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EXECUTIVE SUMMARY 

T h i s  r e p o r t  presents  a  method f o r  answering the  ques t ion  "How c lean  i s  

c lean  enough?" i n  r e l a t i o n  t o  cleanup o f  s i t e s  w i t h  r a d i o a c t i v e  contamina- 

t i o n .  The method descr ibed i s  based on compliance w i t h  a  r a d i a t i o n  dose 

r a t e  1  i m i t  th rough a  s i  t e - s p e c i f i c  ana l ys i s  o f  t he  p o t e n t i a l  f o r  r a d i a t i o n  

exposure t o  i n d i v i d u a l  s. The s i  t e - s p e c i f i c  ana lys i  s  i s d i r e c t e d  by t he  

phys ica l ,  environmental ,  and r a d i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t he  contam- 

i na ted  area. 

The method descr ibed i n  t h i s  r e p o r t  i s  be ing  used as a  b a s i s  f o r  

c a l c ~ ~ l  a t i  ng impacts and cos ts  assoc ia ted w i t h  var ious  h igh-1 evel  and t r an -  

suranic  waste d isposal  a1 t e r n a t i v e s  which w i l l  be examined i n  the  proposed 

Hanford Defense Waste Environmental Impact Statement. 

Example a p p l i c a t i o n s  o f  t he  proposed method a re  given. Resu l ts  o f  t he  

examples show t h a t  t h e  method y i e l  ds a1 1  owabl e  r es i dua l  contaminat ion 

1  evel s  o f  r ad ionuc l  ides  i n  s o i l  comparabl e  t o  those promul gated by t he  

Nuclear Regulatory  Commission and by o the r  researchers,  f o r  d isposal  scen- 

a r i o s  s i m i l a r  t o  those pos tu l a ted  by these o the r  groups. Consequently, one 

use o f  t h i s  method cou ld  be t o  consol i d a t e  the  var ious  recommendations f o r  

decontaminat ion and decommi ss i on i  ng c l  eanup 1  evel s  under a  s ing1 e  r a d i a t i o n  

dose r a t e  1  i m i t .  

A p o r t i o n  o f  t h e  method descr ibed i n c l  udes a  technique f o r  a l l o w i n g  

c r e d i t  f o r  na tu ra l  and engineered b a r r i e r s  t o  waste m ig ra t i on ,  n u c l i d e  

t r anspo r t ,  and human exposure. The examples prov ided i n d i c a t e  t h a t  a p p l i -  

c a t i o n  o f  proper  b a r r i e r s  can he1 p  e x i  s t i  ng contaminated s i t e s  meet r ad ia -  

t i o n  dose r a t e  l i m i t s  f o r  t imes l o n g  i n t o  the f u tu re .  Th i s  method can be 

used t o  eval uate proposal s  f o r  " i n - s i  t u  d isposa l "  ( i n - p l a c e  d isposal  ) o f  

p resen t l y  contaminated areas w i t h  t he  a i d  o f  a d d i t i o n a l  b a r r i e r s .  

Use o f  a  dose-based, r a t h e r  than an a r b i t r a r y ,  l i m i t  f o r  r ad ionuc l i de  

concen t ra t i on  a1 1  ows s i  te-spec i  f i c  d isposa l  c r i t e r i a  and imp1 ernentation 

methods, based on l o c a l  pathways, t o  be developed. Ana lys is  o f  t he  exam- 

p l e s  prov ided shows t h a t  t ransuran ic  (TRU) nuc l i des  may be l e f t  i n  amounts 



i n  excess o f  10 nCi/gram, f o r  some se lec ted  l o c a t i o n s .  Yoreover, d i sposa l  

techn iques t h a t  r e s u l t  i n  g r e a t e r  conf inement of  t h e  wastes than  those 

normal l y  used can p e r m i t  even h i g h e r  a1 1 owabl e  r e s i d u a l  con tamina t ion  

l e v e l  s. 



ABSTRACT 

An important consideration in the disposal of radioactive wastes, and 
consequently i n  the preparation of plans for remedial actions a t  contam- 
inated s i t e s ,  i s  the amount of radioactive contamination that  may be 
a1 lowed to remain a t  any particular waste s i t e .  The a1 lowable residual 
contamination level ( A R C L )  i s  dependent on the radiation dose 1 imit im- 
posed, the physical and environmental characteristics of the waste s i t e ,  
and the time a t  which exposure to the wastes i s  assumed to occur. The 
steps i n  generating an ARCL are generally as follows: 

1. develop plausible, credible si te-specific exposure scenario; 

2. calculate maximum annual radiation doses to  an individual for  each 
radionuclide based on the existing physical characteristics of the 
waste s i t e  and the site-specific exposure scenario; 

3.  cal cul a te  the ARCL for  the dose 1 i m i  t desired, incl u d i n g  a1 1 radio- 

nuclides present, uncorrected for  s i t e  cleanup or barrier considera- 
tions; and 

4. apply any corrections for  proposed cleanup act ivi ty or  addition of 
barriers to  waste migration or uptake to obtain the ARCL appl icabl e to  
the proposed action. 

Use of th i s  method allows appropriate application of resources to  
achieve uniform compliance with a single regulatory standard, i .e . ,  a 
radiation dose rate 1 imit. 

Application and modification of the ARCL method requires appropriate 
model s of the environmental transport and fate of radionucl ides. Exampl e 

calculations are given for several specific waste forms and waste s i t e  
types in order to demonstrate the technique and generate comparisons w i t h  

other approaches. 
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An impor tan t  cons ide ra t i on  i n  develop ing p lans  f o r  remedial ac t i ons  

f o r  areas w i  t h  r a d i o a c t i v e  contaminat ion,  o r  f o r  des ign ing  r a d i o a c t i v e  

waste d isposa l  s i t e s ,  i s  t h e  amount o f  r a d i o a c t i v e  contaminat ion t h a t  can 

be al lowed t o  remain i n  t h e  area a t  t h e  t e r m i n a t i o n  o f  a c t i v i t i e s .  Th i s  

contaminat ion 1  evel nay d i c t a t e  t h e  c o s t  and complex i ty  o f  a  c leanup a c t i o n  

o r  d e f i n e  t h e  a c t i v i t y  l i m i t s  o f  m a t e r i a l  t h a t  can be disposed o f  i n  a  

p a r t i c u l a r  waste d isposa l  s i t e .  T h i s  r e p o r t  i s  a  d e s c r i p t i o n  o f  a  method 

f o r  determin ing a1 1  owabl e  r e s i d u a l  contaminat ion 1  evel  s  f o r  rad ionuc l  i d e s  

i n  s o i l  as a  f u n c t i o n  o f  s p e c i f i c  waste s i t e  c h a r a c t e r i s t i c s .  The b a s i s  o f  

t h e  method i s  a  s i n g l e  r a d i a t i o n  dose r a t e  l i m i t .  Compliance w i t h  t h e  

1  i m i  t i s assured through s i  te-spec i  f i c  exposure pathway analyses. Use o f  

t h i s  method can a i d  i n  t h e  development o f  s i t e - s p e c i f i c  engineer ing pro- 

cedures f o r  decontaminat ion and/or deconmissioning o f  contaminated areas by 

p r o v i d i n g  t h e  bas i s  f o r  determin ing l e v e l s  t o  which t h e  va r i ous  s i t e s  must 

be c l  eaned. 

The method descr ibed i n  t h i s  r e p o r t  was developed by t h e  Environmental 

Ana lys is  Sect ion,  Environrclental Sciences Department, o f  P a c i f i c  l !or thwest 

Laboratory.  It i s  be ing  used i n  t he  p repa ra t i on  o f  an Environmental Impact 

Statement (EIS)  re1 a ted  t o  t h e  f i n a l  d i sposa l  o f  defense-re1 a ted  nuc lear  

wastes p r e s e n t l y  s t o red  a t  t h e  Department o f  Energy 's  Hanford S i t e .  The 

method w i l l  be t h e  bas i s  o f  es t imates  o f  s o i l  volumes, and e x t e n t  o f  

remedial a c t i o n s  requ i red ,  f o r  t he  c a l c u l a t i o n  o f  impacts and cos ts  t o  be 

inc luded  i n  t he  proposed Hanford Defense Waste EIS. 

The rena inder  o f  t h i s  s e c t i o n  prov ides a  b r i e f  rev iew o f  c u r r e n t  and 

proposed regul  a t i o n s  regard ing  res i dua l  contaminat ion,  and t he  need f o r  a  

comprehensive decommissioning standard. The bas ic  ARCL method, and some 

enhancements, a re  descr ibed i n  Sect ions 2 and 3. Examples o f  t h e  app l i ca -  

t i o n  o f  t h e  method a re  g iven  i n  Sect ion 4. Resu l t s  ob ta ined  w i t h  t h e  

method a re  compared w i t h  c u r r e n t  standards i n  Sec t ion  5. 



1.1 EXISTING SOIL CONTANINATIO!I STANDARDS 

The p rob l  ems o f  human exposure t o  v e r y  1 ow 1 evel  s o f  r e s i d u a l  contarn- 

i n a t i o n  have been o f  i n t e r e s t  t o  many researchers .  Normal i z e d  r a d i a t i o n  

dose convers ion  f a c t o r s  have been prepared a t  Oak Ridge F!ational Labora to ry  

f o r  50-year dose commitments f rom one y e a r  o f  exposure t o  r a d i o n u c l i d e s  

p e r t i n e n t  t o  decontaminat ing f a c i l i t i e s  ( H i l l  1979) and a t  P a c i f i c  Nor th-  

west Labora to ry  f o r  70-year accumulated doses f rom s i m i l a r  exposures 

(Nap ie r  e t  a1 . 1980a). A major  s tudy a t  Los A1 amos Na t iona l  Labora to ry  o f  

r a d i a t i o n  doses f rom exposure t o  r e s i d u a l  con tamina t ion  has con t inued  f o r  

severa l  y e a r s  (Hea ly  and Wenzel 1976); d e t a i l e d  pathway analyses have been 

performed a t  Los Alamos f o r  p lu ton ium i s o t o p e s  (Healy  1977), rad ium and i t s  

daughters (Healy  and Rodgers 19781, and uranium decay c h a i n  members i n  s o i l  

(Healy,  Rodgers and Wienke, 1979). Others  have s t u d i e d  t h e  hazards o f  

u n c o n t r o l l e d  uranium m i l  1 t a i l i n g s  p i l e s  (Sch iager  1978; Clements e t  a1 . 
1978) o r  o f  1 ow-level  waste b u r i a l  grounds (Murphy and Hol t e r  1980).  

Residual  con tamina t ion  1 evel  s have been i n v e s t i g a t e d  f o r  t h e  DOE n u c l e a r  

s i t e s  a t  Idaho F a l l s  (Chapin 1980) and Hanford (Boothe 1979). Both  o f  

these l a t t e r  two analyses were based on s i  t e - s p e c i f i c  i n f o r m a t i o n ,  b u t  b o t h  

assume perpe tua l  c o n t r o l  o f  t h e  s i t e  by governmental e n t i t i e s ,  w i t h  o n l y  

r e s t r i c t e d  f u t u r e  uses permi t ted .  

C r i t e r i a  f o r  o p e r a t i o n  and/or decommissioning o f  nuc lea r  f a c i l  i t i e s  

have been adopted by t h e  Nuc lear  Regul a t o r y  Commission (Federa l  R e g i s t e r  

1981a, 10 CFR 140 19801, t h e  Environmental  P r o t e c t i o n  Agency (40  CFR 190, 

40 CFR 192, EPA 19771, and t h e  former Atomic Energy Commission (AEC 1974). 

These c r i t e r i a  a r e  t h e  p resen t  b a s i s  f o r  e v a l u a t i n g  acceptab le  s o i l  contam- 

i n a t i o n  l e v e l s  f o r  u n r e s t r i c t e d  r e l e a s e  o f  p r o p e r t y .  The EPA has proposed 

two s p e c i f i c  s o i l  con tamina t ion  standards:  one f o r  t r a n s u r a n i c s ,  t h e  o t h e r  

f o r  226Ra. The s tandard f o r  226Ra has been adopted as a temporary s tan -  

dard. The S t a t e  o f  Colorado has adopted a s tandard f o r  p e r m i s s i b l e  p l u t o n -  

ium l e v e l s  i n  t h e  s o i l  o f  u n c o n t r o l l e d  areas (Hayden 1980). S o i l  s tandards 

have a1 so been s e t  f o r  Enewetak A t o l l  based on a dose c a l c u l a t i o n  model 

designed s p e c i f i c a l  l y  f o r  t h a t  at01 1 (Barnes 1978). 



I n  a d d i t i o n  t o  t h e  preceding e x i s t i n g  r e g u l a t i o n s ,  new r e g u l a t i o n s  have 

been proposed by t h e  €PA (40 CFR 191) and t h e  NRC (10  CFR 191).  The EPA 

c r i t e r i a ,  c u r r e n t l y  i n  d r a f t  form, d e f i n e  a  s e t  o f  " re lease  1  i m i  t s "  f o r  

rad ionuc l  i d e s  f rom eco l  o g i c  r e p o s i t o r i e s .  The NRC proposa l ,  r e c e n t l y  r e 1  eased 

f o r  p u b l i c  comment (Federal  R e g i s t e r  1981b), has s i m i l a r i t i e s  t o  t h e  method 

proposed here,  b u t  i s  r e s t r i c t e d  t o  l i c e n s i n g  requ i rements  f o r  a  gener i c  low-  

l e v e l  waste b u r i a l  ground. Comparisons o f  t h e  ARCL nethod r e s u l t s  w i t h  b o t h  

o f  these proposed standards a r e  g i v e n  i n  Sect ions 5.2 and 5.3. 

1.2 NEED FOR A RESIDUAL CONTAMINATION STANDARD 

It i s  d i f f i c u l t  t o  d i r e c t l y  compare t h e  l i m i t s  g i ven  i n  most o f  t h e  

c i t e d  s tandards and s t u d i e s  s i n c e  each i s  i n tended  f o r  a  s p e c i f i c  s i t u a t i o n  

and a  v a r i e t y  o f  u n i t s  a r e  used. The number o f  r a d i o n u c l i d e s  cons idered 

ranges f rom one t o  a l l .  Some l i m i t s  s p e c i f y  r a d i o n u c l i d e  c o n c e n t r a t i o n  

l e v e l s  i n  s o i l ,  some s p e c i f y  an acceptab le  dose o r  dose r a t e .  However, 

methods have been proposed by Healy (1974, 1979), P a c i f i c  Northwest Labora- 

t o r y  (Oak, e t  a1 . 19801, and by Oak Ridge N a t i o n a l  Laboratory  (Eckerman and 

Young 1980) t h a t  can be used t o  c a l c u l a t e  a1 lowab le  r e s i d u a l  con tamina t ion  

1  evel  s  f o r  any r l l i x tu re  o f  rad ionuc l  i des .  These methods a1 1  i n v o l v e  a  

r a d i a t i o n  exposure pathway a n a l y s i s  t o  determine t h e  con tamina t ion  l i m i  t s  

which r e l y  on an acceptab le  annual dose. An improved method o f  t h i s  t y p e  

i s  desc r ibed  i n  t h i s  r e p o r t .  

The method f o r  de te rm in ing  an a1 lowabl  e  r e s i d u a l  contaminat ion 1  evel  

(ARCL) desc r ibed  i n  t h i s  r e p o r t  i s  s i m i l a r  i n  many respec ts  t o  t h a t  used by 

t h e  NRC t o  develop d r a f t  c r i t e r i a  f o r  sha l low l a n d  b u r i a l  grounds (NRC 

1981a). The e s s e n t i a l  d i f f e r e n c e  i s  i n  t h e  f i n a l  a p p l i c a t i o n .  The ARCL 

method o f  t h i s  r e p o r t  i s  i n tended  f o r  s i t e - s p e c i f i c  use a t  t h e  severa l  e x i s t -  

i n g  d i v e r s e  contaminated areas. The NRC d e s i r e d  " a  gener i c  nonsi  te -spec i  f i c  

c l a s s i f i c a t i o n  system which can be u n i f o r m l y  a p p l i e d  by waste genera to rs  and 

d isposa l  f a c i l  i ty opera to rs "  t o  a v o i d  "an extreme range i n  requ i rements  and 

c o n t r o l s  based on t h e  p a r t i c u l a r  s i t e - r e l a t e d  requ i rements  f o r  d i s p o s a l "  (NRC 

1981a, page 7-31. The NRC approach may be a p p r o p r i a t e  f o r  r e g u l a t i n g  new 



disposal operations, b u t  i s  inadequate for eval uating existinq areas of 

contamination. A standard based on a single dose l imit ,  assured by a s i te -  

specific analysis, i s  needed. 



2.0 THE ALLOWABLE RESIDUAL CONTAMINATION LEVEL ( ARCL ) METHOD 

The o b j e c t i v e  o f  t h e  ana l ys i s  o f  ARCL o f  rad ionuc l  i des  i n  s o i l  i s  the  

de te rmina t ion  o f  whether any p a r t i c u l  a r  waste s i t e  r e q u i r e s  f u r t h e r  a t t en -  

t i o n  p r i o r  t o  u n r e s t r i c t e d  release. The r e s u l t s  o f  a n a l y s i s  a l so  i n d i c a t e  

t h e  general  magnitude o f  any remedial ac t ions.  However, some s imple exten- 

s ions  o f  t h e  method can be used t o  r e f i n e  proposed ac t i ons  f o r  each s i t e .  

I f  t h e  p r e f e r r e d  a c t i o n  i s  recovery  o f  a  waste s i t e ,  t he  method. can i n d i -  

ca te  t h e  degree o f  contaminat ion r e t r i e v a l  necessary. I f  t h e  p r e f e r r e d  

a c t i o n  i s  " i n - s i t u  d i sposa l "  ( i  .e., l e a v i n g  t h e  waste i n  place, p o s s i b l y  

w i t h  a d d i t i o n a l  b a r r i e r s  t o  waste m ig ra t i on ) ,  t he  method can be used t o  

analyze the  e f f e c t i v e n e s s  o f  proposed engineered b a r r i e r s .  I f  con t inued  

s torage and/or s u r v e i l l a n c e  i s  p re fe r red ,  t h e  method can p rov ide  an i nd i ca -  

t i o n  o f  t he  t ime pe r i od  f o r  which c o n t r o l s  w i l l  be requi red.  

Th i s  sec t i on  o u t l i n e s  t h e  bas ic  approach, i n d i c a t e s  how t h e  i n i t i a l  

r e s u l t s  can be mod i f i ed  t o  g i v e  est imates o f  a c t i o n s  requ i red ,  and p rov ides  

a  few bas ic  d e f i n i t i o n s .  Refinements t o  t he  method a re  descr ibed i n  

Sec t ion  3. 

THE BASIC METHOD 

The c a l c u l a t i o n  o f  ARCLs o f  r ad ionuc l i des  i n  s o i l  i s  dependent on t he  

phys i ca l  c h a r a c t e r i s t i c s  o f  each i n d i v i d u a l  waste s i t e  ( s i z e ,  depth, r ad io -  

n u c l i d e  i n v e n t o r y ) ,  on t h e  r a d i a t i o n  dose 1  i m i  t determined t o  be 

"acceptable,"  and on t h e  scenar ios  judged t o  be bo th  p o s s i b l e  and t o  r e s u l t  

i n  upper bounds o f  human exposure t o  t h e  waste. The phys ica l  charac te r -  

i s t i c s  can be determined from a  complete s i t e  desc r i p t i on ,  and t he  scen- 

a r i o s  must be es tab l i shed  f o r  each s i t e  depending on t h a t  desc r i o t i on ,  

i n c l u d i n g  d e s c r i p t i o n  o f  t h e  waste. Dose l i m i t s  f o r  waste s i t e s  have n o t  

y e t  been s e t  by r e g u l a t o r y  agencies. The d r a f t  gener ic  environmental  

impact statement on decommissioning nuc lear  f a c i l  i t i e s  (NRC 1981b) con ta i ns  

a  recommendation t h a t  t h e  a1 lowable r es i dua l  r a d i o a c t i v i t y  1  eve1 f o r  f a c i l -  

i ty re lease  be based on t h e  dose an t i c i pa ' t ed  t o  be rece ived  by i n d i v i d u a l  s  

who use t h a t  f a c i l i t y .  As s e t  f o r t h  i n  t he  Energy Reorganizat ion Ac t  o f  

1974, t he  EPA has r e s p o n s i b i l i t y  f o r  e s t a b l i s h i n g  r a d i a t i o n  dose standards 



f o r  t he  p r o t e c t i o n  o f  p u b l i c  h e a l t h  and safety.  Thus, t h e  €PA has respon- 

s i b i l  i t y  f o r  e s t a b l i s h i n g  c r i t e r i a  f o r  r es i dua l  r a d i o a c t i v i  t.y 1  i m i  t s .  EPA 

has n o t  y e t  i n s t i t u t e d  these c r i t e r i a  and i s  n o t  scheduled t o  do so u n t i l  

1984 (NRC 1981b). An example l i m i t  o f  500 mrem/yr i s  used i n  t h i s  r e p o r t  

as a  design ob jec t i ve .  

2.1.1 Summary o f  t he  Method 

A s i m p l i f i e d  l o g i c  diagram o f  t he  ARCL method i s  shown i n  F igu re  2.1. 

As i l l u s t r a t e d ,  t h e  necessary p r e r e q u i s i t e  t o  any ana l ys i s  i s  a  c h a r a c t e r i -  

z a t i o n  o f  t h e  i n d i v i d u a l  waste s i t e ,  i n c l u d i n g  l o c a t i o n ,  s i ze ,  depth, 

r a d i o n u c l i d e  i nven to ry ,  and d e s c r i p t i o n s  of  e x i s t i n g  b a r r i e r s  t o  waste 

mig ra t ion .  These d e t a i l  s  a1 1  ow p repa ra t i on  o f  a  r e a l  i s t i c  s i  te-spec i  f i c  

r a d i a t i o n  exposure scenario. The h e a r t  o f  t he  ARCL method i s  an ana l ys i s  

o f  t h e  maximum annual r a d i a t i o n  dose poss ib l e  t o  an exposed i n d i v i d u a l .  I f  

t h e  dose p o t e n t i a l  t o  the  i n d i v i d u a l  i s  l e s s  than t h e  design o b j e c t i v e  dose 

1  i m i t ,  t hen  no f u r t h e r  ac t i ons  a re  requ i red  f o r  t h a t  waste s i t e .  I f  i t  i s  

p r e d i c t e d  t h a t  t h e  p o t e n t i a l  dose may exceed the  design o b j e c t i v e ,  t h e  need 

f o r  remedial  a c t i o n  i s  ind ica ted .  

The general method f o r  c a l  cu l  a t i  ng the  a1 1  owabl e  r e s i d u a l  contami na- 

t i o n  l e v e l  o f  r ad ionuc l i des  i n  s o i l  cons i s t s  o f  f o u r  s t e ~ s :  

1. From i n f o r m a t i o n  presented i n  t he  s i t e  desc r i p t i on ,  develop a  p l a u s i b l e  

scenar io  f o r  t r a n s f e r  o f  r ad ionuc l i des  t o  an o n s i t e  r e s i d e n t  i n d i -  

v idua l .  

2. From t h e  rad ionuc l i de  i nven to ry  g i ven  i n  t h e  s i t e  desc r i p t i on ,  ca lcu-  

l a t e  the  maximum annual r a d i a t i o n  dose by rad ionuc l i de  t o  t he  o n s i t e  

i n d i v i d u a l  f o r  the  s i t e  scenar io  ( s p e c i f i c  c h a r a c t e r i s t i c s  assoc ia ted 

w i t h  each s i t e ) ,  unmodi f ied by depth o r  b a r r i e r  concerns. 

3. Ca l cu la te  the  ARCL f o r  a l l  nuc l i des  i n  t he  mix tu re ,  app ly ing  a  depth o f  

b u r i a l  co r rec t i on .  Th i s  c a l c u l a t i o n  i s  performed f o r  t i m e s  t h a t  may 

maximize t he  exposure. 
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4. T e s t  whether a p p l i c a t i o n  o f  a d d i t i o n a l  engineered b a r r i e r s  w i l l  improve 

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

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

2.1.2 Extens ion  o f  R e s u l t s  t o  Disposa l  

The p r i m a r y  o b j e c t i v e  o f  t h e  ARCL i s  a  screen ing de te r in ina t ion  o f  

whether o r  n o t  an i n d i v i d u a l  waste s i t e  r e q u i r e s  remedial  a c t i o n s .  A 

secondary o b j e c t i v e  i s  t h e  d e t e r m i n a t i o n  o f  what remedial  a c t i o n s  c o u l d  be 

e f f e c t i v e .  The ARCL method does n o t  choose t h e  most a p p r o p r i a t e  d i sposa l  

a1 t e r n a t i v e ,  n o r  does i t  a u t o m a t i c a l l y  p r o v i d e  t h e  Sest  weans o f  hazard 

m i t i g a t i o n .  A n a l y s i s  o f  remedial  a c t i o n s  i s  s imp ly  an extended a n a l y s i s  o f  

a  waste s i t e  w i  t h  m o d i f i e d  phys ica l  c h a r a c t e r i s t i c s .  

A  n e a r l y  i n f i n i t e  range o f  poss i  b l  e  waste management s t r a t e g i e s  i s  

a v a i l  ab l  e  f o r  each waste s i t e .  These cou l  d  i n c l  ude t h e  a1 t e r n a t i v e s  o f  

con t inued  s u r v e i l  1  ance w i t h  r o u t i n e  maintenance and s i t e  c o n t r o l  , t o t a l  

removal o f  t h e  wastes, o r  i n - s i t u  d i sposa l  w i t h  c o n s t r u c t i o n  o f  impene- 

t r a b l e  b a r r i e r s .  The most 1  i k e l y  s t r a t e g y  i s  some m i x t u r e  o f  these. 

The ARCL method i s  n o t  d i r e c t l y  a p p l i c a b l e  t o  t h e  a l t e r n a t i v e  o f  

c o n t i n u i n g  s u r v e i l  1  ance and maintenance. Con t ro l  o f  t h e  waste s i t e  i s  

assumed t o  p r e v e n t  people f rom casual o r  i n t e n t i o n a l  exposure. However, 

t h e  p o t e n t i a l  exposures can be analyzed a t  v a r i o u s  t imes  i n  t h e  f u t u r e  as 

an i n d i c a t o r  o f  how l o n g  c o n t r o l  must be ma in ta ined  over  t h e  s i t e .  

F o r  t h e  a l t e r n a t i v e  o f  waste exhumation and removal, t h e  ARCL method 

g i v e s  a  d i r e c t  i n d i c a t i o n  o f  t h e  a1 1  owabl e  r e s i d u a l  contaminat ion.  From 

t h i s ,  t h e  q u a n t i t i e s  and volumes o f  s o i l  t h a t  must be r e t r i e v e d  can be 

est imated.  

A n a l y s i s  o f  t h e  a l t e r n a t i v e  o f  i n - s i t u  d i sposa l  r e q u i r e s  severa l  

appl i c a t i o n s  o f  t h e  ARCL model ing.  F o r  many t ypes  o f  waste s i t e s ,  t h e  

p o t e n t i a l  r a d i a t i o n  doses a r e  c o n t r o l  1  ed by shor t -1  i v e d  f i s s i o n  p roduc ts .  

It i s  r e l a t i v e l y  easy t o  develop engineered b a r r i e r s  t h a t  w i l l  reduce t h e  

dose p o t e n t i a l  f o r  a  few hundred years - - the  t ime  p e r i o d  o f  concern f o r  most 

f i s s i o n  products .  However, i f  t h e r e  i s  a l s o  a  s u f f i c i e n t  q u a n t i t y  o f  l ong-  

l i v e d  o r  t r a n s u r a n i c  (TRU) wastes i n  a  s i t e ,  b a r r i e r s  l a s t i n g  much l o n g e r  



nay be r e q u i r e d .  It i s ,  t h e r e f o r e ,  necessary t o  analyze t h e  s i t e  w i t h  

shor t - term b a r r i e r s ,  and i f  i n d i c a t e d ,  w i t h  more complex l o n g - t e r n  

b a r r i e r s .  

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

decommissioned waste s i t e s .  Depth o f  b u r i a l  , e r o s i o n  p o t e n t i a l  , waste 

m i g r a t i o n  b a r r i e r s ,  and packaginq t ype  can a l l  v a r y  f rom s i t e  t o  s i t e .  The 

dose e s t i r n a t i  on model s  a r e  general  l y  unable t o  expl  i c i  tl y  c h a r a c t e r i z e  a1 1  

t h e  p o t e n t i a l  v a r i a b l e s ,  t h e r e f o r e ,  simp1 i f y i n g  assumptions must be made. 

The f o l l o w i n g  s e c t i o n s  i n t r o d u c e  t h e  mechanics o f  t h e  method and p r e s e n t  

v a r i o u s  parameters necessary f o r  model i n g  . 
2.2 ALLOWABLE RESIDUAL CONTAMINATION LEVELS (ARCL) 

The des ign o b j e c t i v e  i s  a  1  i r n i t  on t h e  maximum annual r a d i a t i o n  dose 

t o  an i n d i v i d u a l .  The annual dose i s  a  f u n c t i o n  o f  t h e  q u a n t i t . ~  and 

spectrum o f  contaminant  r a d i o n u c l i d e s  and t h e  exposure pathways t o  man. 

The design o b j e c t i v e  1  i r n i t  i s  conver ted t o  a  s i t e  s p e c i f i c ,  measurable 

q u a n t i t y ,  t h e  ARCL i n  pCi/gram o f  s o i l .  Each o f  these concepts i s  des- 

c r i b e d  i n  t h i s  s e c t i o n .  

llaximum Annual Dose 

The method used i n  t h i s  r e p o r t  f o r  de te rm in ing  ARCL f o r  u n r e s t r i c t e d  

p u b l i c  use o f  decommissioned nuc lear  f a c i l i t i e s  i s  a  comparison o f  a  ca lcu -  

l a t e d  maximum annual dose rece ived  by a  maximal ly-exposed i n d i v i d u a l  w i t h  

annual dose 1  i m i  t s .  When i n t e r n a l  exposure f rom i n h a l a t i o n  and/or inges- 

t i o n  i s  t h e  dominant dose c o n t r i b u t o r ,  t h e  maximum annual dose may n o t  

occur  i n  t h e  f i r s t  year .  Thus, a  f i r s t - y e a r  dose w i l l  n o t  p r e d i c t  t h e  most 

r e s t r i c t i v e  con tamina t ion  l e v e l .  A l t e r n a t i v e  methods m i g h t  be t o  c a l c u l a t e  

t h e  50-year dose commitment f rom one year  o f  exposure o r  t o  c a l c u l a t e  t h e  

l i f e t i m e  i n t e g r a t e d  dose f rom cont inuous exposure; however, no recognized 

standards 1  i m i t i n g  these types o f  doses e x i s t .  Thus, t h e  maximum annual 

dose i s  a p p r o p r i a t e  f o r  use i n  de te rm in ing  ARCL. 

The PNL computer program MAXI (Napier  e t  a l .  1979, Murphy and H o l t e r  

1980) can be used t o  c a l c u l a t e  maximum annual doses from a  l a r g e  number o f  



exposure pathways. The MAXI program incorporates the inhalation exposure 

model s of DACRIN (Houston e t  a1 . 1974, Strenge e t  a l .  13751, the terres- 

t r i a l  a n d  aquatic pathways of FOOD and A R R R G  (Elapier e t  a l .  1980b), and has 

special modifications for  resuspension and  well-water scenarios. 

The general expression for calculating the annual dose t o  an organ of 

reference during any year a f te r  the s t a r t  of continuous exposure can be 

expressed as (Murphy and Holter 1980, Kennedy e t  a l .  1979): 

where 

A t  the annual dose during the year t from all  exposure pathways 

to the organ of reference, mrem; 

R; the radiation dose equivalent in year t -  t o  the organ of 

reference from a1 1 internal a n d  external exposure pathways 

from intake and exposure in the year t ,  mrem; and 

R j  , k  the radiation dose equivalent commitment t o  year k to the 

organ of reference from internal exposure pathways from intake 

in previous year j. 

The sumvation term represents the dose equivalent delivered t o  the organ of 
reference in year t from radionuclides deposited in the organ from intake 

i n  al l  previous years since the s t a r t  of continuous exposure. 

The summation term in Equation 1 i s  valid only for integer values of t 
greater than 1. For values of t equal t o  or less than 1, the subscripts 

define a nonreal case, a n d  the s~lmmation term i s  se t  equal t o  zero. 

The annual dose, A t ,  to the organ of reference i s  calculated for each 

value of t from 1 to 50, and the maximum a n n u a l  dose i s  determined by 

inspection. The radionuclide inventories are adjusted for radionuclide 

decay a n d  daughter-product bui 1 d u p  during the calculation. 



2.2.2 Rad ia t ion  Exposure Pathways 

The key t o  t he  ARCL method, as shown i n  F igu re  2.1, i s  an ana l ys i s  o f  

t h e  maximum annual r a d i a t i o n  dose t o  an i n d i v i d u a l .  Th i s  ana l ys i s  i s  

dependent on t he  exposure scenar io  chosen, which depends on t he  phys ica l  

c h a r a c t e r i s t i c s  o f  t he  waste s i t e .  Choice o f  t he  exposure scenar io  i s  what 

makes t he  ARCL method f l e x i b l e  t o  many types o f  waste s i t e ,  inven to ry ,  and 

1  ocat ion. 

The p o t e n t i a l  rou tes  by which people may be exposed t o  rad ionuc l ides  

o r  r a d i a t i o n  are c a l l  ed "exposure pathways ." Exposure pathways t h a t  cou ld  

be considered f o r  bu r i ed  waste a re  i l l u s t r a t e d  i n  F igure  2.2. The ARCL f o r  

waste s i t e s  i s  based on t he  sum o f  exposures through a l l  t he  se lec ted  

pathways. The pathways ill u s t r a t e d  i n  F igu re  2.2 i n c l u d e  d i r e c t  con tac t  

w i t h  t he  waste, such as cou ld  occur i f  t he  bu r i ed  m a t e r i a l s  were d is turbed.  

The pathways o f  l each ing  and groundwater t r a n s p o r t  a re  a1 so shown, w i t h  t he  

poss ib l e  exposure modes r e s u l t i n g  i n  doses t o  man. A lso shown are  t he  

pathways r e s u l t i n g  from b i o t i c  i n t r u s i o n ,  such as would occur f o r  an a g r i -  

c u l t u r e  scenario. 

Onsi t e  Resident I n d i v i d u a l  

Pre l  im inary  i nves t i  ga t ions  were performed t o  examine t he  1  oca t i on  o f  

t he  i n d i v i d u a l  most l i k e l y  t o  be a f f e c t e d  by waste s i t es .  I n d i v i d u a l s  were 

pos tu l a ted  t o  l i v e  downwind and downstream a t  d is tances o f  10 km (5.2 mi )  

and 1 km (3280 f t ) ,  and ons i te .  For  a l l  exposure scenarios and a t  a l l  

times, r a d i a t i o n  dose r a t e s  t o  t he  i n d i v i d u a l s  l i v i n g  o u t  o f  t he  immediate 

v i c i n i t y  o f  t he  waste were found t o  be orders o f  magnitude sma l le r  than 

those rece ived by t he  onsi  t e  i n d i v i d u a l .  Thus, the  o n s i t e  exposure scen- 

a r i o s  were determined t o  be t he  most c r i t i c a l .  

Many waste s i t e s  a re  n o t  c u r r e n t l y  a v a i l a b l e  f o r  casual i n t r u s i o n  by 

i n d i v i d u a l s ,  s ince  they a re  i n  r e s t r i c t e d  loca t ions .  Th i s  compl icates t he  

choice o f  exposure scenario. Use o f  t he  more r e s t r i c t i v e  o f  a  near-term 

scenar io  and a  fa r - te rm scenario overcomes t h i s  problem. The near-term 

scenar io  i s  used t o  c a l c u l a t e  maximum doses t o  an i n d i v i d u a l  i n  t he  p u b l i c  

f o r  t he  present  l a n d  use, and t h e  fa r - te rm i s  used t o  c a l c u l a t e  p o t e n t i a l  
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doses f o r  poss ib l e  changes i n  s i t e  a c c e s s i b i l i t y .  Genera l ly ,  f o r  t h e  f a r -  

term scenar io,  i t  qay be assumed t h a t  people w i l l  e v e n t u a l l y  move onto t he  

waste s i t e .  Th i s  i s  n o t  in tended  t o  imp ly  t h a t  f u t u r e  popu la t ions  a r e  

u n i n t e l l  i g e n t  o r  t e c h n o l o g i c a l l y  i n f e r i o r ,  b u t  o n l y  t h a t  records  o f  t h e  

waste s i t e s  a r e  f o r g o t t e n  o r  ignored. Doses t o  these people w i l l  deoend on 

t h e  s ize ,  depth, r a d i o n u c l i d e  inven to ry ,  and a v a i l a b i l i t y  o f  wastes bu r i ed  

near t h e i r  residences. 

The p o t e n t i a l  f o r  exposllre t o  r a d i a t i o n  enhanced by n a t u r a l  events 

such as f l oods  o r  g l a c i e r s  i s  n o t  i nc l uded  i n  the  o n s i t e  i n d i v i d u a l  ca lcu -  

l a t i o n .  

I n t r u d e r s  

An o n s i t e  r e s i d e n t  i n d i v i d u a l  i s  assumed t o  have no nore  c o n t a c t  w i t h  

t he  waste than i s  occasioned by h i s  hav ing a  garden. Anyone who d is t -urbs 

t h e  waste more than a  gardener would be cons idered an " I n t r ude r , "  and a  

dose c a l c u l a t i o n  separate f rom the  design o b j e c t i v e s  should  be made f o r  

such a  person. Th i s  " I n t r u d e r "  category  cou ld  i n c l u d e  excavat ion,  d r i l l -  

ing,  o r  archaeology. For  some cases, t h e  p o t e n t i a l  f o r  h i g h  p r o b a b i l i t y  

i n t r u d e r s  c o u l d  l i m i t  t o l e r a b l e  op t ions ;  however, t h i s  i s  n o t  considered i n  

t h e  f i r s t  ana l ys i s  w i t h  t h e  des ign ob jec t i ves .  

Time Considerat ions 

To be most use fu l ,  t h e  a1 lowable r es i dua l  s o i l  concen t ra t i on  o f  a  

r a d i o n u c l i d e  m i x t u r e  should be c a l c u l a t e d  f o r  t he  t ime  a t  which t h e  reme- 

d i a l  a c t i o n  i s  a n t i c i p a t e d  t o  occur. Th i s  a l l ows  r a p i d  comparison o f  t h e  

ac tua l  contami n a t i  on w i  t h  t h e  c a l  c u l  a t ed  ARCL. Thus, an ARCL c a l  cu l  a t ed  

f o r  an exposure scenar io  pos tu l a ted  t o  occur several  hundred years  f o l l o w -  

i n g  t he  remedial  a c t i o n  should  be normal i zed  t o  t he  e x i s t i n g  waste s i t e  

concen t ra t i on  by account ing f o r  r a d i o a c t i v e  decay. For  events t h a t  may 

happen a t  any t ime  i n  the  f u t u r e ,  t h e  most r e s t r i c t i v e  l e v e l  o f  p resen t  

concen t ra t i on  should  be chosen t o  ma in ta i n  f u t u r e  dose p o t e n t i a l  below t he  

dose 1  i m i  t. . I n  p r a c t i c e ,  t h i s  means t h a t  several  " t ime  windows," ou t  of 

t he  f u t u r e  continuum, should  be selected. For  t he  purpose of example i n  

t h i s  r e p o r t ,  ARCL f o r  t imes 100, 400, 1000, and 10,000 years  from t ime zero 



a re  tabu la ted .  These t i n e s  a re  chosen t o  represen t  the soonest t i v e  people 

c o u l d  poss ib l y  be expected t o  move ons i  t e  (100 yea rs ) ,  t he  t i v e  most f i s -  

s i o n  products  r e q u i r e  t o  decay t o  e s s e n t i a l l y  innocuous l e v e l s  (400 yea rs ) ,  

and as rep resen ta t i ves  o f  t he  l ong  term (1000 and 10,000 yea rs ) .  Other 

t ime windows may be chosen i f  t h e  pos tu l a ted  scenar io  r equ i res  them. 

2.2.3 C a l c u l a t i o n  Procedure 

Once t he  exposure pathways and assoc ia ted parameters a re  def ined,  t h e  

maximum annual doses t o  t h e  c o n t r o l  l i n g  organ a re  c a l c u l a t e d  by rad io -  

n u c l i d e  f o r  u n i f o m l y  contaminated s o i l .  I f  more than one pathway c o n t r i b -  

u tes  and i f  m i  t i g a t i o n  procedures a f f e c t  each pathway d i f f e r e n t l y ,  such 

doses a re  c a l c u l a t e d  f o r  each pathway. The doses a re  c a l c u l a t e d  f o r  the  

years o f  i n t e r e s t  ( a t  which people move o n s i t e  o r  b a r r i e r s  a re  assumed t o  

f a i l  ) and, f o r  simp1 i c i  t y ,  normal i zed  t o  p resen t  c o n d i t i o n s  account ing f o r  

r a d i o a c t i v e  decay. Dose r a t e s  c a l  cu l  a ted  i n  t h i  s  s tep a re  "Unmodif ied 

Waximurn Annual Doses" (UMAD). The term "unmodif ied" r e f e r s  t o  the  f a c t  

t h a t  as o f  y e t  no depth o r  b a r r i e r  c o r r e c t i o n s  have been app l ied .  The 

doses are nor inal ized t o  u n i t s  corresponding t o  mrem/year a t  t i n e  o f  i n t e r -  

e s t  per  pCi/gram a t  present ,  o r  equ iva len t .  For  t h i s  r e p o r t ,  these doses 

have been c a l c u l a t e d  us ing  the  PNL computer package M A X I ,  b u t  o ther  equiva- 

l e n t  pathway ana l ys i s  codes cou ld  be used. 

The ARCL f o r  nucl i d e  i, P i ,  can now he re1  ated t o  t he  design o b j e c t i v e  

dose r a t e  by r a t i o  o f  t h e  UMAD w i t h  t h e  design o b j e c t i v e ,  account ing f o r  

mod i f i e r s ,  such as depth o f  b u r i a l  and b a r r i e r s ,  as: 

P i  ( pC i / g )  = DO (rnrernlyr) ? M lIMADi (rnrern/yr per pCi /g)  J j 

where 

D 0 t h e  r a d i a t i o n  dose design ob jec t i ve ,  i .e., t he  chosen dose 

l i m i t  t o  an i n d i v i d u a l  ; 

U?1ADi t h e  unmodif ied maximum annual dose f o r  n u c l i d e  i f o r  t he  

s i  t e - s p e c i f i c  exposure scenario;  and 



M j m o d i f i c a t i o n  f a c t o r s  t o  c o r r e c t  f o r  depth  o f  b u r i a l ,  a rea l  

e x t e n t ,  presence o f  b a r r i e r s ,  and o t h e r  m o d i f i e r s .  These 

f a c t o r s  a re  f u r t h e r  descr ibed i n  Sect ions 2.2.4 and 3.0. 

S o l u t i o n  o f  t h i s  equa t ion  y i e l d s  t h e  ARCL amount f o r  each r a d i o n u c l i d e  i n  

i s01  a t i  on. F o r  m i x t u r e s  o f  r a d i o n u c l  ides,  t h e  f u r t h e r  c o n s i d e r a t i o n  t h a t  

must ho ld ,  where P i  i s  t h e  ac tua l  r e s i d u a l  c o n c e n t r a t i o n  o f  r a d i o n u c l i d e  i, 

and P i  i s  t h e  ARCL o f  t h a t  n u c l i d e  i n  i s o l a t i o n .  When t h i s  c o n d i t i o n  i s  

s a t i s f i e d ,  t h e  waste s i t e  meets t h e  des ign o b j e c t i v e  dose c r i t e r i o n ,  and 

r e q u i r e s  no f u r t h e r  remedia l  ac t ions .  Should t h i s  r a t i o  be g r e a t e r  than 

u n i t y ,  then  t h e  need f o r  remedial  a c t i o n  ( e i t h e r  waste recovery  o r  i n s t a l -  

l a t i o n  o f  b a r r i e r s )  i s  i n d i c a t e d .  The r e l a t i v e  magnitude o f  t h e  r e s u l t  i s  

an i n d i c a t o r  o f  t h e  amount o f  remedia l  a c t i o n  requ i red.  

M o d i f i c a t i o n  F a c t o r s  

The ARCL f o r  any r a d i o n u c l i d e ,  o r  m i x t u r e  o f  n u c l i d e s ,  a t  a  s i t e  may 

be increased t o  a l l o w  c r e d i t  f o r  s i t e - s p e c i f i c  c o n d i t i o n s  o r  b a r r i e r s  t o  

waste m i g r a t i o n .  Al lowances f o r  these c r e d i t s  a r e  designed as m u l t i p l i c a -  

t i v e  enhancement f a c t o r s ,  M j .  These m o d i f i e r s  a r e  f u l l y  desc r ibed  i n  

Sec t ion  3.0. 

The m o d i f y i n g  f a c t o r s  a r e  o f  two general  forms. The f i r s t  i s  

exponen t ia l ,  as 

where "a" i s  a  c o n s t a n t  and "d" i s  a  v a r i a b l e  such as depth  o f  overburden. 

The more general  form i s  



where Ek i s  the percent effectiveness of barrier type k in reducing radia- 
tion dose. Many modifiers may be used simultaneously, as for modeling a 
buried waste trench with multiple barriers. Suggested values of the factor 

Ek for various barriers are given in Section 3.0. 



3.0 ASSUYPTIONS O N  PERFORMANCE OF BARRIERS 

Anything t h a t  impedes t h e  t r a n s p o r t  o f  r ad ionuc l i des  o r  r a d i a t i o n  from 

the  waste t o  an exposed i n d i v i d u a l  can be cons idered t o  be a  b a r r i e r .  

Modeling the  e f f e c t  o f  b a r r i e r s  over  l o n g  t ime pe r i ods  i s  compl icated by 

t he  need t o  cons ider  changes i n  t he  b a r r i e r  and even i n  t he  phys ica l  

surroundings o f  t he  b a r r i e r  w i t h  t ime.  Therefore, t he  p o t e n t i a l  f o r  

degradat ion o f  b a r r i e r s  and e ros ion  o f  overburden means t h a t ,  even account- 

i n g  f o r  r a d i o a c t i v e  decay, waste s i t e s  coul  d  become more hazardous i n  t he  

f u tu re .  Th i s  sec t i on  con ta ins  assumptions t h a t  may be used i f  s i t e -  

spec i f i c  i n f o rma t i on  on t he  p e r f o n a n c e  of  b a r r i e r s  i s  l ack ing .  

BARRIER LIFETIMES 

To quote M. L. Wheeler and W. J. Smith, "Perpetual i s  Not Forever" 

(Wheeler and Smith 1979). No b a r r i e r  t o  waste m i g r a t i o n  (movement o f  

r ad ionuc l i des  away from i t s  o r i g i n a l  engineered l o c a t i o n )  can be expected 

t o  be 100 percen t  e f f e c t i v e  f o r  nore  than a  pe r i od  o f  a  few decades. 

Unexpected o r  unpreventable occurrences w i l l  c o n t i n ~ ~ o u s l y  degrade any bar-  

r i e r  appl ied .  Whi le t h e r e  s t i l l  e x i s t  many massive, anc ien t  s t r uc tu res ,  no 

s tud ies  and few p r o j e c t i o n s  suggest t h a t  near-sur face engineered const ruc-  

t i o n s ,  o the r  than immense p i l e s  o f  e a r t h  o r  rock,  would s t i l l  be i n  a  

c o n d i t i o n  t o  be considered f u l l y  e f f e c t i v e  as a  b a r r i e r  f o r  more than a  few 

hundred years.  Fo r  t he  purpose o f  model irrg, i t  i s  assumed t h a t  t he  e f f e c -  

t i v e  1  i f e  o f  a  b a r r i e r  i s  about 300 years  f o l l o w i n g  cessat ion o f  mainten- 

ance. Maintenance i s  assumed t o  keep t he  b a r r i e r s  i n  good c o n d i t i o n  as 

l ong  as t h e r e  i s  i n s t i t u t i o n a l  c o n t r o l ,  and t he  b a r r i e r s  perform t h e i r  

f u n c t i o n  f o r  300 years  a f t e r  t ha t .  A f t e r  t h a t  t ime, t h e  e f f i c a c y  o f  most 

man-made b a r r i e r s  i s  assumed t o  drop t o  e i t h e r  zero o r  t o  some f r a c t i o n  o f  

i n i t i a l  e f f i c i e n c y .  Since an a c t i v e  i n s t i t u t i o n a l  c o n t r o l  i s  o f t e n  con- 

s idered t o  l a s t  about 100 years,  the  a d d i t i o n  o f  a  b a r r i e r  increases t h e  

t o t a l  t ime assumed f o r  r a d i o a c t i v e  decay t o  400 years.  

Many rad ionuc l  ides  p o t e n t i a l l y  present  i n  waste s i t e s  have ha1 f - 1  i v e s  

o f  many thousands o f  years.  Even i f  a  waste s i t e  can be shown t o  be 

acceptable immediately f o l  l ow ing  l o s s  o f  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  o r  



degradat ion o f  400-year b a r r i e r s ,  t he  p o t e n t i a l  s t i l l  e x i s t s  f o r  t he  s i t e  

t o  pose hazards t o  i n d i v i d u a l s  f a r  i n t o  the  f u tu re .  Therefore, t he  addi-  

t i o n a l  ana l ys i s  t imes o f  1000 and 10,000 years a re  considered. The 10,000- 

yea r  pe r i od  i s  chosen f o r  several reasons. I t  i s  s u f f i c i e n t l y  l ong  f o r  

ground-water t r a n s p o r t  mechanisms t o  be i d e n t i f i e d .  The m i g r a t i o n  o f  wany 

nuc l ides  i s  so low t h a t  a shor te r  per iod  would n o t  p rov ide  s u f f i c i e n t  t ime 

f o r  p o t e n t i a l l y  hazardous t rends  t o  develop. On the  o the r  hand, 10,000 

years  i s  r e l a t i v e l y  sho r t  on a geologic  t ime scale. Ya jo r  geologic  

changes, such as development o f  a f a u l t i n g  system o r  a vo lcan ic  reg ion,  

take much longer  than 10,000 years,  so the  1 i k e l i h o o d  and c h a r a c t e r i s t i c s  o f  

geologic  events which migh t  d i s r u p t  t h e  waste are reasonably p r e d i c t a b l e  

over t h i  s per iod.  F ina l  ly ,  10,000 years i s  consi  s te r l t  w i t h  assumptions 

made by EPA f o r  analyz ing nuc lear  waste r e p o s i t o r i e s  ( D r a f t  40 CFR 191). 

It i s  assumed t h a t  any d isposal  method t h a t  i s  capable o f  adequate 

p r o t e c t i o n  f o r  10,000 years w i l l  cont inue t o  p r o t e c t  t h e  p u b l i c  and t h e  

environment f o r  per iods  wel l  beyond t h a t  t ime. 

3.2 BARRIER TYPES 

Many types o f  b a r r i e r  m igh t  be used t o  prevent  waste m i g r a t i o n  o r  

waste s i t e  degradat ion. The processes which a re  impor tan t  t o  m i t i g a t e  are 

genera l l y  eros ion,  b i o t i c  i n t r u s i o n ,  and water i n f i l t r a t i o n .  There i s  

l i t t l e  t h a t  can be done t o  prevent i n t e n t i o n a l  human i n t r u s i o n .  A d e f i n i -  

t i o n  o f  t h e  var ious  s i n g l e  b a r r i e r  types t h a t  have been proposed a re  g iven  

here. 

S o i l  : Any n a t u r a l  overburden l oca ted  on t op  o f  t h e  waste s i t e .  As a - 
r u l e ,  e x i s t i n g  waste s i t e  cover ings a re  considered t o  be so l1 . So i l  ac t s  

as a general s h i e l d  t o  r a d i a t i o n ,  water  penet ra t ion ,  and r o o t  penetrat ion.  

So i l  i s  sub jec t  t o  wind and water erosion. 

B ioba r r i e r s :  Any dev ice o r  circumstance t h a t  ac t s  t o  reduce the  

f r a c t i o n  o f  p l a n t  r o o t s  o r  burrowing animals reaching the  waste and hence 

reduces t h e  m i g r a t i o n  of waste from the s i t e .  



Vegetative Cover: The establishment of a shallow-rooted ground cover 
to control wind  and water erosion. In dry climates, vegetation i s  assumed 

to  require some level of maintenance and watering to  survive; therefore, 

a f t e r  400 years ground cover i s  assumed to have reverted back to  native 

plants. In moist climates, i t  i s  assumed to  be superceded by deeply rooted 
plants in about the same time frame. 

Clay Layer: Various bentonite-type clays have been proposed as  sta- 

b i l iz ing caps fo r  waste burial grounds in order to  prevent gas escape and 

water i n f i l t r a t i on .  I t  i s  assumed tha t  any clay cover is  capped w i t h  a 

further barr ier  against  erosion. Most clays are  subject t o  expansion and' 

contraction depending on moisture content. Thi s cycl i ng resul t s  in crack- 

ing of the clay. In dry climates, t h i s  a l ternat ing cycle i s  assumed to  
el iminate the efficiency of a several-centimeter-thick cl ay 1 ayer a f t e r  400 

years. 

Membranes: A th in ,  llniform sheet composed of p las t i c ,  rubber, or  

other composite sheeting or a thinly applied layer of asphalt on polymeric 

material. Membranes are  generally thought of in terms of water inf i  1 t ra-  

tion. They are usually t h i n ,  and f rag i le  enough t h a t  t he i r  use i s  limited 

to short  time frames. 

Waste Tanks: Some of the wastes a t  DOE nuclear s i t e s  are  contained i n  

concrete/metal vessel s. These tanks, whil e containing many perforations, 

probably have suf f ic ien t  structural  in tegr i ty  t o  provide some waste insula- 

t ion from roots and percolating water for  several hundred years. Beyond 
400 years,  however, there is  insuff ic ient  information to  quantify an a1 1 ow- 

ance fo r  the tanks. 

Asphalt: A surface or subsurface 1 ayer of asphalt  several centimeters 
thick. This category does not include sprayed-on or  thin-film asphalt  

emu1 sions. These are cl assed as  "membranes." 

Gravel: Thick layers (over 30 cm [12 i n . ] )  of small stones (diameters 
up t o  about 10 cm [ 4  i n . ] )  used to  prevent erosion and intrusion by plant  

roots, animal s ,  or  humans. These can be e i ther  surface o r  subsurface, b u t  

subsurface layers should be topped with a material to  prevent soil  from 



pene t ra t i ng  between the  rocks. Subsurface 1  ayers a re  a1 so o n l y  o f  secon- 

dary importance f o r  e ros ion  c o n t r o l ,  p r o v i d i n g  a  lower  l i m i t  t o  eros ion,  

b u t  n o t  h o l d i n g  t he  cover  s o i l .  

Rock: Layers o f  ve ry  l a r g e  stones (d iameters  g rea te r  than 30 cm and - 
up t o  1 m [12 t o  39 i n . ] )  used t o  prevent  e ros ion  o r  i n t r u s i o n .  These 

rocks should be o f  a  s t a b l e  form over  geolog ic  t ime ( i  .e., g ran i t e - -no t  

sandstone) ( W i  n k l  e r  1975, L i e n h a r t  and Stransky 1981 1. A1 so r e f e r r e d  t o  as 

" r ip rap . "  It i s  assumed t h a t  a  1 m (39 i n . )  t h i c k  l a y e r  o f  rock  reduces 

p l a n t  cover  by 90 percent .  Add i t i ona l  th ickness  o f  t h e  rock  l a y e r  reduces 

vege ta t ion  growth p ropo r t i ona te l y .  

Large Rocks: Very l a r g e  r i p r a p ,  in tended t o  de te r  human i n t r u s i o n  as 

w e l l  as min imize p l a n t  growth and eros ion.  Stones i n  excess o f  1 meter 

diameter.  

Hard Cover: A l i d  o f  concrete o r  s t ee l  placed on o r  under t h e  s o i l  

surface, over  the  waste. Depending on t he  ma te r i a l  used, i t s  th ickness  can 

vary  f rom about 2 t o  20 cm ( 4  t o  4  i n . ) .  It i s  assumed t o  degrade over  

t ime  t o  t he  p o i n t  t h a t ,  a f t e r  t he  400 years  i t s  e f f e c t i v e n e s s  i s  reduced t o  

t h a t  o f  a  1  ayer o f  gravel  . 
Chemical Agents: Any nurnber o f  va r i ous  chemicals t o x i c  t o  p l a n t  

r oo t s .  Organic t o x i n s ,  such as t r i f l u r i l a n ,  need t o  be encapsulated i n  

some s o r t  o f  t ime-re lease form. I no rgan i cs  m igh t  be p re fe rab le ;  however, 

t h e  ques t ion  i s  r a i s e d  as t o  the  m o r a l i t y  o f  i n t e n t i o n a l l y  po ison ing  the  

l o c a l  environment w i t h  l o n g - l i v e d  i no rgan i c  t ox i ns .  Whi le these t o x i n s  

m igh t  be use fu l  i n  c o n t r o l l i n g  invad ing  p l an t s ,  t he  ques t ion  o f  f u r t h e r  

environmental po l  1  u t i o n  by  t h e i r  use has n o t  been f u l l y  addressed. 

Surface Contouring: The grading, scraping, o r  o ther  movement o f  sur-  

face  s o i l  s  t o  a1 t e r  s i t e  contours.  Such s i  te-topography ad justment  can he 

used t o  c o n t r o l  water r u n o f f ,  smooth surfaces, o r  min imize wind eros ion.  

Glass Waste Form: Shoul d  the  o p t i o n  be taken t o  remove h igh- leve l  

wastes from tanks, process it, and r e t u r n  i t  t o  t he  tanks as g l ass  b a l l s ,  

o r  fragments, i t  w i l l  have a  leach  r a t e  0.1 percen t  o f  t h a t  o f  unprocessed 



mate r i a l  (DOE 1980). T h i s  same e f f ec t i veness  i s  assumed f o r  t he  r e c e n t l y  

devel oped PNL process o f  e l e c t r i c  i n - s i  t u  v i t r i f i c a t i o n  f o r  bu r i gd  wastes. 

Package I n t e g r i t y :  Bur ied waste may take  many forms, some o f  which 

may reduce t he  p o s s i b i l i t y  o f  waste mig ra t ion .  Most boxes and drums w i l l  

1  oose t h e i r  i n t e g r i t y  du r i ng  long-term storage i n  t he  ground. However, 

some nuc l  ides, such as those i n  a c t i v a t e d  metal  o r  encased i n  concrete o r  

g lass  w i l l  be l e s s  a v a i l a b l e  f o r  p l a n t  r o o t  uptake than i f  they were 

homogeneously mixed i n  s o i l .  I nhe ren t  chemical t o x i c i t y  o f  t h e  waste may 

a1 so reduce p l a n t  r o o t  a v a i l a b i l  i ty. 

3.3 BARRIER EFFECTIVENESS 

There i s  l i t t l e  i n f o rma t i on  a v a i l a b l e  which can be used t o  q u a n t i f y  

t h e  degree t o  which t h e  p rev ious l y  de f i ned  b a r r i e r s  can f u l f i l l  t h e i r  

design func t ions ,  e s p e c i a l l y  over  l o n g  per iods o f  t ime. 41 so, e s s e n t i a l  t o  

t he  design and implementat ion o f  e f f e c t i v e  and durable h a r r i e r s  a re  t he  

i n t e r a c t i o n s  among conponent p a r t s  o f  mu1 t i - p a r t  b a r r i e r s .  For  exampl e, 

t he  choice o f  su r face  s t a b i l i z a t i o n  method can a f f e c t  the  amount o f  mois- 

t u r e  p e r c o l a t i n g  t o  ground water. The dynamics o f  t h e  water would a f f e c t  

t he  p o t e n t i a l  f o r  contaminant leaching,  mass wast ing ( i  .e., t he  s o i l  column 

cou ld  become sa tu ra ted  w i t h  water and as a r e s u l t  be unable t o  suppor t  a  

1  arge rock  cover) , and t he  composit ion o f  t he  eventual  b i o t i c  conmuni t y  

(e.g., p l a n t  and animal species, r o o t i n g  depth, and presence o f  burrowing 

animal s) .  It i s  apparent t h a t  one v a r i a b l e  cannot a1 ways be maximized 

w i t hou t  impac t ing  others.  Therefore, i t  i s  impo r tan t  t h a t  the  design o f  

1  ong-term b a r r i e r s  be der i ved  from a systems approach, consi  der ing  t he  

i n t e r a c t i o n s  o f  t h e  va r i ous  b i o t i c  and a b i o t i c  components. 

While b a r r i e r s  cannot be designed w i t hou t  f u l l  cons idera t ion  o f  a l l  

component i n t e r a c t i o n s ,  p r e l i m i n a r y  assessments must approximate t he  e f f e c -  

t i veness  o f  i n d i v i d u a l  b a r r i e r s ,  and then combinat ions o f  b a r r i e r s .  

Assumptions a re  prov ided here t o  a1 low qodel i n g  o f  va r ious  combinat ions o f  

b a r r i e r  types where accurate s i  te-speci  f i c  i n f o rn i a t i on  i s  1  ack i  ng. These 

are n o t  in tended t o  prec lude t he  development o f  b e t t e r  values i n  t he  f u tu re .  



3.3.1 Na tu ra l  B a r r i e r s  

Model i ng t he  r a d i a t i o n  dose r a t e  t o  hypo the t i ca l  ons i  t e  i n d i v i d u a l  s  

r e q u i r e s  many assumptions about f u t u r e  cond i t i ons ,  personal  haSi t s ,  and 

m i t i g a t i n g  f a c t o r s .  It can be assumed t h a t  c l i m a t i c  and topographic  cond i -  

t i o n s  w i l l  remain e s s e n t i a l l y  t h e  same as they  a re  now, and t h a t  humans 

w i l l  behave as they  do now. For  some impo r tan t  parameters, t h e r e  i s  i n s u f -  

f i c i e n t  data t o  p r o j e c t  f a r  i n t o  t he  f u t u r e .  Assumptions needed a r e  des- 

c r i b e d  i n  t h i s  sec t ion ,  as we l l  as  app rop r i a t e  methods o f  app l y i ng  them t o  

dose r e s u l t s .  

E ros ion  

Some rad ionuc l  i d e  r e l ease  mechanisms a re  a  d i r e c t  r e s u l t  o f  t h e  

reshaping o f  t h e  e a r t h ' s  sur face by n a t u r a l  f o r ces  such as water e ros ion ,  

wind eros ion,  and subsidence. 

Water and wind e ros i on  are f u n c t i o n s  o f  c l ima te ,  topography, s o i l  

p rope r t i es ,  ground cover,  and human a c t i v i t i e s  a t  o r  near t h e  waste s i t e .  

Wind e ros i on  i s  t h e  wear ing away o f  t h e  su r face  s o i l s  by moving a i r .  Wind 

e ros i on  i s  a  complex f u n c t i o n  o f  c l ima te ,  topography, s o i l  p r o p e r t i e s ,  

ground cover,  and human a c t i v i t i e s .  A  cu rve  o f  wind e ros i on  r a t e  as a  

f u n c t i o n  o f  s o i l  type i s  g iven  i n  F i g u r e  3.1. For  most moderately r ocky  

s o i l s ,  a  va l  ue o f  0.1 mm/yr i s  suggested. For  waste s i t e s  w i t h  f i n e  o r  

sandy s o i  1  , a va l  ue o f  1.0 mm/yr shoul d be used. 

Subsidence r e f e r s  t o  the  s i n k i n g  o r  co l l apse  of  t he  ground surface. 

It can a1 t e r  t h e  su r face  f ea tu res  i n  ways t h a t  may enhance wind o r  water 

e ros ion .  Bu r i ed  waste forms; bu lky ,  non-compacted wastes; i n s u f f i c i e n t l y  

compacted f i l l ;  and waste package d e t e r i o r a t i o n  can a l l  r e s u l t  i n  subs i -  

dence. Whi le  these may n o t  be a  severe problem f o r  1  i q u i d  waste d isposa l  

s i t e s  such as c r i b s  o r  reverse we l l s ,  i t  i s  es t imated  t ha t ,  w i t h  p resen t  

b u r i a l  p rac t i ces ,  as  much as 30 pe rcen t  o f  bu r ia l -g round  t rench  volume may 

be v o i d  space (EPA 1978). It i s  assumed t h a t  s i t e  maintenance performed 

be fo re  s i t e  r e l ease  c o r r e c t s  subsidence problems, and t h a t  they  tend t o  

become l e s s  severe w i t h  t ime  as waste s i t e s  s e t t l e .  
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1. 10. mmlyear (WATSON 1980) 

2. 0.6 mmlyear FOR WESTERN US (MURPHY 1980) 

3. 0.1 mmlyear FOR WESTERN US (WHEELER 1979) 

4. 0.025 mmlyear FOR LONG -TERM EROS ION AT HANFORD (TUBBS 1979) 

FIGURE 3.1 Est imated Wind Eros ion  Rates by So i l  Type 

Root Penet ra t ion  

For  a  waste s i t e  covered w i t h  a  l a y e r  o f  c lean  s o i l  o r  overburden, t h e  

i n h a l a t i o n  exposure pathway i s  e l  iminated and t he  d i r e c t  i r r a d i a t i o n  path- 

way i s  reduced t o  i n s i g n i f i c a n c e .  Therefore, t he  dominant pathway f o r  

exposure becomes consumption o f  p l a n t s  t h a t  have r o o t s  pene t ra t ing  t he  

waste. The f r a c t i o n  o f  p l a n t  r o o t s  i n  t he  waste i s  a  f u n c t i o n  o f  t he  type 

o f  p l a n t  and the  depth t h a t  t he  waste i s  bur ied.  Est imates o f  t he  f r ac -  

t i o n s  o f  a c t i v e  p l a n t  r o o t s  below a  g iven depth a re  g iven i n  F igure  3.2. 

Ce r ta i n  dese r t  p l a n t s  have taproo ts  r epo r ted  t o  grow t o  depths 

approaching 10 m (33 f t )  . Most garden crops u s u a l l y  do n o t  grow much be1 ow 

about 3  m (9.8 f t ) ,  b u t  some crops such as a l f a l f a  do o f t e n  exceed 7 rn (23 

f t ) .  Crop uptake o f  r ad ionuc l i des  i s  assumed t o  be d i r e c t l y  p ropo r t i ona l  



DEPTH (meters) 

REFERENCES 

0. 100% OF PLANT ROOTS ASSUMED TO BE AT OR BELOW S O I L  SURFACE 

1. 70% OF ALFALFA ROOTS ARE I N  THE TOP 1 meter (WSU 1970) 

2. 80% OF TOMATO ROOTS ARE I N  THE TOP 2 meters (SUNSET) 

3. 95% OF GRAPE ROOTS ARE I N  'THE TOP 2.5 meters (SUNSET) 

4. EFFECT1 VE DEPTH OF MOST GARDEN CROPS (SUNSET) 
LOWER DEPTH OF SOME GRASS ROOTS (DEPT. AG . 1951) 

5. EFFECT1 VE DEPTH OF ALFALFA (WS U 1970, DEPT. AG . 1951) 

6. LOWER REPORTED DEPTHS FOR TUMBlEWEED AND GREY RABBIT BRUSH 

7. ARBITRARY 10m LOWER CUTOFF 

FIGURE 3.2 C r o p  R o o t  P e n e t r a t i o n  D e p t h s  i n  t h e  A b s e n c e  o f  B a r r i e r s  



t o  the  f r a c t i o n  o f  a c t i v e  r o o t s  i n  the  waste. Therefore,  t h e  concen t ra t ion  

o f  rad ionuc l  i des  i n  p l a n t s  grown over  a  s i t e  i s  sca led l o g a r i t h m i c a l l y  w i t h  

depth as shown i n  t he  f i g u r e .  The re fe rences  g iven  w i t h  t h i s  f i g u r e  a re  

intended t o  d i r e c t  t he  i n t e r e s t e d  reader  t o  p e r t i n e n t  in format ion,  and t he  

exac t  va lues p l o t t e d  may n o t  be g iven  i n  t he  re ferences.  

An a r b i t r a r i l y  assumed c u t o f f  o f  10 m (33 f t )  i s  used as 1  ower 1  i m i t  

below which c rop  r o o t s  do n o t  penet ra te .  

It i s  n o t  t h e  i n t e n t  o f  t h i s  d e f i n i t i o n  t o  imp ly  t h a t  a  su r face  cover  

o f  10 m (33 f t )  o f  s o i l  i s  necessa r i l y  a  s u f f i c i e n t  b a r r i e r .  The concept 

o f  ALARA s t i l l  appl i e s .  Sa fe ty  ana l ys i  s  c a l  cu l  a t i o n s  f o r  " i n t r u d e r s "  o r  

na tu ra l  re lease  mechanisms should a l so  be conducted which may i n d i c a t e  an 

impetus f o r  f u r t h e r  c l  eanup e f f o r t s .  

Ce r t a i n  types o f  b a r r i e r s ,  such as a  1  ayer o f  l a r g e  rocks,  g r e a t l y  

reduce t he  t o t a l  amount o f  vege ta t i on  growing over  an area. A  b a r r i e r  t h a t  

reduces t h e  t o t a l  q u a n t i t y  o f  vege ta t i on  i s  modeled t he  sawe way as a  

b a r r i e r  t h a t  reduces t he  pene t ra t i on  o f  r o o t s  i n t o  t he  waste. 

Engineered B a r r i e r s  

I n  general par lance, t he  term " b a r r i e r "  r e f e r s  t o  the  engineered 

p r o t e c t i o n s  descr ibed i n  Sect ion 3.2. D i f f e r e n t  b a r r i e r  types have d i f -  

f e r e n t  func t ions ,  b u t  one t h a t  i s  appl i e d  f o r  one reason may a1 so impact 

another v a r i a b l e .  Est imated percen t  e f f e c t i v e n e s s  o f  per forming the  

des i r ed  f unc t i on  (Ek i n  Equat ion 5 )  o f  va r i ous  b a r r i e r  types a re  1  i s t e d  

i n  Table 3.1 f o r  the re lease  mechanisms o f  eros ion,  vege ta t ion ,  penetra- 

t i o n ,  and water i n f i l t r a t i o n .  These va lues a re  presented mos t l y  as "order-  

of-magni tude" est imates;  t h e  use o f  these b a r r i e r s  cou l  d  r esu l  t i n  o rde r  o f  

magnitude reduc t i ons  i n  an i n d i v i d u a l  ' s  annual dose ra te ,  o r  a1 1  ow a  

corresponding increase i n  t h e  ARCL w h i l e  s t i l l  meet ing the  dose design ob jec 

t i v e .  Most b a r r i e r  types a re  assumed t o  d e t e r i o r a t e  w i t h  t ime, through 

weathering, subsidence, and p l a n t  and animal pene t ra t ion .  The va l  ues i n  

Table 3.1 f o r  400-year-old b a r r i e r s  r e f l e c t  t he  lowered degree o f  e f f e c -  

t i veness  assumed. 



The r e f e r e n c e s  g i v e n  i n  Table  3.1 a r e  in tended t o  a i d  t h e  reader  i n  

o b t a i n i n g  more d e t a i l e d  i n f o r m a t i o n  about each b a r r i e r  type. Few r e f e r -  

ences g i v e  more than qua1 i t a t i v e  i n f o r m a t i o n  r e g a r d i n g  b a r r i e r  e f f i c i e n c y  

and l i f e t i m e ;  t h e r e f o r e ,  t h e  va lues  i n  Table  3.1 a r e  eng ineer ing  es t ima tes .  

They a r e  g i v e n  t o  a i d  p r e l i m i n a r y  analyses,  and a r e  n o t  meant t o  suggest 

t h a t  t h e  development o f  n o r e  accura te  va lues  i n  t h e  f u t u r e  would be unwar- 

ranted.  



TABLE 3.1 B a r r i e r  Model ing C r i t e r i a  

Percen t  E f f e c t i v e n e s s  

B a r r i e r  Type F i r s t  300 Years Beyond 300 Years References 

A. Vegetat ion Avai  1 a b i  1 i ty Reduct ion ( B i o b a r r i e r s )  

Vege ta t i ve  cover  

Clay l a y e r  

Membranes 

Waste tanks 

Aspha l t  

Murphy 1980, Duguid 

Hawkins 1967 

Holcomb 1979 

Macbeth 1979 
C l i n e  1979 
C l  i n e  1980 

Gravel Murphy 1980 
Mishima 1980 
C l  i ne 1980 

A d d i t i o n a l  s o i  1 

Rocks 

60 p e r  meter 

90 p e r  meter 

60 p e r  meter 

90 p e r  meter 

(See F i g u r e  3.2) 

Murphy 1980 
C l  i ne 1980 

Hard cover  Murphy 1980 
Macbeth 1979 

Chemical agents 
( i n t e n t i o n a l l y  
appl i ed) 

0 Murphy 1980 
M i  shima 1980 
C l i n e  1979 
C l  i n e  1980 

B. Wind Eros ion  Reduct ion 

Sur face c o n t o u r i n g  

Vege ta t i ve  cover  

0 Murphy 1980 

0 Murphy 1980, Duguid 
Donovan 1976 

Clay l a y e r  0 Murphy 1980 
Macbeth 1979 

Membranes 

Waste Tanks 

Aspha l t  

Gravel 

0 A r b i t r a r y  

0 A r b i  t r a r y  

0 Murphy 1980 

10 Murphy 1980 
Mishima 1980 



TABLE 3.1 (Cont inued) 

Percent  E f f ec t i veness  

B a r r i e r  Type F i r s t  300 Years Beyond 300 Years 

B. Wind Eros ion  Reduct ion (con t inued)  

Rocks 100 100 

Hard cover  100 10 

Chernical agents 0 

Waste form: 

Sal t cake, exposed 0 
Concrete, exposed 9 0 
G l  ass, exposed 9 9 

C. Reduct ion o f  Water I n f i l t r a t i o n  and P e r c o l a t i o n  

Sur face con tou r i ng  90 0 

Vege ta t i ve  cover  10 0 

Clay l a y e r  9 0 0 

Membranes 9 0 0 

Waste tanks 9 0 

Aspha l t  9 0 

Eeferences 

Murphy 1980 

Murphy 1980 
Macbeth 1979 

NAS 1078 
NAS 1978 
N4S 1978 

Murphy 1980 
Dugui d 

Murphy 1980 
EPA 1978 

Hughes 1975 
Macbeth 1978 
Hawkins 1967 
Dugui d 
EPA 1978 

Murphy 1980 
Macbeth 1979 
Dugui d 
EPA 1978 

C l i n e  1980 
Macbeth 1979 
C l i n e  1979 
EPA 1978 

C l  i n e  1980 
Macbeth 1979 
C l i n e  1979 
EPA 1978 



TABLE 3.1 ( Con t i  nued ) 

Percent  E f f e c t i v e n e s s  

B a r r i e r  Type F i r s t  300 Years Beyond 300 Years References 

Reduct ion o f  Water I n f i l  t r a t i o n  and P e r c o l a t i o n  (Cont inued) 

Gravel 

Rocks 

Hard cover  

Chemical agents 

0 C l  i n e  1980 

0 C l i n e  1980 

0 Murphy 1980 
Macbeth 1979 
EPA 1978 

0 Macbeth 1979 

D. A v a i l a b i l i t y  Reduct ion f o r  "Package I n t e g r i t y "  

Cardboard box 0 0 Hor ton 1978 

Wooden box 0 0 Hor ton 1978 

F i b e r g l a s s  coa ted  
box 

0 A r b i t r a r y  

Metal  box 0 0 A r b i t r a r y  

Drum 0 0 A r b i  t r a r y  

A c t i v a t e d  metal  9 0 

Sur face contan ina-  0 
ti on 

10 Murphy 1980 

0 Holcomb 1979 

Undef i  nab1 e j u n k  0 0 Hor ton  1979 

Waste Immobi 1 i z a  t i o n :  

S a l t  cake t o x i c i t y  90 

Concrete 90 
( g r o u t ,  e t c )  

Glass 99.9 

90 NAS 1978 

10 FIAS 1978 
Mishirna 1980 

99.9 NAS 1978 
DOE 1980 



4.0 EXAMPLE APPLICATIONS 

The dependence o f  a1 1 owabl e  r es i dua l  contaminat ion 1  eve1 s  on the  

s p e c i f i c  c h a r a c t e r i s t i c s  of t h e  waste s i t e  i s  perhaps b e s t  i l l u s t r a t e d  by 

example c a l c u l a t i o n s .  The d i f fe rence  possi  b l  e  between contaminated sur face  

s o i l  and bu r i ed  wastes i s  shown i n  the  f o l l o w i n g  example appl i c a t i o n s .  

Two examples a re  provided, one f o r  su r face  s o i l  contaminat ion and one 

f o r  subsurface s o i l  ( b u r i e d )  contaminat ion.  Each example con ta i ns  a  b r i e f  

waste s i t e  desc r i p t i on ,  s i t e  s p e c i f i c  exposure scenar ios  f o r  o n s i t e  i n d i -  

v idua l  s, a  t a b l e  o f  unmodi f ied maximum annual doses (UMAD) f o r  each scen- 

a r i o  a t  va r i ous  t imes i n  t he  f u tu re ,  and t he  r e s u l t i n g  ARCL o f  each rad io -  

nucl  i de . 
Fo r  simpl i c i t y ,  b o t h  examples a r e  g iven  f o r  t h e  same bas ic  s i t e  loca-  

t i o n ,  t h e  200 Area Pla teau o f  t h e  Department o f  Energy 's  Hanford S i t e .  A 

g e n e r a l i z a t i o n  f o r  Hanford o f  t h e  second ( b u r i e d  waste) example i s  a1 so 

provided. 

Fo r  t he  m a j o r i t y  o f  Hanford waste s i t e s ,  i n  the  Hanford 200 Areas, t h e  

ground-water pathways have been found t o  be o n l y  marginal  c o n t r i b u t o r s  t o  

dose. The d i s t ance  from the  waste t o  t he  ground water, i n  excess o f  60 

meters, coupled w i t h  t h e  s o r p t i v e  p r o p e r t i e s  o f  Hanford s o i l s  and t he  low 

annual r a i n f a l l ,  r e s u l t s  i n  1  i ttl e rad ionuc l  i d e  m i g r a t i o n  (NAS 1978, 

Issacson 1978). S tud ies  have f u r t h e r  shown t ha t ,  even i f  t h e  rad ionuc l  i des  

a re  leached t o  ground water, o f f s i t e  popu la t ion  doses a re  ve ry  small 

(Wal lace 1980). Thus, t r a n s p o r t  o f  nuc l i des  through t he  vadose zone t o  

ground water can be neg lec ted  f o r  n o s t  Hanford s i t e s .  

E l i m i n a t i o n  of t h e  ground-water pathways reduces t h e  pathways o f  

concern t o  the  r e s i d e n t  i n d i v i d u a l  t o  d i r e c t  r a d i a t i o n ,  i n h a l a t i o n  o f  

resuspended m a t e r i a l  , and i n g e s t i o n  of contaminated crops and animal pro- 

ducts.  T h i s  simpl i f i c a t i o n  i s  ill u s t r a t e d  i n  F i gu re  4.1. The re1 a t i v e  

importance o f  each o f  these pathways i s  a f unc t i on  of t ime  o f  exposure. 
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FIGURE 4.1 Impor tan t  Han fo rd -Spec i f i c  Exposure Pathways 



4.1 CONTAMIFIATED SURFACE SOIL 

Soil can be contaminated through accidental spill s ,  intentional dump- 

ing (as of mine or mill tai l ings) ,  or other mechanisms. A number of low- 

lying areas on the Hanford Site have been used for many years as seepage 

ponds for disposal of 1 ow-1 evel contaminated process water. Continued use 

of these ponds has resulted in the accumulation of inventories of trans- 
uranic and fission product isotopes in the pond bottomm sediments ( E R D A  

1975, Last a n d  Duncan 1980). Most ponds are completely a r t i f i c ia l ,  main- 

tained by a constant influx of recharge water. When disposal of water in 

these ponds ceases, the dramatically lowered water level may expose the 
fine-grained, contaminated sediments. As an example application of the 
ARCL method, a1 1 owabl e residual 1 evel s of soil contamination are devel oped 

for the possibility of removal of the contaminated sediments for disposal 

el sewhere. 

4.1.1 Surface Contamination Exposure Scenarios 

When the water influx t o  the various ponds ceases, the ponds, having 
no direct contact with the water t ab1  e, will dry ou t .  The exposure p a t h -  

ways of concern will be external exposure, inhal ation of resuspended par- 
tic1 es, and  possible future agricultural pathways. The pond s i t e  will 

remain within a restricted zone for the near future, thus two potential 
exposure scenarios must be investigated t o  determine the most restrictive 

cl eanup 1 evel s ,  assuming the desired disposition mode i s  t o  remove the 

contaminated soil. (The case of buried contamination i s  given in 
Section 4.2.) The f i r s t  scenario involves near-term exposure of workers 
near the s i te  t o  direct irradiation a n d  inhalation of resuspended materials 
( in  this i t  follows the work of Boothe 1979). The second scenario involves 
possible future inhabitants with the same exposure modes and, in addition, 

a contribution from garden crops that might be grown on s i t e  after an 

appropriate period of radioactive decay. 

The exposure parameters for the f i r s t  scenario are dependent entirely 

on how 1 ong an individual i s  assumed t o  be exposed t o  the waste s i te .  
Maximum would be a person stationed adjacent t o  the pond area for 2000 hours 



p e r  year .  Th i s  i n d i v i d u a l  would be exposed t o  the  r a d i a t i o n  f i e l d  o f  t h e  

pond and t o  resuspended m a t e r i a l  s. 

A number o f  resuspension model s  a re  a v a i l  abl  e. These i n c l  ude simp1 e 

resuspension ra tes ,  resuspension f a c t o r s  and mass 1 oading f a c t o r s ,  as we1 1 

as more compl icated f u n c t i o n s  o f  vege ta t ion ,  s o i l  e r o d i b i l  i t y ,  o r  top-  

ography. A nuqber o f  i n v e s t i g a t o r s  suggest t h e  use o f  a  mass l o a d i n g  o f  

10-4 g/m3 i n  t he  absence o f  s p e c i f i c  data f o r  western s i t e s  f o r  p r e d i c t i v e  

purposes (Anspaugh 1974, Healy 1979). T h i s  va lue was a l s o  used i n  a  r e c e n t  

s tudy o f  nuc lea r  waste b u r i a l  grounds (Murphy and Hol t e r  1980). 

Use o f  a  mass l o a d i n g  f a c t o r  o f  10-4 g/m3 corresponds t o  an average 

annual wind e ros i on  r a t e  o f  l e s s  than 2 mm/year, o r  a  r a t e  o f  n e a r l y  32 

MT/year per  hectare.  Th i s  e ros i on  r a t e  i s  f a i r l y  low by t h e  standards o f  

Murphy and H o l t e r ,  1980; b u t  i t  corresponds c l o s e l y  w i t h  t h e  assumptions o f  

F i g u r e  3.1 f o r  f i ne -g ra i ned  s o i l  s. 

Fo r  t h e  second scenar io,  t h e  t ime  o f  exposure i s  increased t o  5760 

hours per year,  and consumption o f  home-grown garden vegetab les i s  

inc luded .  The i n g e s t i o n  pathways used f o r  t h i s  a n a l y s i s  a r e  those o f  t h e  

s tandard Hanford maximal ly-exposed i n d i v i d u a l  (Nap ie r  1981). Th i  s  i nd i -  

v i dua l  i s  assumed t o  r a i s e  a  l a r g e  f r a c t i o n  o f  h i s  own f r u i t s  and vege- 

tab1 es f o r  personal  consumption. These parameters r e f 1  e c t  t h e  a g r i c u l  t u r a l  

p r a c t i c e s  p r e v a l e n t  i n  t h e  south c e n t r a l  Washington Columbia Bas in  (Bustad 

and Te r r y  1957, Ess ig  and Cor ley 1969). Exposures by t h i s  second scenar io  

a re  n o t  assumed t o  s t a r t  f o r  a t  l e a s t  100 years .  

4.1.2 E x a m ~ l  e  A1 lowabl e  Sur face Contaminat ion 

The unmodi f ied maximum annual doses t o  an i n d i v i d u a l  r e s u l t i n g  f rom 

t h e  two exposure scenar ios  descr ibed i n  Sec t ion  4.1.1 a r e  g iven  i n  

Tab1 e 4.1 f o r  se lec ted  rad ionuc l  i des .  They a re  presented f o r  one t ime  

window f o r  t h e  f i r s t  scenar io  and two t ime  windows f o r  t he  second scenar io .  

I nspec t i on  o f  t h e  UFlADs i n  t h i s  t a b l e  shows t h a t  t h e  second scenar io  has 

t h e  g r e a t e s t  p o t e n t i a l  f o r  exposing i n d i v i d u a l s  t o  r a d i a t i o n  f o r  a l l  r ad i o -  

nuc l i des  except  cesium-137. The dose r a t e s  i n  scenar io  2  a r e  l e s s  a t  1000 



TABLE 4.1 Unmodif ied Plaximun Annual noses f o r  a  Near-Term and a 
Far-Term Exposure Scenar io f o r  Seeoage Pond Disposal  
Systems (mremlyear per pCi /gram) 

Scenar io  1 Scenar io  2  

Radi onucl  i de (Presen t )  (100 Years) (1000 Years) 

( a )  The E-format n o t a t i o n  used i n  t h i s  r e p o r t  should be read as 
6.2E-3 = 6.2 x  10-3. 

( b )  Increases t o  1.0+2 a t  10,000 years .  

y e a r s  than a t  100 years  f o r  a l l  n u c l i d e s  except  uranium-238, f o r  which 

1  ong-1 i v e d  daughter p roduc ts  a r e  accurnul a t i n g .  

The ARCL o f  each o f  these  r a d i o n u c l i d e s  f o r  a  500 mremlyear dose l i m i t  

i s  g i ven  i n  Table  4.2. The ARCL a r e  d e r i v e d  from t h e  most r e s t r i c t i v e  o f  

t h e  UtIADs o f  Tab le  4.3, except  f o r  t h a t  f o r  uranium-238. Secause t h e  

daughters o f  t h e  uranium cha in  do n o t  reach secu la r  e q l l i l i b r i u m  w i t h  t h e  

p a r e n t  f o r  many thousand years ,  t h e  r e s u l t  f o r  U-238 i s  based on 10,000 

y e a r s  o f  decay t ime.  

Because most o f  t h e  ARCL va lues i n  Table  4.3 a r e  based on t h e  second 

exposure scenar io,  i t  i s  apparent  t h a t  c leanup e f f o r t s  a r e  r e q u i r e d  more t o  

p r o t e c t  i n d i v i d u a l s  i n  t h e  l o n g  term than t o  reduce occupat iona l  exposure t o  

workers i n  t h e  s h o r t  term. T h i s  i s  a  r e s u l t  o f  t h e  l i m i t e d  exposure pathways 

t h a t  can be p o s t u l a t e d  f o r  workers i n  a  c o n t r o l l e d  s i t u a t i o n ,  as opposed t o  

t h e  more v a r i e d  pathways poss i  b l  e  f o l l  owing u n r e s t r i c t e d  re1 ease. 

4.2 SUBSURFACE SOIL CONTAMINATION 

Waste s to rage  and d isposa l  opera t ions  can r e s u l t  i n  con tamina t ion  o f  

subsurface s o i l .  Fo r  wel l -des igned s i t e s ,  t h e r e  i s  no resuspension o f  



TAYLE 4.2 ARCL Derived f o r  a  Design Ob jec t i ve  o f  500 mrein/year 
a t  any Fu tu re  Time f o r  Seepage Pond Disposal  Systems 

Radionucl i de ARCL ( p ~ i / g ) ( a )  

( a )  A1 1 va lues have been rounded t o  one 
s i g n i f i c a n t  f i g u r e .  

( b )  Based on 10,000 y e a r  decay t i n e .  

contaminated m a t e r i a l ,  so the  i n h a l a t i o n  pathway need n o t  be eva l  uated. 

Sur face cover  o r  overburden a l so  reduces t h e  d i r e c t  i r r a d i a t i o n  dose r a t e .  

The example waste d isposa l  s i t e  used t o  demonstrate c a l c u l a t i o n  o f  

ARCL f o r  b u r i e d  waste i s  t h e  Hanford TRU storagelwaste d isposa l  s i t e  

218-W-4B, l o c a t e d  near t h e  western edge o f  t h e  Hanford 200 West Area. It 

c o n s i s t s  o f  12 t renches o f  unsegregated waste, each about 177 m x  3 m x 4 In 

(580 x  29 x  13 f t ) ,  one segregated TRU t r ench  about 177 m x  13  x  2  m (580 x  

43 x  6 f t), and 12 caissons, which a re  concre te  and metal b i n s  b u r i e d  below 

ground. For  t h i s  example, o n l y  t h e  281-W-4B t renches a re  considered. A 

complete d e s c r i p t i o n  o f  t h e  s i t e  i s  g iven  i n  t he  r e fe rence  l e t t e r  by 

Me r r i c k  (1981 ) . 
B u r i a l  ground 218-W-48 i s  a  f a i r l y  r ep resen ta t i ve  waste d isposa l  area 

on t h e  Hanford S i t e .  The r a d i a t i o n  exposure scenar io  developed i n  

Sec t ion  4.2.1 f o r  t he  s i t e  i s  thus  general  enough t o  be app l i ed  t o  most 

waste d isposa l  areas a t  Hanford. The va lues o f  UHAD c a l c u l a t e d  f o r  t h i s  

s i t e  have been used, w i t h  app rop r i a t e  m o d i f i c a t i o n s  f o r  su r face  area, depth 

o f  overburden, and e x i s t i n g  b a r r i e r s ,  t o  determine ARCL f o r  most contan- 

i n a t e d  areas a t  Hanford. These r e s u l t s  have been used t o  es t imate  t he  

1 eve1 s  o f  remedial  a c t i o n  requ i red ,  r e s u l t i n g  costs ,  and environmental  

impacts f o r  t h e  upcoming Hanford Defense Waste EIS (HDW-EIS). Because no 

annual dose 1 i m i t s  f o r  r e l ease  o f  waste s i t e s  now e x i s t ,  t h e  ARCL a n a l y s i s  



f o r  t h e  HDW-EIS uses a parametr ic  approach, app l y i ng  t h r e e  design o b j e c t i v e  

dose r a t e  l i m i t s .  The t h r e e  dose r a t e s  chosen f o r  ana l ys i s  a re :  

25 mremlyr, se lec ted  as a lower  va lue based on p resen t  Env i ronnenta l  

P r o t e c t i o n  Agency (EPA) standards f o r  nuc lear  f u e l  - c yc l  e opera t ions  

(40  CFR 1901, develop ing EPA standards f o r  HLW opera t ions  ( d r a f t  40 CFR 

1911, and proposed Nuclear Regula tory  Commission (NRC) standards f o r  

1 ow-level waste management opera t ions  (Federal  Reg is te r  1981b) ; 

100 rnremlyr, se lec ted  as a mid-range va lue equal t o  t he  na tu ra l  

r a d i a t i o n  background i n  t h e  Hanford area; and 

500 mremlyr, se l ec ted  as an upper va lue based on proposed NRC low- 

1 eve1 waste d i  sposal standards, p resen t  NRC standards ( 10 CFR 20.105), 

I n t e r n a t i o n a l  Commission on Rad ia t i on  P r o t e c t i o n  ( ICRP) 

recommendations, and present  Department o f  Energy (DOE) guidance (AEC 

1973 ) . 
4.2.1 Subsurface Contaminat ion Exposure Scenar io 

The EPA de f ined  "Access ib le  Environment" (40  CFR 191) t o  be: 

"The Ear th '  s atmosphere, 1 and surface, su r face  waters, and those 
underground sources o f  d r i n k i n g  water t h a t  a r e  more than one n i l e  
i n  any ( h o r i z o n t a l )  d i r e c t i o n  from t h e  o r i g i n a l  l o c a t i o n  o f  t h e  
r a d i o a c t i v e  wastes i n  a d isposal  system." 

Fo r  the waste s i t e s  a t  Hanford, r a d i o a c t i v e  wastes a r e  e f f e c t i v e l y  

i s o l a t e d  a t  p resen t  from the  atnosphere and l o c a l  su r face  waters. The 

Hanford hydrology/geoloqy e f f e c t i v e l y  i s o l a t e s  them from the  ground water. 

A c r i t i c a l  p o i n t  becomes t h e  d e f i n i t i o n  o f  "1 and surface."  A1 1 s o i l  s 

w i t h i n  t h e  upper 10 m (33 f t )  o f  t h e  e a r t h ' s  c r u s t  can be assumed t o  be 

w i t h i n  a p o t e n t i a l l y  b i o l o g i c a l l y  a c t i v e  zone. O f  d i r e c t  concern i s  

t r a n s p o r t  o f  nuc l i des  w i t h i n  t h i s  zone t o  t he  ac tua l  su r face  by b i o l o g i c a l  

o r  phys ica l  means. Whi le l o c a l i z e d  " h o t  spots" can r e s u l t  from animal 

ac t ion ,  t h e  o v e r a l l  r ad i onuc l i de  m i g r a t i o n  caused by animal a c t i o n  has n o t  

y e t  been f u l l y  evaluated. Th i s  pathway may be rev i sed  a t  a l a t e r  date, 

depending on f u t u r e  research (McKenzie, e t  a1 . 1982). 



The 218-W-4B burial ground s i t e  i s  currently in a restricted area and 
i s  expected t o  remain so for  the foreseeable future. Dose rates t o  workers 
in the vicinity of the buried wastes are negligible. However, over a very 

1 ong period, the s i t e  nay again become accessible t o  the general pub1 ic.  

Persons may move onsite in the future and engage i n  ac t iv i t ies  such as con- 

struction and small farming. I t  i s  necessary to compare the surface area 

of the waste s i t e  with the garden size required for an individual to raise 

his ent i re  annual consumption of garden vegetables. This step does not 

have a well-defined algorithm, b u t  as a general rule for  Hanford conditions 

an area of about one hectare (about 2.5 acres) i s  assumed to be required to 
grow an individual ' s  complete supply of vegetables. For s i t e s  smaller than 
one hectare (2.5 acres),  the consumption parameters are reduced accord- 

ingly. This reduction of consuvption parameters has the same effect  as 

averaging the contamination over a larger garden surface area. For larger 

s i t e s ,  the individual consumption rates  are not increased, b u t  more people 
are assumed to be involved. Standard Hanford exposure parameters are used 

(Napier 1981). For small s i t e s ,  only vegetable crops are assumed. For 
s i t e s  with a large surface area, pathways including foraging animal s can be 

included. 

The example waste s i t e  has an overall surface area of about 4 ha (10 
acres). 'Therefore, i t  i s  of suff icient  size t o  support one t o  four persons 
consuming 230 kg/year of garden-grown vegetables, b u t  small enough so that  

a potential contribution from grazing animals i s  small. 

Other assumptions used are: 

1. From the s i t e  description (Merrick 1981), the waste i s  assumed t o  be 
homogeneously distributed in the so i l .  The information given in the 
s i t e  description implies that  most of the waste i s  in a fonn that 
makes package integrity considerations unimportant. 

2. The waste i s  below an overburden of 1.3 m (4 f t )  of d i r t .  Therefore, 
30% of plant roots could have penetrated the waste a t  times 100 and 

400 years from the present. In 10,000 ,years, the rocky soil may be 
assumed to have eroded about one meter, so the root penetration would 
increase t o  70%. 



3. The i s o t o p i c  composi t ion o f  t h e  uranium i s  assumed t o  be: 

I sotope A c t i v i t y ,  %* Wqt % * 

4. The s i t e  d e s c r i p t i o n  i n d i c a t e s  t h a t  t he re  a re  about 52 kg  (139 l b )  o f  

TRUs i n  t h i  s  s i t e .  The p l  utonium i s o t o p i c  composi t ion i s  assumed t o  be: 

I sotope A c t i v i t y ,  %* Wgt % * 

The va lues i n  assumptions 3  and 4  a re  der i ved  from es t imat ions  o f  t he  

p resen t  i n v e n t o r i e s  o f  r ad i onuc l i des  i n  Hanford waste s i t e s  made us ing  

the  ORIGEN computer program. S im i l  a r  i s o t o p i c  breakdowns f o r  e x i s t i n g  

Hanford wastes, and wastes p ro j ec ted  t o  be generated, can be der i ved  

from in fo rmat ion  g iven  i n  t h e  documents RHO-LD-141 (Rockwell 1980) o r  

RHO-HS-ST-1 (Rockwell 1982 1. 

5. The TRUs a re  p r i m a r i l y  l o c a t e d  i n  a  r e t r i e v a b l e  s torage area, a l though 

t h e  e n t i r e  s i t e  i s  somewhat contaminated w i t h  TRU waste. 

6. The ass1~17led c u r r e n t  i n v e n t o r y  and r e s u l t i n g  contaminat ion 1  eve1 s  a re  

those g iven  i n  Table 4.3. 

* A l l  va lues have been rounded t o  two s i g n i f i c a n t  f i gu res .  Therefore,  
percentages may n o t  add t o  100. 



TABLE 4.3 Present  Contaminat ion Leve ls  o f  S i t e  218-'rl-4B (Trenches) 

To ta l  Cur ies  S p e c i f i c  A c t i v i t y  
Radionuc l ides I n  Trenches( a) (pC i /g )  

To ta l  1.5E+4 1.5E+5 

(a )  From Mer r i c k  (1981). 

Given the  c o n d i t i o n s  o f  assumption 1, t h e  UMAD f o r  s i t e s  o f  t h i s  t ype  

a re  g i ven  i n  Table 4.4. As descr ibed i n  Sec t ion  2.2.3, these a re  t he  

l a r g e s t  annual doses t h a t  c o u l d  be expected through t h e  des ign o b j e c t i v e  

scenar io  f o r  1980 concen t ra t i ons  o f  1 uCi/gm. The doses i n c l u d e  c o n t r i b u -  

t i o n s  f rom t h e  ing rowth  o f  decay cha in  daughter p roduc ts  w i t h  t ime.  The 

LIMA0 a r e  g iven  f o r  t ime  windows t h a t  correspond t o  p o s s i b l e  l o s s  o f  c o n t r o l  

o f  t h e  s i t e  (100 yea rs ) ,  p o t e n t i a l  b a r r i e r  degradat ion as g iven  i n  

Table  3.1 (400 yea rs ) ,  and t he  l o n g  term (10,000 years ) .  



TABLE 4.4 Unmodif ied lllaximum Annual Dose by Paren t  Nuc l ide  f o r  
Example S i t e  218-W-48, Normal i z e d  t o  1980 S o i l  
Concent ra t ions (mrem/yr per  ~ C i / g )  

C r i t i c a l  Unmodif ied llaximum Annual Doses (UPIAO) 

Radionucl i d e ( a )  Organ Year 100 Year 400 Year 10,000 

T o t a l  Body 

Bone 

Bone 

GI-LLI  

Bone 

Bone 

T h y r o i d  

G I  -LL I  

Bone 

Bone 

Bone 

Bone 

Bone 

Bone 

Bone 

Bone 

Bone 

Bone 

Bone 

Bone 

Bone 

Bone 

Bone 

O.0EO 

3.9E+4 

0. OEO 

3.4E+5 

9.OE+3 

O.OEO 

3.3E+7 

0. OEO 

O.OEO 

3.3E+6 

2.3E+S 

2.0E+6 

4.8E+5 

1.7E+7 

l . lE+6  

6.6E+5 

8.1E+5 

6.1E+3 

1.8E+4 

8.1E+3 

5.3E+O 

2.2E+4 

1.6E+2 

( a )  Radionuc l ides w i t h  ha1 f -1  i v e s  1 ess than 5 years ,  and t h a t  a re  n o t  
members o f  l o n g - l i v e d  decay cha ins,  such as Ru-106 o r  Ce-144, do n o t  
c o n t r i b u t e  t o  t h e  base scenar io .  



There a re  many op t i ons  f o r  t he  s t a b i l i z a t i o n  o f  Hanford waste s i t e  

218-W-40. They can be c lassed i n t o  two a l t e r n a t i v e s - - r e t r i e v a l  o f  t h e  

waste o r  i n s t a l l a t i o n  o f  engineered b a r r i e r s .  The lnost r e s t r i c t i v e  o f  t h e  

100-year and 10,000-year ARCL can be used t o  determine t he  requirements f o r  

waste r e t r i e v a l .  These two can a l so  be used t o  determine i f  b a r r i e r s  a re  

requ i red  f o r  the  i n - s i t u  d isposal  op t ion .  I f  b a r r i e r s  a r e  requ i red ,  t h e  

400 yea r  ARCL can be used t o  determine how e f f e c t i v e  t h e  b a r r i e r s  must be 

a t  400 years.  These ARCL a re  der i ved  from the  UMAD o f  Table 4.4, and us ing  

t h e  c o r r e c t i o n s  o f  assumption 2, Sec t ion  4.2.1. These r e s u l t s  a re  g iven  i n  

Table 4.5 f o r  a  des ign o b j e c t i v e  dose 1  i n i t  of  500 mrem/year. I n  essence, 

t h e  need f o r  a c t i o n  i s  determined by t h e  most r e s t r i c t i v e  va lue f o r  each 

r a d i o n u c l i d e  ( e i t h e r  t h e  100 year  o r  t he  10,000 yea r  column). The most 

r e s t r i c t i v e  va l  ue prov ides i n d i c a t i o n  o f  how much waste must be r e t r i e v e d  

f o r  t h e  a l t e r n a t i v e  o f  waste exhumation. For  the  i n - s i t u  d isposa l  a l t e r n a -  

t i v e ,  t h e r e  i s  p o t e n t i a l  need f o r  e i t h e r  shor t - term ( f i s s i o n  p roduc t )  

b a r r i e r s  o r  long- term b a r r i e r s .  Th i s  need can be determined by t h e  use o f  

t h e  most r e s t r i c t i v e  o f  the  400 year  and 10,000 yea r  co l  umns. I n  o the r  

words, a  waste s i t e  t o  be disposed o f  i n - s i t u  t h a t  con ta ins  no re  than t he  

most r e s t r i c t i v e  ARCL va l  ues (years  100 and 10,000), b u t  n o t  qo re  than t he  

most r e s t r i c t i v e  ARCL f o r  years  400 and 10,000, r equ i res  o n l y  a  h a r r i e r  

adequate f o r  about 300 years.  I f  however, t h i s  s i t e  does exceed t h e  a l low-  

ab le  l i m i t s  a t  e i t h e r  400 o r  10,000 years,  then a  long- term b a r r i e r  i s  

requ i red .  

Table 4.6 g ives  t h e  r e s u l t  o f  app l y i ng  Equat ion 3  (Sec t i on  2.2.3) t o  

Tables 4.4 and 4.5 f o r  t h ree  r a d i a t i o n  dose design ob jec t i ves .  Values 

g rea te r  than one i n d i c a t e  t he  need f o r  a c t i o n  based on t h e  r a d i a t i o n  dose 

c r i t e r i o n .  It i s  apparent from Table 4.6 t h a t  some a c t i o n  i s  r equ i red  f o r  

t h i s  s i t e .  Values a re  g iven  f o r  218-W-4B b o t h  w i t h  and w i t h o u t  removing 

t he  s i n g l e  high-TRU t rench,  because t h a t  t rench,  con ta in i ng  most o f  t h e  TRU, 

i s  r e t r i e v a b l e  storage. Showing bo th  se t s  o f  values i n  Tab1 e  4.6 p rov ides  

an i n d i c a t i o n  o f  whether c lean ing  up o n l y  t h e  TRU i s  s u f f i c i e n t ,  o r  i f  an 

impetus remains f o r  f u r t h e r  ac t ion .  



TARLE 4.5 A1 1  owable Residual Contawinat ion Level s  (ARCL) f o r  
S i t e  218-W-4B f o r  500 mrem/year Design Ob jec t i ve  

1980 ARCL Val ues ( pCi /g) !!esul t i n g  i n  
i n  500 mrem/year a t  I n d i c a t e d  ~ i m e s ( a )  

Radi onucl i de 100 y r s  400 y r s  10,000 y r s  

( a )  A l l  va lues have been rounded t o  one s i g n i f i c a n t  f i g u r e .  

( b )  Dashes ( - - I  i n d i c a t e  concen t ra t ions  a re  i n d i c a t e d  g rea te r  than t h e  
s p e c i f i c  a c t i v i t y  o f  t h e  pure substance. 

( c )  I n d i c a t e s  nuc l i des  f o r  which t h e  ARCL i s  c o n t r o l l e d  by events a t  l o n g  
t ime  per iods.  



TABLE 4.6 Resu l t s  o f  Equat ion 3 f o r  S i t e  218-W-4B 
(Trenches Only) 

Wi th  TRU 

Year 100 

Year 400 

Wi thout  TRU 

Year 100 

Year 400 

Sum o f  t h e  Ra t ios  o f  E x i s t i n g  Concen t ra t ion  t o  ARCL 
( Z  ~ i / P i )  f o r  t h r e e  Design Ob jec t i ves  

The va lues i n  Table  4.6 a r e  c a l c u l a t e d  us i ng  t h e  most r e s t r i c t i v e  o f  

t h e  100 and 10,000 y e a r  va lues i n  Table  4.4 f o r  the  "year  100" row, and t h e  

most r e s t r i c t i v e  o f  t h e  Table  4.4 va lues f o r  years  400 and 10,000 f o r  t h e  

"year  400" row. The "year  100" row shows t h e  need f o r  some a c t i o n  *or  bo th  

geo log ic  and i n - s i  t u  d isposa l  . The "year  400" row i n d i c a t e s  t h e  need f o r  

long- term b a r r i e r s  un less t h e  TRU t r ench  i s  removed f o r  a l l  des ign ob jec-  

t i v e s .  Shor t - term b a r r i e r s  a r e  i n d i c a t e d  f o r  i n - s i t u  d isposa l  i n  a l l  

cases. 

It i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  contaminat ion l e v e l s  o f  Table  4.3, 

i f  l e f t  as they  a re  now, c o u l d  r e s u l t  i n  a  dose r a t e  o f  up t o  5.4 rem/year 

i n  100 years ,  d e c l i n i n g  t o  0.45 rem/year i n  400 years ,  based on t h e  assumed 

exposure scenar io.  ( T h i s  i n f o r m a t i o n  can he der i ved  from Tables 4.3 and 

4.4.) Fo l l ow ing  removal o f  t h e  TRU t rench,  any b a r r i e r  t h a t  would p reven t  

f a rm i  nq f o r  400 years  would r esu l  t i n  t h i s  s i t e  meet ing t he  500 rnrem/year 

des ign o b j e c t i v e  f o r  i n - s i t u  d isposal .  Any h a r r i e r  t h a t  r e s u l t e d  i n  a  75 

pe rcen t  r e d u c t i o n  i n  exposure f o r  l o n g  per iods,  as cou ld  be ob ta ined  by a  

1.2 rn (3.9 f t )  l a y e r  o f  s o i l  o r  a  0.8 m (2.6 f t )  l a y e r  o f  rocks,  would 

r e s u l t  i n  t h e  s i t e  meet ing a  100 mrem/year des ign ob jec t i ve .  Yee t inq  t he  

500 mremlyear o b j e c t i v e  i n  t h e  y e a r  100 through waste recovery  would 

r e q u i r e  removal o f  over  91  percen t  o f  t he  wastes i n  t h e  s i t e .  



4.2.3 S i m o l i f i c a t i o n  f o r  S i m i l a r  Hanford S i t e s  

The rad ionuc l i des  dominat ing t he  dose ana l ys i s  o f  example s i t e  

218-!4-48 i n  Sec t ion  4.2.2 a re  s t ront ium-90 and plutonium-239. For  t h e  case 

where the  TRU storage t r ench  i s  removed, t h e  dominant r ad ionuc l i des  a re  

stront ium-90 and cesium-137. Ana lys is  o f  many waste s i t e s  a t  Hanford has 

shown t h a t  t h e  s i g n i f i c a n t  pathways and rad ionuc l i des  a r e  s i m i l a r  f o r  a  

l a r g e  v a r i e t y  o f  s i t e s .  The doses a re  dominated f o r  the  f i r s t  severa l  

hundred years  by s t r o n t i  urn-90, cesium-137, and va r i ous  i so topes  o f  p l  u- 

tonium, and a f te rwards  by t h e  va r i ous  l o n g - l i v e d  t ransuran ics .  T h i s  i s  a  

r e s u l t  o f  common waste sources a t  Hanford, t h e  defense r e l a t e d  reorocess ing 

a c t i v i t i e s .  Since t h i s  i s  a  general  conclusion, i t  i s  poss ib l e  t o  develop 

a shortened procedure f o r  waste s i t e s  a t  Hanford f o r  which t h e  scenar io  

descr ibed i n  Sect ion 4.2.1 app l ies .  

The " S i t e  Cha rac te r i za t i on  and I nven to r y  o f  Hanford Defense Waste" 

(Rockwell 1982) con ta i ns  1  i s t s  o f  ~ r o j e c t e d  Hanford rad ionuc l  i d e  inven- 

t o r i e s .  These show t h a t ,  f o r  the  n e x t  hundred years ,  Sr-90 and Cs-137 w i l l  

account f o r  about 94% o f  a l l  t h e  f i s s i o n  product  a c t i v i t y  a t  Hanford, and 

i so topes  o f  p lu ton ium and americium account f o r  95% o f  t he  remainder. Out 

t o  10,000 years ,  p lu ton ium s t i l l  accounts f o r  over 90% o f  the  a c t i n i d e  

a c t i v i t y ,  w h i l e  Tc-99 becomes 67% o f  the  t o t a l  f i s s i o n  product  i n v e n t o r y  

remaining. 

It i s  p o s s i b l e  t o  d e r i v e  a  genera l ized unmodif ied maximum annual dose 

and an ARCL f o r  a  m i x t u r e  o f  rad ionuc l ides ,  assuming t he  m i x t u r e  i s  known. 

Th i s  can be done from base p r i n c i p l e s  f o r  any scenar io.  It may a l s o  be 

done by back -ca l cu l a t i ng  f rom s i t e - s p e c i f i c  ARCL, such as those g iven  i n  

Table 4.5, as 



Th is  i s  a  s imple m o d i f i c a t i o n  o f  Equat ions 2 and 3 g iven i n  Sec t ion  2.3.3, 

and a1 1 v a r i a b l e s  a r e  de f ined  as before.  

From Rockwell 1982, Appendix A, a  spectrum o f  r ad ionuc l i des  a t  t h e  

sub jec t  t imes can be der ived.  Th i s  i s  g iven  i n  abbrev ia ted f o m  i n  

Table 4.7. It i s  apparent from Table 4.8 t h a t  along w i t h  Cs-137, Sr-90, 

and t h e i r  daughters, o n l y  f i v e  o the r  i so topes  make up nea r l y  99.5% o f  t he  

in - tank  r a d i o a c t i v i t y  a t  100 years  decay. 'These nuc l ides  s t i l l  account f o r  

over  70% o f  t h e  a c t i v i t y  10,000 years  hence. Thus, i t  seems reasonable t o  

prepare a Hanfo rd -spec i f i c  UMAD, based on t he  scenar io  o f  Sec t ion  4.2.1, 

f o r  a  m i x t u r e  o f  t h e  isotopes Tc-99, Sm-151, Pu-239, Pu-240, and Am-241. 

Th i s  may be used w i t h  t h e  UMAD f o r  Cs-137 and Sr-90 t o  do s imple screening 

o f  Hanford-re1 a ted  waste s i t e s .  Th i s  UHAD, c a l c u l a t e d  us ing  Equat ion 6, i s  

1x10+4 a t  100 years,  1x10+4 a t  400 years,  and 6x10+3 mrem/year per  t o t a l  

uCi/g a t  10,000 years.  

TABLE 4.7 Hanford Radionucl ide I nven to r i es  of In-Tank Defense Waste 
as a Func t ion  o f  Time (From Rockwell 1982, Appendix A) 

Radionucl i d e  I nven to ry  a t  Selected Times, C i  

Nucl i de 100 Years 400 Years 10,000 Years 

0. OEO 

3.6E34 

O.OEO 

0. OEO 

1.8E+4 

2.4E+3 

5.4E-1 

2.4E+5 

( a )  Exc lud ing Sr-90 and Cs-137 daughters Y-90 and Ba-137m. 



5.0 Cr)F.lPARISON OF ARCL RESULTS WITH OTHER 9ECOMMENC)ATIONS 

As discussed i n  Sec t ion  1.1, va r i ous  researchers  and r e g u l a t o r y  agen- 

c i e s  have proposed s o i l  concen t ra t i on  l i m i t s  f o r  se l ec ted  circumstances. 

The r e s u l t s  o f  t h e  examples g iven  i n  Sect ion 4  can be compared w i t h  sug- 

gested values f o r  b o t h  sur face and subsurface contaminat ion.  

5.1 SURFACE CONTAFIINATION 

Numerous researchers  have s tud ied  t he  problem o f  r a d i a t i o n  dose t o  

i n d i v i d u a l  s  f rom res i dua l  s o i l  contaminat ion.  The resu l  t s  have been 

couched i n  va r ious  terms (maximum p e m i  ss i  b l  e  concen t ra t i on  1  eve1 s, r esu l  t- 

i n g  doses, and o thers )  f o r  va r i ous  purposes. For  comparison the  r e s u l t s  o f  

t h r e e  o f  t h e  most comprehensive s tud ies  a re  1  i s t e d  i n  Table 5.1 a long w i t h  

t h e  r e s u l t s  o f  t h e  ARCL method. The b a s i s  o f  t h e  comparison i s  t h e  s o i l  

concen t ra t ion  o f  each r a d i o n u c l i d e  t h a t  r e s u l t s  i n  a  500 mremlyr dose t o  an 

i n d i v i d u a l .  The va lues from Boothe (1979) a re  f o r  a  Han fo rd -spec i f i c  scen- 

a r i o ,  assuming i n s t i t u t i o n a l  c o n t r o l  cont inues i n d e f i n i t e l y .  Because t h e r e  

i s  no p o s s i b i l i t y  f o r  an o n s i t e  r e s i d e n t  i n  Boothe's assumptions, h i s  

r e s u l t s  a re  gene ra l l y  h igher  than t he  o thers .  The except ions a re  uranium 

and plutonium. Boothe a p p l i e s  t h e  l i m i t s  a i r  and water concen t ra t i on  o f  DOE 

Manual Chapter 0524 and an i n h a l a t i o n  resuspension f a c t o r  much g rea te r  than 

those gene ra l l y  used, r a t h e r  than a  dose 1  i m i t .  The range o f  r e s u l t s  g iven  

by Healy, Rodgers, and Wienke (1979) a r e  f o r  two scenar ios,  one w i t h  a  d i e t  

c o n s i s t i n g  o f  e n t i  r e l y  home-grown foods, t h e  o the r  w i t h  o n l y  1  i m i t e d  con- 

sumption o f  hone-grown food. These r e s u l t s  f i t  re1  a t i v e l y  c l  ose ly  w i t h  

those der i ved  from a  study o f  nuc lear  waste b u r i a l  grounds by Murphy and 

Hol t e r  (1980). The va l  ues f rom Murphy and Hol t e r  a r e  der i ved  from the  

i nven to r y  and r e s u l t i n g  doses presented i n  t he  appendices o f  t h e  b u r i a l  

ground study, co r rec ted  f o r  decay. F i n a l l y ,  t h e  ARCL va lues g iven  a re  

der i ved  from Table 4.2, co r rec ted  f o r  r a d i o a c t i v e  decay t o  match t h e  o the r  

scenar ios.  A l l  ARCL va lues a re  w e l l  w i t h i n  an o rder  o f  magnitude o f  those 

by Healy, Rodgers, and Mienke (1979) and Murphy and Hol t e r  (1980),  except 

t h e  va l  ue f o r  Sr-90. 



TABLE 5.1 Contaminat ion Level s  t h a t  Resul t i n  I n d i v i d u a l  Annual r)oses 
o f  500 mrem/year t o  Bone Der ived from Var ious References 

Ca lcu la ted  S o i l  Contaminat ion Level  s. D C ~  /aram 

Radi onucl i de Boothe 1979 Healy e t  a1 .I979 Murphy 1990 - ARCL 

(a )  H i g h l y  dependent on daughter product  accumulat ion.  

( b )  From Healy 1977 

The d i f f e r e n c e  f o r  s t r on t i um  i s  t h e  use o f  a  Hanford s i t e - s p e c i f i c ,  ~ l a n t -  

t o - s o i l  concen t ra t i on  r a t i o  f o r  t h e  ARCL c a l c u l a t i o n  t h a t  i s  an o rde r  o f  

magnitude g rea te r  than t h a t  conven t i ona l l y  used f o r  gener i c  analyses. 

The comparison o f  r e s u l t s  i n  Table  5.1 i l l u s t r a t e s  two th ings .  F i r s t ,  

c o n s i d e r a t i o n  o f  s i  t e - s p e c i f i c  exposure parameters can r e s u l t  i n  s i g n i f i -  

c a n t  d i f f e r e n c e s  i n  t h e  f i n a l  r esu l t - - as  i l l u s t r a t e d  by t h e  d i f f e r e n c e s  i n  

t h e  r e s u l t s  o f  Boothe and t h e  others .  Second, t h a t  even though a s s ~ ~ m p t i o n s  

and methods may vary  w ide ly ,  f o r  s i n i i l  a r  s i t u a t i o n s  d i f f e r e n t  s t u d i e s  w i l l  

g e t  s i m i l a r  r e s u l t s ,  as shown i n  t he  correspondences o f  Healy, Rodgers, and 

Wienke w i t h  t h e  ARCL and Murphy and H o l t e r .  

5.2 SUBSURFACE CONTAMINATION 

The most complete s tudy o f  p o t e n t i a l  i n d i v i d u a l  doses from res i dua l  

r ad ionuc l  i des  was r e c e n t l y  issued by t h e  NRC (1981a). NRC de f i ned  rad io -  

a c t i v e  waste c lasses  f o r  d isposa l  i n  so l  i d  waste b u r i a l  grounds. The most 

r e s t r i c t i v e  c l a s s  (C lass  C) i s  de f i ned  on t h e  b a s i s  o f  an i n t r u d e r -  

a g r i c u l t u r e  scenar io  f o r  a  b u r i a l  ground. Other assumptions a r e  t h a t  t h e  

wastes a re  beneath a  5-meter t h i c k  l a y e r  o f  c lean  overburden, and have aged 

500 years .  

The proposed NRC s tandard and corresponding ARCL r e s u l t  f o r  severa l  

r ad i onuc l i des  a r e  g iven  i n  Table  5.2. For  most r ad ionuc l i des ,  t h e  



TABLE 5.2 Comparison o f  10 CFR P a r t  51 Disposal  Concent ra t ion 
Val ues w i  t h  S i  te-Speci f i c  Cal cu l  a  ti ons f o r  Hanford 

A1 1  owed Waste Concent ra t ions 
( u ~ i / c m 3 )  

Radi onucl i de 10 CFR 61(a)  ARCL Method ~ a t i o ( b )  

T+ < 5  years  

H -3 

N i  -59 

Sr-90 

Tc-99 

1-1 29 

CS-135 

CS-137 

U -2 38 

Am-241 

Pu-239 

(a )  Val ues f rom Tab1 e  1 Col unn 3 )  of 10 CFR P a r t  61  (Federal  Reqi s t e r  1981 ) . 
( b )  ARCL method r e s u l t s  d i v i d e d  by 10 CFR 61 r e s u l t s .  

( c )  Theo re t i ca l  s p e c i f i c  a c t i v i t y .  

correspondence i s  remarkably good. The va lue f o r  Cs-137 by t he  t-IRC 

i nc l udes  a  r educ t i on  because o f  p o s s i b l e  i n t r u s i o n  d i r e c t l y  i n t o  t h e  waste, 

w i t h  a t t endan t  d i r e c t  i r r a d i a t i o n .  The o the r  major  d i f f e r e n c e  i s  f o r  

p lutonium. The NRC l i m i t s  a re  f o r  non-TRU waste, which by  a r b i t r a r y  d e f i -  

n i t i o n  i s  s e t  as waste c o n t a i n i n g  l e s s  than 10 nCi/g o f  TRU iso topes .  As 

can be seen from the  dose- re la ted  ARCL, use o f  an a r b i t r a r y  c u t o f f  f o r  any 

rad ionuc l  i d e  cou ld  r e s u l t  i n  o v e r l y  conserva t i ve  standards be ing  se t ,  w i t h  

r e s u l t i n g  opera t iona l  c leanup o r  d isposal  cos ts  go ing up d rama t i ca l l y .  

5.3 DRAFT EPA CRITERIA 

The most r e c e n t  d r a f t  proposal  s  by  t h e  Environmental P r o t e c t i o n  Agency 

on standards f o r  h i gh - l eve l  waste d isposal  ( D r a f t  40 CFR 191) c o n t a i n  two 

sect ions:  t h e  general c r i t e r i a ,  which es tab l  i sh qua1 i t a t i v e  guidance f o r  



d isposa l  programs, and t h e  per fomance standards, which e s t a b l i s h  numerical  

1  i m i t s  on p o t e n t i a l  re leases.  The general c r i t e r i a  apparen t l y  app ly  t o  t h e  

des ign o f  any d isposa l  system, y e t  t h e  per fomance  standards a re  developed 

f o r  a  s p e c i f i c  k i n d  o f  deep geo log ic  waste r e p o s i t o r y .  

The ARCL method descr ibed here i s  i n  congruence w i t h  a l l  seven recom- 

mendations o f  t h e  EPA general  c r i t e r i a .  These recommendations are:  

1) "Wastes should  be disposed of  prompt ly  once d isposa l  systems which 

comply w i t h  these standards a r e  developed." 

2 )  "Disposal  systems should he designed t o  keep re leases  t o  t h e  acces- 

s i b l e  environment as small as reasonably ach ievable ,  t a k i n g  i n t o  

account t echn i ca l  , s o c i a l  , and economic cons ide ra t i ons  ." 
3 )  "Disposal systems should use severa l  d i f f e r e n t  t ypes  o f  b a r r i e r s  t o  

i s o l a t e  wastes f rom the  access ib l e  environment. Both engineered and 

n a t u r a l  b a r r i e r s  s h a l l  be inc luded.  Each such b a r r i e r  s h a l l  be sep- 

a r a t e l y  designed t o  p rov i de  subs tan t i a l  i sol  a t i on ,  regard1 ess o f  t h e  

performance o f  o t h e r  b a r r i e r s . "  

4 )  " A c t i v e  i n s t i t u t i o n a l  c o n t r o l s  should  n o t  be re1 i e d  upon t o  i s o l a t e  

t h e  wastes f o r  more than 100 y e a r s  a f t e r  d isposal  ." 
5) "Disposal systems should  be i d e n t i f i e d  by t h e  most permanent markers 

and records  p r a c t i c a b l e  t o  i n d i c a t e  t he  dangers o f  t h e  wastes and 

t h e i r  l o c a t i o n . "  

6) "Disposal systems should  n o t  be l o c a t e d  where t h e r e  has been m in i ng  

f o r  resources o r  where t he re  i s  a  reasonable expec ta t i on  o f  exp l  ora- 

t i o n  f o r  scarce o r  e a s i l y  access ib l e  resources i n  t h e  f u t u r e .  Fur-  

t he r ,  d i sposa l  systems should n o t  be l oca ted  where t h e r e  i s  a  s i g n i f i -  

c a n t  concen t ra t i on  o f  any m a t e r i a l  which i s  n o t  w ide ly  a v a i l a b l e  f rom 

o the r  sources." 

7) "Disposal systems should be designed so t h a t  most of t h e  wastes may be 

recovered i f  t h i s  i s  found necessary i n  t he  f u tu re ,  un less  t h e  wastes 

a re  removed from the  Earth."  



None o f  these general  recommendations c o n f l i c t  w i t h  t h e  concept o f  1  i m i t i n g  

annual r a d i a t i o n  dose t o  an i n d i v i d u a l  through s i t e - s n e c i f i c  analyses. I n  

f a c t ,  most o f  them would app ly  t o  t h e  ARCL method w i t h  no changes i n  

wording. 

However, t h e  b a s i c  s tandard proposed by t h e  EPA based on t h e  seven 

recommendations i s  a t  v a r i a n c e  w i t h  t h e  ARCL concept. The EPA has 

developed a  s e t  o f  r a d i o n u c l  i d e  re1  ease 1  i m i t s ,  based on an a n a l y s i s  o f  a  

gener i c  r e p o s i t o r y ,  t h a t  a r e  designed t o  l i m i t  t h e  number o f  " h e a l t h  

e f f e c t s "  over  a  10,000-year pe r iod .  'These a r e  r e l a t e d  t o  t h e  t o t a l  c u r i e  

c o n t e n t  o f  1000 m e t r i c  tons o f  heavy metal  (MTHH) . There a re  two d i f f i c u l -  

t i e s  w i t h  t h i s  approach as a p p l i e d  t o  e x i s t i n g  areas o f  r a d i o a c t i v e  contam- 

i n a t i o n .  Qne i s  s imp ly  procedura l  , t h e  second i s  p h i l  osophica l  . 
The procedural  p r o b l  em w i t h  de te rm in ing  compl i a n c e  o f  e x i s t i n g  waste 

s i t e s  w i t h  t h e  EPA r e l e a s e  gu ides a r i s e s  because t h e  r e l e a s e  1  i m i t s  a r e  

based upon a  s p e c i f i c  q u a n t i t y  o f  "heavy meta l "  processed. F o r  waste s i t e s  

w i t h  c o n t e n t s  o n l y  i n d i r e c t l y  t i e d  t o  rep rocess ing  a c t i v i t i e s ,  i t  may be 

ve ry  d i f f i c u l t  t o  determine t h e  MTHM e q u i v a l e n t  assoc ia ted  w i t h  t h e  wastes. 

F o r  defense-re1 a t e d  rep rocess ing  wastes, t h i s  i s  a1 so t h e  case, and may 

a1 so be undes i rab l  e  from a  n a t i o n a l  s e c u r i t y  s tandpoin t .  

The p h i l  osophica l  p r o b l  em 1  i e s  i n  t h e  v a r i a n c e  between re1  ease 1  i m i  t s  

and dose 1  i m i t s .  The EPA r e j e c t e d  i n d i v i d u a l  dose 1  i m i t s ,  t h e  t r a d i t i o n a l  

form o f  r a d i a t i o n  p r o t e c t i o n  s tandard (10  CFR 10, 40 CFR 190), because 

l o n g - l i v e d  r a d i o n u c l i d e s  may p e r s i s t  i n  t h e  env i ronnen t  and expose many 

i n d i v i d u a l  s  t o  smal l  doses, r e s u l  t i n g  i n  1  a r g e r  cumu la t i ve  e f f e c t s .  The 

" h e a l t h  e f f e c t "  concept o f  EPA i s  i n  essence a  c o n t r o l  of t h e  t o t a l  popul a- 

t i o n  exposure. The ARCL method, converse ly ,  i s  based on l i m i t i n g  doses t o  

i n d i v i d u a l  s. Rad ioac t i ve  wastes con ta ined  i~ is01 a ted  s i t e s  w i l l  have 

1  i ttl e  p o t e n t i a l  f o r  exposing more than a  few people  a t  any t i n e .  It i s  

ex t remely  u n l  i k e l y  t h a t  more than o n s i  t e  i n d i v i d u a l  s  c o u l d  be s i g n i f i c a n t l y  

exposed. Therefore,  b y  1  i m i t i n g  t h e  i n d i v i d u a l  dose, t h e  p o p u l a t i o n  dose 

i s  minimized, and t h e  i n d i v i d u a l  members o f  t h e  p o p u l a t i o n  a re  p r o t e c t e d  as 

we1 1  . 



5.4 POTENTIAL USES OF THE ARCL METHOD 

The method f o r  d e t e r m i n i n g  a1 1  owabl e  r e s i d u a l  c o n t a m i n a t i o n  1  eve1 s  

(ARCL) desc r ibed  i n  t h i s  r e p o r t  has severa l  p o t e n t i a l  immediate a p p l i c a -  

t i o n s .  The method can he1 p  answer t h e  genera l  q u e s t i o n  "How c l e a n  i s  c l e a n  

enough?" f o r  a  number o f  a p p l i c a t i o n s .  There a r e  a  l a r g e  number o f  low-  

l e v e l ,  t r a n s u r a n i c ,  and h i g h - l e v e l  waste s to rage  and d i s p o s a l  areas on DOE 

n u c l e a r  f a c i l i t i e s  a t  v a r i o u s  l o c a t i o n s  around t h e  n a t i o n .  The ARCL method 

c o u l d  be used i n  t h e  p r e p a r a t i o n  o f  Environmental  Impact  Statements f o r  

d i s p o s a l  o p e r a t i o n s  a t  many o f  these s i t e s .  A d d i t i o n a l l y ,  t h e  Uranium M i l  1  

T a i l i n g s  Remedial A c t i o n  Program (UMTRAP), t h e  Former ly  U t i l  i z e d  S i t e s  

Remedial A c t i o n  Program (FUSRAP), and t h e  Grand J u n c t i o n ,  Colorado, c leanup 

program a r e  a l l  under way. O b j e c t i v e s  o f  these programs a r e  t o  conduct  

r a d i o l o g i c a l  sc reen ing  and e n g i n e e r i n g  assessments a t  des igna ted  waste 

s i t e s ,  t o  determine remedia l  a c t i o n  requ i rements ,  deve lop p l a n s  and spec i -  

f i c a t i o n s  f o r  imp1 ementi ng remedia l  a c t i o n s ,  pe r fo rm t h e  necessary a c t i o n s ,  

and c e r t i f y  t h a t  s i t e s  can be r e l e a s e d  f o r  u n r e s t r i c t e d  use (DOE 1981, 

Legge t t ,  e t  a1 . 1981).  'The ARCL method i s  f l e x i b l e  enough t o  b e  adap tab le  

t o  each o f  these programs, and c o u l d  be used t o  d e v e l o ~  r e g u l a t o r y  

base1 i n e s  f o r  o t h e r  remedia l  a c t i o n  p r o j e c t s .  
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