b a s i s  o f  a i r b o r n e  r e l e a s e ,  

w h i l e  HM and H I  assume a  w a t e r  r e l e a s e .  
6 F i g u r e  8 .1  r e v e a l s  t h a t  a f t e r  1 0  y e a r s  

o f  d e c a y ,  t h e  n o r m a l i z e d  i n d i c e s  v a r y  

TABLE 8.3. Safety Indices 

Index T i t l e  D e f i n i t i o n  Reference 

To ta l  ~ a d i o a c t i v i t y ' ~ )  9  = ; Q i ( t )  Bel 1  ( 3 )  
i = l  

Hazard Be11 ( 3 )  and U S N R C ( ~ )  

Mod i f i ed  a  a r d  = ; Q i ( t ) [ ( a i / M P l w i )  McGrath(5) 
Measure l y c j  i = l  + (b i /MP la i ) ]  

Mod i f i ed  a  a r d  
Measure 27df 

HM2 = I: i9i ( t .  ildt, Smith and ~ a s t e n b e r ~ ( ~ )  
i = l  It + di 

t 

P o t e n t i a l  Hazard PHI = ; { [ ~ i ~ i ( t ) ] / [ M ~ l i  li]} Gera and ~acobs ( ' )  
Measure(e) i = l  

Hazard ~ n d e x ( ~ )  

R e l a t i v e  T o x i c i t y  Index RTI = ,r,, ~ams t ra " )  

(jil H M ~ )  Base l ine 

a. Q i ( t )  = To ta l  r a d i o a c t i v i t y  o f  i so tope  i as a  f u n c t i o n  o f  t ime. 
b. RCGwi, RCGai = Recommended concen t ra t i on  guide o f  i so tope  i i n  water  o r  a i r ,  

r espec t i ve l y .  
c. a i ,  b i  = F r a c t i o n  o f  i so tope  i re leased t o  water o r  a i r ,  r e s p e c t i v e l y .  

MPlwi, MPlai  = Maximum pe rm iss ib l e  i n t a k e  o f  i so tope  i i n  water  o r  a i r ,  
r e s p e c t i v e l y .  

d. d i  = Time p e r i o d  o f  concern f o r  t he  re l ease  o f  i so tope  i t o  the  environment.  
e. P i  = P r o b a b i l i t y  o f  r e l ease  o f  i so tope  i t o  the  environment; h i  = s p e c i f i c  

r a d i o a c t i v i t y  o f  i so tope  i. 
f. V = Volume i n  which t he  waste i s  contained. 
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FIGURE 8 . 1 .  N o r m a l i z e d  S a f e t y  I n d i c e s  f o r  P a c k a g e d  
S p e n t  F u e l  f r o m  t h e  O n c e - T h r o u g h  F u e l  C y c l e  

b y  n e a r l y  s i x  o r d e r s  o f  m a g n i t u d e .  

On t h e  b a s i s  o f  t h e  PHM p l o t  ( i n  a i r ) ,  

o n e  c o u l d  c o n c l u d e  t h a t  t h e  h a z a r d  a s -  

s o c i a t e d  w i t h  s p e n t  f u e l  d e c r e a s e s  

l e s s  t h a n  a  f a c t o r  o f  t w o  w i t h  1 0  6 

y e a r s  o f  d e c a y .  H o w e v e r ,  t h e  v a l u e  

o f  PHM i s  n u m e r i c a l l y  d o m i n a t e d  b y  t h e  

p r e s e n c e  o f  2 3 8 ~ ,  w h i c h  a c c o u n t s  f o r  

9 5 %  o f  t h e  t o t a l .  By a p p l i c a t i o n  o f  

t h e  HM2 ( i n  a i r ) ,  o n e  c o u l d  c o n c l u d e  

t h a t  t h e  h a z a r d  o f  s p e n t  f u e l  d o e s  

n o t  d e c r e a s e  o v e r  p e r i o d s  l e s s  t h a n  

5 0 0 0  y e a r s .  N u m e r i c a l l y  t h i s  r e s u l t s  

f r o m  t h e  p r e s e n c e  o f  2 3 9 ~ u  a n d  2 4 0 ~ u .  

B o t h  e f f e c t s  r e s u l t  f r o m  t h e  f a c t  t h a t  

PHM a n d  HM2 a r e  d i r e c t l y  p r o p o r t i o n a l  

t o  t h e  h a l f - l i v e s  o f  t h e  i s o t o p e s  

b e i n g  c o n s i d e r e d .  F u r t h e r ,  t h e  p r e s -  

e n c e  o f  a - e m i t t e r s  i n  t h e  w a s t e  s y s -  

t e m  i s  n u m e r i c a l l y  a m p l i f i e d  b e c a u s e  

b o t h  i n d i c e s  a r e  i n v e r s e l y  p r o p o r -  

t i o n a l  t o  RCG v a l u e s  w h i c h  i n  a i r  may 

b e  s e v e r a l  o r d e r s  o f  m a g n i t u d e  l o w e r  

f o r  a - e m i t t e r s  t h a n  f o r  8-  o r  y-  

e m i t t e r s .  T h e  a p p l i c a t i o n  o f  HM1 a n d  

R T I  ( i n  a i r )  may l e a d  t o  t h e  c o n c l u -  

s i o n  t h a t  t h e  h a z a r d s  a s s o c i a t e d  w i t h  

s p e n t  f u e l  d e c r e a s e  s i g n i f i c a n t l y  f o r  

d e c a y  p e r i o d s  g r e a t e r  t h a n  5 0 0 0  y e a r s .  

A g a i n ,  t h i s  c o n c l u s i o n  i s  t h e  r e s u l t  

o f  2 3 9 ~ u  a n d  2 4 0 ~ u  d e c a y .  U n l i k e  t h e  

PHM a n d  HM2 p l o t s ,  t h e  HMl a n d  RTI  d o  

r e f l e c t  t h e  d e c a y  o f  s h o r t - l i v e d  r a d i o -  

n u c l i d e s .  T h i s  r e s u l t s  b e c a u s e  t h e  

PHM a n d  HM2 a r e  d i r e c t l y  p r o p o r t i o n a l  

t o  t h e  h a l f - l i f e  o f  t h e  c o n s t i t u e n t s ,  

w h e r e a s  HM1 a n d  RTI  a r e  n o t .  E x a m i n a -  

t i o n  o f  t h e  n o r m a l i z e d  p l o t s  o f  HM a n d  

H I  r e v e a l s  t h e  p r e d i c t i o n  t h a t  t h e  

h a z a r d  a s s o c i a t e d  w i t h  s p e n t  f u e l  i n  

w a t e r  i s  s i m i l a r  t o  t h e  t o t a l  r a d i o -  

a c t i v i t y  o v e r  t i m e ,  a n d  t h a t  t h e  h a z a r d  

d r o p s  n e a r l y  s i x  o r d e r s  o f  m a g n i t u d e  
6 o v e r  1 0  y e a r s  o f  d e c a y .  

I n  summary,  t h e  s a f e t y  i n d i c e s  

c a l c u l a t e d  f o r  a i r b o r n e  r e 1  e a s e s  a r e  

n u m e r i c a l  1  y  d o m i n a t e d  b y  t h e  p r e s e n c e  

o f  a - e m i t t e r s ,  w i t h o u t  r e g a r d  t o  t h e i r  



a c t u a l  t o x i c i t y  i n  s p e c i f i c  s c e n a r i o s .  

S a f e t y  i n d i c e s  c a l c u l a t e d  f o r  w a t e r  

r e l e a s e s  r o u g h l y  a s s i g n  e q u a l  h a z a r d  

t o  a l l  r a d i o n u c l i d e s  because  t h e  RCG 

v a l u e s  a r e  r e l a t i v e 1  y  i n v a r i a n t  f o r  

t h e  i s o t o p e s  found  i n  s p e n t  f u e l .  How- 

e v e r ,  t h e  b e h a v i o r  o f  t h e s e  r a d i o n u -  

c l u d e s  i n  t h e  e n v i r o n m e n t  i s  n o t  r e -  

f l e c t e d ,  so  t h a t  t h e  v e r y  m o b i l e  i s o -  

t o p e s  a r e  i n d i s t i n g u i s h a b l e  f r o m  t h e  
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9 .0  WASTE ISOLATION SAFETY ASSESSMENT PROGRAM 

A l b i n  B r a n d s t e t t e r  - P r o j e c t  Manager  

Mark  A. H a r w e l l  - A s s i s t a n t  P r o j e c t  Manager  

The o b j e c t i v e s  o f  t h e  Waste  I s o l a t i o n  S a f e t y  A s s e s s m e n t  Program 
(WISAP) a r e  t o :  

2 .  d e v e l o p  t h e  g e n e r i c  methods  needed  t o  a s s e s s  t h e  l o n g - t e r m  
s a f e t y  o f  g e o l o g i c  i s o l a t i o n  r e p o s i t o r i e s  

2 .  o b t a i n  t h e  g e n e r i c  and s i t e - s p e c i f i c  d a t a  n e c e s s a r y  t o  a p p l y  
t h e  methods 

3 .  d e m o n s t r a t e  t h e  u s e  o f  t h e  methods f o r  a s p e c i f i c  s i t e  

4 .  a p p l y  t h e  methods t o  make s a f e t y  a s s e s s m e n t s  f o r  s i t e s  o f  
t h e  ~ a t i o n a l  Waste  T e r m i n a l  S t o r a g e  Program 

5. a n a l y z e  s o c i e t a l  a c c e p t a n c e  i s s u e s  and d e v e l o p  methods  o f  
communicat ing a s s e s s m e n t  r e s u l t s  which  enhance t h e  r a t i o n a l  
r e s o l u t i o n  o f  t h o s e  i s s u e s .  

SUMMARY 

D u r i n g  t h i s  q u a r t e r  a  management 

t a s k  was e s t a b l i s h e d ,  i n c l u d i n g  

a s s i g n m e n t  o f  a  new p r o j e c t  manager  

and  a s s i s t a n t  p r o j e c t  manager  and  sup-  

p o r t  s t a f f .  T h e r e  was a l s o  a  sub -  

s t a n t i a l  r e p l a c e m e n t  o f  t h e  Task 1  

p e r s o n n e l .  E x t e r n a l  c o n t r o l  s h i f t e d  

f r o m  t h e  O f f i c e  o f  Waste I s o l a t i o n  

(OWI) t o  t h e  O f f i c e  o f  N u c l e a r  Waste 

I s o l a t i o n  (ONWI). W i t h  t h e s e  changes,  

t h e  scope  and  d i r e c t i o n  o f  WISAP were  

r e v i e w e d  and  new emphas i s  was added 

t o  more  t i m e l y  p r o d u c t i o n  o f  s a f e t y  

a s s e s s m e n t s  f o c u s e d  o n  t h e  a n t i c i -  

p a t e d  l i c e n s i n g  r e q u i r e m e n t s .  Exam- 

p l e s  a r e  t h e  e x e r c i s i n g  o f  t h e  WISAP 

g e o s p h e r e  and dose  m o d e l s  f o r  an  

i n i t i a l  a s s e s s m e n t  o f  t h e  Pa radox  

B a s i n  bedded  s a l t  s i t e ,  and t h e  

e s t a b l i s h i n g  o f  t h e  f r a m e w o r k  w i t h i n  

t h e  s c e n a r i o  a n a l y s i s  t a s k  f o r  e x p e r t -  

o p i n i o n  i n p u t  t o  t h e  consequence  

A d d i t i o n a l  e f f o r t s  d u r i n g  t h i s  

q u a r t e r  i n c l u d e d  p r o g r e s s  on a  number 

o f  r e p o r t s  o r  d r a f t s ,  t h e  d e v e l o p m e n t  

o f  t h e  r e l e a s e  s c e n a r i o  p i l o t  p r o g r a m  

t o  an o p e r a t i o n a l  l e v e l ,  t h e  c o n t i n -  

ued d e v e l o p m e n t  o f  s o r p t i o n -  and  

l e a c h - t e s t i n g  f a c i l i t i e s  and d a t a ,  

and  c o n t i n u e d  t r a n s p o r t  and  dose  

model  d e v e l o p m e n t  o r  c o n v e r s i o n s .  An 

o v e r v i e w  o f  WISAP was p r e s e n t e d  a t  

t h e  M e e t i n g  on R a d i o n u c l i d e  M i g r a t i o n  

i n  C r y s t a l l i n e  Rocks h e l d  b y  t h e  

N u c l e a r  E n e r g y  Agency a t  S t u d s v i k ,  

Sweden (PNL-SA-7184) .  

TASK 1  - RELEASE SCENARIO ANALYSIS - 
R.  A. C r a i g  and G ,  L .  Benson 

T h i s  q u a r t e r  was l a r g e l y  one  o f  

t r a n s i t i o n  t o  new s t a f f ,  r e v i e w  o f  t h e  

scope  and emphas i s  o f  t h e  t a s k  e f f o r t s ,  

p l a n n i n g  f o r  t h e  s h i f t  t o  more  t i m e l y  

p r o d u c t i o n  o f  r e l e a s e  s c e n a r i o s  and 

e s t a b l i s h i n g  t h e  f r a m e w o r k  f o r  e x p e r t -  

a n a l y s i s  t a s k .  o p i n i o n ,  g e o l o g y - s p e c i f i c  s c e n a r i o  



a n a l y s e s .  The p i l o t  program f o r  p r e -  
d i c t i o n  of g e o l o g i c  s c e n a r i o  p r o b a b i l i -  

t i e s  has been comple ted ,  programmed, 
and debugged. E x e r c i s e  of t h i s  program 

was begun and w i l l  c o n t i n u e ,  t o  a i d  in  
deve lop ing  a  more r e a l i s t i c  s c e n a r i o  
a n a l y s i s  program. The t h e o r e t i c a l  

framework of t h i s  s i m u l a t i o n  modeling 

has been o u t l i n e d .  
iflost of t h e  g e o l o g i c  c o n s u l t a n t s  

have submi t t ed  t h e i r  f i n a l  r e p o r t s  

wi th  p r e c i s ,  which w i l l  be i n t e g r a t e d  

i n t o  a  summary document. The FY-1977 

Task Workshop r e p o r t  has been prepared  
and submi t t ed  f o r  c l e a r a n c e .  P lanning  

e f f o r t s  have i nc luded  i d e n t i f y i n g  t h e  

e x p e r t - o p i n i o n  teams t h a t  w i l l  p rovide  

s c e n a r i o s  f o r  t h e  geosphere  t r a n s p o r t  

s i t e  a n a l y s e s  d u r i n g  FY-1979 and w i l l  

p rov ide  i n p u t  t o  t h e  model development .  

TASK 2 - WASTE F O R M  RELEASE R A T E  

D A T A  - D .  J .  Brad ley  and 
R .  P .  T u r c o t t e  

The m e t a l l o g r a p h i c  s t u d i e s  of s p e n t  

f u e l  were comple ted .  Leaching and 

a n a l y s i s  work con t inued  on s p e n t  f u e l  

and a c t i n i d e - d o p e d  g l a s s ,  u s ing  simu- 
l a t e d  ground w a t e r s  and s a l t  b r i n e  
s o l u t i o n s .  Bu i ld ing  m o d i f i c a t i o n s  t o  
accommodate a  glovebox and open - f ace  
hood were comple ted ,  and t h i s  u n i t  
i n s t a l l a t i o n  i s  90% comple te .  F u r t h e r  

l e a c h i n g  t e s t s  have been planned t o  

use  t h i s  equipment ,  i n c l u d i n g  s t a t i c  

l e a c h  t e s t s  on a c t i n i d e s .  F a b r i c a t i o n  

of a  l a r g e  ho t  c e l l  l e a c h  t e s t i n g  c a b i -  

n e t  has been comple ted ,  and p r e p a r a -  
t i o n s  a r e  under way f o r  i n s t a l l a t i o n  

i n  t h e  ho t  c e l l .  Th i s  u n i t  w i l l  

accommodate u p  t o  150 l e a c h  t e s t s  

s i m u l t a n e o u s l y .  The a u t o c l a v e s  f o r  

n o n r a d i o a c t i v e  and doped was te  form 

s t u d i e s  have been r e c e i v e d  and i n -  

s t a l l e d .  A d d i t i o n a l l y ,  a  system of 

t h r e e  a u t o c l a v e s  f o r  ho t  c e l l  use  has 
been des igned  and put  o u t  f o r  b id .  

Leaching and a n a l y s i s  work c o n t i n -  
ued a t  Lawrence Livermore L a b o r a t o r i e s  
( L L L )  u s ing  t h e  s i n g l e - p a s s  l e a c h i n g  

sys tem.  A paper  co -au tho red  w i th  P N L  

f o r  p r e s e n t a t i o n  a t  t h e  M a t e r i a l s  
Research S o c i e t y  meet ing  i n  November 

has been a c c e p t e d .  

The compos i t i ons  of f o u r  t r a n s -  

u r a n i c  (TRU) was t e  forms have been 

developed a t  Brookhaven Nat iona l  
Labo ra to ry  ( B N L ) .  Procurement  of 

a c t u a l  i n c i n e r a t o r  ash  from Rocky 
F l a t s  i s  i n  p r o g r e s s .  Upon r e c e i p t  
of t h i s  a s h ,  t h e  TRU was te  forms w i l l  

be made and l e a c h  t e s t s  s t a r t e d  u s ing  

t h e  same l e a c h i n g  s o l u t i o n s  a s  a t  P N L  

and Lawrence Livermore Labo ra to ry .  

C o n s t r u c t i o n  of a  semi-automated 
l e a c h i n g  system f o r  t h i s  s t u d y  i s  75% 

comple te .  

TASK 3 - RELEASE CONSEQUENCE ANALYSIS - 
J .  R .  Raymond 

In r e sponse  t o  t h e  WISAP Review 

Committee, d u r i n g  t h i s  q u a r t e r  an 
i n i t i a l  s i t e - s p e c i f i c  e x e r c i s e  of t h e  
consequence a n a l y s i s  models was p e r -  
formed.  This  i nvo lved  a  c o o p e r a t i v e  
e f f o r t  f o r  t h e  Paradox Basin s i t e  i n  

Utah wi th  Bechtel  N a t i o n a l ,  I n c . ,  i n  

deve lop ing  t h e  d a t a  ba se ,  concep tua l  

and numerical  models ,  and r e l e a s e  

s c e n a r i o  f o r  a n a l y s i s  by Task 3 .  The 
V T T  g round-water  code was used f o r  

hyd ro log i c  model ing,  and a  one-  

d imens iona l  MMT code was used f o r  

r a d i o n u c l i d e  t r a n s p o r t  s i m u l a t i o n .  



T h i s  e x e r c i s e  was c o m p l e t e d  f o r  a  

s i n g l e  s e t  o f  p a r a m e t e r s  and i n i t i a l  

c o n d i t i o n s  and r e p o r t e d  t o  t h e  WISAP 

Rev iew  Commi t tee .  

The 1978  Task  3  Workshop was h e l d  

a t  PNL, w i t h  p r e s e n t a t i o n s  o n  each  o f  

t h e  g e o s p h e r e  m o d e l s  f o r  p e e r  r e v i e w  

o f  t h e  WISAP a p p r o a c h  t o  consequence  

a n a l y s e s .  V e r i f i c a t i o n  and  s e n s i t i v -  

i t y  a n a l y s i s  o f  t h e  3-D f i n i t e  e l e m e n t  

( F E )  g r o u n d - w a t e r  f l o w  model  w i t h  t h e  

PATHS a n a l y t i c a l  s o l u t i o n  was com- 

p l e t e d  and i n c l u d e d  i n  t h e  d r a f t  

document  on  t h e  FE m o d e l .  The FE 

s o l u t i o n  was compared t o  t h e  a n a l y t -  

i c a l  T h e i s  n o n e q u i l i b r i u m  e q u a t i o n  

f o r  a  s i n g l e  a q u i f e r  s y s t e m .  D a t a  

base  p rog rams  w e r e  d e v e l o p e d  t o  

d i s p l a y  and  p l o t  s t r a t i g r a p h i c  

s e c t i o n s  and  t o  p r o j e c t  s e c t i o n s  o n t o  

d e f i n e d  r e f e r e n c e  l i n e s .  The PATHS 

d o c u m e n t a t i o n  was i s s u e d  (BCSR-38) and  

t h e  FY-1977 w o r k s h o p  r e p o r t  c l e a r e d  

(PNL-SA-7468) .  C o n v e r s i o n  o f  com- 

p u t e r  codes  r e q u i r e d  f o r  dose  c a l c u -  

l a t i o n s  was n e a r l y  c o m p l e t e d  t h i s  

q u a r t e r .  ARRRG, FOOD, DACRIN, KRONIC, 

and  SUBDOSA a r e  f u l l y  o p e r a t i o n a l ;  

SUBDOPA i s  80% debugged,  PABLM, a  

newer  v e r s i o n  o f  FOOD, i s  b e i n g  

c o n v e r t e d .  

TASK 4 - TRANSPORT DATA - R. J. S e r n e  

The s t u d i e s  a t  PNL and s e v e r a l  sub-  

c o n t r a c t o r s  t o  r e s o l v e  m e t h o d - d e p e n d e n t  

s o r p t i o n / d e s o r p t i o n  d i s c r e p a n c i e s  have  

c o n t i n u e d  d u r i n g  t h i s  q u a r t e r ,  i n c l u d -  

i n g  b a t c h  Kd me thod  c o m p a r i s o n s  w i t h  

a x i a l  f i l t r a t i o n ,  c h a n n e l  c h r o m a t o g -  

r a p h y ,  and f l o w - t h r o u g h  c o l u m n  s y s t e m s .  

To d a t e ,  r e s u l t s  show t h a t  f a v o r a b l e  

c o m p a r i s o n s  c a n  be o b t a i n e d  w i t h  c a r e -  

f u l  e x p e r i m e n t a t i o n  f o r  s e l e c t e d  m e d i a /  

s o l u t i o n  s y s t e m s .  T e s t s  u s i n g  more  

nuclide/rock/ground-water c o m b i n a t i o n s  

c o n t i n u e .  A  p r e l i m i n a r y  e x p e r i m e n t  

u s i n g  a  t u f f  c o r e  was begun f o r  com- 

p a r i s o n  o f  m i g r a t i o n  r a t e s  t h r o u g h  

i n t a c t  r o c k  v e r s u s  d i s a g g r e g a t e d  r o c k s .  

The d a t a  c o l l e c t i o n  e f f o r t s  c o n t i n -  

ued a t  PNL and t h e  s u b c o n t r a c t o r s  f o r  

e x p a n d i n g  t h e  d e f e n s i b l e  d a t a  base  o f  

s o r p t i o n  o f  v a r i o u s  n u c l i d e s  b y  a  

w i d e  r a n g e  o f  r e p r e s e n t a t i v e  g e o l o g i c  

m e d i a  and g r o u n d - w a t e r  t y p e s .  D a t a  

were  c o l l e c t e d  t h i s  q u a r t e r  f o r  K d  

v a l u e s  f o r  I, Tc, Np, Pu, Am, S r ,  Cs, 

Eu, and Ce o n t o  m e d i a  s u c h  as  s h a l e ,  

g r a n i t e ,  l i m e s t o n e ,  b a s a l t ,  t u f f ,  and  

numerous p u r e  m i n e r a l s ,  u s i n g  s y n t h e t i c  

s a l t  b r i n e s  and g r o u n d  w a t e r s .  These 

d a t a ,  and o t h e r s  f r o m  t h e  l i t e r a t u r e ,  

a r e  b e i n g  p r o c e s s e d  b y  A d a p t r o n i c s  

u s i n g  a d a p t i v e  l e a r n i n g  n e t w o r k s  t o  

p r o d u c e  m u l t i n o m i a l  e q u a t i o n s  r e l a t -  

i n g  Kd v a l u e s  f o r  a  r a d i o n u c l i d e  t o  

c h a r a c t e r i s t i c s  o f  t h e  m e d i a  and 

m e t h o d o l o g y  used .  Thermodynamic  d a t a  

on s o l i d  compounds and s o l u t i o n  

s p e c i e s  o f  many d i f f e r e n t  r a d i o -  

n u c l  i d e s  were  pub1 i s h e d  (PNL-2651) .  

B a s i c  r e s e a r c h  i n t o  t h e  f a c t o r s  

and i n t e r a c t i o n s  c o n t r o l l i n g  s o r p t i o n /  

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

s t u d i e s  on t h e  e f f e c t  o f  i o n i c  

s t r e n g t h  and t r a c e r  c o n c e n t r a t i o n .  

O t h e r  s t u d i e s  f o c u s e d  on t h e  r e d o x  

p o t e n t i a l  t h r e s h o l d  f o r  c r e a t i o n  o f  

i n s o l u b l e  compounds ( a t  Oak R i d g e  

N a t i o n a l  L a b o r a t o r y ) ,  m i c r o a u t o -  

r a d i o g r a p h y  o f  n u c l i d e l r o c k  m a t r i x  

i n t e r f a c e s  ( a t  Los  A lamos S c i e n t i f i c  

L a b o r a t o r i e s  and Lawrence  B e r k e l e y  

L a b o r a t o r y ) ,  a d s o r p t i o n  k i n e t i c s  

( a t  A r g o n n e  N a t i o n a l  L a b o r a t o r y  



and  R o c k w e l l  H a n f o r d  O p e r a t i o n s ) ,  

g r o u n d - w a t e r  v a l e n c e  s t a t e s  ( a t  PNL), 

a n d  p o t e n t i a l  f o r  m i g r a t i o n  o f  r a d i o -  

n u c l i d e s  t h r o u g h  g e o l o g i c  m e d i a  a s  

p o l y m e r i c - c o l l o i d a l  s p e c i e s  ( a t  

G e o r g i a  I n s t i t u t e  o f  T e c h n o l o g y ) .  

The r e p o r t  f o r  t h e  1977  Workshop 

was pub1 i s h e d  t h i s  q u a r t e r  (PNL-SA- 

6 9 5 7 ) ,  and p r e p a r a t i o n s  w e r e  made f o r  

e a c h  s u b c o n t r a c t o r  t o  p r e s e n t  FY-1978 

p r o g r e s s  r e p o r t s  a t  t h e  1978  w o r k s h o p  

t o  be h e l d  O c t o b e r  2 - 5 ,  1978 .  S e v e r a l  

a b s t r a c t s  we re  a l s o  p r e p a r e d  b y  sub-  

c o n t r a c t o r s  f o r  w a s t e  management con -  

f e r e n c e s  o f  t h e  A m e r i c a n  C h e m i c a l  

REPORTS ISSUED DURING QUARTER 

D. H. R a i  and  R. J. S e r n e ,  S o l i d  
Phases a n d  S o l u t i o n  S p e c i e s  o f  
D i f f e r e n t  E l e m e n t s  i n  G e o l o g i c  
E n v i r o n m e n t s .  PNL-2651, P a c i f i c  
N o r t h w e s t  L a b o r a t o r y .  

R .  J. Se rne ,  Ed., Waste I s o l a t i o n  
S a f e t y  Assessmen t  P rog ram.  Task  4 .  
C o n t r a c t o r  I n f o r m a t i o n  M e e t i n g  P r o -  
c e e d i n g s .  Sep tember  21-23,  1977 .  
PNL-SA-6957, P a c i f i c  N o r t h w e s t  
L a b o r a t o r y .  

S o c i e t y ,  M a t e r i a l s  R e s e a r c h  S o c i e t y ,  

and  t h e  O r g a n i z a t i o n  f o r  Economic  

C o o p e r a t i o n  and  D e v e l o p m e n t  (OECD). 

TASK 5  - SOCIETAL ACCEPTANCE - 
A .  H. S c h i l l i n g  

D u r i n g  t h i s  q u a r t e r ,  A c t i v i t y  a t  

t h e  Human A f f a i r s  R e s e a r c h  C e n t e r  

(HARC) f o r  Task  5  f o c u s e d  o n  c o m p l e t i o n  

o f  t h e  w r i t i n g  and  r e v i e w i n g  o f  t h e  

f i n a l  t h r e e  r e p o r t s  o f  t h i s  t a s k ,  

upon  e n d i n g  t h i s  q u a r t e r ,  Task  5  

a c t i v i t i e s  as  a  p a r t  o f  t h e  WISAP a r e  

t e r m i n a t e d .  

R .  J. C o l e ,  K .  V .  F r i e d m a n ,  
F .  A. M o r r i s ,  and S. S m o l k i n ,  Compen- 
s a t i o n  f o r  t h e  A d v e r s e  E f f e c t  o f  
N u c l e a r  Waste F a c i  1  i t i  es .  

T. H u n t e r ,  N u c l e a r  Waste R e p o s i t o r y  
Land Use C o n t r o l  C o n s i d e r a t i o n s  i n  
S e l e c t e d  S t a t e s .  

R. W .  N e l s o n  and  J .  A. S c h u r ,  A  P r e -  
l i m i n a r y  E v a l u a t i o n  C a p a b i l i t y  f o r  
Some T w o - D i m e n s i o n a l  G r o u n d w a t e r  Con- 
t a m i n a t i o n  P r o b l e m s .  BCSR-38, 
BCS R i c h l a n d ,  I n c .  



10.0  WELL LOGGING INSTRUMENTATION DEVELOPMENT 

FOR SHALLOW LAND BURIAL 

R .  L .  B r o d z i n s k i  - P r o j e c t  Manager 

The o b j e c t i v e s  o f  t h i s  r e s e a r c h  program a r e  t o  d e v e l o p  a p p r o p r i a t e  
w e l l - l o g g i n g  equ ipment  c a p a b l e  o f  d e t e r m i n i n g  9 0 ~ r ,  3 ~ ,  and t h e  t r a n s -  
u r a n i c s  a t  s e n s i t i v i t y  ZeveZs w h i c h  w i l l  p r o v i d e  u s e f u l  i n f o r m a t i o n  f o r  
t h e  proper  o p e r a t i o n  o f  a  l a n d  b u r i a l  s i t e .  

A  v i a b l e  t e c h n i q u e  f o r  t h e  d e t e r -  

m i n a t i o n  o f  'OSr b y  w e l l - l o g g i n g  mea- 

s u r e m e n t  o f  b r e m s s t r a h l u n g  r a d i a t i o n  

i s  d e s c r i b e d .  D e t e c t i o n  1  i m i t s  a r e  

g i v e n  f o r  d e t e r m i n a t i o n  o f  "Sr as  a  

f u n c t i o n  o f  c o u n t i n g  t i m e  and  t h e  con -  

c e n t r a t i o n  o f  i n t e r f e r i n g  gamma-ray- 

emi t t i n g  r a d i o n u c l  i d e s .  E x p e r i m e n t s  

have  been c o m p l e t e d  t o  d e t e r m i n e  t h e  

op t imum d e t e c t o r  c o n f i g u r a t i o n  f o r  

t h i s  t e c h n i q u e .  

The u s e  o f  u l t r a t h i n  p l a s t i c  

s c i n t i l l a t o r s  f o r  t h e  d i r e c t  w e l l -  

l o g g i n g  d e t e r m i n a t i o n  o f  t r i t i u m  i n  

w a t e r  i s  b e i n g  i n v e s t i g a t e d .  

P a s s i v e  n e u t r o n  d e t e c t i o n  t e c h -  

n i q u e s  f o r  q u a n t i t a t i v e  a n a l y s i s  o f  

p l u t o n i u m ,  a m e r i c i u m ,  and c u r i u m  i s o -  

t o p e s  i n  s o i l  a r e  b e i n g  c a l i b r a t e d  as  

a  f u n c t i o n  o f  s o i l  m o i s t u r e .  E x p e r i -  

men ts  a r e  i n  p r o g r e s s  t o  d e t e r m i n e  

t h e  s e n s i t i v i t y  and  d e t e c t i o n  l i m i t s  

f o r  m e a s u r i n g  t h e s e  a c t i n i d e s  b y  p h o t o n  

we1 1  - l o g g i n g .  

DEVELOPMENT OF LOGGING SYSTEMS CAPABLE 

OF MEASURING ' O S r  - R. L .  B r o d z i n s k i  

and H.  L .  N i e l s o n  

The b r e m s s t r a h l u n g  r a d i a t i o n  gen -  

e r a t e d  b y  t h e  d e c e l e r a t i o n  o f  9 0 ~ r ( 9 0 ~ )  

b e t a  p a r t i c l e s  can be d e t e c t e d  w i t h  a  

germanium d i o d e  s p e c t r o m e t e r  and u s e d  

t o  q u a n t i t a t i v e l y  d e t e r m i n e  'OSr c o n -  

c e n t r a t i o n s .  T h i s  b r e m s s t r a h l u n g  

c o n t r i b u t i o n  c a n  be r e s o l v e d  even  i n  

t h e  p r e s e n c e  o f  i n t e r f e r i n g  gamma-ray- 

e m i t t i n g  r a d i o n u c l  i d e s .  F i g u r e  1 0 . 1  

d e p i c t s  a  9 0 ~ r ( 9 0 ~ )  b r e m s s t r a h l  ung 

s p e c t r u m  s u p e r i m p o s e d  o n  a  t y p i c a l  

f i s s i o n  p r o d u c t  gamma-ray s p e c t r u m  as  

measu red  f r o m  a  w e l l  i n  homogeneous l y  

c o n t a m i n a t e d  s o i l .  The m a j o r  p o r t i o n  

o f  t h e  b r e m s s t r a h l u n g  a c t i v i t y  f a 1  1  s  

be tween  60 and 236 keV. F o r t u n a t e l y ,  

t h i s  e n e r g y  r a n g e  does n o t  c o n t a i n  

r e s o l v a b l e  f i s s i o n  p r o d u c t  p h o t o p e a k s  

i n  any  o f  t h e  s y s t e m s  s t u d i e d  t h u s  

f a r .  Compton s c a t t e r e d  p h o t o n s  

a r e  o b s e r v e d  i n  t h i s  a r e a ;  howeve r ,  

t h e i r  c o n t r i b u t i o n  t o  t h e  t o t a l  num- 

b e r  o f  i n t e g r a t e d  e v e n t s  can  be c o r -  

r e c t e d  f o r  b y  q u a n t a t i v e  measurement  

o f  t h e  c o n c e n t r a t i o n s  o f  t h e  v a r i o u s  

r a d i o n u c l i d e s  t h a t  p r o d u c e  t h e s e  i n -  

t e r f e r i n g  gamma-rays.  S i n c e  t h e s e  

c o n c e n t r a t i o n s  c a n  b e  d e t e r m i n e d  b y  

m e a s u r i n g  a p p r o p r i a t e  p h o t o p e a k s ,  ( 1  

t h e  number o f  s c a t t e r e d  e v e n t s  i n  t h e  

60 -236  keV r a n g e  c a n  be d e t e r m i n e d  by  

measurement  o f  t h e s e  f u l l - e n e r g y  p e a k s .  

S u b t r a c t i o n  o f  t h i s  Compton component  

and t h e  b a c k g r o u n d  f r o m  t h e  i n t e g r a t e d  

a r e a  l e a v e s  t h e  n e t  c o n t r i b u t i o n  f r o m  



'%r BREMSSTRAHLUNG SPECTRUM SUPERIMPOSED ON 
NORMAL FISSION PRODUCT SPECTRUM I N  Sol L I 
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FIGURE 10.1. Components of Gamma-Ray Spectrum from 
Fission Products in Soil 

90~r(90~). Appropriate cal i bration 
leads to quantitative 'OSr concentra- 

tion values. 

The sensitivity of this well- 

logging technique for the determina- 

tion of in typical fission pro- 

duct activities was obtained using 

point sources of various radionuclides 
in a calibration facility filled with 
Hanford sediments. Data representing 

homogeneous distribution of the ac- 

tivities in an infinite volume of soil 

are obtained by normalizing each cali- 

bration measurement to unit concentra- 

tion of radioactivity in concentric 

spherical shells and summing over all 

significant shells. The details of 

this calibration technique and veri- 

fication of its accuracy have been 

given el sewhere '2) and will not be 

a 3.482 mCi 'OSr source and a mixed 

fission source containing: 582.2 pCi 

1 3 7 ~ s ;  89.88 pCi l o 6 ~ u ;  27.86 pCi 

1 4 4 ~ e ;  7.252 pCi 1 3 4 ~ s ;  4.543 pCi 

1 2 5 ~ b ;  and 1 .I67 pCi 1 5 4 ~ u .  
To avoid unnecessary expense, an 

approximation was utilized in this 

demonstration proof-of-concept ex- 
periment. The fraction of Compton 
scattered events in the 60-236 keV 
range was not determined separately 
for each gamma-ray-emitting fission 

product, but was determined for the 

"typical" mixture of fission products 

described earlier. In this case, the 

fraction of Compton events was not 

measured relative to any particular 

photopeak(s), but was measured rela- 

tive to the scattered events i n  the 
energy range 238-400 keV--an area also 

repeated here. Data were obtained devoid of photopeaks from these radio- 

separately and in combination using isotopes. Simultaneous equations and 



t h e  s p e c t r a l  s h a p e  d i f f e r e n c e  between 
Compton s c a t t e r e d  p h o t o n s  and  brems-  

s t r a h l u n g  r a d i a t i o n  a r e  used  t o  d e t e r -  
mine n e t  9 0 ~ r  c o n t r i b u t i o n s  f rom a  
m i x t u r e  o f  'OSr and  g a m m a - r a y - e m i t t i n g  

r a d i o n u c l i d e s .  The e n e r g y  r a n g e  60-  

236 keV i s  c a l l e d  a r e a  No. 1 ,  and t h e  

e n e r g y  r a n g e  238-400 keV i s  a r e a  

No. 2 .  These  a r e a s  a r e  i d e n t i f i e d  a s  

s u b s c r i p t s  i n  t h e  f o l l o w i n g  e q u a t i o n s .  
S i m i l a r l y ,  t h e  l e t t e r  B w i l l  d e n o t e  

t h e  b r e m s s t r a h l u n g  c o n t r i b u t i o n  i n  an  
a r e a ,  and t h e  l e t t e r  C w i l l  be used 

f o r  t h e  Compton c o n t r i b u t i o n .  The 
n e t  n o r m a l i z e d  v a l u e s  o f  B 1 ,  B 2 ,  C 1 ,  

and C 2  a r e  d e t e r m i n e d  f o r  a  g i v e n  

d e t e c t o r  s y s t e m  a s  d e s c r i b e d  e a r l i e r .  
The s p e c t r a l  s h a p e  d i f f e r e n c e  i s  

a l w a y s  s u c h  t h a t  B 1 / B 2  > C 1 / C 2 .  To 
d e t e r m i n e  t h e  'OSr c o n t r i b u t i o n  f rom 

a  measuremen t  o f  a  m i x t u r e  o f  9 0 ~ r  

and gamma-ray e m i t t e r s ,  l e t  x d e n o t e  
t h e  n e t  c o u n t s  i n  a r e a  No. 1  and y  
d e n o t e  t h e  n e t  c o u n t s  i n  a r e a  No. 2 .  

Then 

B 1  + C1 = x ( 1  
and B 2  + C 2  = y .  ( 2 )  

From c a l i b r a t i o n s  and  d e f i n i t i o n  

B 1 / B 2  % a ( 3  

and C1/C2 z B ( 4 )  

S o l v i n g  f o r  t h e  'OSr c o n t r i b u t i o n ,  

The v a l i d i t y  o f  E q u a t i o n  5 was demon- 
s t r a t e d  e x p e r i m e n t a l l y  by c o u n t i n g  
known q u a n t i t i e s  o f  'OSr i n  gamma- 
e m i t t i n g  f i s s i o n  p r o d u c t s .  

In  a c t u a l  p r a c t i c e ,  t h e s e  c a l c u l a -  
t i o n s  would be done  o n - l i n e  i n  r e a l  

t i m e ,  and t h e  Compton c o n t r i b u t i o n  t o  

a r e a  No. 1  would be c a l c u l a t e d  and 

s u b t r a c t e d  f o r  e a c h  i n d i v i d u a l  r a d i o -  

n u c l i d e  c o n t r i b u t i n g  t o  t h e  s p e c t r u m  

based  on c a l i b r a t i o n s  w i t h  i s o t o p i c - - -  
a l l y  p u r e  s o u r c e s .  In  t h i s  o p e r a -  
t i o n a l  s y s t e m ,  t h e  c o r r e c t i o n  would 
be d e t e r m i n e d  by i n t e g r a t i o n  o f  a p -  

p r o i p r i a t e  f u l l  e n e r g y  p h o t o p e a k s  w i t h  

a u t o m a t i c  d a t a  p r o c e s s i n g  e q u i p m e n t .  

These  c a l i b r a t i o n s  a l s o  c o r r e c t  f o r  

t h e  b r e m s s t r a h l u n g  c o n t r i b u t i o n  f rom 

i s o t o p e s  o t h e r  t h a n  9 0 ~ r ( 9 0 ~ ) .  
Due t o  i n d i v i d u a l  d e t e c t o r  r e -  

s p o n s e  c h a r a c t e r i s t i c s ,  i t  w i l l  be 

n e c e s s a r y  t o  c a l i b r a t e  e a c h  f i e l d  
i n s t r u m e n t  s e p a r a t e l y .  S i n c e  t h e  

d e t e c t o r s  used  i n  t h e s e  e x p e r i m e n t s  
a r e  n o t  l i k e l y  t o  be used a s  f i e l d  

i n s t r u m e n t s ,  and s i n c e  a p p r o p r i a t e  

A D P  e q u i p m e n t  was n o t  a v a i l a b l e ,  t h e  
a p p r o x i m a t i o n  t e c h n i q u e  was used  t o  

d e m o n s t r a t e  p r o o f - o f - c o n c e p t  and  t o  

o b t a i n  s e n s i t i v i t i e s  and d e t e c t i o n  

l i m i t s  i n  t h e  most  e c o n o m i c a l  manner  
p o s s i b l e .  I f  t h i s  l o g g i n g  t e c h n i q u e  
p r o v e s  t o  be t h e  optimum method f o r  
d e t e r m i n i n g  'OSr i n  a  s h a l l o w - l a n d  

b u r i a l  g r o u n d ,  t h e  f i e l d  d e t e c t o r  t o  

be used w i l l  be c a l i b r a t e d  w i t h  i n -  

d i v i d u a l  r a d i o i s o t o p i c  s o u r c e s ,  and 

t h e  Compton c o r r e c t i o n  f a c t o r s  w i l l  

be based  on f u l l - e n e r g y  p h o t o p e a k s .  

Two s i z e s  o f  i n t r i n s i c  germanium 
d i o d e s  were  used  i n  t h e s e  e x p e r i m e n t s  
t o  d e t e r m i n e  which would be more s e n -  
s i t i v e  f o r  m e a s u r i n g  'Osr i n  a  gamma- 
r a y  f i e l d .  One d e t e c t o r  had an  a c t i v e  

volume o f  0 . 5  cm3, and t h e  o t h e r  was 
3  102  cm . I n  t h e o r y ,  t h e  l a r g e r  d i o d e  

c o u l d  be e x p e c t e d  t o  be more s e n s i t i v e  

d u e  t o  i t s  h i g h e r  e f f i c i e n c y .  How- 
e v e r ,  t h e  s m a l l e r  d i o d e  m i g h t  be e x -  

p e c t e d  t o  be more s e n s i t i v e  s i n c e  i t s  

e f f i c i e n c y  l o s s  i s  g r e a t e s t  i n  t h e  

gamma-ray e n e r g y  r a n g e  and  o n l y  m i n i -  

mal i n  t h e  b r e n i s s t r a h l u n g  e n e r g y  r a n g e .  



  his results in an increase in the 
signal-to-noise ratio and could lead 
to enhanced sensitivity. Figures 10.2 
and 10.3, detection limit curves for 
these diodes as a function of count- 
ing period and gamma-ray concentra- 
tion, show graphically that the larger 
diode demonstrated greater sensitivity 
by about a factor of four under all 
test conditions. These detection 
limits were calculated by setting the 
'OSr bremsstrahlung activity. B1 in 

Equation 5, equal to the statistical 
uncertainty of all factors in the 
right-hand side of that equation. As 
can be seen in Figure 10.3, a 'OSr 
concentration of less than 10 nCi 

can be detected in a fission 
product gamma field o f  100 nCi cmm3 
in a counting period of only 10 sec. 

Similarly, in a relatively gamma-free 

environment, a 'OS~ concentration o f  
<0.01 nCi cm-3 can be measured in 
less than 3 hr. 

A paper entitled " A  Well Logging 
Technique for the In Situ Determina- 
tion of 9 0 ~ r "  by R. L. Brodzinski and 
H. L. Nielson, based on these experi- 
ments, has been submitted for publica- 
tion in the Proceedings of a Symposium 

on Recent Advances in Nuclear Analyti- 
cal Methods to be held April 1-6, 1979, 
in Honolulu. 

A large-volume intrinsic germanium 
diode has been acquired which is de- 
signed specifically for well logging 
applications and capable of use in 
wells as small as 3 in. in diameter. 

This detector is operable in any 
orientation throughout 47r and is de- 
signed for attachment of a neutron 
source for in situ activation analysis. 

F l  SSlON PRODUCT GAMMA-RAY ACTIVITY (nCi c ~ n - ~ i  
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FIGURE 10.2. Bremsstrahlung Detection Limits for 'OSr 
in Soil Contaminated wi h Gamma-Ray-Emitting Fission 
Products Using a 0.5 cmf Intrinsic Germanium Diode 



FIGURE 1 0 . 3 .  B r e m s s t r a h l u n g  D e t e c t i o n  L i m i t s  f o r  ' O S ~  
i n  S o i l  C o n t a m i n a t e d  w i t h  G a m m a - R a y - E m i t t i n g  F i s s i o n  
P r o d u c t s  U s i n g  a  1 0 2  cm3 I n t r i n s i c  G e r m a n i u m  D i o d e  

A l t h o u g h  t h i s  d e t e c t o r  was o b t a i n e d  

w i t h  o t h e r  p r o g r a m  f u n d i n g ,  i t  w i l l  

b e  made a v a i l a b l e  f o r  t e s t i n g  a n d  u s e  

i n  t h i s  p r o g r a m .  

DEVELOPMENT OF LOGGING SYSTEMS CAPABLE 

O F  MEASURING T R I T I U M  - A. C. Case a n d  

R .  L .  B r o d z i n s k i  

The  d i r e c t  w e l l  l o g g i n g  m e a s u r e -  

m e n t  o f  t r i t i u m  i n  w a t e r  u t i l i z i n g  

u l  t r a t h i n  p l a s t i c  s c i n t i l  l a t o r s  i s  

b e i n g  c o n s i d e r e d .  M e t h o d s  a r e  b e i n g  

e x a m i n e d  f o r  a p p l y i n g  t h i s  t e c h n i q u e  

t o  t h e  a n a l y s i s  o f  g a s e o u s  a s  w e l l  a s  

a q u e o u s  t r i t i u m ,  f o r  i n c r e a s i n g  t h e  

s e n s i t i v i t y ,  a n d  f o r  r e d u c i n g  p o t e n -  

t i a i  i n t e r f e r e n c e s .  

DEVELOPMENT OF LOGGING SYSTEMS CAPABLE 

OF MEASURING ACTINIDES - R. L .  B r o d z i n s k i  

C a l i b r a t i o n  o f  t h e  p a s s i v e  n e u t r o n  

d e t e c t i o n  t e c h n i q u e  h a s  b e e n  i n i t i a t e d  

a t  a  s o i l  m o i s t u r e  l e v e l  o f  1 6 % .  A  

p a p e r  e n t i t l e d  "A T e c h n i q u e  f o r  t h e  I n  

S i t u  D e t e r m i n a t i o n  o f  T r a n s u r a n i c  E l e -  

m e n t s  i n  R e l a t i v e l y  I n a c c e s s i b l e  L o c a -  

t i o n s "  b y  R .  L .  B r o d z i n s k i ,  w h i c h  i s  

b a s e d  o n  t h i s  r e s e a r c h ,  h a s  b e e n  s u b -  

m i t t e d  f o r  p u b l i c a t i o n  i n  t h e  P r o c e e d -  

i n g s  o f  a  S y m p o s i u m  o n  R e c e n t  A d v a n c e s  

i n  N u c l e a r  A n a l y t i c a l  M e t h o d s ,  t o  b e  

h e l d  A p r i l  1 - 6 ,  1 9 7 9 ,  i n  H o n o l u l u .  

A n o t h e r  p a p e r  e n t i t l e d  "A T e c h n i q u e  

f o r  I n  S i t u  M o i s t u r e  L e v e l  D e t e r m i n a -  

t i o n s  i n  Re1 a t i v e l y  I n a c c e s s i b l e  



M a t r i c e s "  b y  R. L .  B r o d z i n s k i ,  w h i c h  

i s  a  b y - p r o d u c t  o f  t h i s  r e s e a r c h ,  

has  a l s o  been s u b m i t t e d  f o r  t h e  same 

symposium. 

E x p e r i m e n t s  a r e  i n  p r o g r e s s  t o  

d e t e r m i n e  t h e  s e n s i t i v i t y  and d e t e c -  

t i o n  l i m i t s  f o r  m e a s u r i n g  a c t i n i d e s  

b y  p h o t o n  w e l l  l o g g i n g .  The p r o c e -  

d u r e s  a r e  s i m i l a r  t o  t h e  9 0 ~ r  

b r e m s s t r a h l u n g  e x p e r i m e n t s ,  and o p t i -  

mum p h o t o p e a k  e n e r g i e s ,  d i o d e  c o n -  

f i g u r a t i o n ,  and i n t e r f e r e n c e  r e j e c -  

t i o n  p a r a m e t e r s  a r e  b e i n g  d e t e r m i n e d .  

Measurements  have  been  made o n  2 4 1 ~ m ,  

2 4 3 ~ m ,  2 4 4 ~ m ,  and  s e v e r a l  Pu i s o t o p e s .  

The l a r g e - v o l u m e  ge rman ium w e l l  l o g -  

g i n g  d e t e c t o r  d e s c r i b e d  above  s h o u l d  

a l s o  p r o v e  u s e f u l  i n  t h i s  p o r t i o n  o f  

t h e  r e s e a r c h  
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1 1 . 0  MONITORING AND PHYSICAL CHARACTERIZATION 

OF UNSATURATED ZONE TRANSPORT 

S. J. P h i l l i p s  - P r o j e c t  M a n a g e r  

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  d e v e l o p  m o n i t o r i n g  i n s t r u m e n t a -  
t i o n  s y s t e m s  and b u r i a l  media-was te  c h a r a c t e r i z a t i o n  methods  t o  e v a l u -  
a t e  t h e  m i g r a t i o n  o f  c o n t a m i n a n t s  from d i s p o s a l  s i t e s  f o r  low-Leve l  
so  l i d  w a s t e .  

SUMMARY 

T r a n s p o r t  o f  r a d i o n u c l i d e s  i n  u n -  

s a t u r a t e d  s e d i m e n t s  was m e a s u r e d  i n  

t e s t  c o l u m n s  i n  t h e  l a b o r a t o r y .  

6 0 ~ o - ~ ~ ~ ~  c o m p l e x  a n d  9 5 m ~ c  w e r e  

t e s t e d  a t  s o i l  w a t e r  c o n t e n t s  l e s s  

t h a n  5 0 %  s a t u r a t i o n .  E f f l u e n t  b r e a k -  

t h r o u g h  c u r v e s  w e r e  a n a l y z e d  t o  d e t e r -  

m i n e  t h e  r e t a r d a t i o n  f a c t o r s  a n d  d i s -  

t r i b u t i o n  c o e f f i c i e n t s  f o r  t h e s e  

i s o t o p e s .  The b r e a k t h r o u g h  c u r v e s  o f  

9 5 m ~ c  w e r e  s i m i l a r  t o  t h o s e  o f  c h l o -  

r i d e  a t  s i m i l a r  w a t e r  c o n t e n t s .  

6 0 ~ o - ~ ~ ~ ~  b r e a k t h r o u g h  was r e t a r d e d  

w i t h  r e s p e c t  t o  9 5 m ~ c .  B a t c h  Kd v a l -  

u e s  f o r  6 0 ~ o - ~ ~ ~ ~  and 9 5 m ~ c  g e n e r a l l y  

a g r e e d  w i t h  c o l u m n  Kd v a l u e s ,  b u t  t h e  

c o l u m n  Kd v a l u e s  c o u l d  b e  d e t e r m i n e d  

w i t h  g r e a t e r  p r e c i s i o n  t h a n  b a t c h  Kd 

v a l u e s .  

F i e l d  s t u d i e s  c o n t i n u e d .  M o n i t o r -  

i n g  o f  w a t e r  t r a n s p o r t  b y  n e u t r o n  

p r o b e  a n d  w e i g h i n g  l y s i m e t e r  w e r e  

e v a l u a t e d .  C o m p a r i s o n  o v e r  a  3 5 - d a y  

p e r i o d  d e m o n s t r a t e d  a g r e e m e n t  b e t w e e n  

m e t h o d s  t o  w i t h i n  k 0 . 2  cm ( w a t e r  d e p t h  

e q u i v a l e n t s ) .  S u i t a b l e  a g r e e m e n t  b e -  

t w e e n  m e t h o d s  r e q u i r e s  f i e l d  c a l  i b r a -  

t i o n  o f  t h e  n e u t r o n  p r o b e  a n d  a c c o u n t -  

i n g  f o r  mass t r a n s p o r t  o f  s e d i m e n t  

f r o m  t h e  w e i g h i n g  l y s i m e t e r . *  

LABORATORY ANALYSIS - G .  W .  Gee a n d  

A. C .  C a m p b e l l  

U n s a t u r a t e d  c o l u m n  t e s t s  w e r e  c o n -  

t i n u e d .  T h e  e x p e r i m e n t a l  a r r a n g e m e n t  

f o r  p r o d u c i n g  s t e a d y  f l o w  i n  u n s a t u -  

r a t e d  c o l u m n s  was d e t a i l e d  i n  a  p r e -  

v i o u s  r e p o r t .  T h e  c o l u m n s  w e r e  

l e a c h e d  w i t h  a  l o w - s a l t  s o l u t i o n  

c 0 . 1 5  - M  NaN03, 0 . 0 1  M KN03, a n d  

0 . 0 0 2  - M C a ( N 0 3 ) p ]  - a t  a  f l o w  r a t e  o f  

6 . 4  c m l d a y  w h i l e  t h e  l o w e r  b o u n d a r y  

o f  t h e  c o l u m n s  w e r e  c o n t r o l l e d  a t  a  

4 3 - c m  H20 t e n s i o n  b y  a  r e g u l a t e d  

v a c u u m  c o n t r o l .  T r a c e r  p u l s e s  o f  

9 5 m ~ c  a n d  6 0 ~ o - ~ ~ ~ ~  w e r e  a p p l i e d  t o  

t h e  u n s a t u r a t e d  c o l u m n .  T a b l e  1 1 . 1  

shows t h e  r e s u l t s  o f  t w o  t r a c e r  f l o w  

t e s t s  o n  s o i l  B ,  a  s a n d y  s o i l  r e p r e -  

s e n t a t i v e  o f  s u r f a c e  s o i l  m a t e r i a l s  

f o u n d  n e a r  t h e  3 0 0  N o r t h  B u r i a l  

g r o u n d s  a b o u t  2  km s o u t h e a s t  o f  t h e  

F a s t  F l u x  T e s t  F a c i l i t y  o n  t h e  Han-  

f o r d  R e s e r v a t i o n .  ( S e e  p r e v i o u s  r e -  

p o r t s  f o r  p h y s i c a l  c h a r a c t e r i z a t i o n  

o f  s o i l  6 . )  

* See P N L - 2 3 7 7 - 4  f o r  b a c k g r o u n d  m a t e -  
r i a l  r e l a t e d  t o  t h i s  p r o g r a m .  



TABLE 11.1. Calculated and Measured Breakthrough Curve 
Parameters for  95m~c and 60~0-EDTA in Soil B 

Pulse Pulse Volume Ratio 
Isotope days Computed Measured R Factor Kd Column Kd Batch 

a. Flow velocity was 6.4 cm/day a t  43% saturation. 

Kd v a l u e s  were c a l c u l a t e d  us ing  t h e  

e a u a t i o n  
8 Kd = (R-1)  - 
P 

where 

R = r e t a r d a t i o n  f a c t o r  

8 = v o l u m e t r i c  w a t e r  c o n t e n t  
3  3  

(cm /cm 
3  

p = s o i l  bulk d e n s i t y  (glcm ) .  

The computed p u l s e  volume r a t i o s  and 

r e t a r d a t i o n  f a c t o r s  i n  Table  11.1 

were de te rmined  from a  c u r v e - f i t t i n g  

r o u t i n e  (Wierenga ,  1978,  pe r sona l  com- 

m u n i c a t i o n )  which b e s t  f i t  t h e  e f f l u -  

e n t  d a t a  t o  t h e  normal c o n v e c t i v e -  

d i s p e r s i v e  e q u a t i o n .  The computed and 

t h e  measured pore volumes a r e  i n  ex- 

c e l l e n t  agreement .  The Kd ( d i s t r i b u -  

t i o n  c o e f f i c i e n t )  v a l u e s  from t h e  

columns a r e  i n  r e a s o n a b l e  agreement  

w i th  each  o t h e r  f o r  t h e  two p u l s e  

p e r i o d s  f o r  each of t h e  t e s t e d  i s o -  

t o p e s .  The mean Kd v a l u e s  were -0.001 

and +0.037 f o r  t e chne t ium and c o b a l t ,  

r e s p e c t i v e l y .  A s l i g h t l y  n e g a t i v e  Kd 

v a l u e  f o r  t e chne t ium i s  no t  s u r p r i s i n g  

s i n c e  t e chne t ium was i n  a  n e g a t i v e  one 

v a l e n c e  s t a t e  t h roughou t  t h e  t e s t  and 

hence was exc luded  from t h e  exchange 

s i t e s  of t h e  c l a y  p r e s e n t  i n  t h e  B 

s o i l .  The c o b a l t  complex, on t h e  

o t h e r  hand, was s l i g h t l y  r e t a r d e d ,  and 

t h e  low b u t  p o s i t i v e  Kd va lue  of co-  

b a l t  c o r r e l a t e d  well  w i th  t h e  observed  

r e t a r d a t i o n .  

The ba tch  Kd v a l u e s  (de t e rmined  i n  

t h e  conven t iona l  manner and r e p o r t e d  

i n  Table  1 1 . 1 )  f o r  c o b a l t  show good 

agreement  wi th  t h e  column Kd v a l u e s  

but  s u g g e s t  an even g r e a t e r  an ion  ex-  

c l u s i o n  than  was obse rved .  Anion ex-  

c l u s i o n  i n  s o i l  B a p p e a r s  t o  be p r e s -  

e n t ,  a s  i n d i c a t e d  by both column and 

ba tch  Kd e v a l u a t i o n s .  From a d d i t i o n a l  

t e s t i n g  i t  was observed  t h a t  t h e  pore  

volumes of e f f l u e n t  p roducing  a  r e l a -  

t i v e  c o n c e n t r a t i o n  of  0 . 5  were 0 .74  + 
0.07 ,  0 .90  + 0.03  and 1 . 1 9  + 0.04 f o r  

c h l o r i d e ,  t e chne t ium,  and cobalt-EDTA, 

r e s p e c t i v e l y .  S ince  breakthrough 

o c c u r s  p r i o r  t o  one pore  volume f o r  

both c h l o r i d e  and t e c h n e t i u m ,  i t  may 

lend  f u r t h e r  s u p p o r t  t o  an ion  e x c l u -  

s i o n  s i n c e  c h l o r i d e  i s  a l s o  known t o  

be exc luded  from c l a y  exchange s i t e s .  

However, t h e  breakthrough p r i o r  t o  one 

pore  volume a t  0 . 5  r e l a t i v e  c o n c e n t r a -  

t i o n  can a l s o  be e x p l a i n e d  by t h e  r e l a -  

t i v e  f r a c t i o n  of mobile  wa te r  p r e s e n t .  

Gaudet e t  a l .  ( 1 9 7 7 ) ( ~ )  have shown 

t h a t  a s  t h e  f r a c t i o n  of  mobile  w a t e r  

d e c r e a s e s  t h e  c h l o r i d e  breakthrough 

o c c u r s  a t  an i n c r e a s i n g l y  e a r l i e r  



t i m e  b e c a u s e  o f  w a t e r  t r a p p e d  i n  d e a d  

e n d  p o r e s .  A d d i t i o n a l  t e s t i n g  w i t h  a  

n o n i n t e r a c t i n g  i s o t o p e  s u c h  a s  t r i t -  

i u m  a n d  a d d i t i o n a l  t e s t s  a t  l o w e r  

w a t e r  c o n t e n t s  s h o u l d  a i d  i n  a s s e s s -  

i n g  b o t h  t h e  c o n t r i b u t i o n  o f  a n i o n  

e x c l u s i o n  a n d  t h e  e f f e c t s  o f  " d e a d  

e n d "  p o r o s i t y  i n  c a u s i n g  t h e  e a r l y  

b r e a k t h r o u g h  o b s e r v e d  i n  t h e s e  u n -  

s a t u r a t e d  c o l u m n s .  

F I E L D  MONITORING AND DATA EVALUATION - 
M .  D. C a m p b e l l ,  K .  0 .  S c h w a r z m i l l e r ,  

a n d  G .  W .  Gee 

M e a s u r e m e n t s  w e r e  c o n t i n u e d  a t  t h e  

f i e l d  t e s t  s i t e .  T e m p e r a t u r e s  o f  a i r  

a n d  s o i l  p r o f i l e s  h a v e  b e e n  m o n i t o r e d  

a t  2 - h r  i n t e r v a l s  s i n c e  J u l y  1 4 ,  1 9 7 8 .  

F i b e r g l a s s  r e s i s t a n c e  b l o c k s  a n d  s o i l  

p s y c h r o m e t e r s  w i t h  t e m p e r a t u r e  t h e r m o -  

c o u p l e s  w e r e  f a s t e n e d  t o  a  p o s i t i o n -  

i n g  f r a m e  a n d  p l a c e d  i n  t h e  s o i l  a t  

t h e  2 .5 ,  5, 1 0 ,  1 5 ,  a n d  30-cm d e p t h  

b e l o w  t h e  r i n g - l e v e l e d  s o i l  s u r d a c e  

i n  t h e  n o r t h  a n d  s o u t h  c a i s s o n s .  

T h e s e  w e r e  c o n n e c t e d  t o  a  W e s c o r  D a t a  

L o g g e r  a n d  m o n i t o r e d  a t  2 - h r  i n t e r v a l s .  

L a c k  o f  AC p o w e r  a t  t h e  s i t e  r e -  

q u i r e d  s p e c i a l  DC p o w e r  a r r a n g e m e n t s .  

A  2 0 0 - a m p - h r ,  1 2 - v o l t  b a t t e r y  was 

p l a c e d  i n  t h e  i n s t r u m e n t  c a i s s o n ;  a n d  

a  r e m o t e  s w i t c h ,  t r i g g e r e d  b y  t h e  d a t a  

l o g g e r  when i t  t u r n s  o n  t o  s c a n ,  was 

i n s t a l l e d  t o  t u r n  o n  a n  i n v e r t e r  

w h i c h  p r o v i d e s  1 2 0  v o l t s  AC p o w e r  

n e c e s s a r y  t o  o p e r a t e  t h e  w e i g h i n g  

l y s i m e t e r  r e a d o u t  s y s t e m .  T h i s  i n -  

s t a l  l a t i o n  was c o m p l e t e d  A u g u s t  1 4 ,  

1 9 7 8 .  T h e r e a f t e r  w e i g h t  d a t a  w e r e  

l o g g e d  o n  2 - h r  i n t e r v a l s ,  u s i n g  a 

b u c k i n g  v o l t a g e  o n  t h e  W e i g h t r o n i x  

( l y s i m e t e r )  a n a l o g  o u t p u t  t o  b r i n g  

i t  i n  r a n g e  f o r  t h e  W e s c o t  D a t a  L o g g e r .  

A  c o m b i n a t i o n  p o w e r  p l a n t - w e l d e r  a n d  

some s m a l l  b a t t e r y  c h a r g e r s  w e r e  p u r -  

c h a s e d  t o  r e c h a r g e  t h e  b a t t e r y .  A f t e r  

some d i f f i c u l t y  f r o m  l e a v i n g  t h e  p o w e r  

p l a n t  t u r n e d  on ,  a n  a u t o m a t i c  s h u t o f f  

s y s t e m  was d e s i g n e d  a n d  i n s t a l  l e d  t o  

t u r n  t h e  p o w e r  p l a n t  o f f  when  t h e  b a t -  

t e r y  was f u l l y  r e c h a r g e d .  

D u r i n g  m i d - A u g u s t ,  a n  i n f r a r e d  o p -  

t i c a l  t h e r m o m e t e r  was b o r r o w e d  f o r  

m o n i t o r i n g  s u r f a c e  t e m p e r a t u r e  t o  b e  

c o m p a r e d  w i t h  t h e  i n  s i  t u  t h e r m o c o u p l e  

t e m p e r a t u r e  v a l u e s  m o n i t o r e d  b y  t h e  

d a t a  l o g g e r .  A l t h o u g h  g o o d  d a t a  w e r e  

c o l l e c t e d  o n  A u g u s t  1 5  a n d  1 6 ,  1 9 7 8 ,  

t h e  r a p i d l y  c h a n g i n g  w e a t h e r  h a s  s i n c e  

p r e v e n t e d  o u r  o b t a i n i n g  m e a s u r e m e n t s  

o f  maximum s u r f a c e  t e m p e r a t u r e  a n d  

d e t a i l e d  n e a r - s u r f a c e  t e m p e r a t u r e  p r o -  

f i l e s .  The  i n  s i t u  t e m p e r a t u r e  p r o -  

f i l e s  l o o k  g o o d ;  h o w e v e r ,  t h e  s u r f a c e  

t e m p e r a t u r e  h a s  t o  b e  i n f e r r e d .  

A d d i t i o n a l  t h e r m o c o u p l e  p s y c h r o -  

m e t e r s ,  r e s i s t a n c e - t y p e  m o i s t u r e  

b l o c k s ,  a n d  h e a t  d i s s i p a t i o n  u n i t s  

w e r e  i n s t a l l e d  i n  t h e  t w o  l a r g e  c a i s -  

s o n s ,  b u t  m o d i f i c a t i o n  o f  t h e  h e a t  

d i s s i p a t i o n  u n i t s  h a s  p r o v e n  n e c e s s a r y  

t o  m a i n t a i n  p r o p e r  h y d r a u l i c  c o n t a c t  

w i t h  t h e  s o i l .  T h e  t h e r m o c o u p l e  p s y -  

c h r o m e t e r s  h a v e  n o t  y i e l d e d  u s e f u l  

m o i s t u r e  d a t a  b e c a u s e  t h e  s e n s o r s  c a n -  

n o t  d e t e c t  w a t e r  c o n t e n t  o r  p o t e n t i a l  

c h a n g e s  when t h e  w a t e r  p o t e n t i a l  i s  

i n  t h e  r a n g e  f r o m  0  t o  - 1  b a r s .  A t  

l o w e r  w a t e r  p o t e n t i a l s ,  w h i c h  o c c u r  

n e a r  t h e  s o i l  s u r f a c e ,  t h e  s e n s o r s  

show e f f e c t s  o f  t h e r m a l  l o a d s ,  a n d  

o u t p u t s  a r e  e r r a t i c .  On t h e  o t h e r  

h a n d ,  r e s i s t a n c e  b l o c k s  w e r e  o b s e r v e d  



t o  be s e n s i t i v e  t o  t r a n s i e n t  m o i s t u r e  
changes ,  p a r t i c u l a r l y  when t h e  s o i l  
i s  wet .  Data e v a l u a t i o n  of t h e  ob- 
s e r v e d  m o i s t u r e  changes has begun. 

Neutron probe m o i s t u r e  d a t a  have 
been c o l l e c t e d  and compared wi th  l y -  

s i m e t e r  d a t a ,  wi th  agreement  between 
r e s u l t s  t o  w i t h i n  abou t  0 . 2  cm of 
wa te r  ove r  t h e  t e s t  i n t e r v a l  (35-day 

p e r i o d ) .  The t e s t  p e r i o d  was from 
August 18  t o  September 22 ( J u l i a n  

d a t e s  230 t o  2 6 5 ) .  During t h i s  
p e r i o d ,  t h e r e  was on ly  one major p r e -  
c i p i t a t i o n  e v e n t ,  when 1 . 5  cm of  r a i n  
was r eco rded  on day 2 3 4 .  Four o t h e r  
days had measurab le  p r e c i p i t a t i o n ,  bu t  
none of t h e s e  e v e n t s  exceeded 0 .2  cm. 
Measurement comparisons were made s i x  

t imes  d u r i n g  t h e  p e r i o d .  The d a t a  
were matched on August 18 .  O n  day 

237, 4 days  a f t e r  t h e  1.5-cm r a i n -  
s t o rm,  t h e  neu t ron  probe u n d e r e s t i -  
mated s t o r a g e  by 0.20 cm. O n  day 265, 

a t  t h e  end of t h e  t e s t  p e r i o d ,  t h e  
neu t ron  probe o v e r e s t i m a t e d  s t o r a g e  
by 0 .25  cm. A t  a l l  o t h e r  measurement 

p e r i o d s ,  measurements of wa t e r  s t o r a g e  
by neu t ron  probe and by l y s i m e t e r  

agreed  t o  w i t h i n  0.2 cm. The d i f f e r -  
ence  i n  wa te r  s t o r a g e  i n f e r r e d  from 

l y s i m e t e r  and neu t ron  probe measure-  
ments a t  t h e  end of t h e  t e s t  p e r i o d  
was probably  caused  by observed  s o i l  

l o s s e s  from t h e  l y s i m e t e r  a s  a  r e s u l t  
of wind t r a n s p o r t .  Although a  c o r -  
r e c t i o n  was made f o r  e s t i m a t e d  l o s s e s  

( 1 5  k g ) ,  t h e  a c t u a l  l o s s  may have been 
15  k g  l a r g e r ,  which would accoun t  f o r  
t h e  observed  d i f f e r e n c e .  The ba re  ex-  
posed l y s i m e t e r  s u r f a c e  r e q u i r e s  c a r e -  

f u l  main tenance  t o  i n s u r e  a t  l e a s t  

i 0 . 2  cm p r e c i s i o n  i n  t h e  wa te r  s t o r a g e  
measurements .  This  w i l l  r e q u i r e  main- 

t a i n i n g  t h e  t o t a l  s o i l  we igh t  t o  
w i t h i n  i 5  k g .  
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1 2 . 0  DETECTION AND CHARACTERIZATION OF MOBILE ORGANIC 

COMPLEXES OF F I S S I O N  PROJECTS 

J.  A. F r a n z  - P r o j e c t  M a n a g e r  

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  d e t e r m i n e  t h e  i m p o r t a n t  m o b i l e  
o r  v o l a t i l e  n o n t r a n s u r a n i c  o r g a n i c  complexes  o f  f i s s i o n  and a c t i v a t i o n  
p r o d u c t s  found i n  t h e  s t o r a g e  o f  l o w - l e v e l  u a s t e  i n  s h a l l o w - l a n d  b u r i a l  
f a c i l i t i e s  and t o  d e t e r m i n e  t h e  r o l e  o f  o r g a n i c  complex ing  a g e n t s  i n  
enhanc ing  t h e  m o b i l i t y  o f  n u c l i d e s  i n  s o i l .  

SUMMARY 

D e t e c t i o n  o f  9 3 ~ b  a n d  ''2, n u c l e a r  

m a g n e t i c  r e s o n a n c e  (NMR) t r a n s i t i o n s  

was a t t e m p t e d  w i t h o u t  s u c c e s s ,  a p p a r -  

e n t l y  d u e  t o  v e r y  s h o r t  T1 r e l a x a t i o n  

t i m e s  d o m i n a t e d  b y  q u a d r u p o l e  r e l a x a -  

t i o n .  P r e v i o u s  s t u d i e s  o f  t a r t r a t e  

a n d  g l u c o n a t e  c o m p l e x e s  o f  z i r c o n i u m  

w e r e  e x p a n d e d  t o  i n c l u d e  EDTA a n d  DTPA 

c o m p l e x e s  b e c a u s e  t h e s e  c o m p l e x e s  w e r e  

f o u n d  t o  e x h i b i t  u p  t o  M a q u e o u s  

s o l u b i l i t y .  T h e  s t u d y  o f  t h e s e  com- 

p l e x e s  c o m p l e t e s  a l l  p l a n n e d  w o r k  w i t h  

z i  r c o n i  urn c o m p l  e x e s .  P r o c e d u r e s  w e r e  

i d e n t i f i e d  f o r  d e t e c t i n g  c i t r a t e  

e l u e n t  i n  t h e  i o n  e x c h a n g e  s e p a r a t i o n  

o f  t e c h n e t i u m  c o m p l e x e s .  Due t o  t h e  

c l o s e  r e l a t i o n s h i p  b e t w e e n  n i c k e l  a n d  

c o b a l t  c o m p l e x e s ,  t h e  p r o p o s e d  w o r k  

w i t h  n i c k e l  c o m p l e x e s  was d e f e r r e d  i n  

f a v o r  o f  t h e  l e s s  w e l l  c h a r a c t e r i z e d  

c o m p l e x e s  o f  t e c h n e t i u m .  C o m b i n e d  

N M R / l i q u i d  c h r o m a t o g r a p h y  t e c h n i q u e s  

w e r e  d e v e l o p e d  f o r  m o n i t o r i n g  t h e  

p u r i f i c a t i o n  o f  t e c h n e t i u m  c o m p l e x e s .  

I D E N T I F I C A T I O N  OF NUCLIDES AND 

COMPLEXING AGENTS - J .  A. F r a n z  

T h i s  t a s k  i n v o l v e s  t h e  c o n t i n u a l  

r e f i n e m e n t  o f  o u r  e x i s t i n g  d a t a  o n  

c o m p l e x e s  a n d  n u c l  i d e s .  R e c e n t 1  y  

a v a i l a b l e  d a t a  ( '  y 2 )  d e a l i n g  w i t h  

w a s t e  i n v e n t o r i e s  o f  Maxey  F l a t s  a n d  

Oak R i d g e  N a t i o n a l  L a b o r a t o r y  do  n o t  

i n c l u d e  e s t i m a t e s  o f  l o w - l e v e l  n o n -  

t r a n s u r a n i c s  9 3 ~ r  a n d  9 5 ~ r .  T h u s ,  

w h i l e  i t  i s  c l e a r  f r o m  i n v e n t o r i e s  

t h a t  t h e  m a j o r  f i s s i o n  p r o d u c t s  s u c h  

a s  l o c o ,  2 3 9 ~ u ,  - e t  - a l .  e x i s t  i n  s u b -  

s t a n t i a l  q u a n t i t i e s  a n d  a r e  s u b j e c t  

t o  o r g a n i c - c o m p l e x  m e d i a t e d  m i g r a -  

t i ~ n , ( ~ )  d a t a  f o r  l e s s e r  n o n t r a n s u -  

r a n i c  i s o t o p e s  s u c h  a s  9 5 ~ r  a n d  9 3 ~ r  

d o  n o t  p e r m i t  a n  a b s o l u t e  a s s e s s m e n t  

o f  t h e i r  i m p o r t a n c e  i n  PWR w a s t e ,  

t h o u g h  i t  i s  a  m i n o r  r o l e .  

STUDY OF M O B I L I T Y  CHARACTERISTICS OF 

ORGANIC COMPLEXES - J .  A. F r a n z  a n d  

J a n e t  R u s s e l  1 

I n  a n  a t t e m p t  t o  b e t t e r  c h a r a c t e r -  

i z e  t h e  s t a t e  o f  p o l y m e r i z a t i o n  o f  

z i r c o n i u m  a n d  n i o b i u m  c o m p l e x e s  o f  

EDTA, t a r t r a t e  a n d  DTPA, n u c l e a r  mag-  

n e t i c  r e s o n a n c e  t e c h n i q u e s  ( 1 3 c ,  9 1 ~ r ,  

a n d  9 3 ~ b )  w e r e  e x a m i n e d .  9 3 ~ b  

F o u r i e r  t r a n s f o r m  n u c l e a r  m a g n e t i c  

r e s o n a n c e  (FTNMR) a t  1 9 . 4 4 3  MHz was 

a t t e m p t e d  u s i n g  t e t r a k i s - ( 2 , 4 -  

p e n t a n e d i o n a t o )  z i r c o n i u m  ( I V )  i n  

a c e t o n e - d 6 .  I n  b o t h  c a s e s  n o  s i g n a l  



w i t h i n  1 6  kHz o f  t h e  a s s i g n e d  f r e -  

q u e n c i e s  c o u l d  b e  d e t e c t e d  u s i n g  p u l s e  

r e p e t i t i o n  r a t e s  f r o m  0 .01  t o  1 . 0  

s e c .  I t  i s  a p p a r e n t  t h a t  e v e n  f o r  

t h e s e  h i g h - s y m m e t r y  s p e c i e s  q u a d r u -  

p o l e  r e l a x a t i o n  i s  v e r y  r a p i d ,  l e a d i n g  

t o  T1 v a l u e s  o f  %1 o - ~  s e c .  F o r  u s e f u l  

NMR s p e c t r a ,  l i n e  w i d t h s  o f  o b s e r v e d  

t r a n s i t i o n s  m u s t  b e  a  f r a c t i o n  o f  t h e  

s p e c t r a l  w i d t h  o b s e r v e d  ( 8 0 0  H z ) .  

S i n c e  l i n e  w i d t h s  a r e  e q u a l  t o   TI 
T2 o r  1111 T1 ( s i n c e  T i  = T 2 )  , T1 

v a l u e s  s h o u l d  b e  > l o - 3  s e c .  The  

p l a n n e d  s t u d y  o f  T1 ver sus  s t a t e  o f  

p o l y m e r i z a t i o n  t h u s  was n o t  f e a s i b l e  

s i n c e  T l l s  o f  s l o w l y  r o t a t i n g  p o l y m e r s  

o f  z i r c o n i u m  a n d  n i o b i u m  c o m p l e x e s  

a r e  e x p e c t e d  t o  h a v e  e v e n  s h o r t e r  Ti's 
a n d  t h u s  n o t  b e  o b s e r v a b l e  d u e  t o  

v e r y  b r o a d  r e s o n a n c e  1  i n e s .  

EDTA a n d  DTPA c o m p l e x e s  o f  z i r c o -  

n i u m  w e r e  r e e x a m i n e d  t o  d e t e r m i n e  

t h e i r  s o l u b i l i t y  a f t e r  p r e v i o u s  

s t u d i e s  w i t h  t a r t r a t e  a n d  g l u c o n a t e  

c o m p l e x e s  i n d i c a t e d  t h a t  m o s t  s o i l  

t e s t s  w o u l d  b e  c o n d u c t e d  a t  b e l o w  

M.  B o t h  z i r c o n i u m  EDTA a n d  DTPA - 
w e r e  f o u n d  t o  b e  s o l u b l e  t o  t h e  e x t e n t  

o f  1  x  ! a n d  3 x q. S i n c e  

n e i t h e r  a t o m i c  a b s o r p t i o n  s p e c t r o s c o p y  

n o r  a t o m i c  e m i s s i o n  s p e c t r o s c o p y  was 

f o u n d  t o  b e  s u f f i c i e n t l y  s e n s i t i v e  

b e l o w  t h e s e  r a n g e s ,  t h e  9 5 ~ r - s p i  k e d  

c o m p l e x e s  w i l l  b e  e x a m i n e d  t o  a u g m e n t  

p r e v i o u s l y  e x a m i n e d  t a r t r a t e  a n d  g l u -  

c o n a t e  c o m p l  e x e s .  

I n  s u p p o r t  o f  w o r k  w i t h  b o t h  z i r -  

c o n i u m  a n d  t e c h n e t i u m ,  a n a l y t i c a l  

p r o c e d u r e s  w e r e  f u r t h e r  d e v e l o p e d  f o r  

m o n i t o r i n g  i o n  e x c h a n g e  c o l u m n  e f f l u -  

e n t s  b y  c o m b i n e d  N M R l l i q u i d  c h r o m a -  

t o g r a p h y  t e c h n i q u e s .  D e t e c t i o n  o f  

t r a c e  q u a n t i t i e s  o f  Z r :EDTA a n d  

Z r : D T P A  c o m p l e x e s  i n  t h e  g r a n g e  

was s u c c e s s f u l l y  c a r r i e d  o u t  b y  ' H  

FTNMR. C o n c e n t r a t i o n s  o f  o r g a n i c  

c o m p l e x e s  down t o  i n  D20 a r e  

a c c e s s i b l e  b y  t h i s  t e c h n i q u e ,  a l l o w -  

i n g  m o n i t o r i n g  o f  t h e  l i q u i d  c h r o m a -  

t o g r a p h y  e f f l u e n t  f r o m  i o n  e x c h a n g e  

c o l u m n s  f o r  t h e  s e p a r a t i o n  o f  e x c e s s  

c o m p l e x i n g  a g e n t  f r o m  o r g a n i c  com- 

p l e x e s .  F i g u r e  1 2 . 1  shows a  ' H  NMR 

s p e c t r u m  o f  - M  Zr :DTPA i n  D20.  

I n  p r e v i o u s  w o r k ,  c h a r a c t e r i z a t i o n  

o f  " ~ c : c i t r a t e  c o m p l e x e s  a n d  "TC: 

EDTA c o m p l e x e s  h a s  b e e n  s o l e l y  b y  

u l t r a v i o l e t  s p e c t r o s c o p y  a n d  e l e c t r o -  

p h o r e s i s .  ( 4 )  T h i s  s t u d y ' s  r e s u l t s  

w i l l  p e r m i t  a  much m o r e  d e t a i l e d  

c h a r a c t e r i z a t i o n  o f  t e c h n e t i u m  com- 

p l e x e s ,  i n c l u d i n g  a  c o r r e l a t i o n  o f  

t h e  o x i d a t i o n  s t a t e  o f  "TC w i t h  NMR 

c h e m i c a l  s h i f t s .  T h e  s p e c t r u m  ( F i g -  

u r e  1 2 . 1 )  o f  t h e  z i r c o n i u m  c o m p l e x  

i s  r e p r e s e n t a t i v e  o f  u s e  o f  t h e  

m e t h o d ,  now u n d e r w a y ,  t o  c h a r a c t e r i z e  

t e c h n e t i u m  c o m p l e x e s .  T h i s  w i l l  

p e r m i t  a  m o r e  d e t a i l e d  c o r r e l a t i o n  o f  

t e c h n e t i u m  c o m p l e x  s t r u c t u r e  w i t h  

s o i l  a b s o r p t i o n  c h a r a c t e r i s t i c s .  



FIGURE 1 2 . 1 .  ' H  FTNMR S p e c t r u m  a t  7 9 . 5 4  MHz o f  1  :1  Zr :DTPA 
C o m p l e x ,  1 0 - 4  M  i n  D20. The  r e s o n a n c e s  l a b e l e d  a, b ,  a n d  c  
c o r r e s p o n d  t o  t h e  l i g a n d  h y d r o g e n s  i n d i c a t e d  i n  t h e  d e p i c t e d  
s t r u c t u r e  ( m e t a l  a t o m  n o t  shown f o r  c l a r i t y ) .  C h e m i c a l  
s h i f t s  a r e  i n  p a r t s  p e r  m i l l i o n  (PPM) f r o m  e x t e r n a l  t e t r a -  
m e t h y l  s i l a n e  s t a n d a r d .  
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1 3 . 0  ELECTROPOLISHING FOR SURFACE DECONTAMINATION 

OF METALS 

R. P. A l l e n  a n d  H .  W .  A r r o w s m i t h  - P r o j e c t  M a n a g e r s  

The o b j e c t i v e  o f  t h i s  program i s  t o  d e v e l o p  e l e c t r o p o l i s h i n g  a s  a  
l a r g e - s c a l e  d e c o n t a m i n a t i o n  t e c h n i q u e  f o r  r a d i o a c t i v e  m e t a l  s u r f a c e s .  
Major program a c t i v i t i e s  i n c l u d e  1) t h e  e s t a b l i s h m e n t  and o p e r a t i o n  o f  
a  d e m o n s t r a t i o n  d e c o n t a m i n a t i o n  f a c i l i t y  and 2) l a b o r a t o r y  s t u d i e s  t o  
u n d e r s t a n d  and o p t i m i z e  t h e  d e c o n t a m i n a t i o n  p r o c e s s .  

SUMMARY 

T h e  v i b r a t o r y  f i n i s h e r  was t e m p o -  

r a r i l y  i n s t a l l e d  a t  t h e  H a n f o r d  N- 

R e a c t o r  f o r  i n t e n s i v e  t e s t i n g  o f  i t s  

p r e t r e a t m e n t  c a p a b i l i t i e s .  R e s u l t s  

s h o w e d  t h a t  u s e  o f  t h e  v i b r a t o r y  f i n -  

i s h e r  r a t h e r  t h a n  c o n v e n t i o n a l  c h e m i -  

c a l  p r e t r e a t m e n t  m e t h o d s  n o t  o n l y  r e -  

d u c e d  c o s t s  a n d  p e r s o n n e l  e x p o s u r e ,  

b u t  a l s o  e f f e c t i v e l y  r e m o v e d  g r o s s  

c o n t a m i n a t i o n  a n d  c o n c e n t r a t e d  t h e  

c o n t a m i n a t i o n  i n  t h e  s l u d g e  t a n k .  

O t h e r  p r e t r e a t m e n t  s t u d i e s  h a v e  

i n c l u d e d  e v a l u a t i o n  o f  t h r e e  c h e m i c a l  

s t r i p p i n g  c o m p o u n d s ,  w h i c h  h a v e  shown 

p r o m i s e  i n  r e m o v i n g  e p o x y - t y p e  p a i n t s .  

I n  a d d i t i o n ,  e p o x y  p a i n t s  a n d  o t h e r  

t e n a c i o u s  s u r f a c e  m a t e r i a l s  h a v e  b e e n  

r e m o v e d  u s i n g  a  h i g h - p r e s s u r e ,  l i q u i d -  

p l u s - a b r a s i v e  b l a s t e r .  

S t u d i e s  a r e  u n d e r  way t o  d e t e r m i n e  

t h e  e f f e c t i v e n e s s  o f  p r e p o l i s h i n g  

i t e m s  t h a t  w i l l  become c o n t a m i n a t e d  

i n  t h e i r  s e r v i c e  e n v i r o n m e n t .  S c a n -  

n i n g  e l e c t r o n  m i c r o g r a p h s  o f  t h e  s u r -  

f a c e s  o f  a s - r e c e i v e d  s t a i n l e s s  s t e e l  

b a r s  show n o t  o n l y  m a c r o s c o p i c  i r r e g u -  

l a r i t i e s  b u t  a l s o  a  h i g h  d e n s i t y  o f  

s u b m i c r o n - s i z e  i m p e r f e c t i o n s  c a p a b l e  

o f  e n t r a p p i n g  c o n t a m i n a t i o n .  E l e c t r o -  

p o l i s h i n g  r e m o v e s  e s s e n t i a l l y  a l l  

t h e s e  m i c r o s c o p i c  i m p e r f e c t i o n s  a n d  

r o u n d s  o r  s m o o t h s  t h e  l a r g e - s c a l e  s u r -  

f a c e  i r r e g u l a r i t i e s .  

DECONTAMINATION STUDIES 

D e c o n t a m i n a t i o n  s t u d i e s  h a v e  b e e n  

h i n d e r e d  t h i s  q u a r t e r  a s  a  r e s u l t  o f  

t h e  a c c i d e n t a l  e v a p o r a t i o n  o f  n i t r i c  

a c i d  f u m e s  i n t o  t h e  e l e c t r o p o l  i s h i n g  

r o o m .  A h e a t e r  i n  t h e  r i n s e  t a n k  was 

l e f t  o n  o v e r  a  w e e k e n d ,  r e s u l t i n g  i n  

s i g n i f i c a n t  c o r r o s i o n  damage t o  p a i n t  

a n d  n o n s t a i n l e s s  s t e e l  c o m p o n e n t s .  

C l e a n u p  o p e r a t i o n s  h a v e  p r o g r e s s e d  

s a t i s f a c t o r i l y ,  a n d  f u l l  o p e r a t i o n  o f  

t h e  e l e c t r o p o l i s h i n g  f a c i l i t y  i s  

s c h e d u l e d  t o  r e s u m e  s o o n .  

PRETREATMENT STUDIES 

S u b s t a n t i a l  p r o g r e s s  h a s  b e e n  made 

i n  f u r t h e r  i d e n t i f y i n g  a n d  d e v e l o p i n g  

t h e  s e c t i o n i n g  a n d  p r e t r e a t m e n t  t e c h -  

n i q u e s  r e q u i r e d  t o  p r e p a r e  c o n t a m i  - 
n a t e d  m a t e r i a l  f o r  f i n a l  d e c o n t a m i n a -  

t i o n  b y  e l e c t r o p o l i s h i n g .  A  v i s i t  t o  

t h e  I n t e r n a t i o n a l  M a c h i n e  a n d  T o o l  

Show a t  C h i c a g o ,  I l l i n o i s ,  r e s u l t e d  

i n  i d e n t i f i c a t i o n  o f  s e v e r a l  t y p e s  o f  

s h e a r s ,  n i b b l e r s ,  a n d  o t h e r  t y p e s  o f  

m e t a l w o r k i n g  m a c h i n e s  c a p a b l e  o f  



sectioning stainless steel with a 

minimum of waste and with a low prob- 

ability of entraining surface contami- 

nation. A heavy-duty nibbler that 
can cut 0.25-in.-thick stainless 

steel at cutting speeds up to 6 ft/min 

has been ordered for evaluation. 

The vibratory finisher was tempo- 

rarily installed at the Hanford N- 

Reactor for intensive testing of its 

pretreatment capabilities using con- 

taminated components generated by the 

reactor's summer outage. Results 

showed that the vibratory finisher is 

very effective in removing gross con- 
tamination and concentrating the con- 

tamination in a recently acquired 

sludge tank. For example, process 

tube end caps and inserts treated in 

the vibratory finisher (Figure 13.1 ) 

were decontaminated to 15 mR/hr com- 

pared to 245 mR/hr for inserts treated 

by regular chemical decontamination 

methods. Cost comparisons performed 

by United Nuclear Industries indicated 

that the use of vibratory finishing 

on process tube end caps and inserts 

could save over $8000/yr in their 

operations compared to regular chemi- 

cal decontamination methods. 

A 10% sodium hydroxide solution was 
used as the compound during these 

tests and was supplied at 7 gal/hr. 
The frequency of the vibration was 

1200 vibrations/min and the amplitude 
2 

was 0.25 in. A total of 30.6 ft was 

processed in 30 hr, producing 1.4 ft 
3 

of waste. Items decontaminated in- 

cluded carbon steel process tube end 
caps and inserts (Figure 13.2), an 
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FIGURE 13.1. Process Tube End Caps and Inserts Being 
Processed in the Vibratory Finisher 



A s - R e c e i v e d  V i b r a t o r y - F i n i s h e d  
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FIGURE 1 3 . 2 .  B e f o r e  a n d  A f t e r  C o m p a r i s o n  o f  P r o c e s s  T u b e  
End Caps a n d  I n s e r t s  D e c o n t a m i n a t e d  i n  t h e  V i b r a t o r y  F i n -  
i s h e r .  N o t e  t h a t  1 2  e n d  c a p s  o r  3 2  i n s e r t s  c a n  b e  p r o c e s s e d  
i n  o n e  b a t c h .  

e l e c t r i c  pump m o t o r  h o u s i n g  ( F i g u r e  

1 3 . 3 ) ,  a n d  v a r i o u s  h a n d  t o o l s .  T h e  

m o s t  d r a m a t i c  r e d u c t i o n  i n  r a d i a t i o n  

l e v e l  o c c u r r e d  o n  a n  e n d  c a p - - f r o m  

1 . 5  r a d / h r  t o  2 0 0  m r a d l h r  i n  4  h r  

p r o c e s s i n g  t i m e .  

A n o t h e r  i t e m  p r o c e s s e d  was a  b a l l  

c h a n n e l  i n s p e c t i o n  t o o l  ( F i g u r e  1 3 . 4 ) ,  

c o n s t r u c t e d  o f  s t a i n l e s s  s t e e l  w i t h  

r u b b e r  t u b i n g  c o v e r i n g  a b o u t  t w o -  

t h i r d s  o f  i t s  l e n g t h .  R a d i a t i o n  l e v -  

e l s  o n  t h e  t o o l  w e r e  r e d u c e d  f r o m  

1 . 5  r a d l h r  t o  7 0  m r a d l h r ,  w i t h  a  

3 0 0 - m r a d l h r  h o t  s p o t  o n  t h e  t u b i n g .  

T h i s  was o u r  f i r s t  e x a m p l e  o f  d e c o n -  

t a m i n a t i o n  o f  a  n o n m e t a l l i c  i t e m  b y  

v i b r a t o r y  f i n i s h i n g .  

The  s l u d g e  t a n k ,  a d d e d  t o  t h e  com- 

p o u n d  h a n d l i n g  s y s t e m  t o  f a c i l i t a t e  

r e m o v i n g  s e c o n d a r y  w a s t e  f r o m  t h e  

v i b r a t o r y  f i n i s h e r ,  f u n c t i o n e d  e f -  

f e c t i v e l y  i n  t h e s e  t e s t s .  T h i s  t a n k  

was d o u b l e - l i n e d  w i t h  p l a s t i c  s h e e t s  

a n d  p o s i t i o n e d  j u s t  b e h i n d  t h e  m a c h i n e  

d r a i n .  A  p l a s t i c  p i p e  d i r e c t e d  t h e  

e f f l u e n t  f r o m  t h e  m a c h i n e  t o  t h e  t a n k  

b o t t o m .  T h e  l i q u i d  c o m p o u n d  was 

s k i m m e d  f r o m  t h e  s u r f a c e  t h r o u g h  t h e  

s l u d g e  t a n k  b a f f l e  d e v i c e .  I t  was 

t h e n  pumped b y  a  p l a s t i c  s u b m e r g i b l e  

pump t h r o u g h  5-um f i l t e r s  a n d  a  f l o w -  

m e t e r  i n t o  t h e  v i b r a t o r y  f i n i s h e r  b i n .  

The  s l u d g e  c o n t a i n i n g  t h e  r a d i o a c t i v e  

c o n t a m i n a t i o n  s e t t l e d  t o  t h e  t a n k  

b o t t o m  a n d  c o u l d  b e  r e m o v e d  e a s i l y  b y  

l i f t i n g  o u t  t h e  l i n e r  c o n t a i n i n g  t h e  

w a s t e .  

E a r l i e r  s t u d i e s  h a v e  d e m o n s t r a t e d  

t h e  n e e d  t o  r u n  t h e  m a c h i n e  o n l y  when 

l o a d e d  t o  c a p a c i t y  t o  m i n i m i z e  w a s t e  

g e n e r a t i o n  s i n c e  t h i s  i s  m a i n l y  a  

f u n c t i o n  o f  r u n  t i m e .  S i n c e  t h e  
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FIGURE 1 3 . 3 .  E l e c t r i c  Pump M o t o r  H o u s i n g  D e c o n t a m i n a t e d  i n  
t h e  V i b r a t o r y  F i n i s h e r  D u r i n g  t h e  N - R e a c t o r  D e m o n s t r a t i o n .  
( A  5 - i n .  w r e n c h  h a s  b e e n  a d d e d  f o r  s i z e  c o m p a r i s o n . )  
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FIGURE 1 3 . 4 .  B a l l  C h a n n e l  I n s p e c t i o n  T o o l s  C o n s t r u c t e d  o f  S t a i n l e s s  
s t e e l  and-ubber  T u b i n g  D e c o n t a m i n a t e d  b y  V i b r a t o r y  F i n i s h i n g  



v i b r a t o r y  f i n i s h e r  h a s  b e e n  r e t u r n e d  

f r o m  H a n f o r d  N - R e a c t o r ,  t e s t i n g  h a s  

b e e n  u n d e r  way t o  d e t e r m i n e  t h e  m a x i -  

mum s u r f a c e  a r e a  o f  m a t e r i a l  t h a t  c a n  

b e  e f f e c t i v e l y  p r o c e s s e d  i n  t h e  v i b r a -  

t o r y  f i n i s h e r .  R e s u l t s  o f  t h i s  e f f o r t  

h a v e  shown t h a t  r u n n i n g  a  v a r i e t y  o f  

s i z e s  t o g e t h e r  ( e . g . ,  4  x  24,  2  x  24,  

a n d  1  x  2 4  i n .  p i e c e s )  p e r m i t s  p r o -  

c e s s i n g  a  h i g h e r  v o l u m e  o f  m a t e r i a l  

w i t h  m o r e  e f f e c t i v e  r e s u l t s .  To d a t e  
2 a  t o t a l  o f  6 1 . 1  f t  o f  s t a i n l e s s  s t e e l  

h a s  b e e n  s u c c e s s f u l l y  p r o c e s s e d  a t  

o n e  t i m e .  

T h r e e  t y p e s  o f  c h e m i c a l  s t r i p p i n g  

c o m p o u n d s  a r e  b e i n g  e v a l u a t e d  a s  p a r t  

o f  o u r  p r e t r e a t m e n t  s t u d i e s .  T h e s e  

c o m p o u n d s  h a v e  b e e n  t e s t e d  o n  Amer -  

c o a t @  p a i n t  a n d  C a r b o l e n e e  ( a n  e p o x y -  

t y p e  p a i n t )  a n d  w i l l  b e  t r i e d  o n  e p o x y  

a d h e s i v e s  s u c h  a s  t h o s e  u s e d  o n  g l o v e  

b o x  c o m p o n e n t s  f r o m  R o c k y  F l a t s .  T h e  

m o s t  e f f e c t i v e  o f  t h e  s t r i p p i n g  com- 

p o u n d s  was a  m i x t u r e  o f  f o r m i c  a c i d  

a n d  m e t h y l e n e  c h l o r i d e .  T h i s  compound,  

w h i c h  w o u l d  b e  s u i t a b l e  f o r  u s e  i n  a n  

i m m e r s i o n  t a n k ,  r e m o v e d  t h e  A m e r c o a t e  

i n  4  m i n  a n d  t h e  c a r b o l e n e m  i n  1 0  m i n .  

I n  o t h e r  p r e t r e a t m e n t ' s t u d i e s ,  a  

h i g h - i m p a c t  s p r a y  w a s h e r  h a s  b e e n  

o r d e r e d ,  w h i c h  o p e r a t e s  a t  2 5 0  p s i  a n d  

d e l i v e r s  1 7 5  g a l l h r .  T h i s  w a s h e r  c a n  

b e  u s e d  w i t h  h o t  c h e m i c a l  s t r i p p i n g  

c o m p o u n d s  a n d  a l s o  w i l l  b e  a b l e  t o  

c i r c u l a t e  c h e m i c a l  d e c o n t a m i n a t i o n  

s o l u t i o n s  f o r  c o m p a r i s o n  s t u d i e s .  

C o l d  t e s t s  u s i n g  a  h i g h - p r e s s u r e ,  

l i q u i d - p l u s - a b r a s i v e  b l a s t e r  i n d i c a t e  

t h a t  t h i s  a l s o  w i l l  b e  a  v e r y  e f f e c -  

t i v e  p r e t r e a t m e n t  m e t h o d  f o r  r e m o v i n g  

@' 
R e g i s t e r e d  t r a d e m a r k s  o f  1 )  Ameron ,  
I n c . ,  2 0 1  N o r t h  B e r r y  S t . ,  B r e a ,  CA, 
a n d  2 )  C a r b o l e n e  Co., 3 5 0  H a n l e y  
I n d u s t r i a l  C o u r t ,  S t .  L o u i s ,  MO. 

e p o x y  p a i n t s  a n d  o t h e r  t e n a c i o u s  s u r -  

f a c e  m a t e r i a l .  The  1  i q u i d  b l a s t e r  

h a s  b e e n  p l a c e d  i n  t h e  g r e e n h o u s e  i n  

p r e p a r a t i o n  f o r  t e s t s  w i t h  c o n t a m i -  

n a t e d  m a t e r i a l .  

COMMERCIAL APPLICATIONS 

O u r  e l e c t r o p o l i s h i n g  d e c o n t a m i n a -  

t i o n  t e c h n i q u e s  a r e  now b e i n g  s u c c e s s -  

f u l l y  a p p l i e d  b y  t w o  c o m m e r c i a l  f i r m s .  

T h e s e  f i r m s  a r e  o f f e r i n g  t o  n u c l e a r  

f a c i l i t i e s  e l e c t r o p o l i s h i n g  d e c o n t a m i -  

n a t i o n  s e r v i c e s  d e s i g n e d  t o  s i g n i f i -  

c a n t l y  r e d u c e  d o w n - t i m e  a n d  p e r s o n n e l  

e x p o s u r e .  T h e y  d e c o n t a m i n a t e  s u c h  

i t e m s  a s  c h a r g i n g  pumps,  v a l v e s ,  t o o l s ,  

t u b i n g ,  b l a d e s ,  a n d  s h i p p i n g  c a s k s .  

I n  a d d i t i o n ,  t h e y  a r e  p r o p o s i n g  t h e  

u s e  o f  i n - s i t u  t e c h n i q u e s  o n  s t e a m  

g e n e r a t o r s  a n d  h e a t  e x c h a n g e r s .  

PREPOLISHING STUDIES 

E x p e r i e n c e  h a s  shown t h a t  t h e  s u r -  

f a c e s  p r o d u c e d  b y  e l e c t r o p o l i s h i n g  a r e  

e a s i e r  t o  c l e a n  u s i n g  swab a n d  o t h e r  

s t a n d a r d  d e c o n t a m i n a t i o n  t e c h n i q u e s  

t h a n  a r e  m e t a l  s u r f a c e s  w i t h  a  n o r m a l  

a s - r e c e i v e d  f i n i s h .  T h e  h i g h l y  p o l -  

i s h e d  s u r f a c e  p r o d u c e d  b y  t h e  e l e c t r o -  

p o l i s h i n g  t r e a t m e n t  s u b s t a n t i a l l y  r e -  

d u c e s  t h e  t i m e  a n d  r a d i a t i o n  e x p o s u r e  

r e q u i r e d  f o r  s u b s e q u e n t  d e c o n t a m i n a -  

t i o n  u s i n g  c o n v e n t i o n a l  t e c h n i q u e s .  

T h e s e  o b s e r v a t i o n s  s u g g e s t  t h e  u s e  

o f  e l e c t r o p o l i s h i n g  t o  p r e p o l i s h  t h e  

s u r f a c e  o f  i t e m s  t h a t  become c o n t a m i -  

n a t e d  i n  t h e i r  n o r m a l  s e r v i c e  e n v i r o n -  

m e n t  t o  f a c i l i t a t e  s u b s e q u e n t  d e c o n -  

t a m i n a t i o n  a n d  p o s s i b l y  e v e n  t o  r e d u c e  

t h e  i n i t i a l  c o n t a m i n a t i o n  l e v e l .  T h i s  

a p p l i c a t i o n  o f  e l e c t r o p o l i s h i n g  s h o u l d  



b e  u s e f u l  f o r  l a r g e  c o m p o n e n t s  a n d  

s u r f a c e s  s u c h  a s  s h i p p i n g  c a s k s  a n d  

r e f u e l i n g  p o o l  w a l l s  a s  w e l l  a s  f o r  

many t y p e s  o f  s m a l l e r  i t e m s ,  p r o v i d e d  

t h a t  t h e  s u r f a c e s  a r e  n o t  d e g r a d e d  b y  

t h e  s e r v i c e  e n v i r o n m e n t .  

P r e p o l i s h i n g ' s  e f f e c t s  o n  t h e  d e -  

c o n t a m i n a t i o n  b e h a v i o r  o f  m e t a l  s u r -  

f a c e s  c a n  b e  u n d e r s t o o d  q u a l i t a t i v e l y  

t h r o u g h  c o m p a r i n g  s u r f a c e  c h a r a c t e r -  

i s t i c s  o f  t y p i c a l  a s - r e c e i v e d  m a t e r i a l  

w i t h  t h o s e  o f  e l e c t r o p o l i s h e d  m a t e -  

r i a l .  F i g u r e  1 3 . 5  i s  a  s c a n n i n g  

e l e c t r o n  m i c r o g r a p h  o f  t h e  s u r f a c e  o f  

a s - r e c e i v e d  3 0 4 L  s t a i n l e s s  s t e e l  b a r  

w i t h  a  h o t - r o l l e d ,  a n n e a l e d  a n d  p i c k -  

l e d  (HRAP) f i n i s h .  T h e  HRAP s u r f a c e  

shows t h e  e x p e c t e d  m a c r o s c o p i c  i r -  

r e g u l a r i t i e s ,  b u t  m o s t  i m p o r t a n t  f r o m  

a  d e c o n t a m i n a t i o n  s t a n d p o i n t  a r e  t h e  

h i g h - d e n s i t y  o f  s u b m i c r o n - s i z e  i m p e r -  

f e c t i o n s  c a p a b l e  o f  e n t r a p p i n g  a n d  

r e t a i n i n g  c o n t a m i n a t i o n .  F i g u r e  1 3 . 6  
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FIGURE 1 3 . 5 .  S c a n n i n g  E l e c t r o n  M i c r o -  
g r a p h  o f  a n  A s - R e c e i v e d  HRAP 3 0 4 L  
S t a i n l e s s  S t e e l  S u r f a c e  S h o w i n g  t h e  
H i g h  D e n s i t y  o f  M i c r o s c o p i c  S u r f a c e  
I m p e r f e c t i o n s  

PNL 7 8 0 4 4 7 0 - 1  

F I G U R E  1 3 . 6 .  S c a n n i n g  E l e c t r o n  M i c r o -  
g r a p h  o f  3 0 4 L  S t a i n l e s s  S t e e l  E l e c t r o -  
p o l i s h e d  f o r  o n l y  1 5  m i n ,  I l l u s t r a t i n g  
t h e  E s s e n t i a l l y  C o m p l e t e  R e m o v a l  o f  t h e  
M i c r o s c o p i c  S u r f a c e  I m p e r f e c t i o n s  

shows t h e  same s u r f a c e  m a t e r i a l  a f t e r  

e l e c t r o p o l i s h i n g  f o r  1 5  m i n  i n  8 5 %  

H3P04.  T h e  l a r g e - s c a l e  s u r f a c e  i r -  

r e g u l a r i t i e s  a r e  s t i l l  p r e s e n t ,  b u t  

r o u n d e d .  H o w e v e r ,  t h e  e l e c t r o p o l i s h -  

i n g  t r e a t m e n t  h a s  r e m o v e d  e s s e n t i a l l y  

a l l  t h e  m i c r o s c o p i c  i m p e r f e c t i o n s .  

F u r t h e r m o r e ,  t h e  r e m o v a l  o f  t h e s e  s u b -  

m i c r o n  i m p e r f e c t i o n s  o c c u r s  r a p i d l y  

c o m p a r e d  w i t h  t h e  o v e r a l l  s m o o t h i n g  

p r o c e s s .  F i g u r e  1 3 . 7  s h o w s  t h e  s u r -  

f a c e  p r o d u c e d  b y  e l  e c t r o p o l  i s h i  n g  t h e  

a s - r e c e i v e d  m a t e r i a l  u n d e r  t h e  same 

c o n d i t i o n s  f o r  o n l y  5  m i n ,  c o r r e s p o n d -  

i n g  t o  t h e  r e m o v a l  o f  a b o u t  4  pm o f  

m e t a l .  T h e  m i c r o s c o p i c  i m p e r f e c t i o n s  

h a v e  b e e n  e l i m i n a t e d ,  w h e r e a s  g e n e r a l  

s m o o t h i n g  o f  t h e  s u r f a c e  i s  j u s t  

b e g i n n i n g .  

M e c h a n i c a l l y  f i n i s h e d  s u r f a c e s  r e p -  

r e s e n t  a n  i n t e r m e d i a t e  c a s e  b e t w e e n  

m i l  1  a n d  e l e c t r o p o l  i s h e d  f i n i s h e s  w i t h  

r e s p e c t  t o  d e n s i t y  o f  m i c r o s c o p i c  i m -  

p e r f e c t i o n s .  F i g u r e  1 3 . 8 ,  f o r  e x a m p l e ,  
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FIGURE 1 3 . 8 .  S c a n n i n g  E l e c t r o n  M i c r o -  
g r a p h  o f  3 0 4 L  S t a i n l e s s  S t e e l  M e c h a n i -  
c a l l y  G r o u n d  t o  a  No. 4 F i n i s h ,  P r o d u c -  

FIGURE 1 3 . 7 .  S c a n n i n g  E l e c t r o n  M i c r o -  i n g  a  F l a t  S u r f a c e  w i t h  a  M o d e r a t e  
g r a p h  o f  3 0 4 L  S t a i n l e s s  S t e e l  E l e c t r o -  D e n s i t y  o f  M i c r o s c o p i c  I m p e r f e c t i o n s  
p o l i s h e d  f o r  o n l y  5 m i n ,  I l l u s t r a t i n g  
t h e  R a p i d  Remova l  o f  t h e  M i c r o s c o p i c  
S u r f a c e  I m p e r f e c t i o n s  

i s  a  s c a n n i n g  e l e c t r o n  m i c r o g r a p h  p r o c e s s  a r e  s t i l l  p o t e n t i a l  t r a p s  

o f  t h e  s u r f a c e  p r o d u c e d  b y  m e c h a n i -  f o r  c o n t a m i n a t i o n .  I t  s h o u l d  b e  

c a l l y  p o l i s h i n g  3 0 4 L  s t a i n l e s s  s t e e l  n o t e d ,  t o o ,  t h a t  t h e  e l e c t r o p o l i s h e d  

t o  a  No. 4 f i n i s h .  A l t h o u g h  t h e  r e -  f i n i s h  i s  b o t h  s u p e r i o r  f o r  d e c o n t a m i -  
s u l t i n g  s u r f a c e  i s  v e r y  f l a t  a n d  f r e e  n a t i n g  a n d  u s u a l l y  much  l e s s  e x p e n -  

o f  m a c r o s c o p i c  i r r ' e g u l  a r i  t i e s ,  t h e  s i v e  t h a n  a  m e c h a n i c a l l y  p o l i s h e d  

s c r a t c h e s  i n t r o d u c e d  b y  t h e  g r i n d i n g  f i n i s h .  
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