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ABSTRACT 

This document provides a set of crlteria and standards for 
greater confinement disposal (GCD) of low-level waste as an 
alternative to shallow land burial or deep geologic disposal for 
certain types of waste; i.e., disposal at depths sufficient to 
effectively eliminate intrusion by flora and fauna, minimize 
the possibility of inadvertent intrusion by man, minimize or 
eliminate the occurrence of other natural surface effects 
including wind and water erosion, and reduce the pathway for 
exposure by optimizing the depth for natural confinement. The 
criteria and standards are discussed relative to seven major 
areas: radiation exposure protectior~, characterization of 
waste, transportation and handling, site selection, engineering, 
general facility requirements, and administration. The document 
addresses the objectives or goals of burial at intermediate 
depths to provide greater confinement, and its advantages and 
disadvantages compared to shallow land burial. Additionally, 
the document describes a generic greater confinement disposal 
facility (GCDF), and discusses as well as evaluates the various 
interrelating factors which must be considered in the selection 
of a viable site and in the development of GCDF design and 
performance criteria. 

Meth.ods are developed for evaluating and ranking- the 
importance of the factors based on health and safety, their 
potential impact on cost, and the uncertainty and/or difficulty 
in measurement'and control of the factors. It also provides the 
methodology and analysis us'ed to deternine the various s l t e -  
specific waste concentration acceptance standards (in the form 
of area .disposal concentration limits) as well as desiyr~ drld 
engineering standards. It also illustrates the methodology used 
to determine the optimal or preferred depth of disposal under 
expected arid site conditions and alternative wet or irrigated 
site conditions. In addition, an example calculation demon- . . 
strates the application of. the waste area concentration limits 
at an arid or humid GCDF in.determining the allowable waste . 
inventory capacity of a particular site and the loading capacity 
of a waste disposal cell. , 
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1. INTRODUCTION 

1.1 PURPOSE 

The purpose of t h i s  r epor t  i s  t o  enumerate t h e  c r i t e r i a  and 
s tandards f o r  g r e a t e r  confinement d i sposa l  of low-level, s o l i d ,  
r a d i o a c t i v e  w a s t e ;  i . e . ,  d i s p o s a l  a t  d e p t h s  s u f f i c i e n t  t o  
e f f e c t i v e l y  e l iminate  i n t r u s i o n  by f l o r a  and fauna and substan- 
t i a l l y  lower the  p o s s i b i l i t y  of inadver tent  human i n t r u s i o n .  
The name proposed f o r  t h i s  enhanced subsurface d i sposa l  concept 
i s  g r e a t e r  confinement d i s p o s a l  o r  GCD.  (The concept has  been 
descr ibed i n  References 1 and 2 previously a s  in termedia te  depth 
b u r i a l  o r  I D B ) .  The c r i t e r i a  and s tandards a r e  p a r t i c u l a r l y  
o r i en ted  toward t h e  design and opera t ion  of a  gener ic  g r e a t e r  
confinement d i sposa l  f a c i l i t y  ( G C D F )  a t  an a r i d  western s i t e .  
These c r i t e r i a  a r e  fo rmula ted  t o  enhance p r o t e c t i o n  o f  t h e  
h e a l t h  and s a f e t y  of t h e  genera1 ,pub l i c  and f u t u r e  generat ions.  
In many respec t s  these  c r i t e r i a  a r e  an extension of e x i s t i n g  
shallow lana b u r i a l  (SLBj c r i t e r i a  which a r e  i n  force  today. 
Greater confinement d i sposa l  expands on t h e  cu r ren t  p r a c t i c e s  
and provides incen t ives  f o r  a  c o s t  e f f e c t i v e  long-term so lu t ion .  
Since both d i sposa l  methods ( G C D  and SLB)  dea l  with d i sposa l  of 
low-level waste and both have t h e  same goal  of p ro tec t ing  t h e  
p u b l i c  h e a l t h  and s a f e t y ,  i t  i s  l o g i c a l  t h a t  any new way of 
extending t h i s  goal t o  f u t u r e  generat ions should incorpora te  
t h o s e  p o i n t s  which have beer1 demonst ra ted  and shown t o  be  
acceptable .  The c r i t e r i a  a r e  based upon t h e  d a t a '  and informa- 
t i o n  a v a i l a b l e  i n  government pub l i ca t ions  and t echn ica l  l i t e r -  
a t u r  e .  

The s p e c i f i c  ob jec t ives  of t h e  document a r e  summarized a s  
follows : 

I d e n t i f y  and t echn ica l ly  de f ine  p e r t i n e n t  gener ic  . 

f a c t o r s  o r  c r i t e r i a  which shou ld  be c o n s i d e r e d  
i.n t h e  s k j  e c t i o n  of a site f o r  a GCDF and th: 
f a c t o r s  which should be considered i n  evalua t ing  
t h e  s a f e t y ,  e f f i c i e r i c y ,  and e f f e c t i v e n e s s  of  
cons t ruc t ing  and operat ing such a  f a c i l i t y .  

Determine and document t h e  r e l a t i v e  importance of 
t h e  f a c t o r s .  

Def ine  and d e s c r i b e  p e r t i n ' e n t  p a r a m e t e r s  and 
i d e n t i f y  t h e i r  i n t e r r e l a t i o n s h i p s  and i n t e r -  
dependencies with o the r  f a c t o r s .  

The development of t h e s e  c r i t e r i a  i s  t h e  f i r s t  s t e p  
i n  t h e  demons t ra t ion  of t h e  g r e a t e r  c o n f i n e m e n t '  d i s p o s a l  
concep t  and p r e l i m i n a r y  t o  the .deve lopment  of  s i t e - s p e c i f i c  
d e s i g n  s t a n d a r d s  and t h e  d e s i g n  and c o n s t r u c t i o n  of a t e s t  
f a c i l i t y  (Reference 1 ) .  



1.2 OVERVIEW 

Since the beginning of the atomic energy program in the 
United States, it has been the practice of the nuclear waste 
generators to dispose of low-level radioactive solid waste in 
shallow pits or trenches with the upper surface of the waste 
within one to three meters of the land surface. This practice 
is still being carried out with the exception that, since 
1970, DOE waste containing greater than 10 nCi of transuranic 
materials per gram is classified as transuranic waste and is 
placed in retrievable storage. It is anticipated that this 
transuranic waste will be disposed in the future by some means 
other than SLB. . Pre-1970 waste disposal sites containing 
transuranic waste are being studied by DOE for possible remedial 
act ion. 

The greatest long-range potential for radiation exposure to 
mankind from radioactive wastes in shallow land burial does not 
lie, as generally believed, in contamination of ir-rigatiou or 
potable water supplies. In relating to conditions at arid 
disposal sites (Reference 3), Leddicotte has stated that 
this pathway (groundwater flow to a surface stream or well) 
"...is by far the least important of all plausible pathways. 
The reason for this unimportance is due to such mechanisms 
as (1) radioactivity retention within the waste and soil, 
(2) decay of radioactivity during migration, and (3) water 
course dilution." For humid sites, conditions such as fracture 
flow, reduced retention of waste in soil, etc., may increase the 
inlportance of the groundwater pathway for exposure. This 
emphasizes the advantages of GCD at arid sites as compared to 
humid sites. As long as the surface area over and adjacent 
to a waste burial site can be isolated and controlled by the 
institution responsible for its burial, the surface exposure 
pathways are essentially nonexistent, and the groundwater 
pathway may still represent the greatest potential though 
very small for radiation exposure to the general public. 
Unfortunately, no manmade institution will Last forever, and 
the day will cone when control of the surface area must he 
abandoned. When this happens, other pathways for exposure will 
become dominant over the groundwater pathway at SLB sites. 

Several studies (e.g., References 2, 3, and 4) have shown 
that the potential dose and risk to man due to ingestion of food 
grown on contaminated soil or inhalation ~f contaminated dust 
resulting from near-surface waste disposal is greater than the 
dose and risk from drinking contaminated well water. Exposure 
scenarios such as plant root uptake, burrowing animals, surface w 
erosion, and dust inhalation, however, are much less likely to 
be significant when the waste is buried deeper in the ground 
than present shallow land burial practices. Additionally, 5 

the possibility of a human "reclaimer" disturbing the waste 
should be greatly reduced with deeper burial of the waste. 
The reclaimer is taken to mean some future human being who 
inadvertently may disturb the radioactive waste in his efforts 



t o  make u s e  of s u r f a c e  a r e a  over  t h e  b u r i e d  w a s t e .  T h i s  
reclamation a c t i v i t y  may include such e f f o r t s  a s  home bui ld ing ,  
a g r i c u l t u r e ,  and r e c r e a t i o n .  Greater  confinement d i sposa l  i s  
not meant t o  prevent  t h e  determined e f f o r t s  of t h e  human who 
knows where t h e  waste i s  buried and d e l i b e r a t e l y  proceeds t o  
i n t r u d e  i n t o  t h e  w a s t e .  I t  i s  expec ted  t h a t  a  human w i t h  
s u f f i c i e n t  t e c h n i c a l  knowledge t o  undertake i n t r u s i o n  a t  such 
d e p t h s  would a l s o  have s u f f i c i e n t  t e c h n i c a l  p e r c e p t i o n  and 
a b i l i t y  t o  r a t i o n a l l y  p r o t e c t  .h imsel f  a g a i n s t  t h e  p o s s i b l e  
hazards of such i n t r u s i o n .  

One of t h e  g r e a t e s t  b e n e f i t s  t h a t  skiould be d e r i v e d  
from deeper b u r i a l  i s  a  reduct ion of long-term i n s t i t u t i o n a l  
c o n t r o l  of t h e  su r face  a rea  over t h e  b u r i a l  p i t s .  With deeper 
d i s p o s a l  of r a d i o a c t i v e  waste, c o n t r o l s  can be l i f t e d  sooner and 
t h e  su r face  a rea  re leased  f o r  u n r e s t r i c t e d  pub l i c  a c t i v i t i e s .  

I n s t i t u t i o n a l  c o n t r o l  f o r  a  p e r i o d  of a b o u t  100 y e a r s ,  
usua l ly  assumed f o r  a  shallow land b u r i a l  s i t e ,  a s su res  t h a t  
much of  t h e  d i s p o s e d  w a s t e  i n v e n t o r i e s  w i l l  be  reduced t o  
non-hazardous l e v e l s  through decay before t h e  land i s  turned 
o v e r  t o  t h e  p u b l i c .  While t h e  m a j o r i t y  of low- leve l  was te  
car1 t h u s  be  s a f e l y  b u r i e d  i n  s h a l l o w  l a n d - b u r i a l  p i t s ,  .some 
types  of low-level waste may r e q u i r e  g r e a t e r  i s o l a t i o n .  For 
high s p e c i f i c - a c t i v i t y  wastes,  nucl ides  with minimal r e t e n t i o n  
i n  s o i l ,  o r  longer- l ived nuc l ides ;  a  s p e c i f i e d  period of i n s t i -  
t u t i o n a l  c o n t r o l  may. be  i n a d e q u a t e  t o  r educe  t h e  p o t e n t i a l  
h e a l t h  h a z a r d  o r  minimize o r  e l i r r l ina te  p o s s i b l e  exposure  
pa thways ,  i f  such w a s t e s  a r e  b u r i e d  t o o  n e a r  t h e  s u r f a c e .  

G r e a t e r  conf inement  d i s p o s a l  of w a s t e ,  i n  a d d i t i o n  t o  
minimizing o r  e l iminat ing  c e r t a i n  exposure pathways a s  discussed 
above, i s  designed t o  inc rease  t h e  per iod of n a t u r a l  confinement 
o r  r e t e n t i o n  of most nucl ides  wi th in  t h e  ground. The period of 
r e t e n t i o n  depends on severa l  f a c t o r s ,  including t h e  depth t o  t h e  
a q u i f e r ;  t h e  c l i m a t i c  c o n d i t i o n s  of  t h e  s i t e  ( i . e . ,  a r i d  o r  
humid) ; t h e  s o i l  hydrogeology ; and t h e  r a d i o l o g i c a l ,  chemical, 
and phys ica l  c h a r a c t e r i s t i c s  of t h e  waste.  For condi t ions  t h a t  
e x i s t  a t  s e l e c t e d  a r i d  w e s t e r n  s i t e s ,  g r e a t e r  conf inement  
d i sposa l  can be a  p l a u s i b l e  and c o s t - e f f e c t i v e  a l t e r n a t i v e  t o  
deep  g e o l o g i c  d i s p o s a l  f o r  c e r t a i n  t y p e s  of w a s t e  r e q u i r i n g  
g r e a t e r  i s o l a t i o n  than i s  provided by SLB. 

Other . t echn ica l  and economic t r a d e o f f s  may e x i s t  between 
GCD and waste processing techniques being developed t o  produce 
waste forms with low l e a c h a b i l i t y  o r  t o  u t i l i z e  higher  i n t e g r i t y  
packaging. 

The methodology g i v e n  i n  Appendix A was developed t o  
determine c e r t a i n  s tandards ,  including t h e  optimal depth f o r  
b u r i a l  of  w a s t e  a t  a  g e n e r i c  a r i d  s i t e  and t h e  a l l o w a b l e  
concent ra t ions .  The methodology could be appl ied  s i m i l a r l y  t o  
s i t e s  with very d i f f e r e n t  hydrologic and c l i m a t i c  condi t ions .  



The methodology i s  based on a  comparative evaluat ion of 
c e r t a i n  t echn ica l  f a c t o r s  bel ieved t o . b e  dominant i n  c o n t r o l l i n g  
t h e  h e a l t h  impac t s  of t y p i c a l  - low-level  w a s t e ,  i n c l u d i n g  
s i t e  h y d r o l o g i c  c o n d i t i o n s ,  d i s p e r s i o n ,  w a s t e  i n v e n t o r y  and 
i n t e g r i t y ,  and p l a u s i b l e  pathways of exposure. I t  i s  recognized 
t h a t  any dec is ion  derived from t h e  conclusions of t h i s  t echn ica l  
model must a l s o  be evaluated i n  l i g h t  of economic cons idera t ions  
such  a s  t h e  c o s t  and d i f f i c u l t y  of  e x c a v a t i n g  t o  g r e a t e r  
depths and handling various types of wastes.  Cer ta in  o the r  
t echn ica l  f a c t o r s  not t r e a t e d  i n  t h i s  a n a l y s i s ,  which may be t h e  
l i m i t i n g  f a c t o r s  i f  o the r  than low-level waste i s  considered f o r  
g r e a t e r  confinement d i sposa l ,  include c r i t i c a l i t y  and thermal 
e f f e c t s .  

T h i s  document i s  i n t e n d e d . t o  i d e n t i f y  t h e  c r i t e r i a  and 
s t a n d a r d s  r e q u i r e d  t o  p e r m i t  s a f e  d i s p o s a l  of  r a d i o a c t i v e  
wastes a t  g r e a t e r  depths,  and t o  provide i n s i g h t s  regarding t h e  
cons idera t ions  important t o  d i sposa l  f o r  q r e a t e r  confinement of 
r ad ioac t ive  wastes.  The document i s  not intended t o  j u s t i f y  GCD 
o r  t o  determine what wastes should be se lec ted  f o r  GCD. 

1 .3  ORGANIZATION 

This r epor t  c o n s i s t s  of s i x  numbered chapters ,  including 
t h i s  i n t r o d u c t i o n ,  and two a p p e n d i c e s .  The c o n t e n t s  of t h e  
subsequent chapters  and t h e  appendices a r e  a s  follows: 

a Chap te r  2 p r o v i d e s  a  b r i e f  d i s c u s s i o n  of te rms 
which a r e  fundamental t o  t h e  under.standing of t h e  
document. A more extensive g lossary  of terms i s  
given following t h e  appendices. . 

e Chapter  3  p r o v i d e s  a  d e s c r i p t i o n  o f  t h e  g r e a t e r  
conf inement  d i s p o s a l  c o n c e p t ,  i t s  advan tages  
and disadvantages,  and a  comparative d iscuss ion  of 
p r e s e n t  DOE a r i d ,  w e s t e r n  s i t e s  and t h e  g e n e r i c  
g r e a t e r  conf inement  d i s p o s a l  f a c i l i t y  (GCDF). 

e Chapter 4 summarizes t h e  goals  of low-level waste 
d i sposa l  by g r e a t e r  confinement d i sposa l .  

a Chap te r  5 i d e n t i f i e s  and d e s c r i b e s  t h e  f a c t o r s  
p e r t i n e n t  t o  s i t e  s e l e c t i o n  and f a c i l i t y  p e r -  
formance e v a l u a t i o n ,  and e v a l u a t e s  t h e  r e l a t i v e  
importance and i n t e r r e l a t i o n s h i p s  of t h e  var ious  
f a c t o r s  with regard t o  ' t h e - h e a l t h  and s a f e t y  of t h e  
pub l i c ,  c o s t ,  and t h e  uncer t a in ty  i n  being ab le  t o  
measure and c o n t r o l  t h e  f a c t o r s .  

a Chapter 6 p resen t s  t h e  c r i t e r i a  and s tandards f o r  
a  gener i c  GCDF a t  a r i d  western s i t e s ,  along with a  
b r i e f  d iscuss ion  of each c r i t e r i o n .  . 



Appendix A provides the background and mathemati- 
cal basis of the nuclide was,te area concentration 
limits for arid western sites given in Table 6-1 
and Section 6.2.6 and the optimum depth of disposal 
discussed in Section 6.5.2. 

Appendix B gives a sample calculation demonstrating 
the application of the nuclide area waste concen- 
tration limits given in Table 6-1 in determining 
the waste inventory capacity of a given site, the 
inventory loading capacity of a waste disposal 
cell, and the requirements for a buffer zone 
surrounding the site discussed in Section 6.5.3. 



2. DOCUMENT TERMINOLOGY 

The following definitions of key terms used in the low- 
level waste program are provided to clarify the usage in this 
docurrlent. A more extensive slossary is given following the 
appendices. 

GOAL: A goal describes what is to be achieved--the er,d 
toward which effort is directed. Goals are generally expressed 
as qualitative statements of desirable conditions or actions. A 
goal may never be fully'achieved; however, any effort expended 
toward that goal may still be worthwhile. An example of a goal 
is: Protect the public health and safety. 

CRITERION: A criterion is a qualitative test of whether a 
goal has beer1 met. For example, if the goal was to protect the 
public health and safety, a criterion could be: No member 
of the public shall be exposed to radiation levels at which 
discernible adverse effects are anticipated. 

Loti-LEVEL WASTE (LLW): Low-level waste,is that radioactive 
waste which is not defined by regulation to be high-level waste 
(HLW) . HLLJ, as defined by NKC, includes spent fuel and aqueous 
wastes resulting from the operation of the first cycle solvent 
extraction system, or equivalent, and the concentrated wastes 
from subsequent extraction cycles, or equivalent, in a facility 
for the reprocessing of irradiated reactor fuels. Radioactive 
wastes do not include naturally occurring materials such as 
coal, phosphates, or mine tailings which may contain radio- 
nuclides. Also excluded from LLW is that material which 
contains greater than 10 nanocuries of transuranic isotopes per 
gram of material. 

Low-level waste includes a wide variety of materials and 
radiotoxicities. ,The vast majority of the bulk or v0111~ie 
ul the waste contains only a small percentage of the total 
radioactivity. It has been estimated that over 90 percent of 
the radioactivity is contained in less than five percent of the 
waste volume (~eference 2, pp. 60, 61). 

The physical and chemical properties of LLW also vary 
greatly. Some LLLI candidates are in very stable physical and 
chemical form's, while others are very unstable. For some LLW 
the chemical toxicity, is clearly greater than its radiotoxicity. 

Most low-level waste comes from the following sources: 
government and military operations (51% by volume), operating 
nuclear power reactors (278).,  institutions and industry (22%). 
The current rate of production of LLLJ in the United States is 
about 150,000 cubic meters per year. The bulk of the government 
wastes comes from DOE (National) laboratories and weapons 



production facilities. While a substantial amount of the 
waste previously placed in commercial disposal facilities 
is government waste, it is the current policy of DOE to send all 
DOE LLW to GOE facilities for storage or disposal (References 5 
and 6) . 

QUANTITATIVE FACTORS: Quantitative factors are' those ---------- 
factors for which numerical values can be determined and for 
which there is little uncertainty (e. g., soil depth). 

QUALITATIVE FACTORS: Qualitative factors are those factors 
for which no numerical value can be determined or which, when 
values are assigned, have a high level of uncertainty (e.g., 
tectonic activity). Often, as a result of the uncertainty, the 
latter are evaluated in a subjective or qualitative manner. 

STFADARC: A standard is a quantitative test of whether a 
criterion has been met. However, because it is sometimes very 
difficult to quantify all pertinent factors or areas uf concern, 
a standard can also be a qualitative guideline tu be used Loward 
the development of quantitative tests, or can be a quantitative 
guideline to be used toward the development of a more definitive 
standard based on more extensive test results or analysis. 
An example of a standard that could be used to satlsfy the 1 

criterion given as an example above is: No member of the public - 
shall be exposed to ionizing radiation at levels exceeding 
500 millirem per year. 



3. DESCRIPTION OF THE GREATER CONFINEMEMT DISPOSAL CONCEPT 

Before a  s e t  of c r i t e r i a  can be proposed, it i s  necessary 
t o  d e f i n e  t h e  concep t  and t o  e s t a b l i s h  t h e  g o a l s  t h a t  a r e  
d e s i r a b l e  f o r  t h e  GCD concept. 

3.1 CEFINITION O F  GREATER CONFINEMENT DISPOSAL 

The purpose of GCD i s  t o  confine rad ioac t ive  waste a t  a  
depth where deep-rooted p l a n t s ,  burrowing animals o r  inadver tent  
human reclaimers  a r e  not l i k e l y  t o  pene t ra te .  The following 
s t a t e m e n t  w i l l  t h e r e f o r e  be .used i n  t h i s  document t o  d e f i n e  
g r e a t e r  confinement d isposa l :  

Greater confinement d i sposa l  i s  t h e  emplace- 
ment of r ad ioac t ive  waste, with no expecta- 
t i o n  of r e t r i e v a l ,  below grade  l e v e l  a t  
s u f f i c i e n t  depth t o  minimize su r face  e f f e c t s  
e l  f l o o d s ,  e r o s i o n ,  e t c . )  on w a s t e  
.containment, and a t  s u f f i c i e n t  depth t h a t  
t h e  consequence of any penet ra t ion  of the  
waste by p l a n t  roo t s ,  burrowing animals, o r ,  
normal use of . t h e  land by humans would, be 
wi th in  acceptable  l i m i t s .  

3 . 2  COMPARISON O F  GREATER CONFINEMEMT DISPOSAL AND SHALLOW LANE 
B U R I A L  CONCEPTS 

.From an ,ope ra t iona l  poin t  of view, GCD i s .  not r a d i c a l l y  
d i f f e r e n t  t h a n  sha l low land  b u r i a l .  ~~e  concep t  i n v o l v e s  
p l a c i n g  t h e  was te  w i t h i n  t h e  u n c o n s o l i d a t e d  m a t e r i a l  ( r e g o -  
l i t h )  n e a r  t h e  s u r f a c e ,  .but  a t  some d i s t a n c e .  g r e a t e r  t h a n  
p rac t i ced  i n  SLB. .The p r a c t i c a l  1 i m i . t ~  on how deep t o  bury t h e  
waste a r e  r.el.ated to t h e  depth of t h e  r e g o l i t h  and t h e  depth t o  
t h e  water t a b l e .  .The advantages and disadvantages o t  GCU as ' a n  
a l t e r n a t i v e  t o  SLB o r  deep g e o l o g i c  d i s p o s a l - a r e  summarized 
below. 

Among t h e  advantages a r e  t h e  folbowing: 

G C D  p o s i t i o n s  t h e  was te  f a r t h e r  from p l a n t  r o o t  
systems and fauna than does SLB, ~~tiri irr~izing p l a n t  
and animal i n t r u s i o n  and t h e  p o s s i b i l i t y  of human 
i n t r u s i o n  (by  d e f i n i t i o n ,  G C D  i s  des igned  t o  
minimize t h e  i n a d v e r t e n t  r e c l a i m e r  s c e n a r i o ) .  

The i n c r e a s e d  dep th  may p r e v e n t ,  o r  a t  l e a s t  
r e d u c e ,  i n f i l t r a t i n g  wa te r  from s u r f a c e  runof f  



f.rom reaching the waste and reduce the amount of 
waste reaching the surface from upward- migration. 

Stable temperatures at greater depths may also be 
an important consideration where the formation 
of gases containing radionuclides is a concern. 

o Greater confinement disposal provides greater 
protection against uncovering the waste through 
surface erosional processes. 

e GCD, particularly at aria sites, may be a tech- 
nically viable and cost-effective alternative 
to deep geologic disposal for certain types of 
high specific activity wastes and wastes having 
long-lived nuclides, including transuranic wastes. 

o The increased overburden may hasten consolidation 
of the site (i.e. reduce subsidence) contributing 
to reduced post closure maintenance costs for a 
GCD . 

Among -the possible disadvantages are the fo_l.lowing: 

Increased costs because of the increased expense of 
excavation and handling. 

m The greater confinement depth reduces the distance 
between the waste and the water table, increasing 
the potential for release to potable water supplies 
if water reaches the waste. This, however, may 
not be significant, depending on the absorbtive 
characteristics of the underlying strzta, .if the 
water tab.le is sufficientl-y deep ( > l o 0  meters). 

Other waste disposal considerations for GCD, such as 
transporting., -stacking, and health and .safety requirements, 
are similar to S'LB requirements. 

3.3 GENERIC ARID WESTERN GREAT.ER CONFINEMENT DISPOSAL FACILITY 

At the present time, there .are four active DOE low-lcvel 
radioactive waste disposal sites on government land in the 
.arid wes L ( i. e., those at Hantord, 'near Richland, Washington ; 
Idaho .National Engineering Laboratory, near Idaho Falls, Idaho-; 
the Nevada T.est Site, near Las Vegas, Nevada; and Los Alamos 
Scientific Labo'ratory in New Mexico). In addition, western 
commercial low-level waste burial sites are Anrated at Beatty, 
Nevada, and Hanford, F.Jashington. All of these sites utilize 
-shallow land burial as the disposal method. Although these 
areas are geographically widely separated, they are remarkably 
alike in many aspects. All were originally located in desert 
regions characterized by low rainfall, low population, and 



deep water tables. Since the Hanford site was originally 
established, the population within a 5-mile band around the 
site has grown to over 300,000, so this area may no longer be 
considered a low population area. 

It is likely that any .new waste disposal facility in the 
West would be located at a similar remote desert site. Economic 
and sociopolitical considerations will probably dictate that any 
new waste disposal facility be located on land that is of very 
little potential value to man otherwise. 

The generic GCDF is assumed to be typical of the DOE 
shallow land burial sites. It is located in a desert en- 
vironment, has a thick vadose zone (unsaturated moisture 
region), relatively porous sandy soil, and low precipitation. 
(For a detailed .listing of the specific parameters used in the 
nuclide migration analysis, see Appendix A.) 



4. GOALS FOR GREATER .CONFINEMENT DISPOSAL 

The National Low-Level Waste Management' Program Plan 
(Reference 7) and the Interagency Review Group (Reference 8) 
have made several recommendations pertaining to low-level waste 
management. 

The following statements are based on these recommendations 
and are proposed as reasonable goals that are desirable for 
greater confinement waste disposal and management of low-level 
waste for the protection and safety of present and future 
generations. It is recognized that some goals may never 
be fully achieved. Continual striving towards those goals, 
however, will assure that the highest reasonable protection is 
achieved, consistent with realistic budget constraints, rather 
than the minimum. 

The goals are summarized as follows: 

e The impacts on man and his environment from 
disposing of radioactive wastes at greater depths 
shall- be within the limits imposed by current 
regulat,ions and shall not exceed the consequences 
anticipated by shallow land burial of wastes. 

Any requirement -for active participation or 
resource commitment by future generations for the 
.maintenance of the disposal facility shall be 
minimal. 

i The impacts on man and his environment with regard 
to disposing of radioactive wastes at greater 
depths shall be minimized to the extent that the 
increase in resources committed to reducing those 
impacts is justified by the decrease in impacts. 



5. FACTORS PERTINENT TO SITE SELECTION AND 
PERFORMANCE C R I T E R I A  DEVELOPMENT 

To develop c r i t e r i a  f o r  G C D F  s i t e '  ' s e l e c t i o n  and per-  
formance, a  number of per t inent  factors  should be considered. 
The fac tors  shown on Table 5-1 l i s t  areas of concern t h a t  must 
be considered i n  developing the s i t e  se lect ion and performance 
c r i t e r i a .  

The chapter  i s  d iv ided  i n t o  two s e c t i o n s .  Sec t ion  5 .1  
discusses the  per t inent  fac tors  and t h e i r  re la t ionship t o  the 
c r i t e r i a .  I t  should be recognized t h a t  c r i t e r i a  t h a t  a r e  
p r i m a r i l y  a s s o c i a t e d  with  t h e  ope ra t ion  of t h e  f a c i l i t y  d i d  
not  evolve from t h e  l i s t  i n  Table 5-1 bu t  a r e  based upon 
s i m i l a r i t i e s  between t h a t  a spec t  of t h e  g r e a t e r  confinement 
disposal  concept and other land disposal f a c i l i t i e s  for  radio- 
ac t ive  waste. Section 5.2 evaluates and compares the  r e l a t i v e  
importance of the factors  l i s t e d  i n  Section 5.1. The assignment 
of r e l a t i v e  importance i s  somewhat s u b j e c t i v e  and may vary 
according t o  t h e  i n t e r e s t s  and background of t h e  a s s ignor .  

5.1 PERTINENT FACTORS 

The fac tors  l i s t e d  i n  Table 5-1 a r e  areas of concern t h a t  
m u s t  be considered i n  t h e  s e l e c t i o n  of a  s i t e  f o r  a  G C D F .  
Pub l i c  acceptance of a  nuc lear  f a c i l i t y  i s  no t  always based 
upon a  quant i ta t ive  analysis  of the  per t inent  factors .  Many 
f a c t o r s  involved i n  t h e  decision-ma-king process  cannot be 
reduced t o  numbers o r  engineer ing da ta  bu t  a r e  sometimes 
based on very q u a l i t a t i v e  o r  s o c i o p o l i t i c a l  cons ide ra t ions .  
For the  purpose of t h i s  discussion, the  fact0r.s i n  Table 5-1 
have been divided i n t o  two.categories: 

Quant i ta t ive  ... . Factors a re  those factors  for  which 
' - 8 '  - r i u l o e r ~ c a P  values can be 8etermi1arii.I AI'LL'I for which 

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

Qua l i t a t ive  Factors a re  those fac tors  for  which no 
n u m e r i c a l  v a l u e  can be  d e t e r m i n e d  o r  which,  
when v a l u e s  a r e  a s s i g n e d ,  have a  h i g h  l e v e l  
of uncertainty (e.g. , '  tec tonic  a c t i v i t y ) .  Often, 
a s  a  r e s u l t  of t h e  u n c e r t a i n t y ,  t h e  l a t t e r  a r e  
evaluated i n  a  subjective or  qua l i t a t ive  manner. 

5.1.1 Quant i ta t ive  Factors 

Distance Between the  Waste and the  Aquifer - The distance 
between t h e  waste and t h e  a q u i f e r  i s  only a  p a r t i a l  measure 
of t h e  a b i l i t y  of the  s i t e  t o  contain the radioactive nuclides. 



TABLE 5-1 

FACTORS TO BE CONSIDERED FOR SITE SELECTION 

Quantitative Factors Qualitative Factors 

Distance between waste a 
and aquifer (thickness of 
vadose zone) 

m 
Subsurface hydrology 

m 
Surface hydrology 
(including flooding) 

a 
Physical and chemical 
characteristics of strata 

a 
Meteorology and climatology 

a 
Demography 

Erosion a 

Soil cover depth 
_ - 

Proximity 'of public roads 
or tacilities 

Location of waste generators 

Characteristics of waste 

Potential mineralogical 
value of the land 

Impacts on flora and fauna 

Potential recr.eatiu11al 
value of land 

. . 
Potential archeological 
value of land 

P 
Ownership of land 

Probable plant or animal 
intrusion . 

Tectonic activity 
(including vulcanism) , '  



A determination of whether the distance between the waste 
and aquifer or the distance from the surface to the aquifer 
is sufficient to permit burial of wastes at greater depths 
is dependent on many factors, including the hydrological 
and geological conditions at the site, the complexity of the 
geohydrological system, and the inventories and characteristics 
of the waste to be buried, among others. The prediction of 
nuclide migration to the aquifer depends on the ability to 
predict the velocity and direction of moisture flow within the 
strata separating them. If the underlying strata are highly 
fractured or contain large void spaces, as might occur in 
limestone formations (caves) or basalt formations (lava tubes), 
it will be very difficult to predict water movement in such 
strata. 

Similarly, the sorptive characteristics and permeability of 
the rock or soil will vary greatly between potential'sites. 
liighly permeable, nonsorptive material such as gravel may 
require several meters of thickness to equal the retention of 
one meter of clay. 

Subsurface Hydrology - Water is generally the, major ------------ 
vehicle for nuclide movement below the level of root and animal 
penetration. ,If radioactive nuclides are able to enter an 
aquifer that is used for culinary or agricultural purposes, 
.public exposures follow. To avoid unacceptable exposures, it is 
necessary to study the hydrogeologic features near a candidate 
site such that nuclide migration car1 be predicted. The age of 
the groundwater (as determined by Carbon 1 4  d,ating) is an 
importan't characteristic in evaluating the potential for nuclide 
migration via groundwater at a particular site (Reference 9). 

Data on groundwater velocity and direction must be ana- 
lyzed. Also, the volumetric flow rate and end uses of any 
stream or body of water into which the aquifer may empty 
must be evaluated. Vapor phase transport of water and certain 
nuclides such as tritium may also contribute importantly, 
particularly *in unsaturated hydroloqic areas where the existence 
uf thermal gradients in underground strata develop phase 
instabilities. While it is possible to model this phenomenon, 
consideration of sites where vapor phase transport is believed 
important should probably be minimized because of the conplexity 
of predicting the performance of such a site. A complete 
analysis will provide assurance that any p~tential release of 
radionuclides is within permissible levels. If, however, 
exposures are calculated to be above permissible levels, 
engineered barriers that will remain effective for the necessary 
time frame must be erected or the site must be rejected as a 
potential burial ground. 

Surface Hydrology - Consideration of the surface features 
of a site must also be taken into account. A disposal site 
must not be located in or near surface water channels or near 
bodies of surface water that would bc in danger of becoming 



contaminated. Arid regions are notorious for flash floods that 
suddenly wash down out of mountain canyons, eroding away 
unconsolidated soil or flooding areas that are normally dry. 
Paleohydrologic conditions as well as recent conditions must 
be considered to ascertain the risk of flood or to engineer 
adequate flood protection into the design. 

Physical and Chemical Characteristics of Strata - This -------------- -- 
item is very closely related to the distance between waste 
and aquifer-discusskd earlier. The discussion concerning 
groundwater movement in the strata is also applicable here. The 
physical characteristics such as permeability, porosity, 
retardation, and degree of fracturing are of interest in 
modeling the movement of groundwater under the burial facility. 
Sone chemical characteristics are equally important however, for 
predicting the mobility of the nuclides. Chemical charac- 
teristics of the strata such as acidity, chemical makeup and 
adsorptivity are also important considerations in determining 
the possible effects on nuclide movement. A site which is 
characterized by a complex geohydrologic system having many 
doninant characteristics contributing to nuclide mobility should 
probably be rejected on the basis of the analytical difficulty 
in predicting its performance. However an alternate site having 
a complex system of features which retard nuclide mobility and 
contributes to greater waste isolation may be an excellent site 
selection despite the analytical difficulty in predicting its 
performance. 

Meteorology and Climatology - Dry cliinates are separated 
into two degrees of intensity, semiarid and arid. The division 
between humid and semiarid climates occurs where the ratio of 
precipitation to evaporation is less than one. The boundary 
between semiarid and arid is about one-half the amount of 
precipitation that locally divides semiarid from humid con- 
ditions. Therefore, for a CCDF located in an arid region, the 
evaporation rate would be at least double the precipitation 
rate. This means that it is unlikely that meteoric water would 
penetrate the waste and continue downward to the aquifer. 

The absolute amount of rainfall that will produce humid 
conditions cannot be stated because it will vary with the 
mean annual temperature of an area. The amount of annual 
precipitation in the United States that will produce humid 
conditions varies frorn about 0.51 m in North Pakota to about 
0.76 n in Texas. Less than 0.25 m of annual precipitation will 
produce a desert in almost any location (~eference 10). 

In addition to rainfall and evaporation rates, other 
meteorological data for a candidate site must be considered. 
The velocity and direction of the wind (wind rose) should be 
examined to determine if an accident during waste handling 
operations could present an unacceptable exposure to downwind 
populations. 



Such factors as temperature extremes, tornadoes, and 
snow accumulations are also important considerations. These 
items could strongly affect the operation and costs of the 
facility during the time it is open. After closure these 
factors no longer have an impact on the continued performance 
of the GCDF. 

Potential climatic changes, although not likely over the 
short term, should be considered in the design and siting of a 
facility. Although natural climatic changes (e.g., changes in 
the mean annual precipitation) generally take thousands of years 
to manifest themselves, man-induced .effects which behave like 
climatic changes (e.g., those due to irrigation) can take place 
in a short time period. 

~ e m o g r a p h ~  - The population distribution surrounding a ---- 
potential waste disposal site must be considered when setting 
site criteria. With intermediate depth burial, the risk to 
off-site populations should be negligible after the site is 
closed; however, the possibility of an airborne release during 
transportation and handling must be considered. The site 
must be ,located as far as practical from large population 
centers, so that the maximum credible handling accident will 
not give unacceptable population exposures. Generally, a 
consideration of population within an 80-kilometer (50-mile) 
radius will suffice for this calculation. In addition to the 
meteorology, the exposure calculated is dependent on waste form, 
concentration, and packaging integrity. 

Future demography is more difficult to quantify. Fore- 
casting population shifts far into the future is so difficult 
that very little confidence can be placed with it. However, it 
is desirable to consider such shifts and locate any GCDF in an 
area that is unlikely to be developed within the time that the 
waste will remain hazardous. It is assumed that the greater the 
distance that can be maintained between the waste and large 
population centers, the lower the probability will be of 
unacceptable population exposures. 

Areas that are presently a considerable distance fro~n lar.ye 
population centers, with a limited water suppl'y, an unpleasant 
climate, soil unsuitable for agriculture, or that have any 
other features that are undesirable for human habitation are 
areas which are least likely to become centers of population 
development. 

Demographic projections are possible for long periods 
into the future based on extrapolation of current demographic 
patterns. However, recent census data indicate the overwhelming 
uncertainty of such long-range predictions as evidenced by the 
unexpected sh.ift of populations away from urban centers toward 
areas of lower population density. The factors contributing to 
such shifts in recent history, while recognizable after the 
fact, are too uncertain or indefinable to justify demographic 
projectivns beyond 100 years. 



Erosion - Wind is an important agent of erosion in desert 
regions. Since the vegetation is generally widely spaced 
shrubs and salt-tolerant bushes, dust and sand can be swept up 
from the bare ground and removed from an area by the desert 
winds. Windblown materials are easily trapped by obstructions 
such. as rocks or bushes to form dunes. The engineer can take 
advantage of this and change the surface area above a burial 
site fron an area of depletion to an area of net deposition by 
placing rocks or resistant barriers on the surface after the 
site is closed.. 

Rain in the desert is usually of high intensity, short 
duration and local extent. Cloudbursts or convective thunder- 
storms over desert mountains usually bring most of the rain. 
Because the ground is almost bare,  the rain runs off rapidly 
fron slopes and may cause severe erosi~n, particularly nn grniind 
that has been disturbed and n n t .  yet returned to  it^ primal 
stabilized condition. 

The dcsigner of a OCDF locdte(d in an arid reginn (the 
desert) must use care to avoid areas that are down gradient from 
mountain canyons where flash flooils are likely to occur. 

Soil Cover Depth - Greater confinement disposal is pri- 
ntarily aimed at placing the waste beyond the zone of probable 
intrusion by an inadvertent reclaimer, the roots of native 
plants, or the burrowing of terrestrial animals. Most pre- 
viously published discussions of GCE (previously called inter- 
mediate depth burial) have suggested that this depth is a 
minimum of 10 m. 

An optimal depth for waste burial was eeternined utilizing 
the methodology in Appendix A of this document. The methodology 
is based on comparative analyses at varying depths of the allow- 
able concentraticns of a typical reference low-level waste 
source that contributes, via release by competing exposure 
pathways, under possible but not highly probably worst case 
conditions to a maximum individual health impact of 500 mrem/yr. 
Under expected or normal conditions, the expected health impact 
should be less than 3 rt1rem/yr to the general public. The 
analyses were done for two site conditions or scenarios repre- 
senting the expected site conditions at an arid western site, 
characterized by zero vertical water velocity and nominal 
dispersion, and the limiting case, contributing to a maximum 
individual dose of 500 mremlyr which would be comparable to a 
scenario where irrigation was initiated above the burial site in 
conjunction with farming and raising of food crops or where a 
change to a humid climate permitted natural growth of crops. 
?'he analyses considered £ive exposure pathways--drinking well 
water pumped from an underground aquifer, ingestion of food 
crops contaminated by root uptake of nuclides which reached 
the surface via dispersion or mechanical disturbance (i.e., 
intrusion), inhalation of resuspended soil contaminated by 
nuclides which migrated to the surface, inhalation of radon 
gas, and direct exposure to contaminated surface soil. The 



optimal depth of 30 to 40 meters was determined for a generic 
arid western site having a surface-to-aquifer depth of 160 
meters. Thus, a soil depth of 40 to 50 meters below the surface 
is required when taking into consideration the added thickness 
of the waste. 

The cost of developing a GCDF is closely associated with 
soil depth. Excavation of unconsolidated material to a depth of 
40 to 50 m below the surface can be accomplished at relatively 
moderate costs for burial pits and at relatively low cost 
(compared to deep geological burial) for an GCD borehole concept 
discussed later in this section. If, however, bedrock must be 
excavated to reach the required depth, the facility cost would 
be greatly magnified. The need for an impervious liner would be 
determined by the absorption properties of the native soil and 
the annual precipitation at a specific site. 

Proximity of Public Roads or Facilities - Any public roads 
or other facilities which may involve the general public 
and which are in the vicinity of the disposal site must be 
evaluated. The principal concern is public exposure in the 
event of an unplanned radiation release to the atmosphere 
during the operating period. 

Location of Waste Generators - The location of the princi- 
pal waste generators should be identified so that transportation 
risks across public highways or through population centers can 
be properly evaluated. Transportation routes may be selected 
which do not pass through large population centers. All other 
things being equal, it can be assumed that, in general, the 
greater the distance between the waste generator and the 
proposed disposal site, the greater the risk. 

Characteristics of Waste - Several characteristics of -------- --- 
the waste to be buried rnust be -identified, such as the total 
volume to be buried, type( s) of containers, physical form 
of the waste, principal nuclides, nuclide concentrations, 
and leachability, Mgst of these characteristics would have 
no influence on the location of an GCDF, but they are very 
important parameters where design of the facility is concerned. 
For example, if the volume of the waste is large and the 
radiation level is low, the facility may be designed as an open 
pit. (See the top portion of Figure 5-1 showing the end, top, 
and cross-sectional views of a large volume burial'pit.) On the 
other hand, if the volume is small and the radiation high, the 
design may call for a small diameter vertical shaft (borehole). 
(See the bottom portion of Figure '5-1 showing the borehole 
cross-sectional and top-view layout of a series of disposal 
shafts.) Where high specific activity and low specific activity 
wastes are being received, there may be a need for both of these 
concepts in the same facility. For example, a borehole or 
narrow trench could be excavated in the bottom of a large pit 
for disposal of high activity, low-level waste, thus minimizing 
ehe exposure potential to facility operators. ( N o t e  that the 
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dimensions and values shown i n  Figure 5-1 a r e  t y p i c a l  and a r e  
n o t  i n t e n d e d  t o  r e f l e c t  t h e  d e s i g n  of  a  p a r t i c u l a r  G C D F ' . )  

5 .1 .2  Q u a l i t a t i v e  Factors  

P o t e n t i a l  M i n e r a l o g i c a l  Value o f  Land - T h i s  f a c t o r  ---------- -------- 
h a s  s i g n i f i c a n c e  i n  p r o t e c t i n g  f u t u r e  g e n e r a t i o n s .  F u t u r e  
genera t ions  should not be deprived by t h e  p resen t  generat ion of 
a c c e s s  t o  m i n e r a l  d e p o s i t s  which may someday be v i t a l  t o  
t h e i r  c i v i l i z a t i o n  but  which may not  p resen t ly  be economically 
f e a s i b l e  t o  recover .  

A m i n e r a l o g i c a l  su rvey  shou ld  be  made of any proposed 
s i t e .  Ar id  d e s e r t  s i t e s  may be u n d e r l a i n  w i t h  s i g n i f i c a n t  
d e p o s i t s  of such minerals a s  potash,  colemanite ( b o r a x ) ,  h a l i t e  . 
( s a l t ) ,  c o a l ,  o r  n a t u r a l  gas .  Recovery of shallow depos i t s  of 
such resources  could be severe ly  r e s t r i c t e d  by t h e  presence of a  
r a d i o a c t i v e  waste b u r i a l  s i t e .  However, mining of deep depos i t s  
may be p o s s i b l e  without d i s tu rb ing  t h e  waste i f  i t s  loca t ion  i s  
known a t  t h e  time resource e x t r a c t i o n  begins.  

Impacts on Flora  and Fauna - Any new government construc- 
t i o n  p r o j e c t  i s  required by f e d e r a l  law t o  exanline t h e  impact 
t h e  cons t ruc t ion  may have on any r a r e  and endangered spec ies  of 
p l a n t s  o r  animals.  P a r t i c u l a r l y  i n  a r i d  regions ,  where d e s e r t  
p l a n t s  .and a n i m a l s  a r e  seldom consumed by t h e  p u b l i c ,  t h i s  
f a c t o r ,  by i t s e l f ,  would have  l i t t l e  o r  n o t h i n g  t o  do w i t h  
p r o t e c t i n g  t h e  genera l  pub l i c  h e a l t h .  Nevertheless,  it n i u s t  be 
considered i n  order  t o  comply with f e d e r a l  law. 

The e s t a b l i s h m e n t  of  an a r e a  where human a c c e s s  i s  r e -  
s t r i c t e d ,  a s  w i l l  be t h e  case  f o r  a  GCDF, w i l l  o f t e n  enhance 
t h e  growth of  most f l o r a  and f a u n a .  However, i t  m u s t  be  
determined i f  t h e  d i sposa l  s i t e  l i e s  on a  migratory rou te  f o r  
such animals a s  deer  o r  an te lope  o r  i f  it w i l l  have any impact 
on n a t i v e  p l a n t s  o r  small animals. 

P o t e n t i a l  Recreat ional  Value of Land - Under t h e  assumption 
t h a t  a  GCDF would be l o c a t e d  on l a n d  r e s t r i c t e d  from p u b l i c  
access  during t h e  per iod of opera t ion  and pos tc losure  c o n t r o l ,  
t h i s  f a c t o r  has  l i t t l e  t o  do with p ro tec t ing  t h e  pub l i c  h e a l t h  
and s a f e t y .  The item i s  considered because of i t s  p o t e n t i a l  
s o c i o p o l i t i c a l  impacts and t o  f a c i l i t a t e  pub l i c  acceptance of 
the  f a c i l i t y .  I n  many a r e a s ,  such a s  southern C a l i f o r n i a ,  t h e  
d e s e r t s  a r e  becoming i n c r e a s i n g l ' y  p o p u l a r  f o r  r e c r e a t i o n a l  . 
a c t i v i t i e s  such  a s  camping, motorbike  r i d i n g ,  rockhounding,  
s u n b a t h i n g ,  dune buggy r i d i n g ,  e t c .  An a r e a  t h a t  h a s  no 
permanent  r e s i d e n t s  may have  hundreds  of  weekend v i s i t o r s .  
Opposit ion t o  t h e  l o c a t i o n  of a  GCDF i n  a  p a r t i c u l a r  a r e a  could 
r e s u l t  i n  many c o s t l y  delays a s  a  r e s u l t  of pub l i c  hear ings .  
This f a c t o r  could have a  ma te r i a l  e f f e c t  on t h e  s i t e  s e l e c t i o n  
and opera t ion  of a  GCDE'. 



After the period of control ,  the  depth of waste confinement 
i s  suf f ic ien t  t o  adequately shield any recreational  v i s i to r s  t o  
t h e  s i t e  from p o s s i b l e  d i r e c t  whole body exposure from t h e  
buried waste. Even for the small concentration of nuclides t h a t  
may migrate t o  the surface via dispersion, the impact of d i r ec t  
exposure t o  such would be extremely small because the residence 
time of a  v i s i t o r  t o  the s i t e  would be extremely small. . 

Potential Archeological Value of Land - For a l l  new federal 
construction projects ,  the  Historic Preservation Act mandates 
the determination of potent ia l  e f fec ts  on cul tural  resources 
and the preservation of s i t e s  i n  s i t u  o r  the preservation of 
h i s t o r i c a l  and archeological data tha t  might be i r re t r ievably 
l o s t .  

A n  a rcheologica l  survey must be made of a  candidate  
disposal s i t e  t o  assure tha t  important archeological material 
would not be l o s t .  Potential e f fec ts  are  not limited t o  the 
l o c a l i t i e s  d i r e c t l y  modified by t h e  p r o j e c t ,  but  may a l s o  
include anci l lary features such as access roads, power l ines ,  or  
construction crew camps. 

This factor  a l so  i s  not concerned with public health and 
safe ty  but i s  important because of i t s  sociopol i t ical  impacts. 
and for  compliance with federal law. 

owhership of Land - The s i t i n g  of a  GCDF should be on'lan'd 
t h a t  i s  owned, by the federal government o r  could be acquired by 
the  federal  government. This w i l l  assure t h a t  the waste can be 
isolated from the general public for a s  long a s  may be deemed 
necessary t o  protect  the public health and safety.  For shallow 
land b u r i a l  t h i s  i n s t i t u t i o n a l  c o n t r o l  h.as been proposed t o -  
be necessary for  100 years. 

With deeper buria l  depth, it i s  expected tha t  the  surface 
area could be returned t o  unrestr icted public use i n  l e s s  than 
100 years a f t e r  waste buria l  has been completed and the surface 
s tab i l ized .  This point has been regarded by many as  a  major 
advantage of GCD over shallow land buria l  for low-level waste 
disposal .  / 

Probable Plant o r  Animal Intrusion - Greater confinement 
disposal generally implies buria l  a t  a  depth below any possible 
plant  root intrusion or  animal burrowing. However, the plant  
and animal community m u s t  be examined t o  ensure t h a t  no unusual 
spec ies  e x i s t  i n  t h e  a r e a  which could i n t r u d e  on the  waste. 
I t  i s ,  however, t h e  u l t imate  e f f e c t  of i n t r u s i o n  i n  terms 
of i t s  r i s k  t o  man r a t h e r  than i t s  abso lu te  prevent ion t h a t  
i s  of concern. 

Intrusion in to  the waste may occur without causing adverse 
e f f e c t s .  For example, t h e  badger i s  notor ious f o r  digging 
deep i f  something a t t r a c t s  it. 'However, the  materials usually 
found i n  r ad ioac t ive  waste a r e  not m a t e r i a l s  t h e  badger i s  



likely to ingest intentionally. Very small quantities of 
contamination on the badgers' fur would not constitute a 
significant threat of exposure .to human beings. 

Tectonic Activity - The probability of tectonic activity 
affecting a burial facility is extremely low. A severe earth- 
quake centered near the GCDF could destroy surface handling 
equipment and support facilities, but even then it would 
probably not result in a major release of contamination. 
The eruption of a new volcano directly beneath a burial site 
could spread contamination over a wide area but such an event 
is extremely unlikely. Even in this unlikely event, the 
relative impact of waste spread over a wide area would be 
negligible compared to the impact of the volcano itself. The 
most plausible event related to tectonic activity that could 
affect the GCDF would be a change in groundwater flow patterns 
due to fault slippage. Water coming in contact with the waste 
could transport radioactive nuclides to the surface and result 
in exposures to surrounding populations. 

Generally, most severe tectonic activity occurs in rather 
well-defined zones which can easily be avoided. It is easier 
and safer to avoid active earthquake and volcanic areas than to 
try to engineer barriers against them. 

5.2  RELATIVE IMPORTANCE 

The factors pertinent to site selection and criteria 
development are ranked in Table 5-2. Three attributes are con- 
sidered which are related to the goals identified in Chapter 4. 
They are the following: 

The relative importance of the factor in affecting 
the health and safety of the public 

The importance of the factor on the cost of the 
waste disposai facillty or syst e.111 

The uncertainty in the ability to measure, fore- 
cast, or control the effect of the factor on the 
performance of the waste disposal system over the 
period the waste may remain hazardous 

'Tables 5-3 through 5-5 deiine the method for ranking each 
factor according to the three attribute categories defined 
above. 

The first attribute reflects the importance of a site 
selection factor in determining that ". . . the impacts on man 
and his environment . . . do not exceed consequences deemed to 
be acceptable to the present generation." 



TABLE 5-2 I .  .. 

RANKING OF FACTORS PERTINENT TO SITE SELECTION ( a ) 

D i f f i c u l t y  i n  
Measuring, 

Cost Forecast ing 
Importance and Control 

Health and 
Safe ty  

Importance 

Distance Between Waste and Aquifer 5 

Physica l  and Chemical 
C h a r a c t e r i s t i c s  of S t r a t a  

C h a r a s t e r i o t i c s  of WasCe 

Subsurface Hydrology 

Surface  Hydrology ' 

Erosion 5 1 

S o i l  Cover Depth 3 3 

Meteorology and Climatology 4 2 

Demography 5 3 

Location of Waste Generators 3 3 

proximity of Publ ic  Roads 2 2 

~ e c t o n i c  Ac t iv i ty  
-.  

Probable P lan t  o r  Animal In t rus ion  4 

14. P o t e n t i a l  Mineralogica 1. Value . 5 3 3 

15. P o t e n t i a l  Archeological Value 1 

16. Ownership of Land 1 

17. . Flora  and Fauna Impacts 1 

18. P o t e n t i a l  Recreat ional  Value 
of t h e  Land 3 1 3 

- 

 ank king Key: 7 = Least  importance 5 = Most importance 

( a ) ~ h e  above data  a r e  graphica l ly  presented i n  Figures 5-2 and 5-3 on 
pages 5-17 and 5-19, r e spec t ive ly .  The data  represent  t h e  summary 
a n a l y s i s  of responses of a review group of exper ts  sub jec t  t o  t h e  
weighted i n t e r p r e t a t i o n  of t h e  preparers .  



TABLE 5-3 

DEFINITION OF RANKINGS FOR HEALTH AND SAFETY ATTRIBUTES 

A t t r i b u t e  Ranking 

Health and Safe ty  5 
Importance 

Def in i t ion  

The ' f a c t o r  is  a  c o n t r o l l i n g  parameter ' 

i n  a f f e c t i n g  t h e  a b i l i t y  of t h e  waste 
b u r i a l  s i t e  t o  perform s a t i s f a c t o r i l y  
i n  minimizing t h e  h e a l t h  and s a f e t y  
impacts t o  t h e  publ ic ,  both p resen t  
and f u t u r e .  The a b i l i t y  of man t o  
c o n t r o l  o r  m o d i f y  t h e  f a c t o r  i s  
ve ry  l i m i t e d .  O v e r a l l  e f f e c t s  a r e  
s e n s i t i v e  t o  minor changes i n  t h e  
f a c t o r .  

The f a c t o r  i s  a l s o  a  c o n t r o l l i n g  
parameter a s  above but  man may have 
some con t ro l  over t h e  f a c t o r .  Overal l  
e f f e c t s  a r e  l e s s  s e n s i t i v e  t o  minor 
changes i n  t h e  f a c t o r .  

The f a c t o r  i s  i m p o r t a n t ,  b u t  n o t  
c o n t r o l l i n g ,  i n  a f f e c t i n g  t h e  a b i l i t y  
of t h e  s i t e  t o  perform s a t i s f a c t o r i l y .  
Man has reasonable con t ro l  over t h e  
f a c t o r .  A one-to-one correspondence 
e x i s t s  between o v e r a l l  e f f e c t s  and  
changes i n  t h e  f a c t o r .  

2 The f a c t o r  h a s  m i n o r  i m p o r t a , n c e  
i n  a f f e c t i n g  t h e  performance of t h e  
s i t e .  Man has considerable con t ro l  
over t h e  f a c t o r .  The o v e r a l l  e f f e c t s  
a r e  only s l i q h t l y  a f f e c t e d  by changes 
In  t h e  t a c t o r .  

1 The f a c t o r  has  r e l a t i v e l y  no i m -  
portance i n  a f f e c t i n g  the  a b i l i t y  of 
t h e  s i t e  t o  adequately provide h e a l t h  
and s a f e t y  p ro tec t ion  t o  t h e  pub l i c  a t  
la rge .  Man's con t ro l  over t h i s  f a c t o r  
i s  t h e r e f o r e  n o t  i m p o r t a n t .  The 
p red ic tab le  performance of t h e  s i t e  is  
unaffec ted  by t h i s  f a c t o r .  



DEFlivlTION OF COST hAnKIhGS . 

ACtr i  but e . . .  Aankina i n l t l o n  

Cost lrnportance 5 ,Minor changes i n  t h e  f a c t o r  can . a f f e c t  
t h e  c o s t  o f  d e v e l o p i n g  a n  lDbF  a t  
t n a t  l o c a t i o n  by s e v e r a l  o r a e r s  o f  
m a g n i t u d e ;  i . e . ,  a n  i n a p p r o p r i a t e  
f a c t o r  v a l u e  would make t h e  c o s t s  o f  
developing a  s i t e  p r o h i b i t i v e .  

A change i n  t h e  f a c t o r  o r  an  inappro- 
p r i a t e  c o n d i t i o n  h a s  a n  i m p o r t a n t  
impact on c o s t .  It can b e  compensateo 
by e n g i n e e r i n g  b u t  w i t h  a n  o r d e r - o f -  
magnitude i n c r e a s e  i n  c o s t .  x 

A change i n  t h e  f a c t o r  has  a  moderate 
but approximately one-to-one e f f e c t  on 
c o s t .  E n g i n e e r i n g  o r  man's  judgment 
i n  d e c i s i o n - m a k i n g  c a n  be u sed  i n  a  
c o s t - e f f e c t i v e  manner t o  r e d u c e  t h e  
impacts of t h i s  f a c t o r . .  

The c o s t  of  d e v e l o p i n g  a  GCllF i s  
a f f e o t e d  o n l y  t o  s a l i g h t  d e g r e e  by 
t h i s  f a c t o r .  Man can  e a s i l y  a f f e c t  
t h e  impso t  o f  t h e  f s o t o r  w i t h  o n l y  a 
minor e l f e o t  on oos t .  

The f a c t o r  h a s  v i r t u a l l y  no  f o r e s e e -  
a b l e  e ~ f e c t  on t h e  c o s t  of developing 
a  GCDF a t  a  s p e c i f i c  l o c a t i o n ,  a s  t h e  
o o c t  o t  s t a o i l i t y  woula be  o o n o t s n t  
r e g a r d l e s s  of a  change i n  t h e  f a c t o r .  



DE;EIIUIl.~Olu OF liAlGKIHG 'DI~ 'F ' ICULTY lN MPIBASUTtlNG, FORECASTING AND CONTHOLLING 
THE; E;PEE;CT OF ThE FACTOR ON THE PERPOItMANCE OF A iiASTE DISPOSAL SYSTE;M 

A t t r i b u t e  
. . 

JiankbX D e f i n i t i o n  

D i f f i c u l t y  i n  5 
Measuring, 
Forecas t ing ,  o r  
Control  o f  Fac tor  

There e x i s t s  a  high degree o f  uncer- 
t a i n t y  o r  d i f f i c u l t y  i n  man's a b i l i t y  
t o  c o n t r o l  t h e  f a c t o r  o r  its e f f e c t s  
on t h e  performance of  a  waste d t s p o s a l  
system. 

A moderate degree of  unce r t a in ty  o r  
d i f f i c u l t y  e x i s t s  b u t  man may have  
l i m i t e d  c o n t r o l  over  t h e  e f f e c t s  of  
t h i s  f a c t o r  on t h e  p e r f o r m a n c e  
of  t h e  CiCDF. 

Nan, by reasonable  judgment i n  s i t e  
s e l e c t i o n  and d e c i s i o n - m a k i n g ,  h a s  
moderate c o n t r o l  over t h e  e f f e c t s  o f  
t h i s  f a c t o r  on. p r e d i c t a b l ' e  . s i t e  
p e r f o r m a n c e ,  a l t h o u g h  t h e r e  e x i s t s  
a  n o m i n a l  d e g r e e  o f  u n c e r t a i n t y  
regard ing  t h e  f a c t o r .  

A l t h o u g h  a  d e g r e e  o f  d i f f i c u l t y  
e x i s t s  i n  measuring, f o r e c a s t i n g ,  o r  
c o n t r o l l i n g  t h i s  f a c t o r ,  it is  we l l  
wi th in  man's a b i l i t y  t o  measure and 
c o n t r o l  i t s  e f f e c t s  s a t i s f a c t o r i l y .  

1 The c o n t r o l  of  t h i s  f a c t o r  is e i t h e r  
. u n i m p o r t a n t  i n  a f f e c t i n g  t h e  p e r -  

formance  o f  t h e  G C D  s i t e ,  o r  t h e  
f a c t o r  is e a s i l y  measured and expected 
t o  be cons t an t  over  t h e  per iod  dur ing  
which t h e  waste may remain hazardous, 
o r  man h a s  t o t a l  c o n t r o l  o v e r  . t h e  
f a c t o r  through e i t h e r  engineer ing  o r  
judgment i n  s e l e c t i n g  s i t e s  w i t h  
app rop r i a t e  f a c t o r s .  



The second attribute reflects the goal that waste disposal 
activities not produce an "irreversible commitment of resources 
on future generations," and the goal that "an incremental 
increase in resources committed to reducing impacts is justified 
by an incremental decrease in impacts." 

The third attribute describes the ability to accurately 
measure, forecast, or control the impacts on man.and his 
environment for the period the waste may remain hazardous. 

To illustrate the costs and benefits of the GCD site 
selection factors, Figure 5-2 plots each factor in terms of 
the two attributes--health and safety importance and cost 
importance.. A larger circle around a factor identity number 
represents a higher perceived degree of uncertainty in measur- 
i l l y ,  forecasting, or controlling over the period during which 
the waste.may be hazardous.   he factors cluster in three groups 
which are identified in Table 5-6 by the "Figure 5-2 Factor 
Grouping" headings. The groups are characterized as follows in 
the column on .the left side of the table: 

Those factors demonstrating high overall importance 
with respect both to health and safety and to 
impacts on costs; i.e., demography, physical and 

, chemical characteristics of the strata, potential 
mineralogl.ca1 value of the land, location of 
waste generators, characteristics of waste, and 
soil cover depth. (In the case of waste generator 
locations,. the period of concern is the 30 or so 
years of disposal site operation.) 

Those factors having high health and safety 
importance but little impact on syat.em costs: 
i.e., distance between the waste and the aquifer, 
subsurface hydrology, surface hydrology, erosion, 
meteorology, etc . 
Those factors having only minor impact on health 
and safety; i.e., pro,ximity to public roads, 

: .  ownership of land, potential archeological value, 
and flora and fauna impacts. One of the factors-- 
ownership of land--may have a moderate impact on 
cost, 

Figure 5-2 shows that variations in most factors are 
perceived to have only small to moderate impacts on system 
costs. Only three of the more important health and safety 
factors (those in the upper right cluster) are also judged to 
have a moderate impact on cost. One of these, demography, is 
also quite difficult to forecast because of the uncertainty of 
future shifts in population. In other words, the cost of 
constructing and operating a radioactive waste disposal facility 
at a given site is relatively independent of location, assuming, 
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.TAbLL 5-6 

SUPfiAfiP OF RAhRINGS OF SITE SELBCTIOM FACTORS 

u r e  5-2 Fac to r  Grour>inas 

Ranking of  f a c t o r s  i n  F igure  5-2 
by importance t o  h e a l t h  and s a f e t y  
and c o s t .  

b i a h  hea l th !  Sa fe tv  and Cost I m ~ o r U  

Demography 
Phys i ca l  and chemical.characteristics 

of  s t r a t a  
P o t e n t i a l  mipera log lca l  va lue  
Locat ion o f  waste g e n e r a t o r s  
C h a r a c t e r i s t i c s  of waste 
S o i l  cover  depth 

b i a h  h e a l t h  and S a f e t v  I m ~ o r t a n c e  

Dis tance  between waste  and a q u i f e r  
Subsurf a c e  hydrology 
Lrosion 
ke teoro logy  and cl imatology 
Probable  p l a n t  o r  animal i n t r u s i o n  
Tec tonic  a c t i v i t y  
Su r f ace  hydrology 
P o t e n t i a l  r e c r e a t i o n a l  va lue  

a c t o r  G r o w  

hanking of. f a c t o r s  i n  Figure 5-3 
by importance and s i g n i f i c a n c e  t o  
h e a l t h  and s a f e t y  only 

host slmufumi Fact- 
. . .  

Gemography 
Phys ica l  and chemical charac te r -  

i s t i c s  of s t r a t a  
C h a r a c t e r i s t i c s  o f  waste 

S i g n i f i c a n t  Fac to r s  with 
Moderate D i f f i c u l t y  i n  Measuring, 
F o r e c a s W .  and ControL 

P o t e n t i a l  minera log ica l  value 
Distance between waste and a q u i f e r  
Subsurface hydrology 
Surf ace  hydrology 
he teoro logy  and cl imatology 
Probable p l a n t  and animal i n t r u s i o n  
l e c t o n i c  a c t i v i t y  
Locatlod Oi waste gt i~~eratut '~  
Ervviurl 
P o t e n t i a l  r e c r e a t i o n a l  va lue  

Important and biell-Understood 
F a c t o r s  

S o i l  cover  .depth 

Proximity t o  pub l i c  roads  
Ownership o f  land 
Poten tTal  a r cheo log ica l  va lue  
F l o r a  and fauna impacts  

Prboximity t6 pub l i c  roads 
Ownership of  l and  
P o t e n t i a l  a r cheo log ica l  v a l u e  
F l o r a  and fauna impacts 
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of course, the GCDF is constfucted in a'western arid 'site in 
easily excavated unconsolidated soil. Also, the physical and 
chemical characteristics of soil, in addition to being very 
difficult to measure, are extremely important along with soil 
depth in assessing the costs of excavation. Interestingly, the 
mineralogical value of the land has a strong influence on future 
excavation probability and therefore, while not known with 
certainty, on the potential for inadvertent human exposure. 

Figure 5-3 compares the ranking of the factors relative 
to the two attributes--health and safety importance and the 
degree of difficulty in measuring, forecasting, or controlling 
the impact of the factors. The right-hand column .in Table 5-6 
summarizes the ranking of the factors shown in Figure 5-3. 
The factors are listed in order of decreasing significance. Thc 
factors (represented by the identity numbers from Table 5-2) 
tall into two clusters, identified by the secvrld and fourth 
group headings under "Figure 5-3'~actor Groupings" of Table 
5-6. These two clusters are characterized according to the 
potential significance of the factors on health and safety as 
follows : 

e The first cluster, shown in the upper middle 
of Figure 5-3, represents those factors which 
are considered important to health and safety 
(importance ranking of 3, 4., or 5) and have a 
moderate uncertainty ranking of 2 or 3. They 
represent both environmental and geotechnical 
.factors which .may be somewhat dif.ficult to measure 
or forecast. They are, in order a f  decreasing 
significance, potential mineralogical value, 
distance between the waste and the aquifer, subsur- 
face hydrology, surface hydrology, meteorology and. 
climatology, probable plant or animal intrusion, 
tectoni'c activity, location of waste generators, 
erGsion, and the potential recreational value 
of land. 

The factors in the second cluster are in the 
minor importance group and are identical to the 
set of factors in the minor importance group o f  
Figure-5-2. 

Two other groups of factors in Figure 5-3 which do not fall 
into definable clusters are described as follows: 

Demography, located by itself in the upper right 
corner of Figure 5-3, is considered the most 
important with regard to health and safety (i.e. , 
has an importance ranking of 5) and is also quite 
difficult to forecast or control e .  , has -an 
uncertainty factor of 5). 



A l s o ,  t h e  p h y s i c a l  and chemica l  c h a r a c t e r i s t i c s  
of t h e  g e o l o g i c  s t r a t a  a r e  ve ry  d i f f i c u l t  t o  
d e t e r m i n e  and,  t o g e t h e r  w i t h  t h e  w a s t e  cha rac -  
t e r i s t i c s ,  h a v e  a  s i g n i f i c a n t  i m p a c t  on t h e  
m i g r a t i o n  and r e t e n t i o n  . o f  n u c l i d e s  w i t h i n  t h e  
ground and t h e r e f o r e  on t h e  h e a l t h  and s a f e t y  
o f  t h e  p u b l i c .  For example,  l i t t l e  s p e c i f i c  
d a t a  e x i s t s  on such w a s t e  c h a r a c t e r i s t i c s  a s  
l e a c h a b i l i t y ,  c h e m i c a l  makeup, r a d i o n u c l i d e  
c o n t e n t ,  e t c . ,  which g r e a t l y  i n f l u e n c e  n u c l i d e  
m i g r a t i o n .  L ikewise ,  t h e  t echno logy  needed f o r  
de te rh in ing  how t h e  geologic  s t r a t a  w i l l  respond t o  
migrat ing l eacha te  i s  very poorly developed o r  i s  
almost t o t a l l y  e n p i r i c a l .  

S o i l  cover  d e p t h ,  shown i n  t h e  upper  l e f t  of  
~ i ' g u r e  5-3, i s  one f a c t o r  t h a t  i s  i m p o r t a n t  t o  
h e a l t h  and s a f e t y  but  can be accura te ly  determined 
and c o n t r o l l e d  using t h e  methodology i n  Appendix A.  

Figures  5-2 and 5-3 and t h e  groups summarized i n  Table 5-6 
i l l u s t r a t e  t h a t  demography, of a l l  t h e  f a c t o r s ,  i s  considered t o  
be t h e  most important i n  a f f e c t i n g  t h e  h e a l t h  and s a f e t y  of t h e  
pub l i c  and t h e  c o s t  of waste d i sposa l .  Demography i s  a l s o  t h e  
rnost d i f f i c u l t  t o  f o r e c a s t  o r  con t ro l  because it involves t h e  
uncer t a in ty  of s o c i a l  a c t i v i t y  and change. Population s h i f t s  
cannot be a n t i c i p a t e d  over t h e  100 t o  10,000 year  per iod t h a t  
t h e  waste can be expected t o  remain hazardous. 

The f a c t o r s  i n  t h e  upper middle c l u s t e r  of Figure 5-3 a r e  
a l s o  c o n s i d e r e d  s i g n i f i c a n t  w i t h  r e g a r d  t o  t h e i r  impact  on 
h e a l t h  and s a f e t y  e l  d i s t a n c e  between waste and a q u i f e r ,  
p o t e n t i a l  mineralogical  value,  subsurface hydrology, e ros ion ,  
e t c . )  but  a r e  not  a s  s i g n i f i c a n t  a s  demography.because they  a r e  
more e a s i l y  measured. They represent  a  composite of important 
environmental, geotechnica l ,  and s o c i o p o l i t i c a l  cons idera t ions ,  
which may vary widely among d i f f e r e n t  s i t e s .  Because c e r t a i n  of 
t h e s e  cons ide ra t ions  can be d i r e c t l y  a t t e c t e d  by V a r i d L i u l l s  01' 

changes i n  such f a c t o r s  a s  t e c t o n i c  a c t i v i t y  and neteorology and 
c l i m a t o l o g y ,  which themse lves  a r e  modera te ly  d i f f i c u l t  t o  
f o r e c a s t ,  t h e r e  i s  a  moderate degree of unce r t a in ty  regarding 
t h e  a b i l i t y  t o  f o r e c a s t  and c o n t r o l  t h e  f u t u r e  impact of changes 
i n  t h e s e  f a c t o r s  a f f e c t e d  a s  w'ell. I n  a d d i t i o n  t o  t h e  f a c t o r s  
meteorology and c l i n ~ a t o l o g y ,  c e r t a i n  of  t h e  f a c t o r s  such  a s  
p l a n t  and animal i n t r u s i o n  a r e  moderately d i f f i c u l t  t o  measure 
and f o r e c a s t  even w i t h  a  s u b s t a n t i a l  e f f o r t .  However, t h e  
u n c e r t a i n t i e s  of  impac t s  of changes  i n  c l i m a t e  o r  t e c t o n i c  
(ear thquake)  a c t i v i t y  can be reduced using a n a l y s i s  t o  p r e d i c t  
and bound t h e  long- term impact  of  changes  i n  t h e s e  f a c t o r s .  

Good engineering judgement i n  t h e  design of t h e  f a c i l i t y  
and i n  t h e  s e l e c t i o n  of  t h e  s i t e  may be t h e  b e s t  method t o  



minimize' the possible undesirable inipacts of geotechnical and 
environmental factors, even though specific parameters cannot 
be accurately measured or controlled. If, for example, the 
distance between the waste and aquifer is anticipated to be 
large, the health impact of waste burial is expected to be 
small. Similarly, burying the waste at sufficient depth (i.e., 
utilizing GCD) can essentially eliminate plant and animal 
intrusion. -Locating the facility out of the way of the flood 
wave will likely reduce the uncertainty of erosion due to flash 
flooding. Also, where the site is located in a suitably 
determined arid environment with little mineralogical value 
or history of tectonic activity, the physical and chemical 
characteristics of the strata may be more homogeneous and 
thus more favorable, and the impact of current or potential 
meteorology (precipitation) and the uncertainty of tectonic 
activity can be minimized. Finally, selection of an arid  sit^ 
is llkely to seduce the pr~bability of i~nfavorable demographic 
shifts, at least for the foreseeable future. 

It s h u u l d  be recognized that those factors rated least 
significant (potential archeological and recreational value of 
land) have been evaluated in terms of the three attributes 
described at the beginning of this section. These attributes 
focus heavily on health and safety and cost aspects rather 
than sociopolitical considerations. Had a different set of 
attributes been chosen for the evaluation, the parameters may 
have been assigned different degrees of importance. 



6. CRITERIA AND STANDARDS FOR GREATER CONFINEMENT DISPOSAL 

Greater confinement disposal in most aspects is not parti- 
cularly different than shallow land burial. The requirements 
for most operating equipment, support facilities, personnel, 
site security, transportation, packaging, radiation protection, 
monitoring, and health and safety are essentially the same for 
the two concepts. Som,e differences in operating equipment may 
be necessary 'because of the deeper burial. Most o.f these 
differences, however, can be considered as design parameters 
unique to a specific site. 

The reco~nmended generic criteria liste'd below have been 
divided into seven categories which are further subdivided 
into more specific criteria. Each criterion is followed by a 
corresponding standard or standards and a discussion. 

6.1 RADIATION EXPOSURE PROTECTION 

There are two separate groups of people who must be 
protected from the radiation associated with the management 
of the low-level waste; namely, the radiation workers at the 
disposal site and the general public residing outside of the 
site boundaries.. Radiation doses to operating personnel shall 
be kept as low as reasonably achievable. 

6.1.1 Operating Personnel 

Criterion: Operating personnel will not be subjected to 
radiation at levels for which statistically discernible adverse 
effects are anticipated. 

Standard: Radiation doses to operating personnel shall in 
no event be allowed to exceed th,e limits in the Code of Federal 
Regulations, Title 10, Part 20. 

Discussion: The nuclear industry has over 35 years of ----- 
experience in controlling radiation exposures to radiation 
wo;kers. There is nothing- unique in the GCD concept that will 
cause excessive exposures. Continued use of good radiation 
safety procedures at the work place as .practiced at other 
disposal sites will assure compliance with these criteria. 

Current limits for occupational exposure are set at 5 ren 
per year whole body. However, it is the general practice of the 
nuclear industry to limit occupational exposure somewhat below 
this level. 



6.1.2 General Public 

Criterion: The general public shall not be exposed to ------- 
radiation doses above levels for which statistically discernible 
effects are considered acceptable and safe. 

Standard: Radiation doses to the general public shall not 
exceed the guideline doses listed in the ICRP publication No. 
26, adopted in January 1977, or such other guidelines as may be 
subsequently published to.replace the IC.RP guidelines. 

Discussion: The general public radiation dose guideline 
as listed in the ICKP publication No. 26, which is consistent 
with NRC and EPA guidelines, gives 500 mrem/yr as a maximum 
allowable (worst case) limit for a few individuals (10's of 
individuals). The averaged individual dose for a large popu- 
lation is limited to 170 mrem/yr (Reference 11.). The guidelines 
proposed for greater confinemer~t, which represent a conservative 
approach, allow a whole body exposure of 3 mrem/year or 10 
111ren/yr to any organ from routine releases to personnel in an 
unrestricted area. The allowable concentration limits (listed 
later in this section) for waste disposed at greater depths at 
arid sites, were calculated using worst case assumptions for 
both the expected arid and limiting case humid site conditions, 
i.e. those assumptions such as drilling a well beside the 
waste disposal site, that would result in a maximum individual 
dose of 500 mrern/~r. Phen site specific conditions are applied 
accounting for dilution in the aquifer, the atmosphere, and 
considering that only a small fraction of all the food ingested 
by a person living on the arid site could be qrown above the 
disposal site, the normal expected or "routine" releases from a 
site would be well within the 3 mrem/yr guideline. 

6.2 CHARACTERIZATION OF WASTE 

The physical and chemical makeup of low-level waste 
(LLW) varies over such a wide ranqe that it is important to 
characterize the LLW that is buried in,the CCDF according to the 
properties that are significant to long-term disposal. For 
shipments of waste having radioactivity in excess of a reference 
low-level waste permissible concentration, it may be necessary 
to perform nuclide specific analyses for individual shipments. 
However for most shipments of waste, having radioactivity below 
a reference low-level waste concentration, it is impractical and 
probably unnecessary to analyze each shipment of waste to 
determine the isotopic distribution. However, it should be 
possible to periodially analyze a sample of the contaminating 
material that would most probably be found in waste from a 
specific source. If the waste manager is supplied with specific 
nuclide distribution data from each waste generator, he will 
be able to maintain an estimated inventory of each nuclide 
disposed. This will be possible even though individual waste 
shipments nay only be labeled as x curies of ~rlixed fission 



products from source y. This approach is applicable for DOE 
waste because its waste comes from a limited number of genera- 
tors. The following are criteria considered important for LLW 
characterization. 

Waste Description 

Criterion: Waste accepted for disposal shall be identified 
as to its source, physical characteristics and general chemical 
makeup. 

Standard: All high-specific-activity or non-low-specific- 
activity (HSA or non-L'SA) waste containers and waste containing 
long -lived isotopes, including TRU wastes, shall be marked with 
a durable l'abel describing the contained waste, the date it was 
packaged, the senerator of the waste, and any identification 
number related to accompanying paperwork which is compatible 
with a computer data base and which describes associated 
hazards, radionuclides, etc. 

Discussion: Low-level wastes are usually identified ac- 
cording to properties important to handling and transportation. 
The characteristics normally identified are the type and amount 
of the predominant radiation, physical state, combustibility, 
etc. This kind of characterization is useful during handling 
and transportation but it is not adequate for determining safe 
disposal requirements. 

6.2.2 Documentation 

Criterion: Accurate documentation of the curie content, 
source, nature and location of the waste shall be recorded at 
the time of disposal and maintained for whatever period of time 
is deemed to be pertinent for institutional control of the 
site. 

Standard: A data processing system shall be established to 
record, f o r  each  wast.~ shipment-, as a minimum, all data pertinent 
to source, type of waste, physical and chemical characteristics, 
and radioactivity. Records shall be maintained as long as 
institutional control o£ the site is deemed neces.sary. 

Discussion: A record of the nature and origin of the LLW 
disposed of must be established, maintained, and made accessible - 
to the qeneral public or its representatives in order to assure 
the public that prudent procedures are being followed. This 
system will be part of the locator system used at the disposal 
facility. At a minimum, it will include information on the 
type of waste (isotopic distribution, physical, chemical and 
biological characteristics), the source of the waste, the waste 
generator and destination. Such a system will provide data 
necessary for proper handling and transportation under normal 
conditions and for appropriate response in case of an accident. 
Good documentation is required to make certain that all of the 



waste generated is promptly accounted for and that waste is not 
shipped to facilities which are not appropriate for its disposal. 

6.2.3 Waste Container 

Criterion: The waste container shall be adequate to. ------ 
maintain its integrity during transportation, handling, and 
stacking at the disposal site, and, for certain waste types, for 
a sufficient period after disposal (i.e. 100 years) to permit 
decay of the waste to levels that would not irapose a public 
hazard if the container were breached after this time. (The 
lifetime of the container may be less than 100 years if the 
integrity of the waste disposal cell is designed to be main- 
tained for 100 years). 

Standard.: A waste container shall be capable of supporting 
five times its own maximum loaded weight applied uniformly in 
the direction in which it will normally be stacked, or 141 
kg/m2 (2 psi), multiplied by the maximum horizontal cross 
.section of the container, whichever is greater. For certain 
types o.f was.te (e.g., tritium) the.containers should be designed 
with a reasonable. period of integrity (e.g. 100 years) to 
permit decay to nonhazardous levels by the end of the control 
period. . 

Discussion: The waste container is important during ----- 
handling and transportation since it provides the primary 
protection during both norrnal and accident conditions. 

Waste packaqe requirements in the past have been based on 
the need to provide containment and radiation shielding during 
handling and transportation. The same containment and shielding 
are necessary during the emp.lacement of waste at a disposal 
facility. An unplanned release of contamination at a disposal 
site could greatly increase the radiation exposure of the 
workers and rnay render the monitoring system ineffective. 
Failure of the container before the waste has been disposed 
cannot be tolerated. 

The performance requirements of waste containers after 
disposal are difficult to define. The analysis of allowable 
waste concentrations provided in Appendix A assumes that a 
container maintains its intecjrity for at least 100 years. The 
assumed integrity can have a material effect on potential 
impacts from tritium (half-lifc of 12.3 yr) ; however, the same 
package would have very little effect on Carbon-14 (half-life of 
5,730 yr). Generally, in evaluating the potential for migration 
of the nuclides from. the -disposal site, the integrity of the 
container is disregarded once the 100-year period is past and 
only the effects of the natural barriers are considered. For 8 

most types of waste, burial at depths greater than 30 meters 
should be sufficient natural confinement to prevent a health 
hazard and there may be no need of a high-integrity container. 



6.2 .4  Volume Reduction . . . . . . - , . . . . . - -. -. . . . . . - . . . . . . - .. . . . 

Criterion: The volume of the waste material shall be ------ 
minimized, consistent with contemporary engineering and economic 
factors. 

Standard: Compactible or combustible waste shall be ---- 
reduced in volume to the extent practical through the use of 
incinerators or compaction equipment. 

Discussion: Reducing the volume of waste can be useful in 
decreasing transportation impacts, reducing disposal volume 
requirements and, for some waste, providing a more stable waste 
form. Volume reauction often improves the chemical stability of 
the wastes. In the case of biological wastes, the biological 
hazard may also be reuuced. 

Volume reduction results in a more dense waste package, 
which facilitates the rapid consolidation of the -facility. 
At the same time there can be occupational hazards involved 
with the volume reduction process and minor amounts of toxic 
effluents may result. One item of particular concern is . 
that volume reduction concentrates the specific radioactivity 
of the waste. Volume reduction will increase the nuclide 
concentration in the waste. Care must be taken to ensure that 
this does not cause disposal concentration limitations to be 
exceeded. 

6.2.5 Waste Form 

Criterion: The physical state of the waste shall be a 
solid form. 

Standard: Waste shall be in a dry solid form containing 
not more than 0.5 percent by volume or 3.8 liters (1 gallon) of 
free neutralized liquid per container, whichever is less. 
Liquids shall be immobilized by absorbtion in a dry, free- 
standing, homoqeneous, monolithic matrix which is not readily 
dispersible, friable, ur soluble. 

Standard: Liquids may be accepted for disposal provided 
there is no other practical means to immobilize or solidify 
the liquid and specific DOE permission is granted, and provided 
reasonable assurance can be given that the liquid will be 
completely contained in the disposal facility throughout 
the time the liquid remains a radiologic hazard (e.g., reason- 
able assurance may be demonstrated by use of high-integrity 
containers). 

Standard: The waste form shall not be liable to cause ---- 
fires through friction, absorption of moisture, spontaneous 
chemical changes, or retained heat from manufacturing or 
processing, or when ignited, burn so vigorously and persistently 



. . .  . ,  
as 'to create a hazard during handling, storage, and disposal ' 

operations. 

Standard: The waste form shall not contain Untreated ------- 
oxidi'zing material, including chlorates, perm'anganates, in- 
organic peroxide, nitro-carbo-nitrates, nitrates, or any other 
material readily yield,ing oxygen in sufficient quantity to 
stimulate combustion. 

Standard: Reactive LLW, for which there is no practicable 
way to reduce reactivity, may be accepted for greater confine- 
ment disposal if isolated in boreholes subject to specific DOE 
permission. Reactive waste in boreholes may be considered 
isolated if the depth of burial and borehole interspacing is 
greater than 10 meters or the greater of the distance required 
to adequately absorb the shock. of detonation of twice Lhe 
material without affecting nearby holes. Such materials may 
include waste which is as follows: 

Normally unstable and easily undergoes rapid 
chemical change without detonating ; reacts rapidly 
with water or forms potentially explosive mixtures 
with water; generates or decomposes to form 
sufficient explosive or toxic gases, vapors, 
or fumes to be a hazard; or is a cyanide- or 
sulfide-bearing waste which can generate toxic 
gases, vapors, or fumes when exposed to mild acidic 
or basic conditions. 

Readily capable of detonation or of explosive de- 
composition or reaction at normal temperatures ,and 
pressures, or which reacts explosively with water. 

An explosive; i.e., any chemical compound. mixture, 
or device, the primary or common purpose of which 
is to function by explosion with substantial-ly 
instantaneous release of gas and heat. 

Discussion: No waste containinq free biqui 'ds  s h n i ~ l d  be 
emplacea in th-e waste disposal site. Before liquid wastes are 
packaged, they should be rendered solid by adsorption on an 
appropriate medium or the liquid extracted through an ion ex- 
change column or an evaporator. If aqueous Liquid is adsorbed, 
it is usually preferable to convert it to a hydrate such as 
cenzer~t su that the water becomes chemically bonded to the solid. 

The above standards are adopted from'Reference 12. 

6.2.6 Waste -.-- Concentration 

Criteria: ---- The average concentration of radioactive 
nuclides in the LLW disposed in a GCEF at a generic arid site 
shall be low enough that releases to the biosphere will be 
within acceptable limits. 



Standard: The concentrations of various nuclides shall not 
exceed the limiting ca.se area concentration limits shown in 
column 1 of Table 6-1. The area concentration limits represents 
the amount or inventory (curies) of waste that can be disposed 
in a GCDF per unit area (square meters) of site dedicated for 
disposal. The allowable concentration limits calculated for 
arid site conditions (expected case) are shown for various 
nuclides in column 2' of Table 6-1 for comparison. Where 
isotopic concentration limits are not listed, the concentrations 
of the isotopes are unrestricted, provided the radiation and 
thermal emissions of the waste package are within acceptable 
limits. Wastes having concentration below those shown in colurnn 
3 of Table 6-1 should be considered for disposal at shallow land 
burial sites. 

Discussion: Disposal of LLW in a GCDF at an arid site, 
with the use of a thicker cover, greatly reduces the credi- 
bility of most of the reclaimer-related exposure pathway scena- 
rios that limit the concentration of most nuclides in waste 
disposed near the surface of the earth. The only exposure 
pathway that becomes shorter than it is with shallow land burial 
is the groundwater pathway. A limiting case was developed in 
Appendix A representing either a humid site or a "worst case" 
scenario at an arid site (depth from the surface to the aquifer 
excluding the thickness of the waste, equals 160 meters) 
where irrigation is initiated for farming or a significant 
change of climate has occurred. A disposal concentration 
limitation, based on the groundwater pathway and other plausible 
exposure pathways for the generic arid western disposal site, 
even under the limiting or "worst case" conditions is applicable 
only for the isotopes for which disposal concentration limits 
are given in column 1 of Table 6-1. For a more detailed 
description of the pathway analysis, see Appendix A. , 

The concentration limits Given in Table 6-1 are based on a 
selected set of parameters representative of the expected 
conditions at an arid site and, for the limiting case, condi- 
tions aC a humid site with a very deep aquifer. Allowable 
concentration limits for waste disposal at a p'articular siLe 
would depend on the site conditions, waste inventory, type of 
waste, form, container integrity, facility design, etc. Such 
concentrations could be determined using the methodology given 
in Appendix A. Note: The allowable area concentrations given 
are average concent'rations. Higher concentrations in a few 
containers may be acceptable provided the average concentration 
of wastes disposed at the facility are not exceeded. This 
condition is met when the sum of the total quantity of each 
isotope in the waste divided by the respective ACL does nut 
exceed the total surface area at the site available for dis- 
posal. An example calculation demonstrating the applica- 
tion of the concentration limits in determining the maximum 
inventory loading capacity of a waste disposal cell and disposal 
site is given in Appendix B. 



TABLE 6-1 

Humid ~ite(c) Arid site(d) 
Greater Confinement Greater Confinement Shallow Land 

(Limiting Case) (Expected Case) Buri.al(e) 
Area Area . Area .L. 

Concentration Concentration Concentration 
Limits Limits Limits 

Nuclide A C L ( C ~ / ~ ~ )  A C L ( C ~ / ~ ~ )  A C L ( C ~ / ~ ~ )  

H-3 940 
C-14 2.3 
Ni-59 3.7 
Ni-63 220 
€0-60 (£1 
Sr-40 , 36 
Tc-99 1.1 
1-129 0.0011 
CS-135 16 
CS-137 12,000 
Ra-226 0.011 
Th-230 0.0099 
U-234 14 
U-235 0.4 
U-238 ( £ 1  
Np-237 0.13 
Pu-238 23,000 
Pu-239 5.5 
Pu-240 11 
Pu-241 68, UUU 
Pu-242 4.5 
Am-241 2400 
Am-243 1 4  
Cn-242 2,109,000 
Cm-244 2400 
Unidentified 

LLW 330 
-- 

(a)~ased on Pathway Analysis developed in Appendix A. 
(b)~pplication of ACL1s discussed in Appendix B. 
( c )Assumes for humid conditions : a vertical groundwater 

velocity of 5m/yr and dispersion of 100 m2/~r. 
( )Assumes for arid conaitions : a zero vertical groundwater 

velocity and dispcrsion of 0.1  m2/yr. 
(e)shallow Land Burial Guidelines from Reference 12 and 

assuming 1 meter waste thickness. 
.(f)~he calculated allowable area concentration limit, ACL, 

exceeds the specific radioactivity of the nuclide. 
(9)1sotopes concentration limits exceed or may be incompatible 

with those calculated for this document. 
(h)lsotope concentration limit is not listed in Reference 12. 
(i)lsotope concentrations are limited to 10 nano ~uries/gram 

under curr,ent guidelines (i.e. <0.02 ~i/m2). 



6.3 TRANSPORTATION AND HANDLING 

With few exceptions, the nuclear waste will be generated 
some distance away from the disposal site. Transportation to 
the GCDF often will involve use of public highways and also will 
cross state boundaries. The Department of Transportation has 
issued numerous regulations governing the movement and control 
of radioactive materials. 

Packaging for Transport on Public Roads or Railways . 
Criterion: The waste package, including any overpack ------ 

container or shielding, shall be capable of maintaining its 
integrity through any ciedible transportation accident. 

Standard: ------ The waste container shall conform to the 
pertinent regulations of the Department of Transportation, 
the Nuclear Regulatory Commission, and any applicable laws of 
the state through which it may be transported. 

Discussion: The packaging requirements for transportation 
and handling are generally more rigorous than the requirements 
for disposal. Transportation activities (e.g., stresses experi- 
enced by a waste package in transit) may far exceed those 
experienced . in stacking at the -disposal site. Reusable over- 
packs and tiedown- equipment may be used to achieve the necessary 
integrity during transit. Such considerations are not unique to 
LLW, but apply to the transport of any hazardous material. 

6.3.2 Packaging for Off-Loading and Stacking 

Criterion: ----- Waste containers shall be designed with 
adequate strength to maintain their integrity during normal 
off-loading and stacking operations. 

Standard: All packaged LLW accepted for disposal shall at 
a minimum meet the water spray, free drop, compression, and 
p@net.rat . i .on, t . es ts  of 49 CFR 1.27.611 for Type A packages without 
deformation, loss or dispersal of the contents, or an increase 
in the maximum radiation levels recorded or calculated at the 
external surface of the package. 

Discussion: The handling requirements for the GCDF are the 
same as those for shallow land burial. No unique handling 
situations are anticipated that would increase the packaging 
requirements above those that have traditionally been observed 
by good waste management practices. 

6.3.3 Access Roads 

Criterion: Adequate roads into and out of the disposal 
site shall be maintained to provide safe driving conditions and 
all weather access to the fa;ilities. 

- 



Standard: ~ccess roads will be improved to the quality 
necessary to support in all wea'ther the size and weight of 
.transport vehicles normally used for waste delivery. At a 
minimum, the road surface will be regularly graded, compacted 
gravel. ! 

Discussion:. Well maintained access roads are necessary 
to permit year-round operation of the GCDF. Above-ground accu- 
mulations of waste awaiting disposal must be avoided to prevent 
excessive radiation doses to workers and extra handling costs. 
In addition, the roads must be safe to reduce the probability of 
accidents and possible spillage of. the radioactive waste. 

6.3.4 Transport Mode 

Criterion: Radioactive wastes shall be t'ransported in a 
manner that will protect the public health and safety. 

Standard: Wastes shall be transported to the disposal site 
by .rail, common carrier, or equivalent ground transportation. 
Air transport of radioactive wastes will not be used. 

Discussion: The transportation of LLW to a GCDF poses no I 
restraints that have not previously existed for LLW trans- 
portation. The existing transport regulations for shipments of 
LLW to shallow land burial will continue to he observed. ,I 

The safety record for LLW transportation in the past has 
been very good. From the experience to date, there appears to 
be no need for special routincj requirements for most LLW. 
However, good judgment should continue to be exercised to 
preserve the established record. This includes rninimiei~iy 
the transportation distance consistent. with avoidiny h i g h l y  
populated areas when practical. 

6.3.5 Disposal Site Waste Handling 

Criterion: Waste shall be off-loaded and ernplaced in the 
disposal site in a manner that will minimize violating the 
integrity of the waste containers. 

Standard: Material handling techniques and equipment of 
demonstrated reliabi.1it.y and safety chall he used L u  uff-load 
and emplace wastetin the disposal facility. 

Discussion: Waste handling at burial grounds has passed 
through cycles of care in handling (Reference 13). There was a 
time when random dumping of waste followed by pushing it in 
place with a bulldozer was considered an acceptable practice. 
Today, waste is generally stacked in a relatively careful 
manner. Care should be exercised to preserve the integrity of 
the container until a soil covering has been applied over the 
emplaced waste. 



6 .3 .6  Inspection of Waste Received 

Criterion: Waste shall be inspected upon receipt to assure 
that the health and safety of the public and radiation .workers 
are protected. 

Standard: Waste containers shall be inspected, without 
jeopardizing the container integrity, upon arrival at a disposal 
facility for compliance with the following: 

External surface or contact radiation not exceeding 
2 0 0  mrem/hr (If an overpack or shielding is used, 
this requirement applies to the outside .of the 
overpack or shield) 

No evidence of'free liquid 

Container design appropriate for burial 

Container integrity 

Approved handling attachments 

Approved container marking 

Docunentation as described in Section 6.2 .2  

a Waste conforms to label and documentation 

Discussion: Containers that fail to pass the receiving 
inspection standards are also unsafe to return to the sender 
(waste generator) for corrective action. Rework of containers 
will g.enerally have to be performed at the site by the disposal 
facility operator. Rework is costly and time consuming, and the 
disposal facility is not normally equipped with appropriate 
facilities to handle extensive rework. It also increases the 
possibility of contamination of the disposal site monitoring 
S ~ I I .  It is impcrcltive t h s r e f o r ~  that waste qenerators comply 
with the applicable packaging and shipping requiremer~ts Lo 
assure that wastes'will arrive at their destination in an 
acceptable manner. This places the main burden of inspection 
on the generator or shipper of waste and not on the receiver 
(GCDF) . 
6.4 SITE SELECTION 

Many factors must be considered when selecting a site 
for radioactive waste disposal. The present attitude toward 
anything associated with nuclear energy seems to be one of fear 

., and mistrust. Many people who profess to be in favor of nuclear 
power will still- resist locating a nuclear facility in their 
vicinity. The sociological factor alone will dictate that any 

I 
new facility must be located in an area as remote from large 
population centers as possible. 



The determination that a site is suitable for a given 
waste disposal facility is based to a very large extent on the. 
characterization of that site through modeling. Information 
specific to a given site is required for that modeling. The 
type and amount of information depends on the nature of the 
site, the proposed disposal method, the type of waste to be 
disposed, and the degree of confidence being sought. The 
information required .for site characterization may also serve as 
part of the baseline data for the monitoring program. 

At a minimum, the factors presented in the following 
sections must be evaluated in selecting a disposal site. 

6.4.1 Subsurface Hydrology 

Criterion: Hydrological factors shall be such that ---- 
reasonable modeling calculations of nuclide migration show that 
any release of nuclides via the groundwater pathway shall not 
exceed acceptable l i m i t - s  . 

Standard: The waste disposal site shall be located in an 
area where the hydrology and stratigraphy are such that the 
movement of water or moisture through unsaturated zones can be 
measured or calculated, and which will provide for several 
hundred years of residence time for radionuclides migrating to a 
surface water body or to a supply aquifer that might be tapped 
by water wells. 

Standard: The facility shall be located so that the depth 
or location of any water-bearing formation in the area of the 
disposal facility site, whether perennial or otherwise, is such 
that groundwater intrusion into the waste p.l_.aced into thc 
disposal facility is minimal. 

standard: The facility shall not be located in the 
recharge- area of a sole source aquifer designated pursuant 
to Section 1424(e) uf the Safe Drinking Water Act (Public 
Taw 93-523). 

Discussion: Water leaching of radionuclides from the waste 
and subsequent movement of the nuclides with the unsaturated 
zone. groundwater is considered to be a major pathway by which 
man can be exposed to radioactivity. Placing waste deeper in 
the ground than in shallow land burial reduces the di~tancc the 
nuclides must travel in order to contaminate the aquifer below 
the disposal site. At some sites, this difference would be 
inconsequential. At others, it could be great. 

Migration of radionuclides via the groundwater pathway is 
highly sensitive to the characteristics of the particular 
site. The potential exposures Erom the groundwater pathway are 
affected by several factors including physical and chemical 
properties of the waste, engineered barriers of the disposal 
facility, groundwater chemistry, the retardation potential of 



the soil, groundwater travel time to point of utilization by 
man, animals or crops, and the fraction of groundwater actually 
consumed or used in food production. Potential variations in 
hydrologic conditions should also be considered. Variations 
in hydrology could occur as the result of climate changes, 
construction of reservoirs and irrigation systems, and other 
natural or man-induced changes in groundwater systems. 

It is difficult to make accurate, predictive calculations 
of nuclide migration in complicated hydrologic systems, par- 
ticularly for those systems with unsaturated zones or.fractured 
zones. Even simple hydrologic system calculations are normally 
limited to those describing the conservative or "worst case". 
The "worst case9 as used in this document and developed in 
Appendix A is represented by a set of limiting case site 
conditions analogous to the conditions that would exist at a 
humid (eastern) site. The "worst case" scenario at an arid 
western site assumes initiation of irrigation farming directly 
over the burial site. For some sites such a scenario, while 
possible, is not particularly probable because of the depth to 
the aquifer, the distance from population centers, and the 
general undesirability of the soil. 

Because of the inability to perform realistic predictive 
calculations of complicated patterns of groundwater migration, 
attempting to identify the "best" site based on hydrologic 
considerations may not be a sound approach to site selection. 
Emphasizing the degree of confidence that can be obtained, 
through selection of sites that can be accurate%ly modeled, may ' 

be preferable. 

6.4.2 Surface Hydrology 

Criterion: Surface hydrological factors shall be such that. 
the facility shall not be subject to periodic flooding or 
excessive water erosion. 

Standard: No part of the facility shall be located in a 
500-yea.!. rl.r~adplain or rsgulatnry floodway. 

Standard: The facility where the LLW is ernplaced shall be 
sited so that the natural grade elevation of the facility 
surface is above that of the calculated water level resulting 
from floods, dam failures, or any other credible natural or 
man-produced event which could inundate and compromise the 
integrity of the disposal facility. 

Standard: The facility shall be located in an area where 
surface water due to precipitation drains freely a r~d  does not - - - 
collect or pond on the site surface, nor saturate the surface of 
the land, to the extent that such actions may cause an increase 
in potential LLW migration from the facility. 

Discussion: The above standards were adopted from Refer- 
ence 12. The surface features of a potential GCDF must he 



carefully considered and engineering changes madeaif necessary 
- . to- assure that flooding of the site will not occur. This is 

especially important during the time that the facility is open. 
Such a flood could result in the waste being washed out of the 
facility and spread over a considerable area. 

The GCDF, having a much greater depth than a SLB pit, if 
flooded, likely would be out of operation for several months 
while the water was drying or seeping into the ground, even if 
no contamination were released. 

The proximity of any surface body of water that might 
become contaminated through an unplanned release of radioactive 
contamination must be carefully considered in selecting a site 
for a new GCDF. 

6.4.3 Geology 

Criterion: A waste disposal facility shall not be located 
in an area whose geological features preclude the reasonable 
prediction of nuclide migration in the strata surrounding the 
waste facility. ' 

Standard: A waste disposal facility shall not be located 
in an area where the underlying geological strata does not 
provide Long-term residence time for migrating radionuclides. 

Standard: The facility shall not be located in an area 
where surface geologic processes such as mass wasting, erosion, 
slumping, landsliding, weathering, or glaciation could signifi- 
cantly enhance LLW transport from the facility. 

Standard: The facility site shall be free of solution 
features, unseated faults, highly fractured bedrock, or forma- 
tions containing sand lens, breccia pipes,. or other permeable 
anomalies through whi'ch radionucl.icles could freely migrale into 
a public water supply. 

Standard: The disposal facility shall not contain capable 
faults, nor be located near enough to a capable fau$t so that 
the overall- rate of LLW migration could increase as a result of 
seismic activity. 

Discussion: The last three standards Listed wcre adopted 
from Reference 12. Highly fractured rock strata between the 
buried was.te and an aquifer cannot be analyzed for nuclide 
~i~igratfon. Such a formation could provide a direct channel 
for the nuelides from the waste to the aquifer and should be 
avoided.. Similarly, a highly porous alluvial gravel may have 
very little retention for the nuclides and would also make an 
unsatisfactory disposal medium. 

6,4.4 Weather 

Criterion: The climatology of the waste disposal site --- 
shall be sufficiently moderate that waste disposal operations 
can be performed in all seasons of the year. 



Standard: The records of t h e  U.S. Weather Service  f o r  t h e  
d i s p o s a l  s i t e  s h a l l  i n d i c a t e  t h a t  on an a v e r a g e  a  minimum 
of 200 working days per  year  a r e  avai lab le '  f o r  waste d i sposa l  
ope ra t ions  where inclement weather would not  prevent  continuing 
opera t ion .  

D i s c u s s i o n :  ----- Some compensat ion f o r  inc lement  weather  
can  be made. For . example,  an a i r  s u p p o r t  b u i l d i n g  can  be 
i n s t a l l e d  over a  d i sposa l  s i t e  t o  provide weather p ro tec t ion  
t o  t h e  workers  and t h e  w a s t e  u n t i l  it can  be covered  w i t h  
s o i l .  However, ex tended  h a r s h  weather  p a t t e r n s  shou ld  be  
avoided. This inc ludes  a r e a s  with a  h i s t o r y  of f requent  heavy 
thundershowers ,  h i g h  winds ,  s e v e r e  snowstorms o r  ex tended 
pe r iods  when t h e  ground i s  frozen t o  g r e a t  depths.  Such weather 
c o n d i t i o n s  severe ly  l i m i t  waste management a c t i v i t i e s  and could 
r e s u l t  i n  c o s t l y  de lays  i n  disposing of t h e  waste.  

A f t e r  t h e  s i t e  i s  ' c l o s e d ,  t h e  wea the r  p a t t e r n s  on t h e  
s u r f a c e  would have very l i t t l e  inf luence  on t h e  waste a s  long a s  
excess ive  moisture  does not  e n t e r  t h e  s i t e .  

6.4.5 Erosion 

Cr i te r ion: .  The waste d i sposa l  f a c i l i t y  ' s h a l l  be loca ted  i n  
an a rea  where no excessive eros ion  i s  p red ic ted .  

S t a n d a r d :  The s i t e  s u r f a c e  a r e a  s h a l l  have a  s u r f a c e  ---- 
g r a d i e n t  of  l e s s  t h a n  8 p e r c e n t  and . s h a l l  n o t  be  l o c a t e d  
d i r e c t l y  downgradient  from any major canyon o r  a r r o y o  where 
f l a s h  f looding i s  l i .kely t o  occur (Reference 1 2 ) .  

D i s c u s s i o n :  The p o t e n t i a l  f o r  e r o s i o n  i s  h i g h l y  s i t e  ----- 
s p e c i f i c .  E r o s i o n  can  r e d u c e  t h e  d e p t h  of  cover  o v e r  t h e  
w a s t e  and t h e  a b i l i t y  of  t h e  d i s p o s a l  s i t e  t o  i s o l a t e  t h e  
w a s t e .  I t  may a l s o  uncover  t h e  w a s t e  and ,  i n c r e a s e  'human 
exposure t o  it. 

Chanqoc i n  tha su r face  hydrolngy of the  s i t e  a s  a  r e s u l t  of 
c l i m a t i c  changes  and human a c t i v i t i e s  shou ld  be c o n s i d e r e d .  
For example, t h e  area  r a i n f a l l  might inc rease ,  o r  changes i n  
human a c t i v i t i e s  could br ing about adverse erosion p a t t e r n s .  
Vegetation and engineered f e a t u r e s  should not  be r e l i e d  upon f o r  
c o n t r o l l i n g  eros ion  f o r  long per iods  of t ime. Disposal s i t e s  
should be loca ted  1n a r e a s  i n  which p o s i t i v e  depos i t ion  o r  no 
s i g n i f i c a n t  e ros ion  a r e  a n t i c i p a t e d .  

6.4.6 Tectonic A c t i v i t y  . .. 

C r i t e r i o n :  A w a s t e  d i s p o s a l . s i t e  s h a l l  n o t  be l o c a t e d  - 
i n  an a r e a  e x h i b i t i n g  e v i d e n c e  of  r e c e n t  major  e a r t h q u a k e ,  
volcanism, o r  geothermal a c t i v i t y .  

Standard: The d i sposa l  f a c i l i t y  s h a l l  not be loca ted  i n  an 
a rea  having a  peak h o r i z o n t a l  ground acce lera t ior l  of gr .eater  



than 0.25 g with a recurrenc.e interval 'of less than 500' years. 
(Note: A 500-year recurrence interval is equivalent to a 
90 percent probability that the ground acceleration will not be 
exceeded in 50 years.) 

Standard: The disposal facility shall not be located in 
an area exhibiting evidence of recent (historic times) volcanic 
activity. 

Discussion: The first standard was adopted from Reference 
12. All tectonic activity near a disposal site would not 
necessarily be detrimental. For example, a lava flow from a 
long surface fissure could leave a thick deposit of weather- 
resistant basalt over the surface of the disposal site. Such 
lava flows are typical ot the deposition of most of the basalt 
strata now found on the Hanford, Washington Site and on the 
INEL Site in Idaho. However, the inability of geologists to 
predict this type of eruption would make it too nebulous to rely 
on. A violent volcanic eruption could scatter, the waste over a 
great area. It is simpler to avoid areas of active volcanism. 

Similarly, , earthquake activity could work to either expose 
the waste or perhaps cover it more deeply. The uncertainty 
would dictate choosing an area with a low earthquake prob- 
nbili L y  .. 

Geothermal water activity near the surface is an indication 
of complex hydrologic activities beneath the surface. Complex 
hydrology near a GCDF was rejected in Section 6.4.1 for other 
reasons 

6.4-7 Archeological Considerations 

Criterion: A waste disposal facility shall nOt be located 
in an area that would cause destruction or loss of sites of 
historical or archeological importance. 

Standard: An. archeological survey of the proposed si.t.e 
area shall be made to assure that no important archeoloqical 
material will be disturbed when the site is opened. 

Discussion: For all new federal construction projects, 
the Historic Preservation Act mandates the determination of 
potential effects on cultural resources and t-he preservation of 
sites in situ or the preservation of historical and archeo- 
logical data that might be irretrievably lost. 

An archeological survey must be mad.e of a candidate 
disposal site to assure that import.ant, archeological material 
would not be disturbed. Potential effects are not limited to 
the localities directly modified by the project, but may also 
include ancillary features such as access roads, power lines or 
construction crew camps. 



6.4.8 Recreational Considerations 

Criterion: The recreational activities of the general 
---7- 

public will not be significantly affected by radioactive waste 
disposal operations. 

Standard: Land having a high potential for recreational 
activities shall not be used for waste disposal. 

Discussion: This is a very subjective consideration. In 
many areas such as southern California, the deserts are becoming 
increasingly popular for recreational .activities. A site used 
for greater confinement disposal could possibly be reopened for 
surf ace act.ivities after waste disposal is complete. This 
factor would need to be. considered in any site selection. 

The potential for future recreational activities is among 
the reasons for using greater confinement disposal for low-level 
waste. By disposing of the waste deeper in the ground than is 
currently the practice with shallow land.buria1, the chances for 
the waste to be disturbed by an inadvertent reclaimer are 
greatly reduced. Consequently, the' surface area could be 
reopened for recreational activities within a relatively short 
time after the disposal of waste was terminated. 

6.4.9 Natural Resources 

Criterion: Future generations shall not be penalized nor 
deprived of the recovery of natural resources as a result of 
present-day waste disposal practices. . . 

Standard: The waste disposal site shall not, be located in 
an area known to contain resources whose recovery would pose a 
significant risk to future generations. 

Discussion: A mineralogical survey of any proposed 
site should bemade and evaluated. Arid desert sites may be 
underlain with deposits of such minerals as potash,. borates, 
salt, coal or oil. Recovery of shallow deposits would be 
severely restricted by the presence of a radioactive waste 
burial ground. However; deeper mining may be possible without 
disturbing the waste. . . 

The term "resources" should be used i n  the broad sense to 
include agricultural land, groundwater, mineral deposit and 
potential economic use of the land. 

6.4.10 Flora and Fauna Impacts 

Criterion: The waste .dispdsal site shall not be placed 
in an area where it will pose a significant threat to any 
endangered species of flora or fauna. 



Standard: The facility shall not' be located so as to be 
likely to jeopardize the continued existence of endangered and 
threatened species as listed pursuant to the Endangered Species 
Act of 1973 (16 U.S.C. 1530, et seq.) in 50 CFR; nor result in 
the destruction or adverse modification of their critical 
habitat as contained in 50 CFR Part 17, Subpart F: Critical 
Habitat, 1760, et seq. 

Discussion: The standard is adopted from Reference 12. 
The establishment of an area where human access is restricted in . 
many cases will enhance the growth of most flora and fauna. 
However, it must be determined if the disposal site lies on a 
migratory route for such animals as deer or antelope. The 
interruption of migratory routes during facility operation c o ~ ~ ~ d  
have far-reaching effects on animal populations a considerable 
distance f r s m  the actual s i t e .  

The area of a .GCDF is probably too small to have any 
lasting effe'ct on either p l a n t  or a n i m a  1 communities, but 
this factor should .be examined for any potential waste burial 
site. 

6.5 ENGINEERING 

Factors that affect the performance of a GCDF, but which 
are under the control of the facility operator,.are grouped . 

together as engineering criteria. These items are discussed 
. . 

below. 

6.5.1 Monitoring 

Criterioh: The public health and safety shall be protected 
trom any adverse effects that may be caused by the waste 
disposal facility. 

Standard: A careful monitoring program shall be estab- 
lished to assure that the buried wastes are being contained in 
the disposal facility as required to protect the public health 
and safety. 

Discussion: The primary purpose of monitoring a disposal 
facility is to determine how well the disposal facility is 

A radioactive waste disposal facility monitoring system 
should include the following considerations: 

A monitoring system should gather data to determine 
the migration of hazardous materials and permit 
analysis of the chemical toxicity as well as the 
radiological hazards of the wastes. 

The proximity of nuclear reactors or fuel re- 
processing plants whose radioactive releases could 



contaminate the disposal facility monitoring 
system should be considered. 

Baseline monitoring data shoulh be obtained 
before operations begin and before any possible 
contamination of 'the site occurs. 

Radioactive releases from auxiliary operations such 
as waste repackaging may contaminate the monitoring 
system and be mistaken for releases from the 
dispos'al system. Any side operations must be 
conducted in adequate facilities far from the site 
to avoid even small releases of radioactivity. 

The monitoring system should measure data pertinent 
to analyzing migration of nuclides through the 
ground. Experiments should also investigate uptake 
by vegetation and animals. 

The monitoring system should measure changes in 
site characteristics which have the potential 
to impact the long-term performance of the site 
(e.g., changes in site hydrology or erosion rates). 

Monitoring should be provided to alert facility 
operators and record the occurrence of an un- 
expected operational release. 

The monitoring system should be simple, reliable 
and economical so that it will not place an 
unnecessary burden on future generations. 

l4onitoring system requirements need to be iden- 
tified in the earliest stages of the development of 
a. disposal facility. 

Rlsposal Depth - .  

Criterion: Sufficient cover material will be placed over 
the waste to limit plant roots, burrowing animals or inadvertent 
human reclaimers from contacting the waste and bringing any 
significant contamination to the surface, and to minimize the 
potential cumulative impacts to man by plausible exposure 
pathways. 

Standard.: --- Waste shall be deposited in the earth at 
sufficient depth that a minimum of 10 meters of regolith cover 
or equivalent engineered barriers can be placed over the waste 
to prevent root and animal intrusion; an optimal cover depth of 
30 meters is proposed to minimize the exposure to man from 
drinking well water drawn from an underground aquifer or 
consuming crops grown above the waste site. The 30-meter depth 
is based on an assumed waste thickness of 10 meters, such that 
the average or optimal waste depth is 35 meters and the assumed 



depth between the surface and aquifer i s  1 7 0  meters a t  a  generic 
a r i d  western s i t e .  S u f f i c i e n t  ma te r i a l  s h a l l  be added and 
conlpacted above the waste t o  res tore  the surface t o  grade level  
and or ig ina l  s o i l  consistency. 

Discussion: The t y p i c a l  thickness  of cover used with ----- 
shallow land buria l  i s  about 1 t o  3  meters. This re la t ive ly  
th in  cover requires active maintenance for many years as the 
wastes compact i n  t h e  p i t  and t h e  sur face  subsides .  I t  i s  
desirable t o  have vegetation growing over the p i t  t ~ ' ~ r e v e n t  
e ros ion  but  deep-rooted p l a n t s  must be. excluded t o  prevent 
uptake of radionuclides. . Disposal of wastes a t  greater  depths 
i s  intended t o  s i g n i f i c a n t l y  reduce t h e  e f f e c t s  of sur face  
phenomena and the  probability of intrusion by plants or animals. 
The methodology used t o  .determine optimum depth a t  a typical  
arid  western s i t e  i s  given i n  Appendix A .  

For disposal of cer ta in  types of high specif ic  activi.t.y 
wastes, including for example Co-60, Cs-137 or Sr-90, a  period 
of administrative control may be required t o  allow decay of the 
waste t o  reduce the po'tential hazard t o  a  human who may occupy 
the  s i t e  t o  acceptable levels.  Because the waste i s  s t i l l  i n  
re la t ive ly  close proximity t o  the surface, even a t  30 meters, 
g r e a t e r  confinement d i sposa l  i s  not intended t o  e l imina te  
completely the  reclaimer  scenar io ,  but r a t h e r  t o  reduce t h e  
probabil i ty of i t s  occurrence and i t s  r i sk  t o  man t o  a  level  of 
acceptabi l i ty .  

How deep t h e  waste can be buried economically depends 
great ly  on the character is t ics  of the individual s i t e s .  Where 
the unconsolidated material i s  deep, such as a t  the Nevada Test 
S i t e ,  a  deep p i t  probably could be excavated a t  u n i t -  costs  only 
s l igh t ly  hiqher than thwse for shallow 1 a n  h a l  However, 
f o r  some s i t e s ;  e . g . ,  t h e  p resen t  I N E L  Radioactive Waste 
Management Complex (RWMC), basalt  s t r a t a  w i l l  be encountered a t  
l e s s  than 10 meters in most places. Excavation of GCD p i t s  a t  
some s i t e s  may not be econornically feasible.  

Where the depth of unconsolidated material i s  suf 'ficient 
t o  j u s t i f y  the  es tabl ishment  of a  G C D F ,  t h e  waste .could be 
emplaced i n  layers with intermediate thin  (-1 m )  s o i l  covers 
over each layer t o  fa .c i l i ta te  stacking. I n  t h i s  manner, the 
t o t a l  waste thickness could be from 10 t.o 2Cl m .  

6.5.3 Buffer Zone 

Criterion: No member of the public shall, he exposed t o  
rauiation a t  levels  for which adverse e f fec ts  are  anticipated,  
consistent  with economic considerations. 

Standard: A controlled access zone sha l l  be maintained 
around the perimeter of a  radioactive waste disposal s i t e  t o  
prevent  t h e  inadver t en t  exposure t o  ioniz ing  r a d i a t i o n  of 
t rans ien t  v i s i t o r s  t o  the area. 



Discussion: Release of unplanned contamination to the . ----- 
area surrounding the disposal area should be guarded against. A 
buffer zone surrounding the disposal facility is required .to 
assure that potential exposures to individuals are restricted to 
acceptable levels. The si'ze of the buffe,r zone will depend on 
the facility design, site characteristics, type and amount of , 

waste being disposed of, acceptable exposure levels and the 
degree of confidence desired. The size of the initial buffer 
zone should be determined through somewhat conservative water 
pathway modeling. As the results of the monitoring program 
provide better prediction of the actual site performance, the 
size of the. buffer zone may be reduced. A procedure for 
calculating the required buffer zone or excluded utilization 
area surrounding a waste disposal cell or site is provided in 
Appendix B. 

6.5.4 Stratified Disposal 

Criterion: The inadvertent reclaimer shall be protected 
from receiving a high radiation dose on his initial contact with 

' the top of the waste. 

Standard: Whenever possible, radioactive waste shall be 
emplaced in the disposal pit in such a manner that containers 
holding high radiation level waste will be located at the lowest 
level in the pit. 

Discussion: , It has been observed (References 2 and 14) 
that about 90 percent of the activity in the waste from opera- 
ting reactors is contained in about 5 percent of the volume of 
that waste. Low-level waste from government operations also 
follows approximately the same general distribution. Stratified 
disposal will minimize any possible future exposure to-an 
inadvertent reclaimer who may excavate the waste by making 'the 
highest radiation waste the last he woul'd encounter. The 
practice does place an extra burden on the operation of the 
disposal facility. 

6.5.5 ~ n y i n e e r e d  Barriers 

Criterion: The facility. shall be designed to enhance and 
improve the ability of the natural characteristics of the site 
to- confine the waste after disposal, consistent with economic 
considerations. 

Standard: The use of engineered barriers to nuclide --- 
migration will be employed in the GCDF only to the extent that 
their incremental cost can be justified by their projected 
lowering of exposure doses. 

Discussion: Engineered barriers to waste migration can 
. augment natural barriers and increase confidence in the ability 
of a disposal system to contain waste over the' short term. 

Barriers to waste migration can be classified as either 



naturally occurring or engineered. Natural barriers can'be 
both the presence or the absence of certain features (e.g., the 
presence of high ion-exchange capacity or the absence of water).. 
Natural barriers tend to be imperfect, but massive in extent. 
In general, natural -barriers tend to retard migration of the 
waste, but at no time completely contain it. Barring such 
phenomena as excessive erosion or drastic changes in hydro- 
geology, natural barriers can remain effective over extremely 
long periods of time. Engineered barriers tend to have short 
usefulness but perform well over the short term. Examples- of 
engineered barriers are the waste package and clay liners for 
the waste pits. - 

There are two major questions concerriing the use of 
engineered barriers. First, there is little doubt that en- 
gineered barriers can ,effectively contain short-lived nuclides 
such as tritium. However, any disposal system should be capable 
of cqntaining most short-lived waste relying on its natural 
barriers only. The question is, how effective will engineered 
barriers be in preventing the release of long-lived waste? 
Second, the effective containment of various types of low-level 
radioactive waste ensures that the waste remains concentrated, 
and thus., most hazardous to someone who may come in contact with 
it. The use of engineered barriers often means a reduction of 
risk off site and an increase in risk on site. In evaluating 
the need for engineered barriers, the potential risks both to 
the population (off site) and to individuals (on site) need to 
be considered, 

6.6 GENEFUiL FACILITY REQUIREMENTS 

. There are several factors which must he considered when 
establishing a new waste disposal facility which are not 
directly concerned with the containment of the waste, but with 
social and political elements of the society in which we live. 
Criteria associated with these considerations are discussed 
below. 

6.6.1 Ownership 

Criterion: Radioactive waste shall he disposed where 
institutional-control of the site can be maintained for as long 
as shdll be deemed necessary to protect the public health and 
safety. 

.. Standard: The location of a greater confine~nent. disposal . '- -- .. 
facility shall be on federally or state owned land. 

Standard: Administrative control and security of the site 
shall be provided for a reasonable period after site closure 
(5 years minimum and 100 years maximum) to assure confidence 
that confinement of the waste at the site has been adequately 
demonstrated. 



Discussion: It is.presently the policy of the NRC and the 
DOE that all radioactive waste will be disposed on state or 
federally owned land.. This policy was established because of 
the persistence of the hazard from the waste and .the need to 
control the area while the waste remains hazardous. 

Reasonable demonstration of confinement, while somewhat 
subjective, is indicated by the negative observation of impacts 
over a r.easonable period of monitoring and observation. 
Long-term performance, while impossible to assure, can be 
suggested by the analytical results of predictive models. 

With GCD, reasonable economic use of the land can be 
achieved much sooner than with shallow burial without disturbing 
the waste and without unreasonable risk to any individual. 
Certain restrictions on the land title may be all that is 
required. 

At the present time, however, changes in federal regu- 
lations and policies would be required to release the site for 
future public use. 

The above two standards are based on guidelines provided in 
the IRG Report to the President and in 10 CFR 61, respectively 
(References 8 and 12). 

Demography 

Criterion: No member of the public shall be exposed to 
radiation at levels for which adverse effects are anticipated. 

Standard: A disposal site shall not be located near areas 
of high population density or where the future development.of a 
high population density may be anticipated. 

- .  Discussion: There are no federal standards which define 
"high.population density" or how far into the future demographic 
projections shoul'd be made.. For this criterion "common sense" 
may be the only standard that can be applied. Anyone traveling 
through the West can quickly identify areas of low population 
.density and.high population density. The population density of 
some areas in the West is so low that any small town is high by 
comparison. 

\ 

There are also -areas where the availability of water will 
restrict future population growth, at least within the framework 
of present technology and economice. 

For typical low-level waste most of the radioactivity will 
decay within a few hundred years. Therefore, demographic 
projections over a few hundred years should be adequate. 



6.6.3 Land Use 

Criterion: The amount of land committed to waste disposal 
shall not be permitted to grow to unreasonable dimensions. 

Standard: The design and operation of the GCDF shall be 
guided by the principle of minimizing the amount of land area 
that is committed to nuclear waste disposal. 

Discussion: The policy of minimizing land devoted to 
radioztive waste disposal grounds has been a guiding principle 
of DOE and NRC radioactive waste management for several years. 
It is recognized that any land dedicated to radioactive waste 
disposal may be unavailable for public enjoyment for several 
hundredyears.- Therefore, it is in the public interest to 
minimize the amount of land that is so committed, consistent 
with environmental and economic considerations. 

6.6.4 Resource Commitment 

Criterion: The GCDF shall require no significant commit- 
ment of resources by future generations. 

Standard: After closure and stabilization of the GCDF, no 
further waste management activities are required to protect the 
.general public from the disposed waste other than those limited 
to monitoring and administrative control. 

Discussion: Design and site selection of a GCD facility 
should utilize predictive analytical models and field data, 
to verify the appropriateness of the site and identify any 
potential conditions which might compromise the long-term 
integrity of thc facility. 

Performance evaluation prediction prior to construction, 
appropriate design and construction practices, and re-analysis 
and verification of performance after the facility is closed 
should minimize the need for continued maintenance of the 
site or the requirement for further or continued resource 
commitments, such as "perpetual care funds." Even government- 
owned or defense-related sites should be designed in such a way 

' as to not add to the tax burden of future generations. 

6.7 ADMINISTRATIVE 

. Se.vera1 other subject areas -which - are-. not-- unique to the ; . ,  
. ?.. 

GCDF are discussed briefly below. These criteria are treated in 
much greater detail in many other publications and are mentioned 
here only to indicate that the need for these criteria in . 

connection with the GCDF is the same as for other nuclear 
facilities. 



6.7.1 Surface Facilities - 

Criterion: Surface facilities will be removed from the 
site when their usefulness to the operation has ended. 

Standard: ---- Surface facilities needed for support of 
the disposal operation shall be designed and constructed in 
such a manner -that they can readily- be decontaminated and 
decommissioned when their usefulness is over. 

Discussion: The buildings needed for offices, equipment 
storage, decontamination, lunch and change rooms, etc., to 
support the waste disposal operation will have a limited useful 
life. For. a well-operated waste disposal facility there is very 
little potential of contaminating these buildings. However, if 
it is recognized at.the conception of these facilities that 
eventually they will have to be decontaminated (if contaminated) 
and dismantled before the land can be released to the public, it , 

should be possible to design them for easy decontamination and 
decommissioning. Provision for the possibility of an unplanned 
.contamination release should always be made. 

6.7.2 personnel Trainins 

Criterion: Operating personnel shall be trained and 
knowledgeable in radiological health and safety and in the use 
of the equipment and facilities needed for the waste disposal 
operation. 

Standard: All personnel who are involved with the handling 
of radioactive materials will go through a radiological training 
course designed to familiarize them with the well-established 
operating practices for radiation workers. Mandatory refresher 
courses. will be repeated periodically. All radiological 
training courses will be approved by DOE. 

Discussion: These standard practices have made the nuclear 
industry one of the safest occupations for industrial workers in 
the United States. 

In addition, all.equipment operators will be trained in the 
operation of the equipment with which they are required to work. 

6.7.3 Health Physics 

Criterion: Waste management operations shall be monitored 
to assure potential radiological impacts are mitigated and 
exposures both to operators and to the general public are 
maintained well within levels for which no adverse effects are 
anticipated. 

Standard: ---- --- Technicians trained and knowledgeable of 
health physj.ns procedures will be available to monitor waste 



management operations to assure compliance with radiation 
exposure requirements. 

Standard: All operations involving radioactive material 
shall be under the direction of qua'lif ied health physics 
technicians. 

Discussion: Waste disposal at deeper levels does' not ------ 
impose any new operational techniques on radioactive waste 
management, The hresent standards for personnel and exposure 
monitoring used in shallow.land burial sites shall be continued 
for GCD. - 

Occupational Safety 

Criterion: All cmplayees shall be p ~ u v i d e d  d sdfe working 
environment containing no unusual hazards to health and safety. 

Standard: All routine operations will be performed in ----- 
accordance with standard operatinq procedures that have been - - 
approved by the Health aid Safety Department and that are 
prepared in accordance with the guidelines and standards 
published by OSHA and 'the National Safety Council. 

Discussion: Employee safety shall be a major consideration 
in the construction and operation of the GCDF. The well- 
established safe work practices already in existence at .nuclear 
facilities for handling and working with nuclear materials shall 
be continued. Guidelines and standards published by OSHA and 
the National Safety Council shall also be incorporated lnto the 
operating procedures to assure workman safety. 

6.7.5 Site Security 

Criterion: No unauthorized intrusion into a disposal site 
or unauthorized removal of waste material or equipment from a 
disposal site will be permitted.. 

Standard: The GCDF shall be provided with whatever 
equipGent, structures, facilities and personnel are necessary to 
detect any attempted or actual intrusion of unauthorized persons 
onto the disposal site and to prevent the unauthorized removal 
of contaminated material or equipment. 

Discussion: As part of the goal of protecting the health 
and safety of the general public, it is necessary to assure that 
any contaminated items, which may appear to be useful to an 
individual, are not allowed to leave the GCDF. Unacceptable and 
unknown exposures of many people could easily occur if the waste 
is not carefully controlled. Such a situation actually occurred 
a few years ago when workers at a commercial burial ground were 
salvaging contaminated tools and other items from the LLW and 
taking them home for their personal use. How much exposure 



resulted from this practice before it was 'stopped may never be 
known. 

Fire Protection 

criterion: Provision shall be made to promptly extin- -- ----- - - 
guish any fire that may occur in the LLW or in the associated 
facilities. 

Standard: The radiation workers shall be trained as a fire 
brigade and shall be equipped to extinguish small fires in 
their incipient stages. Special training in fighting fires in 
radioactive materials will be received by these workers. 
Provision shall also be made for alerting and calling on 
professional firefighting crews in the ev@nt a major fire should 
erupt that could not be handled by the fire brigade. Training 
for professional firefighters will be conducted on fighting 
fires in radioactive materials. 

Standard : Citizens' band radios, telephones, automatic 
alarm systems, heat and smoke sensors shall be incorporated into 
the facility fire warning system design. 

Discussion: Fire in radioactive waste will cause wide- 
spread distribution of the radioactive isotopes .with smoke 
and airborne particulate matter.. Although historically the 
incidence of fire in LLW has been very low, the potential 
will always exist until all combustible waste is processed 
through an incinerator before it is packaged for burial. 
Until such incinerators are available, adequate fire-fighting 
facilities and equipment must be available at the GCDF. 

6.7.7  Personnel and Eaui~ment Decontamination 

Criterion: All personnel and equipment leaving the GCDF 
shall be free of any radioactive contamination and contamination 
w i t 1 1 i 1 1  I,l~c fneility chall be mi ni mi zed. 

Standard: All personnel leaving the disposal site will be 
monitored wFth appropriate radiation detection equipment. Any 
contamination found on an individual's "clothing or person will 
be removed before the individual leaves the facility. 

Standard: Equipment leaving the facility will be surveyed 
for surface contamination and appropriately decontanlir~dled 
before release, 

Standard: Permanently assigned equipment and facilities 
will be surveyed quarterly and decontaminated as appropriate. 

Discussion: The spread of radioactive contamination is 
much easier to control at its source than it is to recover after 
it has been allowed to leave a nuclear facility. The practice 
of monitoring personnel and equipment leaving any nuclear 



facility has been enforced right from' the beginning of the 
atomic energy program. The same controls used at other nuclear 
facilities must be incorporated for the GCDF. 

6.7.8 Equipment and Facility Maintenance 

Criterion: All equipment and facilities shall be main- 
tained in a safe and operable condition. 

Standard: All operating equipment and facilities will be 
set up on a regular, periodic preventive maintenance schedule. 
In addition, any defective equipment and facilities will 
be promptly repaired whenever the defect is discovered. 
No personnel will be required to operate unsaIe equipment 
which may present a hazard to their personal o a f c t y  or the 
safety QL others. 

Discussion: The value of an effective safety program ha6 
been well establi.sherl in American industry. The maintenance of 
equipment in a safe operating condition is only a part of the 
safety program that should be established for a new nuclear 
facility. In addition, the regulations of OSHA applicable to 
workers' safety must be part of the GCDF operating plan. 



REFERENCES 

P.H. Hunter., "Defense Low-Level Waste Management and 
Research and Development Program Plan for 1980-1985" 
(Draft ~eport), prepared for Department of Energy, Nevada 
Operations Office, by Ford, Bacon & Davis Utah Inc., 
FBDU-343-002,. Salt Lake City, Utah,. Aug 1980. . .. 

J.A. Adam and V.L. Rogers. "A Classification System for 
Radioactive Waste Disposal - What Waste Goes Where?" 
Nuclear Regulatory Commission, NUREG-0456, June 1978. 

G.W. Leddicotte, E:C. Taranzzer, W.A. Rodcjer, R.L. Frend- 
berq, and N.W. Morton. "Suggested Concentration Limits for 
shallow Land Burial of ~adi-onuclides, " Proceedings of the 
Symposium on Waste Management at Tucson, Arizona, Mar 6-8, 
1978. 

J.A. Adam. "Insiqhts on Standards and Criteria for Waste 
Disposal Derived £;om Waste Classification, " Proceedings of 
the ~ ' ~ m ~ o s i u m  on Waste Management at Tucson, Arizona, . Feb - - - 
26 - Mar 1, 1979. 

"Understanding Low-Level Radjoactive Waste," prepared for 
the J3epaktment of Energy by EG&G Idaho, Inc., LLW-MP-2, 
Nov 1980. 

"1979 State by State Assessment of Low-Level.Waste Shipped 
to Commercial Burial Grourids , " prepared for EG&G Idaho, 
Inc., by NUS Corporation, Subcontract No. K-5108 Task 23, 
NUS 3440, Rev 1, Nov 1980. 

"Five-Year Program Management Plan, Low-Level Waste 
Management Program, " prepared for Department of Energy by 
Idaho Operations Office, Idaho Falls, Idaho, .Mar 1980. 

."Report to the President, Interagency Review Group on 
Nuclear Waste Management," TID-29442, Department of Energy, 
Washington, D.C., Mar 1979. 

Proposed Groundwater -Protection Strategy, Environmental 
Protection Agency, Nov 1980. 

A.L. Bloom. The Surface of the Earth, eprentice-Hall, Inc., 
Eriglewood Cliffs, New Jersey. 

International Commission on Radiological Protection 
Recommendations, ICRP-26, Jan 1977. 

"Disposal of Low-Level Radioactive Waste and Low-Activity 
Bulk Solid \Jast.e, " Preliminary Draft, Nuclear Regulatory 
Commission, Code of Federal Regulations, Title 10, Part 61. 



REFERENCES (Cont) 

13. D.H. Card. "History of Buried Transuranic Waste at 
. INEL," prepared for Energy Research and Development 
. .Administration, Idaho Operations Office, by EG&G Idaho, 

Inc.,'Idaho Falls, Idaho, WMP-77-3, Mar 1977. 

14. "Alternatives for Managing Wastes from Reactors and Post 
Fission Operations in the LWR Fuel Cycle," Energy Research 
and Development Administration, ERDA-76-43, 1976. 



APPENDIX A 

DETERMINATION OF NUCLIDE DISPOSAL CONCENTRATION LIMITS 
AND OPTIMAL BURIAL DEL?TH 



CONTENTS 

Section Title Page 

APPENDIX A DETERMINATION OF NUCLIDE DISPOSAL 
CONCENTRATION LIMITS AND OPTIMAL 
BURIAL DEPTH . . . . . . . . . . . . . . . . A-1 
A.l Parameters Affecting Nuclide Migration 

at a Generic Arid Western GCDF. . . . . A-4 
A.1.1 Vertical Grniln?water Fhow. . . A-4 
A.1.2 Nuclide Retardation. . . . . . . A-5 
A.1.3 Nuclide Decay. . . . . . . . . . A-6 
A.1.4 Dispersion . . . . . . . . . . . A-7 

. . 

A.2 Calculation of Area Concentration Units 
and Optimal Burial Depth. . . . . . . . A-9 
A.2.1 Methodology. . . . . . . . . . . A-9 
A.2.2 Example of Exposure Pathway Dose 

Assessment . . . . . . . . . . . A-16 
A.2.3 ' Determination of Optimal Burial 

Depth. . . . . . . . . . . . . . A-17 
A.2.4 Determination of Allowable Area 

Concentration T.,imits . . . . . A-21 
A.3 Applicability and Comparison of 

CalculaLed Area Disposal Concentration 
Limits For Arid and Humid Site 
CalldiLiv~~s. . . . . . . . . . . . . . . A-21 

A.4 Sunutlary . . . . . . . . . . . . . . . . A-24 
REFERENCES TO APPENDIX A. . . . . . . . . . . . . .. . . . . A-25 



LIST.OF FIGURES 

Number 

A-1 

A-2 

Title Page 

Greater Confinement Disposal Facility Exposure 
Pathways. . . . . . . . . . . . . . . . . . . . . A-11 
Allowable Area Concentration Limits for Disposed . 

Low-Level Waste as Function of Burial Depth . - .  . A-20 



LIST OF TABLES 

Number T i t l e  Page 

A-1 Parameters Assoc.iated with Nuclide Migration . . . . . . . . . . . . .  a t  Waste Disposal S i t e s  A-2 

A-2 Nuclide Specific Parameters for  Reference Low- , . . . . . . . . . . . . . . . . . . .  Level Waste A-13 

A-3 Exposure Pathway Analysis Parameters. . . . .  A-15 

A-4 Exposure Pathway Analysis Dose Conversion . . . . . . . . . . . . . . . . . .  . Parameters. . ~ - 1 8  

A- 5 Nuclide Concentration'Limits i n  Well Water. . A-19 

A-6 Area Concentration Disposal Limits for  Mobile . . . . . . . . . . . . . . . . . . . . .  Nuclides. A-22 



APPENDIX A 

DETERMINATION OF NUCLIDE DISPOSAL CONCENTRATION LIMITS 
AND OPTIMAL BURIAL DEPTH 

Several different approaches have been used by various 
investigators to. establish an upper waste concentration limit 
'on disposal of low-level waste (LLW). Most of these limits 
are based on exposure to the general public through various 
postulated pathways. Several pathways to. man that have been 
evaluated for shallow land burial (SLB) are essentially elimi- 
nated by deeper burial. Greater confinement disposal (GCD) 
places the waste below the depth where it will be directly 
disturbed by plant roots, burrowing animals, surface erosion and 

I 

other in situ exposure. scenarios. In addition, the- increased 
,soil cover associated with GCD is adequate to attenuate most of 
the gamma radiating waste. 

Exposure pathways which must be examined for any disposal 
method include aquifer contamination and upgradient migration by 
molecular diffusion. Greater confinement disposal generally 
increases the risk of aquifer contamination at a given site 
because o'f the reduced distance from'the disposal facility to 
the aquifer. In addition, because molecular diffusion follows ' 
chemical rather than hydraulic gradients, contamination may 
occur anywhere within the geosphere. Therefore, it is incumbent 
to examine both of these pathways in detail- for an arid western 
GCDF and to determine at what optimal depth the exposure 
from nuclide migration in all directions can be minimized. 

The purpose of this appendix is to determine the allowable 
waste concentration limits of nuclides and the optimal burial 
depth for LLW at a generic arid western GCDF site. The para- 
meters assumed pertinent to a site characterization and rni9r.a- 
tion analysis for the generic GCDF are given in Table A-1. 

This appendix Is di.vide(3 into four oections: 

Section A.l is a discussion of the various condi- 
tions and parameters at arid western sites which 
affect nuclide migration and the long-term per- 
formance of a disposal site. 

Section A.2 is a determination of the optimal depth 
of burial based on the plausible exposure pathways 
for typical; low-level waste and a determination of 
the average allowable area. disposal concentration 
limits for such. waste and its nuclides. 

Section A.3 compares the calculated allowable area 
concentration limits and their waste disposal 
applicatisn for two extreme bounding cases: 
expected conditions at an arid site and the 



TABLE A-1 

PAAANEThhS XSSOClATED W T H  NUCLIDE MIGRATION AT hASTE LISPOSAL SI lbS  

Used . in  
Ca lcu l a t i ons  

Uih banforo Lw%L 
Annual p r e c i 2 i t a t i o n  (cmj 40 1ij(a) ' . 10(b) ., i k ( c j  10 

. . 
'Lhick*ess o f  vadose zone Pm) 2OU t o  400 1 0 6 ( ~ ) '  213(d) 1 8 6 ~ ~ )  1 ~ 0 ( e )  

S o i l  type  

' J i f f ec t i ve  p o r o s i t y  o f  
aqu i f e r .  (21 

ueatkiered g r a v e l ,  a l l u v i a l  s i l t ,  sand,  c l a y  
t u f f  sand t u f f (  f ,  c lay( ,$)  

silt f a j 

Aquifer v e l o c i t y  (miyr)  - '1000(h) 52 ( f )  ti00(cj 700 

Vadose zone p ~ r o s i t y  ( Z )  - - -- 3-48td) -- 10% 

Vadose zone t u l k  d e n s i t y  Lg/cffi3)-- -- -- -- 1.6 

Ver s i ca l  unsa- turated grouniwater , - v e l o c i t y  (mCyr).. , ' - - -- -- O ( i )  

V e r t i c a l  s a t u r a t e d  groundwater . .. 

v e l o c i t y  (m!yr) -, l i m i t i ~ g  
ca se  . -- -- -- -- 5 ( i )  

. - 
Diffus ion  c o e r f i c i e n t  i n  

unsa tura ted  zone (m2/yr) j __ -- -- -- 0.1 C i )  

" -- -- D i s y e r s i v i t y  S m )  -- I _ -- . 2 o ( i )  
. . , . . . 

Optimal b u r i a l  Depth f o r  
GCDP '(m) N& iuA ' . hA .: NS . .. . 35( j) 



TAELO A-1 (Cont) 

Depth t o  bottom of  GCDF (n) N A 

Depth.of s o i l  cover  (m) iu A 

Assumed dimensions o f  
GCDE s i te  ( o r  p i t  concept)  
assumed square  (rn) # A 

Assumed borehole dimensions 
borehole  diameter  (m) N A N A Ii A 
Array spac ing  (m) N A MA IV A 

lised i n  
Ca lcu l a t i ons  

2 . w ~  f o r  Generic GCDE 

( a )  Reference A-1 (g) Reference A-6 
( b )  l ieference A-2  ( h )  Reference A-7 
( c )  Reference A - j  ( i )  Appendix A assumption based on Reference A-6 
( d l  Reference A-4 (j) Calcula ted  i n  Appendix A.2 I 

(e)  Inc ludes  10 meter (k)  Appendix b parameter , 
t h i cknes s  of waste , (1) ~ ~ p e n d i x  b parameter may depend on s i t e  cond i t i ons  

(f) Iieference A - 5  and r a d i o a c t i v i t y  inventory  of  waste 

NA = Not a p p l i c a b l e  



l i m i t i n g  c a s e  r e p r e s e n t e d  by  a  humid s i t e  o r  s i t es  
where  i r r i g a t i o n  f a r m i n g  h a s  been  i n i t i a t e d .  (The 
humid s i t e  i s  a l s o  e v a l u a t e d  d u e  t o  t h e  u n c e r t a i n t y  
i n  p r e d i c t i n g  c l i m a t e  and s i t e  c o n d i t i o n s  o v e r  a  

' 1 0 , 0 0 0  y e a r  p e r i o d  o f  c o n c e r n . )  

S e c t i o n  A.4 i s  a '  summary. 

A . l  PARAMETERS AFFECTING NUCLIDE MIGRATION AT A GENERIC 
A R I D  WESTERN GCDF 

S e v e r a l  f a c t o r s  a f f e c t  n u c l i d e  m i g r a t i o n  i n  u n s a t u r a t e d  
g e o l o g i c  m e d i a .  I n  t h i s  s e c t i o n ,  t h o s e  f a c t o r s  c o n s i d e r e d  
t o  h a v e  a m a j o r  i n f l u e n c e  o n  n u c l i d e  transport w i l l  b c  d i s -  
c u s s e d .  A l though  r e f e r e n c e  i n  t h i s  d i s c u s s i o n  i s  made to a r id  
s i L e  cur icl ie ions,  t h e s e  f a c t o r s  a l s o  inf.l.lience n u c l i d e  m i g r a t i o n  
i n  humid r e g i m e s .  T h i s  l a t t e r  c o n d i t i o n  w i l l  b e  c o n s i d e r e d  i n  
g r e a t e r  d e t a i l  i n  s u b s e q u e n t  s e c t i o n s .  

V e r t i c a l  Groundwater  Flow 

S e v e r a l  i n v e s t i g a t o r s  h a v e  shown t h a t  n e t  v e r t i c a l  movement 
o f  g r o u n d w a t e r  i n  the  vadose  zone  ( t h e  u n s a t u r a t e d  r e g i o n  above 
the  s a t u r a t e d  z o n e )  i s  n e g l i g i b l e  i n  a r i d  r e g i o n s  e x c e p t  i n  t h e  
t o p  f e w  meters o f  s o i l .  T h i s  r e s u l t s  f r o m  a c o m b i n a t i o n  o f  
t w o  f a c t o r s .  F i r s t ,  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  i n  a r i d  
r e g i o n s  g r e a t l y  e x c e e d s  p r e c i p i t a t i o n ,  u s u a l l y  b y  a n  o r d e r  
o f  m a g n i t u d e  o r  m o r e .  I n  a d d i t i o n ,  t y p i c a l  a r i d  z o n e  s o i l s  
c o n t a i n  a c a l i c h e  o r  a r g i l l i c  h o r i z o n  a t  or n e a r  t h e  s u r f a c e  
whic11 i n h i b i t s  i n t i l t r a t i o n  and t h u s  d e e p  p e r c o l a t i o n .  

A s t u d y  o f  mean a n n u a l  e v a p o t r a n s p i r a t i o n  and deep  pe rco -  
l a t i o n  i n v o l v i n g  t h r e e  w i d e l y  s e p a r a t e d  c l imat ic  r e g i o n s  o f  the  
U n i t e d  S t a t e s  ( C i n c i n n a t i ,  O h i o ;  O r l a n d o ,  F l o r i d a ;  a n d  L o s  
A n g e l e s ,  C a l i f o r n i a ) ,  found t h a t  there w a s  a n e t  a n n u a l  p e r c o -  
l a t i o n  a t  the  subhumid s i tes  i n  C i n c i n n a t i  and  Or lando ,  b u t  a t  
the  s e m i a r i d  Los Ange les  s i t e  the  n e t  p e r c o l a t i o n  i n t o  t he  s o i l  
was z e r o  ( R e f e r e n c e  A-9). P r e l i m i n a r y  s t u d i e s  ( R e f e r e n c e  A-10) 
b e i n g  p e r f o r m e d  b y  t h e  U n i v e r s i t y  o f  C a l i f o r n i a  a t  Los Ange les  
f o r  the  Depar tment  o f  Energy a t  the  a r i d  Nevada T e s t  S i t e  show 
t h a t  p e r c o l a t i o n  i n t o  u n d i s t u r b e d  so i l  a t  Frenchman F l a t  i s  z e r o  
be low a d e p t h  of  o n e  m e t e r .  

A r e c e n t  lycimc?ter  study u f  coil m o i s t u r e  a t  the Hanford  
R e s e r v a t i o n  ( R e f e r e n c e  A-1 )  i n d i c a t e d  t h a t  s o i l  m o i s t u r e  c o n t e n t  
v a r i a t i o n s  which are a t t r i b u t a b l e  t o  changes  i n  s o l a r  r a d i a t i o n  

- a n d  p r e c i p i t a t i o n  are  o n l y  a p p a r e n t  w i t h i n  t h e  upper  1 t o  2  m 
(3 .0  t~ 6.5 f t ) .  B e l o w  t h i s  d e p t h ,  changes  i n  m o i s t u r e  c o n t e n t  
o f  1 p e r c e n t  o r  l e s s  were r e c o r d e d  d u r i n g  t h e  y e a r ,  w i t h  n o  
s i g n i f i c a n t  changes  i n  m o i s t u r e  c o n t e n t  below the  12-m ( 3 9 - f t )  
d e p t h .  N a t u r a l  r e c h a r g e  t o  the  u n c o n f i n e d  a q u i f e r  f rom p r e c i p i -  
t a t i o n  was found t o  be n e g l i g i b l e .  



Reference A-11, in discussing percolation in the arid 
southwest, states, "The formation of widespread pedogenic 
caliche in th.e arid and semiarid zones of the world also 
strongly suggests that precipitation only penetrates a few 
feet into the ground in such regions prior to evaporation and 
deposition of CaC03 ... In much of the Southwest infiltration of 
precipitation on interfluves rarely reaches water tables of even 
intermediate depth (10-100 m)." 

The study also stated that ". . . precipitation falling on 
the valley floors underlain by carbonate rocks was not estimated 
because recharge to either the lower carbonate aquifer or the 
-younger aquifers beneath such areas seems improbable undqr 
present climatic conditions." 

Although net downward percolatibn is negligible in arid 
regions where a thick unsaturated zone mantles an unconfined 
aquifer, advection, mechanical dispersion, and diffusion of 
contaminants likely continues to occur at very low rates over 
long periods of time. Negative and positive fluxes of water and 
solutes can be expected. Many investigators prefer to ignore 
this movement when dealing with relatively short time frames. 
It may, however, contribute to exposure scenarios when dealing 
with a time frame of thousands of years. 

The condition of negligible deep percolation at the generic 
GCDF could be temporarily altered in areas of the disposal 
facility where the soil'has been disturbed. The absence of 
vegetation on the surface and disturbance of the caliche or 
argillic layer could contribute to net percolation through the 
geosphere over the burial pit or borehole. Although some 
downward percolation may occur immediately after, facility 
construction, the net effect in the long term will likely 
continue to be negligible percolation at the depth of ~ ~ ~ ' G C D F  
when plant cover has been reestablished. 

Tho negligtble recharqe by precipitation in arid regions to 
deep water table aquifers suggests that, for waste  l ~ u r i e d  near 
the surface, the greatest potential for nuclide migration may be 
upward toward the land surface by diffusion rather than downward 
by advection and dispersion toward the aquifer. It thus becomes 
an objective of GCD to place waste at a sufficient depth to 
minimize the hazard from nuclides migrating both upward and 
downward. 

A . 1 . 2  Nuclide .-. Retardation - 
The transfer of nuclides (or other contaminant mass) from 

pore water to the solid part of the porous medium by adsorption 
or other chemical processes, while flow occurs, causes the 
advance rate of the contaminant front to be retarded. The 
retardation of the front relative to the bulk mass of water is 
described by the relatior1 



where 
. - . .., 

R = '~etardati.on factor (unitless) 

V = Average linear velocity (m/yr) of the groundwater 
(i.e., the volumetric flux divided by the actual 
cross-sectional area of the pores through which flow 
occurs) 

Vc = Velocity of the center of the contaminant mass (m/~r) 

p = Bulk mass densiky sf t-he pornllo mcdiulu ( y / . ~ t ~ l )  

q = Porosity (unitless) 
I 

Kd = Cistribution coefficient e l  the mass of solute' 
on the solid phase per unit mass of solid phase 
divided by the concentration of the solute in 
solution) - (ml/g) 

When a mixture of reactive contaninants enters the ground- 
water zone, each specie will travel at a rate depending upon 
its particular retardation factor. After a given time, the 
original contaminant cloud will have segregated into different 
zones, each zone advancing in the same direction at different 
velocities. Thus, the time reqilired for a nuclide to migrate 
from a waste disposal site by advection to a point' of concern 
can be represented by the unit-compatible one-dimensional 
equation 

where. 

t = Time '(years) 

x ='Vertical distance from disposal facility to point of 
concern (meters) 

R - RetnrdaLiun factor  i u ~ ~ i t l e s s )  

V = Average linear velocity of the groundwater (m/~r) 
.. . . -_ . 

A . 1 . 3  Nuclide Decay 

During the time that nuclides are migrating, they are 
also decaying in accordance with the relation 



where 

Ct = Concentration of nuclide at time t (ci/m3) 

Co = Initial concentration of nuclide (~i/m3) 

n = t/tl or the time of concern divided by the half- 
- life of the nuclide (unitless) 2 

Radionuclide decay is the spontaneous transformation of a 
given heavy nuclide into one or more different lighter nuclides 
resulting in the formation of stable elements or isotopes and in 
a decline in the mass of the. original nuclide. The pr'imary 
result of this disintegration process is to make the original 
radioactive source more dilute with time. The objective of a 
waste disposal program is to isolate the radioactive materials 
in such a manner that sufficient time will be available for the 
nuclides to decay to innocuous levels before being released to 
the biosphere. 

Isotopes generated in the intermediate decay process are 
called "decay daughters." Certain relatively' long half-lived 
decay daughters (e.g. Ra-226) of Th-230, Pu-238, Pu-241, Cm-242 
'and Cm-244 should be taken into account when assessing the 
impact of waste disposal over long periods of time. The method- 
ology for such an assessment is discussed in the latter part of 
this Appendix. 

A.1.4 Dispersion 

For homogeneous saturated media with steady-state flow., the 
one-dimensional form of the advection-dispersion equation 
describing the transport of reactive radionuclides is 

Dx = Coefficient of hydrodynamic dispersion (m2/yr) 

R = Retardation factor (unitless) 

C = Concentration of the nuclide (ci/m3) 

x = Direction of conta~i~inant migration 

V, = Average linear velocity of the groundwater (m/~r) 

Xd = Radioactive decay constant (yr-l) 

t = Time 

This equation indicates t h a t  the physical processes con- 
trolling the flux of a solute in the x-direction into and out of 



a n  e l e m e n t a l  volume are hydrodynamic d i s p e r s i o n  ( t h e  f i r s t  t e r m  
o n  t h e  l e f t - h a n d  s i d e  o f  E q u a t i o n  A-4) a n d  a d v e c t i o n  ( t h e  
s e c o n d  t e r m ) .  T h e  t h i r d  t e r m  r e p r e s e n t s  t h e  l o s s  o f  s o l u t e  
c o n c e n t r a t i o n  i n  t h e  e l e m e n t a l  vo lume  d u e  t o  r a d i o a c t i v e  
d e c a y .  The r e t a r d a t i o n  f a c t o r  d e s c r i b e s  t h e  e f f e c t s  o f  s o l u t e  
a d s o r p t i o n .  

A d v e c t i o n  i s  t h e  component o f  s o l u t e  t r a n s p o r t  a t t r i b u t e d  
t o  the  b u l k  movement o f  g roundwate r ,  p r o c e e d i n g  a t  a r a t e  e q u a l  
t o  the a v e r a g e  l i n e a r  g roundwate r  v e l o c i t y .  However, i n  n a t u r a l  
s y s t e m s ,  t h e r e  i s  a t e n d e n c y  f o r  s o l u t e s  t o  s p r e a d  o u t  f r o m  
t he  p a t h  t h a t  t h e y  w o u l d  be e x p e c t e d  t o  f o l l o w  b a s e d  o n  t h e  
a d v e c t i v e  h y d r a u l i c s  o f  t h e  f l o w  s y s t e m .  T h i s  s p r e a d i n g  
phenomenon i s  c a l l e d  hydrodynamic d i s p e r s i o n .  I t  o c c u r s  b e c a u s e  
o f  m e c h a n i c a l  m i x i n q  during f l i i i d  a d v e c t i o n  and Lecduse of 
m o l e c u l a r  d i f f u s i n n  d u e  t o  t h c  thermal k i n e t i c  e n e r g y  o f  
t - h e  s o l u t e  p a r t i c l e s .  T h i s  i s  i n d i c a t e d  b y  t h e  f o r m  o f  t h e  
e q u a t i o n  d e s c r i b i n g  t h e  c o e f f i c j , e n t  of hydrodynamic d i a p c r s i o n ,  
wliich c a n  b e  e x p r e s s e d  i n  t e r m s  o f  two components:  

w h e r e .  

Dx = ' C o e f f i c i e n t  o f  h y d r o d y n a m i c  d i s p e r s i o n  i n  t h e  x- 
d i r e c t i o n  (m2/.yr) 

ax  = D i s p e r s i v i t y  ( m )  i n  t h e  x - d i r e c t i o n  ( a  c h a r a c t e r i s t i c  
p r o p e r t y  o f  t-he p o r o u s  medium) 

Vx = Average  l i n e a r  g roundwate r  v e l o c i t y  i n  t h e  x - d i r e c t i o n  
(m/yr) '  

D* = C o e L f i c i e n t  of  m o l e c u l a r  d i f f u s i o n  f o r  the  s o l u t e  i n  
t h e  p o r o u s  medium ( m 2 / y r ) .  

M e c h a n i c a l  m i x i n g  nr h y d r a u l i c  d i s p e r s i o ~ l  ( r e p r e s e n t e d  
b y  t h e  f i r s t  t e r m  o n  t h e  r i g h t - h a n d  s i d e  o f  E q u a t i o n  A-5) 
o c c u r s  o n  a m i c r o s c o p i c  s c a l e  due  t o  d i f f e r e n c e s  i n  t h e  s i z e ,  
r o u g h n e s s ,  b r a n c h i n g ,  and  i n t - e r f i n g e r i n g  o f  p o r e  clldririels, and 
o n  a m a c r o s c o p i c  s c a l e  due  t o  h e t e r o g e n e i t i e s  i n  t h e  h y d r a u l i c  
c o n d u c t i v i t y  o f  t h e  sys t em.  T h i s  c a u s e s  some o f  t h c  w a t e r  and 
s o l u t e  m o l e c u l e s  t o  t r a v e l  more rapid1.y t h a n  t h e  a v e r a g e  l i n e a r  
v e l o c i l y  drid some t o  t r a v e l  m o r e  s l o w l y .  T h e  s o l u t e  t h u s  
a r r i v e s  a t  t h e  o u t f l o w  boundary  s o o n e r  b u t  a t  .a lower  coricen- 
t r a t i o n  t h a n  i f  it i s  a f f e c t e d  o n l y  by a d v e c t i o n .  

. . , . 
T h e  d i f f u s i o n  c o m p o n e n t  o f  d i s p e r s i o n  i s  t h e  p r o c e s s  

w h e i e b y  i o n i c  o r  m o l e c u l a r  s p e c i e s  move u n d e r  t h e  i n f l u e n c e  
o f  t h e i r  k i n e t i c  a c t i v i t y  i n  t h e  d i r e c t i o n  o f  t h e i r  c o n c e n -  
t r a t i o n  g r a d i e n t  (friom h i g h  t o  l o w )  r e g a r d l e s s  o f  t h e  d i r e c t i o n  
o f  b u l k  g roundwate r  movement. D i f f u s i o n  p r o c e e d s  a c c o r d i n g  t o  
F i c k ' s  l a w s  and  ceases o n l y  when c o n c e n t r a t i o n  g r a d i e n t s  a r e  i n  
e q u i l i b r i u m .  
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APPENDIX A 

DETERMINATION OF NUCLIDE DISPOSAL CONCENTRATION-LIMITS 
AND OPTIMAL BURIAL DEPTH 

Several different approaches have been used by various 
investigators to establish an upper waste concentration limit 
on disposal of low-level waste (LLW). Most of these limits 
are based on exposure to the general public through various 
postulated pathways. Several pathways to man that have been 
evaluated for shallow land burial (SLB) are essentially elimi- 
nated by deeper burial. Greater confinement disposal (GCD) 
places the waste below the depth where it will be directly 
disturbed by plant roots, burrowing animals, surface erosion and 
other in situ exposure scenarios. In addition, the increased 
soil cover associated with GCD is adequate to attenuate most of 
the gamma radiating waste. 

Exposure pathways which must be examined for any disposal 
method include aquifer contamination and upgradient migration by 
molecular diffusion. Greater confinement disposal generally 
increases the risk of aquifer contamination at a given site 
because of the reduced distance from the disposal facility to 
the aquifer. In addition, because molecular diffusion follows 
chemical rather than hydraulic gradients, contamination may 
occur anywhere within the geosphere. Therefore, it is incumbent 
to examine both of these pathways in detail for an arid western 
GCDF and to determine at what optimal depth the exposure 
from nuclide migration in all di5ections can be minimized. 

The purpose of this appendix is to determine the allowable 
waste concentration limits >of nuclides and the optimal burial 
depth for LLW at a generic arid western GCDF site.. The para- 
meters assumed pertinent to a site characterization and migra- 
tion analysis for the generic GCDF are given in Table A-1. 

This appendix is divided i r ~ t o  four sections: 

Section A.l is a discussion of the various condi- 
tions and parameters ,at arid western sites which 
affect nuclide migration and the long-term per- 
formance of a disposal site. 

Section A.2 is a determination of the optimal depth 
of burial based on the plausible exposure pathways 
for typical low-level waste and a determination of 
the average allowable area disposal concentration 
limits for such. waste and its nuclides. 

Section A.3 compares the calculated allowable area 
concentration limits and their waste disposal 
application for two extreme bounding cases: 
expected conditions at an arid site and the 



TABLE A-1 

PAiiANEl'kiftS: ASSOClATEC LITH N U C L ~ D L  MIGRATION AT GjASTE LISPOSAC SIT6S 

Used i n  
Ca lcu l a t i ons  

L&& m f o r d  hTS; IiWL f o r  Generic GCDF 

Annual p r e c i p i t a t i o n  (cm) 41 16(a)  10(b) Z ~ ( C )  10 

2hickness  of vadose zone (m) 2DU t o  400 10b(a) 213(d) 186(c) 170(e)  

S o i l  type  w,=athered g r a v e l ,  a l l u v i a l  s i l t ,  sand,  c l a y  
tclf f sand tu f fCf )  c l a y t g )  

: si l t ta j  

hf . fect ive.  porcasity of 
a q u i f e r  ' I( >) --, 3 t 0 4 ( ~ )  2 .3(d)  -- 

. . 
3.0 

Aquifer v e l o c i t y  (rn/yr) . - i 1000(h) 52(f) b00(c) 700 

Padose zone po ros i t y  ( 5 )  -- 
Vadose zone bulk d e n s i t y  (g/cmS)--7 

V e r t i c a l  unsa tura ted  groundwater 
v e l o c i t y  (rniyrj -- 

V e r t i c a l  s a t u r a t e d  groundwater 
v e l o c i t y  (rn/yr) - l i m i t i n g  
ca se  -- -- -- -- 5 ( i )  

U i f  t 'usion c o e f f i c i e n t  i n  
unsa tura ted  zone (m2/yr) -- -- -- -- O.l.(i) 

D i s p e r s i v i t y  (m) -- -- . -- -- 2 o ( i )  

Optimai b u r i a l  Depth f o r  . . . . 

GCDF (m) N A lu A bA . N l i  . . 3S( . i )  



Used i n  
Ca l cu l a t i ons  

a ~ e t e r  j.&sL L k u A r ~  f o r  Generic GCfiE 

Depth t o  bottom o f  GCDP in)  NA , . h A lu A IU A 40 (k) 

Depth of  s o i l  cover  ( m )  iu A h A N A N A 30(k)  

Assumed dimensions o f  
GCDF s i t e  ( o r  p i t  concept)  
assumed squa re  (m) N A iu A 1% A N A 60 (k )  

Assumed borehole.  d imensiors  
borehole  diameter  (m) Nk N A h A N A 2 (k )  
Array spaz ing  ( m )  N A N A k A h A 10(1)  

[ a )  Reference A-1 (g) Beference A-6 
(b )  Heference A-2 . (h )  Reference A-7 
( c )  Reference A - j  ( i )  Appendix A assumption based on Reference A-6 
( d )  Reference A-4 (j) Calcu la ted  i n  Appendix A.2 
( e l  I nc ludes  10 meter (k )  Xppendjx b parameter 

t h i cknes s  o f  waste (1) Appendix B parameter may depend on s i t e . c o n d i t i o n s  
( f )  Heference A-5 and r a d i o a c t i v i t y  inventory  of waste 

NA = Not a p p l i c a b l e  

. . 



limiting case represented by a humid site or sites 
where irrigation farming has been initiated. (The 
humid site is also evaluated due to the uncertainty 
in predicting climate and site conditions over a 
10,000 year period of concern.) 

Section A.4 is a summary. 

A.l PARAMETERS AFFECTING NUCLIDE bIIGRATION AT A GENERIC 
ARID WESTERN GCDF 

Several factors affect nuclide migration in unsaturated 
geologic media. In this section, those factors considered 
to have a major ir~fll~ence on nuclidc transport will be dis- 
cussed. Although reference in t h i s  di>scussion io made to slid 
slte conditions, these  factors also influence nuclide migration 
in humid regimes. This latter condition will be considered in 
greater detail in subsequent sections. 

A.l.l Vertical Groundwater Flow 

Several investigators have shown that net vertical movement 
of groundwater in the vadose zone (the unsaturated region above 
the saturated zone) is negligible in arid regions except in the 
top few meters of soil. This results from a combination of 
two factors. First, potential evapotranspiration in arid 
regions greatly exceeds precipitation, usually by an order 
of magnitude or more. In addition, typical arid zone soils 
contain a caliche or argilbic hori.znn at or near the surface 
which inhibits infiltration and thus deep percolation. 

A study of mean annual evapotranspiration and deep percu- 
lation involving three widely separated climatic regions of the 
United States (Cincinnati, Ohio; Orlando, Florida; and Los 
Angeles, California), found that there was a net annual perco- 
lation at the subhumid sites in Cincinnati and Orlando, but at 
the semiarid Los Angeles site the net percolation into the soil 
was zero (~eference A-9). Preliminary studies (Reference A-10) 
beinq performed' by the University of California at Los Angeles 
for the Department of Energy at the arid Nevada T e ~ t  Site show 
that percolation into undisturbed soil at Frenchman Flat is zero 
below a depth of one meter. 

A recut: lysimeter study of soil moisture at the Hanford 
Reservation (Reference A-1) indicated that soil moisture content 
variations which are attributable to changes in solar radiation 

- .and precipitation are onby apparent within the upper 1 to 2 m 
(3.0 to 6.5 ft) . Below this depth, changes in rnoist~ir~ content 
oL 1 percent or less were recorded during the year, with no 
significant changes in moisture content below the 12-m (39-ft) 
depth. Natural recharge to the unconfined aquifer from precipi- 
tation was found to be negligible. 



Reference A-11, in discussing percolation in the arid 
southwest, states, "The formation of widespread pedogenic 
caliche in the arid and semiarid zones of the world also 
strongly suggests that precipitation only penetrates a few 
feet into the ground in. such regions prior to evaporation and 
deposition of CaC03. . .In much of the Southwest infiltration of 
precipitation on interfluves rarely reaches water tables of even 
intermediate depth (10-100 m)." 

The study also stated that ". . . precipitation falling on 
the valley floors underlain by carbonate rocks was not estimated 
because recharge to either the lower carbonate, aquifer or the 
younger aquifers beneath such areas seems improbable under 
present climatic conditions." 

Although net downward pe'rcolation is negligible in arid 
regions where a thick unsaturated zone mantles an unconfined 
aquifer, advection, mechanical dispersion, and diffusion of 
contaminants likely continues to occur at very low rates .over 
long per'iods of time. Negative and positive fluxes of water and 
solutes can be expected. Many investigators prefer to ignore 
this movement when dealing with relatively short time frames. 
It may, however, contribute to exposure scenarios when dealing 
with a time frame of thousands of years. 

The condition of negligible deep percolation at the generic 
GCDF could be temporarily altered 'in areas of the disposal' . 
facility where'the soil has been disturbed. The absence of 
vegetation on the surface and disturbance of the caliche or 
argillic layer cou'ld contribute to net percolation through the 
geosphere over the burial pit or borehole. Although some ' 

downward percolation may occur immediately after facility 
construction, the net effect in the long term will like'ly 
continue to be negligible percolation at the depth of the GCDF 
when plant cover has been reestablished. 

The negligible recharge by precipitation in arid regions to 
deep water table aqui fers  suggests that, fur w a s t e  buried near 
the surface, the greatest potential for nuclide migration may be 
upward toward the land surface by diffusion rather than downward 
by advection and dispersion toward the aquifer. It thus becomes 
an objective of GCD to place.waste at a sufficient depth to 
minimize the hazard from nuclides migrating both upward and, 
downward. 

A.1.2 Nuclide Retardation 

The transfer of nuclides (or other contaminant mass) from 
pore water to the solid part of the porous medium by adsorption 
or other chemical processes, while flow occurs, causes the 
advance rate. of the contaminant front to be retarded. The 
retardation of the front relative to the bulk mass of water is 
described by the relation 



where  

R = R e t a r d a t i o n  f a c t o r  . ( u n i t l e s s )  

V = A v e r a g e  l i n e a r  v e l o c i t y  ( m / y r )  o f  t h e  g r o u n d w a t e r  
( i . e . ,  t h e  v o l u m e t r i c  f l u x  d i v i d e d  b y  t h e  a c t u a l  
c r o s s - s e c t i o n a l  a r e a  o f  the  p o r e s  th rough  which f low 
o c c u r s )  

Vc = V e l o c i t y  o f  t h e  c e n t e r  o f  t h e  con taminan t  mass  (m/y r )  

p = Bulk m a s s  d e n s i t y  o f  the  porgus  m e d i u m  (g/rnl) 

q = ' P o r o s i t y  ' ( u n i t l e s s  ) 

I = E i s t ~ i k u t i o n  c l n e f f i c i e n t  c  t h e  mass: uf s o l u t e  
o n  t h e  s o l i d  p h a s e  p e r  u n i t  m a s s  o f  s o l i d  p h a s e  
d i v i d e d  b y  t h e  c o n c e n t r a t i o n  o f  t h e  s o l u t e  i n  
s o l u t i o n )  - (ml/g) 

When a m i x t u r e  o f  r e a c t i v e  c o n t a m i n a n t s  e n t e r s  the  ground- 
w a t e r  zone ,  each  s p e c i e  w i l l  t r a v e l  a t  a r a t e  depending  upon 
i t s  p a r t i c u l a r  r e t a r d a t i o n  f a c t o r .  A f t e r  a g i v e n  t i m e ,  t h e  
o r i g i n a l  con taminan t  c l o u d  w i l l  have  s e g r e g a t e d  i n t o  d i f f e r e n t  
z o n e s ,  e a c h  zone advanc ing  i n  t he  sarile d i r e c t i o n  a t  d i f f e r e n t  
v e l o c i t - i e s .  Thus,  t he  t i m e  r e q u i r e d  f o r  a n u c l i d e  t o  m i g r a t e  
from a w a s t e  d i s p o s a l  s i t e  by a d v e c t i o n  t o  a  p o i n t  o f  c o n c e r n  
c a n  be r e p r e s e n t e d  b y  t h e  u n i t - c o m p a t i b l e  o n e - d i m e n s i o n a l  
e q u a t i o n  

where.  

t = Time ( y e a r s )  

x = v e r t i c a l  d i s t a n c e  from d i s p o s a l  f a c i l ' l t y  t o .  p o k n t  of 
c o n c e r n  ( m e t e r s )  

R = R e t a r d a  t.im f a c t o r  ( u n i t l c s s )  

V = A v e r a g e  l i n e a r  v e l o c i t y  o f  t h e  g r o u n d w a t e r  ( m / y r )  

A .  1 . 3  Nuc1id.e Decay 

D u r i n g  t h e  t i m e  t h a t  n u c l i d e s  a r e  m i g r a t i n g ,  t h e y  a r e  
. 

also d e c a y i n g  i n  a c c o r d a n c e  w i t h  the  r e l a t i o n  

Ct = C0(0.5)"  (A- 3:) 



where 

Ct = Concentration of nuclide at time t (ci/m3) 

Co = Initial concentration of nuclide (~i/m3) 

n = t/tl or the time of concern divided by the half- 
- life of the nuclide (unitless) 2 

Radionuclide decay is the spontaneous transformati'on of a 
given heavy nuclide into one or more different lighter nuclides 
resulting in the formation of stable elements or isotopes and in 
a decline in the mass of the original nuclide. The primary 
result of this disintegration process is to make the original 
radioactive source more dilute with time. The objective of a 
waste disposal program is to isolate the radioactive materials 
in such a manner that sufficient time will be available for the 
nuclides to decay to innocuous levels before being released to 
the biosphere. 

Isotopes generated in the intermediate decay process are 
called "decay' daughters." certain relatively long half-lived 
decay daughters (e.g. Ra-226) of Th-230, Pu-238, Pu-241, Cm-242 
and Cm-244 should be taken into account when assessing the 
impact of waste disposal over long periods of time. The method- 
ology for such an assessment is discussed in the latter part of 
this Appendix. 

A.1.4 Dispersion 

For homogeneous saturated media with steady-state flow, the 
one-dimensional form of the advection-dispersion equation 
describing the transport of reactive radionuclides is 

where 

Dx = Coefficient of hydrodynamic dispersion (m2/yr) 

R = Retardation factor (unitless) 

C = Concentration of the .nuclide (ci/m3) 

x = Direction of contaminant migration 

Vx = Average linear velocity of the groundwater (m/yr) 

hd = Radioactive decay constant (yr-l) 

t = Time 

This equation indicates that the physical processes con- 
trolling the flux of a solute in the x-direction into and out of 



an elemental volume are hydrodynamic dispersion (the first term 
on the left-hand side of Equation A-4) and advection (the 
second term). The third term represents the loss of solute 
concentration in the elemental volume. due to radioactive 
decay. The retardation factor describes the effects of solute 
adsorption. 

Advection is the conlponent of solute transport attributed 
to the bulk movement of groundwater, proceeding at a rate equal 
to the average linear groundwater velocity. However, in natural 
systems, there is a tendency for solutes to spread out from 
the path that they would be expected to follow based on the 
advective hydraulics of the flow system. This spreading 
phenomenon is called hydrodynamic dispersjon. It occurs becausc 
of mechanical mixing during fluid advectian and b e c a i ~ s ~  n f  
molecu'lar diffusion due to the thermal kinetic encrgy of 
the solute particles. This is indicated by the form of the 
equation describing the coefficient of hydrodynamic dispersion, 
which can be expressed in terms of two components: 

where 
. . 

D, = Coefficient of h-ydrodynamic dispersion in the x- 
direction (m2/yr) 

ax = Dispersivity (m) in the x-direction (a characteristic 
property of the porous medium) 

Vx = ~ v e r a ~ e  linear groundwater velocity in the x-direction 
(m/yr) ' . 

D* = Coefficient of noleeulas di1lusiur1 fur the salhte in 
the porous medium (m2/yr). 

Mechanical mixing or hydraulic di,sp.ersi nn ( represented 
by the first term on the right-hand side of Equation A-5) 
occurs on a microscopic scale due to differences in the size, 
roughness, branching, and interfingering of pore channel s ,  and 
on a macroscopic scale due to heterogeneities in the hydraulic 
conductivity of the system. This causes some of the water and 
solute molecules to travel 'more rapidly than the average linear 
velocity and surrte to -travel more slowly. 'The solute thus 
arrives at the outflow boundary sooner but at -a lower concen- 
tration than if it is affected only by advection. 

. . . +  . 
The diffusion component of dispersion is the process 

whereby ivnic or molecular species move under the influence 
of their kinetic activity in the direction of their concen- 
tration gradient (from high to low) regardless of the direction 
of bulk groundwater movement. Diffusion proceeds according to 
Fick's laws and ceases only when concentration gradients are in 
equilibrium. 



Since the phenomenon of diffusion acts independent of 
direction e l  it contributes to migration both' upward and 
downward), exposure pathways resulting from surface contami- 
nation as well as contamination of the aquifer must be examined. 
Thus, in addition to a well water ingestion scenario, consider- 
ation must be given to exposure by plant root uptake of nuclides 
and subsequent food consumption as well as the inhalation of 
nuclides which have contaminated the surface soil and been' 
resuspended by the wind under natural or man-induced conditions. 

A.2 CALCULATION OF AREA CONCENTRATION LIMITS AND 
OPTIMAL BURIAL DEPTH 

The methodology for calculating waste disposal' concentra- 
tion limits and optimal burial depth.for a generic GCDF assumes 
two primary waste management goals: 

Assure that potential exposures to man do not 
exceed specified limits, and 

9, Minimize the environmental impacts from waste 
burial 

The first goal requires that the amount and/or type of 
waste inventory be limited. The second goal requires that the 
waste be buried at that depth whlch minimizes the impacts from 
contaminants migrating both to the surface by diffusion and to 
an underlying aquifer by advection and dispersion. 

Methodology 

To determine optimal burial depths and establish limits for 
the isotopes that could eventually migrate to the aquifer or to 
the surface, it is necessary to work backward from a permissible 
individual exposure level and set concentration limits based 
upon this exposure limit. The dose guideline used for the 
migration analysis is based on the ICRP study (Reference A-12) 
which recommends a dose limitation to a few non-occupationally 
involved individuals of 500 mrem/yr. With this limitation 
on exposure, one can calculate a limitation on the waste that 
can be disposed such that migrating nuclides will not cause this 
exposure guideline to be exceeded. 

Calculations were performed using a computer model (~ef- 
erence A-13) which first simulates the movement of the waste 
through the disposal site geosphere and then d.etermines the 
total' radioactive dosage to both individuals and populations as 
the result of various exposure scenarios. 

Four mechanisms are used to describe the mov.ement of 
waste within the geosphere: 



Downward advection of contaminants by groundwater 
flow (horizontal advection and dilution in the 
aquifer is conservatively neglected) 

Mechanical or hydraulic dispersion 

Molecular diffusion, and 

Mechanical disturbance (e.g., well drilling) 

In addition, five exposure pathways have been incorporated 
in the model (see Figure A-1): 

Consuragtion of well water 

.b Consumption of food (crops, meat, and milk) 

0 Inhalation of resuspended contaminated surface soil 

Inhalation of radon gas (daughter of radium-226), 
and 

Direct exposure to contaminated surface soil 

Equations A-4 and A-5 are used to model radioactive con- 
taminant transport by advection, hydraulic di-s,per.sion, and 
diffusion at the generic site. Although the equations describe 
mass transport under saturated conditions, their use in this 
analysis of waste migration at an unsaturated generic site is 
warranted for two reasons. First, it can be shown that .the 
unsaturated model is equivalent to the saturated model under 
the assumed condition of uniform flow . e l  constant average 
linear groundwater velocity and moisture content through time 
and space). Because the processes of groundwater and contami- 
nant movement in -the unsaturated zone are site-specific fun- 
ctions of moisture content, an examination of waste migration 
in a generic site vaaose zone using an unsaturated flow mode? 
would involve high uncertainty in parameter estimates and in the 
resulting model output,. This does not suggest, however, that 
mass transport in the unsaturated zone should necessarily be 
modeled using Equations A-4 and A-5 at a specific s-ite where the 
functional relationships describing moisture and contaminant 
movement can be reasonably determined. 

The second reason for using a saturated-condition model for 
this examination concerns the long (10,000 years) assessment 
period. During the next 10,000 years, .it is reasonable to 
expect that a major climatic change will occur in the West 
similar to the last pluvial period which ended approximately 
9,000 years ago (~eference A-6). This could result in increased 
deep percolation and a rise in the existing water table due to 
recharge from precipitation, surface water bodies, and/or water 
diverted for irrigated agricultural activities above the waste 
disposal site. 
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To s i m p l i f y  t h e  boundary c o n d i t i o n s  and geometry, t h e  model 
c o n s e r v a t i v e l y  assumes a  homogeneous geo log ic  medium e x h i b i t i n g  
uniform flow and o t h e r  hydro log ic  c h a r a c t e r i s t i c s  and a  s i t e  o f  
i n f i n i t e  l a t e r a l  e x t e n t .  The c a l c u l a t i o n s  a r e  t h u s  based on t h e  
amount  o f  w a s t e  i n v e n t o r y  t h a t  c a n  be  d i s p o s e d  o f  p e r  u n i t  
s u r f a c e  a r e a  a t  t h e  d i s p o s a l  s i t e  ( ~ i / m 2 )  r e s u l t i n g  i n  what 
a r e  c a l l e d  a r e a  c o n c e n t r a t i o n  l i m i t s  o r  A C L ' s .  O f f - s i t e  
exposures  a r e  accounted f o r  i n d i r e c t l y  by assuming a  uniform 
p o p u l a t i o n  d e n s i t y .  Thus, a s  t h e  waste  i s  c a r r i e d  o f f  s i t e  and 
exposes  a  l a r g e r  p o p u l a t i o n ,  t h e  i n d i v i d u a l  dosage i s  reduced. 

I t  i s  a l s o  assumed t h a t  a q u i f e r  d i l u t i o n  does no t  occur ,  
t h a t  a l l  o f  t h e  exposed  i n d i v i d u a l ' s  food  and  f l u i d s  a r e  
o b t a i n e d  from t h e  d i s p o s a l  s i t e ,  t h a t  t h e  i n d i v i d u a l  spends h i s  
e n t i r e  l i f e  on t h e  s i t e  and t h a t  t h e  o n - s i t e  a i r  i s  no t  d i l u t e d  
by ' o k k - s i t e  a i r .  F u r t h e r ,  t h e  i n v e n t o r y  l i m i t s  which h r ~ !  
c a l c u l a t e d  a r e  based on peak exposure  r a t e s .  

To bound t h e  a n a l y s i s ,  d i f f e r e n c e s  i n  s i t e  c o ~ l d i t i o n s  
b e t w e e n  t h e  c u r r e n t  ( a r i d )  and  p o t e n t i a l  (humid)  s t a t e  were  
modeled by vary ing  t h e  downward v e l o c i t y  of  groundwater movement 
between z e r o  and 5  m/yr respec t i .ve ly .  ( I n t e r m e d i a t e  v e l o c i t i e s  
o f  0 . 5  and  0 . 0 5  m/yr were  a l s o  u s e d . )  A l l  o t h e r  p a r a m e t e r s  
w e r e  assumed t o  r e m a i n  unchanged.  The p o t e n t i a l  humid s i t e  
c o n d i t i o n s  were  found  t o  r e p r e s e n t  t h e  l i m i t i n g  c a s e  f o r  
de t e rmin ing  d i s p o s a l  waste  concen t r a t i on  l i m i t s .  

Movement of t h e  waste  by mechanical  d i s t u r b a n c e  i s  modeled 
by assumimg t h a t  t h e  p r o b a b i l i t y  o f  t h e  waste being d i s t u r b e d  
i s  p r o p o r t i o n a l  t o  t h e  pe r iod  of concern ( i . e . ,  10,000 y e a r s ) .  
The d i s t u r b a n c e  cou ld  occur  a s  a  r e s u l t  o f  a  number of reclaimer.  
a c t i v i t i e s  i n c l u d i n g  d r i l l i n g ,  basement c o n s t r u c t i o n ,  excava- 
t i o n ,  t i l l i n g ,  e t c .  I t  w a s  assumed t h a t  w i t h i n  t h e  10,000 yea r  
p e r i o d  s u r f a c e  d i s t u r b a n c e s  a r e  l i m i t e d  t o  10  p e r c e n t  of  t h e  t o p  
one meter of t h e  geosphere.  A t  g r e a t e r  d e p t h s ,  t h e  p r o b a b i l i t y  
o f  d i s t u r b a n c e  is assumed t o  be  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  
d e p t h  o f  t h e  c o n t a m i n a n t .  Thus  t h e  a n n u a l  p r o b a b i l i t y  o f  
m e c h a n i c a l l y  b r i n g i n g  c o n t a m i n a t e d  w a s t e  t o  t h e  s u r f a c e  i s  
0.1/10,000 p e r  yea r  ( o r  1 0 - ~ / ~ r )  d iv ided  by t h e  dep th  of  t h e  
contamina t ion .  Fo r  t h e  w e l l  d r i l l i n g  s c e n a r i o ,  it i s  assumed 
t h a t  t h e  waste i s  mixed w i t h  t h e  s o i l  which h a s  been d r i l l e d  and 
t h a t  a new w e l l  f o r  every fou r  pe r sons  s e rved  would need t o  be  
d r i l l e d  every  100 y e a r s .  An e r o s i o n  r a t e  o f  0.001 m/yr h a s  also 
b e e n  assumed t o  s i m u l a t e  t h e  r e d u c t i o n s  i n  c o v e r  o v e r  t h e  
f a c i l i t y .  

A t y p i c a l  LLW mix of i s o t o p e s  was used f o r  t h e  a n a l y s i s  
( s e e  Table  A - 2 ) .  A l l  c a l c u l a t i o n s  o f  ACL's and op t imal  dep th  ' 
w e r e  made based on t h i s  mix as a  whole and/or  t h e  i n d i v i d u a l  
i s o t o p e s  comprising t h e  n i x .  The i s o t o p e s  conta ined  i n  t h i s  LLW 
mix a l l  have h a l f - l i v e s  g r e a t e r  t h a n  10 y e a r s .  I t  was assumed 
t h a t  i s o t o p e s  wi th  s h o r t e r  h a l f - l i v e s  would decay t o o  r a p i d l y  t o  
be o f  c o n c e r n  d u r i n g  t h e  p o s t o p e r a t i o n a l  p e r i o d  of  a  w a s t e  
d i s p o s a l  f a c i l i t y .  The s i g n i f i c a n t  decay daughte rs  of  Th-230, 
Pu-238, Pu-241, Am-241, Cm-242, and Cm-244 a r e  a l s o  inc luded  



TABLE A-2 

NUCLIDE SPECIFIC PARAMETERS 
FOR REFERENCE LOW-LEVEL WASTE 

Specific LLW 
Half-Life .Activity ~etardation (a) ~oncentration(b) 

Isotope (yr) (ci/m3) Factor (ci/m3 ) 

( b ) ~ e f  erence A-15 



since they are generated following disposal of the parent 
nuclides. The LLW reference mixture is similar to a mixture of 
typical commercial low-level wastes with the activation products 
Ni-59 and Ni-63 added to simulate waste from decommissioning of 
reactors and fuel-cycle facilities (either commercial or DOE). 

Other assumptions used in the calculations are listed as 
follows: ' 

Waste which migrates to the surface was assumed to 
be taken up by surface vegetation using the bio- 
accumulation rates (~eference A-16) given in Table 
A-3. The vegetation in turn, was assumed to be 
consumed as crops by man at Llie rate of 195 kg/yr 
along with 95 kg/yr nf moat, and 110 l/yr or milk 
(Reference A - 1 6 ) -  

Waste which migrates to the underlying aquifer was 
assumed t.a be ingcsted ds contaminated well water 
at a rate of 370 liters/yr (Reference A-16). 

a The fraction of waste dissolved in the groundwater 
was assumed to be equal to the reciprocal of the 
retardation factor. 

The airborne particulate inhalation pathway assumes 
the resuspension of waste particulates mixed in 
with soil which is farmed or blown by desert 
winds. The resuspensinn rate is 100 ~i~icrograms/ 
cubic meter (Reference A-17). 

The airborne dust is inhaled along with radon +gas 
emanating from Uie site at the ambient connentra- 
tion. .The irllialation rate is 7,300 cubic meters/ . 
.year (Reference A-16). 

The w~aste container Life was assumed to be 100 
years. 

Analysis was terminated at- 10,000 ycars because of 
the need for a realistic calculational time frame. 
Any isotope located within ten to a few hundred 
meters of the biosphere, which requires more than 
10,000 ycar~o tu reoeh its maximum concentration, 
was considered immobile. 

. . 
In the case of cert-ain long-lived nlclihes, e.g., 
uranium-238, the average ACL would he nearly 
equivalenL to the specific activity of the nuclide 
since the maximum concentration would not reach the 
biosphere until a time well beyond 10,000 years. 
The actual health hazard from such material is no 
greater than unmined uranium ore in equilibrium 
with the soil. 



TABLE A-3 
) .  

E :U?OSURE PATHWAY ANALYSIS PARAMETERS 

Ingestion 1nhal.ation 
Concentration Ingestion Inhalation Organ Organ 
~ l a n t / ~ o i l  Df (mrem/ r Df (.mrem/yr) Weightin 7 Weightin 

Isotope ~ a t i o ( ~ )  per pCi) per p ~ i )  (a)  actor(^   actor! % 

(a) Reference A-16 
(b) Reference A-12 
(c) 4.8E+O = 4.8 x 100 = 4.8 
(d) 1.9E-2 = 1.9 x 10'2 =, 0.019 . 



Usiny the contaminant transport and mechanical disturbance 
models, the concentrations of wastes at the surface and in the 
underlying aquifer are calculated for the two extreme cases. 
These concentrations then serve as inputs to the various 
exposure scenarios for determining dose rates. 

The process of determining an optimal depth of burial for 
low-level wastes can be divided into two steps: 

e Ascertain the depth required to assure, with 
reasonable probability, that the waste'will not be 
unintentionally disturbed by man, plant, or animal 
and 

D e t e r n l i n e  the e f f e c t  of varying zhe burial depths . 
t ~ 1 1  the potential enviro~lmental impacts resulting 
from waste migration. 

It is generally conceded that a cover depth of approx- 
imately 10 m is sufficient to prevent intrusion by plants 
or burrowing animals. Beyond this, to deternine the impacts to 
man, the potential exposure to radioactive contaminants through 
consumption of well water obtained from an aquifer beneath 
the waste was balanced against the potential exposure from 
mechanical disturbances, resuspended dust, radon gas, direct 
gamma exposure, and food consumption (vegetation, meat and milk) 
above the waste. 

The optimal burial depth for the GCDF was determined by 
varying the mean depth of the facility between zero and 60 
meters and determining the impacts resulting from burial at each 
depth. At each depth, the dose rates from the various surface 
phenomena and well water exposure scenarios were summed to 
derive the total exposure resulting from the mix. The initial 
concentration of the mix which would result in an exposure 
of 500 mrem/yr was then determined. The optimal depth was 
considered to be that depth at which the largest LLW inventory 
could be placed without exceeding L l ~ e  500 mrem/yr standard. 

A.2 . .7  Example a1 Exposure Pathway Dose Assessment 

The well water scendrio is presented as an example of ?.he 
use of an exgosilre pathway analysis tu calculate the allowable 
cwr~centration levels in a source stream. These concentrations 
are then used in conjunction with the nuclide migration equa- 
tions A-4 and A-5 to derive the allowable disposal ACL's. In 
the well water scenario, the assumption is made that at some 
future date after institutional control of the disposal facility 
has been relinquished, a well will be drilled into an aquifer 
containing groundwater that has leached through the buried 
waste. Water from this well is then assumed to be used for 
ordinary household purposes, including human consumption. 



The equation which relates ingestion exposure to an 
allowable concentration of nuclides in the water is: 

where , 

Civ = Allowable concentration of the nuclide in the well 
water (pci/l) 

500 mrem/yr = Individual dose guideline (~eference A-12 

370 l/yr = Average yearly adult water consumption (Ref- 
erence A-16 

DF = Adult dose factor (mrem/pCi), a measure of the 
effective radiation given off by each picocurie of 
ingested contaminated material (Reference A-16) 

W = Organ weighting factor (unitless), a measure of the 
relative susceptibility of a given organ to damage from 
ingestion of an isotope (Reference A-16) 

Dose factors (~eference A-16) and organ weighting factors 
(Reference A-12) for the various isotopes in the reference 
low-level waste mix are presented in Table A-3. Critical organs 
were determined based on the maximum product of the dose factor 
and the weighting factor for each organ. These factors and the 
consumption rate have been combined into one term in Tab.le 
A-4 representing a nuclide specific dose conversion parameter 
for each major exposure pathway. 

The calculated allowable well water concentration limits 
(in pci/l) for several nuclides of concern are shown in Table 
A-5. This is the concentration that, if present in water that 
is ingested a.t. the rate of one liter per day (370 l/yr)., 'would 
give an annual dose of 500 mrem/yr. These aoncentration limits 
should not be compared with the disposal concentration llmits'or 
ACL's. The waste (or nuclide) concentration in the well water, 
Cw, represents the portion of the original concentration of 
the waste (or nuclide), which eventually. enters an aquifer and 
is ingested. Doses from other exposure scenarios are summed 
with Cw prior to determining the ACL. A similar calculational 
procedure can be used to ascertain the.maximum allowable concen- 
trat.ion limits for exposure from food consumed after plarit 

< uptake of nuclides and Lor cxposure due to inhalation of 
resuspended contaminated dust. 

*I 

A.2.3 Determination of Optimal Burial Depth 

Results of computations. to determine the optimal burial 
depth for the typical LLW mix are shown in Figure A-2. The two 
curves indicate the range of values arrived at by varying the 



. . TABLE A-4' 

EXPOSURE PATHWAY ANALYSIS DOSE CONVERSION PARAMETERS 
,. (rem/yr/~i/m3) 

Isotope ~ater(a) Food 

1.OE+2 
1.OE+2 
3.4E+1 
8.2E+1 
3.2E+3 
5.8E+1 
5.2E-t-1 
l.lE+l 
1.OE+2 
1.4E+4 
5.OE+2 
2.4E+1 
2.3E+1 
2.2E+1 
4.OE+.1 
1.9E+O 
2.2E+O 
2.2E+O 
4.OE-2 
2.9E+O 
2.9E+O 
2.8E+O 
5.7E+O 
3 - 5E+2 

Inhalation Direct Exposure 
. . 

(a) Water dose conversion parameter to be divided by the' 
retardation 



TABLE A-5 

NUCLIDE CONCENTRATION LIMITS IN WELL WATER 

Nuclide 

Calculated , 
Dose Factor(a) Concentration Limit 

(DF) in \Jell Water (C,) 
(mrem/p~i) (pci/l) 



MEAN DEPTH TO WASTE (M) 
(SURFACE TO AQUIFER DEPTH IS 170 METERS) 

FIGURE A-2 ALLOWABLE AREA CONCENTRATION LIMITS FOR DISPOSED - 
LOW-LEVEL WASTE 'AS FUNCTION OF BURIAL'DEPTH - - I .. . 

A-20 FBDU 343-001 



downward groundwater velocity to account for current (arid) and 
potential (humid) conditions. The lower' curve is the most 
conservative case ( e l  allows the smallest waste inventory) 
and thus provides the basis for the allowable area concentration 
limits (AcL's) and an analysis of radiological hazards. Based 
on this curve, an optimal mean burial depth of 35 meters was 
chosen. At this depth, a LLW mix inventory of 330 ci/m2 or 
less could be disposed of without exceeding the individual 
non-occupational exposure limit of 500 mrem/yr. 

A.2.4 Determination of Allowable Area Concentration Limits 

Based on the parameter values and assumptions previously 
presented, allowable area concentration limits for a mean burial 
depth of 35 meters were calculated for the typical LLW mix and 
the individual isotopes comprising the mix. Table A-6 lists 
the calculated ACL'S for the two extreme hydrologic conditions, 
(viz. the current arid site versus the limiting case humid site 
conditions). Note that Table A-6 is equivalent to Table 6-1 of 
Section 6.2.6 of this document except that Table A-6 d.oes not 
include disposal concentration limits for shallow land burial. 
The "No Limit" designation indicates that the calculated limit 
is greater than the specific activity of the isotope. In other 
words, the pure isotope could safely be disposed of without the 
exposure standard (500 mrem/yr) being exceeded. 

It is significant to note that a difference' of more than 
nine orders of magnitude exists between the smallest and largest 
ACL's. Further, many of the isotopes with the smallest ACL's 
are usually not inventoried prior to the disposal of wastes. 
Since these isotopes represent the greatest radiologic hazard in . 
terms of volume, greater care is required in inventorying 
radioactive waste. 

A.3 APPLICABILITY AND COMPARISON OF CALCULATED AREA DISPOSAL 
CONCENTRATION LIMITS FOR ARID AND HUMID SITE CONDITIONS 

Two accnarios or cases were evaluated in the determination 
of average allowable area concentration liiiii ts for buried 
waste at the GCDF. An expected case is representative of the 
currently existing conditions at most arid western sites, 
and a limiting case is more nearly representative of the con- 
ditons at a humid site with a deep aquifer or at an arid 
site where irrigation farming has been initiated. 

The ACL's for the arid and humid site conditions shown in 
Figure A-2 differ by a factor of 10 at the optimal burial depth 
of 35 meters, and a factor of 50 at the greater burial depth 
of .50 meters, in calculating the potential exposures from the 
competing pathways-of nuclide migration release. The results of 
the arid site analysis indicate that, for a vertical unsaturated 
zone water velocity of zero and other assumed arid site para- 
meters, high specific activity wastes may be safely disposed 
of in significant quantities, given a sufficiently thick cover. . 



TABLE A-6 

Nuclide 

H-3 
C-1-5 
Hi-59 
Ni-63 
Sr-90 
Tc-99 
1-129 
Cs-135 
Cs-137 
Ra-226 
Th-230 
U-234 
U-235 
U-238 
Np-237 - 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Am-241 
A ~ I - 2 4 3  
Cm-242 
Cm-244 
Unidentified 

LLW 

 urni id ~ite(d) 
Greater Confinement 

(Limiting Case), 
. Area ' 

Concentration 
Limits 

A C L ( C ~ / ~ ~ )  

Arid Site(e) 
Greater Confinement 

(Expect'ed Case) 
Area 

Concentration 
Limits 

A C L ( C ~ / ~ ~ )  

(a)~ased on Pathway Analysis developed in this Appendix 
(b)Application of ACL's discussed in Appendix B 
 assumed site parameters fnr both humid and mid siLe: 170 

m depth to aquifer, 30 m cover, lo m w a s t e  thickne~o, l0i-1 
yr cv~i ta iner  life, .001 m/yr erosion rate and an intrusion 
rate of 3xl0-~/~r at the 35 meter depth 

(d)~ssumes for humid conditions: a vertical groundwater 
velocity of 5m/yr and dispersion of 100 m2/yr 

(e)~ssumes for arid conditions: P zero vertical groundwater 
velocity and dispersion of 0.1 m2/yr 

(f)9.4~+2 9.4~102 940 
(9)The calculated allowable area concentration limit, ACL, 

exceeds the specific radioactivity of the nuclide 



These results, although based on conservative assumptions, are 
believed to realistically represent what might be expected to 
occur at most western waste disposal sites (e.g. NTS, Hanford, 
INEL). However, if certain parameters used (e.g., the retarda- 
tion factors or the dispersion coefficients)'were significantly 
in error, the resulting potential exposures could be greately 
understated. Therefore, the more conservative humid site 
analysis was performed to represent a limiting case, thus 
providing a lower bound to the ACL's based on the possibility 
that either the selected values chosen for the parameters or the 
assumptions about conditions at the arid site are greatly in 
error. 

For the humid site analysis, an average vertical ground- 
water velocity of 5 _m/yr was used. This velocity is high 
compared to assumed existing generic site conditions, and may 
not be achieved even if there were large climatic and/or 
land use (i.e., irrigation) changes at the generic western 
site. This high velocity was chosen to accommodate uncertainties 
in all of the parameters rather than just the uncertainty in the 
current and future vertical groundwater velocities. The 
velocity of 5 m/yr corresponds generally to conditions at a site 
with rainfall of 1 m/yr (such as at a humid eastern site), 50 
percent evaporation, and an 'effective porosity of 10 percent. 
This velocity is also roughly equivalent to the "Darcy" velocity 
for saturated soils of moderate permeability. 

The humid site ACL's are still very large compared to 
concentrations found in most high-specific activity, low-level 
radioactive wastes. Thus, while the results of the arid site 
case ( V  = 0) can be used as the expected performance of a 
generic arid site, the humid site results (V = 5 m/yr.) can 
be used as a limiting case to establish restrictions which 
assure satisfactory performance of an arid GCC site under wide 
variations in parameters or conditions. 

A detailed discussion on the application of the ACL's 
follows in A~llle~~i'lix D i  T h c  underlying principle of applying the 
ACL's is given by Equation A-7. 

where 

Qi = Total inventory of the ith isotope ( ~ i )  

ACLi = ACL of the ith isotope (~i/m2) 

A = Total site surface area dedicated to disposal (m2) 

i = Summation index for the 24 isotopes listed in Table A-6 
of this appendix and in Table 6-1. 



In other words, the conditions assumed by the methodology 
discussed in this appendix.wil1 be satisfied if the sum of the 
total quantity of.each isotope divided by the respective ACL is 
less than the surface area of the site dedicated to the disposal 
of those wastes. The dedicated surface area for given wastes 
can include any other area not already dedicated to other wastes 
and may include dedicated areas not part of but in the near 
vicinity of the disposal site. 

A.4 SUMMARY 

In summary, the results given indicate that, for a western 
arid site, the optimal mean depth of burial would be in the 
range of 35 to 50 meters. This assumes a disposal facility 
with a wdste thickness of 10 to 20 meters. It may be necessary 
to divide the recommended - a v e r a ~  - - A m  ACL's by the w a s t e  thickne~o 
in meter s if the buried waste is stacked in a large pit (i. e., 
to thus determine the average allowable waste concentration in 
the pit in ~i/m3). However, for most waste burial concepts 
(including borehole arrays, trenches, and smaller pits) the 
assumption of a source term in an infinite slab with no inter- 
vening space e l  a solid matrix) is very conservative and 
generally overstates the physical size of the source term. 
Therefore, the ACL's can be reasonably used as limits of 
inventory buried per unit site area (~i/m2) as given in Table 
A-6 even if the waste layer (e.g., in a borehole) is a few tens 
of meters thick. Individual waste containers, with nuclide 
specific inventories exceeding the ACL's may also be acceptable 
providing the total area requirements for mixed waste disposal 
at the site do no,t exceed the total available dedicated area for 
waste disposal at the- site. For short-lived isotopes (e.g., 
H-3, Sr-90, CS-137), the ACL's can be increased to allow for 
additional decay time if containers arc designed with an 
expected lifetime greater than the assumed 100 years. For 
containers of waste which are not designed to last 100 years, 
the ACL's would correspondingly be reduced for the shorter 
half-lived isotopes. 

It must be emphasized that the nuclide disposal concen- 
tration limits calculated in this appendix should be considered 
as guidelines and as used here apply only to the generic (arid 
western) GCDF defined in this document. The limits are based on 
conservative assumptions due to the uncertainties involved 
regarding specific site ronditione. n i  .spasal li~itc; which 
exceed those listed here for any particular sites may be deter- 
mined using the specific parameters that are applicable to that 
site. 
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APPENDIX B 

APPLICATION OF AREA DISPOSAL 
CONCENTRATION LIMITS TO WASTE DISPOSAL AT 

A GENERIC GREATER CONFINEbiENT DISPOSAL SITE 

This appendix provides a set of example calculations to 
demonstrate the application of the area waste disposal concen- 
tration limits (ACL'S) given in Table B-1 for waste disposal 
operations at a site selected for a generic.greater confinement 
disposal facility (GCDF). Greater confinement disposal (CCD) is 
burial of waste at greater depths (30-50 m) than is the current 
practice for shallow land burial. 

The following paragraphs describe how the concentration 
guidelines are to be applied to assure safe waste management 
operations at a generic western site. 

B.l COMPLIANCE WIT11 AREA WASTE DISPOSAL CONCENTRATION LIMITS 

An essential function of compliance with the GCD criteria 
is to assure the area disposal concentration limit (ACL) 
guidelines given in Table B-1 are satisfied. The guidelines 
are assumed to represent the concentration of a radionuclide 
species that would be permitted if the waste was homogenously 
mixed and distributed in an infinitely dimensioned slab about 1 
m thick. The concentration limits are determined on the 
basis of an analysis of several pathways of .exposure discussed 
in Appendix A, and assumes a maximum individual dose of 500 
mrem/yr. The concentration limits are calculated for expected 
arid site conditions and limiting case humid site conditions and 
listed in Table B-1. 

For expected arid site conditions, the climate remains arid 
and hydrology is characterized by a net moisture velocity 
of zero where nuclide migration is controlled by diffusion 
with an assumed diffusion coeffient of 0.1 m2/yr. Under these 
 condition.^, somewhat greater quantities of waste can be disposed 
at a western greater cu~lfinement d i s p u a a l  facility with a 
sufficiently deep (170 m) aquifer as indicated by the higher 
ACL1s in Column B of Table B-1. 

The humid site-1.imiting case conditions assumes the 
hydrology is characterized by a moisture velocity of 5 m/yr 
(effectively 1,000 times larger than an equivalent effective 
moisture velocity of 0.005 m/yr based on a diffus-ion coefficient 
of 0.1 m2/yr). This velocity should be consistent with the' 
conditions that could exist if irrigation farming is conducted 
at the site or if a major climate change occurs resulting in 
much higher levels of precipitation. For these conditions, the 
concentration limits are given in Column A ,  of Table B-1. 
Because there is n,o way to predict the site ownership, utili- 
zation, or climatic conditions that may exist at the site after 
one or two hurldred years and into the distant future, use of the 
concentration limits for the limiting case is recomn~ended as a 



TABLE B-1 

AREA CONCENTRATION DISPOSAL LIMITS FOR NOBILE NUCLIDES (a, b~ ) 

Humid ~ite(d) Arid ~ite(e) 
Greater Confinement Greater Confinement 

(Limiting Case) (Expected Case) 
Area Area 

Concentration Concentration 
Limits Limits 

Nuclide A C L ( C ~ / ~ ~ )  A C L ( C ~ / ~ ~ )  

H-3 
C-14 
Ni-59 
Ni-63 
Sr-90 
Tc-99 
1-129 
Cs-135 
CS-137 
Ra-226 
Th-230 
U-234 . 
U-235 
U-238 
Np-237 
Pu-2 3 8 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Am-241 
Am-243 
Cm-242 
Cm-244 
Unidentified 
LLW 

(a)~ased on Pathway Analysis developed in Appendix A. 
(b)~~~lication of ACL' s discussed in this' Appendix. 
(~)~ssumed site parameters for both humid and arid site: 170 

m depth t.0 aquifer, 3r) m covur. ,  10 kn wnsLe thickhess, 100 
yr container life, .001 m/yr erosion rate and an intrusion 
rate of 3xl0'7/~r at the 35 meter depth. 

(d)~ssumes for humid conditions: a vertical groundwater 
velocity of 5m/yr and dispersion of 100 m2/yr. 

(e)~ssumes for arid conditions: a zero vertical groundwater 
velocity and dispersion of 0.1 m2/yr. 

(f)9.4~+2 = 9.4~102 = 940. 
(9)~he calculated allowable area concentration limit, ACL, 

exceeds the specific radioactivity of the nuclide. 



conservative approach for waste managenent activities at most 
sites. 

B.2 VERIFICATION OF ACCEPTABLE WASTE CONCENTRATION 
FOR A GCD WASTE DISPOSAL SITE 

The primary goal of safe waste management operations is to 
assure that the near- and long-term aspects of waste disposal at 
a site will not impose an unacceptable public hazard. To 
accomplish this goal, a waste disposal site operator must follow 
safe waste management and handling practices and assure that the 
criteria for average waste concentrations disposed at the site 
are satisfied .. I 

Satisfaction o'f the criteria for acceptability of waste 
buried at a waste disposal site can be determined by summing the 
inventory contributions of various nuclides in the waste as a 
fraction of the average area concentration limits and dividing 
by the total site area dedicated to waste disposal at the site. 
The criteria are satisfied if the site loading fraction, Fs is 
less than unity as provided by the formulation in   qua ti on B-1. 

where 

and 

1 n Qi F s = F o + x -  
As. i ACLi 

i = The summation index designating the nuclides 
.comprising the waste (shown in Table B-1) 

F, = The waste loading fraction for the site 

Fo - = The existing loading fraction for the site from 
previously loaded waste 

Qi = The nuclide inventory in the subject waste material 
(Curies) or the total inventory of each source of 
waste material as represented by the dominant 
nuclide 

ACLi = The average nuclide specific area dis osal concen- 
tration limit from Table B-1 (Curies P m2) 

As = The surfaCe area of the site that has been dedicated 
for the disposal of waste (m2) 

n = The number of nuclides listed in Table B-1 (i.e. 
24 



T h e  f o l l . o w i n g  e x a m p l e  i l l u s t r a t e s  t h e  a p p l i c a t i o n  o f  
E q u a t i o n  B-1 : 

A w a s t e  d i s p o s a l  s i t e  o p e r a t o r  h a s  a new s i t e  w i t h  36 
d r i l l e d  w a s t e  d i s p o s a l  c e l l s ,  e a c h  2  'm i n  d i a m e t e r ,  w i t h  a  
cel l- to-cel l  s p a c i n g  o f  1 0  m on c e n t e r  ( i . e . ,  t h e  e x c l u d e d  a r e a  
or  b u f f e r  zone  s u r r o u n d i n g  e a c h  i n d i v i d u a l  c e l l  b e i n g  100  m2).  
T h e  t o t a l  d e d i c a t e d  area f o r  GCD a t  t h e  s i t e  i s  t h u s  3600 m2 
( a p p r o x i m a t e l y  0 . 9  a c r e s ) .  I t  i s  as sun led  a  w a s t e  g e n e r a t o r  
w a n t s  t o  s h i p  t o  t h e  d i s p o s a l  s i t e  1 0 0  c a p s u l e s  o f  h i g h  s p e c i f i c  
a c t i v i t y  s t r o n t i u m  f l o u r i d e  ( 9 0 ~ r ~ 2 )  w i t h  a t o t a l  i n v e n t o r y  
of 1 0 0 , 0 0 0  c u r i e s .  The ACL f o r  Sr-90 i s  36 c i / m 2 .  The gen- 
e r a t o r  a l s o  w a n t s  t o  s h i p  1 0 0  c a p s u l e s  o f  c e s i u m  f l u o r i d e  
( 1 3 7 ~ s ~ 2 ) ,  l i k e w i s e  w i t h  a  t o t a l  of 100 ,000  c u r i e s .  The ACL 
t o r  Cs-137 however i s  1 2 , 0 0 0  c i / m 2 .  The waste i s  t n  he dispo~od 
111" a 2 hi dlameter  by 1 0  m deep w i l s t p  c e l l  w i t h  30 m o f  c o v e r  
d e p t h .  

The  s i t e  l u a d i n g  f r a n t i . o n ,  Us, f o r  t h e  100 Sr-90 c a p s u l e s  
i s  c a l c u l a t e d  a s  f o l l o w s :  ( I n  o u r  example t h e  new. s i t e  i m p l i e s  
Fo i s  z e r o . )  

The  1 0 0  c a p s u l e s  of  Sr-90 w i t h  a n  i n v e n t o r y  a s  r e p r e s e n t e d  
a b o v e  c a n  b e  s a f e l y  d i s p o s e d  a t  t h e  s i t e  even  i f  t h e  i n d i v i d u a l  
c a p s u l e  i n v e n t o r y  e x c e e d s  t h e  ACL f o r  s t ron t ium-9n .  

The s i t e  l o a d i n g  f r a c t i o n  f o r  t h e  c a p s u l e s  o f  Cs-137 w a s t e  
i s  c a l c u l a t e d  as f o l l o w s :  

The  t o t a l  s i t e  l o a d i n g  f r a c t i o n  i s  t h e  sum o f  t h e  l o a d i n g  
f r a c t i o n s  f o r  e a c h  w a s t e  t y p e  b e i n g  a d d e d  p l u s  - t h e  e x i s t i n g  
l o a d i n g  f r a c t i o n  f o r  t h e  s l t e .  ( I n  o u r  example t h e  new s i t e  
i,mpl j e a  FU &s z e r o . )  

F o r  o u r  example where  t h e  w a s t e  t y p e s  are r e p r e s e n t e d  by 
1 0 0  SrF2 and 100 CsF2 c a p s u l e s :  

Fs ( s i t e )  = Fo ( e x i s t i n g  w a s t e )  + Fs (S r -90)  + Fs (Cs-137) 

I 
Fs ( s i t e )  = 0  + .77 + .0023 = .77 which  i s  <1 



For a  mixt'ure of cesium and strontium sources as  indicated 
above, it may be possible t o  increase the  strontium inventory 
by 30 percent and s t i l l  meet the  waste disposal  c r i t e r i a  for  the 
s i t e .  O n  the  other hand we could increase the  cesium inventory 
by 2 o r d e r s  of magnitude and not  exceed . the  waste d i s p o s a l  
c r i t e r i a  of the  s i t e .  Also there  remains,without any addit ional  
strontium or cesium an avai lable  loading capacity of 0.23 or 2 3  
percent of the  s i t e  disposal capacity. The ex is t ing  nuclide 
spec i f ic  waste loading f ract ion,  Fo, for  the  next shipment i s  
thus 0.77. 

Equation B-1  takes advantage of the  f ac t  t h a t  there  a re  
several  c e l l s  and a r e l a t ive ly  large dedicated disposal area t o  
average the  loading f ract ion for  the  e n t i r e  s i t e .  I f  however 
there  i s  only one c e l l ,  or  i f  the  loading f rac t ion  for  the s i t e  
exceeds u n i t y ,  t h e  d i s p o s a l  s i t e  ope ra to r  must determine an 
excluded .a rea ,  A c t  t o  surround the  waste c e l l ,  or  t o  provide 
an expanded dedicated area for  the  s i t e ,  such t h a t  the  average 
concentration of t he  s i t e  i s  not exceeded. This condition and 
the  c r i t e r i o n  given by Equation B-1 i s  s a t i s f i e d  as  indicated by 
t h e  f a c t  Fs 5 1. To determine t h e  r equ i red  excluded a rea  
(buffer  zone) simply s e t  Equation B-1  equal t o  1 and subs t i t u t e  
t h e  ded ica t ed  s i t e  a r e a ,  As, wi th  t h e  excluded a rea  f o r  a  
s i n g l e ' c e l l ,  Ac, a s  follows: 

1 Q i  1 = P - 
Ac i A C L i  

where 

A, = The r equ i red  excluded a r e a  o r  b u f f e r  zone s u r -  
rounding the.waste disposal  c e l l  o r  s i t e  

Qi = The waste inventory a s  defined before 

A C L i  = The nuc l ide  speciFic a rea  d i s ~ u s a l  c o n c c n t r a t i ~ n  
l i m i t  a s  defined before 

i . = The summation index for  each nuclide i n  Table B-1 

n  = The number of nuc l ides  l i s t e d  i n  Table B - 1  . ( i . e .  
24) 

The excluded area radius (assuming cy l indr ica l  geometry), 
Rc, i s  determined from.Equation B-3: 



For the exam~le of Sr-90 and Cs-137 given previou.sly, if 
there were only 1 cell, the excluded area radius would be 
calculated as follows: 

, 30 meters Rc = 

The above criteria, )equations and examples represent most 
of the situations that are likely to confront a waste disposal 
site operator. Application of these criteria and examples can 
facilitate safe disposal site operation and assure the safe 
disposal of radioactive wastes for the long term. 



GLOSSARY 

A c t i v i t y  ( N u c l e a r )  - R a d i o a c t i v i t y  o r  t h e  p r e s e n c e  o f  
r a d i o a c t i v e  m a t e r i a l s .  A measure  o f  
t h e  r a t e  a t  w h i c h  a  m a t e r i a l  i s  
e m i t t i n g  r a d i a t i o n .  U s u a l l y  g i v e n  i n  
t e r m s  o f  t h e  n u m b e r  o f  n u c l e a r  

I d i s i n t e g r a t i o n s  o c c u r r i n g  i n  a g i v e n  
q u a n t i t y  o f  m a t e r i a l  o v e r  a u n i t  o f  
t i m e .  The s t a n d a r d  u n i t  o f  a c t i v i t y  
i s  the c u r i e  ( C i ) .  

Alpha  ( a )  R a d i a t i o n  An e m i s s i o n  o f  p a r t i c l e s  ( h e l i u m  
n u c l e i )  f r o m  a m a t e r i a l  u n d e r -  
g o i n g  n u c l e a r .  t r a n s f o r m a t i o n .  
T h e  p a r t i c l e s  h a v e  a n u c l e a r  mass  
number o f  f o u r  and a c h a r g e  o f  p l u s  
t w o .  A l p h a  r a d i a t i o n  i s  t h e  l e a s t  
p e n e t r a t i n g  r a d i a t i o n  and i s  s t o p p e d  
b y  a f e w  c e n t i m e t e r s  o f  a i r  o r  a 
p i e c e  of  p a p e r .  

A q u i f e r  A s u b s u r f a c e  f o r m a t i o n  c o n t a i n i n g  
s u f f i c i e n t  s a t u r a t e d -  p e r m e ' a b l e  
m a t e r i a l  t o  y i e l d  s i g n i f i c a n t  
q u a n t i t i e s  o f  w a t e r .  

Background R a d i a t i o n  T h e  l e v e l  o f  r a d i o a c t i v i t y  i n  a n  
a r e a ,  w h i c h  i s  produ'ced b y  s o u r c e s  
o t h e r  t h a n  t h e  c o n t a m i n a t e d  w a s t e  o f  
i n t e r e s t .  The background r a d i a t i o n  
i s  p r o d u c e d  b y  n a t u r a l l y  o c c u r r i n g  
radioactive m a t e r i a l s  i n  t h e  c r u s t  of  
t h e  earth,  cosmic  r a d l a t i v r ~  diid t h e  
f a l l o u t  from n u c l e a r  weapons tests .  

B e t a  ( B )  R a d i a t i o n  

B i o t a  

C h a r g e d  p a r t i c l e s  ( e l e c t r o n s  a n d  
p o s i t r o n s )  e m i t t e d  from t h e  n u c l e u s  
o f  a t o m s  u n d e r g o i n g  n u c l e a r  t r a n s -  
f o r m a t i o n .  B e t a  r a d i a t i o n  i s  
i n t e r m e d i a t e  i n  p e n e t r a t i o n  a n d  
t r a v e l s  up  t o  3 m i n  a i r ;  s t o p p e d  by 
a t h i n  s h e e t  o f  aluminum. 

T h e  p l a n t  a n d  a n i m a l  l i f e  o f  a 
r e g i o n .  

Caused by l i v i n g  o rgan i sms .  



Burial  Ground 

CFR . 

Contamination 

Disposal 

Dose 

D r u m  

Dry Waste 

Exposure 

A location which is dedicated t o  the  
subsur face  s t o r a g e  o r  d i s p o s a l  of 
s o l i d  r a d i o a c t i v e  waste o r  excess 
materials.  

Code  o f  F e d e r a l  R e g u l a t i o n s ,  
s u b d i v i d e d  by t i t l e s  and p a r t s ,  
a v a i l a b l e  from U .  S . Government 
p r i n t i n g  O f f i c e ,  Washington, D . C .  

Unwanted r a d i o a c t i v e  m a t e r i a l ,  
f r equen t ly  r a t h e r  f i n e l y  d iv ided ,  
affect ing otherwi,se usable materials 
o r .  areas. Radioactive contamination 
may penetrate in to  inaccessible areas 
of  equipment, making such equipment 
too' radioactive t o  use. This equip- 
ment then becomes radioactive waste. 

A u n i t  of r a d i o a c t i v i t y  def ined  !as 
the  .amount of a radioactive material 
t h a t  has  an a c t i v i t y  of 3.7 x lo10 
dis integrat ions  per second; 
mi l l icur ie  ( m ~ i )  = 10 '~ curie ;  
microcurie ( u ~ i )  = 10-6 cur ie ;  
nanocurie ( n c i )  = 10-9 curie;  
picocurie (pCi) = 10-l2 curie;  
femtocurie ( f c i )  = 10-15 curie.  

To place waste i n  i so la t ion ,  with no 
e x p e c t a t i o n  of r e t r i  e v a l ,  w i t h  
adequate protection bar r ie rs  f o r  the  
time r e q u i r e d  to decdy t o  innocuous 
radioact ivi ty  levels .  

A general term. indicat ing the  amount 
of energy absorbed from i n c i d e n t  
r a d i a t i o n  by a s p e c i f i e d  mass.  

A m e t a l ,  o r  composition c y l i n d r i c a l  
con ta ine r  used f o r  t h e  t r anspor t a -  
tlori, storage, and disposal of waste 
materials. 

Radioactive waste material containing 
rio f r e e  l iquids .  Co~pr i sed  mainly of 
such  m a t e r i a l s  a s  r a g s ,  p a p e r ,  
c l o t h i n g ,  f l o o r  sweepings ,  and 
p l a s t i c  f i l m .  May a l s o  i n c l u d e  
indus t r i a l  waste material.  . 
The condition of being made subject 
t o  t h e  act ion of radiat ion.  



Fission (Nuclear) 

Fission Products 

9 

gal 

9/1 

Gamma ( y )  Radiation 

GCD 

GCDF 

Greater Confinement. 
Disposal 

Groundwater 

Half-Life 

Hazard 

The division of a nucleus into two 
nuclides of lower mass, usually 
accompanied by the expulsion of gamma 
rays and neutrons. 

The nuclides formed by the division 
of a heavier. nucleus; usually in 
a nucle.ar reactor. 

Abbreviation for grams 

gallons 

.' grams per liter 

High-energy, short wavelength 
electromagnetic energy emitted 
during a nuclear transition. Gamma 
radiation is the. most penetrating 
radiation. 

See Greater Confinement Disposal. 

Greater Confinement Disposal Facility. 

Emplacement of low-level radio- 
active waste,' (typically having high- 
specific-activity, HSA, or long-lived 
nuclides) , with no expectation 
of retrieval, within the soil 
at sufficient depth, usually greater 
than 10 meters, that it is very 
unlikely to be disturbed by plant 
roots, burrowing animals, or inadver- 
tent human reclaimer activities, 
i ~ ~ f ~ L ~ r l I f i i j  auch normal act-ivities as 
home building, farming, etc. 

Water which exists or flows below 
the surface (within the zone of 
saturation). 

The time required for the activity of 
a radionuclide to decay to half its 
value. Half-life is used as a 
measure of the persistence of 
radioactive materials and each 
radionuclide has a characteristic 
constant half-life. 

A circumstance which' could produce an 
undesirable health or safely impact. 



High-Level Waste - As defined by NRC, high-level waste 
includes processed and unprocessed 
spent .fuel and aqueous waste re- 
sulting from the operation of the. 
.first cycle of the solvent extraction 
'system (raffinate) in a facility for 
reprocessing reactor fuels. 

High Specif ic-Activity Waste material with activity levels 
Waste not meeting the criteri,a of low 

'specific-activity waste. 

Innocuous t Concentration levels of radionuclides 
which may be considered effectively 
"non-radioactive" because the 
tnxirity to man ha3 decreased due t6 
decay, or the level of contamination 
is so low that the material could be 
discarded without restrictions. 

Institutional Controls Regulation of access to an area by 
use of statutory laws, operating 
procedures, security forces, fences, 
warning signs, barricades, or other 
types of restrictions. 

Intermediate Depth 
Bilrial 

Isotope 

See Greater Confinement Disposal. 

Nuclides with the same atomic number 
(i.e., the same chemical element) but 
with different atomic masses. 
Although chemical properties are the 
namc, radioclctive a n d  nuclear 
properties may be quite different for 
each isotope of an element. 

Kilometers (1 kilometer = 1000 meters 
or '0.621 mile). 

Low-Level .. . Waste - Radioactive contaminated . waste 
. which is not defined by NRC to be 

high-level waste or by DOE to be 
l.,r~nsuranic: w a o t c ,  and 11oL ir~cluding 
uranium mill tailings. 

Low Specific-Activity Includes alpha emitting radionuclides 
Waste of the uranium and thorium decay 

 chair^ having less than' 0.1 nci/gm 
of activity, or tritium oxide in 



m 

manrem 

mg 

micro ( p  ) 

milli 

millirem 

Monitoring 

nano 

nC i 

Neutron 

aqueous solution having less than 
5 millicuries/liter activity. 

(1) Meter; (2) as prefix, milli. See 
"milli. " 

The total radiation dose .commitment 
to a given population group; the sum 
of the individuai doses received by,a 
population segment. 

Milliequivalent or 1/1000 of an 
I equivalent; an equivalent is that 

weight of an. element which will 
combine with or displace one atomic 
weight of hydrogen or any other 
element of the same combining 
capacity, such as chlorine. 

Milligrams. 

Prefix in'dicating one millionth 
(1 microgram = 1/1,000,000 of a gram, 
or 1.0-6 gram) . 
Prefix indicating one thousandth 
(1 milli = 1/1000 of a rem, or 
10-3 rem). 

One thousandth of a rem. Abbreviated 
as mrem. 

Periodic or continuous determination 
of quantifiable releases of specific 
material, such as radionuclides, from 
a particular site. Also measuring 
rate of radioactive decay. 

Millirem. 

Prefix indicating one thousandth of a 
micro unit (1 nanocurie = 1/1000 of a 
microcurie, or 10-9 curie). 

Nanocuries. 

A particle existing in or emitted 
from the atomic nucleus; it is 
electrically neutral and has a 
mass approximately equal to that 
of a stable hydrogen atom. Neutron 
radiation is very penetrating. 



Nuclide 

Pathway 

Plutonium 

Radiation (Ionizing) 

Radiation Dose 

Radiation ' ~ o s e  
Equivalent 

An atom o r  a  se r i e s  of atoms having a  
spec i . f ic  'mass, atomic number and 
nuclear energy s t a t e .  

A t a n g i b l e  r o u t e  whereby nuclear  
radiation or  radioactive substances . 
can be conveyed from t h e i r  intended 
loca t ion- '  .and p o t e n t i a l l y  con tac t  
humans. 

Prefix indicating one millionth of a  
micro u n i t  (1 picocurie = 1/1,000,000 
of a n ~ i c r o c u r i e  o r  10'12 c u r i e ) .  

A r ad ioac t ive  element with atomic 
number 94.  I t s  most i m p o r t a n t  
isotope i s  f issionable plutonium-239, 
produced by neutron i r r a d i a t i o n  of 
uranium-238. 

Radiation absorbed dose. The basic 
u n i t  of absorbed dose of ion iz ing  
radiation. One rad i s  equal t o  the 
absorption of 100 ergs of radiation 
energy per gram of matter. 

Par t ic les  and electromagnetic energy 
emit ted by nuclear  t ransformat ions  
which are  capable of producing ions 
when interact ing with matter; gamma 
rays a.nd alpha and bcta pa r t i c l e s  a re  
primary examples of energy emit ted 
from nuclear waste. 

The energy absorbed by mat te r  a s  a  
r e s u l t  of exposure t o  radiation.  The 
energy absorbed has the u n i t  "rad," 
which i s  equal t o  100 ergs of energy 
absorbed per gram of t i ssue .  

A measure uf t h e  phys io log i ' ca l  
~ f f e a t c  o f  d i f f t r e n L  k i n d o  o f  
r a d i a t i o n  on people. I t  has t h e  
u n i t  "rem," and i s  t h e  product of 
r a d i a t i o n  dose  i n  r a d s  and t h e  
q u a l i t y  f a c t o r ,  o r  r e l a t i v e  bio- 
logical  ef fectivekiess factor (KBE) , 
fo r  the par t icu lar  type of radiation.  
(For X-rays, gamma (Y) rays and most 
b e t a  ( f3) p a r t i c l e s ,  RBE = 1; f o r  
higher energy f3 par t ic les ,  RBE a 2 ;  



Radioactivity 

~adionuclide 

Reclaimer 

Rem 

Retrieval 

Gccnario 

Shallow Land Burial 

Shallow-Rooting 

SLB 

for alpha ( a ) particles, RBE 2 20. ) 
(See also "Rem.") 

A property of some materials whereby 
high-energy particles and/or elec- 
tromagnetic waves are emitted 
from the atomic nucleus. 
A nuclide which is radioactive. 

Any unauthorized person who inadver- 
tently intrudes into a waste site and 
disturbs or removes the waste. A 
reclaimer could be involved in such 
normal pursuits as farming, home 
building, rock hounding, camping, 
manufacturing, etc., but not mining 
or drilling. It is assumed that the 
act of mining or drilling would 
involve the use of such equipment as 
to identify the buried waste material 
as hazardous. 

A unit of measure for the 'dose 
of ionizing radiation which gives 
the same biological effect as 
one roentgen of X-rays; one rem 
approximately equals one rad for 
X-ray, gamma, or beta radiation. 
A dose rate is that amount of 
radiation absorbed in a unit time of 
one hour. (See "Radiation Dose.") 

,The process of removing all radio- 
active contaminated material from a 
storage site. 

A p a r t  i C I I ~  a r  chain sf hypothetical 
circumstances that couid, in prin- 
ciple, release radioactivity. 

Emplacement of low-level radioactive 
waste in trenches or pits in the soil 
with a shallow covering usually in - 
the range of one to three meters. 
Shallow land burial sites may include 
both permanently disposed waste and 
retrievable waste. 

Plants, whose roots' remain within 1 m 
of the surface. 

Abbreviation for Shallow Land Burial. 



Specific ~ctivitp The radioactivity per unit mass 
. e l  ~i/gram) of a pure radio- 
nuclide or isotope. , See "Low 

.. . Specific-Activity Waste." 

Stabilization  he act of placing barriers which 
prevent. or retard waste migration 
into the biosphere. 

Storage 

Transurania ' 

Transuranic Waste 

Tritium 

TRU 

Uranium 

Vadose Zone 

A non-permanent emplacement of 
radioactive waste in a location with 

I the eventual option of retrieval and 
disposal. 

M u c l i d e ' y  having an atomic number 
greater than that of uranium (i.e., 
greater than 92). 

Radioactive DOE waste (primarily 
alpha emitters) contaminated by 
transuranic (TRU) radionuclides, 
or waste which contains more than 
10 nanocuries/gram of U-233, or 
nuclides of atomic numbers greater 
than 92 . e l  Np, Pu, Am, Cm, 
~ k ) .  

,A radioactive isotope of hydrogen 
w i . t I 1 '  two neutrons and one proton in 
the nucleus. It is heavier than 
deutecium (heavy hydrogen). ~ritium 
(T us 3 ~ )  is U s e d  in industrial 
thicknes's g a - ~ g e s ,  as a labcl in 
,trace.r experiments, in ' controlled 
nuclear fusion experiments, and 
in thermonucle.ar weapons. It is 
pruduced p:rimarily by neutron 
ir.radiation of lithium-6. 

.Abbreviat.iun for Transuranic. 

A naturally radioactive ele~nent with 
.the atomic number 92 and an atomic 
weight of approximately 238. The 
two principal naturally occurring 
isotopes are the fissionable uraniurn- 
235 (0.7% of natural uranium) and the 
fertile uranium-238 (99.3% of natural 
uranium) . 
Related to unsaturated areas of the 
earth's crust above the permanent 
groundwater level. 



Water  T a b l e  U p p e r  b o u n d a r y  o f  a n  u n c o n f i n e a  
a q u i f e r  s u r f a c e  below which s a t u r a t e d  
g r o u n d w a t e r  o c c u r s ;  d e f i n e d  b y  t h e  
l e v e l s  a t  which w a t e r  s t a n d s  i n  w e l l s  
t h a t  b a r e l y  p e n e t r a t e  t h e  a q u i f e r .  

mu, .a p r e f i x .  Same a s  " m i c r o . "  
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