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I. INTRODUCTION 

Post-event  d r i l l b a c k  a t  P r o j e c t  RULISON w i l l  r e s u l t  i n  t h e  r e l e a s e  o f  

explosion-produced r a d i o a c t i v i t y .  Th i s  r e l e a s e  may t a k e  one o r  more o f  

t h e  fo l lowing  forms : 

(1) ins t an taneous  r e l e a s e  o f  a l l  explosion-produced r a d i o a c t i v i t y  

a t  t h e  s u r f a c e  (wors t  case) ;  

( 2 )  a p l a u s i b l e  a c c i d e n t  c o n s i s t i n g  o f  rap id  blow-out through 

t h e  d r i l l  h o l e ;  

( 3 )  leakage du r ing  d r i l l b a c k  ( r e l e a s e  o f  r a d i o a c t i v i t y  l e s s  

r ap id  t h a n  i n  s i t u a t i o n  ( 2 )  ; 

(4) r e l e a s e  o f  r a d i o a c t i v i t y  du r ing  gas f l a r i n g ;  

(5) presence  o f  r a d i o a c t i v i t y  'in d r i l l i n g  wastes .  

For  each c a s e  it i s  necessary  t o  d e f i n e  t h e  amount and n a t u r e  o f  rad io-  

n u c l i d e s  r e l ea sed  (pr imary source  term) ; mod i f  i c a t i o n  o f  t h e  primary 

source  te rm v i a  meteorologic  e f f e c t s  and/or  r edepos i t i on  ( c r e a t i o n  of  

secondary sou rce  term);  and r e d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  i n  t h e  

environment by s u r f a c e  and subsur face  water .  

P r e - d r i l l b a c k  p r e d i c t i o n  o f  r a d i o l o g i c a l  e f f e c t s  and p o t e n t i a l  hazards  

w i l l  be developed from models u t i l i z i n g  e x i s t i n g  d a t a  and/or  reasonable 

approximat i ons  whenever d a t a  a r e  l ack ing .  Conf i rmatory sample c o l l e c t i o n ,  

a n a l y s i s ,  and d a t a  review a r e  requi red  f o r  updat ing hazards  and e f f e c t s  

models. Also r equ i r ed ,  i n  t h e  i n t e r e s t  o f  pub l i c  assurance ,  is t h e  

prompt r e l e a s e  o f  d a t a  confirming t h e  accuracy o f  p r e d i c t i v e  models and 

s a f e  execut ion  o f  d r i l l b a c k  o p e r a t i o n s .  



11. GENERAL CONSIDERATIONS 

The o r i g i n a l  source te rm p r e s e n t  i n  t h e  explosion-produced c a v i t y  c o n s i s t s  

o f  products  o f  nuc lea r  f i s s i o n  and o f  neut ron  a c t i v a t i o n  o f  device  

m a t e r i a l s ,  emplacement m a t e r i a l s ,  and t h e  surrounding geologic  media. 

The radioecti-;e S P ~ C ~ C B  c ~ n s t l t i i t l n g  t h e  o r i g i n a l  soilrce te rm w i l l  be 

p r e s e n t  t o  va ry ing  deg rees  i n  s o l i d ,  l i q u i d ,  and gaseous s t a t e s  w i t h i n  

t h e  c a v i t y  and rubble  chimney. D e f i n i t i o n  o f  source terms a t  t h e  s u r f a c e  

a r i s i n g  from any o f  t h e  f i v e  r e l e a s e  mechanisms l i s t e d  e a r l i e r  r e q u i r e s  

de t e rmina t ion  o f  f r a c t i o n s  o f  r a d i o a c t i v e  s p e c i e s  p r e s e n t  i n  t h e  o r i g i n a l  

source  te rm which could be t r a n s p o r t e d  t o  t h e  sur face .  

Meteorologic  t r a n s p o r t  e v a l u a t i o n s  w i l l  u t i l i z e  pre-shot  c l i m a t o l o g i c a l  

s t u d i e s  o f  winds and atmospheric  s t a b i l i t y  i n  t h e  RULISON a r e a .  Previous ly  

developed mathetiat i c a l  d i s p e r s i o n  models1y2 w i l l  be modified t o  i nco rpora t e  

o rog raph ic  e f f e c t s  and s u r f a c e  roughness p e c u l i a r  t o  t h e  Battlement Creek 

Val ley  a r e a .  I n  a d d i t i o n ,  d a t a  c o l l e c t e d  i n  t h e  Bat t lement  Creek Val ley  

a t  f o u r  mechanical weather  s t a t i o n s  and from t h r e e  "pibal"  r e l e a s e  

s t a t i o n s  w i l l  be reviewed and p r e d i c t  i ons  o f  p o s s i b l e  t r a j e c t o r i e s  and 

d i s p e r s i o n  o f  contaminants  w i l l  be made. 

Airborne r a d i o a c t i v i t y  moving away from t h e  RULISON s i t e  a s  a plume is  

s u b j e c t  t o  depos i t i on .  Some o f  t h e  plume components w i l l  be p a r t i c u l a t e s ;  

e . g . ,  f i s s i o n  product  f ragments  a s  f i n e  d u s t  and combustion p a r t i c u l a t e s  

i n  t h e  form o f  s o o t .  P a r t i c l e s  s e t t l e  o u t  due t o  t h e  in f luence  o f  

g r a v i t y  and by p r e c i p i t a t i o n  washout. The r a t e  o f  s e t t l i n g  depends on 

t h e  spectrum o f  p a r t i c l e  s i z e s ,  t h e  r a t e  o f  growth o f  p a r t i c l e s  due t o  

h y d r a t i o n  o r  decomposition, a tmospheric  d i s p e r s i o n ,  and t h e  washout e f f e c t .  

The bu lk  o f  t h e  a i r b o r n e  r a d i o n u c l i d e s ,  however, w i l l  be gaseous. The 

p r i n c i p a l  n u c l i d e s  w i l l  be t r i t i a t e d  wa te r  a s  steam, and krypton-85. These 

by-products a l s o  w i l l  be s u b j e c t  t o  s e t t l i n g  and s u b s t a n t i a l  p o r t i o n s  

may be depos i ted  on t h e  ground s u r f a c e .  The methods o f  depos i t i on  f o r  a  



gas a r e  not a s  predic table  a s  f o r  large  pa r t i cu l a t e s ;  gases can be 

ca r r ied  t o  t h e  ground dissolved i n  r a in ,  snow, o r  even condensation water. 

This would be pa r t i cu l a r l y  t r u e  i n  t he  case o f  t r i t i u m  which w i l l  behave 

l i k e  t h e  bulk of meteoric water. 

Once the  released r sd ioac t i v i t y  copes i n  cnatact  with the  ground surface,  

it is  subject  t o  red i s t r ibu t ion  i n  t he  hydrologic cycle .  The hydrologic 

cycle involves c i r cu l a t i on  of water back i n to  t he  atmosphere, and the  

flow o f  water on and below the  ground surface.  A s  long a s  t he  radio- 

nuclides remain in  solut ion,  they w i l l  continue t o  be redis t r ibuted a s  

a consequence of t h i s  c i rcu la to ry  system. 

An i n e v i t a b i l i t y  of  a  d r i l l back  operation is  t h a t  some material  w i l l  be 

flushed t o  t he  surface ,  whether gas o r  water-mud d r i l l i n g  f l u id  is  used. 

Waste d r i l l i n g  mud, presumably t o  be col lected i n  holding ponds a t  the  

surface ,  could be contaminated with t r i t i a t e d  water and radionuclides 

adsorbed on pa r t i cu l a t e  material  o r  in  aqueous solut ion.  Recirculation,  

with scrubbers and s e t t l i n g  pond, w i l l  r e s u l t  i n  blrlky, l iquid  radio- 

nuclide-bearing waste residue.  The waste may be transported o f f - s i t e  t o  

d i sposa l  s i t e s ,  in ten t iona l ly  evaporated from an impervious l ined pond, 

o r  in jected in to  a  deep waste--storage wel l .  The in jec t ion  method 

requires  knowledge of hydrologic condit ions,  espec ia l ly  of t he  proposed 

storage formation and of  adjacent o r  nearby f resh water aquifers ,  t o  

insure t h a t  t r anspor t  of  unacceptable l e v e l s  of  radioactive wastes from 

s torage t o  a  source of public supply does not occur. 



111. SPECIFIC CASES 

I n  cons ide ra t  ion o f  c a s e s  o t h e r  than instantaneous re l ease  (worst case)  
. ,- 

it is apparent  t h a t  t h e  most probable s u r f i c i a l  primary source term 

would c o n s i s t  o f  gaseous and h ighly  v o l a t i l e  spec ies  such a s  t h e  i n e r t  

gases  (argon,  krypton and xenon), hydrogen, carbon oxides,  water  v a p r ,  

and l i g h t  hydrocarbons, t o  t h e  e x t e n t  t h a t  such gases a r e  present  180 days 

a f t e r  de tonat ion .  Although t h e  i n e r t  gases would i n t e r a c t  minimally, i f  

a t  a l l ,  with t h e  environment, account must be taken o f  t h e  p o s s i b i l i t y  

t h a t  an extremely rapid r e l e a s e  might temporar i ly  c r e a t e  hazardous 

atmospheric concentra t ions .  Hydrogen, water  vapor, and hydrocarbons 

would con ta in  t r i t i u m ;  combustion o f  t r i t i a t e d  hydrogen and hydrocarbons 

by f l a r i n g  would produce t r i t i a t e d  water  i n  excess o f  t h a t  e x i t i n g  

d i r e c t l y  from t h e  cav i ty .  Carbon oxides  (CO, C02) and hydrocarbons might 

a l so  con ta in  carbon-14 produced by neutron a c t i v a t i o n  o f  ma te r i a l s  i n  

and around t h e  nuclear  device ,  p r imar i ly  n i t rogen.  Nitrogen was p resen t  

i n  t h e  high-explosive de tona to r  o f  t h e  device ,  i n  a region of  high neutron 

f l u x ;  a l s o ,  it i s  known t h a t  underground gas bodies sometimes conta in  

high concen t ra t ions  o f  n i t rogen  gas. Carbon ox ides ' con ta in ing  carbon-14 

would c o n t r i b u t e  t o  a gaseous source term, while incomplete combustion 

o f  carbon-14-labeled hydrocarbons dur ing f l a r i n g  might produce p a r t i c u l a t e ,  

e lementa l  carbon ( s o o t )  which could f a l l  o u t  wi th in  a loca l i zed  a r e a .  

S u f f i c i e n t l y  rapid  e f f l u x  o f  gas through t h e  reen t ry  hole  might e n t r a i n  

p a r t i c u l a t e  m a t e r i a l  c o n s i s t i n g  o f  fragments o f  r ad ioac t ive  g l a s s  o r ,  

more l i k e l y ,  fragments o f  rubble wi th  s u r f  i c i a l l y  adsorbed r a d i o a c t i v i t y .  

If l i q u i d  water  is  p resen t  i n  t h e  c a v i t y ,  t h e  p o s s i b i l i t y  e x i s t s  f o r  

entrainment o f  an aqueous a e r o s o l  conta in ing d issolved radioact ive  

ma te r i a l .  Both processes  would c r e a t e  a primary source term d i f f e r e n t  

i n  composition and r a d i o l o g i c a l  p r o p e r t i e s  from t h a t  produced by t h e  

gaseous phase a lone .  Extent  o f  i s o l a t i o n  and containment o f  a source 

term of  t h i s  type would depend on t h e  e f f i c i e n c y  o f  t rapping o r  f i l t e r i n g  

systems i n s t a l l e d  a t  t h e  well-head. 



The d a t a  necessary  t o  p r e d i c t  t h e  tempora l  and s p a t i a l  d i s t r i b u t i o n  o f  

rad ionuc l ide  s must include:  
. .. 

( a )  Source term: For  each t y p e  o f  a c c i d e n t  t h e  amount d f  gaseous 

and p a r t i c u l a t e  r a d i o a c t i v e  m a t e r i a l  must be known. I n  

e d d l t i o n ,  e s t i m a t e s  must be made o f  t h e  r e l a t i v e  q u a n t i t i e s  

o f  chemica l ly  and p h y s i c a l l y  s t a b l e  gases  such a s  argon and 

krypton  a s  opposed t o  t h e  u n s t a b l e  ones  such a s  i od ine  and 

w a t e r  vapor.  S i m i l a r l y ,  it is necessary  t o  e s t i m a t e  t h e  

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

a s  a  f u n c t i o n  o f  p a r t i c l e  s i z e  f o r  each case  o f  r e l e a s e ,  

The d u r a t i o n  and r a t e  o f  leakage  w i l l  be d i f f e r e n t  f o r  each 

type  o f  h y p o t h e t i c a l  a c c i d e n t  . Th rs information,  combined wi th  

t h e  knowledge o f  t h e  amount o f  t o t a l  m a t e r i a l  a v a i l a b l e ,  must 

be used t o  c a l c u l a t e  t h e  i n i t i a l  source  t e rm f o r  t h e  atmospheric 

d i s p e r s i o n  c a l c u l a t i o n s ,  and w i l l  r e s u l t  i n  d i f f e r e n t  secondary 

source  te rms  f o r  each case .  

Atmospheric d i s p e r s i o n :  Data on t h e  frequency a i s t r i b u t i o n  and 

ranges  o f  wind speed and d i r e c t i o n  must be used a s  gu ide l ines  

i n  c a l c u l a t i n g  t h e  h i g h e s t  dosages t h a t  could be received from 

any g iven  a c c i d e n t .  S p e c i a l  a t t e n t i o n  must be pa id  t o  l o c a l  

orographic  e f f e c t s  which could enhance o r  r e t a r d  atmospheric  

d i s p e r s i o n  o f  r a d i o a c t i v e  m a t e r i a l  o r  channel  it t o  some 

p r e v i o u s l y  unsuspected a r e a .  The n a t u r e  and d u r a t i o n  o f  v a r i o u s  

c o n d i t i o n s  of  a tmospheric  s t a b i l i t y  must be cons idered ,  s i n c e  

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

Meteorologic  t r a n s p o r t  e f f e c t s  must be eva lua ted  t o  determine a r r i v a l  

t imes  o f  t h e  r a d i o a c t i v e  plume and t h e  concen t r a t ion  of  each rad ionucl ide  

a s  a  f u n c t i o n  of  t ime f o r  v a r i o u s  d i s t a n c e s  downwind from t h e  r e l e a s e  

p o i n t .  Th i s  in format ion  must be obta ined  f o r  each type  o f  a c c i d e n t ,  f o r  . 

s t a b l e ,  n e u t r a l ,  and u n s t a b l e  meteoro logica l  cond i t i ons ,  and a s  a  func t ion  



of wind speed. Concentrat ion a s  a  func t ion  o f  time a t  a  given po in t  can 

be expressed a s  a  dosage t h a t  would be received by personnel  i n  t h a t  

a rea .  I n  determining t h e  atmospheric concentra t  ions and personnel  

dosages, it i s  necessary t o  cons ider  reduct ion  o f  t h e  source terms by 

rad ioac t ive  decay, atmospheric d i spe r s ion ,  adsorpt ion  o f  gases,  and 

p r e c i p i t a t l s n  o f  p a r i i c u l a t e s .  A s  r ad ioac t ive  p a r t i c u l a t e s  may be 

p resen t  i n  a l l  o f  t h e  hypo the t i ca l  acc iden t s ,  it i s  necessary t o  es t imate  

t h e  p a r t i c l e - s i z e  spectrum f o r  t h e  en t ra ined ,  non-volat i le  radionucl ides  

and t h e  d i s t r i b u t i o n  o f  a c t i v i t y  with p a r t i c l e  s i z e .  

Tables and g raph ica l  p l o t s  should be provided f o r  hot- l ine concentra t ions ,  

t ime o f  a r r i v a l  and dura t ion  o f  t h e  plume, a n d  r e s u l t a n t  dosages f o r  

s t a b l e ,  n e u t r a l ,  and uns table  meteorological  condi t ions .  These da ta  

should be provided a s  a  func t ion  o f  wind speed f o r  each type o f  a c c i d e n t a l  

r e l e a s e .  

The secondary source term, deposi ted i n  watersheds, w i l l  c o n s i s t  o f  

p a r t i c u l a t e  m a t e r i a l  and radionucl ides  d issolved i n  water .  P a r t i c u l a t e  

m a t e r i a l  which i s . n o t  sub jec t  t o  s o l u t i o n  i n  water probably w i l l  remain 

i n  p lace  ; however, some t r a n s p o r t  r e s u l t i n g  from eros ion and subsequent 

overland flow a s  sediment could t a k e  p lace .  The b igges t  p o t e n t i a l  f o r  

radionucl ide  movement, however, is  by t h e  leaching o f  t h e  surface-  

deposi ted  m a t e r i a l  by ra inwater .  

When f a l l o u t  occurs  on a  s u b s t a n t i a l  snow cover o f  t h e  watershed, 

experience h a s  shown t h a t  m a t e r i a l  deposi ted on t h e  snow remains i n  

p lace  u n t i l  t h e  snow cover melts  and al lows t h e  f a l l o u t  t o  contac t  

t h e  ground. 3 94 

F a l l o u t  r a d i o a c t i v i t y  which goes i n t o  so lu t ion  w i l l  move the  water  a s  

s t ream runoff  o r  w i l l  p e r c o l a t e  i n t o  t h e  ground-water r e se rvo i r .  I n  

many c a s e s  t h e r e  w i l l  be some residence time f o r  r a d i o a c t i v i t y  i n  water  

i n  both t h e  surface-water and ground-water systems. 



Gaseous rad ionuc l ides  w i l l  l i k e l y  combine wi th  a t m s p h e r i c  moisture , 
t 

and t h e n  be deposi,ted on t h e  land surface .  A f r a c t i o n  w i l l  r e t u r n  t o  

t h e  atnosphere by 6 ~ a ~ o r a t i o t - t - w i t h  t h e  remainder s u b j e c t  t o  overland 

flow a s  runoff  o r  i n t o  t h e  ground-water r e s e r v o i r  by i n f i l t r a t i o n .  A s  

i n  t h e  case  o f  pa&icula te  f a l l o u t ,  r a d i o a c t i v i t y  o f  gaseous o r i g i n  
I 

1 % ~  t e c ~ ~ n e  p a r t  o f  t h e  snow o r  i c e  pack and, consequently, be unable 
i 

t o  move a t  l e a s t  &ti1 a  thaw t a k e s  p lace .  
f 
I 
! 

Many f a c t o r s  a f f e c t  t h e  manner i n  which a  radionucl ide  deposited on 
I 

t h e  land su r face  qay be f r e e  t o  move. Three major a r e a s  o f  da ta  require-  

ment desc r ibe  t h e  whole t r a n s p o r t  problem: chemical i n t e r a c t i o n  of  e a r t h  
I 

m a t e r i a l s  and nuc i ides  i n  s o l u t i o n  and suspension; hydrogeology of  t h e  
I 

watershed ; a d  l o c a l / r e g  i o n a l  meteorology. Spec if i c  requirements include 

r e t a r d a t i o n  c h a r a c t e r i s t i c s  o f  t h e  e a r t h  ma te r i a l s  i n  t h e  watershed, 
i 

s i z e  and shape o f  t h e  watershed and i t s  r e s e r v o i r ,  radionuclide deposi t ion  
f 

p a t t e r n  and h i s t o  , and t h e  meteorological /cl imatological  h i s t o r y  and 7 stream hydrograph(s) f o r  t h e  p a r t i c u l a r  watershed under inves t iga t ion .  
I 
i 

The g e n e r a l  problem of  radionucl ide  t r a n s p o r t  wi th in  a  watershed has  

been analyzed i n  sbme d e t a i l  f o r  s i t u a t i o n s  s i m i l a r  t o  t h e  RULISON event .  

A comprehensive study was made f o r  r e d i s t r i b u t i o n  o f  f a l l o u t  'of radio- 

nuc l ides  f o r  t h e  s p e c i f i c  cond i t ions  t h a t  could be expected around t h e  

nuclear-excavated , sea- level  c a n a l s  i n  Panama and ~ o l u m b i a  . ' 6 ) 7  For 
i 

t h e s e  s t u d i e s ,  a  computer model was developed which ca lcu la ted  nuclide 
I 

balances  and allowed a  p r e d i c t i o n  o f  t h e  radionuclide inventory on t h e  

land su r face ,  i n  ~ n - o f f  water ,  and i n  t h e  ground water .  

To perform a  r e d i s t r i b u t i o n  a n a l y s i s  a t  RULISON, we propose t o  use t h e  

experience and t h e  r e d i s t r i b u t i o n  models a l ready developed t o  p r e d i c t  

r a d i o l o g i c a l  e f f e c t s  and poss ib le  hazards. Output r e s u l t i n g  from t h e  

r e d i s t r i b u t i o n  a n a l y s i s  w i l l  be p r e d i c t  ion o f  t h e  temporal and s p a t i a l  

d i s t r i b u t i o n  of RULISON-related r a d i o a c t i v i t y  wherever it is de tec tab le  

above n a t u r a l  background l e v e l s  a s  w e l l  a s  wherever l e v e l s  may represent  



p o t e n t i a l  hazards.  P red ic t ions  w i l l  be f o r  t h e  combined ground-water 

and surface-water watershed model. 

I n  t h e  case o f  d i s p o s a l  o f  d r i l l b a c k  wastes,  t h e  p r i n c i p l e s  and f e a s i b i l i t y  

of deep-well s to rage  may be applied r e a d i l y  t o  t h e  RULISON s i t e .  The 

f a c t s  which n s t  be knexc f c r  s c c c e s s f u l  deep-wel l  t n j e c t i o n  are :  

(1) Dimensions, rock c o n t a c t s ,  geologic s t r u c t u r e ,  l i t ho logy ,  

host-rock p o r o s i t y ,  permeabi l i ty ,  and chemical p r o p e r t i e s  

of t h e  i n j e c t i o n  horizon. 

(2 )  Chemical p r o p e r t i e s  o f  f l u i d  i n  t h e  i n j e c t i o n  horizon and o f  

t h e  f l u i d  being in jec ted .  

( 3 )  Hydraulic p r o p e r t i e s  o f  t h e  i n j e c t i o n  horizon,  i .e  . , 
d i r e c t i o n ,  v e l o c i t y  o f  flow, hydraul ic  p o t e n t i a l .  

(4) Lithology,  s t r u c t u r e ,  and dimensions o f  conf in ing,  l e s s  

permeable formations.  Both over ly ing and underlying formations 

must be considered.  An impermeable over ly ing formation alone 

does not  a s su re  s a f e  s t o r a g e .  

( 5 )  Formation p ressure  and h y d r o s t a t i c  head a t  i n j e c t i o n  depth,  

t o  a s su re  t h a t  t h e  volume o f  waste t o  be in jec ted  can be 

in jec ted  a t  pressure  which w i l l  no t  cause unacceptable 

hydro f  r a c t u r i n g  . 
Given t h e s e  d a t a ,  o r  by making reasonable but  c r e d i b l e  e s t ima tes ,  t r a n s -  

por t  by ground water  can be p red ic ted .  A s  i n  t h e  case  o f  t h e  watershed 

model, p r e d i c t i o n s  w i l l  c l e a r l y  de f ine  s p a t i a l  l i m i t s  of  p o t e n t i a l  

hazardous l e v e l s  o f  t h e  de tec tab le  above background l e v e l s  of  radio- 

a c t i v i t y  . 



IV. WORK STATEMENT 

The following items w i l l  be evaluated i n  order t o  def ine  primary source 

terms fo r  events postula ted t o  occur during t h e  d r i l l back  operation 

and during gas f l a r ing :  

(1) Chemical and radiochemical gzs a i l s l y t i c a l  data gelieraied 

during t h e  GASBUGGY experiment w i l l  be  col lec ted and reviewed. 

Ex is t ing  data on gas qua l i t y ,  composition of geologic media, 

and o ther  p roper t i es  of t h e  media near t h e  RULISON working 

po in t  w i l l  be co l l ec ted  a s  inpu t  f o r  computational de f in i t ion  

of primary source terms. 

(2)  Kinds and quan t i t i e s  of radionucl ides ,  produced by the  

nuclear  detonation and ex i s t i ng  s i x  months l a t e r ,  w i l l  be 

i den t i f i ed .  

(3 )  To t h e  s c t en t  poss ib le ,  t h e  physical  and chemical s t a t e s  

and s p a t i a l  d i s t r i bu t i ons  of s i g n i f i c a n t  radionuclides i n  

t h e  cav i t y  and rubble  chimney w i l l  be  defined. 

(4) For any given means of r e l e a se  t o  t h e  surface ,  a  source term 

produced a t  t h e  su r face  w i l l  be  defined,  based on information 

developed i n  t h e  preceding items and on t h e  postulated mechanism 

of re lease .  Account w i l l  be taken of any changes i n  chemical 

and physical  s t a t e s  of radionuclides caused by t h e  mechanism 

of r e l e a s e  (e.g., p a r t i a l  or  complete combustion of gases 

during f l a r i n g ) .  

These work items w i l l  be  accomplished by app l ica t ion  of t heo re t i c a l  

models and computational methods developed a t  Isotopes i n  t h e  Long 

Range Program of t h e  Ground Water Study. Data from t h e  GASBUGGY experi- 

ment w i l l  be  app l ied  when app l icab le ,  and a r e  expected t o  be of consid- 

e rab le  a s s i s t ance .  The r e s u l t s  w i l l  be  used a s  necessary input t o  

t r an spo r t  models appropr ia te  t o  var ious  postula ted mechanisms of re lease .  



For t h e  determination o f  t h e  secondary source terms it w i l l  be necessary 

t o  perform t h e  following tasks:  

(1) Col lec t  and review app l icab le  meteorological and orographic 

data.  Data of p a r t i c u l a r  relevance w i l l  include frequency 

d i s t r i b u t i o n s  of wind speed and d i r ec t i on  (wind roses)  and 

atmospheric s t a b i l i t y .  

(2)  Se l ec t  and program meteorological d ispers ion models. Pre- 

v iously  developed numerical models f o r  t h e  dispers ion and 

deposi t ion of gaseous and p a r t i c u l a t e  radionuclides w i l l  

be  modified with p a r t i c u l a r  a t t e n t i o n  given t o  modifying 

pe r t i nen t  l o c a l  condit ions.  

(3 )  Computation and ana ly s i s  of r e s u l t s .  Concentrations and dosages 

w i l l  b e  computed f o r  each source term over t h e  range of poss ib le  

meteorological  condit ions.  Areas which may become po t en t i a l l y  

hazardous w i l l  be del ineated s o  t h a t  they may receive  s p e c i a l  

a t t e n t i o n .  

(4) Report wr i t ing .  The r e s u l t s  of t h e  ca lcu la t ions  w i l l  be  

presented i n  t abu l a r  form a s  wel l  a s  i n  t h e  form of maps 

dep ic t ing  i sop l e th s  . 
The two main a r ea s  t h a t  w i l l  b e  del ineated f o r  each type of accident  and 

s e t  of  meteorological  condit ions s o  a s  t o  rece ive  s p e c i a l  emphasis w i l l  

be: (a)  t h a t  a rea  i n  which t h e  l e v e l  of r ad ioac t i v i t y  is above t h e  

normal (pre-shot) background; and (b) t h a t  area  i n  which t h e  l e v e l  of 

r ad ioac t i v i t y  may be considered hazardous. 

To perform t h e  ana ly s i s  of  r e d i s t r i b u t i o n  f o r  radionuclides deposited 

on watersheds a t  t h e  RULISON S i t e ,  we propose t he  following: 

(1) Assemble a l l  a v a i l a b l e  hydrologic and geologic data. This w i l l  

include a l l  r e levan t  data on vegeta t ion cover, topography, s o i l  

types ,  poros i ty ,  hydraul ic  conductivi ty,  stream hydrographs 



with base flow estimates,  and ground-water reservoir  s i z e  f o r  

each of t he  watersheds t h a t  might be  a f fec ted  by dr i l lback a t  

RULISON. Where no data e x i s t ,  reasonable credible  es t iva tes  

wiZl be made. 

(2) Assemble meteorologic and clima to log ic  data . This w i l l  include 

a l l  re le l72~t  k t 2  22 evapcration, tfmc h i s to ry  of precipi ta-  

tion', and long and shor t  term i n f i l t r a t i o n  r a t e s .  Where data 

a r e  not ava i lab le ,  be s t  estimates w i l l  be made. 

(3)  Evaluate t he  deposition area .  This w i l l  include determining 

t h e  source of water f o r  a l l  known use points ,  assigning data 

from (1) and (2) above t o  each cont ro l l ing  watershed, and 

determining t h e  po t en t i a l  pathways of radionuclide movement a t  

t h e  RULISON S i t e .  

(4) Calculate r ed i s t r i bu t ion  rates ' .  For each radionuclide of 

i n t e r e s t ,  ca lculat ions  of  r ed i s t r i bu t ion  w i l l  be made t h a t  

demonstrate t h e  e f f ec t s  of changes i n  r a i n f l l  r a t e s ,  changes i n  

deposit ion r a t e s ,  and changes i n  r a i n f a l l  and deposition pa t te rns .  

(5)  Evaluate t h e  r ed i s t r i bu t ion  e f fec t .  Following these prelim- 

inary estimates,  those a reas  where radionuclides apparently 

would concentrate or not  be d i lu ted  w i l l  be identifed.  I f  

add i t iona l  data need be col lected t o  r e f ine  c a l c u l a t i o n ~ i n  these 

a reas ,  a sampling program w i l l  b e  defined. 

A complete repor t  of r e s u l t s  of t h e  s tud ies  outlined above w i l l  be 

wri t ten.  

Isotopes proposes t o  perform an i n i t i a l  study of t h e  area within reason- 

ab l e  economic p ipe l ine  distances of t h e  RULISON dr i l lback  hole  (<5 miles) 

t o  determine f e a s i b i l i t y  of deep well  s to rage  of radioact ive  waste 

associated with d r i l l i n g .  The i n i t i a l  study would involve examination 



of a v a i l a b l e  l i t e r a t u r e  and a l l  d isposal  we l l  t e s t  data t o  indicate  a r e a l  

pos i t i on ( s )  of d i sposa l  we l l  s i t e ( s )  and t a r g e t  depths of any acceptable 

horizons . Hydraulic p roper t i es  of s t ra t ig raphy  of t h e  disposal  s i t e  

a r ea ,  p o t e n t i a l  a l t e r a t i o n  of hos t  rock by i n j ec t i on ,  and poss ible  e f f ec t s  

on reg iona l  and l o c a l  water supply w i l l  be evaluated. Graphs of f o rm-  

t ion-pressure increas  P and press= e-radius extens T ~ E  versns i ~ j  ec t ioc  

time w i l l  be constructed using ava i l ab l e  o r  c red ib le ,  assumed values for :  

(1) formation pressure ,  

( 2 )  permeabil i ty,  

( 3 )  th ickness ,  

(4) poros i ty ,  

(5) i n j e c t i o n  f l u i d  v i s cos i t y ,  

(6)  i n j e c t i on  r a t e ,  

(7 )  f l u i d  compressibil i ty.  

Available chemical data a r e  probably s u f f i c i e n t  t o  p r ed i c t  whether 

a c id i z ing  and buffered water a r e  necessary t o  prevent formation of 

gela t inous  p r ec ip i t an t s  during in jec t ion .  

Spec i f i c  recommendations f o r  a  f i e l d  program necessary t o  supply 

required add i t i ona l  data f o r  s e l ec t i on  o f  d isposal  s i t e s  w i l l  be 

provided. An e x p l i c i t  program f o r  d r i l l i n g ,  t e s t i n g ,  and completion of 

wel ls  w i l l  a l s o  be provided. - 
- -- 

The i n i t i a l  phase of work w i l l  include a  complete r epo r t  evaluating 

f e a s i b i l i t y  of t he  deep waste-injection well.  Only pos i t i ve  indi- 

ca t ions  t h a t  ne i t he r  unacceptable contamination nor s t imulat ion of 

ground motion would occur must precede any d i r e c t  commitment t o  f u r t he r  

f i e l d  explora t ion and disposal-ass ociated engineering and construction 

phases. The proposed s tudy w i l l  i nd i ca t e  whether deep-well in jec t ion  

and s t o r age  is an  a v a i l a b l e  choice f o r  RULISON d r i l l back  and chimney- 

f l u sh  wastes. 
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