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ENERGY DEVELOPMENT VS WATER QUALITY I N  THE 
UPPER COLORADO AND UPPER MISSOURI RIVER BASINS 

A .  Bruce Bishop, S t a n l e y  L. Klemetson, 
Michael F. Torpy, and Mac McKee 

Con t r ibu to r s :  Wil l iam J. Grenney and Donald B.  P o r c e l l a  

ABSTRACT 

This  r e p o r t  examines t h e  r e l a t i o n s h i p  between energy 
development and water  q u a l i t y  i n  the  Upper Colorado and Upper 
Missour i  River  Bas ins .  I n  o rde r  t o  provide  a background f o r  
problem assessment ,  the  gene ra l  phys iographic ,  water  r e s o u r c e s ,  
and water  q u a l i t y  s e t t i n g s  a r e  desc r ibed  f o r  each of t h e  
b a s i n s .  The l o c a t i o n  and type of energy r e sources  and p resen t  
and p o s s i b l e  f u t u r e  developments a r e  a l s o  i d e n t i f i e d  r e l a t i v e  t o  
the  water  r e source  systems. The water  q u a l i t y  problems and 
impacts  from energy developments a r e  d i scussed  i n  terms of t h e  
v a r i o u s  p o l l u t a n t s  genera ted  by energy e x t r a c t i o n  and p rocess ing  
a c t i v i t i e s ,  and t h e  p o l l u t i o n  t r a n s p o r t  mechanisms and pathways 
by which they can e n t e r  s u r f a c e  and groundwater.  Looking a t  t he  
problem from another  p e r s p e c t i v e ,  t h e  r e p o r t  d i s c u s s e s  t h e  
i m p l i c a t i o n s  f o r  energy development of t he  water  q u a l i t y  a s p e c t s  
of l e g i s l a t i v e  requi rements  and r e g u l a t i o n s .  These i n c l u d e  t h e  
Fede ra l  Water P o l l u t i o n  Cont ro l  Act Amendments, the  Safe  
Drinking Water Act ,  t he  Surface Mining Control and Reclamation 
Act ,  the Resource Conservat ion and Recovery Act ,  and t h e  Toxic 
Substances Con t ro l  Act.  

The v a r i e t y  of p o l l u t a n t s ,  as w e l l  a s  t h e i r  massive volume 
t h a t  w i l l  b e  gene ra t ed  by p r o j e c t e d  energy development i n  bo th  
b a s i n s ,  g ive  r ise  t o  almost su re  p o l l u t i o n  problems. Many of 
t h e  p o t e n t i a l  water  p o l l u t i o n  problems a s s o c i a t e d  wi th  energy 
development w i l l  not be r e s u l t s  of d i r e c t  d i scharges- - for  zero  
waste water d i scha rge  appears  t o  be  t h e  s t anda rd  € o r  
tomorrow--but r a t h e r  w i l l  occur  through the  t r a n s p o r t  of 
p o l l u t a n t s  from o t h e r  p rocesses  and d i s p o s a l  a c t i v i t i e s .  These 
p rocesses  and a c t i v i t i e s - -  a i r  p o l l u t i o n  and s o l i d  waste 
d i s p o s a l ,  f o r  example--are l ess  obvious c o n t r i b u t o r s  t o  water  
p o l l u t i o n  problems, and a r e  t h e r e f o r e  l e s s  l i k e l y  t o  be 
c o n t r o l l e d  than  was te  water  s t reams themselves .  

I n  response  t o  water  q u a l i t y  r e g u l a t i o n s  and t h e i r  
u l t i m a t e  o b j e c t i v e  t o  e l i m i n a t e  d i s c h a r g e ,  e x i s t i n g  and proposed 
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conversion p l a n t s  a r e  p lanning  f o r  t o t a l  containment of waste 
water  w i th  no d i scha rge  t o  t h e  s t ream system. The consumptive 
use  of a l l  water withdrawn fo r  energy p rocess ing  a s  a p o l l u t i o n  
c o n t r o l  measure r a i s e s  t h r e e  important  issues--each of which 
r e p r e s e n t s  a p o t e n t i a l  c o n f l i c t  between energy developers '  
compliance wi th  t h e  l e g i s l a t i o n  and wes tern  water  l a w :  (1) 
j u n i o r  r i g h t s  and water  t r a n s f e r ,  ( 2 )  t h e  " b e n e f i c i a l  use" 
q u e s t i o n ,  and (3)  t h e  " reasonable  use" measure of c e r t a i n  water  
q u a l i  t y  p r a c t i c e  s . 

INTRODUCTION 

The major p a r t  of the  deve lopable  energy r e sources  i n  t h e  wes tern  US l i e s  
i n  t h e  Upper Colorado and Upper Missour i  River  Bas ins .  The most e x t e n s i v e  of 
t h e s e  r e sources  i s  c o a l ;  o t h e r  r e s o u r c e s  inc lude  o i l  s h a l e ,  t a r  sands ,  o i l ,  
n a t u r a l  gas ,  uranium, and geothermal .  

I n  a s s e s s i n g  t h e  p o t e n t i a l  f o r  and t h e  problems of development, t h e  main 
concern t o  d a t e  has  focused  on t h e  q u a n t i t i e s  of water  r e q u i r e d  € o r  energy 
e x t r a c t i o n  and p rocess ing  v e r s u s  the  q u a n t i t i e s  o f  water  a v a i l a b l e  i n  energy 
development r eg ions .  A number of "water f o r  energy" s t u d i e s  have addressed  
t h i s  problem. While water  q u a l i t y  has  been of concern i n  some of t he  
a s ses smen t s ,  u s u a l l y  f o r  s p e c i f i c  p r o j e c t s  o r  a r e a s ,  no comprehensive 
assessment  of the p o t e n t i a l  e f f e c t s  of energy development on water  q u a l i t y  has  
been done. 

The purpose of t h i s  s tudy  i s  t o  i d e n t i f y  and d e s c r i b e  t h e  
i n t e r r e l a t i o n s h i p  between energy development and water  q u a l i t y  i n  t h e  Upper 
Colorado and Upper Missour i  River  Bas ins .  I n  o rde r  t o  provide  a background 
and s e t t i n g  f o r  t h e  s tudy ,  an overview of t h e  r i v e r  b a s i n s  and t h e i r  energy 
r e s o u r c e s  i s  f i r s t  p re sen ted .  The assessment  of energy development and water  
q u a l i t y  problems and i s s u e s  i s  approached from a dua l  p e r s p e c t i v e :  

1. The e f f e c t s  of energy development on water  q u a l i t y  i n  t e r m s  of g e n e r a l  
t ypes  of problems and t h e  n a t u r e  of consequences f o r  t h e  p a r t i c u l a r  r i v e r  
b a s i n s  under s tudy and 

2. The i m p l i c a t i o n s  of water  q u a l i t y  r e g u l a t i o n s  (such a s  t h e  Fede ra l  
Water P o l l u t i o n  Cont ro l  Act Amendments and t h e  Sa fe  Drinking Water Act)  f o r  
energy developments i n  ternis of r equ i r emen t s ,  technology o p t i o n s ,  and means of 
compliance.  

PHYSICAL DESCRIPTION OF THE RIVFR BASINS 

Of the  r i v e r  b a s i n s  i n  t h e  West, t h e  Upper Colorado and t h e  Upper Missour i  
River  Basins  a r e  t h e  most r i c h l y  endowed wi th  energy r e sources .  Because of 
t h e  v a s t  p o t e n t i a l  f o r  energy development i n  t h e s e  two a r e a s ,  t h e r e  i s  a l s o  a 
l a r g e  p o t e n t i a l  f o r  major impacts on water  q u a l i t y .  A s  background f o r  

2 



d i s c u s s i n g  the  p o t e n t i a l  water  q u a l i t y  problems of energy development, t he  
p h y s i c a l  

c h a r a c t e r i s t i c s ,  water  r e s o u r c e s ,  and p r e s e n t  water  q u a l i t y .  
6d fo l lowing  s e c t i o n s  p rov ide  a b r i e f  overview of t h e  b a s i n s '  

The Upper Colorado River  Bas in  

Physiography and Water Resources.  The 1440-mile-long Colorado River  
Bas in ,  which c o n t a i n s  1 / 1 2  of t h e  land  a r e a  of t h e  48' c o n t i n e n t a l  s t a t e s  
( exc lud ing  Alaska and Hawaii) ,  has  the  most v a r i e d  phys ica l  s e t t i n g  of any 
American r i v e r .  High mountainous e l e v a t i o n s  ( >  14 000 f t )  u l t i m a t e l y  a r e  
succeeded by high p l a t e a u s  and low d e s e r t  v a l l e y s .  

The Upper Basin d i v i d e s  n a t u r a l l y  i n t o  t h r e e  major d ra inage  systems (F ig .  
1):  The Upper Main Stem (UM), the  Upper Green (UG), and the  San Juan (US). A 
broad range of  c l i m a t i c  and s t reamflow c o n d i t i o n s  e x i s t  w i t h i n  t h e  Upper 
Colorado River r eg ion .  Most of the s t reamflow i s  provided by snowmelt from 
t h e  mountainous a r e a s ;  t h e  d e s e r t  r eg ions  c o n t r i b u t e  very  l i t t l e  ( s e e  Table  
I). The r i v e r  produces the  lowest ou t f low per u n i t  a r e a  (60 a c r e e f t  per  
square  m i l e )  of any r i v e r  b a s i n  i n  t h e  US. 

When una f fec t ed  by the  a c t i v i t i e s  of man, s u r f a c e  runoff  is  r e f e r r e d  t o  as 
"na tu ra l1 '  o r  "v i rg in"  flow. Due t o  man's i n t e r v e n t i o n s ,  however, few s t reams 
i n  the  Upper Colorado Bas in  now c a r r y  only  n a t u r a l  f lows.  Consequent ly ,  t h e  
average annual v i r g i n  flow of t h e  r i v e r  must be r e c o n s t r u c t e d  from gauged 
flows and e s t i m a t e s  of consumptive uses  i n  the  b a s i n .  The r eco rds  (Upper 
Colorado River  Commission, 1973; flows recorded  a t  Lee F e r r y ,  Arizona)  of 
average annual  v i r g i n  flow i n  F ig .  2 show t h a t  l a r g e  v a r i a t i o n s  occur  from 
yea r  t o  yea r  due t o  f l u c t u a t i o n s  i n  p r e c i p i t a t i o n ,  and over  p e r i o d s  of y e a r s  
due t o  long-term c l i m a t i c  t r e n d s .  Extremes i n  the  flow have ranged from a 
h igh  of 21.894 m i l l i o n  a c r e e f t  i n  1917 t o  a low of 4.396 m i l l i o n  a c r e a f t  i n  
1934. 

Most of the  groundwater i n  the  Upper Colorado River  Bas in  i s  i n  
c o n s o l i d a t e d  rocks ,  i s  g e n e r a l l y  s a l i n e ,  and o f t e n  occurs  a t  g r e a t  depths  
( P r i c e  and Arnow, 1974). Furthermore,  t he  conso l ida t ed  rock format ions  y i e l d  
water  t o  w e l l s  rather s lowly.  The  be t t e r  groundwater sources  deve lopable  i n  
r i v e r  v a l l e y  r eg ions  a r e  c l o s e l y  t i e d  t o  t h e  s u r f a c e  water  system as  we l l .  
With no i n t e r v e n t i o n  by man, over  a p e r i o d  of y e a r s  t h e  n a t u r a l  groundwater 
d i scha rge  ba l ances  the  r echa rge .  Consequent ly ,  t h e  d i v e r s i o n  and consumptive 
u s e  of groundwater by w e l l s  cause t h e  n a t u r a l  forms of groundwater d i scha rge ,  
such a s  seepage t o  s t reams,  t o  dec rease  p r o p o r t i o n a t e l y .  

Water Use. Superimposed on t h e  n a t u r a l  hydro log ic  system are l and  u s e s  
and o the r  a c t i v i t i e s ,  which p l ace  demands on t h e  water  r e sources  of t h e  Bas in  
( s e e  F ig .  3 ) .  A s  noted i n  Table  11, i r r i g a t i o n  i s  by f a r  t h e  l a r g e s t  
consumptive use of water  i n  t h e  Upper Colorado River  Bas in ,  account ing  f o r  
approximately 60% of t h e  t o t a l  d e p l e t i o n .  Water uses  i n  t h e  b a s i n ,  f o r  
purposes  o the r  than  i r r i g a t i o n ,  i nc lude  munic ipa l  and i n d u s t r i a l  water  supply ,  
mining,  l i v e s t o c k ,  r e c r e a t i o n ,  f i s h  and w i l d l i f e ,  and p r e s e n t  energy 
development, mainly f o r  c o a l - f i r e d  steam e l e c t r i c  gene ra t ion .  The two l a r g e s t  
sou rces  of d e p l e t i o n  o t h e r  t han  i r r i g a t i o n  a r e  t h e  e x p o r t s  t o  t h e  l a r g e  
popu la t ion  c e n t e r s  on the  e a s t  s lopes  of t he  Colorado Rockies and t h e  Wasatch 0 Fron t  i n  Utah, and evapora t ion  l o s s e s  from main stem r e s e r v o i r s  of t h e  
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Colorado S to rage  P r o j e c t  System. Upstream d e p l e t i o n s  were approximating 
1 800 000 a c r e e f t  i n  1914 and i n c r e a s i n g  t o  about  2 800 000 a c r e e f t  i n  1962. 
The l e v e l  of c u r r e n t  d e p l e t i o n s  e s t a b l i s h e d  by t h e  1975 Water Resources  
Assessment (US Water Resources Council  1976, 1977) i s  3 700 000 a c r e - f t .  

Water Q u a l i t y .  The h ighe r  e l e v a t i o n  mountain s t reams c o n t a i n  t h e  h i g h e s t  
q u a l i t y  water  i n  t h e  b a s i n .  A s  t h e s e  s t reams move down i n t o  t h e  v a l l e y s ,  
man's i n f luence  and n a t u r a l  p rocesses  beg in  t o  a f f e c t  the  q u a l i t y  of t he  
water .  An i d e n t i f i c a t i o n  of p r e s e n t  water  q u a l i t y  and p o l l u t i o n  problems w a s  
accomplished by examining STORET d a t a  from t h e  US Environmental  P r o t e c t i o n  
Agency (EPA) f o r  a l l  water  q u a l i t y  parameters  a t  every  recorded s t a t i o n  i n  t h e  
Upper Colorado River  Basin.  Curren t  water  q u a l i t y  d a t a  were compared wi th  
s t a t e  and f e d e r a l  s t anda rds  i n  o rde r  t o  develop a p r o f i l e  of v a r i o u s  problem 
types  throughout  t h e  bas in .  The e n c i r c l e d  numbers 1-68 on F ig .  4 i n d i c a t e  
geograph ica l  l o c a t i o n s  where measurements of one o r  more of t h e  parameters  a r e  
a v a i l a b l e .  A d e t a i l e d  summary of d a t a  f o r  t h e s e  s t a t i o n s  i s  p re sen ted  i n  
Table  A - I 1  of t h e  Appendix. 

Analys is  of the  water  q u a l i t y  parameters  t h a t  exceed s t anda rds  y i e l d s  t h e  
g e n e r a l  l i s t  of problems p resen ted  i n  Table  111. Energy and mine ra l  
developments have caused water  q u a l i t y  problems t h a t  a r e  s e r i o u s  i n  s p e c i f i c  
l o c a l e s ,  i nc lud ing  (1) a c i d  mine d ra inage  u s u a l l y  from abandoned mines and 
heavy me ta l  p o l l u t i o n  i n  t r i b u t a r i e s  of t he  west s l o p e  of t he  Rockies ,  ( 2 )  
impacts on water  tempera ture ,  ( 3 )  s ed imen ta t ion  problems, and ( 4 )  i n c r e a s i n g  
downstream s a l i n i t y  through d e p l e t i o n s .  

A t  p r e s e n t ,  from the  s t andpo in t  of t he  e n t i r e  b a s i n ,  t h e  most c r i t i c a l  
water  q u a l i t y  problem i n  t h e  Colorado River  i s  t h e  s a l i n i t y ,  o r  t o t a l  
d i s so lved  s o l i d s  (TDS) con ten t  of t he  water .  I t  i s  a l s o  the  problem t h a t  i s  
most a f f e c t e d  by t h e  n a t u r a l  background c o n d i t i o n s  of t h e  b a s i n .  Comparisons 
of  s a l t  l oad ing  and s a l i n i t y  c o n c e n t r a t i o n s  a t  v a r i o u s  p o i n t s  on t h e  r i v e r  
system have been  e s t i m a t e d  i n  a number of d i f f e r e n t  s t u d i e s  (Colorado River  
Bas in  S a l i n i t y  Con t ro l  Forum, 1975; Hyat t  e t  a l . ,  1970; I r o n s  e t  a l . ,  1964; US 
Department of I n t e r i o r ,  1975; US Environmental  p r o t e c t i o n  Agency, 1 9 7 1 ) .  
These s t u d i e s  have employed techniques  t o  i d e n t i f y  and s e p a r a t e  t h e  sou rces  of 
s a l i n i t y .  While va ry ing  i n  t h e i r . e s t i m a t e s ,  t h e s e  s t u d i e e  sugges t  t h a t  i n  t h e  
r i v e r  flow from the  Upper Bas in  (measured a t  Lake Mead), approximately 2 /3  of  
t h e  s a l t  l oad  ( t o n s / y r )  and 50% of t h e  s a l t  c o n c e n t r a t i o n  ( t o n s / a c r e * f t )  
o r i g i n a t e s  from n a t u r a l  po in t  and d i f f u s e  sources .  

The Upper Missour i  River  Bas in  

Physiography and Water Resources .  There a r e  two major phys iographic  
d i v i s i o n s  w i t h i n  t h e  Upper Missour i  River  Basin--the I n t e r i o r  P l a i n s  and t h e  
Rocky Mountain System. The Rocky Mountain System c o n t a i n s  the  Rocky Mountain 
and Wyoming Bas in  p rov inces .  The I n t e r i o r  P l a i n s  c o n t a i n  p a r t  of t h e  Great 
P l a i n s ,  and inc lude  such d i s t i n c t i v e  topographic  f e a t u r e s  as t h e  Black H i l l s  
i n  South Dakota and Wyoming. 

The 2 315-mile-long Upper Missour i  River  d r a i n s  a watershed of 233 000 
square  m i l e s  w i t h i n  t h e  US and about  9 700 square  m i l e s  n o r t h  of t h e  
I n t e r n a t i o n a l  Boundary. This  r i v e r  b a s i n  d i v i d e s  i n t o  t h r e e  subbas ins  
r e p r e s e n t i n g  hydro log ic  areas d ra ined  by a combinat ion of major and minor 
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1 @ t r i b u t a r i e s  of t he  Missour i  River  ( s e e  F i g .  5) .  The Upp Missour i  River  
t r i b u t a r i e s  (Upper M i s s o u r i )  i n c l u d e  t h e  d ra inage  b a s i n  above t h e  conf luence  
wi th  t h e  Yel lowstone R ive r .  The Yel lowstone River  (Yel lowstone)  Bas in  
i n c l u d e s  t h e  Yel lowstone River  and i t s  t r i b u t a r i e s .  The Dakota t r i b u t a r i e s  
(Dakotas)  i nc lude  t h e  ba lance  of the Upper Missour i  River  Bas in  (Missour i  
B a s i n ) ,  p r i n c i p a l l y  i n  North and South Dakota. I n  g e n e r a l ,  t h e  Missour i  Bas in  
i s  w e l l  supp l i ed  i n  t o t a l  s u r f a c e  and groundwater r e sources .  However, t h e r e  
a r e  a r e a s  wi th  margina l  water  r e source  ba l ances .  The average  annual  
p r e c i p i t a t i o n  v a r i e s  from over  40 inches  i n  p a r t s  of the  Rocky Mountains t o  a s  
low a s  6 t o  12 inches  immediately e a s t  o f  t h e  Rocky Mountains. H i s t o r i c  
s t reamflows r e f l e c t  t h e  c o n s t a n t l y  changing e f f e c t s  of water  r e source  
developments and s t reamflow d e p l e t i o n .  Hence, t h e  s t reamflow d a t a  must b e  
a d j u s t e d  t o  r e f l e c t  t he  c u r r e n t  l e v e l  of development and use  of t h e  water. 

Water Use. Tab le  I V  shows t h e  c o n t r i b u t i o n  t o  stream flow by subbas ins  
under the  1970 l e v e l  of water  development and u t i l i z a t i o n .  A p r a c t i c a l  l i m i t  
of  a d d i t i o n a l  f u t u r e  d e p l e t i o n s  i n  t h e  Upper Missour i  Bas in  has  been 
t e n t a t i v e l y  determined t o  be 9.9 m i l l i o n  acre .  f t f y r  above t h e  1970 l e v e l .  
This  9 . 9  m i l l i o n  a c r e = f t  w i l l  supply  more t h a n  a l l  t h e  p r o j e c t e d  d e p l e t i o n s  
t h a t  have been made i n  any s tudy  under taken  t o  d a t e .  Even w i t h  t h e  e n t i r e  9 .9  
m i l l i o n  a c r e .  f t  consumed, t h e r e  s t i l l  could  b e  p a r t i a l  s e r v i c e  t o  n a v i g a t i o n ,  
a v i a b l e  hydropower g e n e r a t i n g  c a p a b i l i t y ,  and minimum flows of 6 000 f t 3 s  
between and from a l l  main-stem r e s e r v o i r s  th roughout  a decade-long drought  
pe r iod  (Northern Great P l a i n s  Resources  Program, 1974).  

Wi th in  t h e  b a s i n ,  groundwater  i s  used f o r  v a r i o u s  purposes .  D e t a i l e d  d a t a  
are no t  a v a i l a b l e  on groundwater;  estimates have been made, however, 
i n d i c a t i n g  t h e  groundwater  r e sources  of t h e  Upper Missour i  Bas in  ( s e e  Table  V I .  

Water Q u a l i t y .  The p r i n c i p a l  water  q u a l i t y  c h a r a c t e r i s t i c s  t h a t  have been 
moni tored  concern  t h e  s u i t a b i l i t y  of water  f o r  u s e s  w i t h i n  t h e  b a s i n .  The 
t o t a l  d i s s o l v e d  s o l i d s  of t he  s u r f a c e  waters  range  from less than  200 mgfL t o  
more than  2000 mg/L. I n  most c a s e s ,  t h e  sodium a b s o r p t i o n  r a t i o *  i s  l e s s  t h a n  
3 ;  however, i n  some a r e a s  the  r a t i o  exceeds 10. R e p r e s e n t a t i v e  s u r f a c e  water  
q u a l i t y  d a t a  from STORET f o r  the  bas in  are contained in Table A-I  of the 
Appendix. A summary of water q u a l i t y  problems, i d e n t i f i e d  by comparing STORET 
d a t a  wi th  e s t a b l i s h e d  s t a n d a r d s ,  is p r e s e n t e d  i n  Table  V I .  The r i v e r  r eaches  
in t h e  t a b l e  a r e  d e l i n e a t e d  i n  F ig .  6 .  A s  t h e  t a b l e  shows, p o t e n t i a l  energy 
development i s  sp read  throughout  t h e  Upper Missour i  River Basin.  P r e s e n t l y ,  
t he  most widespread water q u a l i t y  problem i n  t h e  b a s i n  i s  s a l i n i t y .  L ikewise ,  
t h e  p o s s i b i l i t y  of e u t r o p h i c a t i o n  of  streams and r e s e r v o i r s  i s  e x t e n s i v e  due 
t o  r e l a t i v e l y  h igh  n u t r i e n t  l oad ings .  Disso lved  oxygen d e f i c i t s  are appa ren t  
i n  a few reaches  and, as y e t ,  t h e r e  are v i r t u a l l y  no heavy m e t a l s  problems. 

ENERGY RESOURCES AND DEVELOPMENT 

The p o t e n t i a l  f o r  energy development impact ing water  q u a l i t y  i s  a p p a r e n t ,  
c o n s i d e r i n g  t h e  v a s t  energy r e s e r v e s  and t h e  q u a n t i t i e s  of water r e q u i r e d  f o r  

*The sodium a b s o r p t i o n  r a t i o  g i v e s  one an i n d i c a t i o n  of t h e  t o x i c i t y  of sodium @ i n  t h e  s o i l .  
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t h e i r  development. I n  the  f u t u r e ,  n a t i o n a l  p r i o r i t i e s  l i k e l y  w i l l  e x e r t  
tremendous p r e s s u r e  f o r  energy development. The fo l lowing  summarizes t h e  
energy r e sources  and development p o t e n t i a l  for  t he  Upper Colorado and Upper 
Missour i  River  Bas ins .  

The Upper  Colorado River  Bas in  

Energy Resources .  Of the  abundant energy r e s e r v e s  i n  the  Upper Colorado 
River  Bas in ,  coa l  i s  by f a r  t h e  most widespread ( s e e  F ig .  7 ) .  The s t a t e s  of  
Arizona,  Colorado, New Mexico, Utah, and Wyoming produced only about  8.6% of 
t h e  n a t i o n ’ s  c o a l  i n  1975 (Ko l s t ad ,  1976) ,  y e t  t h e s e  s t a t e s  c o n t a i n  about  25% 
of the t o t a l  US r e s e r v e s .  Q u a n t i t a t i v e  summary d a t a  on t h e  coa l  mining 
a c t i v i t i e s  shown i n  F ig .  8 a r e  p re sen ted  i n  Table  V I I .  

The Green River  o i l  s h a l e  format ion ,  which appears  a s  the  most l i k e l y  
p l a c e  where o i l  s h a l e  development w i l l  be  i n i t i a t e d  i n  t h e  US, i s  l o c a t e d  i n  
Utah,  Wyoming, and Colorado ( s e e  F ig .  9 ) .  The format ion  c o n t a i n s  90% of t h e  
t o t a l  i d e n t i f i e d  o i l  s h a l e  r e sources  i n  t h e  US. S p e c i f i c  p r o j e c t s  ( l i s t e d  i n  
Table  V I I I )  proposed f o r  f u t u r e  development under the  o i l  s h a l e  l e a s e  program 
are i n d i c a t e d  i n  F ig .  10. Development i s  not  r ap id .  With known technology,  
c o s t s  of product ion  are expected t o  be i n  the  range of $25 t o  $30 per  b a r r e l .  
Assurance of a p r i c e  above costs l i k e l y  would r e su l t  in s u b s t a n t i a l  
deve 1 opmen t . 

Important  o i l  and gas  product ion  a r e a s  a r e  shown i n  F ig .  11. I t  i s  
presumed t h a t  t h e s e  f i e l d s  w i l l  con t inue  t o  be pumped i n  t h e  f u t u r e .  About 50 
m i l l i o n  b b l s  of o i l  were produced i n  the  Upper Colorado River  Bas in  i n  1972 
(Minera ls  Yearbook, 1972) .  

Tar sand d e p o s i t s  ( s e e  F i g .  91, p r i n c i p a l l y  i n  Utah, a r e  a l s o  be ing  
examined a s  sou rces  of o i l  p roduc t ion .  It  a p p e a r s . t h a t  p roduc t ion  of o i l  from 
ta r  sands i s  less c a p i t a l  i n t e n s i v e  ( G i l l ,  1974) and u s e s  f a r  l e s s  water  
(Lowe, 1974) than  p roduc t ion  of syncrude from o i l  s h a l e .  It  i s  n o t  
a n t i c i p a t e d  t h a t  product ion  volume w i l l  be  l a r g e ,  b u t  t h e r e  could  be 
s u b s t a n t i a l  water  q u a l i t y  impact i n  l o c a l  a r e a s .  

Energy Conversion F a c i l i t i e s  and Development. Bes ides  the  e x t r a c t i o n  of 
energy r e sources  d e p o s i t s ,  a number of convers ion  f a c i l i t i e s  have been 
proposed f o r  t he  b a s i n .  The bulk  of t h e s e  f a c i l i t i e s  a r e  aimed a t  u s ing  c o a l  
a s  t h e  raw energy i n p u t .  Geothermal a l s o  has  been  i n d i c a t e d  as having  
development p o t e n t i a l .  Other p rocesses  sugges ted  f o r  t h e  b a s i n  inc lude  o i l  
r e f i n e r i e s ,  expanded hydropower development, and s o l a r  power. Energy 
convers ion  f a c i l i t i e s  t h a t  have been i n d i c a t e d  by the  FEA 1985 Scena r io  
(Fede ra l  Energy Admin i s t r a t ion ,  1976) and t h e  Forecas t  2 Scena r io  of t h e  
Energy Research and Development Admin i s t r a t ion  ( G o e t t l e  e t  a l . ,  1977) f o r  
energy demand and f u e l  supply a r e  summarized i n  Table  I X .  Loca t ions  of t h e  
proposed p l a n t s  are shown i n  F ig .  12.  A s  i n d i c a t e d  by the  s c e n a r i o s ,  energy 
r e source  development i n  t h e  Upper Colorado River  Bas in  w i l l  be  i n i t i a l l y  
concen t r a t ed  i n  c o a l  and c o a l f i r e d  steam e l e c t r i c  g e n e r a t i o n ,  t o g e t h e r  w i th  
some l i m i t e d  development of o i l  s h a l e .  By t h e  yea r  2000, a c o n s i d e r a b l e  
expansion of c o a l  mining,  c o a l - f i r e d  e l e c t r i c  g e n e r a t i o n ,  and o i l  s h a l e  i s  
expec ted  wi th  c o a l  g a s i f i c a t i o n  and geothermal  a l s o  be ing  added t o  t h e  t o t a l  
supply‘  
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Water Requirements f o r  Energy Process ing .  The impact of energy 
development on water  q u a l i t y  i s  c e r t a i n l y  r e l a t e d  t o  t h e  q u a n t i t i e s  withdrawn @ 
f o r  process  uses  i n  a r eg ion .  A number of r e c e n t  s t u d i e s  have e s t ima ted  the  
annual water  consumption r e q u i r e d  f o r  p r o j e c t e d  l e v e l s  of energy p roduc t ion  
us ing  g e n e r a l l y  accepted  water  consumption c o e f f i c i e n t s .  The t o t a l  annual 
water consumption f o r  energy development i s  summarized by a c t i v i t y  types  i n  
Table  X. The l a r g e s t  user  of water i s  c o a l - f i r e d  e l e c t r i c  g e n e r a t i o n ,  wi th  
o i l  s h a l e  and c o a l  g a s i f i c a t i o n  a l s o  i n d i c a t e d  a s  prominent u ses .  

Summary. An o v e r a l l  summary of the wa te r ,  energy,  and o t h e r  r e l a t e d  
c h a r a c t e r i s t i c s  i s  p re sen ted  i n  Table  X I .  Using t h e  t a b l e  and t h e  d e t a i l e d  
b a s i n  map of F i g .  13,  t hose  r eg ions  where energy r e sources  a r e  p r e s e n t  and 
development p o t e n t i a l  e x i s t s  can be compared wi th  t h e  water  q u a l i t y  and 
environment a 1  charac  t e r  i s  t i c s of the  a r e a .  

The Upper Missour i  River  Bas in  

The Upper Missour i  River Bas in  is  a r eg ion  t h a t  i s  extremely r i c h  i n  
energy r e sources .  The fo l lowing  d i s c u s s i o n  p r e s e n t s  a geographica l  and 
q u a n t i t a t i v e  overview of the "convent ional"  energy r e s e r v e s  found w i t h i n  the  
fou r  s t a t e s  (Wyoming, Montana, North Dakota,  South Dakota) of t h i s  b a s i n  
a r e a .  The s t a t i s t i c s  a r e  changing a s  new r e s e r v e s  are proved or  a s  more 
r e sources  a r e  p r o j e c t e d .  Likewise,  t h e  in fo rma t ion  on p o s s i b l e  l e v e l s  of 
f u t u r e  development i s  h i g h l y  s u b j e c t  t o  economic, t e c h n o l o g i c a l ,  and 
environmental  c o n d i t i o n s .  

Energy Resources .  There a r e  about 1 .4  t r i l l i o n  tons  of c o a l  i n  t h e  fou r  
s t a t e s  of t h e  Upper Missour i  River  Bas in ,  o r  42% of t h e  t o t a l  n a t i o n a l  
r e sources .  S u l f u r  con ten t  of t h e s e  c o a l s  i s  o f t e n  l e s s  than 1%, a l though 
c o n t e n t s  a s  h igh  a s  2.4% have been r e p o r t e d .  F igu re  14 shows t h e  g e n e r a l  
l o c a t i o n s  of the coa l  r e s e r v e s  i n  the  f o u r - s t a t e  r eg ion .  Table  X I 1  p r e s e n t s  
t h e  e s t ima ted  annual c o a l  p roduc t ion  r a t e s  f o r  t h e s e  s t a t e s .  

There a r e  very  l i m i t e d  d e p o s i t s  of o i l  s h a l e  i n  Montana; t h e r e  a r e  no 
d e p o s i t s  i n  t h e  o t h e r  t h r e e  s t a t e s  of the  Upper Missour i  R i v e r  B a s i n .  
P r e s e n t l y ,  t h e r e  a r e  no p l ans  t o  develop t h i s  r e source  u n t i l  i t s  f e a s i b i l i t y  
has been  proven wi th  r i c h e r  sou rces  (Environmental  P r o t e c t i o n  Agency, 1974) .  

I n t e r e s t  i n  geothermal  energy i s  i n c r e a s i n g  r a p i d l y .  The Upper Missour i  
River  Bas in  c o n t a i n s  s i g n i f i c a n t  geothermal  energy p o t e n t i a l  i n  connec t ion  
wi th  t h e  r e l a t i v e l y  you th fu l  age of i t s  geo log ic  p rocesses .  F igu re  15 
i n d i c a t e s  t h e  l a r g e  a r e a  of t h i s  b a s i n  i n  which p o t e n t i a l  f o r  geothermal  
energy r e sources  i s  b e s t  (Environmental  P r o t e c t i o n  Agency, 1974).  

I n  1972, p roduc t ion  of c rude  o i l  from t h e  Upper Missour i  River  Bas in  w a s  
i n  the  order  of 540 000 b b l / d  (197 m i l l i o n  b b l / y r ) ,  o r  j u s t  under 6% of t h e  
t o t a l  US crude o i l  and condensa te  product ion .  F i g u r e  16 p o r t r a y s  t h o s e  
g e n e r a l  a r e a s  of the  b a s i n  i n  which o i l  and gas  d e p o s i t s  may be expec ted  
(Environmental  P r o t e c t i o n  Agency, 1974) .  P roduc t ion  of n a t u r a l  gas  from t h e  
Upper Missour i  River  Bas in  was about  1082 m i l l i o n  s t anda rd  cubic  f e e t  ( s c f )  
p e r  day i n  1972 (395 b i l l i o n  s c f / y r )  o r  1 .7% of t h e  t o t a l  US p roduc t ion .  
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Energy Conversion and Development. Curren t  product ion from c o a l - f i r e d  
e l e c t r i c  g e n e r a t i n g  p l a n t s  i n  t h e  Northern Grea t  P l a i n s  p o r t i o n  of t h e  Upper 
Missour i  River  Bas in  i s  approximately 3 000 MW. There a r e  42 p o t e n t i a l  power 
p l a n t  s i t e s  i n  t h e  r eg ion  where coa l  and water  r e sources  a r e  cons ide red  
adequate  f o r  the  gene ra t ion  of a cumulat ive t o t a l  of 200 000 Mw of power. An 
annual p roduc t ion  r a t e  of 8 b i l l i o n  tons  of coa l  and an annual usage of up t o  
900 000 a c r e - f t  of water  a r e  r e q u i r e d  t o  s u s t a i n  an e l e c t r i c a l  p roduct ion  
c a p a c i t y  of 50 000 MW. 

I t  i s  l i k e l y  t h a t  the  f i r s t  commercial coa l  g a s i f i c a t i o n  p l a n t  w i l l  be  
b u i l t  i n  t h e  Upper Missour i  River  Bas in  a t  Beulah, North Dakota. The t y p i c a l  
p l a n t  u n i t  producing 250 m i l l i o n  cub ic  f e e t  p e r  day (MMft3/d) of 
p i p e l i n e - q u a l i t y  s y n t h e t i c  n a t u r a l  gas  would use  10 m i l l i o n  tons /y r  of c o a l  
(Harza Engineer ing  Company, 1976).  

The f o r e c a s t i n g  of energy needs and product ion  i s  s u b j e c t  t o  wide ranges  
i n  e s t i m a t e s ,  or because of t h e  u n c e r t a i n t y  of economic and t echno log ica l  
f a c t o r s .  The P r o j e c t  Independence Evalua t ion  System (PIES) of the Fede ra l  
Energy Admin i s t r a t ion ,  used t o  produce low-to-high estimates of development 
r a t e s ,  p rovides  the  b a s i s  f o r  i n d i c a t i n g  the  gene ra l  l e v e l  of c o a l - f i r e d  
e l e c t r i c  and c o a l  g a s i f i c a t i o n  p l a n t s  i n  development of t h e  Upper Missour i  
River  Basin.  Loca t ions  of  t h e s e  p l a n t s  are i d e n t i f i e d  i n  F i g .  17  and l i s t e d  
i n  Table  X I I I .  

About 25% t o  30% of the  t o t a l  U S  c o a l  product ion  is  expected t o  occur  i n  
t h e  wes tern  Northern Grea t  P l a i n s .  One of t h e  pr imary r easons  f o r  t h e  
c o n c e n t r a t i o n  of product ion  i n  t h i s  r eg ion  i s  t h a t  t h e r e  a r e  s u b s t a n t i a l  
r e s e r v e s  of low s u l f u r  c o a l .  The Northern Grea t  P l a i n s  a r e a  (PIES Supply 
Regions Nos. 7 and 8 )  i s  f o r e c a s t  t o  produce about  305 m i l l i o n  tons  of c o a l  i n  
1985, which amounts t o  about  30% of t h e  p r o j e c t e d  n a t i o n a l  p roduc t ion  f o r  t h a t  
yea r  (Harza Engineer ing  Company, 1976).  

Es t ima tes  of t he  c o a l - r e l a t e d  energy development i n  the  l i g n i t e  f i e l d s  of 
North Dakota and Montana, and t h e  Powder River  coa l  f i e l d s  of Montana and 
Wyoming a r e  p re sen ted  i n  Table  X I V .  This t a b l e  i n d i c a t e s  t h a t ,  under t h e  most 
p robab le  s c e n a r i o ,  t h e  c a p a c i t y  of c o a l - f i r e d  steam e l e c t r i c  p l a n t s  would be  
about  4 700 MW i n  1985 and 11 000 MW by the  yea r  2000. With t h i s  l e v e l  of 
development, t h e r e  would b e  11 p l a n t s  by 1985 and 23 p l a n t s  by t h e  y e a r  2000. 
Also i n d i c a t e d  i n  Table  X I V  i s  the  use  of c o a l  f o r  g a s i f i c a t i o n  p l a n t s .  Four 
of t h e s e  types  of p l a n t s  have been announced f o r  t h e  Upper Missour i  R ive r  
Bas in  area. 

Beyond 1990, t h e  f i n a n c i a l  i n c e n t i v e s  coupled wi th  dwindl ing domest ic  
r e s e r v e s  of n a t u r a l  gas  and o i l  a r e  expec ted  t o  cause r a p i d  expansion of c o a l  
g a s i f i c a t i o n  a c t i v i t y .  A t o t a l  of 15 c o a l  g a s i f i c a t i o n  p l a n t s  w i th  a c a p a c i t y  
e q u i v a l e n t  t o  3 814 MMft3/d of p i p e l i n e  q u a l i t y  gas are p r o j e c t e d  t o  b e  
c o n s t r u c t e d  in the  Upper Missour i  River  Bas in  by the  yea r  2000 under t h e  most 
probable  s c e n a r i o  (Table  XIV). Under t h e  h igh  s c e n a r i o ,  a t o t a l  of 21 u n i t s  
a r e  a n t i c i p a t e d  wi th  a c a p a c i t y  e q u i v a l e n t  of 5 354 MMft3/d. 

Water Requirements f o r  Energy Process ing .  The consumptive water 
requi rements  f o r  t h e s e  energy p rocess ing  a c t i v i t i e s  are a l s o  p re sen ted  i n  
Table  X I V .  P o t e n t i a l  water  u se  could  range from 300 000 a c r e - f t  t o  over  
500 000 ac re -  f t  by t h e  year  2000. 
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ENERGY PROCESSES AND WASTE STREAMS 

Energy p rocess ing  a c t i v i t i e s  have bo th  product  s t reams and waste  streams. 
Handl ing of was te  s t reams may i n c l u d e  r e c y c l i n g  and/or  t r e a t m e n t ,  bu t  
u l t i m a t e l y  r e s i d u a l s  i n  s o l i d ,  gas ,  o r  l i q u i d  forms must be  d isposed  o f .  I f  
d e l e t e r i o u s  subs t ances  from t h e s e  r e s i d u a l s  are t r a n s p o r t e d  i n t o  t h e  a i r ,  
l a n d ,  o r  wa te r ,  t hey  become p o l l u t i o n  problems. 

Mining Opera t ions  

Usua l ly ,  an i n d u s t r y  uses  water  i n  i t s  p rocess  and contaminates  i t  du r ing  
t h e  o p e r a t i o n .  Most of t h e  water used by t h e  mining i n d u s t r y ,  however, i s  f o r  
dus t  c o n t r o l  and f i r e  p r o t e c t i o n .  The major water  q u a l i t y  problem i s  mine 
d ra inage .  Water e n t e r s  t h e  mines v i a  p r e c i p i t a t i o n ,  groundwater  i n f i l t r a t i o n ,  
and s u r f a c e  r u n o f f ,  where i t  becomes p o l l u t e d  by c o n t a c t  and r e a c t i o n  wi th  
m a t e r i a l s  i n  t h e  c o a l ,  overburden m a t e r i a l ,  and mine bottom. While a c i d  mine 
d ra inage  i s  a t y p i c a l  problem i n  the  E a s t e r n  US, a l k a l i n e  d ra inage  i s  
f r e q u e n t l y  found i n  t h e  wes te rn  c o a l  f i e l d s .  

Coal-Fired Steam E l e c t r i c  

The c o a l - f i r e d  steam t u r b i n e  c o n s i s t s  b a s i c a l l y  of t he  c o a l - f i r e d  b o i l e r ,  
t h e  steam t u r b i n e ,  t h e  condenser ,  and t h e  coo l ing  system, a s  shown i n  F i g .  
18. A v a r i e t y  of methods can be used t o  remove waste h e a t  from t h e  t u r b i n e  
exhaus t  s t ream,  i n c l u d i n g  once-through c o o l i n g ,  e v a p o r a t i v e  c o o l i n g ,  and dry  
coo l ing .  A s  a r u l e  of thumb, about  95% of the  t o t a l  power p l a n t  water  use  i s  
f o r  t h e  c o o l i n g  system, when w e t  e v a p o r a t i v e  c o o l i n g  i s  used.  

Water is  a l s o  used as the  working f l u i d  i n  t h e  bo i l e r - tu rb ine -condense r  
cyc le  and must conform t o  p r e c i s e  chemical s p e c i f i c a t i o n s .  Usua l ly ,  e x t e n s i v e  
t r ea tmen t  i s  r e q u i r e d  b e f o r e  it can be used. Ash produced from burn ing  t h e  
coa l  i s  u s u a l l y  s l u i c e d  wi th  water  t o  a pond f o r  d i s p o s a l .  Water i s  a l s o  used 
f o r  equipment c l e a n i n g ,  f o r  domest ic  use a t  t he  p l a n t ,  and f o r  a i r  p o l l u t i o n  
c o n t r o l  d e v i c e s ,  such a s  s c rubbe r s .  

The waste  wa te r s  d i scharged  from a power p l a n t  coo l ing  tower u s u a l l y  
c o n s i s t  of l a r g e  q u a n t i t i e s  of h o t  water, which can d i r e c t l y  a f f e c t  a q u a t i c  
l i f e  and reduce t h e  d i s so lved  oxygen c o n t e n t .  A s  a r e s u l t  of evapora t ion ,  
chemicals  tend  t o  become c o n c e n t r a t e d  i n  t h e  c o o l i n g  water. When t h e  blowdown 
water i s  d i scha rged ,  i t s  c o n c e n t r a t i o n  of t o t a l  d i s s o l v e d  s o l i d s  (TDS) may be 
s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  TDS c o n c e n t r a t i o n  of t h e  makeup water .  The 
degree of TDS c o n c e n t r a t i o n  depends p r i m a r i l y  on i n f l u e n t  water  q u a l i t y  and 
t h e  number of r e c y c l i n g s  i n  coo l ing  tower o p e r a t i o n s .  S t r a t t o n  and Lee (1975) 
have s t u d i e d  the  q u a l i t y  of t he  makeup and blowdown wa te r s  from 11 c o o l i n g  
towers and found t h a t  l e a d  and mercury levels  w e r e  s i g n i f i c a n t l y  i n c r e a s e d  i n  
t h e  blowdown water. 

Another source  of waste  water  i s  a sh  p i l e  d ra inage ,  which occurs  as a 
r e s u l t  of r a i n f a l l .  The a sh  p i l e  d ra inage  c o n t a i n s  m a t e r i a l  l eached  from t h e  
a sh  p i l e ,  and u n l e s s  i t  i s  c o n t r o l l e d ,  t h e  water can contaminate  groundwater 
s u p p l i e d  o r  s u r f a c e  wa te r  by ove r l and  flow. 
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Coal G a s i f i c a t i o n  

The b a s i c  modules i n  the c o a l  g a s i f i c a t i o n  process  a r e  summarized i n  Table  
XV. Seve ra l  modules could  d i r e c t l y  a f f e c t  water  q u a l i t y  through r a i n f a l l  
runoff as  a sou rce  of p o l l u t i o n .  I n  the w i n t e r ,  poor housekeeping i n  some 
a r e a s  of t h e  p l a n t  can r e s u l t  i n  ve ry  h i g h  c o n c e n t r a t i o n s  i n  t h e  runoff  du r ing  
the s p r i n g  thaw. Improper s t o r a g e  of ash p i l e s  and feed c o a l  can r e s u l t  i n  
l e a c h a t e  and runof f  problems dur ing  s p r i n g  thaw and r a ins to rms .  A l l  of t h e  
waste water recovery  and t r ea tmen t  p rocesses  produce some s l u d g e s ,  b r i n e s ,  or 
e f f l u e n t s  t h a t  can c o n t r i b u t e  t o  water  p o l l u t i o n  i f  not  p r o p e r l y  handled  
(Klemetson, 1976).  

The major waste water s t r eam o r i g i n a t e s  a t  the quenching coo l ing  u n i t ,  and 
t h e  p r i n c i p a l  minor s t ream comes from t h e  f i n a l  gas  p u r i f i c a t i o n  u n i t  
( r e c t i s o l  wash). The c h a r a c t e r i s t i c s  of the major and minor waste water  
s t ream of a g a s i f i c a t i o n  p l a n t  bu rn ing  North Dakota l i g n i t e  c o a l  a r e  shown i n  
Table  X V I .  The expec ted  composition of the wastewater fo l lowing  b i o l o g i c a l  
t r ea tmen t  i s  shown i n  Table  X V T I .  I n  a d d i t i o n  t o  t h e  chemical c o n s t i t u e n t s  
l i s t e d  i n  Tables  X V I  and X V I I ,  t h e r e  a r e  many o t h e r  o rgan ic  and i n o r g a n i c  
c o n s t i t u e n t s .  The u n l i s t e d  chemical c o n s t i t u e n t s  a r e  not of minor 
s i g n i f i c a n c e ,  however, and some may y e t  be determined c a r c i n o g e n i c .  

O i l  S h a l e  

Envi ronmenta l ly ,  the  o i l  s h a l e  i n d u s t r y  has  numerous problems. Explos ive  
or t o x i c  gases  a r e  not  p r e s e n t  i n  c o a l  mines,  bu t  even t h e  r i c h e s t  o i l  s h a l e s  
use more than 1 . 5  t ons  of s h a l e  to  produce a b a r r e l  of o i l .  A f t e r  t h e  s h a l e  
i s  c rushed ,  i t  occupies  a volume 12% t o  30% g r e a t e r  t han  when mined. While 
most of the spen t  s h a l e  i s  r e t u r n e d  t o  the mine, t h e  excess  volume of c rushed  
rock has t o  be d i sposed  of on t h e  l a n d .  These a r e a s  have t o  be p r o t e c t e d  from 
s p r i n g  runoff  and r a i n f a l l  t o  prevent  water p o l l u t i o n .  Water used i n  the  
p r o d u c t i o n  of s h a l e  o i l  c o n t a i n s  d i s s o l v e d  o rgan ic s  and i n o r g a n i c s ,  which may 
contaminate  the  environment (May and Kube, 1974).  

Geo thermal  I 
Producing e l e c t r i c i t y  from dry steam w e l l s  may have only a l i m i t e d  impact 

on t h e  environment. However, dangerous t r a c e  e lements  are found i n  condensa te  
from the  c o o l i n g  towers.  Tapping ho t  water  f i e l d s  may p r e s e n t  a formidable  
b r i n e  d i s p o s a l  problem u n l e s s  a c l o s e d  loop  system i s  used.  

WATER QUALITY PROBLEMS OF ENERGY ACTIVITIES  

Water P o l l u t i o n  Impacts from Energy A c t i v i t i e s  

Energy e x t r a c t i o n  and conve r s ion  p r o c e s s e s  can a f f e c t  water q u a l i t y  i n  two 
ways: (1) t h e  v a r i o u s  p l a n t  p r o c e s s e s  and o n - s i t e  a c t i v i t i e s  g e n e r a t e  and 
m o b i l i z e  p o l l u t a n t s  t h a t  can then  be t r a n s p o r t e d  by v a r i o u s  means i n t o  water 
s u p p l i e s ,  and (2)  energy p r o c e s s e s  and a c t i v i t i e s  a l t e r  t h e  n a t u r a l  p h y s i c a l  
and h y d r o l o g i c  p rocesses  l e a d i n g  t o  p o l l u t i o n  load ing  and p o l l u t i o n  
c o n c e n t r a t i n g  i n  water  s u p p l i e s . .  The major ene rgy- re l a t ed  a c t i v i t i e s  
c o n t r i b u t i n g  t o  p o l l u t i o n  problems are: (1) s u r f a c e  d i s t u r b a n c e s ,  producing 
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sediments  and s a l t s ;  ( 2 )  mine d ra inage ,  producing heavy me ta l s  and t o x i c a n t s ;  
( 3 )  waste water  d i s c h a r g e s ,  con ta in ing  o rgan ic s  and ca rc inogen ic  a g e n t s ;  ( 4 )  
t empera ture  i n c r e a s e s  from blowdown wa te r ;  and ( 5 )  decrease  f low below minimum 
ins t r eam flow r e q u i r e d  f o r  d e s i r a b l e  a q u a t i c  communities. Such problems w i l l  
be  accen tua ted  by t h e  energy i n d u s t r i e s '  d i v e r s i o n  and consumptive use  of 
wa te r ,  which cor respondingly  dec reases  the  s t reams c a p a c i t y  f o r  a s s i m i l a t i n g  
p o l l u t i o n  d i s c h a r g e s .  

F igure  19 i s  a f low diagram i n d i c a t i n g  major pa ths  of p o s s i b l e  
contaminat ion  t o  t h e  s u r f a c e  and groundwater s t reams a t  an energy s i t e ,  and 
the  mechanisms of t r a n s p o r t i n g  p o l l u t a n t s  t o  s u r f a c e  and groundwater.  The 
f i g u r e  d e p i c t s  ( 1 )  t h e  o n - s i t e  a c t i v i t i e s  t h a t  i n t e r d i c t  normal s u r f a c e  and 
groundwater flow p a t t e r n s ,  ( 2 )  t he  processes  t h a t  mob i l i ze  p o l l u t a n t s  f o r  
t r a n s p o r t  t o  r e c e i v i n g  wa te r s ,  and f i n a l l y ,  ( 3 )  t h e  s o l i d s  d i s p o s a l  and a i r  
emiss ions  t h a t  become sources  of p o l l u t a n t s ,  which can f i n d  t h e i r  way through 
va r ious  t r a n s p o r t  mechanisms t o  r e c e i v i n g  waters .  The fo l lowing  paragraphs  
d e s c r i b e  the  g e n e r i c  types  of energy a c t i v i t i e s  and d i s p o s a l  methods t h a t  
could have water  q u a l i t y  impacts .  

T e r r e s t r i a l  D i s tu rbances  of E x t r a c t i o n  ODerat ions.  A s  a r e s u l t  of s u r f a c e  
and subsur f  ace a c t i v i t i e s  r e l a t e d  t o  energy development, water  q u a l i t y  
c o n d i t i o n s  can be a f f e c t e d  by i n t e r r u p t i n g  normal flow p a t h s ,  and by l each ing  
and t r a n s p o r t i n g  contaminants  t o  r e c e i v i n g  wa te r s .  

Mining excava t ions .  Sur face  and underground mining o p e r a t i o n s  o f t e n  
i n t e r c e p t  a q u i f e r s ;  t h e s e  in f lows  then  c r e a t e  mining d ra inage  problems. A s  
t he  water  c o n t a c t s  exposed m a t e r i a l s  i n  the  mines,  i t  becomes contaminated by 
v a r i o u s  p o l l u t a n t  c o n s t i t u e n t s .  Th i s  degraded water  can e n t e r  t h e  hydro log ic  
system through v a r i o u s  pathways--leaching, r u n o f f ,  and sp i l lway  from cachement 
ponds. 

Mining s p o i l s  and overburden. The removal and handl ing  of overburden 
makes i t  h i g h l y  s u b j e c t  t o  water  e r o s i o n  and i n f i l t r a t i o n ,  which can l e a c h  
p o l l u t a n t s  and t r a n s p o r t  them t o  r e c e i v i n g  wa te r s .  A r e c e n t  s tudy  of s e l e c t e d  
s p o i l  s i t e s  (McWhorter e t  a l . ,  1975) i n d i c a t e d  t h a t  t h e  most s i g n i f i c a n t  water  
p o l l u t i o n  p o t e n t i a l  of the coa l  s t r i p  mine s p o i l s  r e s u l t s  from the  s o l u b l e  
s a l t  c o n t e n t  of t h e  overburden m a t e r i a l s .  Almost a l l  t h e  s u r f a c e  mineable  
c o a l  r e s e r v e s  r e s i d e  i n  format ions  depos i t ed  i n  the  marine environment dur ing  
t h e  Upper Cretaceous and e a r l y  T e r t i a r y  p e r i o d s .  D i s r u p t i o n  of t h e s e  s a l i n e  
s h a l e s  and sands tones  exposes f r e s h  s u r f a c e s  f o r  l each ing ,  and, f o r  a 
s i g n i f i c a n t  p e r i o d  of t ime,  w i l l  i n f l u e n c e  t h e  q u a l i t y  of s u r f a c e  and 
subsu r face  runof f .  The major c o n s t i t u e n t s  i n  s u r f a c e  and subsu r face  runoff  
from t h e  s p o i l s  a r e  sodium, calcium, magnesium, s u l f a t e ,  and b i c a r b o n a t e .  The 
l e a c h i n g  problem is of p a r t i c u l a r  concern i n  t h e  Upper Colorado River  Bas in  
because  of t h e  s a l i n i t y  problems t h a t  a l r e a d y  e x i s t  i n  t h e  b a s i n ' s  r i v e r s .  

Land subs idence .  Land subs idence  sometimes r e s u l t s  from underground 
mining and from o i l  and gas  e x t r a c t i o n  from w e l l s .  This  d i f f e r e n t i a l  s u r f a c e  
s e t t l i n g  can cause the  r e t e n t i o n  of water i n  t h e s e  dep res s ions  
p e r i o d s ,  a l lowing  p e r c o l a t i o n  of t h e  water i n t o  d i s t u r b e d  
p o l l u t a n t s  a r e  picked up and t r a n s p o r t e d  t o  underground wa te r .  

f o r  prolonged 
s t r a t a  where 
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Waste Containment and Di sposa l  from Energy P rocess ing .  On-s i te  a c t i v i t i e s  
and p l a n t  p rocesses  g e n e r a t e  p o l l u t e d  waste  wa te r s  t h a t  must be  c o n t r o l l e d ,  
t r e a t e d ,  and d isposed  o f .  P l a n t  s i t e s  have runof f  and dra inage  water problems 
t h a t  must be handled.  Normal p l a n t  o p e r a t i o n s  r e q u i r e  some waste  s t reams t o  
b e  concen t r a t ed  and con ta ined ,  wh i l e  o t h e r s  may b e  t r e a t e d  and d i scha rged  t o  
t h e  environment.  

On-s i te  and m a t e r i a l s  hand l ing  problems. R a i n f a l l  c o n t a c t i n g  and 
p e r c o l a t i n g  through coa l  s t o r a g e  p i l e s  can l each  p o l l u t a n t s  and c a r r y  f i n e  
sediments  t o  bo th  s u r f a c e  and groundwater systems.  Runoff can a l s o  t r a n s p o r t  
p o l l u t a n t s  t h a t  accumulate a t  t h e  p l a n t  s i t e  as a r e s u l t  of s p i l l s  o r  f u g i t i v e  
m a t e r i a l s  from p rocess  o p e r a t i o n s .  

Wastewater containment .  D i sposa l  of unwanted s o l i d  and l i q u i d  was te  
by ponding has  been  a common p r a c t i c e  f o r  d i s p o s a l .  The m e t a l s  and o t h e r  
c o n s t i t u e n t s  i n  the  s ludge  tend  t o  l e a c h  from t h e  s o l i d s  i n t o  s o l u t i o n .  
Unless  t h e  pond i s  comple te ly  s e a l e d ,  t h e  water from t h e  s ludge  and t h e  
d i s s o l v e d  s o l i d s  w i l l  b e  t r a n s p o r t e d  from t h e  pond a r e a  by i n f i l t r a t i o n  
through t h e  s o i l .  The d i s s o l v e d  s o l i d s  may e v e n t u a l l y  reach  depths  where t h e  
groundwater t a b l e  i s  l o c a t e d ,  w i th  r e s u l t i n g  contaminat ion  of t h e  groundwater 
supply  system and, i n  some cases, contaminat ion  of proximate  s u r f a c e  w a t e r s  
fed  by the  contaminated groundwater.  

Discharge  t o  s u r f a c e  wa te r s .  Energy convers ion  p l a n t s  a r e  pe rmi t t ed  
t o  d i r e c t l y  d i s c h a r g e  was tewaters ,  i f  t hey  are t r e a t e d  t o  meet e f f l u e n t  
s t a n d a r d s .  However, d i s c h a r g e  s t a n d a r d s  have n o t  been set  f o r  a l l  
p o l l u t a n t s .  Thus,  wh i l e  t h e  e f f l u e n t  meets d i scha rge  s t a n d a r d s  f o r  s p e c i f i e d  
subs t ances ,  t h e  e f f l u e n t  may c o n t a i n  t o x i c  c o n c e n t r a t i o n s  of o t h e r  
c o n s t i t u e n t s  f o r  which t h e r e  are no s t a n d a r d s ,  t he reby  degrading  t h e  r e c e i v i n g  
water  q u a l i t y .  

Deep w e l l  i n j e c t i o n .  Rather  t han  d i s c h a r g i n g  was tes  t o  s u r f a c e  
w a t e r s ,  ano the r  p o s s i b l e  d i s p o s a l  method i s  deep w e l l  i n j e c t i o n .  The obvious 
haza rd  h e r e  is  contaminat ion  of groundwater w i t h  v a r i o u s  p o l l u t a n t s  i n c l u d i n g  
t o x i c  subs t ances  and heavy m e t a l s  con ta ined  i n  t h e  waste s t reams.  S e c t i o n s  of 
t he  Safe-Drinking Water Act (PL93.-523) r e q u i r e  pe rmi t s  f o r  d i s p o s a l  by deep 
w e l l  i n j e c t i o n .  

L a n d f i l l s .  The l a r g e  q u a n t i t i e s  of a sh  and spen t  s h a l e ,  s ludge  from 
s c r u b b e r s ,  c o n c e n t r a t e d  b r i n e  streams, and o t h e r  e s s e n t i a l l y  s o l i d  was te s  may 
b e  d isposed  of by l a n d f i l l .  The l a n d f i l l  m a t e r i a l  c o n t a i n s  compara t ive ly  
l a r g e  p r o p o r t i o n s  of l e a c h a b l e  i o n s ,  such as sodium. I f  l o c a t e d  i n  areas 
exposed t o  r a i n f a l l ,  t h e  runoff  may c a r r y  s a l t s  i n t o  t h e  ground and s u r f a c e  
waters. The water q u a l i t y  impacts  of l a n d f i l l s  would b e  expec ted  t o  b e  
s imi la r  t o  those  desc r ibed  f o r  mining s p o i l s .  

A i r  emiss ion  e f f e c t s  on water q u a l i t y .  E f f l u e n t s  such as s t a c k  gases  
o f t e n  c o n t a i n  l a r g e  q u a n t i t i e s  of p o l l u t a n t s  t h a t  can e n t e r  water sou rces  
a f t e r  b e i n g  t r a n s p o r t e d  from t h e  atmosphere.  The p o s s i b l e  p o l l u t a n t  pathways 
from atmosphere t o  water are i l l u s t r a t e d  i n  F ig .  20. P a r t i c u l a t e s  from t h e  
s t a c k  gases  o f t e n  c o n t a i n  heavy m e t a l s  t h a t  can b e  removed from t h e  atmosphere 
by r a i n f a l l  washout and by n a t u r a l  f a l l o u t  on to  t h e  l and  and i n t o  water 
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@ bod ies .  I f  t h e  n a t u r a l  l e v e l s  of some heavy metals ( e . g . ,  mercury) i n  s o i l s  
a r e  r e l a t i v e l y  low compared t o  t h e  p a r t i c u l a t e  de r ived  heavy me ta l s ,  t hen  t h e  
t r a n s p o r t  of the  f a l l o u t  du r ing  e r o s i o n  can b e  s i g n i f i c a n t  t o  wa te r  q u a l i t y  
( J u r i n a k  e t  a l . ,  1 9 7 7 ) .  

Stream Flow A l t e r a t i o n s .  Energy developments w i l l  a l s o  impact on water 
q u a l i t y  through a l t e r a t i o n  of e x i s t i n g  stream flows t o  p rov ide  water  f o r  
deve lopmen t . 

Impoundments. C o n s t r u c t i o n  of impoundments causes  a r e d u c t i o n  i n  t h e  
s i l t - c a r r y i n g  c a p a c i t y  of t h e  r i v e r s ,  a r e d u c t i o n  i n  downstream f lows,  and an  
i n c r e a s e  i n  s a l t  c o n c e n t r a t i o n s  (from i n c r e a s e d  e v a p o r a t i o n ) .  I n  a d d i t i o n ,  
r e s e r v o i r s  have d i f f e r e n t  e f f e c t s  on p r o c e s s e s  a f f e c t i n g  water q u a l i t y  ( e . g . ,  
e u t r o p h i c a t i o n  and d i s s o l v e d  oxygen r e a c t i o n s ) .  Waters r e l e a s e d  i n  the  
o p e r a t i o n  of t h e  r e s e r v o i r  tend t o  be ex t r eme ly  c o l d  because  they  are drawn 
from bottom l a y e r s .  The re lease of t h e s e  waters causes  changes i n  the  types  
and q u a n t i t i e s  of b i o t a  r e s i d i n g  i n  t h e  r i v e r .  

Flow r e d u c t i o n .  Water q u a l i t y  problems caused by energy development 
w i l l  be  accen tua ted  by t h e  energy i n d u s t r i e s '  d i v e r s i o n  and consumptive use  of 
wa te r .  A s  a r e s u l t  of d e c r e a s i n g  the  flow r a t e ,  a s t ream's  c a p a c i t y  f o r  
a s s i m i l a t i n g  p o l l u t i o n  d i s c h a r g e s  i s  reduced and p o l l u t a n t  c o n c e n t r a t i o n s  
i n c r e a s e .  I n c r e a s i n g  the  p o l l u t i o n  c o n c e n t r a t i o n s  by consumptive u s e  i s  a 
p a r t i c u l a r  problem because  of t h e  s a l i n i t y  problems i n  t h e  wes te rn  s t r eams .  
The r e d u c t i o n  of i n s t r e a m  flow a l s o  causes  environmental  impacts because 
dec reased  flow, on an average annual and peak annual  b a s i s ,  can d i s r u p t  
d e s i r a b l e  n a t u r a l  communities, r e c r e a t i o n a l  p u r s u i t s ,  and water q u a l i t y  
( S t a l n a k e r  and A r n e t t e ,  1976 ;  Orsborn, 1 9 7 6 ) .  

Secondary Impacts--Increased P o p u l a t i o n .  Another p o t e n t i a l  sou rce  of 
water q u a l i t y  d e g r a d a t i o n  i s  t h e  d i s c h a r g e  of . p o l l u t a n t s  a s s o c i a t e d  w i t h  
i n c r e a s e d  popu la t ion  growth and commercial a c t i v i t i e s  a s s o c i a t e d  wi th  energy 
development. A ca se  s tudy  of a s e t  of subbas ins  of t h e  Green R ive r  was made 
t o  e v a l u a t e  water  q u a l i t y  impacts of energy development and p o p u l a t i o n  
growth. The impact of t h e  r e s u l t i n g  w a s t e  d i s c h a r g e s  on r i v e r  w a t e r  q u a l i t y  
w a s  analyzed u s i n g  a stream q u a l i t y  model (SSAM Model, USU). R e s u l t s  showed 
t h a t  p o p u l a t i o n  i n c r e a s e  from energy development w i l l  v i o l a t e  S t a t e  of Utah 
Stream S tanda rds  f o r  B i o l o g i c a l  Oxygen Demand (BOD) and co l i fo rms .  However, 
problems " a s s o c i a t e d  wi th  stream flow, l and  u s e s ,  and nonpoint sou rces  appear  
t o  be  of more concern than t h e  p o i n t  l o a d s  t h a t  r e c e i v e  p r e s c r i b e d  l e v e l s  of 
t r ea tmen t . "  (Grenney and P o r c e l l a ,  1976;  p. 6 0 3 ) .  

Summary. A s  the  d i s c u s s i o n  i n  t h e  p rev ious  s e c t i o n  i n d i c a t e s ,  many of t h e  
p o t e n t i a l  p o l l u t i o n  problems a s s o c i a t e d  wi th  energy development w i l l  n o t  be  
r e s u l t s  of d i r e c t  d i s c h a r g e s ,  b u t  w i l l  occur  through t h e  t r a n s p o r t  of 
p o l l u t a n t s  from o t h e r  p rocesses  and d i s p o s a l  a c t i v i t i e s  t h a t  are less  obvious 
and, t h e r e f o r e ,  no t  c o n t r o l l e d .  

Water P o l l u t a n t s  from Energy P r o c e s s e s  

The development of energy e n t a i l s  water p o l l u t i o n  from e x t r a c t i v e ,  
@ materials  p r o c e s s i n g ,  and energy p roduc t ion  a c t i v i t i e s .  A l l  of t h e s e  

a c t i v i t i e s  i nvo lve  water r e s o u r c e s  ( s u r f a c e  and groundwater) and r e s u l t  i n  t h e  
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a d d i t i o n  of chemicals  t h a t  u s u a l l y  dec rease  t h e  b e n e f i c i a l  u ses  o f  t h e  wa te r .  
The most t y p i c a l  and s i g n i f i c a n t  p o l l u t a n t s  i nc lude  heavy m e t a l s ,  a c i d s ,  
s a l t s ,  and o rgan ic s .  I n  a d d i t i o n ,  c o n c e n t r a t i o n  i n c r e a s e s  occur  because of 
the  removal of d i l u t i o n  c a p a c i t y  by i n c r e a s e d  consumptive use  o r  by permanent 
d i v e r s i o n  of water  from t h e  s t ream,  p l u s  t h e  cumulat ive e f f e c t s  of e v a p o r a t i o n  
as a c o n c e n t r a t i n g  p rocess .  

Acids a s s o c i a t e d  wi th  energy a r e  o f t e n  a r a i n f a l l  problem and r e s u l t  from 
SO2 d i scha rges  i n  s t a c k  gases  from the  energy product ion  s t ep :  

SO2 + H20 = H2SO3 

H2SO3 + 1 / 2  0 2  = H2SO4 ( s u l f u r i c  a c i d )  . 
Although a c i d  r a i n f a l l  i s  a s e r i o u s  problem i n  t h e  h i g h l y  popula ted  
Nor theas t e rn  US, i t  has  n o t  been a problem i n  t h e  West as  y e t .  This  i s  due 
p a r t i a l l y  t o  t h e  c o n s i d e r a b l e  b u f f e r  c a p a c i t y  i n  wes te rn  r i v e r s  and p a r t i a l l y  
t o  the  low energy product ion  i n  t h e  West. Most wes te rn  c o a l  i s  f a i r l y  low 
s u l f u r  c o a l .  A s  producing f a c i l i t i e s  i n c r e a s e ,  however, p o t e n t i a l  problems 
may develop.  Acid product ion  from mine s p o i l s  d i r e c t l y  a f f e c t s  s u r f a c e  and 
groundwaters .  This  u s u a l l y  r e s u l t s  from b a c t e r i a l  c a t a l y s i s  of t h e  o x i d a t i o n  
o f  s u l f i d e s :  m i n e r a l  e x t r a c t i o n  is a s s o c i a t e d  wi th  m e t a l l i c  p y r i t e s ,  and 
energy de r ived  a c i d  runof f  i s  a s s o c i a t e d  w i t h  o rgan ic  m a t t e r  s u l f i d e s .  I n  
l o c a l  a r e a s  and s p e c i f i c  s t r eams ,  t h e  low pH causes  s e v e r e  d i s r u p t i o n  of t h e  
ecosystem: e r o s i o n ,  t o x i c i t y ,  a c i d  s t r eams ,  and l o s s  of t e r r e s t r i a l  
v e g e t a t i o n .  

Heavy m e t a l s  can be  produced from s t a c k  gases  of energy producers  ( e .g . ,  
see J u r i n a k  e t  a l . ,  1 9 7 7 )  and a l s o  can occur  from a c i d  s o l u b i l i z a t i o n  of 
s p e c i f i c  m e t a l s .  Thus,  heavy m e t a l s  a r e  o f t e n  a s s o c i a t e d  wi th  a c i d  mine 
r u n o f f .  Heavy m e t a l s  a r e  t o x i c  and r e p r e s e n t  human h e a l t h  haza rds  a s  a r e s u l t  
o f b i oac cumul a t  i on. 

Toxic  and c a r c i n o g e n i c  o r g a n i c  compounds a r e  o f t e n  a s s o c i a t e d  wi th  f o s s i l  
f u e l s  because  of t h e  o rgan ic  r e a c t i o n s  t h a t  r e s u l t  from t h e  d i f f e r e n t  regimes 
of tempera ture  and p r e s s u r e  t h a t  occur  du r ing  f u e l  p rocess ing .  L i t t l e  
assessment  of e c o l o g i c a l  e f f e c t s  o r  b ioaccumula t ion  has  been performed i n  t h i s  
f i e l d .  The impacts of energy development r e l a t i v e  t o  n a t u r a l  background 
l e v e l s  of t h e s e  compounds a r e  l a r g e l y  unknown. Organic  compounds could  have a 
more s e r i o u s  impact on a q u a t i c  ecosystems s i n c e  they  r e p r e s e n t  a demand f o r  
d i s s o l v e d  oxygen r e s o u r c e s  i n  wa te r .  

Other  p o l l u t a n t s  w i th  l e s s  damaging e f f e c t s  i nc lude  n u t r i e n t s ,  suspended 
m a t e r i a l s ,  n i t rogenous  compounds, and t a s t e  and odor compounds. I n  a d d i t i o n ,  
secondary impacts  on water  r e s o u r c e s  from was te  d i s c h a r g e s  and i n c r e a s e d  water  
u s e  (consumptive wi thdrawal )  compound t h e  p o l l u t i o n  problem. 

P o t e n t i a l  Water Q u a l i t y  E f f e c t s  i n  t h e  Upper Colorado River  Bas in  

The impacts  of p o l l u t a n t s  on s t ream q u a l i t y  l e v e l s  i n  t h e  Upper Colorado 
River  Bas in  a r e  p o t e n t i a l l y  s i g n i f i c a n t  i n  a r e a s  of i n t e n s e  energy 
development. Stream reaches  t y p i c a l  of a r e a s  wi th  h igh  p o t e n t i a l  f o r  energy 
development c o n t a i n  range  o r  f o r e s t  l ands  and low popu la t ion  d e n s i t i e s  ( l e s s  
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than t h r e e  pe r sons  p e r  squa re  m i l e ) .  I n  such r e g i o n s ,  p r o j e c t e d  stream flow 
d i v e r s i o n  and concomitant waste load ing  w i l l  c r e a t e  the  most s e r i o u s  impacts .  6d 

P o l l u t i o n  Problems and Impact Areas.  To assess problem a r e a s  f o r  t h e  
Upper Colorado River Bas in ,  t h e  energy a c t i v i t i e s  i n  the  b a s i n  have been 
i n d i c a t e d  acco rd ing  t o  t h e  hydro log ic  subbas ins  ( s e e  F ig .  13) s p e c i f i e d  i n  
Tab le  X V I I I .  A summary of p o s s i b l e  p o l l u t i o n  problems r e s u l t i n g  from 
ene rgy- re l a t ed  a c t i v i t i e s  i n  t h e  major d ra inages  of t h e  Upper Colorado River  
Basin i s  p r e s e n t e d  i n  Table  X I X .  A s  t he  t a b l e  shows, the major e n e r g y - r e l a t e d  
a c t i v i t i e s  c o n t r i b u t i n g  t o  p o l l u t i o n  problems a r e  ( 1 )  s u r f a c e  d i s t u r b a n c e s ,  
producing sediments  and s a l t ;  ( 2 )  mine d ra inage ,  producing heavy metals  and 
o t h e r  t o x i c a n t s ;  ( 3 )  waste  wa te r  d i s c h a r g e s ,  c o n t a i n i n g  o r g a n i c s  and 
c a r c i n o g e n i c  a g e n t s ;  and ( 4 )  temperature  i n c r e a s e s  from blowdown water or flow 
reduc t i  on. 

The p o t e n t i a l  f o r  p o l l u t i o n  from energy a c t i v i t i e s  i s  made more t a n g i b l e  
by t h e  es t imates  ( s e e  Tab le  XX) of t h e  t o t a l  we igh t s  and volumes of m a t e r i a l s  
t h a t  cou ld  be produced by c o a l - f i r e d  steam e l e c t r i c ,  c o a l  g a s i f i c a t i o n ,  and 
o i l  s h a l e  o p e r a t i o n s  i n  t h e  Upper Colorado R ive r  Bas in ,  under t h e  Energy 
Research and Development Admin i s t r a t ion  (ERDA) and F e d e r a l  Energy 
A d m i n i s t r a t i o n  (FEA) f o r e c a s t  development l e v e l s .  

A s  noted p r e v i o u s l y ,  t h e  v a r i e t y  of p o l l u t a n t s  i n  t h e s e  e x t e n s i v e l y  
d i s t u r b e d  areas and massive volumes of exposed m a t e r i a l s  are much more 
s u s c e p t i b l e  t o  b e i n g  t r a n s p o r t e d  t o  water  bod ie s .  Furthermore,  t h e  p o l l u t i o n  
p r o c e s s e s  are of a d i f f u s e  n a t u r e .  Consequent ly ,  c o n t r o l  and t r e a t m e n t  are  
much more d i f f i c u l t .  

E f f e c t s  of Energy Development on Colorado R ive r  S a l i n i t y .  The most 
p e r v a s i v e  and important  water q u a l i t y  problem f a c i n g  b o t h  t h e  United S t a t e s  
and Mexico i s  s a l i n i t y .  Since t h e  US and Mexico have agreed on a s a l i n i t y  
l e v e l  f o r  wa te r  d e l i v e r e d  t o  Mexico (under  Minute 2 4 2 )  t h e  e f f e c t  of energy 
development on f u t u r e  s a l i n i t y  l e v e l s  i n  t h e  r i v e r  i s  an important  water 
q u a l i t y  concern.  I t  i s  g e n e r a l l y  recognized t h a t  t h e  t o t a l  containment  
technology f o r  water use i n  energy development w i l l  lead t o  reduced salt load 
in t h e  r iver .  However, t h e  r e d u c t i o n  i n  s t ream flow from t o t a l  containment  
w i l l  i n c r e a s e  s a l i n i t y  c o n c e n t r a t i o n s  i n  t h e  downstream reaches  of t h e  r i v e r  
any t i m e  t h e  d i v e r t e d  wa te r  i s  of h i g h e r  q u a l i t y  t h a n  t h a t  downstream. Recent 
s t u d i e s  have at tempted t o  assess the' changes i n  Colorado River  s a l i n i t y  as a 
consequence of f u t u r e  development, i n c l u d i n g  energy. 

The Colorado R ive r  Regional  Assessment s tudy .  The purpose of t h e  
Colorado R ive r  Regional Assessment s t u d y ,  conducted f o r  t h e  N a t i o n a l  
Commission on Water Q u a l i t y  (Utah Water Research Labora to ry ,  19751, w a s  t o  
e v a l u a t e  t h e  impacts of  PL 92-500 i n  t h e  Upper Colorado R ive r  Basin.  S i n c e  
f u t u r e  development and water use  l e v e l s  are h i g h l y  u n c e r t a i n ,  " a l t e r n a t i v e  
fu tu res ' '  r e p r e s e n t a t i v e  of a range o f  p o s s i b l e  combinat ions of  energy and 
water r e s o u r c e  developments were adopted as a b a s i s  f o r  a n a l y z i n g  s a l i n i t y  
impacts . 

A water and s a l t  mass b a l a n c e  flow model f o r  t h e  Upper Colorado R ive r  
Basin w a s  used t o  ana lyze  the s a l i n i t y  impact of a l t e r n a t i v e  f u t u r e  l e v e l s  of  0 a g r i c u l t u r e  i r r i g a t i o n ,  energy development, and water expor t  o u t  of t he  
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b a s i n .  T o t a l  containment  of a l l  water  used i n  energy p roduc t ion  was assumed. 
The two key comparisons a r e  t h e  s a l i n i t y  impacts (1) of high-energy 
development and (2 )  of water t r a n s f e r s  from a g r i c u l t u r e  t o  energy development. 

(1) Impact of High-Energy Development on S a l i n i t y .  The e f f e c t  
of i n c r e a s e d  energy development when t h e  r i v e r  flow i s  assumed t o  b e  14 
m i l l i o n  a c r e - f t  i s  seen by comparing c a s e s  A and J i n  F ig .  21 .  The p l o t  J 
i n d i c a t e s  t h a t ,  a s  energy development proceeds  through t i m e ,  t h e  t o t a l  s a l t  
load  dec reases  r e l a t i v e  t o  t h e  base  c o n d i t i o n ,  A .  This  t r e n d  i s  expec ted  
under a t o t a l  containment  p o l i c y  because bo th  water  and s a l t  a r e  removed from 
the  r i v e r  system. N a t u r a l l y ,  t h e  energy development p o t e n t i a l  i s  g r e a t e s t  i n  
t hose  subbas ins  where t h e  g r e a t e s t  tonnages a r e  removed. While s a l t  tonnage 
i s  reduced,  s a l t  c o n c e n t r a t i o n s  i n  t h e  r i v e r  r i s e  wi th  t h e  a c c e l e r a t e d  energy 
development (F ig .  2 1 ) .  Th i s  i n c r e a s e  i s  a t t r i b u t a b l e  t o  t h e  reduced flow of 
water  f o r  d i l u t i o n .  The energy developments c o n t a i n  t h e  water and t h e  
accompanying s a l t  l o a d ,  b u t  t h i s  i s  more than  o f f s e t  by t h e  r e d u c t i o n  i n  
d i l u t i o n  wa te r ,  w i th  t h e  r e s u l t  t h a t  c o n c e n t r a t i o n s  i n c r e a s e  markedly.  

( 2 )  E f f e c t s  of Water S h i f t  from A g r i c u l t u r e  t o  Energy. 
Comparing Case N w i th  Case A i n  F ig .  21 i l l u s t r a t e s  t he  impact of s h i f t i n g  
wa te r  from a g r i c u l t u r e  t o  s u s t a i n  h i g h  r a t e s  of energy development. Under 
t h e s e  t r a n s f e r s ,  the  s a l t  load  fo r  N i s  reduced f r o m  the base A as a r e s u l t  of 
some reduced s a l t  l e a c h i n g  from i r r i g a t i o n  and e f f l u e n t  containment  by energy 
a c t i v i t i e s .  The i n c r e a s e s  i n  s a l t  c o n c e n t r a t i o n  under Case N remain about  t h e  
same a s  base  Case A. I n  g e n e r a l ,  t h e r e  i s  a dec rease  i n  s a l t  l oad  
accompanying t h e  energy i n c r e a s e s  over  t i m e .  However, i t  appears  t h a t  
c o n c e n t r a t i o n s  s t i l l  w i l l  i n c r e a s e  s u b s t a n t i a l l y  due t o  consumptive use  of 
water  t h a t  would o the rwise  s e r v e  f o r  d i l u t i o n .  

S a l i n i t y  Forum S a l t  Rout ing s tudy .  Th i s  s tudy  was c a r r i e d  o u t  u s i n g  
the  s a l t  r o u t i n g  computer model developed by t h e  Bureau of Reclamation 
(Ribbens and Wilson,  1973) .  The s tudy  assumed no r e t u r n  f low from e l e c t r i c a l  
g e n e r a t i n g  c o o l i n g ,  c o a l  g a s i f i c a t i o n  o r  o t h e r  c o a l  development,  o r  from t h e  
o i l  s h a l e  i n d u s t r y .  Under t h e  c o n d i t i o n s  s p e c i f i e d  f o r  t h e  model f o r  t h e  14 
m i l l i o n  base  flow c a s e ,  t h e  s a l i n i t y  l e v e l s  a r e  shown t o  i n c r e a s e  as f u t u r e  
development proceeds .  However, i t  i s  e s t i m a t e d  t h a t  t o t a l  containment  of 
energy process  waste water  w i l l  r e s u l t  i n  a s u b t r a c t i o n  of about  27 mg/L of 
TDS from t h e  t o t a l  i n c r e a s e  ( s e e  F ig .  22) .  

Summary. There is  a broad  range  of p o t e n t i a l  water  q u a l i t y  impacts  
from energy development i n  t h e  Upper Colorado R ive r  Bas in .  While t h e  problems 
of  p o i n t  source  p o l l u t i o n  may b e  e f f e c t i v e l y  c o n t r o l l e d  by e x i s t i n g  water  
q u a l i t y  l eg i s l a t ion - -PL  92-500 and s t a t e  water  q u a l i t y  standards--many 
ene rgy- re l a t ed  a c t i v i t i e s  such as l and  s u r f a c e  d i s t u r b a n c e ,  mining o p e r a t i o n s ,  
a i r  emis s ions ,  and water  wi thdrawals  a r e  no t  e a s i l y  c o n t r o l l a b l e  and could  
a f f e c t  water q u a l i t y .  

The water q u a l i t y  problem of most concern t o  bo th  the  US and Mexico i s  
s a l i n i t y .  Water and s a l t  mass ba lance  model s t u d i e s  have been c a r r i e d  o u t  t o  
ana lyze  t h e  e f f e c t  of f u t u r e  water development i n  t h e  b a s i n .  For a range  of 
a1  t e r n a t i v e  energy development f u t u r e s ,  t h e  t o t a l  d i s s o l v e d  s o l i d s  
c o n c e n t r a t i o n s  a r e  shown t o  i n c r e a s e  below I m p e r i a l  Dam, which i s  used a s  a 
r e f e r e n c e  p o i n t  f o r  t h e  q u a l i t y  of wa te r  d e l i v e r e d  t o  Mexico, even though t h e  c 
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t o t a l  s a l t  load i n  the  r i v e r  i s  reduced v i a  water  d i v e r s i o n  f o r  energy.  Thus,  
s a l i n i t y  c o n c e n t r a t i o n s  a r e  a f f e c t e d  more by t a k i n g  wa te r  t h a t  s e r v e s  f o r  
d i l u t i o n  o u t  of t he  r i v e r  than by t h e  removal of some s a l t  load  wi th  t h e  
wa te r .  Even s o ,  t h e  c o n t r o l  s t r a t e g y  of z e r o  s a l t  r e t u r n  i n  t h e  form of 
h i g h l y  concen t r a t ed  b r i n e s  from coo l ing  and o t h e r  energy p rocesses  does reduce 
t h e  s a l i n i t y  impact from energy development. This  r e d u c t i o n  i s  e s t i m a t e d  on 
t h e  o rde r  of 27 mg/L by the  Colorado River  Bas in  S a l i n i t y  Con t ro l  Forum ( 1 9 7 5 )  
and 3 4  mg/L based  on d a t a  from t h e  Colorado River  Regional  Assessment Study 
(Utah Water Research Labora to ry ,  1975) .  These e f f e c t s  of f u t u r e  development 
w i l l  need t o  be cons ide red  i n  t h e  p l ann ing  and implementat ion of programs t o  
meet water  q u a n t i t y  and q u a l i t y  commitments t o  Mexico. 

63 

P o t e n t i a l  Water Q u a l i t y  Problems i n  t h e  Upper Missour i  River  Bas in  

Degradat ion o f  a v a r i e t y  of water  q u a l i t y  parameters  are of concern  i n  t h e  
Upper Missour i  River  Bas in .  Some of  t h e s e  a r e  due t o  t h e  n a t u r a l  l e a c h i n g  by 
water  a s  a s o l v e n t ,  wh i l e  o t h e r s  a r e  due t o  man's i n f l u e n c e  on t h e  
environment.  Planned and p r o j e c t e d  energy developments could  i n t e n s i f y  
e x i s t i n g  problems and c r e a t e  a number of new p o l l u t i o n  problems throughout  t h e  
b a s i n .  

I n  Montana t h e  Yel lowstone,  Milk,  and Marias  R ive r s  p l u s  Muddy Creek (Sun 
R ive r )  a l l  expe r i ence  long  p e r i o d s  of h i g h  t u r b i d i t y ,  p a r t i c u l a r l y  from 
nonpoint  sou rces .  Su r face  mining i n  t h e s e  a r e a s  would compound t h i s  problem. 
Sand Coulee Creek, Dry Fork ( B e l t  Creek) ,  t h e  Upper S t i l l w a t e r  d ra inage ,  and 
t h e  upper Blackfoot  River  d ra inage  a l l  have poor o v e r a l l  s t ream q u a l i t y  due t o  
mine dra inage .  I n  e a s t e r n  Montana, coa l  f i e l d  developments have he igh tened  
t h e  p o t e n t i a l  f o r  groundwater p o l l u t i o n  and sediment p o l l u t i o n  due t o  
e r o s i o n .  I n  North Dakota,  t h e  s t reams i n  t h e  wes te rn  p a r t  of t h e  s t a t e  
c o n t a i n  h igh  l e v e l s  of d i s s o l v e d  s o l i d s .  The pr imary cause  of poor water  
q u a l i t y  i n  South Dakota i s  nonpoint  s o u r c e s ,  l a r g e l y  t h e  r e s u l t  of poor s o i l  
conse rva t ion  t echn iques  and n a t u r a l  e r o s i o n .  For t h e  most p a r t ,  a l l  t he  
waters i n  Wyoming now meet water  q u a l i t y  s t anda rds .  

The main problem a s s o c i a t e d  wi th  r a p i d  energy r e s o u r c e s  development i s  the 
d e t e r i o r a t i o n  of some water  q u a l i t i e s ,  bu t  t h e  e x t e n t  has  no t  been determined 
a t  t h i s  t i m e  (US Environmental  P r o t e c t i o n  Agency, 1974).  

A r e p o r t  o f  t h e  Nor thern  Grea t  P l a i n s  Resources  Program (1975)  g i v e s  some 
i n d i c a t i o n  of  t he  probable  impact of energy convers ion  i n  t h e  Upper Missour i  
R ive r  Bas in  on t h e  q u a l i t y  of t h e  water r e s o u r c e s .  F i g u r e  23 shows t h e  
l o c a t i o n s  where c o a l - f i r e d  s team e l e c t r i c  power g e n e r a t i o n  developments are 
most l i k e l y  t o  occur .  Each numbered do t  r e p r e s e n t s  a 1000-MW power p l a n t  w i t h  
the  assumption t h a t  1 9  000 a c r e - f t  would be used annua l ly  per  1000 MW. F igu re  
2 4  shows t h e  most l i k e l y  l o c a t i o n s  f o r  c o a l  g a s i f i c a t i o n  p l a n t s .  Each 
numbered dot  r e p r e s e n t s  a 250 m i l l i o n  f t 3 / d a y  gas  p roduc t ion  p l a n t .  The 
l o c a t i o n  of t h e  numbered dot  i s  p l aced  w i t h  r e f e r e n c e  t o  bo th  t h e  p o i n t  of 
water  wi thdrawal  and t h e  p o i n t  of d i scha rge  d e s c r i b e d  i n  the  s tudy .  The 
numbered d o t s  a r e ,  t hen ,  c l o s e  t o  where t h e  p l a n t s  would a c t u a l l y  b e  l o c a t e d .  
For the  p l a n t s  i n d i c a t e d  i n  F i g s .  23 and 24,  Table  XXI summarizes t h e  
p roduc t ion  p l a n t  c a p a c i t i e s  i n  each subbas in  and i n d i c a t e s  t h e  amount of wa te r  
d i v e r s i o n  and t h e  r e t u r n  flow. 6d 
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The impacts on t h e  water  q u a l i t y  i n  t h e  b a s i n  occur r ing  a s  a r e s u l t  of t h e  
most probable  developments were cons ide red  i n  r e f e r e n c e  t o  TDS changes.  The 
s tudy  assumed t h a t  t he  blowdown water  from t h e  coo l ing  towers would be 
r e t u r n e d  t o  a water  body a f t e r  be ing  concen t r a t ed  about  3.8 times. The 
fo l lowing  conc lus ions  on s a l i n i t y  changes o c c u r r i n g  i n  t h e  water  bodies  a s  a 
r e s u l t  of energy development would b e ,  of cour se ,  s i g n i f i c a n t l y  d i f f e r e n t  from 
an a n a l y s i s  t h a t  assumed no d i scha rge  from t h e  product ion  p l a n t :  

The Bighorn River  water  q u a l i t y  would no t  be  s i g n i f i c a n t l y  d i f f e r e n t ,  
t h a t  i s ,  a 3 mg/L i n c r e a s e  i n  TDS based on an annual  average .  

The Yel lowstone River  water  q u a l i t y  (TDS) a t  Miles C i t y  would b e  
s l i g h t l y  inc reased  by about  4 .9  mg/L TDS. 

The Tongue River  water  q u a l i t y  a t  Miles C i t y  would be  a f f e c t e d  
a d v e r s e l y ,  e s t i m a t e d  a t  a 24% i n c r e a s e  i n  TDS c o n c e n t r a t i o n s  i n  t h e  
average  y e a r .  T h i s  p o t e n t i a l  TDS i n c r e a s e  is due i n  p a r t  t o  t h e  
r e l a t i v e l y  low d i l u t i o n  c a p a c i t y  ( f low)  i n  t h e  Tongue River  compared 
w i t h  t h e  Yel lowstone and Missour i  R ive r s .  Also ,  t h e  Tongue River  
h i s t o r i c a l l y  has  low TDS c o n c e n t r a t i o n s  compared t o  the  o t h e r  
Yel lowstone and Missour i  River  t r i b u t a r i e s  analyzed.  Discharges  w i t h  
h igh  TDS c o n c e n t r a t i o n s ,  t h e r e f o r e ,  w i l l  r e s u l t  in a g r e a t e r  change 
i n  t h e  Tongue River  t han  i n  t h e  Powder, Kn i fe ,  and Hear t  R i v e r s  
(Nor thern  Grea t  P l a i n s  Resources  Program, 1975) .  

The Powder River  water  q u a l i t y  a t  Moorhead, Montana, would remain 
r e l a t i v e l y  unchanged. During low f low p e r i o d s ,  however, t h e  TDS 
c o n c e n t r a t i o n  changes could  i n c r e a s e  by 4% over  nondevelopment 
c o n d i t i o n s .  

The Yel lowstone River  water  q u a l i t y  a t  S idney ,  Montana, would remain 
p r a c t i c a l l y  t h e  same i n  terms of TDS c o n c e n t r a t i o n  changes.  

Missour i  River water  q u a l i t y  a t  Bismarck, North Dakota,  would 
dec rease  s l i g h t l y .  

Es t ima tes  of t he  r e s i d u a l s  t h a t  can be expec ted  from t h e  energy convers ion  
p l a n t s  a r e  g iven  i n  Tab le  X X I I .  Again,  t h e s e  massive q u a n t i t i e s  of was te  
mater ia ls  must be regarded  a s  sou rces  from which p o l l u t a n t s  can be  e a s i l y  
mob i l i zed  and t r a n s p o r t e d  t o  r e c e i v i n g  wa te r s .  Perhaps t h e  most c r i t i c a l  
problem of water p o l l u t i o n  c o n t r o l  from energy development i n  t h e  Upper 
Missour i  R ive r  Bas in  s t a t e s  w i l l  be  t h e  hand l ing ,  s t a b i l i z i n g ,  and c o n t a i n i n g  
of t h e s e  was tes .  

EFFECTS OF WATER QUALITY CONTROLS ON ENERGY DEVELOPMENT 

The major  p i e c e s  of water  q u a l i t y  c o n t r o l  l e g i s l a t i o n  t h a t  could  apply  t o  
and a f f e c t  energy developments a r e  t h e  F e d e r a l  Water P o l l u t i o n  Cont ro l  Act 
Amendments of  1972 (PL 92-500), t h e  S a f e  Dr inking  Water A c t  (PL 93-523), t h e  
Sur face  Mining Con t ro l  and Reclamation Act of 1977 (PL 95-87), t h e  Resource 
Conserva t ion  and Recovery A c t  of 1976 (PL 94-580), t h e  Toxic  Subs tances  
Con t ro l  Act (PL 94-4691, and c o u n t e r p a r t  s t a t e  laws and r e g u l a t i o n s .  The c 
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fo l lowing  s e c t i o n s  p rov ide  a b r i e f  summary of t h e  major  requi rements  of t h e s e  
laws t h a t  might apply  t o  energy developments ,  and d i s c u s s  t h e i r  i m p l i c a t i o n s  
f o r  energy a c t i v i t i e s  and p rocesses  i n  terms of c o n t r o l s  imposed and p o t e n t i a l  
problems and c o n f l i c t s .  

6d 

F e d e r a l  Water P o l l u t i o n  Con t ro l  Act Amendments (PL 92-500) 

The 1972 Amendments t o  t h e  Fede ra l  Water P o l l u t i o n  Cont ro l  Act (PL 92-500) 
e s t a b l i s h  a s  a n a t i o n a l  g o a l  t he  e l i m i n a t i o n  of t he  p r a c t i c e  of d i s c h a r g i n g  
p o l l u t a n t s  i n t o  t h e  nav igab le  waters of t h e  U S  by 1985. To meet t h i s  g o a l ,  
PI, 92-500 i s  aimed a t  c o n t r o l l i n g  o r  modifying waste water  d i s c h a r g e s  from 
p o l l u t i o n  sources  through such p r o v i s i o n s  and requi rements  a s  d i s c h a r g e  
c o n t r o l s  (pe rmi t s  and e f f l u e n t  l i m i t a t i o n s ) ,  t r ea tmen t  technology 
r equ i r emen t s ,  p l ann ing ,  and so on. PL 92-500 w i l l  a f f e c t  energy development 
i n  terms of t he  energy i n d u s t r y ' s  c o n t r i b u t i o n  t o  water  q u a l i t y  problems and 
c o n t r o l s  and r e g u l a t i o n s  imposed by t h e  law. 

E f f l u e n t  L i m i t a t i o n s  and Con t ro l  Technologies  (Sec.  301) .  

Requirement.  The b a s i c  t h r u s t  of t h e  Act i s  t h a t  maintenance of 
water  q u a l i t y  can be achieved  p r i n c i p a l l y  by e f f l u e n t  l i m i t a t i o n .  The Act - -  
st ipula- tes  t .hat  e f f l u e n t  l i m i t a i i o n s  - fo r  p o i n t  sou rces  o t h e r  t han  p u b l i c l y  
owned t r ea tmen t  works s h a l l  r e q u i r e  the  a p p l i c a t i o n  of t h e  b e s t  p r a c t i c a b l e  
c o n t r o l  technology (BPT) not  l a t e r  t han  J u l y  1, 1 9 7 7 ,  and t h e  b e s t  a v a i l a b l e  
technology (BAT) by J u l y  1, 1983. 

I m p l i c a t i o n s .  Regu la t ions  promulgat ing e f f l u e n t  l i m i t s  t o  be 
achieved  by c o n t r o l  t echno log ie s  (BPT and BAT) have been i s s u e d  f o r  steam - 
e l e c t r i c  power g e n e r a t i o n  and c o a l  mining. Although r e g u l a t i o n s  f o r  c o a l  
g a s i f i c a t i o n  have not  been i s s u e d ,  t h e i r  c o n t e n t  can be  i n f e r r e d .  I n  r e sponse  
t o  t h e s e  r e g u l a t i o n s  and the  A c t ' s  u l t i m a t e  o b j e c t i v e  t o  e l i m i n a t e  d i s c h a r g e ,  
e x i s t i n g  and proposed energy convers ion  p l a n t s  are p l ann ing  f o r  t o t a l  
containment  of waste water  wi th  no d i scha rges  t o  t h e  stream system. A t  t h i s  
t i m e ,  t h e r e  does not  appear  t o  be  a s i n g l e  energy f a c i l i t y  be ing  planned t h a t  
would have a d i r e c t  d i scha rge .  The consumptive use  of a l l  water withdrawn f o r  
energy processing as  a p o l l u t i o n  c o n t r o l  measure r a i s e s  t h r e e  impor tan t  
i s s u e s ,  each of which r e p r e s e n t s  a p o t e n t i a l  c o n f l i c t  between energy 
deve lope r s '  compliance w i t h  PL 92-500 and wes te rn  water law. These t h r e e  
i s s u e s  a r e  documented i n  the  fo l lowing  paragraphs .  

( 1 )  No d i s c h a r g e ,  j u n i o r  r i g h t s ,  and w a t e r  t r a n s f e r s .  Under t h e  
" a p p r o p r i a t i o n  d o c t r i n e , "  t he  f i r s t  person  t o  d i v e r t  t h e  water from a stream 
and apply  i t  t o  a b e n e f i c i a l  u s e  a c q u i r e s  t h e  p r i o r  o r  s e n i o r  r i g h t .  When 
water  is  d i v e r t e d  f o r  i r r i g a t i o n  and o t h e r  u s e s ,  a s u b s t a n t i a l  amount of water 
r e t u r n s  t o  t h e  stream, through e i t h e r  s u r f a c e  o r  underground f lowpaths .  

Many of t he  e x i s t i n g  water r i g h t s  depend upon r e t u r n  f low from upstream 
d i v e r s i o n s  f o r  s a t i s f a c t i o n  of dec rees .  Energy p o l l u t i o n  c o n t r o l  th rough 
r e c y c l i n g ,  evapora t ion ,  o r  t r ea tmen t  could  r e s u l t  i n  a d e c r e a s e  of r e t u r n  
flows and adve r se ly  a f f e c t  v e s t e d  j u n i o r  wa te r  r i g h t s .  Such use  may be  
en jo ined  by a j u n i o r  a p p r o p r i a t o r  who i s  thereby  depr ived  of water .  The 
a l t e r n a t i v e s  a r e  t o  a c q u i r e  s u f f i c i e n t  wa te r  of  a s e n i o r  s t a t u s  t o  make up t h e  
a d d i t i o n a l  consumptive use  o r  t o  reduce water  use t o  t h e  l e v e l  of t h e  h i s t o r i c  
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consumptive u s e .  P o t e n t i a l  t r a n s f e r s  of water  r i g h t s  t o  meet t h e s e  needs may 
a l s o  cause s e r i o u s  d i s l o c a t i o n s  of e x i s t i n g  water  uses  o r ,  a l t e r n a t i v e l y ,  
s u b s t a n t i a l l y  reduce t h e  i n i t i a l ,  b e n e f i c i a l ,  nonevaporat ive u s e s .  The 
r e s o l u t i o n  of t h e s e  problems depends,  i n  a l a r g e  degree ,  upon whether 
PL 92-500 i s  a v a l i d  e x e r c i s e  of t h e  p o l i c e  power, o r  i f  i t  c o n s t i t u t e s  a 
" tak ing"  of t he  j u n i o r  a p p r o p r i a t o r ' s  water  wi thout  j u s t  compensation. 

( 2 )  Water consumption f o r  p o l l u t i o n  c o n t r o l  a s  a " b e n e f i c i a l  use."  
I f  water were "unappropr ia ted ,"  t he  proposed use were " b e n e f i c i a l , "  and t h e  
method of  apply ing  t h e  water  were " r easonab le , "  a r i g h t  t o  use  t h e  water  
t r a d i t i o n a l l y  could  be p e r f e c t e d  and main ta ined .  With perhaps some q u a l i f i e d  
excep t ion ,  water  q u a l i t y  c o n t r o l  o r  abatement i s  not  regarded e x p r e s s l y  a s  a 
b e n e f i c i a l  use  i n  the  water  laws of t he  wes tern  s t a t e s  a t  p r e s e n t ,  a l though 
few people  would argue t h a t  such a use  i s  not  b e n e f i c i a l .  Water r i g h t s  
g e n e r a l l y  des igna te  the  amount of water  au tho r i zed  t o  be d i v e r t e d  and may 
l i m i t  t h e  consumptive use .  They a l s o  i d e n t i f y  t h e  n a t u r e  of  t h e  use .  To t h e  
e x t e n t  t h a t  p o l l u t i o n  c o n t r o l  e n l a r g e s  t h e  water  use under an e x i s t i n g  r i g h t  
or c o n s t i t u t e s  a new u s e ,  it would appear  t h a t  new o r  amended permi ts  would be 
r equ i r ed .  F u r t h e r ,  i f  water  were t o  be consumed e x p r e s s l y  f o r  p o l l u t i o n  
c o n t r o l ,  t h e r e  is  a l e g a l  q u e s t i o n  about  whether a r i g h t  can be ob ta ined  f o r  
such use.  

( 3 )  No d i scha rge  a s  a " r easonab le  use." The " reasonable  use" s t r a i n  
of wes te rn  water  law t r a d i t i o n a l l y  has  provided t h a t  only customary methods of 
u s ing  water  need t o  be employed, i . e . ,  methods " reasonably  f i t "  f o r  t h e  
purpose served .  Case l a w  i n  t h i s  a r e a  has  h e l d  t h a t  an upstream a p p r o p r i a t o r  
i s  not  ob l iged  t o  adopt  expensive a v a i l a b l e  technology beyond normal p r a c t i c e  
t o  conserve water  f o r  an i n c r e a s e  of supply downstream. I t  might a l s o  be  
argued t h a t  the  a p p r o p r i a t o r  i s  not  r e q u i r e d  l e g a l l y  t o  employ c o s t l y  methods 
of improving t h e  q u a l i t y  of h i s  r e t u r n  f lows.  However, e f f l u e n t  l i m i t a t i o n s  
on poin t -source  d i scha rges  of p o l l u t i o n  r e q u i r e  t h e  a p p l i c a t i o n  of t he  ' ' bes t  
p r a c t i c a b l e  c o n t r o l  technology c u r r e n t l y  ava i l ab le ' '  (BPT) by mid-1977 and t h e  
a p p l i c a t i o n  of t he  "bes t  a v a i l  ab l e  techno logy economica 11 y a v a i l  ab le"  (BAT) 
[ S e c t i o n  301(b) ]  by mid-1983. Even under a modernized " reasonable  use" 
s t anda rd  t h a t  i n c o r p o r a t e s  t he  r i g h t  of t he  p u b l i c  t o  c l e a n  wa te r ,  t h e r e  i s  
t h e  i s s u e  of whether water  consumption by adopted methods of waste  water 
c o n t r o l  technology (BPT or  BAT) i s  " reasonable ."  

Stream Standards  (Sec.  303) .  

Requirement. In p r o t e c t i n g  the  q u a l i t y  and b i o l o g i c a l  i n t e g r i t y  of 
s t reams,  t h e  Act con t inues  t o  en fo rce  t h e  f e d e r a l l y  approved i n t e r s t a t e  water  
q u a l i t y  s t a n d a r d s  and t h e  s t a t e -adop ted  water  q u a l i t y  s t a n d a r d s .  It  a l s o  
a u t h o r i z e s  e s t ab l i shmen t  of new s t a n d a r d s .  One problem t h a t  p a r t i c u l a r l y  
a f f e c t s  energy development i n  the  Colorado River  Bas in  i s  t h e  e s t ab l i shmen t  of 
numeric water  q u a l i t y  c r i t e r i a  f o r  s a l i n i t y .  

I m p l i c a t i o n s .  The "Colorado River  System: S a l i n i t y  Cont ro l  Po l i cy  
and Standards  Procedure,"  i s sued  by t h e  Environmental  P r o t e c t i o n  Agency 
( e f f e c t i v e  December 18, 1974) r e q u i r e d  t h e  Colorado River  Bas in  s t a t e s ,  by 
October  18, 1975, t o  adopt ,  and submit t o  t h e  EPA f o r  approva l ,  s a l i n i t y  
s t a n d a r d s  ( i n c l u d i n g  numeric c r i t e r i a )  and an implementat ion p lan .  The 
program submi t ted  by t h e s e  s t a t e s  enuncia ted  a nondegradat ion p o l i c y .  I t  e 
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s t a t e d  t h a t  basin-wide s o l u t i o n s  are n e c e s s a r y  t o  d e a l  w i th  t h e  s a l i n i t y  
problem. I t  proposed t h a t  t h e  lower main s t e m  s a l i n i t y  be ma in ta ined  a t  o r  
below 1972 l e v e l s  wh i l e  the  b a s i n  s t a t e s  con t inue  t o  develop t h e i r  
compact-apportioned wa te r s .  The i s s u e  posed i s  whether stream s t a n d a r d s  and 
the  s a l i n i t y  nondegradat ion p o l i c y  are  compatible .  With t h e  energy 
i n d u s t r i e s '  p l a n s  t o  c o n t a i n  waste water i n  response t o  t h e  e f f l u e n t  
l i m i t a t i o n s  of t h e  A c t ,  i t  i s  p o s s i b l e  t h a t  energy development s t i l l  w i l l  
c o n t r i b u t e  t o  q u a l i t y  deg rada t ion  through flow r e d u c t i o n .  Th i s  l i k e l y  would 
v i o l a t e  t he  s a l i n i t y  nondegradat ion p r i n c i p l e  u n l e s s  o t h e r  ad jus tmen t s  were 
made e l  s ewhere . 
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Areawide Waste Treatment P lann ing  (Sec. 208).  

Requirement. The Act r e q u i r e s  t h a t  areawide waste t r e a t m e n t  
management p l ans  must be developed f o r  des igna ted  areas,  t a k i n g  i n t o  account  
a l l  municipal  and i n d u s t r i a l  p o i n t  and nonpoint  sou rces  and f u t u r e  p o l l u t i o n  
s o u r c e s ,  so as t o  d e v i s e  a phased comprehensive program of water  p o l l u t i o n  
c o n t r o l .  

I m p l i c a t i o n s .  Areas w i t h  energy r e s o u r c e s  and development 
p o s s i b i l i t i e s ,  by and l a r g e ,  are i n c l u d e d  w i t h i n  areawide o r  s t a t e w i d e  
p l ann ing  r e g i o n s ,  and t h e r e f o r e  must be inc luded  w i t h i n  water q u a l i t y  
management p l a n s .  T h i s  w i l l  s u b j e c t  energy developments t o  Sec. 208 p l a n  
r equ i r emen t s  and t o  the  a u t h o r i t y  of t he  implementing agency. Under such 
p l a n s ,  areawide s t r a t e g i e s  t o  reduce d i f f u s e  p o l l u t i o n  sources  cou ld  a f f e c t  
mining,  r e c l a m a t i o n ,  and s o l i d  d i s p o s a l  o p e r a t i o n s  e i t h e r  by p r o h i b i t i n g  them 
or by making them more c o s t l y  t o  o p e r a t e .  

Toxic E f f l u e n t  S t anda rds  (Sec.  307) .  

Requirement. Under the  Ac t ,  t h e  Admin i s t r a to r  of EPA i s  d i r e c t e d  t o  
p u b l i s h  a l i s t  of t o x i c  p o l l u t a n t s  and e f f l u e n t  l i m i t a t i o n s  f o r  such 
p o l l u t a n t s .  

I m p l i c a t i o n s .  The proposed and e x i s t i n g  energy development 
a c t i v i t i e s ,  i n c l u d i n g  c o a l  and o i l  s h a l e  conve r s ion  p r o c e s s e s ,  produce 
chemicals  t h a t  are on the  l i s t  of t o x i c  subs t ances .  While t h e s e  may o r  may 
not  b e  p r e s e n t  i n  t h e  d i s c h a r g e  of any one p l a n t ,  t h e  p o t e n t i a l  compounding of 
t h e s e  subs t ances  as a d d i t i o n a l  i n d u s t r i e s  are added i n  t h e  b a s i n  could be 
hazardous.  I t  i s  a n t i c i p a t e d  t h a t  the c o s t s  of t r e a t m e n t  f o r  such compounds 
would be extremely h igh  i f  r e l i a b l e  technology becomes a v a i l a b l e ,  t h u s  
l e s s e n i n g  t h e  compe t i t i ve  p o s i t i o n  of high-technology conve r s ion  p r o c e s s e s .  

Thermal Discharges (Sec. 318).  

Requirement. Of p a r t i c u l a r  importance i n  energy development i s  t h e  
u s e  of c o o l i n g  water and t h e  r e s u l t i n g  d i s c h a r g e  of h e a t e d  water.  Thermal 
d i s c h a r g e s  are s u b j e c t  t o  the  same requ i r emen t s  of b e s t  p r a c t i c a b l e  c o n t r o l  
technology and b e s t  a v a i l a b l e  c o n t r o l  technology,  excep t  where t h e  d i s c h a r g e r  
can demonstrate  t h a t  a proposed e f f l u e n t  l i m i t a t i o n  based upon BPT and BAT i s  
more s t r i n g e n t  t h a n  necessa ry  t o  p r o t e c t  f i s h  and o t h e r  a q u a t i c  l i f e .  
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I m p l i c a t i o n .  Thermal d i scha rge  requi rements  v i r t u a l l y  p rec lude  
once-through coo l ing .  The language of t h e  Act p l a c e s  t h e  burden of proof on 
energy i n d u s t r i e s  t o  o b t a i n  EPA approval  of a v a r i a n c e .  However, w i th  t h e  
water  s c a r c i t y  and s a l i - n i t y  problems i n  t h e  West, water  w i l l  be r ecyc led  a 
number of  times and blowdown water  w i l l  be  con ta ined .  There i s  some concern 
t h a t  t h e  l o s s  of t h e  wa te r  may be  more c r i t i c a l  t han  some i n c r e a s e s  i n  
tempera ture  and s a l i n i t y .  

Na t iona l  P o l l u t i o n  Discharge  E l i m i n a t i o n  Permit  System (Sec.  402) .  

Requirement.  The Na t iona l  P o l l u t i o n  Discharge E l imina t ion  System 
(NPDES) i s  t a r g e t e d  a t  po in t - source  p o l l u t e r s .  Under the  system, t h e  
d i s c h a r g e  of a p o l l u t a n t  i s  unlawful  u n l e s s  i t  i s  i n  compliance wi th  an i s s u e d  
pe rmi t .  Permi ts  may be enforced  by measuring p o l l u t a n t s  d i scharged  i n t o  t h e  
was tewater .  

I m p l i c a t i o n s .  One noteworthy enforcement problem emerging i n  
connec t ion  wi th  t h e  a d m i n i s t r a t i o n  of  t h e  poin t -source  d i scha rge  p e r m i t  system 
mandated by PL 92-500 could  d i r e c t l y  a f f e c t  energy development. I n  a t  l ea s t  
two s i t u a t i o n s  i n  t h e  Colorado River  Bas in ,  i t  i s  be ing  contended t h a t  was te  
can be r e l e a s e d  i n t o  d ry  washes wi thou t  t he  n e c e s s i t y  of a pe rmi t .  Such 
d i s c h a r g e s  could become even more common i n  t h e  a r i d  West. The i s s u e  i n  t h e s e  
c a s e s  i s  whether such d i s c h a r g e s  invo lve  the a d d i t i o n  of a p o l l u t a n t  from a 
p o i n t  source  t o  nav igab le  wa te r s  w i t h i n  t h e  meaning of PL 92-500 [Secs .  201(a) 
and 502( 1 2 ) ] .  I n  one r e c e n t  c a s e  invo lv ing  Phelps-Dodge Corpora t ion ,  a 
d e c i s i o n  has been rendered  i n  f avor  of t h e  d i s c h a r g e r .  

Sa fe  Dr inking  Water A c t  (PL 93-523) 

The Sa fe  Dr inking  Water Act ( P L  93-5231, w i th  an e f f e c t i v e  d a t e  of 
June  24, 1977, has  t h r e e  main p r o v i s i o n s  t h a t  have p o t e n t i a l  impact on energy 
development: (1) t h e  maximum a l lowab le  contaminant  l e v e l s  of subs t ances  i n  
p u b l i c  water  s u p p l i e s ,  ( 2 )  t h e  l i m i t a t i o n  of underground i n j e c t i o n  of was te  
wa te r ,  and ( 3 )  t he  underground i n j e c t i o n  of f l u i d s  f o r  o i l  and gas p roduc t ion .  

P u b l i c  Water Supply S tanda rds .  

Requirement.  Maximum contaminant  l e v e l s  of v a r i o u s  chemicals  a r e  se t  
based  upon t h e  p o s s i b l e  h e a l t h  e f f e c t s .  

I m p l i c a t i o n .  Problems f o r  energy development i n  r e l a t i o n  t o  p u b l i c  
water  supply  a r i s e  where d i s c h a r g e s  from energy a c t i v i t i e s  may c o n t r i b u t e  t o  
contaminat ion  of water  s u p p l i e s .  P o l l u t i o n  of water  s u p p l i e s  could  r e s u l t  
from d i s t u r b a n c e  of wa te r sheds ,  l e a c h i n g  of p o l l u t a n t s  i n t o  groundwater 
r e s e r v o i r s ,  o r  by improper d i s p o s a l .  The Act s p e c i f i c a l l y  c o n t r o l s  
underground i n j e c t i o n s  of was te  water  and a l s o  could  be used t o  c o n t r o l  o t h e r  
a c t i v i t i e s  l i nked  t o  degrading  water s u p p l i e s  below s t a n d a r d s .  

Undereround Wastewater I n i e c t i o n .  

Requirement.  P u b l i c  Law 92-500 p rov ides  f o r  abatement of p o l l u t i o n  
i n  s t reams and l a k e s ,  bu t  o f f e r s  a lmost  no p r o t e c t i o n  f o r  underground wa te r  
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sources .  This  p r o t e c t i o n ,  however, i s  provided under PL 93-523, which 
r e q u i r e s  t h a t  each s t a t e  adopt r e g u l a t i o n s  t o  c o n t r o l  underground i n j e c t i o n s .  

I m p l i c a t i o n s .  While most p l a n s  f o r  energy p rocess ing  p l a n t s  a r e  
o p t i n g  f o r  s u r f a c e  containment o f  waste water  streams, underground i n j e c t i o n  
of wastes s t i l l  remains a p o s s i b i l i t y .  I f  such p r a c t i c e s  were t o  be 
c o n s i d e r e d ,  they could be  c o n t r o l l e d  by t h e  underground i n j e c t i o n  c o n t r o l s  of 
PL 93-523. The key c o n s i d e r a t i o n  i s  whether t h e  underground i n j e c t i o n  w i l l  
i n c r e a s e  contaminants  t o  l e v e l s  v i o l a t i n g  d r i n k i n g  water  s t a n d a r d s .  I n  c a s e s  
where such i n j e c t i o n s  might impair  the  q u a l i t y  of underground d r i n k i n g  water 
s u p p l i e s ,  t hey  would b e  p r o h i b i t e d .  Th i s  p r o v i s i o n  a l s o  ra i ses  some q u e s t i o n  
whether or not i n  s i t u  p r o c e s s e s  f o r  s h a l e  o i l  recovery and t a r  sands 
p r o c e s s i n g  would be  p rec luded .  

- -  

Underground I n j e c t i o n  f o r  O i l  and Gas P roduc t ion .  

Requirement. Underground i n j e c t i o n  of f l u i d s  i s  a common p r a c t i c e  i n  
secondary and t e r t i a r y  r ecove ry  o p e r a t i o n s  f o r  o i l  and n a t u r a l  gas .  This  
p r a c t i c e  i s  r e g u l a t e d  by PL 93-523, only i f  such r e g u l a t i o n  i s  necessa ry  t o  
ensu re  t h a t  underground sources  of d r i n k i n g  water  w i l l  no t  be  endangered. 

I m p l i c a t i o n s .  While underground i n j e c t i o n  f o r  o i l  and gas r ecove ry  
i s  al lowed,  t he  burden of proof  i n  de t e rmin ing  whether or no t  i n j e c t i o n s  w i l l  
endanger groundwater s u p p l i e s  l i e s  wi th  t h e  o i l  and gas  i n d u s t r y .  I n  a r e a s  
where water supply a q u i f e r s  and o i l  f i e l d s  are c l o s e ,  t h e  i n d u s t r y  may have 
d i f f i c u l t y  showing t h a t  t h e r e  w i l l  be  no degrada t ion .  I n  such c a s e s ,  
g u a r a n t e e i n g  the  i n t e g r i t y  of water s u p p l i e s  would l ead  t o  d e l a y s  and t o  
h i g h e r  c o s t  o p e r a t i o n s .  

Uncon t ro l l ed  P r a c t i c e s  t h a t  May Endanger Groundwater. Regu la t ions  on 
i n j e c t i o n  p r a c t i c e s  w i l l  not  cover  many d i s p o s a l  p r a c t i c e s  common a t  energy 
development s i t e s .  Leaching from l a n d f i l l s  can contaminate  underground 
waters.  Su r face  impoundments such a s  ponds and lagoons used f o r  t r ea tmen t  and 
d i s p o s a l  of wastes a l s o  r e p r e s e n t  a p o t e n t i a l  danger t o  underground water by 
p e r c o l a t i o n  through t h e  s i d e s  and bottom. The "dug w e l l s "  t h a t  w i l l  be  
r e g u l a t e d  a r e  de f ined  a p p a r e n t l y  as those  w i t h  a depth g r e a t e r  t han  the  
l a r g e s t  s u r f a c e  dimension. I f  t h i s  were t h e  c a s e ,  p r o v i s i o n s  of t h e  S a f e  
Drinking Water A c t  would not  be a p p l i c a b l e  t o  most of t he  lagoons and ponds 
t h a t  are l i k e l y  t o  be  adopted as f i n a l  d i s p o s a l  s i t e s  f o r  energy development 
a c t i v i t i e s .  Furthermore,  such f a c i l i t i e s  are a l s o  s u b j e c t  t o  o c c a s i o n a l  d i k e  
f a i l u r e s ,  s p i l l s ,  and ove r f lows ,  which can r e s u l t  i n  widespread p o l l u t i o n .  

The S u r f a c e  Mining C o n t r o l  and Reclamation Act of 1977 (PL 95-87) 

The purpose of t h i s  A c t  i s  t o  guard a g a i n s t  adve r se  environmental  impacts  
t h a t  might r e s u l t  from s u r f a c e  c o a l  mining,  w h i l e  keeping i n  mind t h e  f a c t  
t h a t  t h e  coa l  supply i s  e s s e n t i a l  f o r  n a t i o n a l  energy r equ i r emen t s  and 
economic and s o c i a l  wel l -being.  

Requirements.  S p e c i f i c  water q u a l i t y  r equ i r emen t s  under t h e  Act cannot  be  
enumerated u n t i l  t h e  i n t e r i m  r e g u l a t i o n s  are pub l i shed .  However, t h e  Act 
c o n t a i n s  numerous r e f e r e n c e s  t o  water q u a l i t y  and h y d r o l o g i c  concerns.  Among 
t h e s e  g e n e r a l  p r o v i s i o n s  a r e  r e g u l a t i o n s  on permanent water impoundments t h a t  
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might be c r e a t e d  i n  the  mining o r  r ec l ama t ion  p rocess ,  and r e g u l a t i o n s  on 
mining a c t i v i t i e s  t o  minimize d i s t u r b a n c e  of t h e  p r e v a i l i n g  hydro log ic  b a l a n c e  
and the  q u a n t i t y  and q u a l i t y  of s u r f a c e  and groundwater systems. 

I m p l i c a t i o n s .  The A c t  add res ses  i t s e l f  t o  a number of p a r t i c u l a r  wa te r  
q u a l i t y  problems and proposed s o l u t i o n s  t o  those  problems, some of which 
p r e s e n t l y  may not  be  s t anda rd  p r a c t i c e  a c r o s s  t h e  mining i n d u s t r y .  These 
inc lude  measures t o  avoid  a c i d  o r  o t h e r  t o x i c  mine d ra inage ;  p reven t  
a d d i t i o n a l  c o n t r i b u t i o n s  of suspended s o l i d s  t o  s t reamflow; c l e a n  o r  remove 
temporary s e t t l i n g  ponds or  o t h e r  s i1  t a t i o n  s t r u c t u r e s  from n a t u r a l  d ra inages  
a f t e r  t h e  d i s t u r b e d  a r e a s  a r e  r e v e g e t a t e d ;  r e s t o r e  recharge  c a p a c i t y  of t h e  
mined a r e a  t o  premining c o n d i t i o n s ;  avoid  channel  enlargement  from o p e r a t i o n s  
r e q u i r i n g  water  d i scha rge ;  and p r e s e r v e ,  throughout  t h e  mining and r ec l ama t ion  
p rocess ,  t he  e s s e n t i a l  hydro log ic  f u n c t i o n s  of a l l u v i a l  v a l l e y  f l o o r s  i n  a r i d  
and semia r id  a r e a s  of t h e  count ry .  I n  a d d i t i o n ,  t h e  Act r e q u i r e s  t h a t  s u r f a c e  
was te s ,  t a i l i n g s ,  and s p o i l s  be  s t a b i l i z e d  i n  waste  p i l e s  c o n s t r u c t e d  i n  
compacted l a y e r s ,  u s i n g  incombust ib le  and impervious m a t e r i a l s  i f  necessa ry .  
Excess s p o i l  m a t e r i a l s  a r e  t o  be p laced  so a s  t o  prevent  s o i l  e r o s i o n  and 
i n f i l t r a t i o n  of water  i n t o  s p o i l  p i l e s .  These p r o v i s i o n s  a r e  s i g n i f i c a n t  
because n e i t h e r  PL 92-500 nor PL 93-523 d e a l s  d i r e c t l y  wi th  water  q u a l i t y  
problems t h a t  could  r e s u l t  from mining p r a c t i c e s .  The i r  s t r i n g e n t  a p p l i c a t i o n  
t o  energy o p e r a t i o n s  could  f o r c e  the a t t e n t i o n  of energy developers  t o  o n - s i t e  
a c t i v i t i e s  t h a t  a r e  i n d i r e c t l y  p o l l u t i n g  and could  l e a d  t o  de l ays  and h i g h e r  
c o s t s  f o r  energy development. 

The Resource Conserva t ion  and Recovery Act of 1976 (PL 94-580) 

The g e n e r a l  o b j e c t i v e s  of t h i s  Act a r e  t o  promote t h e  p r o t e c t i o n  of h e a l t h  
and the  environment and t o  conserve  v a l u a b l e  m a t e r i a l  and energy r e s o u r c e s .  
The r u b r i c  of " s o l i d  waste" a s  de f ined  by t h e  Act could  apply  t o  many energy 
w a s t e s ,  i n c l u d i n g  r e f u s e ,  s ludge  from a waste  water  t r ea tmen t  p l a n t  o r  a i r  
p o l l u t i o n  c o n t r o l  dev ice ,  and o t h e r  d i s c a r d e d  m a t e r i a l  such a s  s o l i d ,  l i q u i d ,  
s e m i s o l i d ,  o r  con ta ined  gaseous m a t e r i a l  r e s u l t i n g  from i n d u s t r i a l ,  
commercial ,  and mining o p e r a t i o n s .  S i m i l a r l y ,  "hazardous waste' '  i s  de f ined  by 
the  A c t  a s  a s o l i d  waste  t h a t  poses  a hazard  t o  human h e a l t h  o r  t h e  
environment.  Th i s  d e f i n i t i o n  would a l s o  apply  t o  many s o l i d  was tes  produced 
by energy development a c t i v i t i e s .  

Requirements.  Some s e c t i o n s  of t he  Act c o n t a i n  s p e c i f i c  requi rements  t h a t  
p rov ide  f o r  p r o t e c t i o n  of water  q u a l i t y  from t h e  hand l ing  of s o l i d  was te s .  
These inc lude  p r o t e c t i o n  of t he  q u a l i t y  of ground and s u r f a c e  wa te r s  from 
l e a c h a t e s ,  and p r o t e c t i o n  of t h e  q u a l i t y  of s u r f a c e  waters from runoff  through 
compliance wi th  e f f l u e n t  l i m i t a t i o n s  under t h e  F e d e r a l  Water P o l l u t i o n  Con t ro l  
Act .  

I m p l i c a t i o n s .  The Resource Conserva t ion  and Recovery Act i s  p a r t i c u l a r l y  
impor tan t  i n  t h a t  i t  s p e c i f i c a l l y  addres ses  wa te r  q u a l i t y  problems t h a t  a r i s e  
from d i s p o s a l  of s o l i d  was te s .  The p r o t e c t i o n  of ground and s u r f a c e  wa te r s  
from l e a c h a t e s ,  s o l i d  was te  d i s p o s a l  s i t e s ,  and dumping a r e a s  w i l l  c e r t a i n l y  
apply  t o  t h e  d i s p o s a l  of spen t  s h a l e ,  mining overburden,  s ludge ,  and o t h e r  
o n - s i t e  m a t e r i a l s .  These requi rements  may pose d i f f i c u l t i e s  i n  compliance 
because t h e  a r e a s  and masses of m a t e r i a l s  involved  a r e  l a r g e .  S t a b i l i z a t i o n  
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and r e v e g e t a t i o n  of t h e s e  ma te r i a l s  w i l l  t a k e  c o n s i d e r a b l e  amounts of wa te r .  
The water f o r  t h e s e  purposes may i t s e l f  cause l e a c h i n g  and t r a n s p o r t  of 
p o l l u t a n t s .  

Gr3 

Toxic Substances Con t ro l  Act (PL  94-469)  

The Toxic Substances Con t ro l  Act ,  e f f e c t i v e  Janua ry  1, 1977, cou ld  have a 
s i g n i f i c a n t  e f f e c t  on energy o p e r a t i o n s  t h a t  impact environmental  systems 
through the  p roduc t ion  or d i s c h a r g e  of water,  s o i l ,  s ludge ,  o r  a i r  r e s i d u a l s  
c o n t a i n i n g  t o x i c  chemical subs t ances .  The s t a t e d  p o l i c y  t h r u s t s  of t h e  Act 
are t h a t  manufac tu re r s  have the  r e s p o n s i b i l i t y  t o  develop d a t a  on t h e  e f f e c t  
of s u b s t a n c e s  on t h e  environment and h e a l t h ;  t h a t  adequate  a u t h o r i t y  should 
e x i s t  t o  r e g u l a t e  subs t ances  p r e s e n t i n g  an un reasonab le  r i s k ;  and t h a t  
a u t h o r i t y  should be  e x e r c i s e d  p r u d e n t l y ,  so as not  t o  impede t e c h n o l o g i c a l  
i nnova t ion  o r  t o  c r e a t e  unnecessary economic b a r r i e r s .  

Requirements.  The s p e c i f i c  a p p l i c a t i o n  of t h e  l a w  t o  a c t i v i t i e s  t h a t  
produce or i n t r o d u c e  o r g a n i c  o r  i n o r g a n i c  chemical subs t ances  i n t o  t h e  
environment i s  somewhat vague. However, t h e  Environmental  P r o t e c t i o n  Agency 
h a s  a g r e a t  d e a l  of l a t i t u d e  i n  developing approaches f o r  d e a l i n g  wi th  t o x i c  
s u b s t a n c e s .  The methods of c o n t r o l  a v a i l a b l e  f o r  u s e  a t  t h e  d i s c r e t i o n  of t h e  
EPA Admin i s t r a to r  are (1) s e i z u r e  of any hazardous subs t ance  and/or  ( 2 )  r e l i e f  
a g a i n s t  pe r sons  who manufac tu re ,  u s e ,  o r  d i s p o s e  of an imminently hazardous 
chemical subs t ance .  

I m p l i c a t i o n s .  Although the  i m p l i c a t i o n s  of t he  A c t  a r e  s t i l l  evo lv ing ,  
t h e r e  i s  c e r t a i n l y  p o t e n t i a l  f o r  i n t e r a c t i o n  wi th  proposed and ongoing energy 
development. The Act s t i p u l a t e s  t h a t  t o x i c  chemical subs t ances  produced by 
t h e  p r o c e s s i n g  a c t i v i t i e s  bu t  u n r e l a t e d  t o  t h e  purpose of t h e  p r o c e s s i n g  
shou ld  be  c o n t r o l l e d .  Such subs t ances  r e l e a s e d  from mining and p rocess ing  of 
energy r e s o u r c e s  i n c l u d e  heavy meta ls  and o rgan ic  compounds wi th  known o r  
suspec ted  environmental  and h e a l t h  e f f e c t s .  Although t h e  Admin i s t r a to r  i s  
c o n s t r a i n e d  by economic and s o c i a l  c o n s i d e r a t i o n s ,  he i s  a l s o  r e q u i r e d  t o  
p reven t  un reasonab le  r i s k  t o  h e a l t h  and environment from such t o x i c  chemicals .  

S t a t e  S tanda rds  

The water q u a l i t y  s t a n d a r d s  of the  s i x  p r i n c i p a l  energy-producing s t a t e s  
vary c o n s i d e r a b l y .  The s t a t e  s t a n d a r d s  have been promulgated f o r  a v a r i e t y  of 
r e a s o n s .  North Dakota, Montana, and Utah b a s e  t h e i r  c l a s s i f i c a t i o n  systems 
and s t a n d a r d s  on b e n e f i c i a l  u s e .  New Mexico does not  c l a s s i f y  streams, b u t  
se t s  s t a n d a r d s  on a stream-by-stream b a s i s  as t o  t h e i r  b e n e f i c i a l  use.  
Wyoming has  used a q u a t i c  l i f e  as t h e  major c r i t e r i o n  f o r  de t e rmin ing  water 
q u a l i t y  s t a n d a r d s .  Colorado uses  body c o n t a c t  as t h e  b a s i s  f o r  i t s  s t a n d a r d s .  
To a l a r g e  degree,  of cour se ,  a l l  s t a t e s  have used m u l t i p l e - u s e  c r i t e r i a  f o r  
developing t h e i r  s t a n d a r d s .  

None of t he  s t a t e  water q u a l i t y  l a w s  o r  s t a n d a r d s  c o n t a i n s  e x p l i c i t  
c o n s t r a i n t s  aimed i n  p a r t i c u l a r  a t  energy development a c t i v i t i e s  o r  
i n d u s t r i e s .  This  i s  t r u e  f o r  a l l  a s p e c t s  of  s t a t e  water q u a l i t y  r e g u l a t i o n  
i n c l u d i n g  l e g i s l a t i o n ,  pe rmi t  a p p l i c a t i o n  r equ i r emen t s ,  s t a n d a r d s ,  and 
enforcement.  The on ly  p o s s i b l e  e x c e p t i o n  t o  t h i s  i s  i n  t h e  s t a t e  of New & 
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Mexico, where a "Not ice  of I n t e n t  t o  Discharge" from f a c i l i t i e s  f o r  t h e  
p roduc t ion ,  r e f inemen t ,  o r  p i p e l i n e  t r ansmiss ion  of o i l  and gas  o r  p roduc t s  
t h e r e o f  must b e  f i l e d  w i th  t h e  O i l  Conserva t ion  Commission. 

S M A R Y  

This  s tudy  examines t h e  r e l a t i o n s h i p  between energy development and water  
q u a l i t y  i n  t h e  Upper Colorado and Upper Missour i  R ive r  Bas ins  from two 
p e r s p e c t i v e s :  (1) the  water  q u a l i t y  problems t h a t  could  a r i se  from energy 
development, and ( 2 )  t h e  i m p l i c a t i o n s  f o r  energy development from wa te r  
q u a l i t y  a s p e c t s  o f  l e g i s l a t i o n  and r e g u l a t i o n s .  

E f f l u e n t s  and r e s i d u a l s  from energy a c t i v i t i e s  and p rocesses  c o n t a i n  a 
number of  i no rgan ic  and o rgan ic  subs t ances  t h a t  a r e  hazardous t o  human h e a l t h  
and t h e  environment.  The most t y p i c a l  and s i g n i f i c a n t  p o l l u t a n t s  i n c l u d e  
a c i d s ,  heavy m e t a l s ,  and t o x i c  and ca rc inogen ic  o rgan ic  compounds and s a l t s .  
Acid runof f  a s s o c i a t e d  wi th  s u l f i d e s  i n  mine s p o i l s  could  be s e v e r e  in l o c a l  
a r e a s ,  w i th  low pH caus ing  d i s r u p t i o n  of ecosystems.  Heavy me ta l s  t h a t  a r e  
t o x i c  and a h e a l t h  hazard  are produced from s t a c k  gases  and from a c i d  
s o l u b i l i z a t i o n  of m e t a l s .  Toxic  and ca rc inogen ic  o rgan ic  compounds t h a t  a r e  
hazardous t o  human and ecosystem h e a l t h  a re  a s s o c i a t e d  p a r t i c u l a r l y  w i t h  o i l  
s h a l e  and c o a l  g a s i f i c a t i o n  because of t he  tempera ture  and p r e s s u r e  regimes 
t h a t  occur  dur ing  p rocess ing .  S a l i n i t y  ( t o t a l  d i s s o l v e d  s o l i d s  and 
c o n d u c t i v i t y )  i s  the  r e s u l t  of s a l t s  be ing  leached  from exposed m a t e r i a l s  and 
s o l i d  was tes  from mining and p rocess ing .  S a l i n i t y  l i m i t s  t h e  b e n e f i c i a l  u s e  
of water f o r  domest ic ,  i n d u s t r i a l ,  and a g r i c u l t u r a l  purposes .  

Energy developers  p l a n  t o  p reven t  d i r e c t  d i s c h a r g e  of p o l l u t a n t s  t o  wa te r  
sou rces  by c o n t a i n i n g  w a s t e  s t reams.  Never the l e s s ,  t h e  amounts of e f f l u e n t  
m a t e r i a l s  t o  be  managed a r e  enormous and r e p r e s e n t  p o t e n t i a l  p o l l u t i o n  haza rds  
through i n d i r e c t  means. Energy p rocess ing  and was te  d i s p o s a l  a c t i v i t i e s  t h a t  
w i l l  c o n t r i b u t e  t o  p o l l u t i o n  problems a r e  (1) s u r f a c e  d i s t u r b a n c e s ,  p roducing  
sediments  and s a l t s ;  ( 2 )  d i s r u p t i o n  of a q u i f e r s  by s u r f a c e  and underground 
mining,  producing heavy m e t a l s  and t o x i c a n t s ;  ( 3 )  placement of mining s p o i l s ,  
w e t  and d ry  s o l i d s  from c o a l  convers ion  f a c i l i t i e s ,  and spen t  o i l  s h a l e s ,  
r e s u l t i n g  i n  s a l t s  and o t h e r  p o l l u t a n t s  i n d i r e c t l y  e n t e r i n g  s u r f a c e  and 
groundwater systems through r u n o f f ,  l e a c h i n g ,  and seepage;  ( 4 )  p l a n t  p rocess  
was te  water  d i s c h a r g e s ,  c o n t a i n i n g  a romat ic  hydrocarbons and o t h e r  
ca rc inogen ic  a g e n t s ;  and (5 )  decreased  s t ream flow from water  w i thd rawa l s ,  
w i th  r e s u l t i n g  i n c r e a s e s  i n  p o l l u t i o n  c o n c e n t r a t i o n s  and tempera tures .  

Add i t iona l  p r e s s u r e  w i l l  be  p laced  on ensu r ing  s t r eam water  q u a l i t y ,  w i th  
p a r t i c u l a r  a t t e n t i o n  p a i d  t o  was te  water d i s c h a r g e s  a s s o c i a t e d  wi th  
energy-development-related popu la t ion  growth. 

While water  q u a l i t y  problems from heavy m e t a l s ,  t o x i c  subs t ances ,  and 
o r g a n i c s  are p o t e n t i a l l y  s e r i o u s  i n  l o c a l i z e d  a r e a s  around energy 
developments,  t h e  most widespread p o l l u t i o n  problem i n  t h e  Upper Colorado and 
Upper Missour i  River  Bas ins  i s  expec ted  t o  be  s a l i n i t y .  Various s t u d i e s  have 
i n d i c a t e d  t h a t  t o t a l  d i s s o l v e d  s o l i d s  c o n c e n t r a t i o n s  w i l l  i n c r e a s e  downstream 
l a r g e l y  a s  a r e s u l t  of d i v e r t i n g  h ighe r  q u a l i t y  wa te r s  upstream. 
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A number of l e g i s l a t i v e  c o n t r o l s  and r e g u l a t i o n s  can be a p p l i e d  t o  wa te r  
q u a l i t y  a s p e c t s  of energy a c t i v i t i e s .  For example, t h e  Fede ra l  Water 
P o l l u t i o n  Con t ro l  Act Amendments of 1972 c o n t r o l  d i scha rges  t o  s u r f a c e  w a t e r s  
through p e r m i t s ,  e f f l u e n t  l i m i t a t i o n s ,  and t r ea tmen t  technology requi rements .  
The energy i n d u s t r i e s '  response  t o  t h e s e  measures i s  t o  o p t  f o r  t o t a l  
containment  of waste  waters  so t h e r e  w i l l  be  no d i scha rge .  This  p o l i c y ,  
however, p o s s i b l y  could l e a d  t o  water  law c o n f l i c t s  by depr iv ing  downstream 
water  u s e r s  of r e t u r n  flow t o  which they  have a r i g h t  and by consuming water  
f o r  p o l l u t i o n  c o n t r o l ,  a p r a c t i c e  t h a t  i s  not  recognized  g e n e r a l l y  a s  a 
b e n e f i c i a l  and r e a s o n a b l e  use  of water .  These problems w i l l  need r e s o l u t i o n  
b e f o r e  a c c e p t a b l e  p o l l u t i o n  c o n t r o l  s t r a t e g i e s  f i n a l l y  can be  determined.  
Other  requi rements  of the Act i nc lude  s e t t i n g  of s t ream s t a n d a r d s ,  t o x i c  
e f f l u e n t  s t a n d a r d s ,  and thermal  d i scha rge  s t a n d a r d s ,  a l l  of which pose 
a d d i t i o n a l  r e s t r i c t i o n s  on d i scha rges  from energy p rocesses .  

The major  t h r u s t s  of t h e  Sa fe  Drinking Water Act (PL 93-523) a r e  
p r o t e c t i n g  underground sources  of wa te r ,  s e t t i n g  p u b l i c  water  supply  
s t a n d a r d s ,  and p r o h i b i t i n g  i n j e c t i o n  of was te  water  where contaminants  could  
reach  water  s u p p l i e s .  Many energy r e s i d u a l  d i s p o s a l  p r a c t i c e s  could  have 
p o t e n t i a l  impacts on underground water  sources  i n c l u d i n g  l e a c h i n g  from s p o i l  
p i l e s  and seepage from containment ponds. Thus, t h e s e  p r a c t i c e s  might be 
s u b j e c t  t o  c o n t r o l  under t h e  Act .  I n  t h e  case  of s o l i d  r e s i d u a l s ,  t h e  
Resource Conserva t ion  and Recovery A c t  (PL 94-580) s p e c i f i c a l l y  r e q u i r e s  
p r o t e c t i o n  of ground and s u r f a c e  water  q u a l i t y  from l e a c h a t e s  and runoff  from 
s o l i d  waste  d i s p o s a l  o p e r a t i o n s .  

The Sur face  Mining Cont ro l  and Reclamation Act (PL 95-87) s p e c i f i e s  a 
number of measures in t ended  t o  avoid o r  m i t i g a t e  water  q u a l i t y  impacts of 
mining o p e r a t i o n s ,  i n c l u d i n g  p r e s e r v i n g  t h e  e s s e n t i a l  hydro log ic  f u n c t i o n s  of 
t h e  mined a r e a  and s t a b i l i z i n g  a l l  mining was tes .  The Act i s  impor tan t  i n  
t h a t  i t  d e a l s  s p e c i f i c a l l y  wi th  t e r r e s t r i a l  d i s t u r b a n c e s  t h a t  could  a f f e c t  
water  q u a l i t y .  

The Toxic  Subs tances  Con t ro l  Act (PL 94-469) g i v e s  the  Environmental  
P r o t e c t i o n  Agency t h e  a u t h o r i t y  t o  r e g u l a t e  a c t i v i t i e s  d i s c h a r g i n g  t o x i c  
subs t ances .  T h i s  could  have a s i g n i f i c a n t  e f f e c t  on o i l  sha l e  and 
gas  i f  i c a t i  on p rocesses  t h a t  d i s c h a r g e  r e s i d u a l s  c o n t a i n i n g  t o x i c  chemicals  . 

The combined a p p l i c a t i o n  of t h e s e  requi rements  f o r  t h e  purpose of 
m a i n t a i n i n g  water  q u a l i t y  could  r e s u l t  i n  a number of problems f o r  energy 
i n d u s t r i e s .  Compliance c e r t a i n l y  w i l l  mean i n c r e a s e d  o p e r a t i o n  c o s t s  and 
p o s s i b l e  t i m e  de l ays  i n  b r i n g i n g  developments on l i n e .  Opera t ions  a l s o  would 
invo lve  added requi rements  f o r  r e p o r t i n g  and t r a i n e d  personnel .  P l a n t s  
a l r e a d y  o p e r a t i o n a l  may b e  f o r c e d  t o  r e t r o f i t  w i th  p o l l u t i o n  c o n t r o l  dev ices  
o r  reduce t h e i r  o p e r a t i o n s .  
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F i g .  1. Hydrologic  r e g i o n s  of the Upper Colorado River .  
(Source:  Utah Water Research Labora tory ,  1975)  
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Fig .  3 .  Terres t r ia l  ecosystems and l and  use  i n  t h e  Upper 
Colorado River Basin.  (Source: US Department of 
I n t e r i o r ,  1975)  
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Fig .  4 .  Water q u a l i t y  STORET s t a t i o n s  € o r  Upper Colorado River Basin.  
(Source: Utah Water Research Labora tory ,  1975)  
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F i g .  9 .  Oil s h a l e  and t a r  sand d e p o s i t s  i n  t h e  
Upper Colorado River Basin.  
(Source: Utah Water Research Labora to ry ,  1975)  
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Fig .  11. O i l  and g a s  f i e l d s  i n  the Upper Colorado River Basin.  
(Source: Utah Water Research Labora to ry ,  1975) 
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Fig. 19. Transport of contaminants to receiving water bodies. 
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TABLE I 

DRAINAGE AREA AND HISTORIC UNIT DISCHARGES 
IN THE UPPER COLORADO RIVER BASIN 

Record 
Drainage Prior to Unit 

Gauging Station Area 1965 Discharge 

Square miles __ Years ft3sb/sq. mi. 

Colorado River near Grand 
Lake, Colorado 103 46 0 . 9 2 2  

Colorado River at Glenwood 
Springs, Colorado 4 560  66  0 .596  

Colorado River near Cameo, 
Colorado 8 050  32 0.484 

Colorado River near 
Cisco, Utah 24 100 54 0.327 

Colorado River at Compact 
109  580a 52 0 .155  Point, Lee Ferry, 

Arizona 

%rainage area as measured by Utah Water Research Laboratory, 1 9 7 5 ;  other 
area figures are from USGS Water Supply Papers. 

cubic foot per second (ft3s) = 724  acre*ft/yr 

SOURCE: US Water Resources Council, 1 9 7 6 ,  and the Upper Colorado Region 
State-Federal Inter-Agency Group/Pacific Southwest Inter-Agency Committee, 
June 1971. 

TABLE I1 

ESTIMATED LAND USE AND WATER DEPLETIONS IN THE UPPER 
COLORADO RIVER BASIN, 1 9 7 3  

Land and/or Water Use Land Use Water Deplet iona 
A c r e s  x IO3 % A c r e - f t  x l o 3  % 

Irrigated Agriculture 1 622 2.0  2175 62 .0  

Dry Cropland 950 1.0 -b 

Range Land 

Alpine and Forest 

37 5 0 0  52 .0  -b - 
28 7 1 0  4 0 . 0  -b - 

Urban 368 1.0 9 1  3 .0  

Export 6 5 1  19.0 

Energy Development 59  2.0 

Barren o r  Other Land 3 084 4 . 0  -b - 

- - 

- - 

Water Surface Area 

Totals 

405 1 . 0  520' 1 4 . 0  

72  639  1 0 0 . 0  3496 100.0 
- _ _ - _ _  

aFrom Colorado River Basin Salinity Cont ro l  Forum, June 1 9 7 5 .  

bOn-site use of precipitation so that water does n o t  reach streams. 

'US Bureau of Reclamation estimate of Colorado River Storage Project reservoir 
evaporation. From US Department of Interior, April 1 9 7 5 .  
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TABLE I11 

OCCURRENCE OF SIGNIFICAKT UATER QUALITY PROBLEMS I X  THE UPPER COLORADO RIVER BASIK 

Sa -. 

- 

X 

X 

X 

X 
X 
X 

X 

X 
X 
X 
X 

- 

STOKET 
Da td 

Sta tione MasinlKiver Reach' 

8 
9 
14.15 
12,13 
11.17 
16 
19 
20 
21-23 
24 
25 

26 

27-29 

30-32 
33 
36 
37.38 
39-40 
34 
41-44 
45-53 
54 

55,56 

57.62-65 
61.65 

66 

58-60 

.. 
67.68 

New Fork 
CR above LsBarge 
GR above Fonteneile 
Big Sandy Creek 
GR above GRC 
Mlacks Fork 
GR above FG Dam 
~ i c r l e  Snake 
Ysmpe River 
GR above Jeneen 

Ducheene Rlver above Duchesne 
Ducheeiie River above Randlett 

Ashley Creek 

m i t e  River 
Price River 
CR above Green River 
Sen Raphael 
CR above Hot Sulpher 
Eagle River 
CR above Glenwood Springs 
Roaring Fork 
CR above Plateau 
Plateau Creek 
Gunnison R above Gun. 
CR above NFGR 
Uncompahgre 
CR above Grand Junction 
CR above CO-OT Line 
sen niguel  h Doloree 
CR above Clem 
CR above Lee Ferry 
Ssn Juan above Arboles 
SJ above Archuleta 
Animas 
S.1 above Farmington 
La e l l l a  
SJ above Shiprock 
SJ above Bluff 

Subbasins 

Hydrologicb 

UG 1 
2 
3 
L 

6 
7 
8 
9 
10 
11 
12 
13 
14 
1 5  
16 
17 
18 

u H 1  
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

us 1 
2 
3 
4 
5 
6 
7 

W S A C  

1401 
1401 
1401 
1401 
1401 
1401 
1401 
1402 
1402 
1402 
1403 
1401 
1403 
1402 
1403 

1403 
1405 
1405 

1403 

1405 
1405 
1405 

1404 
1404 
1404.6 
1404-6 
1405 
1406 
1406 
1406.8 
1407 
1407 
1407 
1407 
1407 
1407 
1408 

1405 

'GR - Green River ,  CR - Colorado River -- Main Stem, SJ = San Juan River.  

bHydroiogic suhbasins as defined by the USCS. 

%ate, R C S O U T C C S  Smibareas as designated by the Water ReSourcF.? Councll. 

dBOD - B i o l o ~ i c r l  0:ygen D m s n d :  DO - Dirsolved Oxygen 
SOURCE: Utah U . r t e r  Rrsbarch LaSoratory, 1975. 

( see  Fig. 13 f o r  geographic boundarlcs). 

1 

Potential Development of 
energy Reaources 

Hydra 

cue1 
Coal 
Hydro. coal 
Coal 

coal, oil. o i l  shale 
Oil 

Coal. O i l .  O i l  shale 

n i l  
o i l ,  o i l  shale 
Coal 
Coal 
Coal 

Coal 

Coal 

Coal 
Hydro, coal 

Hydro. coal 
Coal 
Coal 
Coal 

5 4  



TABLE IV 

AVERAGE ANNUAL SURFACE WATER FLOW CONTRIBUTIONS TO THE UPPER MISSOURI RIVER BASIN 

Average Depletions 

Large Watershed 
S u b b a s i n  and Irrigation Reservoir Forestry Treatment Other Total 

General Area Description Farming Evap. Practires and Ponds Uses 1970 

(thousand acre-ft) 
Subtotal Fort Peck Dam 277.3 151.8 -16.9 53.2 0.0 465.4 

Upper Missouri 326.8 152.8 -16.9 108.4 14 .o  585.1 
Yellowstone 213.1 82.3 -15.9 65.3 16.2 361.0 

Subtotal Garrison Dam 602.1 780.1 -31.3 192.4 30.2 1573.5 
Dakotas 229.6 1005.3 - 9.1 81.6 24.4 1331.8 

Subtotal Oahe Dam 769.5 1240.4 -41.9 255.3 54.6 2217.9 
Total Upper Missouri Basin 769.5 1240.4 -41.9 255.3 54.6 2277.9 

Depletion Projections Average Percent 
S u b b a s i n  and Annual Flow of Basin 

Flow 
_- 1970 1980 2000 '02' after 1970a General Area Description 

Subtotal Fort Peck Dam 465.4 745.4 889.4 511.4 
Upper Missouri 585.1 953.3 1026.1 7 6 6 . 4  7 276 39 
Yellowstone 361, n 934.1 7R4.5 R57.4 8 800 48 

Dakotas 1331.8 2379.2 3028.6 3893.7 2 449 13 
Subtotal Garrison Dam 1573.5 3102.1 3339.5 3714.9 

Subtotal Oahe Dam 2277.9 4266.6 4839.2 5517.5 
Total Upper Missouri Basin 2277.9 4266.6 4839.2 5517.5 18 525 100 

'Flow after 1970 depletion levels. 

SOURCE: Missouri Basin Inter-Agency Committee. 1971. 

TABLE V 

ESTIMATED GROUNDWATER I N  STORAGE 
IN THE UPPER MISSOURI RIVER BASIN 

Subbasins and Areas 
Approximate 

Groundwater Volume 

(thousand acresft) (%) 

Upper Xissouri 9 000 1 
Yellows tone 15 000 2 

97 North and South Dakotaa 

Totals 859 000 100 

aIncludes Eastern and Western Dakota subbasins of source 
document. 
SOURCE: Missouri Basin Inter-Agency Committee, 1971. 

- 835 000 
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TABLE V I  

SUMMARY OF WATER QUALITY PROBLEMS 
I N  THE UPPER MISSOURI RIVER BASIN 

P o t e n t i a l  
Eut rophi -  Heavy Energy 

Locat  i o n   DO^  BOD^ TDS c a t i o n  Meta l s  Development 

1 Bighorn R ive r  a t  
Bighorn, MT - - -- X X -- 

2 Tongue R ive r  a t  -- X Miles C i t y ,  PIT -- -- 

3 Powder R ive r  a t  
Moorhead, PIT 

4 Yel lowstone  R ive r  
n e a r  S idney ,  MT 

5 Knife R ive r  a t  
Hazen, ND - 

X X 

X 

X 

X X 

6 H e a r t  R ive r  a t  
X -- Mandan, ND X X X 

7 Cannonbal l  R ive r  a t  
Brenen, ND 

8 Missour i  R ive r  a t  
Bismarck. ND 

X X X 

9 B e l l e  Fourche R ive r  
n e a r  E l m  
S p r i n g s ,  SD X X X 

X X 

1 0  Cheyenne R ive r  a t  
Edgemont, SD X X X 

X 

NOTE : 
X ,  when a t  minimum v a l u e  
1. DO < 5 mg/L and when a t  ave rage  v a l u e s  
2 .  BOD > 5 m g h  
3. TDS > 500 mgh, 
4 .  Heavy m e t a l s  

Pb >0.05 B > 1  
c u  > 1 Zn > 5 
F > 2  
Se >0 .01  

T o t a l  P >0.01 
5. E u t r o p h i c a t i o n  

N >0.3 
-- , when no d a t a  are a v a i l a b l e  

aBOD - B i o l o g i c a l  Oxygen Demand. 

bDO - Disso lved  Oxygen. 



TABLE V I 1  

UPPBP COLORAW RIVER BASIN COAL HININC ACIIVITIES 
(MILLIONS OF TONSIYWR) 

coal Reservesb 
(millions of t o n a l  

Under- 
ground Scrip 

2571 270 
806 60 

1067 0 
3414 413 

1974 Production' 
Undtr- 
ground Scrie  

0.213 0 
0 0 .101 

1985 Producrion' 
Under- 
ground S t r ip  

2+ 6.9 
+ 

Stars C 0 " " t Y  

Colorado nortat 
Uontrose 
Pitkin 
Rio Blanco 
Rout t 
La Plara 
Archulera 
Delta 
Gunnison 
He.W 

NN kxico  Sa" Juan 

wmiw Lincoln 
Sweetwafer 

Utah Carbon 
Enery 
Carf ield 
Grand 
K:a"e 
Wayne 
U l n t a h  

0.843 0.023 
0.012 0 
0.011 3.385 

1.0 
5 . 5  0.3 
2.3 1O.W 

0.010 0 
0 0 

0.374 0 

+ 
0.25 

3.1+ 
2.6 
2.25 

76.3 

322 0 
66 0 

205 0 
0.891 0 
0.001 0 

0 7.873 

248 0 
229 0 

442 2008 

0 3.353 
0.103 0.715 

10.8 
O.Z+ 13.1 

556 1000 
3625 1116 

2.958 0 
2 . 5 %  0 

0 0 
0 0 
0 0 
0 0 
0 0 

11.4 
10.2 0.5 
6.0 
0.2 

10.4 
10.0 1.0 

+ 

767 0 
72 10 
57 24 
0 0 

1715 2 00 
23 18 
40 0 

%ara from WU 1976 Circular 8719 and 1976 Keystone Coal Industry &nul. 
.Qo. futur. rinee not Epecified. indicated by +. 
'bu from i u r u u  of Wwe. u f o r u r i o a  Circular IC 8693, 1975. 

Produetion rate of 

TABLE V I 1 1  

NSVRE OIL SRALE PROJECTS IN WPER COLORADO RIVER BASIN 

Production 
Project Name Project Type County (thousand bbllday) 

1985 - 2000 
c 

Colorado 

Parachute Creek 
R l o  Blenco 
C-B Project  
1'" iO" 011 
Ron" Creek 
Paramo Demonstrarioo 
Superlor O i l  

-_ 
1. 
2. 
3. 
4.  
5 .  
6. 
7. 

8 .  
9. 

10. 

Underground nine 
open P l t  Mine 
Underground Mine 
Underground Mine 
Modified i n  Slru 
Underground Ninc 
Underground Ulne 

Carf irld 
Ri" Blanc0 
R I D  Blanc0 
Garfield 
Garfield 
Carf ield 
Rio Dlanco 

0 
100 

50 
50 
0 
0 
0 

50 
100 

50 
50 
30 
7 

68.5 

Utah 

m o t  
50 50 
75 75 

westco 
White River Shale 
Sand Wash 

In  Situ 
Underground nine 
Underground Hlne 

Uinteh 
UinLnh 
Uintah 

NOTE: The F U  1985 Scennrio ca l l3  for  a producrion rare of 300,000 bbl/cd! Apart f r o s  the pi lot  p l a n t .  the  
only other proposed plont f o r  produclng o i l  shale that hae a stated i n i r i a l  operaring date 1. the Sand Sash 
plant i n  Utah. set for  1985. A l l  of the ochers have lndeflni te  operating dare.. Ya w u l d  auggear char. for 
the 1985 dsrs. the 300,000 bbllcd output be s p l i r  as follows: 

O i l  Shale Stare 

Colorndo: 200,000 bbllcd 1402 80 x lo3  (Garfield) 
Utah: 100,000 bbllcd 1401 220 lo3 

In the year 2000, the ERDA 2 Scenario c a l l s  for  a production of 1,300.000 bblled. vhich tar exceede the 
470.5 x IO3 value from the sum of rhe proposed plant outpura. 
2000 be an f o l l o n i  

We muggear tha t  the diatributim for tba y u r  

ASA Oil Shale S t a t e  
Utah: 450.000 bbl/cd 

Uyomingr 200,000 bbllcd 1402 200 I 103 
Colorado: 650,000 bblled 1401 1.1 I io6 

'uladar day. 
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TABLE I X  

UPPER COLORADO R I V E R  BASIN--ENERGY CONVERSION FACILITIES 

P r o d u c t i o n  

A .  Coal S t eam-Elec t r i c  F a c i l i t i e s  

1. 
2 .  
3 .  
4.  
5.  
6.  
7 .  
8. 
9 .  
10. 

Naughton 
J i m  Br idge r  
Cra ig  
Hayden 
Hatch F l a t s a  
In t e rmoun ta inb  
Hunt ington  
Emery 
San Juan  
Four Corners  

Kemmerer, Wyoming, L inco ln  County 
Rock S p r i n g s ,  Wyoming, Sweetwater County 
Cra ig  Colorado ,  Moffa t  County 
Hayden, Colorado ,  Rou t t  County 
Rangely ,  Colorado ,  Rio  Blanco County 
C a i n e v i l l e ,  Utah ,  Wayne County . 
Hunt ington ,  Utah ,  Emery County 
Castle D a l e ,  U tah ,  Emery County 
San J u a n ,  New Mexico, San Juan County 
Farmington ,  New Mexico, San Juan  County 

1540 MWe 
2000 MWe 
1520 MWe 

430 MWe 
300 MWe 

3000 MWe 
1245 MWe 

830 MWe 
1590 MWe 
2960 MWe 

B.  H y d r o e l e c t r i c  F a c i l i t i e s  

1. Flaming Gorge Dagge t t  County,  Utah 
2 .  Morrow P o i n t  Montrose ,  Colorado ,  Gunnison County 

- C .  Geothermal E l e c t r i c  F a c i l i t i e s '  (Low Tempera ture)  

1. M t .  h ' auni ta  H o t  Sp r ings  Gunnison C o u n t y ,  Colorado  
2 .  W. of Ponderhorn  Gunnison County,  Colorado  
3 .  Oureay Area Oureay County,  Colorado  
4. M t .  Dunton Do lo res  County,  Colorado  

D .  Coal Convers ion  F a c i l i t i e s '  ( G a s i f i c a t i o n )  

129 W e  
138 MWe 

25 MWe 
25 MWe 
25 MWe 
25 MWe 

1. Green R ive r  
2 .  WESCO 
3. Burnham 

N.E. U in ta  County,  Wyoming 
30 m .  S.W. o f  Farmington ,  N e w  Mexico, San Juan  County 1000 MMcfd 
35 m .  S.W. of Farmington ,  N e w  Mexico, San Juan  County 785 MMcfd 

250 MMcfdd 

E.  O i l  R e f i n e r i e s  

Gary Western Co. 
( c u r r e n t l y  o p e r a t i n g )  

W .  of Grand J u n c t i o n ,  Colorado  5400 b b l / c d e  

F .  S l u r r y  P i p e l i n e s f  

Proposed Route 

Bald Kno l l s  8 mi les  
s o u t h  of A l ton ,  Utah 

P a r a l l e l  l i n e s  t o  S t .  George,  Utah ,  Washington 
County and Arrow Canyon, Nevada 

Capac i ty  6 
2 .3  x 10 t l y  
S t .  Georee 

Arrow Canyon 
9 . 1  x i o k y  

Both p i p e l i n e s  a r e  expec ted  t o  be  i n  o p e r a t i o n  b e f o r e  1985. 

aHatch F l a t s  w i l l  n o t  b e  o p e r a t i n g  b e f o r e  t h e  1980s  and hence  w i l l  n o t  be p a r t  o f  t h e  1985 
Scena r io .  

1500 MW of t h e  In t e rmoun ta in  P r o j e c t  w i l l  be  on l i n e  by 1985. 

'For t h e  y e a r  2000 o n l y .  

dmfcfd - M i l l i o n  c u b i c  f e e t  p e r  day .  

ecd - Calendar  day .  

fBOM e s t i m a t e s  t h a t  wa te r  consumption w i l l  be 8000 a c r e * f t / y r  from underground w e l l s  
/- 

SOURCE: F e d e r a l  Energy A d m i n i s t r a t i o n ,  1976, and G o e t t l e  e t  a l . ,  1977.  
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TABLE X 

PROJECTED WATER NEEDS FOR ENERGY DEVELOPMENT BY 1990-2000 

Levela of 
Energy 

Study Development 

Western S t a t e s  Water Counc i l  

Colorado River  S a l i n i t y  Forum L 

M 

H 

Colorado River  Reg iona l  
Assessment Studv L 

M 

H 

Water f o r  Energy 
Management Team 

~ ~~ 

aL = Low; M = Moderate;  and H = H i g h .  

P r o j e c t e d  Energy Development Water Use i n  Thousands of Acre -F t  

O the r  

Power Mining Gas P r o c e s s  Sha le  Nuclear  T o t a l  
Coal-Fired Coal  Coal Energy O i l  

464 125 149 11 320 a7 1156 

360b 

405b 

720b 

105 

130 

225 

465 

535 

945 

243 4 0 2 0 50 299 

303 10 63 20 7 3  90 599 

525 1 6  142 23 229 105 1040 

506' 273' 257 1036 - 

b I n c l u d e s  e s t i m a t e d  r equ i r emen t s  f o r  c o a l - f i r e d  e l e c t r i c  and c o a l  g a s i f i c a t i o n  p l a n t s .  

' Includes w a t e r  r e q u i r e d  f o r  ccal mining o p e r a t i o n s .  
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TABLE X I 1  

COAL PRODUCTION I N  THE UPPER MISSOURI RIVER BASIN 

1972 1973 1980 
Underground S t r i p  T o t a l  Es t imated  P r o j e c t e d  

( thousand s h o r t  t o n s )  

Montana 16  000 64 000 
Bituminous 1 7  i 882 7 889 
L i g n i t e  322 332 

North Dakota 
L i g n i t e  6 632  6 632 7 500 4 2  000 

Wyoming 
Subbi tuminous - 442 --- 10  487 1 0  928 1 5  000 54 000 

T o t a l  459 25,333 25 781 38 500 160 ,000 

SOURCE: Environmental  P r o t e c t i o n  Agency, 1974 

TABLE X I 1 1  

COAL-FIRED ELECTRIC GENERATING FACILITIES 
I N  THE UPPER MISSOURI RIVER BASIN 

MaQ a S i z e  
L o c a t i o n  ( W e  ) Number N a m e  

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

1 2  

1 3  

14  

15  

1 6  

1 7  

L e w i s  and C l a r k  

Glendive  

Co l s  t r  i p  

Frank Bi rd  

J .  E.  C o v e t t e  

ACME 

N e i l  Simpson 

Osage 

Dave J o h n s t o n  

Beulah 

S t a n t o n  

Leland Olds 

Mi l ton  R. Young 

Hos ke t t 

Mobridge 

K i r k  

Ben French 

Sidney ,  Montana 

Glendive ,  Montana 

C o l s t r i p ,  Montana 

B i l l i n g s ,  Montana 

B i l l i n g s ,  Montana 

S h e r i d a n ,  Wyoming 

G i l l e t t e ,  Wyoming 

Osage, Wyoming 

Glenrock ,  Wyoming 

Beulah,  Nor th  Dakota 

S t a n t o n ,  North Dakota 

S t a n t o n ,  North Dakota 

C e n t e r ,  North Dakota 

Mondan, Nor th  Dakota 

Mobridge, South  Dakota 

Lead, South  Dakota 

Rapid C i t y ,  S o u t h  Dakota 

50 .1  

7.0 

660.0 

69.0 

172.8 

8 . 0  

27.6 

3 4 . 5  

750.0 

12.5 

172 .0  

240.0 

234.5 

105.0 

8 .5  

31 .5  

22 .0  

’ aSee F i g .  1 7  f o r  map l o c a t i o n .  

SOURCE: Harza Engineer ing  Company, 1976. 
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TABLE XIV 

PROJECTIONS OF COAL-RELATED ENERGY DEVELOPMENTS IN THE UPPER MISSOURI  RIVER^ BASIN 

b Energy Development Scenarios 

Low Most Probable High 
Activity Units 1985 2000 1985 2000 1985 2000 

Mines' Total Number 25 25 32 103 59 159 
Coal Production 106 tons/yr 111 111 162.82 513.1 293.9 791.8 

Steam Electric Plantsd Total Number 14 14 11 23 21 21 
Megawatt-capacity MW 2 562 2 562 4 723 10 992 10 210 10 214 
Generation GW-h/yr 15 711 15 711 20 136 51 317 42 270 48 878 

Numb r of Units 0 0 1 15 1 21 
Product ion MMft 5 /d 0 0 250 3 814 250 5 354 

Coal Gasificatione 

Acre*ft/yr 2 220 2 220 3 256 10 262 5 871 15 837 
Mines Acre. f t/yr 5 206 5 206 10 450 36 793 19 068 54 671 

f Water Requirements 

Reclamation Acre*ft/yr 0 0 9 986 152 071 9 986 213 893 
Coal Gasification Acre*ft/yr 39 276 39 276 50 3 4 1  128 293 105 674 122 194 
Electric Generat ion  Acre- f t /yr 0 0 0 0 58 724 149 437 
Slurry Pipelines Acre. f t /yr 46 702 46 702 74 033 327 419 199 329 556 032 
Total Acre-ft/yr 

%ellowstone level B study of lignite fields i n  North Dakota and Montana, and Powder River coal fields in 
Montana and Wyoming. 

bAssumes water delivery cost less than $450/acre*ft. 

'Based on an average mine capacity of 5 million tons per year. 

dBased on an average plant size of 500 MW. 

3 eBased on an average unit capacity of 250 MMft /day. 

fConsumptive use. 

SOURCE: Harza Engineering Company, 1976. 
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TABLE XV 

EFFLUENT SOURCE MODULES OF COAL GASIFICATION PLANTS 

Description 

Coal storage and preparation 

Oxygen blown gasification 

Quenching and cooling 

Shift conversion 

Gas cooling 
Gas purification (Rectisol wash) 

Methanation 

Final gas purification (Rectisol wash) 

Compression and dehydration 

Ash handling 

Tar-gas liquor separation 

Phenol recovery (Phenosolvan process) 

Ammonia recovery 

Wastewater treatment 

Cooling tower 
Sulfur recovery (Stretford Process) 

Stack gas cleaning 

Ash ponds 

Raw water treatment 

Boiler feed preparation 
Steam and power p l a n t s  

Oxygen plant 

Storage (product and byproduct) 

Washroom and work area 
Land surfaces 

- Effluent 

Rainwater runoff 

Ash 
Tar-oil 

Catalyst 
Gas liquor 

Gas liquor 

Catalyst 

Gas liquor 

Condensate 

Wet ash 

Tar b o i l  water 

Wastewater 

Wastewater 
Sludge b Effluent 
Blowdown 

Wastewater 
Wastewater 
Leachate b runoff 

Sludge 
Sludge & brine 
A s h  & blowdown 

Condensate 

Runoff 

Sewage & runoff 
Runoff 

~~~~~~~ ~ ~ ~ 

SOURCE: Klemetson, 1976. 
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TABLE XVI 

CHARACTERISTICS OF WASTE STREAMS FROM LIGNITE COAL 
GASIFICATION USING THE LURGI PROCESS 

Major Stream Minor Stream 
Constituents 

Flow rate 

Monophenols 
Multivalent phenols 
NH3 fixed (C1) 
NH3 fixed (fatty acids) 
Fatty acids 
c1 
F 
NaOH 
co2 

NH3 free 
HCN 
BOD 

HZS 

2510 gpm 

31 PPm 
789 pprn 
108 pprn 
392 ppm 
1390 ppm 
100 ppm 
46 P P ~  
377 ppm 
50 ppm 
20 PPm 
100 ppm 
20 PPm 

2840 ppm 

3 . 6  mgd 

85268 l b  - BOD/DaY 

259 gpm 

31 ppm 
1699 ppm 
3452 ppm 
1297 ppm 
4456 pprn 
2158 ppm 
1266 ppm 

Tr -pPm 
Tr-ppm 
525 ppm 
38 P P ~  

7100 ppm 

0.38 mgd 

-- 

22075 l b  - BOD/DaY 

-- Not available. 
SOURCE: Klemetson, 1976 

TABLE XVII 

ESTIMATED COMPOSITION OF WASTEWATER FOLLOWING 
BIOLOGICAL TREATMENT 

Constituents Waste Stream 

25-75 ppm Total phenols 

Total ammonia 270 ppm 
Fixed ammonia 212 ppm 
TDS 435 ppm 

PH 
Phenol 1 PPm 

Acetic acid 25 PPm 
Thiocyanates 77 PPm 
Chlorides 5 PPm 

SOURCE: Klemetson, 1976. 
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TABLE XVIII 

LOCATIOX OF PROPOSED Eh’ERGY ACTIVITIES Ih’ THE UPPER COLORADO RIVER BASI?: 

Coal- 
Geo- Coal Mining F i r e d  Coal  Coal O i l  O i l  

Bas ina  Count\. Undg S t r i p  E l e c t r i c  Gas S l u r r v  S h a l e  R e f i n e r y  t h e r m a l  Dra inage  

UG 1 S u b l e t t e  

3 L i n c o l n  X 
4 Sweetwater  
6 X X  
8 
7 Uin ta  

9 Moffa t  x x  
11 
1 0  R o u t t  x x  
1 5  Rio  Blanc0 X 

1 2  Uin tah  
1 7  
1 3  Duchesne 
1 4  

1 8  Emery X 
1 6  Carbon x x  

bTl 7 Gunnison 
8 H i n s d a l e  
9 Ouray 

1 0  Delta 

1 Grand 
3 S u m i t  
2 E a g l e  
4 P i t k i n  
5 G a r f i e l d  
6 Mesa 

11 
1 2  Del/Srn/MT 
1 3  Grand,  ET 

x x  
x x  

x x  
x x  
x x  
x x  
X 

X US 1 A r c h u l e t a  
2 
3 San J u a n ,  C O  
5 La P l a t a / N o n t e  x 
4 San J u a n ,  hY 
6 

7 San J u a n ,  UT 

X 

1 4  Wayne x x  
Kane X X  
G a r f i e l d  X 

X 

X X 

X 
X 

X 

X 
X 

N e w  Fork  
Green R i v e r  above La Banc 
Green  R i v e r  above F o u n t a i n e  
Big Sandy Creek  
Green  R i v e r  
Green R i v e r  above  T l a n i n g  Corge 
Blacks  F o r k  

L i t t l e  Snake 
Green R i v e r  above J e n s e n  
Yampa 
White R i v e r  

Ashley  W h i t e  R i v e r )  
Green  R i v e r  above  Green R i v e r  
Duchesne R i v e r  above Duchesne 
Duchesne R i v e r  above  Rain 
P r i c e  R i v e r  
San Raphael  R i v e r  

X Gunnison R i v e r  above  Gunnison 
Colorado  R i v e r  above  WFC 

X Uncompaghre 
Colorado  R i v e r  above  Grand 

Colorado  R i v e r  above  Hot S p r i n g s  
Colorado  R i v e r  above  Glen 
E a g l e  R i v e r  
Roar ing  Fork  
Colorado  R i v e r  above  P l a t e s  
P l a t e a u  Creek  
Colorado  R i v e r  above  Cb-TT 

C o l o r a d o  R i v e r  

San Juan above  A r c h u l e t a  
Sari J u a n  above  A r c h u l e t a  
Anurmas R i v e r  
La P?Ata 
Sen Juan above  Shiprock  

J u a n  above  Shiprock  

San J u a n  above  Blanding  
Colorado  R i v e r  above  Lee F e r r y  

X San N i g u e l  and D o l o r e s  

aUSGS h y d r o l o g i c  d e f i n i t i o n s .  

SOURCE: 
See  F i g .  1 3  f o r  g e o g r a p h i c  b o u n d a r i e s .  

Utah Water Research  L a b o r a t o r y ,  1975. 
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TABLE X I X  

POTENTIAL POLLUTION PROBLEMS FROM ENERGY DEVELOPMENT 
I N  THE UPPER COLORADO RIVER BASIN 

G e o g r a p h i c a l  Areas  A c t i v i t i e s  P o l l u t a n t s  

Upper Green R i v e r  Coal min ing ,  c o a l - f i r e d  S a l t s ,  o r g a n i c s  
g e n e r a t i o n ,  u r b a n i z a t i o n ,  
o i l  s h a l e  

Yampa Rive r  Two proposed dams, c o a l  S a l t s ,  t e m p e r a t u r e ,  
min ing ,  c o a l - f i r e d  o r g a n i c s ,  s ed imen t  
g e n e r a t i o n ,  oil s h a l e ,  
s l u r r y  

Uintah-White  R i v e r  O i l  s h a l e ,  tar  s a n d s ,  o i l  S a l t s ,  s e d i m e n t s ,  
B a s i n s  and g a s ,  u r b a n i z a t i o n  o r g a n i c s ,  n i t r a t e s ,  

p e s  t i c  i d e s  

Upper Colorado-  Coa l ,  o i l  and g a s  
Gunnison R i v e r  
(Denver ,  e t c . )  

S a l t s ,  s e d i m e n t s  

D o l o r e s  R i v e r  Coal  and o t h e r  min ing  S a l t s ,  m e t a l s  
( t o x i c i t y )  

Lake Powell  C o a l ,  c o a l - f i r e d  E u t r o p h i c a t i o n ,  DO, 
g e n e r a t i o n ,  g a s i f i c a t i o n ,  t e m p e r a t u r e ,  s e d i m e n t s  
s l u r r y  

San J u a n  R i v e r  Coa l ,  c o a l - f i r e d  g e n e r a t i o n ,  S a l t s ,  r a d i a t i o n ,  
g a s i f i c a t i o n ,  uranium t o x i c i t y ,  

t e m p e r a t u r e  

SOURCE: Utah Water Resea rch  L a b o r a t o r y ,  1975. 

TABLE XX 

SOLID RESIDUALS FROU ENERGY PRODUCTION' IN THE UPPER COLOWO RrveR BASIN 

To 2000 Production Levels T~ 1985 Production Levels 

Total Coe 1- Pi red Total 
Oil S h a l e  1976-85b Electric Coal Gas Oil S h a l e  1976-20OOc Coal-Fired 

Electric 

1 4 0 1  
Lincoln 
Sweetwater 
uinta 
Mafrat 
Routt 
RiO B1l)"CO 
Uintah 

122.0  9 340  30 .5  2335 6 . 1  467 
6 . 1  467 5.3 300 1 9 8 . 0  1 6  600  3 9 . 5  3025 7 .9  605 

196 .5  1 2  8 8 5  7 .9  605 

120 .0  9 180 
3 4 . 0  2 6 2 0  

30.0 2295 6.0 4 5 9  
8.5 655 1 . 7  1 3 1  

6 . 0  459 

1 . 7  131 1 1 . 9  673  215 .5  1 2  550 
1 1 . 9  673  1 8 8 . 5  1 0  6 6 0  

3 . 8  215 1 9 . 0  1075 1 . 2  92 
2 .0  113  10.0 565 

1 3 . 1  859 

Carbon 
41.0  3135 627 Emery 8 . 2  627 

CunniaonlHinsdala 
Delta 
Pitkin 
Csrf l e l d  
UeSa 
DoloresISan niguel/Uontezuma 

Archule ta 

1402 

1.1 119 1 0 . 5  595 

1 4 0 3  

1 6 4 . 0  12 540 

5 .3  300 90.0 5 095  

sari Juan. U Plsta, Uontezuma 9 0 . 0  6885 18 .0  1377 9 . 3  6113 499.5  119 235 

sa" Juan, IJT 5 . 9  451 209.5 15 1 8 . 0  1377 
2 9 . 5  2255 12 .0  902  

Sa" Juan. Nn 

Uayne. Garfield. Kame 

'Does not include o v e r b u r d e n  and surface disturbance from mining operations. 

bAasureing a l i n e a r  increme from zero to t h e  stated production. 

CAseuming production is in place for f u l l  1985-2000 period. 

%ate, Resource Subarea. 8s deaignated by the Uater Resources Council. 

SOURCE: Utah Uatcr Research Laboratory, 1975.  
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1" 

I5 
I b  

Tala1  l l l a s u u r l  

I I  noli 
19 50li 
19 i ix  
30 /lilO 
10 000 
IU 0"li 
10 0U" 

182 000 

1 Y  I l l 0  
30 0Llll 
10 000 
30 o m  
I0 000 

119 500 

I9 50"  
2 1  0"ii 
2 1  000 
21 o m  
11 000 
2 1  OU(1 
2 1  00ii 
10 000 

10 000 

10 000 
10 000 
10 000 

167 500 

10 oon 

111 no0 

ill bU0 

1 2  boil 
in o m  
~- 

I61 boil 

20 000 110 1100 

I o m  
5 900 5 9"il 

I 900 
5 YO0 

I 900 
I 900 

20 000 
20 000 
20 000 
20 000 
20 000 

I O  O(J0 
20 000 
ill 900 

'TABLE X X I I  

S W R Y  OF lHE DISCHARGES FROM PRODUCTIOh PWVK L N D E R  lHE "HC: PROBABLF" 
SCENARIO IN THE UPPER HISSOUR1 RIVER BASIh 

2 0 . 4  x 10' 306 232 
3 0 . 4  1 106 306 232 

Gariflcation 2 1.31  i IOb 859  700 
3 1.Jl I106 859 760 
4 1.31  x 10' 859 760  
5 1 31 I 10' 859 7b0 

Ycllorrronc 
EiecIriC Generation 4 0 . 4  I 10' 306 232 
G a r l f l c r n o "  6 1.31 I 106 8 5 9  760 

7 1.31 x 10' 359 760 
8 1 31 1: 100 859 760 
9 1 .31  1 108 859 760 

E l e c i n r  Generation 5 0 .4  I 10' 30b 232 
b 0 .4  I 10' 306 232 
7 0 4 r 106 306 232 
8 0 4 i 10' 306 232 
9 0 .4  I. 106 306 232 

10 0.4 I 106 30b 2 3 2  
11 
10 
11 
12 
13  
14 
15 
10 

0 . 4  x 100 

1 31 I 106 

1 . 3 1  x 10' 
1 31 r 106 

1.31  r 10' 
1.31 I 10' 

I 31 I 10' 

1.31 x 10' 

30b 
819 
859 
819 
859 
859 
859 
819 

234 
7 LO 
760 
760 
7b0  
760 
760 
760 

1 1.31  x 10' 859 7 60 

2f1c 
2 8 @  

2 8 0  

2 8 0  

2 6 0  
280 
2 8 0  
280 
280 

28r 

SOURCE Northern G ~ e a f  Plains Resources Progrm. 1 9 7 5 .  
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APPENDIX 

WATER QUALITY DATA FOR THE UPPER MISSOURI  AND 

UPPER COLORADO RIVER BASINS 
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320 
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706 
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3uo 

3 100  
260 
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- 
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12.4 
5 . ;  
9. i  

12 . f  
7 . 1  
9.8 

16 .2  
3 . 1  
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1 4 . 3  
6 . 1  

1 0 . 6  

1 2 . 9  

9 . 2  
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0 . 2  
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- 

- 
-PO 
1s P 
- 

d/ 
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1.54 
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3 .  
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0 

1 .  
, 
- 
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q t 4  

IG/L 

0. 511 
0.01 
0 . 1 8  

0 .10  
0 . 0 1  
0 .04  

0 .69  
0 . 0 0  
0 .20  

2.40 
0 . 0 0  
1.15 

4 .80  
1 .00  
2 . 6 8  

8.411 
0 . 1 1  
3 . 2 5  

2.00 

0.44 
n.00 

- 

- 
r 

700 
20n 
1110 

$00 
2u0 
361 

20i 
i 

SO( 

no1 
101 
445 
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C 

40C 
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I00 
546 

700 
450 
519 

71111 
3llll 
hi18 

I on 
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600 
- 
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I . '  
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0.1 
0.1 
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1 i . c  
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22.1 

50.1 
5.C 

34.; 

75.0 
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1.0 
1.2 
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11.u 
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0 .  I 
0 .2  
- 
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S e  

nJ& 

11.0 
0.0 
3 .7  

0 .  I 

0 . 2  
0 . 0 1  

0 

0 . 0  
11 . (1 
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- 

- 
A I  
$& 

!on. 
no. 
50.  

9 . 0  
9 0  
7 . 3  

9 I1 
LI 11 
4 . 5  

IO. 0  
1 . 0  
.o . 0 
- 

- 
B 

mgl L 

270, 
so. 

1 3 1  

250. 

157 .  
i n  

48.C 
' 41 .1  
' 74 .1  

60.C 

46.4 
2 0 . r  

300.1 
0.  

26%: 

60 .0  
0 . 0  

d 6 . U  

60 .0  
91.0 
17 .0  

Ill 11 
I1I.U 
l 2 . ?  

7n o 
10.0 
4 6 9  

- 

:w 
c - 

27.2 
0 . 0  

1 2 . 8  

29 .4  
0 . 0  

1 0 . 5  

2 8 . 5  
0.0 

1 0 . 5  

24 .4  
0 .0  
11.3 

24.0 
0.0 
9 . -  

2 5 . 0  
0 . 0  

1 0 . 3  

2 4 . 0  
0 . 0  

10.2 

2 2 . 0  
0 . 0  
8.3 

2 9 . 0  
0 . 0  
9 .7  

272.0 

10 .4  
0 . 0  

BOD 
nglL 

1 0 . 0  
0 . 6  
3.0 

3.3 
0 . 9  
1.8 

8 . 9  
0 . 8  
2 . 9  

6 . 0  
0 . 0  
1 . 1  

16.11 
0 .2  
3.3 

9 . 4  
0 .5  
2 . 9  

PH units 

8 . 5  
7 . 0  
7 . 7  

8 . 8  
6 .9  
7.9 

8 . 5  
7 . 4  
8 . 0  

8 .9  
6 . 9  
7 .8  

8.3 
7 . 0  
7 . 9  

9 .0  
7 . 0  
8 . 0  

8 . 3  
7 .2  
7 . 8  

8 . 6  
7 . 7  
8.3 

9.n 
6 . 5  
7 .7  

8 .4  
4 . 2  
7 . 7  

ss 
%I.& 

1 100  
42  

4 088 

5 500 
167 

2 308 

13 60 i  

1 511 

5 930 
13 

392 

1 s i 0  
204 

I 004 

6 400 653  
1 040 1 268 
n ~ S Y  425 

8 Sf,0 4 5211 
2 . 8  1 512 
361 2 071 

I 
609 7 In0  
F . 5  1 695  

61 S 551 

Lcgend: Do - n t s w l v r d  Oxygen 
BO11 - B t o c h r n i c n l  O x y l e n  nrmnnd 
nll ~ l o n ~ c  a e l a n c e .  1 .7  a c i d .  8 . 1 4  basic 

SS - Su-pcnded Solids 
T-KO3 as N - T o t a l  Nitrate as Nitrogen 
NHI - Ammonia 

Cu - Capper B - Boron 
t l ~  - Flcrciiry Zn - Zinc 
F - Fluor ine  nPlL ~ blrlli~rms oer liter 

I .  
~~ 

Flov/cfs - T I O W .  euhic fce t  per second (ft3/5) 
TUS - Total D i r c o l v d  S o l i d s  Pb - Lead AI - Aluminum - No Data Available 

T-POd as P - Total Phosphate as Phosphorus Se-Selenium &/L - Micrograms per liter 

a p e r i d  of record is approximately 1965-1973. 

SOURCE: EPA Data STORET (Storage and R e t r i e v a l  System). Federal and state mrs5urments. Water Qislity Subgroup Report. and Northern 
Groat Plains Resources Pmgrms.  1975.  
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0 
TABLE A-I1 

CHARACTERIZATION OF IJPPER COLORADO R I V E R  BASIN lVATER QUALITY BY STORET DATA 

Sediment  Pho! 
*E 

501 
P04- 
006: 

N i t r o g e n  S a l i n i t y  

us0 

Map 

S t a t i o r  

I . D i a  

F e c a l  
C o l i  
31616 
31615 

DISS SOL 
SUM 

70301 

"3-N 
TOTAL 
00610 

RESIDUE 
105C 

DOSIS 

(97) 
544 

710-293 

SUSP 
SED 

80154 

(26)  

13400- 1, 
1489.9 

(35)  

6200-29 
2566 

RESIDUE 
DT NFLT 

00530 

(7)  
6 4 . 9  

323-8 

(85) 
5 4 . 2  
240.3 

N02+NO 
N-TOTA 

00630 
STORET 
Station 

BOD 
00310 

Do 
00300 

Temp 
00010 Other  

1 0 9 1 8 8 ~ 0  
000224 

09203600 

09203600 

09192600 

09209400 

09216000 

5605A2 
og217non 

5600501 
09222000 

09224700 

000281 

490121 
09234500 

(15) 
8 . 8 5  

0 .8 -6 .7  

(11) 
9 . 5  

0 . 6 - 8 . 1  

(38) 
9 . 4  

1 3 - 7 . 2  

(32) 
9 . 6  

(45)  

1 . 3 - 7 . 4  

9 . 8  
1 2 . 6 - 7 . 3  

(8) 
9 

0 .5 -6 .8  

(59) 
9 . 6  

2 .4 -9 .8  

(35) 
9 

1 . 9 - 5 . 5  

(65) 
249.7 
426-74 

(1)  
49  

(89) 
110 .3  
274-35 

(66) 
259 

408-130 

(106)  
209 

356-91 

(75)  
1981 

2880-237 

(113)  
3 8 1 . 5  

1040-61 

(131)  
1 2 0 5 . 5  
180- . no9 

(1 04) 
1047 

2110-112 

(37)  
481.8 
621-430 

(6) 
16 .7  
43-1 

(5) 
10 .6  
30-3 

(6 )  
294.7 

850-40 

(6) 
30 .5  
50-1c 

(18)  

40-2.2 
64 .7  

(20) 
27.2 

348-2 

Mn 2 

Phenols  133 
630,000-  
1 , 0 0 0  ug 

( 1 )  
60 

(8) 

n .3 -  
0 . 1  

(41)  
n.04 
.25 -  

8 

' heno l s  140 
i ,  i i n , n o o -  
i , onoug 

9 (6) 
. 9 5  

1 . 4 - 0 . 1  

10  

11 
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(75)  
299 

210-51 

(675)  
410 .9  

898-0.c  

(100) 
507.8 

2960-1 2 

(76) 
586 

1850- .  0 

448. f 
728-1: 

( 1 2 )  

(42: 

693.4 
854-%i 

(273) 
623 

2330-0 

(17)  
135 

1 7 9 b l (  

(642) 
1576 

1 4 0 0 2  

(59) 
620 

900-2 

(45 )  

970-7 

(454)  

zoo-n 

630  

850 

(551) 
3600  
00-1110 

usu 
Stati 

Map 
I . D .  - 
12 

1 3  

14 

15 

1 6  

17 

18 

1 9  

20 

21 

22 

23 

24 

1 SUSP 
SED 

80154 - 

STORET 
Station 

RESIDUE 
TOT NFLT 

00530 

000088 
000088 

0925100 

0925970 

09260001 
000041 

000040 

000118 

0926100C 

uD050135 

19302000 

)00117 
IO0043 

100044 

19306500 

'9314500 

( 4 1 )  
6 0 . 6  

313-3 

(17)  
1293 

13350-5 

(16)  
554 

5700-1C 

(7 )  
64 .9  

323-8 

( 2 6 )  
500 

100-11 

(16)  
400 

27 00 - 5 

(31 
znn 

180-48 

BOD 
00310 

N i t r o g e n  

"3-N N02+N03 
TOTAL N-TOTAL 
00610 00630 

(55) 
0 . 1  

0 .41 -0  

( 2 1 )  
0 . 1 8  

0 .71 -0 .01  

(31)  (21)  
0.115 0 . 1 9  
. 2 5 - 0  0 .9 -0  

( 3 0 )  
0.05  
. 2 5 - 0  

(10)  
0. nz 
.08-0  

(40) 
2 . 6  

5 . 1 - 0 . 5  

(19)  
1 .7  

5 .5 -0 .3  

(17)  
1 .7  

4 .9-0.7 

(6 )  
0 . 9 5  

1 .4 -0 .5  

(16) 
2 .09 

1 . 8 - 1 . 3  

(26)  
2 .4  

5 . 8 - 0  

(18)  
1 . 7  

1.0-0.8 

Do 
00300 

(71)  

(31)  

8 . 5 5  
12.5-4 

9 . 6  
10 .8 -7 .  

(18)  
9 . 5  

11 .9 -7 .  

(74)  
8 . 1  

11 .8 -0 .  

(39)  
7 . 9 8  
11 .5  

(11)  
10 .1  

11 .7 -9 .  

(31) 
9 . 4  

13 -5 .9  

(24)  
9 . 4  

12 .6 -6 .1  

(53)  
9 . 4  

13-5.4 

(42)  
8 . 2  

13 -4 .7  

(37) 
8 . 7  

1 .9 -5 .2  

(15) 
10,5 

15 -7 .8  

Temp 
00010 

(76)  
7 .2  

22-0 

( 8 2 )  
9 .03 
28-0 

(95)  
8 . 5  

26.6-0 

(119)  
8 . 3  
29-0 

(431 
9 . 4  

26-0 

(12 )  
6 . 7  

12 -1  

(189)  
1 0 . 8  
38-0 

(98 )  
1 1 . 0  
28-0 

(60 )  
9 . 4  

21-0 

(46)  
9 . 9  

25-0 

(95) 
9 . 6  

25-0  

(61 1 
11  
?-0 

DISS S( 
SUM 

70301 

(52) 
284.8 
525-83 

(41)  
364.8 
599-. 00 

(151)  
085.7 
80 -0 .01  

(491 
2 Y O O  

1 no- 7 5 1) 

Sa 1 i n i  t y 
- 
RESID[ 

l80C 
70300 - 

(616)  
256.1 
656-6 

( 8 2 )  
327.6 

2050-8 

(19)  
525 .1  

1600-1 

(57)  
407 

' 8 - 0 . 0 ,  

(438)  
1068 
30-205 

(494)  
3 2 0 0  
00-  7 3  I) 

Sediment  

i 

42) 
1.03 
16-1 

3 0 )  
. 0s 
21-1 

( 2 0 )  
0 .69  

73 -0 .0  

N O ~ - N  
(18) 
0 . 4 5  

0.98-0 

(19) 
0 .  26 

0 . 9 - 0  

(42)  
0 . 2 0  

2.0-0  

(30)  
0 . 2 

1 . 3 - 0  

( 2 1 )  
0. 1 4  
0. 5 3 - 0  

(15) 
2 b  

I 1  - 0 . 0  

Phos- I 
'horus 

F e c a l  
c o l i  

P04-T 316161 
00653 31615 O t h e r  



RESIDUE 
105C 

00515 

(23) 
570 

772-60 

(103) 
531.8 

169-175 

(54)  
537 .5  

197-180 

(4 )  
422.4 

i 1 0 - Z O O  

CNC- 
UCTVY 
00095 

(478) 
890 

3600-9? 

(684) 
1600 

11000-5( 

(734) 

1600-5 . ;  
150 

(32) 
155 

2.6-11(  

(11) 
190 

220-16( 

(1090, 
630 

1500-0.0 

(188) 
901.4 

1520-25( 

(75) 
9 0 2 . 9  

1980-301 

(29) 
661 .7  

950-2 .3  

TABLE A-11 .  (Con t inued ,  3 of 7) 

S a l i n i t y  Sediment Pho: * 
501 

P04. 
006: 

N i t r o g e n  

usu 
S t a t i o n  

Map 
I .D.a  

F e c a l  
C o l i  
31616, 
31615 

SUSP 
SED 

io154 - 
"3- 
TOTA 
0061 

N02+NO: 
N-TOTAI 

00630 

RESIDUE 
'OT NFLT 

00530 

(23) 
490 

2200-34 

(26)  
0 .27  

0 . 9 - 0  

(17)  
1 3  

32-0 

( 1 7 )  
12 

51-0 

(51)  
60 

590-2 

(15)  
6 1 . 5  

3 7 9 . 3  

(9 )  
131 .2  
536-8 

(4 1 
168 

280- 105 

(19)  
189 

831-3 

(84)  
729 

473-0 

31ss SOL 
SUM 

70301 

(175) 
1100 

2900-0 

(55)  
86 

179-49 

(8)  
100 

140-86 

(149)  
380 

790-0 

(4 )  
411.7 

615-206 

RESIDUE 
18W 

70300 

(455) 
1100 

300-30 

(590) 
88 

70-8 .3  

(5 )  
110 

30-96 

(910)  
2380 
)00-0.6> 

( 9) 
439 

;46-179 

STORET 
S t a t i o n  

BOD 
00310 

w 
00300 

Temp 
00010 O t h e r  

25 

26 

27 

28 

29 

30 

31  

32 

33 

34 

35 

)9315000 

)9019000 
191342 

)9034500 
100045 

300115 
100098 

19057700 

19071 100 
300046 
19070500 

J70022 
300047 

30098700 
370023 
39093700 

39105000 

00004n 

0OOl00 
231275 
231274 
231273 

(31) 

(42)  

9 . 6  
14 -0  

9 . 2  
13 -6 .6  

(74)  
8 . 4  

15 -3 .1  

(25)  
9 . 5  

1 2 . 2 - 6 . 9  

(3)  
9 . 7  

10 -9 .3  

(110) 
8 . 7  

13 .5 -3 .3  

(80) 
9 . 5  

13.6-5.8 

( 2 )  
1 0 . 2  

11 -9 .3  

(10)  
1 0 . 3  

1 2 . 4 - 7 . 2  

(48)  
? 

? -3 .8  

( 8 0 )  
7 . 2  

12 .3 -0 .6  

L322) 
15 

Y - 0 

(151)  
1 1 . 2  
28-0 

(83)  

19-6 
6 . 6  

(32)  
7 . 2  
14 -0  

(10 )  
7 . 9  

1 4 - 1 . 0  

(76 )  
7 . 6  

18 .5 -0  

(103)  
10 

22-0 

( 2 5 )  
7 . 9  

20 .5 -0  

(29) 
8 .8  

2 2 - 0  

(51)  
10  

22-0  

(20) 
10 
20-0 

(31 
0 . 0 1  
.01-0 

(32' 
0 .  

0.7-1 

(26 
0 . 0  

0 .08  

(65 
0 . 3  
14-1 

(70  
0.01 

0 . 4 9  

(34)  
0 .28  
1 .4 -  

( 8 8 )  
1 . 1  

.6-0.  

(8)  
0 .5  

1.84-0.  

(23)  
0 . 1  

0.27-C 

(13)  
0 .01  

0.3-0 

( 4  1 

5-0.02 

(21)  

.5-0.01 

NOS-N 
( 7 2 )  
0 . 2  
1-0  

1 . 3  

0 . 1 3  

(6)  
1 . 2  

5 .3 -0 .1  

~ 0 3 . ~  
( 3 5 )  
0 .54  
3 .5 -0  

N 0 3 - N  

1 . 8 - 0  
(89)  

(46  
0 . 0  

0 .37  

(61 
0 . c  

0 .34  

(86 
0.C 

1 . 0 -  

(IC 
0. [ 

0 . 1 -  

(4 1 
0.04 
OS- (  

(78)  
0.0: 

1 .28-  

(4)  
0.05 
15-11 

'19)  
1.37 
.0.0; 

:72) 
1 .71 
7 8 4 .  

F 1 200 
B 570 
Fe 2 000 
Yn 160 

Fe 1 500 
Se  11 

F 1 300 

Mn 120 

I ?  100 

e 3 0 0 0  

(17)  
2 . 2  

9 . 2 - 0 . 6  

(18)  
1 . 0  

1.4-0 

(48)  
1 . 4  

7 . 5 - 0  

(48)  
I . 4  

4 . 2 - 0 . 2  

(21)  
2 . 2  

5 . 1 - 0 . 5  

(84)  
7 . 8  

55.9-0.3 

(51) 
8 9 4 . 9  

1523-21' 

( 2 0 )  
972 

1343-20 



' (114 

0 .12 -  
' 0.02  

(71) 
875 

100-1.1 

F 2 3 0 0 ( J  
As ?OO 
Mi1 100 

F 1 700 
Mn 83 

Fe 3 6 0 0  
Mn 700 

A s  300 
Fc 5 b 0 0  
Mn 70 

Fe 1 600 

Pb 2 7 0 0  
Mn 9 500 

TABLE A - 1 1 .  ICon t inued ,  4 of 7 )  

Sediment S a l i n i t y  N i t r o g e n  Phos -  
__ 

"3- 
TOTA 
0061 

usu 
S t a t i o ]  

I.D.a 
Map 

36 

37 

34 

39 

40 

41  

42 

43  

44 

45 

46 

47 

RESID1 
1aoc 

70300 

(39)  

- 

140 
181-7; 

(27)  
409 

84-154 

(117)  
1435 

360-95 

(1118) 
1100 

000-84 

(104)  
900 

500-22 

(2.1) 
lOh50 
7 190- 
228 

CNC- 
UCTVY 
00095 

(44)  

- 
2 3 2  

320-15 

(51)  
554 

1346-2 

(35)  
588 

312-281 

(901 
1870 

5250-11 

(1178. 
1300 

moo-0.1 

(52)  
1000 

1500-9. 

(891 
1100 

i 8 0 0 4 l  

(227) 
1300 

5 2 00- 6t 

(32)  
340 

;90-5. t 

(1  (19) 
530 .9  

L 60- 10) 

(202) 
12868 

~ 0 0 0 0 -  
9 . 7 5  

SUSP 
SED 

80154 

Fecal 
Coli 
iL616/ 
31615 

(46 )  
1288 

t 3 no0 - 2 

(31) 
7 4 . 7  
830.0 

DISS SO1 
SUM 

70301 

RESIDUE 
105c  

00515 

(217) 
1000 

40O- 21 i 

(51)  
532 

590- 12 .  

RESIDU 
TOT NFL 

00530 

BOD 
00310 

w 
IO300 

Temp 
00010 

STORET 
S t a t i o n  

000057 

3803A1 

300056 

100079 

)00055 
19149500 

10952500 
100054 
170002 

\SPNOl 

J70038 
170006 
)00050 

19 163530 
19163500 

100080 

)LOR05 
)LOR06 

)LOR02 
)LOR01 

100085 
370041 
)9169500 

)Lonos 

Othe r  

(19)  
1 . 5  

3 . 4 - 0 . 6  

(21)  
1 . 4  

2 .4 -0 .6  

(16)  
0.85 

1 . 6 - 0 . 3  

(43)  
1 . 8  

3 .2 -0 .4  

(48)  
16 

4 . 0 - 0 . 7  

( 2 0 )  
2 . 2  

4.3-0.8 

(370) 
2 . 9  
8.0 

(14) 
1 . 3  

. 5 - 0 . 3  

(13)  
1 . 5  

4 . 1 - 0 . 3  

(42)  
8 .8  

5 - 1 . 6  

(47) 
8 . 7  
3 - 3 . 6  

(33)  
8 .4  
. 2 -5 .5  

(80) 
8 . 7  
. 4 - 1 . 0  

107) 
8 . 5  
2-5 

(43)  
7 . 8  
2-3.4 

321) 
3.0 
.5 -0  

(10) 
8 . 9  
12-7 

(29)  
8 . 7  
.5 -5 .1  

(10)  
4 . 1  
1 -0 .00  

(42) 
9 .2  
. 8 - 5 . 4  

(461 
6 . 1  
18-0 

(51)  
9 . 4  
23-0 

(36) 
9 . 2  
19 -0  

(127) 
12 

24-0 

(78) 
1 0  

24-0 

(51) 
11  

24.0 

(249) 
1 0  

32-0 

(44)  
10 

22-0 

(32)  
7 

23-0 

(128)' 
7 . 2  

21.1-0 

(152)  
1 3 . 3  

29.4-0 

(18) 
1 7 . 5  
98-2 

(18) 
131 

739-8 

(16)  
69 .7  

303-0 

(38) 
319 

173-71 

(48)  
260 

600-15 

(20)  
310 

600-12 

(275)  
360 

900-0 

(11)  
23 

91 -2 .0  

(1b)  
6h0 .5  
89 -22  

(33  
0 . 0  

0 .62  

(35 
0 . 0  
1 - (  

( 2 5  
0 . 0  

0.7-  

(55 
17 .  

946- 

(62 
0 . 1  

1 . 5 -  

(34 
0. i 

1 . 2 -  

(287 
1.4 

. 5 - 0  

(25 )  
0 .05  
. 3 3 -  

( 2 1 )  
0 . 4 5  
.5 -0  

I n  7 0  

0 .12  

0 .28  

NO3-N 
(37 )  
0 . 3  

2 . 5 - 0  

NO3-N 
(25)  
0 . 1 8  

0 .8-0  

(5) 
2 . 8  

3 . 8 - 0 .  

(19)  
0 . 9  

1 . 9 - 0 .  

(35) 
1 . 1  

4 . 5 - 0  

(31)  
1 . 5  

3 . 6 - 0 .  

(25 )  
0 .06  
.5-0 

I 



TABLE A - 1 1 .  (Con t inued ,  5 Of  7 ) .  

S a l i n i t y  

usu 
S t a t i o n  

Map 
I.D.= 

48 

4 9  

5 0  

51  

52 

53  

54 

55 

56 

57 

58 

59 

m 

TORET 
, t a t i o n  

IVTNI 
'IIG04 
VIG02 
VIG03 
UIGOl 

9175500 

9177000 
? 

70045 
9177100 

? 

70013 

19180000 

I9183210 

190009 

)00102 

goo09 

)00119 

540000 
100105 

IS 
I G  

000067 
0812E1 

BOD 
00310 

(9) 
0 . 9  

1.6-0.4 

(28) 
6 . 7  

48 -1 .0  

(8) 
1 . 3  

2 -0 .8  

(9)  
1 . 5  

2 .9-1 

( 8 )  
1 . 5  

1 . 9 - 1 . 0  

(17)  
1 . 9  

3 - 0 . 6  

w 
I0300 

(14) 
8 . 8  

0 . 4 - 6 . 8  

(14)  

(41)  

1 0  
11 -6 .6  

1 0 . 0  
2 .2 -7 .5  

(50)  
9 . 6  

3 . 4 - 7 . 2  

(42)  
7 . 9  

11 .5 -4  

(30)  
10 

1 3 - 6  

(12)  
8 . 6  

11 .5 -4 .5  

(12)  
'9 . 4  

(11)  

13 -5 .5  

8 . 6  
10 .5 -7  

(40)  
8 . 1  

12 -4 .8  

Temp 
IO010 

(100) 
11.1 

5 . 6 - 0  

(17)  
9 

21-0 

(107)  
11 

25-0 

(4 )  
16 

24-7 

(115)  
12 

27-0 

(45 )  
10 

20-0  

(14)  

(13)  

(104)  

9 . 2  
20-0 

14 
24 - 0 

12 
22-6 

(44)  
10 

27-0 

.ss SOL 
SUM 

'0301 

107) 
6 0 . 6  
,2-56 

(54)  
1400 

00-0.01 

ESIDUE 
180C 
0300 

(397)  
1800 

!00-  200 

ESIDUE 
105C 
0515 

(43) 
440 

00-170 

(263) 
860 

:530-18( 

(42)  
860 

1420-221 

- 
CNC- 

J C T W  
30095 

(86) 
158.3 
110-83 

(17)  
350 

70-200 

(165) 
630 

500-23 

(4 16) 
1200 

000-25 

(46) 
2780 

000-31! 

(469) 
2700 

2800- .O 

(45)  
1255 

030-38 

(13)  

(14)  

(13) 

211 
81-135 

231 
,01-11( 

400 
540-5 

(30)  
222 

!60-19f 

(45) 
249 

362-13' 

Sediment  

SUSP 
SED 
80154 

ESIDUE 
)T NFLT 
00530 

(11)  
46 

160-3 

(251 
440 

900-14 

(38)  
421 

447-4 

(9) 
17 

77-0 

(9)  
54 

252-6 

(18)  
121 

1301-0 

N i t r o g e n  
- 
"3-N 
rOTAL 
DO610 - 

(14) 
0 .04 

0.2-0 

(7 )  
1 . 0  

.9-0.(  

(36)  
5 . 6  

0 .5 -0  

(12) 
0 . 0 1  

1.12-0 

(12)  
0 . 0 3  

J.24-0 

(11)  

i . 1 2 - 0  
0 .04  

( 3 0 )  
0 .  07 

3 . 4 - 0  

U02+N03 
V-TOTAL 

00630 

(14)  
0 .44  

5 -0  

(13)  
2 . 6  

1 1 - 0 . 1 3  

(34)  
2 . 2  

6 . 2 - 0 . 2  

( 2 5 )  
2 . 6  

14 -0 .01  

(12)  
0 .04  

0 .3 -0  

(11)  
0 . 1 2  

0.41-0 

(37)  
0 .44  

1.0. 165 

(1 )  
0 . 0 1 ~  

n i z - . o i :  

Phos- 
horus 

SOL 
P04-T 
00653 

(11)  
0 .02  

. O R - O  

(31)  
0 .12  

1.5-0 

(53)  
0 .  05 

1.38-1 

F e c a l  
C o l i  
316161 
31615 O t h e r  

Pb 2 000 
Mn 7 1110 
Zn 5 I00 

Fe 1 300 

As 100 
Pb 300 
Mn 120  
Cd 30 
C r  64 

Fe 7 800 
Mn 150 

Fe 760 
Mn 11 0 

Cd 20 
Mn 85 

Fe 900 

F e  350 

F 600 

F 600 
Fe 2 200 



TABLE A - 1 1 .  (Con t inued ,  6 of  7 ) .  

STORET 
Station 

10 
1A 

I9357300 
I9365000 
19355500 

00082 
NIMOl 
N I M l O  
I VTN 1 

NIM06 
70004 
00081 

10056 
10000 
30106 

3364500 

1JR105 
iJR114 
i40002 
i J R l l 6  
iJR118 

usu 
S t a t i c  

Map 
I . D . a  - 

60 

61 

62 

63  

64 

65 

66 

RESIDU 
TOT N F L  

00530 

(120) 
0 . 3 2  

2 . 8 - 0  

(12)  
1 1 . 5  
31-0 

( 6 )  
2 2 . 5  
48-5 

(257)  
205.6 
316-6 

(5)  
292 
100-10 

NOZ+NO3 
N-TOTAL 

00630 

(17)  
0 . 4  

1 -0 .22  

BOD 
00310 

Phorus  
F e c a l  

SOL C o l i  
P04-T 31616,' 
00653 31615 O t h e r  

(126) 
0 . 7 7  

5 .6 -0 .1  

(7 )  
0 .5  

1 - 0 . 2  

(131) 
3 
8-0 

(165)  
2 .08  

8 . 6 - 0  

(29)  
1 . 3  

2 . 8 -0 .3  

"3-N 
TOTAL 
00610 

(3. 
0.0 

0 . 4 :  

( 2 (  
0.c 

0 .7 ;  

0 . 1  
0.58 

(188 
0.1. 

2 . 4 -  

(16) 
0 .07  
31-0. 

Do 
00300 

(190) 
9.27 

110-5.r  

(24) 
8 . 9  

13-5 

( 2 5 )  
7 . 4  

10 -4 .5  

(182) 
8 . 9  

3 .3 -4 .3  

(47) 
9 . 6  

3 .0 -6 .9  

( 2 2 )  
9 . 1  

7 -6 .7  

(1211) 
0 .32  

2 . 8 - 0  

( 5 2 )  
0.25 
0.8-0 

( 2 0 )  
0 .07  

0 .8 -0  

(10)  
0 .27  

i .  5-0 

(29 )  
0 . 2 0  

1 .5 -0 .1  

(11)  
0 . 1 2  

0 .41 -0  

(30)  
0 .14  

>9-0.01 

29)  
1.7 
-0 .07 

Temp 
00010 

(73)  
o.o8 

0 .61 -0  

(321 
0 .04  

0 .15 -0  

(29 )  
0.15 

1 . 0 - 0 . 0  

1 

DISS Sm 
SUM 

70301 

(159) 
100.20 
20000-0 

(373)  
325 

2011-1: 

(24)  
360 

1548- 1c 

(161)  
1 7 7 . 5  

!60-240 

(90)  
3 5 4 . 3  

10-127 

Mn 4 901 

S a l i n i t y  
- 
RESID 

180C 
70300 

(612: 
379.9t  
380-.0 

(23)  
184.: 

297-25 

(13)  
256.5 

120-20 

(400)  
394 .2  
150-131 

RESIDU 
105c  

00515 - 

( 4 )  
1 05 

120-71 

(117)  
337 .7  

100-87 

(5) 
460 

160-260 

CNC 
UCTV 
0009 

(54  

- 
227  

159-1 

(112 
545 

731-.I 

(48: 
428 , :  
40-1: 

(70) 
445. 

l o r - i  

(19)  
397.9 
$76-5 

:470) 
i86.8 
i54- 

114) 
512 

87-208 

Sediment  

SUSP 
SED 

80154 

(44)  
558 h. 

33200- 

(96) 
439 .7  
000-18 

1 ' N i t r o g e n  1 Phos-  I 

2200-0 

(10)  
79 

240-0  

(15 )  
1660.c 
1000-2. 

(20) 

1520-10 
320 

125) 
3855 
000-261 

Fe 2 0 0 0  
Pb 800 
M n  2 250 
c u  1 500 

B 12 000 
Fe 600 
Pb  Loll 
MII 75 
sc 2 2  



TABLE A - 1 1 .  (Con t inued ,  7 of  7) 

CNC- 
Ucnnl 
00095 

(96) 
1012 

1309-206 

(1021) 
928 

usu 
Station 

Map 
I.D.a 

Sediment 

SUSP RESIDUE 
SED TOT NFLT 
80154 00530 

(225) 
1000 .2  

32600-0 

(658) 
11876 

2680-237155000-42 

I I  

SJRl2O 
340003 
09368000 
000063 

! B O D  

STORET 

1 0 0  
Station 00310 00300 

(107) (157)  
2 . 5  7 . 5  
7 -0  12 .1 -3 .7  

09379500 

14-1 .3  

aSee F i g .  4 f o r  map l o c a t i o n s .  

Temp 
00010 

(162) 
16 .08  

27-0 

(449)  
1 5 . 5  
34 -0  * 

DISS SOL 
SUM 
70301, 

(378) 
422 .8  

12090-86 

(398) 
650 

L910-157 

Salinity 

RESIDUI 
l80C 
70300 

(524) 
533.7 

1900-82 

(921) 
669 

1800-7. I 

ESIDUE 
105c 

)OS15 

(113) 
667 

320-144 

Nitrogen 

"3-N 
TOTAL 
00610 

(153) 
0.287 
0.25-0 

NOZ+N03 
N-TOTAL 
00630 

(34) 
15 .8  

4 0 - O d  

(56) 
0 .71  

1.55-0 

( 2 2 )  
0 . 7 5  

1.7-0.07 

Phos- 
'horus 

Fecal 

( 5 0 )  
0.08  

Other 
~~ 

Pb 600 
B 7 364 
.A 5 100 
Mn 6 500 

F 6 700 
Fe 1 500 
Mn 150 
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