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FOREWORD 

. -  

T h i s  r e p o r t  evolved from t h e  Department o f  Energy Low-Level Rad ioac t ive  

Waste Management Program's t a s k  of develop ing a handbook on t h e  procedures 
and technology r e q u i r e d  t o  s i t e ,  c o n s t r u c t ,  operate,  and c l o s e  a shal low 

l a n d  b u r i a l  f a c i l i t y  f o r  low- leve l  r a d i o a c t i v e  waste. Oak Ridge Nat iona l  

Labora tory  authored a r e p o r t  (DOE/LLW-l3Td) address ing t h e  s u b j e c t  as p a r t  

o f  t h e  DOE Low-Level Rad ioac t ive  Waste Management Handbook Series. F u r t h e r  

c o n s i d e r a t i o n  o f  t h e  i n t e r r e l a t i o n s h i p s  between t h e  waste, d isposa l  s i t e ,  

f a c i  1 i ty  desi  gn fea tures ,  and o p e r a t i n g  p r a c t i c e s  f o r  a c h i e v i n g  waste 

i s o l  a t i  on and r a d i  onucl  i de conta i  nment l e d  t o  t h i  s r e p o r t  --a r e v i s e d  v e r s i  on 

o f  DOE/LLW-l3Td t h a t  emphasizes a systems approach t o  sha l low l a n d  b u r i a l .  

It conta ins  updated i n f o r m a t i  on and i 11 u s t r a t e s  how t h e  performance 

o b j e c t i v e s  f o r  sha l low l a n d  b u r i a l  generate t e c h n i c a l  requirements f o r  each 

phase o f  development and o p e r a t i o n  o f  t h e  f a c i l i t y .  

t h i s  r e p o r t  i s  no t  in tended t o  be an i n s t r u c t i o n  manual. 

i s  p laced on understanding t h e  t e c h n i c a l  requirements and knowing what 

i n f o r m a t i o n  and analyses are  needed f o r  making in formed choices t o  meet 

those requ i  rements. 

L i k e  i t s  predecessor, 

Rather, emphasis 

ix 





ABSTRACT 

The performance o b j e c t i v e s  inc luded i n  r e g u l a t i o n s  f o r  d isposal  o f  

l o w - l e v e l  r a d i o a c t i v e  waste (10 CFR 6 1  f o r  commercial waste and DOE 

Order 5820.2 f o r  defense waste) are gener ic  p r i n c i p l e s  t h a t  generate 

t e c h n i c a l  requirements which must be fac to red  i n t o  each phase o f  t h e  

development and opera t ion  o f  a sha l low land b u r i a l  f a c i l i t y .  

i n c l u d e  a de terminat ion  of t h e  q u a n t i t y  and c h a r a c t e r i s t i c s  o f  t h e  waste, 

s e l e c t i o n  of a s i t e  and a p p r o p r i a t e  f a c i l i t y  design, use of sound o p e r a t i n g  

p r a c t i c e s ,  and c l  osu r e  of t h e  f a c i  1 i ty. 

concerning sha l low land b u r i a l  opera t ions  has shown t h a t  achievement o f  t h e  

performance o b j e c t i v e s  ( s p e c i f i c a l l y ,  waste i s o l a t i o n  and r a d i o n u c l i d e  

containment)  r e q u i r e s  a systems approach, f a c t o r i n g  i n t o  c o n s i d e r a t i o n  t h e  

i n t e r r e l a t i o n s h i p s  o f  t h e  phases o f  f a c i l i t y  development and o p e r a t i o n  and 

t h e i r  o v e r a l l  impact on performance. 

development and o p e r a t i o n  o f  a sha l low l a n d  b u r i a l  f a c i l i t y  f o r  l o w - l e v e l  

r a d i o a c t i v e  waste. The systems approach i s  embodied i n  t h e  presenta t ion .  

The r e p o r t  i s  not  in tended t o  be an i n s t r u c t i o n  manual; r a t h e r ,  emphasis i s  

p laced on understanding t h e  t e c h n i c a l  requirements and knowing what 

i n f o r m a t i o n  and a n a l y s i s  are needed f o r  making in formed choices t o  meet 

them. 

These phases 

The co l  1 e c t i  ve exper ience 

Th is  r e p o r t  presents  t h e  t e c h n i c a l  requirements and procedures f o r  t h e  

A framework i s  developed f o r  us ing  t h e  d e s i r e d  s i t e  c h a r a c t e r i s t i c s  t o  

l o c a t e  p o t e n t i a l l y  s u i t a b l e  s i t e s .  

c h a r a c t e r i z i n g  a s i t e  i s  then descr ibed and t h e  range o f  techniques 

a v a i l a b l 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 s  i d e n t i f i e d .  Given t h e  n a t u r a l  

f e a t u r e s  o f  a s i t e ,  des ign o p t i o n s  f o r  ach iev ing  t h e  performance o b j e c t i v e s  

are discussed, as a re  t h e  o p e r a t i n g  p r a c t i c e s ,  which must be compat ib le  w i t h  

t h e  design. 

containment and i s o l a t i o n  prov ided a t  e a r l i e r  stages o f  t h e  development and 

o p e r a t i o n  o f  t h e  f a c i  1 i ty. 

The scope o f  e f f o r t s  necessary f o r  

S i t e  c l o s u r e  i s  presented as f u n c t i o n i n g  t o  preserve t h e  

xi 
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1. INTRODUCTION 

New land d isposa l  f a c i l i t i e s  are needed t o  accommodate t h e  l o w - l e v e l  

r a d i o a c t i v e  wastes produced by both commercial and defense a c t i v i t i e s .  

Commercial wastes r e s u l t  from nuc lear  power p l a n t s  and associated f u e l  

c y c l e  f a c i l i t i e s ,  r a d i o i s o t o p e  and r a d i a t i o n  source i n d u s t r i a l  users, 
rad iopharmaceut ica l  manufacturers,  h o s p i t a l s  and medical  schools, 

u n i v e r s i t i e s ,  and government and p r i v a t e  research and development 

o r g a n i z a t i o n s .  Commercial low- leve l  wastes are c u r r e n t l y  disposed o f  i n  

commercial shal low land b u r i a l  f a c i l i t i e s .  L icensure  i s  by t h e  Nuclear  

Regu la to ry  Commission (under 10 CFR P a r t  61) o r  by a s ta te ,  i f  t h e  s t a t e  has 
q u a l i f i e d  as an agreement s t a t e  under t h e  Atomic Energy Act. Defense wastes 

r e s u l t  f rom t h e  p r o d u c t i o n  o f  nuc lear  weapons and the  research and 

development programs of t h e  U.S. Department o f  Energy (DOE); t h i s  waste i s  

m a i n l y  generated and disposed o f  a t  DOE f a c i l i t i e s .  Some c o n t r a c t o r s  

per fo rming  work f o r  t h e  federa l  government produce l o w - l e v e l  wastes a t  t h e i r  

own f a c i l i t i e s  and are r e q u i r e d  t o  s h i p  t h e  wastes t o  DOE f a c i l i t i e s  f o r  

d i s p o s a l .  

Order 5820) and does n o t  r e q u i r e  a l i c e n s e .  

I n  i t s  most elementary form, shal low land b u r i a l  d isposa l  c o n s i s t s  o f  

p l a c i n g  wastes i n  t renches which may be as deep as 15 m. The wastes are 

covered w i t h  ear then m a t e r i a l  which prov ides s h i e l d i n g  t o  reduce t h e  

r a d i a t i o n  exposure l e v e l s ,  p r o t e c t s  t h e  waste f rom d i r e c t  exposure t o  
r a d i o n u c l i d e  m o b i l i z a t i o n  elements such as wind and p r e c i p i t a t i o n ,  and 

serves as a b a r r i e r  aga ins t  human and b i o t i c  i n t r u s i o n .  Th is  d isposa l  

method i s  p r e f e r r e d  f o r  l o w - l e v e l  r a d i o a c t i v e  waste because i t  can be 

accomplished i n  a manner t h a t  a f f o r d s  occupat ional  s a f e t y  and p r o t e c t i o n  o f  
pub1 i c  h e a l t h  w h i l e  m a i n t a i n i n g  simp1 i c i t y  o f  opera t ions  and r e l a t i v e l y  low 

c o s t s .  For minimal environmental  i n s u l t ,  t h e  b u r i e d  waste must be 

s u f f i c i e n t l y  i s o l a t e d  f rom t h e  human environment as long as it remains 

hazardous, and re leases  o f  r a d i o n u c l i d e s  f rom t h e  waste must be c o n t r o l l e d  

t o  acceptable l e v e l s .  Exper ience has shown t h a t  s u f f i c i e n t  waste i s01  a t i o n  

and r a d i o n u c l i d e  containment can be e f f e c t e d  by shal low land b u r i a l  i f  t h e  

proper  c o n s i d e r a t i o n  i s  g iven  t o  t h e  i n t e r r e l a t i o n s h i p s  o f  the  waste, t h e  

d isposa l  s i t e ,  f a c i l i t y  design fea tures ,  and o p e r a t i n g  p r a c t i c e s .  

Disposal  o f  defense wastes i s  r e g u l a t e d  by DOE (under DOE 

1 
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The o b j e c t i v e  o f  t h i s  r e p o r t  i s  t o  p r o v i d e  t h e  proper  foundat ion  f o r  

development and o p e r a t i o n  o f  new sha l low land b u r i a l  d isposa l  f a c i l i t i e s .  

T h i s  r e p o r t  i s  n o t  in tended t o  be an i n s t r u c t i o n  manual t h a t  p rov ides  a l l  
in fo rmat ion  r e q u i r e d  t o  open a sha l low land b u r i a l  s i t e  o r  t o  s e l e c t  a 

p a r t i c u l a r  s i t e  c h a r a c t e r i z a t i o n  techn ique o r  s i t e  des ign s t r a t e g y .  Rather, 

t h e  sub jec t  mat te r  i s  covered i n  s u f f i c i e n t  d e t a i l  so t h a t  in formed cho ices  

can be made. The purpose of t h i s  r e p o r t  i s  t o  p r o v i d e  a r e f e r e n c e  guide f o r  

use by t h e  DOE and commercial sec tor  personnel i n v o l v e d  i n  management 

d e c i s i o n s  a f f e c t i n g  t h e  planning, development, operat ion,  and r e g u l a t i o n  o f  

sha l low land b u r i a l  f a c i l i t i e s .  T h i s  purpose i s  accomplished b y  b u i l d i n g  on 

t h e  b a s i s  that  a successfu l  o p e r a t i o n  w i l l  r e s u l t  f rom u s i n g  a systems 

approach t h a t  depends on major keys. These keys t o  success are i d e n t i f i e d ,  

r e l a t e d  t o  performance o b j e c t i v e s ,  and f o l l o w e d  b y  a systemat ic  d e s c r i p t i o n  

o f  procedures and technology f o r  sha l low land b u r i a l  o f  l o w - l e v e l  

r a d i o a c t i v e  waste. 

be achieved and how these performance o b j e c t i v e s  generate t e c h n i c a l  

c o n s i d e r a t i o n s  f o r  t h e  var ious  phases o f  development and o p e r a t i o n  o f  

sha l low land b u r i a l  systems. Th is  chapter  e s t a b l i s h e s  t h e  t e c h n i c a l  b a s i s  

f o r  s i t e  s e l e c t i o n  and c h a r a c t e r i z a t i o n ,  design, opera t ion ,  and c l o s u r e  and, 

thus,  p rov ides  t h e  key t o  understanding sha l low l a n d  b u r i a l .  Chapter 3 
addresses s i t e  s e l e c t i o n ,  develop ing a framework f o r  us ing  t h e  d e s i r e d  s i t e  

c h a r a c t e r i s t i c s  t o  l o c a t e  p o t e n t i a l l y  s u i t a b l e  s i t e s .  Chapter 4 descr ibes  

t h e  scope of e f f o r t s  necessary f o r  c h a r a c t e r i z i n g  a s i t e .  Emphasis i s  

placed on i d e n t i f y i n g  t h e  range o f  techniques a v a i l a b l e  f o r  s i t e  

c h a r a c t e r i z a t i o n .  

ach iev ing  t h e  performance o b j e c t i v e s  f o r  sha l low land b u r i a l  a t  a p a r t i c u l a r  

s i t e ,  g i v e n  i t s  n a t u r a l  features.  Chapter 6 addresses t h e  o p e r a t i n g  

p r a c t i c e s  necessary t o  c a r r y  o u t  t h e  t e c h n i c a l  requi rements and design. 

F i n a l l y ,  Chapter 7 d iscusses s i t e  c l o s u r e .  

To t h i s  end, Chapter 2 discusses t h e  performance o b j e c t i v e s  t h a t  must 

Chapter 5 d iscusses t h e  v a r i o u s  des ign o p t i o n s  f o r  



2. SYSTEMS APPROACH TO SHALLOW LAND BURIAL 

. 

Shal low 1 and b u r i a l ,  when p r o p e r l y  conducted, i s  an acceptable method 

f o r  t h e  d isposa l  of s o l i d ,  l o w - l e v e l  r a d i o a c t i v e  waste. I n  t h e  past, 

shortcomings i n  s i t e  s e l e c t i o n ,  f a c i l i t y  design, and s i t e  opera t ions  have 

l e d  t o  v a r i o u s  problems t h a t  have r e q u i r e d  c o r r e c t i v e  a c t i o n s  o r  t e r m i n a t i o n  

o f  opera t ions .  The lessons learned from t h i s  c o l l e c t i v e  exper ience p r o v i d e  

t h e  b a s i s  f o r  development of goa ls  and o b j e c t i v e s  t o  improve t h e  performance 

o f  c u r r e n t  and f u t u r e  sha l low land b u r i a l  f a c i l i t i e s .  The success fu l  

achievement of these goa ls  and o b j e c t i v e s  i n v o l v e s  numerous environmental  

and t e c h n o l o g i c a l  i n t e r a c t i o n s ,  so a systems approach i s  necessary. T h i s  

chapter  p rov ides  an overv iew o f  t h e  systems approach and h i g h l i g h t s  t h e  

impor tan t  f a c t o r s  t o  be emphasized i n  t h e  a p p l i c a t i o n  o f  sha l low land b u r i a l  

technology.  

2.1 BACKGROUND 

Shal low land b u r i a l  has been used 

States t o  dispose o f  s o l i d ,  low- leve l  

e x t e n s i  v e l  y throughout 

ad i o a c t  i ve waste bo th  
t h e  U n i t e d  

t major  

U.S. Department o f  Energy (DOE) f a c i l i t i e s  and a t  commercial f a c i l i t i e s .  

The technology was f i r s t  developed i n  t h e  e a r l y  days o f  t h e  Manhattan 
P r o j e c t  d u r i n g  World War I 1  as an extens ion o f  t h e  l a n d f i l l  method o f  

o p e r a t i o n  used f o r  d isposa l  o f  mun ic ipa l  waste. Contaminated wastes were 

p laced i n  shal low, u n l i n e d  t renches and were then covered w i t h  ear then 
m a t e r i a l .  With t h i s  method o f  d isposal ,  t h e  ear then m a t e r i a l  p rov ides  

s h i e l d i n g  t o  reduce t h e  r a d i a t i o n  exposure l e v e l s ,  p r o t e c t s  t h e  waste f rom 

d i r e c t  exposure t o  t h e  elements, and serves as a b a r r i e r  against  i n t r u s i o n  

and r a d i o n u c l  i d e  m i g r a t i o n .  

The r a d i o l o g i c a l  p r o p e r t i e s  o f  t h e  waste r e q u i r e  t h a t  t h e  shal low land 

b u r i a l  d isposa l  method p r o v i d e  f o r  a h igher  degree o f  containment o f  

r a d i o n u c l  i d e s  and i s 0 1  a t i o n  o f  t h e  waste than a f f o r d e d  by convent ional  

s a n i t a r y  l a n d f i l l  opera t ions .  Recogni t ion o f  t h i s  requirement and lessons 

learned f rom approx imate ly  40 years  o f  o p e r a t i n g  exper ience have r e s u l t e d  i n  

the  e v o l u t i o n  o f  d isposa l  opera t ions  f rom simple l a n d f i l l  techniques t o  

c u r r e n t l y  employed shal low l a n d  b u r i a l  technology.  Cur ren t  technology 

3 
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p r o v i d e s  s i g n i f i c a n t l y  improved methods f o r  d isposa l  o f  l o w - l e v e l  wastes by 

use o f  an i n t e g r a t e d  systems approach. 
Al though t h e r e  are some problems i n  shal low l a n d  b u r i a l  which are more 

ser ious  than o t h e r s  and can be d i r e c t l y  r e l a t e d  t o  s p e c i f i c  s i t e  

c h a r a c t e r i s t i c s  (e.g., those r e l a t e d  t o  water management), one o f  t h e  most 

fundamental lessons learned from examining t h e  performance h i s t o r y  o f  

e x i s t i n g  s i t e s  i s  t h a t  no s i n g l e ,  dominant geohydro log ic  c r i t e r i o n  i s  more 

c r i t i c a l  than o t h e r s  f o r  every s i t e  ( F i s c h e r  and Robertson 1983). It i s  

impor tan t  t o  r e a l i z e  t h a t  each s i t e  and, t h e r e f o r e ,  each f a c i l i t y  i s  unique. 

Each s i t e  and system r e q u i r e s  independent eva lua t ion ;  a p p r o p r i a t e  des ign and 

o p e r a t i o n  f e a t u r e s  must be se lec ted  f o r  o p t i m i z a t i o n  o f  s p e c i f i c  s i t u a t i o n s .  

Geohydrologic f a c t o r s  were considered i n  s e l e c t i n g  t h e  e a r l y  U.S. 

Atomic Energy Commission (AEC) s i t e s ,  b u t  t h e y  were secondary t o  t h e  

c r i t e r i o n  t h a t  t h e  f a c i l i t i e s  be l o c a t e d  w i t h i n  t h e  boundar ies o f  t h e  AEC 

(now DOE) s i t e  ( F i s c h e r  and Robertson 1983). Releases o f  r a d i o n u c l i d e s  f rom 

these f a c i l i t i e s  were n o t  detected because t h e y  were smal l  and, i n  most 

cases, were overshadowed by t h e  r a d i o a c t i v i t y  i n  t h e  sur face  water r e s u l t i n g  

f rom d i r e c t  re leases  of 1 i q u i d  r a d i o a c t i v e  e f f l u e n t s .  Thus, d e t e c t a b l e  

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

sha l low land b u r i a l  f a c i l i t i e s  were l i c e n s e d  i n  t h e  e a r l y  1960s. T h i s  

i d e a l i s t i c  e x p e c t a t i o n  was n o t  r e a l i z e d  because o p e r a t i n g  exper ience 

demonstrated t h a t  absolute containment o f  r a d i o n u c l i d e s  was n o t  p o s s i b l e  

u s i n g  shal low l a n d  b u r i a l  technology, e s p e c i a l l y  i n  humid environments. 

Some sha l low land b u r i a l  f a c i l i t i e s  have n o t  performed as expected; however, 

no cases have been c i t e d  where p u b l i c  h e a l t h  has been adverse ly  a f f e c t e d  

( F i s c h e r  and Robertson 1983). 

prevented o r  m i t i g a t e d  by avo id ing  those c o n d i t i o n s  t h a t  g i v e  r i s e  t o  

problems. For example, t h e  most serious technical problems encountered a t  

sha l low land b u r i a l  s i t e s  have been caused by water.  Water has come i n t o  

c o n t a c t  w i t h  wastes a t  a number o f  DOE and commercial sha l low l a n d  b u r i a l  

f a c i l i t i e s  (Jacobs e t  a l .  1980) and has l e d  t o  m i g r a t i o n  o f  r a d i o n u c l i d e s  

(Jacobs e t  a1 . 1980, Fos ter  1982, Robertson 1982). 
d isposa l  s i t e s ,  t h e  design of t h e  s i t e s  and d i s p o s a l  u n i t s ,  and o p e r a t i n g  

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

Many o f  t h e  p r e v i o u s l y  encountered o p e r a t i o n a l  problems can be 

The l o c a t i o n  o f  t h e  

. 
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. 

? 

Postopera t iona l  problems have been encountered where s i t e  s t a b i  1 i t y  

has been compromised a f t e r  c l o s u r e  o f  t h e  d isposa l  u n i t s .  The most common 

problems have r e s u l t e d  f rom t r e n c h  cap subsidence, which f a c i l  i t a t e d  t h e  
i n f i l t r a t i o n  o f  p r e c i p i t a t i o n  and sur face  r u n o f f  d i r e c t l y  i n t o  t h e  d i s p o s a l  

t renches.  I n  a d d i t i o n  t o  i n c r e a s i n g  i n f i l t r a t i o n ,  which, i n  tu rn ,  

acce le ra tes  t h e  m i g r a t i o n  o f  r a d i o n u c l i d e s ,  subsidence reduces t h e  i s 0 1  a t i o n  

prov ided as p r o t e c t i o n  aga ins t  p o t e n t i a l  i n a d v e r t e n t  i n t r u s i o n .  Some 

subsidence has occurred a t  a l l  sha l low land b u r i a l  f a c i l i t i e s .  The e f f e c t s  

range f rom o n l y  small  s t r e s s  c racks  a t  some s i t e s  t o  more ser ious  damage, 

such as f o r m a t i o n  of po tho les  and exposure o f  waste packages (Jacobs e t  a l .  

1980, Robertson 1982). Subsidence a r i s e s  from a combinat ion o f  movement o f  

b a c k f i l l  i n t o  vo ids between waste packages, degradat ion of waste and waste 

packages, and compaction o f  the  overburden. Eventua l l y ,  a l l  v o i d s  w i l l  be 

f i l l e d ,  b u t  subsidence i s  acce le ra ted  when water perco la tes  through t h e  

b a c k f i l l  and washes s o i l  i n t o  vo ids  i n  the  waste t rench.  
r .  

2.2 KEYS TO SUCCESS 

1 Shal low land b u r i a l  i s  a r e l a t i v e l y  s imple d isposa l  method, f o r  which 

exper ience has shown t h a t  t h e r e  are major keys i n  develop ing a successfu l  

opera t ion .  The b a s i s  f o r  successfu l  development and o p e r a t i o n  o f  a shal low 

land b u r i a l  f a c i l i t y  i s  a systems approach, which i s  o u t l i n e d  schemat 

i n  F i g .  2.1. The c e n t r a l  f e a t u r e s  o f  t h e  systems approach are t h e  

i n t e r a c t i o n s  o f  t h e  v a r i o u s  phases o f  s i t e  development and t h e  use o f  

exper ience t o  f u r t h e r  improve s i t e  performance. 

The o v e r a l l  goals  f o r  performance o f  a sha l low land b u r i a l  f a c i l  

be developed i n t o  a se t  o f  performance o b j e c t i v e s  (Sect .  2.3).  Exper 

c a l  l y  

t y  can 

ence 

has shown t h a t  these o b j e c t i v e s  cannot be met s o l e l y  b y  a t t e n t i o n  t o  one 

phase o f  s i t e  development b u t  t h a t  a l l  phases must be understood w i t h  

respec t  t o  t h e i r  i n t e r r e l a t i o n s h i p s  and t h e i r  impacts on o v e r a l l  

performance. Thus, t h e  o b j e c t i v e s  must be f u r t h e r  developed i n t o  s p e c i f i c  

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

s i t e  design, o p e r a t i n g  p r a c t i c e s ,  and s i t e  c l o s u r e  (Sect .  2 .4 ) .  These 

c r i t e r i a  should be used t o  develop a long- term p l a n  f o r  s i t e  development t o  

ensure t h a t  a p p r o p r i a t e  in fo rmat ion  on both waste and s i t e  c h a r a c t e r i s t i c s  

i s  taken i n t o  account d u r i n g  s i t e  design, development, and opera t ions .  
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Design fea tures  and o p e r a t i n g  p r a c t i c e s  need t o  be evaluated n o t  o n l y  

w i t h  r e s p e c t  t o  t h e i r  e f f e c t i v e n e s s  i n  achiev ing t h e  immediate r e s u l t s  f o r  

which t h e y  are ta rge ted ,  b u t  a lso  fo r  o t h e r  consequences. 

Thus, on t h e  b a s i s  o f  p rev ious  experience, t h e  keys t o  success i n  

sha l low l a n d  b u r i a l  are t h e  f o l l o w i n g :  

o know what t o  achieve ( i  .e., develop a comprehensive, b u t  f l e x i b l e ,  
se t  o f  o b j e c t i v e s  and c r i t e r i a )  (Sect .  2.3); 

o understand how the  system w i l l  operate ( i .e . ,  make a systemat ic,  s i t e -  
s p e c i f i c  performance assessment t o  descr ibe  t h e  i n t e r a c t i o n s  o f  t h e  
waste, t h e  s i t e ,  and t h e  engineered f e a t u r e s  and t o  q u a n t i f y  t h e  
p o t e n t i a l  impacts) (Sec t .  2.5); 

o p l a n  means t o  achieve t h e  goa ls  and o b j e c t i v e s  ( i .e. ,  f o r m a l i z e  a 
s i t e - s p e c i f i c  p l a n  f o r  s i t e  development, operat ion,  and c l o s u r e )  
(Sect .  2.6); and 

o l e a r n  f rom exper ience ( i .e . ,  eva lua te  e a r l y  s i t e  performance and use 
t h e  r e s u l t s  t o  improve l a t e r  s i t e  opera t ions  and t o  prepare f o r  s i t e  
s t a b i l i z a t i o n  and c l o s u r e )  (Sect .  2.7).  

These keys t o  success are t h e  b a s i s  o f  t h e  d iscuss ions  t h a t  f o l l o w  and a r e  

t h e  foundat ion  f o r  t h e  development o f  improved sha l low land b u r i a l  

technology. 

2.3 PERFORMANCE OBJECTIVES 

The o v e r a l l  goal of r a d i o a c t i v e  waste management i s  t o  dispose o f  
r a d i o a c t i v e  wastes i n  a manner t h a t  ensures t h e  cont inued p r o t e c t i o n  of 

members of t h e  p u b l i c  and workers a t  t h e  f a c i l i t y  aga ins t  unacceptable and 

unnecessary r a d i a t i o n  exposure. Th is  goal i s  r e f l e c t e d  by t h e  c u r r e n t  

r e g u l a t o r y  ph i losophy t h a t  i t  i s  n e i t h e r  p r a c t i c a b l e  nor necessary t o  
p rov ide  absolute containment f o r  l o w - l e v e l  r a d i o a c t i v e  waste. The c u r r e n t  

approach recommended fo r  management o f  s o l i d ,  l o w - l e v e l  waste i s  t o  use 

sha l low land b u r i a l  t o  l i m i t  re leases  o f  r a d i o n u c l i d e s  t o  the  environment t o  

acceptable l e v e l s .  Once t h e  waste i s  disposed o f ,  i t  must be s u f f i c i e n t l y  

i s o l a t e d  f rom t h e  human environment f o r  as long as it remains hazardous, and 

r e l e a s e s  o f  r a d i o n u c l i d e s  f rom t h e  waste must be minimized and kept  as low 

as reasonably  achievable.  For sha l low land b u r i a l ,  t h i s  goal can be more 
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e a s i l y  t ransformed t o  s p e c i f i c  o b j e c t i v e s  by r e s t a t i n g  i t  as f o u r  

performance o b j e c t i v e s .  B r i e f l y  s ta ted,  t h e  performance o b j e c t i v e s  are t h e  

f o l l o w i n g :  

o min imize r a d i o n u c l i d e  m i g r a t i o n  f rom t h e  d isposa l  u n i t s ;  

o i n h i b i t  b i o l o g i c a l ,  e s p e c i a l l y  human, i n t r u s i o n  i n t o  t h e  r a d i o a c t i v e  
waste; 

o 1,imit occupat iona l  exposures t o  l e v e l s  t h a t  are as low as reasonably  

o s t a b i l i z e  t h e  d isposa l  s i t e  such t h a t  minimal maintenance 

achievable;  and 

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

These performance o b j e c t i v e s  are embodied i n  r e c e n t  r e g u l a t i o n s  f o r  land  

d isposa l  o f  l o w - l e v e l  r a d i o a c t i v e  waste (10 CFR P a r t  61 and DOE Order 

5820). The o b j e c t i v e s  are gener ic  p r i n c i p l e s  t h a t  generate t e c h n i c a l  

c o n s i d e r a t i o n s  t h a t  must be f a c t o r e d  i n t o  each phase o f  development and 

o p e r a t i o n  o f  a shal low land b u r i a l  f a c i l i t y -  t h a t  i s ,  f rom d e t e r m i n a t i o n  o f  

t h e  q u a n t i t y  and c h a r a c t e r i s t i c s  o f  t h e  waste, t o  s e l e c t i o n  o f  a s i t e  and an 

a p p r o p r i a t e  f a c i l i t y  design, t o  use o f  sound o p e r a t i n g  p r a c t i c e s ,  and, 

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

The manner i n  which t h e  performance o b j e c t i v e s  generate t e c h n i c a l  

c o n s i d e r a t i o n s  f o r  t h e  v a r i o u s  phases o f  development and o p e r a t i o n  i s  

i l l u s t r a t e d  by de termin ing  how waste i s o l a t i o n  and r a d i o n u c l i d e  containment 
may be achieved w i t h  sha l low land b u r i a l .  

m i g r a t i o n  f rom t h e  waste ( i .e . ,  containment o f  t h e  r a d i o n u c l i d e s )  may a lso  

p l a c e  c o n s t r a i n t s  on t h e  design, l o c a t i o n ,  and c h a r a c t e r i s t i c s  o f  t h e  s i t e ,  

as w e l l  as on o p e r a t i n g  p r a c t i c e s .  Exper ience has shown t h a t  groundwater 

m i g r a t i o n  i s  t h e  p r i n c i p a l  means o f  r a d i o n u c l i d e  movement f rom waste 

d i s p o s a l  u n i t s .  For t h i s  reason, e f f e c t i v e  r a d i o n u c l i d e  containment 

r e q u i r e s  t h a t  t h e  emplaced waste be kept as d r y  as p o s s i b l e  ( i .e . ,  avoidance 
of c o n t a c t  w i t h  groundwater and m i n i m i z a t i o n  o f  i n f i l t r a t i o n  o f  sur face  

water )  and tha.t t h e  c o n t a c t  t i m e  between t h e  waste and i n f i l t r a t i n g  water be 

min imized t o  i n h i b i t  t h e  genera t ion  o f  leachate.  T h i s  c o n d i t i o n  r e q u i r e s  

t h a t  t h e  des ign i n c l u d e  p r o v i s i o n s  f o r  promot ing r a p i d  dra inage o f  

i n f i l t r a t i n g  water  and e l i m i n a t i n g  d i r e c t  c o n t a c t  o f  t h e  emplaced waste w i t h  

The need t o  min imize r a d i o n u c l i d e  

L 
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groundwater. Also, t h e  o p e r a t i n g  p r a c t i c e s  should i n c l u d e  p r o v i s i o n s  fo r  

keeping t h e  waste d r y  p r i o r  t o  and d u r i n g  emplacement i n t o  the  d isposa l  

u n i t s .  Obviously,  t h e  s i t e  hydro logy has a major i n f l u e n c e  on r a d i o n u c l i d e  

containment s i n c e  water i s  a major pathway f o r  r a d i o n u c l i d e  m i g r a t i o n  

(Sect .  2.5.3). The e x t e n t  t o  which t h e  s i t e  i s  i s o l a t e d  r e l a t i v e  t o  t h e  
r a d i o n u c l  i d e  in igr  a t  i o n  pathways determines how e f f e c t i v e  t h e  c o n t  a i  nment 

w i l l  be. 

emplaced waste ( i  .e., p r o v i s i o n  o f  adequate waste i s o l a t i o n )  may p l a c e  

c o n s t r a i n t s  on t h e  design, l o c a t i o n ,  and c h a r a c t e r i s t i c s  o f  t h e  s i t e  

r e l a t i v e  t o  t h e  waste c h a r a c t e r i s t i c s .  The h a l f - l i v e s ,  concent ra t ions ,  and 

t o x i c i t y  o f  r a d i o n u c l i d e s  conta ined i n  t h e  waste determine t h e  t i m e  p e r i o d  

d u r i n g  which t h e  waste i s  hazardous and must be i s o l a t e d .  For a g iven s i t e ,  

engineered f e a t u r e s  (e.g., i n c l u s i o n  o f  b a r r i e r s  over t h e  d isposa l  u n i t )  may 

be necessary t o  i n h i b i t  i n t r u s i o n  i n t o  t h e  waste a f t e r  t h e  s i t e  i s  c losed 

and no longer  under i n s t i t u t i o n a l  c o n t r o l .  Moreover, t h e  s i t e  would have t o  

be loca ted  t o  min imize t h e  p o t e n t i a l  f o r  i n a d v e r t e n t  i n t r u s i o n  - f o r  

example, i n  areas t h a t  are sparse ly  populated and do n o t  c o n t a i n  p o t e n t i a l l y  

e x p l o i t a b l e  resources.  Also, t h e  s i t e  would have t o  be l o c a t e d  i n  an area 

where geo log ic  processes (e.g., e ros ion  and f a u l t i n g )  c o u l d  n o t  breach t h e  

i n t e g r i t y  o f  t h e  d isposa l  u n i t s .  

t h e  performance o b j e c t i v e s .  A more d e t a i l e d  t reatment  i s  inc luded i n  

Sect.  2.4. 

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

These are b u t  a few o f  t h e  t e c h n i c a l  c o n s i d e r a t i o n s  t h a t  evo lve  f rom 

2.4 TECHNICAL CONSIDERATIONS 

As discussed i n  Sec 

t e c h n i c  a1 cons ider  a t  i ons 
f ac i 1 i t y  development and 

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

a1 t e r  t h e i  r s i  gn i f i c ance 

. 2.3, t h e  performance o b j e c t i v e s  generate 

t h a t  must be s a t i s f i e d  across the  var ious  phases o f  
opera t ion .  T h i s  s e c t i o n  surnmariz.es these 

y, r e c o g n i z i n g  t h a t  s i t e - s p e c i f i c  concerns may 
a t  any g iven f a c i l i t y .  
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2.4.1 Waste Character  i s t  i c s 

S i t e  performance i s  enhanced 

forms o r  c o n t a i n e r s  t h a t  are s tab  

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

s i g n i f  

e over 

leach 

c a n t l y  by d ispos ing  o f  waste i n  

long t i m e  per iods  and are n o t  

ng o r  degradat ion.  These 

c o n s i d e r a t i o n s  are der ived  f rom t h e  performance o b j e c t i v e s  aimed a t  
m i n i m i z i n g  r a d i o n u c l i d e  m i g r a t i o n  f rom t h e  d isposa l  u n i t  and i n h i b i t i n g  

i n a d v e r t e n t  i n t r u s i o n  (Sec t .  2.3). S t r u c t u r a l l y  uns tab le  waste forms 
( i n c l u d i n g  waste c o n t a i n e r s )  may r e s u l t  i n  subsidence o f  the  d isposa l  u n i t  

cover due t o  c o l l a p s e  and/or degradat ion o f  t h e  waste (Sect .  2.1).  

Subsidence reduces t h e  i s o l a t i o n  prov ided by t h e  cover o f  t h e  d isposa l  u n i t  

and f a c i l i t a t e s  i n f i l t r a t i o n  o f  p r e c i p i t a t i o n  and sur face  r u n o f f  d i r e c t l y  

i n t o  t h e  d isposa l  u n i t .  A s t r u c t u r a l l y  s t a b l e  waste can m a i n t a i n  i s o l a t i o n  

and i n h i b i t  i n a d v e r t e n t  i n t r u s i o n  and exposure s ince  t h e  waste w i l l  remain 

recogn izab le .  

t h a t  are s u i t a b l e  f o r  t h i s  d isposa l  method may be de f ined and c l a s s i f i e d  on 
t h e  b a s i s  o f  t h e i r  d e g r a d a b i l i t y  and t h e  concent ra t ions ,  h a l f - l i v e s ,  

r a d i o t o x i c i t y ,  and environmental  m o b i l i t y  o f  r a d i o n u c l i d e s  conta ined i n  t h e  

waste. The q u a n t i t y ,  r a d i o t o x i c i t y ,  and environmental  m o b i l i t y  o f  t h e  

r a d i o n u c l i d e s  i n  t h e  waste determine t h e  degree t o  which m i g r a t i o n  must be 

c o n t r o l l e d .  The c o n c e n t r a t i o n  and r a d i o t o x i c i t y  determine t h e  degree o f  

i s o l a t i o n  and s t a b i l i t y  r e q u i r e d  t o  p r o t e c t  aga ins t  i n t r u s i o n .  The 
h a l f - 1  i v e s  and degradab i l  i t y  i n f l u e n c e  t h e  d u r a t i o n  and e f f e c t i v e n e s s  o f  
d isposa l  u n i t  s t a b i l i t y .  These cons idera t ions ,  i n  tu rn ,  are impor tan t  i n  

s i t e  s e l e c t i o n ,  f a c i l i t y  design, f a c i l i t y  opera t ion ,  and s i t e  c l o s u r e .  The 

s t r u c t u r a l  s t a b i  1 i t y  requi rements f o r  t h e  waste form and packaging depend on 

t h e  l e v e l  o f  r a d i o t o x i c i t y  and i t s  pers is tence.  Wastes w i t h  low l e v e l s  o f  

r a d i o t o x i c i t y  and/or s h o r t  h a l f - l i v e s  do n o t  r e q u i r e  t h e  same degree o f  

s t a b i l i t y  as wastes w i t h  h igher  o r  longer  l a s t i n g  l e v e l s  o f  r a d i o t o x i c i t y .  

Wastes w i t h  h i g h  l e v e l s  o f  r a d i o t o x i c i t y  t h a t  w i l l  p e r s i s t  f o r  an extended 

t i m e  must be disposed o f  i n  a way t h a t  p rov ides  a d d i t i o n a l  measures t o  

ensure i s o l a t i o n  (e.g., t h i c k e r  d isposa l  u n i t  covers o r  i n t r u d e r  b a r r i e r s  ) .  
Treatment of waste t o  conver t  i t  t o  a form s u i t a b l e  f o r  shal low land b u r i a l  

and t o  enhance i t s  s t a b i l i t y  i s  d iscussed i n  DOE (1984a).  A waste 

Shal low land b u r i a l  i s  n o t  s u i t a b l e  f o r  a l l  r a d i o a c t i v e  wastes. Wastes 
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c l a s s i f i c a t i o n  system based on these c o n s i d e r a t i o n s  has been developed for  
l o w - l e v e l  waste generated i n  t h e  commercial s e c t o r  (10 CFR P a r t  61).  No 

such system c u r r e n t l y  e x i s t s  f o r  defense-generated waste. 

2.4.2 S i t e  C h a r a c t e r i s t i c s  

Since t h e  s i t e  f e a t u r e s  u l t i m a t e l y  determine t h e  long-term i s o l a t i o n  o f  

t h e  waste and containment o f  t h e  leachable r a d i o n u c l i d e s ,  a thorough and 

q u a n t i t a t i v e  understanding o f  how t h e  f e a t u r e s  o f  t h e  s i t e  i n f l u e n c e  i t s  

performance i s  e s s e n t i a l .  T h i s  understanding can serve as a b a s i s  f o r  

de termin ing  i f  a s i t e  i s  s u i t a b l e .  The performance o b j e c t i v e s  suggest t h a t  

a shal low land b u r i a l  s i t e  should be 

o amenable t o  re1  i a b l e  p r e d i c t i o n  o f  p o t e n t i a l  r a d i o n u c l i d e  m i g r a t i o n  
and capable o f  be ing moni tored f o r  ac tua l  r a d i o n u c l i d e  movement; 

o g e o l o g i c a l l y  s tab le ;  

o w e l l  drained; and 

o l o c a t e d  t o  min imize t h e  consequences o f  s i t e  development. 

The f i r s t  c o n s i d e r a t i o n  r e s u l t s  f rom r e g u l a t o r y  requi rements o f  having t o  

p r e d i c t  t h e  long- term performance o f  t h e  sha l low land b u r i a l  f a c i l i t y  and t o  

mon i to r  t h e  f a c i l i t y  t o  determine i t s  compl iance w i t h  t h e  performance 

o b j e c t i v e s ,  The s i t e  must be g e o l o g i c a l l y  and h y d r o l o g i c a l l y  s imple t o  

ensure successfu l  model ing and mon i to r ing .  

from t h e  performance o b j e c t i v e  t h a t  t h e  s i t e  and d isposa l  u n i t s  be 

s t a b i l i z e d  so t h a t  a minimum o f  maintenance i s  r e q u i r e d .  Should t h e  hos t  
geolog ic  format ion f o r  t h e  waste be uns tab le  over t h e  long term, t h i s  

performance o b j e c t i v e  may no t  be achievable.  The t h i r d  c o n s i d e r a t i o n  i s  
der ived  from t h e  need t o  keep t h e  waste as d r y  as p r a c t i c a b l e  t o  min imize  

r a d i o n u c l i d e  m i g r a t i o n ;  a w e l l - d r a i n e d  s i t e  i s  e s s e n t i a l  t o  meet t h i s  need. 

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

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

waste. 

The second c o n s i d e r a t i o n  r e s u l t s  
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These s i t e  s u i t a b i l i t y  c o n s i d e r a t i o n s  are by no means comprehensive. 

Other t e c h n i c a l  c o n s i d e r a t i o n s  may be der ived  f rom c l o s e r  i n s p e c t i o n  o f  t h e  

performance o b j e c t i v e s .  However, t h e  above c o n s i d e r a t i o n s  can be fo rmula ted  

as c r i t e r i a  f o r  s e l e c t i o n  o f  a s i t e  w i t h  n a t u r a l  f e a t u r e s  t h a t  maximize t h e  

p r o b a b i l i t y  o f  successfu l  s i t e  performance as descr ibed i n  Chapter 3. 

2.4.3 Design 

The s i t e  should be designed t o  ensure f u l f i l l m e n t  o f  t h e  performance 

o b j e c t i v e s  by op t ima l  use o f  i t s  n a t u r a l  f e a t u r e s  and i n c o r p o r a t i o n  o f  

engineered f e a t u r e s  as needed. To min imize r a d i o n u c l i d e  m i g r a t i o n  a t  a 

g iven  s i t e ,  t h e  des ign should i n c o r p o r a t e  f e a t u r e s  t o  keep t h e  waste d r y  and 

t o  min imize t h e  c o n t a c t  t ime between t h e  waste and water .  Such f e a t u r e s  

should t h e r e f o r e  f u n c t i o n  t o  d i r e c t  sur face  water away f rom t h e  d i s p o s a l  

u n i t s ,  t o  r a p i d l y  d r a i n  away i n c i d e n t  p r e c i p i t a t i o n  and sur face  water 

runon, t o  promote r a p i d  dra inage o f  i n f i l t r a t i n g  water, and t o  min imize  

d i r e c t  c o n t a c t  o f  emplaced waste w i t h  groundwater. 

and waste c h a r a c t e r i s t i c s ,  engineered f e a t u r e s  such as i n t r u d e r  b a r r i e r s  may 

be r e q u i r e d  t o  i n h i b i t  i n a d v e r t e n t  i n t r u s i o n .  Other design f e a t u r e s  should 

enhance t h e  s t a b i l i t y  o f  t h e  d isposa l  u n i t s  and s i t e .  

Depending on t h e  s i t e  

2.4.4 OPerat ina P r a c t i c e s  

Operat ions are d i r e c t e d  toward d ispos ing  o f  wastes accord ing t o  des ign 

requi rements and m o n i t o r i n g  t o  conf i rm s i t e  performance and t o  determine 
compl iance w i t h  a p p l i c a b l e  r e g u l a t i o n s .  Unforeseen problems must be 

i d e n t i f i e d  and c o r r e c t e d  t o  a t t a i n  t h e  performance o b j e c t i v e s .  Exper ience 

acqui red d u r i n g  e a r l y  o p e r a t i o n  should be used t o  enhance t h e  des ign and 

should be a p p l i e d  t o  f u t u r e  opera t ions .  Close s t a c k i n g  o f  waste packages t o  

reduce v o i d  volume, c a r e f u l  b a c k f i l l i n g  t o  reduce voids,  and compaction o f  

b a c k f i l l  and overburden are common techniques f o r  reduc ing  subsidence and 

enhancing performance. S p e c i f i c a t i o n s  f o r  these procedures should be 

inc luded i n  t h e  design. M o n i t o r i n g  o f  sha l low land b u r i a l  f a c i l i t i e s  i s  

d iscussed i n  Environmental  M o n i t o r i n g  f o r  Low-Level Waste Disposal  S i t e s  

(DOE 1983a). 
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2.4.5 Closure 

- .  
Past exper ience has shown t h a t  c l o s u r e  and p o s t c l o s u r e  a c t i v i t i e s  can 

be t i m e  consuming and c o s t l y  a t  s i t e s  t h a t  have n o t  adhered t o  sound des ign 

and o p e r a t i n g  p r a c t i c e s .  Consequently, t h e  present  emphasis i n  shal low land 

b u r i a l  i s  on promot ing s t a b i l i t y  and containment through good des ign and 

successfu l  o p e r a t i o n s  t o  min imize t h e  need f o r  c o r r e c t i v e  measures. 

C o r r e c t i v e  measures f o r  sha l low land b u r i a l  are discussed i n  DOE (1984b).  

The development o f  c l o s u r e  and pos tc losure  procedures t h a t  min imize 

maintenance i s  an e v o l u t i o n a r y  process t h a t  i s  i n i t i a t e d  a t  t h e  e a r l y  stages 

o f  s i t e  development. 

development, c l o s u r e  and p o s t c l o s u r e  p lans  and procedures may be m o d i f i e d  t o  

o p t i m i z e  s i t e  s t a b i l i t y  w h i l e  min imiz ing  t h e  need f o r  maintenance. 

As knowledge and exper ience are gained d u r i n g  s i t e  

2.5 PERFORMANCE ASSESSMENT 

A major key t o  success i n  shal low land b u r i a l ,  as i d e n t i f i e d  i n  

Sect. 2.2, i s  t o  understand comple te ly  how t h e  system and i t s  components 

work and t o  make a performance assessment. T h i s  assessment i s  a systemat ic  

e v a l u a t i o n  o f  t h e  p r e d i c t e d  performance o f  t h e  f a c i l i t y  r e l a t i v e  t o  t h e  

performance o b j e c t i v e s  (Sect .  2.3). 
should i n c l u d e  e v a l u a t i o n s  o f  t h e  l i k e l i h o o d  and consequences o f  a breach o f  

i s o l a t i o n ,  p r e d i c t i o n  of t h e  long- term s t a b i l i t y  o f  t h e  s i t e ,  and a 

p r e d i c t i o n  o f  r a d i o n u c l i d e  m i g r a t i o n  v i a  major pathways. 

i n f o r m a t i o n  on t h e  c h a r a c t e r i s t i c s  o f  the s i t e  and i t s  cont iguous area, t h e  

s i t e  design, and t h e  o p e r a t i n g  procedures are r e q u i r e d  i n p u t s  f o r  t h e  

assessment. 

As such, t h e  performance assessment 

D e t a i l e d  

2.5.1 Waste I s o l a t i o n  

- .  The waste d isposa l  u n i t s  must keep t h e  waste i s o l a t e d  from i n t r u s i o n  

f o r  as long as t h e  waste remains hazardous. 

be caused by human i n t r u s i o n ,  b i o l o g i c  i n t r u s i o n ,  and geo log ic  processes 

such as eros ion  o f  t h e  cover m a t e r i a l .  Such breaches can lead t o  increased 

Breaches i n  waste i s o l a t i o n  can 
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i n f i l t r a t i o n  o f  water i n t o  t h e  waste and t o  eventual  r a d i o n u c l i d e  m i g r a t i o n  

i n  groundwater. The p o t e n t i a l  consequences o f  increased r a d i o n u c l i d e  

m i g r a t i o n  t h a t  may r e s u l t  f rom a breach are f a c t o r e d  i n t o  t h e  pathways 

a n a l y s i s  (Sec t .  2.5.3). 

Thus, s i t e  l o c a t i o n  i s  o f  p r imary  importance. I n  cases where t h e  

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

aga ins t  i n a d v e r t e n t  i n t r u s i o n  f o r  long  per iods  o f  t i m e  a f t e r  i n s t i t u t i o n a l  

c o n t r o l s  have ceased, des ign  fea tures ,  such as t h i c k e r  d isposa l  u n i t  covers 

o r  l o n g - l a s t i n g  p h y s i c a l  b a r r i e r s  aga ins t  i n t r u s i o n ,  may be necessary. 

There i s  no formal  a n a l y s i s  t h a t  w i l l  p r o v i d e  q u a n t i t a t i v e  p r e d i c t i o n s  o f  

t h e  degree o f  i s o l a t i o n  t h e  s i t e  w i l l  p rov ide  over long t i m e  per iods  w i t h  

c e r t a i n t y ,  b u t  t h e  r a d i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  waste t o  be disposed 

o f  a t  t h e  s i t e  can be reviewed t o  determine how e f f e c t i v e  t h e  i s o l a t i o n  

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

should be f o r  adequate p r o t e c t i o n .  

2.5.2 Disposal  S i t e  S t a b i l i t y  

The d isposa l  u n i t s  should remain s u f f i c i e n t l y  s t a b l e  d u r i n g  t h e  t i m e  

t h a t  t h e  waste i s  hazardous so t h a t  t h e  s i t e  w i l l  c o n t i n u e  t o  p r o v i d e  

containment and i s o l a t i o n .  There are a number o f  environmental  processes 

t h a t  can i m p a i r  s i t e  s t a b i l i t y ,  such as water and wind eros ion,  s u r f a c e  

geo log ic  processes, and seismic events.  

t h e  waste i s  impor tan t  t o  know i n  order  t o  determine t h e  l e n g t h  o f  t i m e  t h e  

s i t e  must remain s t a b l e .  I n  a d d i t i o n ,  t h e  p h y s i c a l  c o n d i t i o n  o f  t h e  waste 

and waste packages i s  impor tan t  f o r  de termin ing  t h e  l i k e l i h o o d  o f  t r e n c h  

subsidence (Sect .  2.1). 
proper s i t e  s e l e c t i o n  and design. 

I n  assessing s i t e  s t a b i l i t y ,  t h e  conten t  o f  l o n g - l i v e d  r a d i o n u c l i d e s  i n  

Long-term s i t e  s t a b i l i t y  i s  o n l y  achievable by 

2.5.3 Rad ionuc l ide  M i g r a t i o n  

To avoid s i t u a t i o n s  where t h e  p r o j e c t e d  r a t e  o f  r a d i o n u c l i d e  movement 

would lead t o  v i o l a t i o n  o f  performance o b j e c t i v e s ,  i t  i s  necessary t o  

i d e n t i f y ,  understand, and q u a n t i f y  t h e  c r i t i c a l  r a d i o n u c l i d e  t r a n s p o r t  

. -  
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processes. The pr imary  i n t e r e s t  i s  t h e  degree o f  containment prov ided by 

t h e  s i t e .  A r a d i o n u c l i d e  pathways a n a l y s i s  i s  r e q u i r e d  f o r  t h i s  purpose. 

performance and f o r  design o f  t h e  environmental  m o n i t o r i n g  program. The 

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

analyzes t h e  doses t o  humans, and i d e n t i f i e s  those l o c a t i o n s  t h a t  are most 

s u i t a b l e  f o r  sampl ing and m o n i t o r i n g  s t a t i o n s .  Refinement and v e r i f i c a t i o n  
o f  t h e  pathways a n a l y s i s  d u r i n g  t h e  o p e r a t i n g  phase should g r e a t l y  inc rease 

t h e  c r e d i b i l i t y  o f  p r o j e c t e d  performance a f t e r  t h e  s i t e  i s  c losed.  

A f t e r  wastes have been placed i n  t h e  d isposa l  u n i t s ,  t h e  g e o l o g i c  

f o r m a t i o n  i s  t h e  pr imary  b a r r i e r  t o  r a d i o n u c l i d e  m i g r a t i o n .  Seismic events 

can r e s u l t  i n  some d i r e c t  movement o f  r a d i o a c t  ve m a t e r i a l s ,  b u t  i n  t h e  

event o f  such occurrences, a g r e a t e r  amount o f  movement would p robab ly  a r i s e  

f rom secondary t r a n s p o r t  by water and/or a i r .  These i n i t i a l  modes o f  

t r a n s p o r t  may e n t e r  i n t o  a number o f  secondary pathways t h a t  are 

in terconnected.  The a n a l y s i s  should consider  each s p e c i f i c  pathway and t h e  

i n t e r c o n n e c t i o n s  between t h e  pathways. A diagram showing t h e  major pathways 

and t h e i r  i n t e r c o n n e c t i o n s  i s  shown i n  F i g .  2.2. 

be evaluated. The range o f  scenar ios should i n c l u d e  a l l  o f  t h e  s i g n i f i c a n t  

s i t u a t i o n s  t o  be analyzed and should r e a l i s t i c a l l y  descr ibe  t h e  range o f  

c o n d i t i o n s  l i k e l y  t o  be encountered. 

emphasizing extreme c o n d i t i o n s  t h a t  are unrea l  i s t i c .  For example, scenar ios 
i n v o l v i n g  t h e  use o f  groundwater f o r  d r i n k i n g  o r  i r r i g a t i o n  should be 

r e s t r i c t e d  t o  s i t u a t i o n s  t h a t  can be supp l ied  by t h e  p r o j e c t e d  produc t ion  

r a t e  f o r  a w e l l  i n  t h a t  p a r t i c u l a r  fo rmat ion .  Scenar ios i n v o l v i n g  t h e  
p r o d u c t i o n  and consumption o f  f o o d s t u f f s  should r e f l e c t  ac tua l  l o c a l  

p r o d u c t i o n  r a t e s .  The scenar ios should descr ibe  t h e  source term, t h e  
s p e c i f i c  pathways o f  r a d i o n u c l i d e  migra t ion ,  t h e  i n t e r c o n n e c t i o n  between 
s p e c i f i c  pathways, t h e  l o c a t i o n s  o f  r e c e p t o r s  o r  t a r g e t s  o f  exposure, and 

t h e  modes and d u r a t i o n  o f  exposure. 

t o  members o f  t h e  p u b l i c  ( F i g .  2.2) i n c l u d e  

The pathways a n a l y s i s  p rov ides  t h e  b a s i s  f o r  p r e d i c t i n g  s i t e  

A l l  reasonable scenar ios t h a t  may a f f e c t  t h e  pathways a n a l y s i s  should 

Care should be taken t o  avo id  

The var ious  modes o f  r a d i a t i o n  exposure 
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Fig.  2.2. Model pathway diagram f o r  a l o w - l e v e l  waste 

bur  i a1 f ac i 1 i t y  . 

. 

o d i r e c t  e x t e r n a l  r a d i a t i o n  f rom contaminated s o i l  , water, sediments, 

and atmospheric plumes; 
o consumption o f  contaminated water; 

o submersion i n  contaminated a i r  o r  water; 
o i n h a l a t i o n  o f  contaminated a i r ;  and 

o i n g e s t i o n  o f  contaminated foods. 

2.5.3.1 Groundwater 

Water t h a t  e n t e r s  

b u r i e d  waste and e i t h e  

i n i t i a t e  t h e  m i g r a t i o n  

t h e  d isposa l  u n i t  may come i n t o  c o n t a c t  w i t h  t h e  

hereby d i s s o l v e  o r  suspend r a d i o n u c l i d e s  and 

process. The degree o f  leach ing  depends on t h e  

s o l u b i l i t y  o f  t h e  r a d i o n u c l i d e s  and t h e  c o n t a c t  t i m e  between t h e  water and 

waste. To min imize  t h e  genera t ion  o f  t h e  leachate,  t h e  d u r a t i o n  o f  c o n t a c t  

should be kept  as s h o r t  as p r a c t i c a b l e .  
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Assessment of r a d i o n u c l i d e  movement by groundwater should beg in  w i t h  a 
d e s c r i p t i o n  o f  t h e  s p e c i f i c  r a d i o n u c l i d e  conten t  o f  t h e  wastes t h a t  w i l l  be 

b u r i e d  a t  t h e  s i t e .  The concent ra t ions  of r a d i o n u c l i d e s  w i t h i n  t h e  var ious  

d isposa l  u n i t s  are u n l i k e l y  t o  be uni form, b u t  t h e  average composi t ion 

should be adequate because t h e  inventory ,  r a t h e r  than t h e  c o n c e n t r a t i o n s  a t  

a s p e c i f i c  p o i n t ,  i s  more impor tan t  f o r  assessment o f  t h e  e x t e n t  of 

r a d  ionuc 1 i de m i g r a t i o n .  

waste i s  p laced above t h e  water t a b l e ,  t h e  i n i t i a l  m i g r a t i o n  w i l l  be i n t o  

t h e  unsaturated zone. 

so t h e  r a t e s  o f  f l o w  w i l l  be g r e a t e s t  through h i g h l y  permeable zones, such 

as sand lenses, cracks,  c rev ices ,  bedding planes, o r  t h e  i n t e r f a c e  between 

t h e  undis turbed f o r m a t i o n  and b a c k f i l l .  
A water budget a n a l y s i s  i s  a convenient,  s i m p l i f i e d  way t o  es t imate  t h e  

quant i t  i es o f  prec i p i t  a t  i o n  , e v a p o t r a n s p i r a t i o n  , r u n o f f  , and i n f  i 1 tr a t  i on a t  

a s i t e  (Blumberg e t  a l .  1983). I t  a lso  prov ides  a means f o r  checking 

measured and est imated h y d r o l o g i c  parameters f o r  reasonableness and 

cons is tency .  

be ob ta ined b y  mapping t h e  p iezomet r ic  surface. T h i s  i n f o r m a t i o n ,  combined 

w i t h  a water budget analys is ,  can be used t o  d e r i v e  a general  q u a n t i t a t i v e  

d e s c r i p t i o n  o f  t h e  d i r e c t i o n s  and r a t e s  of groundwater movement. If t h e r e  

i s  no s i g n i f i c a n t  movement o f  groundwater, t h e  r a t e  o f  r a d i o n u c l i d e  

m i g r a t i o n  i s  l i m i t e d  b y  molecular  o r  i o n i c  d i f f u s i o n  and i s  q u i t e  slow. 

Radionucl  i d e s  move slower than groundwater because o f  the i n t e r a c t i o n  

between t h e  r a d i o n u c l i d e s  and t h e  geo log ic  fo rmat ion .  The major i n t e r a c t i o n  
i s  i o n  exchange, which i s  a r e v e r s i b l e  process. Normally, t h e  s o l i d  m a t r i x  

o f  t h e  geo log ic  fo rmat ion  does n o t  move, and t h e  f r a c t i o n  o f  t h e  
r a d i o n u c l i d e s  t h a t  are adsorbed b y  t h e  s o l i d s  are r e s t r a i n e d  from m i g r a t i o n .  

Thus, est imates o f  r a d i o n u c l i d e  m i g r a t i o n  can be made by combining models 

f o r  groundwater f low w i t h  f a c t o r s  f o r  r a d i o n u c l i d e  r e t a r d a t i o n .  

such models have been developed (e.g., Oster 1982). 

v a r i a t i o n s  i n  geochemical and geophysical  p r o p e r t i e s  o f  t h e  s o i  1. The 
d i s t a n c e  t h a t  r a d i o n u c l i d e s  move and contaminate t h e  l o c a l  groundwater 

depends on t h e  r a t e  o f  water movement, t h e  degree o f  i n t e r a c t i o n  between t h e  

r a d i o n u c l i d e  and s o i l  minera ls ,  and the  h a l f - l i f e  o f  t h e  r a d i o n u c l i d e .  

M i g r a t i o n  can occur i n  e i t h e r  unsaturated or  sa tura ted  zones. I f  the  

Water tends t o  f low i n  t h e  path o f  l e a s t  r e s i s t a n c e ,  

A genera l  d e s c r i p t i o n  o f  t h e  paths o f  groundwater movement can 

Several  

Radionucl ides w i l l  n o t  m i g r a t e  w i t h  un i fo rm v e l o c i t y ,  because o f  
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Local  contaminat ion o f  groundwater i s  n o t  l i k e l y  t o  r e s u l t  i n  

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

s i t e  f o r  a p r o p e r l y  operated f a c i l i t y .  The areas o f  s i g n i f i c a n t  groundwater 

contaminat ion would l i k e l y  be w i t h i n  t h e  boundary o f  t h e  s i t e ,  so d i r e c t  use 

o f  contaminated groundwater f o r  d r i n k i n g  o r  i r r i g a t i o n  would n o t  occur.  

D i r e c t  r a d i a t i o n  exposure f rom t h e  contaminated zone would be s i g n i f i c a n t  

o n l y  f rom gamma-emitting r a d i o n u c l i d e s  and then o n l y  i f  t h e  contaminat ion  i s  

very  near t h e  sur face .  However, t h e  disposed waste may r e t a i n  some o f  i t s  

r a d i o a c t i v i t y  f o r  long  p e r i o d s  o f  t ime. The p r e d i c t i o n s  o f  r a d i o n u c l i d e  

m i g r a t i o n  must t a k e  t h i s  i n t o  account. 

2.5.3.2 Surface Water 

Sur face water i s  n o t  l i k e l y  t o  come i n t o  d i r e c t  c o n t a c t  w i t h  

r a d i o a c t i v e  waste a f t e r  it has been b u r i e d  and t h e  t r e n c h  has been covered. 

However, p r e c i p i t a t i o n  and sur face  r u n o f f  can leach uncovered waste or  

contaminated areas o f  t h e  ground sur face .  Sur face water contaminat ion  may 

a l s o  r e s u l t  f rom seeps o f  contaminated groundwater t o  t h e  sur face  or  by 
contaminated groundwater recharge o f  s u r f  ace streams. 

o f  r a d i o n u c l i d e s  i n  downstream sur face  water due t o  re leases  f rom t h e  s i t e .  

For shal low land b u r i a l ,  t h e  i n i t i a l  m i x i n g  zone i s  n o t  l i k e l y  t o  be o f  

major i n t e r e s t .  Releases o f  r a d i o n u c l i d e s ,  e s p e c i a l l y  those due t o  eros ion,  
are l i k e l y  t o  be h i g h e s t  a t  per iods  o f  h i g h  r u n o f f  d u r i n g  and immediate ly  

f o l l o w i n g  storms; hence, month ly  o r  weekly averages may be u s e f u l  i n  

assessing s i t e  performance. 

Rad ionuc l ides  may be removed f rom streams and depos i ted  on t h e  stream 

bed through i n t e r a c t i o n  w i t h  suspended sediments and subsequent d e p o s i t i o n  

o r  by d i r e c t  i n t e r a c t i o n  w i t h  bottom sediments. The degree o f  i n t e r a c t i o n  

w i t h  sediments can be est imated i f  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  and 

sediment load ings  are known, b u t  t h e  degree o f  r e t a r d a t i o n  i s  smal l  compared 

t o  t h a t  i n  groundwater systems. 

Sur face water f l o w  r a t e s  are r e q u i r e d  f o r  e s t i m a t i n g  t h e  c o n c e n t r a t i o n s  
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2.5.3.3 Atmosphere 

Few, i f  any, r a d i o a c t i v e  gases are accepted f o r  d isposa l  a t  sha l low 

land b u r i a l  f a c i l i t i e s .  However, t h e  waste may c o n t a i n  r a d i o n u c l i d e s ,  such 

as t r i t i u m ,  iod ine ,  radon, o r  carbon, which may have s i g n i f i c a n t  vapor 

pressures o r  ( f o r  carbon) may form gaseous compounds. 

through t h e  ground i s  g e n e r a l l y  l i m i t e d  b y  d i f f u s i o n .  

p e r i o d s  o f  h i g h  winds. 

surface, t h e  r a t e  a t  which t h e y  are d ispersed i n  t h e  atmosphere i s  a 

f u n c t i o n  o f  atmospheric s t a b i l i t y  and wind speed. Radionucl ides may be 

removed f rom t h e  atmosphere b y  g r a v i m e t r i c  s e t t l  i n g  o f  p a r t i c u l a t e s ,  b y  

r a i n o u t  o r  washout, o r  by impingement o f  t h e  a i r  mass w i t h  t h e  ground 

s u r f  ace. 

Permeation o f  gases 

A i rborne  p a r t i c u l a t e s  may be re leased d u r i n g  excavat ion o r  d u r i n g  

When gaseous r a d i o n u c l i d e s  d i f f u s e  t o  t h e  land 

There are severa l  p o t e n t i a l  modes o f  exposure a r i s i n g  f rom r e l e a s e s  o f  

r a d i o a c t i v e  m a t e r i a l s  t o  t h e  atmosphere. Persons downwind may be exposed 

i n t e r n a l l y  b y  i n h a l a t i o n  o f  t h e  contaminated a i r  o r  e x t e r n a l l y  by immersion 

i n  t h e  pass ing plume, b y  d i r e c t  r a d i a t i o n  f rom an overhead o r  nearby plume, 

o r  by d i r e c t  r a d i a t i o n  f rom sur faces  onto which r a d i o a c t i v e  m a t e r i a l s  

have deposi ted.  A d d i t i o n a l  exposures r e s u l t  f rom secondary t r a n s p o r t  and 

exposure pathways, such as through contamin t ion  o f  water and f o o d s t u f f s .  

The e x t e n t  o f  t h e  exposures i s  determined by t h e  p o p u l a t i o n  d i s t r i b u t i o n  and 

l o c a l  land  use p a t t e r n s .  

2.5.3.4 Summary 

The pathways a n a l y s i s  should p rov ide  s u f f i c i e n t  d e t a i  1 w i t h  respec t  t o  

r a t e s  and d i r e c t i o n s  o f  contaminant movement so t h a t  i t  can be used as a 

b a s i s  f o r  de termin ing  s i t e  a c c e p t a b i l i t y  and des ign ing  t h e  environmental  

m o n i t o r i n g  program. 

opera t ions ,  t h e y  should be compared w i t h  p r e d i c t i o n s  and used t o  r e f i n e  t h e  

next  stage o f  p r e d i c t i o n s .  

As m o n i t o r i n g  r e s u l t s  are ob ta ined d u r i n g  s i t e  
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2.6 PLANNING 

A key t o  t h e  systems approach t o  a sha l low l a n d  b u r i a l  f a c i l i t y ,  as 
i d e n t i f i e d  i n  Sect. 2.2, i s  t o  i n t e g r a t e  t h e  p l a n n i n g  f o r  t h e  v a r i o u s  

a c t i v i t i e s ,  t h a t  i s ,  s i t e  s e l e c t i o n ,  s i t e  design and development, 
operat ions,  and c l o s u r e  (F ig .  2.1). The s tandard axiom o f  q u a l i t y  c o n t r o l  

a p p l i e s  f o r  each a c t i v i t y  -- "It i s  more c o s t - e f f e c t i v e  t o  do i t  r i g h t  the  

f i r s t  t i m e  than t o  have t o  c o r r e c t  mistakes l a t e r . "  

A long-range p l a n  should be developed t o  h i g h l i g h t  major  requirements 
and d e c i s i o n  p o i n t s  and t o  s p e c i f y  i n f o r m a t i o n  needed i n  d e c i s i o n  making. 

I n  developing t h e  p lan,  one should d e f i n e  and e s t a b l i s h  t h e  scope o f  the  
task ;  i d e n t i f y  design a l t e r n a t i v e s ;  eva lua te  t h e  var ious  a l t e r n a t i v e s  w i t h  

respect  t o  performance, 1 ong-term maintenance, ease of  operat ions , c o s t ,  and 

c o m p a t i b i l i t y ;  and recommend t h e  best  f e a t u r e s  f o r  t h e  s p e c i f i c  s i t u a t i o n .  

A long-range p l a n  can h e l p  i d e n t i f y  t h e  s teps r e q u i r e d  t o  b r i n g  a 

f a c i l i t y  i n t o  opera t ion  and can serve as a road map f o r  f a c i l i t y  

development. General long-range plans can be used as a t o o l  i n  develop ing 

s i t e - s p e c i f i c  p lans.  F i g u r e  2.3 i s  a t y p i c a l  o u t l i n e  o f  a long-range p l a n  

f o r  e s t a b l i s h i n g  a new shal low l a n d  b u r i a l  f a c i l i t y .  S i g n i f i c a n t  p lanning,  

t ime,  and funds are needed t o  develop new d isposal  f a c i l i t i e s .  The minimum 

t i m e  f rom i n i t i a t i o n  o f  a f e a s i b i l i t y  study t o  a c t u a l  opera t ion  o f  t h e  

f a c i l i t y  may be o f  t h e  order o f  four  o r  f i v e  years.  The schedule may vary 
s i g n i f i c a n t l y  f o r  a s p e c i f i c  s i t e ,  depending on s i t e - s p e c i f i c  anomalies, 
d i f f i c u l t i e s  i n  g a t h e r i n g  data, p u b l i c  hear ings,  and l e g a l  cha l lenges  (DOE 
1983b). 

The p l a n  shou ld  o u t l i n e  t h e  o v e r a l l  development o f  t h e  s i t e ,  w i t h  a 

t i m e  schedule as w e l l  as a l i s t  o f  t h e  sequence i n  which t h e  var ious  areas 

w i t h i n  t h e  s i t e  w i l l  be used. Dur ing s i t e  operat ions,  new d isposa l  u n i t s  

w i l l  be developed a t  t h e  same t i m e  o ther  u n i t s  a r e  be ing  f i l l e d  and closed. 

It i s  impor tan t  t h a t  t h e  a c t i v i t y  i n  one opera t ion  does not  i n t e r f e r e  w i t h  

t h e  others.  It i s  e s p e c i a l l y  impor tan t  t h a t  c o n s t r u c t i o n  o f  a new d isposa l  

u n i t  does not reduce t h e  s t a b i l i t y  o f  u n i t s  t h a t  a re  be ing  or  have been 

f i l l e d .  Schedul ing of c o n s t r u c t i o n ,  operat ion,  and d isposa l  u n i t  c l o s u r e  

w i l l  a l l o w  more e f f i c i e n t  use of  personnel and equipment. For example, i f  

t h e  schedu l ing  i s  appropr ia te ,  ear then m a t e r i a l  excavated i n  c o n s t r u c t i n g  a 

new d isposa l  u n i t  can be used as b a c k f i l l  o r  as surcharge f o r  an adjacent  
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f i l l e d  u n i t .  The long-range p l a n  should c o o r d i n a t e  t h e  t h r e e  phases so t h a t  

a c t i o n  taken d u r i n g  development and o p e r a t i o n  of a d isposa l  u n i t  f a c i l i t a t e s  

i t s  c l o s u r e  and so t h a t  c l o s u r e  o f  i n d i v i d u a l  d isposa l  u n i t s  i s  c o n s i s t e n t  

w i t h  f i n a l  s i t e  c l o s u r e .  The needs f o r  c l o s u r e  and p o s t c l o s u r e  should be 

considered d u r i n g  p r e l i m i n a r y  des ign t o  enhance long- term s t a b i l i t y  and 

waste containment and t o  min imize maintenance requi rements a f t e r  t h e  s i t e  i s  

c losed ( L u t t o n  e t  a l .  1982). 

2.7 LEARNING FROM EXPERIENCE 

The p lans  prepared as p a r t  o f  t h e  systems approach become u s e f u l  i n  

ach iev ing  t h e  performance o b j e c t i v e s  b y  p r o v i d i n g  t h e  b a s i s  f o r  p e r i o d i c  

rev iew and comparison t o  exper ience gained i n  e a r l y  s i t e  opera t ions .  

improved i n f o r m a t i o n  on t h e  s i t e  c h a r a c t e r i s t i c s  and o p e r a t i o n a l  

performance, when reviewed aga ins t  t h e  e a r l i e r  p lans, can be used t o  f u r t h e r  

improve s i t e  performance. By adher ing t o  t h e  systems approach throughout  

s i t e  development and c losure,  t h e  performance o f  t h e  s i t e  should be 

documented w e l l  enough t o  c r e d i b l y  p r o j e c t  t h e  f u t u r e  performance o f  t h e  

s i t e  through t h e  t ime d u r i n g  which t h e  waste remains hazardous. 

The 
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3 .  SITE SELECTION 

S i t e  c h a r a c t e r i s t i c s  have a major i n f l u e n c e  on t h e  long- term 
performance of a shal low land b u r i a l  f a c i l i t y .  Thus, s i t e  s e l e c t i o n  i s  an 

impor tan t  s tep  i n  the  development o f  t h e  f a c i l i t y .  The performance 

o b j e c t i v e s  (Sect .  2.3) p r o v i d e  a bas is  f o r  develop ing c r i t e r i a  t h a t  can be 

used t o  s e l e c t  a p o t e n t i a l l y  s u i t a b l e  s i t e .  The s i t e  can be s e l e c t e d  w i t h  

reconnai  ssance- level  data.* However , d e t a i  1 ed eva l  uat ions,  i n c l u d i n g  

c h a r a c t e r i z a t i o n  o f  t h e  s i t e  and cont iguous area (Chapter 4 )  and a 
performance assessment (Sect .  2.5) , are r e q u i r e d  t o  v e r i f y  t h e  s u i t a b i l i t y  
o f  t h e  s i t e .  Th is  chapter  discusses t h e  o b j e c t i v e s  t o  be achieved i n  s i t e  

s e l e c t i o n  and t h e  process and i n f o r m a t i o n  needs f o r  s e l e c t i n g  a s i t e .  

3.1 OBJECTIVES 

An acceptable s i t e  f o r  a sha l low land b u r i a l  f a c i l i t y  must have severa l  
a t t r i b u t e s  t o  meet t h e  performance o b j e c t i v e s  f o r  d isposa l  o f  l o w - l e v e l  

r a d i o a c t i v e  waste. The s i t e  should be g e o l o g i c a l l y  and h y d r o l o g i c a l l y  

simple, g e o l o g i c a l l y  s tab le ,  w e l l  dra ined,  and l o c a t e d  t o  min imize t h e  

consequences o f  s i t e  opera t ions  (Sect .  2.4.2). 

be t ransformed i n t o  s p e c i f i c  c r i t e r i a  f o r  use i n  s e l e c t i n g  sha l low l a n d  

b u r i a l  s i t e s .  For each a t t r i b u t e ,  t h e  s a l i e n t  s i t e  f e a t u r e s  t h a t  form t h e  

b a s i s  o f  t h e  s i t e - s e l e c t i o n  c r i t e r i a  are as f o l l o w s :  

These broad a t t r i b u t e s  can 

o G e o l o g i c a l l y  and h y d r o l o g i c a l l y  s imple.  The long- term performance o f  
a sha l low land b u r i a l  s i t e  must be p r e d i c t a b l e  and capable o f  be inq  
moni tored and charac ter ized .  
i s  g e o h y d r o l o g i c a l l y  s imple.  For t h i s  purpose, t h e  s i t e  should 

T h i s  can be achieved o n i y  i f  t h e  s i t e  

- have t h i c k  , extens i ve, hor  i zont  a1 s t r a t i  g r  aphy; 

*Reconnaissance-level d a t a  c o n s i s t  o f  i n f o r m a t i o n  t h a t  i s  a v a i l a b l e  f rom t h e  
open 1 i t e r a t u r e ,  pub1 ished o r  unpubl ished r e p o r t s ,  e x i s t i n g  records,  
a u t h o r i t a t i v e  sources, o r  i n f o r m a t i o n  t h a t  can be ob ta ined b y  b r i e f  f i e l d  
surveys performed by q u a l i f i e d  exper ts .  
t h a t  i s  ob ta ined by o n - s i t e  m o n i t o r i n g  programs o r  s tud ies .  

It does n o t  i n c l u d e  i n f o r m a t i o n  

25 
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- be f r e e  f rom s e r i o u s  f o l d i n g ,  f r a c t u r i n g ,  and s o l u t i o n  

- be reasonably  homogeneous w i t h  respec t  t o  

c a v i  t i es; 

geohydro log ic  p r o p e r t i e s ;  and 

- have g e n t l e  topography. 

o G e o l o g i c a l l y  s t a b l e .  The s i t e  must be g e o l o g i c a l l y  s t a b l e  over t h e  
p e r i o d  t h a t  t h e  waste i s  hazardous. It must c o n t i n u e  t o  c o n t a i n  t h e  
waste f rom r e l e a s e  t o  t h e  environment and i s o l a t e  t h e  waste f rom 
i n a d v e r t e n t  i n t r u s i o n  t o  the  e x t e n t  p r a c t i c a b l e .  For t h i s  purpose 
t h e  s i t e  should: 

- be f r e e  f rom f r e q u e n t  and severe t e c t o n i c  events; 

processes such as eros ion,  slumping, and mass wast ing;  and 
- be f r e e  from f r e q u e n t  and severe geo log ic  

- have d e s i r a b l e  geotechnica l  p r o p e r t i e s  t h a t  w i l l  reduce 
r a p i d  c o n s o l i d a t i o n  o f  b a c k f i l l  and degradat ion o f  
d isposa l  u n i t  covers.  

o Well dra ined.  The s i t e  should be w e l l  d ra ined t o  min imize t h e  
c o n t a c t  o f  water w i t h  t h e  waste. Water t r a n s p o r t  across t h e  s i t e  on 
t h e  sur face  or  through t h e  subsurface should be as l i m i t e d  as 
p r a c t i c a b l e .  Any water e n t e r i n g  t h e  s i t e  should d r a i n  as q u i c k l y  as 
p o s s i b l e .  For t h i s  purpose, t h e  s i t e  should: 

- have no areas o f  f l o o d i n g  o r  f r e q u e n t  ponding; 

- have a minimal upstream dra inage area; 

- be l o c a t e d  so as t o  avoid wet lands and subsurface 
d ischarges t o  t h e  sur face  near t h e  d isposa l  area; and 

- have s o i l s  w i t h  a t h i c k  unsatura ted  zone. 

o Located t o  min imize t h e  consequences o f  s i t e  opera t ion ,  c losure ,  and 

{he e x t e n t  p r a c t i c a b l e .  Both present  and f u t u r e  developments 
must be considered i n  s a t i s f y i n g  t h i s  o b j e c t i v e .  For t h i s  
purpose, t h e  s i t e  should: 

o s t c l o s u r e .  The impacts o f  s i t e  development should be minimized t o  

- be d i s t a n t  f rom p o p u l a t i o n  c e n t e r s  and areas o f  r a p i d  

- be i n  an area where nearby f a c i l i t i e s  o r  a c t i v i t i e s  

growth; 

are no t  l i k e l y  t o  impa i r  s i t e  performance o r  m o n i t o r i n g  
c a p a b i l  i t y ;  

o r  s t a t e  parks, w i l d l i f e  areas, o r  o t h e r  p r o t e c t e d  areas; 
and 

e x p l o i t e d .  

- avo id  areas where opera t ions  would a f f e c t  n a t i o n a l  

- avoid areas o f  known n a t u r a l  resources t h a t  cou ld  be 

The above s i t e  f e a t u r e s  are broad and r e s t r i c t i v e  because o f  t h e  

impor tan t  r o l e  t h e y  p l a y  i n  de termin ing  s i t e  performance. Many o f  these 

. 
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fea tures  are  i n c o r p o r a t e d  i n  r e g u l a t i o n s  as minimum s i t e - s u i t a b i  l i t y  

requirements (10  CFR P a r t  61)  or s i t e  c r i t e r i a  ( D O E  Order 5820) f o r  l a n d  

b u r i a l  o f  l o w - l e v e l  r a d i o a c t i v e  waste. Obviously, n o t  a l l  o f  these fea tures  

are  a b s o l u t e l y  r e q u i r e d  s ince  undes i rab le  s i t e  fea tures ,  i n  some instances,  

can be remedied w i t h  engineered fea tures .  No at tempt  i s  made here t o  l i s t  
s p e c i f i c  c r i t e r i a  f o r  s i t e  s e l e c t i o n ;  t h e  a p p l i c a b l e  r e g u l a t i o n s  should be 

rev iewed f o r  speci f i c requ i  rements . 
3.2 S I T E  S E L E C T I O N  P R O C E S S  

A formal  s i t e  s e l e c t i o n  process f o r  a shal low l a n d  b u r i a l  f a c i l i t y  may 
be formulated w i t h  t h r e e  l e v e l s  o f  c o n s i d e r a t i o n :  ( 1 )  t h e  r e g i o n  i s  screened 

f o r  s u i t a b l e  areas, ( 2 )  t h e  areas are  screened f o r  candidate s i t e s  on a more 

d e t a i l e d  scale,  and ( 3 )  t h e  candidate s i t e s  a re  screened t o  y i e l d  a 

p r e f e r r e d  s i t e  ( F i g .  3.1). 

u n i t  and i n v o l v e s  more d e t a i l e d  i n f o r m a t i o n .  Th is  process makes use o f  

reconnaissance- level  data, which may i n c l u d e  b r i e f  surveys by q u a l i f i e d  

exper ts .  The va lue o f  a v i s i t  t o  candidate s i t e s  cannot be overs ta ted ,  

because a s i t e  v i s i t  i s  t h e  most c o s t - e f f e c t i v e  t o o l  a v a i l a b l e  f o r  g a t h e r i n g  

i n f o r m t i o n .  I n  some cases, a l i m i t e d  f i e l d  i n v e s t i g a t i o n  may be r e q u i r e d  t o  

i d e n t i f y  a p r e f e r r e d  s i t e .  Screening f a c t o r s  f o r  each l e v e l  o f  
consi  d e r a t i o n  are  based on s i t e  c r i t e r i a  t h a t  s p e c i f y  minimum requirements 

f o r  s i t e  s u i t a b i l i t y  (Sect.  3.1). 

f i r s t ;  i t may be a s t a t e ,  a compact o f  s t a t e s ,  o r  another geographical  u n i t  
(e.g., a Department o f  Energy r e s e r v a t i o n )  t h a t  needs a d isposal  s i t e .  

Areas w i t h i n  t h e  reg ion  o f  i n t e r e s t  w i t h  t h e  fewest d e f i c i e n c i e s  t h a t  c o u l d  

i n h i b i t  s i t e  development are i d e n t i f i e d  f o r  f u r t h e r  eva lua t ion .  Areas t h a t  
are f l o o d  prone or  have h i g h  d e n s i t i e s  o f  f a u l t s ,  f r a c t u r e s ,  and s o l u t i o n  
c a v i t i e s  t h a t  may be t o o  complex f o r  r e l i a b l e  geohydro log ica l  model ing 

should be exc luded a t  t h e  area screening stage. 

may a l s o  be used a t  t h i s  stage o f  screening (DOE 1983). 

determine t h e  s i t e  w i t h  the  g r e a t e s t  p o t e n t i a l  f o r  development of  a shal low 

Each step progresses t o  a smal le r  geographic 

I n  t h e  s i t e  s e l e c t i o n  process, t h e  reg ion  o f  i n t e r e s t  i s  e s t a b l i s h e d  

Other exc lus ionary  f a c t o r s  

Candidate s i t e s  i d e n t i f i e d  w i t h i n  s u i t a b l e  areas are  screened t o  
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F i g .  3.1. The schematic r e p r e s e n t a t i o n  o f  t h e  s i t e  s e l e c t i o n  process. 

land  b u r i a l  f a c i l i t y  ( i .e . ,  t h e  pre fer red  s i t e ) .  

s e l e c t i o n  process r e q u i r e s  more d e t a i l e d  i n f o r m a t i o n  on and c o n s i d e r a t i o n  o f  

a l l  t h e  s i t e  f e a t u r e s  e s s e n t i a l  t o  achievement o f  t h e  performance o b j e c t i v e s  
f o r  sha l low land b u r i a l  (Sec t .  3.1). B r i e f  f i e l d  i n v e s t i g a t i o n s  may be 

necessary t o  cons ider  o t h e r  f a c t o r s  such as economics and eng ineer ing  (Lee 

e t  a l .  1983). 
A methodology i s  e s s e n t i a l  t o  e f f e c t i v e l y  s e l e c t  a s a t i s f a c t o r y  s i t e  

f o r  a g iven r e g i o n  o f  i n t e r e s t .  

s e l e c t i o n  process i s  conducted must be r a t i o n a l l y  organized t o  produce 

d e f e n s i b l e  r e s u l t s .  Every s i t e  s e l e c t i o n  process, formal  o r  i n f o r m a l ,  

combines s u b j e c t i v e  judgments w i t h  o b j e c t i v e  analyses. Several  such 

methodologies have been developed (Lee e t  a l .  1983, DOE 1983, Rogers e t  a l .  

1982, and McBrayer e t  a l .  1981).  While t h e  methodologies d i f f e r  i n  d e t a i l ,  

t h e y  a l l  r e l y  on t h e  use o f  reconnaissance i n f o r m a t i o n .  I n  a d d i t i o n ,  t h e  

use o f  exper ts  t o  eva lua te  t h e  i n f o r m a t i o n  i s  necessary t o  o b t a i n  d e f e n s i b l e  

r e s u l t s .  

T h i s  stage o f  t h e  s i t e  

The se t  o f  procedures by which t h e  s i t e  
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3 . 3  INFORMATION NEEDS 

I .  

The information needs and information sources for s i t e  screening are 
derived from the objectives discussed i n  Sect. 3 . 1 .  These information needs 
may be grouped i n t o  topical subjects that  correspond t o  the disciplinary 
expertise needed for s i t e  selection. The information needs and associated 
information sources for s i t e  selection are summarized i n  Table 3.1 and 
br ief ly  discussed below. 

The s i t e  selection process is performed w i t h  the use of readily 
available information. Complete or uniform information is not  l ikely t o  be 
available for a l l  of the candidate s i t e s .  Considerable judgement by the 
experts involved i n  s i t e  selection is needed t o  select  a preferred s i t e  that  
i s  defensible and that wi l l  l ikely be acceptable for a shallow land  burial 
f a c i l i t y .  

For some s i t e s ,  considerably more data wi l l  be available than indicated 
i n  Table 3 . 1 .  The converse wi l l  often be true for other s i t e s  w i t h i n  the 
same s i t e  selection study. S i te  reconnaissance may assist i n  equalizing the 
uneven d a t a  base; however, i n  some cases, a limited geohydrologic 
investigation may be necessary before reasoned decisions can be made. The 
use of reconnaissance information for selecting a low-level waste disposal 
s i t e  i s  described i n  Lee et  a l .  (1983) 

3 . 3 . 1  Hydrology 

and DOE (1983) .  

The hydrologic performance of a s t e  con t r ibu te s  s gnificantly t o  i t s  
overall performance because hydrologic transport i s  the probable pathway for  
radionuclide migration for most s i t e s .  
s i t e  selection, the focus of interest  should be on watershed behavior and 
water-use patterns. 
detailed hydrologic parameters. 

described. 
specified as completely as possible. 
identify floodplain and wetland areas for exclusion from s i t e  studies and t o  
determine the character is t ics  of existing surface water use. 

A t  the area-wide screening stage of 

A t  l a te r  stages, emphasis shou ld  be placed on more 

The major surface water features i n  the region of interest  should be 
Water avai labi l i ty  and use i n  the study region should be 

Surface water data are used t o  

The selected 



Table 3.1. I n f o r m a t i o n  needs and sources fo r  s i t e  sc reen ing  o b j e c t i v e s  

Top ica l  area Ob jec t i ve  I n f o r m a t  i o n  needs I n f o r m a t  i o n  sources 

Geology 

S t r a t i g r a p h y  and S i t e  should be g e o l o g i c a l l y  s imp le  L i t h o l o g y ;  s t r a t i g r a p h i c  heterogen-  
s t r u c t u r e  to a l l o w  r e l i a b l e  p r e d i c t i o n  o f  e i t y ;  presence o f  f o l d s ,  f a u l t s ,  

s o i l  t h i ckness ;  l o c a t i o n s  o f  
wa te r -bea r ing  zones; topography 

long- term performance s o l u t i o n  c a v i t i e s ,  and f r a c t u r e s ;  

Geologic  hazards S i t e  must remain s t a b l e  over 
t h e  p e r i o d  t h a t  waste i s  o f  
r a d  i o l  og i c a1 concern 

Economic resources  S i t e  should be l o c a t e d  t o  
m in im ize  t h e  undes i rab le  
consequences o f  ope ra t  i on  

Tec t o n  i sm 

Hydro logy 

Sur face  wa te r  

Groundwater 

S i t e  should be l o c a t e d  where 
t e c t o n i c  processes w i l l  n o t  
compromise s i t e  performance 
o r  s t a b i l i t y  

S i t e  should be w e l l  drained, 
be f r e e  o f  f l o o d i n g ,  and have 
min imal  upstream dra inage a rea  

E ros ion  p o t e n t i  a1 ; 1 andsl  i d e  poten-  
t i a l ;  mass wast ing,  slumping, and 
subsidence 

Presence o f  geo log i c  resources  and 
reserves,  e x i s t i n g  and abandoned 
mines, e x i s t i n g  and abandoned o i l  
and gas w e l l s ,  e x p l o r a t o r y  w e l l s  

Seismic and v o l c a n i c  a c t i v i t y  

Su r face  water resources,  wet lands 
f l o o d p l a i n s ,  water  a v a i l a b i l i t y ,  
wa te r  use, stream f l ows ,  s i t e  
dra inage,  r u n o f f  i n f  i 1 t r a t  i on ,  
wa te r  budget 

S i t e  should a l l ow  waste to  be A q u i f e r  c h a r a c t e r i s t i c s  and loca -  

groundwater a v a i l a b i l i t y  and use 

b u r i e d  where groundwater i n t r u s i o n  t i o n s ,  unsa tu ra ted  s o i l  t h i ckness ,  
w i l l  no t  occur  and a l l ow  f o r  groundwater d i scha rge  t o  su r face ,  
r e l i a b l e  p r e d i c t i o n  o f  l ong - te rm 
performance 

S i t e  v i s i t ,  U.S. Geo log ica l  
Survey, s t a t e  g e o l o g i c a l  
surveys,  A g r i c u l t u r a l  S t a b i l  i z a -  
t i o n  and Conserva t i on  Serv i ce ,  
U.S. F o r e s t  Se rv i ce ,  U.S. Depar t -  
ment o f  A g r i c u l t u r e ,  American 
Geology I n s t i t u t e ,  Bureau o f  
Land Management 

S i t e  v i s i t ,  U.S. Geo log ica l  
Survey, s t a t e  g e o l o g i c a l  
surveys, So i  1 Conserva t i on  
S e r v i c e  

S t a t e  g e o l o g i c a l  surveys, o i l  
and gas commissions, s t a t e  
water  resources  agencies, U.S. 
Bureau o f  Mines and Geology 

Geo log ica l  Survey, s t a t e  geo- 
l o g i c a l  surveys 

N a t i o n a l  Bureau o f  Standards, U.S. 

S i t e  v i s i t ,  U.S. Geo log ica l  
Survey, U.S. Army Corps o f  
Engineers,  env i ronmenta l  impact  
statements, S o i l  Conserva t i on  
Serv i ce ,  U .S. Env i ronmenta l  
P r o t e c t i o n  Agency, American 
Water Works Assoc ia t i on ,  Housing 
and Urban Development, s t a t e  
wa te r  resources  agencies 

S i t e  v i s i t ,  U.S. Geo log ica l  
Survey, U .S. Environment a1 
P r o t e c t  i o n  Agency, s t a t e  wa te r  
resources  agencies, env i ronmenta l  
impact  s ta tements,  American 
Water Works Assoc ia t i on ,  
N a t i o n a l  Water We1 1 A s s o c i a t i o n  



Tab le  3.1. ( c o n t i n u e d )  

T o p i c a l  a rea  O b j e c t i v e  I n f o r m a t i o n  needs In fo r rna t  i on  sources 

Water qual  i t y  S i t e  should a l l o w  r e l i a b l e  p r e d i c t i o n  
of long- term performance, and rnoni- 
t o r i n g  o f  s i t e  performance should 
n o t  be masked b y  nearby f a c i l i t i e s  

Yet eo r  o l  ogy 

Ecology 

Socioeconomics 

S i t e  performance should no t  be 
j eopard i zed  by wind, p r e c i p i t a t i o n ,  
o r  o the r  me teo ro log i ca l  events  

Endangered species,  un ique and 
v a l u a b l e  h a b i t a t s ,  and wet lands 
should n o t  be present  i n  t h e  
s i t e  area 

S i t e  should a1 low u n r e s t r i c t e d  
human use beyond s i t e  boundary 
f o r  t h e  present  and f u t u r e  and 
have access t o  e x i s t i n g  
i n f r a s  tr ac t u r e  

Q u a l i t y  o f  su r face  water  resources U.S. Geo log ica l  Survey, U.S. 
q u a l i t y  o f  a q u i f e r s  beneath s i t e  Envi ronmenta l  P r o t e c t i o n  Agency, 
presence o f  r a d i o n u c l i d e s  i n  U.S. Department o f  Energy, U.S. 
water  resources  Nuc lea r  R e g u l a t o r y  Commission, 

s t a t e  water  resources  agencies, 
s t a t e  g e o l o g i c a l  su rveys  

P r e c i p i t a t i o n ,  snowfa l l ,  maximum N a t i o n a l  Oceanic and Atmospher ic  
events, wind speed, wind gusts ,  Admini s t r a t  i o n  
temperature,  ev apo ra t  ion, h u r r i c a n e s  , 
and tornadoes 

Presence o f  endangered species, S i t e  v i s i t ,  s t a t e  and l o c a l  
un ique o r  v a l u a b l e  h a b i t a t s ,  con ser  v a t  i o n  organ i z a t  i on s , 
and we t lands  U.S. F i s h  and W i l d l i f e  S e r v i c e  

S t a t e  and l o c a l  governments, s t a t e  2 Presen t  and p r o j e c t e d  l and  use 
and p o p u l a t i o n  and a v a i l a b i l i t y  and l o c a l  p l a n n i n g  commissions, 
o f  t r a n s p o r t a t i o n  r o u t e s  and U.S. Department o f  Commerce 
and u t i l i t i e s  
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s i t e s  should be w e l l  d ra ined  and f r e e  o f  f l o o d i n g  o r  ponding and have 

minimal upstream drainage areas. 

Groundwater i s  a p o t e n t i a l l y  impor tan t  pathway f o r  t h e  t r a n s p o r t  o f  

r a d i o n u c l i d e s .  Consequently, t he  ex tens i ve  o r  p o t e n t i a l  use o f  groundwater 

i n  an area as a personal or  p u b l i c  d r i n k i n g  water supp ly  cou ld  l i m i t  t h e  

s u i t a b i l i t y  o f  t h e  area f o r  sha l low land  b u r i a l .  A q u i f e r s  i n  the  r e g i o n  

should be descr ibed w i t h  respec t  t o  l o c a t i o n ,  depth, areal  ex ten t ,  and 

sa tu ra ted  th i ckness .  S i t e s  should be s e l e c t e d  where t h e  p o t e n t i  a1 f o r  

groundwater t r a n s p o r t  o f  r a d i o n u c l i d e s  and t h e  p o t e n t i a l  f o r  human 

consumption o f  groundwater are minimized. 

3.3.2 Geology 

Geologic c h a r a c t e r i s t i c s  p l a y  a dominant r o l e  i n  de termin ing  whether 

the  groundwater f l o w  system can be r e l i a b l y  p red ic ted ,  i n  e v a l u a t i n g  t h e  

p o t e n t i a l  f o r  long- te rm s t a b i l i t y  o f  t h e  s i t e ,  and i n  e s t i m a t i n g  t h e  

l i k e l i h o o d  o f  i n a d v e r t e n t  i n t r u s i o n  i n t o  t h e  waste. The p r e d i c t a b i l i t y  o f  

t h e  groundwater f l o w  system i s  l a r g e l y  a f u n c t i o n  o f  t he  geo log ic  comp lex i t y  

o f  a s i t e .  The long- te rm s t a b i l i t y  o f  a s i t e  depends on t h e  inc idence and 

i n t e n s i t y  o f  su r face  geo log ic  processes such as eros ion ,  l a n d s l i d e s ,  and 

slumping and on t e c t o n i c  a c t i v i t y .  Past m ine ra l  e x p l o i t a t i o n  and f u t u r e  

economic resources  are impor tan t  c o n s i d e r a t i o n s  i n  t h e  s i t e  s e l e c t i o n  

process because t h e  development o f  resources  may lead t o  c o n f l i c t i n g  land 
use o r  t o  i n a d v e r t e n t  i n t r u s i o r i  i n t o  a waste d i sposa l  s i t e  a f t e r  
i n s t i t u t i o n a l  c o n t r o l s  have been removed. Past m in ing  and m i n e r a l s  

e x p l o r a t i o n  a c t i v i t i e s  may a1 so a f f e c t  t h e  long-term s t a b i l i t y  ( t h r o u g h  
tunnel  c o l l a p s e )  and p r e d i c t a b i l i t y  o f  groundwater f l o w  (groundwater 

pathways th rough abandoned mines o r  boreho les) .  

frequency or e x t e n t  t o  s i g n i f i c a n t l y  a f fec t  t h e  a b i l i t y  o f  a d i sposa l  s i t e  

t o  meet t h e  performance o b j e c t i v e s .  The e f f e c t s  o f  these su r face  processes 

may be c o r r e c t a b l e  w i t h  design f e a t u r e s .  S i t e s  t h a t  have simple s t r u c t u r e ,  
t h i c k  unsatura ted  s o i l s ,  and un i fo rm c h a r a c t e r i s t i c s  should be se lec ted .  

Areas should a l so  be avoided where mass wast ing occurs w i t h  enough 

. -  

J 
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3.3.3 Meteorology 

Me teo ro log i ca l  i n f o r m a t i o n  i s  use fu l  t o  determine t h e  e ros ion  o r  

f l o o d i n g  p o t e n t i a l  due t o  extreme weather c o n d i t i o n s  such as thunderstorms 

o r  hu r r i canes .  The t y p i c a l  reconna issance- leve l  da ta  used f o r  s i t e  

s e l e c t i o n  are prec i p i t  a t  i on, evaporat ion,  winds, and temperature. 

3 .3 .4  Eco 1 ogy 

The p r imary  purpose o f  o b t a i n i n g  e c o l o g i c a l  i n f o r m a t i o n  d u r i n g  s i t e  

s e l e c t i o n  i s  t o  ensure t h a t  no p a r t i c u l a r l y  va luab le  b i o t i c  resource  would 

be l o s t  or  s e r i o u s l y  a f fec ted  as a r e s u l t  o f  development o f  a sha l low land 

b u r i a l  f a c i l i t y .  The most s i g n i f i c a n t  p o t e n t i a l  e c o l o g i c a l  c o n s t r a i n t  on 
s i t e  s e l e c t i o n  i s  t h e  presence o f  a species l i s t e d  by  t h e  f e d e r a l  government 

as th rea tened o r  endangered (USFWS 1980). 

o r  r a r e  p l a n t  communities and unusua l l y  impor tan t  w i l d l i f e  h a b i t a t s  cou ld  be 

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

Also, t h e  conserva t ion  o f  unique 

3.3.5 Land Use and Socioeconomics 

The development of a shal low land b u r i a l  f a c i l i t y  should n o t  have an 

adverse impact on land use and socioeconomics. I n f o r m a t i o n  i s  needed t o  

determine whether o r  n o t  economical ly s i g n i f i c a n t  n a t u r a l  resources migh t  

a f f e c t  o r  be a f f e c t e d  by t h e  sha l low land b u r i a l  f a c i l i t y .  S i t e s  should be 

se lec ted  w i th  low p o p u l a t i o n  d e n s i t y  and l i m i t e d  a n t i c i p a t e d  popu la t i on  

growth. 
i n v o l v i n g  c u r r e n t  o r  a n t i c i p a t e d  development nor j eopard i ze  valued h i s t o r i c  

s i t e s .  

Use o f  t h e  s i t e  should n e i t h e r  c o n f l i c t  w i t h  land-use a c t i v i t i e s  
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4. SITE CHARACTERIZATION 

. .  

D e t a i l e d  f i e l d  i n v e s t i g a t i o n s  are r e q u i r e d  t o  d e f i n e  t h e  s i t e  

c h a r a c t e r i s t i c s  a f f e c t i n g  t h e  i n t e r a c t i o n s  between t h e  d isposa l  s i t e  and i t s  

surroundings, t h e  i s o l a t i o n  of t h e  waste, and t h e  long- term s t a b i l i t y  f o r  
t h e  d isposa l  s i t e .  These i n v e s t i g a t i o n s  ( o r  s i t e  c h a r a c t e r i z a t i o n  s t u d i e s )  

are performed a f t e r  s e l e c t i o n  o f  a p r e f e r r e d  s i t e  f o r  a sha l low land b u r i a l  

f a c i l i t y  (Chapter 3 ) .  
s i t e  c h a r a c t e r i z a t i o n  and t h e  methodology and methods f o r  a c q u i r i n g  the  s i t e  

c h a r a c t e r i z a t i o n  data.  

Th is  chapter  discusses t h e  s p e c i f i c  o b j e c t i v e s  o f  

4.1 OBJECTIVES 

A p o t e n t i a l l y  s u i t a b l e  ( o r  p r e f e r r e d )  s i t e  f o r  a shal low land b u r i a l  

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

a v a i l a b l e  in fo rmat ion ,  i n c l u d i n g  t h a t  ob ta ined f rom b r i e f  f i e l d  surveys 

However, e x t e n s i v e  c h a r a c t e r i z a t i o n  s t u d i e s  o f  t h e  s i t e  are r e q u i r e d  t o  

v e r i f y  i t s  s u i t a b i l i t y .  To make t h i s  determinat ion,  s i t e  c h a r a c t e r i z a t  

has t h e  s p e c i f i c  o b j e c t i v e s  o f  p r o v i d i n g  i n f o r m a t i o n  needed f o r :  
on 

demonstrat ing t h a t  t h e  minimum s i t e  f e a t u r e s  (Sec t .  3.1) w i l l  be met, t h e  
performance assessment (pathways a n a l y s i s ) ,  t h e  f a c i l i t y  design, and t h e  

p r e p a r a t i o n  o f  an environmental  impact statement, i f  appropr ia te .  Much o f  

t h e  t e c h n i c a l  i n f o r m a t i o n  needed f o r  these s p e c i f i c  o b j e c t i v e s  over laps .  

P r e l i m i n a r y  i n f o r m a t i o n  ob ta ined d u r i n g  t h e  s i t e  s e l e c t i o n  a c t i v i t y  (Sect .  
3 . 3 )  and t h e  t e c h n i c a l  c o n s i d e r a t i o n s  generated by t h e  performance 

o b j e c t i v e s  (Sect .  2.3) a re  used t o  p l a n  t h e  scope o f  s i t e  c h a r a c t e r i z a t i o n  

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

o b j e c t i v e s  f o r  a sha l low l a n d  b u r i a l  s i t e  r e s u l t  f rom t h e  s i t e  hav ing t o  be 

g e o l o g i c a l l y  and h y d r o l o g i c a l l y  simple, g e o l o g i c a l l y  s tab le,  w e l l  drained, 

and loca ted  t o  min imize t h e  consequences o f  s i t e  o p e r a t i o n s  (Sect .  3.1). 
a minimum, t h e  s i t e  c h a r a c t e r i z a t i o n  s t u d i e s  should p r o v i d e  s p e c i f i c  

i n f  ormat i on t o  de t  ermi ne 

The minimum f e a t u r e s  necessary f o r  achievement o f  t h e  performance 

As 

o t h e  geo log ic  complex i ty ,  s t r a t i g r a p h y ,  and l i t h o l o g y  o f  t h e  s t r a t a  
u n d e r l y i n g  t h e  s i t e ;  

35 
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o t h e  presence o f  any n a t u r a l  resources i n  t h e  s i t e  area; 

o the  l o c a t i o n s  o f  t h e  100-year f l o o d p l a i n ,  wetlands, and areas o f  
f requent  ponding i n  t h e  s i t e  area; 

o t h e  l o c a t i o n  o f  upstream dra inage areas and the  s i t e  d ra inage 
network; 

o t h e  l o c a t i o n s  o f  a q u i f e r s  and t h e  c h a r a c t e r i s t i c s  o f  t he  a q u i f e r s  
and o f  t h e  unsaturated zone; 

o t h e  l o c a t i o n s  o f  groundwater d ischarges t o  t h e  sur face  i n  t h e  s i t e  
area; and 

o t h e  weathering, erosion, and s t a b i l i t y  c h a r a c t e r i s t i c s  o f  s i t e  s o i l s .  

The pathways ana lys i s  (Sect .  2.5.3) r e q u i r e s  s i t e - s p e c i f i c  da ta  t o  

p rov ide  long- term p r e d i c t i o n s  o f  r a d i o n u c l i d e  m i g r a t i o n  r e s u l t i n g  f rom s i t e  

development and opera t ion .  The ana lys i s  p rov ides  es t imates  o f  r a d i o l o g i c a l  

dose commitments t o  (1) i n d i v i d u a l s ,  f rom o f f - s i t e  m i g r a t i o n  o f  

r a d i o n u c l i d e s  f rom t h e  d isposa l  u n i t s ,  and ( 2 )  any i n d i v i d u a l  i n a d v e r t e n t l y  

i n t r u d i n g  i n t o  t h e  d isposa l  s i t e  and becoming exposed t o  t h e  waste a f t e r  

i n s t i t u t i o n a l  c o n t r o l  has ceased. The e v a l u a t i o n  i s  based on t h e  geo log ic  

and hyd ro log i c  c h a r a c t e r i s t i c s  o f  t he  s i t e  w i t h  cons ide ra t  on o f  t h e  waste 

c h a r a c t e r i s t i c s ,  f a c i l i t y  design, and opera t i ng  p r a c t i c e s .  The s i t e  must be 

g e o l o g i c a l l y  and h y d r o l o g i c a l l y  s imple enough t o  permi t  r e  i a b l e  long- term 

p r e d i c t i o n  o f  performance. For pathways ana lys is ,  t h e  s i t e  c h a r a c t e r i z a t i o n  
s t u d i e s  should p rov ide  i n f o r m a t i o n  t o  determine 

o a conceptual  model of s i t e  geology and hydro logy  s u i t a b l e  f o r  
model ing and ana lys is ,  

a q u a n t i t a t i v e  water budget f o r  t h e  s i t e ,  o 

o t h e  water use and water a v a i l a b i l i t y  i n  t h e  s i t e  area, 

o the  geohydro log ic  and geochemical c h a r a c t e r i s t i c s  o f  t h e  s i t e  t o  t h e  
e x t e n t  necessary f o r  modeling and ana lys is ,  and 

o t h e  meteorology of t h e  s i t e  t o  t h e  ex ten t  necessary f o r  model ing and 
ana lys i s .  

The i n f o r m a t i o n  r e q u i r e d  fo r  f a c i l i t y  des ign o f t e n  over laps  t h a t  needed 

f o r  s a t i s f y i n g  t h e  o the r  s p e c i f i c  o b j e c t i v e s  o f  s i t e  c h a r a c t e r i z a t i o n .  
S i t e - s p e c i f i c  da ta  are r e q u i r e d  f o r  t h e  l a y o u t  and use o f  t h e  s i t e ;  des ign 
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of the site drainage system and the disposal units; selection of 
waste emplacement, backfilling, and closure; and design of a mon 
system. For the design activity, the site characterization stud 
provide, as a minimum, specific information to determine 

met hods 
tori ng 
es shou 

o the runoff and infiltration from storms for drainage design, 

o the erosion potential of on-site soils, 

o the slope stability of on-site soils, 

o the suitability of native soils for backfill and disposal unit 
covers, 

o the revegetative potential of site following closure, and 

o the types of monitoring needed and the appropriate locations. 

for 

d 

The site characterization studies should also provide sufficient 
information for preparation of an environmental impact statement as required 
under the National Environmental Policy Act, if appropriate (see 40 CFR 
Parts 1500-1508). To determine the potenti a1 environmental impacts 
resulting from construction, operation, and closure of a shallow land bur a1 
facility, the statement may focus on ecological, socioeconomic, or other 
factors not directly re1 ated to achievement of the performance objectives 
The appl icable regulations should be reviewed for determination of the 
specific information needs (see 10 CFR Part 51). 

extensive multidisciplinary field investigations. For these activities, 
careful planning and close coordination is necessary to minimize the 
resources and time required. 

In summary, the specific objectives of site characterization require 

4.2 METHODOLOGY 

A summary of a methodology for site characterization is shown in 
Fig. 4.1. 

investigation of site feasibility, a comprehensive field study with 
laboratory analysis of field samples, a site monitoring program, and a 
pathways analysis. These activities are considerably more expensive than 
site selection, because they involve placing experts and equipment at the 

Site characterization generally includes a preliminary 
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Fig .  4.1. A Methodology fo r  s i t e  c h a r a c t e r i z a t i o n .  Source: Adapted 
from D. W. Lee, R. H. Ke te l l e ,  and L. H. S t i n ton ,  1983. 
S e l e c t i o n  C r i t e r i a  f o r  Screening Low-Level Waste Disposal  S i t e s  on the  
Oak Ridge Reservat ion,  ORNL/TM-8717, Oak Ridge Na t iona l  Laboratory, 
Oak Ridge, Tennessee. 

Use o f  DOE S i t e  

c 
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' .  

s i t e .  Prudence t h e r e f o r e  d i c t a t e s  t h a t  t h e  i n v e s t i g a t i o n s  most l i k e l y  t o  
d iscover  s i t e  c h a r a c t e r i s t i c s  t h a t  may prec lude development be made f i r s t .  

The s i t e  f e a s i b i l i t y  i n v e s t i g a t i o n  (F ig .  4.1) p rov ides  a p r e l i m i n a r y  
concept of s i t e  u t i l i z a t i o n  and performance and i n i t i a t e s  t h e  i n t e r a c t i o n  o f  

s i t e  des ign w i t h  t h e  f i e l d  i n v e s t i g a t i o n ,  l a b o r a t o r y  s tud ies ,  pathways 

ana lys is ,  and environmental  mon i to r i ng  a c t i v i t i e s .  The s i t e  f e a s i b i l i t y  

s tudy  may i n c l u d e  c h a r a c t e r i z a t i o n  o f  t h e  waste, p r e l i m i n a r y  s i t e  design, 
and p r e l i m i n a r y  ana lys i s  o f  s i t e  performance. 

form, q u a n t i t y ,  and r a d i o n u c l i d e  concent ra t ions  i s  e s s e n t i a l  f o r  d e f i n i n g  

t h e  scope o f  t h e  f i e l d  i n v e s t i g a t i o n ,  f o r  per fo rming  t h e  pathways ana lys is ,  

and f o r  e s t a b l i s h i n g  t h e  design requi rements f o r  s i t e  u t i l i z a t i o n .  

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

conta ined i n  t h e  waste and t h e  adsorp t ion  o f  these rad ionuc l i des  by s i t e  

s o i l s  under hyd ro log i c  c o n d i t i o n s  r e p r e s e n t a t i v e  o f  t h e  s i t e .  

i n v e s t i g a t i o n  and should encompass s i t i n g ,  opera t ion ,  c losure ,  and pos t -  

c l o s u r e  cons ide ra t i ons .  The p r e l i m i n a r y  design should seek t o  i d e n t i f y  t h e  

necessary f a c i l i t i e s ,  t he  proposed layou t  o f  p r o j e c t e d  d isposa l  un i t s ,  t h e  
t y p i c a l  des ign o f  t h e  d isposa l  u n i t s ,  and any proposed engineered des ign 

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

The p r e l i m i n a r y  ana lys i s  o f  s i t e  performance i s  in tended t o  i d e n t i f y  

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

o f f - s i t e  m i g r a t i o n  o f  r a d i o n u c l i d e s  should be examined t o  es t imate  t h e  
p o t e n t i a l  environmental  exposures and t o  i d e n t i f y  apparent d e f i c i e n c i e s  i n  

the  n a t u r a l  s i t e  c o n d i t i o n s .  Any s i g n i f i c a n t  d e f i c i e n c i e s  de tec ted  a t  t h i s  

l e v e l  o f  ana lys i s  should become t h e  focus o f  t h e  f i e l d  i n v e s t i g a t i o n  and 

should be considered fo r  m i t i g a t i o n  by  proposed engineered design f e a t u r e s  

as p a r t  o f  t he  f e a s i b i l i t y  study. 

Most o f  t h e  in fo rmat ion  needed f o r  t h e  s i t e  f e a s i b i l i t y  i n v e s t i g a t i o n  

i s  ob ta ined from data compiled f o r  s i t e  s e l e c t i o n  (Chapter 3)  and from o t h e r  

r e a d i l y  a v a i l a b l e  sources. Th is  p r e l i m i n a r y  i n v e s t i g a t i o n  can r e s u l t  i n  a 

f i e l d  s tudy t h a t  i s  bo th  more focused and c o s t - e f f e c t i v e ,  a pathways 

a n a l y s i s  t h a t  i s  more r e p r e s e n t a t i v e  o f  f a c i l i t y  operat ion,  and 

environmental  da ta  more use fu l  f o r  ana lys i s  and design. 

C h a r a c t e r i z a t i o n  o f  t he  waste i n  terms o f  i t s  phys i ca l  and chemical 

The 

The p r e l i m i n a r y  design i s  in tended t o  bound t h e  scope o f  t h e  f i e l d  
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The f i e l d  i n v e s t i g a t i o n  i s  comprehensive i n  scope and r e q u i r e s  t h e  use 

o f  t e c h n i c a l  s p e c i a l i s t s  and s p e c i a l i z e d  equipment (Sec t .  4.3). Geo log ica l  

and h y d r o l o g i c a l  i n v e s t i g a t i o n s  o f  s i t e  c o n d i t i o n s  are t h e  pr imary  focus  o f  

t h e  f i e l d  program, which should be phased t o  p rov ide  complete and 

complementary r e s u l t s  w i t h  a minimum amount o f  t ime and resources.  

I n fo rma t ion  gained i n  t h e  e a r l y  phases can be used t o  p rov ide  t h e  

approp r ia te  scope o f  i n v e s t i g a t i o n  f o r  t h e  more c o s t l y ,  l a t e r  phases. 

appropr ia te  da ta  t o  be developed du r ing  t h e  i n v e s t i g a t i o n  are s i t e - s p e c i f i c  

and o f ten t imes  cannot be comple te ly  s p e c i f i e d  a t  t h e  program p lann ing  step, 
as shown i n  F i g .  4.2. 

geophysica l  surveys and i n i t i a l  subsurface d r i l l i n g ,  t he  scope o f  t h e  f i e l d  

i n v e s t i g a t i o n  should be reviewed t o  ensure completeness. Throughout t h i s  

i n v e s t i g a t i o n ,  f i e l d  techniques f o r  da ta  a c q u i s i t i o n  are p r e f e r r e d  t o  

1 abo ra to ry  methods because o f  t h e  t y p i c a l  d is tu rbance o f  samples encountered 

d u r i n g  sample recovery.  

The m o n i t o r i n g  program i s  i n i t i a t e d  d u r i n g  s i t e  c h a r a c t e r i z a t i o n  t o  

e s t a b l  i s h  background environmental  da ta  and t o  determine seasonal v a r i a t i o n s  

i n  t h e  environmental  data.  The h y d r o l o g i c a l  aspects o f  t h e  mon i to r i ng  

program are especi  a1 l y  impor tan t  f o r  e s t a b l i s h i n g  t h e  da ta  base f o r  pathways 

a n a l y s i s  and s i t e  design. 

b y  DOE (1983).  

f i n a l  phase of s i t e  c h a r a c t e r i z a t i o n  ( F i g .  4.1). 

pathways ana lys i s  are used t o  determine t h e  l o c a t i o n  and s i z e  o f  t h e  b u f f e r  

zone and l i m i t a t i o n s  on waste form and q u a n t i t y .  The pathways ana lys i s  i s  

a l s o  used t o  e s t a b l i s h  design requi rements and t h e  need f o r  a d d i t i o n a l  

mon i to r i ng  a c t i v i t i e s  du r ing  o p e r a t i c n  and c losu re .  I f  t h e  pathways 
a n a l y s i s  i n v e s t i g a t i o n  i n d i c a t e s  t h a t  t h e  l i m i t a t i o n s  p laced on s i t e  

u t i l i z a t i o n  o r  t h e  waste are too  r e s t r i c t i v e  o r  t h a t  engineered des ign  

fea tures  cannot remedy s i t e  d e f i c i e n c i e s ,  then a r e t u r n  t o  t h e  s i t e  

s e l e c t i o n  s tage i s  necessary t o  i d e n t i f y  an a l t e r n a t i v e  s i t e  ( F i g .  4.1). 

The 

Consequently, as r e s u l t s  are ob ta ined from sur face  

A d i scuss ion  o f  t h e  mon i to r i ng  program i s  g iven  

A comprehensive pathways ana lys i s  i n v e s t i g a t i o n  (Sect .  2.5.3) i s  t he  

The r e s u l t s  o f  t h e  

4.3 TECHNIQUES 

. '  

The techniques employed f o r  s i t e  c h a r a c t e r i z a t i o n  are s i t e - s p e c i f  i c .  

The o v e r r i d i n g  cons ide ra t i on  i n  s e l e c t i n g  t h e  parameters and t h e  methods f o r  
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SITE CHARACTERIZATION Q FEASIBLE 

I I FIELD INVESTIGATION PROGRAM PLANNING 

- 

SOCIOECONOMIC, MONITORING 
SURFACE GEOPHYSICAL 

SURVEYS 

SUR FACE WATER 
R ESOU R CES MON I TO R I N G 

AND SAMPLING 

SUBSURFACE DR I LL lNG 
AND SAMPLING 

I 
t 

FIELD GEOHYDROLOGIC LABORATORY 
TESTING TESTING 

GEOHYDROLOGIC 
MON ITOR I NG 

DATA INTERPRETATION I AND ANALYSIS 

I 1 SITE CHARACTERIZATION 
REPORT 

F ig .  4.2. Phases o f  a d e t a i l e d  f i e l d  i n v e s t i g a t i o n  f o r  s i t e  
c h a r a c t e r i z a t i o n .  
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s i t e  c h a r a c t e r i z a t i o n  i s  t h e  geophysical  environment. Regional  v a r i a t i o n s  

i n  geology, hydro logy,  meteorology, ecology, and socioeconomics make i t  

imposs ib le  t o  g i v e  a p r e s c r i p t i v e  l i s t i n g  o f  techniques a p p l i c a b l e  t o  a l l  

s i t e s .  The techniques discussed below are w i d e l y  a p p l i c a b l e  and 

comprehensive i n  scope, b u t  n o t  a l l  would n e c e s s a r i l y  be used f o r  a 

p a r t i c u l a r  s i t e .  Rather, s e l e c t i o n  o f  s i t e  c h a r a c t e r i z a t i o n  techniques 

should be based on s p e c i f i c  i n f o r m a t i o n  needs, t h e  need f o r  p r e c i s i o n  i n  t h e  

da ta  acqu i s i t i o n  , and c o s t - e f  f ec t i veness . 

4.3.1 Geology 

Many re fe rences  t h a t  descr ibe  geo log ic  i n v e s t i g a t i o n  procedures are 

a v a i l a b l e .  A f a i r l y  comprehensive t rea tment  o f  t h e  sub jec t  i s  p rov ided b y  

Hunt (1984) .  Since geo log ic  c o n d i t i o n s  are s i t e - s p e c i f i c ,  t h e  s i t e  

c h a r a c t e r i z a t i o n  program must be t a i l o r e d  t o  t h e  s i t e  c o n d i t i o n s  and be 

f l e x i b l e  enough t o  a l l o w  adjustment between phases o f  i n v e s t i g a t i o n  as a 

conceptual  model o f  t h e  s i t e  i s  developed ( F i g .  4.2). 

4.3.1.1 Subsurface I n v e s t i g a t i o n  P lann ing  

An o v e r a l l  p l a n  f o r  t h e  s i t e  c h a r a c t e r i z a t i o n  program i s  c r u c i a l  t o  

ensur ing  t h a t  a l l  t h e  i n f o r m a t i o n  r e q u i r e d  f o r  t h e  pathways ana lys is ,  s i t e  
u t i l i z a t i o n  plan, and des ign f o r  t h e  sha l low l a n d  b u r i a l  f a c i l i t y  s h a l l  be 

ob ta ined (Sect .  4 .1) .  P lann ing  t h e  subsur face i n v e s t i g a t i o n s  begins 

l o g i c a l l y  w i t h  t a b u l a t i o n  of t h e  da ta  t h a t  t h e  s t u d i e s  must p rov ide .  

s t u d i e s  are planned on t h e  b a s i s  o f  t h e  background i n f o r m a t i o n  developed 

d u r i n g  s i t e  s e l e c t i o n  t h a t  p rov ides  a general  understanding o f  r e g i o n a l  and 
l o c a l  c o n d i t i o n s .  These da ta  i n c l u d e  geo log ic  r e p o r t s ,  topographic  maps, 

remote sensing data, and r e g i o n a l  and l o c a l  geo log ic  maps p e r t i n e n t  t o  t h e  

s i t e .  

v a l u a b l e  p r i o r  t o  f i e l d  work because f e a t u r e s  o f  p a r t i c u l a r  i n t e r e s t  a re  
o f t e n  v i s i b l a  on remote sensing imagery. 

and f rom d i f f e r e n t  seasons and t imes o f  day because t h e  sun angle and 

seasonal v a r i a t i o n s  o f t e n  accentuate f e a t u r e s  o f  i n t e r e s t .  I n i t i a l  f i e l d  

F i e l d  

P r e p a r a t i o n  o f  maps based on i n t e r p r e t a t i o n  o f  remote sensing i s  

Remote sensing imagery should be ob ta ined a t  severa l  d i f f e r e n t  s c a l e s  
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4 .  

a c t i v i t i e s  should i n c l u d e  geo log ic  mapping o f  t h e  s i t e  and f i e l d  mapping of 

s i t e  geo log ic  fea tures  v i s i b l e  a t  t h e  surface. 
geo log ic  mapping o f  the  s i t e  should be used i n  p l a n n i n g  subsequent 

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

cons idered i n  t h r e e  major areas o f  i n v e s t i g a t i o n :  conceptual  model o f  s i t e  
geology, pathways ana lys is ,  and s i t e  u t i 1  i z a t i o n  and design. 

Observat ions made d u r i n g  

The s p e c i f i c  o b j e c t i v e s  o f  s i t e  c h a r a c t e r i z a t i o n  (Sect .  4.1) can be 

Conceptual model 

The development of a conceptual  model o f  s i t e  geology and geohydrology 

i s  fundamental t o  c h a r a c t e r i z a t i o n  o f  t h e  s i t e  and forms a b a s i s  f o r  t h e  

pathways a n a l y s i s  and design. The conceptual  model o f  t h e  s i t e  i n c l u d e s  

o p r o v i s i o n  o f  three-d imensional  d i s t r i b u t i o n  o f  ear then m a t e r i a l  on 
t h e  s i t e ,  based on maps o f  s o i l  and bedrock s t r a t i g r a p h y  and 
s t r u c t u r e ;  

o d e f i n i t i o n  o f  t h e  s i t e  geohydro log ic  system, i n c l u d i n g  h y d r o l o g i c  
f u n c t i o n i n g  o f  each s o i l  and bedrock s t r a t i g r a p h i c  u n i t ;  

o i d e n t i f i c a t i o n  o f  p o t e n t i a l  subsurface m i g r a t i o n  pathways; and 

o understanding of t h e  major geo log ic  processes t h a t  may a f f e c t  
long- te rm s t a b i l i t y  o f  t h e  s i t e .  

The conceptual  model o f  t h e  s i t e  can be developed w i t h  g r e a t e r  d e t a i l  as 

o n - s i t e  da ta  d e s c r i b i n g  c o n d i t i o n s  are ob ta ined and i n t e r p r e t e d .  As t h e  

conceptual  understanding o f  t h e  s i t e  develops, c r i t i c a l  parameters r e g a r d i n g  
t h e  s i t e  c h a r a c t e r i s t i c s  w i l l  become apparent, and t h e  f i e l d  program should 

be t a i l o r e d  t o  p r o v i d e  t h e  bes t  p o s s i b l e  d e f i n i t i o n  o f  t h e  s i t e  
c h a r a c t e r i s t i c s  most c r i t i c a l  t o  s i t e  performance. 

Pathwavs anal v s i s  

0 .  

For s i t e s  where t h e  groundwater pathway i s  o f  s i g n i f i c a n t  concern, a 

groundwater model i s  used i n  t h e  pathways a n a l y s i s  t h a t  has d a t a  

requi rements t o  be addressed i n  t h e  subsurface i n v e s t i g a t i o n .  S e l e c t i o n  o f  
an a p p r o p r i a t e  model f o r  use on a p a r t i c u l a r  s i t e  r e q u i r e s  some p r i o r  
knowledge o f  s i t e  c o n d i t i o n s .  Once a model has been i d e n t i f i e d ,  however, 
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t h e  i n p u t  parameters r e q u i r e d  by t h e  model must be f a c t o r e d  i n t o  t h e  

subsurface i n v e s t i g a t i o n  program. A t y p i c a l  l i s t  o f  parameters g e n e r a l l y  

r e q u i r e d  f o r  model ing groundwater f l o w  i s  shown i n  Tab le  4.1. 

parameters are developed from the  conceptual  model o f  s i t e  geology and 

hydro logy .  

Sects.  4.3.2 and t h e  f o l l o w i n g  sec t i ons .  

The 

Techniques f o r  de termin ing  these d a t a  are discussed i n  

Table 4.1. Typ ica l  i n p u t  parameters f o r  geohydrologic model ing 

. .  

A q u i f e r  t ype  (unconf ined, conf ined,  e t c . )  

C o m p r e s s i b i l i t y  c o e f f i c i e n t  

E f f e c t  i ve p o r o s i t y  

Hydraul  i c  c o n d u c t i v i t y  tensor  ( s a t u r a t e d  and unsatura ted)  

S p e c i f i c  y i e l d  

A q u i f e r  t h  i c  kness 

P iezomet r i c  head ( i n i t i a l  c o n d i t i o n )  

Storage c o e f f i c i e n t  

Leakage c o e f f i c i e n t  

D i s p e r s i v i t y  ( l o n g i t u d i n a l ,  t ransverse ,  v e r t i c a l )  

An iso t ropy  

Groundwater recharge 

We1 1 l o c a t i o n s  and pumping c h a r a c t e r i s t i c s  
D i s t r i b u t i o n  c o e f f i c i e n t  

Bulk D e n s i t y  

S i t e  u t i l i z a t i o n  and design 

The s i t e  u t i l i z a t i o n  plan, i n c l u d i n g  s i t e  l ayou t ,  should be determined 

w i t h  c o n s i d e r a t i o n  o f  t h e  s i t e  t e r r a i n  (Sect .  5.4).  
i d e n t i f y  areas s u i t a b l e  f o r  d isposa l  u n i t s ,  areas s u i t a b l e  f o r  support  

f a c i l i t i e s ,  and optimum s i t e  access r o u t e s .  

S i t e  design i n f o r m a t i o n  requirements i n c l u d e  r e s u l t s  o f  geohydrologic 

t e s t i n g  t o  determine f e a s i b l e  methods f o r  i s o l a t i o n  o f  wastes f rom 

groundwater; s o i l  p r o p e r t i e s  t o  eva lua te  des ign  parameters f o r  excavat ion;  

and t h e  p o t e n t i a l  f o r  use o f  s i t e  resources f o r  l i n e r ,  b a c k f i l l ,  and cover 
mater i a1 . 

T e r r a i n  a n a l y s i s  should 

. I  
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Planning and s u p e r v i s i n g  t h e  a c q u i s i t i o n  of t h e  complex and d iverse  

data r e q u i r e d  f o r  geo log ic  and geohydro log ic  s i t e  c h a r a c t e r i z a t i o n  i s  t h e  

key t o  smooth i n t e g r a t i o n  of  t h e  pathways a n a l y s i s  and s i t e  design 

a c t i v i t i e s .  The t a s k  i s  best conducted by a team i n c l u d i n g  a geo log is t ,  a 

h y d r o l o g i s t ,  and a c i v i l  engineer, w i t h  i n p u t  f rom t h e  p r o f e s s i o n a l s  

i n v o l v e d  i n  t h e  pathway a n a l y s i s  i n v e s t i g a t i o n .  

4.3.1 .2 Geol oai  ca 1 an d Geohv dr o l  oai  c Tes t i n a 

The f i e 1  d and l a b o r a t o r y  i n v e s t i g a t i o n s  prov ide  the  most complete and 
complementary r e s u l t s  i f  t h e  i n v e s t i g a t i o n s  are completed i n  phases as shown 

i n  F i g .  4.2. Table 4.2 l i s t s  the  r e q u i r e d  data t o  be obta ined d u r i n g  

v a r i  ous phases o f  s i t e  c h a r a c t e r i  z a t i  on. The s tandard i  zed American Soc ie ty  

f o r  T e s t i n g  and M a t e r i a l s  (ASTM) methods f o r  a c q u i r i n g  some o f  these data 

a re  g iven i n  Table 4.3. The parameters i d e n t i f i e d  i n  Table 4.2 address t h e  

t e c h n i c a l  requirements f o r  pathways a n a l y s i s  and f a c i l i t y  design. Add i t ions  

or d e l e t i o n s  t o  Table 4.2 may be necessary f o r  s i t e - s p e c i f i c  c o n d i t i o n s  o r  
r e q u i  rement s . 
t o  eva lua te  t h e  u n i f o r m i t y  o f  subsurface c o n d i t i o n s  and l o c a t e  areas 

a p p r o p r i a t e  f o r  p a r t i c u l a r  de ta i  l e d  t e s t i n g .  Sur face geophysical  surveys 

shou ld  be planned t o  answer quest ions a r i s i n g  from remote sensing 

i n t e r p r e t a t i o n  and f i e l d  geo log ic  mapping a c t i v i t i e s .  Resu l ts  o f  the  
sur face geophysi ca l  surveys may i n d i c a t e  f a i  r l y  u n i f o r m  subsurface 

c o n d i t i o n s  or  may i d e n t i f y  anomalous areas. The r e s u l t s  o f  the  sur face  

geophysical  surveys shou ld  be used t o  p l a n  t h e  l o c a t i o n s  o f  subsurface 

i nvest  i g a t i  ons . 
Subsurface i n v e s t i g a t i o n s  normal ly  c o n s i s t  o f  d r i l l i n g  and sampling of 

s o i l  and rock  m a t e r i a l s ,  per fo rming  f i e l d  t e s t s ,  borehole geophysical  

logging,  and i n s t a l l a t i o n  o f  m o n i t o r i n g  equipment. 

s o i l  and bedrock m a t e r i a l s  i s  conducted t o  p r o v i d e  s o i l  p h y s i c a l  and 

chemical data as shown i n  Table 4.2 and begins as soon as d r i l l i n g  and 

sampling have been s t a r t e d .  

t h e  r o u t i n e  s i t e  m o n i t o r i n g  program begins.  

i s  t o  d e f i n e  s i t e  behavior  i n  response t o  seasonal h y d r o l o g i c  v a r i a t i o n s .  

E a r l y  phases o f  i n v e s t i g a t i o n s  can use sur face  geophysical  techniques 

Labora tory  t e s t i n g  o f  

A f t e r  m o n i t o r i n g  equipment has been i n s t a l l e d ,  

The purpose o f  s i t e  m o n i t o r i n g  



Table 4.2. Geologic characterization parameters and methods of investigation 

Parameter 
to be Literature Surface Field Drilling Borehole Laboratory Field monitoring 

and test i nga characterized review geophysics mapping and sampling geophysics testing 

Bedrock 

Lithology 
Stratigraphy 
Regional structure 
Local structure 
Depth of weathering 
Extent o f  fracturing 
Bedrock hydrologic 
conditions 

Physical properties 
Soi 1 cl ass if icat ion 
Grain size distribution 
Atterberg limits 
Soil-moisture content 
Shrink-swell potential 
Bulk density 
Penetration resistance 
Porosity 
Consol idat ion 
Triaxial shear strength 
Stratigraphy 
Total thickness 
Unsaturated th i c kness 

Soi 1 hydro1 og i c propert i es 
Moisture characteristics 
Dispersivity 
Hydraul ic conductivity 

Soil chemical and mineral 
properties 

Soil pH and buffer capacity 
Distribution coefficients 
for radionuclides 

Soil  mineralogy 

X X 
X X X X 
X 
X 

Soi 1 s - 

X 

X X 
X 

X X 

X 
X 
X 

X 
X 

X X 

X 

X 
X 
X 

X 
X X 

X X 

X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 
X 
X 

X 

P 
Q) 

X 

X 
X 

aHydrologic. 
bSeasonal variables. 
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Table 4.3. Methods f o r  geo log ic  c h a r a c t e r i z a t i o n  

Met hod a Use 

D-121 

D-2217 
D-122 
D-123 
D-124 
D-2487-69 

D-2435-70 
D- 1557-70 
D-127-61 
0-3080-72 
D-2850-70 
D- 15 56-64 
D-2922-71 
D-2419-74 
D-1194-72 
D- 1883- 73 
D-2166-66 
D-2844-69 
D-3441-75T 
D-2573-72 

Dry p r e p a r a t i o n  o f  s o i l  samples f o r  p a r t i c l e - s i z e  
a n a l y s i s  and de terminat ion  o f  s o i l  cons tan ts  

Wet p r e p a r a t i o n  f o r  same purposes 
D i s t r i b u t i o n  o f  p a r t i c l e  s i z e s  <75 mm 
L i q u i d  l i m i t  ( A t t e r b e r g ' s  upper p l a s t i c  l i m i t )  
P l a s t i c  l i m i t  ( A t t e r b e r g ' s  lower p l a s t i c  l i m i t )  
C l a s s i f i c a t i o n  o f  minera l  s o i l s  f o r  eng ineer ing  

Rate and magnitude o f  s o i l  c o n s o l i d a t i o n  under load 
Bulk  d e n s i t y  

Soi 1 compression and deformat i o n  
Penetrometer 
Mo is tu re  d e t e r m i n a t i o n  by gamma-ray a t t e n u a t i o n  
F i e l d  c o r r e l a t i o n  o f  c o m p a c t i b i l i t y  and e r o s i v i t y  
Bear ing c a p a c i t  ( f i e l d  t e s t )  

Unconf ined compressive s t r e n g t h  
Bear ing c a p a c i t y  o f  subgrade s o i l s  
Bear ing c a p a c i t y  penetrometer t e s t  [ f i e l d )  
F i e l d  vane shear t e s t  

purposes 

Shear Shr nka!e s r e n g t h  

Bear ing r a t i o  ( Z abora tory )  

1 abora tory )  

aMethods found i n  p u b l i c a t i o n s  o f  t h e  American S o c i e t y  f o r  
T e s t i n g  and Mater i a1 s. 

Surface geophysica l  surveys 

Sur face geophysical  techniques commonly used i n  geotechnica l  and 

o se ismic r e f r a c t i o n  surveys, 

o e l e c t r i c a l  r e s i s t i v i t y  surveys, 

o e lec t romagnet ic  e a r t h  c o n d u c t i v i t y  surveys, 

o ground-penetrat ing radar ,  and 

o g r a v i t y  surveys. 

geohydro log ic  i n v e s t i g a t i o n s  i n c l u d e  

A p p l i c a t i o n s  and l i m i t a t i o n s  o f  each technique are summarized i n  Table 4.4. 

Surface geophysical  survey techniques are u s u a l l y  more r a p i d  and l e s s  c o s t l y  

than subsurface methods o f  e x p l o r a t i o n ,  and t h e i r  deployment methods are 

very  f l e x i b l e ,  thus  a l l o w i n g  c o n t i n u a l  adjustment o f  t h e  i n v e s t i g a t i o n .  

p r e v i o u s l y  s ta ted,  t h e  sur face  geophysical  techniques p r o v i d e  t h e  bes t  i n p u t  

on which t o  s t r u c t u r e  t h e  subsurface e x p l o r a t o r y  program. 

As 
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Table 4.4.  Summary of surface geophysical techniques 

Technique Applications Limitations 

Surface seismic 
r e f r ac t ion  

Elec t r ica l  r e s i s t  i v i t y  

Electromagnetic ear th  
conduct ivi ty  

Ground-penetrat ing 
radar  

Grav imet e r s  

Determine s t r a t a  depths and 
c h a r a c t e r i s t i c  v e l o c i t i e s ,  
land or water 

Locate sal twater  boundaries 
and clean granular and c lay  
s t r a t a ;  determine rock depth 

Useful fo r  locat ing subsur- 
face anomalies r e l a t ed  t o  
so i l  thickness ,  so i l  types,  
moisture anomalies; may be 
used t o  loca te  probable 
groundwater migration 
pathways 

Provide subsurface p r o f i l e ;  
used t o  loca te  bur ied  
p i p e ,  bedrock, and boulders 

Detect major subsurface 
s t ruc tu res :  f a u l t s ,  
domes, in t rus ions ,  and 
c a v i t i e s  

May be unre l iab le  u n -  
l e s s  v e l o c i t i e s  i n -  
crease w i t h  d e p t h  
and bedrock surf ace 
i s  regular ;  da ta  are 
ind i rec t  and represent  
averages 

Di f f i cu l t  t o  i n t e r p r e t  
and subjec t  t o  wide 
va r i a t ions ;  does n o t  
provide eng i neer i ng 
p roper t ies  

Uses a potent ia l  method 
f o r  measurement , which 
r e s u l t s  i n  nonunique 
so lu t ions  in data  
in t e rp re t a t ion ;  re- 
qui res  Val idat ion in 
subsurface explorat ion 
phase 

In development s tages ;  
does not  provide 
depths or engineering 
proper t ies ;  shallow 
penetrat ion 

Normally used only f o r  
cav i ty  information 
f o r  engineering 
s tud ie s  

Source: Adapted from R. E .  H u n t ,  1984, Geotechnical Engineering 
Inves t iga t ion  Manual , McGraw, New York. 
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Subsurface i n v e s t i g a t i o n s  and f i e l d  t e s t i n g  

-. . 

Subsurface i n v e s t i g a t i o n s  p rov ide  d i r e c t  observa t ion  o f  subsurface 

c o n d i t i o n s  on the  s i t e ,  p rov ide  samples o f  s o i l  and r o c k  m a t e r i a l s  f o r  

t e s t i n g ,  a l l ow  f i e l d  t e s t i n g  o f  va r ious  p r o p e r t i e s  o f  subsurface ma te r ia l s ,  

and p rov ide  access t o  t h e  subsurface f o r  i n s t a l l a t i o n  o f  m o n i t o r i n g  

equipment. Methods o f  i n v e s t i g a t i o n  range f rom excavat ion o f  t e s t  p i t s  t o  

use o f  var ious  d r i l l i n g  and sampling techniques. Table 4.5 summarizes t h e  

commonly used techniques and b r i e f l y  descr ibes  t h e i r  a p p l i c a t i o n s  and 

l i m i t a t i o n s .  

The sampling program f o r  t h e  s i t e  c h a r a c t e r i z a t i o n  i n v e s t i g a t i o n s  must 

be responsive t o  t h e  da ta  needs o u t l i n e d  i n  Sect.  4.3.1.1. 
sampling program should be based on i n t e r p r e t a t i o n  o f  p r e l i m i n a r y  s i t e  da ta  

and developed w i t h  concurrence o f  t he  s i t e  g e o l o g i s t s  and t h e  pathways 

a n a l y s i s  and s i t e  des ign teams. A v a r i e t y  o f  sampling techniques i s  

a v a i l a b l e  f o r  use i n  s i t e  c h a r a c t e r i z a t i o n  i n v e s t i g a t i o n s .  I n  some 

instances,  c e r t a i n  sampling techniques can o n l y  be used w i t h  s p e c i f i c  

d r i l l i n g  techniques.  

Table 4.6 summarizes commonly used s o i l  and rock  sampling methods and 

general  c o n d i t i o n s  f o r  which they  are app l i cab le .  

de termin ing  t h e  eng ineer ing  and h y d r a u l i c  p r o p e r t i e s  o f  t h e  s o i l  and 

bedrock. Table 4.7 summarizes commonly used f i e l d  t e s t s  t h a t  may be 

app l i cab le ,  depending on s i t e - s p e c i f i c  c o n d i t i o n s .  

Design o f  t h e  

F i e l d  and sampling techniques must be compat ib le .  

F i e l d  t e s t i n g  f o r  s i t e  c h a r a c t e r i z a t i o n  i s  g e n e r a l l y  o r i e n t e d  toward 

Labora tory  t e s t i n g  

Labora tory  t e s t i n g  i s  used t o  q u a n t i f y  phys i ca l  and chemical 

c h a r a c t e r i s t i c s  o f  s o i l  and r o c k  m a t e r i a l s  f o r  use i n  the  pathways a n a l y s i s  

and s i t e  design. 

mean values o f  phys i ca l  and chemical p r o p e r t i e s  o f  s o i l  and bedrock f rom 

each s t ra tum p o t e n t i a l l y  a f f e c t e d  by contaminant m i g r a t i o n  from t h e  shal low 

land b u r i a l  f a c i l i t y .  Phys ica l  and h y d r a u l i c  parameters requ i red  f o r  

pathways ana lys i s  model ing and s i t e  design should be measured i n  the  

1 abora tory  t e s t i n g  program. Typ ica l  data needs f o r  groundwater pathways 

The l a b o r a t o r y  t e s t i n g  program must d e f i n e  t h e  range and 
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Table 4.5. Commonly used subsur face e x p l o r a t i o n  methods 

Technique A p p l i c a t i o n s  L i m i t  a t  i o n s  

Test  p i t s  and t renches P rov ide  v i s u a l  examinat ion L i m i t e d  depth when 
o f  s o i l  s t r a t i g r a p h y ,  mac h i ne-excav ated ; 
groundwater and rock  depth, deep excava t ion  below 
and f a u l t  f e a t u r e s  groundwater i s  c o s t l y  

when shee t ing  and 
pumping r e q u i r e d  

Wash b o r i n g  

Ro ta ry  d r i l l i n g  

Ro ta ry  probes 

Obta in s o i l  samples p r i -  Slow procedure; cannot 
mar i  l y  f o r  i d e n t i f i c a t i o n  p e n e t r a t e  s t r o n g  so i  1 s 
and index t e s t i n g ;  o r  rock;  und is tu rbed  
s tandard p e n e t r a t i o n  t e s t  sampl i n g  d i f f i c u l t  

Obta in  samples o f  a l l  t ypes  Requires r e l a t i v e l y  
o f  s o i l  and rock  f o r  iden-  l a r g e  and c o s t l y  
t i f i c a t i o n  and l a b o r a t o r y  equipment; s o i  1 
t e s t i n g  o f  index and en- samples and rock  
g i n e e r i n g  p r o p e r t i e s ;  cores no rma l l y  
i n  s i t u  t e s t i n g  l i m i t e d  t o  6 - i n .  i n  

d iameter  

R a p i d l y  determine depth t o  No samples are ob ta ined  
rock  w i t h  a r o t a r y  d r i l l  
r i g  

Cont inuous f l i g h t  auger Rapid d r i l l i n g  and d i s t u r b e d  Hole c o l l a p s e s  i n  s o f t  
sampling i n  s o i l s  w i t h  co- s o i  1 s; dry ,  g ranu l  a r  
hes ion and g r e a t e r - t h a n - s o f t  s o i l s  w i t h o u t  cohesion; 
cons is tency;  normal sampling and many s o i l s  below 
p o s s i b l e  i f  h o l e  remains open; groundwater 
can pene t ra te  s o f t  r o c k  

Hol low-stem auger 

Percuss ion d r i  11 i n g  
( c a b l e  t o o l )  

Hammer d r  i 1 1 i ng 

W i r e l i n e  d r i l l i n g  

S i m i l a r  t o  cont inuous f l i g h t  Cannot pene t ra te  ve ry  
bu t  ho l l ow  stem serves as s t r o n g  s o i l s ,  boulders,  
casing, p e r m i t t i n g  normal o r  rock  
s o i l  sampling 

U s u a l l y  used t o  d r i l l  water Large, cumbersome equip- 
we1 1 s ment; normal sampling 

d i f f i c u l t  

Good p e n e t r a t i o n  i n  bou lde rs  Large, cumbersome equip-  

turbance r e s u l t s  i n  
sampl es o f  quest i onabl e 
qual  i t y  

and cobbles ment; much s o i l  d i s -  

. .- 

Fast and e f f i c i e n t  f o r  deep Equipment c o s t l y  and l e s s  
core d r i  11 i n g  on 1 and and e f f i c i e n t  than normal 
f o r  o f f s h o r e  b o r i n g s  r o t a r y  d r i l l i n g  f o r  

most 1 and i n v e s t  i ga- 
t i o n s  

~ ~ ~~ 

Source: Adapted f rom R. E. Hunt, 1984, Geotechnical  Eng ineer inq  
I n v e s t i g a t i o n  Manual, MCGraw, New York. 
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Disturbed samples: Above GWLa x x  

Represent a t  i ve sampl es: 
So f t  s o i l s  
A l l  s o i l s  

Undisturbed samples: 
Above GWL i n  cohesive s o i l s  
So f t  t o  f i r m  c lays and s i l t s  
Cohesive s o i l s ,  except hard 
For na tu ra l  and sand densi ty  
Hard so i ls - res idual ,  t i l l, c l a y  
S o i l s  a l t e r n a t i n g  hard/sof t  

Representat ive:  
Underwater samples: 

Most s o i l s  t o  5 m 
Muds and s i l t s  t o  12 m 
S t i f f  t o  hard s o i l s  
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Rock cor ing:  

Good-quali ty rock 
Good- t o  medium-quality rock 
Poor -qua l i t y  rock 
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For core o r i e n t a t i o n  

X 
X 

x x  X 
X 

x x  

aGWL: Groundwater leve l .  
Source: R. E .  Hunt, 1984, Geotechnical Engineering Inves t i ga t i ons  Manual, McGraw, New York. 
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Table 4 . 7 .  Commonly used f i e l d  t e s t s  f o r  i n  s i t u  t e s t i n g  o f  s o i l  and bedrock 

Ca tegory -  t o o l  o r  method Appl i c a t i o n s  L i m i t a t i o n s  

Rock masses-in s i t u  t e s t i n g  

Basic p r o p e r t i e s  

Continuous measure o f  
d e n s i t y  

D e n s i t y  measurements Gamma-gama 
borehole probe 

Neutron boreho le  
probe 

Continuous measure o f  
mo is tu re  

Mois tu re  measurements 

Index p r o p e r t i e s  

Rock c o r i n g  Measure f o r  rock  qual i t y  
d e s i g n a t i o n  (RQD) used 
f o r  v a r i o u s  e m p i r i c a l  
c o r r e l  a t  i ons  

Values v e r y  dependent on 
d r i l l i n g  equipment and 
techn iques  

Permeabi 1 i t y  ( k )  

Constant-head t e s t  I n  boreholes t o  measure k 
i n  h e a v i l y  j o i n t e d  r o c k  
masses 

Free-dra i  n i  ng m a t e r i  a1 s; 
r e q u i r e s  ground sa tu ra -  
t i o n  

. -  

Fa1 1 ing-head t e s t  I n  boreholes t o  measure k 
i n  j o i n t e d  rock  masses; 
can be performed t o  
measure kmean, kv, o r  kh 

Same as f o r  f a1 1 ing-head 
t e s t  

S 1 ower d r  a i  n i ng mater i a1 s 
o r  below water t a b l e  

Ris ing-head t e s t  

Pumping t e s t  

Same as f o r  f a l l i n g - h e a d  

Not rep resen t  a t  i ve f o r  

t e s t  

s t r a t i f i e d  fo rmat ions ;  
measures average k f o r  
e n t i r e  mass 

I n  w e l l s  t o  determine 
kmean i n  sa tu ra ted  
un i fo rm fo rma t ions  

Pressure t e s t  measure kh i n  v e r t i c a l  
boreholes 

Requires c lean  boreho le  
w a l l s  . .  
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Table 4.7. (con t inued)  
. . I  ~ ~~ 

Ca tegory -  t o o l  or  method A p p l i c a t i o n s  L i m i t  a t  i ons 

S o i l r i n  s i t u  t e s t i n g  

Basic p r o p e r t i e s  

G amm a-g amm a 
borehole probe 

Neutron borehole 
probe 

Sand-cone d e n s i t y  
apparatus 

B a l l  oon apparatus 

Nuc 1 ear d e n s i t y  
mo is tu re  meter 

Permeabi 1 i t y  ( k)  

Constant-head t e s t  

Fa1 1 ing-head t e s t ,  
r i s i n g - h e a d  t e s t  

Pumping t e s t  

Continuous measure o f  Dens i t y  measurements 
d e n s i t y  

Continuous measure o f  Mo is tu re-conten t  
mo is tu re  measures 

Measure s u r f  ace d e n s i t y  Dens i t y  a t  sur face  

Measure s u r f  ace d e n s i t y  Dens i t y  a t  sur face  

Measure s u r f  ace d e n s i t y  Mo is tu re  and d e n s i t y  a t  
and mois tu re  s u r f  ace 

I n  boreholes o r  p i t s  t o  F ree -d ra in ing  s o i l s ;  
measure k i n  f r e e - d r a i n i n g  r e q u i r e s  ground 
s o i  1 s s a t u r a t i o n  

I n  boreholes i n  slow- Slow-dra in ing m a t e r i a l s  
d r a i n i n g  m a t e r i a l s  o r  i n  o r  m a t e r i a l s  below 
m a t e r i a l s  below ground- 
water; can be performed 
t o  measure kmean, k,, 

water tab1 e 

O r  kh 

I n  w e l l s  t o  measure kmean Resu l ts  no t  represen- 
i n  sa tura ted  un i fo rm t a t i v e  i n  s t r a t i f i e d  
fo rmat  i ons  fo rmat ions  

.. 
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Table 4.7. (continued) 

Category - tool or method Applications Limit a t  ions 

Shear strength (d i rec t  methods) 

Vane shear 

Pocket penetrometer 

Torvane 

Measure undrained strength Not performed i n  sands or 
( s u )  and  remolded strength 
( s r )  i n  soft  t o  firm 
cohesive so i l s  i n  a t e s t  anisotropy and construction 
b o r i n g  time-rate differences 

strong cohesive soi ls ;  
affected by soi 1 

Measure approximate Not suitable i n  granular 
unconfined compressive so i  1 s 
strength ( U , )  i n  tube 
samples; t e s t  p i t s  i n  
cohesive soi 1 s 

. -  

Measure su i n  tube Not suitable i n  sands 
samples and pi ts  and strong cohesive s o i l s  

Shear strength ( indirect methods) 

S ta t ic  cone Cone penetration Not suitable i n  very strong - -  
penetrometer ( C P T )  resistance i s  correlated so i l s  

w i t h  s i n  clays and 
i n  sanls 

Pressuremeter Undrai ned strength is St rongly  affected by soil 
found from limiting anisotropy 
pressure correl a t  ions 

Camkometer ( sel f - Provide data for  Affected by soil  anisotropy 
b o r i n g  determination of shear and smear occurring d u r i n g  
pres sur emet er ) modulus, shear strength, instal la t ion 

pore pressure, and 
la teral  s t ress  KO 

Source: Adapted from R .  E. H u n t ,  1984, Geotechnical Engineering Investigation 
Manual, McGraw, New York. 

.. 
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a n a l y s i s  are l i s t e d  i n  Table 4.1. T y p i c a l  s o i l  eng ineer ing  p r o p e r t i e s  t h a t  

are g e n e r a l l y  determined f o r  t h e  design are summarized i n  Table 4.8. 

Mon i t o r  i ng p r  ogr am 

S i t e  m o n i t o r i n g  a c t i v i t i e s  c o n s i s t  o f  r e c o r d i n g  water l e v e l s  i n  obser- 

v a t i o n  w e l l s  and p e r i o d i c  w e l l  sampling f o r  background water q u a l i t y .  

some s i t e s ,  eng ineer ing  geology m o n i t o r i n g  may a lso  be appropr ia te .  

Groundwater and water q u a l i t y  m o n i t o r i n g  programs are discussed i n  

Sect.  4.3.2.2. The m o n i t o r i n g  program f o r  eng ineer ing  purposes may i n c l u d e  

p e r i o d i c  surveys o f  geophysical  t r a v e r s e s  t o  d e t e c t  changes i n  subsur f  ace 

c o n d i t i o n s  or t h e  use o f  seismographs or  se t t lement  d e t e c t o r s  t o  mon i to r  

t e c t o n i c  a c t i v i t y  (Sec t .  4.3.1.4). 

For 

4.3.1.3 Economic Resources 

The presence of p o t e n t i a l l y  e x p l o i t a b l e  n a t u r a l  resources on or beneath 

a sha l low land b u r i a l  s i t e  presents  a d e t e r r e n t  t o  s i t e  use because t h e  

l i k e l i h o o d  o f  f u t u r e  i n a d v e r t e n t  i n t r u s i o n  i s  increased. Natura l  resources 

t h a t  might  occur beneath a s i t e  range from c lays,  sands, gravels ,  and rock ,  

through petroleum and f o s s i  1 f u e l  reserves, t o  economical ly  a t t r a c t i v e  

depos i ts  o f  meta l  ores.  Groundwater i s  a lso  a va luab le  n a t u r a l  resource.  

T h i s  type  o f  i n f o r m a t i o n  should be reviewed d u r i n g  s i t e  s e l e c t i o n  

(Chapter 3), and an e v a l u a t i o n  o f  t h e  p o t e n t i a l  ex is tence o f  economic 
resources on t h e  s i t e  should be made d u r i n g  s i t e  c h a r a c t e r i z a t i o n .  I f  

minera l  leases on t h e  land are h e l d  by someone o t h e r  than t h e  p r o p e r t y  

owner, t h e  lessee should be consu l ted  t o  determine t h e  s t a t u s  o f  t h e  lease 
and whether e x p l o r a t i o n  has revea led  t h e  presence o f  minera l  resources. 

P r i o r  t o  land use f o r  waste d isposa l ,  a l l  leases on t h e  land should be 
possessed by the deed ho lder  t o  prevent  f u t u r e  land-use c o n f l i c t .  

resource e v a l u a t i o n  o f  t h e  s i t e  should be performed d u r i n g  s i t e  

c h a r a c t e r i z a t i o n  on t h e  bas is  o f  t h e  l i t e r a t u r e  rev iew and subsequent 

geo log ic  i n v e s t i g a t i o n s .  

A m i n e r a l  
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Tab le  4.8. T y p i c a l  s o i l  eng inee r ing  p r o p e r t i e s  determined i n  t h e  l a b o r a t o r y  
~ ~~ 

P r o p e r t y / t e s t  A p p l i c a t i o n s  

Basic  p r o p e r t i e s  

S p e c i f i c  g r a v i t y  

M o i s t u r e  o r  water c o n t e n t  

Dens 

Dens 

Dens 

t y :  n a t u r a l  ( u n i t  we igh t )  

ty: maximum 

ty:  opt imum-moisture 

Index p r o p e r t i e s  

Grad a t  i o n  

L i q u i d  l i m i t  

P l a s t i c  l i m i t  

Shr inkage l i m i t  

Organic  c o n t e n t  

Permeabi 1 i t y  ( k )  

Constant head 

Fa1 1 i ng head 

Consol idometer  

C o r r e l a t i o n s ,  c l a s s i f i c a t i o n  

i d e n t i f i c a t i o n  
o comput a t  i o n  

M a t e r i  a1 
Void r a t  

M a t e r i  a1 
Comput a t  
Comput a t  

Mater i a1 

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

c o r r e l a t i o n s  
Eng i neer i ng an a1 y s  i s 

R e l a t i v e  d e n s i t y  computat ions 

Mo i s t u r e  -den s i t y  r e  1 a t  i on s h i ps f o r  f i e 1 d- 
compact i o n  c o n t r o l  

C o r r e l  a t  ions,  c 1 a s s i f  i c a t  i o n  

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

Computation o f  p l a s t i c i t y  index 
M a t e r i a l  c l a s s i f i c a t i o n  
P r o p e r t y  c o r r e l a t i o n s  

Computation o f  p l a s t i c i t y  index 
F i e l d  i d e n t i f i c a t i o n s  

M a t e r i  a1 c o r r e l a t i o n s  

Mater i a1 c l  ass i f i c a t  i o n  

Measurements 

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

k i n  s l o w - d r a i n i n g  s o i l  

k i n  v e r y  s low d r a i n i n g  s o i l  ( c l a y s )  
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Table 4.8. ( c o n t i n u e d )  

P r o p e r t y l t e s t  A p p l i c a t i o n s  

Rupture s t r e n g t h  Measurements 

T r i a x i a l  shear (compression Peak undra ined s t r e n g t h  f o r  cohesive s o i l s  

D i r e c t  shear Peak d ra ined  s t r e n g t h  parameter 

Simple shear 

o r  ex tens ion )  (unconso l i da ted  and undra ined t e s t )  

Undrained and d r a i n e d  parameters 

Unconf ined compression Unconf ined compressive s t r e n g t h  f o r  cohes ive  
s o i l s  

Vane shear Undrained s t r e n g t h  f o r  c l a y s  

Torvane Undrained s t r e n g t h  

Pocket penetrometer 

C a l i f o r n i a  b e a r i n g  r a t i o  (CBR) 

Unconf ined compressive s t r e n g t h  ( e s t i m a t e )  

CBR v a l u e  f o r  pavement des ign 

De fo rmat ion  ( s t a t i c )  

Consol i d a t i o n  

Me as ureme n t s 

Compression vs l o a d  and t i m e  i n  c l a y  s o i l  

T r i  a x i  a1 shear S t a t i c  de fo rma t ion  modul i  
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4.3.1.4 Tectonism and Geomorphic Processes 

Tec ton ic  a c t i v i t i e s  and geomorphic processes, i n c l u d i n g  mass wast ing 

and erosion, account f o r  t h e  e v o l u t i o n  o f  t h e  e x i s t i n g  t e r r a i n .  These 

processes are ongoing and must be considered i n  s i t i n g  and des ign o f  shal low 

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

Tectonism 

For s i t e s  i n  a c t i v e  t e c t o n i c  reg ions ,  

i n c l u d e  documentation o f  t h e  l o c a t i o n s  and 

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

i n c l u d e  a seismic r i s k  analys is ,  i n c l u d i n g  

quakes causing f e l t  mot ion a t  t h e  s i t e  and 

s i t e  i n v e s t i g a t i o n s  should 

recorded a c t i v i t y  o f  r e g i o n a l  and 

s t u d i e s  f o r  a l l  s i t e s  should 

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

c a l c u l a t i o n  o f  t h e  recur rence 

i n t e r v a l  o f  p o t e n t i a l l y  damaging earthquakes. 

The emphasis on tec ton ism d u r i n g  s i t e  c h a r a c t e r i z a t i o n  should be t o  

v e r i f y ,  on a s i t e - s p e c i f i c  basis,  t h e  general  i n f o r m a t i o n  ob ta ined d u r i n g  

s i t e  s e l e c t i o n .  V e r i f i c a t i o n  o f  t h e  t e c t o n i c  s e t t i n g  should be based on t h e  

r e s u l t s  o f  t h e  p r e v i o u s l y  descr ibed geo log ic  i n v e s t i g a t i o n s .  Est imates o f  

recur rence f requency o f  p o t e n t i  a1 l y  damaging earthquakes should be prepared 

f o r  t h e  proposed s i t e  by a n a l y s i s  o f  earthquake records f o r  t h e  r e g i o n .  

Geomorphic processes 

S i t e  s e l e c t i o n  i s  presumed t o  have excluded areas w i t h  severe mass 

wast ing and e r o s i o n  p o t e n t i  a1 by us ing  topographic  and phys iograph ic  

c r i t e r i a  (Sect .  3 .1) .  
be on t h e  e r o d i b i l i t y  o f  s o i l s  t o  be used i n  c o n s t r u c t i o n  o f  covers f o r  t h e  

d i s p o s a l  u n i t s .  S o i l  e r o d i b i l i t y  may impose des ign l i m i t a t i o n s  on t h e  s i t e  

t o  ensure long- term s t a b i l i t y  o f  the  d isposa l  u n i t  covers (Sec t .  5.3.4). 

The U n i v e r s a l  S o i l  Loss Equat ion developed by t h e  Peterson and Swan 

(1979) i s  o f t e n  used t o  p r e d i c t  denudat ion r a t e s  over l a r g e  areas and may be 

usefu l  i n  p r e d i c t i n g  general  e ros ion  of t h e  land sur face.  G u l l y  e ros ion  may 

r e s u l t  i n  breaches o f  s o i l  cover over d isposa l  zones. Remolded s o i l s  t o  be 

used i n  c o n s t r u c t i o n  o f  the  d isposa l  u n i t  cover should be t e s t e d  f o r  s o i l  

One focus o f  t h e  s i t e  c h a r a c t e r i z a t i o n  s tudy  should 
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e r o s i o n  p o t e n t i a l .  The t e s t s  recommended i n  Sect.  4.3.1.2 i n c l u d e  those 
recommended t o  determine s lope s t a b i l i t y  f o r  n a t u r a l  and remolded samples. 

I n  a d d i t i o n ,  remolded s o i l s  should be t e s t e d  f o r  s h r i n k - s w e l l  p o t e n t i a l  and 

d i s p e r s i v e  c h a r a c t e r i s t i c s  when sub jec ted  t o  c y c l i c  w e t t i n g  and d r y i n g .  

4.3.2 Hydro 1 ogy 

C h a r a c t e r i z a t i o n  o f  t h e  hydro logy o f  a proposed s i t e  i s  necessary t o  
c o n f i r m  s i t e  s u i t a b i l i t y ,  p rov ide  i n f o r m a t i o n  needed f o r  t h e  pathways 

ana lys is ,  and p r o v i d e  des ign and base1 i n e  i n f o r m a t i o n  f o r  t h e  environmental  

m o n i t o r i n g  program (Sect .  4.1).  To accomplish these o b j e c t i v e s ,  h y d r o l o g i c  

c h a r a c t e r i z a t i o n  methods must be c a r e f u l l y  planned and i n t e g r a t e d  w i t h  o t h e r  

s i t e  c h a r a c t e r i z a t i o n  a c t i v i t i e s  ( S e c t .  4.2). 

4.3.2.1 Surface Water 

S i t e  c h a r a c t e r i z a t i o n  should comple te ly  descr ibe  t h e  sur face  water 

resources developed i n  s i t e  s e l e c t i o n ,  p rov ide  adequate da ta  f o r  the  des ign 

o f  s i t e  dra inage systems, and p r o v i d e  b a s e l i n e  d a t a  f o r  sur face  water 

q u a l i t y .  A d d i t i o n a l  i n f o r m a t i o n  may be necessary f o r  t h e  a n a l y s i s  o f  

, environmental  pathways, o r  des ign o f  t h e  

o f  t h e  sur face  water parameters and t h e  

ven i n  Table 4.9. 

f l o o d i n g  and eros ion  p o t e n t i a  

d isposa l  f a c i l i t y .  A summary 

methods o f  i n v e s t i g a t i o n  i s  g 

Surface water hydro logy  

S i t e  c h a r a c t e r i z a t i o n  s t u d i e s  should i n c l u d e  measurements o f  r u n o f f  and 
i n f i l t r a t i o n  i n  t h e  s i t e  area and i n  upstream areas t h a t  would c o n t r i b u t e  

runon t o  t h e  s i t e .  Measurements should be made o f  seasonal v a r i a t i o n s  i n  

r u n o f f  and i n f i l t r a t i o n ,  and est imates should be made f o r  p o t e n t i a l  

long- term v a r i a t i o n s .  The slope, p r o f i l e ,  c r o s s  sect ion,  and roughness o f  

dra inage channels f o r  dra inage systems c r o s s i n g  t h e  s i t e  should be 

determined t o  c a l c u l a t e  f l o w  v e l o c i t i e s ,  depths, volumes, and p e r i o d i c i t y  o f  

f l o w  f o r  t h e  dra inage system design. Sur face water f l o w  should be measured 



Table 4.9.  Hydrologic surface and groundwater characterization parameters and methods of investigation 

Laboratory Field monitoring Parameter 
t o  be Literature Si te  v i s i t  Dril l ing and Field tes t ing of (seasonal 

tes t ing f ie ld  samples vari abi 1 i t y )  character i zed review and mapping sampling 

Surface water use 
and avai labi 1 i t y  

Surface water flow 
Drainage 
Over1 and runoff 
In f i l t r a t ion  
Surface water quali ty 

Groundwater use 
Groundwater qual i t y  
Saturated zones 

Depth 
Areal extent 
Saturated thickness 
Hydraulic conductivity 
Effect i ve por o s i t  y 
Potential yield 
Piezometric head 
Dispersivity 
Anisotropy 
Distribution coeff ic ient  

Surface discharges 

Unsaturated zone 
Field capacity 
Saturated permeabi 1 i t y  
Permeability var ia t ions 

Moisture content 
Air-entry value 
Anisotropy 
Distribution coeff ic ient  
Thickness 
Effective porosity 

with head and moisture 

X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 

X 
X 
X 

X 
X 

X 

X 
X 

X 
X 
X 

X 
X 

X 
X 
X 

X X 
X 

X X 
X 

X 
X 
X 
X 
X 

X 

X 

X 

X 

X 

X 

. 
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f o r  bo th  ephemeral and perenn ia l  streams t h a t  lack  adequate d a t a  records.  

The average f l o w  and t h e  range o f  f l o w s  throughout  t h e  water year a re  

appropr ia te .  Discharges from s p r i n g s  and seeps should be measured 

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

The techniques f o r  o b t a i n i n g  these d a t a  depend on s i t e - s p e c i f i c  f a c t o r s  

such as t h e  s i z e  o f  t h e  sur face  water body o r  t h e  r u n o f f  volume. Techniques 

f o r  t h e  measurement o f  sur face water f low,  r u n o f f ,  and i n f i l t r a t i o n  are 

inc luded i n  Brakensiek, Osborn, and Rawls (1979) and Techniques o f  Water 

Resources I n v e s t i g a t i o n s  ( USGS n . d. ) . Sur f  ace water f l o w  can be measured 
by t h e  use o f  c u r r e n t  meters, weirs,  f lumes, o r  c u l v e r t s .  Current  meters 

a re  most a p p l i c a b l e  t o  l a r g e r  perenn ia l  streams, w h i l e  w e i r s  and f lumes are 

b e t t e r  adapted t o  small  streams. C u l v e r t s  o f t e n  prov ide  convenient  

c o l l e c t i o n  p o i n t s  f o r  o b t a i n i n g  da ta  on small  streams o r  ephemeral channels.  

Water stage measurements us ing  s t a f f  gauges, r e c o r d i n g  gauges, o r  

c r e s t - s t a g e  gauges can supplement f l o w  measurements. Runoff  i s  u s u a l l y  

determined f rom t h e  a n a l y s i s  o f  p r e c i p i t a t i o n  da ta  and t h e  storm hydrograph 

o f  a watershed, t a k i n g  i n t o  account t h e  antecedent mo is tu re  c o n d i t i o n .  

I n f i l t r a t i o n  can be measured w i t h  i n f i l t r o m e t e r s  o r  determined from t h e  

a n a l y s i s  o f  hydrographs. 

S u r f  ace water qual  i t y  

The base1 i n e  water q u a l i t y  ( i n c l u d i n g  a1 1 r a d i o a c t i v e  elements expected 

t o  be conta ined i n  t h e  waste) should be e s t a b l i s h e d  f o r  a l l  sur face  water 

bodies p o t e n t i a l l y  a f f e c t e d  by s i t e  development. Seasonal v a r i a t i o n s  i n  

water q u a l i t y  may be necessary t o  e s t a b l i s h  t h e  range o f  concent ra t ions  f o r  
t h e  parameters analyzed. The parameters t o  be analyzed should i n c l u d e  those 

w i t h  t h e  h ighes t  c o n c e n t r a t i o n  i n  t h e  p r o j e c t e d  waste, t h e  smal les t  

p o t e n t i a l  t o  be adsorbed, and t h e  g r e a t e s t  p o t e n t i a l  t o  impact sur face  water 

use. Techniques f o r  sampling and ana lyz ing  surface water are inc luded i n  
Standard Methods f o r  t h e  Examinat ion o f  Water and Wastewater (American 

P u b l i c  Hea l th  Assoc ia t ion ,  1975) and i n  Brown, Skougstad, and Fishman 

(1970) .  
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Groundwater 

C h a r a c t e r i z a t i o n  o f  groundwater i n  combinat ion w i t h  geology i s  t h e  

major emphasis o f  i n v e s t i g a t i o n  because groundwater i s  t h e  p r i n c i p a l  

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

c h a r a c t e r i s t i c s  o f  t h e  unsaturated and s a t u r a t e d  zones, t h e  p o t e n t i  a1 y i e l d  

o f  u n d e r l y i n g  aqu i fe rs ,  and t h e  b a s e l i n e  groundwater q u a l i t y  o f  a q u i f e r s  i n  

t h e  s i t e  area should be determined d u r i n g  s i t e  c h a r a c t e r i z a t i o n .  

The geohydro log ic  

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

C h a r a c t e r i z a t i o n  o f  t h e  geohydrology o f  a s i t e  may be c o s t l y  and t ime-  

consuming. Careful and d e t a i l e d  p lann ing  o f  f i e l d  a c t i v i t i e s  i s  r e q u i r e d  t o  

des ign a c o s t - e f f e c t i v e  i n v e s t i g a t i o n  t h a t  meets t h e  needs f o r  geo log ic  and 

h y d r o l o g i c  c h a r a c t e r i z a t i o n  and prov ides  t h e  a p p r o p r i a t e  i n p u t  f o r  model ing 

o f  s i t e  performance (Tab le  4.1) and des ign o f  t h e  f a c i l i t y  (Chapter 5 ) .  A 
summary o f  the  groundwater parameters and methods f o r  t h e i r  a c q u i s i t i o n  i s  

g i v e n  i n  Table 4.9. The c h a r a c t e r i z a t i o n  o f  each s a t u r a t e d  zone o r  a q u i f e r  

i s  t h e  most impor tan t  aspect o f  t h e  groundwater i n v e s t i g a t i o n  because o f  

t h e i r  p o t e n t i a l  use as sources o f  d r i n k i n g  water.  P r i o r  knowledge o f  

a q u i f e r s  and geo log ic  complex i ty  w i l l  determine t h e  a p p r o p r i a t e  l e v e l  o f  

e f f o r t .  The a q u i f e r s  o f  g r e a t e s t  i n t e r e s t  are those c l o s e s t  t o  t h e  sur face  
( u s u a l l y  an unconf ined a q u i f e r )  and those w i t h  t h e  h i g h e s t  y i e l d s  o f  p o t a b l e  
water.  Under ly ing  a q u i f e r s  i n  h y d r a u l i c  communication w i t h  o v e r l y i n g  

a q u i f e r s  are a l s o  o f  i n t e r e s t ,  and t h e i r  l o c a t i o n s  and th icknesses need t o  
be d e f i n e d  as comple te ly  as p o s s i b l e .  The maximum e l e v a t i o n  o f  t h e  

groundwater t a b l e  should be determined f o r  s i t e s  where waste i s  t o  be 

d isposed o f  i n  t h e  unsatura ted  zone. The f i e l d  program should determine t h e  

hydrogeologic  u n i t  t h a t  i s  t h e  o r i g i n  o f  any groundwater d ischarge t o  t h e  

s u r f  ace. 

Disposal  of waste i n  a sa tura ted  zone may be a l lowed i f  t h e  t r a n s p o r t  

To meet t h i s  requirement,  t h e  f i e l d  s tudy  

of groundwater w i t h i n  t h e  zone can be demonstrated t o  be b y  molecu la r  

d i f f u s i o n  ( 1 0  CFR P a r t  61-50). . 



63 

. 

must demonstrate t h a t  t h e  h y d r a u l i c  c o n d u c t i v i t y  and e f f e c t i v e  p o r o s i t y  are 
ext remely low, t o  r e s u l t  i n  a h y d r a u l i c  f l u x  o f  l e s s  than 0.3 m per year .  
V e r i f i c a t i o n  of the  s a t u r a t e d  zone as a zone o f  mo lecu la r  d i f f u s i o n  w i l l  

r e q u i r e  t h e  use of age d a t i n g  o f  groundwater by i s o t o p i c  r a t i o s  and 

r a d i o i s o t o p i c  methods. The minimum th ickness  o f  t h e  sa tura ted  zone should 

be e s t a b l i s h e d  f o r  s i t e s  where waste i s  t o  be disposed o f  i n  t h e  s a t u r a t e d  

zone. 

F i e l d  i n v e s t i g a t i o n s  of t h e  unsaturated and sa tura ted  zones t o  

c h a r a c t e r i z e  the  geohydro log ic  s e t t i n g  r e q u i r e  t h a t  a team o f  exper ienced 
s p e c i a l i s t s ,  i n c l u d i n g  a geo log is t ,  h y d r o l o g i s t ,  geotechn ica l  engineer,  and 

geohydro log ic  ana lys t ,  c o n t r i b u t e  t o  t h e  p lann ing  o f  t h e  f i e l d  a c t i v i t i e s  

and t h e  s u p e r v i s i o n  o f  t h e i r  execut ion.  Resu l ts  ob ta ined d u r i n g  d r i l l i n g  

and t e s t i n g  can be expected t o  mod i fy  t h e  scope and e x t e n t  o f  f i e l d  

a c t i v i t i e s .  Thus, i n t e r p r e t a t i o n  and rev iew o f  da ta  d u r i n g  sample and d a t a  

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

s a t i s f y  t h e  s p e c i f i c  o b j e c t i v e s  o f  t h e  f i e l d  program (Sect .  4.1).  

F i e l d  t e s t i n g  i s  p r e f e r r e d  t o  l a b o r a t o r y  a n a l y s i s  because samples are  

d i s t u r b e d  when taken f o r  l a b o r a t o r y  a n a l y s i s .  F i e l d  methods f o r  de termin ing  

t h e  sa tura ted  h y d r a u l i c  c o n d u c t i v i t y  i n  t h e  unsaturated zone are discussed 

b y  Bouwer (1978).  

zone parameters are a t o p i c  o f  c u r r e n t  research.  A p p l i c a b l e  research 

developments should be considered f o r  use i n  s i t e  c h a r a c t e r i z a t i o n  i n  

p re fe rence t o  c l a s s i c a l  l a b o r a t o r y  methods because o f  t h e  t y p i c a l  

d i f fe rences  between f i e l d  and l a b o r a t o r y  c o n d i t i o n s  t h a t  a r i s e  f rom sample 

r e t r i e v a l  f o r  l a b o r a t o r y  a n a l y s i s .  
Labora tory  methods f o r  the  measurement o f  unsaturated zone parameters 

use und is tu rbed samples from t h e  s o i l  zone. Parameters o f  pr imary i n t e r e s t  
are p e r m e a b i l i t y  as a f u n c t i o n  o f  m o i s t u r e  conten t  and head (Olson and 

Danie l  1979), an isot ropy,  a i r - e n t r y  value, e f f e c t i v e  p o r o s i t y ,  m o i s t u r e  
content ,  and f i e l d  c a p a c i t y  (Tab le  4.9). These parameters should be 

determined f o r  r e p r e s e n t a t i v e  s o i l  samples, t a k i n g  i n t o  account t h e  s o i l  

c h a r a c t e r i s t i c s  o f  t h e  s i t e .  A d d i t i o n a l  l a b o r a t o r y  measurements o f  
d i s p e r s i v i t y  may be a p p r o p r i a t e  f o r  i n c l u s i o n  i n  s i t e  c h a r a c t e r i z a t i o n .  

P o r o s i t y  can be determined by methods g iven b y  Black (1965), and 

d i s p e r s i v i t y  o f  contaminants i n  groundwater systems can be determined w i t h  
t h e  method developed b y  Rumer (1962).  

Methods f o r  t h e  f i e l d  measurement o f  o t h e r  unsaturated 

The l a b o r a t o r y  measurement o f  
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d i s p e r s i v i t y  f o r  f i n e - g r a i n e d  s o i l s  has been r e p o r t e d  t o  be d i f f i c u l t  and t o  

y i e l d  ambiguous r e s u l t s .  

F o l l o w i n g  d r i l l i n g  and sampling o f  t h e  a q u i f e r ,  p iezometers should be 

i n s t a l l e d  t o  e s t a b l i s h  t h e  l o c a t i o n  o f  t h e  p iezomet r ic  sur face  o f  each 

a q u i f e r  o f  i n t e r e s t  w i t h i n  t h e  t o p  30 m o f  s o i l  and rock.  The p iezomet r ic  

sur face  should be moni tored month ly  f o r  a t  l e a s t  a f u l l  year t o  e s t a b l i s h  

t y p i c a l  seasonal v a r i a t i o n s .  The a q u i f e r ' s  h y d r a u l i c  c o n d u c t i v i t y  can be 
est imated by e i t h e r  t h e  pump o r  s l u g  t e s t  (Bouwer 1978). The s l u g  t e s t  i s  

p r e f e r a b l e  f o r  l o w - y i e l d  a q u i f e r s  t h a t  are n o t  s u i t a b l e  f o r  pump t e s t i n g .  

Pump t e s t i n g  i s  performed by pumping h i g h - y i e l d  a q u i f e r s  f o r  an extended 

p e r i o d  o f  t ime w h i l e  m o n i t o r i n g  t h e  drawdown o f  t h e  p o t e n t i o m e t r i c  sur face.  

These techniques are descr ibed b y  Lohman (1972).  D i s p e r s i v i t y ,  an iso t ropy ,  

and e f f e c t i v e  p o r o s i t y  may be determined from a f i e l d  t r a c e r  t e s t  performed 

i n  t h e  piezometers i n s t a l l e d  i n  t h e  s i t e  area (Lenda and Zuber 1970). For 

f i n e - g r a i n e d  s o i l s ,  t r a c e r  t e s t s  are o f t e n  d i f f i c u l t  t o  per fo rm and 

i n t e r p r e t .  The number, l o c a t i o n s ,  and depths o f  t h e  piezometers are s i t e -  

s p e c i f i c  and design-dependent, and t h e y  depend on t h e  model se lec ted  f o r  

a n a l y s i s  o f  s i t e  performance. 

groundwater d ischarge are inc luded i n  Bouwer (1978).  

s p e c i f i c  s i t e  should be se lected a f t e r  c o n s i d e r a t i o n  o f  t h e  s i t e  

hydrogeology. 

L a b o r a t o r y  t e s t i n g  o f  a q u i f e r  m a t e r i a l s  can be used t o  determine 

p e r m e a b i l i t y ,  an iso t ropy ,  d i s p e r s i v i t y ,  and p o r o s i t y .  However, l a b o r a t o r y  
va lues o f  p e r m e a b i l i t y  and d i s p e r s i v i t y  are t y p i c a l l y  o rders  o f  magnitude 

l e s s  than f i e l d  values because o f  t h e  change o f  t h e  s t r u c t u r e  o f  t h e  porous 
media d u r i n g  r e t r i e v a l  o f  a q u i f e r  samples and because, i n  t h e  f i e l d ,  

groundwater may move l a r g e l y  through h i g h  permeabi 1 i t y  zones r a t h e r  than 

th rough the  geo log ic  m a t r i x  represented by t h e  small  sample. 

T e s t i n g  of aqu i fe r  m a t e r i a l s ,  groundwater, and r a d i o a c t i v e  waste 
t y p i c a l  of t h a t  t o  be disposed o f  i s  necessary t o  p r o v i d e  d a t a  f o r  t h e  

d i s t r i b u t i o n  c o e f f i c i e n t .  
va lues and waste concent ra t ions  l i k e l y  t o  be encountered d u r i n g  and a f t e r  

waste d isposa l  opera t ions .  A standard method f o r  t h e  l a b o r a t o r y  
d e t e r m i n a t i o n  of t h e  d i s t r i b u t i o n  c o e f f i c i e n t  f o r  geo log ic  media has no t  

been developed. 

cons idered and documented as p a r t  o f  s i t e  e v a l u a t i o n .  

Techniques f o r  de termin ing  the  o r i g i n  o f  a 

The methods used f o r  a 

Tests should be performed f o r  t h e  range o f  pH 

Consequently, t h e  method o f  measurement should be c a r e f u l l y  

. 
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Groundwater use 

. 

" 

A groundwater use survey should be prepared t o  t h e  e x t e n t  p o s s i b l e  as 

p a r t  o f  s i t e  c h a r a c t e r i z a t i o n .  Th is  survey would be an update o f  

i n f o r m a t i o n  compi led d u r i n g  t h e  s i t e  s e l e c t i o n  a c t i v i t y  (Chapter 3)  and 
should i d e n t i f y  t h e  c u r r e n t  l o c a t i o n ,  c o n s t r u c t i o n ,  and y i e l d  o f  w e l l s  near 

t h e  s i t e  t h a t  c o u l d  be Contaminated as a r e s u l t  o f  waste d isposa l  

opera t ions .  Also, t h e  p o t e n t i a l  y i e l d  o f  a q u i f e r s  t h a t  u n d e r l i e  t h e  s i t e  

and cou ld  be used as a d r i n k i n g  water supply  should be determined. A pump 

t e s t  can be used t o  determine t h e  y i e l d  (Lohman 1972). 

Groundwater qual i t y  

A q u i f e r s  i n  t h e  s i t e  area t h a t  cou ld  p o t e n t i a l l y  be used as d r i n k i n g  

water s u p p l i e s  should be sampled and analyzed f o r  t h e  parameters i d e n t i f i e d  

i n  40 CFR P a r t  141. The y i e l d  should be e s t a b l i s h e d  f o r  a q u i f e r s  w i t h  water 

q u a l i t y  t h a t  s a t i s f i e s  these r e g u l a t i o n s .  A l l  a q u i f e r s  t h a t  cou ld  be 

p o t e n t i  a1 l y  contaminated by s i t e  development and opera t ion  should be sampled 

and analyzed f o r  r a d i o n u c l i d e s  expected t o  be disposed o f  a t  t h e  f a c i l i t y .  

The d a t a  should i n c l u d e  any seasonal v a r i a t i o n s  i n  groundwater q u a l i t y  and 

be o f  s u f f i c i e n t  r e c o r d  l e n g t h  t o  e s t a b l i s h  a base l ine .  Methods f o r  sample 

c o l l e c t i o n  and a n a l y s i s  are inc luded i n  Brown, Skougstad, and Fishman (1970) 

and Standard Methods f o r  t h e  Examinat ion o f  Water and Wastewater (American 

P u b l i c  Hea l th  A s s o c i a t i o n  1975). 
For s i t e s  where waste w i l l  be disposed o f  i n  t h e  sa tura ted  zone, 

c h a r a c t e r i z a t i o n  o f  groundwater q u a l i t y  i n  t h e  zone must i n c l u d e  age-dat ing 

data.  Such d a t a  would be used t o  demonstrate t h a t  any groundwater t r a n s p o r t  

o f  r a d i o n u c l i d e s  would be l i m i t e d  b y  molecular  d i f f u s i o n .  A d iscuss ion  o f  

i s o t o p i c  methods f o r  age-dat ing o f  groundwater i s  inc luded i n  Hem (1970). 

4.3.3 Meteorology 

Data on p r e c i p i t a t i o n ,  evaporat ion,  temperature, wind, atmospheric 

s t a b i l i t y ,  atmospheric pressure, and ambient a i r  q u a l i t y  are needed t o  
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adequate ly  c h a r a c t e r i z e  t h e  s i t e  meteorology. These parameters are impor- 
t a n t  c o n s i d e r a t i o n s  i n  bo th  t h e  pathways a n a l y s i s  and f a c i l i t y  des ign.  

M e t e o r o l o g i c a l  d a t a  f rom t h e  nearest  weather s t a t i o n  form t h e  b a s i s  o f  s i t e  

c h a r a c t e r i z a t i o n ,  b u t  t h e y  may need t o  be supplemented w i t h  o n - s i t e  da ta  f o r  

s p e c i f i c  s i t e s .  

o r  a t i p p i n g  bucket ins t rument .  Data f rom these systems are a u t o m a t i c a l l y  

recorded and can be te lemetered t o  a c e n t r a l  d a t a  f a c i l i t y .  Because 

r a i n f a l l  r a t e s  are impor tan t  s i t e  c h a r a c t e r i s t i c s  t h a t  are best  measured b y  

t h e  t i p p i n g  bucket design, such inst ruments are p r e f e r r e d .  Evaporat ion d a t a  

are c o l l e c t e d  b y  determin ing t h e  ne t  l o s s  o f  water f rom a pan. 

evapora t ion  pans a u t o m a t i c a l l y  r e c o r d  t h e  change i n  pan water l e v e l .  I n  

c o n j u n c t i o n  w i t h  t h e  r e c o r d i n g  p r e c i p i t a t i o n  gauge, t h e  ne t  evapora t ion  can 

be determined. The p r e c i p i t a t i o n  gauge and evapora t ion  pan must be s i t e d  i n  

an exposed, f l a t  area. C o l l o c a t i o n  o f  evapora t ion  pans w i t h  p r e c i p i t a t i o n  

gauges i s  p r e f e r r e d .  

Temperature d a t a  are bes t  c o l l e c t e d  by a s h i e l d e d  t h e r m i s t o r ,  l o c a t e d  
on t h e  meteoro log ica l  tower a t  e i t h e r  1 m o r  10 m, and t h e  da ta  te lemetered 

t o  a c e n t r a l  d a t a  f a c i l i t y .  The inst rument  must be sh ie lded and a s p i r a t e d  

t o  min imize t h e  e f f e c t s  o f  s o l a r  r a d i a t i o n .  Wind speed, wind d i r e c t i o n ,  and 

atmospheric s t a b i l i t y  should be measured f rom a s h o r t  (10-m) m e t e o r o l o g i c a l  

tower.  The wind inst ruments are mounted on a crossarm a t  t h e  t o p  o f  t h e  
tower.  To conserve space, t h e  tower may be f r e e s t a n d i n g  ( n o t  guyed), b u t  i t  
must be s i t e d  a t  an exposed l o c a t i o n ,  f a r  f rom any o b s t r u c t i o n s .  I f  

requ i red ,  a weatherproof  enc losure f o r  s i g n a l  r e c o r d e r s  may be l o c a t e d  a t  

t h e  tower base. C o l l o c a t i o n  w i t h  o ther  ins t ruments  conserves space and 

simp1 i f i e s  maintenance. Atmospheric s t a b i l i t y  i s  best  determined by 

c a l c u l a t i n g  t h e  v a r i a b i l i t y  i n  t h e  wind d i r e c t i o n ,  commonly known as a wind 

rose .  

atmospheric mot ions a t  the  s i t e  can be evaluated.  

b e s t  measured b y  a r e c o r d i n g  anero id barometer, l o c a t e d  on or  near t h e  
m e t e o r o l o g i c a l  tower a t  t h e  1-m l e v e l ,  and t h e  d a t a  te lemetered t o  a c e n t r a l  

f a c i l i t y .  

c h a r a c t e r i z e  t h e i r  seasonal nature.  The da ta  should be compared and 

extended w i t h  h i s t o r i c a l  meteoro log ica l  da ta  f rom t h e  nearest  N a t i o n a l  

P r e c i p i t a t i o n  d a t a  are t y p i c a l l y  c o l l e c t e d  by e i t h e r  a weighing bucket 

Commercial 

When determined i n  c o n j u n c t i o n  w i t h  t h e  wind speed and d i r e c t i o n ,  

Atmospheric pressure i s  

On-s i te  m e t e o r o l o g i c a l  da ta  c o v e r i n g  a t  l e a s t  one year are needed t o  
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L -  

Weather S e r v i c e  s t a t i o n ,  and s t a t i s t i c a l  methods should be used t o  eva lua te  
p o t e n t i a l  long- term environmental  e f f e c t s  o f  t h e  s i t e  (Panofsky and B r i e r  

1968).  A d e s c r i p t i o n  o f  t h e  q u a l i t y  assurance program f o r  t h e  

meteoro log ica l  m o n i t o r i n g  system should a lso  be inc luded w i t h  t h e  data.  

S ince t h e  meteoro log ica l  d a t a  w i l l  be kept  throughout  t h e  o p e r a t i o n a l  l i f e  

o f  t h e  d isposa l  s i t e  and the  records  t r a n s f e r r e d  t o  i n s t i t u t i o n a l  c o n t r o l  a t  

t h e  t i m e  o f  c losure ,  a computer-compat ib le system o f  da ta  l o g g i n g  and 
a r c h i v i n g  should be used. The computer system t o  r e c e i v e  and a r c h i v e  t h e  

d a t a  f rom t h e  ins t ruments  can be used t o  generate u s e f u l  summations o f  t h e  
s i t e  c h a r a c t e r i s t i c s .  However, s t r i p - c h a r t  recorders  must be inc luded t o  

p r o v i d e  hard-copy backup data. 
Background r a d i a t i o n  l e v e l s  a t  t h e  s i t e  should a l s o  be monitored. The 

m o n i t o r i n g  ins t ruments  may be l o c a t e d  near t h e  meteoro log ica l  tower.  

However, t h e  da ta  should be i n  a form and format i d e n t i c a l  t o  those planned 

f o r  t h e  o p e r a t i o n  phase o f  t h e  r a d i a t i o n  m o n i t o r i n g  program (DOE 1983). 

4.3.4 Ecology 

C h a r a c t e r i z a t i o n  o f  t h e  s i t e  ecology w i l l  a i d  i n  t h e  design o f  an 

environmental  m o n i t o r i n g  program, be r e q u i r e d  f o r  t h e  pathways analys is ,  and 

p r o v i d e  i n p u t  f o r  s i t e  des ign f e a t u r e s  used t o  i n h i b i t  b i o t i c  i n t r u s i o n  i n t o  

t h e  d isposa l  u n i t s .  The i n f o r m a t i o n  w i l l  f a c i l i t a t e  compliance w i t h  

r e g u l a t o r y  requirements,  such as t h e  N a t i o n a l  Environmental  Pol i c y  Act and 

t h e  Endangered Species Act .  

are t r e a t e d  w i l l  be determined on a s i t e - s p e c i f i c  bas is .  S i t e  

c h a r a c t e r i z a t i o n  should seek t o  complete t h e  d a t a  base developed f o r  s i t e  
s e l e c t i o n  (Sect .  3.3).  I n  some cases, da ta  should cover a t  l e a s t  a 12-month 
p e r i o d  because seasonal v a r i a b i l i t y  i s  common i n  t h e  l i f e  h i s t o r i e s  o f  both 

t e r r e s t r i a l  and aquat ic  b i o t a .  

T e r r e s t r i a l  f i e l d  d a t a  should i n c l u d e  t h e  species composi t ion o f  p l a n t  

communit ies i n  t h e  s i t e  area, t h e  r e l a t i v e  abundance o f  t h e  p l a n t  species, 

t h e  age o f  dominant p l a n t  species, t h e  species composi t ion o f  t h e  mammal and 

breeding b i r d  communities, and t h e  presence and abundance o f  impor tan t  

species such as game and burrowing animals. I f  a r a r e  p l a n t  community 

e x i s t s  on t h e  proposed s i t e ,  d e t a i l e d  l i s t i n g s  o f  component p l a n t  species, 

The l e v e l  o f  d a t a  a c q u i s i t i o n  and t h e  manner i n  which i n d i v i d u a l  i ssues  
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t h e  r e l a t i v e  importance o f  each p l a n t  species, t h e  major env i ronmenta l  

parameters t h a t  govern t h e  cont inued ex i s tence  o f  t h e  community, and any 

pas t  d is tu rbances  and s e n s i t i v i t y  o f  t h e  h a b i t a t  t o  f u t u r e  d i s tu rbance  

should be c o l l e c t e d .  

proposed s i t e ,  t h e  r e l e v a n t  h a b i t a t  f e a t u r e s  and w i l d l i f e  species us ing  t h e  

area, t h e  h i s t o r y  and t rends  o f  use o f  t h e  area by  w i l d l i f e ,  t h e  

a v a i l a b i l i t y  o f  s i m i l a r  w i l d l i f e - u s e  areas i n  t h e  reg ion,  and t h e  

p r o b a b i l i t y  o f  con t inued w i l d l i f e  use o f  t h e  area should be determined. 

t h e  p r o x i m i t y  o f  aquat ic  h a b i t a t s  t o  t h e  proposed s i t e .  C r i t e r i a  and s tan-  

dards f o r  t h e  p r o t e c t i o n  o f  f reshwater  l i f e  (EPA 1976, 1980) may need t o  be 

considered f o r  some s i t e s .  F i e l d  methods u s e f u l  f o r  c h a r a c t e r i z i n g  h a b i t a t  

and b i o t a  are descr ibed or  c i t e d  i n  a number o f  re fe rences ,  such as Becker, 

Strand, and Watson (1975), B e l l  and R ickard  (1975), Canter (1982), G i l e s  

(1969), Ralph and S c o t t  (1981), Salk  and DeCicco (1978), Schwoerbel (1970), 

USFWS (1980), and Welch (1948). 

c o l l e c t i o n s  r e q u i r e d  t o  def ine t h e  abundance, d i s t r i b u t i o n ,  o r  h a b i t a t s  o f  

endangered o r  th rea tened species i d e n t i f i e d  as p o t e n t i a l l y  o c c u r r i n g  
on -s i t e ;  app rop r ia te  s t a t e  and federa l  (U.S. F i s h  and W i l d l i f e  Se rv i ce )  

o f f i ces  should be contac ted  if such surveys o r  c o l l e c t i o n s  are a n t i c i p a t e d .  

I f  an impor tan t  w i l d l i f e  h a b i t a t  e x i s t s  on t h e  

The s i g n i f i c a n c e  o f  aquat ic  ecology as a p o t e n t i a l  concern depends on 

S p e c i f i c  f e d e r a l  and s t a t e  pe rm i t s  may be needed f o r  any surveys o r  

4.3.5 Land Use and Socioeconomics 

S i t e  c h a r a c t e r i z a t i o n  should p rov ide  da ta  needed f o r  t h e  assessment o f  

t h e  p o t e n t i a l  env i ronmenta l  impacts o f  f a c i l i t y  c o n s t r u c t i o n ,  opera t ion ,  

c losure ,  and i n s t i t u t i o n a l  c o n t r o l  , i f  approp r ia te .  Topics t o  be considered 

i n c l u d e  an understanding o f  how t h e  sha l l ow  land  b u r i a l  f a c i l i t y  may a f f e c t  
l o c a l  communities and measures t h a t  may be needed t o  m i t i g a t e  p o t e n t i a l  

negat i ve impacts. 

Fo l l ow ing  t h e  survey, a l e t t e r  w i l l  have t o  be ob ta ined f rom t h e  s t a t e  

h i s t o r i c  p r e s e r v a t i o n  o f f i c e r ,  i n d i c a t i n g  h i s  op in ion  o f  t h e  archaeology o f  
t h e  s i t e  (36  CFR P a r t  800). 

uncovered du r ing  f a c i l i t y  c o n s t r u c t i o n  and opera t ion ,  work may be 

For some s i t e s ,  a survey by a p r o f e s s i o n a l  a rchaeo log is t  may be needed. 

If items o f  a rchaeo log ica l  i n t e r e s t  a re  
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i n t e r r u p t e d .  For such a case, t h e  s t a t e  h i s t o r i c  p r e s e r v a t i o n  o f f i c e r  w i l l  

l i k e l y  be r e q u i r e d  t o  eva lua te  t h e  f i n d  and approve or  d isapprove 

c o n t i n u a t i o n  o f  excavat ion.  

4.3.6 Summary 

The techniques f o r  s i t e  c h a r a c t e r i z a t i o n  used a t  a s p e c i f i c  s i t e  must 

be se lec ted  c a r e f u l l y  and be responsive t o  t h e  s p e c i f i c  concerns and 

f e a t u r e s  o f  t h e  s i t e .  The s i t e  c h a r a c t e r i z a t i o n  program i s  in tended t o  

p r o v i d e  a complete r e p r e s e n t a t i o n  o f  t h e  s i t e  c o n d i t i o n s  t h a t  can be 

i n t e g r a t e d  w i t h  known d a t a  by u t i 1  i z i n g  reconnaissance and q u a n t i t a t i v e  

techniques.  

needed f o r  t h e  v e r i f i c a t i o n  o f  s i t e  s u i t a b i l i t y  and subsequent des ign and 

development. 
c h a r a c t e r i z a t i o n  program t o  meet i t s  o b j e c t i v e s  w i t h o u t  excess ive c o s t s  and 

d e l  ays. 

The s i t e  c h a r a c t e r i z a t i o n  program should p r o v i d e  t h e  d a t a  

Considerable judgment and care are r e q u i r e d  f o r  t h e  
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5. DESIGN 

r -  

Design i s  a p r imary  a c t i v i t y  f o r  ensur ing  t h a t  a sha l l ow  land b u r i a l  

f a c i l i t y  w i l l  meet t h e  performance o b j e c t i v e s  d iscussed i n  Sect .  2.3, which 
are t o  min imize r a d i o n u c l i d e  m ig ra t i on ,  i n h i b i t  b i o t i c  and human i n t r u s i o n  

i n t o  t h e  r a d i o a c t i v e  waste, and ma in ta in  t h e  d i sposa l  u n i t s  and t h e  s i t e  i n  

an env i ronmen ta l l y  s t a b l e  c o n d i t i o n .  The des ign should take  advantage o f  

t h e  n a t u r a l  c h a r a c t e r i s t i c s  o f  t h e  s i t e  and enhance them, as requ i red ,  w i t h  

app rop r ia te  engineered fea tu res .  The des ign should cons ider  bo th  p r e f e r r e d  

o p e r a t i o n a l  p r a c t i c e s  and c h a r a c t e r i s t i c s  o f  t h e  waste t o  be disposed o f  a t  

t h e  f a c i l i t y .  Th is  chapter  d iscusses t h e  va r ious  des ign o p t i o n s  f o r  

ach iev ing  t h e  performance o b j e c t i v e s  f o r  sha l low land b u r i a l ,  g i v e n  a 

p a r t i c u l a r  s i t e .  

5 .1  OBJECTIVES 

To min imize  t h e  p o t e n t i a l  f o r  env i ronmenta l  impact o f  l ow- leve l  

r a d i o a c t i v e  waste d i sposa l  by  sha l l ow  land b u r i a l ,  t h e  waste must be 

s u f f i c i e n t l y  i s o l a t e d  f rom t h e  human environment as l ong  as i t  remains 

hazardous, and r e l e a s e  o f  r a d i o n u c l i d e s  from t h e  d i sposa l  u n i t s  must be 

c o n t r o l l e d  w i t h i n  acceptable l e v e l s .  These c o n d i t i o n s  are r e f l e c t e d  i n  

c u r r e n t  r e g u l a t i o n s  (10 CFR P a r t  6 1  and DOE Order 5820) as performance 

o b j e c t i v e s  t h a t  address maximum r a d i a t i o n  doses t o  i n d i v i d u a l s ,  p r o t e c t i o n  

o f  i nadve r ten t  i n t r u d e r s ,  and s t a b i l i t y  o f  t h e  d isposa l  u n i t s  and s i t e  

(Sec t .  2 .3 ) .  

The performance o b j e c t i v e s  are no t  p r e s c r i p t i v e  and do no t  s p e c i f y  

des ign requirements, so i t  i s  necessary t o  develop des ign c r i t e r i a  and adapt 

them t o  a s p e c i f i c  s i t e .  
p repar ing  t h e  f a c i l i t y  des ign.  To be approp r ia te  a t  a s p e c i f i c  s i t e ,  t h e  

des ign  c r i t e r i a  must r e f l e c t  a comprehensive understanding o f  t h e  n a t u r a l  

f ea tu res  of t h e  s i t e ,  t h e  c h a r a c t e r i s t i c s  o f  t h e  waste t o  be disposed o f ,  

t h e  c o n s t r u c t i o n  and opera t i on  methods t o  be used, and t h e  p lan  f o r  s i t e  
c losu re .  With an understanding o f  these f a c t o r s ,  which are  discussed i n  

Sec t ion  5.2, t h e  performance o b j e c t i v e s  can be t r a n s l a t e d  i n t o  a set  o f  

Thus, t h e r e  i s  cons ide rab le  f l e x i b i l i t y  i n  
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t e c h n i c a l  o b j e c t i v e s  f o r  f a c i l i t y  design. The p r i n c i p a l  t e c h n i c a l  

o b j e c t i v e s  t o  be met by the  design c r i t e r i a  are as f o l l o w s :  

o Min imize t h e  con tac t  between waste and water .  I n f i l t r a t i o n  o f  
sur face  water i n t o  t h e  d i sposa l  u n i t s  should be l i m i t e d  as much as 
p r a c t i c a b l e  by i n c l u d i n g  des ign f e a t u r e s  t o  d i v e r t  sur face  water 
f rom f l o w i n g  onto t h e  d i sposa l  u n i t s ,  r a p i d l y  d r a i n  away i n c i d e n t  
p r e c i p i t a t i o n  o r  sur face  water run-on, and l i m i t  t he  r a t e  o f  
p e r c o l a t i o n  through the  t rench  caps. I n f l o w  o f  groundwater i n t o  
t h e  d i sposa l  u n i t  should a l so  be l i m i t e d .  Th is  can be achieved b y  
l o c a t i n g  t h e  d i sposa l  u n i t s  i n  t h e  unsatura ted  zone and w e l l  above 
t h e  water t a b l e  or, i f  necessary, b y  i n c o r p o r a t i n g  engineered 
f e a t u r e s  t o  reduce t h e  i n f l o w .  If water does en te r  t h e  d i sposa l  
u n i t ,  i t should be q u i c k l y  d ra ined  away t o  prevent  pro longed 
c o n t a c t  w i t h  t h e  waste. 

o L i m i t  t h e  l e v e l s  o f  r a d i a t i o n  exposure. The s i t e  l a y o u t  should 
i n c l u d e  b u f f e r  zones on a l l  sides, e s p e c i a l l y  i n  t h e  d i r e c t i o n  o f  
t h e  p r imary  movement o f  groundwater, t o  p rov ide  as long a f l o w  
path  t o  o f f - s i t e  areas as p r a c t i c a b l e  and t o  p rov ide  a m o n i t o r i n g  
r e g i o n  f o r  e a r l y  d e t e c t i o n  o f  any m i g r a t i o n  o f  r a d i o n u c l i d e s .  
D i r e c t  r a d i a t i o n  exposure r a t e s  can be reduced by  cove r ing  t h e  
waste w i t h  b a c k f i l l  and t h i c k  t rench  caps. B i o t i c  i n t r u s i o n  and 
subsequent t r a n s l o c a t i o n  of r a d i o n u c l i d e s  can be m i t i g a t e d  b y  
choosing b a c k f i l l  and cover  ma te r ia l s ,  i n c l u d i n g  b i o b a r r i e r s ,  and 
us ing  b i o c i d e s  t o  i n h i b i t  growth o f  deep-rooted p l a n t s  and 
bur rowing  o f  small  mammal s .  

o Ensure s t a b i l i t y  o f  t he  d i sposa l  u n i t s  and t h e  s i t e  d u r i n g  
opera t i ons  and a f te r  c losu re .  The geotechn ica l  p r o p e r t i e s  o f  t h e  
s i t e  l i m i t  t h e  s i z e  o f  t h e  d i sposa l  u n i t s  and t h e  s t a b i l i t y  o f  t h e  
s lopes o f  t h e i r  s idewa l l s .  The d i sposa l  u n i t s  should be designed 
t o  be s t a b l e  enough t o  accommodate t h e  opera t i on  o f  heavy 
equipment w i thou t  endangering t h e  s a f e t y  o f  ope ra t i ng  personnel 
d u r i n g  waste emplacement. Long-term s t a b i l i t y  can be enhanced b y  
s e l e c t i n g  a method f o r  emplacement o f  waste packages and s e l e c t i n g  
m a t e r i a l s  and methods o f  b a c k f i l l  t h a t  p rov ide  a h igh  degree o f  
f i l l i n g  o f  t h e  vo ids.  The m a t e r i a l s  and methods used f o r  cove r ing  
t h e  d i sposa l  u n i t s  should p rov ide  r e s i s t a n c e  t o  wind and water  
e ros ion .  

o Opt imize use o f  t h e  s i t e .  I n  some cases, t h e r e  w i l l  be areas o f  
t h e  s i t e  t h a t  are e i t h e r  u n s u i t a b l e  f o r  sha l low land b u r i a l  o r  
have l e s s  d e s i r a b l e  c h a r a c t e r i s t i c s  than o t h e r  areas. 
use o f  t h e  s i t e ,  t h e  most s u i t a b l e  areas should be reserved f o r  
d i sposa l  u n i t s  and t h e  l e s s  s u i t a b l e  areas used f o r  suppor t  
f a c i l i t i e s .  S i t e  c h a r a c t e r i s t i c s  have a major  i n f l u e n c e  on t h e  
dimensions and o r i e n t a t i o n  o f  t h e  d i sposa l  u n i t s .  The d i sposa l  
u n i t s  should be o r i e n t e d  w i t h  t h e i r  long  axes p a r a l l e l  t o  t h e  

For optimum . .  
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slopes, bo th  f o r  m i n i m i z i n g  water problems and f o r  ease o f  
opera t ions .  

c -  

, .  

Other management concerns t o  be considered i n  t h e  des ign c r i t e r i a  

i n c l u d e  t h e  c o s t - e f f e c t i v e n e s s  o f  t h e  design i n  terms o f  c o n s t r u c t i o n  and 

o p e r a t i o n  and t h e  p r o t e c t i o n  o f  t h e  workers f rom i n d u s t r i a l  and occupat iona l  

hazards. 

5.2 FACTORS INFLUENCING THE SELECTION OF DESIGN OPTIONS 

The des ign o f  a sha l low land b u r i a l  f a c i l i t y  i s  i n f l u e n c e d  

s u b s t a n t i a l l y  by t h e  requi rements f o r  s i t e  performance as expressed i n  t h e  

t e c h n i c a l  o b j e c t i v e s  (Sect .  5.1).  The h i g h  standards o f  performance are  

u s u a l l y  n o t  achieved s o l e l y  by t h e  n a t u r a l  c h a r a c t e r i s t i c s  o f  t h e  s i t e .  

Considerable e f f o r t  i s  r e q u i r e d  d u r i n g  design t o  t a k e  maximum advantage o f  a 

s i t e ' s  n a t u r a l  f e a t u r e s  and t o  enhance them, when requ i red ,  t o  meet t h e  

design o b j e c t i v e s  i n  a manner t h a t  i s  economical and adaptable t o  t h e  

o p e r a t i o n s  a n t i c i p a t e d  f o r  the  f a c i  1 i t y .  The long-term performance 

performance o f  any engineered f e a t u r e s  must be e s t a b l i s h e d  because they  are  

l i k e l y  t o  decrease i n  e f f e c t i v e n e s s  over t ime.  Consequently, t h e  emphasis 

i n  design should be t o  o p t i m i z e  t h e  use o f  n a t u r a l  f e a t u r e s  o f  t h e  s i t e .  

There i s  a c l o s e  i n t e r r e l a t i o n s h i p  between s i t e  des ign and waste 

c h a r a c t e r i s t i c s ,  o p e r a t i n g  p r a c t i c e s ,  and c l o s u r e  (Sect .  2 .2 ) .  The 

requi rements f o r  design emphasize t h a t  t h i s  r e l a t i o n s h i p  be e s t a b l i s h e d  and 

op t im ized t o  t h e  e x t e n t  p r a c t i c a b l e .  Care fu l  p lann ing  i s  r e q u i r e d  t o  s e l e c t  
t h e  a p p r o p r i a t e  o p t i o n s  t o  bes t  meet t h e  performance o b j e c t i v e s  and p r o v i d e  

f o r  e f f i c i e n t  opera t ions .  

5.2.1 S i t e  C h a r a c t e r i s t i c s  

S i t e  c h a r a c t e r i s t i c s  p robab ly  impose t h e  most severe requirements and 

c o n s t r a i n t s  f o r  design o f  a sha l low land b u r i a l  f a c i l i t y .  Table 5 .1  

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

i n f l u e n c e  on design. 
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Table 5.1. S i t e  c h a r a c t e r i s t i c s  impor tant  i n  t h e  
design o f  a sha l low land b u r i a l  f a c i l i t y  

C1  imate 
Topography 
S t r a t i g r a p h y  
S o i l  t h i c k n e s s  
Thickness o f  the  unsatura ted  zone 
Eros ion  p o t e n t i  a1 
Slope s t a b i l i t y  
I n f i l t r a t i o n  r a t e  

C l imate  i s  o f  major importance because i t  d i c t a t e s  t h e  na ture  and 

e x t e n t  o f  t h e  water management system. The water managment system must be 

designed t o  d i r e c t  i n c i d e n t  p r e c i p i t a t i o n  and sur face  run-on f rom t h e  

d isposa l  u n i t s .  I n  humid areas, t h e  annual r a t e  and f requency o f  

p r e c i p i t a t i o n  are bo th  h igh .  

be shal low and l i m i t s  t h e  depth of t h e  d isposa l  u n i t s .  I n  a r i d  areas, t h e  

annual r a t e  o f  p r e c i p i t a t i o n  i s  lower, b u t  i t  may occur l a r g e l y  as 

i n f r e q u e n t  ra ins to rms o f  h i g h  i n t e n s i t y  t h a t  g i v e  r i s e  t o  f l a s h  f l o o d s  and 

severe eros ion.  Eros ion  i s  f u r t h e r  aggravated a t  a r i d  s i t e s  because o f  the  

p a u c i t y  o f  vegeta t ion .  

Topography, s t r a t i g r a p h y ,  and s o i l  t h i c k n e s s  a f f e c t  t h e  l a y o u t  o f  t h e  

d isposa l  f a c i l i t y  and t h e  ease w i t h  which t h e  d isposa l  u n i t s  can be 

excavated. The t h i c k n e s s  of t h e  unsaturated zone, as noted above, and t h e  

s lope s t a b i l i t y  o f  t h e  d isposa l  f o r m a t i o n  determine the  depth t o  which 

d isposa l  u n i t s  can be s a f e l y  and e f f e c t i v e l y  operated. This ,  i n  tu rn ,  

I n  a d d i t i o n ,  t h e  depth t o  groundwater tends t o  

he waste 

des ign o f  

l y  t h e  

a f f e c t s  t h e  methods a v a i l a b l e  f o r  o f f - l o a d i n g  and emplacement o f  

(Sect .  6.4). Slope s t a b i l i t y  and e r o s i o n  p o t e n t i a l  i n f l u e n c e  t h e  

t h e  water management system and t h e  d isposa l  u n i t  covers, especia 

s lopes o f  dra inage channels.  

The l i s t  of s i t e  c h a r a c t e r i s t i c s  prov ided i n  Tab le  5 .1  i s  b y  no means 
complete. S o i l  p r o p e r t i e s ,  f o r  example, can have a major i n f l u e n c e  on 

r a d i o n u c l i d e  m i g r a t i o n  and, t h e r e f o r e ,  be o f  major concern i n  t h e  f a c i l i t y  

design. A t  t h e  des ign stage, however, t h e  p r o s p e c t i v e  d isposa l  s i t e  would 

have undergone a c h a r a c t e r i z a t i o n  s tudy (Chapter 4) t o  p r o v i d e  e s s e n t i a l  

da ta  on t h e  s i t e  and cont iguous area f o r  t h e  design e f f o r t .  Moreover, a 



77 

c 

p r e l i m i n a r y  conceptual  des ign o f  t h e  f a c i l i t y  i s  used t o  op t im ize  t h e  s i t e  
c h a r a c t e r i z a t i o n  s tudy  (Sec t .  4.2) and i n  t h e  performance assessment 

(Sec t .  2.5) t o  a s c e r t a i n  t h e  s u i t a b i l i t y  o f  t h e  s i t e .  

5.2.2 Waste Character  i s t  i cs  

The types  o f  waste, waste forms, and waste volumes are impor tan t  

cons ide ra t i ons  f o r  t he  des ign because t h e  waste i s  t h e  source f o r  p o t e n t i a l  

harm t o  t h e  p u b l i c  and t h e  environment. I n  many cases, however, waste 

c h a r a c t e r i s t i c s  cannot be f o r e c a s t  w i t h  c e r t a i n t y ,  thus  n e c e s s i t a t i n g  

conserva t ism i n  t h e  des ign t o  accommodate t h e  u n c e r t a i n t i e s .  Fac to rs  t h a t  

should be considered i n  de termin ing  t h e  types o f  waste t o  be disposed o f  a t  t h e  
f a c i l i t y  are l i s t e d  i n  Table 5.2. It i s  u n l i k e l y  t h a t  a l l  o f  these f a c t o r s  can 

be de f i ned  f o r  a l l  t h e  wastes. However, t h e y  should be i d e n t i f i e d  as 

comp le te l y  as p o s s i b l e  f o r  p repar ing  t h e  des ign and f o r  develop ing t h e  waste 
acceptance c r i t e r i a  f o r  a s p e c i f i c  s i t e  (Sec t .  6.3).  

Table 5.2. Fac to rs  t o  be considered i n  t h e  
i dent  i f i c a t  i on o f  waste t ypes  

I s o t o p i c  conten t  
P ac kag i ng 
Che la t i ng  agent conten t  
L i q u i d  con ten t  
Pyrophor ic  con ten t  
Hazardous and t o x i c  con ten t  
Gaseous conten t  
Biohazard p o t e n t i  a1 
C o r r o s i v i t y  

Exp los i ve  p o t e n t i a l  

The s t a b i  1 i t y  and physiochemical p r o p e r t i e s  o f  t h e  p r o j e c t e d  waste 

types are  impor tan t  components o f  t h e  waste c h a r a c t e r i s t i c s  bu t  are l i k e l y  

t o  be even more u n c e r t a i n  than t h e  p r o j e c t i o n  o f  waste volumes. I n  s p i t e  o f  

t h i s ,  t h e  waste acceptance c r i t e r i a  w i l l  i n c l u d e  t h e  p r o p e r t i e s  o f  t h e  waste 

e i t h e r  by assumption o r  f rom ac tua l  data. Consequently, a good d e f i n i t i o n  

o f  t h e  ac tua l  p r o p e r t i e s  o f  t h e  waste can reduce t h e  conservat ism i n  des ign  

t h a t  would be r e q u i r e d  i n  t h e  absence o f  data. A summary o f  t h e  va r ious  
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f a c t o r s  associated w i t h  t h e  s t a b i l i t y  and phys 

waste i s  shown i n  Table 5.3. 
ochem 

Table 5.3. F a c t o r s  t o  be considered i n  
t h e  s t a b i l i t y  o f  a waste t y p e  

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

e v a l u a t i n g  

P ac k age i n t egr i t y 
S t r u c t u r a l  s t r e n g t h  o f  waste package 
Mois tu re  conten t  
Transformat ion o f  waste by m i c r o b i a l  a c t i v i t y  
Transformat ion o f  waste form by r a d i a t i o n  
Transformat ion o f  waste form by chemical 

r e a c t i o n s  
Cor ros ive  l i q u i d  conten t  
Void spaces 
Compressibi 1 i t y  o f  waste 
Leaching p o t e n t i a l  o f  waste 

~ 

The waste c l a s s i f i c a t i o n  system w i l l  a l s o  i n f l u e n c e  t h e  f a c i l i t y  

design. Low-level  r a d i o a c t i v e  waste may be c l a s s i f i e d  i n  terms o f  i t s  o f  

p h y s i c a l  form and c h a r a c t e r i s t i c s  and t h e  h a l f - 1  i v e s  and c o n c e n t r a t i o n s  or  

t h e  r a d i o n u c l i d e s  (Sec t .  2.4.1). A waste c l a s s i f i c a t i o n  system e x i s t s  f t s  

commercial waste (see 10 CFR P a r t  61), b u t  no such system c u r r e n t l y  e x i s e  

fo r  defense wastes. Once t h e  wastes are c l a s s i f i e d ,  us ing  t h e  a p p l i c a b l e  

c l a s s i f i c a t i o n  system, t h e  p r o j e c t e d  q u a n t i t i e s  and types  o f  waste can b l a s s  

segregated i n  t h e  des ign p l a n  as separate des ign c lasses .  Each design c p l e ,  
can then be considered as having i t s  own d isposa l  u n i t  design. For exam 

t h e  long- term s t a b i l i t y  o f  d isposa l  u n i t s  fo r  wastes w i t h  s h o r t - l i v e d  
r a d i o n u c l i d e s  and a low hazard p o t e n t i a l  r e q u i r e  l e s s  a t t e n t i o n  than do 
d isposa l  u n i t s  f o r  wastes w i t h  l o n g - l i v e d  r a d i o n u c l i d e s  and h i g h  hazard d 

p o t e n t i a l .  

p o t e n t i a l  beyond t h e  i n s t i t u t i o n a l  c o n t r o l  p e r i o d  may r e q u i r e  i n t r u d e r  
b a r r  i e r  s . 

I n  summary, i f  t h e  waste c h a r a c t e r i s t i c s  can be f o r e c a s t  w i t h  

c e r t a i n t y ,  s i t e  l a y o u t  can be more e f f i c i e n t l y  designed t o  s a t i s f y  t h e  

p r o j e c t e d  d isposa l  needs and o p t i m i z e  t h e  n a t u r a l  f e a t u r e s  o f  t h e  s i t e .  

Moreover, d isposa l  u n i t s  f o r  wastes t h a t  r e t a i n  a h i g h  hazar 
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5.2.3 Operat ing P r a c t i c e s  and Closure 

. -  

The design f o r  a shal low land b u r i a l  f a c i l i t y  should r e s u l t  i n  t h e  

development of a f a c i l i t y  t h a t  can be e f f i c i e n t l y  and s a f e l y  operated and 

c losed.  While o p e r a t i n g  p r a c t i c e s  and c l o s u r e  may be m o d i f i e d  a f t e r  t h e  

design i s  prepared, c o n s i d e r a t i o n  o f  o p e r a t i o n  and c l o s u r e  a t  t h e  des ign 
s tage enables t h e  des igner  t o  narrow t h e  a v a i l a b l e  o p t i o n s  t o  those most 

s u i t e d  t o  t h e  needs o f  a s p e c i f i c  s i t e .  

(Chapter 6 ) .  
cons idered i n  design. The areas o f  g r e a t e s t  i n t e r e s t  are sequencing o f  t h e  

d isposa l  u n i t s  and emplacement o f  waste i n t o  t h e  u n i t s .  Disposal  u n i t  

sequencing r e f e r s  t o  t h e  order  o f  excavat ion and use o f  t h e  u n i t s ,  t h e i r  

l o c a t i o n s ,  and t h e  types o f  waste i n  each u n i t  w i t h i n  t h e  d isposa l  area. 

The sequencing o f  u n i t s  i n v o l v e s  i d e n t i f i c a t i o n  o f  equipment needs, d e l i v e r y  

r o u t e s  t o  t h e  d isposa l  area, s torage needs f o r  b a c k f i l l  and waste, and o t h e r  

l o g i s t i c a l  f a c t o r s  r e l e v a n t  t o  design (Sect .  5.4.3). The method f o r  

emplacing waste i n t o  t h e  d isposa l  u n i t s  i n f l u e n c e s  t h e  excavat ion  

techniques, equipment needs, and b a c k f i l l i n g  methods. 

Operat ing p r a c t i c e s  are n o t  s tandard ized and may v a r y  w i d e l y  

Table 5.4 summarizes elements o f  opera t ions  t h a t  should be 

Table 5.4. Elements o f  opera t ions  t o  be considered 
i n  design p lan  development 

Disposal  u n i t  sequencing 
Waste t rea tment  
Excavat ion  o f  t r e n c h e s  
Disposal  u n i t  c o n s t r u c t i o n  
Waste d e l i v e r y  t o  d isposa l  u n i t  
O f f  - 1 oadi  ng o f  waste 
Empl acement o f  waste 
Personnel requi rements 
Occupat ional  and environmental  m o n i t o r i n g  

The r a t e  of r e c e i p t  o f  each waste c l a s s  can be used t o  es t imate  t h e  

i n d i v i d u a l  d isposa l  u n i t  s i z e s  and l o c a t i o n s  t h a t  w i l l  f a c i l i t a t e  waste 

emplacement w i t h o u t  i n t e r f e r e n c e  f rom o t h e r  opera t ions  such as excavat ion,  

b a c k f i l l i n g ,  o r  d isposa l  o f  o t h e r  waste c lasses.  The means f o r  o f f - l o a d i n g  
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waste, b a c k f i l l i n g ,  and m i n i m i z i n g  t h e  c o n t a c t  o f  water w i t h  t h e  waste 

should be f a c t o r e d  i n t o  t h e  s e l e c t i o n  o f  methods f o r  p l a c i n g  waste i n t o  t h e  

t renches.  The s e l e c t i o n  o f  waste emplacement methods can a l s o  be i n f l u e n c e d  

by t h e  need f o r  t r e n c h  l i n e r s ,  c a p i l l a r y  b a r r i e r s ,  d r a i n s ,  o r  o t h e r  des ign 

f ac t o r  s . 
S i t e  and d isposa l  u n i t  c l o s u r e  p lans  must be f a c t o r e d  i n t o  t h e  des ign 

because o f  t h e  importance o f  c l o s u r e  i n  t h e  long- term performance o f  t h e  

s i t e .  Table 5.5 summarizes t h e  elements o f  s i t e  and d isposa l  u n i t  c l o s u r e  

t h a t  should be considered i n  develop ing t h e  design. Disposal  u n i t s  should 

be b a c k f i l l e d  w i t h  m a t e r i a l s  t h a t  f i l l  t h e  v o i d  spaces as comple te ly  as 

p o s s i b l e .  The need f o r  i n t r u d e r  b a r r i e r s  depends on t h e  waste types b u r i e d  

w i t h i n  t h e  d isposa l  u n i t s .  Design and c o n s t r u c t i o n  o f  d isposa l  u n i t  covers 

are c r i t i c a l  i n  m i n i m i z i n g  i n f i l t r a t i o n .  Drainage and s t a b i l i z a t i o n  a r e  

c r i t i c a l  f o r  t h e  p o s t c l o s u r e  phase and should be considered i n  t h e  i n i t i a l  

des i gn . 

Table 5.5. Elements o f  t h e  c l o s u r e  p l a n  t o  be 
considered i n  t h e  des ign p l a n  

Disposal  u n i t  c l o s u r e  

Backf i 11 i n g  
Cover des ign and c o n s t r u c t i o n  
B i o t i c  b a r r i e r s  
I n t r u d e r  b a r r i e r s  
S t a b i l i z a t i o n  

Disposal  s i t e  c l o s u r e  

Drainage 
S t a b i l i z a t i o n  
Survey c o n t r o l  
M o n i t o r i n g  
F a c i l i t y  decommissioning 
S e c u r i t y  
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5.2 

t ak 

4 Summary 

The des ign o f  a shal low land b u r i a l  f a c i l i t y  must be c a r e f u l l y  planned, 

ng i n t o  account t h e  est imated waste types and volumes, r e q u i r e d  o n - s i t e  

f a c i l i t i e s ,  s i t e  use over t h e  l i f e  o f  t h e  s i t e ,  and needs f o r  o p e r a t i o n  and 

c l o s u r e .  
d e t a i l e d  des ign p l a n  f o r  t h e  d isposa l  u n i t s  and s i t e  f a c i l i t i e s .  The des ign 

p l a n  can then be used f o r  q u a l i t y  c o n t r o l  d u r i n g  c o n s t r u c t i o n  o f  t h e  

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

These elements can be combined w i t h  design c r i t e r i a  t o  prepare a 

5.3. DISPOSAL UNIT  DESIGN 

The d isposa l  u n i t s  o f  a shal low land b u r i a l  f a c i l i t y  c o n s i s t  o f  t h e  

waste t rench, t r e n c h  dra inage system, m o n i t o r i n g  system, b a c k f i l l ,  cover,  

and any o t h e r  engineered f e a t u r e s  r e q u i r e d  for successfu l  opera t ion .  The 

design o f  t h e  d isposa l  u n i t s  inc ludes  t h e  s p e c i f i c a t i o n s  f o r  these 

components. A t  a s p e c i f i c  f a c i l i t y ,  t h e r e  may be severa l  des ign o p t i o n s  f o r  

t h e  d isposa l  u n i t s .  Emphasis should be placed on t h e  o v e r a l l  design o f  t h e  

u n i t  r a t h e r  than o n l y  t h e  p o r t i o n  excavated i n  t h e  s o i l .  

5.3.1 Waste Trench 

The design o f  t h e  t r e n c h  t o  be excavated i n  t h e  s o i l  inc ludes  t h e  

s p e c i f i c a t i o n  o f  t h e  t r e n c h  s i z e  and t h e  slopes o f  t h e  bottom and s i d e w a l l s .  
The t r e n c h  s i z e  should be c o n s i s t e n t  w i t h  the  r a t e  o f  r e c e i p t  o f  wastes and 

t h e  types o f  waste t o  be disposed o f ,  t h e  s i d e w a l l  s t a b i l i t y ,  and t h e  use o f  

engineered f e a t u r e s  such as l i n e r s  o r  c a p i l l a r y  b a r r i e r s .  Trench l e n g t h  and 

w i d t h  depend on t h e  s i z e  and topography o f  t h e  s i t e  and t h e  proposed method 
o f  opera t ions .  Larger  t renches o f f e r  b e t t e r  land  u t i l i z a t i o n ,  b u t  t h e y  

r e q u i r e  more complex dra inage c o n t r o l  and g i v e  r i s e  t o  p o t e n t i a l l y  g r e a t e r  

r a d i a t i o n  exposure t o  workers d u r i n g  opera t ions .  

dimensions of t renches at  e x i s t i n g  sha l low land b u r i a l  f a c i l i t i e s .  

Table 5.6 l i s t s  the  
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Table 5.6. Trench s izes  a t  e x i s t i n g  shal low land b u r i a l  f a c i l i t i e s  

Length Width Depth 
Loc a t  i o n  (m) (m) (4 

Commerci a1 f a c i  1 it i es 

Barnwel l  , S.C. a Beat ty ,  Nev. a Morehead, Ky. 
Rich1 and, Wash. 
S h e f f i e l d ,  Ill. 
West Va l ley ,  N.Y. 

b 

DOE f a c i l i t i e s  

Savannah R i v e r  
Oak Ridge 
Los Alamos 
Idaho 
Hanford 
Nevada 

150- 300 
260 

60-150 
90 

150 
180- 2 10 

V a r i a b l e  
15 

Up t o  275 
V a r i a b l e  

215 

120-180 

15-30 
12-15 

24 
8 

15-18 
10 

6 
3 

8-30 
Up t o  30 

1.5-5 
90-120 

5-7 
Up t o  15 

6-8 
Up t o  14 

6-8 
6 

6 
3-4.5 

8 
4-8 
4-8 
6-8 

a s t a t u s  o f  t h e  B e a t t y  s i t e  i s  uncer ta in .  
b I n a c t i v e  s i t e .  
Source: E .  S. Murphy and G. M. H o l t e r ,  1980. Technology, Safety ,  and 

Costs o f  Decommissioning a Reference Low-Level Waste B u r i a l  Ground, 
NUREG/CR-0570, P a c i f i c  Northwest Laboratory ,  Richland, Wash. 

Trenches should be as deep as p r a c t i c a l  t o  p rov ide  g r e a t e r  u t i l i z a t i o n  
o f  land w h i l e  a l l o w i n g  more v e r t i c a l  separa t ion  between t h e  waste and t h e  

ground sur face.  The a d d i t i o n a l  v e r t i c a l  separa t ion  p r o v i d e s  more s h i e l d i n g  

and g r e a t e r  b a r r i e r s  t o  i n t r u s i o n .  However, depth may be l i m i t e d  by e i t h e r  

the  geotechnica l  p r o p e r t i e s  o f  t h e  s o i l  o r  t h e  depth and f l u c t u a t i o n  o f  t h e  
groundwater t a b l e .  

which i s  s i t e  s p e c i f i c  and may sometimes vary from t r e n c h  t o  t r e n c h .  

s t a b i l i t y  depends on t h e  shear s t r e n g t h  o f  both t h e  excavated and subgrade 

s o i l s ;  t h e  l o a d i n g  t o  be exper ienced by t h e  s o i l  f rom equipment operated 

adjacent  t o  t h e  c u t  slope; t h e  p r o x i m i t y  o f  t h e  c u t  s lope t o  s t o c k p i l e s ,  

b u i l d i n g s ,  and s torage areas; and t h e  mois tu re  conten t  o f  t h e  s o i l .  Slope 

f a i l u r e  can r e s u l t  i n  slumping of t h e  d isposa l  u n i t  d u r i n g  o p e r a t i o n s  and i n  

The s i d e w a l l  s lope depends on t h e  s t a b i l i t y  of t h e  ear then m a t e r i a l ,  

Slope 
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. 

subsidence f o l l o w i n g  c l o s u r e .  Slope s t a b i l i t y  i s  d iscussed i n  d e t a i l  b y  

Tucker (1983) and Spangler and Handy (1982). 

more e f f i c i e n t  u t i l i z a t i o n  o f  t h e  d isposa l  area. When s i d e w a l l s  a re  

unstable,  t h e y  can be sloped or  step-graded. A t  t h e  Barnwel l ,  South 

Caro l ina,  d isposa l  f a c i l i t y ,  s loughing caused by p r e c i p i t a t i o n  and f r e e z i n g  

d u r i n g  o p e r a t i o n s  has been minimized by anchor ing p l a s t i c  sheets around t h e  

t o p  o f  t h e  s i d e w a l l s  and extending them onto t h e  t r e n c h  shoulder .  

The t r e n c h  bottom can be sloped bo th  l a t e r a l l y  and l o n g i t u d i n a l l y  t o  

enhance dra inage o f  i n c i d e n t  p r e c i p i t a t i o n  d u r i n g  t r e n c h  f i l l i n g  i n  areas 

where t h e  r a i n f a l l  r a t e  i s  s u f f i c i e n t  t o  accumulate water i n  an open t rench.  

The s lope depends on t h e  q u a n t i t y  and i n t e n s i t y  o f  p r e c i p i t a t i o n  and t h e  

r a t e  a t  which water can be pumped f rom t h e  sump, b u t  grades o f  a t  l e a s t  1% 
are necessary f o r  drainage. 

t h e  waste remains i n  c o n t a c t  w i t h  water bu t  increases excavat ion c o s t s .  

The t r e n c h  s i d e w a l l s  should be as n e a r l y  v e r t i c a l  as p r a c t i c a b l e  f o r  

A s loped t r e n c h  bottom reduces t h e  t i m e  t h a t  

S l i t  t renches  ( F i g .  5.1) are commonly used f o r  d ispos ing  o f  wastes w i t h  

h i g h  r a d i a t i o n  exposure r a t e s .  Occupat ional  exposure i s  minimized by r a p i d  

emplacement o f  t h e  waste and immediate b a c k f i l l i n g .  B a c k f i l l  i s  added u n t i l  

t h e  r a d i a t i o n  exposure a t  t h e  t o p  o f  t h e  t r e n c h  has been reduced t o  an 

acceptable l e v e l .  S l i t  t renches are t y p i c a l l y  narrow, t h e  w i d t h  o f  a 

backhoe, and have depth:width r a t i o s  o f  up t o  20:l. E s p e c i a l l y  d u r i n g  

seasons when t h e  p o t e n t i a l  f o r  s lope f a i l u r e  i s  high, s lope f a i l u r e  i n  s l i t  
t renches  can be p a r t i a l l y  min imized by l i m i t i n g  t h e  l e n g t h  o f  t h e  t r e n c h  so 
t h a t  t h e  t rench i s  q u i c k l y  f i l l e d  and b a c k f i l l e d .  

ORNL-DWG 84-8346 

ELEVATION PUN 

- 7 E R l C ( N * L  GROUND SURFACE 1 1 
U I I 

I I 

W7 - 1OTAL WIDTH 
t, - TOlAL WCTn 

F i g .  5.1. Conceptual design o f  a s l i t  t rench.  
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The depth o f  excavat ion i s  c r i t i c a l  t o  t h e  o v e r a l l  performance o f  t h e  

f a c i l i t y .  There should be p r o v i s i o n s  i n  t h e  des ign t o  prevent  t h e  

groundwater from f l o w i n g  through t h e  d isposa l  u n i t  and coming i n t o  c o n t a c t  

w i t h  t h e  wastes. The bes t  means f o r  i s o l a t i n g  t h e  wastes f rom groundwater 

i s  t o  leave a t h i c k ,  unsaturated s o i l  l a y e r  between t h e  t r e n c h  bottom and 

t h e  uppermost a q u i f e r .  For long- l i ved ,  h i g h - a c t i v i t y  wastes, however, t h e  

Nuclear  Regu la to ry  Commission (10 CFR P a r t  61) r e q u i r e s  a depth o f  d isposa l  

g r e a t e r  than 5 m below t h e  n a t u r a l  grade f o r  commercial f a c i l i t i e s .  

Engineered b a r r i e r s  may a l s o  be used. 

may prec lude a t h i c k  s o i l  l a y e r  below t h e  t r e n c h  bottom. 

mois tu re  m i g r a t i o n  pathways, may be present  i n  t h e  v i c i n i t y  o f  a d i s p o s a l  

u n i t .  Such s o i l  u n i t s  may be detected d u r i n g  s i t e  c h a r a c t e r i z a t i o n  o r  i n  

t h e  course o f  excavat ion .  P o t e n t i a l  m i g r a t i o n  pathways should be i s o l a t e d  

i n  t h e  v i c i n i t y  of t h e  d isposa l  u n i t  t o  ensure adequate performance. 

o p t i o n s  f o r  i s o l a t i n g  h i g h - p e r m e a b i l i t y  s o i l  u n i t s  i n c l u d e  removal and 

replacement, g r o u t i n g ,  and s y n t h e t i c  l i n e r s .  

I n  humid reg ions,  t h i s  requi rement  

Undesi rab le s o i l  u n i t s ,  such as sand o r  g rave l ,  which can serve as 

Design 

5.3.2. Trench Drainage 

The c o n t r o l  o f  water f o r  i n d i v i d u a l  d isposa l  u n i t s  inc ludes  management 

o f  sur face  water r u n o f f  d u r i n g  excavat ion and d isposa l  u n i t  opera t ions  and 
t h e  c o n t r o l  o f  any subsurface water w i t h i n  t h e  d isposa l  u n i t .  Surface water  

managment i s  needed a t  bo th  a r i d  and humid s i t e s ,  w h i l e  subsurface mois tu re  
c o n t r o l  i s  o f  g rea ter  concern a t  humid s i t e s .  Drainage c o n t r o l  measures f o r  

i n d i v i d u a l  d isposa l  u n i t s  should p r o v i d e  p r o t e c t i o n  aga ins t  water e n t e r i n g  

t h e  d isposa l  u n i t s  as t h e  p r i m a r y  means f o r  water management and c o n t r o l .  

S i t e  drainage, as discussed i n  Sect .  5.4.2, p rov ides  t h e  major c o n t r o l  o f  

s u r f  ace water and groundwater. 

Drainage c o n t r o l  w i t h i n  t h e  d isposa l  u n i t  should be designed t o  address 

s i t e - s p e c i f i c  problems, some of which may be d iscovered d u r i n g  excavat ion  o f  

t h e  d isposa l  u n i t .  E s p e c i a l l y  i n  humid r e g i o n s  where t h e  l i k e l i h o o d  of 
dra inage c o n t r o l  problems i s  g rea tes t ,  t h e  d isposa l  u n i t  dra inage system 

should be checked f o r  e f f e c t i v e n e s s  d u r i n g  c o n s t r u c t i o n  b e f o r e  t h e  u n i t  i s  
f i l l e d .  H i s t o r i c a l l y ,  t h e  most common problems encountered i n  d isposa l  

. 
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u n i t s  r e s u l t  from su r face  water r u n o f f  e n t e r i n g  t h e  d i sposa l  u n i t .  A t  t h e  

Barnwel l ,  South Caro l ina,  sha l l ow  land b u r i a l  f a c i l i t y ,  French d r a i n s  a re  

i n s t a l l e d  i n  c o n j u n c t i o n  w i t h  1% sloped t r e n c h  bottoms t o  c o l l e c t  any water 

t h a t  migh t  i n f i l t r a t e  i n t o  t h e  t renches  ( F i g .  5 .2) .  The French d r a i n  and 

t h e  t r e n c h  bottom are covered w i t h  a permeable geo fab r i c  t o  p rov ide  a s t a b l e  

founda t ion  f o r  waste emplacement. The French d r a i n  d ischarges t o  a sump 
t h a t  i s  r o u t i n e l y  mon i to red  and pumped when necessary. The system has been 

e f f e c t i v e  i n  c o n t r o l l i n g  and m o n i t o r i n g  water i n  the  d isposa l  u n i t s .  

A t  some s i t e s ,  it may be neccessary t o  c o n t r o l  mo is tu re  m i g r a t i o n  

through t h e  s i d e w a l l s  o f  t he  d isposa l  u n i t .  Mo is tu re  may move i n t o  t h e  

d i sposa l  u n i t  through i s o l a t e d  sand lenses, th rough de fec ts  i n  t h e  d i sposa l  

u n i t  cover, o r  by c a p i l l a r y  t r a n s p o r t .  The use o f  c u t o f f  wa l l s ,  g rou t ,  

s y n t h e t i c  l i n e r s ,  c a p i l l a r y  b a r r i e r s ,  o r  wick d r a i n s  may be e f f e c t i v e  f o r  

these types  o f  problems. 

C u t o f f  wa l ls ,  a l though c o s t l y ,  may be approp r ia te  f o r  i s o l a t i n g  t h e  

d i sposa l  u n i t  from groundwater. These w a l l s  can be cons t ruc ted  us ing  s l u r r y  

w a l l  techno logy  o r  o the r  dra inage c o n t r o l s  commonly app l i ed  t o  l a r g e  

ear thworks.  Grout i n j e c t i o n  i s  l ess  c o s t l y  bu t  i s  l i k e l y  t o  be l e s s  

e f f e c t i v e  i n  i s o l a t i n g  t h e  d i sposa l  u n i t .  Syn the t i c  l i n e r s  can be used on 

t h e  s idewa l l ,  bu t  t h e i r  emplacement may r e q u i r e  t h e  s idewa l l  t o  be 

cons t ruc ted  w i t h  a g e n t l e  s lope and be f i rmly s t a b i l i z e d .  The long- term 

performance o f  s y n t h e t i c  l i n e r s  may be compromised by  f r o s t  o r  gas 

genera t i on  beneath t h e  l i n e r  (Jones 1983, Reed e t  a l .  1983).  
b a r r i e r s  can be used t o  reduce t h e  c a p i l l a r y  t r a n s p o r t  o f  mo is tu re .  A 

c a p i l l a r y  b a r r i e r  i s  mere ly  a coarse grave l ,  sand, o r  porous s y n t h e t i c  

m a t e r i a l  l a y e r  p laced on t h e  s idewa l l  t o  p rov ide  a l a y e r  o f  low c a p i l l a r y  

suc t i on .  Geofabr ics  are commonly used t o  i s o l a t e  sand and grave l  b a r r i e r s  

from t h e  a d j o i n i n g  s o i l s .  For c o n s t r u c t i o n  o f  such b a r r i e r s  us ing  sand and 
g rave l ,  t h e  s idewa l l  s lope should no t  exceed 2 : l  t o  prevent  t he  g rave l  f rom 

slumping p r i o r  t o  f i l l i n g  t h e  d isposa l  u n i t .  

Wick d r a i n s  represent  a new concept i n  d isposa l  u n i t  mo is tu re  c o n t r o l .  

They c o n s i s t  o f  a f i n e - g r a i n e d  m a t e r i a l  used t o  surround t h e  waste on t h e  

s i d e w a l l s  and t o p  o f  t h e  d isposa l  u n i t  and a coarse-gravel  l a y e r  between the  

f i n e  l a y e r  and t h e  waste ( F i g .  5 . 3 ) .  
mois ture ,  t h e  h igher  suc t i on  p o t e n t i a l  o f  t he  f i n e  m a t e r i a l  reduces t h e  

C a p i l l a r y  

When t h e  system i s  no t  sa tu ra ted  w i t h  
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Fig .  5.2. Schematic Diagram o f  d isposal  t renches a t  t h e  Barnwel l ,  S.C., 
f a c i l i t y .  Source: P. G. Tucker, 1983, Trench Design and Const ruc t ion  
Techniques f o r  Low-Level Rad ioac t ive  Waste Disposal ,  NUREG/CR-3144, U.S. 
Nuclear Regu la to ry  Commission. 
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STABLE SOIL SURFACE 

P R O T E C T I V E  SOIL L A Y E R  

FINE L A Y E R  ( W I C K  LAYER) 

? 
COARSE LAYER (GRAVEL LAYER) 

Fig .  5.3. Conceptual design of t h e  wick drainage system 
f o r  l o w - l e v e l  waste t renches.  Source: B. L. Herzog e t  a l . ,  
1982, A Study o f  Trench Covers t o  Min imize  I n f i l t r a t i o n  a t  
Waste Disposal  S i t e s ,  NUREG/CR-2478, U .S. Nuclear Regu la to ry  
Commi s s i  on. 
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t r a n s p o r t  o f  m o i s t u r e  t o  the  coarse l a y e r  so t h a t  i t  serves as a mois tu re  

b a r r i e r  f o r  t h e  waste. Conversely, when t h e  system i s  saturated,  t h e  same 

p r o p e r t y  a l lows any f r e e  l i q u i d  e n t e r i n g  t h e  coarse l a y e r  t o  q u i c k l y  d r a i n  

t o  t h e  bottom o f  t h e  l a y e r .  The long- term performance o f  wick d r a i n s  i s  

c u r r e n t l y  be ing evaluated a t  Los Alamos N a t i o n a l  Labora tory  (Abeele e t  a l .  

1983). Porous s y n t h e t i c  m a t e r i a l  has been r e c e n t l y  in t roduced f o r  dra inage 

c o n t r o l ,  b u t  t h e  long- term performance of t h i s  t y p e  of m a t e r i a l  f o r  shal low 

land b u r i a l  has no t  been es tab l i shed.  The m a t e r i a l  i s  a v a i l a b l e  i n  sheets  

t h a t  can be placed on v e r t i c a l  w a l l s .  

reduc ing  sur face  water and groundwater e n t r y  i n t o  t h e  d isposa l  u n i t  th rough 

t h e  s i d e w a l l s  o r  f rom r u n o f f  e n t e r i n g  t h e  t o p  o f  t h e  d isposa l  u n i t  and ( 2 )  
m i n i m i z i n g  t h e  t i m e  t h e  water remains i n  c o n t a c t  w i t h  t h e  waste. 

I n  summary, d i s p o s a l  u n i t  dra inage has t h e  p r i m a r y  o b j e c t i v e  o f  ( 1 )  

5.3.3. Trench B a c k f i l l  

H i s t o r i c a l l y ,  o n - s i t e  ear then m a t e r i a l s  excavated f rom t h e  waste t r e n c h  

have been used f o r  b a c k f i l l .  Many e x i s t i n g  d isposa l  u n i t s  are l o c a t e d  i n  

f i n e - g r a i n e d  s o i l s  t h a t  are d i f f i c u l t  t o  compact. Voids are o f t e n  l e f t  i n  

t h e  d isposa l  u n i t  and e v e n t u a l l y  f i l l e d  by n a t u r a l  processes, thus  r e s u l t i n g  

i n  subsidence and f a i l u r e  o f  t h e  d isposa l  u n i t .  Also, f i n e - g r a i n e d  s o i l s  

have poor dra inage c h a r a c t e r i s t i c s ,  and water e n t e r i n g  t h e  d isposa l  u n i t  
tends t o  remain i n  c o n t a c t  w i t h  the  waste t o  generate contaminated leachate.  

Pos topera t iona l  subsidence can be min imized by us ing  e i t h e r  b a c k f i l l  

m a t e r i a l  t h a t  w i l l  n o t  c o n s o l i d a t e  e x c e s s i v e l y  and/or g r o u t  t o  s t a b i l i z e  t h e  

bac k f  i 1 1 . 
B a c k f i l l  m a t e r i a l s  such as sands and g r a v e l s  have low c o m p r e s s i b i l i t y  

and a low p l a s t i c i t y  index and w i l l  n o t  c o n s o l i d a t e  excess ive ly .  

g r a v e l s  a l s o  have good dra inage c h a r a c t e r i s t i c s  and would reduce t h e  c o n t a c t  

w i t h  s t a b l e  waste packages, t h e  use o f  sands and g r a v e l s  f o r  b a c k f i l l  would 

reduce vo ids  and s o i l  br idges,  p rov ide  good drainage, and increase t h e  

s t r u c t u r a l  support  f o r  t h e  d isposa l  u n i t  cover.  The use o f  sand and grave l  

f o r  b a c k f i l l  i s  a p p r o p r i a t e  f o r  d isposa l  u n i t s  designed t o  use t h e  "wick 

e f f e c t "  as p a r t  o f  t h e  d isposa l  u n i t  des ign (Sect .  5.3.2). 

Sands and 

t i m e  between i n f i l t r a t i n g  water and t h e  waste packages. For d isposa l  u n i t s  - ,  

The 
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disadvantages of us ing  a l t e r n a t i v e  b a c k f i l l  are t h e  increased m a t e r i a l -  

hand l ing  requirements,  t h e  need f o r  i m p o r t i n g  m a t e r i a l s  t o  s i t e s  where sand 

and grave l  are no t  a v a i l a b l e ,  and t h e  increased cos ts .  

encapsulate t h e  waste. 

chemical g rou ts  are mixed and then pumped o r  placed i n t o  the  d isposa l  u n i t .  

Grouts i n j e c t e d  under pressure w i l l  f i l l  a l l  voids,  b u t  g rou ts  mixed w i t h  

b a c k f i l l  and then p laced i n  t h e  d isposa l  u n i t  may no t .  The d i f f e r e n t  types  

and p r o p e r t i e s  o f  g rou ts  are discussed i n  DOE (1984), by Tucker (1983), and 

by Roop e t  a l .  (1983). 
reduces t h e  performance requirements f o r  t h e  d isposa l  u n i t  cover. Hardened 

g r o u t s  have unconf ined compressive s t rengths  t h a t  can exceed 3.4 x lo3 kPa 

so t h a t  subsidence would n o t  be o f  concern f o r  p r o p e r l y  grouted d isposa l  

u n i t s .  The disadvantages o f  g r o u n t i n g  i n c l u d e  i n c l u d e  t h e  c o s t  o f  t h e  grou t  

(up t o  $6.65/gal),  t h e  h i g h  c o s t  o f  moving equipment onto t h e  s i t e ,  t h e  

n e c e s s i t y  f o r  speci  a1 i zed techniques and equipment , t h e  need f o r  1 a b o r a t o r y  
t e s t i n g ,  and t h e  l i m i t e d  number o f  f i r m s  i n v o l v e d  i n  g r o u t i n g  (Tucker 

1983). 
Another a l t e r n a t i v e  t o  s t a b i l i z e d  b a c k f i l l  i s  t h e  use o f  p l a s t i c  

soi l -cement,  sometimes r e f e r r e d  t o  as a lean grou t .  P l a s t i c  so i l -cement  i s  

a cement -s tab i l i zed  s o i l  c o n s i s t i n g  o f  a m i x t u r e  o f  s o i l  and cement w i t h  

s u f f i c i e n t  water t o  form a cons is tency  t h a t  can be pumped w i t h o u t  

segregat ion.  Sands are e x c e l l e n t  f o r  t h i s  purpose. P l a s t i c  so i l -cement  i s  

a pumpable m i x t u r e  and can be expected t o  f i l l  vo ids complete ly  and p r o v i d e  
3 7-d compressive s t r e n g t h s  o f  2 x 10 kPa. P l a s t i c  soi l -cement i s  l e s s  

expensive t o  use than grou ts  and can o f t e n  use s o i l s  a v a i l a b l e  o n - s i t e .  

p l a s t i c  soi l -cement w i l l  encapsulate t h e  waste b u t  i s  l i k e l y  t o  be more 

permeable than grou ts .  A d d i t i o n a l l y ,  p l a s t i c  so i l -cement  may crack d u r i n g  

cur ing ,  thus p r o v i d i n g  l e s s  p r o t e c t i o n  f o r  t h e  waste package aga ins t  c o n t a c t  

w i t h  mois ture.  D e s c r i p t i v e  i n f o r m a t i o n  on t h e  p r e p a r a t i o n  and a p p l i c a t i o n s  

o f  p l a s t i c  soi l -cement i s  inc luded i n  E a r t h  Manual (DO1 1974). 
Compacted so i l -cement  may have l i m i t e d  a p p l i c a t i o n  i n  b a c k f i l l i n g  d i s -  

posal  u n i t s .  Compacted soi l -cement i s  a nonpumpable m i x t u r e  o f  s o i l  and 

P o r t l a n d  cement t h a t  i s  d r i e r  than p l a s t i c  so i l -cement  and t y p i c a l l y  

c o n t a i n s  l e s s  cement. The m i x t u r e  i s  a p p l i e d  i n  l a y e r s  o f  15 t o  60 cm and 

Chemical o r  suspension g r o u t s  have been proposed as b a c k f i l l  t o  

Suspension grou ts  ( t y p i c a l  l y  P o r t l a n d  cement) o r  

Grout ing  comple te ly  encapsulates t h e  waste and 

The 
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r o l l e r  compacted a f t e r  emplacement. I d e a l  s o i l s  are 7.5 cm grave l  maximum 

t o  200 s i e v e  minimum w i t h  low s i l t  and c l a y  contents .  F o l l o w i n g  compaction, 

p o r o s i t i e s  o f  0.5% can be achieved. Compacted so i l -cement  c o s t s  l e s s  than 

p l a s t i c  soi l -cement o r  g rou ts  and r e s u l t s  i n  a n e a r l y  impervious, s t a b l e  

s o i l .  However, i t  may no t  comple te ly  f i l l  vo ids  w i t h i n  t h e  depth i n t e r v a l  
where t h e  waste i s  bur ied,  and heavy compaction equipment i s  needed t o  

c o n s o l i d a t e  t h e  so i l -cement .  A d d i t i o n a l l y ,  soi l -cement i s  l e s s  t o l e r a n t  

t o  d i f f e r e n t i a l  se t t lement  than grou ts ,  may crack d u r i n g  cur ing ,  and i s  

s u s c e p t i b l e  t o  a t t a c k  by ac id  or a l k a l i n e  c o n d i t i o n s .  Soi l -cement may have 

i t s  bes t  a p p l i c a t i o n  when used i n  combinat ion w i t h  o ther  b a c k f i l l i n g  methods 

o r  i n  t h e  f i n a l  b a c k f i l l  l a y e r  o f  t h e  d isposa l  u n i t .  A d d i t i o n a l  i n f o r m a t i o n  

on t h e  p r e p a r a t i o n  and a p p l i c a t i o n s  o f  so i l -cement  i s  inc luded i n  E a r t h  

Manual (DO1 1974). 

I n  summary, severa l  a l t e r n a t i v e  m a t e r i a l s  can be used t o  b a c k f i l l  

d isposa l  u n i t s  t o  reduce voids,  improve s t a b i l i t y ,  and reduce t h e  p o t e n t i a l  

f o r  c o n t a c t  o f  t h e  waste w i t h  i n f i l t r a t i n g  water.  For most a p p l i c a t i o n s ,  

these a l t e r n a t i v e s  w i l l  increase t h e  c o s t s  o f  d isposa l  u n i t  c l o s u r e  and 

expand t h e  scope o f  opera t ions  performed a t  t h e  d isposa l  f a c i l i t y .  

S e l e c t i o n  of t h e  a p p r o p r i a t e  m a t e r i a l s  and methods f o r  a s p e c i f i c  d isposa l  

u n i t  i s  made on, t h e  b a s i s  o f  t h e  types o f  waste t o  be bur ied ,  t h e  
performance requi rements fo r  t h e  d isposa l  u n i t ,  and t h e  cos ts  o f  d isposa l  

u n i t  c losure .  These f a c t o r s  w i l l  va ry  f rom s i t e  t o  s i t e  and perhaps even 

f o r  t h e  d isposa l  u n i t s  w i t h i n  a g iven s i t e .  

5.3.4 Trench Cover 

The t r e n c h  cover must s a t i s f y  severa l  o b j e c t i v e s ,  i n c l u d i n g  s t a b i l i t y ,  

s t r u c t u r a l  i n t e g r i t y ,  i n f  i 1 t r a t  i o n  r e d u c t  ion, i n t r u d e r  p r o t e c t i o n ,  and 

p r o t e c t i o n  aga ins t  b i o t i c  i n t r u s i o n .  For some d isposa l  u n i t s ,  t h e  cover 

w i l l  be m u l t i l a y e r e d  w i t h  each l a y e r  designed t o  per form a separate 

f u n c t i o n .  Tucker (1983) has proposed a m u l t i l a y e r  cover t h a t  inc ludes  a 
h y d r a u l i c  b a r r i e r ,  a dra inage layer ,  a b i o t i c  b a r r i e r ,  an i n t r u d e r  b a r r i e r ,  

and a s o i l  cover .  The appropr ia te  number o f  l a y e r s  f o r  a cover i s  s i t e  
s p e c i f i c  and should be determined a f t e r  t h e  necessary f u n c t i o n s  f o r  t h e  
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cover  have been i d e n t i f i e d .  An i l l u s t r a t i o n  o f  t h e  mu l t i l aye red -cove r  

concept i s  shown i n  F i g .  5.4. 

Mu1 t i  1 ayered covers are a recen t  concept f o r  appl i c a t i o n  t o  low-1 eve1 
waste d i sposa l .  E x i s t i n g  procedures fo r  cove r ing  d isposa l  u n i t s  a re  

summarized i n  Table 5.7 and d iscussed i n  Herzog e t  a l .  (1982). The 

p e r m e a b i l i t y  of t h e  cover should be l ess  than t h a t  o f  t h e  f l o o r  and 

s i d e w a l l s  of t h e  d isposa l  u n i t  t o  prevent  t h e  accumulation o f  mo is tu re  i n  

t h e  waste (known as t h e  "bathtub e f f e c t " ) .  

Hyd rau l i c  b a r r i e r s  can be p laced over t h e  f i n a l  b a c k f i l l  o f  t h e  

d isposa l  u n i t  t o  reduce t h e  i n f i l t r a t i o n  o f  su r face  water i n t o  t h e  u n i t .  

The h y d r a u l i c  b a r r i e r  must have s t r u c t u r a l  s t r e n g t h  t o  per form over t h e  l ong  

term. Research i s  c u r r e n t l y  under way t o  develop a s o i l  beam w i t h  

g e o t e x t i l e s  t h a t  are capable o f  p r o v i d i n g  s t r u c t u r a l  s t r e n g t h  as w e l l  as 

l i m i t i n g  i n f i l t r a t i o n  (McCray e t  a l .  1983). 

these s o i l  beams i s  no t  known a t  t h i s  t ime.  Tucker (1983) p rov ides  an 

ex tens i ve  d i scuss ion  o f  f o u r  m a t e r i a l  groups f o r  h y d r a u l i c  b a r r i e r s :  s o i l s ,  

admixed m a t e r i a l s ,  po lymer ic  membranes, and sprayed-on so i  1 seal  ants .  

The h y d r a u l i c  b a r r i e r  i s  t y p i c a l l y  extended beyond t h e  w id th  o f  t h e  d i sposa l  

u n i t  on to  t h e  t r e n c h  shoulder .  The t r e n c h  shoulder  should be prepared t o  

accept t h e  h y d r a u l i c  b a r r i e r  and t o  a i d  i n  d i v e r t i n g  r u n o f f  f rom t h e  

h y d r a u l i c  b a r r i e r  t o  t h e  s i t e  dra inage system. 

t h a t  h y d r a u l i c  b a r r i e r s  o f  ad jacent  d isposa l  u n i t s  cou ld  be over lapped t o  

enhance t h e  i s o l a t i o n  o f  t h e  d isposa l  u n i t s  f rom i n f i l t r a t i n g  water  

( F i g .  5.5). 
The dra inage l a y e r  ( F i g .  5.4) i s  in tended t o  capture  i n f i l t r a t i n g  water  

and t o  d i v e r t  su r face  water t o  t h e  s i t e  dra inage system. The dra inage l a y e r  
i n c l u d e s  a coarse g rave l  o r  o the r  coarse m a t e r i a l  w i t h  e i t h e r  a f i l t e r e d  

b u f f e r  o f  f i n e r  m a t e r i a l  o r  a f i l t e r  f a b r i c  t o  prevent  c logg ing  o f  t h e  

dra inage laye r .  The dra inage l a y e r  d ischarges t o  a c o l l e c t i o n  system 

loca ted  away f rom t h e  shoulder  o f  t h e  d isposa l  u n i t .  The c o l l e c t i o n  system 

should be designed t o  min imize i n f i l t r a t i o n  o f  water f rom t h e  dra inage l a y e r  

i n t o  t h e  waste t renches.  

The long- term performance o f  

Tucker (1983) has proposed 

I n t r u d e r  b a r r i e r s  can be used t o  p r o t e c t  t h e  cover  f rom p l a n t  and 

animal i n t r u s i o n  and t o  warn t h e  i n a d v e r t e n t  i n t r u d e r .  Research c u r r e n t l y  

under way i n d i c a t e s  t h a t  p l a n t  and animal i n t r u s i o n  can be aver ted by  
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T a b l e  5.7. T r e n c h - c a p p i n g  p r o c e d u r e s  a t  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  

L o c a t i o n  Type Dep th  

Commerc i a1 f ac i 1 i t i  e s  

B a r n w e l l ,  S.C. 0.6 m o f  c l a y  p l u s  an 3.0-m c o v e r  a t  c e n t e r  l i n e  and 1.5-m 
a d d i t i o n a l  mounded c o v e r  c o v e r  a t  t r e n c h  edge 

B e a t t y ,  Nev .a E x c a v a t e d  e a r t h  f i l l ,  
no c o m p a c t i n g  

Minimum 2-m c o v e r  mounded t o  0.6 m 
above g r a d e  

Morehead, K Y . ~  Compacted c l a y ,  r e s e e d e d  Minimum 1-m c o v e r  mounded t o  0.6 m 
above g r a d e  

R i c h l a n d ,  Wash. E x c a v a t e d  e a r t h  f i 11, 
no c o m p a c t i n g  

Minimum 2-m c o v e r  mounded t o  1 m above 
g r a d e  

S h e f f i e l d ,  Ill.b Compacted c l a y ,  r e s e e d e d  

West V a l l e y ,  N.Y.b 

DOE f a c i l i t i e s  

Savannnah R i v e r  E x c a v a t e d  f i l l  t o  g round  s u r -  Minimum 1.2-m c o v e r  o r  t h a t  needed t o  

Minimum 1-m c o v e r  mounded t o  1 m above 

Minimum 3-m c o v e r  mounded t o  1.5 m 

g r a d e  

E x c a v a t e d  e a r t h  f i l l ,  
compacted w i t h  t o p s o i l  added above g r a d e  

f a c e  and mounded as n e c e s s a r y  r e d u c e  dose t o  <6 m i l l i r e d h  a t  s u r f a c e  

Oak R i d g e  

L o s  Alamos 

I d a h o  

H a n f  o r d  

Nevada 

E x c a v a t e d  m a t e r i  a1 t o  g round  

E x c a v a t e d  t u f f  f i l l  w i t h  

E x c a v a t e d  s o i l  f i l l  and Minimum 1.0- m c o v e r  t o  g round  s u r f a c e  

E x c a v a t e d  f i l l  t o  s u r f a c e  and Minimum 2.5-m c o v e r  o r  t h a t  needed 

E x c a v a t e d  f i l l  t o  s u r f a c e ,  Minimum 2.0-m c o v e r  w i t h  mounding 

Minimum 1 .O-m c o v e r  t o  g round  s u r f a c e  

Minimum 1.5-m c o v e r  w i t h  mounding 

s u r f  ace and reseeded  

compact  i o n  0 .5  t o  1.0 m above g r a d e  

reseeded  

mounded as n e c e s s a r y  

reseeded  and mounded as a minimum o f  0 . 9  m ( 3  f t )  above g r a d e  
n e c e s s a r y  

t o  r e d u c e  dose t o  <1 m i l l i r e m / h  a t  s u r f a c e  

a s t a t u s  o f  t h e  B e a t t y  s i t e  i s  u n c e r t a i n .  
b l n a c t i v e  s i t e .  
Source :  E.  S. Murphy and G. M. H o l t e r ,  1980.  Techno1 e t y ,  and C o s t s  of  

Decommiss ion ing  a R e f e r e n c e  Low-Level  Waste B u r i a l  Ground,  K-uS/U, P a c i t i c  N o r t h w e s t  
L a b o r a t o r y ,  K i c h l a n d ,  Wash. 
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/ 
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I I 

Fig .  5.5. Conceptual des ign o f  o v e r l a p p i n g  t r e n c h  covers.  Source: 
P .  G. Tucker, 1983, Trench Design and C o n s t r u c t i o n  Techniques f o r  Low-Level 
R a d i o a c t i v e  Waste Disposal ,  NUREG/CR-3144, U.S. Nuclear  R e g u l a t o r y  
Commission. 

i n c o r p o r a t i n g  a b i o t i c  b a r r i e r  composed o f  very  coarse grave l  i n  t h e  

d isposa l  u n i t  (DePoorter e t  a1 . 1982, Hakonson e t  a1 . 1982). For many 

s i t e s ,  t h e  dra inage l a y e r  and t h e  b i o t i c  b a r r i e r  c o u l d  be combined, thereby  

reduc ing  t h e  cos ts  associated w i t h  cover emplacement. 

Rol ler-compacted so i l -cement  i s  p r e s e n t l y  be ing a p p l i e d  as a b i o t i c  

b a r r i e r  f o r  tumbleweeds a t  t h e  Hanford r e s e r v a t i o n  (Shraeder 1983).  The 

ro l le r -compacted  concre te  p rov ides  a d i f f i c u l t - t o - p e n e t r a t e  b a r r i e r  w i t h  a 

p e r m e a b i l i t y  as low as 10-11 cm/s. 

t h e  f u t u r e  i n t r u s i o n  o f  tumbleweeds i n t o  t h e  waste. 

de f ined a t  t h i s  t ime,  b u t  two o p t i o n s  have been proposed (Tucker 1983):  

1. placement o f  a b a r r i e r  between t h e  waste and t h e  i n t r u d e r  as an a l e r t  t o  

The b a r r i e r  i s  in tended t o  p revent  

P r o t e c t i o n  f rom i n a d v e r t e n t  human i n t r u s i o n  has no t  been c l e a r l y  

t h e  presence o f  t h e  waste and 

depth beyond which t h e  i n a d v e r t e n t  i n t r u d e r  2. placement o f  t h e  waste a t  a 

M a t e r i a l  b a r r i e r s  o f  r e i n f o r c e d  

cement b a r r i e r s  may n o t  be s u f f  

concept, which i s  r e f e r r e d  t o  b 

w i l l  d i g .  

concre te  and s t e e l  are c o s t l y ,  w h i l e  s o i l -  

c i e n t  i n  some areas. The layered-waste 

Tucker (1983) as t h e  "Russian D o l l  , ' I  would 

p u t  t h e  most hazardous wastes on t h e  bottom of t h e  d isposa l  u n i t  w i t h  t h e  

l e a s t  hazardous a t  t h e  t o p  ( F i g .  5.6). T h i s  technique has t h e  p o t e n t i a l  o f  

f u l f i l l i n g  both o p t i o n s  i d e n t i f i e d  p r e v i o u s l y  p rov ided t h a t  t h e  s i t e  

performance f o r  p r o t e c t i o n  o f  t h e  p u b l i c  can be ensured. 
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F i g .  5.6. Conceptual des ign o f  t h e  "Russian D o l l "  system. Source: 
P .  G. Tucker, 1983, Trench Design and C o n s t r u c t i o n  Techniques f o r  Low-Level - 
Waste Disposal ,  NUREG/CR-3144, U.S. Nuclear  Regu la to ry  Commission. 

The cover s o i l  ( F i g .  5.4) i s  t h e  f i n a l  l a y e r  o f  a cover system; i t  

should be se lec ted  t o  min imize a c t i v e  maintenance t o  t h e  e x t e n t  p r a c t i c a l  

because i t  may have t o  f u n c t i o n  f o r  long t i m e s  (e.g., a few hundred years )  

a f t e r  f a c i l i t y  c l o s u r e  (Tucker 1983, C l a r  e t  a l .  1983).  

s t a b i l i z a t i o n  o f  t h e  cover s o i l  f o r  t h i s  system i s  an area o f  l i m i t e d  

exper ience and success. The long- term s t a b i l i z a t i o n  o f  such cover has been 
considered a t  a r i d  s i t e s  as p a r t  o f  t h e  uranium m i l l  t a i l i n g s  s t a b i l i z a t i o n  

e f f o r t  (Voorhees e t  a l .  1983).  
n o t  a v a i l a b l e ,  because o f  d i f f i c u l t y  i n  e s t a b l i s h i n g  and m a i n t a i n i n g  

vegeta t ion .  
t o  be evaluated f o r  s p e c i f i c  s i t e s .  Whi le s i m i l a r  guidance has not  been 

prepared f o r  humid s i t e s ,  it i s  e q u a l l y  d i f f i c u l t  t o  p r o v i d e  a cover s o i l  

t h a t  i s  r e s i s t a n t  t o  water and wind e r o s i o n  and t h a t  r e q u i r e s  min imal  

maintenance over long per iods .  U n t i l  s u f f i c i e n t  exper ience i n  long-term 

s t a b i l i z a t i o n  i s  acquired, m o n i t o r i n g  and maintenance w i l l  be necessary. 

Long-term 

P r e s c r i p t i v e  techniques f o r  a r i d  s i t e s  are 

Rock cover and r e v e g e t a t i o n  have been considered, b u t  t h e y  need 
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I n  summary, t h e  d isposa l  u n i t  cover should be designed t o  i s o l a t e  waste 

f rom i n t r u s i o n  and i n f i l t r a t i o n .  Maximum use o f  t h e  n a t u r a l  f e a t u r e s  o f  t h e  

s i t e  i s  e s s e n t i a l  t o  achieve t h i s  o b j e c t i v e  w i t h  t h e  associated assurances 

f o r  ach iev ing  

5.4. DISPOSAL 

O v e r a l l  s 

ong-term s t a b i  1 i t y .  

SITE 

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

t h e  s i t e  f o r  waste d isposa l  opera t ions .  S i t e  drainage, s i t e  layout ,  and 
suppor t  f a c i l i t i e s  are t h e  pr imary  concerns t o  be addressed. 

o p t i o n s  are a v a i l a b l e  t o  t h e  des igner  i n  each o f  these areas t o  meet t h e  

o v e r a l l  performance requi rements.  

Var ious 

5.4.1 S i t e  Layout 

S i t e  l a y o u t  should be considered e a r l y  i n  t h e  des ign stage because i t  

has a major i n f l u e n c e  on t h e  o v e r a l l  e f f i c i e n c y  and performance o f  t h e  s i t e .  

The p l o t  p lan  f o r  t h e  s i t e  should i d e n t i f y  t h e  areas w i t h i n  t h e  s i t e  

boundary t o  be dedicated t o  t h e  f u n c t i o n s  l i s t e d  i n  Table 5.8. 

Table 5.8. Func t ions  t o  be considered i n  s i t e  l a y o u t  

Waste d isposa l  
Waste r e c e i v i n g  
Admi n i s t  r a t  i o n  
L a b o r a t o r y  t e s t i n g  and a n a l y s i s  
H e a l t h  phys ics  
S e c u r i t y  c o n t r o l  
Decontaminat ion 
Equipment s to rage 
I n spect i on 
P a r k  i ng 
Waste t reatment  ( n o t  g e n e r a l l y  appl i c a b l e )  

. .  

The topography, p o t e n t i o m e t r i c  s u r f  ace, and geohydro log ic  p r o p e r t i e s  o f  
t h e  s i t e  are impor tan t  i n  develop ing t h e  s i t e  layout ,  and these are r a r e l y  

s i m i l a r  f o r  each d isposa l  u n i t  a t  e x i s t i n g  s i t e s  ( F o s t e r  1980, Zehner 1983, 
C a h i l l  1982). I f  t h e  s i t e  has l i m i t e d  areas w i t h  s u i t a b l e  c h a r a c t e r i s t i c s  
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f o r  placement o f  d isposa l  u n i t s ,  t h e  d isposa l  areas should be l o c a t e d  f i r s t ;  

t h e  l e s s  s u i t a b l e  areas should be used f o r  support  f a c i l i t i e s .  
u n i t s  should be l o c a t e d  i n  those areas o f  t h e  s i t e  hav ing t h e  g r e a t e s t  

unsatura ted  s o i l  t h i c k n e s s  t o  min imize t h e  c o n t a c t  o f  water w i t h  t h e  waste. 

i d e n t i f i e d ,  t h e  o t h e r  f u n c t i o n a l  areas, such as access t o  the  s i t e ,  waste 

r e c e i v i n g ,  inspec t ion ,  and park ing,  can be designated. These areas should 

be i d e n t i f i e d  t o  a l l o w  f o r  e f f i c i e n t  o p e r a t i o n  and minimal development 

c o s t s .  A f t e r  these pr imary  l o c a t i o n s  have been i d e n t i f i e d  on t h e  p l o t  plan, 

t h e  remain ing f a c i l i t i e s  can be loca ted .  The a d m i n i s t r a t i o n ,  l a b o r a t o r y  

t e s t i n g  and ana lys is ,  and waste t rea tment  f a c i l i t i e s  are l o c a t e d  o u t s i d e  t h e  

s e c u r i t y  boundary t h a t  surrounds t h e  waste d isposa l  area. Equipment s to rage 

and decontaminat ion f a c i l i t i e s  are l o c a t e d  w i t h i n  t h e  s e c u r i t y  boundary 

surrounding t h e  waste d isposa l  area. Hea l th  phys ics  and a s e c u r i t y  

checkpoint  a t  t h e  ent rance t o  t h e  waste d isposa l  area can be combined i n t o  

one b u i l d i n g .  An a d d i t i o n a l  s e c u r i t y  checkpoint  a t  the  s i t e  boundary a t  t h e  

p o i n t  o f  s i t e  access i s  commonly inc luded i n  t h e  p l o t  p lan.  The l a y o u t  o f  

t h e  s i t e  should a lso consider  t h e  needs o f  t h e  t r a n s p o r t a t i o n  network and 

t h e  dra inage system w i t h i n  t h e  waste d isposa l  area. 

D e t a i l e d  gener ic  g u i d e l i n e s  f o r  s i t e  l a y o u t  cannot be s p e c i f i e d  because 

o f  t h e  wide v a r i e t y  o f  s i t e - s p e c i f i c  cons idera t ions ,  b u t  as a general  gu ide 

t h e  access and support  f a c i l i t i e s  t o  t h e  s i t e  should be l o c a t e d  upgrad ien t  

t o  t h e  waste d isposa l  area t o  min imize t h e  d i s r u p t i o n  o f  the  b u f f e r  zone and 

t h e  n a t u r a l  geohydro log ic  c h a r a c t e r i s t i c s .  The f a c i l i t i e s  should be l o c a t e d  
t o  min imize t h e  a l t e r a t i o n  o f  t h e  s i t e ' s  n a t u r a l  dra inage f e a t u r e s  t o  

improve environmental  m o n i t o r i n g  and p r e d i c t a b i l i t y  o f  s i t e  performance. An 

o p t i o n a l  schematic p l o t  p l a n  f o r  a shal low land b u r i a l  s i t e  i s  i l l u s t r a t e d  

i n  F i g .  5.7. 

Disposal  

Once t h e  areas f o r  waste d isposa l  and t h e  b u f f e r  zone have been 

5.4.2. S i t e  Drainaae 

The design o f  t h e  s i t e  dra inage system i s  c r i t i c a l  t o  m i n i m i z i n g  t h e  

c o n t a c t  o f  water w i t h  t h e  waste. The dra inage system must accommodate 

sur face  water and groundwater f l o w s  f o r  both base f low and storm f l o w  

c o n d i t i o n s .  Drainage systems must be designed t o  d i v e r t  sur face  water away 
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from t h e  d isposa l  area a t  s lopes and v e l o c i t i e s  t h a t  w i l l  n o t  r e s u l t  i n  

e r o s i o n  or  degradat ion o f  t h e  d isposa l  u n i t s .  
s i t e ,  which i s  determined d u r i n g  s i t e  c h a r a c t e r i z a t i o n ,  p rov ides  t h e  

background f o r  t h e  s i t e  dra inage design. A d d i t i o n a l l y ,  t h e  s i t e  dra inage 

des ign should p rov ide  fo r  dra inage o f  t h e  waste d isposa l  area d u r i n g  t h e  
excavat ion  and f i l l i n g  o f  t h e  d isposa l  u n i t s  as w e l l  as t h e  dra inage o f  t h e  

s i t e  throughout  t h e  performance per iod .  

system i s  s i t e  s p e c i f i c  and i s  o f  major importance i n  humid areas. Whi le  

d ra inage may no t  be as f requent  a problem i n  a r i d  areas, occas ional  

convec t ive  thunderstorms o r  snowmelts must be considered. Consequently, t h e  

types  o f  dra inage problems t o  be expected a t  shal low land b u r i a l  f a c i l i t i e s  

w i l l  d i f f e r ,  bu t  dra inage should always be considered i n  s i t e  design. 

Sur face water dra inage a t  a shal low land b u r i a l  s i t e  inc ludes  t h e  

management and c o n t r o l  o f  s torm water r u n o f f ,  snowmelt, and ephemeral 

streams ( S i e f k e n  e t  a l .  1982).  

because o f  the  u n c e r t a i n t y  o f  m a i n t a i n i n g  t h e  d i v e r s i o n  over long per iods  o f  

t ime;  however, some ephemeral streams may be r e d i r e c t e d  e f f e c t i v e l y .  

Snowmelt and storm water r u n o f f  can be d i v e r t e d  by precontour ing  and b y  

c o n s t r u c t i o n  o f  d i v e r s i o n  d i t c h e s  and d ikes.  For s i t e s  w i t h  s teep slopes, 

r e t e n t  i o n  ponds and sediment-contro l  geof  a b r i c s  may be needed t o  c o n t r o l  

e ros ion .  The a p p r o p r i a t e  methods f o r  managing sur face  water r u n o f f  i s  s i t e  

s p e c i f i c  and depend on t h e  eros ion  c h a r a c t e r i s t i c s  o f  t h e  s o i l  i n  

c o n j u n c t i o n  w i t h  t h e  s i t e  c l imate ,  topography, and geohydrology. Design 

f e a t u r e s  t o  p r o v i d e  r a p i d  r u n o f f  should consider  t h e  adverse impact o f  

excess ive eros ion.  Parameters t o  be de f ined b y  t h e  design i n c l u d e  t h e  

l o c a t i o n  o f  t h e  d i v e r s i o n  works, t h e  c r o s s - s e c t i o n a l  shape, t h e  grad ien t ,  

and t h e  s t a b i l i z a t i o n  o f  t h e  dra inage system. The e f f e c t s  on groundwater 

from t ransmiss ion  losses i n  t h e  dra inage system should be considered i n  t h e  

design. D e t a i l e d  guidance f o r  des ign ing  dra inage systems i s  inc luded i n  

Tucker (1983) and C lar  e t  a l .  (1983).  

The t h r e e  types  o f  sur face  water dra inage systems t y p i c a l l y  used a t  

waste d isposa l  s i t e s  are d ikes,  d i tches ,  and d i v e r s i o n s .  Dikes o r  berms 

i n t e r c e p t  sur face  water r u n o f f  and d i v e r t  t h e  r u n o f f  t o  a more d e s i r a b l e  

d ischarge l o c a t i o n .  D i tches  are excavated drainageways t h a t  i n t e r c e p t  
s u r f  ace and near-sur face water and t r a n s p o r t  t h e  c o l l  ected water t o  d e s i r e d  

The e x i s t i n g  hydro logy o f  t h e  

The design o f  a s i t e  dra inage 

Perenn ia l  streams should no t  be re loca ted ,  
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o u t l e t s .  A d i v e r s i o n  i s  a combined d i t c h  and d i k e  t h a t  i s  used most o f t e n  

on long slopes t o  p rov ide  increased i n t e r c e p t i o n  c a p a c i t y  and e r o s i o n  

c o n t r o l .  Design f e a t u r e s  o f  a d i v e r s i o n  are shown i n  F i g .  5.8. Each o f  
these types o f  dra inage c o n t r o l  i s  cons idered t o  be a temporary techn ique 

s u i t e d  f o r  c o n t r o l  o f  sur face water r u n o f f  d u r i n g  s i t e  opera t ions  and s i t e  

s t a b i l i z a t i o n .  When p r o p e r l y  designed, these systems can reduce e r o s i o n  and 

l e a c h a t e  generat ion.  

i s o l a t e  t h e  u n i t  f rom undesired sur face  run-on. Dikes are t y p i c a l l y  used 

f o r  i n t e r c e p t i n g  small  q u a n t i t i e s  o f  water because o f  t h e i r  l i m i t e d  

conveyance c a p a c i t y .  

w i t h  geotechnica l  f a b r i c s  o r  r i p r a p  t o  reduce eros ion  o f  t h e  d ike .  A 

t y p i c a l  design f o r  a d i v e r s i o n  d i k e  i s  shown i n  F i g .  5.9 

The des ign o f  d i t c h e s  o r  channels t h a t  do n o t  erode has been w e l l  

researched and documented (Van S c h i l f g a a r d e  1974, Chow 1959).  

are w e l l  s u i t e d  t o  i n t e r c e p t  r u n o f f  f rom h i l l s i d e s  and as o u t l e t s  f o r  tube 

d r a i n s .  An open d i t c h  i s  u s u a l l y  l e s s  c o s t l y  than a covered dra in ;  however, 

t h e  maintenance c o s t  f o r  an open d r a i n  may o f f s e t  t h i s  immediate c o s t  

advantage. 
Groundwater c o n t r o l  poses more problems than does sur face  water 

c o n t r o l .  U n c e r t a i n t i e s ,  such as t h e  p o t e n t i a l  f o r  an inc rease i n  t h e  water  

t a b l e  e l e v a t i o n  f rom land p r e p a r a t i o n  o f  t h e  s i t e ,  compl ica te  t h e  design. 

S i t e  p r e p a r a t i o n  may have a profound i n f l u e n c e  on hydrogeology. Land 

c l e a r i n g  and grubbing can a l t e r  t h e  hydrogeology o f  a s i t e  so t h a t  l a r g e  
decreases i n  t h e  depth t o  t h e  water t a b l e  and dramat ic  r e d u c t i o n s  i n  s o i l  

t e n s i o n  occur (Huff 1982, Romney e t  a l .  1980). Consequently, s i t e  
p r e p a r a t i o n  a c t i v i t i e s  t h a t  unnecessar i l y  d i s t u r b  t h e  s i t e  may have 

u n d e s i r a b l e  e f f e c t s  on s i t e  performance as w e l l  as cos ts .  

e l e v a t i o n s .  

t o  be used f o r  waste d isposa l .  

a g r i c u l t u r a l  lands  (Van S c h i l f g a a r d e  1974). 

These f a b r i c s  can permi t  increased f a l l  l i n e s  w i t h o u t  scour. Tucker (1983) 

Dikes are e s p e c i a l l y  u s e f u l  around t h e  per imeter  o f  a d isposa l  u n i t  t o  

The upgrad ien t  face  o f  t h e  d i k e  can be s t a b i l i z e d  

Open d i t c h e s  

Subsurface d r a i n s  a re  p o t e n t i  a1 l y  u s e f u l  f o r  c o n t r o l  1 i n g  groundwater 

Such d r a i n s  have been used e x t e n s i v e l y  f o r  

The subsurface d r a i n s  should be l o c a t e d  upgradient  o f  t h e  area 

Geotechnical  f a b r i c s  are o f t e n  used t o  s t a b i l i z e  dra inage systems. 

. -  

, 
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F i g .  5.8. Features of a d i v e r s i o n  dra inage system. Source: U.S. 
Environmental P r o t e c t i o n  Agency, 1976, Eros ion  and Sediment Con t ro l  
Sur face M in ing  i n  Eas tern  U.S., Vo l .  1: Planning;  Vol. 2: Design, 
EPA/625/3-76-006, EPA Technology T rans fe r .  
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Fig.  5.9. Typ ica l  design of a temporary d i v e r s i o n  d ike .  Source: 
U.S. Environmental  P r o t e c t i o n  Agency, 1976, Eros ion  and Sediment Contro l ,  
Sur face Min ing  i n  the  Eastern U.S., Vol .  1: m; Vol. 2. Design, 
EPA/625/3 - -  76 006, EMP Technology Transfer .  
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has compi led an ex tens ive  l i s t i n g  o f  t h e  a v a i l a b i l i t y  and app 

such f a b r i c s .  

The v a r i o u s  mater i  a1 s used f o r  subsurface d r a i n s  i n c l u d e  

i c a t i o n s  o f  

c l a y  and 
concre te  t i l e ,  corrugated metal  p ipe, b i t u m i n o u s - f i b e r  pipe, and p l a s t i c  

t u b i n g .  Subsurface d r a i n s  can be l o c a t e d  upslope o f  t h e  waste d isposa l  area 

t o  reduce groundwater recharge o r  downslope t o  reduce t h e  water t a b l e  

e l e v a t i o n .  The downgradient drawdown i s  regarded t o  be p a r a l l e l  t o  t h e  
o r i g i n a l  g r a d i e n t  a t  t h e  depth o f  t h e  d r a i n .  The bes t  success i n  dra inage 

has been obta ined when t h e  d r a i n  i s  placed on t o p  o f  an impervious l a y e r .  

Common types of tube dra inage systems are i l l u s t r a t e d  i n  F i g .  5.10. These 

i n c l u d e  t h e  random, herr ingbone, g r i d i r o n ,  and i n t e r c e p t o r  systems. The 

random system i s  u s e f u l  f o r  u n d u l a t i n g  topography o r  s i t e s  w i t h  i s o l a t e d  wet 

areas. The herr ingbone system i s  u s e f u l  f o r  s i t e s  where t h e  main branch can 

be p laced beneath a topographic  depression. The g r i d i r o n  system i s  u s e f u l  

f o r  f l a t ,  r e g u l a r l y  shaped s i t e s .  The i n t e r c e p t i o n  d r a i n  system i s  most 

u s e f u l  f o r  s l o p i n g  topography w i t h  t h e  i n t e r c e p t o r  l o c a t e d  upslope from t h e  

s i t e  (Schwab e t  a l .  1981).  

The long- term performance o f  subsurface d r a i n s  i s  n o t  w e l l  understood; 

however, e a r l y  i n s t a l l a t i o n s  have operated e f f e c t i v e l y  and w i t h o u t  
s i g n i f i c a n t  degradat ion f o r  n e a r l y  two decades a f t e r  i n s t a l l a t i o n  (Fouss 

1974). Another technique f o r  c o n t r o l  1 i n g  subsurface water l e v e l s  i s  t h e  

i n s t a l l a t i o n  o f  s l u r r y  w a l l s  upgrad ien t  o f  t h e  s i t e .  S l u r r y  w a l l s  are a 

r e c e n t  development i n  c o n s t r u c t i o n  technology and u t i l i z e  a b e n t o n i t e  w a l l  

emplaced s u f f i c i e n t l y  deep i n  t h e  s o i l  t o  reduce groundwater run-on. 

D e t a i l e d  design and c o n s t r u c t i o n  techniques are presented b y  Xanathos 

(1979).  N e i t h e r  o f  these des ign o p t i o n s  has an extended h i s t o r i c a l  

performance record;  t h e r e f o r e ,  it i s  not  c e r t a i n  t h a t  they  cou ld  be r e l i e d  

on f o r  permanent c o n t r o l  o f  groundwater. However, t h e y  would be u s e f u l  f o r  
c o n t r o l 1  i n g  groundwater e f f e c t s  t h a t  r e s u l t  f rom s i t e  development. 

s i t e  dra inage system. 

designed dra inage system. 

p rov ide  t h e  means fo r  c o l l e c t i n g  and m o n i t o r i n g  sur face  water r u n o f f .  

The road dra inage system must a l s o  be i n c o r p o r a t e d  i n t o  t h e  o v e r a l l  

P o o r l y  d ra ined roads cou ld  de fea t  an o therw ise  w e l l -  

A d d i t i o n a l l y ,  t h e  road dra inage system cou ld  
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(c) Gridiron 
( d )  Cutoff or interceptor 

Fig. 5.10. Common types of tube drainage systems. Source: 
G. 0. Schwab et al., 1981, Soil and Water Conservation Engineering, 
3d ed., p. 321, Wiley, New York. 

. ?  
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Guidance f o r  des ign ing  t h e  dra inage system f o r  t h e  t r a n s p o r t a t i o n  network i s  
p rov ided i n  t h e  T r a n s p o r t a t i o n  Eng ineer ing  Handbook (USFS 1977). 

5.4.3. Disposal  U n i t  Al ignment and Sequencing 

The o r i e n t a t i o n  and order  of f i l l i n g  o f  t h e  d isposa l  u n i t s  are 

a p p r o p r i a t e l y  determined d u r i n g  o v e r a l l  s i t e  des ign t o  a i d  i n  t h e  design o f  

t h e  i n d i v i d u a l  d isposa l  u n i t s .  The o r i e n t a t i o n  o f  t h e  d isposa l  u n i t s  should 

be determined from c o n s i d e r a t i o n  of t h e  s i t e  topography, t h e  u n i t  l o c a t i o n  

w i t h  respec t  t o  haul roads and waste- rece iv ing  f a c i l i t i e s ,  and t h e  p r o j e c t e d  

s i z e  of t h e  t rench .  Exper ience w i t h  l ow- leve l  waste d isposa l  a t  Oak Ridge 

Na t iona l  Labora to ry  has emphasized t h e  m e r i t  o f  o r i e n t i n g  d i sposa l  u n i t s  so 
t h a t  t he  l o n g i t u d i n a l  a x i s  i s  p a r a l l e l  t o  the  ground-sur face contours  

( F i g .  5.11) (Tucker 1983). Such an o r i e n t a t i o n  reduces t h e  p o s s i b i l i t y  o f  

r u n o f f  i n f i l t r a t i n g  t h e  t r e n c h  cover and c o n t a c t i n g  t h e  waste by  reduc ing  

t h e  t ime  t h a t  t h e  r u n o f f  i s  i n  con tac t  w i t h  t h e  t rench  cover. The upslope 

r u n o f f  should be t r a n s p o r t e d  th rough t h e  su r face  water dra inage system and 

be prevented f rom c o l l e c t i n g  o r  ponding near t h e  d i sposa l  u n i t s .  

o f  s i t e  opera t ions .  Fac to rs  t o  cons ider  i n  s p e c i f y i n g  t h e  sequence o f  

c o n s t r u c t i o n  and f i l l i n g  i n c l u d e  waste types and volumes, access t o  t h e  

d i sposa l  u n i t s  f o r  d e l i v e r y  o f  waste, r e l a t e d  c o n s t r u c t i o n  and excavat ion  o f  

o the r  d isposa l  u n i t s ,  s i t e  dra inage system design, and occupat iona l  exposure 

r e s u l t i n g  f rom s i t e  opera t ions .  As a general guide, t h e  proposed sequence 

o f  use should min imize  land d i s tu rbance  t o  promote s i t e  s t a b i l i t y .  T h i s  
g u i d e l i n e  suggests t h a t  severa l  u n i t s  should be developed i n  a s u b d i v i s i o n  

o f  t h e  waste d isposa l  s i t e  be fo re  proceeding t o  a subsequent s u b d i v i s i o n  as 

shown i n  F i g .  5.12. Th is  approach can a i d  i n  t h e  development o f  t h e  c l o s u r e  

p lan  f o r  each d isposa l  u n i t  and t h e  s i t e .  

Disposal  u n i t  sequencing should be designed t o  op t im ize  t h e  e f f i c i e n c y  

5.5 SUMMARY 

The successfu l  ope ra t i on  o f  a sha l low land  b u r i a l  f a c i l i t y  r e q u i r e s  
t h a t  t h e  des ign take  i n t o  account i n  a systemat ic  fash ion  t h e  
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INFILTRATING WATER INFILTRATING WATER 

F i g .  5.11. Trench o r i e n t a t i o n  f o r  sloped topography. Source: 
P .  G. Tucker, 1983, Trench Design and C o n s t r u c t i o n  Techniques f o r  
Low-Level Rad ioac t ive  Waste Disposal ,  NUREG/CR-3144, U.S. Nuclear 
Regu la to ry  Commission. 
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PRIMARY ROAD FOR WASTE DISPOSAL AREA - SECONDARY ROAD FOR WASTE RECEIVING 
EXCAVATED SECONDARY ROAD w PRIMARY CONSTRUCTION HAUL ROAD (TO BE 
PRIMARY ROAD) 

------- 0- SECONDARY HAUL ROAD (TO BE SECONDARY 
ROAD) 

I CONS, RU?TlON] 
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@ OPEN I -0 CLOSED 

DISPOSAL AREA 

(CLOSED) 
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WASTE DISPOSAL 
AREA SECURITY 

FENCE \ 

DISPOSAL AREA 

(CLOSED) 

-1 SECURITY PORTAL 11 

F ig .  5.12. T y p i c a l  s i t e  u t i l i z a t i o n  p l a n  f o r  a shal low land  b u r i a l  
f a c i l i t y  ( n o t  t o  s c a l e ) .  
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c h a r a c t e r i s t i c s  o f  t h e  s i t e ,  t h e  wastes t o  be disposed of ,  and t h e  o p e r a t i n g  

p r a c t i c e s  t o  be employed. 

f a v o r a b l e  n a t u r a l  c h a r a c t e r i s t i c s  o f  t h e  s i t e  and enhance t h e  s i t e ,  t o  t h e  

e x t e n t  p r a c t i c a b l e ,  when t h e  s i t e  c h a r a c t e r i s t i c s  are l e s s  than optimum. 

The d isposa l  u n i t s  should be designed t o  p r o v i d e  f o r  e f f e c t i v e  long- term 

management o f  water; t o  l i m i t  t h e  l e v e l s  o f  r a d i a t i o n  exposure; and t o  

ensure t h e  long- term s t a b i l i t y  o f  t h e  d i s p o s a l  u n i t s  and t h e  s i t e .  

The des ign should t a k e  f u l l  advantage o f  t h e  
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6. DISPOSAL SYSTEM OPERATIONS 

a- 

* .  

A c t i v i t i e s  c a r r i e d  out a t  a sha l low l a n d  b u r i a l  f a c i l i t y  i n c l u d e  

r e c e i p t  o f  waste shipments, p r e p a r a t i o n  o f  d isposa l  u n i t s ,  emplacement of  

waste, c l o s u r e  o f  d isposa l  u n i t s ,  and maintenance o f  t h e  c l o s e d  u n i t s .  

These a c t i v i t i e s  are conducted i n  a manner t o  achieve t h e  performance 

o b j e c t i v e s  f o r  sha l low l a n d  b u r i a l .  

6.1 OBJECT1 VES 

The pr imary  purpose o f  d isposal  system operat ions i s  t o  s a f e l y  dispose 

of waste such t h a t  t h e  p u b l i c  h e a l t h  and s a f e t y  a r e  ensured by c a r r y i n g  

out  t h e  design requirements.  Regulat ions have been promulgated t o  se t  

standards f o r  safe d isposal  o f  low- leve l  r a d i o a c t i v e  wastes by i s o l a t i n g  

them f rom people and t h e  environment u n t i l  t h e  r a d i o a c t i v i t y  has decayed t o  

nonhazardous l e v e l s .  The c u r r e n t  r e g u l a t o r y  approach recognizes t h a t  

abso lu te  containment and i s o l a t i o n  are  n e i t h e r  achievable nor  necessary 

(Sect.  2.3). 

c o n t r o l  l e d  re leases p r o v i d e d  t h a t  t h e  r e s u l t a n t  r a d i a t i o n  dose commitments 

do n o t  exceed s p e c i f i e d  l e v e l s .  

Performance standards have been e s t a b l i s h e d  t h a t  a l l o w  f o r  

The major emphasis a t  a shal low l a n d  b u r i a l  f a c i l i t y  i s  t o  min imize 

l e a c h i n g  and subsequent m i  g r a t i  on o f  r a d i  o a c t i  ve contaminants conta ined i n  

t h e  waste, p r o t e c t  t h e  workers, and enhance t h e  long- term s t a b i  li t y  of the  

d isposa l  u n i t s .  To achieve these o b j e c t i v e s ,  t h e  d isposal  system opera t ions  

shou ld  i n c l u d e  a c t i v i t i e s  t h a t  meet t h e  f o l l o w i n g  requirements.  
o Min imize  t h e  contac t  o f  water w i t h  t h e  waste. Design f e a t u r e s  t o  

min imize t h e  contac t  between water  and waste are  d iscussed i n  
Chapter 5. Dur ing  opera t ion  o f  t h e  d isposal  f a c i l i t y ,  design 
f e a t u r e s  shou ld  be b u i l t  and operated so t h a t  they  f u n c t i o n  as 
desi gned. The design fea tures  shou ld  be complemented w i t h  opera t ing  
p r a c t i c e s  t h a t  min imize damage t o  t h e  design fea tures ,  m a i n t a i n  t h e  
design fea tures  i n  good r e p a i r ,  and supplement t h e  design fea tures .  

o P r o t e c t  t h e  workers f rom unnecessary exposures t o  i o n i z i n g  
r a d i a t i o n .  The waste shou ld  be received,  o f f - loaded,  and emplaced 
as e x p e d i t i o u s l y  as p o s s i b l e  u s i n g  techniques t h a t  l i m i t  r a d i a t i o n  
exposures t o  as low as reasonably achievable.  

1 1 1  
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o P r o t e c t  t h e  d isposa l  u n i t  aga ins t  b i o t i c  i n t r u s i o n .  Dur ing  s i t e  
opera t ions ,  maintenance a c t i v i t i e s  should prevent  deep-rooted p l a n t s  
f rom growing on c losed d isposa l  u n i t s  and p r o t e c t  t h e  d isposa l  u n i t s  
f rom burrowing animals.  

o Promote t h e  long- term s t a b i l i t y  o f  t h e  d isposa l  u n i t s  and t h e  s i t e .  
Long-term s t a b i l i t y  o f  t h e  i n d i v i d u a l  d isposa l  u n i t s  and o f  t h e  s i t e  
should be enhanced by s e l e c t i n g  o p e r a t i o n a l  procedures t h a t  n o t  o n l y  

c o n t r i b u t e  t o  t h e i r  min imize damage t o  c losed u n i t s  b u t  a lso  
long- term s t a b i l i t y .  

Ach iev ing  t h e  o b j e c t i v e s  o f  s i t e  o p e r a t i o n s  

p l a n  be developed and adhered t o  throughout  t h e  

p l a n  should i n c l u d e  t h e  c o n s t r u c t i o n ,  opera t ion ,  

The components o f  t h e  o p e r a t i o n s  p l a n  are g iven 

r e q u i r e s  t h a t  an o p e r a t i o n s  

i f e  o f  t h e  f a c i l i t y .  T h i s  

and c l o s u r e  a c t i v i t i e s .  

n Table 6.1. 

Dur ing  s i t e  operat ions,  new d isposa l  u n i t s  w i l l  be under c o n s t r u c t i o n .  

C o n s t r u c t i o n  o f  new u n i t s  should n o t  reduce t h e  s t a b i l i t y  o f  u n i t s  t h a t  are 

being, o r  have been, f i l l e d .  Earthen m a t e r i a l  excavated d u r i n g  c o n s t r u c t i o n  

o f  a new d isposa l  u n i t  may be u s e f u l  as b a c k f i l l  f o r  an o p e r a t i o n a l  u n i t  o r  

as surcharge on a c losed u n i t  (Sec t .  5.3.3). 

6.2 SITE PREPARATION AND DISPOSAL UNIT CONSTRUCTION 

S i t e  p r e p a r a t i o n  and d isposa l  u n i t  c o n s t r u c t i o n  are s i g n i f i c a n t  

a c t i v i t i e s  throughout  s i t e  opera t ions .  S i t e  p r e p a r a t i o n  inc ludes  l a n d  

c l e a r i n g ,  road c o n s t r u c t i o n ,  and dra inage c o n t r o l .  Disposal  u n i t  
c o n s t r u c t i o n  i n c l u d e s  t h e  excavat ion  o f  t h e  d isposa l  u n i t ,  i n s t a l l a t i o n  o f  

dra inage f o r  t h e  d isposa l  u n i t ,  and t h e  complet ion o f  t h e  d isposa l  u n i t  w i t h  

m o n i t o r i n g  we l ls ,  s i d e w a l l  f i n i s h i n g ,  and s i d e w a l l  p r o t e c t i o n  as c a l l e d  f o r  

i n  t h e  design. 

Ex tens ive  land c l e a r i n g  prov ides  easy use of t h e  s i t e ,  improved 

s e c u r i t y ,  and r e d u c t i o n  of b i o t i c  i n t r u s i o n  i n t o  t h e  waste. C l e a r i n g  and 

grubbing are necessary i n  t h e  areas where d isposa l  opera t ions  are t o  be 

performed, b u t  unnecessary ex tens ive  c l e a r i n g  o f  t h e  s i t e  may increase t h e  

p o t e n t i a l  f o r  erosion, inc rease s i t e  r u n o f f ,  and inc rease t h e  need f o r  

s t a b i l i z a t i o n  o f  t h e  s i t e .  

e l e v a t i o n  t o  r i s e  s u b s t a n t i a l l y  and reduce t h e  s o i l  t h i c k n e s s  a v a i l a b l e  f o r  

C l e a r i n g  o f  a s i t e  may cause t h e  groundwater 
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. 
Table 6.1. Components of operations plan 

Construction 

Codes and standards 
Methods of construction 
Qual ity control 
Admi ni strati ve control 

Operat ions activities 

Methods of waste emplacement 
Procedures for waste segregation 
Traffic control 
Methods for waste storage 
Waste acceptance criteria 
Qual ity control 
Radi at i on safety 
Administrative control 
Security control 

Closure activities 

Methods of disposal unit closure 
Site maintenance 
Survey control 
Qual i ty control 
Site monitoring 
Administrative control 
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d i s p o s a l  above t h e  water t a b l e .  A t  a r i d  s i t e s ,  l a n d  c l e a r i n g  has reduced 

t h e  s o i l  t e n s i o n  d r a m a t i c a l l y .  Land c l e a r i n g  i n  t h e  p r o j e c t e d  b u f f e r  zone 

may be undes i rab le  a t  some s i t e s  because o f  t h e  p o t e n t i a l  r e d u c t i o n  i n  t h e  

c a p a c i t y  o f  t h e  b u f f e r  zone t o  c o n t a i n  m i g r a t i o n  o f  contaminants w i t h i n  t h e  

s i t e  boundary. F i n a l l y ,  any unnecessary c l e a r i n g  o f  a s i t e  increases c o s t s  

and may increase t h e  amount o f  maintenance r e q u i r e d  d u r i n g  and a f t e r  s i t e  

opera t  ions .  

Precontour ing  o f  the  s i t e  by r e g r a d i n g  t h e  s i t e  t o  a un i fo rm s lope 

prov ides  f o r  more un i fo rm r u n o f f ,  reduc ing  areas w i t h  steep slopes and areas 

t h a t  tend t o  c o l l e c t  stormwater. However, p recontour ing  i n t r o d u c e s  areas 

where t h e  c o n s o l i d a t i o n  o f  s o i l s  would n o t  be uni form, an increased need f o r  

s t a b i l i z a t i o n  o f  t h e  s o i l s  p r i o r  t o  s i t e  opera t ions ,  and t h e  p o t e n t i a l  f o r  

increased sheet e r o s i o n  by t h e  exposure o f  l a r g e  areas w i t h o u t  vegeta t ion .  

A d d i t i o n a l l y ,  t h e  groundwater regime c o u l d  be a l t e r e d  such t h a t  t h e  areas o f  

adequate s o i l  t h i c k n e s s  s u i t a b l e  f o r  d isposa l  might  be reduced. 

i n c r e m e n t a l l y  as needed d u r i n g  waste emplacement. Complete excavat ion  o f  a 

d isposa l  u n i t  b e f o r e  use i s  best  s u i t e d  f o r  smal l  t renches  and a t  s i t e s  

w i t h i n  r e s t r i c t e d  land areas. T h i s  a l s o  permi ts  b e t t e r  c o n t r o l  over  

d isposa l  u n i t  dra inage and makes i t  e a s i e r  t o  i n c o r p o r a t e  a d d i t i o n a l  

engineered f e a t u r e s  i n  t h e  d isposa l  u n i t .  Incrementa l  excavat ion  i s  we1 1 

s u i t e d  t o  l a r g e  t renches  and a t  l a r g e  shal low land b u r i a l  s i t e s .  The major 
disadvantages are t h e  p o t e n t i a l  inc rease i n  r a d i a t i o n  exposure t o  equipment 

o p e r a t o r s  and a r e d u c t i o n  i n  e f f e c t i v e n e s s  o f  d isposa l  u n i t  dra inage 
c o n t r o l .  There may a lso  be increased o p e r a t i o n a l  c o n f l i c t  w i t h  t h e  

s imultaneous o p e r a t i o n  of excavat ion and waste d isposa l  equipment. 

f l o o r  d ra ins ,  m o n i t o r i n g  we l ls ,  t r e n c h  f l o o r  access, and sloped t r e n c h  

f l o o r s  us ing  standard earthwork c o n s t r u c t i o n  methods. These f e a t u r e s  a r e  

e a s i e r  t o  add t o  d isposa l  u n i t s  t h a t  have been comple te ly  excavated p r i o r  t o  

waste empl acement . 
assurance of these fea tures  o f  t h e  d isposa l  u n i t  d i f f i c u l t .  

i n f l u e n c e  t h e  s e l e c t i o n  of equipment ( T a b l e  6.2),  t h e  e x t e n t  o f  
subcont rac t ing ,  t h e  o v e r a l l  cos ts  o f  f a c i l i t y  c o n s t r u c t i o n  and opera t ions ,  

Disposal  u n i t  excavat ion can be completed b e f o r e  waste emplacement o r  

The d isposa l  u n i t  i s  completed by p l a c i n g  c a p i l l a r y  b a r r i e r s ,  l i n e r s ,  

Incremental  excavat ion makes t h e  maintenance o f  qual  i t y  

The methods se lec ted  f o r  c o n s t r u c t i o n  o f  a sha l low land b u r i a l  f a c i l i t y  
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T a b l e  6 . 2 .  C o n s t r u c t i o n  equipment and a p p l i c a t i o n s  f o r  s h a l l o w  l a n d  b u r i a l  

Type o f  equipment P r i m a r y  f u n c t i o n  M a j o r  a p p l i c a t i o n s  Advantages D isadvan tages  

Pan s c r a o e r  

Power shove l  

Drag1 i ne 

Grader  

C r a w l e r  doze r  

Craw le r  1 oader 

Excava t ion  and h a u l i n g  Trench e x c a v a t i o n  
a t  work ing  l e v e l  Cover emplacement 

S i t e  p r e p a r a t i o n  
Road b u i l d i n g  
H a u l i n g  
B a c k f i l l i n g  

Excava t ion  above 
working l e v e l  

Excava t ion  below 
working l e v e l  

Excava t ion  a t  
working l e v e l  

Excava t ion  a t  
work ing  l e v e l  

Excava t ion  a t  
work ing  l e v e l  

Trench e x c a v a t i o n  
S i t e  p r e p a r a t i o n  

Trench e x c a v a t i o n  
S i t e  p r e p a r a t o n  
Back f  ill i n g  

D i s p o s a l  u n i t  
c o m p l e t i o n  

Cover emplacement 
Trench e x c a v a t i o n  
Road b u i l d i n g  

Trench e x c a v a t i o n  
Cover emplacement 
S i t e  p r e p a r a t i o n  
D i s p o s a l  u n i t  

c o m l e t i o n  

Trench e x c a v a t i o n  
Cover m p l  acement 
S i t e  p r e p a r a t i o n  
Back f  i 11 i n g  
D i s p o s a l  u n i t  

c o m p l e t i o n  
H a u l i n g  

Per fo rms  b o t h  e x c a v a t i o n  
and h a u l i n g  

Unload i n  even l i f t s  
Excava ted  areas are 

e a s i l y  compacted 
V e r s a t i l e  w i t h  m u l t i p l e  

a p p l i c a t i o n s  f o r  s h a l l o w  
l a n d  b u r i a l  c o n s t r u c t i o n  

Can excava te  h a r d  
m a t e r i a l s  

Rap id  excav t i o n  

h o u r  pe r  m3 o f  
bucke t  c a p a c i t y  

up t o  90 m 3 p e r  

Especi  a1 l y  e f f e c t i v e  
f o r  e x c a v a t i n g  s o f t  
m a t e r i a l s  

d u r i n g  o p e r a t  i o n s  
U s e f u l  as c rane  

Rap id  e x c a v a t i o n  
i n  u n i f o r m  s o i l s  

V e r s a t i l e  w i t h  many 
a p p l i c a t i o n s  t o  
s h a l l o w  l a n d  b u r i a l  
c o n s t r u c t i o n  

Complements t h e  use 
o f  s c r a p e r s  f o r  
e x c a v a t i o n  

E f f e c t i v e  i n  heavy 
s o i l s  

V e r s a t i l e  w i t h  many 
a p p l i c a t i o n s  t o  
s h a l l o w  l a n d  b u r i a l  
c o n s t r u c t i o n  

s o i  1 s 
E f f e c t i v e  i n  heavy 

U n s a t i s f a c t o r y  f o r  

Pus he r  t r a c t o r  
s o f t  m a t e r i a l s  

needed f o r  l o a d i n g  
some s o i l s  

Requ i res  a c c u r a t e  
t r u c k  s p o t t i n g  when 
l o a d i n g  

m a t e r i a l s  i n  l a r g e  
chunks 

L i m i t e d  v e r s a t i l i t y  
f o r  s h a l l o w  l a n d  
b u r i  a1 c o n s t r u c t  i o n  

Excavates ha rd  

Slow e x c a v a t i o n  

Cannot excava te  
ha rd  m a t e r i a l s  

I n e f f i c i e n t  w i t h  
cobb les  and sands 

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

Not as e f f e c t i v e  as 

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

t i r e d  doze rs  

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



T a b l e  6.2. (Con t inued)  

Type o f  equipment P r i m a r y  f u n c t i o n  Ma jo r  a p p l i c a t i o n s  Advantages D i  sadv an t ages 

V e r s a t i l e  w i t h  many Reduced e f f e c t i v e n e s s  R u b b e r - t i r e d  l o a d e r  H a u l i n g  and h a n d l i n g  Back f i 1 1 i ng 
a t  work ing  l e v e l  H a u l i n g  a p p l i c a t i o n s  t o  s h a l l o w  i n  heavy s o i l s  

Cover emplacement l a n d  b u r i a l  c o n s t r u c t i o n  
E x c a v a t i n g  and o p e r a t i o n  
S i t e  p r e p a r a t i o n  
D i s p o s a l  u n i t  

c o m p l e t i o n  

Backhoe V e r s a t i l e  w i t h  many 
m a t e r i a l  hand1 i n g  Trench e x c a v a t i o n  a p p l i c a t i o n s  f o r  

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

l o a d e r  

E x c a v a t i o n  and Dra inage  systems 

Can be combined w i t h  

Sheeps foo t  r o l l e r  Compaction o f  Road b u i l d i n g  Mixes s o i l  e f f e c t i v e l y  
f i n e - g r a i n e d  s o i l s  S i t e  p r e p a r a t i o n  Produces good bond 

Cover emplacement between l i f t s  
Breaks down s o f t  r o c k s  

d u r i n g  compact ion 

L i m i t e d  c a p a c i t y  

Leaves rough  s u r f a c e  
s u s c e p t i b l e  t o  
i n f i l t r a t i o n  

d e p t h  t h a n  o t h e r  
equipment 

g r a i n e d  s o i l s  

Compacts t o  s h a l l o w e r  

No t  s u i t a b l e  f o r  coa rse -  

R u b b e r - t i r e d  r o l l e r  Compaction o f  Road b u i l d i n g  Compacts t o  g r e a t e r  S c a r i f i c a t i o n  o f  

E f f e c t i v e  w i t h  c o h e s i v e  Not as e f f e c t i v e  
s o i l s  o f  l a r g e  g r a i n  i n  m i x i n g  s o i l s  o r  
s i z e  c r u s h i n g  r o c k s  

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

coa rse -g ra ined  s o i l s  S i t e  p r e p a r a t i o n  d e p t h  t h a n  sheeps foo t  s u r f a c e  r e q u i r e d  
and cohes ive  s o i l s  Cover emplacement r o l l e r  between 1 i f t s  

P r o v i d e s  smooth, 

S tee l -whee led  r o l l e r  Compaction o f  Road b u i l d i n g  E f f e c t i v e  f o r  I n e f f e c t i v e  w i t h  
c o h e s i o n l e s s  m a t e r i  a1 s Cover emplacement subgrade compac t ion  we1 1-graded o r  s i l t y  

S i t e  p r e p a r a t i o n  Deeper compact ion sands 
t h a n  r u b  b e r - t  i r e d  
r o l l e r s  

Bac k f  i 11 i ng 

Road b u i l d i n g  Water added improves p a r t  i c  1 es 

G r e a t e r  d e n s i t i e s  May cause d e g r a d a t i o n  
cohens ion less  m a t e r i a l s  Cover emplacement t h a n  o t h e r  equ i pment o f  s o i l  o r  r o c k  f i l l  

V i  b r a t o r y  compactor Compact i o n  o f  

compac t ion  

L a n d f i l l  compactor Compaction o f  B a c k f i l l  i n g  M ixes  u n c o n s o l i d a t e d  Leaves rough s u r f a c e  
s u b j e c t  t o  i n f i l t r a -  p o o r l y  c o n s o l i d a t e d  Cover emplacement m a t e r i  a1 

m a t e r i  a1 Opera tes  e f f e c t  i v e l  y t i o n  
on p o o r l y  c o n s o l i d a t e d  L i m i t e d  m a t e r i a l  
m a t e r i a l  v e r s a t i l i t y  

. 
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and t h e  performance of t h e  s i t e .  The s e l e c t i o n  o f  c o n s t r u c t i o n  methods most 

app rop r ia te  f o r  a s i t e  can o p t i m i z e  t h e  i n t e g r i t y  o f  t he  d isposa l  u n i t s ,  t h e  

use o f  s i t e  s o i l s ,  and t h e  e f f i c i e n c y  o f  s i t e  opera t ions .  

ear thwork.  The knowledge, experience, good judgment, r e s p o n s i b i l i t y ,  and 

a u t h o r i t y  o f  those engaged i n  t h e  a d m i n i s t r a t i o n  and i n s p e c t i o n  o f  ear thwork 

a re  ex t remely  impor tan t .  These requi rements have no t  been met on so many 

occasions i n  t h e  pas t  t h a t  every  a u t h o r i t y  on earthwork has commented on t h e  

problem a t  one t ime  or  another (DO1 1974).  Thus, good q u a l i t y  c o n t r o l  i s  

mandatory. Dur ing t h e  c o n s t r u c t i o n  o f  t h e  d isposa l  u n i t s ,  r e c o g n i t i o n  o f  

t h e  c o n d i t i o n s  t h a t  do no t  conform t o  t h e  des ign bas i s  i s  impor tan t  so t h a t  

app rop r ia te  design m o d i f i c a t i o n s  can be made. 

c l o s e  coopera t ion  among designers,  c o n s t r u c t i o n  management, and opera t i ons  

personnel .  Q u a l i t y  assurance personnel who can r o u t i n e l y  oversee 

c o n s t r u c t i o n  a c t i v i t i e s  can g r e a t l y  a s s i s t  i n  observ ing  t h e  ac tua l  f i e l d  

c o n d i t i o n s  encountered d u r i n g  c o n s t r u c t i o n .  

The c o n s t r u c t i o n  o f  a sha l l ow  land b u r i a l  f a c i l i t y  l a r g e l y  i n v o l v e s  

Th is  r e c o g n i t i o n  r e q u i r e s  

6.3 WASTE ACCEPTANCE 

D isposa l  ope ra t i ons  a t  t h e  s i t e  beg in  w i t h  r e c e i p t  and i n s p e c t i o n  o f  

waste shipments and may i n c l u d e  temporary su r face  s torage o f  t h e  waste 

package be fo re  b u r i  a1 . Disposal  f a c i  1 i t y  opera tors  a1 so g e n e r a l l y  r e q u i r e  

waste generators  t o  s h i p  t h e i r  waste a t  an agreed upon t ime .  The pathways 

a n a l y s i s  and r e g u l a t o r y  guidance are used t o  develop waste acceptance 
c r i t e r i a  f o r  t h e  f a c i l i t y .  These c r i t e r i a  should spec i fy ,  as a minimum, t h e  

maximum acceptable a c t i v i t y  l e v e l  o f  t h e  waste, r a d i a t i o n  l e v e l  a t  t h e  
su r face  o f  t h e  con ta ine r ,  con ta ine r  type, s t a b i l i t y  o f  t h e  con ta ine r ,  

recordkeep ing  requirements, and volumes o f  t h e  d i f f e r e n t  types o f  wastes. 

There may be some shipments o r  packages t h a t  r e q u i r e  spec ia l  hand l i ng  

because o f  h igh  r a d i a t i o n  exposure l e v e l s  or  because o f  t h e i r  unusual shape. 

These m a t e r i a l s  t h a t  r e q u i r e  spec ia l  hand l i ng  must be i d e n t i f i e d  so they  can 

be scheduled f o r  placement i n  spec ia l  d isposa l  u n i t s  or  i n t o  a spec ia l  

sec t i on  o f  an opera t i ng  d isposa l  u n i t .  
The o b j e c t i v e s  o f  waste r e c e i v i n g  opera t i ons  are t o  

o r e c e i v e  t h e  waste shipments i n  a sa fe  and o r d e r l y  fash ion ;  



118 

o V e r i f y  by i n s p e c t i o n  t h a t  shipments meet a l l  c r i t e r i a  f o r  

o I d e n t i f y  which waste packages, i f  any, r e q u i r e  spec ia l  hand l ing  t o  
acceptance; and 

p r o t e c t  t h e  o p e r a t i n g  personnel f rom unnecessary exposures t o  
i o n i z i n g  r a d i a t i o n  and t o  ensure t h a t  t h e  waste package i s  d i r e c t e d  
t o  t h e  a p p r o p r i a t e  d isposa l  u n i t .  

Advance schedu l ing  o f  waste shipments he lps  prevent  congest ion a t  t h e  

r e c e i v i n g  f a c i l i t y ,  min imizes t h e  need f o r  i n t e r i m  storage o f  wastes, and 

tends  t o  l e v e l  t h e  work l o a d  f o r  s i t e  opera t ions .  These r e s u l t s  a l l o w  more 

c o s t - e f f e c t i v e  use o f  personnel and f a c i l i t i e s  and reduce t h e  p o t e n t i a l  f o r  

i n a d v e r t e n t  re leases  o f  r a d i o a c t i v e  m a t e r i a l s  and r a d i a t i o n  exposures f rom 

shipments w a i t i n g  f o r  d i s p o s a l .  

The p r i n c i p a l  method o f  t r a n s p o r t i n g  l o w - l e v e l  r a d i o a c t i v e  waste f rom 

t h e  generator  t o  t h e  d isposa l  s i t e  i s  by t r u c k .  Specia l  shipments may be 

made by r a i l  o r  barge, b u t  these methods are l e s s  convenient  and are seldom 

used. Trucks have t h e  advantage over o t h e r  forms o f  t r a n s p o r t a t i o n  because 

t h e y  are ab le  t o  p i c k  up waste a t  any l o c a t i o n ,  r e q u i r e  no enroute t r a n s f e r  

o f  waste, and can be c o n v e n i e n t l y  d r i v e n  t o  t h e  d isposa l  u n i t  where t h e  

waste can be taken f rom t h e  t r a i l e r  and p laced d i r e c t l y  i n t o  t h e  u n i t  w i t h  a 

minimum o f  hand l ing .  

l o w - l e v e l  waste t o  a DOE d i s p o s a l  s i t e ;  F i g .  6.2 shows one t y p e  o f  

commercial t r u c k  t h a t  d e l i v e r s  h i g h e r  a c t i v i t y  waste i n  a cask t o  a 

F i g u r e  6.1 shows a t r u c k  used f o r  t r a n s p o r t i n g  

are complete and c o r r e c t .  

common problem a t  commerc 

f rom i n f r e q u e n t  users.  F 

r e c o r d  form. The Nuclear  

commercial d isposa l  s i t e .  

monitored, and t h e  sh ipp ing  records  should be inspected t o  v e r i f y  t h a t  t h e y  

Each shipment r e c e i v e d  a t  t h e  d isposa l  f a c i l i t y  should be inspected and 

Incomplete o r  i n c o r r e c t  sh ipp ing  records  are a 

a1 waste d isposa l  s i t e s ,  e s p e c i a l l y  f o r  shipments 

gure 6.3 shows a standard r a d i o a c t i v e  shipment 

Regu la to ry  Commission ( 1 0  CFR P a r t  61) r e q u i r e s  a 

m a n i f e s t  paper system t o  be developed f o r  bo th  e x t e r n a l  and i n t e r n a l  

shipment t o  t h e  d isposa l  s i t e  f o r  commercial f a c i l i t i e s .  I n f o r m a t i o n  on 

r e c e i p t  o f  wastes must i n c l u d e  f a c t o r s  p e r t i n e n t  t o  t h e  segregat ion and 

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

0 
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ORNL PHOTO 4983-80 

Fig.  6.1. Low-level  waste t r a n s p o r t  t r u c k  a t  Oak Ridge 
N a t i o n a l  Laboratory,  Oak Ridge, Tennessee. 

ORNL PHOTO 3845-81 

d 

4 

F ig .  6.2. Commercial t r u c k s  a t  Barnwel l ,  South Caro l ina .  



PROPER SHIPPING NAME 6 HAZARD CLASS 
IPER 49 CFR 172 1011 TOTAL OUANTITY 

Radioacllva Devlce .  N 0 S - Radloacllve M a l e r l a l  

Radloacllve Maler la l .  Fissile. N 0 S - Radioactlve Maler ia l  
Radloactlve Mater la l .  Low Specll ic Activity. N 0 S - Radloacllve M a t e r l a l  

- Radloacllve M a l e r i a l  Radloacllve M a l e r i a l .  N 0 S 
Radloaclive Maler ia l .  Limiled Quant i ty .  N 0 S - Radioaclive Mater la l  
Radloacllva Maler ia l .  Specta lForm.  N 0 S - RadlDaclive Mater ia l  

___ 

Regu la to ry  Commission, 1981, D r a f t  Env i ronmenta l  Impact Statement on 10 CFR Par t  61, 
L i c e n s i n g  Requirements f o r  Land Disposal  o f  Rad ioac t i ve  Waste, NUREG-0782, Vol .  3, 
F i g .  E.13. 

TOTAL WEIGHT 
IN POUNDS 
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r 

The incoming packages should be surveyed w i t h  a Geiger-Mul ler  (G-M) 

counter  t o  measure t h e  e x t e r n a l  r a d i a t i o n  exposure r a t e  a t  t h e  sur face o f  

t h e  package. The surface of t h e  package should be smeared f o r  removable 

contaminat ion;  t h e  smears can be assayed w i t h  a low- leve l  beta-gamma 

counter .  I f  t h e  package has been damaged or  i f  t h e r e  i s  evidence o f  

leakage, i t  should be probed w i t h  an alpha d e t e c t o r .  

sca le .  Data concerning t h e  weight o f  t h e  waste are needed t o  v e r i f y  

s h i p p i n g  papers and can be used t o  eva lua te  t h e  e f f i c i e n c y  o f  t h e  o v e r a l l  

waste d i sposal opera t  i on. 

Waste shipments should be weighed p r i o r  t o  d isposa l  on a standard t r u c k  

6.4 WASTE HANDLING AND EMPLACEMENT 

Waste hand l ing  and emplacement i n c l u d e  t h e  opera t ions  c a r r i e d  ou t  i n  

un load ing  waste shipments and p l a c i n g  t h e  wastes i n t o  d isposa l  u n i t s .  The 

p r i m a r y  o b j e c t i v e s  are t o  p r o t e c t  t h e  s a f e t y  o f  workers by conduct ing t h e  

o p e r a t i o n s  as planned, t o  min imize t h e  c o n t a c t  of water w i t h  t h e  waste, and 

t o  maximize t h e  long- term s t a b i l i t y  o f  t h e  s i t e .  

waste packages by o p e r a t i n g  personnel should be minimized. Speci a1 

s h i e l d i n g  and minimum p r a c t i c a b l e  hand1 i n g  t imes should be used f o r  packages 

t h a t  generate h i g h  r a t e s  o f  e x t e r n a l  r a d i a t i o n  exposure. The waste packages 

should be emplaced accord ing t o  a p p l i c a b l e  c l a s s i f i c a t i o n  requi rements 

and i n  re fe rence t o  a three-d imensional  l o c a t o r  system. The 

three-d imensional  l o c a t o r  system can be used t o  i d e n t i f y  t h e  l o c a t i o n  o f  

each shipment o f  waste. Also, t h e  waste packages should be emplaced so as 
t o  make e f f i c i e n t  use o f  d isposa l  u n i t  space and t o  enhance i t s  long- term 

s t a b i l i t y .  These o p e r a t i o n s  w i l l  vary,  depending on waste acceptance 
c r i t e r i a  and f a c i l i t y  design. 

I n  l a r g e  d isposa l  u n i t s ,  waste emplacement should begin a t  t h e  upslope 

end o f  t h e  d isposa l  u n i t  and progress toward t h e  downslope end. T h i s  w i l l  

reduce t h e  chance o f  waste packages s tanding i n  c o n t a c t  w i t h  water i f  t h e  

d isposa l  u n i t  dra inage system f a i l s  o r  heavy r a i n f a l l  occurs w h i l e  t h e  

d isposa l  u n i t  i s  open and t h e  waste i s  exposed. Waste emplacement should be 

h a l t e d  d u r i n g  severe thunderstorms t o  f u r t h e r  reduce t h e  c o n t a c t  of water 

w i t h  exposed wastes. I n  t h e  case o f  v e r y  s h o r t  d isposa l  u n i t s ,  where t h e  

D i r e c t  hand l ing  o f  t h e  
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l e n g t h  i s  approx imate ly  equal t o  t h e  width,  t h e  d isposa l  u n i t  i s  s imp ly  
f i l l e d  from t h e  bottom up t o  t h e  maximum a l lowab le  he igh t ,  which i s  

determined by t h e  t h i c k n e s s  o f  cover m a t e r i a l  t h a t  w i l l  be used. 
Mechanized t r a n s f e r  o f  l a r g e  waste packages i s  u n i v e r s a l l y  made a t  

o p e r a t i n g  d isposa l  s i t e s .  I f  packages a r r i v e  a t  t h e  s i t e  i n  a c o n d i t i o n  

s u i t a b l e  f o r  d i r e c t  d isposa l  ( n o t  packaged i n  reusab le  s h i e l d i n g  

c o n t a i n e r s ) ,  e i t h e r  a f o r k l i f t  o r  a crane i s  used t o  remove t h e  packages 

f rom t h e  t r u c k  and emplace them i n t o  t h e  t rench.  

i n  r e l a t i v e l y  deep d isposa l  u n i t s ,  7 t o  10 m deep, f o r k l i f t s  d r i v e n  along 

t h e  bottom o f  t h e  d isposa l  u n i t  may n o t  be ab le  t o  stack t h e  waste t o  t h e  

necessary h e i g h t .  A crane o p e r a t i n g  f rom t h e  s ide  o f  t h e  d isposa l  u n i t  may 

be necessary t o  complete t h e  s t a c k i n g  opera t ion .  

I f  t h e  d isposa l  u n i t s  are l a r g e  and t h e  bottom and s i d e w a l l s  are 

s tab le ,  t r u c k s  can be d r i v e n  onto t h e  f l o o r  o f  t h e  d isposa l  u n i t ,  where t h e  

packages are removed from t h e  t r u c k  w i t h  a f o r k l i f t  and p laced i n t o  

p o s i t i o n .  T h i s  method i s  e f f i c i e n t  w i t h  respec t  t o  bo th  t h e  t i m e  r e q u i r e d  

f o r  o f f - l o a d i n g  and emplacement and f o r  space u t i l i z a t i o n .  However, t h e  

bottom o f  t h e  d isposa l  u n i t  must be ab le  t o  accommodate t h e  heavy t r u c k s  and 

be s t a b l e  enough t o  prevent  t h e  waste packages f rom t o p p l i n g  a f t e r  t h e y  have 

been stacked and before t h e y  are covered. Personnel must operate a t  t h e  

bottom o f  t h e  d isposa l  u n i t s ;  hence, s i d e w a l l  s t a b i l i t y  i s  o f  p a r t i c u l a r  

concern w i t h  respec t  t o  i n d u s t r i a l  s a f e t y .  The h e i g h t  o f  s t a c k i n g  i s  

l i m i t e d  by t h e  sa fe  reach o f  the  f o r k l i f t .  
I n  most cases, packages are unloaded from t r u c k s  a t  t h e  s i d e  o f  t h e  

d i s p o s a l  u n i t ,  and a crane l i f t s  and p laces  t h e  packages i n t o  p o s i t i o n .  The 
reach o f  t h e  crane l i m i t s  t h e  w i d t h  of t h e  d isposa l  u n i t  i n  t h i s  case. 

F i g u r e  6.4 shows s t a c k i n g  o f  waste packages i n  a t y p i c a l  d isposa l  u n i t  a t  
t h e  Barnwel l ,  South Caro l ina,  commercial d isposa l  f a c i l i t y .  T h i s  method 

does n o t  r e q u i r e  personnel t o  work a t  t h e  bottom o f  t h e  d isposa l  u n i t  d u r i n g  

o f f - l o a d i n g  and emplacement; thus, t h e r e  i s  l e s s  concern f o r  i n d u s t r i a l  

s a f e t y  because o f  s loughing o f  t h e  s i d e w a l l s .  However, t h e  s i d e w a l l s  should 
be p r o t e c t e d  f rom s lough ing  d u r i n g  opera t ions  s i n c e  degraded s i d e w a l l s  make 

t h e  i n s t a l l a t i o n  o f  a s t a b l e  cover d i f f i c u l t  (Sect .  6.5). 
equipment must n o t  be operated too  c l o s e  t o  t h e  s i d e w a l l  o f  t h e  d i s p o s a l  

u n i t  o r  on t h e  drainageways associated w i t h  t h e  u n i t .  I f  t h e  bottom o f  t h e  

Since waste may be stacked 

Moreover, heavy 
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ORNL PHOTO 3853-81 

F ig .  6.4 Stack ing of waste packages i n  a t y p i c a l  t rench a t  Barnwell, 
South Caro l ina.  

. 
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d isposa l  u n i t  i s  s t a b l e  and cohesive, t h e  waste packages can be stacked f o r  

t h e  most e f f i c i e n t  use o f  space. 

f a c i l i t y ,  r e c t a n g u l a r  waste packages are used t o  c r e a t e  a s t a b l e  "dam" 
across t h e  d isposa l  u n i t .  Waste drums are then lowered i n t o  a s t a b l e  

p o s i t i o n  on t h e  upslope s i d e  o f  t h e  ''dam." T h i s  makes l e s s  e f f i c i e n t  use o f  

t h e  space than o r d e r l y  s t a c k i n g  and makes v o i d  r e d u c t i o n  i n  b a c k f i l l i n g  more 

d i f f i c u l t ,  b u t  it reduces t h e  chance of a package break ing open because o f  

t o p p l  i ng. 

f rom a t r u c k  i n t o  t h e  d isposa l  u n i t .  Th is  s i m p l i f i e s  the  equipment 

requi rements f o r  waste emplacement b u t  t h r e a t e n s  t h e  s idewal l  s t a b i  1 i t y  o f  
the  d isposa l  u n i t  and t h e  i n t e g r i t y  o f  t h e  waste packages. A d d i t i o n a l l y ,  

random dumping of waste c o n t a i n e r s  does n o t  make e f f i c i e n t  use o f  t h e  

d isposa l  volume and makes i t  d i f f i c u l t  t o  f i l l  the  v o i d  spaces and achieve 

long- te rm s t a b i l i t y  o f  t h e  d isposa l  u n i t .  

used. The packages would be placed i n  l a y e r s  ins tead o f  s tacks or  randomly 

dumped i n t o  the d isposa l  u n i t .  Each l a y e r  o f  packages would be b a c k f i l l e d  

as it i s  l a i d  down. T h i s  procedure reduces v o i d  spaces between t h e  

packages, and compaction i s  improved be fore  f u r t h e r  opera t ions  are conducted 

i n  l a y i n g  down t h e  nex t  l a y e r .  Layered b a c k f i l l i n g  reduces t h e  r a d i a t i o n  

exposure l e v e l s  a t  t h e  t o p  o f  t h e  d isposa l  u n i t  and p r o t e c t s  t h e  waste f rom 

exposure t o  weather c o n d i t i o n s  w h i l e  t h e  d isposa l  u n i t  i s  be ing f i l l e d .  It 

a lso  reduces subsequent problems w i t h  subsidence. However, layered  

b a c k f i l l i n g  may compromise t h e  s t r u c t u r a l  i n t e g r i t y  o f  t h e  waste packages or  
reduce t h e  a v a i l a b l e  d isposa l  volume i n  t h e  u n i t s .  

A sh ie lded waste shipment r e q u i r e s  spec ia l  care  d u r i n g  t h e  o f f - l o a d i n g  

procedure. The sh ie lded cask i s  opened a t  t h e  s i d e  o f  t h e  d isposa l  u n i t ,  

and a crane i s  hooked t o  t h e  l i n e r ,  e i t h e r  manual ly  or by means o f  remote ly  

operated t o o l s  i f  t h e  a c t i v i t y  l e v e l  i s  t o o  h i g h  f o r  manual hookup. I n  

e i t h e r  case, t h e  l i n e r  i s  removed from t h e  sh ipp ing  cask and placed i n  t h e  

d isposa l  u n i t  as q u i c k l y  as p o s s i b l e  i n  a s t a b l e  p o s i t i o n  and immediate ly  

covered w i t h  b a c k f i l l .  A t  some s i t e s ,  such packages are placed i n t o  

v e r t i c a l  auger ho les.  A t  t h e  Barnwel l ,  South Caro l ina,  d isposa l  s i t e ,  s l i t  

t renches  are used fo r  d isposa l  o f  unpackaged, i r r a d i a t e d  components w i t h  

A t  t h e  Richland, Washington, d isposa l  

I n  some spec ia l  cases, it may be acceptable t o  dump wastes d i r e c t l y  

To min imize vo ids between emplaced packages, layered b a c k f i l l i n g  can be 

t 
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h i g h  e x t e r n a l  r a d i a t i o n  exposure r a t e s  (Sect .  5.3.1). The s h i e l d e d  s h i p p i n g  

c o n t a i n e r  i s  p o s i t i o n e d  near t h e  d isposa l  u n i t  t o  min imize t h e  t i m e  r e q u i r e d  

f o r  emplacement and b a c k f i l l  opera t ions .  

6.5 DISPOSAL UNIT CLOSURE 

A d isposa l  u n i t  i s  cons idered c losed a f t e r  t h e  d isposa l  u n i t  has been 

f i l l e d  w i t h  waste, t h e  b a c k f i l l  and cover are i n  place, and procedures have 

been undertaken t o  ensure t h a t  t h e  u n i t  remains s t a b l e  over t h e  long term. 

Exper ience w i t h  d isposa l  u n i t  c l o s u r e  has n o t  prov ided an approach t h a t  

guarantees long- term s t a b i l i t y ,  b u t  c u r r e n t  research t h a t  emphasizes cover 

design i s  p r o v i d i n g  a d d i t i o n a l  i n f o r m a t i o n  on t h e  impor tan t  c h a r a c t e r i s t i c s  

o f  e f f e c t i v e  c l o s u r e  (McCray e t  a l .  1983). However, long- term performance 

and maintenance requi rements f o r  these approaches are n o t  y e t  a v a i l a b l e .  

most commonly used f o r  small  d isposa l  u n i t s  i s  t o  b a c k f i l l  t h e  d isposa l  u n i t  

w i t h  a f r o n t  loader  a f t e r  t h e  u n i t  has been f i l l e d .  D r a g l i n e s  may be 

necessary where s i d e w a l l  s t a b i l i t y  i s  a major concern. B a c k f i l l i n g  i s  

con t inued u n t i l  t h e  waste has been covered and compacted and t h e  des ign 

depth has been achieved. For l a r g e  d isposa l  u n i t s ,  t h e  u n i t  i s  b a c k f i l l e d  

w h i l e  waste i s  be ing emplaced t o  reduce t h e  t ime t h e  waste i s  l e f t  

uncovered. For l a r g e  u n i t s ,  f r o n t  c rawler  loaders  and c rawler  dozers are 

t y p i c a l  equipment. L a n d f i l l  compactors o r  o t h e r  compacting equipment are 

t y p i c a l l y  used i n  b a c k f i l l i n g  t o  reduce v o i d  spaces t o  the  g r e a t e s t  degree 

p r a c t i c a b l e  t o  min imize subsidence. 

des ign (Sect .  5.3.4). The design e l e v a t i o n  and cover c o n f i g u r a t i o n  i s  

achieved t y p i c a l l y  w i t h  c r a w l e r  dozers, graders,  and scrapers.  As w i t h  

b a c k f i l l i n g ,  cover emplacement can be performed i n  a s i n g l e  opera t ion  o r  as 

a cont inuous o p e r a t i o n  d u r i n g  waste emplacement. For small d isposa l  u n i t s ,  

t h e  e n t i r e  u n i t  i s  covered i n  one step, w h i l e  t h e  cont inuous emplacement 

method i s  commonly used f o r  l a r g e  d isposa l  u n i t s .  To o p t i m i z e  performance, 

t h e  f i n a l  d isposa l  u n i t  cover should be cont inuous w i t h o u t  f a u l t y  seams o r  

incomplete coverage. 

Disposal  u n i t s  can be b a c k f i l l e d  by e i t h e r  o f  two methods. The method 

The cover i s  emplaced by the  a p p r o p r i a t e  l a y e r s  s p e c i f i e d  i n  t h e  cover 
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A f t e r  t h e  d isposa l  u n i t  cover i s  i n  place, t h e  d isposa l  u n i t  cover i s  

A l a y e r  o f  t o p s o i l  i s  added and p l a n t e d  w i t h  a sha l low- roo ted  

The cover c r o p  should 

graded f o r  e f f e c t i v e  dra inage and s t a b i l i z e d  t o  c o n t r o l  e r o s i o n  and 

subsidence. 

cover crop, such as an indigenous species o f  low-maintenance grass, as a 

t y p i c a l  s t a b i l i z a t i o n  measure (Romney e t  a l .  1980).  

be p l a n t e d  as soon as p r a c t i c a b l e  a f t e r  c l o s u r e  t o  t a k e  advantage o f  t h e  

s o i l - s t a b i l i z i n g  power o f  t h e  r o o t  system and t h e  added b e n e f i t  of 
t r a n s p i r a t i o n  t h a t  removes water f rom t h e  s o i l  and lessens t h e  r a t e  o f  

i n f i l t r a t i o n .  Revegetat ion may be d i f f i c u l t  a t  a r i d  s i t e s ;  i f  vegeta t ion  

cannot be sustained, t h e  sur face  can be covered w i t h  r i p r a p  or  cobble t o  

reduce eros ion.  Guidance f o r  s t a b i l i z i n g  problem s o i l s  i s  g i v e n  i n  C l a r  

e t  a l .  (1983).  With adequate s t a b i l i z a t i o n  and p r e p a r a t i o n  f o r  c losure ,  

maintenance d u r i n g  t h e  i n s t i t u t i o n a l - c a r e  p e r i o d  should be min imal .  

A t  t h e  Barnwel l ,  South Caro l ina,  d isposa l  s i t e ,  severa l  d isposa l  u n i t s  

are grouped t o g e t h e r  t o  form an area t h a t  i s  covered as a u n i t  a f t e r  a l l  t h e  

i n d i v i d u a l  d isposa l  u n i t s  have been c losed.  The area cover, which over laps  

a l l  t h e  t renches, c o n s i s t s  o f  0.6 m o f  c l a y  covered by 0.9 m o f  s o i l .  T h i s  

area cover i s  then graded p r i o r  t o  f i n a l  v e g e t a t i o n  and s t a b i l i z a t i o n  

(Chem-Nuclear Systems, 1980).  

C l o s i n g  d isposa l  u n i t s  so t h a t  heavy equipment can operate over them 

w i l l  f a c i l i t a t e  e f f i c i e n t  use o f  t h e  s i t e  because l e s s  space i s  r e q u i r e d  

between u n i t s .  If heavy equipment i s  operated on c losed u n i t s ,  t h e  cover 

should be inspected f r e q u e n t l y  and r e p a i r e d  as necessary. 

Each d isposa l  u n i t  corner  should be marked w i t h  a cornerstone.  A 

s u i t a b l e  marker (e.g., g r a n i t e  w i t h  at tached bronze p l a t e )  should be 

i n s t a l l e d  a t  each d isposa l  u n i t  and used f o r  r e c o r d i n g  i n f o r m a t i o n  such as 

waste volume, amounts of spec ia l  nuc lear  and source m a t e r i a l ,  t o t a l  

a c t i v i t y ,  t r e n c h  complet ion date, and i d e n t i f i c a t i o n  number. T h i s  

i n f o r m a t i o n  should be a p a r t  of t h e  permanent w r i t t e n  records  and be i n  a 

form t h a t  can be d i r e c t l y  c o r r e l a t e d  w i t h  permanent records  o f  waste 

shipments. 

N a t i o n a l  Geodetic Survey benchmarks. 

compacts and conso l ida tes .  

It should a lso  be referenced t o  U.S. Geo log ica l  Survey o r  

A f t e r  a d isposa l  u n i t  has been b a c k f i l l e d  and covered, t h e  s o i l  

The c losed u n i t s  should be inspected f r e q u e n t l y  
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t o  determine i f  maintenance i s  needed. V isua l  inspec t ion ,  r a d i a t i o n  

surveys, and engineer ing surveys can be used t o  d e t e c t  subsidence. 

6.6 RADIATION MONITORING PROGRAM 

An o p e r a t i o n a l  r a d i a t i o n - m o n i t o r i n g  program i s  e s s e n t i a l  t o  ensure t h e  

s a f e t y  o f  a l l  personnel i n v o l v e d  i n  o n - s i t e  opera t ions  and t o  p r o t e c t  

o f f - s i t e  p o p u l a t i o n s  f rom s i g n i f i c a n t  r a d i a t i o n  exposures. The o p e r a t i o n a l  

m o n i t o r i n g  program has t h r e e  main o b j e c t i v e s :  (1) m o n i t o r i n g  o f  v e h i c l e s  and 

waste packages when t h e y  e n t e r  t h e  s i t e  t o  ensure t h a t  waste shipments meet 

t h e  r e l e v a n t  packaging and sh ipp ing  r e g u l a t i o n s ,  and o f  v e h i c l e s  when t h e y  

leave t h e  s i t e ;  ( 2 )  m o n i t o r i n g  o f  personnel t o  p r o t e c t  employees f rom 

exceeding r a d i a t i o n  exposure l i m i t s ;  and (3 )  m o n i t o r i n g  o f  r a d i o a c t i v i t y  i n  

a i r ,  water, s o i l ,  and b i o t a  t o  d e t e c t  m i g r a t i o n  o f  r a d i o n u c l i d e s  f rom t h e  

d isposa l  s i t e .  The purpose o f  t h e  program i s  t o  v e r i f y  compliance w i t h  

r e g u l a t o r y  standards and performance c r i t e r i a ,  t o  i d e n t i f y  any s i g n i f i c a n t  

m i g r a t i o n  o f  r a d i o n u c l i d e s  so t h a t  c o r r e c t i v e  a c t i o n s  can be implemented, 

and t o  p r o v i d e  i n f o r m a t i o n  t o  improve t h e  understanding o f  s i t e  performance. 

Both personnel  and environmental  m o n i t o r i n g  programs should be designed t o  

a c c u r a t e l y  determine r a d i o a c t i v i t y  l e v e l s  and r e s u l t a n t  r a d i a t i o n  doses f rom 

both  r o u t i n e  o p e r a t i o n s  and a c c i d e n t a l  s i t u a t i o n s .  

A m o n i t o r i n g  p l a n  should be developed f o r  each s i t e  on t h e  bases o f  t h e  

q u a n t i t i e s  and c h a r a c t e r i s t i c s  o f  t h e  r a d i o a c t i v e  m a t e r i a l s  expected a t  t h e  

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

environment. The m o n i t o r i n g  system should be designed t o  measure and 
document r a d i a t i o n  doses t o  personnel ,  t o  d e t e c t  t h e  magnitude o f  re leases  

froin any acc ident  c o n d i t i o n s ,  and t o  develop da ta  t h a t  w i l l  f a c i l i t a t e  

p r e d i c t i o n  o f  long- term r e l e a s e  o f  n u c l i d e s  v i a  m i g r a t i o n  i n  groundwater o r  

o t h e r  pathways t o  t h e  p u b l i c .  The m o n i t o r i n g  system should p rov ide  e a r l y  
warning o f  r a d i o n u c l i d e  m i g r a t i o n  f rom t h e  d isposa l  u n i t s  be fore  t h e  

n u c l i d e s  leave t h e  s i t e  boundary. P lans must be i n  p lace  f o r  t a k i n g  

c o r r e c t i v e  a c t i o n s  i n  case o f  such m i g r a t i o n .  
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6.6.1 Personnel M o n i t o r i n g  

Personnel exposures should be kept  as low as reasonably  achievable and 

i n  compliance w i t h  occupat iona l  exposure standards.  The e x t e r n a l  r a d i a t i o n  

f rom wastes and t h e  d u r a t i o n  o f  exposure are t h e  p r i n c i p a l  determinants  o f  

dose from d i r e c t  gamma i r r a d i a t i o n .  I n t e r n a l  exposures may a l s o  occur 

th rough i n h a l a t i o n  o f  a i rborne  r a d i o a c t i v e  p a r t i c u l a t e s  or  r a d i o a c t i v e  gases 

emanating from t h e  d isposa l  s i t e  o r  by absorp t ion  o f  n u c l i d e s  (e.g., 

t r i t i u m )  through the  sk in .  

devices--such as f i l m  badges, pocket i o n  chamber dosimeters,  

thermoluminescent dos imeters (TLDs) , and f i l m  r i n g s  f o r  measuring e x t r e m i t y  

dose-- to employees who e n t e r  r a d i a t i o n  zones. These dev ices must be 

c a l i b r a t e d  and examined f o r  exposure on a r e g u l a r  basis,  and t h e  exposure 

da ta  must be mainta ined i n  permanent records .  

c o n t r o l l e d  and equipped w i t h  r a d i a t i o n  survey ins t ruments  and have a h e a l t h  

p h y s i c s  s t a f f .  A l l  equipment and personnel  l e a v i n g  t h e  r e s t r i c t e d  area 

should be surveyed w i t h  a G-M probe t o  d e t e c t  beta-gamma contaminat ion.  

A d d i t i o n a l l y ,  t h e  s i t e  grounds, b u i l d i n g s ,  and equipment should be surveyed 

p e r i o d i c a l l y  w i t h  G-M probes t o  d e t e c t  removable contaminat ion  and f i x e d  

r a d i o a c t i v i t y .  Any r a d i o a c t i v e  contaminat ion i n  excess o f  e s t a b l i s h e d  

l i m i t s  must be removed, and t h e  source of t h e  contaminat ion must be 

i d e n t i f i e d  and cor rec ted .  

Personnel  m o n i t o r i n g  i s  achieved b y  ass ign ing  exposure-measuring 

A l l  e n t r y  and e x i t  p o i n t s  t o  d isposa l  and s to rage areas must be 

These measures should be supplemented by an a i r - m o n i t o r i n g  system 

w i t h i n  t h e  work area t o  d e t e c t  a i r b o r n e  r a d i o a c t i v i t y .  The system devices 

g e n e r a l l y  f i l t e r  a i r  a t  a cons tan t  f l o w  r a t e ;  t h e  f i l t e r s  can be d i r e c t l y  

assayed by a d e t e c t o r  and/or removed and analyzed p e r i o d i c a l l y .  

o r  b lood samples, should be conducted t o  d e t e c t  i n t e r n a l  r a d i a t i o n  exposures 

and associated body burdens o f  r a d i o a c t i v e  m a t e r i a l s .  These procedures 

should be performed a t  r e g u l a r  i n t e r v a l s  f o r  a l l  personnel  working i n  

r e s t r i c t e d  areas as w e l l  as whenever t h e r e  i s  any i n d i c a t i o n  t h a t  an 
employee may have inha led  or inges ted  r a d i o a c t i v e  m a t e r i a l s .  

P e r i o d i c  bioassays, such as whole-body c o u n t i n g  and a n a l y s i s  o f  u r i n e  
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6.6.2 Environmental Mon i to r  i na 
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I .  

Environmental  m o n i t o r i n g  must be conducted t o  d e t e c t  p o t e n t i a l  o f f - s i t e  
r e l e a s e s  of r a d i o a c t i v i t y  and t o  improve p r e d i c t i o n  o f  long- term 
r a d i o n u c l i d e  m i g r a t i o n .  The program should i n c l u d e  m o n i t o r i n g  o f  a i r ,  s o i l ,  

surface water,  groundwater, and b i o t a .  P o t e n t i a l  pathways ( h y d r o l o g i c ,  

atmospheric, and b i o l o g i c )  f o r  long- term r e l e a s e  o f  r a d i o n u c l i d e s  t o  t h e  

environment should be i d e n t i f i e d  f o r  each s i t e  and t h e  r e l a t i v e  importance 

eva lua ted  i n  terms o f  r a d i o l o g i c a l  impacts t o  h e l p  e s t a b l i s h  c r i t i c a l  

l o c a t  ions  f o r  m o n i t o r i n g  s t a t  ions.  

t h e  g u i d e l i n e s  conta ined i n  DOE (1983). Measurements on env i ronmenta l  

samples should i n c l u d e  gross a lpha a c t i v i t y ,  gross beta-gamma a c t i v i t y ,  and 

gamma i s o t o p i c  analyses; analyses f o r  s p e c i f i c  rad ionuc l ides ,  such as 

t r i t i u m  (as HTO) and 1311, may a lso  be needed. 

sampling procedure should be s p e c i f i e d  i n  t h e  m o n i t o r i n g  p lan.  A d d i t i o n a l  

samples should be taken whenever e leva ted  r a d i a t i o n  l e v e l s  are detected.  A 

t y p i c a l  o p e r a t i o n a l  m o n i t o r i n g  program f o r  a shal low land b u r i a l  f a c i l i t y  i s  

shown i n  Table 6.3. Surface water should be sampled and analyzed 

p e r i o d i c a l l y .  A i r  samples should be c o l l e c t e d  and analyzed f o r  a lpha 

a c t i v i t y  whenever t h e r e  i s  a s p i l l  o r  an acc ident .  R a d i a t i o n  measurement 

dev ices (e.g., thermol uminescent dos imeters)  should be placed around t h e  
per imeter  o f  t h e  s i t e  and a t  l o c a t i o n s  w i t h i n  t h e  s i t e  boundary t o  d e t e c t  

any increases i n  d i r e c t  gamma r a d i a t i o n .  Data can be c o r r e l a t e d  w i t h  
background r a d i a t i o n  l e v e l s  and unusual o p e r a t i n g  c o n d i t i o n s  t o  y i e l d  

i n f o r m a t i o n  on exposures and p o t e n t i a l  doses a t t r i b u t a b l e  t o  t h e  s i t e  

opera t ions .  

most impor tant  t r a n s p o r t  mechanism a t  humid s i t e s ,  m o n i t o r i n g  o f  ground- 

water should have a h i g h  p r i o r i t y  a t  humid s i t e s .  

w e l l s  should be l o c a t e d  o n - s i t e  and a t  var ious  d is tances  both upgradient  and 

downgradient o f  t h e  groundwater f l o w  beneath t h e  s i t e .  I n  most cases, i t  

should be p o s s i b l e  t o  use sampling w e l l s  cons t ruc ted  f o r  s i t e  

c h a r a c t e r i z a t i o n  (Chapter 4)  and base1 i n e  m o n i t o r i n g  a c t i v i t i e s ,  b u t  some 

new w e l l s  may be needed on t h e  bas is  o f  r e s u l t s  o f  t h e  pathways a n a l y s i s  

The environmental  -mon i to r ing  p l a n  developed should be c o n s i s t e n t  w i t h  

The f requency f o r  each 

Since r a d i o n u c l i d e  m i g r a t i o n  through groundwater i s  1 i k e l y  t o  be t h e  

Groundwater m o n i t o r i n g  
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Tab le  6.3. Reference f a c i l i t y  o p e r a t i o n a l  m o n i t o r i n g  programa 

Sample d e s c r i p t i o n  No. o f  Type Media Frequency o f  Type o f  
1 o c a t  i ons a n a l y s i s  anal  ys i s 

E x t e r n a l  g a m a  

Atmosphere 

S o i l  and v e g e t a t i o n  

O f f - s i t e  w e l l s  

S i t e  boundary w e l l s  

D i s p o s a l  area w e l l s  

F i l l e d  d i s p o s g l  
t r e n c h  sumps 

50 Cont inuous 

3 Cont inuous 

10 Grab 

5 Grab 

10 Grab 

10 Grab 

10 Grab 

T L D ~  Q u a r t e r l y  

P a r t i c u l a t e  D a i l y  

P a r t i c u l t e  Weekly 

Charcoal  Weekly 

f i l t e r  

f i l t e r  

c a r t r i d g e  

Q u a r t e r l y  

Semi annual l y  H20 

Semi annual l y  H20 

H20 Q u a r t e r l y  

Month 1 y H20 

Exposure 

Gross beta-gamma 

Gama i s o t o p i c  

1311 

Gross b e t  a- g amm a, 
g ross  alpha, 
tr i t i um 

Gama i s o t o p i c ,  
g ross  alpha, 
t r i t i u m  

Gama i s o t o p i c ,  
g ross  alpha, 
t r i t i u m  

Gamma i s o t o p i c ,  
Gross alpha, 
t r i t i u m  

Gama i s o t o p i c ,  
g r o s s  alpha, 
t r i t i u m  

aTLD = the rmo luminescen t  dos ime te r .  
bTrench sumps a re  checked each month. 

Source: U.S. Nuc lea r  R e g u l a t o r y  Commission, 1981, D r a f t  Env i ronmen ta l  Impact  Statement  on 

A n a l y s i s  would o n l y  t a k e  p l a c e  i f  wa te r  were 
de te rm ined  t o  be p r e s e n t  i n  a sump. 

10 CFR P a r t  61, " L i c e n s i n g  Requirements f o r  Land D isposa l  o f  R a d i o a c t i v e  Waste," NUREG-0782, 
Appendix E. 
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I -  

(Sect .  2.5.3). 
developed p r i o r  t o  s i t e  c h a r a c t e r i z a t i o n  and r e f i n e d  when s i t e - s p e c i f i c  

measurements are made. 

A p r e l i m i n a r y  env i ronmenta l -mon i to r ing  p l a n  should be 

Constan t - f  

d isposa l  opera t  

d e t e c t  a i rborne  

should be based 

i n f o r m a t i o n .  M 

ow a i r  samplers should be operated c o n t i n u o u s l y  d u r i n g  

ons a t  l o c a t i o n s  nearby and downwind from t h e  work area 

re leases  o f  r a d i o a c t i v i t y .  The l o c a t i o n s  o f  these samp 

on a v a i l a b l e  wind r o s e  da ta  and o ther  meteoro log ica l  

t e o r o l o g i c a l  d a t a  i n c l u d i n g  wind speed, wind d i r e c t i o n ,  

t o  

es 

and 
cont inuous p r e c i p i t a t i o n  records  should be c o l l e c t e d  p e r i o d i c a l l y .  P l a n t  

and animal species common t o  t h e  s i t e  area ( p a r t i c u l a r l y  burrowing animals) 

should be sampled p e r i o d i c a l l y  t o  d e t e c t  p o t e n t i a l  b i o l o g i c a l  r e d i s t r i b u t i o n  

o f  r a d i o a c t i v i t y .  

The env i ronmenta l -moni tor ing program should a l s o  i n c l u d e  sampling 

s t a t i o n s  o u t s i d e  t h e  s i t e  boundaries, such as a t  t h e  i n t a k e  s t a t i o n  o f  t h e  

neares t  mun ic ipa l  water supply  p o t e n t i a l l y  a f fec ted  by re leases  f rom t h e  

d isposa l  s i t e .  The same data  c o l l e c t i o n  l o c a t i o n s  (bo th  o n - s i t e  and 

o f f - s i t e )  should be maintained, t o  the  e x t e n t  poss ib le ,  throughout  t h e  

l i f e t i m e  o f  t h e  f a c i l i t y .  

6.7. ADMINISTRATIVE FUNCTIONS 

Many a d m i n i s t r a t i v e  f u n c t i o n s  must be prov ided d u r i n g  s i t e  opera t ions  

t o  mon i to r  and c o n t r o l  s i t e  performance. Records and r e p o r t s  should be 

kept,  and t e s t s  and i n s p e c t i o n s  should be conducted a t  l o w - l e v e l  waste 
d isposa l  s i t e s .  

and a u d i t  a l l  o p e r a t i o n a l  and a d m i n i s t r a t i v e  support  f u n c t i o n s  t o  ensure 

t h a t  a l l  opera t ions  are conducted as planned and t h a t  t h e  s i t e  performs as 

r e q u i r e d .  The q u a l i t y  c o n t r o l  program should gather  i n f o r m a t i o n  t h a t  w i l l  

a i d  i n  t h e  e a r l y  i d e n t i f i c a t i o n  o f  subopt imal p r a c t i c e s  and procedures and 

form t h e  b a s i s  f o r  c o r r e c t i v e  act ions,  when needed. 

c r i t e r i a  e s t a b l i s h e d  f o r  waste acceptance, f a c i l i t y  operat ions,  s i t e  

mon i to r ing ,  recordkeeping, and o t h e r  r e l e v a n t  aspects o f  f a c i l i t y  management 

t o  ensure t h a t  opera t ions  are i n  f u l l  compliance w i t h  d i r e c t i v e s  and 

A q u a l i t y  c o n t r o l  program should be implemented t o  oversee, mon i to r ,  

The q u a l i t y  assurance program should cons ider  and be compat ib le  w i t h  
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g u i d e l i n e s .  Elements sub jec t  t o  q u a l i t y  c o n t r o l  are i d e n t i f i e d  i n  

F i g .  6.5. 

S e c u r i t y  a t  a shal low land b u r i a l  f a c i l i t y  should be adequate t o  

prevent  unauthor ized e n t r y  i n t o  t h e  d isposa l  s i t e  and t o  p revent  

unauthor ized removal o f  m a t e r i a l  o r  equipment f rom t h e  s i t e .  S e c u r i t y  can 

be prov ided by t h e  use o f  a r t i f i c i a l  b a r r i e r s  ( 
serv ices ,  a1 arm systems, and e l e c t r o n i c  s u r v e i l  

s e c u r i t y  systems can be penetrated b y  dedicated 

i n t r u d e r s .  Close s u r v e i l  1 ance by personnel and 

speci  a1 circumstances, such as organized i n t r u s  

elements o f  a s e c u r i t y  system. 

ences and ga tes) ,  24-h guard 

ance. Even s o p h i s t i c a t e d  

e f f o r t  on t h e  p a r t  o f  

t h e  a b i l i t y  t o  respond t o  

ons, are t h e r e f o r e  i m p o r t a n t  

The waste d isposa l  f a c i l i t y  should be s t a f f e d  w i t h  an adequate number 

o f  f u l l - t i m e  t r a i n e d  personnel .  A management s t r u c t u r e  must be e s t a b l i s h e d  

f o r  o p e r a t i n g  personnel  a t  t h e  d isposa l  s i t e ,  beg inn ing  w i t h  t h e  d e s i g n a t i o n  

o f  an i n d i v i d u a l  who i s  r e s p o n s i b l e  f o r  a l l  opera t ions  conducted a t  t h e  

s i t e .  The management s t r u c t u r e  should r e f l e c t  t h e  major areas o f  

r e s p o n s i b i l i t y  by sen io r  s t a f f  members and e s t a b l i s h  t h e  commensurate l e v e l  

o f  a u t h o r i t y .  An a l t e r n a t i v e  t o  a f u l l  complement o f  t r a i n e d  personnel i s  

t h e  use o f  a smal ler  f u l l - t i m e  s t a f f  t h a t  i s  supplemented by p a r t - t i m e  

personnel .  However, such p a r t - t i m e  personnel  should have t r a i n i n g  and 

q u a l i f i c a t i o n s  e q u i v a l e n t  t o  those o f  t h e  f u l l - t i m e  s t a f f .  
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SHIPMENTS BY 
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T R A l  LERS 
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’ .  

SHIPMENTS BY CASKS 
AND TRAILERS 
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I 
CASK AND TRAILER 

PREPARATION 
AREA 

ORNL DWG 84 8994R 

QUALITY ASSURANCE A T  A LOW-LEVEL WASTE FACILITY 

I SHIPMENT I RECEPTION 

INSPECTIONS I-! ENTER LLW SITE 

TRENCH AREA 
INSPECTIONS 

TRAILERS AND 
VANS PREPARED 

REASSEMBLED 
CASKS 

CLEARANCE 
AND RELEASE 

LEAVE LLW SITE --- 
VEHICLE 
RETURN 

INSPECTIONS 

TRENCH BACKFILL  
AND COMPACTION 

LONG-TERM 
STAB1 L lZAT lON 

Fig. 6 .5 .  Qual i ty  assurance a t  a low-level waste fac i 1 i t y  . 
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7. CLOSURE 

* -  

Closure has t h e  impor tan t  f u n c t i o n  o f  s t a b i l i z i n g  t h e  d isposa l  s i t e  

such t h a t  minimal maintenance i s  r e q u i r e d  t h e r e a f t e r .  T h i s  chapter  

d iscusses t h e  conten ts  o f  a c l o s u r e  p l a n  and t h e  focus o f  a c t i v i t i e s  d u r i n g  

c l o s u r e .  

7 .1 OBJECTIVES 

Dur ing  t h e  s i t e  s e l e c t i o n ,  design, and o p e r a t i o n a l  phases i n  t h e  l i f e  

o f  a sha l low land b u r i a l  f a c i l i t y ,  a c t i o n s  should be taken bo th  t o  min imize  

long- term m i g r a t i o n  o f  r a d i o n u c l i d e s  and t o  i n h i b i t  human and b i o t i c  

i n t r u s i o n  i n t o  the  d isposa l  u n i t s .  Because t h e  wastes may c o n t a i n  

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

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

p reserve  t h e  containment and i s o l a t i o n  prov ided a t  e a r l i e r  stages. 

Therefore,  t o  meet t h e  o v e r a l l  goal o f  ensur ing  p r o t e c t i o n  o f  p u b l i c  h e a l t h  

and sa fe ty ,  t h e  d isposa l  s i t e  must be c losed so t h a t  i t  w i l l  remain 

e n v i r o n m e n t a l l y  s t a b l e  w i t h  a minimum o f  maintenance (Sect .  2.3). 
There has been l i m i t e d  exper ience w i t h  f i n a l  c l o s u r e  o f  shal low land 

b u r i a l  s i t e s ;  however, o p e r a t i o n a l  exper ience i n d i c a t e s  t h a t  s i t e  drainage, 

eros ion,  and subsidence are t h e  major i tems t h a t  need t o  be considered i n  

p lann ing  f o r  s i t e  c l o s u r e .  

o b j e c t i v e s  f o r  s i t e  c l o s u r e  i n c l u d e  t h e  p r o v i s i o n  f o r  t h e  f o l l o w i n g :  

To achieve an env i ronmenta l l y  s t a b l e  s i t e ,  t h e  

S i t e  drainage. A good s i t e  dra inage system should be i n s t a l l e d  t o  
min imize  t h e  c o n t a c t  o f  water w i t h  waste and, thus, l i m i t  t h e  m i g r a t i o n  
o f  r a d i o n u c l i d e s  through t h e  ground. The system should a lso be designed 
t o  min imize d e t e r i o r a t i o n  o f  t h e  d isposa l  u n i t s .  

Eros ion  c o n t r o l .  The d isposa l  u n i t  should be s t a b i l i z e d  t o  min imize 
e r o s i o n  by wind o r  water. 
and g e n t l e  s lopes t o  reduce g u l l y i n g .  
a d d i t i o n a l  e ros ion  c o n t r o l ;  a t  a r i d  s i t e s ,  however, r i p r a p  may be 
p r e f e r r e d  because o f  t h e  d i f f i c u l t y  o f  m a i n t a i n i n g  a good v e g e t a t i v e  
cover .  

The d isposa l  area should be graded t o  un i fo rm 
Vegeta t ive  covers p r o v i d e  

P r o t e c t i o n  aga ins t  subsidence. The s i t e  should be c losed and s t a b i l i z e d  
t o  ensure t h a t  t h e  waste form does n o t  degrade o r  promote slumping, cave 
in ,  o r  o t h e r  forms o f  t r e n c h  f a i l u r e  t h a t  might  lead t o  exposure o f  t h e  
waste o r  increased i n f i l t r a t i o n  o f  water.  

135 
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7.2 CLOSURE PLANS 

Closure o f  a sha l low l a n d  b u r i a l  f a c i l i t y  i s  i n t e g r a l l y  r e l a t e d  t o  i t s  

opera t ion .  

form o f  a comprehensive c l o s u r e  plan. 

reviewed and amended p r i o r  t o  t h e  i n i t i a t i o n  of c l o s u r e  a c t i v i t i e s  t o  

i n c o r p o r a t e  recent  i n f o r m a t i o n  and exper ience gained d u r i n g  operat ion.  This  

i n f o r m a t i  on i n c l u d e s  t h e  types o f  problems encountered t h a t  may a f f e c t  t h e  

long- te rm performance o f  the  f a c i l i t y ,  t h e  e x t e n t  and frequency o f  

c o r r e c t i v e  measures t h a t  a r e  requ i  red, and t h e  e x t e n t  o f  r a d i  onucl i de 

m i g r a t i o n .  

r e l a t e d  t o  s i t e  c l o s u r e  and long- term performance o f  t h e  f a c i l i t y  a re  shown 

i n  F i g .  7.1. 

fea tures  i n t e n d e d  t o  f a c i l i t a t e  s i t e  c l o s u r e  and t o  e l i m i n a t e  t h e  need f o r  

c o n t i n u i n g  a c t i v e  maintenance. 

a c t i v i t i e s  i d e n t i f i e d  i n  Table 7.1. Closure o f  i n d i v i d u a l  d isposal  u n i t s  

w i l l  l i k e l y  beg in  d u r i n g  the  e a r l y  stages o f  s i t e  opera t ion  as t h e  u n i t s  a re  

f i l l e d  and shou ld  be viewed as t h e  f i r s t  s tep  i n  c losure .  

opera t ions  are a n t i c i p a t e d  t o  r e q u i r e  two years t o  complete a f t e r  s i t e  

opera t ions  have te rmina ted .  

s i t e  s t a b i l i z a t i o n  t o  t h e  ex ten t  t h a t  a c t i v e  maintenance o f  the  s i t e  w i l l  
no t  be r e q u i r e d  d u r i n g  p o s t c l o s u r e  and i n s t i t u t i o n a l  c o n t r o l  per iods .  

Dur ing  t h e  p o s t c l o s u r e  per iod,  f o r  approx imate ly  f i v e  years a f t e r  

s i t e  c losure ,  s i t e  m o n i t o r i n g  and needed r e p a i r  opera t ions  s h a l l  cont inue.  

S i t e  m o n i t o r i n g  has t h e  f u n c t i o n  o f  d e t e c t i n g  any m i g r a t i o n  o f  

r a d i o n u c l i d e s .  M o n i t o r i n g  data should be e v a l u a t e d  on a r e g u l a r  bas is  t o  

determine whether t h e  f a c i l i t y  i s  meet ing i t s  performance o b j e c t i v e s .  The 

data can a l s o  be used t o  v e r i f y  and r e f i n e  models o f  s i t e  performance f o r  

f u r t h e r  and more r e l i a b l e  p r e d i c t i o n s  o f  r a d i o n u c l i d e  m i g r a t i o n  throughout  

t h e  performance per iod .  Since a c t i v e  p a t r o l l i n g  o f  t h e  s i t e  by s e c u r i t y  

personnel  w i l l  be s u b s t a n t i a l l y  reduced, pass ive b a r r i e r s  may r e q u i r e  

upgrading. Supplemental uses of t h e  s i t e  may be considered, such as f o r  

sha l low- roo ted  t r e e  farming (Chem-Nuclear Systems 1980) o r  f o r  s i t i n g  

microwave r e l a y  s t a t i o n s  (Rogers e t  a1 . 1982). To date, t h e r e  has been no 

exper ience w i t h  supplemental uses o f  d isposa l  s i t e s ,  and t h e  f e a s i b i l i t y  o f  

such proposals  must be eva lua ted  on a s i t e - s p e c i f i c  bas is .  

P lanning f o r  c l o s u r e  should begin p r i o r  t o  operat ion,  i n  t h e  

The s i t e  c l o s u r e  p l a n  should be 

The sequence and approximate t i m e  requirements f o r  a c t i v i t i e s  

The c l o s u r e  p l a n  f o r  t h e  f a c i l i t y  should descr ibe design and o ther  

The s i t e  c l  osure p l a n  should address t h e  

S i t e  c l o s u r e  

The s i t e  c l o s u r e  p l a n  shou ld  s t r i v e  t o  achieve 
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F i g .  7.1. Sequence and approximate t i m e  requ i remen ts  f o r  a c t i v i t i e s  r e l a t e d  t o  
s i t e  c l o s u r e ,  pos tc losu re ,  and i n s t i t u t i o n a l  c o n t r o l .  

. .  
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Table 7.1. Technica l  m a t t e r s  t o  be addressed i n  s i t e  c l o s u r e  p l a n  

S t a b i l i z a t i o n  and c l o s u r e  o f  d isposa l  u n i t s  

o B a c k f i l l i n g  
o Void r e d u c t i o n  
o Cover 

S t a b i l i z a t i o n  and c l o s u r e  o f  d isposa l  s i t e  

o Drainage 
o Eros ion  c o n t r o l  
o Subsidence 

Dismantlement o f  equipment and f a c i l i t i e s  

Decontaminat ion o f  equipment and sur face  s o i l s  

Maintenance and surve i  11 ance d u r i n g  c l o s u r e  

0 
0 
0 
0 
0 

Main 

0 
0 
0 

F a c i l i t i e s  
Equipment 
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The insti tutional control period is intended t o  main ta in  the necessary 
long-term care and administrative control for  the s i t e  u n t i l  the 
radionuclides i n  the wastes have decayed t o  nonhazardous levels. I f  the 
s i t e  is stable,  insti tutional control will consist of minimal s i t e  
moni tor ing ,  maintenance, and recordkeeping. I f  the s i t e  i s  not  completely 
s table ,  a d d i t i o n a l  monitoring, s i t e  maintenance, and corrective measures may 
be necessary. The release of a disposal s i t e  from inst i tut ional  control 
will  be made by future generations, as determined by their  evaluation of i t s  
merit (Rogers et  a l .  1982). Thus, a l t h o u g h  insti tutional control is l ikely 
t o  l a s t  for a t  least  100 years ( F i g .  7 . 1 ) ,  i t  may las t  longer. 

7.3 SITE CLOSURE OPERATIONS 

The s t ab i l i t y  of a s i t e  can be compromised by na tura l  phenomena such as 
erosion and subsidence or by human intrusion. Human intrusion i s  not a 
concern as long  as effective insti tutional controls are maintained. 
However, after the end of i n s t i t u t i o n a l  control , an inadvertent intruder 
could disturb the waste i n  the s i t e  t h r o u g h  ac t iv i t ies  such as inhabiting 
the s i t e .  Si te  closure must provide for an insti tutional control scheme t o  
exclude the inadvertent intruder or for barr iers  t h a t  will prevent an 
intruder from receiving an unacceptable r a d i a t i o n  dose. 

Measures t o  promote s t ab i l i t y  f o l l o w i n g  s i t e  closure include s i t e  
grading, instal la t ion of drainage control systems, erosion control measures, 
construction of intrusion barriers,  and revegetation. These stabil ization 
measures are used t o  protect the disposal un i t s  from erosion, flooding, 
subsidence, deep-rooted plants, burrowing animals, and any other 
site-specif ic environmental processes that  may be impor tan t .  A t  humid  
eastern disposal s i t e s ,  drainage, control of water erosion, groundwater 
control, and prevention of f l o o d i n g  are the principal concerns o f  

stabi l izat ion.  A t  a r id  western s i t e s ,  wind erosion and biotic intrusion are 
more 1 ikely t o  be major concerns. 
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7.3.1 S i t e  Drainage 

Surface water and groundwater can be c o n t r o l  l e d  t o  a considerable 

e x t e n t  through grad ing  of t h e  d isposal  area. I n  some cases, a d d i t i o n a l  

drainage c o n t r o l  s t r u c t u r e s  may be needed. Where r a i n f a l l  i s  abundant, 

s t r u c t u r e s  such as c u l v e r t s  or d i v e r s i o n  d ikes may be needed t o  c o n t r o l  

drainage. However, engineered f e a t u r e s  shou ld  be used on ly  when they  can be 
r e l i e d  upon f o r  maintenance-free performance f o r  l o n g  t i m e  per iods  o r  when 

arrangements a re  made t o  p rov ide  t h e  necessary maintenance. The c l o s u r e  

p l a n  f o r  t h e  Idaho N a t i o n a l  Engineer ing Laboratory  d isposa l  area s p e c i f i e s  a 

dra inage system s u f f i c i e n t  t o  d r a i n  t h e  10-year, 24-hour r a i n s t o r m  w i t h i n  12 

hours o f  t h e  end o f  t h e  r a i n s t o r m  (Brad ley  1981). 

d isposa l  u n i t s  may be equipped w i t h  dra ins o r  sumps, so the  q u a n t i t y  o f  

water present  i n  t h e  t r e n c h  or  p i t  can be mon i to red  by measuring t h e  f l o w  

f rom t h e  dra in .  The sump and dra in ,  i f  p r o p e r l y  s ized, can f u n c t i o n  t o  

prevent  or min imize mois tu re  contac t  w i t h  t h e  waste. 

A t  t h e  Barnwel l ,  South Caro l ina ,  d isposa l  s i t e ,  completed d isposal  

areas are  graded t o  produce g e n t l e  s lopes t h a t  w i l l  a l l o w  pass ive drainage 

and prevent  g u l l y i n g  o r  slumping (Chem-Nuclear Systems 1980). Where t h e  

geohydro log ic  regime permi ts ,  t h e  o v e r a l l  grade i s  r a i s e d  a few meters s o  

t h a t  no i n d i v i d u a l  t r e n c h  cap forms a topograph ic  f e a t u r e .  

d isposal  f a c i l i t i e s  where water t a b l e  l e v e l s  a r e  r e l a t i v e l y  c l o s e  t o  t h e  

l a n d  sur face,  r a i s i n g  t h e  grade may a l s o  e l e v a t e  t h e  water t a b l e  t o  a l e v e l  

near t h e  bottom o f  t h e  d isposal  u n i t s .  

c o n s i d e r a t i o n  o f  t h e  p o s s i b l e  pathways f o r  water  t o  c o n t a c t  t h e  waste and 

t h e  mechanisms t h a t  may compromise t h e  performance o f  t h e  s i t e .  Opt ions are  

then s e l e c t e d  t o  m i  n imi  ze t h e  1 i k e l  i hood o f  these pathways or  mechanisms 

from be ing  s i g n i f i c a n t  concerns. 

I n  humid reg ions,  

However, a t  

The s e l e c t i o n  o f  drainage opt ions f o r  s i t e  c l o s u r e  r e q u i r e s  

. 
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7.3.2 Eros ion  C o n t r o l  

b -  

c 

A t  a r i d  s i t e s ,  r i p r a p  may be a p p r o p r i a t e  t o  c o n t r o l  wind eros ion  and 

d iscourage i n t r u s i o n  by burrowing animals o r  deep-rooted p l a n t s .  Use o f  

s o i l  cement o r  o ther  b a r r i e r s  may a l s o  serve these purposes (Sec t .  5.3.4). 
Most d isposa l  s i t e s  are revegeta ted  w i t h  shal low-rooted grass as soon as 

p o s s i b l e  a f t e r  c l o s u r e  o f  d isposa l  u n i t s .  The v e g e t a t i v e  cover p rov ides  

e r o s i o n  c o n t r o l  and a s s i s t s  i n  reduc ing  s o i l  m o i s t u r e  by e v a p o t r a n s p i r a t i o n .  

Cont ro l  o f  vegeta t ion  i n v o l v e s  two f u n c t i o n s :  (1) r e v e g e t a t i o n  t o  e s t a b l i s h  

an e r o s i o n - r e s i s t a n t  s o i l  cover t h a t  promotes e v a p o t r a n s p i r a t i o n  and ( 2 )  
m a i n t a i n i n g  t h e  d isposa l  area f r e e  from deep-rooted p l a n t s  o r  burrowing 
animals.  When s i t e s  are graded, t h e y  must be reseeded. The species used 

f o r  v e g e t a t i v e  cover should be se lec ted  on t h e  bas is  o f  r e g i o n a l  and 
s i t e - s p e c i f i c  c h a r a c t e r i s t i c s .  The s t a b i l i z a t i o n  p l a n  f o r  t h e  Idaho 

N a t i o n a l  Engineer ing Labora tory  d isposa l  f a c i l i t y  c a l l s  f o r  adding a l a y e r  

o f  t o p s o i l  and reseeding w i t h  a shal low-rooted perenn ia l  g rass  (e.g., 

c r e s t e d  wheatgrass) (Brad ley  1981). A t  t h e  Barnwel l  , South Caro l ina ,  

d isposa l  s i t e ,  grasses are a lso  used. Herb ic ides  may be used a t  bo th  

f a c i l i t i e s  t o  c o n t r o l  o r  e l i m i n a t e  deep-rooted species.  

7 . 3 . 3  P r o t e c t i o n  Aga ins t  Subsidence 

f 

The d isposa l  u n i t  covers must be s tab le ,  have s t r u c t u r a l  i n t e g r i t y ,  

l i m i t  i n f i l t r a t i o n ,  and p r o v i d e  p r o t e c t i o n  aga ins t  b i o t i c  and i n a d v e r t e n t  

human i n t r u s i o n .  A f t e r  a d isposa l  u n i t  i s  b a c k f i l l e d  and covered, t h e  s o i l  

n a t u r a l l y  compacts and c o n s o l i d a t e s .  

inspec ted  p e r i o d i c a l l y  t o  determine i f  r e p a i r s  are needed. The frequency 

w i t h  which r e p a i r s  are r e q u i r e d  d u r i n g  t h e  o p e r a t i o n a l  phase can be used t o  

p r o j e c t  t h e  frequency w i t h  which i n s p e c t i o n s  should be made a f t e r  s i t e  

c l o s u r e .  

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

o p e r a t i o n s  may increase t h e  l e n g t h  o f  t i m e  between r e p a i r s .  

I f  t h e  s i t e  has been s t a b l e  aga ins t  subsidence f o r  severa l  years, 

p e r i o d i c  i n s p e c t i o n  may be a l l  t h a t  i s  r e q u i r e d  a f t e r  s i t e  c l o s u r e .  

However, i f  t h e  s i t e  has exper ienced s i g n i f i c a n t  subsidence and has r e q u i r e d  

The completed u n i t  should be 

The f requency o f  r e p a i r s  may d i f f e r ,  however, depending on t h e  

Improved emplacement o f  waste packages and b a c k f i l l  
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major  o r  f requent  r e p a i r s ,  c o r r e c t i v e  measures may be necessary. C o r r e c t i v e  

measures f o r  subsidence have been descr ibed g e n e r a l l y  (Roop e t  a l .  1983, 

P h i l l i p s  and Car lson 1981) and considered s p e c i f i c a l l y  f o r  t h e  S h e f f i e l d  

s i t e  (Kahle and Rowland 1981). A d d i t i o n a l  guidance i n  develop ing c o r r e c t i v e  

measures f o r  shal low land b u r i a l  s i t e s  i s  con ta ined i n  DOE (1984).  

7.4 SUMMARY 

Successful  c l o s u r e  o f  a d isposa l  f a c i l i t y  i s  t h e  end r e s u l t  o f  

cons iderab le  e f f o r t  a t  e a r l i e r  stages. Under i d e a l  c o n d i t i o n s ,  s i t e  

s e l e c t i o n  and f a c i l i t y  des ign  and o p e r a t i o n  w i l l  have been performed 

p r o p e r l y  so t h a t  t h e  s i t e  can be c losed w i t h  minimum c o s t  and e f f o r t .  I n  

most cases, however, some problems are l i k e l y  t o  a r i s e  d u r i n g  t h e  

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

I t  i s  impor tan t  t h a t  t h e  opera tor  o f  t h e  s i t e  rev iew t h e  exper ience gained 
d u r i n g  o p e r a t i o n  o f  t h e  f a c i l i t y  i n  p l a n n i n g  s i t e  c l o s u r e .  

- 4  .. 

3 
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