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SUMMARY 

Final Environmental Statement 
Department of the Interior, Office of the Secretary 

1. Administrative type of action: 

2. Brief description of action: 

This action would make available for private development up to six 
leases of public oil shale lands of not more than 5,120 acres each. 
Two tracts are located in each of the States of Colorado, Utah, and 
Wyoming. 

Such leases would be sold by competitive bonus bidding and would 
require the payment to the United States of royalty on production. 
Additional oil shale leasing would not be considered until develop- 
ment under the proposed program had been satisfactorily evaluated 
and any additional requirements under the National Environmental 
Policy Act of 1969 had been fulfilled. 

3. Summary of environmental impact and adverse environmental effects: 

Oil shale development would produce both direct and indirect changes 
in the environment of the oil shale region in each of the three States 
where commercial quantities of oil shale resources exist. Many of the 
environmental changes would be of local significance, and others would 
be of an expanding nature and have cumulative impact. These major 
regional changes will conflict with uses of the other physical re- 
sources of the areas involved. Impacts would include those on the 
land itself, on water resources and air quality, on fish and wildlife 
habitat, on grazing and agricultural activities, on recreation and 
aesthetic values, and on the existing social and economic patterns 
as well as others. The environmental impacts from both prototype 
development at a level of 250,000 barrels per day of shale oil and 
an industry producing a possible 1 million barrels per day by 1985 
are assessed for their anticipated direct, indirect and cumulative 
effects. 

4. Alternatives considered: 

A. Government development of public oil shale lands. 
B. Change in number and location of tracts to be leased. 
C. Delay in development of public oil shale lands. 
D. No development of public oil shale lands. 
E. Unlimited leasing of public oil shale lands. 
F. Obtaining energy from other sources. 

5. Comments have been requested from the following: 

Federal agencies, State agencies, and private organizations listed 
in Volume IV, Section F. 

6. Date made available to the Council on Environmental Quality and the 
Public: 

Draft Statement: September 7, 1972 

Final Statement: A~~~~~ 1973 
i 



INTRODUCTORY NOTE 

THIS FINAL ENVIRONMENTAL STATEMENT HAS BEEN PREPARED PURSUANT 

TO SECTION 102 (2) (C) OF THE NATIONAL ENVIRONMENTAL POLICY ACT OF 

1969 (42 U.S.C. SECS. 4321-4347). ITS GENERAL PURPOSE IS A STUDY 

OF THE ENVIRONMENTAL IMPACTS OF OIL SHALE DEVELOPMENT. 

THE SECRETARY OF THE INTERIOR ANNOUNCED PLANS ON JUNE 29, 1971, 

FOR THIS PROPOSED PROGRAM AND RELEASED A PRELIMINARY ENVIRONMENTAL 

STATEMENT, A PROGRAM STATEMENT, AND REPORTS PREPARED BY THE STATES 

OF COLORADO, UTAH, AND WYOMING ON THE ENVIRONMENTAL COSTS AND 

PROBLEMS OF OIL SHALE DEVELOPMENT. 

THE PROPOSED PROGRAM IS IN CONCERT WITH THE PRESIDENT'S ENERGY 

MESSAGE OF JUNE 4, 1971, IN WHICH HE REQUESTED THE SECRETARY OF THE 

INTERIOR TO INITIATE "A LEASING PROGRAM TO DEVELOP OUR VAST OIL 

SHALE RESOURCES, PROVIDED THAT ENVIRONMENTAL QUESTIONS CAN BE 

SATISFACTORILY RESOLVED. l 1  

AS PART OF THE PROGRAM, THE DEPARTMENT AUTHORIZED INFORMATIONAL 

CORE DRILLING AT VARIOUS SITES IN COLORADO, WYOMING, AND UTAH AND 

16 CORE HOLES WERE COWLETED. THE DEPARTMENT REQUESTED NOMINATIONS 

OF PROPOSED LEASING TRACTS ON NOVEMBER 2, 1971, AND A TOTAL OF 20 

INDIVIDUAL TRACTS OF OIL SHALE LAND WERE NOMINATED. WITH THE CON- 

CURRENCE OF THE CONCERNED STATES, THE DEPARTMENT OF THE INTERIOR 

ANNOUNCED ON APRIL 25, 1972, THE SELECTION OF SIX OF THESE TRACTS, 

TWO EACH IN COLORADO, UTAH, AND WYOMING. 

THE PROGRAM IS ESSENTIALLY UNCHANGED FROM THAT ANNOUNCED ON 

JUNE 29, 1971, BUT THE PRELIMINARY STATEMENT ISSUED AT THAT TIME 



WAS EXPANDED TO CONSIDER THE IMPACT OF MATURE OIL SHALE DEVELOPMENT, 

THE IMPACT OF DEVELOPMENT OF THE SIX SPECIFIC TRACTS, AND A COMPRE- 

HENSIVE ANALYSIS OF OTHER ENERGY ALTERNATIVES. 

THE DRAFT OF THIS FINAL ENVIRONMENTAL STATEMENT WAS RELEASED 

TO THE PUBLIC ON SEPTEMBER 7, 1972. A PUBLIC REVIEW PERIOD WAS 

HELD THAT ENDED ON NOVEMBER 7, 1972. THIS REVIEW PROVIDED IMPORTANT 

INFORMATION UPON WHICH TO EXPAND AND CORRECT, WHERE APPROPRIATE, 

THE DRAFT MATERIAL. 

VOLUME I OF THIS FINAL SET OF SIX VOLUMES PROVIDES AN ASSESS- 

MENT OF THE CURRENT STATE OF OIL SHALE TECHNOLOGY AND DESCRIBES THE 

REGIONAL ENVIRONMENTAL IMPACT OF OIL SHALE DEVELOPMENT AT A RATE OF 

ONE MILLION BARRELS PER DAY BY 1985. VOLUME I1 EXTENDS THIS STUDY 

WITH AN EXAMINATION OF ALTERNATIVES TO THE ONE MILLION BARREL PER 

DAY LEVEL OF SHALE OIL PRODUCTION. VOLUMES I AND I1 THUS CONSIDER 

THE REGIONAL AND CUMULATIVE ASPECTS OF A MATURE OIL SHALE INDUSTRY. 

VOLUME I11 EXAMINES THE SPECIFIC ACTION UNDER CONSIDERATION, 

WHICH IS THE ISSUANCE OF NOT MORE THAN TWO PROTOTYPE OIL SHALE 

LEASES IN EACH OF THE THREE STATES OF COLORADO, UTAH, AND WYOMING. 

ITS FOCUS IS ON THE SPECIFIC ENVIRONMENTAL IMPACTS OF PROTOTYPE 

DEVELOPXENT ON PUBLIC LANDS WHICH, WHEN COMBINED, COULD SUPPORT A 

PRODUCTION POTENTIAL OF ABOUT 250,000 BARRELS PER DAY. 

VOLUME IV DESCRIBES THE CONSULTATION AND COORDINATION WITH 

OTHERS IN THE PREPARATION OF THE FINAL STATEMENT, INCLUDING COM- 

MENTS RECEIVED AND THE DEPARTMENT'S RESPONSES. LETTERS RECEIVED 

DURING THE REVIEW PROCESS ARE REPRODUCED IN VOLUME V, AND ORAL 

TESTIMONY IS CONTAINED IN VOLUME VI. 

iii 



THIS DOCUMENT IS BASED ON MANY SOURCES OF INFORMATION, INCLUDING 

RESEARCH DATA AND PILOT PROGRAMS DEVELOPED BY BOTH THE GOVERNMENT AND 

PRIVATE INDUSTRY OVER THE PAST 30 YEARS. MANY FACTORS, SUCH AS CHANG- 

ING TECHNOLOGY, EVENTUAL OIL PRODUCTION LEVELS, AND ATTENDANT REGIONAL 

POPULATION INCREASES ARE NOT PRECISELY PREDICTABLE. THE IEPACT ANALY- 

SIS INCLUDED HEREIN IS CONSIDERED TO CONSTITUTE A REASONABLE TREATMENT 

OF THE POTENTIAL REGIONAL AND SPECIFIC ENVIRONMENTAL EFFECTS THAT WOULD 

BE ASSOCIATED WITH OIL SHALE DEVELOPMENT. 

IT SHOULD BE NOTED THAT SUBSTANTIAL AMOUNTS OF PUBLIC LANDS IN 

ADDITION TO THE PROTOTYPE TRACTS WOULD BE REQUIRED FOR AN INDUSTRIAL 

DEVELOPMENT TO THE ONE MILLION BARREL PER DAY LEVEL CONSIDERED IN 

VOLUMES I AND 11. IF EXPANSION OF THE FEDERAL OIL SHALE LEASING PRO- 

GRAM IS CONSIDERED AT SOME FUTURE TIME, THE SECRETARY OF THE INTERIOR 

WILL CAREFULLY EXAMINE THE ENVIRONMENTAL IMPACT WHICH HAS RESULTED 

FROM THE PROTOTYPE PROGRAM AND THE PROBABLE IMPACT OF AN EXPANDED 

PROGRAM. BEFORE ANY FUTURE LEASES ON PUBLIC LANDS ARE ISSUED, AN 

ENVIRONMENTAL STATEMENT, AS REQUIRED BY THE NATIONAL ENVIRONMENTAL 

POLICY ACT, WILL BE PREPARED. 



AVAILABILITY OF FINAL ENVIRONMENTAL STATEMENT 

The six-volume s e t  may be purchased as  a complete set o r  as  

individual  volumes from the  Superintendent of Documents, U. S. 

Government Pr in t ing  Office,  Washington, D. C. 20402; the  Map 

Information Office,  Geological Survey, U.S. Department of the 

In t e r i o r ,  Washington, D. C. 20240; and t he  Bureau of Land Manage- 

ment S t a t e  Offices a t  the  following addresses: Colorado S t a t e  

Bank Building, 1600 Broadway, Denver, Colorado, 80202; Federa l -  

Building, 124 South S t a t e ,  S a l t  Lake City,  Utah, 84111; and 

Joseph C .  0 'Mahoney Federal Center , 2120 Capi.t a1  Avenue, Cheyenne, 

Wyoming, 82001. 

Inspection copies a re  ava i l ab le  i n  the  Library and t he  Office 

of the O i l  Shale Coordinator, U.S. Department of the  I n t e r i o r ,  

Washington, D. C., and a t  depository l i b r a r i e s  located throughout 

the  Nation. The Superintendent of Documents may be  consulted f o r  

information regarding the  locat ion of such l i b r a r i e s .  Inspect ion 

copies a re  a l so  avai lable  i n  Denver, Colorado, i n  the  Office of 

the Deputy O i l  Shale Coordinator, Room 237E, Building 56, Denver 

Federal Center, Denver, Colorado 80225, i n  a l l  t h e  Bureau of Land 

Management S t a t e  Offices l i s t e d  above, and i n  the  following Bureau 

of Land Management d i s t r i c t  o f f i ces :  Colorado: Canon Ci ty ,  Craig, 

Glenwood Springs, Grand Junct-ion, Montrose; - Utah: Vernal, P r ice ,  

Monticello, Kanab, Richfield;  Wyoming: Rock Springs, Rawlins, 

Casper, Lander, Pinedale, Worland. 
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I. DESCRIPTION OF THE PROPOSED ACTION 

A. In t roduct ion 

O i l  shale  i s  one of the  Nation's  most abundant energy resources. 

The r i c h e s t  deposi ts ,  located i n  t h e  Rocky Mountain a r e a  of the 

country, represent  b i l l i o n s  of b a r r e l s  of o i l .  Development of t h i s  

resource h i s  not been undertaken i n  the pas t  because access ib le  

supplies of o i l  and gas have been ava i l ab le  a t  a lower development 

cost .  The Nation's fu tu re  energy needs a r e  so l a rge ,  however, t h a t  

i t  i s  important t o  examine the  p o s s i b i l i t y  of supplementing our 

. . . . . . . . .  , . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . .  '.I . .: conventional domestic o i l  and s a s  deposi ts  with s y n t h e t i c  fue l s  . . .  ............ I . . , . .  , . . . . . .  
! 

derived from o i l - s h a l e  and other  conver t ib le  f o s s i l  f u e l  sources, 

Volume I of t h i s  Enviromlental Impact Statement examines t h e  

regional  environmental impact expected from sha le  development on 

1 / 
pr iva te  and publ ic  lands.  A companion document (1)- - reviews t h e  

s p e c i f i c  impacts associated with the  development of s i x  leases  on 

public lands i f  the Department of the  I n t e r i o r ' s  proposed prototype 

o i l  shale  leas ing program is implemented. Chapter I of Volume I is 

devoted p r inc ipa l ly  t o  present ing a current  s t a t e - o f - t h e - a r t  assess-  

ment of the  technology t h a t  may be employed i n  o i l  sha le  development. 

. . . . .  . . .  . . . . . . . .  . . . . . .  . . . . .  . , 
Included i n  t h i s  assessment a r e  methods of processing, technology 

. . . . . . . .  . . . . .  . . . . . .  . . . . . . . . . . .  . . . . .  . . . . ,  . . . . .  . .  , . re la ted  t o  the management of s o l i d  wastes wi th in  the  working a reas ;  

and monitoring methods. 

I 11 Underlined numbers i n  parentheses r e f e r  t o  items i n  the l i s t  - 
of references a t  the  end o f e e c h  chapter.  



Subsequent chapters of t h i s  volume descr ibe  the  regional  environ- 

mental impact of o i l  shale  development t o  a maximum cumulative pro- 

duction of one mil l ion bar re l s  per day by 1985. Al te rna t ives  t o  t h i s  

s ca l e  of development a re  analyzed i n  Volume 11. 

B. Background 

Large areas  of the United S t a t e s  a r e  known t o  conta in  o i l  shale  

deposi ts ,  but  those areas i n  Colorado, Utah, and Wyoming t h a t  contain 

the organic-rich sedimentary rocks of the  Green River Formation are 

of g r ea t e s t  promise fo r  shale  o i l  production i n  the i m e d i a t e  fu ture  

(Figure 1-1). The o i l  shale  deposi ts  occur beneath 25,000 square 

miles (16 mi l l ion  acres)  of lands, of which about 17,000 square miles 

(11 mil l ion acres)  a re  believed t o  contain o i l  sha le  of po ten t ia l  

value fo r  commercial development i n  the foreseeable fu ture .  

The known Green River Formation deposi ts  include highgrade 

1 / 2 / 
shales  - t h a t  represent  about 600 b i l l i o n  ba r r e l s  of o i l .  - 

Recovery of even a small f r a c t i on  of t h i s  resource would represent  

a s i gn i f i c an t  energy source adequate t o  supplement t he  Nation's o i l  
' 

supply for  many decades. 

1/ A t  l e a s t  10 f e e t  th ick and averaging 25 o r  more gal lons  - 
per ton. 

2/ An addi t ional  1,200 b i l l i o n  ba r r e l s  a re  present  i n  place - 
i n  lower grade shales i n  sequence more than 10 f e e t  th ick  
t ha t  have an average y ie ld  of 15 t o  20 gallons per ton. 
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It has long been known that petroleum liquids and gases 

can be obtained by heating oil shale in a closed vessel called 

a retort. Comercial production of shale oil abroad actually 

preceded by several decades the drilling of the first oil well 

in the United States. Shale oil industries have been estab- 

lished in many foreign countries in the past and exist today 

in mainland China and the U.S.S.R. 

Domestic interest in the commercial development of this 

extensive potential source of energy has fluctuated widely. 

Some oil from shale was produced prior to the 1859 discovery 

of natural petroleum, but serious attention did not focus on 

oil shale until immediately prior to 1920, when there was some 

concern that domestic petroleum resources might become inadequate. 

Interest subsequently declined at that time as ample supplies 

of liquid petroleum were soon discovered and developed. 

The Department's accumulated knowledge of this resource 

and its expected potential was summarized in a Department of 

the Interior Study in 1968 (2). - Contemporary and future tech- 

nologies and the public policy factors that could influence 

the rate of development of this resource were delineated. 

Included also were estimates of the resource size and a 

summary of land ownership status. Efforts since that study's 

publication have been concentrated on: (1) analysis of the 

probable environmental impact of oil shale development, 
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, ..... . !  (2) formulation of a prototype l eas ing  program wi th in  t h e  frame- 
. . .  

' I 
! 

work of e x i s t i n g  law, and (3) a program t o  determine ownership of 

: the  o i l  sha le  where t i t l e  c o n f l i c t s  e x i s t .  

C. O i l  Shale Technology 

Two major options a r e  being considered f o r  o i l  sha le  develop- 

ment: (1) mining followed by su r face  processing of t h e  o i l  sha le  

and shale  o i l ,  and (2) i n  s i t u  ( in-place)  processing. Of t h e  two 

options, only t h e  mining su r face  processtng approach is bel ieved 

t o  have been advanced t o  t h e  point  where i t  may be poss ib le  t o  

scale-up t o  commercial production i n  t h i s  decade. I n  s i t u  pro- 

c e s s i n g , i s  i n  the  experimental phase; commercial app l i ca t ion  of 

t h i s  technique i s  not  expected p r i o r  t o  1980. The r e l a t i v e s t a t e  

of knowledge of t h e  various operat ions requi red  i n  o i l  s h a l e  pro- 

1 / 
cessing i s  shown i n  Figure 1-2. - The sec t ions  immediately 

following i n  t h i s  chapter  review these  technologies i n  more 

d e t a i l .  I t  is apparent from Figure  1-2, however, t h a t  various 

technica l  approaches a r e  ava i l ab le  f o r  each phase of t h e  opera t ions ,  

and no s i n g l e  system i s  l i k e l y  t o  dominate t h e  i n i t i a l  development 

of o i l  sha le .  

1. Surface ProceSsing 

Unti l  recent  years ,  v i r t u a l l y  a l l  e f f o r t s  t o  develop o i l  

shale  technology were d i rec ted  toward mining, crushing,  and 

11 Most of the  r e f in ing  operat ions shown i n  Figure 1-2 would - 
be performed outs ide  of t h e  o i l  s h a l e  region,  a t  r e f i n e r y  
centers  near  markets f o r  t h e  products.  
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above ground r e t o r t i n g .  O i l  s h a l e  processing i n  t h i s  manner 

would requ i re  the  handling of laxge amounts of materials. 

Figure 1-3 ind ica tes  the mate r i a l s  flow through such an opera- 

tion;' beginning with mining and ending with f i n a l  f u e l  

. ! products and various byproducts. I n  c e r t a i n  locat ions ,  t h e  
. . - : .:: . ; .:.I . . . . . . . . . . .  . . . . . .  ,:..I ......... - . . .  .............. . . . . . . . . .  ::t 
. . . . . .  . o i l  sha le  deposi ts  contain minerals t h a t  may be amenable t o  

recovery of add i t iona l  byproducts such a s  soda ash and alumina. 

a. Mining 

O i l  sha le  may be mined by e i t h e r  surface  o r  underground 

methods. Surface mining requ i res  removal and d i sposa l  ~f whatever 

overburden i s  present ,  followed by mining of the  underlying o i l  

shale  i n  a quarry- l ike  operat ion.  

The g r e a t e s t  amount of a c t u a l  experience i n  mining o i l  shale  

has involved underground mining techniques. Major advances i n  

underground mining of o i l  sha le  w e r e  achieved by the  Bureau of 

Mines i n  i t s  o i l  sha le  program during 1944-1956. The s t a t e  of 

technology a s  reviewed by the  Bureau of Mines i n  1970 i s  described 
' I  

I 
1 a s  follows (2) : 

An underground mining method f o r  o i l  shale  was 
developed and demonstrated by t h e  Bureau of  Mines 
(5) a t  its o i l  shale  f a c i l i t y  near R i f l e ,  Colo., 
during 1944-56. A "demonstration mine," sometimes 
re fe r red  t o  a s  an underground quarry,  was opened 
i n  a 73-foot minable s e c t i o n  of  the  Mahogany zone 
t o  demonstrate the f e a s i b i l i t y  o f  room-and-pillar 
mining methods, ' to develop and t e s t  equipment, and 
t o  determine whether low mining c o s t s  and high 
recovery were possible.  A two-level opera t ion was 
adopted: a top heading, 39 f e e t  high; and a 
bench, 34 f e e t  high. 
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Room openings and roof-supporting p i l l a r s  w e r e  both 
60 f e e t  square. An  ex t rac t ion  r a t i o  of 75 percent  was 
'attained, leaving support ing p i l l a r s  which comprised 
the remaining 25 percent. Head and s i d e  space thus was 
s u f f i c i e n t  t o  permit the  use  of large  por table  d i e s e l  and 
e l e c t r i c a l l y  driven mining equipment, thereby obtaining 
a high output per  man-shift. An average of 150 tons per 
man-shift was achieved f o r  sus ta ined periods during 
normal operat ing tests. Special  equipment developed f o r  
mining the  high faces included d r i l l i n g  jumbos, a r o t a r y  
d r i l l  f o r  the benching opera t ions ,  explosives-loading 
platforms, sca l ing  r i g s ,  and a mobile compressor and 
u t i l i t y  s t a t i o n .  An  e l e c t r i c  shovel with a 3-cubic-yard 
dipper was used t o  load the  broken shale. Diesel-powered 
dump trucks were used f o r  haulage. Subsequent s h a l e  
work by industry has followed i n  general  the  mining 
method demonstrated by t h e  Bureau, but  has incorporated 
equipment modernization and improvements i n  techniques. 

I f  an underground o i l  s h a l e  mining operat ion were t o  
be undertaken i n  the  near fu tu re ,  it  could be expected 
t o  incorporate improvements over the  Bureau's 
demonstration mine, such a s  t h e  following: Changing 
t o  ro ta ry  d r i l l i n g  i n  the  mine heading as  we l l  a s  i n  
benching; b las t ing  with a more economical explosive,  
such a s  an ammonium n i t r a t e - f u e l  o i l  mixture; u s e  of  
modern haulage and loading equipment, and o the r  
improvements based on recen t  advances i n  quarry and 
open p i t  mining engineering. Also, i n  the  i n t e r e s t  of 
sa fe ty ,  a r e t r e a t  system might be used ins tead of t h e  
advance system t h a t  was demonstrated. 

Room and p i l l a r  mining techniques have been improved through 

subsequent work by: Union O i l  Company (1956-58), Colorado 

School of Mines Research Foundation (1964-67), and Colony 

Development Operation (1965-present). I n  considering t h e  f u t u r e ,  

the  Bureau of Mines review (3) - s t a t e d :  

The room-and-pillar mining system i s  the  only one 
t h a t  has been t e s ted  on the  o i l  shales  of the  Green 
River Formation. However, open p i t  mining, h ighly  
developed f o r  mining other  o r e s ,  probably w i l l  be 
p r a c t i c a l  f o r  o i l  sha le  i n  a r e a s  where condit ions 
a r e  favorable. Among t h e  considerat ions t h a t  would 
be important i n  se lec t ing  a s u i t a b l e  s i t e  would be 
the  a v a i l a b i l i t y  of a s a t i s f a c t o r y  a rea  f o r  s t o r i n g  
the  overburden and the  r a t i o  of the  overburden t o  t h e  
sha le  t o  be mined. 



b. Crushing 

O i l  shale consists  of so l id  organic mater ia ls  intimately associ- 

ated with a mixture of minerals. The organic const i tuents  a r e  only 

s l i g h t l y  soluble a t  low temperature i n  common solvents. A typ ica l  

composition i s  shown i n  Table 1-1. Much of the  o i l  shale  as mined 

would require crushing and s iz ing pr io r  t o  re tor t ing .  The crushing 

equipment must be designed t o  overcome a tendency of the o i l  sha le  t o  

form s labs;  otherwise, equipment i n  general use can be s a t i s f ac to r i l y  

employed. 

.e 1-1.- Typical Composition of O i l  Shale Sections Averaging 
25 Gallons of O i l  Per Ton i n  the Mahogany Zone of 
Colorado and Utah . (3) '  - 

Organic matter: 
Content of raw shale............................. -------- 13.8 -------- 
Ultimate composition: 

Carbon.......... .............................. 80.5 
Hydrogen. ..................................... 10.3 ...................................... Nitrogen 2.4 
Sulfur........... ............................. 1.0 
Oxygen ......................................... 5.8 

Total... ............................... 100.0 

Miner a1 matter : 
Content of raw shale...... ....................... 86.2 -------- 

- e m - - - - -  

Estimated mineral const i tu tents :  
Carbonates; princ'ipally dolomite.............. 48 
Feldspars ..................................... 21 
Quartz ........................................ 13 
Clays, pr incipal ly  i l l i t e  ..................... 13 
Analcite....................................-- 4 

. . 

Pyrite.  ..................................:.... 1 

Total...... ............................ 100 



The subject of crushing oil shale has also been investigated, 

as summarized in the same Bureau of Mines review, which stated: 

Under its 1944-46 program, the Bureau of Mines obtained 
substantial data on crushing Colorado oil shale using 
different types of equipment including jaw, gyratory, 
impact, and roll crushers (I), In addition, data were 
derived from a number of crushing tests of short duration 
which were conducted cooperatively between the Bureau 
and several industrial machinery companies. Industry 
subsequently has gained experience and additional knowledge 
in the crushing of oil shale. 

Transfer of the shale between different parts of the complex 
. I . . .  . . . . . . . . . .  . ,  . . . . . .  : . .:.:.. 'i . . .  . . . .  . ,  . . . . . .  . . . . . .  can be achieved by a number of methods, but the most probable means 

. . 

. . . .  ! . . :. . . . . . . . .  . . . ,  . . . . . . . . .  ., . . . . . .  
would be truck or belt haulage from the mine, with subsequent transfer' 

. . . . . . . . . . .  . . .  ..:! ... .- ..-.... ., . . . . . . .  , . . . . . .  ! 
by continuously moving belts. 

c. Retorting 

After mining and crushing of the oil shale, it is conveyed to a 

processing unit called a retort, in which the oil shale is heated to 

0 
&he temperature (about 900 F) at which the solid organic material in 

the oil shale (kerogen) is converted to gas and oil vapors. The above- 

mentioned review described the state of retorting processes as follows: 

Many retorting processes for oil shale have been patented 
in the last half century, and new patents continue to be 
issued. Only a few processes, however, are generally con- 
sidered to be prime candidates for early commercial use in 
first generation retorting plants in Colorado, Utah, and 
Wyoming, These few processes each have attractive features; 
they are generally compatible with requisites for successful 
application to Green River oil shales; and they have been 
demonstrated in moderate size to fairly large size experi- 
mental equipment. All retorting processes have one funda- 
mental characteristic in common; namely, heating the shale 
to at least the pyrolysis temperature, which ranges from 
800° to l,cOoO F. This is the only practical means known 
for producing shale oil. Although the major pyrolysis 
product is oil, both gas and carbonaceous residue also 
are formed. 



Individual  r e t o r t s  having c a p a c i t i e s  of about 10,000 tons 
per day general ly a r e  v i sua l i zed  a s  an appropr ia te  s i z e  f o r  
the  f i r s t  commercial r e t o r t i n g  p lan t s .  Designs of hypothe- 
t i c a l  r e t o r t s  approaching t h i s  s i z e  have been incorporated 
i n  recent  cos t  evaluation s tud ies .  A p r a c t i c a l  approach 
t o  scaling-up t o  such a s i z e  i n  t h i s  new f i e l d  of technology 
involves working out  so lu t ions  t o  engineering problems i n  
a s e r i e s  of progressively l a r g e r  experimental p lan t s ,  the 
l a r g e s t  usual ly  being re fe r red  t o  a s  a prototype of a com- 
mercial  uni t .  

The p r inc ip le  mechanical f e a t u r e s  of the  most advanced r e t o r t i n g  

processes a r e  shown schematically i n  Figure 1-4. 

(1) The Union O i l  Retort.- The r e t o r t  developed by Union O i l  

Company of Cal i fornia  was t e s ted  on a demonstration s c a l e  of about 

1,000 tons/day, from 1956 t o  1958. This r e t o r t  cons i s t s  of a v e r t i c a l ,  

ref rac tory- l ined vessel .  It operates on a downward gas-flow pr inc ipa l ,  

and the  sha le  i s  moved upward by a unique charging mechanism usual ly  

re fe r red  t o  a s  a "rock pump." Heat i s  supplied by combustion of the 

organic mat ter  remaining on the  r e t o r t e d  s h a l e  and i s  t r ans fe r red  t o  

the  o i l  s h a l e  by d i r e c t  gas-to-solids exchange. The o i l  i s  condensed 

on the  cool ,  incoming sha le  and flows over it t o  an o u t l e t  a t  t h e  

bottom of the  r e t o r t .  This process does no t  r equ i re  cooling water. 

The company announced t h a t  opera t ion of t h e  p l a n t  had yielded enough 

information t h a t  l a rge r  equipment could be designed and constructed 

whenever energy demand and economic condi t ions  warranted. (5) 

(2) The TOSCO 11 Retort.- Colony Development Operation, com- 

pr ised  of the  At lan t i c  Richfield Company, the  Standard O i l  Company 

of Ohio, The O i l  Shale Corporation (TOSCO), and the  Cleveland C l i f f s  

I r o n  Company, has conducted operations,-beginning i n  t h e  mid-1960's 

and i n t o  1972,  t h a t  included const ruct ion o f - a  "Semiworks" p l a n t  
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using the TOSCO 11 retort (hereafter usually referred to simply as 

the TOSCO retort) which is a rotary-type kiln utilizing ceramic balls 

heated in external equipment to accomplish retorting. Shale feed of 

minus 1/2 inch size is preheated and pneumatically conveyed through 

a vertical pipe by flue gases from the ball heating furnace. The 

preheated shale then enters the rotary retorting kilnwith the 

heated pellets where it is brought to a retorting temperature of 

900° F by conductive and radiant heat exchange with the balls. 

Passage of the kiln discharge over a tronanel screen permits recovery 

of the balls from the spent shale for reheating and recycling. The 

spent material then is routed to disposal by a screw conveyor. 

Excellent oil recoveries and high s W e  throughput rates have been 

reported (I) .  

(3) The Gas Combustion Retort.- Of the numerous retorts studied 

in the Bureau of Mines program, the gas-combustion retort gave the 

most promising results. This retort is a vertical, refractory-lined 

vessel through which crushed shale moves downward by gravity. 

Recycled gases enter the bottom of the retort and are heated by the 

hot retorted shale as they pass upward through the vessel. Air is 

injected into the retort at a point approximately one-third of the 

way up from the bottom and is mixed with the rising, hot recycle 

gases. Combustion of the gases and some residual carbon from the 

spent shale heats the raw shale immediately above the combustion 

zone to retorting temperature. Oil vapors and gases are cooled by 

the incoming shale and leave the top of the retort as a mist. The 

novel manner in which retorting, combustion, heat exchange, and 

product recovery are carried out gives high retorting and thermal 



efficiencies. The process does not require cooling water, an 

I important feature because of the semiarid regions in which the shale 

deposits occur. This program,was terminated before operability of 

the largest of three pilot plants had been demonstrated, but the 

process appears to have promise (8). 
. . . . . . . .  ..I . .  .., 

- I . . . . . . . . . . . . .  . . . . : . . . .  ,! . . . . . . . . . . . .  From 1964 to 1968, the Bureau of Mines facilities near Rifle, 

Colorado, were leased by the Colorado School of Mines Research 

Foundation, and were operated under a research contract with six 
. . . .  . . . .  . . . . . .  . . . . . . . .  . /  . . . . . . . .  . . . . .  , 
. . .  ., , oil companies: Mobile, which acted as project manager, m l e ,  

. . . . . . .  
. '. , 

. . j 
t . . . . . .  ..... .-. .... :. ! . . . . . . . . . . .  Phillips, Sinclair, Pan American, and continental, The first phase . . .  . :.. '.) . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . .  :, . . . . . . .  . .! 

of the research, which lasted approximately 2 years, was devoted 

I .  
I primarily to studying the gas-combustion retorting process in two 

I small pilot plants (nominal capacities of 6 and 24 tonslday) that 

1 had-been constructed by the Bureau (8). The second phase, started 
I 

in April 1966, involved both mining and retorting. The retorting 

included use of the largest gas-combustion process pilot plant 

(originally rated at a capacity of 150 tons/day) at the facilities. 

This phase lasted 18 months. Significant process improvements were 

achieved, particularly in regard to throughput capacity per unit 
- ,  

1 

I size of retort. Under the terms of the lease, all data obtained in 

the program became public property after a 3-year confidentiality 

period. These data have been published by the Bureau of Mines (2, 30 

(4)  Separation Systems.- Beyond having a c m o n  heating 
. . 

* i 
I 
, .  

requirement, retorting processes also require provision for effec- 

tive recovery and separation.of the oil and gas products. Typically, 

this procedure involves transfer of the mixed product via a piping 

.system to a closed train of commonly available equipment such as 



impingement-type separators,  c e n t r i f u g a l  separa tors ,  and e l e c t r o -  

s t a t i c  p rec ip i t a to r s .  Absorbers and s i m i l a r  recovery equipment 

commonly used 'in petroleum r e f i n e r i e s  a l s o  may be included. Regard- 

l e s s  of the  d e t a i l s  of the recovery system, which would vary.depend- 

ing, upon the  r e t o r t i n g  process and operat ing parameters, t h e  p r inc ipa l  

functions t o  be served a r e  separa t ion  and recovery of o i l  and gaseous 

products i n  r e l a t i v e l y  c lean s t a t e s .  Concurrently, t h e  water 2nevit- 

ably produced i n  any r e t o r t i n g  process and any p a r t i c u l a t e s  t h a t  may 

carry  over from the  r e t o r t s  a r e  trapped. 

(5) Character is t ics  of Products From Surface ,Retor ts . -  

Crude sha le  o i l s  produced from sur face  r e t o r t s  may genera l ly  be 

classed as  low-gravity, moderate-sulfur, high-nitrogen o i l s  by 

petroleum standards. Charac te r i s t i ca l ly ,  these a r e  more viscous 

and have a higher pour point  (congealing temperature) than many 

petroleum crudes. O i l s  from t h e  d i f f e r e n t  processes a l s o  d i f f e r  

somewhat from one another as shown by the se lec ted  charac te r i za t ion  

d a t a  of Table 1-2. Gas proper t ies  and y i e l d s  a l s o  w i l l  vary from 

process t o  process. Internal-combustion r e t o r t s  such a s  t h e  gas- 

combustion o r  Union O i l  Company types produce gases d i l u t e d  with 

the  products of combustion and the  i n e r t  components of t h e  a i r  

introduced t o  support combustion. The gas from an i n d i r e c t l y  

heated r e t o r t  such a s  the  TOSCO type i s  composed only of t h e  un- 

d i lu ted  components from the  o i l  s h a l e  i t s e l f .  Gas charac te r i za t ion  

and y ie ld  d a t a  general ly i l l u s t r a t i v e  of each general  type of 

r e t o r t  a r e  presented i n  Table 1-3. 



Table 1-2. -Characteristics of Crude Shale O i l s .  

- Retorting process 

11 qy,sa 2/ Gas Combust ion Union - 
0 19 -7 20.7 Gravity, API 28 -0 

Sul fur ,  Kt.-pct 0.74 0.77 0.80 

Nitrogen, do., 2 -18 2.01 1.70 

0 
Pour Point, F 80 90 75 

Viscosity, sus @ ~ O O  OF 2 56 22 3 120 

Reference Source (lo> ( 40) - (28 - ) 

1/ Typical of product from or ig ina l  Union process. - 

2 / Unpublished informat ion submitted by Colony Development Operat ion - 
indicates TOSCO crude shale  o i l  mav have gravity as low as 21°API 
and sulfur content of  0 .75  w t  - p c t  



Table 1-3. --Characteristics and Yields of Untreated Retort '  Gases, 

Type of Retorting Process 

Internal  Combustion Indirectly Heated 

2/ 
A s  A f t e r  

Composition, vol . pct - 2/ - P r o d u c e d  D e s u l f u r  i z a t  ion 

1/ Nitrogen - 60.1 62.1 
Carbon monoxide 4 -7 2.3 
Carbon dioxide 29.7 24.5 
Hydrogen Sulfide 0.1 0.1 
Hydrogen 2.2. 5 -7 
Hydrocarbons 3 -2 5.3 

Gross Heating Value, 
B ~ U / S C ~  83 100 

Molecular We ight 32 30 2 5 24.7 

Yield, s c f  /bbl o i l  J/ 20,560 10,900 

1/ Includes oxygen of l e s s  than 1.0 volume percent. 

/ Fi r s t  analysis re f lec ts  re la t ive ly  high-temperature - 
retor t ing i n  comparison with second, promoting higher yield 
of carbon oxides from shale carbonate and re la t ive ly  high 
yield of t o t a l  gas. 

3/ O i l  from the re tor t .  - 
Sources: References (40, - - -  10, 41, and - 42, respectively.) 



The gas produced from i n t e r n a l  combustion r e t o r t s  has a low 

heating value of the  order of 80 t o  100 Btulscf  and cannot be eco- 

nomically transported a s u b s t a n t i a l  d is tance;  however, i t  i s  of 

value i n  the  p lan t  v i c i n i t y .  Comer ica l  considerat ions genera l ly  

envision the  product gas being u s e d - a s  a f u e l  f o r  genera t ion of 

power and process steam. U s e  of  t h e  higher heat ing 'value  gas from 

the i n d i r e c t l y  heated r e t o r t  would be less l imited.  This gas,  a f t e r  

treatment t o  remove s u l f u r  compounds, could be read i ly  used i n  t h e  ' 
. . . . i . .  I . . . . . .  . :  . . . . .  . .  . . . . ,  . . . . .  . !  

plan t  a s  fuel .  For example, the  f u e l  g a s  from the TOSCO process 
. . ,  

. . I . . . . . . .  . . . . . . . . . . . . .  .:I could be used i n  heat ing the  ceramic b a l l s  which, i n  turn, .  provide 
. . . . . . . .  
. . . . . . . . . .  :.. .::.::. ::.:..I . . .  

. ' the energy needed t o  hea t  the  s h a l e  t o  r e t o r t i n g  temperature. i 
I 

. I Other uses might be f o r  power o r  steam generat ion o r  a s  feed mate r i a l  
! 

' 1 f o r  the production of hydrogen needed i n  connection w i t h  upgrading 
I 
i 

1 the crude sha le  o i l .  S t i l l  another p o s s i b i l i t y ,  although economic- 

a l l y  unl ikely ,  is  t h a t  the t r e a t e d  gas might be introduced i n t o  the  

natura l  gas transmission system i n  the a rea  t o  supplement the na tu ra l  

gas supply. 

Regardless of the  manner i n  which the  various r e t o r t  gases were 

. . . .  . . . A  

' 'I 
burned t o  u t i l i z e  t h e i r  f u e l ,  values;  s u l f u r  control  would be required 

. . .  . . . . : . . .  . :  I ............ .: 

. . .  . I . . . .  . .I 
, , . . , . . 

t o  meet a i r  qua l i ty  standards. I n  t h i s  regard ,  s tandard i n d u s t r i a l  
. . . . .  . . . . . . .  . . . . . . . .  . . . . . . . . .  . ,. . 

: ..! 
. . . ..- . - .  1 treatment could be used t o  remove s u l f u r  from the  r e t o r t  gases a s  

such o r ,  opt ional ly ,  could be applied t o  the s t ack  gases of the 

burning equipment. I n  the  p a r t i c u l a r  case of the  TOSCO process, 
. . . .  . ........ . . . . . . . . . . . . . . .  . . . . . .  . i  
. . . . . .  

. . . . . . . .  . . I  . . . .  . . .  . .? the  f i r s t  option almost c e r t a i n l y  would be adopted, s i n c e  the  s u l f u r  
j 

concentrat ion ( a s  hydrogen s u l f i d e )  is high enough t o  permit recovery 

of s u l f u r  a s  a byproduct. Also, i n  the case of t h e  TOSCO process,  



the  f l u e  gas from the b a l l  hea te r  i s  used t o  preheat raw shale  i n  

a d i l u t e  phase f lu id ized bed as  indicated  i n  Figure 1-4. The incoming 

crushed shale contains some f i n e  p a r t i c l e s  which could be entrained 

i n  the e f f l u e n t  f l u e  gas,  requir ing control  of p a r t i c u l a t e  matter  a t  

t h i s  point.  Equipment t o  control  such p o t e n t i a l  p a r t i c u l a t e  emissions 

has been demonstrated i n  connection with recent  work by the  Colony 

Development Operation. 

d. Waste Disposal 

(1) Water.- Water i s  an inherent  byproduct of o i l  sha le  re to r t ing .  

It may be produced a t  a r a t e  a s  high a s  10 gal lons  per ton of shale  

re to r t ed ,  but  more typ ica l ly ,  it w i l l  range from 2 t o  5 gal lons  per 

ton. ~t w i l l  contain a va r ie ty  of organic and inorganic components 

as shown by the typ ica l  analyses of produced waters in Table 1-4. 
.. : 

These foreign cons t i tuen t s  can be e f f e c t i v e l y  removed, a s  indicated 

i n  the  l a s t  column of Table 1-4, through add i t ion  of lime, heating,  

and contacting with ac t ivated  carbon and ion-exchange res ins .  These 

r e s u l t s  lend assurance t h a t  wa$te produced during r e t o r t i n g  can be  

adequately t r ea ted  f o r  any subsequent p l a n t  o r  even domestic uses, 

thus o f f s e t t i n g  the requirements f o r  outs ide  water suppl ies .  

Al ternat ively ,  such water can be minimally t r ea ted  t o  remove odorous, 

v o l a t i l e  components and then used t o  wet spent  sha le  during disposal  

operations. I f  t h i s  option was chosen, the  water and any remaining 

mineral and organic components would be physica l ly  trapped wi th in  the 

compacted spent shale  matrix and/or by chemical react ions  with com- 

ponents of the spent  sha le  (g), thereby e l iminat ing environmental 

hazards associated with d isposal  of t h e  incompletely t r ea ted  water. 



Table 1-4. Composition of Raw and Treated Water 
(Grams per l i t e r )  

Component 
I 

Raw Water from In te rna l  Treated 
' Combust ion Retorts  Water 

Ammonia 
1/ Organic Carbon - 

Organic Nitrogen L/ 
Sodium 
Carbonate 
Chloride 
Nit ra te  
Sulfa te  

2.4 
2.5 
1.0 
0.5 

20.8 
1.8 

Trace 
1.2 

n i l  
8*9 n.d. - '1 n i l ,  
n.d. 2/ n i l  

- .  

1.0 0.06 
14.4 0.18 

5.4 0.01 
Trace n i l  

1.7 n i l  

1/ Organics present a s  complex mixtures of aminks, organic - 
acids,  organic bases, and neu t ra l  compounds. 

2/  Not determined 
7 

Source: Reference (2). 



(2) Spent Shale.- Depending on t he  grade of shale  being 

processed, t he  weight of spent sha le  i s  about 80 t o  85 percent of 

t h a t  of the  o r i g ina l l y  mined o i l  shale. The remainder of the  

o r i g ina l  sha le  weight is  accounted f o r  by t he  o i l  and gas products 

evolved during re tor t ing.  Table 1-5 l i s t s  general  r e la t ionsh ips  

between mined o i l  shales ,  shale  o i l  produced, and spent sha le  

volumes fo r  various r a t e s  of shale  o i l  production. The voiume of 

t he  spent mater ia l ,  even a f t e r  maximum compaction, is  a t  l e a s t  12 

percent g rea te r  than i t s  in-place volume. This i s  due t o  void 

spaces i n  the  mass of crushed and r e to r t ed  m a t e r i a l  which a r e  not  

present  i n  t h e  sha le  p r i o r  t o  mining. I n  p rac t i ce ,  f i n a l  dens i t i e s  

would vary considerably depending upon the  compaction technique 

employed and the  physical charac te r i s  t i c s  of the  spent mater ia l ,  

such as  i t s  p a r t i c l e  s i z e  d i s t r ibu t ion .  

A s  indicated above, not  a l l  of the  material can be returned 

t o  underground workings; consequently, surface  disposal  would be 

required t o  some extent  i n  a l l . c a s e s .  Depending on t h e  r e to r t i ng  

process, the  mater ia l  may vary i n  p a r t i c l e  s i z e  from a f i n e  powder 

t o  about 10 inches i n  diameter and would be discharged from the  

r e t o r t  as  a dry mater ia l .  For d isposal ,  l a rge r  s ized mater ia ls  

would probably require  crushing, and water (10 t o  20 percent  by 

weight) would be added t o  reduce . . dust ing and a id  consolidation 

of the  disposal  p i l es .  Transport t o  the  d i sposa l  area  probably 

would be accomplished by a hooded b e l t  conveyor o r  by a water 

s l u r r y  system; excess water i n  the  l a t t e r  opt ion would be recovered 

and recycled. Pneumatic t ranspor t  or  conveyance by t rucks  a l so  

a r e  p o s s i b i l i t i e s ,  with moisture being added a t  t he  d i sposa l  s i t e .  





The mineral content of spent shale generally r e f l ec t s  the 

mineral composition of the  raw shale  (Table 1-1) , although many of 

the or iginal  components a re  a l tered under the influence of heat  i n  

the  re tor t ing  step.  For example, some port ion of the  dolomite ( a  

complex of calcium and magnesium carbonates) w i l l  be decomposed t o  

yield.calcium and magnesium oxides. I n  t h i s  regard, the extent  of 

such decomposition depends upon the  type of r e t o r t i n g  process and 

the conditions of operation, par t i cu la r ly  the temperature t o  which 

the o i l  shale  is subjected. I n  the case  of t he  Union r e t o r t ,  f o r  

0 
example, a peak shale  temperature of about 1,800 F i s  reached, 

causing prac t ica l ly  complete decomposition of carbonates and other 

temperature-sensitive minerals. I n  cont ras t ,  shale  i n  the  TOSCO 

r e t o r t  reaches a temperature of only about 900° F, and very l i t t l e  

mineral decomposition occurs. An intermediate extent  of decomposi- 

t i on  i s  experienced i n  the gas combustion r e t o r t  which has a peak 

0 
shale temperature of the order of 1,200 F. Regardless, t he  basic 

oxide forms of the minerals i n  the spent mater ia ls  are  s imilar ,  

being represented generally by the shale  ash analysis t ha t  appears 

i n  Table 1-6. 

Of par t icu la r  i n t e r e s t ,  some components,of spent shale  residues 

a re  s ign i f ican t ly  water soluble,  indicat ing the  need to  guard against 

uncontrolled leaching. Tests have indicated (12, - 13, - 31) t ha t  water 

a f t e r  intimate contact  with spent shale  w i l l  be highly a lkal ine  and 

contain high concentrations of calcium, sodium, and potassium i n  the 

form of su l fa tes ,  whether o r  not mater ia l  mineral decomposition has 

occurred i n  the  r e to r t i ng  process. The other  components l i s t e d  i n  



Table 1-6. Mineral Composition o f  Spent Shale Ash 

Component Composition expressed a s  oxide 
weight percent of  ash 1 /  

1 /Trace  elements not shown above include Pb-45 ppm, Hg-0.1 ppm, and - 
Cd-1.7 ppm (Source: Colony Development Operat ion). 

Source: (8, pg. 11) 



Table 6 w i l l  contribute very l i t t l e  to  the  mineral content of 

leached waters. 

Perhaps of equal significance t o  mineral composition, spent 

shale residues vary i n  regard t o  the  amount of carbonaceous material  

l e f t  on the  processed shale, ranging from about 5 t o  6 weight percent 

i n  the case of low temperature TOSCO residue,  t o  about 3 percent for 

gas combustion spent shale, t o  n i l  i n . t h e  case of Union residue, 

which i s  essent ia l ly  a shale ash. Experimental work on a small 

scale  indicates that  natural  surface-cementation reactions w i l l  

great ly  re tard leaching and materially expedite s t ab i l i za t ion  within 

a few days, par t icular ly  i f  the spent material  is i n  ash form o r  low 

i n  carbon residue. This natural  cementation process i s  inhibited i f  

a material  amount of carbon i s  present t o  coat the par t ic les ,  as i n  

the case of TOSCO spent shale, but the  carbon coating i t s e l f  tends 

t o  prevent water penetration to  the  extent  t ha t  percolation-type 

leaching is not expected t o  be a problem. However, s teps  must be 

taken t o  control surface runoff from spent materials,  regardless 

of carbon content, t o  minimize erosion and pickup of surface or 

near-surface soluble minerals u n t i l  vegetative cover o r  other 

s t ab i l i za t ion  measures can become f u l l y  effect ive.  Such surface 

runoff water -- as well as any percolation water should percolation 

occur -- should be impounded as a safeguar.d against re lease  of 

mineralized water to  the surrounding area. 



e. Upgrading of Crude Shale Oil 

Crude shale oils typically have high pour points, are rather 

viscous, and tend to form sludge and otherwise deteriorate if stored 

in tanks for prolonged periods of time. Consequently, crude shale 

oils in all probability would be partially refined soon after pro- 

duction at the retorting plant to decrease their pour point and 

viscosity and to materially improve their stability characteristics. 

By so doing, an upgraded oil suitable for pipeline transport and 

final refining elsewhere -a point that is discussed in more detail 

later- would be the major on-site oil product. 

Various means of upgrading crude shale oil have been proposed, 

including heat treatment of certain fractions at 600° to 800° F. for 

a period of time, visbreaking the total oil along lines commonly 

practiced by the petroleum industry, and, in recent years, hydro- 

genation under cracking conditions (hydrocracking) of either the 

total oil or of a distillate prepared by first coking the total oil. 

Of the various options, hydrocracking using established techniques 

of the petroleum industry appears best suited to reduce pour point 

and viscosity and to prevent deterioration. This general approach 

has been quite commonly visualized by companies and other groups 

that are considering industrial oil shale operations and has been 

reasonably well demonstrated. The applicability of modern petroleum 

refining techniques to shale oil is brought out in the following 

I excerpts from a recent publication, covering not only the upgrading 

step but also some of the final refining possibilities (3): - 



Numerous combinations of modern petroleum re f in ing  pro- 
cesses  can be applied successfully t o  shale  o i l .  This 
has been demonstrated experimentally by the  Bureau of 
Mines and industry (14). Hydrogenation i s  the  h e a r t  of 
most ref in ing procedures cur ren t ly  considered s u i t a b l e  
f o r  shale  o i l .  Hydrocracking, fo r  example, may be 
applied t o  crude shale  o i l  o r  t o  the  product of a pre- 
paratory operation such a s  coking. The naptha f r ac t i on  
of t he  resu l t ing  hydrocracked product could be c a t a l y t i c a l l y  
reformed t o  produce a s a t i s f ac to ry  y i e ld  of high qua l i t y  
gasoline.  

U s e  of hydrogen i n  petroleum re f in ing  began on a s i g n i f i -  
cant  s ca l e  i n  the 1950's and has gained widespread use. 
E a r l i e r ,  the  cos t  of hydrogen had been prohibi t ive .  Even 
though hydrogen is  much cheaper today, i t  s t i l l  would be 
a subs tan t ia l  cos t  i t e m  i n  comerc i a l  sha l e  o i l  ref in ing.  
Hydrogenation is  an e f f e c t i v e  means of removing s u l f u r ,  
ni trogen,  and oxygen from sha le  o i l  and of s t a b i l i z i n g  
the more reac t ive  unsaturated components, thereby reducing 
t h e i r  gum-forming and color-forming tendencies. I n  com- 
b ina t ion  with cracking condit ions,  gasoline y i e ld s  can be 
g r ea t l y  increased. Excellent y ie lds  of high-quali ty jet, 
d i e s e l ,  and d i s t i l l a t e  f ue l s  a l so  can be obtained, 

I t  i s  generally considered t h a t  satisfactory commercial 
sha le  o i l  r e f in ing  f a c i l i t i e s  could be b u i l t ,  o r  ex i s t i ng  
u n i t s  adapted, without going through an e labora te  scaleup 
program,. . I n  1963, it was reported t h a t  some 20,000 
b a r r e l s  of shale  o i l  from the r e t o r t i n g  plant  of the  Union 
O i l  Company of Cal i fornia  had been ref ined i n  a small,  
modern ref inery  near Grand Junction, Colorado, and t h e  
products marketed and u t i l i z e d  s a t i s f a c t o r i l y ,  More 
recent ly ,  Union was reported t o  be bui ld ing a l a rge  
re f ine ry  i n  the  Chicago area  t h a t  would be capable of 
processing shale  o i l  and o i l  from Canadian t a r  sands. 

Proper t ies  of an upgraded sha le  o i l  appear i n  Table 1-7; 

f o r  a comparison with raw sha le  o i l  see Table 1-2. Addit ionally,  

the  upgrading procedure w i l l  y i e ld  high-quali ty gas f o r  use wi thin  

the  p lan t ,  and ammonia and su l fu r  byproducts. Excess gas may be 

ava i l ab le  f o r  generating o f f - s i t e  power fo r  d i r e c t  use i n  nearby 

communities (Table 1-3). 



Table 1-7. Properties  of an Upgraded Shale O i l  

Property 

Gravity, OAPI 

Sul fur ,  wt-pet 

Nitrogen,wt-pct 

Value 

46.2 

0.005 

0.035 

0 Pour Point ,  F below 50 

Vi scos i ty ,  SUS @lo0  O F  4  0  

Source: (28,  - pg. 165).  



Upgraded shale o i l  probably would be moved t o  re f in ing  centers  

v i a  p ipel ines  fo r  production of f in ished products, thus minimizing 

the  need for new construction i n  the  r e l a t i v e l y  remote area  of the  

o i l  shale  deposits  and taking advantage of es tab l i shed  marketing 

systems i n  areas of high product demand. Some of t h i s  o i l  might 

move t o  the  West Coast; however, the timing of sha le  o i l  production 

1 / 
and t h a t  of the expected North' Slope o i l  - ind ica tes  tha t  shale  o i l  

would be largely  di rected toward Chicago and other  Midwestern re f in ing  

centers.  ~~e principal  ex i s t ing  pipel ines  a re  shown i n  Figure 1-5. 

Possible shale  o i l  connecting l i n e s  a re  shown on t h i s  f i gu re  as  

crossed l ines .  Additional mainline capacity t h a t  may be needed. i n  

the  fu tu re  depends upon the  combined amount of petroleum and sha le  

o i l  t ha t  w i l l  require movement ou t  of the  Rocky Mountain region. I t  

is reasonable t o  assume t h a t  mainline capac,ity w i l l  be developed as 

the  need d i c t a t e s ,  e i t h e r  t o  the  e a s t  or  wegt. A t  present ,  the 

excess mainline capacity out of the  general o i l  sha le  region is 

approximately 100,000 ba r r e l s  per day. Assuming t h a t  t h i s  s i t u a t i o n  

does not change mater ia l ly  wi thin  t he  next severa l  years,  addtional  

capacity would be needed by about 1978 t o  se rve  projected needs 

under the  proposed prototype leas ing program. 
0 .  

f .  Minerals Production 

Extensive deposits  of sodium minerals, one of which contains 

aluminum, have been discovered i n  o r  associated with the  deep o i l  

shales  of Colorado's Piceance Creek Basin. Dawsonite, the aluminum- 

bearing mineral,  was discovered in  1958 but  was not  invest igated 

1/ See Volurne 11, Chapter 111.- - 
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extens ively  u n t i l  the  enormous q u a n t i t i e s  present  were revealed i n  

1966. Preliminary surveys i n d i c a t e  t h a t  an estimated 27 b i l l i o n  

tons of alumina a r e  present  i n  a 150,000 acre  s e c t i o n  of the  c e n t r a l  

Piceance Creek Basin i n  assoc ia t ion  with o ther  sodium minerals,  the  

most important of which is  nahcoli te .  The nahco l i t e  is  estimated 

a t  30 b i l l i o n  tons (2).  - The presence and concentrat ions of these 

minerals suggested the p o s s i b i l i t y  f o r  e x t r a c t i o n  of alumina and 

soda ash values. It was recognized a l s o  t h a t  the  economics of 

ex t rac t ing  sha le  o i l  might be enhanced i f  such mineral  products 

could be coproduced i n  s i g n i f i c a n t  amounts a t  an added c o s t  appreci- 

ably less than the  ne t  market value of the  coproducts. 

A number of p r i v a t e  companies and the  Federal  Government have 

conducted laboratory and p i l o t  p lan t  research on nahco l i t e  processing 

and on alumina recovery from dawsonite, and s e v e r a l  pa tents  have been 

issued (15 - t o  20). No commercial-scale app l i ca t ions  have been made 

f o r  recovery of these  minerals ,  but  the technology has been reasonably 

we l l  developed on a small sca le .  I n  concept, much of whatever nahco- 

l i t e  is  present  may be removed i n  concentrated form as a s i d e  stream 

from the  crushing s t ep  preparatory t o  r e t o r t i n g  of o i l  shale.  This 

mate r i a l  could be read i ly  converted t o  soda ash o r  may have value i n  

crude form, a s  i s  discussed l a t e r .  The dawsonite and the  r e s t  of the 

nahcol i te  o r ,  more properly, d e r i v a t i v e s  of these  minerals,  must be 

recovered from the  spent  s h a l e  a f t e r  t h e  r e t o r t i n g  s tep .  F i r s t ,  the  

spent sha le  i s  roas ted  t o  remove whatever carbonaceous res idue  remains. 

The nahcol i te  would have been converted t o  soda ash,  which i s  read i ly  



removable by leaching, and the dawsonite to sodium aluminate and 

additional soda ash. The sodium aluminate then may be extracted 

with dilute soda ash or other alkaline solution, and carbonated to 

yield high grade alumina for ultimate use in the manufacture of 

aluminum metal. The spent shale, minus the associated minerals 

that have been removed, must then be disposed- of. 

The spent residue would be wet, probably finely divided and 

in a slurry form, but would not be materially different otherwise 

from the spent shales that were discussed earlier. The volume, 

however, may be as much as 20 percent less than the spent shale 

would otherwise be as, a result of minerals recovery. 

I 

i Based on average concentrati'ons of 11 weight-percent dawsonite 

and 15 weight-percent nahcolite (2, p.71), it was estimated that a 

single plant that produces 35,OOO'barrels per day of upgraded shale 

oil would also yield about 3 percent of the  ati ion's anticipated need 

need for aluminum in 1980. That same plant could also provide about 

15 percent of the Nation's projected 1980 need for soda ash. A 

limit of two or three plants utilizing nahcolitic/dawsonitic shale 

. . . . . . . . . . . .  . . . . . .  , 
would be expected unless major new markets are developed. 

. . . . . . .  

Considering further the possibility of major new markets, the 
. . . . . . .  . . . . .  

" . i : . . !  . . . .  . . . . .  . . . . . .  . . 
:.. i . . I . . . .  ? . .  , 

.! research discussed above suggests that crude nahcolite, as such, 

may have considerable promise as a flue-gas treatment agent for 

control of acid gases such as sulfur dioxide and nitrogen oxides. 
. . . . . . .  . . . : . .  . . I  ..... . . . . . . . . .  , .:.., _ . . . . . . . .  . . . . . . . .  . . .  . . . . . . . . . . .  1 It has also been proposed that dawsonitic shales might be processed . . . . . . . . . . . .  

to yield aluminum compounds useful for water treatment rather than 



to yield metallurgical-grade alumina. The first of these possibilities 

in particular--widespread use of crude nahcolite for treatment of 

flue gases--could conceivably greatly relieve the restriction imposed 

by current marketing considerations upon the number of plants ulti- 

mately utilizing nahcolitic/dawsonitic shales. This possibility may 

require more rigo'rous analysis at some future time if public lands, 

in addition to those presently proposed for leasing, should be offered 

and if the technology and economics of the flue gas/water treatment 

options become better established by a considerably larger-scale 

research and development effort than has currently been undertaken. 

2. In Situ Processing 

In situ experimentatdon has been conducted by various companies 

and the Bureau of Mines for a period of yedA. This process invalves 

underground heating by such means as combustion in the formation, 

introduction of hot natural gas, or introduction of superheated 

steam. However, the technology is not yet developed to the extent 

that prediction of either technical or economic success is warranted. 

A key problem is the creation of permeability within the shale 

formation. Two major approaches are in early stages of investigation. 

One approach proposes limited fractursng by conventional means, 

whereas the other proposes massive fracturing by a nuclear explosion. 

Sinclair Oil Corporation. (merged into Atlantic Richfield Company 

in 1969) experimented with conventional in situ retorting of oil 

shale in 1953 and 1954 at a site near DeBeque on the southern edge 

of the Piceance Creek Basin. From these tests it was concluded that 



. . . .  I ................ . . . . . . .  'I! ................. , . . . . . .  ........ . . . . . . . . . . . .  . . . . . . . .  :: i . . . . . . . . .  . . . . . . . . .  I 

conomunication between wells  could be established successfully,  

although high pressures were required t o  maintain in jec t ion  r a t e s  

during the  heating period, and t h a t  combustion could be established 

and maintained i n  the  shale  bed (21). - Over a period of several  years,  

i n  the mid-19601s, S inc la i r  conducted addi t ional  f i e l d  research on 

the  i n  s i t u  process a t  a s i t e  near the  center of the  Piceance Creek. 

Basin, where the shale  i s  much deeper and thicker  than i t  was a t  the  

s i t e  of the  f i r s t  experiment. The r e su l t s  of t h i s  experiment were 

not promising; f ractur ing techniques t ha t  were used did  not produce 

su f f i c i en t  heat  t r ans fe r  surfaces fo r  successful  operation (22 -$ - 23). 

Also, i n  the  19601s, Equity O i l  Company conducted f i e l d  experi- 

ments on i n  s i t u  processing of o i l  shale i n  the  Piceance Creek Basin. 

The process employed the  i n j ec t i on  of hot natural  gas t o  r e t o r t  the  

o i l  shale  ra ther  than using underground combustion fo r  t h i s  purpose. 

However, the experiment suffered la rge  gas losses  to  the  formation (24) - . 
Several l e s s  extensive invest igat ions  of the  i n  s i t u  technique 

have been conducted by various o i l  companies during the  l a s t  10 years 

o r  so, but  very l i t t l e  has been published concerning t he  r e su l t s  

achieved. The Bureau of Mines a lso  is conducting f i e l d  and small- 

s ca l e  research on in  s i t u  re to r t ing .  Results t o  da te  a re  inconclusive. 

The poss ib i l i ty  of u t i l i z i n g  a nuclear explosive t o  f rac ture  o i l  

shale  preparatory t o  i n  s i t u  r e to r t i ng  has been under consideration 

s ince  1958. A f e a s i b i l i t y  study f o r  a nuclear experiment (2), 

Project  Bronco, was proposed i n  the  Piceance Creek Basin. Later, 

a s imilar  experiment was proposed fo r  the  Uinta Basin (26). - Neither 
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of these experiments i s  being act ively  considered a t  the present 

time. The lack of firm da ta  precludes fu r the r  analysis of t h i s  

technique a t  t h i s  time. I f  such a project  i s  proposed on public 

lands, it w i l l  require a complete environmental analysis,  including 

the preparation of an environmental impact statement spec i f ica l ly  

addressed t o  t h i s  subject. Those factors  t ha t  must be considered, 

such as ground motion and containment of rad ioac t iv i ty  released 

from the explosion, have been discussed i n  d e t a i l - i n  the concept 

documents referenced above. 

A design concept f o r  conventional i n  s i t u  r e to r t i ng  based 

upon contemporary petroleum technology i s  presented i n  Figure 1-6. 

The essen t ia l  s teps  include: (1) well d r i l l i n g ,  (2)  f ractur ing t o  

permit heat  t rans fe r  and movement of l iqu ids  and gases, (3) appli-  

cat ion of heat ,  and (4) recovery of products, 

Two major problems encountered i n  i n  s i t u  research t o  da te  

have been: 

(1) Insuf f ic ien t  natural ly  occurring permeability, o r  f a i l u r e  

to  a r t i f i c i a l l y  induce permeability so  as t o  allow passage of gases 

and l iquids;  and 

(2) I nab i l i t y  t o  remotely control  the  process with su f f i c i en t  

accuracy through wellbores from the surface. 

Besides surface wellbores,, other methods proposed for  in t ro-  

ducing heat  underground include mine shaf t s ,  tunnels, and f rac tures  

created by a var ie ty  of techniques, 
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I n  summary, a commercial i n  s i t u  processing system has  not  been 

demonstrated t o  da te ,  but  a number of f i e l d - s c a l e  experiments have 

been conducted by government and indus t ry  during the  pas t  20 years,  

involving wellbores from the  surface ,  and work i s  continuing. 

It is obvious t h a t  considerable f u r t h e r  improvements i n  tech- 

nology a r e  s t i l l  required before indus tp ia l - sca le  i n  s i t u  recovery 

of sha le  o i l  could become a r e a l i t y .  

Available information suggests t h a t  o i l s  from i n  s i t u  r e t o r t i n g  

may be  somewhat super ior  i n  q u a l i t y  t o  those  produced from surface  

re to r t ing .  Spec i f i ca l ly ,  they appear t o  have lower pour points ,  

v i s c o s i t i e s ,  and ni t rogen contents. This is i l l u s t r a t e d  by the 

d a t a  i n  Table 1-8 a s  compared t o  t h e  d a t a  previously presented i n  

Table 1-2. I n  g i t u  o i l  may be marginally s u i t a b l e  f o r  t ranspor t ing 

without upgrading because of the  low pour point ;  however, no f irm 

conclusions a r e  poss ib le  because of i n s u f f i c i e n t  data.  Gases pro- 

duced i n  the  g a s / o i l  separa t ion s t e p  shown i n  Figure 1-6 would have 

c h a r a c t e r i s t i c s  s i m i l a r  t o  those shown i n  Table 1-9. 

D. Environmental Control 

The previous sect ions  of t h i s  chapter  have provided a summary 

of o i l  sha le  processing techniques as developed through previous 

small-scale experimental operations. This s e c t i o n  r e l a t e s  more 

s p e c i f i c a l l y  t o  f a c t o r s  important t o  t h e  assessment and c o n t r o l  

of environmental impacts t h a t  would r e s u l t  from commercial opera- 

t ions ,  including: (1) management of s o l i d  w a s t e s  and disturbed 

areas ,  (2) management of wastes wi th in  t h e  working areas ,  



Table I-8. - -Character is t ics  o f  O i l s  From I n  S i t u  Retor t ing .  

1 / Heat s u p p l i e d  by underground combustion. - 
2 / Heat supp l i ed  by i n t r o d u c t i o n  of  ho t  n a t u r a l  gas  t o  formation. - 

Source: (27). 

Equity L/ 

54.2 

0.61 

0.36 

-15 

-- 

I 

Charac t e r i s  t i c  I Bureau of Mines S i n c l a i r  L/ 

30.6 

1.28 

1.14 

+3 5 

-- 

Gravi ty ,  OAPI 

Su l fu r ,  wt-pct 

Nitrogen, et- p e t  

Pour Po in t ,  "F 

Viscos i ty ,  SUS @ 100 QF 

- 

31.7 

0.57 

1.35 

+5 

41.0 



1 / Table 1-9 .--Characteristics o f  Gases From In S i t u  Retorting .- 

Component 

Nitrogen 

Oxygen 

Propane 

Carbon dioxide 

Carbon monoxide 

Hydrogen su l f ide  

Butanes 

Methane 

Ethane 

Concentration, Volume-Percent 

73.7 

1/  Heating value approx. 30 Btu/scf ,  - 
Yield from operation a t  l e v e l  o f  50,000 B/CD upgraded, 
shale  o i l  approximately 1,485 x lo6 sCF/CD. 

Source: (z). 



(3) environmental control  during i n  s i t u  processing, a n d  (4) monitoring. 

This review of environmental con t ro l  technologies is made t o  e s t a b l i s h  

t h e  base against  which environmental impacts can be evaluated. 

1. Management of s o l i d  Wastes and Disturbed Areas 

Once the  spent  sha le  has been conveyed t o  a d isposal  s i t e ,  pro- 

v i s ion  must be made t o  c r e a t e  a s t a b l e  p i l e  t o  prevent erosion and/or 

leaching of sediments and res iden t  minerals. These precautions a r e  

needed regardless  of whether the  spent  mater ia l  i s  carbon coated, as  

is typ ica l  of i n d i r e c t l y  heated r e t o r t s ,  such as  the  TOSCO type, or 

is e s s e n t i a l l y  a spent  sha le  ash with l i t t l e  or  no carbon res idue ,  as  

i s  typ ica l  of combustion-type'.retorts such as  the  Union r e t o r t ,  o r ,  t o  

a l e s s e r  degree, the  gas combustion r e t o r t  (See Section C.l.d.(2)).  

a. S t a b i l i t y  

S t a b i l i t y  of a spent sha le  ash (carbon-free spent shale)  was 

studied by the  Denver Research I n s t i t u t e  (12) - using two approaches: 

(1) physical s t r eng th  s tud ies  of sha le  ash as  a funct ion of a number 

of var iables ,  and (2) chemical s t u d i e s  a s  a function of these  va r iab les  

i n  order t o  def ine  the  cementing components i n  the  hydrat ion products 

of shale  ash. The va r iab les  studied t o  da te  include: (a) composition 

of sha le  ash, (b) burning temperature, (c)  burning time, (d) moisture 

content,  (e)  degree of compaction, ( f )  s torage  time, and (g) s torage  

temperature. 

That study showed t h a t  the  r a t e  of cementation of sha le  ash is  

".. .similar t o  t h a t  i n  portland cement s e t t i n g  (L2, p.22 and 92).17 

The study a l s o  s t a t e d  tha t :  



Increased compaction r e s u l t s  i n  g r ea t e r  s t rengths .  Grain 
s i z e  d i s t r i bu t i on  is a l so  important. To secure  g r ea t e s t  
s t rength ,  compaction should be applied soon a f t e r  mixing 
with water t o  el iminate d i s rup t ion  of the  i n i t i a l  set. 
Much compaction can occur under the  steady weight of t he  
shale  p i l e  before several  days have elapsed and s e t t i n g  
is too f a r  advanced. Unconfined s t reng ths  of 60-70 p s i  
have been obtained under pressures simulating 75 foot  
depths with 10 percent water and preliminary 10 percent 
Standard Proctor compaction. For comparison, s t reng ths  
of 100-200 p s i  a re  adequate f o r  some highway base course 
construction. 

Water sa tu ra t ion  a f t e r  i n i t i a l  se tup  produces no loss  of 
s t rength  with well  burned mater ia l ,  indeed some gain  was 
generally observed. Although the  present  emphasis has  
been on the  study of t he  cohesive s t reng th  of more o r  
l e s s  compacted spent shale ,  i t  should be recognized t h a t  
sometimes too high a cohesive s t reng th  is  a detr iment i f  
it prevents cracks i n  the  head of a dump p i l e  from s e l f -  
healing. High cohesive s t rength ,  of course, may be of 
l i t t l e  value i f  the  s o i l  on which a p i l e  is  b u i l t  is weak 
o r  may be weakened with' moisture. 

It is assumed t ha t  most spent sha l e  w i l l  be i n i t i a l l y  disposed 

of i n  box canyons. Engineering design of t h i s  opera t ion  must consider 

the  proper t ies  of the  foundation upon which t h i s  mate r ia l  w i l l  rest 

and the  angle of repose which w i l l  assure  f r i c t i o n a l  s t a b i l i t y .  

I n  .general ,  i t  was concluded t h a t  (12, - p. 63) : 

. ..a sui tably  processed spent sha le  ash w i l l  develop 
su f f i c i en t  cohesion s o  t ha t  deep, w e l l  s t a b i l i z e d  dumps 
with high angles of s lope may be constructed. Because 
of the  probable poorer mechanical c h a r a c t e r i s t i c s  of 
the  s o i l  i n  t he  bottom of t he  canyons where t h e  sha l e  
ash w i l l  l i k e ly  be dumped, i t  is l i k e l y  t h a t  t h e  
foundations under the  shale  ash dumps w i l l  l i m i t  t he  
allowable s a f e  slope angles and heights  which may be 
b u i l t .  

0 
A t  a 45 slope, t he  to le rab le  depth may be  100 f e e t  and a t  26O, 

the  height  may be several  hundred f ee t .  The ac tua l  s lope t o  be  

constructed would require  addi t ional  t e s t s  t o  determine t h e  ac tua l  

charac te r i s t i c s  of the  surface  and subsurface foundation mater ia l .  
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A technical ly  feas ib le  scheme t h a t  would provide an 18 s lope has 

been proposed (30) - t o  place: 

...p rocessed sha le  i n  a s e r i e s  of hor izonta l  layers  some 
one t o  two f e e t  th ick such t h a t  the  upper surface  would 
always be a temporary surface  u n t i l  the  l a s t  layer  is 
placed. However, each layer  would be s t a r t ed  a l i t t l e  
fu r the r  back i n t o  the  canyon, giving the  ront  surface  
of the  p i l e ,  o r  permanent surface  a 3: 1 slope. This 
s lope i s  well  below the angle of repose and insures 
f r i c t i o n a l  s t a b i l i t y .  Overall s t a b i l i t y  of the embank- 
ment i s  a l so  assured by compaction l eve l ,  vegetat ion,  
and placement of broken rock on the  permanent face. 

During the  buildup of the  waste mater ia l  t o  i t s  design height ,  

some erosion w i l l  occur. The g r e a t e s t  concern is not with the  normal 

snow and/or r a i n  t ha t  occurs throughout the  year, but  with (12, - p.62): 

... occasional f l a sh  floods which may amount t o  1.5 t o  
2.0 inches of r a i n f a l l  i n  a few hours. To handle the  
runoff from the  plateau which d ra ins  i n t o . t h e  canyons, 
i t  w i l l  l i k e ly  be necessary t o  e i t h e r  channel the  water 
away from the  canyons containing sha l e  ash dumps or t o  
i n s t a l l  l a rge  conduits i n  the  bottom of the  canyons under 
the  shale  ash dumps. 

Upstream flood control  dams and/or conduits can be used t o  pro- 

t e c t  the  disposal  area during buildup. Additionally: 

To handle the  runoff from the  shale  ash dumps from a 
f l a sh  flood, i t  w i l l  l i k e l y  be necessary t o  i n s t a l l  
a small dam or re ta in ing  pond immediately downstream 
of the  dump i n  order t o  c a t c h , t h e  runoff from the  
dumps.. .. 
This water, including the  b r ines ,  can then be returned and used 

i n  subsequent disposal  operations. The concept of co l l ec t ing  sur f  ace 

runoff i n  ponds downstream of the  r e s i d u e ' p i l e  has been confirmed by 

a study conducted by Colorado S t a t e  Universi ty f o r  the  ~nvironrnental 

1/ A 12-18 degree slope (4.4:l t o  3 : l )  has been suggested by these - 
authors i n  a l a t e r ,  p r iva te  communication. 



Protection Agency (13, p. 3). That study, which used carbon-bearing 

spent material f romthe  TOSCO process, a lso de ta i led  the chemical 

properties of the qual i ty  and quanti ty of runoff from spent o i l  shale 

residue due t o  r a in fa l l .  The project  consisted of three phases of 

work (l3, p. 94): 

(1) Bench-scale s tudies  were used t o  determine (a) 
permeability, porosity, and p a r t i c l e  s i z e  d i s t r ibu t ion ,  
(b) the composition and maximum quantity of dissolved 
sol ids  leachable by complete s lur ry  treatment; and 
(c) the composition and quanti ty of dissolved so l ids  
leachable by simple downward percolation through residue 
columns. (2) P i l o t  studies were conducted on the TOSCO 
unweathered spent shale t o  define (a) the  composition 
and concentration of dissolved so l ids  i n  runoff from a 
spent shale p i l e ;  and (b) the properties of the  residue 
within the p i l e  before and a f t e r  r a i n f a l l  simulation. 
(3) Data was interpreted using s t a t i s t i c a l  techniques 
t o  determine the quant i ta t ive  re la t ionships  between 
the dependent and independent variables s ign i f ican t  t o  
spent o i l  shale residue leaching. 

S p e c i f i c a l l y , i t  was shown that:  

Leaching t e s t s  show tha t  there is &def in i te  potent ia l  
fo r  high concentrations of ~ a + ,  Ca , M~*, and SO; i n  
the runoff from spent o i l  shale  residues. However, with 
proper compaction, the p i l e s  become e s sen t i a l l y  impermeable 
t o  ra infa l l .  

Rainfall  t e s t s  were conducted i n  a la rge  excavation approximately 

3 fee t  deep, 7 fee t  wide, and 80 f ee t  long. Water applied over the 

f i r s t  experiments totaled 26 inches i n  2 days -- nearly 2 years of 

normal precipi ta t ion for  most of o i l  shale  areas. Other t e s t s  

. . were conducted. over a period of several  months and, If. . .  no 

percolation occurred during the r a i n f a l l  simulation . . .  only 

minor fluctuations were observed i n  the moisture content of the 

shale below the 9 inch depth . . .  .I1 (s p.73) 



Permeability of the  residtle t o  water was a l s o  shown t o  decrease 

with time, the  most l i k e l y  reason being the  swelling of sha le  due t o  

the  hydration e f f e c t s  of the  sodium ion  (13, - p.71), o r  possibly t o  

progressive i n t e r s t i t i a l  packing of the  various sized par t i c les .  I n  

. addition: 

Drying of the '  shale surface  causes movement of water 
from the  i n t e r i o r  t o  the  surface  by cap i l l a ry  action.  
On reaching the surface ,  t he  water evaporates leaving 
behind a white deposi t  t h a t  i s  c l ea r l y  v i s i b l e  on the  
black surface.  This deposi t  i s  dissolved during the  

. . .  . , . . . .  , . . . . . .  
r a i n f a l l  with the r e s u l t  t h a t  both concentrat ion and 

. . . . . . . . . .  . . .  . . . .  . . composition of dissolved s o l i d s  i n  the  runoff water 
vary with time and depend on the  amount of drying p r i o r  

. . . . . .  ... ............... . . . . . . . . . . . .  . . . . . .  . . j  t o  the  rain. The r a t e  a t  which the deposi t  i s  
...... .............. . . .  . . . . . . .  . - -  . . . . . . . . .  . . .  . . .  , formed therefore  i s  c l e a r l y  dependent on the  r a t e  a t  

. . which cap i l l a ry  act ion can ca r ry  the  very concentrated 
solut ion from the  pores wi thin  the  sha le  residue t o  
the  surface,  because the  mate r ia l  can be evaporated 

, more rapidly  t h m  it can be transported t o  the  surface 
by cap i l l a ry  ac t ion  (13, p.55). 

The s tud ies  referenced above (l2, l.3) ind ica te  t h a t  water con- 

tamination due t o  percolat ion-type leaching w i l l  be neg l ig ib le  and 

t h a t  surface leaching, although runoff waters must be impounded, 

w i l l  not pose c r i t i c a l  problems. Further,  the  surface  leaching 

po ten t ia l  should decrease with time. 

Other s tud ies  were subsequently made on TOSCO carbon-bearing 

. . .  . . . . . . . . . . .  . . . . . .  . . . . . . .  i spent  shale  t o  show the  e f f e c t s . o f  snowfall (31). These indicated 
.I 

- . . . . . . . . . . .  . . . .  . . . .  : . . . . . . . . .  . . . . . . . .  ; . , . . .  . .  . :  . . . . .  . / 
. .  , t h a t  snow melting over a period of time tends  t o  decrease compaction 

i n  the  top several  f e e t  of a TOSCO-type spent  sha le  deposi t  and t o  

penetrate i n t o  the  deposit  t o  a g rea te r  degree than i n  the case of 
. . . . . . . . . . . .  ........... .:!:I 

. . . . .  , 
. . . . . .  . ' .I  . . . .  . . . . . . .  . . . .  . :  r a i n f a l l .  A s  a r e s u l t ,  the  penetrated depth is made more suscept ib le  

t o  sh i f t i ng  and s l id ing.  The t e s t s  a l s o  indicated t h a t  although 



runoff from melting snow would contain mate r ia l  concentrations of 

dissolved minerals, the  degree of mineral iza t ion would be l e s s  than 

i n  the case of r a i n f a l l  runoff. 

The spent shale,  f o r  which the above r e s u l t s  were obtained, 

contained 10.2 percent carbon. Spent sha le ,  with lower carbon content ,  

would be l e s s  permeable due t o  an increased tendency f o r  cementation 

of the pa r t i c l e s .  

During the  act ive  buildup of a d i sposa l  area ,  snowfall would 

probably not  present any uncontrollable leaching problems s ince  the  

addi t ion of new mater ia l  and compaction would be continuous processes. 

It would, however, be necessary t o  impound runoff waters--and any 

percolat ion waters should percolat ion occur--and t o  safeguard the  

deposit  against  washing from heavy water flows i n  the area  t ha t  might 

occur during periods of rapidly  melting snow, such as  i n  the  l a t e  

spring season. Once t he  p i l e  has reached the  desired height ,  it  w i l l  

probably be necessary t o  protect  the  top l ayer  by adding nat ive  s o i l s  

t o  f a c i l i t a t e  revegetat ion and hence reduce overland flows and slippage. 

b. Po ten t ia l  f o r  Spontaneous Combustion 

(1) Retorted Shale.- The po ten t ia l  f o r  spontaneous combustion t o  

occur i n  compacted p i l e s  of re to r ted  sha le  has  been examined t o  deter-  

mine the  degree of r i s k  t o  the  environment t h a t  might be inherent  i n  

the disposal  of processed shale.  This ana lys i s  must, by necess i ty ,  

be hypothetical  s ince the re  are  no known ins tances  where spontaneous 

combustion of re to r ted  sha le  p i l e s  has occurred from continuous opera- 

t ions  using research and p i l o t  p lant  r e t o r t s  i n  the  Plceance Creek 

Basin over approximately the  past  30 years. Experience ind ica tes  a 



low degree of r i s k  when r e t o r t i n g  has been uniformly e f f e c t i v e  and 
I 

I compaction adequate. 

Examination of the  pe r t inen t  p roper t i e s  of r e t o r t e d  shales  from 

p o t e n t i a l  processes, such as  the  gas combustion r e t o r t s ,  t h e  Union 

. . r e t o r t ,  and the  TOSCO r e t o r t ,  i n d i c a t e  t h a t  burning i n i t i a t e d  by 
. . . .  . . . . . .  . .j :.. ............ .. .: ...:.. , . . .  . . . . . . . . . . . . .  ........... -,..::. .j . . . . . . . . . .  .... - .......... . . . . . . . . . . . . .  ................ . : 

spontaneous combustion i n  re to r t ed  s h a l e  p i l e s  r e q u i r e s  t h a t  th ree  

condit ions be met: ( 1 ) - f u e l  must be avai lable ;  (2) a minimum tempera- 

t u r e  t o  i n i t i a t e  the  combustion must be at tained; .  and (3) oxygen must 

. . . . .  . . . . . . . .  . . . . . . .  . . . . . . . . . .  . . .  . .; be avai lable .  Related t o  these  primary condit ions a r e  proper t ies  of ,  . . . . . . .  . . . .  . . . . . . . . . .  . . . . . .  

r e t o r t e d  shale  and/or p i l e  c h a r a c t e r i s t i c s :  (1) temperature rise from 

absorption of s o l a r  r ad ia t ion ;  (2) permeabil i ty of the  s h a l e  p i l e s ;  

(3) p a r t i c l e  s i z e  o r  equivalent  surface  a rea  of t h e  r e t o r t e d  shale;  

and (4) the  organic carbon content of the  shale .  

Spent shale  i s  a complex waste product whose physical  and chemical 
I 

proper t i e s  w i l l  vary widely. Primary con t ro l l ing  f a c t o r s  are:  (1) 

composition of t h e  o i l  s h a l e  before r e t o r t i n g ;  (2) prepara t ion of 

the  sha le  fo r  r e t o r t i n g ;  (3) type of r e t o r t i n g  process used, and 

(4) the  conditions encountered a f t e r  r e t o r t i n g .  

. . . . . . . . . . . .  
The proper t ies  of some typ ica l  shales  processed by the  gas combus- 

. . . . . . . . .  . . . . . . .  . . . .  / - ? , , ..... ........ . . . . . . . . . .  ........ .............. , 
t i o n ,  TOSCO, and Union O i l  Company methods a r e  given i n  Table 1-10 (45).  

. . .  , . . . .  - 
. . . . . . . . . . . . .  . . . .  . . . . . . ' .  , . . . . . . . . . . . . .  . . . .  I . . . . . . . . . . . . .  . . .  . . - 4  . . . . . . .  . . . . . . . . . . . . . .  . . . .  .: . . .  ! ., 

The s i z e  of the  Union O i l  Company product i s  not  given s ince  t h i s  
. . . . .  

r e t o r t  i s  operated t o  maintain a much l a r g e r  s i z e ,  o f t en  by c l inker ing,  

f o r  the  re to r t ed  sha le  than f o r  e i t h e r  of the  o the r  r e t o r t s .  Bulk 

. . . . . . . . . . .  , . . . . . . . . .  - ... . . . . . . . . .  
:.. .:;. ,.--;:j . . . . . . . . . . . . . . .  . . . . . . . . . .  , .. densi ty  f o r  each of the  sha les  is a measure of t h e  densi ty  of t h e  
. . . . . . . .  . .  .! 

p a r t i c l e s  and of t h e  void space i n  a volume containing the  pa r t i c l es .  

The s o l i d s  densi ty  from t h e  Union r e t o r t  ind ica tes  c l inker ing  o r  fusing 

I of the  re to r t ed  shale.  Temperatures of s h a l e  p i l e s  under s to rage  



conditions have been determined for  TOSCO shale. This shale i s  dark 

i n  color,  r e l a t i v e  t o  the other two, so i t  should absorb the la rges t  

amount of so la r  energy. The temperature within the shale p i l e s  varied 

from 20-24O C;  a t  the surface the temperature reached 77O C. 

A separate study (46) reports the organic carbon remaining on - 
shales a f t e r  re tor t ing  by the Fischer Assay technique. This r e to r t i ng  

i s  done i n  the  absence of air--no oxidation of carbon--so the organic 

carbon remaining on the residue should be a maxifium. The r e s u l t s  a re  

given i n  Table 1-11. The carbon generally increases with an increase 

i n  o i l  yield from 1.81 weight percent for  17.8 ga l l ton  shale t o  4.99 

weight percent for  51.8 gal l ton shale which encompasses the broad 

range of values t o  be expected i n  a commercial operation. 

The temperature required t o  i n i t i a t e  combustion i n  the res idual  

carbon on re tor ted shale with about three weight percent organic carbon 

has been determined (47). The re tor ted shale was placed i n  a furnace, - 
0 i n  a i r ,  and successively raised i n  temperature i n  25 C increments. 

These induced properties caused the carbon residue to  i gn i t e  a t  470° C. 

Since the temperatures of the  spent shale  i n  storage is only 20-24O C 

( internal)  o r  77O C a t  the surface, the  probabi l i ty  of spontaneous 

ign i t ion  i s  extremely remote. 

(2) Raw Shale.- The processing of o i l  shales may require t ha t  

storage p i l e s  of mined, raw shale be maintained as process feed, or as 

material not sui table  fo r  processing, o r  possibly for  future blending 

operations. Experience with shale storage p i l e s  produced during ex- 

perimental mining which took place i n  the Bureau of Mines Anvil Points 

Mine during the 1940's and 1950rs, and subsequently during experimental 

mining conducted by Mobil O i l  Company from 1964 t o  1968 indicated tha t  
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spontaneous combustion w i l l  not  be a problem. Each of these mining 

operations u t i l i z e d  a common disposal  area.  Weathering has c e r t a i n ly  

taken place t o  reduce the ava i l ab le  f u e l  a t  the  surface.  It has been 

shown tha t  weathering r e d u c e s o i l  y i e ld ,  a measure of ava i l ab le  organic 

mater ia l ,  about 11 percent i n  f i v e  years (46). The weathering probably - 
represents oxidation with the  production of heat ,  but  not s u f f i c i e n t  

t o  cause igni t ion.  However, o i l  sha le ,  pa r t i cu l a r l y  higher grade o i l  

shale ,  w i l l  burn i f  ign i t ion  temperature is reached. The c l i f f  faces  

above the  Colorado River a r e  scarred with patches of burned shale .  

Ign i t ion  probably was s t a r t ed  by l ightning s t r i ke s .  The surface sha le  

burned, but  combustion was not maintained, apparently because oxygen 

was not  delivered t o  the  burning zone a t  a r a t e  f a s t  enough t o  maintain 

the  temperature required f o r  combustion. 

(3) Summary.- The experience of the  pas t  t h i r t y  years suggests 

t h a t  the  r i s k  of a spontaneous i g n i t i o n  i n  re to r ted  o i l  sha le  i s  

minimal; the  fue l  content of the  residues i s  small and laboratory 

experiments ind ica te  an i gn i t i on  temperature higher than can reason- 

ably be expected i n  practice.  The low permeability of adequately 

compacted discard piles/dumps suggest t h a t  oxygen would not be - 

delivered t o  a burning s i t e  f a s t  enough t o  maintain combustion even 

i f  the i gn i t i on  temperature i s  reached. Hence, r e t o r t ed  sha le  from 

a properly designed processing complex should not be subject  t o  any 

appreciable chance of spontaneous combustion. 

Raw sha le  stockpiled fo r  processing w i l l  burn i f  i gn i t i on  

temperatures a r e  reached. Being more permeable than compacted spent 

shale ,  i t  is conceivable t ha t  s u f f i c i e n t  a i r  would c i r c u l a t e  through 



1 . . . . . . .  . . \  . . . . . . . . . .  .> . . .  . . . . . : .  ! . . . _ _ . 
; 

the p i l e  t o  support the combustion. However, such an event is unl ikely 
. . . .  . . .  

to  go uildetected fo r  long periods since such p i l e s  would be located i n  

close proximity t o  the processing plant and be subject t o  considerable 

control; f o r  example, earthmoving equipment and water would be readily 

available. Therefore, such combustion would pose only a short-term 

problem tha t  is eas i ly  controllable should it occur a t  a l l .  



2. Revegetation of Oil Shale Development Areas 

Little systematic investigation of revegetation requirements was 

undertaken through the 1950ts, but increasing attention has been given 

to this aspect of solid waste management in recent years, 

Revegetation needs relating to oil shale development fall into two 

broad categories: (1) disturbed areas created by structural operations, 

including pits, overburdened spoil piles, roadways, utility corridors, 

building sites, etc.; (2) areas of spent shale deposition. 

The scope of revegetation needs will not be known until detailed 

mining plans are announced. The type of mining operation selected will 

be a major factor in identifying land restoration and revegetation 

needs. Surface mining would create the greatest surface disturbances. 

Underground mining would cause much less surf ace disturbance and less 

volume of spent shale. In situ mining would create the least distur- 

bance and little, if any, residues. 

The type of retorting used will determine the nature of spent 
. . 

shale material produced. At present, only a few types of spent shale 

material are available for study from pilot plant operations. 

a. Disturbed Area Revegetation 

The land restoration planner has many options in preparing a 

revegetation plan. As indicated in the descriptions of the vegetation 

of the oil shale area in Chapter 11, many diverse plant communities 

exist and there is the potential for many plant species to grow in 

a variety of combinations. 

A sound revegetation plan must consider future planned use of 

the land treatment necessary to achieve stabilization. Revegetation 

objectives may be obtained through natural plant .establishment and 
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succession, reseeding of native species combinations, or establishment 

of exotic plant communities. On some tracts, alternatives will be 

available regarding grass, browse, or forb species. Wildlife needs 

will be important in selecting the proper alternative. 

In the development of the mining plan, all factors that will 

assure successful reestablishment of the desired vegetation must be 

considered, soil disturbances should be minimized, slopes should be 

no more than 4: 1 and should blend with the existing topography, 

fertilizers and mulches should be planned, topsoil fully utilized, 

firm seedbeds prepared, and proper species selected. 

Several excellent guides are available to successfully implement 

a revegetation plan. Of particular importance is the work by P l m e r  

(44) on establishment of browse plants in the vegetative types typical 

of the oil shale region. This research, which has been under way 

since 1955 (U.S. Forest Service Publication 68-3), has emphasized the 

study of shrubs and forbs and recognizes that more extensive studies 

have been done on grasses by the Agricultural Research Service, the 

Soil Conservation Service, and State Experiment Stations. Of more 

than 400 species and 3,000 varients tested, about 75 browse, 75- forbs, 

and 55 grasses' show usefulness for improving game ranges. 

b. Principles of Successful Revegetation 

Range Improvement Notes 15(1): 1-8, 1970, Plants for Revegetation 

of Roadcuts and Other Disturbed Areas, illustrates the type of useful 

information available as a result of the Plummer studies. This pub- 

lication contains the following summary statement on revegetation 

principles and a tabulation of browse plants adapted to the various 

vegetal types (Tables 1-12 and 1-13): 



TABLE I-12--Shrubs used for stabilizing roadcuts and disturbed areas are listed in categories based on 
mature stature. Vegetal types are listed in the order that species are adapted to them 

Low Medium Tall 

Barberry, creeping - MB,A,SA,JP,AA 
Bitterbrush, antelope - JP,MB,BS,BB 
Bitterbrush, desert - JP,BS,BB,MB 
Buffaloberry, silver - MB,WM,JP 
Ceanothus, Martin - MB,JP,A,BS 
Cherry, Bessy - MB,JP,A 
Cinquefoil, bush - SA,A,WM 
Cotoneaster, Peking - MB,JP 
Currant, golden - MB,JP,BS,WM 
Eriogonum, Wyeth - MB,JP,BS,A,SA 
Ephedra, green - BS,JP,SS,BB 
Hopsage, spineless - SS,BS,JP,BB 
Lilac, common - MB,JP,BS,A 
Mountain-mahogany, birchleaf-JP,MB,BS 
Myrtle pachistima - MB,A,SA,JP 
Peachbush, desert - JP,MB,BS,SS,BB 
Peashrub, Siberian - MB,JP,BS 
Rabbitbrush, Douglas - BS,SS,JP,MB,A 
Rabbitbrush, dwarf - MB,BS,JP,BB 
Rabbitbrush, Parry - SA,A,SS,MB 
Raspberry, red - MB,A,SA 
Rose, woods (wild) - A,SA,MB,JP 
Russian olive - MB,JP,IS,WM 
Sagebrush, bis - BS,JP,MB,SS,BG,A,SA 
Sagebrush, black - BS,JP,MB,SS,BG,A 
Sagebrush, bud - SS,BS,BG,IS 
Sagebrush, fringed - BS , JP ,MB ,SS 
Sagebrush, low - MB,A,JP,BS 
Sagebrush, silver - IS,JP,SS,MB 
Saltbush, Gardner - SS,BG,BS,JP 
Snowberry, mountain - MB,A,SA,JP,BS,AA 
Snowberry, desert or longflower - JP,BS,A,BB 
Sumac, Rocky ~ountain - MB,JP,BS 
Virginsbowder, western - MB,JP,BS,BB 
Winterfat - SS,BS,JP,BG,BB,MB,IS 
Yellowbrush - MB,A,SA,BS 

Apache plume - JP,BB,BS,MB 
Barberry, Fremont - JP,BB 
Bitterbrush, antelope - JP,BS,MB,BB 
Bitterbrush, desert - JP,BS,BB,MB 
Bladdersenna, common - MB,JP,A 
Boxelder - MB,A,JP 
Buffaloberry, silver - MB WM,JP 
Cherry, bitter - MB,JP,A,BS 
Chokecherry, black -MB,JP,A,BS,SA 
Cottonwood, narrowleaf - MB,JP,BS 
Currant, golden - MB,JP,BS,WM 
Cypress, Arizona - MB,JP,BS,BB 
Dogwood, redosier - MB,A,SA 
Elder, blueberry - MB,JP,A,BS 
Elder, redberry - A,MB,SA,AA 
Ephedra, green - JP,BS,MB,SS,BB 
Forestiera, New Mexican - MB,JP,BS 
Honeysuckle, Tatarian - MB,JP,BS 
Hopsage, spiney - JP,BS,SS,BB 
Lilac, common - MB,A 
Maple, bigtooth - MB,A,JP 
Maple, Rocky Mountain - MB,AS 
Mountain-mahogany, birchleaf - MB,JP,BS,A 
Mountain-mahogany, curlleaf - MB,JP,A 
Oak, Gambel - MB,JP,A 
Peashrub, Siberian - MB,JP,BS 
Rabbitbrush, Parry - SA,A,SS,MB 
Russian olive - MB,JP,IS,WM 
Sagebrush, big - BS,JP,SS,MB,BB,A,SA,BG 
Salt-tree, Siberian - MB,JP,IS,BS 
Serviceberry, Saskatoon - MB,JP,A,SA 
Squaw-apple - MB, JP, BS 
Sumac, Rocky Mountain - MB,JP,BS 
Sumac, skunkbush - MB,JP,BS,BB 
Wormwood, oldman - MB,A,SA,BB 

Apache plume - JP,BB,BS,MB 
Aspen - A 
Bitterbrush, antelope - JP,BS,BB,MB 
Buffaloberry, silver - MB,WM,JP 
Cherry, bitter - MB,JP,A,BS 
Chokecherry, black - MB,JP,A,BS,SA 
Cliffrose, Stansbury - BS,BB,MB 
Cottonwood, narrowleaf - MB,JP,BS 
Currant, golden - MB,JP,BS,WM 
Cypress, Arizona - MB,JP,BS,BB 
Elde'r, blueberry - MB,JP,A,BS 
Forestiera, New Mexican - MB,JP,BS 
Honeysuckle, Tatarian - MB,JP,BS 
Lilac, common - MB,JP,BS,A 
Maple, bigtooth - MB,A,JP 
Maple, Rocky Mountain - MB,A 
Mountain-mahogany, birchleaf - MB,JP,BS,A 
Mountain-mahogany, curlleaf - MB,JP,A 
Oak, Gambel - MB,JP,A,BS 
Russian olive - MB,JP,IS,WM 
Serviceberry - Saskatoon - MB,JP,A,SA 
Serviceberry, Utah - JP,MB,BS,BB 
Sumac, skunkbush - MB,JP,BS,BB 

*AA - Arctic alpine 
JP - Juniper-pinyon 
MB - Mountain brush 
BS - Big sagebrush 
BG - Black greasewood 
SS - Shadscale saltbush 
BB - Blackbrush 
IS - Inland saltgrass 
A - Aspen openings 
SA - Subalpine 
WM - Wet meadows 



TABLE 1-130- Forbs and grasses useful for stabilizing roadcuts and disturbed areas 
with vegetal types listed in order species are adapted to them 

Forbs 

Alfalfa - MB,JP,A,BS ,SA,SS, BB 
Aster, Pacific - MB,A,JP ,SA,WM,BS,TS 
Aster, blueleaf - MB,A,SA,JP,BS 
Balsamroot, arrowleaf - JP,MB,BS,A 
Bouncing-bet - MB,JP ,A,BS 
Checkermallow - A,SA,MB,WM 
Crownvetch - MB,JP,A 
Daisy, common oxeye - MB,JP,BS 
Eriogonum, cushion - MB,A,sA,BS,.JP 
Flax, Lewis - JP,MB,BS,A,SA,AA,SS,WM 
Geranium, sticky - A,SA,MB 
Gianthyssop, nettleleaf - A,SA,MB 
Goldeneye, Nevada - JP,MB,BS,BB 
Goldeneye, showy - A,MB,SA,AA,JP,BS 
Goldenrod, low - SA,AA,A,MB 
Goldenrod, Parry - MB,JP,A 
Helianthella, oneflower - MB,JP,BS,A,SA 
Iris, German - MB,JP,BS,A,SS,BB 
Lupine, mountain - SA,AA,A,MB 
Lupine, silky - A,MB,JP,BS 
Penstemon, Eaton - MB,JP,BS,A,BB,SS 
Penstemon, little cup - MB,JP,BS 
Penstemon, Palmer - MB,JP,BS,BB 
Penstemon, Rydberg - SA,A,MB 
Penstemon, toadflax - MB,JP,BS,BB 
Sweetclover, yellow - MB,JP,BS,A,BG,IS 
Sweetvetch, Utah - MB,JP,BS,A,SA 

Grasses 

Bluegrass, Kentucky - SA,A,AA,MB,JP 
Brorne, meadow - A,s4,AA,MB,.JP 
Brome, mountain - A,SA,MB,JP 
Brome, smooth - SA,A,MB,WM,AA 
Fescue, hard - A,SA,MB,BS,JP 
Foxtail, meadow - SA,WM,A,MB,IS 
Oatgrass, tall - A,AA,SA,MB 
Orchardgrass - A,MB,SA,JP,BS,BB 
Quackgrass - SA,MB,AA,A,BS,IS,BG 
Reedgrass, chee - MB,SA,A,JP,BS 
Ricegrass, Indian - JP,BS,SS,BB,MB 
Sacaton, alkali - IS,BG,BS,SS,BB 
Wheatgrass, bearded bluebunch - BS,JP,MB,SA,A 
Wheatgrass, bluestem - BS,JP,MB,SS,BG,BB 
Wheatgrass, Fairway crested - JP,MB,BS,SS,BB,BG 
Wheatgrass, Standard crested - JP,BS,SS,MB,BB 
Wheatgrass, intermediate - MB,A,JP,BS,SA,BB 
Wheatgrass, pubescent - MB,JP,A,BS,BB,IS 
Wildrye, creeping - IS,BG,JP,WM 
Wildrye, Great Basin - MB,JP,A,IS,WM,BS 
Wildrye, mammoth - MB,JP,IS,BS 
Wildrye, subulosa - MB,JP,BS 
Wildrye, Salina - JP,BS,BG,IS,MB,SS 

AA-Arctic alpine JP-Juniper-pinyon 
MB-Mountain bzush BS-Big sagebrush 
BG-Black greasewood SS-Shadscale saltbush 
BB-Blackbrush A-Aspen 
IS-Inland saltgrass SA-Subalpine 
WM-We t meadows 



The survival and growth of plants are affected by the 
environmental factors in about this order: moisture, 
soil, temperature, exposure, and animal activity. 
These must be considered when choosing the plant 
materials to be used. When choosing a species for 
a site, next in importance to having adequate moisture, 
is the kind of substratum. How fertile is the soil? 
Is it alkaline, neutral, or acid? We do not have as 
many choices for wildland sites as do home landscapers. 
This is because it is usually not possible to haul in 
special soil to accommodate a preference of plants, 
nor is it feasible to continue to apply chemical 
fertilizers and water to modify the soil for special 
plants. Use of a good mulching material is generally 
helpful in getting establishment on severe sites, 
especially when direct seeding is used. Mulch con- 
serves moisture and also reduces temperature which is 
often critical on southerly or westerly exposures. 
A lightly placed mulch around a transplant usually 
aids establishment and growth. However, on some 
sites, this mulch may not be essential. But it may 
be necessary to control harmful effects of animals; 
perhaps rodents and other small mammals may have to 
be poisoned. Also, livestock frequently must be ex- 
cluded from revegetated areas. In carrying out the 
program, special attention should be given to the 
important principles for successful establishment 
and development of new vegetation. Important among 
these are: 

1. Use only species and ecotypes adapted to the 
tract. 

2. Plant mixtures, rather than single species, 
that will stabilize the soil and harmonize 
with the landscape. 

3. Transplant a sufficient number of good quality 
plants; when using the direct seeding method, 
plant ample amounts of good seed. 

4. Make certain that transplants are properly 
planted and that seeds are adequately covered. 

5. Do the planting in a suitable season. 

6 .  Reduce competition from other vegetation to 
adequate levels. 

7. Protect planted areas from damage by animals. 



The U.S. Soil Convervation Service's "Standards and Specifica- 

tions for Critical Area plantingU contains specific guides for vege- 

tating cuts, fills, surface mined areas, spoil, and similar areas 

where vegetation is difficult to establish with usual seeding or 

planting methods. Selection of grass, forb, shrub, and tree species; 

rates, time, and methods of seeding and planting; seedbed preparation, 

fertilization, topsoil application and mulching, and equipment 

selection and protection also are covered in the'publication. 

The U.S. Soil Conservation Service has been collecting, testing, 

and developing superior strains of native and exotic plants for more 

than 30 years. Of the 20 plant materials centers operated by SCS in 

cooperation with State Experiment Stations, eight are located in the 

Western States. Centers at Bridger, Montana, and Los Lunas, New 

Mexico, are primarily responsible for testing plants of the oil 

shale region. At each of these centers, over 400 species and 3,000 

accessions of plants have been tested since 1957. The present oil 

shale research being conducted by Colorado State University includes 

the testing of many new native plants on disturbed oil shale sites. 

3. Revegetation of Processed Oil Shale Depositions 

mile a great deal is known about plant-soil relationships and 

revegetation of disturbed natural soil area, mostly with grasses, in- 

formation concerning the revegetation of processed shale is rather 

limited. 

Natural revegetation apparently does take place witli time, as 

shown by observation of the spent oil shale area left by the Bureau 

of Mines at its Rulison, Colorado, operation in the 1920's and the 



Union O i l  Company s i t e  abandoned i n  the  1950's. The f i r s t  large- 

scale t e s t  of revegetation was undertaken by the  Union O i l  Company 

, 
i n  1967, when they trucked t o  a disposal s i t e  about 100,000 tons 

af material of the type produced from t h e i r  re tor t ing  process 

(Figure I-7a). After leveling and compacting, the  area was seeded 

with grasses. By i r r i ga t ing  and applying a f e r t i l i z e r  (quantf t ies  

not reported for t h i s  t e s t ) ,  a grass cover was developed and main- 

tained to  produce, by 1970, the vegetation growth'as shown i n  

Figure I-7b. 

A systematic investigation of research was i n i t i a t e d  by the 

Colony Development Operation, beginning i n  1967. This work, which 

is s t i l l  i n  progress, has produced an increasing body of knowledge 

on practical  methods for  accelerating the vegetation process. Under 

a grant by the Colony group, researchers a t  the Colorado Agricultural 

Experiment Stat ion investigated the chemical and physical properties 

of processed shale which a f f ec t  plant growth. The r e su l t s  of f e r t i l i t y  

and sa l in i ty  analyses from both the TOSCO and gas combustion spent 

shale samples were reported as shown i n  Table 1-14 (32). - 

The conductivity determinations suggest t ha t  a l l  of these un- 

t reated materials a r e  too high i n  soluble s a l t s  for  normal plant 

growth and tha t  the pH would need t o  be lowered. Soluble Na (sodium) 

i s  the principal ca t ion  present i n  the  samples (except F), ranging 

from 24 percent t o  74 percent of the  t o t a l .  Normally, plants  w i l l  

not grow sa t i s f ac to r i l y  where Ma cons t i tu tes  more than about 50 per- 

cent of the water soluble cations i n  the  sa tura t ion  extract .  Con- 

sequently, a major conclusion of the study was tha t  reclamation 





TABLE 1-14, --Fertility and Salinity Analysis of Six Spent shaie Samples 

Spent Shale :". 
Designation 

PH 
Saturation 

PH 
1 :5 

Paste Sha1e:Water 
Retort 
Process . 

TOSCO I1 

TOSCO I1 

Conductivity 
- mnhog/cm 

' 25 C 

16.0 

11.3 

TOSCO I1 

Gas 
Combus tion 

Gas 
Combustion 

Gas 
Combus tion 

CaC03 
Equiu. 

% 

40.0*~ 

11.0 

31.2 ' 

31.4 

31.2 

30.8 

26 .O 

9.0 

22.0 

12.0 

Available Nutrient 
P 

PPm 

8.5 

3.7 

6.7 

5.6 

3.6 

3.6 

K 
Ppm 

' 27 

40 

135 

360 

400 

400 

Zn 
PPm 

- 
10.0 

8.4 

4.7 

5.8 

2.9 

Fe 
ppm 

- 
40 

40 

40 

40 

40 



treatments would be required t o  remove excess s a l i n i t y  before normal 

I 
plant  growth could be expected on spent shale.  

Subsequent experimentation has confirmed the need f o r  s a l i n i t y  

control .  The l ayer  of spent sha le  mate r i a l  t h a t  c o n s t i t u t e s  the  

roo t  zone of prospective vegetat ion should be leached, o r  otherwise 

- - .  t rea ted ,  t o  reduce s a l i n i t y  before seeding o r  p lant ing operat ions 

a r e  undertaken. 

Beginning i n  1967, a s e r i e s  of outs ide  t e s t , p l o t s  were planted 

a t  the Colony Development Operation's semi-works p l a n t  near Grand 

Valley, Colorado. The object ives  of the  program (33, - p. 113) were 

to: 

reduce the  a l k a l i n i t y ,  increase  the  n u t r i e n t  l eve l ,  ... 
and reduce t h e  surface temperature, which tends t o  be 
high because of t h e  dark color  of the  mate r i a l .  The 
p lo t s  were i n  four  bas ic  u n i t s  f o r  s tudy of the  e f f e c t s  
of water r a t e ,  depth of p lant ing,  a r t i f i c i a l  seed bed 
cover, and s o i l  treatments. It was found t h a t  by planting 
seeds 1/4-inch deep i n  leached s o i l ,  f e r t i l i z i n g ,  
and covering with a c o m e r c i a l  seed bed cover, a v iab le  
ground cover of na t ive  grasses  was obtained. 

Using the success of the  1967 t e s t s  as  a guide, a demon- 
s t r a t i o n  p l o t  was constructed on Che processed sha le  s i t e  
a t  the Colony semi-works p lant  i n  1968. 

Working with t h e  S t a t e  Fores t  Service,  deciduous and 
conifer  t r e e s  were planted along the  boundaries of the  
p lo t .  Local shrubs and p lan t s  were a l s o  t ransplanted 
i n  the  area  i n  addi t ion  t o  n a t i v e  grasses.  The r e s u l t s  
were good, although deciduous t r e e s  suffered badly from 
heavy snows, r o l l i n g  rocks, and deer. The other  p lan t s  
were found t o  be hardy. The demonstration p l o t  has now 
completed i t s  t h i r d  growing season with continued excel-  
l e n t  r e s u l t s .  

Further d e t a i l s  of t h i s  work were released (30) - a s  follows: 

... we applied a custom commercial f e r t i l i z e r  a t  t h e  r a t e  
of 150 pounds per acre twice per year and applied water 
by sp r ink le r s  a t  1 inch per week during the  summer season 



(approximately 10 weeks). Healthy stands of Western Wheat 
and Crested Wheat now exist in the thick cover of Kentucky 
Blue Grass. The root zone of the Kentucky Blue Grass 
penetrates over 11 inches into the processed shale. We 
expect that the Wheat grasses, and particularly the Western 
Wheat, will begin to stool and spread beginning this next 
growing season. The native Sage shows good health and 
growth. Like the grasses, we expect pronounced growth 
from the evergreens beginning this next growing season. 

A recent picture (34) of the test plot is given in Figure 1-8. 

Figure 1-9 shows another example of revegetation on a Colony test plot. 

In November of 1971, the Soil Conservation Service, cooperating 

with Colony Development Operation, established revegetation trials. 

at Colony's Parachute Creek site. !Jhelve native and exotic grasses, 

one alfalfa, and four native shrubs were seeded. Seedings were mde 

on three sites: 100-percent spent TOSCO shale, 100-percent native 

soil, and a 50-50 mixture of soil and spent shale. In July of 1972, 

12 additional species of native and exotic shrubs were added to the 

plots using planting stock. These plots received only moisture from 

natural rainfall. 

Observation of the plots during the summer of 1972 showed good 

germination and survival of all species planted on the 100 percent soil 

plots, with the exception of antelope bitterbrush which showed good 

germination but poor survival. On the 50-50 spent-shale/soil plots, the 

following species showed satisfactory germination and survival: tall 

wheatgrass, western wheatgrass, crested wheatgrass, Indian ricegrass, 

basin wildrye, pubescent wheatgrass, Russian wildrye, Sodar wheatgrass, 

hard fescue, Iadak alfalfa, and four-winged salt bush. Tall wheat- 

grass seemed to do best. 

On the 100-percent spent TOSCO shale plots tall wheatgrass, 

pubescent wheatgrass, and western wheatgrass only showed germination 
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i and survival  adequate t o  produce a stand. Bi t terbrush germinated 

well ,  but  very few p lan t s  survived. It i s  s i g n i f i c a n t  t h a t  1972 

was a record dry year. 

Although more t i m e  w i l l  be required t o  f u l l y  evaluate these  

p l o t s ,  ea r ly  observations support t h e  e a r l i e r  Colony s tud ies .  

There appears t o  be no problem i n  es tab l i sh ing  vegeta t ton on 

na t ive  s o i l .  A s  raw spent  shale  i s  mixed with t h e  s o i l ,  t h e  choice 

of revegetat ion species  becomes more l imited u n t f l  only the  more 

s a l t - t o l e r a n t  species germinate and survive on the  pure spent  shale.  

It is  expected t h a t  na tu ra l  weathering and leaching w i l l  con- 

t i n u a l l y  improve the  spent  shale  mate r i a l  and allow a g r e a t e r  v a r i e t y  

of species t o  be established.  A s  s a l t s  decrease i n  the  top l ayers ,  - 

l e s s  s a l t - t o l e r a n t  species should move i n t o  the  p lant  comnunities. 

I n  the  summer of 1972, Colorado S t a t e  Universi ty began a 2-year 

revegetat ion study under the  sponsorship of Federal and S t a t e  Govern- 

ment and industry.  The study includes establishment of vegeta t ion 

t h a t  w i l l  p e r s i s t  under na tu ra l  c l ima t ic  condit ions on spent  sha le  

mater ia ls .  (See Vol. I I ~ ,  Chapter IX, Sect ion D). 

Another a l t e r n a t i v e  f o r  e s tab l i sh ing  vegeta t ion on spent  s h a l e  

deposits  is t h e  placement of topso i l  o r  subso i l  mater ia ls  on top 

of spent shale.  Although no t e s t i n g  of t h i s  method has been done, 

experts  general ly agree t h a t  revegetat ion could be  successful ly  

accomplished i f  a foot  or  more of t o p s o i l  was placed over the  shale .  
. . . . . . . . . .  ................... ......-. . I  ......... < .- ... ., . . . . . . . . . .  ................ . . .  . . . . . . . . . . . . . .  . . . . ....... < ............ . . .  Where subsoi l  mater ia l  i s  u t i l i z e d ,  f e r t i l i z e r  amendments would be 

necessary. 



I n  summary, the research conducted t o  da te  has shown that:  

1. Laboratory and greenhouse s tudles  &t Colorado State  Univer- 

s i t y  indicate that  raw spent shale  contains soluble s a l t s  which pro- 

h i b i t  plant growth; tha t  necessary nutr ients  (nitrogen and,phosphorus) 

a re  lacking; but that  the spent shale material  was not otherwise 

toxic t o  plants.  

2. Tests by the Colony Development Operation and Union O i l  

Company show tha t  vegetation can be established successfully on spent 

shale material when the material i s  leached with water, f e r t i l i z ed ,  

mulched, and irrigated.  

3. So i l  Conservation Service t e s t s  indicate  tha t  sa l t - to le ran t  

plants do best  on spent shale with minimum natural  leaching and that  

plant  establishment success increases as  spent shale  is  leached or 

mixed with s o i l  material. 

4. Top dressing of spent shale  with s o i l  material  i s  a logical 

a l ternat ive t o  d i rec t  seeding on shale  material. 

5. Present and planned research should produce additional infor- 

mation concerning revegetation of spent shale deposits. 

4 .  Land Revegetation and Ecological Relationships 

The stages of plant communities now exis t ing  i n  the o i l  shale 

region a r e  not p r i s t ine  climax communities i n  the sense of being the 

ult imate potent ia l  plant communities tha t  a par t icu la r  location 

would support had there been no man-caused influences. Grazing 

by livestock and manipulation of w i ld l i f e  species and numbers have 

been the principal b io t i c  factors  responsible fo r  the present s t a t e  



of p lan t  communities. While d a t a  a r e  not  general ly ava i l ab le  t o  

ind ica te  ea r ly  ecosystem condit ions,  some l o g i c a l  ' conclusions may 

be reached based upon h i s t o r i c  land use and observations of r e l i c  

f 
areas.  

It i s  known t h a t  during the  l a t e  18001s, a g rea t  number of l i v e -  

s tock w e r e  introduced f o r  t h e  f i r s t  t i m e  i n t o  the  area. A t  t h i s  t i m e ,  

l i t t l e ,  i f  any, concern exis ted  r e l a t i n g  t o  environmental e f f e c t s .  

It was not  u n t i l  the  Taylor Grazing A c t  of 1934 t h a t  any e f f e c t i v e  

grazing management was pract iced.  

F i f t y  years of uncontrolled heavy grazing by l ives tock undoubtedly 

caused some d r a s t i c  changes i n  t h e  ecosystem. C a t t l e  s e l e c t i v e l y  

grazed out  many of the pa la tab le  perennia l  grasses  which w e r e  replaced 

i n  the  p lant  communities by l e s s  pa la tab le  shrubs and forbs, I n  many 

areas l a rge  f locks  of sheep followed the  c a t t l e  and grazed out  the 

forbs and remaining grasses.  

The in t roduct ion of grazing must have created  s i g n i f i c a n t  e f f e c t s  

on w i l d l i f e  populations. Although e a r l y  hunting by the  cowboy and 

sheepherder reduced deer and e l k  populations, the  u l t imate  environ- 

mental changes resu l t ing  from l ives tock  grazing may have favored the 

mule deer.  

Predators such as  the  wolf, coyote, and mountain l ion ,  which 

p r i o r  t o  l ives tock grazing preyed pr imar i ly ,upon the deer,  now found 

new prey i n  sheep and c a t t l e .  

By t h e  l a t e  1920's t h e  l ives tock  opera tors  had eliminated t h e  

wolf and g rea t ly  reduced other  predator numbers. Successional 

changes i n  vegetat ion,  brought on by l ives tock  grazing and 



w i l d l i f e  protec t ion a c t u a l l y  improved deer h a b i t a t  by c r e a t i n g  more 

shrub-dominated p lan t  communities. Another food supply f o r  deer was 

created when ranchers es tabl ished i r r i g a t e d  meadows planted t o  exot ic  

grasses and a l f a l f a .  

With the  favorable h a b i t a t  changes and the  i n i t i a t i o n  of 

s c i e n t i f i c  gaine management, deer  populations soared. Peak populations 

occurred i n  the 19501s, but  have declined i n  recen t  years. 

While the  regression of p lant  successional  s tages  caused by 

l ives tock grazing may have favored deer populations, o the r  important 

enviroGenta1 values decreased. 

A s  the  perennial  grasses were replaced by shrubs,  annual grasses ,  

and weeds, s o i l  s t a b i l i t y  and watershed values decreased. Topsoil,  

p,rotected i n  t h e  na tu ra l  p lan t  community, now eroded t o  add higher 

sediment y i e l d s  t o  the region 's  streams. There was a l s o  a reduction 

of e s t h e t i c  values as  raw g u l l i e s  cut  through the  landscape. 

To provide f o r  e f f e c t i v e  revegetat ion,  mining plans must include 

s p e c i f i c  revegetat ion programs designed f o r  the  individual  character-  

i s t i c s  of each s i t e .  The following p rac t i ces  w i l l  be considered i n  

revegetat ion of public lands and required where appropriate.  

1. Topography - shape waste p i l e s  and dis turbed areas  t o  

conform with na tu ra l  contours of t h e  t e r r a i n  

- keep slopes 4 : l  o r  less 

2. Drainage - d i v e r t  runoff from n a t u r a l  drainages around, 

o r  pipe under, f i l l  a reas  t o  avoid eros ion 

and stream po l lu t ion  

3. Leaching - leach top layer  of spent  sha le  d i sposa l  s i t e s  

t h a t  a r e  t o  be revegetated 



. . . .  . . . . . . . . .  . . . . . .  . . .  . . . . . . . .  . . .  . . ,  . . . . . . . . .  , . . . . . . . . .  . . . . .  . >  . . .  4. Topsoil - remove t o p s o i l  from waste d isposal  s i t e s ,  

s tockp i le  and spread on waste p i l e s  

5. Seed bed - harrow and compact seed bed 

6 .  Runoff - p i t  o r  furrow p o t e n t i a l  runoff areas t o  

r e t a i n  moisture from na tu ra l  p r e c i p i t a t i o n  

7. Seeding - d r i l l  seedmix tu res  of n a t i v e g r a s s  and 

browse species  a t  r a t e s  necessary t o  es tab-  

l i s h  d e n s i t i e s  t h a t  can be  sustained under 

n a t u r a l  p r e c i p i t a t i o n  

8. Planting - p l a n t  shrub and t r e e  seedl ings  of na t ive  

species  where adapted 

9. Mulch - apply mulch t o  c r i t i c a l  seedl ing es tab l i sh -  

ment areas 

10. F e r t i l i z e  - apply complete f e r t i l i z e r  t o  optimize p lan t  

n u t r i e n t s  f o r  e x i s t i n g  condit ions 

11. I r r i g a t i o n  - provide temporary i r r i g a t i o n  t o  a id  seedling 

establishment 

12. Protec t ion - cons t ruc t  fences t o  p ro tec t  vegetat ion from 

l ives tock  and possibly from b i g  game grazing 

during establishment period. 

Applicat ion of t h e  foregoing p rac t i ces  would be d ic ta ted  by the  

! 
s p e c i f i c  loca t ion  t o  be revegetated,  i t s  e levat ion,  exposure (south, 

. . 

I 
. . . . . . . . . . . . . . . . .  -. %-. 

north s lope ,  e t c . ) ,  s o i l s  and plans f o r  fu tu re  use (wi ld l i f e  h a b i t a t ,  ...... ....... :_ . . . _  . _  _./ . . . . . . . . . .  . . .............. . . . . . . . . . . .  . . . . .  - .... .... , ........... . . . . . . . . . . . . .  . ' . I  : ,. . ,  

i 
l ives tock grazing, a g r i c u l t u r a l ,  o r  combinations thereof)  . These 

i 
I 
i f a c to r s  w i l l  determine the p l a n t  species  t o  be  used, seeding and 
i 
! plant ing r a t e s ,  f e r t i l i z a t i o n ,  and temporary i r r i g a t i o n  requirements. 
i 

.! 



Disturbed land associated w i t h  o i l  sha le  development on public lands 

w i l l  be revegetated, and, a s  s e t  f o r t h  i n  Volume 111, Chapter V: 

11 . . .  Plans f o r  revegetat ion,  including species ,  densi ty ,  

and timing must be submitted t o  t h e  Mining Supervisor 

f o r  approval. The Mining Supervisor may requ i re  any 

reasonable methods of revegetat ion.  . , 11 

I f  t h e  po ten t i a l  n a t u r a l  p lan t  community w i l l  provide t h e g r e a t e s t  

o v e r a l l  benef i t s ,  a mixture of the major p l a n t  species  found i n  t h e  

climax associa t ion might be planted. This  course might advance t h e  

p lant  successional  process s o  t h a t  a p o t e n t i a l  p lan t  c m u n i t y  w i l l  

r e s u l t  i n  a reasonable time period, Tree and shrub seedlings can be 

planted i n i t i a l l y ,  but growth r a t e s  a r e  slow i n  these  low r a i n f a l l  

areas and many years a r e  required f o r  s t ands  t o  mature. 

If a disclimax s i t u a t i o n  is  des i red ,  i .e . ,  a shrub-dominated 

plant  community on a grassland s i t e  *ere deer  browse is c r i t i c a l ,  

t h e  appropriate browse species might be planted t o  encourage t h i s  

type of plant  community. 

On some areas adapted exo t i c  species  might be d e s i r a b l e  t o  

achieve f a s t  cover f o r  s o i l  protec t ion.  Species such as  cres ted  

wheatgrass and intermediate wheatgrass a r e  p a l a t a b l e  t o  deer  and 

w i l l  p e r s i s t  f o r  many years. 

Once a revegetated plant  community is es tab l i shed ,  management 

of b i o t i c  influences w i l l  determine i t s  success ional  course. I f  

excessive grazing is allowed, the  p lant  community w i l l  regress  

towards lower successional s tages ,  I f  p r o t e c t i o n  from excessive 

grazing is  pract iced,  p lant  succession w i l l  move towards the  poten- 

t i a l  community t h e  s i t e  w i l l  support. 



Areas of spent shale deposition w i l l  present the most complex 

environmental relationships. Plant comunities and s o i l s  generally 

evolve together. On disturbed areas,  revegetation w i l l  be done o n .  

s o i l s  tha t  have evolved with the indigenous plant community. 

Spent shale material, however, w i l l  have s igni f icant ly  d i f fe ren t  

properties than the s o i l s  t ha t  have evolved on the s i t e .  Based on 

present knowledge, the spent shale  material w i l l  more closely resemble 

the undeveloped sa l ine  s o i l s  of the s a l t  deser t  shrub type. Unless 

the spent shale material is  modified by leaching and f e r t i l i z a t i o n ,  

or is  covered with several f e e t  of overburden material ,  successful 

revegetation may be limited to  sa l t - to le ran t  species, which are of 

low value t o  most species of wildl i fe .  Some desirable  browse species, 

such as  big sage, require well-drained s o i l  and send roots down t o  

depths of 6 t o  10 feet .  

To achieve the desired type of vegetation on spent shale deposi- 

t ions,  the type and degree of spent shale treatment needed t o  produce 

a sui table  s o i l  base for the desired plant species w i l l  need t o  be 

determined. A s  an al ternat ive t o  d i r e c t  seeding i n  the spent shale 

material, top dressing of the spent shale with top s o i l  may be 

required. This would great ly  increase the var ie ty  of plants t ha t  

might be successfully established. 

I f  sa l t - to le ran t  plants were established, some plant successional 

ac t iv i ty  would probably occur as natural  climatic factors  modified 

the s o i l  conditions. The successional stages are not known since 

vegetation establishment on spent shale materials on these s i t e s  has 

not been observed over extended periods of time. 



The Colony group has demonstrated that with adequate leaching, 

mulching, fertilization, and continued irrigation, dense stands of 

vegetation can be established and maintained on spent shale material, 

If irrigation was withdrawn, the natural climate could not support 

these stands, However, stands of adapted native plants. more sparsely 

established by the same methods, would probably persist and progress 

towards a potential plant community resembling that on alkaline and 

saline soils, or perhaps developing a new community uniquely adapted 

to weathered oil shale, 



5. Management of Wastes Within. the  Working Areas 

The complete flow of m a t e r i a l s  through a n  o i l  s h a l e  process ing  

complex is  o u t l i n e d  i n  F igure  1-10.11 This  s e c t i o n  desc r ibes  t h e  

c o n t r o l  measures t h a t  would be incorpora ted  i n t o  a p l an t  designed 

t o  minimize impact on t h e  environment. 

a .  Mining 

Plans f o r  development would have t o  be approved f o r  any new 

mine on pub l i c  o r  p r i v a t e  lands  a s  requi red  by a p p l i c a b l e  Federa l  

and S t a t e  laws, and t h e  mine would be inspected t o  i n s u r e  compliance 

wi th  t h e  approved p lan  and wi th  a l l  mine h e a l t h  and s a f e t y  r egu la t ions .  

An est imated 1 .6  m i l l i o n  tons  of o i l  s h a l e  have been mined Erom 

- experimental ope ra t ions  by t h e  Bureau of Mines and by indus t ry .  No 

f a t a l i t i e s  a r e  known t o  have occurred from any of t h e s e  ope ra t ions .  

Water has  not been a problem i n  the  few o i l  s h a l e  mines opened 

t o  da te  a s  these  have been n a t u r a l l y  wel l  dra ined  and t h e  o i l  s h a l e  

i s  dry. However, the  volume and q u a l i t y  of water  t h a t  may be en- 

countered would vary  throughout the  t h r e e - S t a t e  r eg ion  a s  descr ibed  

i n  subsequent chapters  of t h i s  r eg iona l  review. 

Water may be encountered i n  s ink ing  deep s h a f t s ,  but  these  s h a f t s  

can be grouted o r  cased t o  s t o p  water  encroachment. Drain water  i n t o  

t h e  mine would be c o l l e c t e d  and pumped t o  t h e  s u r f a c e  f o r  o n - s i t e  use 

o r  can be con t ro l l ed  by pumping dewatering w e l l s  i n  t h e  v i c i n i t y  of 

t h e  s h a f t .  Water from s u r f a c e  mines can be c o n t r o l l e d  through w e i l s  

d r i l l e d  around t h e  mine per imeter .  Withdrawal from these  w e l l s  would 

be a t  a r a t e  s u f f i c i e n t  t o  main ta in  t h e  water  t a b l e  below t h e  working 

1/ For t h e q u a n t i t i e s  of m a t e r i a l  t h a t  would be expected,  s ee  - 
Volume 111, Chapter 3. 





f loor  of the mine. Saline water encountered i n  mining may be used i n  

the  disposal of processed shale,  except possibly for  use on the upper- 

most, permanent layer, thereby minimizing or even eliminating any 

water disposal problems. 

Estimates vary as t o  the amount and qual i ty  of the ground water 
. . .  . .  .. . ............ i - .............. . . . . . .  . - .- .. - ? ........ . . .  :: . . . . . . . . .  . :::;.:. . . . . . . . . .  .:... ::I 
. . . . .  j tha t  may be encountered from an underground or surface mine. Potable 

water would be segregated from sa l ine  water for subsequent use i n  other 

processing steps. Excess s a l ine  water above plant  requirements would 
. . .  

. . , . . . . . . . .  . . . . . .  . . . . . . . . . .  I 

. , 
. . . . . .  . . . . . .  

create  pollution problems i f  discharged in to  surface waters or 
. . . .  . . . . .  

. . . .  

..:..:.: . . . . . . . . .  . . . .  aquifers which contain potable water. A possible disposal method i s  
................... < . . . . . . . . . . . .  
-< . . . . . . . . . . . . . .  ...... .__. _ ..\I ...... ~.... ........ ............. .... . . . . . . .  ? , t o  pump the sa l ine  water i n t o  s imilar  underground aquifers. Each 

productive o i l  sh.ale s i t e  w i l l  have i t s  own charac te r i s t ics  which 

w i l l  d i c t a t e  the  appropriate water disposal technique. 

Dust measurements made during ac tua l  operations have shown that  

o i l  shale dust due t o  b las t ing  can be readi ly  controlled i n  large,  well  

venti lated mines. Mine dust  pa r t i c l e s  l e s s  than 10 microns i n  s i ze  

have been reported (30), - but data  indicate  t ha t  the  average count i s  

within applicable health standards, as defined by the Colorado Bureau 

of Mines. These studies a l so  indicate  t ha t  fug i t ive  dust  emitted t o  

the  atmosphere with vent i la t ion  a i r  from a mine can be held t o  a very 

low level--about 25 lbs. per hour fo r  a mine serving a complex sized 

a t  about 50,000 bar re l s  of upgraded shale  o i l  per day. 

The amount of shale which can be removed without s ign i f ican t  sub- 
. . . . . . .  t .......... .\ .:.. ............ . ::.I ....... ....::.:. . - :  I . . . . . . . . . .  . . . . . . . . .  ..I . . . . . . . . . . . .  . : ..I. . . . .  

sidence of the land surface depends upon the s i z e  and spacing of the. 
. . . . . .  

rooms and p i l l a r s ,  physical properties of the  formation, and depth 

of overburden. Assuming an average overburden of 1,000 f ee t ,  between 

50 and 60 percent of the shale  could be removed without s ign i f ican t  

surface e f f e c t . .  Percentage of extract ion usually decreases as depth 
1-75 



i nc reases ,  but b a c k f i l l i n g  wi th  r e t o r t  res idue  would poss ib ly  permit 

increased  e x t r a c t i o n  of t h e  wi th  l i t t l e  adverse subsidence e f f e c t s .  

I f  t h e  ma te r i a l  is  t o  be re turned t o  a  worked-out a r e a  of t h e  mine, 

a s l u r r y  system probably could be used. Although s l u r r y  emplacement 

has  not been attempted f o r  spent  s h a l e ,  experience wi th  o t h e r  ma te r i a l s  

and l imi t ed  t e s t s  wi th  sha le  i n d i c a t e  the  s l u r r y  could con ta in  50-per- 

cent  s o l i d s .  Af ter  a  reasonable time, t h e  impacted m a t e r i a l  would 

dewater t o  70 t o  80 percent s o l i d s  and be r e l a t i v e l y  s t a b l e .  Draining 

water  would be co l l ec ted  and recycled i n t o  the  s l u r r y  d i sposa l  system. 

A s  an a l t e r n a t i v e  t o  s lu r ry ing ,  t h e  spent  ma te r i a l  could be t ranspor ted  

i n  dampened form t o  worked-out mine a r e a s  v i a  conveyors o r  t rucks ,  

then  emplaced and compacted. 

b. Crushing and Conveying 

A t y p i c a l  system f o r  s i z i n g  and conveying mined o i l  s h a l e  is  

shown i n  Figure 1-11. 

The only s i g n i f i c a n t  environmental f a c t o r  i n  crushing  o i l  sha le ,  

a s  i n  most crushing operations, i s  c o n t r o l  of small p a r t i c u l a t e s ,  

e s p e c i a l l y  f u g i t i v e  dus ts .  There a r e  no l i q u i d  o r  gaseous e f f l u e n t s  

generated i n  t h e  crushing s t ep .  

P a r t i c u l a t e  emissions i n  crushing  and s i z i n g  p l a n t s  a r e  conven- 

t i o n a l l y  con t ro l l ed  by water  sprays ,  dus t  c o l l e c t i o n ,  enclos ing  t h e  

p lan t ,  f i l t e r i n g  and scrubbing the  a i r  flow out  of t h e  enclosure ,  o r  

more l i k e l y  a  combination of these .  S imi la r  safeguards a r e  considered 

adequate f o r  o i l  sha le  p lan t s ,  which would be requi red  t o  be adequately 

designed t o  p ro tec t  t h e  ambient a i r .  Dust suppress ion  and c o l l e c t i o n  

equipment wou2d be used t o  provide good working condi t ions  w i t h i n  the 

enc'losure. 
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Fines c o l l e c t e d  might be b r ique t t ed  f o r  subsequent r e t o r t i n g  a s  

shown i n  Figure 1-11 o r  might be  used d i r e c t l y  i n  t h e  TOSCO process.  

Dust trapped i n  c o l l e c t i o n  systems would be added t o  t h e  spent  

s h a l e  f o r  u l t ima te  d i sposa l ,  a s  would d u s t s  and o t h e r  p a r t i c l e s  

t h a t  might accumulate under conveying equipment and t h e  l i k e .  It 

is  est imated t h a t  f u g i t i v e  d u s t  l o s t  t o  t h e  atmosphere could be he ld  

t o  about 35 pounds per  hour maximum from a crushing  and s i z i n g  

i n s t a l l a t i o n  designed t o  se rve  a 50,000-barrels-per-day s h a l e  complex. 

Of t h e  var ious  aboveground r e t o r t i n g  systems proposed, t h e  TOSCO 

type r equ i re s  t h e  sma l l e s t  p a r t i c l e  s i z e  s h a l e  a s  feeds tock  -- 

approximately 0 .5  inch and smal le r  p a r t i c l e s  a s  compared t o  t h e  Union 

and gas combustion r e t o r t s  which can accommodate s h a l e  p i eces  a t  

l e a s t  a s  l a r g e  a s  3.5 inches. Consequently, more d u s t  i s  t o  be 

expected i n  crushing.and s i z i n g  s h a l e  f o r  a TOSCO p l a n t  than  f o r  e i t h e r  

of t h e  o ther  types.  Actual crushing and s i z i n g  exper ience  of t h e  

Colony group i n  i t s  ope ra t ions  using t h e  TOSCO r e t o r t i n g  system 

i n d i c a t e s  t h a t  a high degree of dus t  c o n t r o l  can be  a c h i e v e d a s  is  

brought out  i n  some d e t a i l  i n  t h e  fol lowing information provided by 

t h a t  group : 

Colony has  had s u b s t a n t i a l  experience i n  crush- 
ing  and conveying s h a l e  a t  i t s  Parachute Creek 
opera t ion .  S tud ie s  and ope ra t ions  i n d i c a t e  t h a t  
conventional  techniques f o r  enc los ing  crushing  
a c t i v i t i e s  r e s u l t  i n  v i r t u a l l y  no f u g i t i v e  d u s t  
emissions. S imi lar ly ,  enc losures  f o r  conveying 
m a t e r i a l s  a r e  used ex tens ive ly  i n  indus t ry  and 
w i l l  minimize d u s t  emissions. 



The following d a t a  prepared by Colony consu l t an t s  
r e l a t i n g  t o  dus t  abatement i n  raw s h a l e  crushing 
and mate r i a l s  handling p r i o r  t o  pyro lys i s  may be 
helpful .  These comments a r e  a summary of a por- 
t i o n  of Colony d a t a  which assumes t h a t  f o r  dus t  
abatement a combined system, composed of d u s t  
suppression equipment, a w e t  c o l l e c t i o n  a t  the  
primary crusher, and a dry  c o l l e c t i o n  a t  t h e  
secondary crusher would be used. 

CONSUMPTIVE FACTORS 

The u t i l i t y  requirements f o r  the  recommended raw 
s h a l e  crushing and m a t e r i a l s  handling p l a n t  [ t o  
serve a complex y i e l d i n g  about 55,000 t o  60,000 
b a r r e l s  of o i l  product per day] a r e  about 325 GPM 
of water and 800 connected horsepower. The 325 
GPM would be 490 acre- fee t  of water annual ly  i f  
pumped continuously f o r  365 days, while t h e  800 
horsepower would consume about 4,000,000 KWH 
annually. A p o r t i o n  of t h i s  water would u l t i -  
mately be co l l ec ted  and u t i l i z e d  f o r  wet t ing  of 
spent  shale. 

These q u a n t i t i e s  a r e  small  when compared wi th  t h e  
t o t a l  requirements f o r  t h e  complete o i l  s h a l e  
f a c i l i t y  and the  impact can b e s t  be descr ibed as 
a f r a c t i o n a l  inc rease  i n  t h e  impact of t h e  t o t a l  
p lan t  water consumption and power requirement. 

The dus t  suppression system requires  t h a t  about 
17,000 gal lons  of s u r f a c t a n t u  be added t o  t h e  s h a l e  
per year.  Thissur;factantwhich is nontoxic e i t h e r  
i n  vapor form o r  t o  the  sk in ,  i s  an organic 
ma te r i a l  i n  a water base t h a t  would be  evaporated 
during heat ing i n  t h e  d i l u t e  phase f l u i d i z e d  bed 
ahead of the  r e t o r t s  i n  t h e  TOSCO I1 process. 
Any residue t h a t  remained with the  s h a l e  would 
be i n f i n i t e s i m a l  i n  m u n t  and ~f no consequence 
from an esvironmental s tandpoint ,  A t  a f l u e  gas 
r a t e  of 6,000,000 l b s  /hr  the  s u r f a c t a n t  concen- 
t r a t i o n  i n  t h e  f l u e  gas would be about 2.5 ppm 
maximum, i f  a l l  s u r f a c t a n t  were evaporated. 

EMISSIONS AND FUGITIVE DUST 

The only poss ib le  emissions and f u g i t i v e  d u s t  from 
the  mate r i a l  p repara t ion  s e c t i o n  of t h e  p l a n t  a r e  
the  p a r t i c u l a t e  matter contained i n  t h e  a i r  streams 

1/ Although not  iden t i f i ed ,  an appropr ia t e  s u r f a c t a n t  would be - 
an a r y l  su l fonate .  



emitted from t h e  dus t  c o l l e c t o r s ,  anc' t h e  m a t e r i a l  
t h a t  escapes from t h e  b e l t  conveyors, The crushed 
product is conveyed from t h i s  s e c t i o n  o f  t h e  p l a n t  
t o  t h e  pyro lys i s  s e c t i o n  of  t h e  p l a n t .  

The dus t  c o l l e c t o r s  a t  t h e  primary and secondary 
crushers  w i l l  e m i t  approximately 400,000 c£m and 
have a g ra in  loading o f  approximately 0.01 g r a i n s  

per  cu. f t .  This means t h e  p a r t i c u l a t e  emission 
would be about 35 pounds per  hour from t h e  com- 
bined sources.  A t  t h i s  r a t e  of emission, a l l  
dus t  c o l l e c t o r  s t acks  would be c l e a r .  

The gas emitted from t h e  s t a c k s  would be f r e e  of 
any combustion product gases,  s i n c e  no combustion 
i s  taking p lace  i n  t h e  crushing s e c t i o n .  Any gases 
which might occur i n  t h e  mine w i l l  no t  reach t h e  
crusher,  s o  t h e  concern is only wi th  t h e  p a r t i c u l a t e  
matter  i n  t h e  d u s t  c o l l e c t o r  gas streams. 

Mater ia l  can escape from b e l t  conveyors i n  t h r e e  
ways: It can be blown off by wind ac t ion ,  it can 
s p i l l  off th ru  overloading, o r  m a t e r i a l  can s t i c k  
onto t h e  b e l t  and drop off  a t  t h e  r e t u r n  i d l e r s .  

It is usual  p r a c t i c e  t o  cover a l l  conveyor b e l t s  
t o  p ro tec t  aga ins t  t h e  blowing of t h e  m a t e r i a l  by 
wind ac t ion .  This a l s o  allows t h e  b e l t s  t o  run a t  
a f a s t e r  speed sub jec t  t o  t h e  p r a c t i c a l  l i m i t a t i o n s  
of ma te r i a l  blowing off  the  b e l t .  It is t h e  i n t e n t  
i n  a commercial p l a n t  t o  cover t h e  conveyor b e l t s  
t o  contain t h i s  f u g i t i v e  dus t .  

Any s p i l l s  t h a t  occur from overloading of conveyors 
b e l t s  a r e  t h e  r e s u l t  of p lan t  upset  condi t ions ,  
such a s  plugged chutes,  broken equipment, ove r s i ze  
feed mate r i a l ,  and s i m i l a r  i t e m s .  These s p i l l s  
a r e  of an emergency na tu re  only and a r e  always 
cleaned up and reclaimed quickly by t h e  p l a n t  
opera tors  s o  t h e  p lan t  can be placed back i n  
operat ion.  

The t h i r d  a r e a  t h a t  could be c l a s sed  a s  genera t ing  
f u g i t i v e  d u s t  is  mate r i a l  t h a t  w i l l  s t i c k  t o  t h e  
r e t u r n  run of t h e  b e l t  and f a l l  t o  t h e  f l o o r  o r  
t h e  ground under t h e  r e t u r n  i d l e r s .  This  is a 
continuing problem i n  many p l a n t s  and t h e  m a t e r i a l  
must be  cleaned rou t ine ly  from under t h e  h e l t  a s  
it bu i lds  up, o r  i t  w i l l  i n t e r f e r e  wi th  t h e  opera- 
t i o n  of the  conveyor. This build-up of m a t e r i a l  



should normally be less than 1 ton/day. Other 
plants utilizing conveying systems have exper- 
ienced problems under wet weather conditions; 
therefore, the conveying systems will be designed 
to minimize the effects of wet and freezing weather. 

As a practical matter, consideration is being given 
to turning the belts over 180° on the return run 
so that this type of spill will be miniinized. This 
would have the effect of minimizing labor and would 
eliminate the possible dusting of material from 
these piles, since the piles would not be allowed 
to accumulate. 

In summary, any miscellaneous fugitive dust that 
occurs in the plant should not exceed more than 
an additional 20 lb/hr over that produced from 
the mine and crushers. 

ALTERNATES 

The pyrolysis feed material for the TOSCO I1 
i process needs to be crushed to minus %-inch 

and should be as dry as possible to cut down on 
the fuel load in the pyrolysis processing plant. 
A discussion of the possible alternate pieces of 
equipment in the material preparation section 
follows : 

The primary crusher - this unit is to take a 
nominal 24-inch feed material that could have lumps as 
big as 6 feet. A gyratory crusher is normally 
selected to crush material of this size and of 
this high tonnage throughput rate. 

Jaw crushers, impact,and others are considered but 
don't appear as well-suited technically or environ- 
mentally because of increased dusting over the 
gyratory type. 

Conveyors - pneumatic conveying would not be 
acceptable because of the large particle size, 
and the dust emissions from a pneumatic system 
could well be greater than those that will occur 
from conveyors. Itaterial is often conveyed by 
pumping as a slurry in other plants. In TOSCO I1 
plants, however, the most pumpable product is the 
minus %-inch product that goes to the pyrolysis 
section. One-half inch solid material is not 
normally pumped, and preparing a slurry for pump- 



ing  would requ i re  a d d i t i o n a l  water  and a dewatering 
s t a t i o n  a t  t h e  pyro lys i s  s e c t i o n ?  theref  ore ,  t h i s  
a l t e r n a t e  of pumping ins tead  of conveying does not  
appear f e a s i b l e  . 
Secondary crushing - The Hazemag-type crusher appears 
t o  be t h e  bes t  s e l e c t i o n  f o r  t h i s  app l i ca t ion .  

Therefore, o ther  types of secondary crushers  
have n6 t  received considera t ion  a t  t h i s  time. 

c .  Re to r t ing  

A schematic flow diagram of a gas combustion r e t o r t  is shown i n  

Figure 1-12. Regardless of t h e  r e t o r t i n g  process,  gases would be 

coproduced with t h e  o i l  product. The mixture of o i l  and gas products  

would be conducted v i a  a closed system from t h e  pyro lys i s  s e c t i o n  o f  the 

process opera t ion  t o  a separa t ion  and recovery sec t ion .  The state of t h i s  

mixture would vary from true vapor t o  mist t o  l i q u i d ,  depending upon the  

p a r t i c u l a r  process and its opera t ing  condi t ions .  Treatment t o  recover 

the  maximum amount of o i l  a l s o  would remove water and p a r t i c u l a t e  matter .  

The remaining product gases conta in  s u l f u r ,  which may o r  may n o t  be 

economically recoverable.  Regardless of economics, however, s u l f u r  

emission con t ro l  w i l l  be  required i n  burning t h e  gases  a s  f u e l  i n  

order t o  m e e t  a i r  q u a l i t y  s tandards.  I n  t h e  case  of TOSCO gas,  which 

is r e l a t i v e l y  r i c h  i n  s u l f u r  (See Table I - 3),  s u l f u r  recovery from 

the  gas i t s e l f  would almost c e r t a i n l y  be p rac t i ced .  I n  t h e  cases  of 

gases from o the r  r e t o r t i n g  processes, s u l f u r  c o n t r o l  could e i t h e r  be 

applied t o  the  gas, as such, o r  t o  t h e  f l u e  e f f l u e n t  from whatever 

burning equipment was f i r e d  with t h e  gas. 

I n  t h e  case  of t h e  TOSCO process,  t h e  incoming s h a l e  preheater  (See 

Figure 1-4) r ep resen t s  a p o t e n t i a l  source  of p a r t i c u l a t e  emissions no t  
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encountered wi th  t h e  o t h e r  advanced r e t o r t i n g  pro.cesses. I n  t h i s .  

unique s i t u a t i o n ,  high-energy v e n t u r i  wet s c rubbe r s  have been shown 

t o  be  e f f e c t i v e  f o r  c o n t r o l  of p a r t i c u l a t e s ,  removing about 99.6 

pe rcen t  of t h e  p a r t i c u l a t e s  t h a t  a r e  p re sen t .  The wet m a t e r i a l  and 

any excess  water  would be added t o  t h e  spent-shale  d i s p o s a l  system. 

Water p r o d u c e d i n  r e t o r t i n g  a l s o  would be used t o  wet t h e  spent  

s h a l e ,  a long wi th  t h e  r e l a t i v e l y  smal l  amounts produced a s  flow- 

down from b a i l e r s ,  d i scarded  from coo l ing  wa te r  systems, and c o l l e c t e d  

from s i m i l a r  p l a n t  sources.  Before such use  of  r e t o r t  wa te r s ,  steam 

s t r i p p i n g  would be r equ i r ed  t o  remove v o l a t i l e  organic  m a t t e r  such 

a s  phenols  and s u l f i d e s .  Some such m a t e r i a l s  would be recovered 

i n  t h e  a m o n i a  and s u l f u r  byproducts  p l a n t s .  Other o rgan ic s  s t r i p p e d  

o f f  would be e f f i c i e n t l y  i n c i n e r a t e d .  Any "sour" water  from t h e  

r e f i n i n g  p l a n t s  a l s o  would be handled s i m i l a r l y  p r i o r  t o  use  i n  t h e  

spent-shale  d i sposa l  procedures .  Thus, r e l e a s e  of such p l a n t  water  

t o  t h e  surrounding a r e a  would be avoided.  

d. Upgrading 

A l l  of t h e  processes  shown i n  F igu re  1-13 f o r  a  t y p i c a l  p l a n t  t o  

upgrade crude s h a l e  o i l  a r e  be ing  used s u c c e s s f u l l y  i n  me t ropo l i t an  

a r e a s  of C a l i f o r n i a  under  t h e  r e g u l a t i o n s  o f  t h e  app ropr i a t e  Los 

Angeles and San F ranc i sco  Bay a i r  and wa te r  p o l l u t i o n  c o n t r o l  

a u t h o r i t i e s  (33, - p. 127). During s h a l e  o i l  uggrading, l a r g e  q u a n t i t i e s  

of f u e l  may be burned t o  supply h e a t  f o r  p roces ses  such a s  d i s t i l l a t i o n ,  

delayed coking, c a t a l y t i c  hydrogenat ion,  and hydrogen product ion.  The 

products  of  combustion would c o n t a i n  some ox ides  of s u l f u r  and 

n i t rogen ,  The s u l f u r  ox ides  could be c ~ n t r o l l e d  w i t h i n  accep tab le  
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FIGURE I-13.--Shale O i l  Upgrading Facilities. 



limits by the appropriate selection of low sulfur fuel or by a 

sulfur-removal stack gas system. Nitrogen oxides could be minimized 

by design of the combustion unit to avoid .the excessive temperatures 

which lead to the formation of this pollutant. 

The principal sources of contaminated water would be from steam 

condensed in the gas-processing facilities, *ich would contain 

dissolved organic compounds. This water could be purified by con- 

ventional refinery treatment techniques and used in processed shale 

disposal. The water used in the refining cooling towers also could 

be used in shale waste disposal as mentioned previously in the dis- 

cussion of retorting. 

Powerplants will be required to generate electricity for oil 

shale processing. Conceivable, each shale plant could install its 

own power generation equipment, but in all probability central plants 

serving a number of shale installations would be installed. In either 

case, cooling water could be provided from recirculating, closed 

systems and not released from the plant confines. In the case of 

individual plants, such amounts that were necessary to discard for 

control of dissolved solids content could be utilized in the pro- 

cessed shale disposal operations. Otherwise, impoundments and eva- 

porative systems probably could be employed. 

These power plants would also produce stack gases which could 

be sources of air pollution as discussed in Chapter 111, Section D 

of this volume. 



. . .  . . .  . . . . . . . . . . .  , 
The amount of o i l  i n  storage w i l l  vary depending-upon pipelining 

. . . . . . . . .  . . .  . . . . . . .  

schedules and operational schedules within the plant. A s  a reasonable 

estimate, tankage would be required t o  accomodate on the order of 7 

t o  10 days output of upgraded o i l  product preparatory to  pipelining; 

tankage t o  the extent of several times t h i s  capacity would be pro- 
. > . . . . . . . . . . . .  ...... . . . . . . . . . .  . . . .  : . /  . . .......... .- .... . . . .  ...+ ...........: . . . . . . . . .  ...::<.;;I_! vided t o  serve imtermediate storage and un i t  charging needs within . . . . .  . . .  

the plant,  fo r  example, between the re tor t ing  and refining sections. 

Many standard va r i e t i e s  of tanks are  available and sui table  for  shale 

o i l  operations. I n  general, vapor control types would be used f o r  

storage of a l l  vo la t i l e  o i l s .  Regardless of type, tanks could be 

diked i n  accordance with accebted practice,  the diked areas being 

designed t o  hold about one and. one-half times the capacity of the 
I 

tank, o r  tanks, within each dike. Thus, even i n  the extreme case of 

rupture, o i l  released w i l l  be safely retained i n  the confined space 

encompassed by the dike. Specific cleanup procedures i n  the case of 

s p i l l s  w i l l  depend upon the par t icular  circumstance, buy any amount 

of o i l  suf f ic ien t  t o  create  a pool i n  the diked-area would be recovered 

by the use of pumps and returned t o  su i tab le  storage tanks. 

. .  g 
Usage of catalysts  and chemicals i n  an o i l  shale complex would - ' 

. . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . .  . , 
. . . . . . . . . . .  . . . . . . . . . . . . . .  .................. . . . . . . . . . . . .  . i 

1 

be confined t o  the o i l  upgrading and gas processing sections. Yearly 
. . . .  . . .  .:i 
. . . . . .  

7 . :  .j . . 
. : . . . . .  . . . . . . . . . .  . . . . . . ,  . . . . . . .  . . . . . . . . .  . . . .  . . . !  requiring reclaiming or disposal--are shown below: 
. . . . .  



'Catalysts and Chemicals Required 
50,000-Barrel-per-Day Operation 

Nickel and cobalt-molybdate 
catalysts 

Iron catalysts 
Monoethanolamine (MEA) 
Iron oxide 
Char 

Tons per year 

All of these materials are solids except.for the MEA which, in 

spent form, is a sludge-like liquid that is highly water soluble. 

The nickel and cobalt molybdate catalysts would likely be shipped 

to plants outside of the shale area to be reclaimed; the other 

chemicals may be discarded by burial within the spent shale pile, 

taking care to position them well away from exposed surfaces to 

eliminate the possibility of leaching or carryoff by erosion. The 

annual tonnage to be discarded is extremely small in relation to 

the tonnage of spent-shale from the 50,000barrel-per-day plant 

under consideration (248 tons of waste chemicals as compared to 27 

to 30 million tons of spent shale as shown in Table 1-5). 

e . ' Of f-Site Requirements 

All roadways leading to and servicing a commercial operation 

would require paving to prevent erosion. If sidehill areas are 

disturbed by construction activities, erosion controls could include 

revegetation, crushed rock implacement, or equivalent measures. 

Plant area fencing and selected road fencing may be required to 

control animal movements, 



. . . .  ., . . . . . . . .  . . . . . . . . . .  . . . .  
. . . . :'. ? .  I 
. . . . . . . . . . .  ! 

The average water requi red  f o r  a 50,000-barrel-pei-day pro- 

cessing complex is  es t imated  t o  b e  8 .0  t o  13.0 cubic  f e e t  per  second. I£ 

t h i s  were a l l  imported v i a  p i p e l i n e ,  i t  would r e q u i r e  a  16-.inch- 

diameter l i n e .  Assuming a d i t c h  double t h e  s i z e  of t h e  p i p e l i n e  

.and b u r i a l  below t h e  f r o s t  l i n e ,  a t r ench  approximately 3 f e e t  . . .  ............. . . . : .  :..: i ...... . . . . . . . . .  1 . . . . . . . .  . . . . . .  .: .:. . (  . . . . .  . . 

. . wide and 6 to 7 f e e t  deepwould need t o  be cons t ruc ted .  Follow- 

ing  b u r i a l ,  the su r face  area would be r e s to red .  

P ipe l ines  t o  handle t h e  o i l  produced would be i n s t a l l e d  i n  

t h e  s a m e  manner. A 12-inch diameter  l i n e  would be requi red  f o r  

a 50,000 barrel-per-day p lan t .  A 100,000 barrel-per-day p lant  

would r e q u i r e  a l i n e  18  inches i n  d i a m e t e r .  The l i ke l ihood  of a  

major s p i l l  o r  rup tu re  is  remote. Based on p i p e l i n e  s t a t i s t i c s  

f o r  f a i l u r e l /  - and a t o t a l  output  f o r  t h e  pro to type  l e a s e s  of 250,000 

b a r r e l s  per  day ( I ) ,  - i t  i s  es t imated  t h a t  t h e  a c c i d e n t a l  d ischarge  

from an  est imated t o t a l  of 150 m i l e s  of p i p e l i n e  requi red  f o r  t h e  

prototype opera t ions  would average  about 1 b a r r e l  per  year .  However, 

t h i s  could be a s  high a s  100 b a r r e l s  per  y ea r . /  The chance of 

acc iden ta l  rup tu re  due t o  plows o r  o t h e r  miscel laneous digging 

equipment of t h i s  na tu re  would be l a r g e l y  obviated by t h e  depth 

1/ For 1968, 210,000 miles  of petroleum p i p e l i n e  i n  t h e  U.S. t r ans -  - 
ported 6.5 b i l l i o n  b a r r e l s  of l i q u i d  petroleum commodities. 
Only s i x  thousandth of 1 percent  of t h i s  was s p i l l e d  due t o  
p i p e l i n e  f a i l u r e  and much of t h i s  was recovered (21). 

2/ See l e t t e r  7 ,  Volume V,from t h e  Environmental P r o t e c t i o n  Agency. - 



of bu r i a l ,  and the o i l  shale  area  is not an ac t i ve  seismic pro- 

vince. Considering the  p o s s i b i l i t y  tha t  ruptures  may occur, the 

amount of o i l  t ha t  may be released would vary considerably and 

depend on ac tua l  conditions. Each l i nea r  mile of a 12-inch pipe- 

l i n e  w i l l  contain about 700 b a r r e l s  of o i l ;  the  18-inch l i n e  w i l l  

contain about 1,400 bar re l s .  I n  the  event of a rupture,  only the 

o i l  contained abwe  the  point  of break may leak out (assuming the  

pumping equipment has been shut down a s  required by the  lease  

s t ipu la t ions  fo r  development on public lands,  see  Volume 111, 

Chapter V). Since the  t e r r a i n  over which t h i s  p ipel ine  may pass 

is  generally r o l l i ng ,  the  o i l  contained i n  some 5 t o  10 miles may 

be released--a maximum of between 3,500 and 14,000 ba r r e l s  of shale 

o i l .  However, the p robab i l i ty  of rupture is  small (37), - and the  

ea r th  surrounding the  pipel ine  w i l l  normally provide a high res is tance  

t o  flow. I n  the  event tha t  such a rupture does occur, it can be 

fixed without draining the  e n t i r e  l i ne ;  broken sect ions  fo r  a major 

l i ne  break a r e  normally replaced o r  repaired wi thin  12 t o  24 hours. 

Some natura l  gas may be needed, but f o r  use wi thin  the plant  

the amount would be small. Al ternat ively  depending on the  process 

and operating condit ions,  the re  may be a small amount of excess 

plant  gas f o r  use i n  nearby communities. Most of the  commercial 

processes envision t ha t  gas requirements would be balanced with the 

gas avai lable  from various process streams. I f  required,  natura l  

gas p ipel ines  would be constructed s imi lar  t o  those f o r  water and 

o i l .  



-power may be produced on sYte o r  t ransmit ted  t o  t h e  s i t e  from near- 

by high-voltage l ines .  . The requirements a r e  r e l a t i v e l y  'small (about 

50,000 kWh /hr fo r  a 50,000-bbl/d p lan t )  and would be t ransmit ted  

v i a  overhead power l i n e s .  ~ u i d e l i n e s  f o r  cons t ruct ion  of such l i n e s  

on public  lands have been published- (s) 
6 ,  I n  S i t u  Processing: Enuirom.enta1 Controls 

I n  s i t u  processing,  i f  it can be developed, would be a dynamic pro- 

cess  t h a t  continues t o  move across  the  su r face  of t h e  a r e a  being developed, 

To i l l u s t r a t e  t h i s  process,  consider  the  concept depicted i n  Figure 1-14 

f o r  a 90-100-ft- th ick  s t r a t a  of Washakie Basin o i l  sha le .  Five rows o f  

w e l l s  would comprise various opera t ional  modes; the  f i r s t  row of  wel ls  

would be i n  a d r i l l i n g  and prepara t ion  s t age ,  and t h e  second row would be 

producing l i q u i d  and gaseous products dr iven by the  i n j e c t i o n  of a i r  

and/or some o the r  gases i n t o  t h e  t h i r d  row. Behind t h i s  a r e a ,  plugging 

and r e s t o r a t i o n  would be taking place. 

In  t h i s  concept, up t o  100 wel ls  may need t o  be d r i l l e d  each month 

while t h e  same number would need t o  be plugged as t h e  r e t o r t i n g  zone 

advanced through the  producing zone. The a c t i v e  a r e a  encompassed by 

t h e  f i v e  we l l  pa t t e rns  would t o t a l  about 115 acres  i f  100 foot  spacing 

were used between wells .  I f  g rea te r  spacing between we l l s  can be used 



t o  e f fec t ive ly  r e t o r t  the  area, then fewer wells  would need t o  be 

dr i l l ed .  While it is hypothesized tha t  a 50,000 bbl/d shale  o i l  pro- 

ject  can be achieved, available technology is  very l imited t o  support 

t h i s  conclusion. I f  it is assumed tha t  such an operation proves feas ib le ,  

then care fu l  preplanning would be required t o  reduce the  environmental 

i w a c t  caused by a number of truck-mounted d r i l l i n g  r i g s  and other 

heavy equipment. Since about 4 wells would be required for  each acre ,  

a large por t ion of each t r a c t  would be contacted sometime during the 

course of operations by such equipment. Such contact would inevitably 

cause surface disfigurement to  the extent t ha t  some of the  or ig ina l  vege- 

t a t i v e  cover would be destroyed, and wheel tracks and similar surface in- 

dentations would occur. However, i t  i s  ant ic ipated t h a t  res torat ion of 

the affected areas could be accomplished by grading and reseeding. A s  

indicated i n  Figure 1-14, res torat ion would follow close  behind the 

advancing zone of wells i n  active use, thus minimizing the  amount of 

surface t h a t  would be i n  a disfigured condition a t  any given time. 

As brought out e a r l i e r  i n  t h i s  Chapter, i n  s i t u  re tor t ing  tech- 

nology i s  r e l a t i ve ly  undeveloped a t  present i n  comparison to above- 

ground r e to r t i ng  technology. It i s  possible tha t  continuing research 

e f fo r t s  now underway by Government and industry w i l l  r e su l t  i n  a viable  

i n  s i t u  technology, including environmental controls ,  by the time tha t  

























































































































































































































































































h a l i t e  beds vary from 1 t o  30 f e e t  i n  thickness. The h a l i t e  i s  

soluble  i n  ground water, and i n  much of t h e  Piceance Creek Basin 

t he  mineral has been leached from t h e  rocks. There has been l i t t l e  

o r  no i n t e r e s t  i n  mining t he  h a l i t e .  

e, Natural Gas 

Natural gas i s  produced from the  Piceance Dome i n  t he  north- 

eas te rn  par t  of t he  Piceance Basin. The upper most productive zone 

i s  i n  t he  basal  sandstone of t he  Green River Formation. Other 

productive sandstones a s  much a s  6,000 f e e t  below the  Green River 

Formation a r e  known. 

I n  other pa r t s  of the  Piceance Creek Basin, gas bearing sand- 

stones have been encountered i n  many exploration wel ls ,  but the  

wells have been shut i n  due t o  l imi ted production po ten t ia l .  

5 .  Water Resources 

a. Surface Water 

Surface water supplies within t h e  basin a r e  small. Table 11-21 

shows t h a t  the  average discharge of individual  streams does not 

exceed 40 c f s  and t ha t  flow i s  highly  var iable .  Figures 11-38, 

. . .  
. . . .  . . . . .  . . . . . . . . . . . . . .  . . . . . . . .  . . . . .  - ......... :..:I . . . . . . . . .  . . . . . . . . . . . . .  

11-39, and 11-40 show more c l ea r l y  t h e  v a r i a b i l i t y  of flows i n  

. . . .  . . . . . . .  . !  . . . .  . . . . . . . . .  1 . . . . .  . . . :  I , 
Piceance and Yellow Creeks, the  p r inc ipa l  streams i n  the  nor thern  

. . . . . . . .  . . . . . . . . . .  .: . . . . . . .  ., 
i 

pa r t  of the  basin. 
. . .  

The chemical qua l i ty  of s.urface water i p  the Piceance Creek 

Basin i s  var iable ,  depending l a rge ly  on t h e  qual i ty  and quant i ty  

! of ground water discharge t o  t h e  stream. This re la t ionsh ip  is 

shown graphical ly  f o r  Piceance Creek i n  Figure 11-41. The 



T a b l e  11-21.--SUMMARY OF STREAMFLOW RECORDS 
( a f t e r  C o f f i n  and o thers ,  1971)  

- -. (Stat ion numbers arc those used in publica~i011 o l  s u r l ' a c ~ - ~ . i l t ~ r  rccords, ~ X C C ' P I  prcl'ix 0 i s  o ln i !~cd 1 --.-. 
Ex t remes  o f  d ischi l rge 

S t a t i o n  ~ t r e a m f l b w  s t a t i o n  (cfs) 
sq m i )  

West  F o r k  Parachu te  Creek  near I O c t .  1957 Scpt. 1962 
a n d  V a l l e y  

i i 0930  I P;~rachutl :  C r c c k  n e a r a r a n d  V ~ l l e y  I O c t  I 9 4 8  S e p t  I 9 5 4  1 144 17.7 738 1 0 ! 
I 

i ; Ocr .  1964 Scpt .  I 9 6 7  I ! 
I I ! 

I ! i 
; 0935 P:r r :~chuteCrcek a t  Cir;~nd V a l l e y  A p r .  1921 Sept. 1917 1 200 30.3 I 412 ; 0 
I / O c t .  19-18 Sept. 1954 I ! 

I i I  
I I 

j j i I 
0 9 4 0  1 y u a n  C r c c k  ;I[ S i m m o n s  R ~ ~ n c h  I , June 1932 Sept. 1935 j 79 i 142 1 

/ 
0 

A p r .  1936 O c t .  1936 I I 
1 

H I I 
H I 
I ! I I  I I 

I- I i I 
13 I 0941 ) G ~ r r  Creek  a t  A l l e n h e r n  R a n c h  i . lunc 1935 b o v .  1436 i 17 i Z , Y 5  I 1 4 3  1 0 

i 
Co 1 1 i M a r .  I 9 3 7  Sept. I 9 3 7  I 

! 
I 

1 I 
I 

I O c l .  1962 Sept. 1967 0942 K o a n  Creek  above  C l e a r  C'reck I .O 

I I i I 

I 0944 C l e a r  Creek  near  D c H e q u c  1 JLII!. I 9 6 6 . S e p t .  1967 I 1.540 0 I ) I 1  I 

! I I I 
i 0 9 5 0  1 R o a n  Crock  r i r a r  D c B c q u c  / A p r .  1.93.1 Sept. 1926 ' I 321 1 40 .0  I .Z20 8 3 .2  

i 1 O c t .  1962 S e p ~ .  1967 
I 

! I 
i ! 1 3055 / P iccance C r r c k  at  K i o  B l a n c o  i O c t .  1952 Sept. 1957 1 .?O I 
, 

9 i 
I I 

; 3060 ~ i c c ; l n c o C r e c k  near R i o  B l n n c o  I O c t .  1940 Sept. 1943 3 20.3 I I . I 

I 
1 3062 . 1 P i c e a n c e c r e e k  b e l o w  R y a n  G u l c h  O c t .  1964. Sept. 1967 12.5 
I 1 L:.: i fioan;Creek 

a t W h i t e  R i v e r '  O c r .  1964 Sept. 1966 1 629 .9 

Y e l l o w  Creek  near W h i t e  K i r e r  1 O c t  1964 S e c t .  I 9 6 6  1 258 1 1.37 - -  
Lnpi~hlishcil rccord. 









DISTANCE. IN MILES 

Figure  11-41.--GRAPH SHOWING DISCHARGE AT VARIOUS PLACES ALONG PICEANCE CREEK 
AND CHANGES IN QUALITY OF WATER OCTOBER 6.1965 

( a f t e r  Cof f in  and o t h e r s ,  1971). 



concentration of sodium ions i n  the water increases s ignif icant ly 

downstream, because of a greater proportion of sal ine ground water 

entry in to  the stream. Table 11-22 provides more de ta i l s  of the 

chemical quality of surface water within the basin. Direct flow 

of the streams i n  the Piceance Creek Basin i s  wer-appropriated 

and water for  a mature industry would ultimately need to  be im- 

ported from the White and Colorado Rivers bordering the basin i n  

order t o  obtain a f u l l  supply. . . 

Direct flow of the White River i s  inadequate several months 

of the year t o  supply a l l  of the applications fo r  appropriation 

tha t  have been f i l e d  with the State  Engineer. Water could be 

available fo r  purchase from proposed public and private projects 

on the White River and the Yampa River. The proposed Yellow Jacket 

and Rio Blanco or Sweetbriar projects could yield as much as 

165,000 acre-feet per year when and i f  completed. 

Colorado River water i s  available for  purchase from the Bureau 

of Reclamation's Green Mountain and Ruedi reservoirs. A possible 

future source of water could be the authorized West Divide Reclama- 

t ion Project. Cost of Colorado River water i n  1971 was from $10 

t o  $40 per acre-foot a t  the releasing reservoir. The purchaser 

would pick up the water from the main channel of the r iver  (minus 

conveyance loss) and l i f t  i t  to  the point of use, which w i l l  in- 

crease i t s  cost further. More than 200,000 acre fee t  per year 

might be developed i n  the Colorado River above De Beque, for  use 

i n  the Piceance area from existing available water (Table 11-4) 

and proposed projects,  including the purchase of existing senior 

water rights.  
11-133 



Table 11-22.--Chemical analyses and related physical measurements of slurface water 
(after Coffin and others, 1968) 

(Concentrations of dissolved constituents, dissolved solids, and hardness given in parts per million) 

Location8 Locations are listed in downstream order. See text for well-numbering system. Discharge (cfs): Discharge measur&nts given in cubic feet per secondt E, estimated. 

Non- Specific 
car- cbnduct- 

Tern- nan- Dis- Hard- bon- Per- Sodium ance 
Location Discharge Date of pera- Silica Iron ga- cal- nag- So- potas- Bicar- car- sul- Chlo- Flue- ~ i -  80- solved ness ate cent adsorp- (micro- pH 

(cfa) collec- tare (Si02) (Fe) nese clum nesium dium sium bonate bonate fate r ~ d e  ride trate solids as hard- tion mhos 
tion ( F) (MD) (ca) (ng) (sa) (K) ( H C O ~ )  ( c o ~ )  (so4) (C1) (F) ( ~ 0 ~ )  (B) (calcu- CaCO ness ratio at 25Oc) 

lated) ' CaCO, 

Piceance Creek 

. .  . . . . .  :. . . . .  . . . .  . .  . . . .  c4-95- laa . .  6- 8-65 . . . .  126 33 328 0 6 260 0 736 7.8 . .  . . . .  0.55 10- 6-65 40 . . . . .  75 52 . . . .  418 0 . .  13 . .  . . . .  402 59 1,050 0.0 

Black Sulphur Creek 

C2-97-2Oc 1E 7-17-64 . .  17 .OO .OO 76 81 123 1.4 478 0 372 9.5 .3 .5 .15 916 525 133 34 2.3 1,330 7.8 

Hunter Creek 

cZ-97-27ac .5E 7-17-64 . . 19 .OO .OO 92 106 157 2.2 566 0 532 9.5 .2 1.2 .16 1,200 665 201 34 2.6 1,630 8.0 

Yellow Creek 

Roan Creek 

C6-99-29ab 3E 10- 9-65 54 . . . . . . . . . , . . . a  . . . .  146 . . . .  . . . .  . . . . . . . . . .  816 . . 

. . . . . . . . . . . .  cB-97-18aa .5E 10- 9-65 62 . . . . . .  4,200 . . . .  . . . .  . . . . . . . . . .  7,160 . .  
PJ Dissolved sollda, res~due on evaporation at 1 8 0 ~ ~ .  



Table 11-23 shows t h e  d i s so lved  s o l i d s  con ten t  of t h e  White 

River a t  high and low flows. I n  gene ra l ,  t h e  q u a l i t y  of t h e  White 

River i s  exce l l en t .  

The q u a l i t y  of t h e  Colorado River above t h e  Cameo gaging 

s t a t i o n  is a l s o  exce l l en t .  The Department of t h e  I n t e r i o r  Progress  
. . . . . . . . . .  ......-..... ... , ,- 

: _ . . . . . . .  : I ............. >.. . .* . ..i_...i._ 7.. ................ . . .. . . . . . . .  . . ,  . . Report No. 5 ,  shows tha t .2 ,439,000 a c r e  f e e t  of water  passed t h e  

s t a t i o n  near  Cameo, Colorado, i n  1968, and had an average d isso lved  

s o l i d s  content  of 439 mg/l. The average annual flow near  Cameo 

between 1941 and 1968 w a s  2,758,000 a c r e  f e e t  having an  average 

d isso lved  s o l i d s  content  of 406 mg/l. 

T r ibu ta ry  inf low t o  t h e  Colorado o r  White Rivers  o f t e n  con- 

t r i b u t e s  s i g n i f i c a n t  q u a n t i t i e s  of d isso lved  m a t e r i a l  t o  t h e  main 

I 
I s tream. For example, Meiman, i n  a r e p o r t  t o  industry, .  - lftfound t h a t ,  

I on a long term b a s i s ,  samples of water  from Parachute Creek con- 

ta ined  850 mg/l o r  more of d i s so lved  s o l i d s  50 percent  of t h e  time. 

Eighty percent  of  t h e  time t h e  d i s so lved  s o l i d s  concent ra t ion  i n  

Parachute Creek a t  Grand Valley is  680 mg/l o r  g r e a t e r .  

By way of comparison, samples of water  from theColo rado  River 

a t  Glenwood Springs, upstream from Parachute Creek, show t h a t  
. -  I 
- 1 50 percent  of t h e  time t h e  d i s so lved  s o l i d  concen t ra t ion  is 391 mg/l 

o r  g r e a t e r .  Downstream from ParachuBezCreek, 50 percent  of  t h e  

time t h e  concent ra t ion  of d i s so lved  s o l i d s  i n  t h e  Colorado River 

i s  625 mg/l o r  g r e a t e r  ( I rons  and o t h e r s ,  1965). 

1/ Colony Development Operat ion Report ,  p r i v a t e  communication. 



TABLE 11- 23. --  lows and To ta l  Dissolved So l ids  Concentrat ions f o r  t h e  White River i n  
C olorado. 11 

(Milligram per  l i t e r  and cubic f e e t  per. second) 

11 Data from Federa l  Water P o l l u t i o n  Control  Administrat ion,  1966. - 
21 Flow weighted mean. - 

S amp 1 ing 

White River a t  USGS Gage 
near  .Buford, Colo. 

South Fork White River 
a t  USGS Gage a t  Buford, Colo. 

White River a t  USGS 
H H Gage below Meeker, Colo. 
I 
P 
W 
cn 

Average 
flow 

Number 
of  

samples 

Extreme 
flow 

5 18 162 
9/3/64 

2/15/64 
2 13  I64 

5 18 162 
9 /2 164 

Mean 21 
TDS 

2 5 

7 

2 6 

Extreme 
TDS 

162 

144 

344 

255 
104 

195 
107 

68 9 
18 9 

286 

18 9 

600 

1,2 10 
110 

560 
8 5 

2,620 
250 



<.. 
. :  . . b. Ground Water . . .  . , . . . . .  . . . . . . .  . . . . . . . . . . .  .:, . . .  . . . . . .  . . . . .  

I The Green River Formation, which contains the  va s t  deposi ts  of 

o i l  shale ,  a l so  i s  the  p r inc ipa l  source of ground water i n  the  

Piceance Creek Basin of Colorado. The Green ~ i v e r  Formation has 

been divided i n to  several  l i t ho log i c  un i t s  based on deposi t ional  
. . . . . . . . .  -. .. .:.. . . .  :. . .i ............ :.:. . .*:,.9 
. . . . . . . . . . . . .  ., ... 
. & _  .:. _ _ _ _ .  .... :_.. ..: :.. ............ ....... > ..-... 
. . . . . . . . . . . . .  

his torv .  and it  can be divided a s  well on the bas i s  of i t s  water 
. .  1 - . 

I 

1 bearing proper t ies .  (See diagrammatic sect ion,  Figure 11-12.) 

The Garden Gulch Member, t he  lowermost un i t ,  .consis ts  of marl- 

s tone and o i l  shale ,  It is a s  much a s  900 f e e t  th ick  near the  
! 
I 

center  of the  basin, I n  general ,  it is r e l a t i ve ly  impermeable and 

y ie lds  very l i t t l e  water. 

I The Parachute Creek Member, which over l i es  the  Garden Gulch 
! 
I Member, is composed pr inc ipa l ly  of o i l  shale,  The lower pa r t  of 

I 
i t he  Parachute Creek Member contains some beds of unleached s a l i n e  
! 

minerals. This zone i s  r e l a t i v e l y  impermeable and shows very high 

r e s i s t i v i t y  on e l e c t r i c a l  logs of wells.  It commonly i s  termed 

the  "high r e s i s t i v i t y  zone." 

A zone characterized by low r e s i s t i v i t y  on e l e c t r i c  logs over- 

l i e s  the  high r e s i s t i v i t y  zone and i s  termed the  "leached zone," 
. . I . . . . . . . . . .  . . . . . . .  . . .  . . . . . . . . . . . .  . . . . .  . . .  . . . . . . . . .  .... . . . . .  . . . . .  . . : - . - jG. l  ............. . . . . .  . . .  Core recovery from t h i s  zone generally i s  poor, but, where cores have 

.. . . . . . . .  . . ,  
. . .  - - ' I )  . . . . . . . . . .  . . . . . . . . .  . . . . . . . .  .: . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . .  , . . . .  . > !  

been recovered', i t  i s  o i l  shale  containing voids and contorted 
. . . . . . . .  . . .  

. . 

i bedding caused by leaching of s a l i ne  minerals. Fractures  a r e  

common throughout t h i s  zone. The zone i s  as  much a s  600 f e e t  

. . 
. . . . . . . . . . . .  .: . . . . . . . .  . . . . . . . . . . . .  ..:. ;-.. ... :.! . . . . .  

th ick  near the  center  of t he  basin, and it  i s  the  most extensive 
. . . . . . . . . .  . . . . . .  . . . . . . .  - .  -.I . . . .  - . :  

and most permeable aquifer  i n  t he  basin, 



The Mahogany Zone over l ies  the  leached zone. It i s  a r i ch  

zone of o i l  shale containing l i t t l e  sa l ine  minerals. I n  general, 

the Mahogany Zone i s  r e l a t i ve ly  impermeable, but local ly  it is  

fractured,  permitting some ve r t i ca l  flow of water between 

aquifers . 
Above the  Mahogany Zone, the  o i l  shale grades upward in to  

marlstone and fine-grained sandstone of the  Evacuation Creek 

Member. This upper zone forms the surface rock ,throughout the basin  and 

i s  as  much a s  1,500 f ee t  thick. Below stream level ,  t h i s  zone i s  

saturated and water moves ve r t i ca l l y  and l a t e r a l l y  through frac-  

tures  i n  the  zone. The f rac ture  permeability var ies  widely, but 

i n  most par t s  of the  basin the  zone i s  a good aquifer,  This zone 

generally accepts recharge readi ly  throughout t he  basin. 

The transmissivity d i s t r i bu t ion  i n  the leached zone was e s t i -  

mated from the thickness map of the zone and from aquifer t e s t s  

(Coffin and others,  1968; Weir and Dinwiddie, wr i t t en  connnunication 

1973). The transmissivity of the  zone ranges from l e s s  than 

3,000 gpd / f t  (gallons per day per foot)  i n  the  margins of the  

basin t o  20,000 gpd per f t  i n  the center of the  basin. Tests 

indicate  t ha t  the  potent ia l  y ie ld  of a well  tapping the  leached 

zone may be as  much as  1,000 gpm. Yields of 300 t o  600 gpm a r e  

most common, The a r tes ian  storage coef f ic ien t  of the  leached zone 

-4 i s  estimated t o  be about 1 x 10 , but when not confined, the  s torage 

coeff ic ient  would be about 1 x 10-l. Thus pumping very large 

quant i t i es  of water would cause water levels  t o  decline several  

hundred f e e t  t o  the  top of the  leached zone i n  a shor t  time, but 



. . .  . . . .  :. . 8 . . . . . . . . .  . . . . . . . . .  a f t e r  water l eve l s  reached t h e  leached zone, t h e  decl inewould  be . . . . . . . . . . . . .  . . . . .  . . .  . . . . . . . .  
, . . . . . .  

' *I much slower. Tes t  w e l l s  penet ra t ing  t h e  upper permeable zone y ie ld  a s  

much a s  300 gpm, but  y i e l d s  of 100 gpm o r  less a r e  more c m o n  

(Coffin and others ,  1971). 

According t o  Coffin and o the rs  (1971), t h e  major ground water 

d iv ide  i n  the  bas in  is approximately t h e  same a s  t h e  topographic 

d iv ide  between t h e  White River and the  Colorado River. Ground 

water movement i n  t h e  Green River Formation (northern p a r t  of t h e  

. . . . . .  . . .  . . ,  . . .  . . . . . . . . . . .  . . .  . . . .  . . ::I 
: .. . . . . . . . . . .  

Piceance Creek basin)  i s  toward t h e  two major drainages of t h e  
. . . . . . . . . . .  . . ,  

. . ...... 

. . . .  . . . . . . . . . . . .  
basin,  Piceance and Yellow Creeks, The Green River Formation 5s 

. . . . . . . .  .........-.. - . . 'I . . . .  . . . . . . . . . . .  ., . . . . . . . . . . . . . . .  I :: :; :: :.;. >. >:! 
. . 

. / bound on the  west by Cathedral Bluffs. On t h e  north,  the  d iv ide  

i s  near the  main stem of t h e  White River. 

Recharge on t h e  margins of t h e  bas in  moves downward through 

I t h e  Evacuation Creek Member and Mahogany Zone i n t o  t h e  leached 

zone of the  Parachute Creek Member. Most of t h e  recharge water 

i s  derived from snowrnelt i n  l a t e  spring, but some i s  derived from 

rainstorms. Data from a few wells  ind ica te  t h a t  t h e  potentiometric 

head i n  the  leached zone near  t h e  edges of t h e  bas in  i s  lower than 

. . the  head i n  the  overlying zones. Other d a t a  i n d i c a t e  t h a t  near 

the  center  of t h e  bas in  t h e  head i n  t h e  leached zone i s  higher - . . . . . . . .  . . . . . . . . .  . . . . . . . .  - . -  :;: j 
. . . . . . . . . . .  . . . . . . .  

. . . . . . . . . . . . .  .. ! 
. . . .  . . . . . . . . .  . !  

: .:....: . . .  : . . . . j ,  than the  head i n  t h e  upper zone, The head d i f fe rences  between 
1 

the  two water bearing zones commonly a r e  50 t o  100 f e e t ,  These 

head re la t ions  i n d i c a t e  t h a t  t h e  d i r e c t i o n  of flow is downward 
. . . . . .  , . - .  . . . . . . . . ,  ................ .. . . _ _ i  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . .  . . I  i n t h e  margins of t h e  basins,  l a t e r a i l y  toward t h e  cen te r  and . . . . . . . . . . . . . .  . . .  . . .  . . 

northern edge of t h e  bas in ,  and' upward i n  t h e  lower reaches of 

Piceance and Yellow Creeks and i n  t h e  White River va l l ey  (Coffin 



and o the rs ,  1971). The gradient  of t h e  potentiometric surface  i n  the  

basin ranges from 30 t o  100 f e e t  per  m i l e .  

I n  t h e  c e n t r a l  and northern p a r t s  of t h e  basin, water moves up- 

ward from t h e  leached zone through t h e  Mahogany Zone i n t o  t h e  upper 

permeable zone and discharges i n t o  t h e  alluvium along Piceance Creek, 

Yellow Creek, and t h e  White River o r  rises t o  the  land surface  i n  

well-defined sp r ing  pools. The potent iometr ic  contours i n d i c a t e  t h a t  

about h a l f  of t h e  northern p a r t  of t h e  bas in  contr ibutes  ground water 

t o  Piceance Creek. South of t h e  major d iv ide ,  water is  discharged by 

springs t h a t  i s s u e  from f r a c t u r e s  near  t h e  top of Mahogany Zone. The 

discharge of some spr ings  is  highly  seasonal ,  due t o  recharge from 

snowmelt, a s  i l l u s t r a t e d  i n  Ffgure 11-42. 

During a streamflow study of Piceance Creek, October 6, 1965, i t  

was found t h a t  t h e  flow increased 14 c f s  between Thirteenmile Creek 

a d  Black Sulphur Creek. A l l  t h i s  increase  i n  flow was due t o  ground 

water discharge. 

Coffin and o the r  (1971) est imated t h a t  the  volume of ground 

water i n  s torage  i n  fhe  leached zone i n  t h e  northern p a r t  of t h e  

Piceance Creek Basin (630 square mi le  a r e a  of Picenace Creek and 

Yellow Creek drainage) is  about 2.5 m i l l i o n  acre-fee t ,  a very con- 

s e w a t i v e  es t imate  based on a s to rage  c o e f f i c i e n t  of More 

recent work ind ica tes  t h a t  the  unconfined s torage  coeef ic ien t  prob- 

ably is  c lose r  t o  lo-'. Weir (1970) repor ted  tha t  a s idewall  neutron 

porosi ty log  of t h e  p ro jec t  Rio Blanco ho le  R3-D-01 indicated  a t o t a l  



I 

porosi ty i n  the  waterbearing zones of 3.0 x 10-I and h e  estimated 

the e f f e c t i v e  poros i ty  t o  be 1.5 x 10-I. Coffin and Bredehoeft (1969) 

used a s torage  c o e f f i c i e n t  of 1 x 10" i n  est imating t h e  r a t e  of 

ground-water flow i n t o  a hypothetical  mine i n  the  o i l  shale. Apply- 

--  j ing a storage c o e f f i e i e n t  of 1 x 10'1 f o r  est imating the  volume of 
._II> I_ _ 

- 1 ground water i n  s torage  i n  the  Green River Formatior. of the  Piceance 

Creek Basin ind ica tes  about 25 mi l l ion  acre-fee t  of water i n  storage.  

Of course a l l  of the  water i n  s torage  could not be recovered f o r  

benef ic ia l  use. 

The depth t o  water i n  the  Green River Formation ranges from 
. i 

land surface,  o r  even above land surface,  i n  the  val leys  t o  as  much 
I I 

1 as  500 f e e t  beneath some of the  r idges.  Generally the depth t o  
I 
! 
I water does not  exceed 400 f e e t .  

I Alluvium i s  a source of ground water i n  the  major stream 

val leys  although the  a r e a l  extent  of the alluvium i s  small com- 

pared t o  t h a t  of the  bedrock aquifer ,  being confined t o  b e l t s  l e s s  

than a mile wide along the  creeks. The alluvium ranges from 0 t o  

140 f e e t  th ick  and the  sa tu ra ted  thickness may be as  much as  100 

f e e t  a t  a few places (Coffin and others ,  1968). The depth t o  
i 
! water genera l ly  is  l e s s  than 40 f e e t .  The water flows from some 
4 

w e l l s  completed i n  the  alluvium. I n i t i a l l y ,  wel ls  tapping the 

alluvium might y ie ld  a s  much a s  2,000 gpm but  would quickly dep le te  

streamflow and decl ine  i n  ye i ld .  An aquifer  t e s t  i n  the  alluvium of 

- - I  
i Piceance Creek showed t h a t  a f t e r  pumping a few hours, the hydro- 

logic  boundaries of the  alluvium affec ted  drawdowns and wel l  

11-141 



Figure 11-42.--HYDROGRAPHS OF SELECTED SPRINGS 
(after Coffin and others, 1971) 



yie lds  (Coffin and others,  1968). The water i n  storage i n  the  

alluvium could be depleted rapidly  by withdrawal of water a t  a 

high r a t e  on t he  sustained basis .  

The storage coef f ic ien t  of the  alluvium probably averages 

about 0.20. The transmissivity generally is  more than 20,000 gpd 

per f t .  

The chemical qua l i ty  of ground water i n  the  basin d i f f e r s  

widely from place t o  place and i n  d i f f e r en t  aqui£ers, ranging from 

250 t o  63,000 mg/l i n  the  Green River Formation and from 250 t o  

25,000 mg/l i n  alluvium (Coffin and others,  1971). Chemical 

analyses of ground water from many sources a r e  presented i n  

Table 11-24. Analyses of water samples from d i f f e r en t  in te rva l s  i n  

a t e s t  hole a t  the  project  Rio Blanco s i t e  i n  sec. 14, T. 3 S., R. 98 W., 

I - ,  a r e  presented i n  Table 11-25. 

A t  the  present time, ground water is used i n  the  basin p r i -  

marily fo r  l ivestock and w i ld l i f e  supplies.  A small amount of water 

from the  alluvium i s  used fo r  i r r iga t ion .  



Table 11-24.'--Chemical analyses and related physical measurements of ground water 
(after Coffin and others, 1968) 

(Concentrations of dissolved constituents, dissolved solids, and hardness given in parts per million) 

Location: See text for well-numbering ayatem. Depth of well: Depth of well given in feet below land surface: 
R. reDorted. . - 

Geologic sourcet. Tga, Anvil Points Member of the Green River Tormation: 
Tgg, Garden Gulch nember of the Green River Formation; Tgp, Parachute Iron (Be): In aolution at time of sampling. 
Creek nember O F  the Green River Formation: Tge, Evacuation Creek Member 
of the Green River Tormation: pal, alluvium: for the description of the 
M y s i c a l  character of the water-bearing formations see table 1. 

w o n -  ..-.. 
car- specieic 

Die- bo- Per- Sodium conduct- 
Depth Tem- solved Hard- nate cent adsorp- ance 

Location Geologic of Date of pera- Silica Iron Cal- Mag- Sodium Potas- Bicar- Car- Sul- Chlo- Fluo- Ni- 80- solids neaa hard- so- tion (micro- .pH 
source well collec- ture (SiU2) (Fe) cium nesium (Na) sium bonate bonate fate ride ride trate ron (calcu- as neas dium ratio mhod 

(feet) tion (OF) (Ca) (Mg) (K) (HCO,) ('20,) (SO,) (Cl) (TI (NO,, (8) lated) CaCQ3 CaC03 at 25 C) -. 
81-97-lldc Tgp Sprlng 8-18-65 56 17 . . 42 98 516 0.8 1,030 19 640 47 2.5 0.1 0.40 1,890 508 0 69 9.9 2,690 8.4 

-22ad pal Sprlng 8-18-65 60 14 . . 0.0 24 10,100 31 23,300 1,110 155 1,660 32 55 4.9 24,600 98 0 99 444 28,800 8.5 . . . .  -22da pal Sprrng 10- 4-65 52 . . . .  38 82 1,630 0 . .  88 . . . . . . . .  430 0 . .  . . 2,970 8.2 
-22dc pal 104 10-16-65 55 2.8 0.02 2.4 15 3,380 8.8 7.100 296 85 985 16 . .5 1.1 8,290 66 0 99 181 12,000 8.4 . . . . . . . .  -35ca pal(?), Sprlng 10- 4-65 55 . . . .  80 57 . . . .  588 0 . .  14 436 0 . .  . . 1,230 8.0 

. . .  . . . . . . . .  81-98- 8cd pa1,Tge 183 10- 5-65 54 . . 70 92 1,110 0 . .  14 552 0 . .  . . 2,700 7.6 
-13db Tge 2,600 6-16-65 50 15 ' . . 33 187 284 2.1 676 28 7)s 22 .4 5.8 .21 1,710 852 252 42 4.2 2,280 8.41 . . . . . . . .  . . . .  . .  . .  -18db pa1,Tge 132 10- 5-65 54 . . . .  127 132 816 0 14 860 191 . . 2,110 7.8 
-24ac pal 80 10- 5-65 47 18 . . 116 156 292 1.9 748 12 854 28 .5 4.9 .27 1,850 930 297 41 4.2 2,410 8.3 

110 
110 
17 1 . . 

spring 
1,300R 

81-100-24b pa1,~gp Spring 

82-98-22cb Tge,Tgp Spring 
-2Zac2 pal 4 5 

C1-96-1Cbd aal,Tge(?) 34 
-10da Tgp 3,000 

C1-97-llacd pal 6 8 
-15db Tge,Tgp Spring 
..28ab Tgp 3.051 

C1-99- 4bc pal 115 - 4bc pal 115 - 6bc Tge Spring 
-1laa pal . . 

C2-95-12d Tga 203 
-23d Tgp 75 

C2-96- 4cb Tge Spring - 9cb Tge 413 

c2-97-27c pal(?), Spring 
Tge(?) 

-30ad Tge Spring 

C2-98- 9da Tge 37 
-10db Qal,Tge(?) Spring 
-19ca pal(?), 

Tge(?) Spring 
-28dd pa1 ( 7 )  ,Tge Spring 

C2-99- 4cc ~ge(?), Spring 
T g p O )  

-12ac pal Spring 
-15dc pal . . 



Table :II- 24. --chemical analyses and related physical measurements of qround water--Continued 

Non- 
Dia- car- Specrf ic 

Depth Tem- solved Hard- bo- Per- Sodium conducc- 
Locatron Geologrc of Date of pera- Srlrca Iron Cal- Mag- SodlUm Potas- Bloar- Car- Sul- Chlo- Fluo- Nr- Bo- aolids ness nate cent adaorp- ance pH 

source well collec- tHre (Sr02) (Fe) crum nesrum (Na) slum bonate bonate fate ride ride trate ron (calcu- as hard- so- tron (micro- 
(feet) tion ( F) (Ca) (Mg) (K) (HCO,) (co,) (SO4), (cl) (F) (NO3) ( 5 )  lated) CaC03 nena drum ratro rhos 

C~CO. at 25Oc) 
J 

C3-95-18ab Tge Spring 10- 5-65 49 13 . . 51 54 119 2.4 508 0 154 12 1.3 0.9 0.23 658 346 0 43 2.8 1,030 8.1 
-3lcc Qal,Tge(?) . . 9- 1-65 53 . . . . 67 37 . . . .  366 16 . .  7.5 . . . . . . . .  322 0 . . . .  850 8.4 

C3-96- 5aa Tge Spring 10- 8-65 
-1lba Tgp 1,000R 5- 7-62 
-1lba Tgp 1,000R 4-13-65 
-1lbb Tgp 1.300 9-29-65 

C3-97-14cb pal(?) ,Tge Spring 8-18-65 
-27cd pal(?) ,Tge Sprlng 8-18-65 

C3-98-22db Q a l O )  ,Tge Spring 8-17-65 

c4-94-34b pa1,Tga Spring 8- -65 

C4-95- 3ba pal(?) ,Tge(?), 74 8-30-65 
T g p O )  - Rbb Tge(?) ,Tgp(?) 99 8-31-65 

-19cc Qa1,Tge 128 10-11-65 

C4-97-12db Qal,Tge,Tgp 80 8-30-65 
-31bd Tge Spring 8-,18-65 
-33ca Tge Spring 8-18-65 

k' -'33cb2 Qal spring 8-18-65 
H 
I C4-98-14cc Tge ( ? )  Spring 8-17-65 
F -17qb Tge(?) Spring 8-28-65 

-36aa Tge Spring 8-18-65 

C4-99-10ac' Tgp Spring 10-12-64 
-1Oac Tgp Spring 8-16-65 

C5-94-14ab Tge Spring 8- -65 

C5-95-30c pal(?) Spring 8-16-65 

C5-96- lbd Tge Spring 8-27-65 - lbd2 Qal Spring 8-27-65 
-36aaa Qal 5OR 8-13-65 

T ~ P  
Tge 

T ~ P  

T ~ P  

pa 1 

Qal 
pa 1 

Qal 

pal(?) 

pa 1 
TgpO). 
T99(?) 

Qa 1 

Q a l O ) ,  
T99(?) 
pal(?), 
Tgg(?) 

Qal 
Qal 

Qa 1 

. . 8- -65 
Spring 8- -65 

Spring 8-30-65 

Spring 8-26-65 

33 10-12-65 

68R 10-13-65 
70R 10-12-65 

5OR 10-12-65 

Spring 10-11-65 

61R 10- 9-65 
Spring 10- 9-65 

68R 10- 9-65 

Spring 10-11-65 

Spring 10-11-65 

Spring 10-11-65 
Spring 10-11-65 

75R 10- 9-65 



Table 11-25.--Chemical analyses of  water from ho le  RB-D-01, 
P ro jec t  Rio Blanco, Colorado 

( a f t e r  Weir, 1972) 
(Analyses by U.S. Geological Survey. Const i tuents  i n  

milligrams per l i t e r  unless  otherwise noted.) 

S i l i c a  (SiO,) 
Aluminum (Al) 
I ron (Fe) 
Manganese (Mn) 
Calcium (Ca) 
Magnesium (Mg) 
S tron t ium (Sr) 
Sodium (Na) 
Potassium (K) 
Lithium (Li) 
Bicarbonate (HC% ) 
Carbonate ( C 4  ) 
Sul fa te  (SO4) 
Chloride (C 1) 
Fluoride (F) 
Ni t ra te  (NO3) 
Phosphate (PO4) 
Dissolved so l ids  

Res. on evap. a t  1 8 0 ~ ~  
Calculated 

Hardness a s  CaCO, 
Total 
Non-carbonate 

Speci f ic  conductance 
(micromhos per cm a t  25O~) 

pH 

Cons ti tuent  s 

I n t e r v a l s  sampled, i n  f e e t  below land surface  
882 to  

1,651 f t ;  
October 23, 

1971 

244 t o  
845 f t ;  

October. 16, 
1971 

244 t o  
1,651 f t ;  

October 19, 
197 1 



6 .  Fauna .. 

.a. General  

The Colorado Divis ion  .of W i l d l i f e  has  compiled a s i g n i f i c a n t  

amount of information on b i r d s  and mammals of t h e  Piceance Basin. 
! ' 
a . . . . . .  . .  - .... , ......... . . .  . . . . . . . .  ., . . . . . . .  : ....... , ............... . . . . . . . .  . . . .  

. . . ............ .., 
.. j . _ Zt is from t h i s  source  (Colorado Department of Natura l  Resources, 

. . .  

W i l d l i f e  Management Unit  No. 22, 1971) t h a t  most of t h e  fol lowing 

m a t e r i a l s  have been drawn. Informat ion  on f i s h  and a q u a t i c  i nve r t e -  

. . !  . .  , . . .  . . . . . .  ..: . . . . .  , . . . .  . : . .  ..:. i 
. . . . . . . . . .  . :  

b r a t e s  was drawn p r i n c i p a l l y  from a t h e s i s  b y  May (1970). Over 
. . . . . . .  . . . . . . . . .  . . . .  ., . . . . . .  . . 

300 s p e c i e s  of b i r d s ,  mammals, r e p t i l e s ,  and amphibians have been 

documente'd o r  a r e  be l ieved  t o  e x i s t  i n  t h e  805,000 a c r e  Piceance 

Creek Basin, many of which use t h e  Basin on a migratory or  t r a n s i e n t  
! 

i bas i s .  These s p e c i e s  a r e  presented  i n  Table 11-26. 
I 

! 

I b .  Mammals 

The Piceance Basin c o n s t i t u t e s  Colorado 's  most important  mule 

deer  range. It is t h e  p r i n c i p a l  w i n t e r i n g  ground f o r  t h e  migratory 

White River herd ,  be l i eved  t o  be  one of t h e  l a r g e s t  migratory 

herds i n  North America. The e s t ima ted  s i z e  of t h i s  h e r d  i n  r ecen t  

A , . .  . I . . . . . .  
..::;. .:I 

yea r s  has  ranged from 30,000 t o  60,000 head (USDA, 1968). 
........... .. . . . . . . . . . . . . .  .......... 

"' ! 
. . 

. . . .  
. . . . .  :; 

T h e h e r d  uses high e l e v a t i o n  summer range of t h e  White River 
. . .  . . . . . . . .  . . . . . . . . . .  . . . . . . . . .  . . . . . .  . . . . . . .  . . .  

. . .  Nat iona l  Fo res t  and t h e  Bluffs-Roan Divide a r e a  and moves t o  t h e  
. . 

. . 

. . h i s t o r i c  w in te r  range a t  t h e  lower e l e v a t i o n  of t h e  Piceance Basin. 

The no r theas t e rn  corner  of t h e  Bas in  normally suppor ts  t h e  h i g h e s t  

win ter  concent ra t ions .  An es t ima ted  d e n s i t y  of 52 dee r  p e r  squa re  

mile  was found i n  t h e  Yellow Creek a r e a  i n  1968. I n  a d d i t i o n ,  t h e r e  

i s  a year-round populat ion and every  squa re  mile  of t h e  Basin is 

considered t o  be deer  summer range. 



TABLE 11-26.-Bird and Mammal Species of  Wi ld l i f e  Management Unit 22, 
Piceance Creek Basin, Colo. (Colorado Game, Fish and 
Parks Division, 1971). 

Big game mammals 11 

Black bear (Ur sus  amer icanus) 
Buffalo (bison) (Bison bison) 

- - 

Elk (Cervus canadens is) 
Mountain l i o n  (Fe l i s  concolor) 
Mule deer (Odocoileus hemionus 1 

Small game mammals 11 

C o t t o n t a i l  r a b b i t  (Sylvilagus audubonii; S. n u t t a l l i i )  
Pine (red) s q u i r r e l  (Tamiasciurus hudsonicus) 
Snowshoe hare  (Lepus amer i can l s  ) 

2 1  Game b i rds  - 

Migratory waterfowl and shorebirds 

Great Basin Canada goose (Branta canadensis m o f f i t t i )  
Black brant  (Branta n igr icans)  31 
White-fronted goose (Anser a lb i f rons  f r o n t a l i s )  21 
Snow goose (Chen hyperborea hyperborea) 31 
Mallard (Anas platyrnynchos platyrhynchos) 
Gadwall (Anas a t repera)  
P i n t a i l  (Anas -- acuta)  
Green-winged t e a  1 (Anas car0 l inens  i s )  
Blue-w inged t ea  1 (Anas d is cors d iscors)  
Cinnamon t e a l  (a cyanoptera septentr ionalium) 
American widgeon (Mareca americana) 
Shoveler (Spatula clypeata) 
Wood duck (Aix - sponsa) 31 
Redhead (Aythya amer icana) 
Ring-necked duck (Aythya co 1 l a r  i s )  
Canvasback (Aythya v a l i s  i n e r i a )  
Greater  scaup (Aythya mari la  nearc t ica)  21 
Lesser scaup (Aythya a f f i n i s )  
Common golden-eye (Bucephala clangula americana) 
Barrow's golden-eye (Bucephala is landica) 21 
Bufflehead (Bucephala a lbeola)  
Ruddy Duck (Oxyura j ama icens is rubida) 
Hooded merganser (Lophodytes cucul la tus)  
Conrmon merganser (Mergus merganser amer icanus) 
Red-breas t ed  merganser (Mergus s e r r a f b r  s e r r a t o r )  3-/ 
American coot (Fulica americana americana) 
Common (Wilson's) sn ipe  (Capella gal l inago d e l i c a t a )  



Table .11-26 - Continued 

Up land game b i rds  : 

Blue grouse (Dendragapus obscurus obscurus) 
Sage grouse (Centrocercus urophasianus urophasianus) 
Ring-necked pheasant (Phasianus colchicus)  
Chukar (Alectoris  graeca)  
Band-tailed pigeon (Columba f a s c i a t a  f a s c i a t a )  
k u r n i n g  dove (Zenaidura macroura marginella) 

1/ Nomenclature according t o  Lechle i tner ,  R. R. 1969. Wild - 
mammals of Colorado. P rue t t  Publishing-Co.,  Boulder. 254 pp. 

2/  Nomenclature according t o  Bai ly ,  A. M., and R. J. Neidrach. 1967. - 
. ? .i ......... . . . . . . .  ......... 

P i c t o r i a l  c h e c k l i s t  of Colorado birds.  Denver Mus. Nat. H i s t .  
. . . . . . . . .  . . . . . . . . . . . .  ............. . i  .......... .... :I . . . . . . . . . . .  

. . 168 pp. 
. . . . . . . . . .  . .% . . .  # . . . . . . . . . . . .  . . . . .  , . . . . . . . . . .  . . . . . . . . . . .  m . . .  .... [.. .-: . .->: .. i 3 /  Unverified i n  hun te r s '  bag c h e c k s b u t  poss ib le  r a r e  migrant 
. . ........ - 
. . . . . . . . . .  . .:.. >.. 1 

. . and l e g a l  game i n  1970-71. 



Table 11-26 - continued 

OTHER MAMMALIAN SPECIES L1 - WILDLIFE MANAGEMENT UNIT 22 

21 Furbearers - 

Beaver (Castor canadens i s )  
Muskrat (Ondatra zibethicus)  
R ing ta i l  (Bassariscus i s t u t u s )  
Weasels (Ws t e l a  erminea; M. f renata)  
Mink (Mustela vison) 

Nongame mammals 2-/ 31 

White-tailed jack rabb i t  (Lepus townsendii) 
Black-tai led jack rabb i t  (Lepus ca l i fo rn icus )  
Yellow-bellied marmot (Marmota f l a v i v e n t r i s )  
White-tai led p r a i r i e  dog (Cynomys leucurus) 
Richardson's ground s q u i r r e l  (Spermophilus r i chardson i i )  
Thirteen-l ined ground s q u i r r e l  (Spermophilus tr idecemlineatus)  

-- 

Rock s q u i r r e l  (~permophilus v a r G a t u s ) -  
Golden-mantled ground s q u i r r e l  (Spermophilus a a t e r a l i s )  

Whi te - t a i l ed  antelope s q u i r r e l  (Ammospermophilus 1,eucurus) 
Least chipmunk (Eutamias 
Colorado chipmunk (Eutamias guadr iv i t t a tus )  
Uinta chipmunk (Eut amias umbr inus) 
Coyote (Canis l a t rans )  
Red fox (Vulpes fulva) 

- --- 

K i t  ( swif t )  fox (Vulpes velox) 
Gray fox (Urocyon cinereoargenteus) 
Raccoon (Procyon lo to r )  
American badger (Taxidea t axus) 
Spotted skudc (Spilogale putorius)  
S t r iped  skunk (Mephitis mephitis) 
Bobcat (wildcat) (Lynx rufus)  

11 These spec ies ,  grouped separa te ly  as 'Turbearers" and "Nongame - 
mauunals'' and ou t s ide  of "game" ca tegor ies ,  follow Chapter 62, Colo. 
Rev. S t a t u t e s  1963 As Amended, i n  Colo. Game, Fish  and Parks Div. 
Laws and Regulations Hdbk., 1970. (Art. 1, I t e m  3, Def in i t ions ,  
p. 327) 

21 Nomenclature according t o  Lechlei tner ,  R. R. 1969. Wild mammals - 
of Colorado. P rue t t  Publishing Co., Boulder, Colo. 254 pp. 

31 Although not included i n  t h e  above l i s t ,  wild horses a l s o  inhabi t  - 
the  bas in  (K. Roberts, pers.  obs.) .  



. . . . . . . .  8 ! 
., . . . . . . .  . . . . . . . . . . .  . . . .  . ,  

. . . .  . . . . . .  Table 11-26 - continued 
. . .  . .- . . . ! 

OTHER AVIAN SPECIES L1 - WLLDLIFE MANAGEMENT UNIT 22 

Nongame bi rds  : - 2 1  

Conrmon loon (Gavia immer) Rare migrant. 
Horned grebe (Podiceps a u r i t u s  cornutus) Poss ible  r a r e  migrant. 
Eared grebe (Podiceps caspicus ca l i fo rn icus )  Poss ib le  common 

migrant and occasional  summer res ident  . 
Western grebe (kedhnmphoras occ iden ta l i s )  Poss ib le  r a r e  migrant. 
Pied-bil led grebe (Podilymbus podiceps podiceps) Uncommon 

migrant and r a r e  summer res iden t .  
Double-crested cormorant (Phalacrocorax a u r i t u s  aur i tus)  

Poss ib le  r a r e  migrant. 
Great blue heron (Ardea herodias t reganzai )  Comamn summer 

res ident  31. 
Snowy egre t  ( ~ u c o p ~ o y x  thu la  brews teri) Pos s i b  le uncommon summer 

r es iden t . 
Black-crowned night  heron -(Nycticorax nycticorax h o a c t l i )  

Common summer res ident .  
Least b i t t e r n  (Ixobrychus e x i l i s  e x i l i s )  Poss ib le  r a r e  summer 

migrant. 
American b i t t e r n  (Botaurus 1entiginosus)Rare summer migrant. 
White-faced i b i s  (Plegadis ch ih i )  Poss ib le  r a r e  migrant. 
Whist l i n g  swan (Olor columbianus) Uncommon migrant. 
Sharp-tai led grouse (Pedioecetes phas i ane l lus  columbianus) 

Resident 21, 41, 101 
Sandhi1 1 crane (Grus canadens is canadens is ; g. 2. tabida)  

Regular migrant. 
Virginia r a i l  (Rallus l imicola l imicola)  Poss ib le  uncommon 

summer res ident .  
Sora (Porzana carolina)  Poss ib le  uncomamn summer res iden t .  
Semipalmated plover (Charadr ius  semipa1matus)Poss i b  le r a r e  

migrant. 
Kil ldeer (Charadrius voci ferus  voci f  erus)  Common summer res iden t  

31 and r a r e  winter res ident .  
k u n t a i n  plover (Eupoda montana) Poss i b l e  r a r e  migrant, 101 
Black-bellied plover (Squatarola squatarola)  Poss ib le  uncommon 

migrant. 
Long-billed curlew (Numenius americanus americanus) 

kare migrant, 101 
Spotted sandpiper (Act i t  is macularia) Common summer res ident . 
S o l i t a r y  sandpiper (Tr inga s o  l i t a r i a  cinnamomea) Comamn migrant 

and occasional  summer res iden t  3/. 
W i l l e t  (Catoptrophorus semipalmatus inornatus)  Poss ib le  

r a r e  migrant. 



Table 11-26 - continued 

Nongame b i r d s  (continued) 

Greater yellowlegs (Totanus melanoleucus) Poss ib le  common 
migrant. 

Lesser yellowlegs (Totanus f l av ipes )  Possible uncommon migrant. 
Knot (Calidris  canutus ru fa )  Poss ib le  r a r e  migrant.  
Pectoral  sandpiper (Erolia melanotos) Poss ib le  r a r e  migrant. 
Baird 's sandpiper (Erolia b a i r d i i )  Poss ib le  common migrant. 
Least sandpiper (Erolia minu t i l l a )  Possible common migrant. 
Long-billed dowitcher (Limnodromus scolopaceus) Poss i b l e  

tincommon migrant. 
S t i l t  sandpiper (Micropalama himantopus) Poss ib le  r a r e  migrant. 
Semipalmated sandpiper (Ereunetes pus i l lus )  Poss ib le  r a r e  migrant. 
Western sandpiper (Ereunetes maur i )  Poss ib le  u n c o m n  migrant. 
Marbled godwit (Limsa fedoa) Possible r a r e  sp r ing  migrant. 
Sanderling (Crocethia a lba)  Poss ib le  r a r e  migrant. 
American avocet (Recurvirostra americana) Poss ib le  r a r e  migrant. 
Black-necked s t i l t  (Himantopus mexicanus) Poss ib le  r a r e  migrant. 
Wilson's phalarope (S teganopus t r i c o l o r )  Common migrant and 

uncommon summer res iden t  . 
Northern phalarope (Lobipes lobatus)  Possible u n c o m n  migrant. 
Pomarine jaeger (Stercorar ius  pomarinus) Poss ib le  r a r e  migrant. 
Herring g u l l  (Larus argenta tus  smithsonianus) Poss ib le  uncommon 

migrant. 
California g u l l  (Larus ca l i fo rn icus )  Poss ib le  r a r e  migrant. 
Ring-billed g u l l  (Larus delawarens is) Poss ib le  uncommon migrant. 
Franklin's g u l l  (Larus pipixcan) Possible uncommon migrant. 
Bonaparte's g u l l  (Larus philadelphia)  Poss ib le  r a r e  migrant. 
Sabine's g u l l  (Xema s a b i n i  sab in i )  Possible r a r e  migrant. 
Fors ter  's t e r n  (Sterna f o r s t e r i )  Possible r a r e  migrant. 
Cormnon t e r n  (Sterna hirundo hirundo) Rare migrant. 
Least t e r n  (Sterna a lb i f rons  a thalassos)  Poss ib le  r a r e  migrant. 
Black t e r n  (Chlidonias n iger  surinamensis) Poss ib le  r a r e  migrant. 
Rock dove (Columba l i v i a )  Poss ib le  c o m n  res iden t .  
White-winged dove (Zenaida a s i a t i c a  mearnsi) Poss ib le  r a r e  migrant. 
Yellow-billed cuckoo (Coccyzus amer icanus amer icanus) Poss ib le  

uncommon summer res iden t  . 
Poor-will (Phalaenoptilus n u t t a l l i i  n u t t a l l i i )  Common summer 

res iden t  51. 
Commn nighthawk (Chordeiles minor hesperis;  C. g. howell i)  

Common summer res iden t  2/. 
White-throated s w i f t  (Aeronautes s a x a t a l i s  s c l a t e r i )  Common 

summer res iden t  . 
Black-chinned hummin8bird (Archilochus alexandri)  Common 

summer res ident .  
Broad-tailed hummingbird (Selasphorus platycercus platycercus)  

Commn summer res iden t  2/, 5/.  



. . ........ . . . .  1 , . . . . . . .  . . .  . . . . . . . .  I . .  .< 
Table 11-26- continued 

Nongame birds: (continued) 

Rufous hummingbird (Selasphorus rufus)Poss i b  l e  common l a t e  
summer migrant. 

Call iope hummingbird ( S t e l l u l a  ca l l iope )  Poss ib le  r a r e  migrant 
and summer res iden t  . 

Rivo li 's hummingbird (Eugenes fu lgens aureovir  i d  is ) Poss i b l e  
r a r e  summer migrant. 

Belted k ingf isher  (Megaceryle alcyon alcyon) Common res iden t .  
Yellow-shafted f l i c k e r  (Colaptes auratus lu teus )  Poss ib le  

r a r e  migrant. 
Red-shafted f l i c k e r  (Colaptes c a t e r  c o l l a r i s )  Common 

r e s i d e n t  21, 21. 
Lewis' woodpecker (Asyndesmus lewis) Poss ib le  common summer 

res ident  . 
Yellow-bellied sapsucker (Sphyrapicus var i u s  nuchal is )  Common 

Conrmon summer 31, 21 and occas-ional winter  r e s iden t .  
Williamson's s a p s u z e r  (Sphyrapicus thyroideus nata  l i a e )  Poss i b l e  

common summer res ident  . 
Hairy woodpecker (Dendrocopos v i l l o s u s  monticola) Poss ib le  

unconrmon res iden t  . 
Downy woodpecker (Dendrocopos pubescens leucurus) Uncommon 
Northern three-toed woodpecker (Picoides t r i d a c t y l u s  d o r s a l i s )  

Poss i b l e  r a r e  res ident  . 
Eastern kingbird (Tyrannus tyrannus) Poss ib le  uncommon summer 

r e s  ident  . 
Western kingbird (Tyrannus v e r t i c a l i s )  Common summer r e s i d e n t  21. 
Cassin 's  kingbird (Tyrannus vociferans voci ferans)  Poss ib le  

uncommon summer r e s  ident  . 
Ash-throated f lycatcher  (Myiarchus cinerascens cinerascens)  

Common summer r e s i d e n t  21. 
Say's  phoebe (Sayornis saya saya) Common summer 21 and occas ional  

winter  res ident  . 
T r a i l l ' s  f lycatcher  (Empidonax t r a i l 1 i i ) P o s s i b l e  uncommon summer 

r e s  ident  . 
Hammond's f lycatcher  (Empidonax hammondii) Poss i b l e  migrant.  
Dusky f lycatcher  (Empidonax oberholser i )  Poss ib le  summer res iden t  . 
Gray f lycatcher  (Empidonax w r i g h t i i )  Poss ib le  summer r e s i d e n t .  
Western f lycatcher  (Empidonax d i f f i c i l i s  hel lmayri)  Cormnon summer 

res ident  21. 
Western wood peewee (Contopus sordidulus ve1iei)Common summer 

res ident  21. 
Olive-sided f lycatcher  (Nut ta l lo rn i s  borea l i s )  Poss ib le  uncommon 

summer res iden t  . 
Horned l a r k  (Eremophila a  l p e s t r  is leuco laema) Corrimon res ident  51. 



'Table 11-26- continued 

Nongame birds:  (continued) 

Violet-green swallow (Tachycineta tha lass ins  lepida) Common 
summer res ident  3/, 5/. 

Tree swallow (Iridoprocne bicolor)  Poss ib le  common migrant 
and uncommon summer resident .  

Bank swallow (Riparia r i p a r i a  r i p a r i a )  " P ~ s s i b l e  uncommon 
migrant and uncommon summer  res ident .  

Rough-winged swallow (Stelgidopteryx r u f i c o l l i s  ser r ipennis)  
Uncommon migrant and summer res ident '  31. 

Barn Swallow (Hirundo r u s t i c a  erythrogas ter )  Common migrant 
and summer res ident  3/. 

Purple martin (Progne -- subis subis)Poss ib le  r a r e  summer migrant. 
Gray jay (Per i soreus  canadensis c a p i t a l i s )  Possible uncommon 

res ident .  
S t e l l e r  's jay (Cyanocitta s t e l l e r i  macrolopha) Common resident  

31, 51. 
s c r u b  jay (Aphelocoma coerulescens woodhouseii) Common resident  

31, g/. - 
Black-billed magpie (Pica p i c a  hudsonis) Common res ident  31, - 51. 
Common raven (Gorvus corax s inuatus)  Common res iden t  3/, 511 
Common crow (Corvus Brachy rhynchos brachy rhynchos) Uncommon 

res ident .  
Pinyon jay (Gymnorhinus cyancephalue) Common summer resident  - 

31 and poss ib le  uncommon winter  res ident .  
c l a r k t  s nut cracker (Nucif raga columbiana) Common res ident  3/, 5// 
Black-capped chickadee (Parus a t r i c a p i l l u s  garr inus)  Common 

res ident  3, 51. 
Mountain chickadee (Parus -- gambeli gambeli) Common res ident  3/, 5 / .  
Pla in  titmouse (Parus inornatus ridgwayi) Common res iden t  31. 
Common b u s h t i t  ( P s a l t r i ~ a r u s  minimus plumbeus) Poss ib le  common 

res ident .  
White-breasted nuthatch ( S i t t a  carol inensis  nelsoni)  Uncommon 

res ident  3/. 
Red-breas ted  nuthatch ( S i t t a  canadensis) Rare res iden t  a, 5 / ,  g/. 
Pygmy nuthatch ( S i t t a  pyp;maea melanotis) Possible uncommon res ident .  
Brown-creeper (Certhia f a m i l i a r i s  montana) Poss ib le  uncommon 

res ident  and common migrant. 
Dipper (Cinclus mexicanus unicolor)  Common res iden t  5/. 
House wren ( ~ r o g l o d ~ t e s  aedon parkmanii) Common summer res ident  

31, ?/ - 
Bewickts wren (Thryomanes bewickii eremophillus) Poss ib le  cpquypn 

summer res iden t  and r a r e  winter  res ident .  
Long-billed marsh wren (Telmatodytes palus tris p les ius )  Possible 

r a r e  winter  res ident .  
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Nongame birds: (continued) 

Violet-green swallow (Tachycineta tha lass ina  lepida)  Common 
summer res ident  31, 51. 

Tree swallow ( I r  idoprocne bicolor) Poss i b l e  common migrant 
and uncommon summer r e s i d e n t  . 

Bank swallow (Riparia r i p a r  i a  r i p a r i a )  Poss i b l e  uncommon 
migrant and uncommon summer res ident .  

Rough-winged swallow (Stelgidopteryx ruf  ico llis se r r ipenn i s )  
Uncommon migrant and summer res ident  21. 

Barn swallow (Hirundo r u s t i c a  ery throgas ter )  Coammn migrant 
and summer res iden t  21. 

C l i f f  swallow (Petrochelidon pyrrhonuta pyrrhonota) C o m n  
summer res ident  3/, 51. 

Purple martin (Progne s u b i s  sub i s )  Poss ib le  r a r e  summer migrant. 
Gray jay (Perisoreus canadens is c a p i t a l i s )  Poss ib le  uncommon 

r e s  ident  . 
S t e l l e r ' s  jay (Cyanocitta s t e l l e r i  macrolopha) Common r e s i d e n t  

3/ ,  51. 
~ c r u ? ;  jay (Aphelocoma coeru l  escens woodhouseii) Common res iden t  

31, 6 / .  
~ l a c F - b i l l e d  magpie (Pica - p i c a  hudsonia) Common res iden t  31, 21, 
Common raven (Corvus corax s inuatus)  Co-n r e s i d e n t  31, 21. 
Common crow (Corvus brachyrhynchos brachyrhynchos) Uncommon 

r e s  ident  . 
Pinyon jay (Gymnorhinus cyanocephalus) Common summer res iden t  

31 and poss ib le  uncommon winter  r e s iden t .  
 lark's nutcracker (Nucifraga columbiana) Common res iden t  3/, 51. 
Black-capped chickadee (Parus a t r i c a p i l l u s  g a r r i n u s ) C o m n  

res iden t  3, 51. 
Mountain chickadee (Parus gambeli gambeli) C o m n  res iden t  21, ?/. 
P l a i n  titmouse (Parus inornatus ridgwayi) Common r e s i d e n t  21. 
Common b u s h t i t  (Psa l t r ipa rus  minims plumbeus) Poss ib le  conmmn 

res iden t ,  
White-breasted nuthatch (S i t t a  carol inens is nelsoni )  Uncornmn 

res ident  21. 
Red-breasted nuthatch ( S i t t a  canadens i s )  Rare r e s iden t  31, z/, 6-1. 
Pygmy nuthatch ( S i t t a  Wgmaea melanotis) Poss ib le  uncommon r e s i d e n t .  
Brown-creeper (Certhia f a m i l i a r i s  montana) Poss ib le  uncommon 

r e s  ident  and common migrant. 
Dipper (Cinclus unicolor)  Common res iden t  21. 
House wren (Troglodytes aedon ~ a r k m a n i i )  Common summer r e s  ident  

31, 21. - 
Bewick's wren (Thryomanes bewickii eremophillus) Poss ib le  common 

summer res iden t  and r a r e  winter  res ident .  
Long-billed marsh wren (Telmatodytes p a l u s t r i s  p l e s i u s )  Poss ib le  

r a r e  winter  r e s iden t  . 



Table 11- 26 - continued 

Nongame bi rds  : (continued) 

Canyon wren (Salpinctes mexicanus conspersus) Uncommon 
summer r e s i d e n t  31. 

Rock wren ( ~ a l ~ i n c t e g  obsoletus obsole tus)  Common summer 21 
and poss ib le  r a r e  winter  r e s iden t .  

Wckingbird (Mimus polyglot tos leucopterus)  Uncommon summer 
res iden t  31. 

Catbird ( ~ u m e t e l  l a  c a r o l  inens i s )  Rare summer r e s  ident  . 
Sage thrasher  (Oreoscoptes montanus) Common summer res iden t  ?/,&/. . 

Robin (Turdus migratorius propinquus) Common 'summer res iden t  
3L 51. 

'Hermit thrush  (Hylocichlc S u t t a t a  auduboni) Cormon summer 
res iden t  21, 

Swainson's thrush  (Hylocichla u s t u l a t a  almae) Poss ib le  common 
migrant. 

Veery (Hylocichla fuscescens s a l i c i c o l a )  Poss ib le  common migrant 
and u n c o m n  summer resident ' .  

Western b luebi rd  (S i a l i a  mexicana b a i r d i )  Possible common migrant 
and uncommon summer res iden t  21. 

k u n t a  i n  b luebi rd  (S i a  1 i a  currucoides) Common migrant and summer 
res iden t  21, 21 and occasional  winter  res ident .  

Townsend's s o l i t a i r e  (Myadestes townsendi townsendi) Uncommon 
res iden t  5 1. 

Blue-gray gnatcatcher (Po l i o p t  i l a  caerulea a m e n i s s  ima) Common 
summer r e s i d e n t  21. 

Golden-crowned k i n g l e t  (Regulus sa t rapa  amoenus) Possible uncommon 
migrant and r a r e  summer res iden t .  

Ruby-crowned k i n g l e t  (Regulus calendula cineraceus) Poss ib le  
common migrant. 

Bohemian waxwing (Bornbycil l a  garru lus  pa l l id iceps )  Possible 
i r r e g u l a r  winter  migrant. 

Cedar waxwing (Bbmbycilla cedrorum) Poss i b l e  uncommon and 
i r r e g u l a r  r e s i d e n t  . 

Northern s h r i k e  (Lanius excubitor  inv ic tus )  Poss ib le  common winter  
r e s iden t  . 

Loggerhead s h r i k e  (Lanius ludovicianus excubitorides)  Uncommon 
summer 21 and common winter  r e s iden t .  

S t a r l i n g  (Sturnus vu lga r i s  vu lga r i s )  Poss ib le  common res iden t .  
Gray v i reo  (Vireo v i c i n i o r )  Poss ib le  uncommon summer r e s i d e n t .  
S o l i t a r y  v i reo  (Vireo s o l i t a r i u s  plumbeus) Possible common 

summer r e s  ident  . 
Red-eyed v i r e o  (Vireo ol ivaceus)  Rare summer res iden t  21. 
Warbling v i reo  (Vireo g i lvus  swainsonii)  Poss i b l e  common summer 

r e s  ident  . 
Tennessee warbler  (Vermivora peregrina)  Poss ib le  r a r e  but  r egu la r  

migrant. 



Table 11-26 - continued 

Nongame birds: (continued) 

Orange-crowned warbler (Vermivora c e l a t a  o r e s t e r a )  Poss ib le  
uncommon migrant and summer r e s  ident  . 

Nashville warbler (Vermivora r u f  i c a p i l l a  ridgwayi) Poss ib le  
r a r e  migrant. 

Virginia warbler (Vermivora v i rg in iae )  Poss ib le  c o m n  summer 
r e s  ident  . 

Yellow warbler (Dendroica petechia  aestiva)Common summer 
r e s  ident  31, 5-1. 

w r t l e  warbler (Dendroica coronata coronata) ' Poss i b l e  common 
migrant. 

Audubon's warbler (Dendroica auduboni memorabilis) Common 
summer res iden t  31, 61. 

Black-throated gray warbler (Dendroica nigrescens)  Common 
summer res iden t  31. 

Townsend's warbler (Dencroica townsendi) Poss ib le  uncommon f a l l  
migrant. 

MacGillibrayls warbler (Oporornis to lmie i  monticola) Common 
migrant and uncommon summer r e s  ident  5-1. 

Yellowthroat (Geothlypis t r i c h a s  occ iden ta l i s :  5. t. campicola) 
Poss ib le  uncommon summer res iden t .  

Yellow-breast Bd chat  ( I c t e r i a  v i r e n s  auricollis) Poss ib le  common 
summer res iden t  . 

Wilson's warbler (Wilsonia pus i l l a  p i l e o l a t a )  Poss ib le  common 
migrant. 

American r e d s t a r t  (Setophaga r u t i c i l l a  t r i c o l o r a )  Poss ib le  
r a r e  migrant. 

House sparrow (Passer domes t icus  domesticus) Common res iden t  31. 
Bobolink (Dolichonyx oryzivorus) Possible r a r e  summer migrant. 
Western meadowlark (S t u r n e l l a  neglec ta  neglecta)  Common summer 3/ 

and uncommon winter  r e s  ident  . 
Yellow-headed blackbird (Xanthocephalus xanthocepha1us)Common 

summer res iden t  . 
Red-winged blackbird (Agelaius phoeniceus f o r t i s )  Common 

res id& t 3/. 
Rusty blackbird (Euphagus ca ro l inus  carol inus)  Poss ib le  r a r e  

winter  migrant. 
Brewer's blackbird (Euphagus cyanocephalus) Common res iden t  31. 
Brown-headed cowbird ( k l o t h r u s  a t e r  a r temis iae)  Common summer 

r e s  ident  31. 
Western tanager (Piranga ludoviciana) Poss ib le  common migrant 

and summer res ident .  
S c a r l e t  tanager (Piranga o l ivacea)  Possible r a r e  summer migrant. 
B lack-headed grosbeak (Pheuct icus  melanocephalus melanocephalus) 

Common aummer res iden t  - 51. 



Table 11-:26 - continued 

Nongame b i r d s  : (cont inued) 

Blue grosbeak (Guiraca caerulea  in te r fusa )  Poss ib le  uncommon 
summer r e s  ident  . 

Lazuli  bunting (Passerina amoena) Uncommon summer res ident  21. 
Evening grosbeak (Hesper iphona vesper t ina brooksi) I r regu la r  

res ident  . 
Cass i n ' s  f inch (Carpodacus cass  i n i i )  Poss ib le  common res iden t  . 
House f inch (Carpodacus mexicanus f r o n t a l i s )  Common summer 

31, 51 and poss ib le  unconrmon winter  r e s iden t .  
p inegrosbeak (Pinicola enuc l e a t o r  montana) Poss i b l e  uncommon 

res iden t  . 
Gray-crowned rosy f inch (Leucosticte tephrocot is  tephrocot is ;  

L. t, l i t t o r a l i s )  Poss ib le  common winter  migrant. 
~ l a c c  rosy  f inch (Leucosticte a t r a t a )  Poss ib le  conlmon winter  

migrant. 
Brown-capped rosy f inch (Leucosticte australis) Poss ible  common 

winter  migrant. 
Common redpo 11 (Acanthis f  lammea flammea) Poss ib le  r a r e  

winter  migrant. 
Pine s i s k i n  (Spinus pinus pinus) Co-n res iden t  21, 51. 
American goldfinch (Spinus tris t is tris tis ; 2. t. pa l l idus )  

Common summer 21 and poss ib le  uncommon winter  res ident .  
Lesser goldfinch (Spinus p s a l t r i a  p s a l t r i a )  Poss ib le  unconrmon 

summer and r a r e  winter  r e s iden t .  
Red c r o s s b i l l  (Loxia curv i ros t ra )  Poss ib le  r a r e  res iden t .  
White-winged c r o s s b i l l  (Loxia leucoptera leucoptera) Poss ib le  

r a r e  'winter migrant. 
Green-tailed towhee (Chlorura chlorura)  Common summer res iden t  

31, 11, and poss ib le  r a r e  winter  r e s iden t .  
~ u f o u s  -sided towhee (Pipi lo  erythrophthalmus montanus) Unco-n 

summer and r a r e  winter  r e s iden t .  
Lark bunting (Calamospiza melanocorys) Uncommon summer res ident .  
Savannah sparrow (Passerculus sandwichensis nevadensis; P. 2. 

anthinus) Poss i b l e  uncommon migrant and summer r e s  ident  . 
Grasshopper sparrow (Ammodramus savannarum perpal l idus)  U n c o m n  

summer res ident  51. 
Vesper sparrow (Pooecet'es gramineus conf in is)  Comnaon migrant 

and summer res ident  51. 
Lark sparrow (Chondestes grammacus s t r i g a t u s )  Poss ib le  common 

migrant and summer res iden t .  
Black-throated sparrow (Amphispiza b i l i n e a t a  d e s e r t i c o l a )  Poss ib le  

common summer res ident  . 
Sage sparrow (Amphispiza b e l l i  nevadens i s )  Common summer r e s i d e n t  21. 
White-winged junco (Junco a iken i )  Poss ib le  r a r e  winter  migrant. Q 
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Nongame birds: (continued) 

Slate-colored junco (Junco hyemalis hyemalis; J. h. 
cismontanus) Poss ible  r a r e  winter r e s iden t .  

Oregon j u n c ~ ~ u n c o  oreganus ) Common winter  res ident  . 
Gray-headed junco (Junco caniceps caniceps) Conrmon summer 51 

and winter  r e s iden t  . 
Tree sparrow (Spizel la  arborea ochracea) Poss ib le  uncommon 

winter migrant. 
Chipping sparrow (Spizel la  passerina boreophila) Common summer 

r e s  ident  21. 
Brewer's sparrow (Spizel la  breweri breweri) Common summer 

res iden t  21, 61. 
Harris '  sparrow (Zonotrichia querula) Poss ib le  r a r e  winter  

r e s iden t  . 
White-crowned sparrow (Zonotrichia leucophrys) Commn 

res iden t  21, 51. 
Fox sparrow (Passere l la  i l i a c a  schis tacea)  Rare summer res iden t  5-1. 
Lincoln's sparrow (Melospiza l i n c o l n i i  a l t  i co la )  Common migrant 

and summer res iden t  21. 
Song sparrow (Melospiza melodia) Common summer 21 and poss ib le  

uncommon winter  r e s  ident  . 
Lapland longspur (Calcarius lapponicus alascens is) Poss i b l e  

r a r e  winter  migrant. 
White-throated sparrow (Zonotrichia a l b i c o l l i s )  Possible r a r e  

migrant. 



Table 11-26 - continued 

2 / Raptors: - 

Turkey v u l t u r e  (Cathartes aura mer id iona l  i s )  Comunn summer 
31, 51 and r a r e  winter  r e s i d e n t .  

~ o s h % k  (Accipi ter  g e n t i l i s  a t r i c a p i l l u s )  Rare r e s i d e n t .  
Sharp-s hinned hawk (Accipi ter  s tr i a t u s  velox) Poss i b l e  r a r e  

sunnier and common winter  r e s iden t .  
Cooper's hawk (Accipi ter  cooper i i ) :  Uncommon summer 21, 21, 

and comumn winter  r e s iden t  . 
Red-tailed hawk (Buteo jamaicens is ca lurus)  Common res ident  2/,5/. 
Swainsonls hawk (Buteo swainsoni) Uncommon s k r  51 and r a r e  

winter  r e s i d e n t  . 
Rough-legged hawk (Buteo lagopus 2. johannis) Rare summer 21 

and uncommon winter  r e s i d e n t  o r  migrant.  
Ferruginous hawk (Buteo r e g a l i s )  Rare summer and common 

winter  r e s i d e n m .  
Golden eag le  (Aquila chrysaetos canadens i s )  Common r e s i d e n t  21, 

7 1 .  
~a l d e a g  l e  (Haliaeetus leucocepha lus  alascanus)  Common 

winter  r e s i d e n t  L/ .  
Marsh hawk (Circus cvaneus hudsonius) Common summer 21, 51, 

and winter  r e s iden t  . 
Osprey (Pandion h a l i a e t u s  ca ro l inens i s )  Poss ib le  r a r e  migrant 101 - 
P r a i r i e  fa lcon (Falco mexicanus) Rare r e s i d e n t  31, 91. 
Peregrine fa lcon (Falco peregr inus anatum) ~ o s s i b l e  r a r e  migrant 81. - 
Pigeon hawk (Falco co lumbarius) Poss ib le  r a r e  win te r  migrant l o / .  - 
Sparrow hawk (Falco sparver ius  sparver ius)  Comrnon summer 21, 

5 1  and u n c o m n  winter  r e s i d e n t .  
screech owl (Otus -- a s  io)  Poss ib le  u n c o m n  r e s i d e n t  . 
Flammulated owl (Otus f l a m e o l u s  flammeolus) Poss ib le  r a r e  

sunher r e s iden t  . 
Great horned owl (Bubo vi rg in ianus)  Common r e s i d e n t  21, 51. 
Pygmy owl (Glaucidium gnoma ca li fornicum) Poss i b  l e  r a r e  res ident  . 
Burrowing owl (Speotyto cun icu la r i a  hypugaea) Comrnon summer 5/, lo /  - 

and poss ib le  r a r e  winter  r e s i d e n t .  
Long-eared owl (As -- i o  o tus  wilsonianus) Uncomrnon r e s  iden t  21. 
Short-eared owl (Asio flammeus flammeus) Poss ib le  uncommon 

winter  migrant. 
Saw-whet owl (Aegolius acadicus acadicus) Poss ib le  uncommon 

r e s i d e n t  . 
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. . ..... . . . . . .  :, . . . . . . . . .  . . . . . . . . . . .  . . . .  . . . . .  . . . . . . . . . . . .  11 These spec ies ,  grouped s e p a r a t e l y  as  "ongame birdsc'. and "Rap- 
. . . . . . . .  , . . . . . .  

I tprs"  and ou t s ide  of "gameo' ca tegor ies ,  follow Chapter 62, Colo. 
Rev. S t a t u t e s  1963 As Amended, i n  Colo. Game, Fish  and Parks Div. 
Laws and Regulations Hdbk., 1970. (Art. 1, i t e m  3, Def in i t ions ,  
p. 327). 

21  Nomenclature from Bailey, A. M., and N. J. Neidrach. 1967. - 
P i c t o r i a l  check l i s t  of  Colorado bi rds .  Denver Mus. Nat. H i s t .  168 pp. 
Information on occurrence, i n  employing term ?ossible,"  is adapted 
from foregoing reference  and notes  i n  Davis, W. A. 1969. Birds i n  
western Colorado. Colo. Fie ld  Orni thologis ts .  61 pp. Where adjec- 
t i v e  "possibles'  is absent,  a c t u a l  s i g h t i n g ( s )  have been reported 
ve rba l ly  by anyone o r  more o f  Division personnel W. McKean, 
C. Reichert ,  G. Gore, S. S t e i n e r t ,  and R. Bartmann, o r  qua l i f i ed  by 
add i t iona l  footnotes t h a t  follow. 

31 Sight records given i n  unpublished check l i s t s  of b i rds  of - 
t h e  L i t t l e  H i l l s  Game Exp. S t a t i o n  by R. A. Ryder, I. R. Gabrielson, 
D. Charbonneau, C. White, and R. Lauridson, 1947 and 1948. 

41 Technically a game b i rd ,  but comparative r a r i t y  makes occurence - 
i n  Unit 22 questionable. Species is c i t ed  here  t o  avoid i ts com- 
p l e t e  omission, s ince  chances appear good enough f o r  i t  t o  occur i n  
t h e  u n i t  some time. 

5 1  Sight  record given i n  unpublished checkl is t  of birds of Naval - 
O i l  Shale Reserve, 1969-70, by L. M. Stephens. 

61  Specimens col lec ted  and c i t e d  i n  checkl is ts  of  t h e  L i t t l e  H i l l s  - 
Exp. S ta t ion .  

71 Golden and bald eagle s p e c i f i c a l l y  excluded from s t a t u t e s  - 
def in ing "Raptor" as  c i t e d  in  footnote  11 but here in  l i s t e d  t o  - 
avoid omission. 

8/  Endangered species.  - 
9/ Species l i k e l y  t o  become endangered. - 

l o /  Undetermined s t a t u s .  - 



Table 11-26 - Addendum 

1/ Other Mamalian Species - - Western Rio Blanco County 

Little brown bat (Myotis lucifugus) 

Long-eared myotis (Myotis evotis) 

Long-legged myotis (~yotis' volans) 

Small-footed myotis (Myotis leibii) 

Big brown bat (Eptesicus fuscus) 

Townsend's big-eared bat (Plecotus townsendii) 

Northern pocket gopher (Thomomys talpoides) 

Ord's kangaroo rat (Dipodomys ordii) 

Western harvest mouse (Reithrodontomys megalotis) 

Canyon mouse (Peromyscus crinitus) 

Deer mouse (Peromyscus maniculatus) 

Pinon mouse (Peromyscus truei) - 

White-throated woodrat (Neotoma albigula) 

Bushy-tailed woodrat (Neotoma cinerea) 

Montane vole (Microtus montanus) 

Long-tailed vole (Microtus longicaudus) 

Sagebrush vole (Lagurus curtatus) 
I . .  

Western jumping mouse (Zapus princeps) 

Porcupine (Erethizon dorsatum) 

Black-footed ferret (Mustela'nigripes) (endangered species) 

1/ These species are reported as occurring in Rio Blance County in - .  
the area fromMeeker to the west, by Armstrong, 

11-162 



Table 11- 26 - . Addendum 

Rept i les  and Amphibians / - Western Rio Blanco County 

Sagebrush l i z a r d  (Sceloporus graciosus)  

Eastern fence l i z a r d  (Sceloporus undulatus) 

Tree l i z a r d  (Urosaurus ornatus)  

Side-blotched l i za rd  (e stansburiana) 

Short-horned l i z a r d  (Phrynosoma douglassi)  

Western g a r t e r  snake (Thamnophis elegans) 

Red-sided g a r t e r  snake (Thamnophis s i r t a l i s )  

Gopher snake (Pituophis c a t e n i f e r )  

Western ra t t l e snake  (Crotalus v i r i d i s )  

Tiger salamander (Ambystoma tigrinum) 

Rocky Mountain toad (Buf o woodhousei) 

Chorus f rog (Pseudacris n i g r i t a )  

Leopard frog (Rana p ip iens )  

21 These species a re  reported as  occuring i n  Rio Blanco County - 
i n  the  a rea  from Meeker t o  t h e  west, by Maslin. 



The sagebrush type, which covers about 35 percent of the 

Piceance Basin, i s  undoubtedly important as mule deer habi tat .  

Unpublished data from L i t t l e  H i l l s  investigation show, by stomach 

analysis, four browse species (serviceberry, big sagebrush, snow- 

berry, and pinyon pine) comprise 7 1  percent of the stomach content. 

It appears that  the best deer forage i n  the sagebrush type 

occurs i n  open stands where there i s  a variety of grasses, forbs, 

and shrubs. Sagebrush range affords good cover'for deer especially 

where i t  intermingles with the rough breaks of the pinyon-juniper 

and the thickets of the mountain shrub type. * 

Heavy use of grass species by the Piceance Creek deer herd i n  

early spring is common. Trend counts by the Colorado Division of 

Wildlife are made i n  the spring when hundreds of deer descend each 

evening t o  feed on the grass meadows of the creek bottoms. Ranchers 

report heavy deer use i n  the spring on crested and intermediate 

wheatgrass pastures. This use continues only while the grasses 

are green and succulent. L i t t l e  foraging on.grass occurs i n  other 

seasons. Carhart conducted studies of the food habits of the 

White River deer herd from 1938 to  1941, based on about ten stomach 

samples per month. These studies showed that  grasses constituted 

less than one percent of the d ie t  i n  summer, f a l l ,  and winter. In  

spring, grasses and herbs comprised about one-eighth and one-tenth 

of the d i e t ,  respectively. 

Carhart showed that deer secured over 93 percent of the i r  

winter food from s i x  browse species which cgmprised only 75 per- 

cent of the t o t a l  forage available. In order of decreasing 



importance, these species are  b ig  -sagebrush, pinyon pine, juniper, 
I 

rabbitbrush, serviceberry,  and mountain mahogany. Similarly,  s i x  

forage categories (big sagebrush, serviceberry, grasses ,  herbs, 

snowberry, and pinyon pine) provided over 84 percent of t he  spring 

d ie t .  During summer, four categor ies  (serviceberry,  black choke- 
-- -1 

berry, scfib oak, and herbs) provided almost 92 percent of the d i e t .  

I n  the  f a l l ,  s i x  browse species (serviceberry, b ig  sagebrush, 

mountain mahogany, rabbitbrush,  aspen, and pine) provided 

almost 68 percent of t he  d i e t ,  

The Division of Wildl i fe  repor ts  (1971) t ha t  a t o t a l  of 

258,949 b ig  game hunting l icenses  valued a t  .$6,9.mill ion were sold 

j '  state-wide i n  1970. Most l icences were sold fo r  mule deer hunting, 

; since 70,254 of the  93,673 animals reported harvested were mule 
I 

deer. State-wide, b ig  game hunters a re  estimated t o  have spent 

$77,192,831 on gross hunting expenditures i n  1970. Although 

spec i f ic  expenditures cannot be itemized, the  Piceance Basin is  

perhaps the  s ingle  most important mule deer hunting area  i n  Colorado. 

I Harvest s t a t i s t i c s  indicated t h a t  6.7 percent (4,737) of the  t o t a l  

s t a t e  harvest occurred i n  the  Piceance Basin and t ha t  mule deer lc i l l  

I per square mile was the highest  i n  the S t a t e  (4.70 deer harvested per 
! . . . . . .  . . i  . 

' .  , square mile). Hunting pressure (7.07 hunters per square mile) was 

second only t o  the  Coal Creek a rea  (8.04 hunters per square mile). 

It i s  a l so  s ign i f ican t  t o  note t ha t  66 percent of the  reported 
I 
i 
i deer k i l l  i n  the basin  was by nonresident hunters,  a s  reported 

against  45 percent f o r  the  e n t i r e  s ta te .  



Deer-auto c o l l i s i o n s  on main highways bounding Unit 22 have 

been recorded. On a 20-mile s e c t i o n  of highway south  of Meeker, 

a minimum l o s s  of 118 deer was repor ted  i n  1968-69, and 109 deer  

i n  1969-70. Fifty-one deer  w e r e  repor ted  k i l l e d  on Highway 64 

between Meeker and t h e  Piceance Creek turnoff  during Apr i l  1960 t o  

March 31, 1961. 

Antelope a r e  r e s t r i c t e d  mainly t o  t h e  nor thern  edge of t h e  

Basin. 

Limited numbers of e l k  u t i l i z e  t h e  genera l  Piceance Basin area ,  

with the  cen te r  of a c t i v i t y  found a t  h igher  e l eva t ions  of the  Room 

Plateau. Winter movement t o  lower ranges c a r r i e s  some e l k  use i n t o  

the c e n t r a l  por t ion  of the  basin.  To ta l  e l k  ha rves t s  from t h i s  

poprllation dur ing  1965-69 w e r e  17, 4,  21, 8, and 20 animals. Elk 

a r e  mainly grazers  of open a reas  a t  h igher  e l eva t ions  i n  aspen and 

coni fer  type h a b i t a t .  Sagebrush a reas  a r e  a l s o  u t i l i z e d  a s  ca lv ing  

areas  and sources of grass  forage. 

An est imated populat ion of 5 t o  15 mountain l i o n s  roam over 

the  Piceance Basin, being p a r t i c u l a r l y  influenced by deer  migrations 

and movement of sheep bands. Incidences of mountain l i o n  predat ion 

w e r e  recorded i n  t h e  nor thern  h a l f  of the  Basin during 1958-68. 

Black bear  occur a t  h igher  e l eva t ions  i n  t h e  southern  p a r t  

of the  Basin, although they a r e  few i n  number. S t a t i s t i c s  f o r  1970 

show t h a t  one bear  w a s  repor ted  as harvested i n  t h e  Piceance 

Basin (Myers, et. a l . ,  1971), although the  average repor ted  ha rves t  

f o r  1955-69 w a s  t h r e e  bears  p e r  yea r  (Colorado Game, Fish and Parks,  1971)- 



Coyotes and bobcats a r e  regarded as abundant i n  t h e  Basin 

although no populat ion es t ima te  is  avai lable .  It has been est imated 

t h a t  over 1,000 domestic sheep a r e  annually l o s t  t o  coyote preda- 

t i o n  (Environmental Resources Center,  1971). 

Extrapolat ion of da ta  from o the r  a reas  i n d i c a t e s  t h a t  cotton- 

t a i l  r abb i t s  i n  t h e  Piceance Basin may be present  a t  a dens i ty  of 

150 t o  200 animals per  square mile. Both t h e  snowshoe ha re  and t h e  

pine s q u i r r e l  are believed t o  be d i s t r i b u t e d  coincidenta l ly  with 

Douglas f i r  on t h e  Roan Pla teau  between Cow Creek and Black Sulphur 

Creek. Di rec t ly  appl icable  s t a t i s t i c s  on rabb i t  harvest by hunters  

a r e  not  a v a i l a b l e ,  but  a s u b s t a n t i a l  number of r a b b i t s  a r e  known 

t o  be harvested annually i n  t h e  Basin. 

The Colorado Division of Wi ld l i f e  has  e s t ab l i shed  a smal l  

capt ive  herd  of buf fa lo  and is conducting research s t u d i e s  on Rocky 

Mountain Bighorn Sheep a t  the  L i t t l e  H i l l s  Experiment S t a t i o n  i n  the  

Dry Fork drainage. 

Other mannnals have been recorded and can b e  found l i s t e d  i n  

Table 11- 26. These include yellow b e l l i e d  marmots, p r a i r i e  dogs, 

ground s q u i r r e l s ,  porcupine, chipmunks, red fox,  raccoon, and others .  

Wild horses  a r e  present  i n  t h e  Piceance Basin with current  

est imates xanging from 150 t o  250 head. On occasion, a smal l  band of 

10 t o  15 horses  have been .observed on and i n  the  immediate v i c i n i t y  

of Tract  C-a. 

c. Birds 

Sage grouse have been f requent ly  observed a t  various s i t e s  

throughout t h e  Piceance Bas i n  including important h a b i t a t  a reas  on t h e  

11-167 



Cathedra l  B lu f f s ,  t h e  d iv ide  between Douglas and Yellow Creeks, and 

the G a s  W e l l  a r e a  east and no r th  of Piceance Creek a t  t h e  head of 

Co l l i n s  Gulch. Densi ty  appears  t o  be about 1-10 b i r d s  p e r  square  mile. 

Blue grouse occur i n  Douglas f i r  and aspen types  of t h e  Roan 

P la t eau  and Cathedral  B lu f f s  a r e a ,  as w e l l  a s  o t h e r  p l a c e s  i n  t h e  Basin. 

Chukar p a r t r i d g e  have been s tocked  and a r e  known t o  e x i s t  i n  s m a l l  

numbers on and near  main Piceance Creek between Steward and Story Gulches. 

A s m a l l  populat ion of r ingneck pheasants is' known t o  e x i s t  i n  some 

low q u a l i t y  h a b i t a t  along t h e  White River bottoms and a g r i c u l t u r a l  land 

from the  r i v e r  br idge  on Highway 64 t o  about t h e  Thomas Ranch. 

An es t imated  populat ion of 300 mal la rds ,  green-winged t e a l ,  common 

golden-eye, and common nerganser  a r e  knwon t o  w i n t e r  a long the  White 

River  and on w a r m  spring-fed waters .  of Piceance Creek and its 

t r i b u t a r i e s .  I n  a d d i t i o n ,  gadwalls ,  cinnamon and blue-winged t e a l ,  

a long wi th  the  win te r  r e s i d e n t ,  breed i n  t h e s e  same a reas .  The summer 

populat ion c o n s i s t s  of perhaps 1,000 b i rds .  

A l l  of t h e  Piceance Basin is i n  mourning dove breeding  range. 

Bank-tailed pigeons occas iona l ly  t r a v e r s e  t h e  b a s i n ,  a l though no 

records  of breeding and win te r ing  a r e  known. There is no popula t ion  

dens i ty  d a t a  for=  e i t h e r  of t hese  spec i e s .  

Golden eag le s  a r e  year-long r e s i d e n t s  of t h e  Piceance Creek a r e a  

and t h e  s t r e t c h  of t h e  White River  between Meeker and Rangely is  a 

win ter ing  a rea  f o r  b a l d  eag le s .  Act ive  golden e a g l e  n e s t  sites a s  

1970 included: e a s t  Piceance Creek Road nea r  Dudley Gulch ( T ~ S ,  ~97W) ; 



Dry Fork of Dark Canyon (TlS, R96W); mouth of Dry Fork Piceance 

.Creek (TIN, R9 7W) ; and Kendal l  Gulch (TIN, R95W) . 
Many o t h e r  s p e c i e s  of migratory waterfowl, sho reb i rds ,  song 

b i r d s ,  hawks, e a g l e s ,  and o t h e r  v u l t u r e s  w in te r ,  b reed ,  summer, o r  

migrate  through t h e  Piceance Basin. Thei r  abundance ranges from 
. . . . . . . .  . . . .  - ........ . . : - : ,; .., .. :.::;-.!I ..... ... ...:...... -. ........... .-: :, . ..-.... :........I . . . . . . . .  abundant t o  rare. Table 11-26 lists a l l  s p e c i e s  wbich have been 

i 

documented. 

d. Aquatic Organisms 

Aquat ic  h a b i t a t s  e x i s t  at  S t ake  Spr ings ,  84 Spr ings ,  Yellow 

Creek, and t h e  t ~ o u t  pond on t h e  Vio le t  P lace  on Yellow Creek, as 

w e l l  as i n  t h e  White River  and i n t e r m i t t e n t  Yellow Creek. F i s h  

s p e c i e s  i nc lude  t r o u t ,  sucke r s ,  and minnows. 

A survey of a q u a t i c  organisms i n  t h e  White River ,  Yellow Creek, 

- ,  and Piceance Creek was done by May (1970). These d a t a  may b e  

i n d i c a t i v e  of t h e  fauna t h a t  e x i s t s  downstream from Trac t  C-a and 

C-b. F ish  populat ions i n  t h e  s t u d i e d  streams w e r e  l i m i t e d  t o  two 

spec i e s .  F luc tua t ing  flows were found t o  be  a major i n f l u e n c e  on 

t h e  v e r t e b r a t e s  and chemical composition of t h e  water .  Bottom 

. . . .  . . . . . . . .  . ~. . . 
. . . . . .  . i . . . . . . . .  - ... . . . . . . . . . . . . . . .  ..I .., composition of Piceance Creek was found t o  be comprised mostly of 

............ . . . . . . . . . . . . . . .  - 
. . . . . . . . . . : . : .  1 ., . . . . . . . . . . . .  .: . . . . . . . . . . . . . .  . . . . . . . . . .  A . . .  . . : " I  

f i n e  g r a v e l  ( sha l e )  w i th  a few l a r g e  rocks. 
. . . . . . .  . . . . . . . . . .  . . . . .  . . . . . . . . . .  . . $  

. . , . . .  . . . .  
'. 8 Bottom samples from t h e  t h r e e  s t reams y i e lded  10,505 organisms, 

wi th  peak abundance occurr ing  .during June. Mean monthly numbers of 

. . . . . . .  .............. 
organisms ranged from 140 organisms p e r  inch  i n  A p r i l  1969, t o  

. . . . . . . . . . . .  . . . . . . .  . . . . .  .............. . . . .  '.i . . . . . . . .  . . . . . .  
. . ! 1,466 organisms p e r  inch i n  June 1969. May f l i e s  and midges were 

most numerous, wh i l e  b e e t l e s ,  caddis  f l i e s ,  and s t o n e  f l i e s  were a l s o  
j 
. . 
! present .  Non-insect a q u a t i c  i n v e r t e b r a t e s  inc luded  o l igochoetes .  



e. Threatened Species  

& shown i n  Table 11-14, 19 threa tened  s p e c i e s  of b i r d s ,  

m a m m a l s ,  and f i s h  are be l ieved  t o  exist i n  t h e  three-Sta te  o i l  s h a l e  

region. Although a l l  of t hese  probably do n o t  e x i s t  i n  t h e  Piceance 

Basin, i t  is probably t h a t  a t  least t h e  more mobile s p e c i e s  u se  the  

h a b i t a t  of t h e  Basin. Table 11-26 lists a number of o t h e r  th rea tened  

s p e c i e s  a s  p o s s i b l e  migrants.  

Golden and ba ld  e a g l e s ,  n o t  des iwa ted  endangered, bu t  p ro t ec t ed  

by Federa l  l e g i s l a t i o n ,  win ter  i n  t h e  a rea .  The r a r e  p r a i r i e  f a l con  

is  known t o  exist i n  t h e  a rea .  There are s t i l l  a few p r a i r i e  dog 

towns i n  t h e  b a s i n  and th.e endangered black-footed f e r r e t  is 

dependent on such h a b i t a t s .  The black-footed f e r r e t  has  n o t  been 

v e r i f i e d  by a c t u a l  specimen from northwest  Colorado s i n c e  1942, bu t  

one s i g h t i n g  i n  t h e  e a r l y  s i x t i e s  i n  Moffat County and a more r ecen t  

s i g h t i n g  i n  nearby Uintah County, Utah i n d i c a t e s  t h a t  they s t i l l  

e x i s t  i n  t h e  o i l  s h a l e  region. 

Although n o t  n a t i o n a l l y  threa tened  ar endangered, t h e  r i n g t a i l  

(Bassar iscus a s t u t u s )  is  repor ted  o t  occur i n  l i m i t e d  numbers near  

Douglas Creek. This spec i e s  is r a t h e r  s c a r c e  i n  western Colorado 

(Environmental Resources Center ,  1971). 

7. S o i l s  

S o i l s  of t h e  Piceance Creek Basin vary from very  t h i n  -or none 

on t h e  s t e e p  s lopes  and c l i f f s  t o  t h i c k  a l l u v i a l  s o i l s  on the  wider 

v a l l e y  f l o o r s .  Upland areas may be  covered by t h i n  s o i l s  o r  high- 

l e v e l ,  t h i c k ,  a l l u v i a l  s o i l .  

The a l l u v i a l  v a l l e y  land suppor t s  good hay crops where irri- 

ga ted ,  o therwise  sagebruch o r  greasewood. The upland a l lv ium 



I 
. . i .............. . . . . . . . .  

supports sagebrush predominantly, with some grass. The t h i n  up- 
.............. . . . . . . . . .  .- .I . . . . . . .  . ............... . . . . .  . . . . . . . . . . .  ' 1  

j . , land s o i l s  generally support pinyon-juniper. 

So i l s  of the  Piceance Creek Basin consist  primarily of 

I Haplorthents , Haplargids , Argiustol ls  , and the Haplustolls on the  

uplands. Many of these s o i l s  a re  l i t h i c  or shallow t o  bedrock. 
. . . .  . _  . . . . . . . . . .  .. . ., . .......... ............ - : .: - . . .  Deep a l luv ia l  s o i l s  such as  Haplustolls ,  and Haplaquolls occur i n  

valley bottoms and drainageways. Land types such as  rock outcrops, 

rough gul l ied land and shale badlands occur as  small areas through- 

out the  Basin. The west slope of Cathedral Bluffs i s  an example 

of t he  outcrop land type. 

A generalized map of t he  s o i l s  of the  White River Basin, 

Colorado, which includes the  Piceance Creek Basin i s  shown i n  

Figure 11-43. Soi ls  contained within the Piceance Creek Basin' 

are  described as  follows: 

Soi l  Mapping Unit 3: Shallow rocky and deep moderately dark 
colored s o i l s  of the  uplands 

Landscape: The landscape i s  highly dissected by creeks and the i r  
intermittent t r ibu ta r ies .  There is  a repeating pat tern 
of narrow a l l u v i a l  valleys along creeks flanked by 
canyons or very s teep rocky slopes which r i s e  t o  higher 
lying uplands, Narrow bands of r o l l i n g  upland or mesas 
form divides between upper reaches of creek t r ibu ta r ies .  

Slopes : Slope gradients usually range between 10 and 60 percent. 
Those of less  than 10 percent are  confined t o  a l l uv ia l  
valleys, mesas, and uplands. 

Climate: For the most pa r t ,  elevations range between 6,000 and 
7,000 feet ,  Climate is more favorable fo r  plant  growth 
than i n  the dese r t  areas around Rangely. Annual pre- 
c ip i ta t ion  is  12 t o  15 inches and mean annual temperature 

1 is  a l i t t l e  l e s s  than 47 degrees F. The frost- f ree  
I period i s  about 100 days. 





i S o i l  parent S o i l  parent  m a t e r i a l s  a r e  mainly limy sandstones and 
mater ia ls :  sha les  along wi th  reworked v a l l e y  f i l l  derived from 

sandstone and sha le .  Much of the  f i l l  ma te r i a l s  i s  
stony and g rave l ly .  Eolian deposi t s  mantle por t ions  
of t h e  r o l l i n g  upland between the  creeks.  Recent 
alluvium i s  of minor extent .  A l luv ia l  v a l l e y s  have 
been markedly influenced a t  many places by sediments 
and colluvium from nearby s lopes .  

1 
I Composition map u n i t  3 by Great So i l  Groups, except f o r  Regosols 

included with the  Brown s o i l s  and land types ,  is  est imated a s  follows: 

Percent 1949 Great S o i l  Group 1965 Great Group, Subgroup 
o r  Family 

I 

6 0 Li thosols  

2 5 Brown s o i l s  

5 Al luv ia l  s o i l s  

Haplorthents  (Li th ic  and 
Thin) 

Haplargids and Camborthids 

Haplorthents  

2 Solonetz s o i l s  Natrargids 

8 Land types: Land types:  
Rock outcrop 3% Rock outcrop 3% 
Rough g u l l i e d  land 3% Rock g u l l i e d  land 3% 
Shale badlands 2% Shale badlands 2% 

One of the  most extens ive  components of u n i t  3 i s  the l i g h t  
colored,  shallow, stony s o i l s  t h a t  a r e  intermingled with l a r g e  sand- 
s tone boulders and rock outcrops. They o v e r l i e  sandstone o r  sha le  
a t  depths of l e s s  than 20 inches,, and a r e  usual ly  calcareous.  Stony 
s o i l s  a r e  extensive near narrow v a l l e y s  and canyons t h a t  d i s s e c t  
the  u n i t .  A t  many loca t ions  s o f t  sandstone i s  penet ra ted  by t r e e  
roots.  Closely associa ted  wi th  rocky s o i l s  a r e  deeper s o i l s  with 
weak horizonation t h a t  have h igh proport ions of coarse fragments 
i n  the  subsoil .  Deeper s o i l s  a r e  i n  footslope pos i t ions  below and 
wi th in  the  complex p a t t e r n s  of shallow s o i l s .  

Medium depth s o i l s  occupy lower port ions of many narrow mesa 
divides.  They have formed i n  l o c a l  wind deposi ted sandy mate r i a l s  
derived f o r  the most p a r t  from sandstone. Deep, moderately dark 
colored loamy s o i l s  which a r e  noncalcareous t o  depths of 6 t o  24 
inches occupy smoother s lopes  on the  divides.  Often they have 
formed i n  calcareous wind-blown deposi tz  of loamy tex tu re .  

Accelerated eros ion i s  c h i e f l y  confined t o  r o l l i n g  upland 
divides and stream va l l eys .  Water erosion on rocky, g rave l ly  pinyon- 
juniper s lopes i s  p r i n c i p a l l y  along roads and hunting t r a i l s .  T r a i l s  



and roads along s teep  upper slopes have had a s t r i k ing  e f f ec t  i n  - 

concentrating runoff water. Deep gullying and dest ruct ive  bank 
cut t ing is v i s i b l e  along a l l  in termit tent  creeks and head cut t ing i s  
common on s ide  drains. Summer storms frequently wash out many 
bridges and creek crossings within t h i s  un i t .  Detrimental flood 
deposits  a r e  l e f t  on a l l u v i a l  fans and bottomlands t ha t  formerly 
supported good stands of grass. 

S o i l  Mapping Unit 5: b d e r a t e l y  deep and deep, dark colored s o i l s  
of the  uplands. 

Landscape: The unft  consists  of s teep  lower mountain slopes of 
rugged r e l i e f  dissected by narrow valleys and streams. 
The sharp ridges of  t he  Grand Hogback. a r e  representative 
of portions of t h i s  un i t .  

Slopes : Steep slopes with gradients between 10 and 60 percent 
a r e  m o s t  common. Gradients of l ess  than 10 percent a r e  
generally limited t o  co l luv ia l  slopes, swales, fans and 
a l l uv i a l  bottom-lands. 

Climate: Most of the  un i t  is a t  elevations between 7,000 and 
8,000 f ee t  but there  a r e  extremes from 6,400 to  8,800 
feet .  S o i l  moisture conditions a r e  more favorable for 
plant growth due t o  higher precipi ta t ion and lower 
evaporation associated with higher elevations.  Data 
from the  Marvine s t a t i o n  show a mean annual precipi ta-  
t i on  of about 20 inches, a mean annual temperature of 
nearly 40° F., and a f ro s t - f r ee  period of 47 days. 
Since uni t  5 extends west t o  the  S t a t e  l i ne ,  a range 
of from 15 t o  20 inches i n  annual p rec ip i ta t ion  and 
45 t o  100 days i n  length of f ros t - f ree  period can be 
expected . 

S o i l  parent Parent materials consis t  of mixed alluvium, colluvium, 
materia 1s : and outwash deposits  along streams and valleys.  

Gravelly and stony va l ley  f i l l  is extensive along the  
lower mountain slopes.  Parent rocks a r e  ch ie f ly  sand- 
stones, quar tz i tes ,  shales  and basal t .  They have fur -  
nished the  source for  much reworked material  i n  which 
s o i l s  have formed. 

The approximate composition of t h e  un i t  by Great S o i l  Groups 
follows. Estimates were not made for  Regosols as  they a r e  

included within t he  zonal s o i l s :  
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. . .  i . . .  . , Percent 1949 Great  S o i l  Group 1965 Great:. Group, Subgroup, 

o r  Family 

45 Chel rlvzem s o i l s  

35. Chestnut s o i l s  

15 Lithosols  

Arg iudo 11s and Arg iboro 11s 
Hapludo 11s and Hap loboro 11s 

Arg ius  t o  11s and Haplus t o 1  1s 

Haplus t o l l s  and Hapludo 11s 
(Li th ic)  

3 Al luvia l  s o i l s  Haplustol ls  and Haplaquolls 

2 Land types : 
Rock outcrop 

Land types: 
Rock outcrop 

. . . .  . . . . . . .  . . . . . . . . .  
. . . . . . .  . . . . .  . . .  

. . . , Dominate s o i l s  of t h i s  uni t  have dark gray o r  dark grayish.  

. . . . .  . . . .  . . brown surface  layers t h a t  a r e  high i n  oraanic ,mat ter  content.  

. . . . . . . . . . . . .  
. . . . . . . . .  . - . - -  .,:-:.? . . . . . .  . . . .  ............. -. . - ........ Surface .layers a r e  loamy with sandy t e x t u r e s  being 
. . . .I most conumn. On s t e e p  c o l l u v i a l  s lopes c,oarse fragments from higher 

lying rock ledges and outcrops a r e  usually sca t t e red  over the  su r -  
i 

j 
f a c e  s o i l .  Subsoils a r e  more clayey and m y  be sandy clay loam t o  
c lay  i n  texture .  Many subso i l s . con ta in  gravel ,  s tone,  and rock 

i fragments. 'Lime i s  usual ly  leached t o  depths of 40 t o  60 inches. 

Moderately deep and deep s o i l s  a r e  intermingled within t h i s  
uni t .  A t  depths between 20 and 40 inches the re  is usual ly  sand- 
stone,  sha le  o r  basa l t  under moderately deep s o i l s .  Deep s o i l s  have 
formed i n  va l l ey  f i l l  and may have dark colored buried s o i l s  wi th in  
t h e  upper four f e e t  of t h e  p r o f i l e .  Some dark surface  s o i l s  a r e  
unusually thick and extend t o  depths of 20 t o  30 inches. 

Erosion is  s l i g h t  t o  moderate. Most evident is t h a t  i n  c u l t i -  
vated f i e l d s  where runoff water has concentrated and resu l t ed  i n  
r i l l i n g  and gullying.  Under na t ive  cover, erosion has been limited 
t o  washing along stock t r a i l s  and minor gullying along drainageways. 

1 . . . . . . ,  .......... . .  ., . . . . . . : . . . .  ., . . . . . . . . . . . . . .  . . . . . . . . . .  , ,  
. . .  

. . . . . .  , S o i l  Mapping Unit 8: Shallow dark colored s o i l s  of mountain c l i f f s  
. . .  ...... ! . . . . . . . . . . .  . . . . .  , . . . . . .  . . . . . . . . . : .  , . . . . . . . .  and ridges. 
............. . . . . . . . . . . . .  

Landscape: This u n i t  extends as  a narrow band above Spring Creek 
across the  west s i d e  of Cathedral Bluffs and southeast 
nearly t o  t h e  Garfield County l ine .  Large o i l  s h a l e  
sequence sect ions  i n  the  Green River Formation a r e  
exposed along t h e  w e s t  face  of Cathedral Bluffs. 



Conspicuous fea tu res  of t h e  landscape a r e  l i g h t  colored 
c l i f f s  and escarpments. The white,  l i g h t  gray t o  very 
p a l e  brown exposed s h a l e ,  marl, sandstone and limestone 
beds extend along an i r r e g u l a r ,  jagged s t r i p  seldom 
more than a mile o r  two wide. Above t h e  c l i f f s  a r e  
sharp  r o l l i n g  windswept r idge  c r e s t s  which form a 
d i v i d e  between the  Douglas Creek and Piceance Creek 
drainage bas ins ,  while below a r e  very s t e e p  t a l u s  
s lopes.  Included i n  the  landscape a r e  h ighly  d issec ted  
uplands forming headwaters of i n t e r m i t t e n t  d r a i n s  t h a t  
flow west and nor th  i n t o  Douglas Creek.' 

S lopes : Slopes a r e  i r r e g u l a r  and broken. They usua l ly  extend 
f o r  only s h o r t  d i s t ances  before changing i n  aspect .  
Slope g rad ien t s  on r o l l i n g  r idge  c r e s t s  above t h e  c l i f f s  
a r e  5 t o  25 percent.  Between and below v e r t i c a l  c l i f f  
faces sAopes range from 25 t o  75 percent  

Climate: Most o f  u n i t  8 is a t  an e l eva t ion  between 8,000 and 
8,500 f e e t  but  extreme l i m i t s  a r e  7,000 t o  8,700. Mean 
annual p r e c i p i t a t i o n  is 16 t o  20 inches. The f r o s t -  
f r e e  period and mean annual temperature is s i m i l a r  t o  
t h a t  of u n i t  7. A s t r i k i n g  d i f f e r e n c e  cha rac te r i z ing  
u n i t  8 is t h a t  much of t h e  annual p r e c i p i t a t i o n  is l o s t  
by evaporation and runoff  on bare  exposures and wind- 
swept r idges .  Consequently, a smaller  por t ion .  of t o t a l  
p r e c i p i t a t i o n  is a v a i l a b l e  f o r  p lan t  growth than wi th in  
u n i t  7. 

S o i l  parent S o i l  parent  materia 1s have been mainly calcareous sha les  
materials:  and f i n e  grained sandstones. Marly depos i t s  and lime- 

s t o n e  beds a r e  a l s o  common. There has been much l o c a l  
reworking of mater ia ls  from r e s i d u a l  beds. Many of t h e  
c o l l u v i a l  s lopes  conta in  high proport ions of  gravel  
and stone.  

Composition of u n i t  8 by Great S o i l  Groups is est imated as  follows: 



Percent 1949 Great S o i l  Group 1965 Great Group, Subgroup 
o r  Family 

6 5 Lithosols  

25 Regosols 

10 Land Types: 
Rock outcrop 

L i t h i c  Haploborolls 
L i t h i c  Haplus to l l s  
L i t h i c  Haplorthents 

Haploboro 11s 
Hap lus  t o  11s 

Land Types: 
Rock outcrop 

S o i l s  of t h i s  un i t  a r e  predominantly shallow. Usually under- 
lying shales  o r  f i n e  grained sandstones a r e  a t  depths of 6 t o  20 
inches. S o i l  depth changes f requent ly  within s h o r t  d is tances .  
Deeper s o i l s  with underlying parent  beds a t  depths of 20 t o  40 
inches occupy about 25 percent of  t h e  un i t .  P lant  roo t s  en te r  
most of the  r e s i d u a l  beds and most sha les  can be r e a d i l y  penetrated 
with digging tools .  

On west and south fa,cing s lopes  su r face  s o i l s  a r e  l i g h t e r  
colored and limy. Shaly l o a m  and g rave l ly  sandy loams a r e  the  
common sur face  s o i l  textur,es on s t e e p  upper s lopes.  Deep s o i l s  
containing high proport ions of s h a l e  and stone,  occupy some lowel 
c o l l u v i a l  s lopes.  

Erosion wi th in  t h i s  u n i t  is mainly geologic i n  character .  
Parent rocks,  s t e e p  slopes and s t rong  winds slow the  r a t e  of  s o i l  
format ion. In addi t ion ,  much weathered material  moves down s lope  
as  colluvium. Accelerated erosion is p r inc ipa l ly  by wind on r idge  
c r e s t s  where overgrazing had denuded shallow loamy s o i l s .  Gullying 
is l imited t o  narrow drainageways occupied by deep, f r i a b l e  s o i l s .  



8, Vegetation 

Vegetative types or aspects occurring i n  the  Piceance Creek 

Basin and surrounding area may be placed i n  seven major categories: 

Saltbush, Greasewood, Pinyon-Juniper, Sagebrush, Mountain Shrub, 

Aspen, and Conifers. These generally occur i n  r e l a t i on  t o  elevation 

as  they are  l i s t e d  above with saltbush a t  the  lowest elevations 

and conifers a t  the highest. 

a. Saltbush 

This vegetative type i s  limited t o  the  lowest elevations 

on moderately sa l ine  so i l s .  It occurs sparsely i n  the Piceance 

Creek Basin as low lying parks and val ley alluviums and i s  usually 

surrounded by Pinyon-Juniper breaks. 

The dominant vegeGation is  an associat ion of s a l t  to le ran t  

low growing shrubs including shadscale, four-winged saltbush,  

n u t t a l l  saltbush, horsebrush, spiny hopsage, win te r fa t ,  black 

sage, low yellow brush, and greasewood. 

Grasses found i n  the po ten t ia l  saltbush p lan t  community include 

Indian r icegrass ,  s q u i r r e l t a i l ,  ga l l e t a ,  perennial  ryegrasses, 

and small amounts of native annuals. 

Forbs common i n  the association are  deser t  mallow, wild buck- 

wheat, Indian wheat, s t i c k  seed, loco, and cactus. 
. . 

Because of high summer temperatures and low summer r a i n f a l l ,  

l ivestock use by sheep and c a t t l e  i s  generally l imited t o  the  winter 

months. Primary livestock use i s  by sheep. Many of the shrubs 

common t o  the plant  community a re  pala table  and provide good winter 



- 7 .  : ...... . . . . . .  ! . . . . . . .  . . . .  .. . .  . .  i . . . . .  , . . . . . . .  . . . .  . . . .  , . . . . .  . . .  ! forage.. Sheep a l so  u t i l i z e  the  moderate snowfall t ha t  occurs.during 

the winter months i n  l i e u  of water f a c i l i t i e s .  

j Big game use of the saltbush type i s  limited t o  winter use by 

migratory mule deer. The pr inc ipa l  winter range of the mule deer 

herd is  the  pinyon-juniper and lower sagebrush communities. Species 

i n  the saltbush community preferred by deer a r e  four-winged saltbush, 

low yellow brush, and winterfat .  The saltbush type i n  the Piceance 

Creek Basin i s  r e l a t i ve ly  ins ign i f ican t  as  mule deer habi ta t .  

The saltbush type supports a var ie ty  of small animal species, 

The pr incipal  species i s  the  c o t t o n t a i l  rabbi t  'which u t i l i z e s  

most plant  species i n  the plant  community. This animal i s  able 

I t o  obtain i t s  water requirements from p lan ts ,  including prickly 

j pear cactus. 

Predators tha t  prey primarily upon the  rodent population in-  

clude various species of rap tors ,  bobcats, and coyotes. 

Grazing by livestock i s  the primary man caused a c t i v i t y  in -  

fluencing the successional stage of the  plant  community, I n  i t s  

po ten t ia l  condition, the plant  community is . :sparse and provides 
. . .  

-. . :! 
. . . . . . . . . . .  . . . . .  . . . . . . . . . .  .:.. . . . . . . . .  ./ . . . . . . . . .  ... only about 15 percent ground cover. While proper winter. use i s  not 

. . . .  ! . . . . . .  . . , .  . . . ,  . . . . . . .  . . . .  .\ . . . . . . . .  . . . . . . .  . . . . .  1 . . .  . . . . . . . . .  . . . .  :..I 
generally detrimental t o  the  physiology of the p lan ts ,  s o i l  d i s -  

. . . .  . - I  . . . . . . . . . .  . . .  

turbances caused by trampling tends t o  accelerate  erosion. Areas 
. . .  

of heavy livestock concentrations such a s  bed grounds rever t  

quickly t o  lower plant successional stages. 

I As the plant community regresses,  perennial  grasses and 

shrubs a r e  replaced by cactus,  and annual plants  including cheat 



grass ,  kochia, halogeton, Russian t h i s t l e ,  mustards, and s ix -  

weeks fescue. 

b . Greasewood 

This type includes areas  where greasewood (Sarcobatus) is  t h e  

predominant vegeta t ion o r  g ives  a c h a r a c t e r i s t i c  a spec t?  Usually 

t h i s  type occupies val ley  f l o o r s  sub jec t  t o  overflow during f lood 

periods o r  a reas  underlain with ground water where the  s o i l  i s  

more o r  l e s s  sa l ine .  

It i s  a c o m n  vegetat ive type i n  t h e  drainage bottoms and 

adjacent benches of Piceance Creek t r i b u t a r i e s  and occurs from 

the upper reaches of the  watersheds t o  the-White River. 

Because of i t s  va l l ey  bottom occurrence, the  s i t e  i s  commonly 

subjected t o  heavy grazing use by l ives tock.  I n  areas  where 

grazing use has h i s t o r i c a l l y  been moderate, the  greasewood f r e -  

quently forms open stands with dense cover of perennia l  grasses,  

Pr incipal  g rass  species a r e  western wheatgrass, s q u i r r e l t a i l ,  

basin wildrye, s lender  wheatgrass, and Kentucky bluegrass.  

Forbs include wild onion, dock, wild buckwheat, tansy mustard, 

milkvetch, primrose, g i l i a ,  and st ickseed.  

Other shrubs commonly found i n  t h e  assoc ia t ion  a r e  t a l l  r abb i t -  

brush, four-winged sa l tbush,  and b ig  sagebrush. 

A t  present ,  many of the  greasewood bottoms conta in  deep a c t i v e  

g u l l i e s ,  an apparent r e s u l t  of vegeta t ive  cover l o s s  on the  water- 

sheds. The deepening g u l l i e s  r e s u l t  i n  drainage and lowering of 

the  water t a b l e  i n  the  val ley  bottoms. Greasewood i s  a s t rong 



! phreatophyte capable of extending i t s  root  system t o  depths of over 
I 

30 f e e t  t o  u t i l i z e  the  receding watertable. As the  water table  

recedes, understory p l a n t s  tend t o  decrease and p r a c t i c a l l y  

pure stands of greasewood r e s u l t .  

The migratory mule deer herd f inds  l i t t l e  p a l a t a b l e  forage 

i n  the  greasewood bottoms, bu t  may u t i l i z e  t h e  a reas  f o r  cover 

during spr ing,  f a l l ,  and winter.  

The greasewood type a f fo rds  excel lent  hab i t a t .  fo r . smal1  game 

animals, including c o t t o n t a i l  r a b b i t s  and chukar pa r t r idges ,  

Ca t t l e  f ind  good grazing i n  the  type when i t  i s  near p o t e n t i a l  

with a good grass understory. A s  t h e  s i t e  regresses  t o  pure stands 

of greasewood, primary use  by c a t t l e  i s  f o r  p ro tec t ion  from 

inclement weather. 

c . Pinyon- Juniper 

This vegeta t ive  type comprises about 35 percent  of the  Piceance 

Creek Basin, It i s  dominated by a t r e e  cover of juniper and 

pinyon pine. The type occurs on a wide va r ie ty  of s o i l s  and slopes 

from s teep rocky breaks t o  high f l a t  mesas and r idgetops.  It 

occupies e levat ions  between 5,000 and 6,500 f e e t  and i s  general ly 

intermingled with t h e  sagebrush type. 

Stand form of t h e  pinyon- juniper va r ies  considerably . On 

some s i t e s ,  juniper grows alone i n  open stands. On o the rs ,  

various mixtures of t h e  two occur with equal proport ions o r  one 

or  the  other dominant, Dense stands of even age t r e e s  a r e  common 

and may dominate a s i te  so  t h a t  the  s o i l  surface  i s  l a rge ly  ba r ren  



of understory plants. Young stands can be found throughout the 

type where young trees appear to be invading grassland openings 

or adjacent sagebrush type. 

Most ecologists agree that fire is an important factor in the 

ecological processes of the pinyon-juniper type. Natural fires 

from lightning tend to burn off ridge tops and mesas, creating 

parts and open areas which revert to grasslands. In recent 

years, ranchers have burnt off large areas of pinyon-juniper to 

improve grazing conditions for livestock, Chaining by ranchers 

and government agencies has also created large grassland areas 

within the pinyon-juniper type, 

Leopold (1924) considers grassland openings within the pinyon- 

juniper to be temporary communities that will ultimately be 

reinvaded by pinyon and junipers to form the potential plant 

community. Others contend that the grassland communities are 

climax and invasion occurs with disturbance to the grasslsnd. 

This contention is supported by the fact that soils in the grass- 

land parks are of a type that evolves with grassland vegetation. 

In any event, when the pinyon and juniper trees are removed, 

the resulting grassland vegetation persists for many years. 

There is considerable variation in associated understory plants 

in the pinyon-juniper type. As previously stated, mature even- 

age stands contain practically no understory vegetation. Maximum 

forage production occurs generally in the grassland parks and in 

open areas within the type. 



Possibly because the Piceance Creek Basin represents the northern 

, most range of the pinyon-juniper type, plant succession from bare 

ground following destruction of the trees to a perennial grass- 

shrub association is rather rapid. 

A dense ground cover of annuals such as cheatgrass and Russian 
. . . . .  . .  . . . . . . . . .  . . I  , . . . . . . . . .  ........ :. .:............. / . . . . . . .  .......... . . . . . . . .  . . i thistle in association with Indian ricegrass, an aggressive perennial 

! 

bunchgrass, commonly establishes the fir st year following destruction 

of the trees. Within 3 or 4 years, with protection from 

grazing, the invading annuals diminish and a mixed stand of 
. , 

perennial grasses, forbs, and shrubs forms the stable long lasting 

open parks of the pinyon-juniper'type. 

; Periods of drought or grazing pressure may prolong the 

successional process and may also affect the resulting composition 

of the plant community. Variations will also result from site 

factors such as elevation, aspect, and soil conditions. 

In the final stages of succession in the pinyon-juniper parks, 

dominant plants include Indian ricegrass, beardless bluebunch 

wheatgrass, beardless wildrye, Sandbergs bluegrass, and junegrass. 

. . . . .  Shrubs include bitterbrush, mountain mahogany, low rabbit- . . . .  . . . . . . . . .  . . !  . . . . . . .  , . . . . . . . . . . .  _ .  ._.:: . . . .  ., ............ > . . . . . .  
i brush, serviceberry, and big sagebrush, 

Forbs are generally not abundant but may include scarlet 

globemallow, hairy goldaster, fleabane, goldenweed, gumweed, and 

gilia. 

. . . . . . . .  . m  . . .  -.-4 . . . . . . .  . . . . . . . . . . . . .  ......... . . . . . . . .  . . . . .  . . . . . .  I , In open stands of pinyon-juniper, a great variety of local . . . . . . . . .  . . . . . . . . .  . . . .  ! 

understory plant communities occur. Shrub communities of bitter- 



brush and mountain mahogany a r e  common along ridgetops and open 

s lope areas.  

Perennial grasses including Indian r i cegrass ,  beardless  

bluebunch wheatgrass, and Sandberg bluegrass form stands throughout 

the  type where they a r e  ab le  t o  avoid the  inh ib i t ing  inf luences  

of t he  t rees .  Forbs a r e  a l s o  s ca t t e r ed  throughout the  stand 

where l oca l  environmental f ac to rs  a r e  favorable. 

The pinyon-juniper type of the  Piceance Creek. Basin provides 

i dea l  winter range f o r  the  White River migratory nmle deer herd, 

The broken rough country and dense s tands  of pinyon and junipers 

provide cover and protection,  Benef ic ia l  "edge e f fec t "  i s  

prominent where dense stands of t r e e s  meet the  open parks and 

r idges ,  High qual i ty  browse p lan t s  used f o r  winter forage a r e  

r e l a t i v e l y  abundant i n  parks and open areas. These include b i t t e r -  

brush, m~untain~mahogany, and serviceberry.  

In  the  spring before migration t o  the  mountain shrub country, 

the  deer feed heavily on the  ea r l y  greening na t ive  bluegrasses 

of the  pinyon-juniper slopes,  

The pinyon-juniper type a l so  provides excel lent  h a b i t a t  f o r  

a var ie ty  of small animals including r abb i t s ,  s qu i r r e l s ,  rodents,  

b i rds ,  and various predators,  The small animals feed upon pinyon 

nu t s ,  juniper be r r i e s ,  p lan t  seeds, and a va r i e t y  o f -p lan t s .  

d, Sagebrush 

This type comprises zbout. 35'percent  of the  Piceance Creek 

Basin and includes a l l  land having an aspect  dominated by b i g  

sagebrush and re la ted  species and subspecies. 



Because of the wide environmental adaptability of big sage- 

brush and its low palatability factor for livestock, it occurs 

as a dominating aspect species on a variety of sites from the 

lowest elevations to the coniferous forest, 

The Soil ConservatPon Service describes 10 major plant 

communities in the Basin having distinctive soils and plant 

associations that may at some stage of plant succession present 

8 . . . . .  
. . .  . . 

. ,  a dominating sagebrush aspect. 
. . : : i  
. . . . . .  . .  .:, : ...:..:" . . . . . .  .! ? . . .  . . . . . . . .  . . . . . .  . . . . .  
. . 

. .! The sagebrush type is most prevalent on deep medium textured ' -  

I .......... . . . . .  . . . . . . . . . . . . . .  ............... . . . . . . . . . .  ............... . . . . . . . . . . .  . /  . .  .............. . . . . . . . . . . . . .  . . . . .  
soils on benches, mesas, and valley alluviums. It intermingles 

. . . . ,  

throughout the region with the pinyon-juniper and mountain 
I 

shrub types, 

Associated plant communities vary widely in species composition 

and forage production 'capability. Major factors determining associated 

communities are soil type, elevation, and past grazing use. 

In the lower elevations on medium textured soils, Indian 

ricegrass, squirreltail, Sandberg bluegrass and blue grarna may 

. . dominate the association, At the same elevation on heavier 
. . . . . . .  . . . .  . . . . . . . . .  I . . . . . . . .  . . . . . . . . . .  .'I 

::;:\-.:: <r:.T.>:. :', 
. . . . . . . . . .  , . . . . .  soils, western wheatgrass frequently dominates, On those sites, 
. . . . . . .  . I ..*.....;..... , 

. . . . . . .  . . .  . : i  . . . . . . . . .  . . . . . .  air dry forage production may reach 600 lb/acre. . . . . . .  ............. -:i . . . . .  . , . . . . . . . . . ,  . . .  ., 

At the intermediate elevations, a wider variety of grasses 

and forbs are found. Needle-and-thread grass, sand dropseed, and 

. . . . . . .  ............... ........... . . . . . . .  i several native bluegrasses may dominate the light textured soils, 
. . . . . . . . . . . .  . . . .  . . .  . . . . . . .  . . . . . . .  . . . .  :.I::.:..:;\ 

. . 
On medium textured soils, dryland sedges, slender wheatgrass, 



muttongrass, Junegrass and bluegrasses mix with a var ie ty  of forbs 

including balsamroot, lupine, yarrow, geranium, buckwheat, e tc .  

Dense stands of western wheatgrass a r e  common on f ine  textured 

soi ls .  On these s i t e s ,  a i r  dry forage production may reach 1500 

lb lacre  . 
A t  the higher elevations,  b ig  sagebrush may be replaced by 

s i l v e r  sage (Artemisia cana) . Grass species include mountain brome, 

~ d a h o  fescue, Thurbers fescue, Columbia needlegrass, slender 
' 

wheatgrass, Kentucky bluegrass, and timothy. Forbs from the  

intermediate zones p e r s i s t  a t  the higher elevations,  Forage pro- 

duction may exceed 2,000 lb lacre  a i r  dry. 

Because of the high forage y ie lds  of grass from s i t e s  within 

the sagebrush type, it has been a favored type fo r  l ivestock 

grazing, Early grazing i s  known t o  have been exceedingly heavy, 

Selective grazing by c a t t l e  has great ly  diminished the  climax 

perennial grasses over much of the  type, As the  grasses diminish, 

big sagebrush rapidly replaces them, Many s i t e s  supporting no 

more than 5 t o  15 percent sagebrush i n  the  po ten t ia l  p lant  

community now contain up t o  75 percent b ig  sagebrush, 

In  the  lower elevations,  ear ly  successional s tages  a r e  commonly 

dominated by annuals such as cheatgrass and Russian t h i s t l e  and 

undesirable perennials including snakeweed, fr inged sage, and 

various forbs, These occur i n  an open stand of sagebrush. 

As  the type approaches the lower stages of plant  succession, 

sheet and gully erosion accelerate  a t  a l l  elevations,  



I n  recent  years ,  some areas  of the  sagebrush type have been 

sprayed with the  se lec t ive  herbic ide  2,4-D t o  control  b i g  sagebrush. 

K i l l s  of 85 t o  90 percent a r e  common i f  appl ica t ions  a r e  cor rec t ly  

applied. Recovery of the  perennia l  grasses and forbs a f t e r  

. . -  . . . . .  
. . . . . . . . .  ..;..;:i ,. :, , ? - ~  . . . . . .  . :  :. .......... . . & I  

r e l ease  from the  sagebrush competition i s  impressive, Forage 
. . . . . . . . . . . . . . .  J .............. : . . . . . . . . . . . .  1 . . . . . . . . .  ...,, 

production i s  commonly increased by-200 t o  300 percent. The 

reestablishment of sagebrtish following spraying depends upon t h e  

degree of grazing use. With proper grazing, b ig  sagebrush increases 

i n  percentage of t h e  p lan t  comruunity composition only t o  t h e  climax 
. . .  . . . . . . . .  . . . . . . . . . . . . .  . . . . . . .  ......... . . .  :::--..I . . . . . .  ............. ................... . . . . . . . . . . . . .  community level ,  With heavy grazing,  t he  s i t e  i s  soon reinvaded 

. . . . . .  

by dense stands of b ig  sagebrush. See sect ion 6 ,  "Fauna of the  

Piceance Creek Basin," for  desc r ip t ion  of mule deer use of the  

sagebrush types, 

Small animals, including r a b b i t s ,  rodents,  and upland game 

bi rds ,  make good use of t he  sagebrush type. It affords  the  

primary hab i t a t  f o r  sage grouse which u t i l i z e s  sagebrush fo r  

food, mating grounds, and nes t ing areas.  

. . .  e. Mountain Shrub 
. . . . . . . . .  
. . . . . . . . . . .  . \  . . ,  ., 
...... .-.-::.j . . . . . . . . . . . .  . . . . . . .  

This type comprises about 20 p e r c e n t o f  the  Piceance Creek 
. . . . . . .  . . . . . . . . . . .  

: . . . . . . . .  . . . . . . . . . . .  . . . . . : . .  , . . . . . .  .! . . . . . . . . . .  . . . . i : ,  
. . . . . . . .  . . .  , Basin. It includes about f i v e  i d e n t i f i a b l e  subtypes a l l  

. . characterized by the  dominance of woody shrubspec ies .  

Mixed : o m n i t i e s  a r e  most common i n  the  Basin, These 
.. : .. . . . . . . . . .  : , ... .......... . . . . . . . . . . .  . . . . . . .  : . :1 . . . . . .  . . . . . . . . . .  "' :.'.'? . . . . .  .., communities contain open t o  dense stands od serviceberry,  mountain . . . . . . . . .  . . . .  

mahogany, snowberry, rose,  and b i t t e rbursh  i n  various combinations. 



A large variety of grasses and forbs occur in the understory, 

Grasses include needlegrasses, braes, wheatgrasses, and bluegrasses. 

Common forbs are balsamroot, lupine, yarrow, buckwheat, geranium, 

cinquefoil, and penstemon. 

Ecologically, the brush communities are rather stable. Grazing 

by livestock, browsing by mule deer, and fire are the major factors 

causing successional changes in vegetation. 

Fire is an important factor primarily in the thicket type stands 

of Gambel oak. These stands have historically been subjected to 

natural fires, fires set by Indians to facilitate hunting, and fires 

set by livestock interests to improve understory forage production. 

Following fire, there is an increase in grasses and forbs 

released from the oak competition but sprouting rootstocks soon 

reestablish the oak thickets. 

Livestock grazing, if excessive, produces a pronounced change in 

understory vegetation, Palatable perennial grasses decrease and are 

replaced by forbs and grasses of lower palatability. 

High deer populations have contributed to the present plant 

community situation. Heavy browsing of selected species, including 

mountain mahogany, serviceberry, a d  bitterbrush, has kept these 

species hedged to a low growth form, decreased seed production, and 

reduced seedling establishmento 

The type occurs on moderate to steep slopes on a variety of 

soils but usually on stony or gravelly soils that are well-drained. 



. . . . . . . . . . . .  . . .  . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . ,  . . . . . . . . . . . .  . . . .  . . . . . . .  . . . . . . . .  . . _ .--A _ . . , . . 
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. . .+. . . 
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It i s  generally l imited t o  elevations of 6,500 t o  7,500 fee t  

i n  the Piceance Creek Basin. It forms an e r r a t i c  pa t te rn  i n  the 

upper reaches of the subwatersheds where it intermingles with 

the sagebrush type and upper pinyon-juniper. A t  i t s  upper l im i t s ,  

it borders the aspen and coniferous fores ts .  

Major shrub species t ha t  occur a s  s ingle  species stands o r  

i n  a var ie ty  of mixtures include mountain mahogany, serviceberry, 

b i t  terbrush, snowberry, rose, and Gambel oak. 

Where Gambel oak dominates, i t  may form dense thickets ,  open 

stands, or  a clump aspect, Elk sedge i s  commonly the dominant 

understory plant. Grasses include slender wheatgrass, western 

wheatgrass, native bromes, and needlegrasses. Common forbs include 

aspen peavine, fleabane, yarrow, lupine, and American vetch. 

Brush communities dominated by serviceberry are  a l so  common 

i n  the Piceance Creek Basin. These vary from open stands of low 

growth form t o  mature stands where serviceberry plants  may reach 

heights of 10 fee t  or  more. 

In  the mature stands, understory vegetation is generally sparse 

because of competitiop from the serviceberry. Chokeberry sometimes 

occurs i n  these stands. Understory communities tha t  occur a r e  

s imilar  t o  those of the Gambel oak stands. 

Communities dominated by mountain mahogany occur a s  open or  

moderately dense stands but a re  generally not large. 



These influences,  pa r t i cu l a r l y  i n  the  mixed stands,  have 

caused changes i n  r e l a t i v e  plant  composition. More grasses  and 

forbs appear o r  the re  is an increase i n  the  l e s s  pa la tab le  shrubs 

such a s  snowberry, rose,  and sagebrush. 

This vegeta t ive  type is extremely important a s  mule deer  

hab i t a t .  It is used heavily by migrating deer  leaving t he  lower 

winter  range i n  the  spr ing and again a s  they r e t u r n  i n  t he  f a l l .  

I n  the  higher mountain shrub s i t e s ,  deer u t i l i z a t i o n  may occur 

throughout the  surmner. Lower s i t e s  may be u t i l i z e d  throughout 

t he  winter. The degree and range of winter  use  is generally 

dependent upon the  amount and d i s t r i bu t i on  of snowfall. 

Species preferred by deer a r e  mountain mahogany, serviceberry,  

and b i t t e rb ru sh ,  but  o ther  associated shrub species  a r e  a l so  

browsed. Some u t i l i z a t i o n  is a l so  made of grass  and forb  species 

i n  the  understory. 

The mountain shrub type a lso  affords  exce l l en t  cover f o r  deer. 

This is important s ince  deer a r e  conrnonly i n  t h i s  type during 

t h e i r  migration t o  the  winter range a t  t he  hunting season. 

The type a l so  provides year-round h a b i t a t  f o r  a va r i e t y  

. . of small animals including c o t t o n t a i l  r abb i t s ,  small rodents,  and 

birds.  



A s  pen 

This  vege ta t ive  type  i s  r e a d i l y  i d e n t i f i a b l e  by t h e  dominance 

o f  aspen t r e e s  (Populus t remuloides) .  It occurs  only  a t  t h e  h ighe r  

e l e v a t i o n s  of  t h e  Piceance Creek Basin, p r i m a r i l y  along t h e  r idges  

o f  t h e  Book C l i f f s  and Cathedra l  B lu f f s  i n  t h e  southern  po r t ion  of 

t h e  ~ a k i n .  It in te rmingles  w i th  t h e  coni fe rous  f o r e s t  type a t  

e l e v a t i o n s  above 7,000 f e e t .  I t  comprises l e s s  than 5 percent  of 

t h e  t o t a l  Basin a rea .  

Ecologica l ly  t h e  aspen community i s  g e n e r a l l y  considered a  

t r a n s i t i o n  type t h a t  occupies  coni fe rous  f o r e s t  s i t e s  temporar i ly  

fo l lowing  f i r e .  I t  i s  a l s o  found on s o i l s  t h a t  a r e  more chernozenic 

t han  f o r e s t  types where it appears  t o  be a b l e  t o  maintain i t s e l f  

and wi ths tand  invasion o f  c o n i f e r s .  
1 

I Aspen t r e e s  a r e  g e n e r a l l y  found on n o r t h  and e a s t  exposures.  
i 

They a r e  i n t o l e r a n t  of shade and reproduce p r i m a r i l y  from rh izonatous  

roo t s tocks .  On the  deep s o i l  s i t e s ,  a  dense unders tory  of  g ra s ses  and 

f o r b s  may produce over  3,500 l b  of a i r  d ry  fo rage  pe r  ac re .  

On t he  shallow mineral  s o i l s  where it i s  a  success iona l  s t age  

r e v e r t i n g  t o  c o n i f e r s  t h e  unders tory  may con ta in  unders tory  p l a n t s  

found i n  t he  coni fe rous  f o r e s t  and a  mixture of  o t h e r  g ra s ses  and 

fo rbs .  Here t o t a l  forage  product ion i s  much l e s s  than on the  deep 

s o i l  s i t e s .  

Most of t he  aspen type found i n  t h e  Basin i s  the  success iona l  

type.  Within t h i s  type, dur ing  i t s  dominance, success iona l  s t a g e s  

occur  i n  t he  unders tory  vege ta t ion .  The primary f a c t o r  a f f e c t i n g  

unde r s to ry  vege ta t ion  i s  g raz ing  by c a t t l e .  



Where g raz ing  has  been l i g h t  o r  moderate t he  unde r s to ry  w i l l  

c o n t a i n  p l a n t s  from t h e  coni fe rous  type  and pe renn ia l  n a t i v e  g r a s s e s  

i nc lud ing  mountain bromes, b lue  wi ldrye ,  Thurbers  fescue ,  oa tg ra s se s ,  

and needlegrasses .  

Heavy use  by c a t t l e  g e n e r a l l y  causes  a  decrease  i n  t h e s e  spec ies .  

A lower success iona l  p l a n t  a s s o c i a t i o n  r e s u l t s  dominated by p l a n t s  

unpa l a t ab l e  t o  c a t t l e  o r  w i th  t h e  a b i l i t y  t o  w i th s t and  graz ing .  These 

inc lude  Kentucky b luegrass ,  smooth brome, orchard.  g rass ,  dandel ion,  

yarrow, pusseytoes,  f r i n g e d  sage, and Oregon grape. 

Because of  i t s  high e l e v a t i o n a l  range, g r az ing  use by 

l i v e s t o c k  and w i l d l i f e  i s  l i m i t e d  t o  t h e  summer months. Primary 

use is  by c a t t l e  t h a t  s eek  .the p a l a t a b l e  unde r s to ry  v e g e t a t i o n  and 

shade. Most of  t h e  Piceance Creek mig ra to ry  mule dee r  summer o u t s i d e  

t he  Piceance Creek Basin4 however, some spend t h e  summer i n  t h e  aspen 

and coni fe rous  f o r e s t  s i t e s .  

A small  herd of  e l k  a l s o  u t i l i z e s  t h e  Piseance Creek summer 

range a t  t he  h ighe r  e l e v a t i o n s .  
< 

Small game u t i l i z i n g  the  aspen type  i nc lude  vary ing  ha re s ,  

marmots, and s e v e r a l  s p e c i e s  of  upland grouse.  The type a l s o . p r o v i d e s  

h a b i t a t  f o r  a  v a r i e t y  of  roden t s  and b i r d s  and a s soc i a t ed  preda tors .  

g  Coni fe rs  

This  type i nc ludes  s e v e r a l  sub types  where t h e  dominant v e g e t a t i o n  

i s  coni fe rous  t r e e s  o t h e r  than pinyon-juniper .  It a l s o  comprises  l e s s  

than 5  percent  of t he  Basin a r e a  and i s  l i m i t e d  t o  e l e v a t i o n s  above 

7,500 f e e t ,  



, . . . . .  . . . . .  . . . . . .  
::.. . . . j  . . . . . . .  . . . . . . . .  
. . . .  . . ,  . .  Douglas f i r  communities a r e  common on nor th  and e a s t  fac ing  

s lopes  and i n  high narrow canyons. I n  i t s  lower and in termedia te  

e l e v a t i o n s ,  i t  i s  a s s o c i a t e d  with Ponderosa pine and aspen. I n  

the  upper e l e v a t i o n s  i t  w i l l  be a s soc ia t ed  wi th  Engleman spruce,  

. . . . . . . . .  . . . . . . .  I . . . . . . . . .  . . .  . . . j 
and subalpine f i r .  It is seldom a pure type,  -bu t  w i l l  vary  from 

. . . . . . .  . .: ! . ? ,  . ................ ............. . . . . . . . .  -.:j . . .  

, . 40 t o  90 percent  of t h e  overs tory .  

. , ~ng leman  spruce  and subalp ine  f i r  a r e  found only a t  t h e  
. 

highes t  e l eva t ions  i n  t h e  bas in ,  u sua l ly  a t  8,500 f e e t .  They may 
. . . .  . .  .! . . . . . . . . .  . . : . .  . . i  . . . . . . . . . .  .. , . :. . . . . :  :.! . . . . . . .  . . .  . . . . . . . . . .  . . . . . . . . . . . .  . . . : . . . .  : . . . .  a s s o c i a t e  wi th  s t ands  of lodgepole p ine ,  Douglas f i r ,  and aspen. . . . . . .  . . .  . j 

. . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . .  
.........::..I...:..r. .. 1 Open grass land  parks a r e  common i n  t h i s  subtype. 

. . . . . . . . . . . .  . . . . . . . . . . .  . . . .  
I 

Understory v e g e t a t i o n  v a r i e s  from p r a ~ ~ i c a l l y  none i n  
I 

! 
dense timber s t ands  t o  high d e n s i t y  grass- forb  a s s o c i a t i o n s  

i n  the  open parks .  

i Species  commonly found i n  t h e  f o r e s t  understory inc lude  

Kinnikinnick, boxleaf myr te l ,  common juniper ,  Oregon grape,  snow- 

ber ry ,  mountain muhly, Thurbers fescue,  Fendlers  b luegrass ,  and 

e l k  sedge. 

I n  t h e  open pa rks ,  g r a s s  spec ie s  inc lude  Idaho fescue,  Thurbers 
. :  

. . . . .  . . 

. . . . :I . . . . . . . . . . . .  . . . . . . .  ........... fescue,  n a t i v e  b luegrasses ,  bromes, and needlegrasses.  Forbs -: ..... . . . . . . .  
. . I 

include c inque fo i l ,  geranium, golden pea, s t rawberry ,  e t c .  

I 
The coniferous f o r e s t  type a f fo rds  summer h a b i t a t  f o r  a  

l i m i t e d  number of mule dee r  and e l k .  

. . .  Small game animals inc lude  t h e  varying hare ,  marmot, and . . . . . . . . . . . . .  ................. - . . . . . . . . . .  . I  

seve ra l  spec ies  of upland grouse. Severa l  spec ie s  of small t r e e  

s q u i r r e l s  and rodents  u t i l i z e  the  type. A v a r i e t y  of songbirds and 
i 

r a p t o r s  a r e  a l s o  found i n  t h e  type. 
I 

Table 11-27 i n d i c a t e s  t h e  occurrence of p l a n t  spec ies  i n  t h e  

I above descr ibed  v e g e t a t i v e  types .  

! 
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Table I1 - 27 ---  Major Vascular  P lan t  Spec ies  o f  t h e  Piceance Basin 

Occurrence i n  Vegetat ive 
Types 

S c i e n t i f i c  Name 

Grasses  : 
Agropyron inerme 
Agropyron s m i t h i i  
A~ropyron  subsecundum 
A~ropyron  trachycaulum 
Bouteloua g r a c i l i a  
Bromus anomalous* 
Bromus tectorum 
Elymus c ine reus  
Elymus sa l inus*  
Festuca idahoens is  
Festuca t h u r b e r i  

- 

H i l a r i a  James i i  
Hordeum jubatum 
Koeler ia  c r i s t a t a  
Oryzopsis hymenoides 
Phileum p ra t ense  
Poa f end le r i ana  
Poa p r a t e n s i s  
Poa secunda* 
S i t a n i o n  h y s t r i x  
Sporobolus cryptandrus 
S t i p a  comata* 

Gras s l ike  
carex  geyeri* 
Juncus bal t icus** 

Common Name 

Bluebunch wheatgra 
Western wheatgrass  
Bearded whatgrass  
Slender  wheatgrass  
Blue grama 
Nodding brome 
Cheatgrass  
Basin wi ldrye  
S a l i n a  wi ldrye  
Idaho fescue  
Thurber 's  fescue 
G a l l e t a  
F o x t a i l  b a r l e y  
Junegrass  
Ind ian  r i c e g r a s s  
Timothy 
Mutton g r a s s  
Kentucky b lueg ras s  
Sandberg b luegrass  
S q u i r r e l  t a i l  
Sand dropseed 
Needle and thread  

Elk sedge 
B a l t i c  rush  



Table  I1 - 27---Major Vascular  P l a n t  Spec ies  o f  t h e  Piceance Basin(cont inued)  

Occurrence i n  Vegeta t ive  
Types 

Common Name 

G3 * 
fD 
IU 

fD 

0 
a 

X  

X  
X  
X  

X  
X  

X  

X  
X  
X  
X  

X  
X  

S c i e n t i f i c  Name 

Forbs 
Archi lea  l a n u l o s a  

4 w c n  
C t-'.@ =r S N  
F C C  

m a o u  
f D 1 M  

* X  

X  

X  
X  
X  
X  

x 
X  

X  

X  
X  

Yarrow 
Onion 
Pussey t o e s  
Louis iana  sagewort 
Two-grooved milkvetch 
Arrowleaf balsamroot 
Oregon grape 
Hairy g o l d a s t e r  
Ind i an  pa in tbrush  
T a p e r t i p  hawksbeard 
T r a i l i n g  da isy- f leaban  
Sulphur  buckwheat 
Fremont geranium 
S c a r l e t  g i l i a  
Curleycup gumweed 
Halogeton 
Stemless  goldenweed 
Cow pa r sn ip  
I r is  
S t i c k s e e d  
Aspen peavine 
Wild c e l e r y  
S toneseed 
S i l v e r y  l up ine  
Evening primrose 
S i d e b e l l s  penstemon 
Hood's phlox 
Douglas knotweed 
Cur ley  dock 
Russian t h i s t l e  
F e n d l e r ' s  groundsel  
Tumbling mustard 
S c a r l e t  globemallow 
Golden pea 
Hol ly leaf  c love r  
Death camas 

fD 

3 

X  

X  

X  
X  
X  
X  
X  
X  
X '  

X  

X  

Allium t e x t i l e *  
Antennaria  r o s e a  

X  
X  
X  

X  
X X X  
X X X  
X X X  

X  
X  

Artemisia  ludoviciana* 
As t r aea lus  b i su l ca tu s*  

X  

X '  

X , X  

X  

X 
X  

Bals'amorhiza s a g g i t a t a  
b e r b e r i s  repens  
Chrysopsis  v i l l o s a  
C a t i l l e j a  chronosa* 
e r e p i s  acuminata 
E r ige ron  f l a g e l l a r i s *  
Erioganum subalpinum* 
Generanium f remont i i*  
G i l i a  aggrega ta  
Grindel  i a  squa r rosa  
Halogeton glomeratus  
Happolopappus acau l i s*  
Heracleum lanatum 
Iris missouriensis** 
Lappula redowski 
Lathyrus l eucan thus  
Ligusticum p o r t e r i  
Lithospermum r u d e r a l e  
Lupinus argenteus* 
Oenothera n u d i c a u l i s  
Pens tenon secund i f l6 rus  
Phlox hoodi i* 
Polygonum d o u g l a s i i  
Rumex crispus** 
sal s o l a  k a l  i 
Senecio f e n d l e r i *  
Sisymbrium a 1  t i s s i m m *  
S ~ a e r a l c e a  c o c c i n i a  
Thermopsis montana 
T r i f o l  ium gymnocarpon* 
Zygadenus gramineus 



Table I1 - 27---Major Vascular  P l a n t  Spec ies  of t h e  Piceance ~ a s i n ( c o n t i n u e d 1  

~ c c u r r r e n c e  i n  Vegeta t ive .  
Types 

-k "and others",  t h e  l i s t e d  spec i e s  i s  t y p i c a l ;  

o t h e r s  may a l s o  occur  i n  t h e  a rea ,  bu t  a r e  
n o t  l i s t e d .  

** Occurs i n  i n t r a z o n a l  l o c a t i o n s  

11-196 

S c i e n t i f i c  Name Common Name 

Amelanchier u t ahens i s  Se rv i ce  b e r r y  
Artemisia  f r i g i d a  Fr inged  sagebrush 
Artemisia  cana S i l v e r  sagebrush 
Artemisia  t r i d e n t a t a *  Big sagebrush 
A t r i p l e x  canescens Four-wing s a l t b u s h  
A t r i p l e x  c o n f e r t i f o l i a  Shadscale 
A t r i p l e x  n u t t a l l i i *  Gardner s a l t b u s h  
Cercocarpus montanus Mountain mahogany 
Chrysothamnus nauseosu s Rubber r abb i tb rush  
Chryso thamnus 

v i s c i d i f  l o r u s  Douglas r a b b i t b r u s h  
E u r o t i a  l a n a t a  Winter fa t  
Grayia  spinosa Spiny hopsage 
G u t i e r r e z i a  s a r o t h r a e  Snakeweed 
Opuntia polyacantha* P r i c k l y  pear  
P lan tage  p u r s h i i  Indianwheat 
P o t e n t i l l a  f r u t i c o s a  Shrubby c i n q u e f o i l  
Prunus v i r g i n i a n a  demissa Western chokecherry 
Pursh ia  t r i d e n t a t a  Antelope b i t t e r b r u s h  
Rosa nutkana Rose 
Symphoricarpos o reoph i lu s  Mountain snowberry 
Sarcobatus  vermicula tus  Greasewood 
Tetradymia canescens* Snooth horsebrush 
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a 9. Rec rea t ion  Resources 

The h u n t i n g  of mule deer  du r ing  October and November is t h e  

j major annuAl r e c r e a t i o n a l  use  of t h e  Basin. The Colorado F i sh ,  Wild- 

l i f e  and Parks Div is ion  records  show t h a t  over 5,000 h u n t e r s  spend 

. ,.- 1 approximately 40,800.hunter  days dur ing  t h e  hunt ing  season  and 

h a r v e s t  an average of 5,500 dee r .  A few e l k  and b l a c k  b e a r s  a r e  

a l s o  taken each yea r .  

I 

Nonresidents,  29,400 i n  1969, c o n s t i t u t e  a l a r g e  p o r t i o n  of 

t h e  Piceance Creek hunters .  Many u t i l i z e  t r a i l e r s  o r  campers 

1 brought from t h e i r  home s t a t e s .  Developed f a c i l i t i e s  f o r  r e c r e a t i o n a l  

a c t i v i t i e s  i n  t h e  Basin a r e  g e n e r a l l y  lack ing .  Local  ranchers  com- 

: . monly guide ou t -of -s ta te  h u n t e r s  from t h e i r  ranch headqua r t e r s  f o r  

! a f ee .  

The Piceance Creek Basin is s p a r s e l y  populated b u t  is gene ra l l y  

a c c e s s i b l e  t o  motor veh ic l e s .  The a r e a  is v i s i t e d  s p a r i n g l y  by 

t o u r i s t s  a t  t i m e s  o the r  than du r ing  the  b i g  game hun t ing  season .  

This  i s  probably because of  t h e  proximity of t h e  a r e a  t o  more 
A . i  

- . - _ I  
d e s i r a b l e  -country wi th  h igh  r e c r e a t i o n  values .  

I 
Fish ing  i n  t h e  b a s i n  is l i m i t e d  t o  s e v e r a l  man-made ponds i n  

I 

t h e  major dra inage  bottoms and i n  t h e  headwater of s e v e r a l  sma l l  

l i v e  streams. 



There a re  no commercial recreation f a c i l i t i e s  within the 

Basin other than ranch headquarters. Recreational access t o  sane 

public land is impaired as a r e su l t  of p r iva te  ownership of adjacent 

lands. Service centers u t i l i zed  by hunters and local recrea t ion is t s  

are the towns of Rif le ,  Meeker, and Rangely, each about 20 miles 

from the Basin perimeter. These communities a l so  serve fishermen, 

hunters, winter sports participants,  and campers u t i l i z i n g  the 

high qual i ty  recreation f a c i l i t i e s  of the  White River National 

Forest and surrounding area. 

I n  the environs around, but somewhat d i s t a n t  from the Piceance 

Creek Basin, there are  many other recreat ional  a c t i v i t i e s  and.oppor- 

tuni t ies .  Some of the  more spectacular scenic areas i n  the  region 

surrounding the oi l  shale  lands include Dinosaur, Arches, Canyon- 

lands and Black Canyon National Monuments, Colorado, and numerous 

scenic areas and campgrounds of the National Forest, such as the  

White River and Uncornpahgre National Forest. These prime scenic 

areas a re  within 100 miles of the  o i l  shale  lands. Some of the  

country's be t te r  sk i  areas are located near Snowmass, Aspen, and 

Vail, Colorado, l e s s  than 100 miles from the  o i l  shale areas. 

Municipal or club golf courses, swimming pools and rodeo grounds 

are available t o  the public i n  most of the  larger  towns near the 

o i l  shale lands. 
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The qua l i ty  and type of outdoor r ec rea t ion ,  l i k e  most uses of  

t h e  land, a r e  primari ly con t ro l l ed  by t h e  landscape and i ts  a t tend-  

ing components of s o i l ,  c l imate ,  r e l i e f ,  water,  vegeta t ion  and 

wi ld l i f e .  In the  Piceance Creek Basin t h e  primary outdoor r ec rea -  

t i o n  a c t i v i t i e s  a r e  o r i en ted  around hunting,  f i sh ing ,  ana c q i n g .  

The 800,000 odd acres  of  t h e  Basin a r e  located mostly i n  t h e  c e n t r a l  

t h i r d  of Rio Blanco County, with a smal l  por t ion  lapping over i n t o  

Garf ie ld  County. Rio Blanco and Gar f i e ld  Counties along wi th  

Moffat County t o  t h e  nor th  make up the  Northwest Colorado 

Recreation Region (R6). - 1/ A l l  t h r e e  counties con t r ibu te  a s i g n i -  

f i c a n t  port ion t o  the  hunting, f i sh ing ,  and camping resources of 

Color ado. 

Recreation inventor ies  "2-31 f o r  Rio Blanco County revea l  - 
t h a t  outs ide  of t h e  Piceance Creek o i l  s h a l e  area  t h e r e  a r e  approximately 

25 p r iva te  ranches tht c a t e r  t o  hunting and f i sh ing  c l i e n t e l e :  and 

16 r e s o r t  operators  who s p e c i a l i z e  i n  providing hunting,  f i s h i n g ,  and 

r u r a l  l iv ing  accommodations. In add i t ion  t o  these  accommodations the re  

a r e  78 ranches i n  t h e  county, most a l l  o f  which are ou t s ide  of  t h e  sha le  

- _  - .  1 
area ,  which provide hunting on a f ee  bas i s .  The average s i z e  of these  

-"i 
I ranches i s  500 ac res ,  wi th  20 hunters  per  ranch. Hunting o u t f i t t e r s  

i n  t h e  county t o t a l  27. 

1/ 1970--Colorado Comprehensive Outdoor Recreation Plan. - 
21 1965--Bureau of Outdoor Recreation Survey of  Publ ic  Areas - 

and F a c i l i t i e s ,  USDI. 
3/ 1971--An Appraisal of  Outdoor Recreatcon i n  Rio Blanco County, - 

Colorado, USDA, SCS. 



Pub l i c  r e c r e a t i o n  i n  Rio Blanco County i s  loca ted  mostly on 

National  F o r e s t  lands i n  t h e  e a s t e r n  t h i r d  of t h e  county and on 

Bureau of Land Management lands  i n  t h e  western h a l f  of t h e  county. 

Major r e c r e a t i o n  a reas ,  c a l l e d  r e c r e a t i o n  complexes, administered 

by t h e  BLM w i t h i n  o r  around the  per imeter  of t h e  Piceance Creek 

Basin include:  Douglas Creek (400,000 a c r e s ) ,  Piceance (268,476 

a c r e s ) ,  Strawberry (40,000 a c r e s ) ,  and Yellow Creek (343,468). 

V i s i t a t i o n  t o  these  a r e a s  i n  1965 t o t a l e d  approximately 30,000 

v i s i t o r  days. 

P o t e n t i a l s  i n  Rio Blanco County a r e  a s  follows: h?gh f o r  

camping, pack t r i p s ,  co ld  water  f i s h i n g ,  b i g  and small  game hunting,  

and vaca t ion  ranches; low f o r  warm water  f i s h i n g ;  and medium f o r  

water  s p o r t  a r e a s ,  and waterfowl hunting. A t  p re sen t ,  however, b ig  

and small game hunting is t h e  p r i n c i p a l  r e c r e a t i o n a l  a c t i v i t y .  

Rio Blanco County includes important n a t u r a l ,  s cen ic  o r  

4 / h i s t o r i c  a r e a s .  Approximately twenty a reas  have been inventoried.- 

The most notable  a r e  t h e  F l a t  Tops Wilderness Area, Douglas Creek 

and Missouri-Texas Creeks, Moon Canyon, Cathedral  Bluf fs ,  Raven 

Ridge, and Piceance Creek. White River  Road-U.S. Highway 40, which 

t r a v e r s e s  e a s t  t o  west j u s t  no r th  of Piceance Creek Basin, i s  being 

considered a s  a p o t e n t i a l  s cen ic  highway. Personal  communications 

41 1971--An Appraisal of Outdoor Recreat ion i n  Rio Blanco County, - 
Colorado, USDA, SCS. 



with1 a member of t he  Colorado Grotto of t he  National Speleological  

Society reveals  t h a t  t he r e  a r e  numerous caves i n  t h e  limestone 

formations between Meeker on the  nor th  and Glenwood Springs on 

t h e  south.. One of these  i s  located on t he  South Fork campgrounds 

a rea  of the  White River National Forest.  

10. Archaeological and H i s to r i c a l  Values 

There a r e  no h i s t o r i c  s i t e s  l i s t e d  f o r  Rio Blanco County, 

Colorado, i n  the  National Register  of H i s to r i c  Places. 

RCo Blanco County has iden t i f i ed  t h e  Ryan. Gulch School as  a 

l o c a l  h i s t o r i c  s i t e .  I n  addit ion,  the  Rio Blanco County His to r ica l  

5 / - 
Society has j u s t  f in ished compiling a book on Rio Blanco his tory .  

There are  indicat ions  i n  the  Piceance Basin t h a t  campsites 

of presently unknown nomadic hunting peoples, possibly Ute and 
I 

i 
! older ,  may be found on t he  r idges above the  val leys ,  i n  s e l e c t  

caves, and near water sources. 

Farming a c t i v i t y  along the main drainages precludes any sur-  

face  indications of Indian ac t iv i ty .  Gully erosion of some bottom 

land may expose evidence of ea r ly  peoples. 

5/  Gitchel, Ron, Meeker, Colorado, Meeker Town Planning Connnission,-. - 
Meeker, Chamber of Corinnerce (page 90 G - J  Hearings, Friday, 
October 13, 1972) Lines 17-25, 



Archaeological study of t h e  o i l  s h a l e  a reas  has been very 

l imi ted .  The Midwest Archaeological Center, National Park 

Service, Lincoln, Nebraska; Colorado H i s t o r i c a l  Society,  Denver, 

Colorado; and Department of Anthropology, Colorado Universi ty,  

Boulder, Colorado, have no record of known archaeological  s i t e s  

occuring on o r  near the  publ ic  o i l  s h a l e  a reas  being considered 

f o r  development. The Coiorado H i s t o r i c a l  Society lists t h e  Meeker 

Massacre S i t e  and Thornburg B a t t l e  S i t e  i n  Rio.Blanco County a s  

p o t e n t i a l  h i s t o r i c a l  sites. These a r e  both outs ide ,  although adjacent  

t o  , the  o i l  s h a l e  areas .  I 

11. Socioeconomic Resources 

The Piceance Creek Basin is located on t h e  'Western S1o~e"  

of  Colorado, a t  some dis tance  from any major population center .  

Access routes  include U. S. Highway 6 along t h e  Colorado River, 

Colorado Highway 64 along t h e  White River, and Colorado Highway 

13 on the  e a s t  and 139 on the  w e s t  (Figure 11-28) ,  Many un- 

surfaced roads and rough t r a i l s  lead i n t o  and across the  area  

from t h e  main access routes .  A paved county road t raverses  t h e  

a rea  along Piceance Creek. The s h a l e  a rea ,  approximately 1200 

square miles, is sparse ly  s e t t l e d ,  wi th  150 people l i v i n g  i n  the  

Basin i t s e l f .  The inhabi tants  a r e  genera l ly  widely dispersed and 

a r e  engaged i n  t h e  l ives tock,  mineral,  o i l  and gas indus t r i e s ,  o r  

i n  farming. 

The p r inc ipa l  o i l  s h a l e  a reas  of  the  Piceance Creek Basin 

a r e  i n  Garf ie ld  and Rio Blanco Counties. Mesa County a l s o  

contains a minor amount of o i l  shale.  



A description of the principal supply centers and f a c i l i t i e s  

(socioeconomic resources) of the communities i n  the surrounding 

areas is as follows: 

. . Grand Junction (population 20,200), the county sea t  of Mesa 

County and the largest  community of western Colorado, is a trans- 
:.. . . . . . .  _ .  I .............. .... ..-. - ..... - . . .<  .:.. > :.. :. 1 .. . -. -- . . :............... .:I .... . . . . . . . . .  , portation hub with r a i l ,  truck, and highway communication with 

western Colorado and more d is tant  points and with frequent j e t  a i . r  

service, principally t o  Denver and Sal t  Lake City. Grand Junction 

is also a commercial and medical center for  the region, with a 

. . .  

. . .  
. . . . . .  

number of wholesale supply firms and services, as well as 
. . . . . . . . . . .  . .  _.i . . . . . . . . . . . .  

. I  . . . . . . . . . . . . .  . . : . ,  
..... * ....... . . . .  . . . . .  I v .... 

1 .  educational and other professional services (See also Wengert). 

The town of Rifle (population 2,500), si tuated i n  Garfield 

County on the Colorado River a t  the southeastern comer of the 

Piceance Creek Basin, has been oriented toward both industr ial  , 

act ivi ty while acting as an agricultural supply center. It is the 

s i t e  of a Union Carbide vanadium-uranium m i l l  which is now being 

closed and is the nearest community t o  the Bureau of Mines' research 

f a c i l i t y  a t  Anvil Points. The Denver and Rio Grande Railroad has 

.. : . . .  .! made it a shipping point for  livestock from the Piceance Creek Basin.' . . . . . . . . .  
. . . . . . .  i .................... . . .............. -.I .-....... I - - ... .-. .. , . 

Glenwood Springs (population 4,100) the county sea t  of Garfield 
. . . . . . . . .  . . . .  .I ....... . . ,.:. . ;...:. '.J . . . .  . . . . . .  . : . : . . :  :.I-.[ 
. . .  

. . ,  
County, i s  situated a t  the junction of the Roaring Fork and Colorado 

. ! 

Rivers. This community has become the focal .point of dis tr ibut ion 

of goods and services t o  the very large areas drained abpwe it by the, 

Colorado, Eagle; Roaring Fork, Frying Pan and Crystal Rivers. 

Meeker, the county seat  of Rio Blanco County, is situated on 

the White River northeast of the o i l  shale area. It is  mainly an 

agricultural supply center. The town population is about 1,500. 



The town of Rangely, i n  Rio Blanco County, is  s i t u a t e d  on 

the  White River, northwest of the  Piceance Creek Basin. It is an 

operat ion center  f o r  t h e  Rangely o i l  f i e l d ,  and t h e  s i te  of a 

western Colorado junior college.  The town populat ion is  a l so  

about 1,500. 

I n  1970, Garfield County had a population of 15,000. The 

t o t a l  number of employed persons during t h a t  same year  was 6,000, 

with an unemployment r a t e  of 4.9 percent,  R e t a i l  t r ade  provided 

t h e  g r e a t e s t  amount of income t o  the  community i n  1967, with s a l e s  

t o t a l i n g  over $27 mil l ion.  The a g r i c u l t u r a l  s e c t o r ,  which is  

considered one of the  primary sources of income f o r  the  area,  

provided employment f o r  483 persons i n  1970, The value of the  

farm products sold  i n  1969 ( including l ives tock)  was $6.7 mil l ion.  

Tota l  revenue t o  t h e  county government i n  Garf ie ld  County i n  1967 

was $5.2 mi l l ion  and t o t a l  expenditures were $5.4 mi l l ion .  (See 

Table 11-30 f o r  a breakdown of expenditures by purpose.) 

Mesa County, located south of the  Piceance Basin, has  the  

l a r g e s t  population of the  t h r e e  counties, I n  1970, t h e  population 

of Mesa County was 54,000, Grand Junction, located i n  Mesa County, 

had a population of 20,100. S l i g h t l y  less than one-half of Grand 

Junct ion 's  employed persons a r e  e i t h e r  blue c o l l a r  o r  se rv ice  



workers. This is also true of the county as a whole. Approximately 

one-third of the county's t o t a l  number of employed persons are 

located i n  Grand Junction. 

Mesa County government revenue received was $20.6 million i n  

1967. Expenditures during that  year were close to  $22 million, 

of which $13.6 million were spent on the local school systems. 

(See Table 11-30 for other expenditure items.) The major source of 

income t o  the community was from r e t a i l  trade i n  1967 (sales totaled 

$81.5 million). Commercial income from the agricultural sector 

(valued a t  $81.1 million) was 22 percent of r e t a i l  trade. 

RCo Blanco County w i l l  be most d i rec t ly  affected by the o i l  

shale development because of i t s  location, which includes a major 

portion of the Piceance Basin. In  1970, the t o t a l  county population 

was 5,000. Meeker, the county sea t ,  and Rangely, are principal 

towns of the county. 

Rio Blanco County has the highest per capi ta  property tax 

receipts ($452, compared with $149 for Mesa County and $163 for 

Garfield County) of the three counties. However, the amount of 

revenue collected i n  1967 was the l eas t  of the three. I n  1967, 

Rio Blanco County government revenue was $3.4 million, less than 

one-quarter of the revenue collected by the Mesa County government. 



Rio Blanco County expended $1.4 mil l ion i n  1967 for  educational 

purposes, which was more than one-third of 53s t o t a l  annual 

revenues. The towns of Rangely and Meeker a r e  considered t o  have 

excellent  school systems. Each community has a hosp i ta l  with a t  

l e a s t  20 beds and i n  1967 $.5 mill ion were expended by the county 

for heal th  and hosp i ta l  services. The county had 12 res ident  

~ h y s i c i a n s ,  d e n t i s t s ,  andjar m&cal p r ac t i t i one r s  i n  1970. 

The value of the farm products sold i n  Rio Blanco county i n  

1969 ($5.6 mill ion) w a s  the  same as  the t o t a l  s a l e s  from r e t a i l  ' 

t rade ($5.6 mill ion).  It is  estimated t ha t  hunters spend $4 million 

i n  the county annually during the deer hunting season. The county 

had an unemployment r a t e  of 2.1% i n  1970, which was below both the 

national average and the  r a t e  for  the  other  two counties. The 

t o t a l  number of employed persons i n  1970 was 2,000 of which 40% 

were employed i n  white co l l a r  occupations, 45% i n  blue co l l a r  and 

service re la ted  indus t r ies  and 15% i n  the ag r i cu l tu r a l  sector .  

Total employment i n  the minerals sec tor  i n  the  three  counties 

was 1,143 i n  1970 (Garfield County 395 persons, Mesa County 468, and 

Rio Blanco County 280). The value of production i n  Garfield 

County w a s  $3.4 mil l ion,  consist ing mainly of vanadium, uranium, and 

sand an3 gravel. Rio Blanco County's mineral production was almost 

t o t a l l y  petroleum and natural  gas and was valued a t  $41.3 million 

Pertinent economic &d soc i a l  parameters fo r  the  three  counties 

a r e  shown i n  Tables 11-28, 11-29, 11-30 and 11-31. 



TABLE 11- 28.--County and City Socia l  Characteristics, f o r  Colorado, 1970. 
( Thousands, unless otherwise indicated) 

Source: 1970 Census of Population, General Social and Economic Characteristics -- 
Colorado. U.S. Department of Commerce, Washington, D.C., 1972 

County and City 

........... Garfield. . .  

Mesa .................. 
Rio Blanco ............ 

Total  ........... 

Population 

14 -8 

54.4 

4.8 

74.0 

City of Grand Junction 1 20.1 1 7.2 1 3.0 
( ~ e s a )  

No. of 
households 

5.0 

17.6 

1.5 

24.1 

1.3 I 12-3 

Median school 
years completed 
(25 years and 

over ) 

12.2 

12 -3 

12.4 

12.3 

School enrollment 
Primary-High School 

2.7 

9.5 

.9 

13.1 

1.2 

4.1 

. 5 

5.8 



TABLE 11-29 . --County and City Economic Characteristics f o r  Colorado, 1970. 
(Thousands, unless otherwise indicated) 

Source: 1970 census of Population, General Social and Economic Characteristics-- 
Colorado. U. S. Department of Commerce, Washington, D.C., 1972. 

County and City 

Garfield.... ...... 
Mesa.......... .... 
Rio Blanco.. ...... 

Total.. ..... 

City of Grand 
Junction ( ~ e s a  ) 

Employment 

Unemployed 
( percent ) 

4.9% 

5 -48 

2 -1% 

5.3% 

6.1% 

Median 
family 
income 

$8,380 

8,065 

8,010 

$8,122 

8,@2 

Agricultural 

- 5  ~ 

1.3 

.3 

2 -1 

.1 

Total 
employed 
16 PS. 

and over 

5.9 

20.1 

2 .O 

28.0 

7.7 

White 
collar 

2.5 

9 -9 

.8 

13.2 

4 -2 

Blue 
collar 

2 -9 

8.9 

.9 

12.7 

3.4 



Table  11-3.0 - - County Economic I n d i c a t o r s  f o r  Colorado - - Government 
(Thousand d o l l a r s  u n l e s s  o t h e r w i s e  i n d i c a t e d )  

1/ ~ i s d a l  y e a r s  ending between J u l y  1, 1966 and June  30, 1967. - 
2 /  Less than  u n i t .  - 

Source: U.S. Bureau o f  t h e  Census,  Census o f  Governments, 1967, Volume 7: S t a t e  
Repor t s ,  No. 6: Colorado. U.S. Government P r i n t i n g  O f f i c e ,  Washington, D.  C.;  
1970. 



TABLE 11-31.--County Economic Ind ica to r s  f o r  Colorado--Private Sector  
(Million d o l l a r s ,  u n l e s s  otherwise ind ica ted)  

Source: U.S. Bureau of the Census, Census of Business, 1967. Volume 11, Retai.1 
Trade - Area S t a t i s t i c s .  P a r t  I ,  U.S. Summary and Alabama t o  Indiana. 
U.S. Government Pr in t ing  Off ice ,  Washington, D.C.,  1970. U.S. Bureau o f  
t h e  Census, Census of Business, 1967. Volume V ,  Selected Services  - Area 
S t a t i s t i c s .  Part  I, U.S. Surmnary and Alabama t o  Indiana. U.S. Government 
Pr in t ing  Off ice ,  Washington, D.C., 1970. 

U.S. Bureau of the Census, Census of Agriculture,  1969. Volume I, Area 
Reports, Par t  41, Colorado. U.S. Government Pr in t ing  Off ice ,  Washington, D.C., 
1972 

County 

Garfield ..... 

Mesa ........ 

... Rio Blanco 

Total  ... 

R e t a i l  t r ade  11 Services  Agricul ture  21 

Total  
estab- 
l i s h -  
ments 

200 

525 

57 

782 

Tota l  
es tab-  
l i s h -  
ments 

174 

4 18 

6 6 

5 58 

Acreage 
farmed 
(thou- 
sand3 

457 ' 

5 24 

557 

1533 

A l l  
s a l e s  

27.7 

81.5 

5.6 

114.8 

A l l  
r e c e i p t s  

4.1 

12.2 

1.6 

17.9 

To ta l  
commer- 
c i a l  
farms 

309 

812 

149 

1270 

Value of 
farm 
products 
so ld  

6.7 

18.1 

5.6 

30.L- 



12. Land Use 

Public lands i n  the  Piceance Creek Basin se rve  primari ly 

as  l ives tock forage a r e a s ,  w i l d l i f e  h a b i t a t s ,  l imi ted  n a t u r a l  

gas and na tu ra l  gas l iquids  production, a  watershed, and fo r  

..,;Tj . . . . .  ..... 
-. . . . .  outdoor recreat ion.  These uses have not changed appreciably i n  ....... 

' '! 

recent  years. The publ ic  domain lands a r e  a l l  included i n  two 

Grazing D i s t r i c t s  administered under the  Taylor Grazing Act. 

About 60,000 authorized animal u n i t  months of forage use a r e  

d i s t r ibu ted  among 45 permittees.  

Gas wells ,  ~ i p e l i n e s  , and a gas l iqu ids  p lan t  of  the  

Piceance dome a r e  on publ ic  lands o f - t h e  Piceance Creek Basin. 
I 

I Numerous o the r  o i l  and gas t e s t  wells  i n  t h e  Basin a r e  shut 

I 

I in.  Some marginal gas wel ls  a r e  being considered f o r  fu tu re  

commercial development i f  they can be st imulated by f r a c t u r e  

techniques. 

The p r iva te ly  owned lands a r e  used i ias t ly  f o r  farming and 

l ives tock grazing. A number of hunting'camp-buildings on p r i v a t e  

land a r e  used during deer hunting season. 
! 
I 



13. Land S ta tus  

Tota l  land area i n  t h e  two Bureau of Land Management.(BLM) 

planning u n i t s  of major s ign i f i cance  is 805,420 acres.  Land 

ownership i n  the  two u n i t s  is  a s  follows: 

BLM Planning Federal Public land S t a t e  P r i v a t e  _ 
Unit ( p'er-cen t > (acres)  (acres)  (acres)  

Piceance Basin 61 264,580 11,526 97,780 

Yellow Creek 79 343,989 18,823 68,719 



C. ~ t &  (Uinta Basin) 

1. Physiography 

The Uinta Basin, a  broad s t r u c t u r a l  and physiographic bas in ,  is  

a depression bounded on t h e  e a s t  by t h e  c l i f f s  w e s t  of t h e  Douglas 

- .  
Creek Arch, the  Uintah Mountains on t h e  nor th ,  t h e  Wasatch Mountains 

on t h e  w e s t ,  and t h e  Roan C l i f f s  on t h e  south. The r i c h e s t  and 

th ickes t  depos i t s  of o i l  s h a l e  l i e  mostly i n  t h e  Uintah County p o r t i o n  

of the  bas in ,  which is  thus t h e  a r e a  of primary concern. 

The topography c o n s i s t s  of rough mountain t e r r a i n  and f l a t  

! va l l eys ,  sharply d issec ted  by deep gu l l eys  wi th  adjo in ing rock 

I capped r idges.  O i l  s h a l e  crops ou t  i n  c l i f f s  and ledges on the  

i south and e a s t  s i d e s  .of the  .Basin. Elevat ions  vary from 4,600 t o  
j 

more than 8,000 f e e t .  An a e r i a l  view of a  t y p i c a l  o i l  sha le  exposure 
! 
I 

is shown i n  Figure 11-44. The a r e a  d r a i n s  i n t o  the  White and Green 

River systems and eventual ly i n t o  the  Colorado River. 

The Green River is the  main flowing body of water i n  the  a r e a  

c u t t i n g  through the  b e s t  o i l  s h a l e  deposi t s  i n  a  nor theas t  t o  

1 southwestdi rec t ion .  The o t h e r  source  of water is  t h e  westward- 
I 

flowing White River, which empties i n t o  t h e  Green wi th in  t h e  bounds 
1 

of the  Uinta-Ouray Indian Reservation. The Duchesne and Uinta R ive r s  

e n t e r  t h e  Green River from t h e  w e s t .  





2. C l i m a t e  

This a r e a  is semi-arid, cha rac te r i zed  by low r e l a t i v e  humidity 

and a wide range of d a i l y  temperatures.  Summer daytime temperatures  

reach t h e  80 ' s  and go ' s ,  and at n ight  drop t o  t h e  low 50's .  Winters 

a r e  co ld ,  with day temperatures  ranging from 20°F t o  28OF dur ing  . . :-.: ... .: ..: ---Lo 
,, ...... .:.: .............. .1 . . . . .  .............. ........... . . . . . . . .  .I'.'.' ................... .; .............. . . . . January. Mean annual temperature i s  45OF. 

Growing seasons vary  g r e a t l y ,  wi th  records  showing annual  

f r o s t - f r e e  periods of 90 days t o  218 days. The Average growing 
. , 

. . .: . , ., . . . . . . .  . . . . . . . . . . . .  , . . . . . . . . . .  . . . .  . .  .: . !  .. : . . , . . . . . . . . . . .  . . . . .  . . . _I 
s e a s o n ,  i s  about 4 months, from la te  May t o  l a t e  September. 

. . . . . . 

. . . . . . . . . . .  I . . . .  . . : .  _ I  .< 
P r e c i p i t a t i o n  averages about 7 inches a t  t h e  lower e l e v a t i o n s  

................. ................. . . . . . . . . . . . . .  3 . . . . . . . . .  . . . . . .  ................ : . .  .::.::.':.'I . . . . . .  , and 15  inches  a t  t h e  h ighe r  l e v e l s .  Records show t h a t  about 55% 

of t h e  p r e c i p i t a t i o n  f a l l s  as r a i n ' d u r i n g  t h e  growing season and 

t h e  remaining 45% f a l l s  as win te r  snow. Most . r a i n f a l l  comes 
i 

! from thunderstorms, which a r e  shor t - l i ved ,  but  of high i n t e n s i t y .  
1 

A s  a r e s u l t ,  most of t h e  mois ture  is l o s t  through r ap id  runoff 

and evaporat ion.  Snowfall  i s  l i g h t ,  averaging 30 inches  p e r  yea r .  

However, snow m e l t  i n  t h e  s p r i n g  i s  slow, al lowing t h e  s o i l  t o  

absorb most of t h e  snow moisture.  

Winds are i r r e g u l a r  and l i g h t ,  except when a s soc ia t ed  with 

l o c a l  thunderstorms. Although t h e r e  is l i t t l e  wind e r o s i o n ,  winds 
. . . . . .  . . . . . . .  .... ,,. .......... :: .I 
. . . . . . . . .  . . . . . . . .  . . .  . . . . . . . . :  . . .-.::I 
. . . . .  ::-! 

. . ,  a f f e c t  t h e  vegeta t ion  of t h e  a r e a  by evaporat ing mois ture  from 

I 

t h e  s o i l s  before  it becomes a v a i l a b l e  f o r  p l a n t  use. 



3. Geology 

The Uin ta  Basin i s  a sedimentary, s t r u c t u r a l ,  and topographic 

bas in .  

O i l  s h a l e  of t he  Green River  Formation is exposed along t h e  

south  and east margins of t h e  Basin, and i s  concealed by younger 

sediments i n  t h e  c e n t r a l  and nor thern  p a r t s  of t h e  Basin. From 

a v a i l a b l e  d r i l l i n g  information,  t h e  t h i c k e r ,  r i c h e r  o i l  s h a l e  is 

i n  t h e  e a s t e r n  h a l f  of t h e  Basin, mostly concealed by younger rocks 

of t h e  Uin ta  Formation. Geologic maps and d e s c r i p t i o n  of t h e  o i l  s h a l e  

i n  t h e  sou theas t e rn  p a r t  of t h e  Uin ta  Basin a r e  shown by Cashion ' s  

USGS ~ r o f e s s i o n a l  Paper 548. The r eade r  i s  r e f e r r e d  t o  

h i s  r e p o r t  f o r  d e t a i l s  of d i s t r i b u t i o n  of t h e  rock u n i t s ,  o i l  s h a l e ,  

g i l s o n i t e ,  bituminous rock,and petroleum i n  t h e  Green River  Formation 

of t h e  area.  

a. S t r a t ig raphy  

Surface rocks wi th in  t h e  a r e a  p re sen t ly  considered f o r  develop- 

ment a r e ,  f o r  t h e  most p a r t ,  beds of t h e  Uinta  Formation t h a t  a r e  

composed of brown and gray sandstone,  s i l t s t o n e ,  and sha l e .  The 

Green River  Formation is exposed i n  a r e l a t i v e l y  sma l l  p a r t  of t h e  

t o t a l  a r e a  of t he  t r a c t s .  

The upper p a r t  of t he  Green River  Formation is composed c h i e f l y  

of l igh t -gray  t o  dark-gray beds of marls tone,  low-grade o i l  s h a l e ,  

and some t u f f .  S a l i n e  minerals  a r e  found i n  t h e s e  upper l a y e r s  i n  t h e  



i form of very t h i n  lenses  o r  beds and small  pods. Underlying the  

. t 

upper sequence is  a middle sequence composed of dark-gray o i l - s h a l e  

beds. This sequence includes the  I a o g a n y  zone and beds above and 

belov: it.  The lower sequence, t h a t  p,art of the  formation below the  o i l  

s h a l e s  is composed p r i n c i p a l l y  o f  interbedded brown and gray sandstone 

and limestone, i n  the  southeas tern  p a r t  of t h e  Uinta Basin. 

The s t r a t i g r a p h i c  r e l a t ionsh ips  of t h e  o i l  s h a l e  and associated 

rocks of the  Basin a r e  shown i n  Figure 11-45. 

b. Geologic S t r u c t u r e s  

The Uinta Basin is  a broadasymmetricsynclinal  basin.  Along t h e  

southern f lank of t h e  b a s i n  the  o i l  sha le  beds d ip  gently northward 

100 t o  200 f e e t  per  mile. The trough o r  a x i s  extends east-west 

near  the  north margin of t h e  Basin, and t h e  nor th  f lank of the  

Basin is  s teeply  t i l t e d  toward the  ax i s .  

A northwest t rending s e r i e s  of graben f a u l t s  o f f s e t  t h e  o i l  

sha le  and re la t ed  rock ' . in  seve ra l  p a r t s  of t h e  Uinta Basin. The 

displacements a r e  genera l ly  presumed t o  be smal l .  

i 4. Mineral Resources 

i 
a .  O i l  Shale 

The lower grade o i l  s h a l e  i n  the  Uinta Basin as known from 
1 

explora t ion  and as r epor ted  i n  Cashion's P ro fess iona l  Paper 548 

under l ies  about 2,500 square  m z l e s  of the Basih and contains 

320 b i l l i o n  b a r r e l s  of o i l  equivalent .  The h igher  grade s h a l e  





of t h e  Basin conta ins  approximately 80 b i l l i o n  b a r r e l s  i n  a 1,000 

square-mile a r e a  of t h e  e a s t e r n  p a r t  of t h e  Basin, where thick-  

nesses of 15 f e e t  o r  more of r i c h  (30-gallon-per-ton) s h a l e  a r e  

reported.  

. . . . . .  
..,. : :i - :. ....... . . . . . . . .  ...... ........ .- ... 

. . . . .  --A, ... = .--:.:, . . . . . . .  . . . . . . .  , ...... ? ..... . . . . . . . . .  . . . . . . . . . . .  b. O i l  and Natural  Gas 

Severa l  l a r g e  o i l  f i e l d s  have been developed i n  t h e  Wasatch 

and Green River Formations i n  t h e  c e n t r a l  and nor . thern .par t s  of 

. . . . .  . . . . . .  1 
. . .  . . . ,  . . . . .  . . . . .  . . : . . . .  I . . . .  . . . . .  . . . .  t h e  Uinta Basin ( ~ i ~ u r e  11-6 j. The o i l  f i e l d s  a r e  s i t u a t e d  

. . . . .  . . . . . . . . .  . . . . . .  

nor th  of t he  r i c h e r  o i l  s h a l e  a reas .  

Severa l  gas f i e l d s  have been developed i n  r e s e r v o i r s  below 

I 

I t h e  o i l  s h a l e  bear ing  rocks wi th in  the  r i c h  o i l  s h a l e  a reas .  The 

reserves  i n  s e l e c t e d  r e s e r v o i r s  a r e  not  repor ted  by t h e  producing 

companies. The Uinta Basin has  been only p a r t l y  explored f o r  
I 

o i l  and gas. Explorat ion has  t e s t e d  only t h e  upper p a r t  of t h e  

t o t a l  sedimentary rock sequence. The sediments below t h e  p resen t ly  

explored depos i t s  may con ta in  undiscovered o i l  and gas accumulations. 

c .  Tar Sands 
. . . . .  . . . . . . . .  . . . . . . . . . .  . . . . . .  . . . . . . . . . . . .  ........: ..:: .:! .............. . . . .  .I 

Tar sand depos i t s  (F igure  11-8) e x i s t  i n  the  Green River 
. . . . . . . . . .  . . . . . . . . . . .  , . . .  , 

. . . .  . . . . .  . . . . . . . . .  , . . . . . .  . . :  . . . . . . .  . . . . . .  . . . . . . .  .: : : i  . . . . .  
and Wasatch Formations of t h e  Uinta Basin. Two of t h e  p r i n c i p a l  

. .  - . . . . . . . . . . .  ... 
. I ., 

. . : . . . . . . :  , 
depos i t s ,  a t  Sunnyside and near  Vernal, Utah, l i e  marginal 

t o  t h e  a r e a  of o i l  s h a l e  i n t e r e s t .  A t h i r d  d e p o s i t ,  known a s  

. :  

. . .  . . . . . . . . . . .  i 
P.R. Springs,  is i n  the  sandstone beds of t h e  Green River 

....... ..-- ...... - . . . . . . . . . .  . . .  - ........ . . . . . . . . .  . . . . _ . . . . . .  1 . . . . . .  . . . .  - - - I  'Formation, s i t u a t e d  20 t o  100 f e e t  below t h e  r i c h  o i l  s h a l e  of t h e  



Mahogany Zone i n  t h e  sou theas t e rn  outcrop  a r e a s  of t h e  Uin ta  

Basin. The tar sands a r e  es t imated  t o  c o n t a i n  about 7 b i l l i o n  

b a r r e l s  of bitumen. 

d. G i l s o n i t e  

G i l s o n i t e  and s i m i l a r  s o l i d  hydrocarbon ve ins  a r e  numerous 

i n  t h e  r i c h e r  o i l  s h a l e  a r eas .  The g i l s o n i t e  v e i n s  a r e  gene ra l ly  

i n  rocks above t h e  o i l  sha l e .  They con ta in  about 36-40 m i l l i o n  

tons  of hydrocarbon and have been mined f o r  many yea r s ;  the 

wider ve ins  a r e  p a r t l y  mined ou t .  

e. Other Minerals  

Nahcol i te  (NaHC03) occurs  a s  very  t h i n  l e n s e s  o r  beds and 

s m a l l  pods i n  t h e  upper p a r t  of t h e  Green River Formation, 

mostly i n  a n  i n t e r v a l  extending from 300 t o  600 f e e t  above t h e  

Mahogany Zone. The q u a l i t y  i s  probably no t  good enough t o  a l low 

prof i t a b l e  recovery.  

There a r e  minor occurrences of uranium i n  t h e  lower p a r t  of 

t h e  Uin ta  Formation and t h e  upper p a r t  of t h e  Green River  Formation 

of t h e  e a s t e r n  Uin ta  Basin. None has  been noted i n  t h e  proposed o i l  

s h a l e  t r a c t s .  

5. Water Resources 

a. Surface Water 

Streams i n  t h e  Uinta  Basin, which a r e  w i t h i n  t h e  a r e a  of t h e  

o i l  s h a l e  d e p o s i t s ,  d r a i n  r e l a t i v e l y  low-elevat ion watersheds t h a t  

r e c e i v e  small amounts of p r e c i p i t a t i o n  each y e a r ,  t h e r e f o r e ,  l o c a l  



streamflow is very limited in amount. As s h m  in Section A.5.a of 

this Chapter, sane 107,000 acre-feet of water annually is potentially 

available from the Green, White and Yampa Rivers for developemnt of 

oil shale in the Uinta Basin. This could be made available from the 

existing Flaming Gorge Reservoir on the Green River and potential 
. . . .  . . . . . . . .  - . . . . . . . .  . . '., ............. .::-.,. :.:<. :--.-:-i ........ . . . . . . . : .  ::'..: . . . . . . .  reservoir sites on the White and Yampa Rivers. The Utah Division 

of Water Resources holds a pending application to appropriate 350 

cubic feet per second, plus 250,000 acre-feet of water from White 

I River, its tributaries, and ground water, Utilization of water from 

I 

- , the White and Yampa Rivers would require construction of dams and 

reservoirs. Additional water in the area could be made available 

i by purchasing and changing the nature of use and point of diversion 

of existing senior water rights, 

1 Streamflow records for the White River near Watson, Utah, show 

a 47-year mean discharge of 702 cubic feet per second. Dissolved 

solids concentration (20 years of record) ranged from 209 to 2,380 

mg!l; and the discharge-weighted mean for 1969 was 408 mg/lT 

%cords for the streamflow station on the C.reen Xver near 

. . . . . . .  . . .  
. . . . . . . . . .  . . . . . . . . . .  I Jensen, Utah, show a mean flow of 4,307 cubic feet per second. The 

: . . . . . .  ,, .. - . . . . .  . . . . . .  . . . . . . . . . . . . . . .  :. . . . . . . . . .  .I 

dissolved solids concentration was 391 mg!l in 1969. 

The streamflow at thegagingstation on the Colorado -ever near 

. . .  Cisco, Utah, has a mean discharge (59 years) of 7,711 cubic feet per 

second, Dissolved solids concentrations ranged -(in 42 years) between 
. . . . . . . . . . .  ..! ............ . . . . . . . .  . . . .  . . . . . .  . ' ' .  -. ' . i  . ............. . . . . . .  . . . . .  : . . .  I 
- .  . 

202 and 2,670 mgll, The mean concentration in, 1969 was 631 mg!,l, 



b, Ground Water 

The underground sources of water in the oil shale area of Utah 

are not well defined. Iiydrologic data are not available for many 

of the formations in the Uinta Basin, mainly because few water wells 

have been drilled to test the quantity or quality, although some 

data have been collected during oil and gas exploration. Data are 

least available in the northwestern part of the basin where oil and 

gas exploration has not been extensive and water'wells have not been 

drilled deep enough to penetrate all potential aquifers {Feltis, 

1966). 

According to Feltis (1966) chemical analyses of water from 

springs, water wells, and oil and gas wells show that parts of the 

following formations contain fresh water; Madison Limestone, -Morgan 

Formation, Weber Sandstone, Phosphoria and Park City Formations, 

Navajo and Entrada Santstones, Frontier Sandstone Yfber of the 

Mancos Shale, Mesaverde Croup, and the Wasatch, Green Eiver, Uinta, 

and Duchesne River Formations. The areal extent of the fresh water 

in each formation is not fully known because of the scarcity of 

points at which samples could be obtained. For most of the forma- 

tions, fresh water probably is limited to narrow bands in and near 

the outcrops archund the margins of the basin. 

In the northeastern part of the basin, outside the oil shale 

area, warm springs issue from near the top of the Madison Limestone, 

or possibly at the babe of the Morgan Formtion, in T. 4 S. R. 24 E. 

and flow into the Grew River. In September 1948, the discharge 



of t h e  springs above r i v e r  l e v e l  was estimated t o  be 6 c f s  and an 

equal amount o r  more was believed t o  discharge d i r e c t l y  i n t o  the  

r i v e r  (Thomas, 1952, p.12). The source of  water fo r  t h e  springs 

is probably from t h e  south f lank of t h e  Uinta Mountains where 

the  Madison and Morgan Formations crop out .  These formations 

could a l s o  be a p a r t i a l  source of  t h e  water produced i n  t h e  Ashley 

Valley o i l  f i e l d .  

The Fbrgan Formation, Madison Limestone, and other  limestones 

of  Mississippian age crop out  over a wide a rea  along t h e  south 

flank of the  Uinta Mountains, and they a l l  should be considered , , 

1 poten t i a l  fresh-water aquifers  along the  nor th  edge of t h e  basin. 

These formations have not been' explored i n  t h e  o i l  s h a l e  areas 

because of  t h e i r  g rea t  depth, but presumably t h e y  do u n d e r l i e '  

the  area  and a r e  permeable. The overlying Weber Sandstone i s  

another good aquifer  near outcrops along t h e  north s i d e  of  t h e  

basin but l i e s  a t  grea t  depth beneath the  o i l  sha le  area .  

F e l t i s  (1966) reported t h a t  t h e  y ie ld  of water from t h e  

Green River Formation i n  t h e  Uinta Basin, a s  indicated by 17 o i l  

. . . .  
: . . . . . . . . . . . .  . I 

and gas we l l s ,  ranges from 0.5 gpm t o  200 gpm. Two gas wells  
, . . . . . . . . . . .  ............. . . . . . . . . . . . . . .  : .............. 

. : . . .  . . . . . .  . . . . .  - . .  . . !  
i n  sec. 35, T. 10 S., R. 20 E. and s e c . 1 7 ,  T. 10 S . ,  R. 22 E. 

. . .  . . . . . .  : _ i  ! . . . . . . . . . .  . . . . . .  . . . . . . .  . . :  . . . . . . . . .  . . . . . . .  i . . . .  were conv.erted t o  water wells;  and i n  1964 they flowed a t  r a t e s .  

. . of 80 and 10 gprn,respectively.   he l a r g e s t  r epor ted  y i e l d  o f w a t e r  

from the  Green River,  Formation is from an o . i l -  wel l  which produced 220 gpm, 
. . . . . .  . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . .  , 

. . . .: i Flowing w e l l s  a r e  common throughout the  i n t e r i o r  o f  t h e  bas in.. . . . .  
I 



The Uinta Formation, which o v e r l i e s  t h e  Green River Formation, 

y ie lds  a s  much a s  225 gpm of water through spr ings .  A w e l l  i n  T. 7. 

S.,R. 24 E. yielded 110 gpm of water from t h e  Uinta and another  

o i l  well i n  T. 4 S., R. 5 W. (USM) yielded 30 gpm of water.  Wells 

t h a t  could produce as  much water a s  t h e  sp r ings  probably could be  

developed i n  some a reas .  

Other formations i n  t h e  bas in  a r e  poor a q u i f e r s  and do not  

warrant fu r the r  cons i d e r a t  ions. 

Recharge t o  bedrock aquifers  of  t h e  Uinta Basin occurs mostly 

along the  nor th  f lank of  the  basin and t o  a l e s s e r  ex ten t  on t h e  

areas  of h ighes t  e levat ions  on t h e  south  f l ank  of t h e  basin.  

Along t h e  north f lank runoff from t h e  Uinta Mountains, S p l i t  

Mountain, and Blue Mountain Plateau pe rco la tes  i n t o  t h e  upturned 

outcrops of formations t h a t  d i p  s t e e p l y  i n t o  t h e  basin.  Prec ip i -  

t a t i o n  d i r e c t l y  on these  outcrops a l s o  is a source  of  recharge. 

Because numerous formations a r e  exposed t o  recharge,  f r e s h  o r  

s l i g h t l y  s a l i n e  water should be expected i n  most permeable forma- 

t ions  near t h e  nor th  edge of the  basin. On t h e  sou th  f l ank  of  

the  basin, most recharge is i n  t h e  a reas  of  h ighes t  a l t i t u d e  

where p r e c i p i t a t i o n  is g rea tes t .  However, because o f  t h e  low d i p  

of the  south f lank,  few formations except t h e  Green River Forma- 

t i o n  a r e  exposed t o  recharge. Wells d r i l l e d  below t h e  formation 

t h a t  crops out  seldom y ie ld  f r e sh  o r  even s l i g h t l y  s a l i n e  water 

( F e l t i s ,  1966). Ground-water d ischarge  is along t h e  v a l l e y  of t h e  

Green River and t h e  lower p a r t s  of  its t r i b u t a r i e s .  Thomas (1952) 



1 . . . . .  . .  . I  

. , 
. : .  . . . $  . . .  . . 

repor ted  t h a t  ground-water inflow t o  t h e  Green- River i n  t h e  Uinta 
. . . .  . . 

Basin is  about 240 c f s  (about 175,000 ac re - fee t  per  year) .  

Selected hydrogeologic and chemical da ta  on water we l l s  and 

spr ings  i n  t h e  Uinta Basin a r e  presented i n  Table 11-32. 

. . 

. . . .  i .... ! 

&st of t h e  formations i n  t h e  bas in  are .  represented i n  t h e  tabula-  
. . . .  

t i o n ,  but t h e  small  sampling may not  be  a good ind ica t ion  of t h e  

I general  condit ions i n  t h e  formations. 

The Western O i l  Shale  Corporat ion d r i l l e d  a 'special  t e s t  

ho le  (WOSCO exploratory ho le  EX. 1) i n  Section 36, T. 9 S., R. 20 E., 

about 25 miles northwest of s i t e  U-a, t o  ob ta in  d e t a i l e d  informa- 

. t i o n  on t h e  o i l  s h a l e  and ground water.  The, r e s u l t s  of  t h e  water 

t e s t s  a r e  given i n  Table 11-33. Chemical analyses of water from 

t h e  i n t e r v a l s  t e s t e d  i n  t h e  WOSCO exploratory ho le  Ex. 1 a r e  

presented i n  Table 11-34, This test hole  flowed only 5 gpm a t  

t h e  land surface .  

The dissolved s o l i d s  content  of water from t h e  Green River 

Formation ranges from 348 t o  72,700 mg/l. F e l t i s  (1966) reported 

t h a t  most of  t h e  f r e s h  and s l i g h t l y  s a l i n e  water i n  t h e  Green 

. . . . . . . . .  . . . . . .  
.. --..:-: ..<:.I . . . . .  ...... River Formation came from wel ls  on t h e  southern f lank of t h e  

. . . . . . . . . . . .  . .  - : .::... :... .:. .:.j . . . . . .  . . . . . .  . ' ,  

! Uinta Basin. He reported t h a t  analyses  of 73 water samples from 

51. wells  and 1 spr ing  i n d i c a t e  4 were f r e sh ,  18 were s l i g h t l y  

saline, and t h e  remainder were moderately s a l i n e  t o  briny. 

The Uinta Formation y i e l d s  water  t h a t  ranges i n  q u a l i t y  from 
. . . . . . .  .......::.... :,-:,:::, 
. . . . . . .  . . . . . .  . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . .  ....... ...I f r e s h  t o  briny, 237 t o  81,200 ppm disolved s d l i d s  ( P e l t i s ,  1966). 



Table 11-32.--Selected hydrogeologic data, from water  we l l s  and spr ings  i n  t h e  Uinta Basin, Utah 

h c h e s n e  River Formation 
Navajo Sandstone 
Duchesne River Formation 

11 11 I 1  

Location 
~ o w n s h i ~ l  Raqge ISect ion 

I I 

Mancos Shale  
Uinta  Formation 

Duchesne River Formation 
11 I I I I 

Uinta  Formation 
I t  I I 

I I I t  

I I I I 

I 1  I I 

I I I I 

Park City Formation 
Weber Sandstone 

I I 1 I 

I I I I 

Entrada Sandstone 
Navajo Sandstone 
Mancos Shale 
Madison Limes tone and 
Morgan Formation 
Weber Sandstone 

I I I I 

I t  I I 

Green River Formation 
I I 11 I I 

I I I I I I 

Wasatch Formation 
Mesaverde Group 

I I I t  

I I 11 

Aquifer 

5 
2.5 - 

20 - 
20 

200 
2 25 

1,350 
140 
210 

2 
2 
2 
1 

5,4002 

10 
i, ooo 

10 
140 

10 
1 

225 - - - 

Method o r  
Point of 
Col lec t ion  

I n t e r v a l  
Sampled 

( f t )  
I  

Flow 
I I 

I I 

Yield 
(gpm) 

Storage tank 

From p i p e l i n e  5 
mile  from spr ing  
Flow 
I I 

Flow - 
Flow 

11 

I I 

I I 

- 
Well head , 

Flow 
I 1  

I I 

I I 

Date o f  I Dissolved 
Col lec t io  So l ids  11 & 

11 Dissolved s o l i d s  ca lcu la ted  from de te rmned  c o n s t i t u e n t s  except a s  noted. - 
21 Uinta  s p e c i a l  Meridian. 
F/ Residue a t  1 8 0 ~ ~ .  

Springs 
Source of d a t a :  F e l t i s ,  1966 



T e s t  
number 

and 
d a t e s  

Table  11-33.--Summary of  h y d r a u l i c  t e s t i n g  d a t a  f o r  WOSCO exp lo ra to ry  h o l e  Ex. 1, Uintah County, Utah, J u l y  1969 

I n t e r v a l  open d u r i n g  t e s t  
( f e e t  below 

land s u r f a c e )  

Method 

A i r  j e t t i n g  
from 579.1 m 

(1,900 f t )  

do. 

Flow 

Average 
d i s c h a r g e  

(gpm) 

8 

16 

Temper- 
a t u r e  
(OC) 

2 3 

25 

L 2 3 

( f e e t )  
-. 
drawhown 

t r a n s -  

(gpd per  f t )  

. 10 Product ion from 
two zones! 
2,729-2,809 f e e t  
and 2,901-2,929 
f e e t  below land 
s u r f a c e .  Sam- 
p l ed  f o r  gene ra l  
chemical ,  r a d i o -  
chemical ,  and 

I t r i t i u m  ana lvse s .  
18 IProduct ion  from 

t h r e e  zones: 
2,729-2,809 f e e t  
2,901-2,929 f e e t ;  
and 3,115-3,154 
f e e t  below land 
s u r f a c e .  Sampled 
f o r  g e n e r a l  chemi- 
c a l  radiochemical ,  
and t r i t i u m  ana ly -  
Sea r  - - Product  i on  from 
t h r e e  zones: 
2,729-2,809 f e e t ;  
2,901-2,929 f e e t ;  
and 3,115-3,154 
f e e t  below land 
s u r f a c e .  Sampled 
f o r  g e n e r a l  chemi- 
c a l ,  minor e l e -  
ments,  and r a d i o -  
chemical ana lyse s .  

Source of  d a t a :  Weir, 1970 



Table 11-~-j.--~unrmar~ of hydraul ic  t e s t i n g  da ta  fo r  WOSCO exploratory hole Ex. 1, Uintah County. Utah, J u l y  1969 continued 

1/ Based on downhole pressure recordings. 

2 /  Based on s p e c i f i c  capaci ty x 2,000, an approximate method of - 
ca lcu la t ing  t ransmiss iv i ty  (Brown, 1963, p. 338. and Theis ,  1963, p. 334). 

Source of da ta :  Weif, 1970 

b m r k s  

Product ion from 
one zone: 2,729- 
2,809 f e e t  below 
land surface.  
Sampled f o r  
general  chemical 
minor elements, 
radio-chemical, 
t r i t i u m ,  and 
carbon- 14 
analyses 

Temper- 
a t u r e  
(OC) 

28 

Spec i f i c  
a a c  t 
rb'.$)ft 

'%raw~own 

.003 

Average 
j ischarge 

(gpm) 

Approximate 
t r a m -  

m v  
(gpd per f t )  

6 

t 
Method 

Air j e t t i n  f from 830.4- m 
(2,790- f t )  

Test  
number 

and ' 

da tes  

3 

pH 

9.4 

I 

I n t e r v a l  open during t e s t  
( f e e t  below 

land sur face)  

1,900-2,822 

Spec i f i c  
conductance 
(mic rom~a/cm 

a t  25 '~)  

85,000 

Approximate 
drawdown a t  
end o f t e s t L /  

( f e e t )  

2,750 



I Table 11-34.--Analyses of water from the  Green River Formation, WOSCO 
exploratory hole Ex. 1 Ju ly  1969 (After Weir, 1970) 

(Analyses by U.S. Geological survey.L/ Date below sample number i s  date  
of co l l ec t ion .  Unless otherwise noted, da ta  a r e  i n  milligrams per l i t e r . )  

L1~na lys t :  0. J .  P e i s t ,  Jr. 
< Less than f igure  shown. 
(1) I n t e r v a l  sampled 1,900-2,959 f e e t  below land su r face ;  

sample from zones 1 and 2. 
(2) I n t e r v a l  sampled 1,900-3,234 f e e t  below land su r face ;  

sample from zones 1, 2 ,  and 3. 
(3) I n t e r v a l  sampled 1,900-3,234 f e e t  below land su r face ;  

(flow); sample from zones 1, 2, and 3. 
(4) I n t e r v a l  sampled 1,900-2,822 f e e t  below land su r face ;  

sample from zone 1. 

Element 

S i l i c a  ( S ~ O  ) 
Aluminum (A?) 
I ron  ( ~ e )  
Manganese ( ~ n )  
Calcium (ca )  
Magnesium ( M ~ )  
Strontium ( ~ r )  
Sodium ( ~ a )  
Potassium ( K )  
Lithium ( ~ i )  
Boron (B)  
copper (CU) 
Selenium (Se) 
Zinc ( ~ n )  
Bicarbonate ( H C O ~  ) 
Carbonate (CO, ) 
Sul fa te  (SO ) 
Chloride (Cf  ) 
Fluor ide  (F)  
N i t r a t e  (NO ) 
Phosphate (goo ) 
Dissolved s o l l d s  

Residue on evap. a t  1 8 0 O C  
Hardness a s  CaC03 

Total  
Non-carbona t e  

Speci f ic  conductance 
(pmhos/cm a t  25OC) 

PH o 
Temperature ( C )  

(1)  
, 7-29-69 

9.2 . 
<.lo 

-71 
-13 

4.1 
1.2 

70 
28,000 

104 
-71 

640 
.11 

<.001 
.O2 

5,710 
832 
917 

37,100 
60 
<. 1 

.88 

72,200 

16 
0 

82,000 
8.8 

23. 0 

Sample 
( 2 )  

7-3-69 
8.6 
<. 10 

.40 
-09 

4.1 \ 

1.2  
.44 

14,600 
53 - 59 

300 
.08 
-002 
-02 

3,830 
856 

35 
18, 600 

54 
<. 1 

.30 

37,000 

16 
0 

48,000 
8.9 

24.5 

pumbers 
( 3 )  

7-31-69 
12 

-80 
-33 
.06 

2 .O 
1.2 

70 
16,600 

62 
.65 

360 
.06 
-007 
.04 

5,940 
3 19 
400 

21 ,wo 
46 
<. 1 

.18 

41,800 

11 
0 

54, OOo 
8.6 

23.5 

(4) 
7-31-69 

9 .2  
-80 

1.1 
15 

2.8 
.8 

730 
28, WO 

102 
-74 

620 
.08 

<.001 
-01 

5, 910 
1,230 

464 
37,500 

70 
<. 1 

.88 

72,700 

12 
0 

85,000 
8.9 

2 7 - 5  



Ground water is not used extens ively  i n  t h e  Uinta Bas in .  

Present  use  is l imited t o  livesto-ck and . w i l d l i f e  supp l i e s  and 

some domestic and small- town suppl ies .  

The supply of ground water i n  t h e  Uinta Basin is not 

adequate t o  support a  l a rge  o i l  s h a l e  indust ry ,  unless  l a r g e  

suppl ies  could be obtained from t h e  Madison Limestone through 

deep w e l l s .  However, small suppl ies  o f  f r e s h  o r  s l i g h t l y  s a l i n e  

water could be obtained t o  support  a  smal l  o i l  s h a l e  indust ry  

on t h e  south  f lank of  t h e  Uinta Basin. 



6, Fauna 

Major drainage in the vicinity of the oil shale deposits of Utah 

are the Green River and White P-iver systems which pass through deep 

escarpments, Ceologic processes have created rugged, dissected 

terrain that is difficult to traverse, resulting in land forms of 

great scenic beauty remaining in a state approaching primitive isola- 

tion, Within this setting, the Uinta Basin oil shale area provides 

a combination of vegetative, climatic, physiographic, and cultural 

conditions which constitutes ideal natural faunal habitat, Many 
i 

forms of game, as well as non-game birds, and mammals, are present 

in significant numbers, In their natural association, they consti- 

tute a major aesthetic, recreational and economic resource, 

Utah's llinta Rasin area provides 1,355,000 acres of important 

mule deer winter range of which 250,000 acres are considered criti- 

cal as winter feeding areas (see Figure 11-15). An average annual 

harvest of 8,000 mule deer has been recorded in this area. Small 

numbers of elk are present in restricted areas (see Figure TI-16)- 

Transplanted antelope have become established and are increasing in 

numbers (Figure 11-16). Additional transplants into the area, are 

I planned by the Utah Fish and Chne Division, 

Pears have been reported in the area but are considered scarce, 

Mountain lions exist in the area, but the population status is un- 



Bears have been r epor t ed  i n  t h e  area b u t  cons idered  sca rce .  

Mountain l i o n s  exist i n  t h e  area, b u t  t h e  popula t ion  is unce r t a in .  

Coyotes, porcupines,  bobca ts ,  muskrat,  beaver ,  mink, j ack  

r a b b i t s ,  c o t t o n t a i l s ,  and many o t h e r  sma l l  m a w 1  s p e c i e s  e x i s t  

i n  t h e  area. The c o t t o n t a i l  is t h e  most important  s m a l l  game 

s p e c i e s  wi th  an annual  ha rves t  vary ing  from 10,000 t o  15,000. 

Bureau of Land Management estimates i n d i c a t e  t h a t  a herd  of about 

130 wi ld  ho r ses  i n h a b i t  t h e  Utah o i l  s h a l e  lands .  

Many b i r d  s p e c i e s ,  i nc lud ing  waterfowl (See F igure  11-19), 

w i ld  t u rkey . (See  F igure  11-18) doves, chukar p a r t r i d g e ,  numerous 

song b i r d s ,  e a g l e s ,  p r a i r i e  f a l cons ,  golden. e a g l e s ,  ba ld  e a g l e s  

r e s i d e  o r  migrate  through ' t h e  a rea .  Sage grouse occur  i n  l i m i t e d  

numbers wi th  r e s t r i c t e d  d i s t r i b u t i o n  (See F igure  11-18). The 

chukar p a r t r i d g e  has been in t roduced  t o  t he  a r e a ,  and t h e  popula t ion  

is inc reas ing .  Over 1,000 chukars a r e  ha rves t ed  annual ly ,  and more 

t r a n s p l a n t s  a r e  a n t i c i p a t e d .  

Headwater dra inages  throughout t h e  Uinta  Basin possess  consider- 

a b l e  t r o u t  f i s h i n g  p o t e n t i a l  (See Table 11-13 and Figure 11-17). 

S o i l  s u r f a c e s  i n  t h i s  a r e a  a r e  h i g h l y  erodable.  Heavy s i l t a t i o n  

and accompanying degxadatTon of water  q u a l i t i e s ,  i .e . ,  b l a n k e t i n g  

of spawning and nursery  h a b i t a t  and reduct ion  of l i g h t  penetratrEon 

h a s  c r e a t e d  a genera l ly  dep le t ed  f i s h e r y  environment i n  lower reaches 

of t h e  major r i v e r  systems. 



I 

I 
- I A number of  th rea tened  f i s h ,  b i r d s ,  and m a m u y l s  a r e  known o r  

suspec ted  t o  exist i n  o r  a s soc i a t ed  w i t h  t he  Utah o i l  s h a l e  region.  

Table 11-14 provides  a list of such s p e c i e s  which have been i d e n t i -  

fued wfth t h e  o v e r a l l  t r i - S t a t e  o i l  s h a l e  a rea .  By v i r t u r e  of t h e i r  

, remote n a t u r e ,  h a b i t a t  of t h e  o i l  s h a l e  lands is a v a i l a b l e  f o r  use  

i 
I - - i n  a r e l a t i v e l y  undis turbed  state by t h e s e  spec i e s .  Therefore ,  i t  

is  be l ieved  t h a t  most of t h e  s p e c i e s  i n  Table  11-14 c u r r e n t l y  use 

t he se  lands  and water  dur ing  some p o r t i o n  of t h e i r  l i f e  cyc le .  

The recent  f i e l d  s i g h t i n g  of a black-footed f e r r e t  i n  t h e  Uin ta  

I 
Basin s t r eng thens  t h e  b e l i e f  t h a t  t h i s  endangered s p e c i e s  may per-  

sist i n  smal l  number. 

7. S o i l s  
i 

S o i l s  of t h e  Uin ta  Basin vary from none i n  t h e  c l i f f  and s t e e p  

I 
! s l o p e s  of t h e  canyon a r ea s  t o  deep a l l u v i a l  s o i l s  a long some a r e a s  
i 

of t h e  l a r g e r  s t reams and p l a i n s  count ry  (Figure 11-46). 

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

a h igh  silt. load t o  t h e  Colorado R ive r  system. S o i l  e r o s i o n  c l a s s -  

i f i c a t i o n s  on t h e  t h r e e  u n i t s  con ta in ing  875,000 a c r e s  of p u b l i c  

lands a r e  shown below: 

Bonanza (337,000acres)'. 

Rainbow (299,000 a c r e s )  

Book C l i f f s  (240,000 ac re s )  

Eros ion  c l a s s i f i c a t i o n s  
(Percent  of a r e a )  

S r i g h t  Moderate C r i t i c a l  Severe 



Scale: 1 inch equals approxi- 
mately 8 miles. Prepared by 
S o i l  Conservation Service. 

FIGIIRE 11-46. --Soil Association Map, Utah. 



.,. . . . . . .  , T e ~ h n i c a l  discussion. of the s o i l s  of t h e  b e t t e r  o i l  sha le  a r e a  of t h e  
. . . . . . . .  . . . . . .  . . . .  . . . . . .  :.. .:-I 

Uinta Basin follows: 

Composition of map u n i t  71 (Fig. 11-46) by Great S o i l  Groups 
(1949); Great Groups, Subgroup, o r  Family (1965) and land types is 
estimated a s  follows: 

Percent 1949 Great S o i l  Group 1965 Great  Group, Subgroup o r  Family 
. . . . .  .. - . , ......... 50 Red Desert Typic Torr ior thents  . . . . .  .: : ..:. > .,:. : . ;;-.: .. 1.1 .... ..:.. ,. .....:... < . .  ............ . . . .  . * 

<' . 
2 5 Rendz inas  L i t h i c  CalcYorthids 

Li thosols  
(Solonetz) (with inc lus ions  of L i t h i c  

Natrargids and Badlands) 

Typic Torr ior thents  are shallow s o i l s  over weathered' so£  t marine 
. . .  . . . . .  . .  , 

: . . . .  shales.. They have t h i n  l i g h t  yellowish brown calcareous f i n e  loamy . . . . . . .  . . . .  : i . . . . . . . .  . . 
, 

o r  f i n e . s i l t y  surface  horizons and f i n e  s i l t y  o r  c l ay  subsoi ls .  The 
s o f t  s h a l e  bedrock usual ly  i s  a t  depths of less than 20 inches. Relief  

..::... .-.-.i ............... . . . . . . . . . . . .  ........... ~. . ., . . . . . . . . . . . . . .  , is undulating t o  ro l l ing .  Chipeta and Persayo S o i l  Se r i e s  a r e  repre- 

. . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . .  . .  ! s e n t a t i v e  of t h i s  sub-group. 
-. 

L i t h i c  Calc ior th ids  a r e  shallow over sandstone or  interbedded 
sandstone o r  s h a l e  bedrock. The s o i l s  a r e  l i g h t  colored; calcareous 
sand o r  coarse loamy sur face  horizons; underlain by a loam or  s tony 
loam accumulation zone. No s o i l  Se r i e s  has been es tabl i shed f o r  
t h i s  sub-group. 

A l l  of these  s o i l s  a r e  w e l l  d ra ined;  permeabil i ty is slow; runoff 
is rapid and sediment production is high espec ia l ly  from i n t e n s e  
summer storms. 

Native vegetat ion is shadscale,  greasewood, sa l tbush,  g a l l e t a  
grass  and Indian r icegrass .  

These s o i l s  a r e  i n  Hydrologic Group D. 

, 

Composition of map u n i t  58 by Great S o i l  Groups (1949); Great  
Group, Subgroup o r  Family (1965); is estimated a s  follows: 

Percent  1949 Great S o i l  Group 1965 Great Group, Subgroup o r  Family 
. . . . . . . .  2 5 Al luv ia l  Aquic Xerofluvents . . . . . . . . . . .  .............. i 8 

. . . . . . .  . :  . . ,  . . .  . . ,  .-, 
30 Al luvia l  Aquic Us t i f luven t s  

. . . . . . .  . . I . . . . . . . .  20 Al luv ia l  Typic Tor r i f luven t s  (with 
(Solonetz) inc lus ion  of Typic Natrargids 

and Ver t i c  Fluvaguents) 



This association occurs along recent flood plains and low 
terraces adjacent to major rivers (White River). Relief is smooth 
to gently undulating. 

The Aquic Xerofluvents are deep soils that have gray, calcareous 
loamy or silty surface horizons underlain by stratified subsoil that 
ranges in texture from coarse loamy or course silty to fine sandy 
loamy or fine silty. Mottling is common below 10 inches. The Abraham 
Soil series is representative of this subgroup. 

The Aquic Ustifluvents are deep soils with brown to pale brown, 
moderately calcareous, loamy surf ace horizon. Underlain by strati- 
fied coarse loamy to fine loamy subsoils. They are mottled below 
depths of 20 inches. Water table ranges between 20 to 40 inches. 
The Green River Soil Series is representative of.the subgroup. 

Typic Torrifluvents are deep soils with light colored calcareous 
loamy or silty surface, coarse silty, fine loamy or fine silty 
subsoils. The Ravola Soil%Series is typical of this subgroup. 

Permeability is moderate for all of these soils except for the 
Natragids which have slow permeability. Runoff is medium to rapid 
and sediment production is high because of stream cutting during 
periods of high stream flow. 

Native vegetation is cottonwood trees, willows, salt cedar, 
greasewood and associated grasses and forbs. 

These soils are in Hydrologic Group B and D. 



8. Vegetat ion 

That po r t ion  of t h e  Uinta  Basin conta in ing  o i l  s h a l e  depos i t s  

inc ludes  four  major vege ta t ive  types: Desert  Shrub, S a l t  Desert Shrub, 

Pinyon-Juniper, and Sagebrush. 

. . .  .- . . . . . . . . .  
j 

The h ighe r  e l e v a t i o n  types  of t h e  Uinta Basin occur t o  t h e  west. 
. - .  . . . . . . . . . . . .  
... i ........ : ... I 

,? .- .... ...,+ ~! . . . . .  < ........ . . . . . .  1 . . 
of areas of p o t e n t i a l  o i l  s h a l e  development and w i l l  n o t  b e  described 

. here .  

I n  genera l ,  t h e  Uinta Basin types f i t  t h e  d e s c r i p t i o n s  given f o r  

t h e  Piceance Creek Basin of Colorado. Because of lower e l eva t ions ,  

t h e  sites are more x e r i c  and are similar t o  the  lower extremes of t h e  

Colorado s i t e s .  

The Sal tbush type descr ibed  i n  the  Colorado d e s c r i p t i o n  has  been 

divided i n t o  D e s e r t  Shrub and Sa1.t Desert Shrub because they are more 

e a s i l y  i d e n t i f i e d  i n  t h e  Uinta Basin. 

a. Desert Shrub 

This type comprises about 60 percent  of t h e  o i l  s h a l e  a r e a  of 

t h e  Uinta Basin. The vege ta t ion  of t he  Sa l tbush  type descr ibed  f o r  

t he  Piceance Creek Basin of Colorado adequately desc r ibes  t h i s  type 

i n  t h e  Uinta Basin. 

About two-thirds of t h e  type  a r e a  is i n  t h e  lower e l e v a t i o n a l  

range of t h e  type on sandy s o i l s .  Vegetation on  these  sites is 

extremely sparse .  Horsebrush (Tet radymia) and rabbi tbrush  (Chryso- 

thamnus) a r e  the  dominant s p e c i e s .  

b ,  S a l t  Desert Shrub 

This type comprises about ,  15  percent  of t h e  area.  S o i l s  a r e  f i n e r  

tex tured  and conta in  more sal t  than  i n  t h e  Desert Shrub type. 



.The vegeta t ive  aspect  is one of bare  s h a l e  with very l i t t l e  s o i l  

development, containing a s p a r s e  s t and  of low-growing sa l tbushes .  

Dominant species are m a t  sa l tbush (Atr ip lex  corrugata) and N u t t a l l  

sa l tbush (Atriplex n u t t a l l i i )  . Annuals inc lude cheatgrass,  Russian 

t h i s t l e ,  dock, and halogeton. 

S treambottoms wi th in  the type many conta in  cottonwood trees, 

greasewood associa t ions ,  and rocky lands devoid of vegetat ion.  

c. Pinyon-Juniper Type 

I n  the  Uinta Basin t h i s  type is pr imar i ly  juniper with pinyon 

pines occurring only i n  a few higher  e l e v a t i o n  locat ions .  The type 

comprises about 10 percent  of the  o i l  s h a l e  area.  

The descr ip t ion of the  Pinyon-Juniper type i n  the  Piceance Creek 

Basin of Colorado adequately descr ibes  the  type a s  found i n  the  Uinta 

Basin. 

d. Sagebrush 

This type comprises about 10 percent  of the  o i l  s h a l e  area.  The 

sagebrush type descr ip t ion f o r  t h e  Piceance Creek Basin of Colorado is 

general ly adequate f o r  descr ib ing the  type i n  t h e  Uinta Basin. 

I n  Utah, the  sagebrush type extends i n t o  lower e l e v a t i o n a l  ranges 

than i n  Colorado. As i t  blends i n t o  t h e  D e s e r t  shrub type, b lack sage 

(Artemisis nova) crea tes  the  sagebrush aspec t  r a t h e r  than b i g  sage  

(Artemisia t r iden ta ta ) .  

Grazing use i n  the  o i l  s h a l e  area of the  Uinta Basin is pr imar i ly  

by sheep i n  the  winter.  Some c a t t l e  are a l s o  grazed i n  the  a r e a  

during the  winter  months. 



There a r e  severa l  poisonous p l a n t s  i n  'the area,  but only 

locoweed and halogeton cause se r ious  problems with l ives tock.  Af ter  

a wet, warm f a l l  locoweed becomes a se r ious  problem; l ives tock must 

be kept off  the. a rea  t o  prevent cons ide rab le  l o s s .  Halogeton. is 

. . . . . . .  
' . . i  . - ...... I sca t t e red  throughout t h e  u n i t ,  a n d . i n  some dis turbed a reas  forms 

. . . . . . . . .  
. . . . . . . . . . .  . . . . . .  . . . . . . . . . .  . . . . . . . .  , - ' I  

dense patches. This p lan t  has not caused se r ious  problems i n  t h e  

p a s t ,  but sheep herds must be managed t o  avoid i t .  

The locoweeds and halogeton have t h e i r  g rea tes t  concentrat ions 

wi th in  the.mixed dese r t  shrub a reas  on the  f r inges  of the  pinyon- 

.............. . . . . . . . . . . . . .  ................ ............... . . . . . . . . . .  - juniper. Major losses  of sheep occurred on the  1.ocoweeds during the --. .-....... ......... . . . I  . . . . . . . . . .  . . . . . . .  

winter  grazing seasons of 1957-58 and 1965-66. 

! Death camas (Z~gadenus sp.) i s  s c a t t e r e d  genera l ly  over the  

e n t i r e  u n i t .  There a r e  no known concentrat ions of any consequence 

wi th in  the  u n i t .  

Wildl i fe  use of t h i s  por t ion  of the  Uinta Basin is s i m i l a r  t o  

t h a t  described f o r  the  same types i n  t h e  Piceance Creek Basin of 

Colorado. 

According t o  the  Utah Fish  and Game Division, the  following 

w i l d l i f e  species u t i l i z e  t h i s  area:  antelope,  mule deer,  c o t t o n t a i l  

. . . . . . . . .  

. . I  .y i 
. . . . . . .  . .  . . . . .  . . I  and jack r a b b i t s ,  chukar pa r t r idge ,  sage grouse, pheasants, Hungarian 

. . ,  .:. . . I  . . . . . . . .  . . . . .  . ,  .. . .  ., . . . . . .  .. : 
par t r idge ,  Cal i fornia  v a l l e y  q u a i l ,  mourning doves, and a v a r i e t y  of 

water fowl including ducks, geese, and swans. 

. . . . . .  
I n  addit ion,  the  area ,  supports song b i r d s  and rodents which 

........ : . . . . . . . . . .  . j 
. . . . . . . . .  . . . . .  . . . .  . . . . .  . . . . . . .  u t i l i z e  some vegeta t ion.  



The dominant p l a n t  species  f o r  each o f  t f r e  four major vege ta t ive  

types8  are as follows : 

Common Name Sc i e n t  i f  i c  Name 

Pinyon-Juniper R D e :  Grasses: 
western wheatgrass 
Wheatgrass 
h r l y  g rass  
Indian  r i c e  grass. 
Needle-and-and Thread 
g r a s s  

Forbs : 
Russian t h i s t l e  
S t i c k s  eed 
Buckwheat 
Lupine 
h c o  weed 

Agropyron s m i t h i i  
Agropyron spp . 
H i  l a r  i a  j ames i i 
0 r v z o ~ s  is hvmeno ides  

S t i p a  comata 

Er iogonum spp . 
Lupinus spp. 
Astragalus spp. 

Shrubs : 
Black sage brush Ar t e m i s  i a  , nova 
Big sage  Artemisia t r i d e n t a t a  
snake weed 
h w  yellowbruSh 

Gut ie r rez ia  s a r o t h r a e  
Chrysothamnus v i s c i d i f  lo rus  

Trees : 
Utah juniper  Jdnioerus os teosperma 
Pinyon p ine  Pimis e d u l i s  

Sagebrush Type: Grasses : 
Curly g rass  H i  l a r  i a  j ames i i 
Indian r i c e  g r a s s  Oryzops is hymeno ides 
Western wheatgrass Agropyron s m i t h i i  
Whea t g r a s  s A~ropyron  spp. 

Forbs: 
Russian t h i s t l e  S a l s o l a  k a l i  
S t  ickseed iappula  spp. 
Mustard Lep i d  ium s pp . 



Common Name 

Shrubs : 

Sagebrush Type: 
(Continued) Big sage 

Black sage . 
Shadscale 
Snakeweed 
Low yellowbrush 

Desert Shrub: 
Type Grasses : 

Gal le ta  
Indian r i c e g r a s s  
Needle-&-thread g rass  
Cheatgrass 

Forbs : 

Russian t h i s t l e  
Halogeton 
Cactus 
Desert mallow 

Shrubs : 

Black sage 
Shadscale 
Low yellowbrush 
Big sage 
Horsebrush 
Greasewood 
Nut ta l l  s a l tbush  
Snakeweed 
White sage (winter fa t )  
Spiny hopsage 

S a l t  Desert : 
Shrub Type Grasses 

Ga l l e t a  
Indian r i cegrass  
Squ i r re l  t a i l  
Cheatgrass 
Six-week fescue 

S c i e n t i f i c  Name 

Artemisia t r i d e n t a t a  
Artemisia nova 
Art ip lex  c o n f e r t i f o l i a  
Gut i e r rez ia  sa ro th rae  
Chrysothamnus v i s c i d i f l o r u s  

H i l a r i a  iamesii - 
Orvsms i s  hvmenoides - .  
St ipa  comata 
Bromus t e c  torum 

Sa l so la  k a l i  
Halogeton glomeratus 
Opuntia spp. 
S ~ h a e r a l c e a  SDD. 

Artemisia nova 
A r t i ~ l e x  c o n f e r t i f o l i a  
Chrysothmanus v i s c i d i f l o r u s  
Artemisia t r i d e n t a t a  
Tetradymia spp. 
Sarcobatus vermiculatus 
At r ip lex  n u t t a l l i i  
Gu t i e r rez ia  sa ro th rae  
Eurot ia  l a n a t a  
Grayia spinosa 

Hi la r  i a  j amesii 
Oryzopsis hymenoides 
S i t an ion  h y s t r i x  
Bromus t e c  torum 
Festuca o c t i f l o r a  



Common Name S c i e n t i f i c  Name 

S a l t  Desert Shrub: Forbs: 

Type (Continue) 

Ind ian  wheat P lan tago  spp . 
Russian t h i s t l e  S a l s o l a  k a l i  
S t ickseed  Lappula spp. 
Halogeton Halogeton glomeratus 
Cactus Opuntia spp. 
Deser t  mallow Sphaeralcea spp . 
Buckwheat Eriogonum spp. 

Shrubs : 

N u t t a l l  s a l t b u s h  
Shadscale  
Mat s a l t b u s h  
Black sage  
Shor tsp ine  horsebush 
Big sage  
White sage  (winterf  a t )  
Mormon t e a  

A t r i p l e x  n u t t a l l i  
A t r i p l e x  c o n f e r t i f o l i a  

Artemisia  t r i d e n t a t a  - - - -  - 

Euro t i a  l a n a t a  
Ephedra spp. 

A l l  of t h e  major v e g e t a t i v e  types i n  t h e  a r e a  provide good 

winter  fo rage  f o r  sheep o r  c a t t l e ,  except  t h a t :  

( a )  Much of t h e  pinyon-juniper has  very  few fo rage  p l a n t s  

growing underneath. 

(b) Some of t he  b i g  sage  brush i s  i n  dense,  n e a r l y  pure  

s t ands ,  which l i ves tock  w i l l  only u s e  l i g h t l y .  

( c )  The spa r se  cover  on some of t h e  b a r e  s h a l e  i n  t h e  d e s e r t  

shrub and s a l t  d e s e r t  shrub types provides  l i t t l e ,  i f  any, forage .  

The vege ta t ion  along t h e  Green River  and t h e  White River  is 

mainly annuals ,  d e s e r t  s a l t g r a s s  ( D i c t i c h l i s  s t r i c t a ) ,  a l k a l i  s aca ton  

(Sporobolus a i r o i d e s ) ,  tamerix (Tamarix g a l l i c a ) ,  willows (Sa l ix  spp . ) ,  

and squaw bush (Rhus t r i l o b a t a ) .  Th i s  type is used mostly by c a t t l e  

i n  summer. 

The pinyon-juniper type  produces a few ceda r  pos t s  and some 

firewood. 
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9. Recreat ional  Resources 

The o i l  shale  a reas  of the  Uinta  Basin a r e  ex tens ive ly  used f o r  

hunting during a f a l l  hunting season. Small game animals and b i r d s  

a r e  a l s o  hunted. The canyon lands of t h e  Green River a r e  occas ional ly  

used f o r  adventurous boating excurs ions .  Fishing p o t e n t i a l  along 

the  White and Green Rivers where' they c ross  t h e  o i l  sha le  land i s  

good but l i t t l e  used. 

The o i l  shale  a reas  of t h e  Uinta  Basin a r e  genera l ly  seldom 

. . . . .  . . :, . . .  , . . . . . . . : . .  , . . . . . . . . .  . . .  ,i , 
used f o r  o the r  r ec rea t iona l  purposes. The more a t t r a c t i v e  recrea-  

. . . . . . . . .  . . . . . . . .  . . .  . :  . . . . . . . . .  . . . . . . .  ., . . .  . . .. ...: 
. . . . . . . . .  , . . .  

. . ,  
t i o n a l  a reas  which a r e  u t i l i z e d  a r e  i n  t h e  nearby Uinta Mountains 

. . . . .  .: . . . . . . . . . . . . . .  ............... . . . . . . . . . .  . . . . . . . . . . . . .  d . . . . . . . . .  ............. . . . . . . . . . . .  . . . .  : j and i n  Dinosaur National Monument nor th  of t h e  a r i d  f l a t  land of t h e  

o i l  sha le  area.  

The rec rea t ion  resources i n  t h e  environs of the  Uinta Basin, 

mostly outs ide  of the  o i l  sha le  a r e a ,  c o n s i s t  of many high-qual i ty  

r ec rea t iona l  oppor tuni t ies  of t h e  following types:  

( a )  Water or iented a c t i v i t i e s  a s soc ia ted  with the  l akes ,  ponds, 

and streams of the  Uintah Mountains along t h e  b a s i n ' s  northern 

boundary, the  Tavaput P la teau  on t h e  southern  boundary, and the  

Green and Duchesne Rivers of the  lowlands, and 138 l akes ,  ponds, 

and r i v e r s  ; 

(b) Backpacking oppor tun i t i e s  of Yellowstone Creek, Rock 

Creek, and the  Badlands i n  t h e  White River a rea ;  

(c)  Wildl i fe  oppor tun i t i e s ,  e s p e c i a l l y  those assoc ia ted  wi th  
. . .  

Ouray Wildl i fe  Refuge along t h e  Green River win te r  deer range, and 

the  deer on 10  major hunting u n i t s  i n  t h e  bas in .  Average y i e l d  

ha rves t s  of 8,000 deer annually a r e  common i n  the  bas in;  

(d) Winter spor t s  i n  t h e  Gr izz ly  Ridge Ski  and Winter 

1 
Recreation Area 25 miles nor th  of Vernal; 



(e) Sightsee ing  of unique f e a t u r e s  and s c e n i c  wonders of t h e  

Flaming Gorge, Book C l i f f s ,  Sheep Creek Canyon, Whiterocks F i sh  

Hatchery, Grays and Desola t ion  Canyons, and t h e  v a l l e y  country of t h e  

Green and Duchesne Rivers .  

( f )  C u l t u r a l  and h i s t o r i c  sites: Old For t  Mchesne,  t h e  

Uintah-Ouray Ind ian  Reserva t ion ,  Desola t ion  Canyon, Sheep Creek 

Geological  Area, Dinosaur Nat iona l  Monument, I n d i a n  Petroglyphs i n  

Dry Fork Canyon, and F o r t  Robideaux. 

For r e c r e a t i o n  planning purposes t h e  S t a t e  Outdoor Recrea t ion  

P lan  of Utah has  des igna ted  t h e  count ies  of Duchesne, Daggett  and 

6 1  . Uintah as t h e  Uinta  Basin Planning Dis t r ic t - -P lanning  D i s t r i c t  VI1.-  

The Bureau of Land Management has  des igna ted  t h i s  same a r e a  a s  t h e  

"vernal  D i s t r i c t . "  BLM admin i s t e r s  1,673,000 acres ,  o r  31 percent; of 

t h e  Uin ta  Bas in ' s  5.4 m i l l i o n  acres .  Most of t h e  p u b l i c  lands a r e  l oca t ed  

i n  Uintah County which con ta ins  most of t h e  p o t e n t i a l  high- y i e l d i n g  

o i l  s h a l e  l ands ,  768,000 ac re s .  Nat ional  F o r e s t  l ands  of t h e  b a s i n  

a r e  loca ted  o u t s i d e  of t h e  primary o i l  s h a l e  l a n d s  a rea .  Lands of t h e  

Uintah and Ouray Indian  Reserva t ion  a r e  l o c a t e d  immediately ad j acen t  t o  

t h e  primary o i l  s h a l e  lands .  

A l l  lands under t h e  admin i s t r a t i on  of t h e  Bureau of Land Manage- 

ment and t h e  Fores t  Se rv i ce  a r e  gene ra l ly  considered f o r  m u l t i p l e  u se ,  

inc luding  outdoor r e c r e a t i o n .  The t o t a l  a c r e s  o f  designated , 

61 Outdoor r e c r e a t i o n  i n  Utah, 1970. - 
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developed, r e c r e a t i o n  sites on a l l  Fede ra l  and S t a t e  l a n d s  i n  

t h e  b a s i n  is  'less than  15,000 a c r e s ;  t h e  p o t e n t i a l  is e s t ima ted  

t o  be  4.2 m i l l i o n  i f  on ly  Federa l  l ands  under m u l t i p l e  

use a r e  considered. The t o t a l  ac reage  set a s i d e  a s  r e c r e a t i o n  

sites i n  t he  b a s i n  is less than '  1 6 , 0 0 0 a c r e s .  Ninety pe rcen t  

of t h e  site a c r e s  occur  on Fede ra l  l ands  a n d . 6  pe rcen t  

on p r i v a t e  lands.  
j 

Half of t h e  r e c r e a t i o n  v i s i t o r s  t o  n o r t h e a s t e r n  Utah a r e  
. . . . . . ,  . . . . . . . .  . . . . . . . . . . .  ..! . . . . . . . . . .  . . . . .  . .  . . . . .  . . . . ,  

. . . .  . . . . I  ., 
s i g h t s e e r s  or  t o u r i s t s .  F i sh ing  and hunt ing  combined account  

. . . . .  . . . . . I [  . . . .  

. . . . .  ! ., f o r  24 percent  of t h e  v i s i t o r s  followed by camping and p i cn i ck ing  
. . .  ............ ..I . . . . . . . .  . . . . . . . . . . . .  ............ ... .?. ....: .:::... - .  . . . .  . ~. : ' :_ ' I  

I a t  16 percent .  D e e r  hun t ing  is known to  be t h e  pr imary type  of 

I hunt ing  with 8,000 dee r  being ha rves t ed  annual ly  i n  t h e  Basin.  

Rock hunt ing  is considered t o  be a f a s t  growing a c t i v i t y  i n  t h e  
I 

! 
Basin. Water s p o r t s  account  f o r  only one pe rcen t  of  t h e  v i s i t o r s .  

However, t h e  p o t e n t i a l  f o r  water  o r i e n t e d  a c t i v i t i e s  is high 

wi th  almost 75 pe rcen t  of t h e  f e a t u r e  o r i e n t e d  sites i n  t h e  

Basin being r e l a t e d  t o  water ,  48 pe rcen t  a r e  r e l a t e d  t o  s t reams 

o r  r i v e r s ,  and 30 pe rcen t  t o  l akes  and/or r e s e r v o i r s .  

I n  1968 t h e  e s t ima ted  outdoor  r e c r e a t i o n  v i s i t o r -day  use  

i n  no r theas t e rn  Utah was e s t ima ted  t o  be 1 .2  m i l l i o n  days o r  15 

pe rcen t  of t h e  S t a t e  t o t a l  of 7 .8  m i l l i o n  v i s i t o r  days.  Dagget 

County, t he  s m a l l e s t  county by f a r  wi th  on ly  461,400 a c r e s ,  

accounted f o r  almost h a l f  of t h e  Bas in ' s  v i s i t o r  days.  However, 

most of these  were t o  t h e  h igh ly  developed Flaming Gorge Na tu ra l  

Recrea t ion  Area i n  t h e  Ashley Na t iona l  F o r e s t ,  and t h e  Dinosaur 



Nat iona l  Monument adminis tered by t h e  Nat iona l  Park Serv ice .  

Uintah County accounted f o r  35 percent  of t h e  b a s i n ' s  v i s i t o r s .  

Duchesne County was f a r  behind wi th  17  pe rcen t .  

Applying S t a t e  of  Utah economic day use va lues  of 10 and 15 

d o l l a r s  t he  e s t ima ted  1968 r e t u r n s  t o  l o c a l  and S t a t e  economics 

of t h e  basin f o r  outdoor r e c r e a t i o n  were 11.7 and 17.1 m i l l i o n  

do l l a r s , r e spec t ive ly ,  For p u b l i c  lands  i n  Daggett and Uintah 

Counties t he  es t imated  v i s i t o r  days and d o l l a r s  t o  t h e  l o c a l  

economy was 112,875 days and $1,128,770; -hunt ing  and f i s h i n g  

accounted f o r  70 pe rcen t  of t h e  v i s i t o r  days and monies. Land 

ownership, outdoor r e c r e a t i o n  s i te  ownership,  and v i s i t o r  day 

use a r e  t abu la t ed  i n  Tables 11-35 and 11-36. 

10. Socioeconomic Resources 

Access t o  Uin ta  Basin o i l  s h a l e  a r e a  is ga ined ,  from t h e  

north,  by U.S. Highway 40, and from t h e  sou th ,  by U.S. Highway 6 

and 50 (Figure 11-29). Gravel s u r f a c e  S t a t e  and county roads 

c ros s  t h e  b a s i n  i n  a genera l  north-south d i r e c t i o n .  Jeep t r a i l s  

and se i smic  and o i l  exp lo ra t i on  roads c r i s s c r o s s  t h e  b a s i n  i n  a 

random manner. Popula t ion  w i t h i n  t h e  t h r e e  p r i n c i p a l  BLM 

planning u n i t s  is approximately 470. 

The b e t t e r  o i l  s h a l e  a r e a  of t h e  Uin ta  Basin is s p a r s e l y  

populated.  A smal l  g i l s o n i t e - m i n i n g  community, Bonanza, and a smal l  

I nd i an  v i l l a g e ,  Ouray, l i e  w i t h i n  t h e  r i c h  o i l  s h a l e  lands .  A few 

gas f i e l d  development bu i ld ings  and personnel  occupy i n s t a l l a t i o n s  i n  

t he  o i l  s h a l e  a rea .  Major o i l  f i e l d  developments and i n s t a l l a t i o n s  

. a r e  s i t u a t e d  no r th  of the  o i l  s h a l e  a r e a .  



I - .  . . .  ............. .-, , . .., TABLE 11- 35 . -Land ownership and (Xltdoor Recreation S i t e  Ownership . . . . . . . . . . .  
.-.<: . : :::-:- -. .l 
............. .i Within t h e  Uinta Basin, 1972. 

. . . .  ! 

Source: Bureau of Land Management Analysis Plan  1972. 

Agency and owner 

Federal .......... 
S t a t e  ............ 

............ Local 

...... Quasipublic 

.......... Pnivate 

Total . .=. . . .= 

Total, -lands 

Acres 

4,050,000 

- 270,000 

.... 

.... 
1,080,000 

5,400,000 

Recreation sites 

' Percent 

75 

5 

... 

... 
2 0 

100 

Acres 

14,217 

155 

.379 

80 

890 

15,729 

Percent 

90 . 

1 

2 

1 

6 

100 



TABLE 11-36.--~stimated Outdoor Recreation on Federal and S t a t e  Lands i n  
and near Uinta Basin, 1968. 

11 Daggett County, Utah, is s i t u a t e d  nor th  of the  o i l -shale  region of - 
the  Uinta Basin and south of the  o i l -shale  region of Green River 
Basin, Wyoming. 

Got-lnty: 

.. Daggett 11.. 

Duchesne ..... 

Uintah - - - - - - *  

Total- . .  

state.............. 

Approximate 
land a rea ,  

aCr&S 

461,440 

2,086,400 

2,856,320 

5,404,160 

52,696,960 

Vis i to r  

Days 

550,000 

210,000 

410, OQO 

1,170,000 

7,770,000 

day use 

Percent 

4 8 

17 

35 

100 



The land su r face  of t h e  o i l  s h a l e  a rea  is used mostly f o r  

w i l d l i f e  range, w i l d l i f e  refuge,  and seasonal  l ives tock  grazing. 

Vernal, Utah, a town of approximately 4,000 people i s  

i n  the  center  of t h e  Ashley Valley, north of t h e  o i l  s h a l e  area.  

The Valley is 48 square m i l e s  i n  a rea  and supports  a population 
- i 

I of 9 t o  10 thousand. The primary i n d u s t r i e s  i n  the  Vernal 

a rea  a r e  o i l  and mining, ag r i cu l tu re ,  and tourism. The community 

has a dependable water supply from Ashley Creek and Ashley 

Springs, and suppl ies  water  t o  the  e n t i r e  Valley through a 

p ipel ine  system. Vernal is the  s e r v i c e  cen te r  f o r  t h e  Rangely 

o i l  f i e l d ,  Ashley o i l  f i e l d  and newly developing o i l  f i e l d s  i n  
I 
I 

! adjacent Duchesne County. It is a l s o  the  cen te r  f o r  a phosphate 

mining e n t e r p r i s e  12 miles from the  town and t h e  Gi l son i t e  

niines a t  Bonanza, Utah. 

Vernal and Uintah County maintain a planning commission, 

which has developed a planning and zoning program f o r  the  e n t i r e  

County. The community has an adequate school  system. The c i t y  

maintains a 30-bed h o s p i t a l ,  which i s  being enlarged t o  50 beds. 

1 .  , .  / There is present ly  an acute  shortage of physicians i n  the  town. 

4 Vernal is located  on U.S. Highway 40, a major east-west a r t e r y .  
I 

I 
It has no r a i l r o a d  but maintains an a i r p o r t  f a c i l i t y  with a 6,000 

. . 

foo t  runway. F ron t i e r  Ai r l ines  provides s e r v i c e  p r i n c i p a l l y  t o  

Denver, S a l t  Lake City,  and Grand Junction. 
I 



The town has many t o u r i s t  a t t r a c t i o n s ,  including t h e  nearby 

Dinosaur National Wnument, an outstanding geologica l  museum, 

and excel lent  f i sh ing ,  h w t i n g ,  and camping f a c i l i t i e s  i n  nearby 

nat  iona 1 fores  ts and the  Flaming Gorge Reservoir Recreation Area. 

Nearby a g r i c u l t u r a l  e n t e r p r i s e s  a r e  pr  imar i l y  l a r g e  l ives tock  

ranches with small acreages of  i r r i g a t e d  hay and pas tu re  lands 

i n  the  drainage bottoms. 

The counties i n  Utah i n  t h e  Uinta Basin which w i l l  be most 

d i r e c t l y  a f fec ted  by o i l  s h a l e  development a r e  Duchesne and Uintah. 

The Uinta Basin and its surrounding count ies  has the  l e a s t  

population of t h e  th ree  o i l  s h a l e  regions. The populat ion o f  

the  two counties was j u s t  20,000 i n  1970. Uintah County accounted 

for  60 percent of the  t o t a l ,  and Vernal 's populat ion of 4,000 

accounted f o r  one-third o f  t h e  Uintah County t o t a l  i n  t h e  same 

year. Median family income f o r  the  two counties i n  1970 was 

$7,893, and $9,242 fo r  Vernal. Both median income and t h e  median 

number of school years completed were higher i n  t h e  c i t y  (See 

Tables 11-37 and 11-38). 

In 1967, the  l o c a l  governments of  Uintah and Duchesne Counties 

expended a combined t o t a l  of  $6.9 mi l l ion  including $4.7 mi l l ion  

f o r  educational purposes, $0.6 mi l l ion  f o r  highway maintenance 

and c o n s t r u ~ t i o n ~ a n d  $0.05 mi l l ion  f o r  h o s p i t a l  se rv ices .  To ta l  

revenue of the  combined area  i n  the  same year was $6.3 mi l l ion .  

Socia l  and economic parameters of t h e  two count ies  a r e  s e t  

f o r t h  i n  Tables 11-37> 11-38> 11-39> and 11-40. 

11- 250 



TABLE II- 37 --County and City Social  .Characteristics f o r  Utah, 1970. 
I (Thousands unless otherwise indicated) 

1/ Estimated - 

Source: 1970 Census of Population, General Social and Economic Characteristics-- 
Utah, U. S. Department of Commerce, Washington, D.C.,  1972 

County and City 

Duchesne. ........ 
Uintah. .......... 

Total. ..... 

City of Vernal 
( Uintah ) 

Population 

7.3 

12 -7 

20.0 

4.0 

Median school 
years completed 
(25 years and 

over ) 

Q -1 

Q - 3  

2 . 2  

12 -6 

School enrollment 
Primary-High School 

No. of 
households 

2 -0 

3 -4  

5.4 

1.2 

1.6 

3 -0  

4.6 

.9 

0.8 

1.1 

1.9 

.4 L/ 



TABLE 11-38 --County and C i ty  Economic C h a r a c t e r i s t i c s ,  
f o r  Utah, 1970. 

(Thousand, un le s s  o therwise  i n d i c a t e d )  

County 
and 
Ci ty  T o t a l  

employed 
16 y e a r s  
and over  

Employment 

White Blue Agri- 
c o l l a r  c o l l a r  c u l  t u r  a 1  
and and 
s e r v i c e  s e r v i c e  

Duchesne / 2.4 1 ' 1.1 1 0.9 / 0.4 

Uintah 

To ta l  

Ci ty  of 
Verna 1 
(Uin t ah) 

- - 

11 Less than 50. - 

Unemployed 
pe rcen t  

4.0 

6.4 

Source: 1970 Census of Populat ion,  General  S o c i a l  and Economic Charac te r i s t i c s -  
Utah, U.S. Department of Commerce, Washington, D.C., 1972. 

Median 
family 
income 

1.4 

1.6 

2.7 

.8 

2.0 

2.9 

.4 

.8 

.6 (A/ 



Table 11-39 - - County Economic Ind ica to r s  f o r  Utah - - Government 
(Thousand d o l l a r s  un le s s  otherwise indica ted)  

Loca 1 government f inances I/ County 

1/ F i s c a l  years  ending between J u l y  1, 1966 and June  30, 1967. - 

I Duchesne 
Revenue : 

Tota l  
Property t a x  per cap i t a  ( d o l l a r s )  

Source: U.S. Bureau of t h e  Census, Census of Governments, 1967 Volume 7: 
S t a t e  Reports,  No; 44; Utah. U.S. Government P r i n t i n g  Of f i ce ,  
Washington, D. C. ,  1970. 

Uintah 1 Total  

2,407 
- 135 

3,934 
15 1 

6,3'41 
145 



TABLE 11-40 --County Economic Indicators  f o r  Utah, P r iva te  Sector.  

(Million d o l l a r s ,  unless otherwise indicated)  

1 11 j 11 1 ! 2 I 
i R e t a i l  Trade- Services- Agriculture- 

I [ 

County 

Duchesne 

Uintah 

Source: U.  S. Bureau of t h e  Census, Census of Business 1967. Volume I1 R e t a i l  
Trade - Area S t a t i s t i c s .  Par t  3 ,  North Dakota t o  Wyoming, Guam, and Virgin 
Islands,  U.  S. Government P r in t ing  Office,  Washington, D. C . ,  1970. 
U.S. Bureau of t h e  Census, Census of Business, 1967. Volume V, 
Selected Services - Area S t a t i s t i c s .  Part  3, North Dakota to  Wyoming, 
Guam, and Virgin Islands.  U.S. Government Pr in t ing Office,  Washington, 
D.C., 1970. 

TOTAL 

U.S. Bureau of  the  Census, Census of Agriculture,  1969, Volume 
Area Reports, Par t  44, Utah. U.S. Government Pr in t ing Office,  
Washington, D. C . ,  1972. 

I 

I I 1 

i i 

213 i 24.8 1 139 3.3 : 1851 765 12.7 

Tota l  
estab- 
l i sh-  
ments 

95 

I I 

118 / 16.1 1 89. : 2.5 1 1 4 4 3  337 1 6 . 4  

i i i 
A 1  1 Total  : A l l  Acreage Tota l  Value of 
s a l e s  / estab- r ece in t s l  farmed co-er-j farm 

_ 

8.7 

l i sh -  (Thou- c i a 1  ' products 
ments 1 

I 

! 

sand) . farms I sold  
j 
! 

50 i .8 1 408 
I I 428 1 6 . 3  , 



Revenue co l l ec ted  by t h e  Uintah County Government was almost 

two-thirds of t h e  two-county to ta l ,  $3.9 mi l l ion .  

Uintah County, which has  twice t h e  populat ion of Duchesne 

County, is a l s o  twice a s  l a r g e  i n  t h e  ca tegor ies  of t o t a l  employ- 

ment and r e t a i l  s a l e s .  I n  value of petroleum production Uintah 

is t h r e e  t i m e s  a s  l a r g e  a s  Duchesne. In  value of farm products so ld ,  

however, Duchesne County nea r ly  equals  Uintah wi th  only one-third 

I 

. . .  . . . . . . . .  ; . i as  many acres  u t i l i z e d ,  (See Table 11-40). 
. . . . . .  . . . . . . .  . .  : : . . . . . . . .  , . . . . . . .  . .  ,. : , 

. . . .  
. . . .  

I . . . . . .  , . . . . . .  - ..... The major por t ion  of both Duchesne's and Uintah County's 
. . . . . . . . .  ..:... . . . . . . . . . .  . I  . . . . . . . .  ? . .  ............. ............. - . : . . . . .  . . . . .  ..:I 

. . mineral production is o i l  production. I n  1970 t h e  value of petroleum 

produced i n  Duchesne County was $5.3 mi l l ion  and t h e  indust ry  employed 

56 peoltl e .  The o i l  indus t ry  i n  -Uint-ah County employed 7 15 people, and 

production was valued a t  $17.6 mi l l ion  which was j u s t  under two t h i r d s  o£ 

t h e  county's t o t a l  mineral  product ion value.  

11. Archaeological and H i s t o r i c a l  Values 

There a r e  no h i s t o r i c  sites l i s t e d  f o r  Uintah County, Utah,in 

I , . . . . . . . .  . . . . . .  
. . . . . .  . . . . . . . . .  

t h e  National Register  of H i s t o r i c  Places.  
. ,.. . . !  ......... ... . . . . . . . . . .  , . .:......... 1 . . 

The Colorado His t o r i c a  1 Socie ty  recognizes t h e  h i s  t o r  i c  s i s n i t  icance 

of the  abandoned Uintah Railroad and r e l a t e d  s i t e s  located along t h e  

Colorado - Utah S t a t e  Line. . 



The White River a rea  i n  Utah has  t h e  highest  values.  Two 

rock overhangs with evidence of the  Fremont c u l t u r e ,  a farming group 

of Indians dat ing i n  t h e  11 th  Century A.D., were found wi th in  one- 

h a l f  mile of t h e  White River a t  t h e  County Bridge cross ing and others  

may be expected along with possibly some pithouse v i l l a g e  sites i n  

t h e  rest of the  main canyon and near t h e  mouths of  t h e  watered s i d e  

canyons emptying i n t o  t h e  White River. 

His to r i ca l  sites of importance a r e  a l so  present  i n  t h e  White 

River v i c i n i t y  i n  the  a r e a  immediately adjacent  t o  t h e  proposed use 

area. These a r e  a t  the  road crossing of the  White River (Ignacio 

Stage Stop and Old Bridge) and i n  t h e  g i l s o n i t e  mining area .  The 

ghost towns of Rainbow and Watson, t h e  remains of t h e  narrow gauge 

Uintah Railroad which served the  area  u n t i l  1938, and the  remains of 

many abandoned old  g i l s o n i t e  mines, an, i n t e r e s t i n g  r e l i c  of  a 

r a r e  mineral a c t i v i t y ,  a r e  a l l  adjacent t o  the  south bo.undary of the  

p o t e n t i a l  development area.  

12. Land U s e  

The eenera l lv  semiarid and severe  c l ima t ic  na tu re  of t h ~  area 

l i m i t s  any c u l t i v a t i o n  of  new lands f o r  crop production. Most of the 

lands having a g r i c u l t u r a l  p o t e n t i a l  a r e  along t h e  stream v a l l e y s  and 

a r e  already i n  p r i v a t e  ownership. Vernal is the  nea res t  populat ion 

and community center.  Any expansion of populat ion and accompanying 



development is expected t o  t ake  p l ace  i n  Vernal o r  o t h e r  
I 

e s t a b l i s h e d  communities. 

13. Land S t a t u s  

The t o t a l  l and  a r e a  i n  t h e  t h r e e  p r i n c i p a l  BLM planning 

- - . - 1 u n i t s  involved is 1,091,959 ac re s .  Land ownership i n  t he  t h r e e  
1 

u n i t s  is a s  fol lows:  

BLM 
Planning Federa l  P u b l i c  Land S t a t e  P r i v a t e  

Unit (percent )  ( ac re s )  ( ac re s )  (acres )  
I . . . .  .............. . <  . . . . . . . . .  ..; . . .  . .......... . . . . . . . : .  , . . . . . . . . . . . .  :, ............ . . . . . . . . .  . . . . . . . . .  -:. .I Bonanza 82.5 337,518 46,295 19,278 

Rainbow 7 7 299,424 52,259 37,874 
I - 

Book C l i f f  82 239,971 36,652 17,112 



D. Wyaming (Green River and Washakie Basins) 

1. Physiography 

The Wyoming o i l  s h a l e  depos i t  a r e a s  a r e  bounded on t h e  

west by t h e  Wasatch Mountains; on t h e  n o r t h  by t h e  Wind River  

Range, t h e  Green Mountains, and Seminoe Mountains; on t h e  e a s t  

by t h e  Medicine Bow Range; and on t h e  s o u t h  by t h e  Uintah 

Mountains. This  a r e a  of southwestern Wyoming inc ludes  a l l  of 

Sweetwater, and p a r t  of Lincoln,  S u b l e t t e ,  and Carbon Counties .  

The a r e a  of p r i n c i p a l  concern, however, i s  t h a t  p o r t i o n  of 

Sweetwater County t h a t  con ta ins  t h e  r i c h e s t  and t h i c k e s t  d e p o s i t s  

of o i l  sha l e .  The b e s t  o i l  s h a l e  l i e s  w i t h i n  t h e  Green River  

s t r u c t u r a l  bas in .  Good q u a l i t y  o i l  s h a l e  a l s o  u n d e r l i e s  t h e  

wes tern  p a r t  of t h e  Washakie Basin (See F igures  11-1 and 11-2) .  

The bes t  d e p o s i t  of o i l  s h a l e  (Green River  Basin) is c u t  

west t o  e a s t  by I n t e r s t a t e  Highway 80 and no r th  t o  south  by 

U.S. Highway 187 (F igure  11-30). Jeep  t r a i l s  and minera l  

exp lo ra t ion  roads i n  t h e  a r e a  a r e  numerous. 

The Green River  is t h e  p r i n c i p a l  f lowing wa te r  source  

i n  t h e  immediate a r e a ,  w i th  t h e  Big Sandy f u r n i s h i n g  t h e  only  

o t h e r  source of l i v e  water .  Drainage of t h e  a r e a  flows i n t o  

t h e s e  two streams. 

Topography is s t r u c t u r a l l y  c o n t r o l l e d ,  varying from s y n c l i n a l  

v a l l e y s  t o  monoclinal s l o p e s ,  wi th  h i l l s  and r i d g e s  having a  

s t e e p  face  on one s i d e  and a gent ly  s l o p i n g  f a c e  on t h e  o t h e r  

s i d e .  This is i l l u s t r a t e d  i n  Figure 11-47, an  a e r i a l  view of 



of t h e  Kinney Rim area. E leva t ions  range from about 5,000 

I t o  8,000 f e e t .  Badlands are common i n  some of t h e  s o f t  mudstone 

of  t h e  area's Bridger  Formation. 

The a r e a  is gene ra l ly  u n d e r l a i n  by s o f t  s h a l e s  and f i n e  

gra ined  sandstone of Cretaceous and T e r t i a r y  age. Weathering 

i - - = - 4  of t h e s e  beds and s t r e a m  t r a n s p o r t  of m a t e r i a l  have f i l l e d  t h e  

v a l l e y s  along major s t reams w i t h  alluvium. 





2. Climate 

Annual p r e c i p i t a t i o n  i n  t h e  Wyoming o i l  s h a l e  a r e a  v a r i e s  

from approximately 7 t o  21 inches ,  cons iderably  less than  su r -  

rounding highlands;  consequent ly t h e  a r e a  is considered semiarid.  

- .  . Seasonal d i s t r i b u t i o n  of p r e c i p i t a t i o n  is v a r i a b l e ,  b u t  
. - 

t h e  annual t o t a l  p r e c i p i t a t i o n  changes l i t t l e  from y e a r  t o  yea r .  

Winters a r e  cold; summers, s h o r t  and ho t .  Most of t h e  prec i -  

p i t a t i o n  comes a s  snow. The r e l a t i v e l y  d ry  summers have occas iona l  

I thunderstorms wi th  r ap id  runoff .  
I 
I The temperature range i n  t h e  a r e a  is extreme. Summer 

- 1 - ,  

temperatures may reach 90°F. and win te r  temperatures  can drop 

t o  -40°F. J u l y  is  usua l ly  t h e  h o t t e s t  month, and January, t h e  

co ldes t .  Temperatures w i t h i n  t h e  a r e a  vary  cons iderably .  The 
I 

j f r o s t - f r e e  season v a r i e s  from 50 days t o  120 days. 

Winds a r e  r e l a t i v e l y  s t r o n g  over  t h e  areas,  which i s  t y p i c a l  

of semiarid regions.  

3. Geology 

The p r i n c i p a l  o i l  s h a l e  l e a s i n g  a reas  under ly ing  6,700 

I 

I s qua re  miles i n  southwestern Wyoming a r e  i n  t h e  Green River  
I 
I 

I Basin and Washakie Basin. O i l  s h a l e  beds a r e  exposed i n  ledges 

and low escarpments a long  t h e  e a s t e r n  margin of t h e  Green River  
1 

Basin and along t h e  western.margin o f  t h e  Washakie Basin. The o i l  

..:. :..:...:;..I . . . . . . . . .  . . s h a l e  zones i n  t h e  Green ~ i v e r  Fo&tion extend belqw s u r f a c e  t o  . . . . . . . . . . . .  
. . . . . . . . . .  . . .  .1 . . . .  , .....  . . . . . . .  

' 1 , .-.a 

d ep ths  a s  much a s  3,000 f e e t  o r  more. 



Several  members of the  Green River Formation in ter tongue 

with sandstone-mudstone members of t h e  Wasatch Formation. I n  

the  c e n t r a l  p a r t s  of the  basins t h e  o i l  s h a l e  bearing rocks a r e  

over l a in  by the. Bridger Formation. The d e t a i l s  of d i s t r i b u t i o n  

of t h e  o i l  sha le  and r e l a t e d  rocks a r e  shown i n  maps by Bradley, 

Culbertson, and Roehler. The reader is  r e f e r r e d  t o  t h e i r  r e p o r t s  

f o r  maps, c ross  sec t ions  and d iscuss ion of d e t a i l s  of the  

deposi t s .  

The general  s t r a t i g r a p h i c  d i s t r i b u t i o n  of o i l  s h a l e  and 

sodium minerals of t h e  Green River Basin a r e  shown i n  Figure  11-48. 

The d i s t r i b u t i o n  and character  of rocks i n  t h e  Washakie Basin 

a r e  shown i n  Figures 11-49 and 11-50. 

More than 20,000 f e e t  of o lde r  sedimentary rocks under l i e  

the  Green River Formation i n  t h e  Green River Basin. These o l d e r .  

sediments l o c a l l y  contain o i l  and gas r e s e r v o i r s  which a r e  

produced i n  the  Church Buttes,  and Big Piney gas f i e l d s .  Other 

smaller  f i e l d s  a re  shown i n  Figure 11-6. 

Coal bearing rocks a r e  a l s o  deeply buried beneath the  

Green River Formation (Figure 11-7). 
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FIGURE 11-48. --Cross-Sect ion of Green River Format ion i n  Green River Bas in ,  Wyo. 



FIGURE 11-49. --Geologic Map of the Washakie Basin, Wyo. 
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FIGURE 11- 50. --Simplified Restored Section of  the Wasatch ,and Green River Format ions i n  the 
Washakie Basin, Wyo. 



a.  S t r a t ig raphy  

The Green River  Formation i n  t h e  Washakie b a s i n  is divided 

i n t o  four  un i t s :  

(1) Laney Member -- The Laney Member a t t a i n s  a  th ickness  

of more than 1,300 f e e t  i n  t h e  basin.  The uppermost two-thirds 

of t h e  member c o n s i s t s  i n  g r e a t  p a r t  of gray and brown sandstone 

and s i l t s t o n e ,  i n  p a r t  tuf faceous ,  and t h i n  beds of l imestone 

t h a t  i n  p laces  a r e  a l g a l .  There a r e  a l s o  a  f e w . t h i n  beds of low- 

grade o i l  s h a l e  i n  t h e  lower p a r t .  The lower one-third of 

t h e  member c o n s i s t s  mostly of o i l  s h a l e  of varying va lue .  A 

buff t o  gray tuf faceous  s i l t s t o n e  and mudstone bed 50 t o  60 

f e e t  t h i ck ,  near  t h e  middle of t h e  u n i t ,  s e p a r a t e s  t h e  o i l -  

s h a l e  sequence i n t o  two zones. The upper o i l  s h a l e  u n i t  is 

somewhat th i cke r  and, i n  genera l ,  r i c h e r  than  t h e  lower one. 

(2) Wilkins Peak Member -- The member is  about 400 f e e t  

t h i ck  and may be divided i n t o  two approximately equa l  u n i t s .  

The upper u n i t  c o n s i s t s  mainly of gray o r  brown mudstone, silt- 

s tone ,  o r  sandstone,  and minor amounts of thin-bedded o o l i t i c  

and a l g a l  l imestone and t h i n  beds of low-grade o i l  sha le ;  The 

lower u n i t  c o n s i s t s  almost e n t i r e l y  of low-grade o i l  s h a l e  

wi th  some beds of moderately r i c h  o i l  s h a l e ,  a l g a l  l imestone,  

and s i l t s t o n e .  The Wilkins Peak Member i s  sepa ra t ed  from t h e  

Laney Member by more than 1,500 f e e t  of v a r i c o l o r e d  mudstone, 

sandstone,  and s i l t s t o n e  i n  t h e  Cathedra l  B lu f f s  Tongue of t h e  

Wasatch Formation. 
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(3) Tipton Member -- The  Tipton Member immediately under- 

l i e s  t h e  Wilkins Peak Member, i s  about 200 f e e t  th ick ,  and con- 

sists almost e n t i r e l y  of low-grade t o  moderately r i c h  o i l  s h a l e  

with a few t h i n  a l g a l  limestone and s i l t s t o n e  beds. The o i l  

s h a l e  i n  the  upper ha l f  i s  considerably r i c h e r  than t h a t  i n  the  
. . . . . . .  ............ . . . . . . . . .  . . I  

. . .  ..-. : .: .... :;.:;-'J 
.......:..: >'. ..., . . . . . .  ., . :  lower h a l f .  ' . . . .  

(4) Luman Tongue -- The Luman Tongue is  the  lowermost 

u n i t  i n  the  Green River Formation. It i s  about 300 f e e t  t h i c k  

and the  upper ha l f  c o n s i s t s  almost e n t i r e l y  of low-grade o i l  

I 
I s h a l e  with a few thin-bedded limestones. The lower ha l f  c o n s i s t s  

of interbedded s i l t s t o n e ,  sandstone, mudstone, low-grade o i l  

i sha le ,  t h i n  moderately r i c h  o i l  sha le ,  f o s s i l i f e r o u s  limestone. 

j carbonaceous sha le ,  and coal .  The Luman i s  separated from 
I 

i t he  Tipton by about 200 f e e t  of interbedded s i l t s t o n e ,  sand- 

s tone ,  mudstone, low-grade o i l  sha le ,  t h i n  moderately r i c h  

o i l  sha le ,  f o s s i l i f e r o u s  limestone, carbonaceous sha le ,  and 

coa l  i n  t h e  Niland Tongue of t h e  Wasatch Formation. 

b. S t ruc tu re  
. . . . .  . . . . . .  . . .  ..<:I . . . . . .  . . . .  . . . . . q  . . . . .  .. -.*.. ..... ..: The Washakie Basin i s  e s s e n t i a l l y  a l a r g e  northeast-  

.......... ................... -:., . . 
. . . .  

. . . .  . . . . . . . . .  .! . . .  . . . . . . . . . .  . . ;  
. . . . .  . . . , ... ..i t r end ingsync l ine .  The main sync l ina l  f e a t u r e  i s  modified i n  

. . . . . . . . . . .  . . .  . . . . .  . . :-.:I . . . .  . . . . . . .  . . . .  . . 

places  by subs id iary  s t r u c t u r e s .  
. . .  

The cen te r  of t h e  Washakie Basin is  e s s e n t i a l l y  f a u l t -  f r ee .  

. . . . .  I n t e n s i t y  of f a u l t i n g  is  g r e a t e s t  along t h e  southern margin . : . .-I 1.1 ... :;-.i . . . . . .  : . . . . . . . .  :I . . . . . . . . . .  4 . . . . . .  . . . . . : . .  .:I . . 
. . 

. . 
of t h e  basin. I n  t h i s  a r e a  t h e  southernmost f a u l t s  t rend w e s t  



p a r a l l e l  t o  Cherokee Ridge, a s t r u c t u r a l  h i g h  t h a t  bounds t h e  

Washakie   as in on t h e  south .  North of t h e  west- t rending f a u l t s  

a r e  a s e r i e s  of  northwest- t rending normal f a u l t s  a s  much a s  

10  m i l e s  i n  l e n g t h  t h a t  extend from t h e  Wasatch Formation out- 

cropping on t h e  sou the rn  margin i n t o  t h e  lowermost p a r t  of t h e  

rock sequence ove r ly ing  t h e  Green River  Formation t h a t  ou tcrops  

near  t h e  c e n t e r  of t h e  bas in .  The w e s t  margin of t h e  b a s i n  i s  

l e s s  h e a v i l y  f a u l t e d ;  however, t h e r e  a r e  some n o r t h  t o  northwest- 

t rending  normal f a u l t s  a long t h e  w e s t  margin t h a t  a r e  less than 

6 m i l e s  i n  l eng th .  The northwestern,  no r the rn ,  and north-  

e a s t e r n  p a r t s  of t h e  b a s i n  a r e  e s s e n t i a l l y  f a u l t  f r e e .  

4. Mineral Resources 

a .  O i l  Sha l e  

Recent ly t h e  U.S.  Bureau of Mines d r i l l e d  two c o r e h o l e s  

near t h e  wes tern  margin of t h e  Washakie Basin. This  i s  t h e  only 

co re  assay  informat ion  pub l i c ly  a v a i l a b l e  from t h e  Washakie 

Basin and w a s  deemed t o  b e  i n s u f f i c i e n t  f o r  a r e l i a b l e  e s t i m a t e  

of t h e  o i l - s h a l e  resources  of t h e  e n t i r e  Washakie Basin. 

b. Other Minerals  

Thus f a r ,  sodium minera ls  i n  o r  a s s o c i a t e d  wi th  t h e  o i l  

s h a l e  d e p o s i t s  i n  o t h e r  bas ins  have no t  been found i n  o r  w i th  

t h e  o i l  s h a l e s  i n  t h e  Washakie Basin. Both o i l  and gas ,  i n  

commercial q u a n t i t i e s ,  have been produced from t h e  Wasatch, F o r t  

Union, and Mesaverde Formations i n  f i e l d s  surrounding t h e  



Washakie Basin. These producing formations under l i e  the  

Basin. The producing zones i n  the  For t  Union and Mesaverde 

Formations a r e  s e v e r a l  thousand f e e t  below t h e  lowermost o i l  

s h a l e s  i n  the  Green River Formation. 

Coal deposi t s  a l s o  a r e  present  below t h e  o i l  s h a l e  bearing 

rocks. They a r e  s o  deep they a r e  not  considered usable i n  the  

forseeable  fu ture .  

5. Water Resources 

a .  Surface Water 

The Green River is  t h e  p r i n c i p a l  su r face  water  resource 

of t h e  Green River Basin. Records from t h e  stream flow s t a t i o n  

on the  Green River near Green River, Wyoming, show a 19-year 

mean discharge of 1,620 cubic  f e e t  per  second. Dissolved s o l i d s  

concentra t ion  (18 years  of record) ranged from 156 t o  855 mg/l, 

with a discharge--weighted mean of 303 mg/l. 

Streams dra in ing t h e  o i l  sha le  land i n  t h e  Green River and 

Washakie Basins rece ive  very l i t t l e  p r e c i p i t a t i o n  each year  

and flow only i n t e r m i t t e n t l y .  It is doubtful  whether much l o c a l  

su r face  water could be developed wi th in  t h e  ar-a. Up t o  
1 

i 
I 
1 

67,000 acre- fee t  of water  annually i s  p o t e n t i a l l y  ava i l ab le  

from t h e  Green River f o r  development of o i l  s h a l e  i n  the  Green 

River and Washakie Basins. This could be made ava i l ab le  from 

the  e x i s t i n g  Fontenelle  and Flaming Gorge Reservoirs .  A d d i t i o n a ~  

water  i n  t h e  areas  could be  made ava i l ab le  by purchasing and 

changing the  nature  of use and point  of d ivers ion  of e x i s t i n g  

sen io r  water r i g h t s .  



b. Ground Water 

In  the  o i l  sha le  a r e a  of t h e  Washakie Basin, the  Laney 

Shale Member of the  Green River Formation and the  Wasatch For- 

mation y ie ld  f r e sh  water t o  wells .  

The Laney Shale Member c o n s i s t s  of marlstone, shale ,  o i l  
_ 

shale ,  muddy sandstone, tuf faceous  sandstone, and a l g a l  lime- 

stone. Welder and McGreevy (1966) repor ted  t h a t  10 "e l l s  

which t ap  t h i s  member y i e l d  from 0 t o  200 gprn and tki t the  

maximum p o t e n t i a l  y i e l d  probably i s  not much g r e a t e r  than 

200 gpm. 

The Wasatch Formation i n  the  Washakie Basin c o n s i s t s  of 

a l t e r n a t i n g  beds of claystone,  s i l t s t o n e ,  sandstone, and shale.  

The beds of sandstone conta in  water under a r t e s i a n  pressure ,  

except where they crop out.  These beds a r e  very i r r e g u l a r  

i n  thickness but  have enough in terconnect ion  t o  form moderately 

good aquifers .  Welder and McGreevy (1966) repor ted  t h a t  20 

wells  t ap  the  Wasatch Formation i n  the  v i c i n i t y  of t h e  out -  

crops. The y i e l d  of these  wel ls  ranges from 1 t o  67 gpm. 

The maximum p o t e n t i a l  y i e l d  of we l l s  i n  the  Wasatch Formation 

probably does not exceed 400 gpm. Water i n  t h e  Wasatch probably 

i s  under s u f f i c i e n t  a r t e s i a n  p ressure  t o  produce flow a t  the  

land surface  i n  the  lower areas .  

The aqu i fe r s  i n  the  Washakie Basin a r e  recharged i n  outcrop 

a reas  by i n f i l t r a t i o n  d i r e c t l y  from p r e c i p i t a t i o n  and from 



I streamf low. Most of the  streams i n  the  a r e a  a r e  above the  

water t a b l e ,  and flows occur f o r  only s h o r t  per iods  of time 

I 

a f t e r  r a i n f a l l  o r  melt ing of snow. Discharge of ground water 

is  by underflow t o  perennia l  streams ou t s ide  t h e  study area. 

I 

_ .  4 Chemical analyses of water f o r  two we l l s  and th ree  springs 

I 
i n  the  Laney Shale Member show a range i n  d issolved s o l i d s  

content  of 562 t o  3,450 mg/l, Analyses of water from 20 wel ls  

t h a t  tap  the  Wasatch Formation range i n  d issolved s o l i d s  content 

from 455 t o  3,590 mg/l. Most samples contained between 500 and 

1,500 mg/l of dissolved s o l i d s  (Welder and McGreevy, 1966). 

I The predominant use  of ground water i n  the  Washakie Basin 

i s  f o r  stock watering. Small amounts a r e  used f o r  domestic 

supplies, o i l  w e l l  d r i l l i n g  and' coa l  mining operat ions.  

The. supply of ground water i n  the  Washakie Basin is  not 

I adequate t o  support  a l a r g e  o i l  sha le  indust ry  f o r  a prolonged 

time. 

I I n  the  Green River Basin, the  p r i n c i p a l  aqu i fe r s  a r e  beds 
I 

I 
I of sandstone i n  the  Br idger ,  Green River, Wasatch, and Fort 
1 
I 
I Union Formations. Welder (1968) reported t h a t  e x i s t i n g  wells  
I 

y ie ld  1 t o  500 gpm, b u t  y i e l d s  of most we l l s  range from 10 

I t o  100 gpm. Yields g r e a t e r  than 500 gpm probably could be 
4 
1 obtained from deep wel ls  t h a t  pene t ra te  a l l  t h e  water-bearing 

I beds t o  the  base of the  For t  Union Formation i n  some l o c a l i t i e s .  



. - . . . . . .  . . . . . .  . . .  . . . . . .  . . . .  - .  . .,?, . . . . . . . .  , . . . . . . .  ;.. . . . .  . . . . . : . .  .> . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . .  . . . . . . .  . . .  . . . .  . . . . .  . . .  . . .  . . . . . . . .  . . . . . .  
. . 

i . .  . . 
. . . . . . .  . , . .  . . .  . . . .  

. . . : . .  . . . . . . :  ? 

. - ..*A. '. . . .  . . . . . . . . . . . .  

The depth t o  water genera l ly  i s  l e s s  than 200 f e e t  belo-- 

land surface  and a r t e s i a n  flow can be expected i n  t h e  lower 

areas .  

Recharge t o  the  aqu i fe r s  i n  the  Green River Basin i s  mainly 

by seepage from p r e c i p i t a t i o n  and streams i n  the  outcrop . . 

areas .  The water moves down d ip  t o  a r e a s  of d ischarge  along 

major streams. Some water moves from one formation t o  another 

by v e r t i c a l  flow. 

The chemical q u a l i t y  of ground water va r ies  widely. The 

dissolved s o l i d s  content  of water from four  wells  i n  the  Bridger 

Formation ranges from 563 t o  4,910 mg/l; the  d issolved s o l i d s  con- 

tent i n  water f r a n  27 w e l l s  i n  t h e  Green River Formation ranged 

from 555 t o  7,020 mg/l; and the  dissolved s o l i d s  i n s w a t e r  from 

3 2  wells  i n  the Wasatch Formation ranged from 215 t o  1,780 m g / l .  

More than ha l f  of a l l  the ground water sampled contained less 

than 1,000 mg/l of dissolved s o l i d s ,  and 72 percent  of the 

water samples from t h e  Wasatch Formation contained less than 

1,000 mg/l of dissolved s o l i d s  (Welder, 1966). 

The predominant use of ground water i n  the Green River 

.... Basin i s  f o r  l ives tock  and domestic supplies.  Small amounts 

a r e  used f o r  publ ic  suppl ies  and f o r  water f looding and d r i l l i n g  

i n  the  o i l  f i e l d s .  

Ground water may be a nuisance t o  o i l  shale  mining i n  both 
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. the Washakie and Green River Basins, a s  some beds i n  the Green 

River Formation are water-bearing. 



6. Fauna 

a -  General 

The Green River Basin o i l  s h a l e  lands ( inc luding  the  Washakie 

Basin) possess s i g n i f i c a n t  f i s h  and w i l d l i f e  va lues .  High-qual i ty  

game h a b i t a t s  c o n s i s t i n g  of var ied  a s s o c i a t i o n s  of browse and g r a s s  

spec ie s  provide forage  and cover requirements f o r  populat ions of deer ,  

e l k ,  an te lope ,  moose, and black bear. I n  a d d i t i o n ,  t h e  a r e a  conta ins  

populat ions of blue grouse, sage grouse, c h u k a r s ,  doves, r a b b i t s ,  

coyotes,  bobcats,  a s  we l l  a s  v a r i o u s s p e c i e s  of water-fowl, rap tor . s ,  

and numerous o ther  small  b i r d  and mammal fonns expected i n  an eco- 

l o g i c a l l y  heal thy high-desert  range a rea .  Wild horses a r e  q u i t e  

numerous throughout general  range a r e a s ,  and a  number of spec ie s  

i n t o l e r a n t  of human a c t i v i t y ,  inc luding  t h e  mountain l i o n ,  bald eag le ,  

and golden eagle ,a re  found w i t h i n  t h e  basin.  Table 11-41 p resen t s  a 

l i s t  of over 300 spec ie s  of b i rds  and mammals found i n  the  bas in .  

b. Mammals 

Mule deer  h a b i t a t  e x i s t s  ac ross  most of t h e  Wyoming o i l  s h a l e  

lands and the  deer a r e  t h e  most abundant b i g  game species .  (See 

Figure 11-15J A w in te r  popula t ion  of 39,650 mule deer  was est imated 

t o  e x i s t  i n  1969 i n  Game Divis ion  D i s t r i c t  4. From 1960-69 an  est imated 

average of 7,215 dee r  were harvested annual ly  i n  D i s t r i c t  4.11 Of 

r e s i d e n t  hunters ,  72% were successfu l  i n  g e t t i n g  a deer ,  whi le  86% of 

non-residents  were success fu l .  While summer range h a b i t a t  is  gene ra l ly  

adequate,  winter  range is l imi t ed  and most a v a i l a b l e  browse i s  over- 

1/ Game Division D i s t r i c t  4, Wyoming Game and F i sh  Commission, - 
(1971). 
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Table 11-41.-- Partial List of Bird, Mammal, Reptile and Amphibian 
11 Species of the Green River Basin, Wyoming. - 

Common Name 

Big Game Animals 9 
Elk 
Mule Deer 
White-tailed Deer 
Pronghorn 

Scientific Name 

Cervus canadensis, common resident 
Odocoil-eus -hemionus, common resident 
Odocoileus virginianus, rare resident 
Antilocapra americana, common resident 

Trophy Game Animals 
Mountain Lion Felis concolor, unco-n resident 

Small Game Animals 
Red Squirrel 
Cottontail Rabbit 

Furbearers 
Mink 
Badger 
Beaver 
Muskrat 

Protected Animals 
Otter 

Tamiasciurus hudsonicus, common resident 
Sylvilagus nuttalli, ~ylvilagus audubonii, 
common resident 

Mustela vison, common resident 
Taxidea texus, common resident 
Castor canadensis, common resident 
Ondatra zibethicus, common resident 

Lutra canadensis, rare resident 
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Common Name 

Predatory Animals 
Raccoon 
Weasel 

Spotted Skunk 
Striped Skunk 
Coyote 
Red Fox 
Bobcat 
Porcupine 
White-tailed Jackrabbit 

Nongame Mammals 
Wild Horse 
Masked Shrew 
Merriam Shrew 
Vagrant Shrew 
Dusky Shrew 
Dwarf Shrew 
Northern Water Shrew 
Little Brown Myotis 
Yuma Myotis 
Long-eared Myotis 
Fringed Myotis 
Long-legged Myotis 
Small-footed Myotis 
Silver-haired Bat 
Big Brown Bat 
Hoary Bat 
Spotted Bat 
Western Big-eared Bat 
Ringtail 

Scientific Name 

Procyon lotor, uncommon resident 
Mustela erminea, Mustela frenata, 
common resident 
Spilogale putorius, common resident 
Mephitis mephitis, common resident 
Canis latrans, common resident 
Vulpes fulva, uncommon resident 
Lynx rufus, common resident 
Ezethizon dorsatum, common resident 
Lepus townsendi, common resident 

Equus caballus, common resident 
Sorex cinereus, status unknown 
Sorex merriami, status unknown 
Sorex vagrans, status unknown 
Sorex obscurus, status unknown 
Sorex nanus status unknown - -9 
Sorex palustris, status unknown 
Myotis lucifugus, status unknown 
Myotis yumanensis, status unknown 
Myotis evotis, status unknown 
Myotis thysanodes, status unknown 
Myotis volans, status unknown 
Myotis subulatus, status unknown 
Lasionycteris noctivagans, status unknown 
Eptesicus fuscus, status unknown 
Lasiurus cinereus, status unknown 

3 / Euderma maculata, status unknown - 
Plecotus townsendi, status unknown 
Bassariscus astutus, rare resident 
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Common Name Scientific Name 

Nongame Mamma 1 s 
Yellowbellied Marmot Mannota flaviventris, uncommon resident 
White-tailed Prairie Dog Cynomys gunnisoni, cammo~~resident 
Richardson Ground Squirrel Citellus richardsoni, common resident 
Uinta Ground Squirrel Citellus armatus, common resident 
Thirteen-lined Ground Citellus tridecemlineatus, common 
Squirrel resident 
Golden-mantled Squirrel Citellus lateralis, common resident 
Least Chipmunk Eutamias minimus, common resident 
Cliff Chipmunk Eutamias dorsalis, status unknown 
Uinta Chipmunk Eutamias umbrinus, status unknown 
Northern Flying Squirrel Glaucomys sabrinus, status unknown 
Northern Pocket Gopher Thomomys talpoides, status unknown 
Wyoming Pocket Mouse Perognathus fasciatus, status unknown 
Great Basin Pocket Mouse Perognathus parvus, status unknown 
Ord Kangaroo Rat Dipodomys ordi, status unknown 
Canyon Mouse Peromyscus crinitus, status unknown 
Deer Mouse Peromyscus maniculatus, common resident 
Northern Grasshopper Mouse Onychomys leucogaster, status unknown 
Bushytail Woodrat Neotoma cinerea, common resident 
Mountain Phenacomys Phenacomys intermedius, status unknown 
Boreal Redback Vole Clethrionomys gapperi, status unknown 
Mountain Vole Microtus montanus, status unknown 
Longtail Vole Microtus longicaudus, status unknown 
Richardson Vole Microtus richardsoni, status unknown 
Sagebrush Vole Lagurus curtatus, common resident 
Western Jumping Mouse Zapus princeps, common resident 

Game Birds 

Migratory Waterfowl and Shorebirds 
Canada Goose - Branta canadensis, common spring, summer, 

fall, winter resident and migrant 
White-fronted Goose 
Lesser Snow Goose 

~ a i  lard 

Pintail 

Gadwa 11 

American Widgeon 

S hovelar 

Anser albifrons, uncommon fall migrant 
Chen hyperborea hyperborea, uncommon fall 
migrant 
Anas platyrhynchos, common spring, summer, 
fall, winter resident and migrant 
Anas acuta, common spring, summer, fall, -- 
winter resident and migrant 
.Anas strepera, common spring, summer, fall, 
.winter resident and migrant. 
Mareca americana, common spring, summer, 
fall resident and migrant - 

Spatula clypeata, common spring, summer, 
fall resident and migrant 
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Common Name 

Game Birds 

Migratory Waterfowl 
Blue-winged Teal 

C innamon Tea 1 

Green-winged Teal 

Wood Duck 
Redhead 

Canvas back 

Ring-necked Duck 

Greater  Scaup 
Lesser Scaup 

Common Goldeneye 

Barrow's Goldeneye 

Buff lehead 

S c i e n t i f i c  Name 

and Shorebirds 
Anas d i scors ,  common spr ing,  summer , fa l l  - 
res ident  and migrant 
Anas cyanoptera, common spring,  summer, - 
f a l l  r e s iden t  and migrant 
Anas ca ro l inens i s ,  common spring,  summer, - 
f a l l  r e s iden t  and migrant 
Aix sponsa, r a r e  sp r ing ,  f a l l  migrant - 
Aythya americana, comrnwn spring,  summer, 
f a l l  r e s iden t  and migrant 
Aythya v a l i s i n e r i a ,  uncommon spring,  
summer, f a l l  r e s iden t  and migrant 
Aythya c o l l a r i s ,  uncommon spring,  summer, 
f a l l  r e s iden t  and migrant 
Aythya marila, common spr ing,  f a l l  migrant 
Aythya a f f  i n i s ,  common spr ing,  summer, f a l l ,  
winter  r e s iden t  and migrant 
Bucephala clangula,  common spring,  summer, 
f a l l ,  winter  r e s iden t  and migrant 
Bucephala i s l and ica ,  uncommon spr ing,  
f a l l  migrant 
Bucephala a lbeola ,  common spring,  summer, 
f a l l  r e s iden t  and migrant 

oldsquaw Clangula hyemalis, r a r e  winter  migrant 
White-winged Scoter  Melanit ta  deglandi ,  r a r e  f a l l ,  winter  

Ruddy Duck 

Common Merganser 

migrant 
Oxyura jamaicensis ,  common spring,  summer, 
f a l l  r e s iden t  
Mergus merganser, common spr ing,  summer, 
f a l l ,  winter  r e s iden t  and migrant - 

Red-breasted Meganser Morgus s e r r a t o r ,  uncommon spr ing migrant 
Hood Meganser Lophodytes cucu l l a tus ,  r a r e  f a l l ,  winter  

migrant 
American Coot Ful ica  americana, common spring,  summer, 

f a l l  r e s i d e n t  and migrant 
Wilson's Snipe Capella gal l inago,  common spring,  summer, 

f a l l  res ident  and migrant 

Upland Game Birds 
Merriam's Turkey 
Sage Grouse 

Meleagris a a l l o ~ a v o  merriami. r a r e  res iden t  " - 
Centrocercus urophasianus urophasianus, 
common' r e s iden t  

Chukar Par t r idge  Alec to r i s  graeca, common res ident  
Mourning Dove Zenaidura macroura, common spr ing,  summer, 

f a l l  r e s iden t  and migrant 
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Common Name Scientific Name 

predacious Birds 
Black-billed Magpie Pica pica, common resident 
Common Crow Corus brachyrhynchos, common spring, 

summer, fall resident and migrant 
Starling Sturnus vulgaris, common resident 

. . . . . . . . . . .  , .... . . . . . . . . .  . .  . ~ <  .... . - ............. House Sparrow Passer domesticus, common ressdent .< :::..: >.,: 4 . . . . . . . . . . . .  . . . . . . . . . . . .  
- -  1 

Nongame Birds 
Common Loon 
West Grebe 

Gavia immer, common spring, fall migrant -- 
Aectimophorus occidentalis, common spring, 
summer, fall migrant 

Horned Grebe Podiceps auritus, uncommon spring, fall 
migrant 

Eared Grebe Podiceps caspicus, common spring, summer, 
fall resident and migrant 

Pied-billed Grebe Podilymbus podiceps, common spring, summer, 
fall resident and migrant 
Pelecanus erythrorhynchos, common spring, 
fall migrant 

Double-crested Cormorant P~halacrocorax auritus, uncommon spring, 
fall migrant 
Cathartes aura, common summer resident 
and migrant 
Accipiter gentilis, common resident 
Accipiter cooperi, uncommon summer resident 
and migrant 

Turkey Vulture 

Goshawk 
Cooper ' s Hawk 

Sharp -shinned Hawk 
- 

Accipiter striatus, common spring, summer, 
fall resident and migrant 

Marsh Hawk 
Rough-legged Hawk 
Ferruginous Hawk 
Red-tailed Hawk 

Circus cyaneus, common resident and migrant 
Buteo lagopus, common resident and migrant 
Buteo regalis, common resident 41 
Buteo jamaicensis, common spring, summer, 
fall resident and migrant 

Swainson's Hawk Buteo swainsoni, common spring, summer, 
fall resident and migrant 

Harlan 's Hawk 
Golden Eagle 

- 
Buteo harlani, rare spring, fall migrant 
Aauila chrvsaetos. common resident and 
migrant 

Bald Eagle 
- 

Haliaeetus leucocephalus, common spring, 
fa11,winter resident and migrant 

Osprey Pandion haliaetus common spring and fall 
migrant -7' 

Gyrfalcon 
- 

Falco rusticolus, rare winter migrant 
Falco mesicanus, common resident and i Prairie Falcon 
migrant 2' 

Peregrine Falcon Falco peregrinus, uncommon spring, summer, 
fa1 1 resident and migrant 21 



Table 11-41.--Conlt. 

Cdmmon Name Scientific Name 

Nongame Birds 
Pigeon Hawk Falco columbarius, uncommon spring, 

summer, fall resident and migrant. 
  his area is also included in the 
range of the Prairie Pigeon Hawk 

4 I (Subspecies richardsonii) - 
Sparrow Hawk Falco sparverius, common spring, summer, 

fall resident and migrant 
Snowy Egret Leucophoyx -- thula, common spring, summer, 

fall resident and migrant 
Great Blue Heron Ardea herodias, common spring, summer, 

fall resident and migrant 
Black-crowned Night Heron Nycticorax nycticorax, common spring, 

summer, fall resident and migrant 
American Bittern 

White-faced Ibis 

Greater Sandhill Crane 

Virginia Rail 

Sora 

Yellow Rail 

Common Gallinule 
American Avocet 

Mountain Plover 

Black-bellied Plover 

Snowy Plover 

Killdeer 

Long-billed Curlew 

Marbled Godwit 

Botaurus lentiginosus, common spring, 
summer, fall resident and migrant 
Plegadis - 9  chihi common spring, summer, 
fall resident and migrant 
Grus candensis tabida, common spring, - 
fall migrant 
Rallus limicola, uncommon spring, summer, 
fall resident and migrant 
Porzana carolina, common spring, summer, 
fall resident and migrant 
Coturnicops novoboracensis, rare spring, 
fall migrant 
Gallinula chloropus, rare spring migrant 
Recurvirostra americana, common spring, 
summer, fall resident and migrant 
Eupoda mo tana uncommon spring, fall +, migrant 
Squatarola squatarola, rare spring, fall, 
migrant 
Charadrius alexandrinus, rare spring, 
fall migrant 41 
Charadrius vociferus, common spring, 
summer, fall resident and migrant 
Numenius americanus, common spring, 
summer, fall resident and migrant 21 
Limosa fedoa, common spring, summer, fall 
resident and migrant 

Up land Plover Bartramia longicauda, rare spring migrant 
Solitary Sandpiper Tringa solitaria, common spring, summer, 

fall resident and migrant 
Spotted Sandpiper Actitis macularia, common spring, summer. 

fall resident and migrant 
Wil let Catoptrophorus semipalmatus, common spring, 

summer, fall resident and migrant 
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Common Name 

Nongame Birds 
Greater Yellowlegs 

Lesser Yellowlegs 

Long-billed Dowitcher 

Pectoral Sandpiper 

Knot 
Sander1 ing 
Baird's Sandpiper 

Least Sandpiper 

Semipalmated Sandpiper 

Western Sandpiper 
Wilson Phalarope 

Northern Phalarope 

Herring Gull 

California Gull 

Ring-billed Gull 

Franklin's Gull 

Bonaparte's Gull 

Forster's Tern 
Caspian Tern 

Black Tern 

Rock Dove 
Yellow-billed Cuckoo 

Screech Owl 
Great Horned Owl 
Long-eared Owl 
short-eared Owl 
Snowy Owl 
Great Gray Owl 
Western Burrowing Owl 

Scientific Name 

Totanus melanoleucus, common spring, fall 
resident and migrant 
Totanus flavipes, uncommon spring, fall 
migrant 
Limnodromus scolopaceus, uncommon spring, 
sumner, fall migrant 
Erolia melanotos, uncommon spring, fall 
migrant 
Calidris canutus, rare spring migrant 
Crocethia alba, common spring, fall migrant 
Erolia bairdii, uncommon spring, fall 
migrant 
Erolia minutilla, common spring, fall 
migrant 
Erounetes pusillus, common spring, fall 
migrant 
Ereunetes mauri, common spring, fall migrant 
Steganopus tricolor, common spring, summer, 
fall resident migrant 
Lobipes lobatus, uncommon spring, fall 
migrant 
Larus argentatus, uncommon spring, summer, 
fall resident and migrant 
Lurus californicus, uncommon spring, fall 
migrant 
Larus delawarenis, common spring, summer, 
fall resident and migrant 
Larus pipixcan, common spring, summer, fall 
resident and migrant 
Larus philadelphia, common spring, fall 
migrant 
Sterna forsteri, common spring, fall migrant 
Hydroprogne caspia, common spring, fall 
migrant 
Chlidonias niger, common spring, summer, 
fall resident and migrant 
Columba livia, uncommon resident 
Coccyzus americanus, uncomon summer resident 
and migrant 
Otus asio, common resident 
Bubo virginianus, common resident - 
Asio otus, uncommon resident 
Asio flammeus, common resident - 
Nyctea scandiaca, rare winter migrant 
Strix nebulosa, rare winter migrant 
Speotyto cunicularia hypugaea, uncommon 
spring, summer, fall resident and migrant 
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Common Name Scientific Name 

Nongame Birds 
Saw-whet Owl 
Flammulated Owl 
pygmy owl 
Poor-will 

Cowon Nighhawk 

White-throated Swift 

Broad-tailed Hummingbird 

Ruf ous Hummingbird 
Belted Kingfisher 

Red-shaf ted Flicker 
Red -headed Woodpecker 

Lewis Woodpecker 

Yellow-bellies Sapsucker 

Williamson's Sapsucker 

Hairy Woodpecker 
Downy Woodpecker 
Northern Three-toed 
Woodpecker 
Eastern Kingbird 

Western Kingbird 

Ash-throated Flycatcher 
Say's Phoebe 

Traill's Flycatcher 

Hammond's Flycatcher . . .  

Gray Flycatcher 

Western Flycatcher 

Western Wood Pewee 

Olive-sided Flycatcher 

Horned Lark 

Aegolius acadicus, uncommon resident 
Otus flammeolus, rare summer migrant - 
Glaucidium gnoma, rare resident 
Phalaenoptilus nuttallii, common summer 
resident and migrant 
Chordeiles minor, common summer resident 
and migrant 
Aeronautes saxatalis, uncommon summer 
resident and migrant 
Selasphorus platycercus, common suanner 
resident and migrant 
Selasphorus rufus, common fall migrant 
Megaceryle alcyon, common spring, summer, 
fall, winter resident and migrant 
Colaptes cafer, common resident 
Melanerpes erythrocephalus, rare summer 
migrant 
Asyndesmus lewis, uncommon summer resident 
and migrant 
Sphyrapicus varius, common spring, summer, 
fall resident and migrant 
Sphyrapicus thyroideus, uncommon summer 
migrant 
Dendrocopos villosus, common resident 
Dendrocopos pubescens, uncommon resident 
Picoides tridactylus, uncommon resident 

Tyrannus tyrannus, common spring, summer, 
fall resident and migrant 
Tyramus verticalis, common spring, summer, 
fall resident and migrant 
Myiarchus cinerascens, rare summer migrant 
Sayornis saya, common spring, summer, fall 
resident and migrant 
Empidonax traillii, uncommon spring, summer, 
fall resident and migrant 
Empidonax hammondii, uncommon spring, summer, 
fall resident and migrant 
Empidonax wrightii, uncommon spring, summer, 
f a1 1 resident and migrant 
Empidonax difficilis, common spring, summer, 
fall resident and migrant 
Contopus sordidulus, uncommon spring, s'ummer, 
fall resident and migrant 
Nuttallornis borealis, uncommon spring, summer, 
fall resident and migrant 
Eremophila alpestris, common resident - 
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Common Name Scientific Name 

Nongame Birds 
Barn Swallow Hirundo.rustica, common spring, summer, 

fall resident and migrant 
Violet-green Swallow Tachycineta thalassina, common spring, 

summer, fall resident and migrant 
Iridoprocne bicolor, common spring, summer, 
fall resident and migrant 
Riparia riparia, common spring, summer, 
fall resident and migrant 
Stelgidopteryx ruficollis, common spring, 
summer, fall resident 'and migrant 
Progne subis rare summer migrant 

-2 

Gymnorhinus cyanocephalus, common spring, 
summer, fa1 1 resident 
Perisoreus canadensis, uncommon spring, 
summer, fall resident 
Nucifraga columbiana, uncommon spring, 
summer, fall resident 
Corvus corax uncommon resident 

-2 

Parus atricapillus, common resident 
Parus gambel i , uncommon resident 
Parus inornatus , uncommon resident 
Psaltriparus minimus, common resident 
Sitta earolinensis, common resident 
Sitta canadensis, common spring, fall, 
winter resident 
Sitta pygmaea, common fall, winter resident 
Certhia familiar is, uncommon resident 
Troglodytes aedon common spring, summer 

-9 

resident and migrant 

Tree Swallow 

Bank Swallow 

Rough-winged Swallow 

Purple Mart in 
Pinyon Jay 

Gray Jay 

Clark's Nutcracker 

Common Raven 
Black-capped Chickadee 
Mountain Chickadee 
Plain Titmouse 
Common Bushtit 
White-breasted Nuthatch 
Red-breasted Nuthatch 

Pygmy Nuthatch 
Brown Creeper 
House Wren 

~ewick ' s Wren 
Rock wren 

Thryomanes bewickii, uncommon resident 
Salpinctes obsoletus, common summer resident 
and migrant 
Catherpes mexicanus, common resident Canyon Wren 

Long-billed Marsh Wren Telmatodytes palustris, common spring, 
sumner, fall resident and migrant 

Mockingbird 
Catbird 

Mimus polyglottos, uncommon resident 
Dumetella carolinensis, common spring, 
summer, fall resident and migrant 

Sage Thrasher Oreoscoptes montanus, common spring, 
summer, fall resident and migrant 

Robin 
Townsend's Solitaire 

Turdus migratorius, common resident 
Myadestes townsendi, uncommon spring, fall, 
winter resident 
Hylocichla guttata, common summer resident 
and migrant 
Hylocichla ustulata, common summer resident 
and migrant 

Hermit Thrush - 
Swainson's Thrush 
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Common Name 

Nongame Birds 
Veery 

Western Bluebird 
Mountain Bluebird 

~oldenlcrowned Kinglet 

Ruby-crowned Kinglet 

Water Pipit 

Sprague's Pipit 

Bohemian Waxwing 

Cedar Waxwing 

Northern Shrike 

Loggerhead Shrike 

Solitary Vireo 

Warbling Vireo 
Orange-crowned Warbler 

Yellow Warbler 

Myrtle Warbler 

Audubon's Warbler 

  own send ' s Warbler 
Northern Waterthrush 

Ye1 lowthroat 

Yellow-breasted Chat 

MacGillivray's Warbler 

Wilson's Warbler 

American Redstart 

Bobolink 

Western Meadowlark 

Scientific Name 

Hylocichla fuscescens, uncommon spring, 
summer resident and migrant 
Sialia mexicana, rare summer migrant 
Sialia currucoides, common spring, summer, 
fall resident and migrant 
Regulus satrapa, common spring, summer, 
fall migrant 
Regulus calendula, common spring, summer, 
fall migrant 
Anthus spinoletta, common spring, summer, 
fall migrant 
Anthus spagueii, uncommon spring, fall 
migrant 
Bombycilla garrulus , common winter resident 
and migrant 
Bombycilla cedrorum, common spring, fall, 
winter resident and migrant 
Lanius excubitor, common winter resident 
and migrant 
Lanius ludovicianus, common spring, summer, 
fall resident and migrant 
Vireo solitarius, common spring, summer 
resident and migrant 
Vireo gilvus, common summer resident 
Vermivera celata, common summer resident 
and migrant 
Dendroica petechia, common spring, summer, 
fall resident and migrant 
Dendroica coronota, common spring, fall 
migrant 
Dendroica auduboni, common spring, summer, 
fall resident and migrant 
Dendroica townsendi, uncommon fall migrant 
Seiurus noveboracensis, rare spring, fall 
migrant 
Geothlypis trichas, uncommon summer resident 
and migrant 
Icteria virens, uncommon spring, summer, 
fall resident and migrant 
Oporornis tolmiei, uncommon spring, summer, 
fall resident and migrant 
Wilsonia pusilla, uncommon spring, summer, 
fall migrant 
Setophaga ruticilla, rare spring, summer, 
fa1 1 migrant 
Dolichonyx oryzivorus, rare spring, fall 
migrant 
Sturnella neglecta, common spring, summer, 
fall resident and migrant 



Table 11-41.--Conft. 

Common Name ~cient if ic Name 

Nongame Birds 
Yellow-headed Blackbird Xanthocephalus xanthocephalus, common 

spring, summer, fall resident and migrant 
Red-winged Blackbird 

Brewer's Blackbird 

Agelaius phoeniceus, common spring, summer, 
fall resident and migrant 
Euphagus cyanocephalus, common spring, 
summer, fall resident and migrant 

Brown-headed cowbird 

Bullock's Oriole 

Molothrus ater, common spring, summer, - 
fall resident and migrant 
Icterus bullockii, common summer resident 
and migrant 
Piranga ludoviciana, uncommon summer 
migrant 
Pheucticus melanocephalus, uncommon spring, 
summer, fall resident and migrant 

Western Tanager 

Black-headed Grosheak 

Evening Grosbeak 
Lazuli Bunting 

- 

Hosperiphona vespertina, common resident 
Passerina amoena, rare summer resident 
and migrant 
Carpodacus purpureus, common spring, fall 
winter resident and migrant 

Purple Finch 

Cassin's Finch 
House Finch 
Pine Grosbeak 
Gray-cowned Rosy Finch 

Carpodacus cassinii, uncommon resident 
Carpodacus mexicanus, common resident 
Pinicola enucleator, uncommon resident 
Leucosticte tephrocotis, common winter 
resident and migrant 
Leucosticte atrata, common winter resident 
and migrant 
Leucosticte australis, rare winter resident 
and migrant 
Acanthis flammea, uncommon winter resident 
and migrant 
Spinus pinus, uncommon spring, summer, fall 
resident and migrant 
Spinus tristis, common spring, summer, fall 
resident and migrant 
Spinus psaltria, uncommon summer resident 
and migrant 

Black Rosy Finch 

Brown-capped Rosy Finch 

Common Redpoll 

Pine Siskin 

American Goldfinch 

Lesser Goldfinch 

Red .Crossbill 
White-winged Crossbill 
Green- tailed Towhee 

Loxia curvirostra, uncommon resident 
Loxia leucoptera, rare winter migrant 
Chlorura chlorura, uncommon summer resident 
and migrant 

Ruf ous -s ided Towhee 
Savannah Sparrow 

Pipilo erythrophthalmus, uncommon resident 
Passerculus sandwichensis, common spring, 
summer, fall resident and migrant 
Ammodramus savannarum, common summer resident 
and migrant 

Grasshopper Sparrow 
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Common Name Scientific Name 

Small Game Birds 
Baird 's Sparrow hodramus Bairdii, rare spring, fall 

migrant 
Lark Bunting ~alamos~iza melanocorys, common spring, 

summer, fall resident and migrant 
Vesper Sparrow Pooecetes graminius, common spring, suimer, 

fall resident and migrant 
Lark Sparrow Chondestes grammacus, common spring, summer, 

fall resident and migrant - 
Sage Sparrow Amphispiza belli, common summer resident 

and migrant 
Slate-colored Junco Junco hyemalis, common winter resident 

and migrant 
Oregon Junco Junco oreganus, common winter resident 

and migrant 
Gray -headed Junco Junco caniceps, common spring, summer, 

fall, winter resident and migrant 
Tree Sparrow Spizella arborea, common winter resident 

and migrant 
Chipping Sparrow Spizella passerina, common spring, summer, 

fall resident and migrant 
Clay-colored Sparrow Spizella pallida, rare summer resident and 

migrant 
Brewer's Sparrow Spizella breweri, common summer resident 

and migrant 
Harris Sparrow Zonotrichia querula, rare'spring, fall 

migrant 
White-crowned Sparrow Zonotrichia leucophrys, common resident 
White-throated Sparrow Zonotrichia albicollis, uncommon spring, 

fall migrant 
Fox Sparrow Passerella iliaca, uncommon spring, summer, 

fall resident and migrant 
Lincoln's Sparrow Melospiza lincolnii, common spring, summer, 

fall resident 
Song Sparrow Melospiza melodia, common resident 
McCown's Longspur Rhynchophanes mccownii , uncommon spring , 

fall migrant 
Chestnut-collared Longspur Calcarius ornatus, uncommon spring, fall 

migrant 
Lap1 and Long spur Calcarius Lapponicus, rare winter resident 

and migrant 
Snow Bunting ~lectro~henai nivalis , rare winter migrant 

Salamanders 
Utah Tiger Salamander Ambystoma tigrinum utahensis 
Blotched Tiger Salamander Ambystoma tigrinum melanostictum 



Table 11-41. --conf t. 

Common Name 

Frogs and Toads 
Great Basin Spadefoot 
Boreal Toad 
Boreal Chorus Frog 
Leopard Frog 

Lizards 
Northern Plateau Lizard 
Sagebrush Lizard 
Tree Lizard 
Northern Side-blotched 
Lizard 

Eastern Short-horned 
Lizard 

Snakes 
Western Yellow-bellied 

Racer 
Great Basin Gopher 

Snake 
Wandering Garter Snake 
Midget Faded Rattlesnake 
P r a i r i e  Rattlesnake 

S c i e n t i f i c  Name 

Scaphiopus intermontanus 
Bufo boreas boreas 
Pseudacris t r i s e r i a t a  maculata 
Rana pipiens 

Sceloporus undulatus elongatus 
Sceloporus graciosus 
Urosaurus ornatus 
Uta stansburiana stansburiana - 

Phrynosoma douglassi b rev i ros t re  

Coluber cons t r i c to r  

Pituophis melanoleucus de se r t i co l a  

Thamnophis elegans vagrans 
Crotalus v i r i d i s  concolor 
Crotalus v i r i d i s  v i r i d i s  

11 Species occurring i n  t h e  Flaming Gorge Bird Management Area, - 
Southwestern Bird Management Unit . Wyoming Game & 'Fish 
Commission, Game Division, D i s t r i c t  I V .  

21 Categories of animals ( i .e . ,  game, predatory, e tc . )  defined - 
by Wyoming Game Laws, Section 23.1-1. 

3/ Endangered species. - 

41 Likely t o  become endangered. - 
51 Status undetermined. - 



grazed by t h e  deer .  S t a t i s t i c s  i n d i c a t e  t h a t  on a s tatewide.  

b a s i s  t h e  deer  a r e  on a  downward trend,and t h e  Wyoming Game and 

F i s h  Commission (1971) a t t r i b u t e s  t h i s  d e c l i n e  i n  D i s t r i c t  4 

p r i m a r i l y  t o  hunt ing p re s su re  from non-resident  hunters .  

A win ter  populat ion of 3,950 e l k  was e s t ima ted  t o  e x i s t  i n  D i s t r i c t  

4  dur ing  1969, and s e v e r a l  s m a l l  herds  of e l k  (pro-bably 30-35 animals) 

a r e  known t o  e x i s t  i n  t h e  o i l  s h a l e  a r e a s  themselves inc luding:  one i n  

t h e  sand  dune a rea  e a s t  of Eden; one of t he  P i l o t  Bu t t e  a r e a ;  and one 

i n  t h e  southern  po r t ion  of t h e  Pine and L i t t l e  Mountain a r e a  (see 

Figure 11-16). This s p e c i e s  ranges over  po r t ions  of t h e  t r i - S t a t e  

a r e a ,  and hunt ing seasons are h e l d  i n  a l l  t h r e e  S t a t e s .  There a r e  

important  e l k  range a r e a s ,  n o r t h ,  w e s t ,  and sou th  of K e m m e r e r ,  Wyoming. 

Summer range f o r  t h i s  s p e c i e s  is regarded a s  g e n e r a l l y  ample, and, a s  

wi th  mule deer ,  car ry ing  capac i ty  is determined by t h e  q u a n t i t y  and 

q u a l i t y  of win ter  range. Most e l k  summer range is  used j o i n t l y  w i th  

c a t t l e  and domestic sheep. From 1960-69 an e s t ima ted  average of 601 

e l k  w e r e  harves ted  a n n u a l l y w i t h i n  D i s t r i c t  4. Hunter succes s  i n  

shoo t ing  an e l k  ranged from 36% f o r  r e s i d e n t s  t o  56% f o r  non-residents  

i n  1969. Elk h a b i t a t  i n  t h e  Washakie Basin is l i m i t e d .  

An est imated 1,251,542 a c r e s  of moose range e x i s t  i n  D i s t r i c t  4, 

most of which is found i n  t h e  r i v e r  and creek bottoms where t h e  animals 

a r e  found i n  a s s o c i a t i n n  with abundant willow (Sa l ix )  growths. (See 

F igu re  11-a09 The e x i s t i n g  popula t ion  is be l i eved  t o  number about 450 

animals.  Although gene ra l ly  l i m i t e d  t o  bottom l ands ,  moose a r e  r epo r t ed  t o  b e  



found i n  i n c r e a s i n g  numbers i n  p ine  and aspen p l a n t  communities. 

From 1960-69 an es t imated  average annual  ha rves t  of 28 moose 

occured w i t h i n  D i s t r i c t  4. Harvest  has  been pe rmi t t ed  t o  i n c r e a s e  

along wi th  the  expanding he rd ,  and 35 animals w e r e  ha rves t ed  i n  

1969. The s p e c i e s  is expected t o  cont inue i n c r e a s i n g  under t h e  

p re sen t  management program. L i t t l e , o r  no moose range e x i s t s  i n  t h e  

Washakie Basin. 

Black bea r  is found i n  mountainous a reas  i n  t h e  Western p o r t i o n  

of D i s t r i c t  4. Range f o r  t h e  spec i e s  i s  es t imated  a t  about 945,000 

ac re s  and an e s t ima ted  popula t ion  f o r  w i n t e r  1969 was 740 animals.  

Bears a r e  hunted during s p r i n g  and f a l l  seasons, and some a r e  taken 

each year  as p reda to r s .  The average animal hunt ing  h a r v e s t  from 1960- 

69 was 5 animals ,  although 8 w e r e  taken i n  1969. 

Mountain l i o n s  a r e  known t o  occur  i n  a r a t h e r  even d e n s i t y  over 

t he  Wyoming o i l  s h a l e  lands .  No d a t a  a r e  a v a i l a b l e  on t h e  e x i s t i n g  

number of t h i s  spec i e s .  

Wyoming's Green River  Basin inc ludes  some of t h e  s t a t e ' s  

important  an te lope  h a b i t a t  a r e a ,  suppor t ing  a h igh  dens i ty  p o p u l a t i ~ n .  

The Washakie Basin conta ins  important  an te lope  range. 

S u b s t a n t i a l  numbers of w i l d  ho r ses  range widely over  t h e  

Washakie Basin--Kinney Rim t o  Flaming Gorge a rea .  Recent censuses 

i n d i c a t e  approximately 1,200 horses  i n  Washakie Basin and approx- 

imately 2,500 ho r ses  and b u r r o s  i n  t h e  a r e a  between Kinney R i m  and 

t h e  Utah l i n e  (Wyoming S t a t e  D i rec to r ,  BLM, 1972). P r e v a i l i n g  winds 

genera l ly  d r i f t  most of t h e  snow o f f  major p o r t i o n s  of t h e  a r e a  

l y i n g  along and immediately e a s t  from Kinney R i m ,  inc luding  



Tracts W-a and W-b. Consequently, the area.is utilized by wild 

horses during periods of heavy snow accumulation. 

The cottontail rabbit, coyote, and fox are regarded as 

common. Cottontail habitat extends throughout the oil shale 

lands. The most outstanding cover is the northern desert sagebrush 

and saltbush vegetation community. The average annual cot tontail' 

hunting harvest over the period 1966-69 was estimated to be 

27,400 rabbits. 

c. Birds 

Sage grouse populations are found in sagebrush-saltbush 

areas below 8,500 feet elevation (See Figure 11-18),. Although 

this species is generally very abundant across an estimated 

8.3 million acres of habitat, sagebrush control programs, 

development, and other land-use changes have significantly reduced 

the habitat in many areas. The Eden-Farson area exhibits one of 

the highest densities of this species known to exist. Hunting 

harvests are excellent and sage grouse are hunted more than any 

other game bird. From 1960-69 an average annual harvest of 

17,732 birds has been estimated. 

Blue, ruffed, and sharptail grouse and ptarmigan habitat 

also exists in District 4. Blue grouse are found in forest 

lands and foothill areas of Uinta and Carbon Counties. Ruffed 

grouse are found in the rsame general areas but are more 
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confined t o  mountain v a l l e y s  and dra inages .  S h a r p t a i l  grouse a r e  
. . . . . .  . . . 

found i n  sagebmsh-grassland and aspen a r e a s  i n  t h e  L i t t l e  Snake 

River Valley of Carbon County. Ptarmigan h a b i t a t  is good b u t  

confined t o  t imber l ine  reg ions  of mountains i n  S u b l e t t e  County. 

. . 
. .. . 

Habi t a t  of a l l  these  s p e c i e s  has  been advkrsely a f f e c t e d  by 
: 2' . .:, ............ ............. ............ . . . . . .  
. . . .  . . . . . . .  l i v e s t o c k  a c t i v i t y ,  t imber . c u t t i n g ,  sagebrush, and brush  c o n t r o l  

programs. Estimated average annual  h a r v e s t  of b lue  and r u f f e d  

grouse i n  D i s t r i c t  4 from 1960-69 was 1,956 birds'. Any of t hese  
. . . . . .  . . . ' . !  . . .  . . . . . . . . .  . . . . . .  . . .  

. :  / 
fou r  s p e c i e s  would be  s c a r c e  a t  b e s t  i n  t h e  Washakie Basin. 

...... . . , . - . .  . . .  
. . .  

. . . . . . . .  . . . . . . . . . . . . . .  ..j Chukar p a r t r i d g e  h a b i t a t  is l i m i t e d  and is found i n  Uinta ,  
................ . . . . . . . . . . . .  . . . . .  . . . . .  . . . . . . . . . . . . . .  . . ............ . . . . . . . . . . . .  1 ............. 

! Carbon, and Sweetwater Counties.  B e t t e r  h a b i t a t  i s  found i n  t h e ,  

semideser t ,  badland,and jun ipe r  vege ta t ion- type  a r e a s  of 

I 
Sweetwater County. These h a b i t a t  types  a r e  ex t ens ive  i n  t h e  

i 
I Washakie Basin. This b i r d  has  become e s t a b l i s h e d  and i t  is 
i 

becoming more popular  as a hunt ing s p e c i e s .  The est imated average 

h a r v e s t  of chukar p a r t r i d g e  from 1962-69 was 383 b i r d s  per  yea r .  

Some marginal wi ld  turkey h a b i t a t  e x i s t s  on t h e  lower Green 

River Basin i n  sou the rn  Sweetwater County ( s e e  F igure  11-18), 

Introduced i n  1957, t h i s  s p e c i e s  is b e l i e v d  t o  be  l imi t ed  b y . a  

l a c k  of adequate win ter  feed and cover. The popula t ion  has 

not  approached huntable  numbers. 

Introduced i n  t h e  1940's and 19601s,  r ingneck pheasants  e x i s t  

i n  l i m i t e d  numbers on s.ome very marginal  h a b i t a t  i n  t h e  Bear River  
......... .: ............... .< ................ . . . . . . . . . . .  . - - . . . . .  . . J  . .  - ....... . . . .  . . .  . . . . . . . .  ., 

. . i Valley of Lincoln County, t h e  Eden-Farson a r e a  of Sweetwater County, 



and t h e  L i t t l e .Snake  River Valley i n  Carbon County. Lack of 

adequate winter  food and cover a r e  believed t o  be l i m i t i n g  f a c t o r s  

fo r  these populations. Average annual hunter  harvest  over the  

period 1960-69 was estimated t o  be 417 b i rds .  

It is  est imated t h a t  about 8,000 ducks and 795 geese were 

bagged i n  t h e  l imi ted  ava i l ab le  h a b i t a t  along the Green River 

i n  1969 (See Figure 11-19). 

.d. Fish 

The Flaming Gorge Reservoir and the  Green River a r e  the  

major s p o r t  f i s h e r i e s  areas  i n  t h e  o i l  s h a l e  lands of Wyoming. 

Flaming Gorge Reservoir is considered t o  provide excel lent  

angling, and i n  1970 it was reported t o  provide 232,000 anglers  

with 367,000 f i s h .  The Green River provides f a i r  t o  good t r o u t  

f ishery.  The s e c t i o n  from Big Island t o  Fontenel le  Reservoir 

provided an est imated 4,700 t rou t  i n  '1970, while t h e  s e c t i o n  

from Big Is land t o  the  Kincaid Ranch provided an add i t iona l  3,525. 

The Bear, Hams Fork, and L i t t l e  Snake Rivers a r e  considered t o  

vary from f a i r  t o  poor i n  angling qua l i ty .  The L i t t l e  Snake 

River from Baggs t o  Savory is f a i r  with good p o t e n t i a l  fo r  improve- 

ment. The upper reaches of the  L i t t l e  Snake River have been dedicated t o  the  

dedicated t o  the preservation of the Colorado River cu t th roa t  t r o u t  

(See Table 11-12). 



Although l i t t l e  da ta  e x i s t  on the  spor t  f i she ry  resource i n  

the  smaller  streams, some of the  b e t t e r  t r o u t  h a b i t a t s  e x i s t  i n  the  

o i l  sha le  a r e a .  

e .  Threatened Species 

A number of threatened f i s h ,  b i rds ,  and mammals are known to  

o r  suspected t o  e x i s t  i n  o r  associa ted  with the  o i l  s h a l e  a r e a  of  

Wyoming. Table 11-14 provides a list of these species  which have 

been i d e n t i f i e d  with t h e  o v e r a l l  t r i - S t a t e  o i l  shale  a rea .  By 

v i r t u e  of  the remote na tu re  of the  o i l  shale  lands,  h a b i t a t  the re  

i s  ava i l ab le  f o r  use i n  a r e l a t i v e l y  undisturbed s t a t e  by thEse 

species .  It is believed t h a t  most of the  species  i n  Table 11-14 

cur ren t ly  use these lands and waters during some por t ion  of t h e i r  

cycle .  

7 .  So i l s  

The s o i l s  of the  Washakie Basin (Figure 11-51) a r e  c l a s s i f i e d  

a s  Haplargids, Torr ior thents ,  and Salor th ids .  They a r e  developed 

on the  high, d issected  plateaus of the Green River, Bridger, and 

Wasatch Formations. Slopes range from near ly  l e v e l ,  moderately 

s loping (75 percent of the  bas in)  t o  s teeply  sloping (20 percent of 

the  bas in ) .  S o i l  t ex tu res  vary from sandy, loamy t o  clayey.  

Sixty  percent of the  s o i l s  i n  the  basin a r e  estimated t o  be 

shallow, l e s s  than 20 inches t o  bedrock; the remainder of the  s o i l s  

a r e  moderately deep t o  deep. Erosion hazards a r e  genera l ly  moderate 

t o  high. Wind erosion i s :more  of a problem than w a t e r e r o s i o n  

because of the  low r a i n f a l l ,  10 t o  14 inches. S o i l  r eac t ion  is  commonly 

a l k a l i n e  t o  strongly a l k a l i n e .  Iand types such a s  s h a l e  badlands and 

sand dunes a l s o  occur i n  the  bas in .  

I 
! 11-293 

I 
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8. Vegetat ion of  t he  Washakie Basin 

The Washakie Basin con ta in s  f i v e  major v e g e t a t i v e  types :  

Sagebrush, Mountain Shrub, Jun iper ,  Greasewood, and S a l t  Desert 

Shrub. 

The types  a r e  similar t o  those  desc r ibed  i n  t h e  Colorado and 
~. , . . . . .  . . . . . . . . . . .  . . .  ..:>~.,:-.:.?.=:j . . . .  ... . - . i  ... ::.. ............ - .. - .. 

. . ,- . :::! . . . . . . . . .  Utah desc r ip t i ons ,  however, some v a r i a t i o n s  occur  because of  l a t i t u d -  

i n a l  d i f f e r ences .  

a.  Sagebrush 

I 

I This  type comprises about 78 percent  of t h e  Washakie Basin. It 
. . I  . . . . . . . . . .  . . 

. . . . . . . . . . .  ........ ....... : ........>.. :I . . . . . . . . . .  . . . . . . . . . . .  ............... .:.i i s  the  type desc r ibed  by Kuchler as a Sagebrush-Agropyron Steppe.. It 
........ . . .  

I . I 

i s  dominated by b i g  sagebrush b u t  f a v o r s  t h e  cool  season wheatgrasses  

i n  t h e  understory.  

P r i n c i p a l  wheatgrass  s p e c i e s  i nc lude  t h i c k s p i k e  whea tgrass  
1 

(Agropyron dasystachylum), bea rd l e s s  bluebunch wheatgrass  (Agropyron 

inerme), bearded bluebunch wheatgrass  (Agropyron spicatum), and 

wes te rn  wheatgrass (Agropyron s m i t h i i ) .  Other  g r a s s e s  inc lude  n a t i v e  

b luegrasses ,  junegrass,  and on l i g h t e r  t e x t u r e d  s o i l s ,  needle-and- 

t h r ead  grass .  Common f o r b s  inc lude  phlox, buckwheat, a s t e r ,  and 
. . . . . . .  
. . . . . . .  ...: . .  . . . . . .  . ,  

. . . . . . . . . . .  : :, . . . . . . .  > ... ............ ::- i . . . . . . .  pussytoes .  T a l l  and low r abb i tb rush  is a l s o  p r e s e n t  i n  t h e  

composition. 

I n  t he  lower succes s iona l  s t a g e s  t h e  whea tgrasses  decrease  and 

b i g  sagebrush inc reases .  There i s  a l s o  an i n c r e a s e  i n  f o r b s  and 

. . .............. ........... ............. , 
r abb i tb rush .  I n  t h e  e a r l y . s u c c e s s i o n a l  s t a g e s ,  annuals  such as 

. . . . . . . . . .  . . . . . .  . . . . .  .':.:I, . . . . . . . . . . . . . . .  . . . . . . . .  . . .  - , 
chea tg ra s s  and Russian t h i s t l e  become prominent. 



b. Mountain shrub 

Th i s  type i s  desc r tbed  i n  t h e  Piceafice Creek Basin 

d e s c r i p t i o n s .  I n  t he  Washakie Basin, i t  i s  p r i m a r i l y  a mixed shrub  

a s s o c i a t i o n  of  s e rv i cebe r ry ,  mountain mahogany, b i t t e r b r u s h ,  and 

snowberry. 

It comprises on ly  5 percent  of t h e  basin and occu r s  p r i m a r i l y  

on t h e  h ighe r  nor th  and e a s t  f a c i n g  s lopes .  

Understory p l a n t s  a r e  s i m i l a r  t o  those  desc r ibed  i n  t h e  

Colorado-type desc r ip t i on .  

c .  S a l t  Deser t  Shrub 

Th i s  type  comprises on ly  3 pe rcen t  of t h e  bas in  and i s  a 

no r the rn  ex tens ion  of  t h e  type as desc r ibed  i n  t h e  Uinta  Basin 

d e s c r i p t i o n s .  

d. Greasewood 

This  type i s  found i n  t h e  dra inage  bottoms throughout  t he  

Washakie Basin. It comprises about  1 2  percent  of t h e  t o t a l  a r e a .  

It is desc r ibed  i n  t h e  Piceance Creek Basin d e s c r i p t i o n s .  

e .  J u n i p e r  

Except f o r  the  absence of  pinyon pine,  t h i s  type i s  desc r ibed  

i n  t h e  Piceance Creek Basin d e s c r i p t i o n s .  I n  t h e  Washakie Basin, 

i t  comprises on ly  2 percent  o f  t he  a r e a  and occu r s  p r i m a r i l y  on 

rocky breaks.  The dominant s p e c i e s  i s  Utah jun ipe r .  Understory 

p l a n t s  a r e  t he  same as desc r ibed  i n  t h e  Pinyon-Juniper t y p e  

d e s c r i p t i o n  f o r  the  Piceance Creek Basin.  



j 
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Grazing use of t h e  Washakie  asi in i s  p r i m a r i l y  by sheep fn t he  
. I  . . . . .  . . . . .  . . . . . . . . .  .: . . . . . .  . . 

: , w i n t e r  and f a l l .  .Some c a t t l e  a l s o  use  t h e  area,and t h e r e  is  a s i z -  

a b l e  herd of wild ho r ses  i n  t h e  a r e a  a l l  year .  

Primary game use is  by an te lope  a l l  year  and by mule d e e r  i n  

t h e  win te r .  During t h e  w i n t e r  months a few elk a r e  seen  i n  t h e  
. . . . . . . . . . .  . -  . ......:..:.. .I . . .  - , . . . ...-.. . . .  ., -. - :,. - . :.~<-.~>7:,i2-.~ 
........... - v i c i n i t y  of Baggs, Wyoming, sou theas t  of  t h e  Washakie B-asin. 
. . . . . . . .  . . .  . . : . .  :.:-I 

Small animals l i v i n g  i n  t he  a r e a  inc lude  jack  and c o t t o n t a i l  

r a b b i t s ,  sage grouse, rodents ,  songbirds ,  and ass.ociated p reda to r s .  

The prominent p l a n t  spec i e s  a r e  a s  fo l lows:  

Sagebrush Type 

Technical  Name Common Name 

Grasses  

Agropyron s m i t h i i  
S t i p a  comata 
Poa secunda 
Oryzopsis hymenoides 

Forbs 

Erigonum app . 
Eenstemon app. 
Phiox app. 

Shrubs 
! 

! . . 
. . . .  

. . . . . . . . . :  . . . . . . . . .  s.! ., Artemisia  t r i d e n t a t a  
. . .  .......... . . . . .  . . .  -. .....:. :...I Arkemisia nova 

. . . . . .  . . . . . . : .  1 . . .  . . . . . . . . . . .  , Ch-ryso thamnus . . . . . .  . . . . . . . .  . . . . .  : . : I  . . . . . . . .  . . . . . .  ..:I . . . , ., 
ALri&x n u t t a l l i i  

. . . . . .  
. . .  1 

Mountain Shrub Type 

Technical  name 

Grasses 

Agropyron spicatum 
S t i p a  app. 

i 
! 

Western wheatgrass 
Needle-and-thread g r a s s  
Sandberg b luegrass  
I n d i a n  r i c e g r a s s  

Eriogonum 
Pens temons 
Phlox 

Big sage 
Black sage 
Rabbitbrush 
Gardner 's  ~ a l t b u s h  

Common Name 

Bluebunch wheatgrass 
Needlegrass 



Mountain Shrub Type 

Technical  Name Common Name 

Grasses  

Koeler ia  c r i s t a t a  
Poa f e n d l e r i a n a  

Forbs - 
Achilles l a n u l o s a  
Antennaria  r o s e a  
Eriogonum pulcherr imus 
C a s t i l l e j a  chromosa 

Juneg ra s  s 
Mu t tong ra s s  

Western yarrow 
Pusseytoes  
Fleabane 
I n d i a n  pa in tb rush  

Shrubs 

Amelanchier u t a h e n s i s  Se rv i ce  b e r r y  
Symphoricarpos o r e o p h i l u s  Snowberry 
Cercocarpus montanus Mountain mahogany 
Rosa nutkana Rose 

Pinyon-Juniper Type 

Technical  Name Common Name 

Grasses  

Agropyron s m i t h i i  
Oryzopsis hymenoides 
Poa secunda 
S t i p a  comata 
S i t a n i o n  h y s t r i c a  

Forbs - 
Astragulus  b i s u l c a t u s  
C a s t i l l e . i a  
Eriogonum app . 
Zygadenus e l epans  

Shrubs 

Cercocarpus montanus 
Artemesia t r i d e n t a t a  
Pu r sh i a  T r i d e n t a t a  
Amelanchier ( u t a h e n s i s )  

Trees  

Jun ipe rus  osteosperma 

Western Wheatgrass 
I n d i a n  r i c e g r a s s  
Sandberg b lueg ra s s  
Needle-and-thread g ra s s  
S q u i r r e l  t a i l  

Milkve t c h  
I n d i a n  pa in tb rush  
Er  iogonum 
Death camus 

Mountain mahogany 
Big sage 
B i t t e r b r u s h  
Se rv i cebe r ry  

Utah jun ipe r  



Saltbush Greasewood Type 

Technical Name Common Name 

Grasses 

ron smithii 
Distichlis strica 
Blvmus cinereus 
Poa avv. 
Carex avp. 

Western wheatgrass 
Inland saltgrass 
Basin wildrye 
Bluegrass 
Sedges 

Forbs 

Muhlenber~ia 
Oxvtropis lambertii 
Iva axillaris 
Zy~adenus ele~ans 

Alkali. muhly 
Po intve tch 
Poverty weed 
Death camus 

Shrubs 

Arti~lex nuttallii 
Chrysothamnus app. 
Atrivlex canescens 

Greasewood 
Gardner's saltbush 
Rabbitbrush 
Four-wing sal tbush 

Salt Desert Shrub 

Technical Name Common Nme 

Grasses 

Agropyron smithii 
Distichlis strica 
S~orobolus airoides 

Western wheatgrass 
inland. saltgrass 
Alkali sacaton 
Indian ricegrass 

~ - -  - -  

Oryzopsis hymenoides 

Forbs 

Iva axillaris 
Muhlenbernia asoerifolia 

Poverty weed 
Alkali muhly 
,Mat muhly 
Point vetch 

- 
Muhlenberaia Richardsonis - - 

Oxytropis lambertii 

Shrubs 

Atriplex nuttallii 
Chrvsothamnus am, 

~ardne+s sal tbush 
Rabbitbrush 
Fourwinged saltbush 
Skunkbru sh 

Atriplex canescens 
Rhus trilobeta 



9. Rec rea t iona l  Resources 

I n  t h e  o i l  s h a l e  a r e a  of t h e  Washakie Basin t h e  primary outdoor 

r e c r e a t i o n  a c t i v i t i e s  a r e  o r i e n t e d  towards f a l l  hun t ing  mostly 

an te lope ,  deer ,  and game b i rds .  

I n  t he  env i rons  of t h e  o i l  sha l e  land t h e r e  a r e  o t h e r  

r e c r e a t i o n a l  oppor tun i t i e s .  The S t a t e  Outdoor Recrea t ion  P lan  f o r  

Wyoming has des igna ted  a l l  of Sweetwater County as p a r t  of t h e  

s t a t e ' s  Recrea t ion  Region 7  (R7) .u Other c o u n t i e s  i n  R7 inc lude  

Sub le t t e ,  Lincoln, and Uinta.  A l l  of t h e s e  c o u n t i e s  con ta in  poten- 

t i a l  o i l  s h a l e  lands  which could have an e f f e c t  on outdoor r ec rea t ion .  

Recreat ion i n v e n t o r i e s  of Sweetwater County show t h a t  t h e  

p o t e n t i a l  f o r  outdoor r e c r e a t i o n  a c t i v i t i e s  such  a s  big-and small- 

game hunting,  camping, n a t u r a l  and s c e n i c  a r e a s ,  cold-water f i s h i n g ,  

and vaca t ion  ranches is h igh;  f o r  warm-water f i s h i n g ,  w in te r  s p o r t s ,  

and pack t r i p s ,  i t  is low; whi le  f o r  water  s p o r t s ,  p i cn i ck ing ,  and 

water  fowl, i t  is medium.$' Of the  6.7 m i l l i o n  a c r e s  i n  Sweetwater 

County, Fede ra l  agencies  adminis te r  4.5 m i l l i o n  a c r e s ,  o r  68 percent  

of t h e  r e c r e a t i o n a l  p o t e n t i a l  of the  county; S t a t e  and l o c a l  agencies ,  

346,280 a c r e s ,  o r  5  pe rcen t ;  and p r i v a t e  owners, 1 .8 m i l l i o n  ac re s ,  

o r  2,7 percent .  

Of t h e  1 3 F e d e r a l r e c r e a t i o n  a reas  r epo r t ed  t o  t h e  Bureau of 

. . Outdoor Recrea t ion  i n  t h e  1965 inventory  of des igna ted  p u b l i c  

1/ An outdoor Recrea t ion  P lan  f o r  Wyoming--1970.. - 
2 1  Outdoor Recrea t ion  P o t e n t i a l ,  Wyoming--1969, USDA, SCS. - 

. . 
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I r e c r e a t i o n  areas  f o r  Sweetwater County, 12 a r e  administered by BLM 
! 

and one (Flaming Gorge Recreat ion Area) by the  National  Park Service.  

The S t a t e  of  Wyoming reported one S t a t e  park area. l/ 

Hunting, fishing,and camping were t h e  a c t i v i t i e s  most o f t e n  a 

I sought a f t e r  by t h e  700,000 who v i s i t e d  these  publ ic  lands i n  
- .1 

I 1965 (Table 11-42). Approximately 125,000 v i s i t s  w e r e  made t o  t h e  

Pine Wunta in ,  B i t t e r  Creek, and Burntfork irecreation complexes which 

a r e  t h e  c l o s e s t  t o  t h e  Washakie Basin; 18,000 o f  t h e s e  v i s i t s  w e r e  
. . . .  

campers. 

I P r i v a t e  outdoor r ec rea t ion  en te rp r i ses  i n  Sweetwater County 

cons i s t  of s i x  entrepreneurs on only 1,153 acres ; two overate 

camping grounds, one provides n a t u r a l  and scen ic  f a c i l i t i e s ,  one 

opera tes  a vacat ion ranch, and t h e  o the r  two a r e  urban or iented .  

/ Bureau of Outdoor ~ e c r e a t i o n  Survey of Publ ic  Areas and 
F a c i l i t i e s ,  1965. 



TABLE 11-82.--Attendance a t  Public Outdoor Recreation Areas 
i n  Sweetwater County, Wyo., i n  1965. 

Source: Bureau of Outdoor Recreation,Survey of Public Areas 
and Fac i l i t i e s  1965. 

Federal Agency 

National Park Service: 

Flaming Gorge Recreation Area 

Bureau of Land Management: 

Bi t te r  Creek 

Burnt f ork 

Flaming Gorge 

Granger 

Leucite H i l l s  

L i t t l e  Colorado 

Northeast 

P i lo t  Butte 

Pine Mountain 

Red Desert 

Seven Lakes 

Total 

State: Big Sandy Reservoir Area 

Day 

149,946 

85,000 

22,000 

325,000 

8,000 

45,000 

27,000 

175,000 

17,000 

175 

1,800 

900 

706,875 

9,880 

V i s i t s  
Night 

19,830 

15,000 

3,000 

75,000 

2,000 

5,000 

3,000 

25,000 

3,000 

2 5 

200 

100 

131,325 

1,490 



10. Socioeconomic Resources 

The o i l  shale area  of the  Washakie Basin i s  essen t ia l ly  un- 

inhabited except by temporary users  of the area. The basin i s  

s i tua ted  southeast of Rock Springs i n  Sweetwater County and i s  

accessible by several unimproved d i r t  roads. 
I . . . . . . . . .  .:.. . ,  . .:. , .~ .  , . . ....... . . . . . .  . . . . . . . .  :i ................ . . . . . . . . . .  ............. . . The 1970 population of Sweetwater and Uinta Counties was 

25,400 (Table 11-43). Sweetwater, the la rger  of the  two, had nearly 

75 percent of tha t  t o t a l .  Rock Springs, with a pbpulation of 11,700, 
. . 

. . . - 9.; 
. . .  . . .  . . . . .  . . 

accounted fo r  63 percent of Sweetwater County's t o t a l  population. 

. . . . . . . . . . . .  ., . . . . . . . .  ..., - . _ _ _ . . .  . . . . . . . . . . . .  I . 
The two-county area  had a t o t a l  of 7,900 households with 49 percent 

. . . . .  . . . . . .  ...-....-.. . I  . . . . . . . . . . . .  ; .............. . . . .  . . !  
(0 r . 3~900)  located i n  Rock Springs. The median family income f o r  

the  area was $9,064 during 1970. 

Rock Springs i s  t he  la rges t  community i n  the  two-county area ,  

located approximately 40 miles northwest of the  nominated t rac t s .  

Access t o  the cornunity i s  provided by I n t e r s t a t e  80, a major eas t -  

west a r te ry ,  the  Union Pac i f ic  Railroad, and Front ier  Airl ines.  

Though the area i s  considered rura l  and i so la ted  by national 

standards, agr icul ture  i s  not i t s  economic mainstay. Of the  region's 

9,700 employed persons, only 5 percent were employed i n  the agricul- 

. , 
. . . .  . . . . . . .  .; . . .  :, . . . . . . . . .  ., . , 

t u r a l  sector.  A l i t t l e  more than one-half of the  a rea ' s  t o t a l  employed 
. . . . . . . . . .  . . . . . . . .  . . , . . . . . .  . . . . . . .  , . . . . . . .  . . . . . . .  . . . . . . .  :1 
. . .  

. !  persons a r e  blue-collar  and s e k i c e  workers. 

The economic s t ructures  of the counties and c i t y  appear t o  be 

re la t ive ly  s tab le  (Table 11-44 t o  11-46). I n  1967 general 
. . .  . . . . .  . . . . . . . . . .  \ .  . . . . . . . . .  . . . .  . ..... . . . .  ...... ; . .  ... 4 . . . . . . . . . . . . .  . . . . . . . . . .  . . revenue f o r  the  Sweetwater County government was $6.8 million. 

Almost one-half of the  expenditures were f o r  the  loca l  

school system. A t  present ,  the  school system i s  considered 



TABLE 11-43. --County and Ci ty  Socia l  Character is t ics  
for  Wyoming, 1970. 

(Thousands, unless otherwise indicated) 

Source: 1970 Census of Population, General Soc ia l  and Economic 
Character is t ics  - Wyoming, U. S. Department of Commerce, 
Washington, D. C . ,  1972. 

County and c i t y  

Sweetwater 

U i  n ta  

Total  

Ci ty  of 
Rock Springs 

(Sweetwater) 

Population 

18.3 

7.1 

25.4 

11.7 

No. of 
House- 
holds 

5.9 

2.0 

7.9 

3.9 

Median school 
years completed 
(25 years and 
over) 

12.2 

12.2 

12.2 

12.2 

School enrollment 
Primary 

3.5 

1.3 

4.8 

2.1 

High 
school 

1.3 

. 6  

1.9 

.8 



~ a d l e  11-44 .--County and C i t y  Economic Charac te r i s t i c s  f o r  Wyoming, 1970. 
(Thousands) 

I 
1 Source: 1970 Census o f  Population, General Socia l  and Economic Character is t ics--  

Wyoming, U.S. Department of Commerce, Washington, D.  C . ,  1972. 

County and c i t y  

Sweetwater 

Uinta 2.7 1.0 1.4 - 3  4.6 9,025 

Total  9.7 3.9 5.3 .5  4.4 $9,064 

City of Rock Springs 4.5 2 .1  2.3 .1 4.4 8,970 
(Swee twa t e r )  

Unemployed 
(Percent) 

4 .4  

Median 
fami ly  
income 

$9,077 

Employment 

Total  
employe< 
0 6  years  
and over') 

7.0 

Agr icu l tu ra l  

0.2 

White- 
c o l l a r  
and 
se rv ice  

2.9 

Blue- 
c o l l a r  
and 
se rv ice  

3.9 



Table 11-45.--County Economic I n d i c a t o r s  f o r  Wyaming-=Govkrnment. 
(Thousand do1 l a r s ,  un less  otherwise ind ica t ed )  

Loca 1 government f inances 1' County 

11 F i s c a l  years  ending between J u l y  1, 1966 and June 30, 1967. - 

Genera 1 publ ic  bui ldings 
I n t e r e s t  on genera l  debt 
Other and unal locable  

Source: U.S. Bureau of the  Census, Census of Governments, 1967. Volume 7: 
S t a t e  Reports,  No. 50; Wyoming. U.S. Government P r i n t i n g  Of f i ce ,  
Washington, D. C . ,  1970. 

Revenue: 
T o t a l  
Property t a x  per  cap i t a  ( d o l l a r s )  

Sweetwater 
-- 

6,843 
2 15 

Uinta 

2,251 
165 

89 
147 
235 

To ta l  

9,094 
380 

16 
90 
89 

105 
237 
324 



Table 11- 46--County Economic I n d i c a t o r s  f o r  Wyoming, P r i v a t e  Sec tor .  
(mi l l i on  d o l l a r s ,  un less  o therwise  ind ica t ed )  

2 I - 
Agr icu l tu re  

Source: U.S. Bureau of  the  Census, Census of  Business ,  1967, Volume 11, R e t a i l  
Trade - Area S t a t i s t i c s ,  P a r t  3, North Dakota t o  Wyoming, Guam,and 
Virgin I s lands .  U.S. Government P r i n t i n g  Off ice ,  Washington, D.C., 1970. 

County 

I 

1 

; 

Sweetwater 
I 

Uinta 

To ta l  

U.S. Bureau of  t he  Census, Census o f  Business ,  1967. Volume V, 
Se lec ted  Services  - Area S t a t i s t i c s ,  Pa r t  3,  North Dakota t o  
Wyoming, Guam, and Vi rg in  I s lands .  U.S. Government P r i n t i n g  Of f i ce ,  
Washington, D. C., 1970. 

U.S. Bureau of t h e  Census, Census o f  Agr i cu l tu re ,  1969. Volume I, 
Area Reports,  Par t  40, Wyoming. U.S. Government P r i n t i n g  Of f i ce ,  
Washington, D.C.,  1972. 

T o t a l  
e s t a b l i s h -  
ments 

239 

124 

363 

A l l  
sales 

30.1 

13.3 

43.4 

To ta l  
e s  tab- 
l i s h -  
ments 

139 

63 

202 

Value o f  
farm 
products  
s o l d  

5.1 

5.8 

10.9 

A l l  
r e c e i p t s  

10.0 

1.5 

11.5 

Acreage 
farmed 
(thousand: 

1958 

883 

284 1 

T o t a l  
commer- 
c i a l  
farms 

114 

23 7 

351 



adequate t o  meet present  needs. Rock Springs has a 2-year community 

college. I n  1967, the county a l s o  expended $0.9 m i l l i o n  f o r  hea l th  

and hosp i t a l  services .  The community has a 100-bed hosp i t a l .  

The economic base of the  a rea  is agr icu l tu re  ( large,  l ives tock 

ranches), mineral ex t rac t ion ,  and-tourism and recreat ion.  Present  

development includes a 300,000 k i lowat t  steam e l e c t r i c  p lan t  being 

constructed by t h e  Pac i f i c  Power and Light Company. The p lan t  i s  

expected t o  add 1,200 people t o  t h e  community of kock Springs. 

Sweetwater County i s  more heavi ly  dependent upon the  minerals 

s e c t o r  f o r  economic support than Uinta County. The value o f  mineral 

production i n  Sweetwater County sis f i f t e e n  times a s  g r e a t  as  the  

value of  farm products, while i n  Uinta County mining values a r e  l e s s  

than half  those of agr icu l tu ra l  s a l e s .  



-d 

--.?A- 

I 

I 11. Land Ownership 

I n  Sweetwater County,including most of t h e  o i l  s h a l e  land, ownership 

is a s  follows: 

Publ ic  Land S t a t e  P r i v a t e  
Federal (Grazing Dist . )  Reserved Acres Acres 

County (Percent) Acres Publ ic  Lands ( Aprox .  ) (Approx. 

- ,_ - 1  . .' 
I Sweetwater 69 2,130,328 2,244,302- 140,200 1,687,000 

12. Land U s e  

The dry cl imate and l imi ted  growing season permit only t h e  

I 
I growth of a l f a l f a  hay, n a t i v e  hay, and some small  g r a i n s  along some 

- 1 
. . I  

I 
o f ' t h e  major drainages and a t  t h e  Eden Reclamation Projec t .  

I 
I 

The area  is grazed by l i v e s t o c k ' f o r  most of t h e  year. C a t t l e  

graze t h e  a rea  primari ly i n  t h e  s p ~ i n g ,  s u m m e r ,  and f a l l ,  and sheep, 

primari ly i n  the  f a l l ,  winter ,  and spr ing .  Antelope and deer  a l s o  

use t h e  area  throughout t h e  year. 

Some of the  public  o i l  s h a l e  lands a r e  a l s o  leased f o r  o i l  

and gas explorat ion and development and f o r  t rona  production. Some 

accommodation between d i f f e r e n t  l e s s e e s  w i l l  b e  requi red  when t h e  

- - - - I  o i l  s h a l e  is developed. 
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,111. ENVIRONMENTAL IMPACT 

A. In t roduct ion 

An evolving o i l  shale  indust ry  would produce both d i r e c t  and 

ind i rec t  changes i n  the  environment of t h e  o i l  sha le  region i n  each 

1. . :. :: , j . . . . . . .  .......... ........... . . .  of the  th ree  S ta tes  of Colorado, Utah, and Wyoming, where commer- ............. . . '..:.:I . . . . . .  - .  

c i a 1  quan t i t i e s  of o i l  sha le  resources e x i s t .  Many of  t h e  environ- 

mental changes would be of l o c a l  s igni f icance ,  while o the rs  would 

be of an expanding nature  and have cumulative impact. These major 
I 

regional changes w i l l  c o n f l i c t  with o ther  physical  resources and 
..: . . . .  : 1 ............... ................ . . . . . . . . .  . . . . . . . . . . . .  ............... .............. 1 . .  uses of the  land and water involved. Impacts would include those . . 

on the  land i t s e l f ,  the  water resources,  the  a i r  q u a l i t y ,  on f i s h  
j 

j and w i l d l i f e  h a b i t a t ,  on grazing and a g r i c u l t u r a l  a c t i v i t i e s ,  on 

i 

recreat ion and e s t h e t i c  values,  and on t h e  e x i s t i n g  s o c i a l  and 

economic pat terns  (Table 111-1). ~ h e s ' e  environmental impacts a r e  

individual ly  assessed f o r  t h e i r  an t i c ipa ted  d i r e c t ,  i n d i r e c t ,  and 

cumulative environmental e f f e c t s  i n  the  sec t ions  t h a t  follow. 

The r a t e  a t  which o i l  sha le  may be developed provides the  

framework within which these  evaluat ions  may be made. Although 
. . I . . . . . . . .  ... , . . . . . . .  , . . . . . . . . . .  . . . . . . . . . . .  ............. . .::. / ............. the  following analys is  i s  based on the  assumption t h a t  a l -mil l ion- 

barrel-per-day industry w i l l  be reached by 1985, i t  i s  impossible 

a t  t h i s  t i m e  t o  determine p rec i se ly  what combination of public 

and pr ivate  lands would be included. 

. - Prototype leas ing of publ ic  lands i s  expected t o  s t imula te  
4 
I 

c m e r c i a l  development, but  t h e  r a t e  a t  which o i l  s h a l e  may be 

developed depends on a number of cons t ra in t s  whose r e l a t i o n  t o  



TABLE 111-lr-Major Impacts of O i l  Sha le  Developmeat. 

Major impacts 

Physical  resources:  

Land : 
............ Surface  disturbance.. . . . . .  

Erosion..... . . . . . . . . . . . . . . . . . . . . . . . . . .  
Spent sha le . . . .  ....................... 

...... Chemical waste..... . . . . . . . . . . . . .  
Trash and o t h e r  ....................... 
Soil.... . . . . . . . . . . . . . . . . . . . . , . . . . . . .  ... 
Forage ................................ 

.......................... Timber...... 
...... Other minerals. . . . . . . . . . . . . . . . . .  

Landscape, e s t h e t i c s .  ................ 
Water: 

......................... Water q u a l i t y  
............. Water supply and aqu i fe r s  

Subsidence e f f e c t s .  ................... 
A i r  : 

Dust .................................. 
P l a n t  emissions ....................... 

Recreation: 
Dis turb  ULJ........................... 

............................ Wilderness 

Fish and Wild l i fe :  
................... Habitat. . . . . . . , . . . . .  

F ish ing  ............................... 
Hunting ................... L.......... 



TABLE 111-L--Major Impacts of O i l  Sha le  Development (continued),  

Major impacts 

Socioeconomic: 

Nature of e f f e c t  

C u l t u r a l  : 
H i s t o r i c  s i t e s  ....................... 
Archeological  sites. . . . . . . . . . ; . . . . . . .  

D i r e c t  

S o c i a l  l i v i n g  p a t t e r n s . .  ............A. 

I n d i r e c t  

Population: 

Economic : 
Jobs................-................. 
Income.......... ..................... 
Cap i t a l  flow..... . . . . . . . . . . . . . . . . . . . .  

Health and s a f e t y :  
...... Plan t  hazard.. . . . . . . . . . . . . , . . . . .  

Other accident . . . . . . . .  ................ 
......... Pipe l ine  and t r a n s p o r t a t i o n .  

Government : 
Services  ............................. 
Taxes .............................,.. 

.................... T i t l e  c o n f l i c t s . .  
S t a t e  and o t h e r . .  .................... 

b i g t a t i o n  .......................... 
Concentration.... . . . . . . . . . . . . . . . . . . . .  



each other will change over time. Key factors which must be consid- 

ered are (1) technology, and the cost of shale oil production as 

compared to alternative energy supplies, (2) resource availability, 

(3) water availability., and (4) environmental considerations. 

Technology for mining and surface processing of oil shale has 

been advanced to the 1,000 ton per day prototype stage of operations 

(described in Chapter I). The next logical step is the scale-up to 

ccmxnercial operations with each retort in the coiiplex capable of pro- 

cessing about 10,000 tons of oil shale per day. A minimum-sized 

camnercial complex would produce 50,000 to 100,000 barrels per day 

of shale oil. At these production rates, the total capital required 

would range from $250 million to $500 million. Since the return on 

this investment is only marginally attractive at 10 to 13 percent on 

a discounted cash flow basis, the initial development of this 

industry will depend on the availability of large amounts of venture 

capital that can be expected to yield only a minimum acceptable rate 

of return on the investment. 

The economics of oil shale processing will probably not limit 

the ultimate size of the industry but will undoubtedly affect the 

rate at which a mature industry will develop. Certainly, low profit 

expectations have been a fundamental reason why oil shale has not 

been commercially developed to date. Future expectations concerning 

production costs, oil prices, the general state of the economy, and 

the availability of capital will establish the economic parameters. 

If, in combination, these are judged favorable by private enterprise, 

the actual schedule of development would be set by other limitations; 

11 Assumes a present market value of $3.90 per barrel (1). - 
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and the operational and e n ~ ~ r o m e n t a l  experience and costs of the 

first-commercial units. For the development schedule givenbelow, 

it was assumed that  each surface plant would require 3 years for 

construction and that  construction would be limited t o  the s t a r t  

of no more than two plants a t  any one time. This assumption is 

based on factors related to  construction that would l i m i t  develop- 

ment: (1) plant design, (2) engineering and construction, and (3) 

capability t o  supply heavy,mine and plant equipment. For example, 

operating personnel must be. hired and trained, supporting housing 

I 
i 
I constructed, and heavy equipmentpurchased and delivered frqm 

distant supply centers. These manpower, equipment,and logis t ica l  

considerations w i l l  l i m i t  the ra te  of growth as discussed above. 

A second major constraint on any fuel  development is the avail- 

ab i l i ty  of the resource. Estimates of the t o t a l  o i l  shale reserves 

(see Chapter 11 of th is  volume) would indicate that no apparent 

resource l imitation exists.  However, since the majority of the 

I high-grade o i l  shale resources are found on public lands (72 percent), 

the avai labi l i ty  of public lands is a constraint on the rate  of 

. . . .  i 
... .. _. . . . . . .  I . . . . . . .  :.! 

industry development. This is :related t o  a res t ra in t  on private 
. . . . . . . . . . . . . .  . . . . . . .  * . . .  . . .  . . I . . . . . .  . . . . . .  . . . .  I . .  I . . . .  

- - .:. .! development of o i l  shale due to  the lack of a Federal policy con- 

! 
cerning the administration of the public lands. Without such a 

policy, private firms have been, and most l ikely w i l l  continue t o  

be, reluctant t o  invest i n  development of private properties. 

; This fac t  i s  noted i n  the National Petroleum Council report-(2) t o  the 

Secretary of the Inter ior ,  which s t a t e s  that: 



On the  assumption tha t  no Federal leases w i l l  be 
available, production of the syncrude from o i l  shale 
reserves on pr ivate  lands is  expected t o  be limited 
t o  100 MB/cD by 1985, even providing tha t  economics 
and environmental a t t i tudes  were favorable. 

The potent ia l  production from private lands is  believed t o  be 

higher and could reach a maximum of 400,000 barrels  per day by 

.... 1985, but t h i s  .development would be unlikely without the  

... leasing of l!ederal lands.. (3, 

For purposes of the present discussion, it is assumed tha t  

pr ivate  lands would support no more than 400,000 bar re l s  per day 

and tha t  t h e s i x  prototype t r ac t s  would support a t o t a l  of 250,000 

bar re l s  per day. The combined output from private  and public 

holdings would then reach 650,000 barrels da i ly  by 1985. Additional 

public lands would be required t o  increase the production r a t e  above 

t h i s  level. Even i f  su i tab le  lands are available, the r a t e  of 

development w i l l  be determined by the log is t ics  of plant construc- 

t ion and by manpower constraints.  Under these constraints ,  the 

Department of the In t e r io r  estimates the maximum 1985 production 

t o  be 1 mill ion bar re l s  per day. Even a t  t h i s  r a t e  of production, 

only about 9 percent of the  80 b i l l i o n  bar re l s  of prime commercial 

i n t e re s t  would be produced by the year 2000. The ultimate s i ze  of 

the o i l  shale industry w i l l  most l ikely not be determined by the 

magnitude of the o i l  shale  resource base but w i l l  probably be 

limited by other factors  such as the ava i lab i l i ty  of water, for  

example. 

As discussed i n  Chapter I1 of t h i s  volume, ample water is avail- 

able t o  support a 1-million-barrel-per-day production ra te .  A greater 



r a t e  of production, however, is quite dependent on evolving tech- 

nology. For example, successful development of i n  s i t u  production 

technology w i l l  s ignificantly lower water requirements by eliminating 

the use of water i n  spent shale disposal. Improved re tor t ing  tech- 

nology may also eliminate the need t o  upgrade the crude shale o i l  

produced from surface re tor t s  for  transportation purposes. Thus 

I l ess  water would be required for  hydrogen production and related 

I processing, such as cooling. Such potential  future developments 

1 make the ultimate s ize of any future development highly speculative 

a t  the present time. Present estimates of the ultimate production 

' I 
from a mature industry range from 3 t o  5 million barrels  of shale 

i o i l  per day. 

A s  discussed above, the industry probably cannot develop beyond 

the 650,000-barrel level without additional public lands, These 

, additional public lands w i l l  not be made available without the 

preparation of another environmental impact statement tha t  re la tes  

specif ical ly  t o  th i s  larger development, Results from the proposed 

prototype development w i l l  provide the firm data  upon which to  assess 

the potential  impacts of any enlarged program. 

For t . e  purpose of the present analysis, estimates of the 

environmental impact of a mature industry have been made using the 

following assumptions: 

1. The s ize  of the industry could be no more than 1-million 

barrels  per day by 1985. 

2. Production above 650,000 bar re ls  per day would require 

i public lands i n  addction to  those anticipated under the proposed 
j 
I 
I prototype leasing program. 



3. Additional public lands will not be offered for development 

without a thorough analysis of the expected impact based upon the 

knmledge gained £ran prototype development and research, and without 

the preparation of an environmental statement as required by the 

National Environment Policy Act. 

4. Detailed calculations given for unit-size processing plants 

in Volume 111, Chapter 11, are applicable to the larger development. 

5. A combined production capacity of 400,000 barrels per day 

will be constructed on private and public lands during 1973.to 1981. 

6 .  Productive capacity will increase at the rate of 150,000 

barrels per year at yet unknown locations during 1982 to 1985. 

7. The technology mix is as given in Table 111-2. 

Under the above assmptions,. a possible development schedule was 

postulated and is presentedin Table 111-2. The subsequent sections of 

this environmental impact chapter relate the expected impacts to the 

development schedule as given in Table 111-2. 

Different assumptions would lead to different schedules of devel- 

opment resulting in changes in magnitude of environmental impacts 

and the time when these would occur. However, as long as a 1-million 

barrel-per-day industry is still assumed, it is not likely that the 

type and magnitude of the impacts would be significantly different 

than those described in this chapter. 

B. Surface Disturbance of Land 

Oil shale development will require land for core drilling, mine 

development, overburden disposal, storage of low-grade oil shale, 

construction of surface facilities, and off-site requirements 

such as access roads, waterlines, gas, and oil pipelines, etc. 

The amount of land surface required will vary depending upon the 

type of mining and processing option used. This section of this 



Table 111-2.--Projected Possible Development Pattern for Oil Shale - 
Cumulative Shale Oil Production. 

(Thousands of Barrels Per Day) 

Legend 17 total Plants 

1-U = one 50,000 bbllday underground mine 
1-S = one 100,000 bbllday surface mine 
1-1 = one 50,000 bbl/day in situ mine 
1-S1 = one 150,000 bbllday surface mine 
2-U = two 50,000 bbllday underground mines 
2-1 = two 50,000 bbllday in situ mines 
3-U = three 50,000 bbllday underground mines 



Environmental Statement lists and discusses  t he  land requirements 

f o r  core d r i l l i n g  and then fo r  th ree  mining and processing options. 

I n  addit ion,  land requirements fo r  f a c i l i t i e s  and o f f - s i t e  operations 

a r e  discussed. For these  areas ,  the  vegeta t ive  cover is assumed t o  

be destroyed although much of the  a rea  may l a t e r  be reclaimed. The 

-cumulative land requirements f o r  a 1-million-barrel-per-day sha le  

o i l  indust ry  concludes t h i s  section. The secondary impacts of t h i s  

development on water qua l i ty ,  fauna, e s t h e t i c s  %and recreat ion,  and 

l o s s  i n  grazing capacity a r e  considered i n  subsequent sect ions  of 

t h i s  Chapter. 

1. Land Requirements f o r  Core Dr i l l i ng  

Core d r i l l i n g  is  frequently a necessary preleasing s t e p  t o  a i d  

i n  resource evaluat ion and may be a post  lease-issuance a c t i v i t y  as  

well. A core d r i l l i n g  s i t e  may temporarily d i s t u rb  from 3 t o  15 

acres of surface depending on the  s i z e  of the  equipment involved. 

To da te ,  about 360 core samples of o i l  sha le  have been obtained 

from 242 t e s t  holes  i n  Colorado, 73 i n  Utah, and 45 i n  Wyoming. 

Equipment c apab i l i t i e s ,  personnel, and t he  amount of surface areas 

required f o r  t yp i ca l  coring operations i n  the  three-State a rea  a re  

as follows: 

Large r i g  Small r ig  

Equipment depth c a p a b i l i t i e s ,  f e e t  To 8,000 To 4,000 

Personnel required,  number 10 - 15 4 - 6  

Amount of surface  area disturbed,  
acres  10 - 15 3 - 5 

The diameter of t he  core rangesfrom 1 718 inch f o r  the  small r i g  t o  

4 - 7 112 inches f o r  the  l a rge  r i g .  Length of t he - co re  s ec t i on  ranges 



I from 10 to 60 feet.  A i r  i s  usually preferred as the coring fluid,  

but water and/or d r i l l i n g  mud is also used. 

Most environmental impacts of core d r i l l ing  are of a temporary 

nature. After d r i l l i ng  and before they are plugged and abandoned, 

these wells, however, could provide communication between various 

aquifers, thus possibly mixing sal ine and fresh waters. Wnstruction 

of access roads t o  the location and leveling of the s i t e  involve 

removal of surf ace vegetation, mainly sagebrush. - Though the area 

is seeded af te r  the core d r i l l ing  operations are completed, some 

. . . .  . . . . . . . . . .  -. . <  

impacts on the area cannot be to ta l ly  erased.. Construction of 
............... .............. . . . . . . . . . . . . .  ... - .......... .............. . ; ............. ..-j .......... , . .  , roads and use of them by heavy equipment produces some s o i l  com- 

paction; i n  some areas, surface grades are changed tha t  can have 
I 

i an effect  on drainage patterns; some vegetation is removed that 

! requires many years t o  replace (e.g,, sagebrush, small trees,  and 

small bushes); and new patterns of erosion are generally established 

by al terat ion of the land surface, 

2. Land Requirements for  O i l  Shale Development 

The degree to  which the development of the o i l  shale resources 

on any given t r ac t  i n  any of the three States w i l l  affect  the land 

on and adjacent to  that  t r a c t  i s  a function of the location of the 

tract;  the size,  type, and combination of the processing technolo- . 

gies involved; and the duration of operations of the lease. The 

land requirements for  two levels of an o i l  shale operation are 

given i n  Table 111-3. For an operation involving surface mining, 

a production level of 50,000 barrels per day is the "unit" t r ac t  



TABLE 111-3.--Land Requirements f o r  O i l  Sha le  Process ing-  

Funct ion Land Required (Acres) 

Mining and waste d i sposa l :  

Sur face  ~ i n e y q  (100,000 bbl /day)  : ....................... Mine development 30 t o  85 per  yea r  
Permanent d i sposa l ;  overburden ......... 1,000 ( t o t a l )  
Temporary s to rage ;  low-grade sha le . . . . .  100 t o  200 ( t o t a l )  
Permanent d i sposa l ;  processed s h a l e .  ... 140 t o  150 per  yea r  
Sur face  f a c i l i t i e s  g.................. 200 ( t o t a l )  
O f f - s i t e  requirements  y................ 180 t o  600 ( t o t a l )  

Underground ~ i n e - ? j  (50,000 bbl /day)  : 
Mine development (Sur face  facilities). . 10  ( t o t a l )  
Permanent d i sposa l :  

A l l  processed s h a l e  on su r f ace . .  ..... 70 t o  75 p e r  yea r  
60-percent r e  t u r n  of  processed 

s h a l e  underground .................. 2 8  t o  30 pe r  yea r  
Sur face  f a c i l i t i e s ? / .  .................. 140 ( t o t a l )  
O f f - s i t e  requirements  .................. 180 t o  225 ( t o t a l )  

I n  s i t u  processing (50,000 bbl /day) :  

3  / Surface  f a c i l i t i e s  ...................... 50 ( t o t a l )  
Act ive we l l  a r e a  and r e s t o r a t i o n  a r e a y ,  , 110 t o  900 
O f f - s i t e  requirements  .................... 180 t o  600 ( t o t a l )  

Area r equ i r ed  i s  dependent upon t h e  t h i cknes se s  o f  t h e  overburden 
and o i l  s h a l e  a t  t h e  s i t e .  Acres shown a r e  f o r  a  Piceance Creek 
Basin s i t e ,  with 550 f t .  o f  overburden and 450 ft, of  30 g a l l o n / t o n  
s h a l e  (approximately 900,000 bb l / ac re )  . 
Assumes 30 g a l l o n s  per  ton  o i l  s h a l e  and a  d i s p o s a l  h e i g h t  o f  250 fti. 

2/ F a c i l i t i e s  inc lude  s h a l e  crushing,  s t o r a g e  and r e t o r t i n g  (excluded 
f o r  i n  s i t u  processing) ,  o i l  upgrading and s torage ,  add r e l a t e d  
parking, o f f i c e ,  and shop f a c i l i t i e s .  

4/ See volume 111, Figure  111-10, f o r  conceptua l  view of s u r f a c e  
u t i l i z a t i o n .  

5/ Inc ludes  access  roads,  power and t ransmiss ion  f a c i l i t i e s ,  wa te r  
l i n e s ,  n a t u r a l  gas  and o i l  p i p e l i n e s ;  a c t u a l  requi rements  depend 
on s i t e  l oca t ion .  A 60- f t .  r ight-of-way f o r  roads  r e q u i r e s  a 
s u r f a c e  a r e a  of about  8 a c r e s  per  mile .  U t i l i t y  and p i p e l i n e  
c o r r i d o r s  20 Et. i n  width r e q u i r e  2.4 a c r e s  per  mi le .  
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1 from which subsequent calcula t ions  have been made. For surface 
4 

mining, a production l eve l  of 100,000 ba r r e l s  per day has been 

used. The land requirements fo r  these  two operations including 

two modes of mining, processing, and processed shale  disposal  

. . . . . .  a r e  shown i n  the  table.  The amount of land surface disturbed ......... .......... . j ........ ......... ........ ..,:. .... - ..j . . . . . . . . . . . . .  ............. . , . ~  1 would be a function of the  t o t a l  duration of operations on a 

given lease. 

The overal l  magnitude of the  land impact i s  given i n  the  

analysis  below fo r  a bas ic  20-year period with a possible exten- 

s ion of the  a c t i v i t i e s  t o  a 30-year period. On most t r a c t s ,  

t h i s  period would include an i n i t i a l  5 years of preproduction 

a c t i v i t y  followed by 15 t o  25 years of actual ,  f u l l - s ca l e  pro- 

duction. 

i a. Land Requirements f o r  Surface Mining 

Surface mining would have the  g rea tes t  i n i t i a l  disturbance of 

land surfaces and topography, s o i l s ,  and vegetation. The land sur-  

I 

face  disturbed i n  developing the  open p i t  mine i t s e l f ,  f o r  a 100,000- 
I 

barrel-per-day operation i n  Colorado (Table 111-3), would be 30 t o  

1 
1 85 acres per year and would be expanded t o  about 1,100 acres over 
I 
I 

20 years of continuous operation. 
i 

During the ea r ly  years of an open-pit development, permanent 

disposal  of overburden would be off s i t e .  After  10 t o  20 years of 

fu l l - sca le  production, it should be possible t o  begin disposing of 

I par t  of the overburden and processed shale i n t o  mined-out posit ions 

of the  p i t .  Mining of 30 gallons per ton o i l  shale  su f f i c i en t  t o  



support a 100,000-barrel-per-day open p i t  operation (Colorado) 

would require o f f - s i t e  disposal of up t o  250 mil l ion cubic yards 

of overburden before p i t  re turn could begin. The land area used 

fo r  disposal would be about 1,000 acres. 

During ful l -scale  operation, 148,000 tons per day of processed 

spent shale would be produced a t  a typ ica l  plant and such a plant 

could cause about 140-150 acres per year t o  be covered with spent 

shale i f  a canyon i n  the  shale area were f i l l e d  t o  a depth of 

250 feet .  The actual area  affected would depend upon the  thick- 

ness of the overburden and o i l  shale, the mining plan, and the 

r a t e  of development and res torat ion as detai led i n  Volume 111, 

Chapter 111, f o r  a hypotheti'cal surface mine i n  Colorado. 

The resu l t s  of t h a t  analysis referenced above a re  shown i n  

/ 

Figure 111-1 for  a 30-year development period. Total  land required 

fo r  a l l  a c t iv i t i e s  (including processing f a c i l i t i e s )  is a maximum 

of 6,650 acres a t  the end of 30 years. Restoration i s  assumed t o  

proceed as soon as the ultimate height of the waste disposal p i l e  

has been reached for  a spec i f ic  canyon. Three years thereaf te r ,  

11 - 
the area is assumed to  have been revegetated. These da t a  indicate  

tha t  the t o t a l  land not usable i s  s imilar  fo r  an operation t h a t  uses 

a l l  surface disposal (3,400 acres) as compared t o  one t h a t  uses back- 

f i l l i n g  (2,700 acres). I f  surface disposal i s  used, s i x  typical  can- 

yons would be affected. I f  backfi l l ing operations a r e  employed, 

11 Revegetation success i n  covering large areas t o  re ta rd  erosion 
and provide forage f o r  wi ld l i fe  and c a t t l e  over sustained periods 
of time s t i l l  requires research. Reestablishment of climax 
forest-type vegetation is  not l ike ly  except over long time 
periods. See Chapter I, section D.1. 



YEARS 

Figure 111-lr-Land Requirements for a 100,000-Barrel-Per-Day Surface- 
Mine for a 30-Y3ar Development Period. 



- t h r e e  t y p i c a l  canyons would be needed. De ta i l s  of these  poss ib le  

opt ions  a r e  given i n  Volume 111, Chapter 11. 

b. Land Requirements f o r  Underground Mining 

Room-and-pillar underground mining would probably be t h e  

method most commonly employed f o r  t h e  i n i t i a l  development of o i l  

sha le .  This type of mining, with most opera t ions  underground,' 

would require only about 10  ac res  of su r face  land f o r  .the mine p lan t .  

However, the  surface  involved i n  t h e  d isposal  of ' t h e  processed 

sha le  produced by r e t o r t i n g  must a l s o  be considered. Two methods 

a r e  f e a s i b l e  f o r  waste s h a l e  disposal :  (1) t o t a l  su r face  d i sposa l ,  

o r  (2) a combination of su r face  d isposal  and r e t u r n  of t h e  waste t o  

t h e  underground voids l e f t  by mining. 

Tota l  surface  d isposal  would cover from 70 t o  75 ac res  per  

year ,  o r  about 1,500 ac res  over a 20-year period of continuous 

operat ion.  This surface  acreage requirkment could be reduced by 

the  r e tu rn  of some of t h e  waste mater ia l  t o  t h e  mine. Since processed 

spent  shale  occupies a g r e a t e r  volume than t h e  o r i g i n a l  sha le  i n  

p lace ,  and the  mine cannot be completely f i l l e d ,  only  pa r t  of t h e  

waste could be returned t o  t h e  mine. With compaction, it i s  

est imated t h a t  about 60 percent  of t h e  spent  s h a l e  could be re turned 

underground (Chapter I, Section D.2.). During t h e  opera t ion  a t  any 

l e a s e  s i t e ,  about 40 percent would t h e r e f o r e  need t o  be disposed 

of above ground. For a 20-year l e a s e  period t h i s  required surface  

d i sposa l  a rea  would be approximately 450 ac res .  



Three underground developments (two in Colorado and one i n  Utah) 

a re  deta i led in  Volume 111 of t he  Environmental Statement. Data 

developed from these  s tud ies  a r e  depicted i n  Figure 111-2 f o r  

a typ ica l  disposal  option. 

Total  area required over a 30-year period, i f  no mater ia l  i s  

returned t o  the mine-, is 2,210 acres. With back f i l l ,  the a rea  is  

i about 1,100 acres--about the  same as t h a t  calculated f o r  surface 

disposal  followed by the  3-year revegetation cycle. However, as  

I 
with surface mining, the surface  disturbance is  greater  i f  the  

I mater ia l  i s  not returned underground; the  amount of usable land 
1 .  1 

i s  nearly iden t ica l  i n  e i t h e r  case. 

c. Land Requirements For In S i t u  Processing 

I n  Chapter I, Section C.2., a descr ipt ion i s  given of the i n  s i t u  

processing system used f o r  the  following analysis. For t h i s  

i n  s i t u  processing system, development of shale  o i l  would require  

about 50 acres of surface f o r  processing f a c i l i t i e s .  The r a t e  a t  

which land would be disturbed during d r i l l i n g  operations e n t i r e l y  

depends on the cha rac t e r i s t i c s  of the  formation t o  be developed. 

. i 
I 

The range of impact from the  prototype case s tudies  is  given i n  

Figure 111-3. 

I n  s i t u  operations could involve the  eventual use of an e n t i r e  

t r a c t  over a 30-year period, but  the land under development would 

j range from 775 t o  1,790 acres a t  any time a f t e r  the  10th year. 
I 

I 

Impacts on land would be s imi l a r  t o  those previously described 

under coring operations, t h a t  topography of the  surface following 

processing would not be s i gn i f i c an t l y  a l t e red .  
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Figure 111-2---~,nd Requirements for a 50,000 Barrel .Per Day Underground 
Mine for a 30-*r Development Period. 
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Figure 111-3.--Land\ Requirements for a 50,000 Barrel Per Day In S i t u  
Recovery System for a 30-Year Development Period. 



Although now only a remote p o s s i b i l i t y ,  nuclear  methods might 

some day become a p a r t  of the  technology. S ign i f i can t  examination 

of t h e  impact would have t o  await such a development before it 

could be f u l l y  described. The impact areas  of most consequence, 

as indica ted  by current  knowledge, would l i k e l y  include: (1) ground 

motion, (2) r ad ia t ion ,  (3) hydrology, (4) s t r u c t u r a l  response, and 

(5) economics. Much would depend upon t h e  s i z e  of detonation,  the  

locat ion,  and t h e  depth (3). Present  judgments of t h e i r  s i g n i f i -  

cance have t o  be deferred u n t i l  the  p o t e n t i a l  of t h i s  r e l a t i v e l y  

undefined technology can be compared with t h e  choices of the  a l t e r -  

na t ives  involved. Any proposed nuclear  experiment would requ i re  the  

Federal Government t o  prepare a separa te  environmental statement. 

d. Land Requirements f o r  Surface F a c i l i t i e s  

The mined sha le  i s  conveyed t o  a crushing plant  and then t o  a 

r e t o r t i n g  p lan t  &ere i t  i s  heated t o  y i e l d  sha le  o i l  which could 

then be upgraded t o  p ipel ine  qual i ty .  The acreage required f o r  a 

modern, well-engineered processing p lan t  i s  considerably less than 

is  needed f o r  the  mining and spent s h a l e  d i sposa l  operat ions.  A 

50,000 -barre l  -per-day p lan t  would be expected t o  occupy somewhat 

less than 140 acres f o r  t h e  crushing, crushed-shale s torage ,  

r e t o r t i n g ,  o i l  upgrading, o i l  s torage ,  and r e l a t e d  parking, o f f i c e ,  

and shop f a c i l i t i e s .  The o i l ' s t o r a g e  a rea  i t s e l f  would requ i re  

about 40 acres  of t h i s  t o t a l .  For i n  s i t u  operat ions,  a t o t a l  of 

50 acres  would be required f o r  f a c i l i t i e s .  



Off-site requirements would have an effect on the surrounding 

surface area to some degree. Access roads, power and gas trans- 

mission facilities, waterlines, and oil pipelines would need to 

be constructed. Underpasses and suitable fencing may be required 

to reduce interference with wildlife migration patterns and with 

cattle grazing. These impacts are considered in detail in subse- 

quent sections of this Chapter dealing with the particular resources 

or values affected. 

It is expected that new powerlines would be constructed in 

accordance with the environmental criteria referenced in Chapter I, 

Section D. Natural-gas lines also described in Chapter I, as re- 

quired, would be buried underground using existing techniques for 

filling excavations. Water-supply lines would be buried employing 

similar practices. 

Upgraded shale oil from the processing plant sites would be 

moved to refinery centers via connecting pipelines from the sites 

to existing transcontinental pipelines. These connecting lines, 

12 to 16 inches in diameter, would need to be constructed as 

described in Chapter I, Section D.2.e. Eventually, expansion of main 

pipelines would probably become necessary, disturbing the area along 

the existing rights-of-way. 

It is not possible to accurately estimate the total off-site 

surface area that will be disturbed since this will depend on the 

individual site locations (See Volume 111). However, it is expected 

that an additional 1,700 to 2,000 acres would be needed for each 

site, including that of access to the facility by roads. 



e. Urban Land Requirements 

Increased urbanization would be associated with o i l  shale  

development. Because the shale  region is  now predominantly ru ra l ,  

urbanization would inevitably have an environmental impact on the 

area, largely losing land from agr icu l tura l  use tohomesite and 

community development. 

It i s  d i f f i c u l t  t o  quant i ta t ively estimate the cumulative land 

required by urbanization. I n  general, most new permanent urban 

construction probably would be i n  exis t ing population centers a t  

or near the shale lease s i t e s  i n  each State. Temporary employment 

for  plant and urban construction would be substant ia l  (approximately 

equal t o  permanent operating employment), creat ing need f o r  temporary 

housing (mobile home parks, fo r  example) i n  addit ion t o  permanent 

housing, Expansion of support f a c i l i t i e s  (business d i s t r i c t s ,  

hospitals,  and schools) would also r e su l t ,  A few new small cormnu- 

n i t i e s  may appear,but they a re  l ike ly  t o  be scattered,  It is pos- 

s i b l e  tha t  as much as 10,000 acres of land would be urbanized by 

1980 and 15,000 t o  20,000 acres by 1985 as a r e s u l t  of o i l  shale 

processing a c t i v i t i e s  and the resu l tan t  increase i n  regional popu- 

lat ion.  The increase would be dis t r ibuted i n  the  s t a t e s  of Colorado, 

Utah, and Wyoming generally i n  proportion t o  the  level  and type of 

production achieved i n  each State.  

3. Cumulative Land Requirements 

The foregoing analyses of land impacts have been combined with 

the projected development schedule of Table 111-2 t o  develop an 

order-of-magnitude estimate of the cumulative land impact over a 



I period of time. This analysis must necessari ly be approximate 
i 

due t o  the many assumptions tha t  must be made and the very long 

time projection of 30 years. For a 1-million-barrel-per-day level  

of production, the t o t a l  surface area t ha t  would be affected would 

approximate 50,000 acres without backfi l l ing or  about 35,000 acres 
j 

- I  

, i f  backfi l l ing techniques were employed. However, as  shown i n  

Figure 111-4, the cumulative surface area not usable for  other 

purposes begins t o  level  off  a t  about 20,000 acres. This i s  due 

t o  the assumptions of restoration,  volumes of canyons, and the 

I mining plan u t i l i z ing  backfi l l ing methods discussed e a r l i e r  i n  
I 

t h i s  section. Once the 1-million-barrel-per-day leve l  of produc- 

t i o n  is  reached, the annual addition t o  the disturbed area needed 
I 

t o  maintain t h i s  r a t e  is approximately 1,200 acres. 
! 

! 
i I n  addition t o  the land required fo r  the processing complexes 

described above, 15,000 t o  20,000 acres w i l l  be required fo r  urban 

development, and the u t i l i t y  rights-of-way would need probably less  

than 10,000 acres to ta l .  

A s  the technology advances, an o i l  shale complex a t  fu l l - sca le  

production may ex t rac t  recoverable reserves i n  greater  quanti ty 

I 

1 than anticipated i n  developing these da ta  fo r  the lease t r ac t s .  

; 
- 1  

I I n  t h i s  case, development a t  a single surface mine, for  example, 

may be possible fo r  periods of up t o  50 t o  70 years and the  impact, 

therefore, potent ia l ly  greater than the  impact considered i n  t h i s  

analysis. 

I I n  summary, the 30-year t o t a l  aggregated impact for  a 1-million 

I 
barrel- per-day production w i l l  approach 80,000 acres, of which about 



Figure 111-4.--Cumulative Land Requirements for  O i l  Shale 
Development for  a 30-Year Period Related t o  an Ultimate 
Production o f  1 -Mi l l ionBarre l s  Per Day by 1985. 



50,000 acres w i l l  be required f o r  production, 10,000 acres f a r  

u t i l i t y  corr idors ,  and up t o  20,000 acres  f o r  urban expansion, 

4, Cumulative Regional Impact on Vegetation 

O i l  shale  development a t  t h e  1-million-barrel-per-day l eve l  of 

operations w i l l  require  up t o  80,000 acres  over a 30-year period 

f o r  mining, processing, waste d isposal ,  u t i l i t y  cor r idors ,  urban 

needs,and a l l  associated f a c i l i t i e s ,  Revegetation e f f o r t s  w i l l  

follow i n i t i a l  land disturbance and, i f  successful ,  w i l l  maintain 

the continuing l eve l  of disturbed surface  a t  about 20,000 acres a s  

production continues over time. Present grasslands,  shrub, and 

t r e e  vegetat ion on these a r e a s w i l l  be destroyed. Revegetation 

w i l l  be s t a r t e d  as soon as. development operations permit,but con- 

s ide rab le  time w i l l  be required t o  rees tab l i sh  shrub and t r e e  

cover i n  the  pa t t e rn  of e x i s t i n g  vegetation. Various shrub-grass 

types now cover about 67 percent of the  region,and f o r e s t  types, 

including the extensive pinyon-juniper type, cover about 33 percent. 

Grasses can usually be well es tabl ished i n  3 t o  5 years on s o i l s  

of the  region, Successful establishment and enduring cover over 

large  areas has y e t  t o  be demonstrated. Shrub and t r e e  species  

can o rd ina r i ly  be es tabl ished on small areas i n  5 t o  10 years ,but  

t r e e s  o f t en  require 50 t o  100 years t o  grow t o  s i z e s  s i m i l a r  t o  

those of mature stands now occurring i n  t h e  area, Successful 

establishment of shrub and t r e e  cover over large  areas and under 

varying conditions is  uncertain,  

Once a revegetated p lan t  community is  es tabl ished,  management 

of b i o t i c  influences w i l l  determine i t s  successional  course, I f  



excessive grazing is allowed, the plant community w i l l  regress 

toward lower successional stages of plant life,and erosion on 

waste shale areas w i l l  increase significantly.  I£ grazing is 

controlled on revegetated areas, plant succession should ultimately 

move toward the potent ial  plant community tha t  each s i t e  w i l l  

support for  i t s  micro climate and s o i l  conditions. 

Plant communities and s o i l s  generally evolve together. On 

disturbed areas, revegetation w i l l  be accomplished on s o i l s  that  

have evolved with the indigenous plant community. Spent shale 

material, however, has s ignif icant ly d i f fe rent  properties than 

the s o i l s  that  have evolved on the shale s i t e s  ( 4  ). Based on - 
present knowledge, the spent shale material w i l l  more closely 

resemble the undeveloped sa l ine  so i l s  of the s a l t  desert  shrub 

type. Unless the spent shale material is managed i n  a manner 

similar t o  that  described i n  Chapter I, Section D . l . ,  successful 

revegetation may be limited to  sal t - tolerant  species. Since a l l  

disturbed areas w i l l  not be on public lands, t h i s  same degree of 

management and control cannot be assumed for  a l l  lands. 

I f  sa l t - to le rant  plants are  established, some plant success- 

ional ac t iv i ty  would probably occur as natural  climatic factors 

modify the s o i l  conditions over time. However, vegetation estab- 

lishment on spent shale materials has not been observed long 

enough under varied conditions to  provide a basis for  predicting 

the extent and r a t e  of the successional changes t h a t  would occur 

or the maintenance requirements for  an enduring soil-holding cover. 



I If irrigation is withdrawn from spent shale sites densely vege- 

tated with non-adapted plants, the natural climate could not support 

the stands. However, if stands of native plants are adapted to the 

site and are more sparsely established by the same methods, these 

. I . . . . . . . . . .  . . . .  - .......... . . .  . . 
would probably persist and progress towards a potential plant commu- 

. .... : . : .  .::,,::I ...... ; . . . . .  ............ . . . . . .  :i . . 

. . . . . . . . .  
nity resembling the surrounding natural communities. This process 
-, 

could require lengthy periods of time. Any inability to establish or 

hold an effective soil stablizing vegetative cover on the cumulative 
. 1 . . .  . . . .  . . . .  . . . . .  :: :.j . . . . .  . . . .  . :. . . . . . . .  . . .  

. . . . 
area of the waste piles would lead to their accelerated erosion. 

. . 
. . . . .  . . . . . . .  ........... . . .  . . .  .:-.I . . . . . . . . . .  Although oil shale development is cumulative in nature, the di- 

........... ...:......::: .,.! . . . . . . . . . . . .  . . .  . ! 

rect impact on timber growing stock over time would probably the rela- 

tively small and on commercial forest stands relatively minor. There 

are about 17 million acres of forest in the upper Colorado River 

Basin, most of which lie outside the oil shale region at higher alti- 

tudes. Within the shale region itself, most of the forest area is 

non-commercial in character, pinyon-juniper being the dominate forest 

type involved. However, there would be a stimulus to timber harvest- 

ing in the Upper Basin for increased production of wood products from 

. . .  . .~ . . . . .  . . . . . . . .  I . . . .  . . . . . . . . .  . . . . . . . . . . . .  
commercial forest areas to satisfy increased demand for construction 

r-.. ....... .-:.I ............ 
I 

. . .  . . . .  . . . . . . .  1 . . .  . . . . . . .  . . :: . . . . . . . . .  
material. Grazing by wildlife and livestock and watershed protection 

. . .  :. , 
.! . . . . . .  . . .  

. .  . . . i  

j will be adversely-affected due to oil shale development as discussed 

in subsequent sections of this chapter. 

In summary, the aggregate impact on vegetation will be: (1) com- 
. . . . . . . . .  . . . . . . . . .  . .  , . . . . . . . .  
. . . . . . .  ! . . . . . .  .; . . . . . . .  ...I . . . . . .  . . .  plete removal or burial of existing vegetat-ive cover'on disturbed , 

areas, (2) reduced capacity to control erosion in all dffected local- 

ities increasing the need for extensive solid waste management and 
I 

attempts at large scale revegetation, (3) change in the mix of tree, 

shrub and grass species now occurring on the areas, (4) reversal of 
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the natural plant succession toward an enduring climax vegetative 

cover types, and (5) an adverse effect of uncertain degree and dura- 

tion on the soil-holding capability of'the introduced cover and its 

direct utility as substitute wildlife food and cover. 

5. Cumulative Impact on Regional Land Use 

Cumulative land-use changes are anticipated in the oil shale 

areas as industrialization progresses, The present pattern of land 

ownership is expected to remain essentially unchanged, but pat terns 

and intensity of land use could shift significantly. 

Nearly all the oil shale region's Federally owned lands, which 
J 

comprise 72 percent of the total, have been classified for retention 

in public ownership and continued multiple-use management, The 

present primary uses are livestock grazing, as wildlife habitat, 

for outdoor recreation, and petroleum exploration and production, 

The same lands have significant watershed protection values as 

part of the upper Colorado River Basin watershed. 

Use patterns on the bulk of the State and private lands which 

comprise the remaining 28 percent of the region are similar to the 

Federal land-use patterns. Cultivated and/or irrigated lands 

account for only about 4 percent of the total land surface; because 

of the sparse population and very limited industrial development, 

acreages devoted to residential and industrial uses are very minor. 

This ownership and use pattern is typical of much of the Upper 

Colorado River Basin within which the oil shale region is located, 

However, agricultural, industrial, commercial, municipal, and 

residential uses account for a higher percentage of the Upper 

Colorado River Basin as a whole than of the oil shale region itself, 



T i t l e  t o  Federal lands i n  t h e  o i l  sha le  a r e a  has been clouded 

f o r  years because of t h e  exis tence  of unpatented mining claims, 

Unpatented mining claims have been f i l e d  on e s s e n t i a l l y  a l l  Federal ly 

owned lands f o r  loca tab le ,  a s  w e l l  a s  now leasable  minerals,  

including o i l  shale.  The dlaims a r e  of two classes--those f i l e d  

before passage of t h e  Mineral Leasing A c t  of 1920 (general ly f o r  

o i l  shale)  and those f i l e d  subsequent t o  1920 a f t e r  o i l  sha le  had 

been c l a s s i f i e d  as  a l easab le  mineral not  sub jec t .  t o  location,  

Public Land Order 4522 dated  September 23, 1968, withdrew some 

12 mi l l ion  acres o f F e d e r a l  o i l  sha le  lands from a l l  £oms of 

location.  A l l  mining claims on lands withdrawn by PLO 4522 a r e  

being systematical ly inventoried,  t h e  present  ownership of the 

4 

claims i s  being determined,and owners are being contacted r e l a t i v e  

t o  relinquishments o r  i n i t i a t i o n  of v a l i d i t y  determination-contest 

proceedings. 

A la rge  por t ion  of t h e  Piceance Creek Basin and key o i l  sha le  

areas  i n  the Unita and Washakie Basins have been cleared of t i t l e  

c o n f l i c t s  through voluntary relinquishments o r  v a l i d i t y  determination- 

. . . . .  . . . . . .  . . . . .  contes t  proceedings, About 7,000 claims a r e  present ly  i n  'var ious  
. . . . . . . .  . .  ....:I : . . . . . . . . .  .- . . . . . . . . . .  

' . . : . i  . . . . . . . . .  ..! 
s tages  of contes t  proceedings in.Colorado, Utah, and Wyoming. 

. . . . . . . .  . . . . . . . . . . .  
,.-p ., ,.: . . :. .! . . .  . . . . . . . . . .  . .  . . . . .  .-;I 

Determination of t h e  ownership of such contested lands w i l l  impact 

. . .  individual  claimants, b u t  w i l l  eventually al low development t o  

. , 

expand. 
. . . . . . .  ..! . . . . . . . . . . .  i . . . . . . . . . .  . . . . .  . . . . . .  . . . . .  . . . . .  . _ .  _i 

. . . . .  . . . . . .  ' . !  
. . Indus t r i a l i za t ion  w i l l  has ten  c o n f l i c t s  f o r  use of t h e  surface  

resources on public lands. An expanding population and road system 

i w i l l  i n t ens i fy  r e c r e a t i o n a l  land uses of the  na t iona l  f o r e s t s ,  
1 



national parks, monuments, and recreational areas which are located 

in and around the oil shale region. These impacts are considered 

below in Section G of this Qlapter. Increased pressure on an 

Indian reservation and a wildlife refuge located within the region 

may be experienced. Careful planning at the local level will be 

required for orderly growth and development as.discussed in 

Section H of this chapter, Only where vigorously pursued and 

enforced can zoning mechanisms be effective. 

Oil shale development will impact most directly on the existing 

use of the land by fauna (Section E) and on grazing (Section F). 

Eventually, competition for available surface water will be intensi- 

fied, gradually shifting emphasis' from agriculture to industrial and 

municipal use, which could modify and/or arrest the established 

trend toward irrigated farmlands (Section C). Utilization of the 

land surface for mineral exploration and development will increase. 

Over time, the pattern of recreation use will change from primarily 

extensive use (such as hunting) to more intensive urban-related 

activities (such as golf). Areas that are now primitive in character 

will sustain intensified use, thus reducing their long-term produc- 

tivity as a primitive,outdoor-recreation region. 

These impacts will be cumulative in nature and, over time, will 

tend to significantly alter existing patterns of land use. The most 

significant impacts are expected to occur in and around the Piceance, 

Uinta, Washakie, and Green River Basins. 



C. Regional Impact on Water Resources 

Water resources of the  o i l  shale regions of Colorado, Utah, 

and Wyoming are  complex and varied. A s  described i n  Chapter I1 of 

t h i s  Volume, surface water supplies are available from the area 's  

large r ivers  -- the Green, the White, and the Colorado -- most of 

which or iginate  from the higher elevations due t o  r a i n f a l l  and/or 

snowmelt. Ground water i s  also a potent ia l  source of water for  

o i l  shale development, par t icular ly  within the Pi'ceance Creek Basin 

of Colorado. 

Demand for  water w i l l  change with time as an evolving industry 

grows t o  maturity. Demand w i l l  be created fog use i n  processing as 

well as for  use i n  communities that  w i l l  be required t o  support 

indus t r ia l  development. 

The relationship between demand for  and supply of water associ- 

ated with o i l  shale development w i l l  therefore depend on many factors 
\ 

whose relationship w i l l  change over time. 

This sect ion assesses the probable magnitude of the water re- 

quirements, the ground water plus surface water supplies, and the 

probable impact on the region's water resources due t o  o i l  shale 

development. Boundaries on the demand-supply estimates are pro- 

vided through contingency forecasts of .possible  future events. 

1. Demand for  Water 

The water required f o r  processing and for  associated urban 

populations has been the subject of several investigations. I n  1954, 

Prien ( 2 )  estimated tha t  a 1-million-barrel-per-day shale o i l  industry 

would require tha t  227,500 acre-feet of water per year be diverted, 



of which 82,500 acre-fee t  would be returned t o  l o c a l  waters. The 

ne t  consumption f o r  such a s c a l e  of operat ions would t o t a l  145,000 

acre-fee t  per year. 

Cameron and Jones, Inc. mysin 1959, e s tab l i shed  a water- 

d ive r s ion  requirement of 200,000 acre-fee t  per year f o r  a l-mil l ion- 

barrel-per-day operat ion,  of which 130,000 ac re - fee t  per year would 

be consumed. 

I n  1968, the  Department of the  I n t e r i o r  (7) - 'estimated 145,000 

acre-fee t  of water per year  would be required t o  support t h e  1-mil l ion 

barrel-per-day l e v e l  of production, of which 61,000 t o  96,000 acre- 

f e e t  per  year would be consumed. 

A summary of the  above discussed s t u d i e s  is  given i n  Table 

111-4. As  indicated,  the  consumed-water requirement ranges from 

61,000 t o  145,000 acre-fee t  per year f o r  a l-million-barrel-per- 

day industry. These s t u d i e s  have provided important background 

information concerning t h e  general range of water requirements. 

However, the  present s tudy has extended t h e  scope of t h e  e a r l i e r  

s t u d i e s  through examination of t h e  water requirements f o r  shale  

d i sposa l  and revegetat ion and f o r  cooling water f o r  process and 

domestic power. 

Water consumed i n  processing and t h a t  consumed f o r  an 

associated urban population a r e  separa te ly  l i s t e d  i n  Table 111-5 

f o r  various "unit'! s ized commercial developments. These individual  

demand requirements have been combiied according t o  the  projec ted  

schedule of development given previously i n  Table 111-2 t o  enable 

es t imates  of the  t o t a l  water consumed by underground, surface ,  
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Table 111-4. --Water Demand Estimates. 

j 

Y 

Source 

Pr ien,  (I) 

Cameron and 
Jones (6) - 

Department of the  
I n t e r i o r  (7) - 

Demand, acre-feet  per year 

Estimated 
Requirement 

227,500 d iver ted ,  
145,000 consumed f o r  
1 mi l l ion  bbl/day 

252,000 diver ted ,  
159,000 consumed fo r  
1,250,000 bbl/day 

145,000 diver ted ,  
90,000 consumed f o r  
l -mi l l ion  bbl/day 

Adjusted f o r  l-mil l ion- 
barrel-per-day 

o i l  shale  indust ry  

227,500 diver ted ,  
145,000 consumed 

200,000 diver ted ,  
130,000 consumed 

145,000 diver ted ,  
61,000 t o  96,000 

consumed 



Table 111-5.-- Water consumed f o r  Various Rates of Shale O i l  Production ( A ~ r e - f e e t / ~ ~ a r ) ,  

Shale O i l  Production (Barre ls  pe r  day) 

11 Assumes t h e  same technologies  a s  t hose  used t o  develop Table 111-2. - 
21 Assumes development schedule a s  those shown i n  Table 111-2. - 
31 Water used i s  20% by weight of t he  disposed spent  sha le .  - 
Sources: Water requirements for ,mining ,  c rushing ,  r e to r t i ng , and  s h a l e - o i l  upgrading a r e  based on process engineering 

s t u d i e s  by t he  U .  S. Bureau of Mines (8) . Water power requirements a r e  based on Jimeson and Adkins ( 2 ) .  . 
The water  needs f o r  s h a l e  d i s p o s a l  a r e  based on s t a b i l i t y  r e sea rch  by Denver Research I n s t i t u t e  (10)) on 
experimental  work by Colorado S t a t e  Univers i ty  (5) and by t h e  Colony Development Operation (z). Water , 

requirements f o r  r evege t a t i on  of processed o r  spent  s h a l e  w i l l  range from zero  a s  a given a r ea  i s  b u i l t  up, 
t o  about 1 f o o t  per year  f o r  each a c r e  t o  be revegeta ted  (g). Urban popula t ion  a s soc i a t ed  wi th  a given 
p l a n t  s i z e  was made by the  U.S. Bureau of Mines (8) , and t h e  water  demands per  c a p i t a  have been 
obta ined  from t h e  work of Ryan and Wells (13) - . 

1,000,000 
Technology M i $  

6,000- 8,000 
9,000-12,000 

29,000-44,000 
47,000-70,000 
15,000-23,000 

0-12,000 
1,000- 1,000 

107,000-170,000 

13,000-17,000 
1,000- 2,000 

14,000-19,000 
\ 

121,000-189,000 

155,000 

. 
PROCESS REQUIREMENTS 

Mining and Crushing 
Re to r t i ng  
Shale O i l  Upgrading 
Processed Shale Disposal  
Power Requirements 
Revegetat ion 
San i t a ry  Use 

Subto ta l  

ASSOCIATED URBAN 

; Domest icuse  
Domestic Power 

W 
c. 

Subto ta l  

GRAND TOTAL 

AVERAGE VALUE 

100,000 
Surface Mine 

730-1,020 
1,170-1,460 
2,920-4,380 2l 5,840-8,750 
1,460-2,040 

0- 700 
30- 70 

12,150-18,420 

1,140-1,530 
110- 150 

1,250-1,680 

13,400-20,100 

16,800 

50,000 
Underground 

370- 510 
580- 730 

1,460-2,190 J 2,900-4,400 
730-1,020 

0- 700 
20- 50 

6,060-9,600 

670- 910 
70- 90 

740-1,000 

6,800-10,600 

8,700 

50,000 
I n  S i t u  

--- --- 
1,460-2,220 - - - 

730-1,820 
0- 700 

20- 40 

2,210-4,780 

720-840 
70- 80 

790-920 

3,000-5,700 

4,400 

400,000 
Technology ~ i x a  

2,600- 3,600 
4,100- 5,100 

11,700-17,500 
20,400,30,900 
5,800- 9,200 

0- 4,900 
200- 300 

44,800-71,500 

5,400-6,900 
500- 600 

5,900-7,500 

50,700-79,000 

65,000 



. . . . . .  . . . . . . . . . .  ; 

. . . . .  . . .. ; . . . .  and in situ mining technologies that, in combination, may expand 
. . ,  .., . . . . . .  

- .  
to the 400,000- or1,000,000-barrel-per-day level of production. 

As shown in Table 111-5, the water consumed estimates for 

processing in the 1-million-barrel-per-day development scale ranges 

1 . . .  - from 107,000 to 170,000 acre-feet per year, and that consumed by 
. . . . . . . . .  . . .  ............ 1 . . . . . . . . . . .  . . . . . .  ..??... ..> > .. ..;>...I ;. :.: :;.: 1 
. ,  . .  . .  ..'.'..:-.I. .....: ! . . . . . . .  the urban population associated with this scale of operation ranges 

from 14,000 to 19,000 acre-feet per year. The grand total, 121,000 

to 189,000 acre-feet per year, is higher than the studies presented 

i 
i in Table 111-4 due largely to the added water demands for processed 

. . . . . . .  . . . . . .  . . . . . . . . . . . .  
............ . . . . . . .  1 

shale disposal, revegetation, and power. In the present study, 
. . .  ............... . . . . .  . . . . . . . . . . . .  ............. ... :. . . . .  ..:I 

i this range is considered to be the most likely requirement for 

I consumed water. However, waterv consumed may be higher or it may 
i 

be lower, depending on various contingencies considered below. 

! a. Demand Contingencies 

In the estimates of water needs given above, certain of the 

components considered in an integrated processing system can be 

estimated with a high degree of certainty, e.g,, mining and crushing, 

retorting, ~d upgrading, In other operations, viable technical 
. . '  . . . . . . . .  . . . . . . .  . . . . . . . . . . . . .  . . . . . . .  ...................... ................ 

. . . . . .  .. .! alternatives exist which significantly change the water required 
. .  : . : . . . ;  .I . . . . .  . . . . . . . . . .  . . . .  . . . . . . . .  . . . . . . .  " . . . . .  '.! . . . . . . . . .  .............. . . ,  to acconiplish the same end, e,g., aerial condensers versus water 

. . . . . .  . . . . . . . . .  ..! 
I 

cooling for use in power generation, 

The true water needs for shale disposal and revegetation are 

yet to be established in large-scale operations; hence, water 

1 

estimates for these operations could be subject to considerable 

error, A final factor that needs to be considered is the extent 

i 
I 

1 
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t o  which o i l  s h a l e  development may s t i m u l a t e  t h e  growth of 

a n c i l l a r y  i n d u s t r i a l  development,thereby increas ing t h e  demand 

f o r  water. 

This  s e c t i o n  considers  major demand contingencies t o  es- 

t a b l i s h  t h e  boundaries on the  most l i k e l y  water demand es t imate  

given i n  t h e  s e c t i o n  above. 

(1) Mining and Crushing - The water consumed i n  mining and 

crushing f o r  e i t h e r  an underground o r  s u r f a c e  mining opera t ion  

is w e l l  e s t ab l i shed  and r e l a t i v e l y  i n s i g n i f i c a n t  i n  t h e  o v e r a l l  

water. balance (about 5 percent) ,  being l imi ted  genera l ly  t o  dus t  

control .  The importance of water i s  not  the  quan t i ty  required 

but the  water t h a t  may be provided by t h e  mine and benef ica l ly  

used i n  o the r  phases of the  operat ion.  Produced mine water is  

considered below i n  d e t a i l  under "Supply of Water" (2. ) . 

(2) Retor t ing  - The r e t o r t i n g  systems discussed i n  Chapter I, 

Section C . l  of t h i s  Volume have well-established water demand 

requirements. Each, i n  f a c t ,  produces s u b s t a n t i a l  q u a n t i t i e s  of 

water t h a t  range from 2 t o  10 gal lons  per ton  of s h a l e  processed. 

From an o v e r a l l  sense,  the  7 percent  required f o r  t h i s  opera t ion  

is r e l a t i v e l y  ins ign i f i can t .  

(3) Upgrading - Shale o i l  upgrading has  normally been 

considered a necess i ty  i n  o i l  sha le  development due t o  the  poor 

flow c h a r a c t e r i s t i c s  of the  raw product. However, a  recent  pa ten t  

(14)has  - suggested t h a t  p a r t i a l  r e f i n i n g  is  no t  a  necess i ty  s i n c e  



the pour point of crude shale oil can be reduced to OOF to 20%. 

Also, oils produced by in situ means may have superior flow 

characteristics over those produced by conventional above-ground 

retorting systems (Table 1-8, Chapter I). Thus, it may be 

possible through technology to significantly reduce the water 

consumed for shale oil upgrading which, in Table 111-5, is esti- 

mated to range from 29,000 to 44,000 acre-feet per year (about 

20 percent of the total water consumed for the l-killion-barrel- 

per-day scale of operations). 

(4) Processed Shale Disposal - This accounts for nearly 
40 percent of the water needs for an oil shale industry and is still 

in the experimental stage. In full-scale operations, water re- 

quirements may be either higher or lower than estimated in Table 

111-5. It could be higher, for example, if slurry disposal is 

used which would increase the water consumed by about 880 acre-feet 

per year for a typical 50,000-barrel-~er-da~ operation. Applied 

to the mix of technology used to develop the water-demand table, 

this would increase demand by 14,000 acre-feet over that presented 

in Table 111-5 for the 1-million-barrel-per-day industry. 

Conversely, the demand estimates for this function may 

prove to be as high as actual experience is gained in solid-waste 

management. Assuming 50-percent less water is required 

than is given in the lower value for this function Table 

111-5, about 23,000 acre-feet less water would be required 



than t h e  121,000 t o  189,000 ac re - fee t  bes t  est imate f o r  t h e  

1-million-barrel-per-day industry. 

(5) Power Generation - Select ion of t h e  type of cooling 

systems f o r  p lan t s  t h a t  generate e l e c t r i c i t y  f o r  use i n  t h e  p lan t  

and f o r  use by the  associa ted  urban population w i l l  have a s i g n i f -  

icant  impact on the  water resources of t h e  region. About 1,000 

MM of power (1,600 MU i n s t a l l e d )  w i l l  be required t o  support the  

processing requirements of a 1-million-barrel-per-day shale  o i l  

industry,  and about 80 MW w i l l  be required f o r  the  urban support 

, population estimated t o  t o t a l  115,000 persons. The cur ren t  i n s t a l l e d  

capacity of t h e  t r i - S t a t e  a r e a  i s  3,528 MW. An increase of approxi- 

mately 1,600 MW ( ins ta l l ed )  f o r  a l-milli~n-barrel-per-day sha le  

o i l  industry represents  an increase  of almost 50 percent. This 

analys is  assumes t h a t  the  power w i l l  be generated i n  the  o i l  sha le  

region, although some of the  power could be supplied from sources 

- 
outs ide  t h e  region,  thus reducing regional  water requirements. 

Water consumed f o r  power cooling is estimated t o  range from 16,000 

t o  25,000 ac re - fee t  per year,  about 13 percent  of the  t o t a l  f o r  t h e  

1-million-barrel-per-day industry. 

Selec t ion of t h e  choice of a s u i t a b l e  means of d i s s i p a t i n g  

waste hea t  w i l l  depend on a number of f a c t o r s  as  outl ined i n  a 

recent  review (2): 

... The p r inc ipa l  types now i n  use o r  planned are:  
(1) Once-through (cooling) using f r e s h  o r  

s a l i n e  water; 
(2) Cooling ponds; 
(3) Wet cooling towers; and 
(4) Dry cooling towers. 



Once-through cooling systems are generally used 
where adequate supplies of water are available and no 
significant adverse effects on water quality are expected. 
Sources of water include rivers, lakes, estuaries, and 
the ocean. Once-through systems are normally more eco- 
nomical than other systems. The only consumptive water 
uses are those resulting from increased evaporation in 
the source water bodies because of the addition of heat. 

Where water supplies are limited and suitable sites 
are available, cooling ponds may be constructed so that 
water may be recirculated between the condenser and the 
pond. Sufficient inflow would be needed, either from 
upstream runoff or by diversion from another stream, to 
replace the natural evaporation and the evaporation in- 
duced by the addition of heat to the pond. A pond surface 
area of one to two acres per megawatt of plant capacity 
is normally required to dissipate the heat. Cooling ponds 
are frequently used for other beneficial purposes, in- 
cluding recreation. 

Where conditions are not favorable for once-through 
cooling or for the construction of cooling ponds, cooling 
towers are generally employed for the dissipation of waste 
heat. Cooling towers may be used to provide full cooling 
requirements, to provide full cooling during parts of the 
year, or to provide partial cooling during certain periods 
or throughout the year. In wet cooling towers, the warm 
water is brought in direct contact with a flow of air,and 
the heat is dissipated principally by evaporation. Cooling 
towers may be either of naturaL or mechanical-draft design. 
Because of the large structures involved and the added 
pumping and other costs, wet cooling towers are usually 
more expensive than once-through systems or cooling ponds. 

As a rule of thumb, a lO&MW plant operating with a 
15O~ temperature rise across its condenser requires a 
cooling water flow of about 1,400 cfs if fossil-fired 
and 2,000 cfs if nuclear. With once-through cooling, 
the consumptive use of water for each type plant of this 
size is about 12 and 17 cfs, respectively. The consump- 
tive use increases to 16 and 27 cfs for cooling ponds and 
28 to 40 cfs when wet cooling towers are employed. Con- 
sumptive use represents about one percent of condenser 
flow in once-through cooling and two percent in wet cooling 
towers. 

Currently, the maximum size of a wet cooling tower 
employing natural draft is about 400 feet in diameter 
and 450 feet high, A tower of this size can provide 
the cooling requirements for a 500-MW nuclear plant or 
an 800.-MW fossil-fired plant. 



Wet cooling towers using mechanical draft are con- 
structed in multiple cells and a plant may contain one or 
more banks of cells. Forced draft type fan diameters are 
limited to 12 feet or less, compared to nearly 60 feet 
for the induced draft type, which necessitates more cells 
for a given capacity. 

In a dry cooling tower, the water would circulate 
in a closed system with the cooling provided by a flow 
of air created either by mechanical or natural draft. 
No water would be lost by evaporation. Because of the 
large surface area required for heat transfer and the 
large volumes of air needed to be circulated, however, 
dry cooling towers are substantially more expensive than 
wet towers. There are no large dry cooling towers at 
power plants in this country. Recently, a dry cooling 
tower for a 20 MU plant was constructed in Wyoming. 

From the above, consumptive use of water for fossil fuel plants 

will vary from 0 to 28 acre-feet annually per megawatt of generating 

capacity. For the individual cooling system, these requirements are 

as follows: 

Annual Water Consumption 
Acre-feet per Megawatt of Generating Capacity 

Dry cooling tower 0 
Once- through 12 
Cooling ponds 16 
Wet cooling towers 28 

A value of 15 acre-feet annually per megawatt of generating 

capacity was assumed to be the most likely estimate of water require- 

ments and was used in the cooling water estimates given in Table 111-4. 

If 10 acre-feet of water per megawatt of power is assumed, water con- 

sumed by the 1-million-barrel-per-day industrial development would 

be reduced to about 10,000 acre-feet per year. Conversely, an 

assumption of all wet cooling towers at 28 acre-feet annually per 

megawatt of generating capacity would increase water consumption 

to about 37,000 to 45,000 acre-feet per year. 
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(6) Revegetation - While d isposal  is a c t u a l l y  taking place,  

! very l i t t l e  water would be required f o r  revegetat ion.  I n  the  case  

de ta i l ed  i n  Volume 111, Chapter 11, t h i s  t i m e  i n t e r v a l  would approxi- 

mate 5 years. Once the  p i l e  had reached i ts  u l t ima te  height ,  

experimental work has indicated  t h a t  about 1 f o o t  of water per 
. . . . . . . . . .  . . .  i . . . . . . . . . . .  . . . . .  

?. .......... . . . . . . . . .  .\ 
; 1 ...... . . .  . . - . . . . - . . .  -7 . . .  year per  acre  is required t o  r e e s t a b l i s h  vegeta t ion (W.However ,  

revegetat ion of n a t u r a l  vegeta t ion has not  y e t  been attempted on 

the  s c a l e  t h a t  would be required f o r  coamercial development. Con- 
. . . . . . . .  . . . . . .  . . . . . . . . . . .  . . . . . .  .i . . . . . . . . . .  . . . . . . . .  

: i .  
sequently, the  ac tua l  amount and t h e  length of  t i m e  required f o r  

........... . . . . . . . . . . .  . . . . . . .  , 

I a p a r t i c u l a r  s i te  has not  been f irmly es tabl ished.  Assuming t h a t  

50-percent more water is required than was estimated i n  Table 111-5 

f o r  the  l-million-barrel-ger-day s c a l e  of opera t ions ,  the  water 

required f o r  revegetat ion would be increased by 6,000 acre-fee t  
I 

! 
! per year. 

(7) Sani tary  and Domestic U s e  - The requirements f o r  

san i t a ry  needs during processing and f o r  domestic uses f o r  

the  associated urban population a r e  r e l a t i v e l y  small ,  about 

10 percent of t h e  consumed water f o r  the  l-million-barrel-.per-day 
. . . . .  . . . . . .  . . . . .  

. . . . . .  . , . . ,  
. . . . . . . . . .  . . . . . . . . . .  ::i .., industry. Cer ta in  types of processes may require  fewer working . . . .  . . !  
. . .  . . .  . . . . . . .  . ' : i  . . . . . . .  . . . . . . . .  . . . . . . . . .  personnel than those described f o r  t h e  typ ica l  case. For example, . . . . . . .  . . . . . . . .  . !  . . . . . .  . . . . . . .  I 

. . . .  - - - . . I  
I . . 900 persons ins tead of 1,200 persons may be able  t o  operate a 

50,000-barrel-per-day o i l  shale  operat ion (%. This would reduce 

. . . . . . . . . . .  ,..: 

the  t o t a l  population needed. t o  support a l-million--barrel-per-day 
. . . . . . .  . . . . . . .  , . . . . . . .  . . . . . .  ............ . i . . . . . . . .  

industry from 115,000 persons t o  96,000 persons. The water required 



f o r  associated s an i t a ry  needs during processing and r e l a t ed  urban 

growth would therefore  be reduced by 3,000 t o  5,000 lacre-feet per 

year  below those needs given i n  Table 111-5. 

(8) Anci l lary  I n d u s t r i a l  Development - It is not  poss ible  t o  

d e t a i l  the types of growth of anc i l l a ry  i n d u s t r i a l  development t ha t  

may be stimulated by o i l  sha le  development. Increased manufacturing 

of mobile homes may be expected,as would expansion of  ex i s t i ng  loca l  

indust r ies  t h a t  produce e l ec t ron i c  components. 'Huwever, these types 

of i ndus t r i a l  developments a r e  not  in tensive  users  of water. 

The sodium minerals i n  o r  associated with o i l  sha l e  depos i t s  

have po ten t ia l  f o r  f u tu r e  development. However, a s  described i n  

Chapter I, Section C.l.f, th ree  cons t ra in t s  w i l l  a c t  t o  r e t a rd  the  

growth of a sodium minerals  industry:  (I) the  unproven na tu re  of 

the  technology, (2) s u i t a b l e  lands, and (3) l imi ted markets. ' ~ h u s ,  

it  is considered unl ikely  t h a t  such processing f a c i l i t i e s  would be 

developed as  an adjunct t o  t he  1-million-barrel-per-klay sha le  o i l  

development considered i n  t h i s  Volume, but  a l i m i t  of two o r  th ree  

p lan t s  u t i l i z i n g  nahcol i t ic /dawsoni t ic  sha le  may eventual ly  be 

supported. Such a minerals  processing indust ry  would s i gn i f i c an t l y  

increase water requirements. 

A recent study by theqBureau of Mines (15) has indicated t ha t  

a plant  t ha t  produces 50,000 ba r r e l s  per day of sha le  o i l  p lus  

nahcoli te  and dawsonite minerals  would require  27,000 t o  38,000 

acre-feet  of water per year. This represents a process-water in -  

crease of 16,000 t o  32,000 acre-feet  per' year over t he  values given 

previously i n  Table 111-5 fo ' r  t he  50,000 -barrel-per-day p lan t  tha t  



produces shale  o i l  only. For two p lan t s ,  the  incremental increase  

i n  process water ranges from 32,000 t o  64,000 acre-fee t  per year,  

o r  up t o  one-third more water than is  required by a l-mil l ion-barrel-  

per-day shale  o i l  industry. 

(9) Summary - A s  discussed i n  the  subsections above, pogsibi l-  

i t ies e x i s t  t h a t  e i t h e r  more o r  less water w i l l  be consumed than 

was fo recas t  i n  Table 111-5. Uncer ta in t ies  e x i s t  concerning the  mix 

and/or type of o i l  shale  development, including the  development of 

anc i l l a ry  i n d u s t r i e s  or  o ther  i n d u s t r i a l  development, growth and 

l eve l  of population, the  e f f i c iency  of water use, and the  e f f e c t s  

of ground water d isposal  and water-r ights  t r a n s f e r s  on supply 

(discussed i n  P a r t  2 below). Some of these  uncer ta in t i e s  can be 

examined by analys is  of the  s e n s i t i v i t y  of projected water demands 

t o  changed assumptions. This analys is  was developed i n  the  pre- 

ceding sect ions ,  the  r e s u l t s  ocwhich a r e  summarized i n  Table 111-6. 

A s  indicated there in ,  technologic developments may require  l e s s  

water for  upgrading. Water f o r  processed shale  d isposal  may be 
' 

higher due t o  t h e  use of s l u r r y  d isposal .  Water f o r  power genera- 

t i o n  may be e i t h e r  higher o r  lower than forecas t .  Revegetation 

may be higher,  b u t  s a n i t a r y  and domestic use of water may be lower 

i f  fewer workers a r e  required. 

Taking the  lower range from Table 111-5 fo r  t h e  l-mil l ion- 

barrel-per-day development (121,000 acre-fee t )  and subtrac t ing the  

range of those demand contingencies which would reduce t h i s  require- 

ment, (39,000 t o  45,000 acre-fee t  per year)  indica tes  the  minimum 

water consumed could be a s  low a s  76,000 t o  82,000 acre-fee t  per 



Table 111-6.--Contingent Water Consumption Forecasts For A 1-Million Barrel-Per-Day Shale Oil Industry. 

11 Estimates based on one or two plants; however, future markets may support three plants - 
(see Chapter I, Section C-1-f.). With three plants, the upper limit would approximate 327,000 
acre-feet of water per year. Development above the 1-million-barrel-per-day level, including 
a commitment to develop the Naval Oil Shale Reserves, would require additional water. 

PROCESS REQUIREMENTS 

Mining and Crushing 
Retorting 
Shale Oil Upgrading 
Processed Shale Disposal 
Power Requirments 
Revegetation 
Sanitary Use 

Subtotal 

ASSOCIATED URBAN 

Domestic Use 
Domestic Power 

Subtotal 

TOTAL 

ANCILLARY DEVELOPMENT 

~ahcolite/dawsonite 

GRAND TOTAL 

Range of 

Lower Range 

6,000 
9,000 

17,000 - 21,000 
24,000 
10,000 

0 
1,OW 

67,000 - 71,000 

9,000 - 11,000 
0 

9,000 - 11,000 
76,000 - 82,000 

- 

76,000 - 82,000 

Water Consumption 

Most Likely 

6,000 - 8,000 
9,000 - 12,000 
29,000 - 44,000 
47,000 - 70,000 
15,000 - 23,000 

0 - 12,000 
1,000 - 1,000 

107,000 - 170,000 

13,000 - 17,000 
1,000 - 2,000 

14,000 - 19,000 
121,000 - 189,000 

- 

121,000 - 189,000 

(Acre-feetlyear) 

Upper Range 

8,000 
12,000 
44,000 
84,000 

37,000 - 45,000 
18,000 
1,000 

204,000 - 212,000 

17,000 
2,000 

19,000 

223,000 - 231,000 

1 
32,000 - 64,000 -/ 

255,000 - 295,000 



year. In a like manner, the maximum estimate from Table 111-5 

(189,000 acre-feet) may be increased by 34,000 to 42,000 acre-feet 

by processing contingencies for a maximum water consumption of 

223,000 to 231,000 acre-feet per year. Nahcolite/dawsonite develop- 

ment would extend this maximum range from 255,000 to 295,000 acre- 

feet per year. 

In summary, it appears that the range of values given in 

Table 111-5 for a 1-million-barrel- per-day industry is a reasonable 
I 

estimate of water requirements; e.g., 121,000 to 189,000 acre-feet 

per year. Process contingencies may either increase or decrease 

the consumption requirements, but these are reasonably well balanced 

and as a practical matter are likely to have offsetting influences. 

For example, upper-range water requirements for processed shale 

disposal may be offset by lower requirements for revegetation, 

The major increase in water consumption is not likely to be due to 

process or related urban development but to the growth of an 

ancillary industry to process nahcolite or dawsonite. 

. . . . .  . i  2. Supply of Water 
: ., : . ;;.;:.I . . . . . . .  . . . .  ............. .................... .. .: 1 . . . . . . .  8 a. Ground Water 
. . . .  -..:.: ..:I . . . . . . . . .  . . .  . . .  . . . . . . . .  -, 
. . . .  . . . . . . . . . . . .  1 . . . .  

. . . . .  ::I 
. . . .I The amount and quality of the ground water produced as a con- 

! 
I sequence of oil shale development plays an important role in the 
I 

overall water demand-supply balance for a maturing oil shale 

:. ,' c .::.:.. . . ................. ......-.:.... . z  . . . . . .  . . . . . . . . . .  .:.;----:i . .  ~ 

industry. The ground water in the Piceance Creek of Colorado is 
. . . .  
: . ,  

! of principal interest in assessing supply potentials since the 
i 
1 oil shale deposits of Utah and Wyoming are not expected to contain 

i substantial amounts of ground water (Chapter 11). 

I 



As  explained i n  Chapter 11, Section B,5,b of t h i s  Volume, 

recent hydrological data indicates tha t  estimates of 2.5 mil l ion 

acre-feet of water i n  storage i n  the Piceance Creek Basin may be 

a very conservative estimate based on a storage coeff ic ient  of 

0.01 (10'~). Weir (16) - reported that  a porosity of 30 percent was 

determined from a sidewall neutron porosity log of 'ho le  RB-D-01 

a t  the Project  Rio Blanco site, and he concluded tha t  the  e f f ec t ive  

storage coeff ic ient  was a t  l ea s t  0.15. Coffin and Bredehoeft 

1 (17) used a storage coeff ic ient  of 0.1 (10' ) fo r  estimating the 

r a t e  of ground water flow in to  an o i l  shale mine. I f  t h i s  storage 

coeff ic ient  were applicable fo r  a l l  the Green River Formation of the 

northern ha l f  of the Piceance Creek  asi in (approximately 630 square 

miles), calculations show about 25 mill ion acre-feet of water i n  

storage which is  used i n  t h i s  analysis as the  best  estimate of 

the ground water i n  storage. 

I n  Colorado, ground water i n  the Green River Formation i s  re- 

charged around the margins of the basin by d i rec t  i n f i l t r a t i o n  of 

precipi ta t ion on outcrops of the aquifers and by downward percola- 

t ion  of water from narrow a l luv ia l  deposits i n  the higher stream 

valleys. The water moves down d ip  toward the cen t ra l  par t  of the  

basin and i s  discharged through springs and seeps i n  the lower par t s  

of the pr incipal  stream valleys,  as  shown i n  the diagrammatic 

section across the Piceance Creek Basin (Figure 111-5). Some of 

the water tha t  enters  the ground on the ridges reappears as fresh- 

water springs i n  adjacent canyons, The remainder moves down d ip  

to  discharge areas. 
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Figure  111-5, DIAGRAMMATIC SECTION ACROSS T H E  BASIN 



Ground water is current ly  being discharged along the  lower 

Piceance and Yellow Creeks where seepage springs a r e  comnon. 

Figure 111-6 i l l u s t r a t e s  the e f f ec t s  of ground water flow through 

rocks containing highly soluble minerals. Ground water i n  the 

recharge area i s  fresh t o  s l i g h t l y  s a l i ne  i n  the southern portion 

near the Rio Blanco-Garfield County l i ne  (See Figure 111-6). This 

water i n i t i a l l y  contains l ess  than 1,000 mg/l of dissolved solids., 

but as it moves through the  aquifer,  the dissolved so l ids  increase, 

mostly from sodium bicarbonate leached from the nahcol i te  t h a t  

occurs i n  the Parachute Creek Member. As t h i s  water i s  discharged 

t o  the  surface i n  the lower Piceance and Yellow Creeks, it contains 

more than 7,000 mg/l of dissolved so l ids ,  which contribute t o  the  

natural  s a l t  loading of the Colorado River system. 

As explained i n  Chapter 11, Section B.5.b, mines developed i n  

Colorado a re  i n i t i a l l y  expected t o  produce large quant i t i es  of water. 

Dewatering t o  lower the water level  ahead of the  mining w i l l  probably 

be necessary. I n  general, lowered water levels  have two pr incipal  

effects-- the  natural  ground water discharge is reduced, and sa l i ne  

water i n  the aquifer moves toward the  point of lowest water level ,  

which u s u a 1 l y . i ~  the point of withdrawal. When natural  ground water 

discharge i s  reduced, the flow of loca l  springs and streams i s  also 

reduced because ground water discharge susta ins  a l l  o r  pa r t  of t he i r  

flow, However, those springs and seeps sustained by the perched water 

zone would not be affected, This lowering of the water i n  the aquifer 

i s  a function of time and r a t e  of withdrawal, LeGrand (24) has 

described the  impact of mine dewatering as follows: 





Sta r t ing  with t he  f i r s t  withdrawal of water from 
a mine, the  movement of some water i n  the  immediate area 
i s  changed i n  d i rec t ion .  The withdrawal of ground water 
causes a lowering of t h e  water l eve l  i n  the  form of an 
inverted cone, the  apex of t he  cone being a t  the  center  
of pumping. A t  f i r s t ,  when mining operations a r e  a t  
shallow leve l s ,  the  cone of depression may not extend 
f a r  l a t e r a l l y .  A s  t h e  apex of the  cone i n  t he  mine 
deepens, the  cone enlarges l a t e r a l l y  a t  a r a t e  t h a t  de- 
pends on the  a b i l i t y  of the  rocks t o  s t o r e  and transmit  
water. The more permeable rocks, t ransmit t ing water 
e a s i l y ,  tend t o  have a shallower but broader cone of 
depression than do the  l e s s  permeable rocks,  such as  
c lays  and unfractured rocks. I n  the  beginning, the  
water pumped out i s  drawn from storage i n  t he  v i c i n i t y  
of the  mine. A s  pumping continues,the cone of depres- 
s ion  enlarges u n t i l  i t  i n t e r rup t s  addi t ional  sources 
equal i n  amount t o  t h a t  pumped out or reduces na tu r a l  
discharge of the  rock un i t  by t ha t  amount. 

I n  order t o  see  graphical ly  what happens when water 
is withdrawn from a mine, Figure 111-7 shows a hypothetical  
mining s i t u a t i o n  i n  homogeneous and i so t rop ic  rocks. 
Notice t ha t  p r io r  t o  mining, the  water t ab l e  i s  depressed 
only toward the streams or  o ther  natura l  discharge areas. 
As  mining operations s t a r t  and a depth of 600 f e e t  is 
reached, the  volume of mate r ia l  represented by "a" is un- 
watered. The cone of depression has extended t o  the  l i m i t s  
of the  mine property. Note t h a t  the water l eve l  i n  the  
water-supply well  of the  mine has lowered and t ha t  i t s  
y ie ld  may be impaired. As  the  mine workings a r e  lowered 
t o  1,500 f ee t ,  an add i t iona l  volume "b" is unwatered, I n  
order t o  keep the  mine dry  a t  1,500 f ee t ,  the  r a t e  of 
pumpage must be g r ea t e r  than a t  the 600-feet leve1,because 
a t  f i r s t  more water has been drawn from s to rage  and the  
cone of depression has enlarged. Note t h a t  a t  the  1,500- 
f e e t  pumping leve l  the  cone extends beyond the  l i m i t s  of 
the  mine property, the  water t a b l e  has f a l l e n  below the  
bottom of the  water-supply well  a t  the  mine, and th ree  
other wells  may dec l ine  i n  y ie ld  because of in te r fe rence  
from the  cone of depression i n  t he  mine. I n  lowering 
the  mine operations t o  the  2,500-feet l eve l ,  t h e  r a t e  of 
pumping may have t o  be increased s t i l l  further,because 
the  cone of depression has enlarged and new sources of 
water enter  the  cone t h a t  could not enter  a t  higher levels .  
The cone has in tersected a swampy area on t he  flood p l a in  
where, previously, water had discharged a s  evapotrans- 
p i ra t ion,  A s  the  water t ab l e  lowers i n  the  flood p la in ,  
t h i s  na tu ra l  discharge i s  diver ted  in to  the  mine. Note, 
a l so ,  t ha t  a ground-water d ivide  no longer e x i s t s  between 
the  mine and the  stream; now a hydraulic gradient  has 
been es tabl ished from the  stream t o  the  mine, and a 
major--perhaps serious--source of recharge has been 
intercepted.  



Figure 111-7.--Cone of Depression as the Consequence of Mine 
Dewatering. 

PLAN VIEW 
Boundary o f  Lease 

-- 

Area (a) unwatered when shaft  was 250 f e e t  deep 
Addit ional area (b) unwatered when shaf t  was 550 f e e t  deep 
Addit ional area (c) unwatered when shaf t  was 1200 f e e t  deep 

Source: Reference (g) 1 



The two p r i n c i p a l  aquifers  i n  the  Piceance Creek Basin 

a re  separated by the  Mahogany bed and a r e  ca l l ed  the  upper-zone 

and the  leached-zone aquifer .  The upper-zone water  is r e l a t i v e l y  

good qua l i ty  i n  t h e  recharge area with a s a l t  content  genera l ly  less 

than 1,000 mg/l. Some of t h i s  water discharges t o  t h e  su r f  ace i n  

springs i n  perched areas  and some percola tes  t o  the  main water table.  

Dissolved s o l i d s  content  of t h e  water from the  lower leached zone 

' r anges  from 2,000 t o  63,000 mg/l. The Mahogany zone is less permeable 

than e i t h e r  t h e  upper zone o r  the  leached zone and a c t s  as  a b a r r i e r  

t o  flow between t h e  zones. However, water is transmitted through the 

Mahogany by f r a c t u r e s  which permit communication between t h e  two zones. 

I n  order t o  mine the  o i l  shale  i n  Colorado, i t  may be necessary 

t o  draw the  water t a b l e  down below the  f l o o r  of the  mine o r  mines. 

As t h i s  water i s  withdrawn over periods of time, the  water  t a b l e  

would be lowered as  i l l u s t r a t e d  i n  Figure 111-7. I n i t i a l  with- 

drawals from t h e  leached zone w i l l  depend on t h e  e l a s t i c i t y  of the  

aquifer  and the  expansion of the water. Subsequently, water flows 

toward the  discharge point  a t  a r a t e  which depends on the  hydraulic 

gradient  and the  t ransmiss iv i ty  of the  aquifer .  The t ransmiss iv i ty  

w i l l  remain constant  as long as  water l eve l s  a re  above the  confinirig 

bed. Af ter  the  w a t e r  l eve l  is lowered t o  a point  beneath the  tap  

of t h e  aquifer ,  ' t h e  t ransmiss iv i ty  w i l l  decrease a s  t h e  sa tura ted  

thickness decreases. 

The amount of  water t o  be pumped from a given mine w i l l  depend 

d i r e c t l y  on t h e  aquifer  c h a r a c t e r i s t i c s ,  the  competency of the  

s t r a t a  overlying and underlying the zone t o  be mined, and the  type 



I of  mine ( sur face  o r  underground). A t  the  present  t ime ,  i t  i s  
I 

I 
I expected t h a t  mining w i l l  be i n i t i a t e d  i n  t he  Mahogany Zone. It is 

not y e t  known i f  water  l e v e l s  above t h i s  zone w i l l  need t o  be 

lowered f o r  underground mining, bu t  f r a c t u r e s  and f a u l t s  may permit  

excessive dra inage  of water  from both the  upper zone and t h e  leached 

zone i n t o  t h e  Mahogany Zone. Should t h i s  occur ,  bulkheading,  pre-  

grout ing,  progress ive  grout ing ,  and overburden dewater ing and 

pumping may be employed t o  e l i m i n a t e  the  inf low of wa te r .  I f  t hese  

measures f a i l ,  it w i l l  be necessary  t o  lower t h e  wa te r  t a b l e  below 

the  Mahogany Zone i n  the  v i c i n i t y  of t h e  mine. It is no t  known 

what t h e  i n i t i a l  r a t e s  of withdrawal w i l l  be,  bu t  based upon hydro- 

% l o g i c a l  d a t a  (See Chapter 11, Sec t ion  B.5.b) t h e  p re sen t  b e s t  e s t ima te  
I 

1 i s  a maximum of 30 cubic f e e t  p e r  second f o r  s u r f a c e  development and 
i 
! 
I 40 cubic f e e t  pe r  second f o r  underground development (22,000 t o ,  

29,000 ac re - f ee t  per  year) .  I n i t i a l  r a t e s  cannot be s u s t a i n e d  and 

may gradual ly  dec l ine  t o  about 18 cubic  f e e t  per  second a t  t h e  end 

of a 30-year pe r iod .  

The cond i t i ons  s e t  f o r t h  above r ep resen t  a s i t u a t i o n  of maximum 

. , environmental impact which w i l l  occur  when both a q u i f e r s  a r e  pumped. 
I 
I 
I That i s ,  t he  q u a n t i t y  of water  t o  be pumped w i l l  be  a maximum and 
, 
1 
I more of t h e  water  w i l l  be s a l i n e ,  which l eads  t o  cons ide ra t ions  o f  
I 

how excess  s a l i n e  waters  may be managed, a s  d i scussed  i n  P a r t  3 .a  

I of t h i s  Sec t ion .  A s  the  q u a n t i t y  and/or  q u a l i t y  of t h e  mine water  

1 decreases ,  i t  i s  a l s o  assumed t h a t  surface-water  sou rces  w i l l  need 
I 

t o  be d i v e r t e d  i n  g rea t e r  q u a n t i t i e s .  The water  ba lance  f o r  bo th  

I 

j 
a su r f ace  and an underground mine i s  explored i n  S e c t i o n  3 ,  below. 



b. Surface Water 

The ava i lab i l i ty  of water from the Colorado River system has 

been detailed i n  Chapter 11, Section B.5.a. Flow i n  the Colorado 

River system i s  highly regulated by major storage reservoirs t ha t  

include Lake Mead, Lake Powell, Navajo Lake, Blue Mesa Reservoir, 

and Flaming Gorge Reservoir. Years of negotiation have led t o  

existing t r ea t i e s ,  compacts, agreements, and court decrees which 

have resulted i n  dividing the water of the r iver  lietween the basin 

s ta tes  and between the United States  and Mexico. Although differences 

in  interpretat ion of the agreements pers i s t  and are  unresolved, the 

t o t a l  amount available for  current and committed future  uses has 

been estimated. 

The virgin flow of the Colorado River a t  Lee Ferry has been 

computed for  various periods of record beginning with 1896. For 

the period 1906 t o  1970, the average annual v i rg in  flow is estimated 

to be about 14,952,000 acre-feet. Annual flows have ranged from 

less  than 6 mill ion acre-feet i n  1934 t o  over 24 mill ion acre-feet  

i n  1917. Since the establishment of the gage a t  Lee Ferry i n  1923, 

the average annual virgin flow a t  t ha t  point on the r ive r  has been 

about 13.8 mill ion acre-feet. 

Under existing agreements, the water potent ia l ly  available 

for  o i l  shale development has been calculated (Chapter 11, Table 11-4). 

As detailed in  tha t  section, some 341,000 acre-feet of water per 

year is potentially available and i s  d i s t r ibu ted  as follows, i n  

acre-feet: 



Colorado 167,000 

Utah 107,000 

Total  341,000 

Indus t r i a l  water can be obtained i n  western Colorado from Bureau 

of Reclamation reservoirs  ( ~ u e d i  and Green Mountain Reservoirs). 

Potent ia l  fu ture  sources could be obtained from pro jec t s  now 

authorized by Congress (Table 11-3, Chapter 11) and po ten t ia l  

pr ivate  projects. I n  addit ion,  many firms known t o  be in teres ted 

i n  o i l  shale development have obtained condit ional  decrees t o  d i r e c t  

flow during the  winter and during. t he  high-runoff season (Table 11-4, 

Chapter 11). Conversion of ex i s t i ng  i r r i ga t i on  r i g h t s  t o  i ndus t r i a l  

use by purchase i s  a l so  possible. 

I n  addition, water could be made available from Flaming Gorge 

Reservoir for  use i n  Wyoming, Utah, or  Colorado, and from the  

Fontenelle Reservoir f o r  use i n  Wyoming. The amount of water t h a t  

may actually be used i n  a given s t a t e ,  however, is  constrained and 

may not exceed ex i s t ing  compact agreements. Thus, the  ac tua l  amount 

potent ia l ly  available fo r  o i l  shale  devel'o~ment is  341,000 acre- 

f ee t ,  even though water i n  excess of t h i s  amount is  current ly  avai l -  

. . 
1'1 

able from exis t ing reservoirs  f o r  use i n  t he  three-Sta te  area. - 

1/ Water is  current ly  ava$lable from: - 
1. Ruedi and Green Mountain Reservoirs, 78,000 acre-feet. 

f o r  use i n  Colorado. 
2. Flaming Gorge Reservoir, 250,000 acre-feet  fo r  use i n  

Wyoming, Colorado, and Utah. 
3. Fontenelle Reservoir, 100,000 acre-feet  f o r  use i n  Wyoming. 



I n  1963, the U.S. supreme Court held t h a t  the  withdrawal of 

land from entry  f o r  Federal use may a l so  r e s u l t  i n  the  reservat ion 

of a Federal water r i g h t  fo r  t he  use of water on the  reserved 

land (19). This has  been assumed t o  include the  Naval O i l  Shale 

Reserve i n  western Colorado. More recent  Supreme Court decisions 

hold t ha t  the  United S t a t e s  has waived sovereign immunity on a 

limited bas i s  i n  s u i t s  t o  adjudicate  Federal water r i g h t s  m. 
A s  a r e s u l t  of these  decisions,  the  Federal Government i s  current ly  

engaged i n  adjudication proceedings i n  water courts  i n  Colorado t o  

determine the  extent  of water r i g h t s  f o r  reserved lands i n  Colorado, 

including the  Naval O i l  Shale Reserve. Unt i l  these proceedings a r e  

completed, the  s t a t u s  of water r i g h t s  f o r  the  Naval O i l  Shale 

Reserve is unknown. 



3. Demand-Supply Water Balances 

The total water demand-supply situation is extremely complex 

and will change with time. The relationship between demand for 

and supply of water is illustrated in Figure 111-8. As shown, 

...... . . . . . .  :': ::.;.:-.-i . .  .., water of low quality can be used for processed shale disposal and 
.......... . -  3 . . . . . . . .  ............. I . . . . . . . . .  - I  

for the mining and crushing operation. However, high quality water 

is needed for retorting, shale oil upgrading, power development, 

revegetation, sanitary use, and associated urban expansion. Both 

I 

the shale oil upgrading and retorting operations produce low-quality 

I 
I water which will be available during the processing life and there- 
1 

fore will significantly reduce the water requirements. For example, 

a 1-million-barrel-per-day shale oil industry is expected to con- 

I sume between 121,000 to 189,000 acre-feet of water per year. This 
i 

I 

I 
I range can be reduced between 10,000 and 40,000 acre-feet per year by 

crediting water obtainable from retorting and shale oil upgrading, 

depending on the processing scheme. 

As explained in the previous Section, it is likely that duri,ng 

the early stages of oil shale development large quantities of-water 

I 

. . I may be available from the initial mines in Colorado. The wells would 
I 

i be equipped with high-lift pumping equipment to lift the water to the 
I 

surface. Based on hydrologic data (Chapter 11, Section B.5.b) and 

the hypothetical mine development given in Volume 111, Chapter 111, 

it is assumed that, of the cumulative water produced, 30 percent will 
I 

! be of high quality and 70 percent of low quality. The distribution 

of the water quality will, however, change with time. Initially, 

the water will be of high quality since it will be coming mostly 
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from the  upper-zone aquifer.  The volume of water pumped from o r  

moving up from the  leached zone aqu i fe r  a s  pressure is  reduced w i l l  

probably increase  with time and w i l l  conta in  more dissolved so l ids .  

Table 111-7 t y p i f i e s  the water balance f o r  e i t h e r  a 50,000- o r  

. . . . . . . .  . . . . . .  . -  .,. . . . - . -  ( j  . . . . . . . .  ...... 
100,000-barrel-per-day sha le  o i l  p lan t  located i n  Colorado and i s  

............... . .  . . I  .. .......... . . .  . . . . .  . . .  . , 

based on the  .detai led water ana lys i s  given i n  Volume 111, Chapter 

I V ,  fo r  prototype Tracts  C-a and C-b. The analys is  assumes t h e  

extreme condit ion of having l a rge  q u a n t i t i e s  of various-quali ty 

mine water ava i l ab le  over t h e  30-year l i f e  of t h e  minelplant com- 
. . . . . . . . . . . . .  ................ ........... . . . . . . . . . . . . . .  .. 9 

. . . .  .............. .:.. ..;,-.:. 1:; :-;. .:,! plex. It i s  a l s o  assumed t h a t  in te r fe rence  from ground-water 
. 

. . . . . . . . . .  
! 

pumpage a t  o the r  mining operat ions i s  not going t o  occur during 

I 

the operat ing phase. These assumptions make t h i s  analys is  extremely 
j 

opt imis t ic  s ince  l i t t l e  water would need t o  be d iver ted  from surface  

sources. By comparison, i f  t h e  mines a r e  dry, a s  i s  l i k e l y  i n  Utah, 

then a l l  water would have t o  be d iver ted  from surface  sources as  

shown i n  Table 111-7. Therefore, a t  one extreme, l a rge  amounts of 

excess mine water of low q u a l i t y  a r e  avai lable  while a t  t h e  o ther  

extreme, no mine water i s  produced. 
- . .  . . . . . . . . :  - 1  . . . . . . . : . . . .  , . . ... . . . . . ...... ., 

. . . . . . . . . . . .  .. . .  . . .  - . ....-.... - -  . . - I  It has been assumed i n  t h i s  ana lys i s  t h a t  a maximum i n i t i a l  
. . . . . . .  . , 

. . .  . . . .  I . . . . . . . . .  . . . . . . . .  . . . . . . . .  ., 
. . . .  

- i - :  . - . - .  .:I volume of water may need t o  be pumped. Such an assumption w i l l  
. . . . . . . . .  . . . . .  .. I . . . .  . . -  . , !  

magnify p o t e n t i a l  environmental impacts, s ince  i t  may be poss ib le  
... 

to  withdraw only the amount and q u a l i t y  of water needed f o r  ac tua l  

operations. It has been estimated from the  hydrologic d a t a  of 

Chapter 11, Section B.5.b. and s i m i l a r  d a t a  giiren i n  Volume 111, 

Chapter 11, t h a t  the maximum i n i t i a l  pumping r a t e s  from both aquifers  

may approximate SO t o  40 cubic f e e t  per  second, depending on mining 



11 Table 111-7.--Thirty Year Curmnulative Demand-Supply Water Balance - 

11 Water requirements and produced water based on a 30-year period. - 
21 This would represent  t h e  maximum diver ted  surface water requirements should no water be ava i lab le  from - 

processing o r  from the  mines. 

Process 

Requirements 

Associated 
Urban 

L 

31 Assumes a maximum pumpting r a t e  of 40 c f s  decl ining t o  18 c f s  i n  t he  30th year.  - 

Thousands of Acre-feet 

High Q u a l i t y  
Water 

Low Q u a l i t y  
Water 

Subto ta l  

High Q u a l i t y  
Water 

41 Assumes maximum i n i t i a l  pumping r a t e  of 30 c f s  decl ining t o  18 c f s  i n  t he  30th year .  - 

Tot a1  

Underground Mine; 50,000 Bblslday Surface Mine; 100,000 Bblslday 

Water 
~equi rement  s i l  

75-127 

88-133 

163-260 

20-27 

184-287 

Diverted 
water 

22-58 

- - 

34-45 

56-103 

Water 
~ r o d u c e d 2 I  

175 

3 73 

- -. 

548 

Excess 
Water 

60-100 

240-285 

- - 

300-385 

Excess 
water 

25-46 

107-195 

- - 

132-241 

Diverted 
Water 

0-12 

- - 

20-27 

20-29 

Water 
~equi rement  s i 1  

151-234 

178-266 

34-45 

363-545 ' 

Water 
Produced $I 

175 

373. 

- - 

548 



method employed, i n  the  i n i t i a l  phases of development and decl ine  t o  

a r a t e  of approximately 1 8  cubic  f e e t  per  second i n  t h e  l a t t e r  s tages  

of development. Over a 30-year period of time, excess wa te r  could 

cumulatively t o t a l  300,000 t o  385,000 acre-fee t  f o r  t h e  50,000- 

barrel-per-day plant .  Surface mine development t o  100,000 b a r r e l s  

per  day would requ i remore  water  than underground development (See 

Table 111-5). Assuming t h e  same pumping r a t e s  a s  above, t h e  amount 

of excess water would be reduced t o  132,000 t o  24,1,000 ac re - fee t .  

Several  technical  options a r e  ava i l ab le  t o  handle excess mine water  

as discussed below. 

a. Excess Mine Water 

I n  t h e  ea r ly  s tages  of o i l  sha le  development, excess water is 

expected t o  be of high q u a l i t y  and may be released d i r e c t l y  t o  

l o c a l  streams. Over t i m e ,  t he  excess mine water w i l l  increase  i n  

sa l in i ty ,and discharge t o  l o c a l  streams w i l l  no longer be poss ib le  

without treatment. 

Desalt ing technology i s  wel l  es tabl ished f o r  waste waters of 

the  type t h a t  may need t o  be t r ea ted .  Gas may be ava i l ab le  from 

the surface  r e t o r t s  which suggests  t h e  p o s s i b i l i t y  of a thermal 

process such as  d i s t i l l a t i o n  being used. Using t h e  d i s t i l l a t i o n  

processes, water recovery up t o  98 percent can be obtained. The 

d i s t i l l e d  water would be approximately 10 ppm dissolved s o l i d s  o r  

l e s s  and could be blended with addi t ional  s a l i n e  water t o  ob ta in  

a product s u i t a b l e  f o r  r e l e a s e  t o  surface  streams. Waste b r i n e  

from t h e  d i s t i l l a t i o n  processes can be disposed i n  conjunction with 



the spent o i l  shale. Because of the low hardness, fouling by 

calcium scale formation should not be a problem. Recovered sodium 

bicarbonate and carbonate minerals may possibly find a market i n  

exist ing trona chemical companies located west of Green River, 

Wyoming. Conceivably, because these companies are  presently 

refining these same chemicals from deep mining operations, a crude 

product obtained from the o i l  shale  waste waters may be of value 

i n  these operations as well as i n  other similar markets (21, - - 22). 

Another option includes so l a r  evaporation of the excess waters. 

A s  indicated i n  the water qua l i ty  impact section below, such evapora- 

t ive  ponds would require large surface areas; from about 4,000 

acres a t  an a l t i t ude  of 4,000 f e e t  a t  10 inches of r a i n f a l l  per 

year t o  nearly 11,000 acres a t  an a l t i t ude  of 7,000 f ee t  assuming 

a r a i n f a l l  of 20 inches per year. 

After suf f ic ien t  amounts of water have been withdrawn, i t  

might be possible t o  re inject  excess mine waters in to  the aquifer,  

or it may be used t o  stimulate recovery of petroleum i n  nearby o i l  

f ie lds ,  Xecycling of the excess mine waters may delay for  many 

years the need for diverting and consuming large amounts of surface 

waters for  o i l  shale development. 

It is  not l i ke ly  that  any one a l te rna t ive  would be employed to  

manage excess mine waters since the quantity and quali ty of these 

waters w i l l  change with time. A more l ike ly  pat tern i n  the ea r ly  

stages of indus t r ia l  development i s  the re lease of good qual i ty  

excess water d i rec t ly  t o  local  streams, A s  needed, treatment of 

the water t o  remove s a l t s  and re lease of treated water may be 
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employed. Storage i n  r e s e r v o i r s  f o r  use i n  subsequent operat ions 

and/or r e i n j e c t i o n  may a l so  be used as the  industry matures. The 

complexity of t h e  l i k e l y  pa t t e rns  indicates  t h e  need f o r  a water 

management plan. 

b . Water Management 

~ l t h o u g h  l a rge  volumes of water may be ava i l ab le  during the  

i n i t i a l  mine development i n  Colorado from mine dewatering, less 

c h a r a c t e r i s t i c s  which w i l l  r equ i re  d i f f e r e n t  engineering solut ions ,  

s ince  i n  one ins tance ,  l a rge  amounts of water may be ava i l ab le  and, 

i n  t h e  o ther ,  l a rge  amounts of water must be diverted.  

pumpage may be required t o  keep new mines dewatered a s . t h e  o i l  sha le  

industry grows t o  maturi ty.  This could be  brought about by a gradual 

decl ine  i n  r a t e s  of flow of ground water from those mines which a r e  

i n  operat ion which i n  t u r n  would draw down t h e  water t a b l e  i n  t h e  

aquifer  a s  a whole. Each mine w i l l  exh ib i t  i t s  own p a r t i c u l a r  

The ac tua l  s i t u a t i o n  w i l l  depend on t i m e  of development, where 

the development takes place,  and t h e  s i z e  of the  process. A mix 

of development i s  the  most l i k e l y  s i t u a t i o n ;  some mine water w i l l  

probably be produced i n i t i a l l y  t o  lessen t h e  requirements f o r  su r -  

face water. I n  t h e  l a t t e r  years ,  however, surface  water would be 

! used and consumed i n  ever increasing quan t i t i e s .  While it cannot 

be p rec i se ly  quant i f ied  a t  t h i s  t i m e ,  t h e  most probable upper l i m i t  

on water consumption w i l l  approximate 189,000 ac re - fee t  per year 

I 
I f o r  a 1-mil l ion b a r r e l  per day industry. (See P a r t  I above). The 

I quant i ty  of surface  water required i n  the l a t t e r  s t age  of development 



will depend largely on what is done with the excess mine water 

produced in the early stages of development and on evolving tech- 

nology. 

A water management plan could involve a number of technical 

alternatives. Initially, water in excess of needs may be (1) re- 

leased to streams, (2) treated and released, or (3) stored for 

future use in impoundments. Following the initial high production 

rate, injection wells could then be employed to restore excess 

water and part of the pressure to the aquifers. The water would 

then be available for use at some later stage of development. 

The injection of saline water into the leached zone would 

cause a pressure build-up in the zone which would be dependent on 

(1) the injection rate, (2) transmissivity and storage coefficient 

of the receiving zone, (3) the length of time after injection 

begins, and (4) the distance from an injection well. The injection 

rate can be controlled-by the number of injection wells relative 

to the quantity of excess water. To demonstrate possible mine water 

problems, Coffin and others (17) - used an average transmissivity for 

the leached zone in the central part of theBasin of about 20,000 

-4 gallons per day per foot and a storage coefficient of 10 to com- 

pute the estimated change in hydraulic pressure caused by pumping 

with time and distance. Pressure increases from injection can be 

estimated in the same manner. 

For the purpose of evaluating the potential pressure increases 

that might be caused by injection of excess water into the leached 

zone, calculations were made assuming an average injection rate of 



! 

: about 450 gpm per w e l l  during the  f i r s t  10 years ,  225 gpm d ~ i r i n g  

the  second 10 years,  and 158 gpm during t h e  t h i r d  10 years (based 

on a decl in ing quant i ty  of excess water) ;  t h e  t ransmiss iv i ty  of 

20,000 ga l lons 'pe r  day per foot ;  and t h e  s to rage  c o e f f i c i e n t  of 

The ca lcula t ions  (Volume 111, Chapter I V .  Section 8.4) show 

t h a t  a t  a d is tance  of 10 f e e t  -from the  i n j e c t i o n  w e l l ,  t h e  pressure 

increase w i l l  be equivalent t o  58 f e e t  of water a t  the  end of the  

f i r s t  10 years  ( i t  would be more i n  t h e  wel l  bore due t o  turbulent  

! 

flow adjacent  t o  the  wel l ) ,  an add i t iona l  increase  of 24 f e e t  during 

- j  the second 10 years,  and another 19 f e e t  during the  t h i r d  10 years,  

making a t o t a l  of 101 f e e t  f o r  a 30-year period. A t  a d i s t ance  of 

I 5,000 t e e t ,  t h e  pressure increase  from one i n j e c t i o n  w e l l  would be 
I 

equivalent t o  42 f e e t  a t  the  end of 30 years. I f  the  s torage  

i - 1 
coef f i c ien t  i s  greater ,  f o r  example 10 , t h e  change i n  water level 

would be l e s s .  A la rge  number of i n j e c t i o n  wel ls  would compound 

the pressure buildup, a s  the  i n j e c t i o n  i n t o  the  well  would increase 

the pressure buildup i n  a l l  o the r  wells  i n  the  well  f i e l d .  Depending 

on the  quant i ty  of water in jec ted ,  t h e  pressure  increases may become 

i too g rea t  t o  allow continued in jec t ion .  
- I 

I 
An increase i n  the  hydraulic pressure  i n  the  leached zone i n  

I 
the  c e n t r a l  p a r t  of the  bas in  would increase  t h e  r a t e  of flow upward 

through the overlying Mahogany zone i n t o  the  upper water-bearing 

zone and eventually i n t o  the Piceance and Yellow Creek i n  t h e  lower 
I 

1 p a r t s  of t h e i r  valleys. T h e ' e f f e c t  of i n j e c t i o n  can be mlnimlzed 

I by proper w e l l  spacing and i n j e c t i o n  r a t e s ,  but  long-term i n j e c t i o n  

a t  high r a t e s  may not be feas ib le .  I n  the  areas  most l i k e l y  t o  be 



affected by in ject ion,  the  qua l i t y  of water i n  the  upper zone is 

natural ly  degraded by upward leakage from the leached zone t o  the 

upper zone. The qual i ty  of the  water i n  local  streams would not 

be degraded i n i t i a l l y .  However, over time, the  s a l i n i t y  of the  

water reaching the  streams may increase should i n j ec t i on  cattse 

an upward movement and surface discharge of poor q u a l i t y  ground water. 

Although requirements f o r  disposal  of excess water may be 

large  due t o  high pumping r a t e s  a t  a given i n i t i a l  mine develop- 

ment, in jec t ion  could reduce the  need t o  t r e a t  excess water. 

Hydrological models could be developed t o  guide water manage- 

ment plans during o i l  shale  expansion. Mine development and subse- 

quent hydrological t e s t  da ta  w i l l  maKe it possible  t o  explore the  

poss ib i l i ty  of re inject ing 'excess water fo r  fu tu re  use. I t  may be 

feas ib le  t o  develop a water management system t h a t  w i l l  minimize 

the need for  diverted water and water treatment while maximizing 

the f u l l  u t i l i z a t i o n  of the  ground water by keeping i t  i n  the area 

f o r  future  use. 

While t h i s  extension of the  useful  l i f e  of the  aquifers  cannot 

now be quantified, such a system would have an e f f e c t  s imilar  t o  

t ha t  shown i n  Figure 111-9. It could defer  f o r  several  years the  

need t o  d iver t  large quan t i t i es  of surface water. Such a system 

would not eliminate the  need for  surface water i n  t h e  long run, 

but proper management might minimize the quanti ty of surface water 

which would be diverted t o  support a mature o i l  shale  i ndus t r i a l  

development. 





4. Impact on Water Resources 

a. Supply 

The water supply available for  o i l  shale development is based 

on the estimated v i rg in  runoff of the Colorado River a t  Lee Ferry 

(Section C.2.6, above) reduced by the Colorado River Compact and 

the Mexican Treaty commitments (Chapter 11, Section B.5.a). It is 

further reduced by exis t ing water use and commitments fo r  future  

potent ia l  development (Tables 11-3 and 11-4, Chapter 2). The e s t i -  

mated supply potent ia l ly  available to-support  o i l  shale  development 

(341,000 acre-feet per year) is also dependent on the ava i l ab i l i t y  

of approximately 26 mil l ion acre-feet of act ive main stem regulatory 

storage capacity i n  excess of local  storage fo r  current  o r  anticipated 

needs. However, i n  drought years, there may not be su f f i c i en t  water 

a t  a l l  points i n  the Upper Basin to  meet a l l  requirements. I n  

general, municipal and industr ia l  water users w i l l  assure firm water 

supplies by buying o r  constructing storage capacity i n  excess of 

current or anticipated needs. Shortages w i l l  therefore most l ike ly  

be sustained by agr icul tural  water users who cannot economically 

pay the cost  t o  provide enough' storage . to eliminate a l l  shortages 

i n  t he i r  water supply. 

  any of the exis t ing applications f o r  water r igh ts  w i l l  never 

be perfected or proven due t o  the lack of water and because the 

development for  which they were f i l e d  w i l l  never come to  real iza-  

tion. However, an expanding o i l  shale industry w i l l  compete for  

the  water available. Thus, competition between water for  o i l  shale 

development with water for  domestic, agriculture,  recreation,  power 



generation, and other industrial uses will increase in direct pro- 

portion to the size of the industry and the availability of ground 

water which will be continuously decreasing. 

As indicated in Part 2 above, "Supply of Water," approximately 

I 341,000 acre-feet per year of surface water is potentially available 
. - 1  

to support an expanding oil shale industry. In addition, an unknown 

! 
part of up to 25 million acre-feet of ground water is potentially available 

to support development in Colorado. Since the likely maxirm con- 

sumptive water requirement is 121,000 to 189,000 acre-feet annually- 

for the 1-million-barrel-per-day scale of operation, the competition 

for water should not be severe. 

If it is assumed that all of the maximum contingent demands are 

realized, and that a nahcolite/dawsonite industrial complex is developed, 

the maximum upper range is still probably within the 341,000 acre-feet 

per year of surface water potentially available, the actual amount of 

surface water that will be made available to support oil shale develop- 

ment is unknown. Thus, the availability of water may eventually act to 

retard the growth of this industry as well as other industrial and 

i agricultural developments. The actual level may well be determined 

by implementation of a water management system for conserving ground 

I water supplies. 

The effect of ground water withdrawals will be cumulative, and 

the amount of water remaining in storage and available for each 
I 
1 succeeding increment of shale oil production will be smaller. 

Although the Green River Formation contains 25 million acre- 

i feet of water in storage, pumping large quantities of water from 



it would change the points of discharge. Continuous pumping of large 

amounts of ground water for a number of years could dry up springs 

over a large part of the basin and stop much of the seepage to the 

creeks. Many of the water holes used by wildlife would disappear 

and the base flow of Piceance and Yellow Creeks would be appreciably 

diminished to the detriment of present appropriators @). 

Ground water discharged to lower Piceance and Yellcw Creeks contains 

several thousand mg/l of dissolved solids. Reducing this discharge will 

tend to decrease the salt load in the river that presently flows into the 

White River. Hcwever, even if the full amount of salt added to the White 

River is eliminated (about 100 tons per day), it would make a minor 

impact on the overall salt balance of the Colorado River system. 

In sunrmary, oil shale development will set in motion a cumulative 

long term change in water use patterns across the oil shale region. This 

change will be small in the initial years of development as ground water 

supplies are depleted. Over time, increasing amounts of surface water 

supplies will be consumptively used, which will intensify competition 

for available supplies. However, it should be noted that both ground- 

water and surface water are subject to an appropriative system which, 

under law, might have a limiting effect on any potential dfmuntion of 

prior appropriative rights. Water for municipal and industrial use will 

eventually assume an enlarged role in the demand-supply patterns. 

Since uncertainties remain concerning supplies, it cannot be 

assumed that the ultimate size of an oil shale industry will be 

limited to a 1-million-barrel-per-day level by the water 

1/ Authorization and construction of new storage projects, success of - 
weather modification and desalting programs, inter-basin transfers, 
present and future claims to water rights, frequency of periods of 
drought, the rate of full utilization of water by the upper Basin 
States, the cost of water management, water rights transfers, and 
ground water disposal. 
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1 supplies now believed t o  be available or potent ia l ly  available i n  
i 

the future. Ultimately, the water need of an expanding o i l  shale 

industry, coupled with other water demands, may intensify  the 

attempts t o  jus t i fy  the need-for water supply augmentation in to  

; the region. New impoundments, were they t o  occur, would a f f ec t  

the recreation uses of the r ivers ,  creating increased opportunities 

for  such a c t i v i t i e s  as boating, but decreasing the e l i g i b i l i t y  of 
I 

the r ivers  for  c lass i f ica t ion  as wild and scenic. 

b. Water Quality 

I 
I 

Sal ini ty  concentrations progressively increase from the head- 

waters t o  the lower reaches of the Colorado River and a re  caused 
i 

by two different  processes (1) s a l t  loading, and (2) s a l t  concen- 

1 trat ing.  The f i r s t  i s  caused by both natural  and manmade s'ources, 
I 
, increasing the s a l i n i t y  by increasing the t o t a l  s a l t  load of the 

river.  By contrast ,  s a l t  concentrating e f fec t s  a re  largely produced 

I 
by removing and consuming re la t ive ly  high quali ty water or  by 

evaporation i n  reservoirs and thereby concentrating s a l t s  i n to  a 

lesser  volume of water. 

The present and expected future  increases i n  the  s a l i n i t y  of 

the Colorado River system have been presented i n  Chapter 11, 

Section A.5, of t h i s  volume. As  discussed therein, water use is  
. . .  

progressively impaired as s a l i n i t y  concentrations r i s e ,  and a t  

threshold levels outlined below, the water is  no longer acceptable 

for  cer ta in  uses. I n  the Colorado River Basin, the expected future  

I s a l i n i t y  concentrations w i l l  only marginally impair in-stream uses 

such as recreation, hydroelectric power generation, and propaga- 

t i on  of aquatic l i f e  (22). 
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I n  the  lower Colorado River, s a l i n i t y  concentrat ions have not  

reached t h e  threshold l eve l s  f o r  municipal, i n d u s t r i a l ,  and agr icul -  

t u r a l  uses. However, some impairment of these  uses is now occurring 

and fu tu re  increases i n  s a l i n i t y  w i l l  increase  t h i s  adverse impact. 

Inves t igat ions  of the  p o t e n t i a l  impact of f u t u r e  s a l i n i t y  l eve l s  

reveal  t h a t  only small e f f e c t s  on water uses could be  an t i c ipa ted  

i n  the  Upper Basin. Water i n  t h e  Upper Basin w i l l  be s u i t a b l e '  f o r  

most purposes even a f t e r  the  projected increases  i n  s a l i n i t y  take 

place. Increases i n  s a l i n i t y  from a c t i v i t i e s  i n  t h e  Upper Basin 

w i l l  t ake  place i f  the  water is diver ted  f o r  i n d u s t r i a l  o r  o the r  

uses, including agr icu l tu ra l .  Diversion of +ha r e l a t i v e l y  low- 

s a l i n i t y  water i n  the  Upper Basin f o r  an o i l  sha le  indust ry  w i l l  

decrease the  d i l u t i o n  of the higher s a l i n i t y  water t h a t  e n t e r s  the  

system below t h e  o i l  s h a l e  area. Diversion of the  same amount of 

water f o r  a g r i c u l t u r a l  purposes could increase  the s a l i n i t y ,  both 

because the r e t u r n  flow w i . l l  b e  concentrated by evapotranspi ra t ion  

and because i t  w i l l  conta in  minerals and f e r t i l i z e r s  leached from 

t h e  s o i l .  

Domestic use comprises t h e  major u t ? l i z a t i o n  of municpial water 

supplies.  Both municipal and i n d u s t r i a l  water users  incur increasing 

cos t s  a s  s a l i n i t y  l eve l s  increase  above 500 rngll, t h e  maximum l e v e l  

recommended by the  U.S. Public Health Service f o r  drinking water 
. . 

standards. Total  hardness, a parameter c lose ly  r e l a t e d  t o  s a l i n i t y ,  

i s  of primary i n t e r e s t  i n  assessing water q u a l i t y  e f f e c t s  on these  

uses. Increases i n  hardness lead t o  added soap and detergent  



consumption, corrosion and scaling of metal water pipes and water 

heaters,  accelerated fabr ic  wear, added water softening costs ,  and 

i n  extreme cases, abandonment of a water supply. By most hardness 

measures, raw water supplies derived from the Colorado River a t  o r  

below Lake Mead would be c l a s s i f i ed  as very hard. 

Boiler feed and cooling water comprise a major portion of 

water used by industry i n  the Basin. Mineral qual i ty  of boi ler  

feed water is an important fac tor  i n  the r a t e  of sca le  formation 

on surfaces, of corrosion i n  the system, and quali ty of produced 

steam. I n  cooling water systems, resistance t o  slime formation and 

corrosion are  affected by mineral quality. The required mineral 

quali ty levels a re  maintained i n  bo i le r  and cooling systems by 

periodically adding an amount of re la t ive ly  good qual i ty  water 

(make-up water) and discharging from the system an equal volume 

of the poorer qual i ty  water (blowdown). 

Sa l in i ty  e f fec t s  on agr icul tural  uses a re  manifested primarily 

by l imitations on the types of crops tha t  may be i r r i ga t ed  with a 

given water supply and by reductions of crop yields  as s a l i n i t y  

levels increase above 500 t o  700 mgll. Other conditions being 

equal, as s a l i n i ty  levels  increase i n  applied i r r i g a t i o n  water, 

s a l i n i ty  levels  i n  the root zone of the  s o i l  also increase. A t  

levels above 1,000 mgll, t he  types of i r r i ga t ed  crops grown may 

be limited,and a t  levels  exceeding 2,000 mgll, only ce r t a in  crops 

can be produced by application of highly specialized and cost ly  

techniques. 



Because d i f fe ren t  crops have d i f fe ren t  tolerances t o  s a l t s  i n  

the root zone, l i m i t s  a re  placed on the types of crops tha t  may be 

grown. When s a l i n i t y  levels i n  the s o i l  increase above the thresh- 

old levels of a crop, progressive impairment of the crop yield 

results.  The primary means of combating detrimental s a l i n i t y  con- 

centrations i n  t h e - s o i l  is t o  switch t o  s a l t  tolerant  crops o r  

t o  apply more i r r iga t ion  water and leach out excess s a l t s  from the 

s o i l  i f  adequate drainage i s  available. 

The previously described physical impacts of s a l i n i t y  upon 

consumptive uses of water can be translated in to  economic values 

by evaluating how each user might a l l ev ia t e  the e f f ec t s  of s a l i n i t y  

incredses. Municipalities could: (1) do nothing and the residents 

would consume more soap and detergents,  or purchase home softening 

uni ts ;  (2) build cent ra l  water softening plants;  or (3) develop 

new, less-mineralized water supplies. Industr ia l  users could com- 

bine more extensive treatment of t h e i r  water supply with the purchase 

of additional make-up water, based upon the economics of prevailing 

conditions. The options available t o  i r r iga t ion  water users a re  

governed by the ava i lab i l i ty  of additional water. I f  the i r r i g a t o r  

does nothing, he w i l l  suffer  economic loss  from decreased crop 

yields. I f  additional water i s  available,  and subsurface drainage 

i s  adequate, root-zone s a l i n i t y  may be reduced by increasing 

leaching-water applications. The i r r i g a t o r  would incur increased 

costs for  purchase of water, fo r  additional labor f o r  water appli- 

cation, and f o r  increased application of f e r t i l i z e r  t o  replace the 

f e r t i l i z e r  leached out. I f  no additional water is available,  the  



irrigator can increase the leaching of salts from the soil by applying 

the same amount of water to lesser acreage. This, of course, results 

in an economic loss, since fewer crops can be grown. Detrimental 

effects can be reduced, in some cases, by the addition of ca~04 to 

the water. The last option is to plant salt tolerant crops. An 
. . I  . 

: . . . . . .  . . . . . .  . .  - . ., . . . .  .i, . ...... . . . . .  - .: .I . . . . . . .  .. I . . . . . .  
I economic loss would usually occur, since salt tolerant crops usually 

produce a lower economic return. 

The economic cost of salinity increases has been estimated by 

the Environmental Protection Agency (13). - The yield-decrement method, 

. .  . . . . . . . . . . . .  . : I  , which measures reductions in crop yield resulting from salinity in- 
.............. . . . . . . . . . . .  ..... ........ ...........: :.:?:I 
........... ! . . . . . . .  ! creases, was selected to evaluate .the economic impact on irrigated 

! agriculture. For industrial use, an estimate of required make-up 
i 
! water associated with salinity increases was selected to calculate 

! the penalty cost. Municipal damages were estimated by calculating 

the required additional soap and detergents needed. 

The economic detriments due to the 1970 salinity levels of 

the Colorado River at Hoover Dam (760 mg/l) was estimated by the 

Environmental Protection Agency to be about $16 million annually 
I 11 . . .  - 

: I . . . . . . . . . .  . . . . . .  . . . . . . . . . . . . .  ., ( 2 3 ) .  Oil shale development will not significantly add to the 
. . . .  ....... -.:: ............. , ........... ....... -. .... .: ............ ::7 

. I . . . . . . . . . . . .  , 
salinity detriment of the Colorado River due to salt concentrating 

. . . . . . . . . . . .  . . . . . . . .  . . ............. . . . . . . . . . .  . . . . . . . . . .  . . . . . .  1.1 . . . . . . . .  . . . . . . . . . .  . . . . . . .  ; . . . . . . . . .  . . . . . .  , -  formany years after development is initiated, assuming no return 

tflows and that substantial amounts of ground water and water from 

the retorts and from upgrading are available for use as discubsed 

in Part 3, above. Over time, ground water supplies will become 

I 
! - 11 Based on salinity levels projected for the analysis. Actual 
I present modified levels for 1970 is 745 mg/l and, therefore, 

the economic detriment is somewhat less than previously estimated. 



depleted, and increasing amounts of surface water will need to be 

used. Eventually, the full 121,000 to 189,000 acre-feet per year 

may be obtained from surface supplies. Under these conditions, the 

salinity at Hoover Dam would increase by about 10 to 15 mg/l ' to 
770 to 775 mg/l. 

Based on the Environmental Protection Agency's analysis of the 

physical and economic impacts of salinity (23), - salinity increases due 

to concentrating effects from oil shale development are expected to 

have only minor impacts on exlsting water users (municipal, industrial, 

agricultural, hydroelectric, recreation, and propagation of aquatic 

life). These impacts can be expressed in economic terms using EPA's 

economic disbenefit of about-$67,000 annually for each milligram per 

liter increase in salinity. The total maximum economic cost asso- 

ciated with a 1-million-barrel-per-day industry (assuming consump- 

'tion of 121,000 to 189,000 acre-feet per year) would range from 

about $670,000 to $1,000,000, an increase from 4 to 6 percent over 

the 1970 level of $16 million attributed to salinity detriments. 

Should ail shale development require the total 341,000 acre-feet 

potentially available (Part 2 above) the salinity-increase at 

Hoover Dam would increase about 27 mg/l and the economic disbenefit 

would approximate $1,800,000, an increase of about 10 percent over 

present levels to 770 to 786 mg/l. 

Salt concentrating impacts represent a minimum expected impact, 

since salt loading due to return flows of water will be additional. 

These returns could come from disturbance of the ground water due 

to reinjection of excess water, leaching of shale disposal piles, 

I/ - Includes an estimated 0.4 mg/l due to the salt loading from 
sewage facilities (See Section H.ld below). 



accidental release of sa l ine  mine waters, with return flows of 

water having s a l t  levels higher than receiving waters. Other 

impacts could occur from accidental release of industr ial  wastes 

such as o i l ,  byproduct storage p i le  leaching, of f -s i te  construction, 

and the release of organic materials t o  aquifers as the consequence 

of i n  s i t u  processing. The cumulative long-term effect  on water 

quality that might occur cannot be to ta l ly  quantified; however, 

it is possible t o  postulate hypothetical examples that present an 

order-of-magnitude estimate of a number of potential  impacts. 

These are presented below. 

5, Potential Impacts on Water Quality - Two Hypothetical, Examples 

The quality of water i n  the o i l  shale regions could be affected 

by several factors as a resul t  of o i l  shale operations, Even though 

there has been no actual experience with large-scale o i l  shale 

operations, one can anticipate several probable practices and 

associated impacts that might resul t  from these operations. 

One of these practices (as discussed i n  Volume 111, Chapter 111) 

is  the disposal of large quantit ies of processed o i l  shale i n  

existing canyons, There i s  the possibi l i ty  of disposal-ni.le 

fa i lure ,  that i s ,  "fall ing in" of the face of the p i le  that  w i l l  

f a c i l i t a t e  erosion and consequently increase s a l t  loadings and 

s i l t  loading of runoff water. Entrance of these waters into 

existing creeks and r ivers  w i l l  have adverse effects.  These 

adverse effects  w i l l  be compounded by the type of flash flooding 

tha t  occasionally occurs i n  the region, 



Another practice tha t  could have potent ia l  water qual i ty  

impact i n  the region i s  the possible impoundment ofwaste water 
. . 

i n  evaporation ponds. Failure of pond dikes could lead t o  dis-' 

persal  of the impounded water. The salt-loaded waters and s i l t  

due t o  erosion.could run off in to  creeks and r ive r s  reducing the  

qual i ty  of the exis t ing water. 

While there are  no da ta  for  assessing the absolute impacts 

from any of the above practices,  estimates can b e  made t o  i l l u s t r a t e  

the potential  maximum water quali ty impacts that  can a r i se .  The 

following sections provide estimates for  the two possible conditions 

of (1) disposal-pile f a i lu re  and f lash flooding, and (2) f a i l u r e  

of evaporation ponds. 

a. Failure of Disposal P i l e  

After the spent shale has been transported t o  a disposal s i t e ,  

provision must be made t o  create  a mechanically Stable disposal 

p i l e  t o  prevent erosion and/or leaching. ~ h a p t e d  I, Section ~ . 1  

detailed the current state-of-the-art tha t  pertains to  the manage- 

ment of solid wastes. The present sect ion examines the possible 

adverse effects  tha t  could increase s a l t  and sediment loading t o  

the Colorado River system as  a consequence of t h i s  disposal 

operation. 

The disposal p i les  a t  the open end of a disposal canyon 

(Volume 1, Chapter I, and Volume 111, Chapter 111) must be engi- 

neered i n  a manner t h a t  w i l l  produce a mechanically s tab le  surface 

because fa i lure  of the foundation w i l l  increase the probabili ty 



t h a t  sediments and s a l t s  leached from such mate r i a l s  w i l l  reach 

loca l  streams. The discuss ion i n  Volume I, Chapter I, Sect ion D . l ,  

while general ly discussing t h e  problems, d id  not q u a n t i t a t i v e l y  

discuss po ten t i a l  water-quali ty impacts. The discuss ion t h a t  

follows considers those f a c t o r s  t h a t  can lead t o  s lope  f a i l u r e  

of a d isposal  p i l e .  

The most common type of s lope  f a i l u r e  i s  r o t a t i o n a l  shear. 

This type of f a i l u r e  occurs when the  mechanical s t a b i l i t y  of t h e  
I 
I 

foundation mater ia ls  i s  lower than t h a t  of t h e  spent sha le  p i l e .  

. . ! . . .  1.. :_ .. .I .............. . . . . . . . .  ............. . . . . . . . . . .  :I Figure 111-10 shows a schematic r epresen ta t ion  of a spent  sha le  
. < . - . . - . . - . - . . .. . . . . . .  . . . . . . . _ _ . . ~ .  I 

1 
I 
i 
i 

disposal  p i l e  and, i f  the  foundation x-xL f a i l s ,  r o t a t i o n a l  s l i p  

I 
! of the  face  would occur. The mass of mate r i a l  included i n  the  

area  ABCEA would r o t a t e  about t h e  center  0 forming a new waste 

p i l e  d i s t r ibu ted  roughly above t h e  a r e a  CB. Some spreading of 

I 

the  mate r i a l s  t o  the  l e f t  and some t o  t h e  r i g h t  of CB would be 

expected as  the top of t h e  p i l e  c r e s t s  and the moving mate r i a l  

comes t o  equilibrium. 

A second type of mechanical f a i l u r e  i s  a l so  possible.  Assume 

. . . . . . . . . .  I . . . . . .  
....:-.. .,.: : ' I  . . . . . .  

< - - the height  D is  increased t o  a point  where t h e  angle ABX does not  ...... .. .... . . . . . . . . . . .  - . , . . . . . . .  - . .  
- 1  

provide slope s t a b i l i t y .  I f  t h e  spent  o i l  shale  i s  s u f f i c i e n t l y  
I 

I 
r ig id ,  t h e  mater ia l  under the  a r e a  ABFA would f a i l  and be deposited 

. . 

a t  the  base of t h e  new slope BY, fanning out t o  the  l e f t  of point B. 

During the  buildup of t h e  waste mate r i a l  t o  i t s  design he igh t ,  
- i 

! 
t some eros ion w i l l  occur. As  indica ted  i n  Chapter I, Sect ion D . 1 ,  

t h i s  mater ia l  can be trapped by a small r e ta in ing  pond and then 

returned and used i n  subsequent d i sposa l  operations. Of p a r t i c u l a r  



Figure 111-10,--Schematic Representation of a Spent 
Oil Shale Pile. 
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concern during the act ive buildup of a disposal p i l e  i s  the 
. . . . . . . .  . : j  

occasional flash flood common t o  the o i l  shale area. The probable 

magnitude of the potential  sediment and sa l in i ty  problems associated 

with such an event on both local waters and on larger receiving 

rivers i s  considered below, 

The principal adverse effects  of s t a b i l i t y  f a i lu re  would be 

the relocation of the open end of the disposal p i le ,  Subsequent 

effects due to  sediment or  s a l t  loading of local Streams w i l l  be 

i l lus t ra ted  by the hypothetical example tha t  follows which considers 

flash flooding. While t h i s  assessment establishes an order-of- 

magnitude estimate of the potentials,  it must necessarily be based 

on experimental data which has not been confirmed by actual obser- 

vation. 

(1) Rainfall Intensi ty - The greatest  concern for  erosion 

potential i n  the o i l  shale regions i s  not with the typical  snow 

or rain that occur throughout the year but with the occasional 

ra infa l l  intensi t ies  which may cause flash flooding, Jennings (25) 

indicated the maximum point ra infa l l  for  Grand Junction, Colorado, 

. . . .  . . . . . . . . . .  for  the period 1900 t o  1961, was as shown i n  Table 111-8. Severe . . . . . . . . .  . . . . . . . . . . .  

flood damage i n  the v ic in i ty  of Rifle, Colorado, i n  August 1930 
. . .  . . . . . .  

. .  ...............i . . . . . .  , . . . . . .  . . . . .  . . .  . : : !  
. . .  . . . : . , . . !  . I was caused by a storm reported to t o t a l  2.18 inches over a 2- 

hour period. However, these towns are i n  low lying valleys,and 

storni intensity i s  frequently greater a t  higher elevations 
. ....... . . . . . . . . . .  . . :i . . . . .  

~. . . . . . . . . . . . .  
. ...!j The data presented i n  Table 111-8 i s  not representative of 

I 

the whole o i l  shale region but does represent an extended period 

of r a in fa l l  intensi ty measurement i n  the Colorado basin. Intense 



Table 111-8.--Peak Rainfall Intensities For Grand Junction, Colorado. 
(1900 - 1961) 

Source: (15) 

Period 
(Minutes) 

5 

10 

30 

60 

360 

1,440 

Amount 
(Inches ) 

0.39 

0.54 

0.66 

0.92 

1.41 

2.50 

Date 

August 22, 1914 

August 22, 1914 

August 5, 1918 

September 2, 1938 

September 2, 1938 

November 17, 1908 



r a i n f a l l  as high as 4.7 inches per hour (12 times the maximum 

r a i n f a l l  for a 5-minute measuring period) has been recorded,but 

i n t ens i t i e s  of t h i s  s i z e  a re  usually not sustained for long periods. 

a The data  also show t h a t  the  high-intensity storms occur largely 

I i n  August and September. 
, .- . i . - - 1  : 

A maximum 6-hour storm i s  often considered fo r  planning pur- 

! pose. U.S. Weather Bureau Technical Paper No. 40 (26) - gives a 

probable maximum 6-hour r a i n f a l l  fo r  a 10 -square -mile -area of 

10 t o  12 inches f o r  the region and is  based on a s e t  of hypothetical 

physical conditions. The 100-year maximum 6-hour r a i n f a l l  i s  given 

a s  2.5 t o  3.0 inches o r  approximately 4 times l e s s  than the probable 

maximum. Probability char ts  (27) - for  May t o  October indicate 

tha t  a 6-hour r a i n f a l l  would t o t a l  1.9 inches only 1 percent of 

the time. For the analysis given below, a r a i n f a l l  in tens i ty  

from 0.3 to  0.5 inches per hour was assumed fo r  a 6-hour period 

(1.8 t o  3.0 inches of water t o t a l ) .  This in tens i ty  was selected 

t o  assess the possible impact due t o  heavy but infrequent amounts 

of ra infa l l .  

(2) Sediment and Leachable Material - I n  t h i s  analysis,  a 

canyon typical  of those described i n  Volume 111, Chapter I V ,  

Section A.2, was assumed t o  be used as a disposal s i t e .  Small 

re tent ion ponds w i l l  normally be employed t o  t rap  materials eroded 

by normal ra infa l l s .  However, i n  the example given below, it i s  
. - i 

i assumed tha t  a l l  impoundments f a i l  due t o  the sever i ty  of the 

rains.  The amount of leachable material  from spent shale depends 

upon the raw material  and the process used i n  re tor t ing.  The 



maximum amount of leachable material  was experimentally determined 

as 1,120 mgI100 gm from spent shale re tor ted by the TOSCO process 

and 970 mgI100 gm from spent shale retorted by the gas combustion 

process ( 4 , p. 46). Converting t h i s  t o  mg/fts using a density of 

3 
100 l b l f t  (Volume I, Chapter I, Table 1-5) indicates about 

3 
500,000 mg/ft of leachable material  for  TOSCO processed shale  

and about 440,000 mg/ft3 for  gas combustion processed shale. 

Runoff of rainwater or melted snow from the disposal s i t e  

would leach the spent shale t o  indeterminate depths. Table 111-9 

gives amounts of material tha t  could be removed by leaching i f  the 

spent shale  p i l e  were leached t o  spec i f ic  average depths .- 'I Runoff 

from the spent shale w i l l  a lso contain suspended solids.  Experi- 

mental values of sediment yield for varying r a i n f a l l  amounts a re  

presented i n  Table 111-10. The range-of values given i n  the tab le  

is  used to  obtain a reasonable estimate of the sediment yield fo r  

r a i n f a l l  i n t ens i t i e s  considered i n  the two hypothetical examples. 

The volme of water for  a spec i f ic  storm intensi ty  over an area of 

700 acres ( the expected area of one spent shale disposal s i t e )  is  

given i n  Table 111-11, assuming diversion channels a re  present so 

t h a t  no water except t ha t  f a l l i ng  on the p i l e  leads t o  leaching or 

erosion. 

(3) Expected Impact from Sa l t s  -In order t o  estimate the 

impact on water quali ty,  a number of other assumptions must a l so  

be made. A storm of 0.3 t o  0.5 inches per hour f o r  6 hours (an 

infrequent but possible occurrence) was chosen based on h i s to r i ca l  

11 Real is t ical ly ,  there  w i l l  be channeling of the spent shale - 
pile .  This assumption above was used to  simplify the calcu- 
lations.  

I11 -84 



P Table 111-9.--Amount of material  t ha t  could be ,leached from 700 
, acres of spent shale i f  it were completely leached 
1 

t o  t he  depth shown. 

Average Depth Leached 
(inches) 

2 

4 

6 

8 

10 

12 

Material  t ha t  could be leached from 700 acres 
(mg 

TOSCO Gas Combustion 

2.5 x 10 
12 

5.1 x 10 
12 

7.6 x 10 
12 

10.2 x 10 12 

12.7 x 10 
12 

12 
15.2 x 10 

2.2 x 10 12 

4.5 x 10 12 

6.7 x 10 12 

8.9 x 10 12 

11.2 x 10 
12 

12 
13.4 x 10 



Table 111-10.--Sediment Yield as a Function of Rainfall. 

Source: 4, p. 61, and pp. 100-109. - 

Rainfall Intensity 
(in/hr) 

0.54 

0.46 

1.00 

1.70 

2.25 

0.94 

0.40 

1.20 

2.12 

1.72 

Density (top 3 inches) Sediment Yield 
(lb/ft3) (lb/ft2/hr) 

86 

86 

86 

86 

8 6 

8 6 

10 1 

101 

101 

10 1 

.0150 

.0067 

. 0 143 

.033 

.083 

.0484 

.0062 

.028 

.0454 

. 0 643 



Table 111-11.--Volume of Water for Specific Storm Intensity. 
(700 acres) 

Tot a1 Rainfall 
(inch) 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

6.0 

Volume of Water 
(gallon) (acre / f oot) 

9.5 x lo6 

19.0 x lo6 

28.0 x lo6 

38.0 x lo6 

47.0 x lo6 

57.0 x lo6 

114.0 x lo6 

29 

58 

8 7 

116 

145 

174 

348 



data. To f a c i l i t a t e  t h e  ca lcu la t ions ,  a l l  runoff from t h i s  storm 

was assumed t o  flow i n t o  nearby streams. Prototype S i t e  C-b 

(Volume 111, Chapter 11) was se lec ted  a s  a typ ica l  loca t ion  where 

runoff may flow i n t o  Piceance Creek. 

The necessary f a c t o r s  needed t o  make the  es t imate  of impact 

on water qua l i ty  a r e  (1) amount of runoff from an a r e a  of 700 

acres ,  (2) t o t a l  weight of leachable mate r i a l  i f  t h i s  700 ac re  

s i te  i s  t o t a l l y  leached t o  some average depth, (3) combination 

of these  two ranges of values t o  ind ica te  the  average s a l i n i t y  of 

t h i s  runoff ,  (4) s a l t  load and stream volume of Piceance Creek, 

and (5) est imate of runoff from t h e  drainage a r e a  due t o  t h i s  

storm and the  s a l i n i t y  of t h i s  runoff water. 

For a rainstorm of 0.3 t o  0.5 inches per hour l a s t i n g  6 hours, 

the amount of runoff from t h e  spent  shale  a r e a  of 700 surface  acres  

would be from 34 t o  57 m i l l i o n  gal lons  of water (104 t o  174 acre-  

f e e t ) .  I f  the  top 2 t o  4 inches of spent shale  i s  t o t a l l y  leached, 

the  amount of dissolved s o l i d s  contained i n  t h i s  volume of water 

would be from 2.2 x 1012 t o  2.5 t o  1012 mg from the  top 2 inches 

or  from 4.5 x 1012 t o  5.1 x 1012 mg from t h e  top 4 inches,  depending 

upon the  method used t o  process t h e  shale. 

Assuming uniformity of runoff and uniformity of d i s so lu t ion  of 

leachable mater ia l ,  t h e  s a l i n i t y  of t h e  ,runoff water was calculated;  

e .g. ,  (1) f o r  a storm of 0.3 i n / h r  f o r  6 hours t o t a l l y  leaching the  

top 2 inches of spent shale ,  the  s a l i n i t y  of t h e  runoff water would 

range from 17,000 t o  19,500 mg/l; and (2) f o r  a storm of 0.5 i n / h r  

f o r  6 hours t o t a l l y  leaching t h e  top 4 inches of spent  shale ,  the 

s a l i n i t y  of t h e  runoff water would range from 21,000 t o  24,000 mg/l. 



I 
From estimates of the  volumes of water f o r  (1) the  average 

flow of Piceance Creek, (2) runoff from the spent o i l  shale  d isposal  

i s i t e ,  (3) runoff from the  drainage area,  and (4) the  estimated t o t a l  

s a l t  load of each, the  poss ible  s a l i n i t y  range of the  discharge a t  

. . .  ., . . .  ......... '.- ;..- ';:.: I the  mouth of Piceance Creek was estimated. Therefore, (1) fo r  a ........ -..... 1 .. - . . . . . . . .  . . . . . . . . . . .  . . . . . . .  I 

. . . . .  :. :. :-i I 

storm of 0.3 in /h r  l a s t i ng  f o r  6 hours over the whole drainage area ,  

and with t o t a l  leaching of the  top 2 inches of the  700 acre spent  

sha le  d isposal  s i t e ,  the s a l i n i t y  was calculated t o  be 220 mg/l, and 

(2) f o r  a storm of 0.5 in lh r  l a s t i n g  fo r  6 hours over the  whole 

: ! . . . . . .  , .............. . . .  . . . .  . . . . . .  I :.I drainage area,  and with t o t a l  leaching of the  top 4 inches of the  
. . . . . . . . . . .  . . . . . . . . . .  . . . . . . .  : 1  . . . . . . . .  , . . . . . . . .  

700 acre  spent shale  disposal  s i t e ,  the s a l i n i t y  was calculated 

I 

t o  be 193 mgll. Under these storm conditions, the  water qua l i ty  
. . 

of Piceance Creek would not  be g rea t ly  affected by leaching the  

minerals contained i n  the  spent  sha le  area. I n  general ,  a heavy 

storm would increase the  flow of water and tend t o  reduce the  

dissolved-solids concentration. However, f o r  t h i s  example, the 

t o t a l  s a l t  load would be increased by 2,400 t o  5,500 tons. 

(Calculations supporting the above conclusion a r e  presented i n  

. . . . .  . . ' I  . . . . . . . . . .  Appendix A t o  t h i s  chapter.) . I . . . . . . . . .  .......... -. :{ . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  

. . . . . . .  . . . . . . . . . . .  
. - .  . . . . . . . . . . .  ..--! 

Weathering and leaching of the  shale  p i l e s  w i l l  occur over. 
. . . . .  :.; . . . . . . . . . . . .  . . . . . . . . . . .  : . I 
. . . . . . : . . .  ! . . . .  

long periods of time. The ne t  impact on the  region's  water resources 

due t o  such long-term erosion is uncertain since sediment and 

minerals a r e  current ly  being released t o  loca l  waters due t o  na tu ra l  

. i 
I forces. Over the r e l a t i v e l y  shor t  term (decades), the  spent sha l e  

p i l e s ,  i f  maintained i n  a mechanically s t ab l e  condit ion,  may contr ibute  

somewhat lower sal t lsediment loads than a r e  now contributed t o  t h e  



region's r iver  system by the unconsolidated materials typically 

found on canyon floors. Over a longer period (several decades), 

the same area would revert  t o  the geologic weathering patterns more 

typically found i n  the region. The ne t  change from a possible 

short-term benefit  .to a longer interval  . tha t  is  similar,  or perhaps 

worse than tha t  now existing, ciamot now be quantified. 

(4) Expected Impact from Sediments - Another impact on the 

qual i ty  of regional creeks and streams could come from sediment 

Transported from the spent o i l  shale disposal s i t e  t o  them. 

Using the r a i n f a l l  intensi ty  data of subsect.ion (1) above, it was 

assumed tha t  for  a r a i n f a l l  in tens i ty  of 0.3 t o  0.5 in/hr 

from .004 t o  .02 pounds of sediment per square foot per hour 

would be eroded from the spent o i l  shale p i les  (see Table 111-10). 

The amounts of sediment washed to  Piceance Creek would be 0.2 acre- 

foot fo r  a storm of 6 hours and 0.3 in/hr r a i n f a l l ,  and 0.8 acre- 

foot fo r  a storm of 0.5 in lhr  for 6 hours. 

The sediment yield for  the drainage area i s  0.2 t o  1.0 acre- 

2 
foot/mi /yr  (28, - map opposite p. 52). The t o t a l  annual sediment 

due t o  erosion from the t o t a l  drainage area (629 sq. mi.) would 

be (0.2 to  1.0) x (629) or from 126 t o  629 acre-feetlyear, 

The sediment yield from the drainage area would probably be 

2 much higher than 1.0 acre-foodmi Iy r  for  a 6-hour storm having 

an in tens i ty  of 0.5 in/hr. But even i f  it is  not, the 0.2 t o  0.8 

acre-foot of sediment from spent o i l  shale amounts t o  only 0.03 

t o  0.1 percent of the t o t a l  sediment discharge in to  Piceance Creek 

2 based on 1.0 acre-foot/mi /yr  sediment yield from the drainage 

area. Thus, the  sediment washed from spent o i l  shale t o  nearby 



streams would have adverse impacts near the disposal s i t e ,  i n  th i s  

example Piceance Creek, but would not be expected t o  have significant 

impact downStream when related to  impacts from exist ing sediment 

discharge under the assumed storm condf tions. 

. . ............ 'i 
The sediment yield range of -004 t o  -02 1b/ft2/hr used 

. . . . . .  ................ : .............. . . . . . .  . . : . . .  ::::.I . . . .  ...... . . . . . . . . .  i n  t h i s  analysis may not be to ta l ly  applicable because 

these values were measured on a 0.75-percent slope, Although most 

of the surface of a 700-acre spent shale p i le  could be graded to  

th is  slope, or even to a negative slope, the slope of the p i l e  face 

. i . . . . . . . . .  . ., 
. . . . . . .  .,! : I  . . . . . . . . . . . .  . . . . . . .  . . .  . . ,  . , .. 

would be much greater, Thus, channeling and head cut t ing could 
. . . . . . . . . . . .  . . . . .  . . . . . .  ...:.I . . . . . .  ..... ........ 

occur a t  the face which, over time, would lead to  larger amounts 

I 

of sediment reaching local streams than were calculated, The 

impacts on local streams would therefore be correspondingly - increased. 

Possible impacts from minor constituents that  are dissolved' i n .  

the runoff from spent o i l  shale should not be significant,  Concen- 

t rat ions of the following minor constituents i n  leachate from spent 

o i l  shale are less  than levels considered safe for drinking water: 

ft * - - 2 
~ l *  , Ba * , CU* , ~ r + ~ ,  Pe*, Mn*, pb , Zn , Br-, c1 , cog 

,, 

- - 
P , 1;  NO^ , and PO -3 (16, p. 69). The major constituents of 

4 + * * +  - 2  - 
dissolved solids are Na , Ca , Mg , K , SO4 , HC03 , and ~1-. 

Concentrations of ~1 and- K '  are much lower than the other major 

constituents. 

. . . . . . . .  . . . . . . . . .  - .... . . . . .  ............ . , - . . .  . . . . . . . .  
The average estimated time required to f i l l  a 700-acre disposal 

. . . . . . . . .  , -. . . . . . .  . . . . . . . . .  . . . . . . . . . . .  

area to  a depth of 250 feet  is 5 years (Volume 111, Chapter 111). 

A t  the end of th i s  time, the spent o i l  shale would be covered with 

natural soi1,and revegetation would be in i t ia ted  t o  provide surface 

cover. The disposal s i t e  would be reduced as a s ignif icant  source 

I11 -.91 



of dissolved solids and sediments, but probably not completely 

eliminated due to  natural erosion and leaching over extended periods 

as described above. 

b. Failure of Evaporation Pond 

The acreage necessary for  an evaporation pond can be calculated 

assuming (1) the maximum amount of excess low qual i ty-water ,  (2) no 

runoff from surrounding areas to  the pond, (3) no appreciable seepage 

through the bottom or sides of the pond, and (4) the water level  i n  

the pond remains -constant. From these assumptions, i t  follows that  

the sum of water volume that  i s  excess to  the mining operation and 

precipitation tha t  f a l l s  on the pond must equal the amount of water 

los t  due to  evaporation. Average evaporation ra tes  for  the o i l  shale 

region are  given below: 

Altitude Evaporation Rate 
(ft) ( f t / y r )  

Source: Bureau of Reclamation 

The maximum amount of excess water of poor quality is expected 

from an underground operation near the center of the Piceance Creek 

Basin using a mine development plan tha t  requires dewatering of 
. . 

both the upper zone aquifer arid the sa l ine  zone aquifer. A 50,000- 

barrel-per-day underground mine may produce about 250,000 acre-feet 

over a 30-year period with the annual amount of excess poor-quality 

water decreasing from 16,000 acre-feet per year for  the f i r s t  few 

years t o  5,000 acre-feet for  the l a s t  few years. The amount of 

excess water l o s t  by evaporation would depend on the a l t i tude  and 



. . . . . . . . . . .  
. . . . . .  . . . . . . . . . .  . .  , precipitation, which fluctuate widely across .the- region, .md.also on 

. . . . . . . . . .  
! 

the s i ze  of the pond. The maximum acreage necessary for  the evapora- 

t ion pond for  a 50,000-barrel-per-day complex as a function of these 

parameters is given below: 

Maximum Acreage Necessary For An Evaporation Pond 

1 The s ize  of the evaporation pond needed t o  dispose of the 

maximum expected quantity of poor-quality water indicates tha t  

Altitude (feet) 

4,000 
5,000 
6,000 
7,000 

other methods of disposal w i l l  probably be employed, e.g., t r ea t -  

ment and surface release of high-quality waters or reinjection. 

Rainfall (inches/year) 

Each of these would have i t s  own range of potential  impacts as 

. . . I  
. . . . . . . . . .  ' I  , . . . . . . . .  - - discussed i n  Part 3.b. above. Large evaporation pond s i t e s  are 

,.: . . . . . . . .  .. . . . . . .  .... :............ .I 
I 

20 

5,500 
7,000 
8,900 

10,600 

10 

4,200 
5,000 
5,900 
6,500 

. . .  , 
. . .  . . . . . . . . .  . . . . . .  . . .  .:....I 

., 
not believed t o  be available i n  the area where the water isexpected 

. . . . . . . . . . . .  . . . . . . .  . . . . . .  . .  ~ . . . . . . . . . .  . . . . . .  , . . . . . .  ' .  . '  . . t o  be produced, i.e., the Piceance Creek Basin. However, i f  

15 

4,800 
5,800 
7,100 
8,000 

evaporation ponds are used, they must be located i n  an area where 

fai lure would not introduce saline water t o  local streams. Any 

release t o  the normally low-flowing streams and creeks i n  the o i l  

shale region would have major adverse impacts. These impacts would 

be similar to  a heavy r a i n f a l l  with localized scouring, downstream 



flood damage, and destruction of bfota and f l o r a  i n  the channel. 

The impact on any f i s h  population w i l l  be high i f  the concentration 

-of cer ta in  minor constituents, e.g., f luoride,  n i t r a t e ,  phosphate, 

and heavy metals, is  above a few parts  per million, and every such 

accident would const i tute  an increase i n  the t o t a l  s a l t  load a t  

Hoover Dam. 

6 .  Miscellaneous Impacts on Water Quality 

Although sa l in i ty  i s  considered t o  be the dost serious water 

quality problem i n  the Colorado River Basin, there a re  a number of 

other water quality problems of varying degrees of significance 

which warrant discussion. The following sections discuss the most 

significant sources of water quality degradation and the effects 'of  

such degradation on water uses as measured by various parameters. 

a. Municipal wastes 

Municipal wastes are described as those 1 iquid-carried wastes 

of domestic and service industry origin. Within the Colorado River 

Basin,the majority of the discharges from waste water treatment 

plants enter the r iver  system and are  the primary sources of 

bacteriological and organic pollution. Most of the municipal waste 

sources i n  the basin receive secondary treatment plus dis infect ion,  

which i s  the minimum degree of treatment required by the basin 

s t a t e s  i n  populated areas. However, scattered, low-density s e t t l e -  

ments may resu l t  i n  widely scattered local  point sources which are 

d i f f i c u l t  t o  control. 

Compliance schedules have been established fo r  municipalities 

whose waste discharges are not meeting the water-quality standards 



s e t  by the s ta tes .  A t  the  present time, pol lut ion from municipal 

waste sources (except for  s a l t  as  discussed i n  Section H.1.d. below) 

is confined t o  those reaches of stream immediately downstream of 

the  waste e f f luen t ,  and measures a re  being taken or have been 

planned fo r  the control  o r  abatement of pol lut ion from these sources. 
\ 

.....:...... . . i ............. . .  , , . . . . . . . . .  .... : . . . .  . . . . . . . .  .; .i . . , .  ~ . . ,  . , . .  
. !  

With the population increases expected from o i l  shale  develop- 

ment, increased amounts of s a l t s ,  nu t r ien ts ,  and organic material  

entering surface water may be expected which could lead t o  localized 

. . . . . . 
i 

. . . :  : .'! 
. . . . eutrophication and changes i n  the aquatic ecosystem. Although . . .  . . , 

: . : . T : : : : i : L . l  . . . . . . . . . . .  
increased capacity of municipal treatment f a c i l i t i e s  should reduce 

. . . .  . . . . . . . . . . . .  ............. . . . . . . .  
. .  ! much of t h i s  t o  a minimum adverse impact i n  localized areas,  some 

w i l l  s t i l l  escape-control and be cumulatively added t o  the basin 

system. The r a t e  and amount w i l l  dep-end upon the population increase. 

b. Indus t r ia l  Wastes 

Indus t r ia l  wastes a r e  defined as those spent process waters, 

cooling waters, wash waters, and other waste waters associated 

with indus t r ia l  operations. The pol lutants  derived from indus t r ia l  

wastes other than s a l i n i t y  a r e  toxic  materials; o i l s  and grease; 

f loat ing materials; oxygen-demanding substances; heat; color-, 

t as te - ,  and odor-producing substances; and bacteria.  

The pol lut ion problems associated with the discharge of 

indus t r ia l  wastes i n  the  Colorado River system have been generally 

confined t o  local  reaches of stream. Indus t r ia l  wastes may reach 

the Colorado River system as a r e s u l t  of o i l  shale  ac t iv i ty .  

Although the  amount and d i s t r i bu t ion  of such wastes cannot be 

estimated, i f  wastes a re  introduced i n  su f f i c i en t  quant i t ies ,  



the dissolved-oxygen content of streams w i l l  be decreased, leading 

t o  a lower l ife-sustaining capacity of the stream, lower aquatic 

populations due t o  disease, decrease i n  esthet ics  due t o  f loat ing 

materials such as o i l  and grease, tainted water or aquatic species 

due to  the presence of odorous substances, death of aquatic species 

due t o  toxic materials, and overall  lowering of water quality. A s  

industr ia l izat ion spreads, the e f fec t  w i l l  be cumulative. 

c. Dissolved Oxygen 

As indicated above, the dissolved-oxygen concentration i s  a 

measure of the water capacity t o  support l i f e  and assimilate 

organic wastes. The records show that  the dissolved-oxygen concen- 

t ra t ions i n  the Colorado River Basin are  generally above established 

standards. However, a marked reduction i n  the concentration can be 

found during the summer months downstream from some municipal and 

industr ia l  discharges and i n  some streams with very low flows. A 

1966 investigation indicated tha t  there might be a wide diurnal 

var iat ion i n  the oxygen concentration i n  some reaches because of 

the large amount of algae i n  the streams with oxygen saturation 

being reached during a sun l i t  day and a minimal concentration 

occurring a t  night when oxygen i s  used by. the plants. Decreases 

i n  dissolved oxygen reduce the capacity of streams t o  support l i f e .  

The amount of th i s  reduction is dependent upon the extent of the 

decrease i n  dissolved oxygen, a factor  which cannot now be estimated. 

However, there w i l l  be some ef fec ts  on the dissolved-oxygen concen- 

t ra t ions of creeks'and r ivers  i n  the o i l  shale region as a r e su l t  

of the o i l  shale operations. 



d. ~ e m ~ e r a t u r e  

The Colorado River Basin water temperatures vary widely, 

reaching the highest levels during the summer months when they vary 

from near freezing i n  the high mountains t o  above 90% i n  the 

lower reaches. Warmer temperatures may increase the r a t e  of growth 

and the decomposition of organic matter and of chemical'reaction, 

resulting i n  bad odors and tas tes ,  and also decrease the dissolved- 

oxygen concentration available t o  sustain a fishery. 

Changes i n  water temperature i n  the basin resu l t  primarily from 

natural climatic conditions. The large reservoirs,  however, may 

affect the stream temperatures for  a considerable distance below the 

reservoir. Temperature records indicate that  Flaming Gorge Reservoir 

has l i t t l e  or no effect  on winter temperatures but cools the summer 

temperatures of the Green River up t o  5% a t  the Green River, Utah, 

station. Navajo Reservoir appears t o  have no effect  on the tempera- 

tures of the San Juan River a t  the s t a t ion  near Bluff. Lake Powell 

appears t o  warm the winter temperatures of the Colorado River a t  the 

Grand Canyon s ta t ion  by up to  IOOF and cool the summer temperatures 

by about the same amount. 

Thermal springs, waste-water discharges, and i r r iga t ion  return 

flows may increase the temperatures i n  the receiving water, but 

added heat i s  usually dissipated i n  a relat ively short distance from 

the source. Flow depletions and changes i n  stream channel character- 

i s t i c s  may also increase the e f fec ts  of natural climatic conditions 

causing -cooler or warmer water temperatures. 

Temperature increases due t o  municipal and industr ia l  waste 

discharges have been minimal; however, the construction of thermal 



power plants i n  the basin with a re turn of the cooling water t o  

the streams o r  reservoirs presents a potential  fo r  temperature 

increases. These effects  from the o i l  shale operations would be 

localized but could be s ignif icant  for  t rou t  waters as discussed 

under "Fauna," Section E,  below. Considering the vastness of the 

Colorado River system and inherent wide normal temperature variations,  

thermal e f fec ts  a re  generally expected t o  be of l i t t l e  consequence 

outside localized areas with the s ignif icant  variable being plant 

location. A s  industr ia l izat ion spreads, the r e su l t s  w i l i  be cumu- 

l a t ive  f o r  the r ive r  system. 

e. Heavy Metals 

Various heavy metals such as copper, lead, zinc, iron, manganese, 

and arsenic a re  found i n  the water of the basin. These vary from 

trace amounts t o  potentially hazardous levels. The presence of 

these heavy metals, generally contributed by drainage from active 

and inactive mining operations can cause decreases i n  aquatic 

population i f  they reach suf f ic ien t  concentrations. A t  very low 

levels,  they may not be f a t a l  but can be concentrated by some 

species, thus leading t o  upsets i n  the food chain. Ingestion 

could lead t o  contamination of some f i s h  species making them un- 

safe  for  human o r  animal consumption. A s  indicated above (Section 

C.5.a(4)), l i t t l e  heavy-metal.contamination from leaching of spent 

o i l  shale residue i s  expected,although other p ~ o t e n t i a  sources 

are ca ta lys t s  and chemicals used i n  o i l  upgrading and gas processing 

sections of the shale o i l  plants. These chemicals and ca ta lys t s  

consist  of i ron catalysts ,  i ron  oxide, char, and monoethanolamine (MEA). 

A l l  a r e  so l ids  expect for  MEA which is  a liquid. MEA i s  water soluble 



whereas the others are  only very s l igh t ly  soluble (part  per mil l ion 

levels). The t o t a l  amount of these wastes which may be buried i n  

the spent shale p i l e s  i s  248 tons per year for  a 50,000-barrel-per 

day-operation of which 50 tons would be MEA (Chapter I, Section D.5.d.). 

Although the amount of waste materials i s  small compared t o  the 

amount of waste materials from a 50,000-barrel-per-day plant 

(248 tons as compared to  27,000,000 t o  30,000,000 tons), such wastes 

may cumulatively build over t i m e .  Short-term impacts should be 

minor, but over time (decades and centuries) weathering and erosion 

of the p i les  would probably expose such wastes t o  runoff waters. 

The long-term impact of such weathering is unknown and w i l l  depend 
. . 

on the physical s t a t e  of the wasles a f t e r  being buried fo r  long 

periods, the  resul t ing concentration of the metals i n  runoff waters, 

and the di lut ion of these concentrations as they reach local streams. 

Leaching action, however, could r e su l t  i n  reduced aquatic populations. 

The management of these wastes i s  described i n  Chapter I, Section 

D.4.d. 

f .  Toxic Materials 

Toxic materials are contributed t o  a stream through indus t r ia l  

and agricul tural  operations. Limited 'long- term monitoring a t  four 

surveillance s ta t ions  on the Colorado River has detected low 

levels of pesticide residues--DDD, DDE, DDT, d ie ldr in ,  and endrin. 

In  recent years, several f i sh  and bird mortal i t ies  a t t r ibuted t o  

these residual pesticides have occurred downstream of and i n  

i r r iga t ion  drains along the lower Colorado Basin. It i s  expected 



t h a t  t h e r e  w i l l  be some small increase  i n  t h e  amount of t o x i c  

mate r i a l s  t h a t  w i l l  f ind  t h e i r  way i n t o  t h e  water resources of t h e  

o i l  sha le  region. These increases  could r e s u l t  from increased, 

uncontrolled use of pes t i c ides  by an expanding population i n  t h e  

region and possibly from o i l  sha le  operat ions.  The e f f e c t  on water 

q u a l i t y  w i l l  be higher l e v e l s  of p e r s i s t e n t  hydrocarbon i n  t h e  r i v e r  

system. These hydrocarbons w i l l  accumulate i n  t h e  food chain  re- 

s u l t i n g  i n  lower reproductive r a t e s  f o r  some w i l d l i f e  as discussed 

i n  "Fauna" (Section E) .  

g. Bacter ia  

A p o s s i b i l i t y  e x i s t s  f o r  b a c t e r i a l  po l lu t ion  of water resources 

from the  increased population associated with t h e  o i l  sha le  develop- 

ment due t o  increased demand on the  treatment f a c i l i t i e s .  The degree 

of t h e  e f f e c t s  on public h e a l t h  w i l l  depend upon the  r a t e  a t  which 

treatment f a c i l i t i e s  are  enlarged o r  improved t o  handle t h i s  in-  

creased load. Although t h i s  cannot be projected a t  t h i s  time, 

bac te r io log ica l  po l lu t ion  can l i m i t  t h e  use of water due t o  t h e  

increased economic cos ts  of d i s i n f e c t i o n  and waterborne diseases  

such as typhoid, in fec t ious  h e p a t i t i s ,  salmonellosis ,  and others .  

I n  those cases where it exceeds t h e  c r i t e r i a  set f o r  body-contact 

recreat ion,  it r e s u l t s  i n  t h e  c losure  of swimming areas.  With 

high coliform counts (an ind ica to r  of t h e  degree of pol lu t ion) ,  

t h e  use of water as a pub l i c  water supply i s  impaired. 

h. Sediments From Erosion of Off-Site Construction A c t i v i t i e s  

It is estimated t h a t  approximately 30,000 acres  of land w i l l  

be required f o r  u t i l i t y  rights-of-way, town s i t e  expansion, and 



transportation networks (Chapter 111, Section B.3) fo r  a l-million- 

barrel-per-day shale  o i l  industry. During construction, and f o r  some 

short  period thereafter,  these areas would be subject t o  higher than 

normal erosion which could contribute some sediments t o  local  streams. 

The normal sediment yield fo r  the  o i l  shale  region is  0.2 t o  1.0 

acre-feet per square mile per year (Chapter 111, Section C.5.a(4)). 

For t h i s  30,000 acres, the normal range of sediment yield would be 
. % 

9 t o  48 acre-feet per year as compared t o  126 t o  629 acre-feet per 

year from a typical  stream l ike  Piceance Creek. During construct-ion, 

the  erosion r a t e  would be higher, yielding greater  amounts of sediment 

than t h i s  range. U t i l i t y  corridors would be over rough t e r r a i n  and 
,- 

not a l l  of the  sediments would reach any one stream. Similarly, the  

erosion from town s i t e  expansion and development of transportation 

networks would increase sediment loading of streams i n  very localized 

areas. The e f fec t s  of t h i s  sediment loading on aquatic l i f e  a r e  

discussed i n  Fauna (Section E). 

7. Summary Analysis: Cumulative Impact on Water Resources 

A comprehensive e f fo r t  t o  assess past  trends i n  water use and 

t o  project  future trends was completed by the Water Resources Council 

i n  1968 (29). Regional as well  as national assessments were made, 

including both the Upper and Lower Colorado Regions. More recently,  

i n  1971, the Environmental Protection Agency has focused a t ten t ion  

on water quali ty i n  the Colorado River Basin (30), - drawing upon 

extensive baseline data that  have been developed over many decades 

by the Geological Survey and the Bureau of Reclamation. Additionally, 



the National Water Commission has now cmp1et-d t h e i r  charge 

established by law (31) - t o  study v i r tua l ly  a l l  water problems, pro- 

grams, and pol ic ies  i n  the  context of t h e i r  re la t ionship t o  the t o t a l  

environment. These s tudies  provide the general framework against 

which the impact of o i l  shale development may be assessed. 

oi l '  shale development w i l l  s ign i f ican t ly  change the  water 

demand-supply balances tha t  current ly  e x i s t  i n  the o i l  shale regions 

of Colorado, Utah, and Wyoming. I n  the preceding analysis,  condi- 

t ions have been chosen t o  emphasize the range of conditions that  may 

be encountered. O i l  shale mining may be hampered by ground water 

in.Colorado where large volumes of water, excess t o  immediate needs, 

may r e su l t  from mine dewatering. Conversely, mines may be essen- 

t i a l l y  dry: as is  l i ke ly  i n  Utah and i n  some locations i n  Colorado. 

O i l  shale development w i l l  impact on water supplies and on 

water quali ty.  The nature and sever i ty  of these impacts w i l l  change 

over time. During the  i n i t i a l  years of development, large amounts 

of good qual i ty  ground water from mine dewatering may be available 

t o  support operations. The s a l i n i t y  of such waters may increase as 

withdrawal proceeds causing changes i n  the way it must be used i n  

the operations. 

The removal and use of ground water as a r e s u l t  of mine de- 

watering could lead t o  s a l t  loading and other impacts. Such with- 

drawal would decrease the flow of water wells and some springs within 

the area around the mine and would change the points of discharge. 

Since ground water withdrawal is  expected t o  exceed the recharge, 

over time ground water supplies i n  the Piceance Basin of Colorado 



w i l l  become s ign i f ican t ly  reduced. I f  not augmented by the  re lease  

of good qua l i ty  water from the  mine, f i s h  hab i ta t  i n ,  and vegetation 

adjacent to ,  local  surface streams may be l o s t  o r  reduced with a 

corresponding reduction i n  plant  and animal populations. Such 

pumping would have adverse e f f e c t s  on present surface supplies and, 

over time, ground water withdrawal could i n t e r f e r e  with ex i s t ing  

water r i gh t s  i n  the  Piceance Basin. Eventually, increasing amounts 

of surface water w i l l  be consumptively used whi'ch w i l l  in tensi fy  

competition f o r  avai lable  regional  supplies. Thus, surface waters 

would need t o  be diverted f o r  use i n  a l l  three  States.  Municipal 

and i ndus t r i a l  use i n  t he  Upper Basin would eventually assume a 

l a rger  role.  

Increased municipal and i ndus t r i a l  use could a t  some time cause 

a s h i f t  away from i r r i ga t ed  lands. Adequate amounts of surface 

water are po ten t ia l ly  avai lable  (341,000 acre-feet)  t o  fu l l y  support 

the  1-million-barrel-per-day sca le  of operations which i s  expected 

t o  require  from 121,000 t o  189,000 acre-feet  of water per year. 

These demands may be higher or lower depending on process contin- 

gencies and other variables.  Development beyond the  l-million- 

barrel-per-day level  is possible - but,  a t  some point, water avai l -  

a b i l i t y  could place a l imi ta t ion  on the ultimate size.  I f  avai l -  

a b i l i t y  of ,  o r  competition fo r ,  water supplies l imi t s  o i l  shale  

development, attempts t o  j u s t i f y  augmentation may intensi fy .  

The impacts of such a complex i ndus t r i a l  development cannot be 

precise ly  quantif ied although reasonable judgments can be made con- 

cerning possible adverse e f fec t s .  I f  the water required t o  support 



a 1-million-barrel-per-day industry were withdrawn totally from 

surface supplies, salinity would increase due to the concentration of 

salts in the remaining small quantity of water. The most likely range 

of salinity increase at Hoover Dam due to consumptive use at the 

1-million-barrel-per-day level is estimated at 10 to 15 mg/l over 

the current (1970) level of 760 mg/l. This increase in salinity 

would cause an economic detriment in the Lower Colorado Basin 

estimated to range from $670,000 to $1,000,000 per year. Under 

more extreme water demand conditions, e.g.. assuming consumption of 

all the surface water potentially available (341,000 acre-feet per 

year), the salinity would increase by 27 mg/l and the economic dis- 

benefit would approximate $1,800,000. 

In addition to these salt concentrating impacts from the con- 

sumptive use of surface water, salt loading would also increase 

the salinity in the Colorado River System and at Hoover Dam. The 

potential sources of this additional salinity increase include 

leaching of spent shale both during waste pile buildup and after 

revegetation; reinjection of mine water and upward movement and 

surface discharge of saline waters; accidental release of low- 

quality mine water, including failure of evaporation ponds; and 

any return flows of saline water. Additional impacts on water 

quality could be caused by accidental spillage of processing 

effluents, chemicals, and waste products, 

A hypothetical example has been given to estimate the amount 

of dissolved salts from leaching of a spent shale pile. Total 

leaching of the top 4 inches of a typical 700-acre spent shale 



s i t e  due t o  a heavy storm would not  s i g n i f i c a n t l y  change t h e  s a l i n i t y  
! 

of l o c a l  streams such as  Piceance Creek, although the  t o t a l  s a l t  

load of the  Colorado River system would be increased by 2,400 t o  

5,500 tons. Af ter  completion of the  d isposal  p i l e  and revegetat ion,  

leaching w i l l  s t i l l  occur but the  r a t e  i s  uncertain. Eventually, 
. . . . . . . .  : ; .:.:I ......... -. ............. .............. : -:. \,., . . .  .... ............ .......... .......... 1 t h e  spent  shale p i l e s  would r e v e r t  t o  geologic weathering pa t t e rns  

.... 

typ ica l ly  found i n  the  region. I n  addit ion,  chemical and other  waste 

mater ia ls  t h a t  may be buried i n  the  d isposal  p i l e s  conta in  a po ten t i a l  

f o r  long-term environmental problems due t o  the  in t roduct ion of very 

low concentrations of such mate r i a l s  i n t o  l o c a l  waters  by leaching, 

but  t h e i r  impact i s  uncertain.  

I 
i In jec t ion  of excess mine waters  has been considered i n  t h i s  

analysis  as  a poss ib le  means of water management i n  Colorado. Such 
! 

i n j e c t i o n  w i l l  r a i s e  water t ab les  i n  the  a rea  of i n j e c t i o n  which may 

increase loca l  surface  flows and could increase t h e  upward movement 

of waters from the  leached zone aquifer  t o  the  upper zone causing 

increased discharge of s a l t s  t o  loca l  streams. Addit ionally,  

f luor ides  and other  ions contained i n  the  waters of t h e  leached zone 

aquifer  (Chapter 11, Section B.5.b) w i l l  continue t o  discharge to .  . . .  . . .  1 . . . . . .  .,. . . . . . . . .  ................. 1 ............ . . . . . . . . . . .  . . .  : Local streams, but  the  concentrat ions,  r a t e s ,  and points  of discharge 
. . . .  . . . .  . . I  . . . . . .  . . . . . . . .  . . :  . . . . . . . .  . . . . . . .  
. . . . .  :-. . . I  

. .  I - .  . . . ' . : : - I  . . 
of such waters may change due t o  changes i n  the  r e a l  pressure d i s t r i -  

bution. The impact of t h i s  w i l l  depend upon the  r a t e  of discharge 

and t h e  d i l u t i o n  of such ions by l o c a l  streams and cannot now b e  

estimated. 

Any re lease  of l a r g e  q u a n t i t i e s  of low q u a l i t y  mine water t o  

! 
l o c a l  streams, including evaporat ion pond f a i l u r e ,  c o u l d  temporarily, 

but severely,  imp.act these  waters with a consequent l o s s  of aquatic 

l i f e .  
i 
i 



Accidental sp i l l age  of o i l ,  processing e f f luents ,  o r  chemicals 

a re  l ike ly  over time, but should be infrequent and scattered.  I n  

s i t u  pkocessing could re lease  organic materials i n to  ground water. 

I f  such materials reach local  surface waters i n  s izeable  amounts, 

depletion of f i sh  populations and other aquatic l i f e  would be 

possible for  some distance downstream. 

Erosion of disposal p i l e s  (both during buildup .and a f t e r  

revegetation) and of o f f - s i t e  construction areas such as u t i l i t y  

corridors,  transportation networks, and town s i t e  expansion w i l l  

lead t o  increased sediment loads i n  local  streams. During the  

buildup of a waste disposal p i l e ,  sediments washed from each such 

p i l e  (under the storm conditions 'assumed i n  the analysis)  would 

increase the annual sediment normally discharged t o  a stream l i k e  

the Piceance Creek,but by l e s s  than 1 percent, Even i f  revegetation 

is  successful, these spent s h a l e  p i l e s  would contribute sediments 

t o  local  streams. Channeling and head-cutting due t o  natural  

erosion would occur over extended periods of time (decades and 

centuries) with increasing amounts of sediment and addit ional s a l t s  

reaching local streams. Sediments from the construction of u t i l i t y  

corridors and other o f f - s i t e  construction should be short-term 

and cause localized stream sedimentation. 

Population increases w i l l  lead t o  larger  amounts of sewage 

eff luent .  Most of t h i s  increase i s  expected t o  flow t o  sewage 

treatment f a c i l i t i e s .  Unless sewage treatment f a c i l i t i e s  a r e  

enlarged t o  handle the  increase, localized adverse  impact^ on water 

qual i ty  are  expected due t o  the  increased amounts of organic materials 



. . . . . . . .  . . . . .  , . . . .  , and nutr ients  enter ing local  streams. This could lead t o  localized 

. : : ..:.I 
. . . . . .  . . 

. . i 

. . eutrophication with subsequent changes in .  the  ecosystem i n  these 

affected areas. A l l  of the population increase w i l l  probably not 

occur i n  present municipalities. I n  t h i s  event, there  w i l l  be 

scattered,uncontrolled point sources of sewage t o  l oca l  streams 

which could lead t o  areas of eutrophication i n  addit ion t o  those 

from municipalities. 

The increased sewage load t o  streams could 1,ead t o  increased 
i 

bac te r ia l  pollution which may l i m i t  use of water i n  some areas f o r  
. . .  . . .  

. . .  i recreation, increase costs  of dis infect ion,  and increase the incidence 
. . .  . . . . .  ............ ............... . . . . . . . . . . . .  
: . 1.- : 

of waterborne diseases. 

I 
I .  Indus t r ia l  wastes may reach the Colorado River system. These 
1 

wastes could contain toxic  materials,  chemicals, o i l  and grease, 

heavy metals, and odorous substances. Introduction of these wastes 

in to  local  waters could lead t o  lower aquatic populations, decreased 

es the t ics ,  ta inted water and f i sh ,  and lower water quali ty.  

Heavy metals could a l so  come from leaching of spent"sha1e pi les .  

These may come from waste chemicals and spent ca t a ly s t s  buried i n  

. . . . . .  . . .  the shale piles.  The quant i t ies  of such materials would be re la t ive ly  
: . :. .> ..:I . . . .  ............. ........... . . . j  ............... . . . . . . .  

i small. Short-term impacts should be minor, but over time the waste 

buildup and leaching w i l l  be cumulative. The long-term impacts are  

unknown, but i n  su f f i c i en t  concentrations, such wastes could lead 

t o  reduced aquatic populations, both animal and plant, 

The use of cooling towers could lead t o  localized thermal 

pollution. The major impact would occur where warmer waters were 

introduced t o  t rou t  hab i t a t  leading t o  lower t rou t  populations as  

Ziscussed i n  "Fauna," Section E ,  of t h i s  chapter. 
I 
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The major e f fec t  of introduction of industr ia l  wastes, municipal 

wastes (primarily sewage effluent) , heat, and bacter ia  t o  streams 

w i l l  be a decrease i n  the dissolved-oxygen content of the streams. 

Lower dissolved-oxygen concentrations r e su l t  in-  lower life-support 

capacity of the streams. 

Increased amounts of pesticides w i l l  probably reach the Coh.rado 

River system due t o  t h e i r  use a t  plant s i t e s  and by the increased 

populace. Due t o  the persistence of such compounds, they would 

accumulate i n  the food chain causing lower reproductive ra tes  for  

some wildl i fe  species. 

The growth of an o i l  shale industry, supporting f a c i l i t i e s ,  

and possible.ancillary industr ia l  development such as recovery of 

nahcolite or dawsonite would increase the possibi l i ty  of adverse 

impacts on the water resources of the o i l  shale region. Uncertain- 

t i e s  ex i s t  i n  assessing the f u l l  magnitude of these cumulative 

impacts,and such uncertainties can be eliminated only when s i t e s  

are known, designs fixed, operational- controls tested, and actual 

- industr ia l  growth experienced and monitored. 

This analysis has reduced some of the uncertainties i h r e n t  

i n  o i l  shale development t o  reasonable estimates of future adverse 

effects ,  but such things as the frequency of accidental spi l lage 

of materials such as o i l  and processing ef f luents ,  release of low 

.qUl i ty  mine water; and long term containment of the waste .pi les  

cannot nm be quantified. 

In a l l  likelihood, such water management options as release 

of good quality water d i rec t ly  to 'streams, desalt ing and release,  

impoundment, and/or reinject ion may a l l  be employed t o  support a 



1-million-barrel-per-day o i l  shale iiidustry. While reinject ion of 

excess mine waters appears t o  be a technically feasible means of 

water management, the ultimate impact .on ground and/or surface water 

w i l l  require further analysis before such a system can be accepted 

as environmentally feasible.  

The location of future operations within the three-State area 

of Colorado, Utah, and Wyoming w2ll be an overriding factor i n  the 

cumulative impact from large-scale industr ial  deTielopment . It is  

believed tha t  these cumulative impacts are controllable but the 

long-term effect  of industr ial izat ion w i l l  cause a general decline 

i n  water quality, with the impacts focused most direct ly on the 

White and  ree en Rivers and, ultimately, the Colorado River system, 

The potential for serious degradation exists  but, due t o  the 

uncertainties inherent i n  many of the individual impacts, the 

degree of severity cannot be quantified. 



APPENDIX A 

Supporting Calcula t ions  f o r  Estimated S a l t  
loadings and S i l t  loadings o f  Water. 

(a) Max* Kxpected Impact Fropl Leqcbable Materials ,  - For 

a storm of 0.3 t o  0.5 i n / h r  l a s t i n g  6 hours, t h e  amount of runo'ff 

from the spent  shale  a r e a  of  700 surface  a c r e s  would be from 

6 34 x 10 t o  57 x lo6 g a l  (Table n1-11)- I f  t h e  top  2 t o  4 inches 

of spent s h a l e a r e  t o t a l l y  leached, t h e  amount of .d issolved s o l i d s  

contained i n  t h i s  volume of water would be from 2.2 x 1012 t o  

2.5 x 1012 mg from the  top 2 inches and from 4.5 x 1012 t o  5.1 x 

12 
10 mg from the top 4 inches, d e p e ~ d i n g  on the methods used t o  

process the shale  (Table 111-9). 

Assuming unifo&ity of  runoff and uniformity of d i s so lu t ion  

of leachable- m a t e r i a l , . t h e  average s a l i n i t y  of  the  runoff water 

would be : 

(1) For a storm of 0.3 i n / h r  f o r  6 hours t o t a l l v  leaching 

the top 2 inches of spent  shale:  

2.2 x loLL t o  2.5 x loLL m g  
6 o r  about 17,000 t o  

(34 x 10 g a l )  (3.78 l / g a l )  19,500 mg/ l  

(2) For a storm of P.5 in /h r  f o r  s i x  hours t o t a l l y  leaching 

the top 4 inches of spent  shale: 

4.5 1012 t o  5.1 
1012 m g  = 21,000 to 24,000 mg/l 

6 
6 7  x 10 g a l )  (3.78 l / g a l )  

. . . - .  

A t  the confluence of Piceance Creek wi.th the. White River, i t  

is estimated t h a t  Piceance Creek de l ive r s  approximately 100 tons/ 



day (9.0 x 10lo mglday) of dissolved s a l t s  t o  the  White River 

(2, P-  82). 

Streamflow records a t  the  mouth-of Piceance Creek y ie ld  an 

average -flow of 17 cubic f e e t  per second ('35, pp. 352-354) o r  

7 
4.2 x 10 l i t e r lday .  These two values of streamflow and t o t a l  

s a l t  load give an average s a l i n i t y  of 2,200 mgll. 

Runoff from the drainage area must a l so  be taken i n t o  account. 

For the drainage area of 629 square miles (Table 11-21', Volume I, 

Chapter 11) assuming 2 5 t o  50-percent runoff t o  Piceance Creek, the  

t o t a l  volume of water f r o m t h e  storm would be: 

(1) 25-percent runoff : 

2 acre 
(629 m i  )(640 -)(43,560 f t 2 )  (.25)(1.8 t o  3.0 in )  

m i  acre  (12 i n l f t )  

10 
o r  from 1.9 x lolo  t o  3.1 x 10 l i t e r s .  

(2) 50-percent runoff = 3.8 x 10'' - 6.2 x 10"- l i t e r s  

The s a l i n i t y  of t h i s  runoff water from the drainage area  can 

be estimated from experiments run on surface s o i l  samples from the  

area. The s a l i n i t y  of f i l t r a t e s  from three  s o i l  samples was 

0-100 mg/l ( 4  , p. 72). Using the 100 mg/l value, the  following - 
amounts of dissolved so l id s  would be transported t o  Piceance Creek 

12 
by runoff: from 1.9 x 1012 t o  3.1 x 10 mg assuming 25-percent 

12 12 
runoff and from 3.8 t o  10 t0.6.2 x 10 rng assuming 50-percent 

runoff. 

Knowing the  volumes of water fo r  (1) average flow of Piceance 

Creek; (2) runoff from the spent o i l  shale  disposal  s i t e ;  and (3) 



runoff  from t h e  drainage area,  and wi th  the  e s t ima ted  t o t a l  s a l t  

l oad  of each, t h e  poss ib l e  s a l i n i t y  range of t h e  d ischarge  a t  

t he  mouth of Piceance Creek can be es t imated  us ing  t h e  fol lowing 

equat ion  : 

S a l t  Load of  + S a l t  Load o f  Runoff S a l t  Load of Runoff 
Piceance Creek from Spent Shale  + f r o m  Drainage Area 
Volume of  Water + Volume o f  Runoff + Volume of  Runoff 
i n  Piceance from Spent Shale  From Drainage Area 

= S a l i n i t y  of Discharge 

Average S a l t  Load of  Piceance Creek = 100 tons/day 

Average Flow of  Piceance Creek = 17 cuhZc f e e t l s e c  

S a l t  Load of-Runoff  from Spent r 2.2 t o  5.1 x 1012 mg 
Shale  

6 
Volume o f  Runoff from Spent Shale  = 34 t o  57 x 10 g a l  

12 
S a l t  Load of Runoff from Drainage = 1.9 t o  6.2 x 10  mg 

Area 

Volume o f  Runoff from Drainage Area = 1.9 t o  6.2 x 10'' 1 

Using these  va lues  t he  range would be: 

f o r  a s torm of  0.3 inches per  hour r a i n f a l l  ! a s t i n g  6 hours  over  

t h e  whole dra inage  a r e a  and with t o t a l  l eaching  o f  t he  top 2 inches  

of  t h e  700-acre spent  s h a l e  d i sposa l  s i t e , a n d  ' 



f o r  a storm of 6.5 i nches  p e r  hour r a i n f a l l  f o r  6 hours  oirer t h e  

whole d r a i n a g e . a r e a  w i t h  t o t a l  l e ach ing  o f  t h e  t op  4 inches  o f  t h e  

700-acre spent  s h a l e  d i s p o s a l  s i t e .  

I f  t he  storm occur red  over  on ly  10  pe rcen t  of  t h e  dra inage  

a rea ,  t he  volume o f  runof f  wa te r  from t h e  dra inage  area would be 

9 9 
from 1.9 x 10 t o  3.1 x 1 0  l i t e r s  assuming 25-percent runoff  and 

9 9 
from 3.8 x 10  t o  6.2 x 1 0  l i ters assuming 50-percent runof f .  

The amount of d i s so lved  s o l i d s ,  assuming a 100 m g / l  concen t r a t i dn ,  

11 11 
would be from 1.9 t o  1 0  t o  3.1 x 10  mg assuming 25-percent  

runof f  and from 3.8 x 10'' t o  6.2 x lo1' mg assuming 50-percent 

runof f .  The range o f  s a l i n i t y  would then  be: 

The c a l c u l a t i o n s  above, a s  compared t o  e x i s t i n g  cond i t i ons  

of  2200 mg/l discharged from t h e  Piceance Creek t o  t h e  White 

River ,  i n d i c a t e  t h a t  t h e  w a t e r  q u a l i t y  of  Piceance Creek would 
I 

. . .  
. . . . . . .  - .. : 

. . . . . . . .  ............ . ..: .......... ::.:.I ............. . . . .  n o t  be g r e a t l y  changed by l each ing  of t h e  mine ra l s  conta ined  i n  
. . . . . . . . . .  I . . . . . . . . .  . . . . . . . .  .. - .  . . - .  . .  ..! . . . . . . . . . .  . ,. . ...:.... .! . . . . . . . .  . . . . . . .  

I .  : .  : ..:. .! 
t h e  spen t  sha l e  a r e a s  a l though t h e  t o t a l  s a l t  l oad  would be i n -  

. . . . . .  . . . . . . . .  
' ! 

creased.  A heavy s torm would i nc rease  t he  f low of  wa te r  and r e -  

duce t h e  d i sso lved-so l ids  concen t r a t i on  as  it does now. 

b. Maximum Expected Impact from Sediment 

Another i m p a c t  could come from sediment t r a n s p o r t e d  from t h e  

spen t  o i l  sha l e  d i s p o s a l  s i te  t o  nearby s t reams.  Taking a range 
i 



of values of sediment yield f o r  spent o i l  shale from Table 111-10 

2 for r a i n f a l l  in tens i ty  of 0.3 t o  0.5 in /hr  as  0.004 t o  0.02 l b / f t  /hr, 

the following amounts of sediment would be washed t o  Piceance Creek: - 

lb ) (700 acres) (6 hrs )  (1) (0.004 - 

f t L  h r  = 0.2 acre-feet 
3 

for  a storm of 6 hours and 0.3 in/hr r a in fa l l ;  
, 

(2) (0.02 lb ) (700 acres)(6 hrs )  
2 

f t  h r  = 0.8 acre-feet 

(100 lb / f t3 )  

for a storm of d h o u r s  and 0.5 in/hr  r a in fa l l .  



D. Impact on Air Quality 

1. Introduction 

With passage of the Clean Air Amendments oC 1970, States were 

required to meet the National Ambient Air Quality Standards for 

:- i 
1 1975 by promulgation and enforcement of emission regulations. 

Emission regulations vary from State to State as well as from 
j 

municipality to municipality. The degree of control required in an 
i 

: .::/ . . . . . .  . . 'I . . .  -t 
! 

area may not be the same as that required in another area because . . . . .  
. . . . .  . . . .  . . j , . .., 

of the existing air quality and the number and type of pollution 

sources. In some States, stringent emission regulations have been 

promulgated and enforced, which could restrict certain types of 
j 

j commercial or industrial expansion. 
I 

To chply with the Environmental Protection Agency's require- 

ments, the States had to determine the degree of control required, 

by measuring the existing ambient air quality and determining the 

amount of reduction necessary to achieve the ambient air quality 

standards . 
By January 30, 1972, each State had submitted to EPA an 

I 

I 

I implementation plan for achieving the National Ambient Air Quality 
I 
1 

I Standards by 1975. The implementation plans included the emission 
I 

standards which were deemed necessary to achieve the selected 

ambient air quality goals. 

A summary of the Federal ambient air quality standards for 

particulates, sulfur dioxide, nitrogen oxides, carbon monoxide, 

photochemical oxidants, and hydrocarbons appears in Table 111-12. 
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Table 111-12.--National Ambient A i r  Quality Standards, 

1/ Primary Standards: Maximum permissible concentration t o  protect  - 
human health.  

2 /  Secondary Standards: Maximum permissible concentration t o  pro tec t .  - 
plants and wi ld l i fe .  

Secondary s tandarZ/  
dm3 J?pm 

60 
2 6 d  O 0. ."l3/ Ogl- 

60 
l 5 d  

Same a s  Primary 

same a s  ~ r i w r y  

Same a s  Primary 

Same a s  Primary 

Sulfur  oxides - 
annual a r  ithr.net i c  mean 
24-hour concentration 

Pa r t i cu l a t e  matter - 
annual geometric mean 
24-hour concentration 

Carbon monoxide - 
8-hour concent r a t  ~ o n  (mg)  
1-hour concentrat ion 

Photochemical oxidants - 
1-hour concentrat ion 

Hydrocarbons - 
( corrected f o r  methane ) 
3-hour concentration (6-9am) 

Nitrogen oxides - 
annual ari thmetic mean 

3/  Not t o  be exceeded more than once a year. - 

P r i m r y  ~ t a n d a r d ~ ~  
p3 /m3  PPm 

80 0.030 
3653/ 0.137 

753/ 260- 

ld 
4021 

1 6 d  o.o$/ 

1 6 d  0.242/ 

100 0.053 



. ,  A s k r y  of ambient air quality standards adopted by . I 
Colorado, Utah, and Wyoming is given in Table 111-13. It will 

be noted from a comparison of the State and Federal Standards 

that concentrations, averaging times, and methods of calculations 

. . 
vary somewhat. In addition, because of the variation in existing ' 

. . . . .  ............ 
. . . . . .  - ..... . . . .  ,:.j ........ , .. : .... ................. . . . . . . . .  . . . .  y ambient air qua1ity;between the three States and the desire to 

maintain high air quality, different emission standards have 

been adopted by each of these States that will apply to future 
. I 

. . . . . . .  . . . .  . . . .  . . . . . . . . . . .  . . . . . . . .  . . . .  ~ . .  . . .  . i  
. . . . . . . . . . . . .  . . I  oil shale processing facilities. In instances where State 

. . -. , 

. . . . . . . . . .  . . . . . . .  . . .............. . . 
standards have not beenset, or where State standards are less 

. . . .  . . . . . . . . . . . .  _I 
............. . . . . . . . . . . .  . . .......... . .  ;j 

stringent than national standards (for example, utah's standard 

I for particulates), the national standards will take precedence. 

Determining what constitutes "significant deterioration" 

of air quality and exactly how it can be prevented has recently 

become a public policy issue. It has not yet been resolved. 

On June 11, 1973 the U. S. Supreme Court affirmed, by an 

equally divided court, the judgment of the U. S. Court of Appeals 

for the District of Columbia on November 1, 1973 affirming the 

. . 
: .  ! . . .  . . . . .  

- .  . . . . . : . . , Y; decision on May 30, 1972 of the U. S. District. Court for the 
. . .  ............. ............... . . . .  

. - : i  . . . . . . .  . . . .  . . . . .  . .  . i  
District of Columbia to- issue, a preliminary injunction requiring 

. ,.; ._::.I . . . .  . . . . .  . . .  . . . . . . .  . . 
: . .  ....! 

r 

the Administrator of the Environmental Protection Agency (EPA) 



to promulgate regulations "as to any State plan which he finds, 

on the basis of his review, either permits the significant 

deterioration of existing air quality in any portion of any 

State or fails to take the measures necessary to prevent such 

significant deterioration. " On July 16, 1973 the Administrator 

of EPA proposed four alternative plans setting forth various 

approaches to defining and preventing "significant deterioration" 

in areas where air pollution levels currently are below the national 

ambient air quality standards. These proposals and additional back- 

ground information are published at 38 F.R. 18986, July 16, 1973. 

Any final plan(s) promulgated by EPA with respect to the definition 

and prevention of "significant deterioration" would be incorporated 

into the proposed prototype oil shale lease program since the 

proposed Oil Shale Lease Environmental Stipulations already provide 

that : 

At all times during construction and operation, 
lessee shall conduct its activities in accordance 
with all applicable air quality standards and 
related plans of implementation adopted pursuant 
to the Clean Air Act, as amended ... and applicable 
State standards. (Volume 111, Chapter V, Section 8(A). 

Thus, all applicable environmental standards will need to be 

met. 



TABLe 111-13. --Stare Ambient A i r  Q u a l i t y  Standards (&LC?) ~ 1 6  

1/ A l l  S t a t e s  must enforce  t h e  U.S. Ambient A i r  Q u a l i t y  - 
Standards i n  a d d i t i o n  t o  state a i r  q u a l i t y  s tandards .  

By January 1, 1980. 

Wyoming 

75 

71- 5/ 

none 

none 

none 

none 

P a r t i c u l a t e s  

S u l f u r  Dioxide 

Nitrogen Oxides 

Oxidants 

Hydrocarbons 

Carbon Monoxide 

Colorado has  developed s tandards  f o r  t h e s e  p o l l u t a n t s  
a p p l i c a b l e  t o  t h e  Denver Met. A i r -  Q u a l i t y  Region only.  

4/ Proposed. - 

Colorado 

4 6 1  

l&/ 

none 

3/ - 

- 3/ 

3/ - 

5/ H2S Standard - +-hour mximum. - 

Utah 

90 

6&/ 

none 

none 

none 

none 



I n  the  discussion which follows, the  impact of o i l  s h a l e  

processing on a i r  qua l i ty  is  given f o r  a  l i k e l y  range of technol-  

ogies t h a t  may be employed a s  an indust ry  grows t o  maturi ty.  Before 

any plant  may be constructed, however, appropr ia te  permits would 

be required. Thus the  e f f i c iency  of s p e c i f i c  environmental 

, control  technologies f o r  a  spec i f i c .p rocess ing  complex would 

be compared t o  the  then e x i s t i n g  standards.  No p lan t  could be 

constructed i f  t h i s  d e t a i l e d  ana lys i s  indica ted  t h a t  t h e  stand- 

ards  would not be a t t a ined .  For t h e  analyses below, concen- 

t r a t i o n s  based on t h e  emission from hypothet ica l  p lan t s ,  a r e  

r e la ted  t o  the  National and S t a t e  ambient s tandards i n  Tables 111-12 

and 111-13 where appropriate.  

2. A i r  Pol lu t ion Po ten t i a l  of O i l  Shale ~ e v e ' l o ~ m e n t  

The pr incipal  sources of p o t e n t i a l  a i r  p o l l u t i o n  from o i l  

shale  development would be dust  and vehicular  emissions during 

construction,  s o l i d  p a r t i c u l a t e s  r e s u l t i n g  from b l a s t i n g  and mining 

as  wel l  a s  from the  overburden and spent  shale  d isposal  opera t ions ,  

dust  produced during crushing and r e t o r t i n g  opera t ions ,  and gases 

from r e t o r t i n g  and o i l  upgrading operat  ions. Included i n  these  

r e t o r t i n g  a n d r e f i n i n g  gases would be t h e  gases from t h e  burning 

of various process fue l s .  Such f u e l  u t i l i z a t i o n  is  expected t o  be 



. . . .  ! . .  ;, 
. . . . . . . .  : . i  . . . . . . . . .  
- : : :.,:I l a rge lyon  s i t e  t o  serve process needs and- to  generate powe'r. It 
. . . .  j 

j is possible, however, tha t  power may also be generated eventually. 
I 

i n  centrally located ins ta l la t ions  serving several shale plants, 

i f  a multiplant industry developsas projected. I n  t h i s  case, 

. . .  i f  excess process gas is available from individual shale plants, 
. . .  . . .  .<:  .... : .i ,. . . . .  ........ ., ..... 
;:. :; :.: . <:.;<.'I . . . . . . . . . . .  . . . . . . . . .  . . , . _  it could be u t i l ized  by the central  power plants." Since the 

available gas would be burned i n  the general shale area i n  e i ther  

s i tuat ion,  the effects  on a i r  quality would be similar. For t h i s  

reason, the following, more detailed discussions do not d i f fer -  

en t ia te  between on-site or o f f - s i t e  burning of process gases. 

a. A i r  Pollution Poteptial from Construction Activi t ies  

During construction, operation of mechanical equipment would 

re su l t  i n  exhaust emissions from diesel  and gasoline engines and 

i n  production of noise and dust, Noise would be more noticeable 

than similar highway construction ac t iv i t i e s  because of the lower 

ambient sound level. Emissions and dust from construction ac t iv i -  

t i e s  would be controlled by available technologies, For example, 

dust would be controlled by spraying, The effects  would normally 

1/ Alternatively, the green coke obtained as a byproduct from - 
shale o i l  upgrading could be used as a fuel i n  power plants 
specifically designed fo r  th i s  purpose. 



be only of a short-term nature ,  t h a t  is, during the  l i f e  of  the  

construction a c t i v i t y  which would be usua l ly  less than two years.  

b. A i r  Pol lu t ion Po ten t i a l  from Mining Operations 

O i l  shale  operat ions w i l l  involve mining o i l  s h a l e  by e i t h e r  

surface mining o r  underground mining fok later processing. E i t h e r  

of these two types of mining operat ions have air p o l l u t i b n  p o t e n t i a l ,  

p a r t i c u l a r l y  from the  production of a i rborne  dust  and p a r t i c u l a t e  

matter. A d iscuss ion of these  p o l l u t a n t s  from mining operat ions 

was discussed i n  Volume I, Chapter 1, Sect ion D.2. A summary of 

these  e f f e c t s  is reported here. 

I n  an underground mine, dus t  and p a r t i c u l a t e s  are produced 

by the  mining operation. The mine v e n t i l a t i o n  air  f o r  a 

50,000 barrel-per-day p l a n t  w i l l  be about 2 t o  3 mi l l ion  cubic 

f e e t  pe r  minute. The v e n t i l a t i o n  exhaust a i r  scrubbers could 

contain about 20 pounds of dus t  per  hour (See Chapter I, 

Section D.5.b). This quant i ty  of dus t  would increase  t o  about 

60 pounds per hour when b las t ing  is  conducted. These b l a s t i n g  

operations would probably take p lace  about th ree  t i m e s  per day. 

A production of about 25 pounds of d u s t  per  hour would probably 

be typical .  This  dus t ,  which would be col lec ted  by the  scrubbers,  

would be sen t  t o  the  processed sha le  d isposal  area. 

By enclosing the  crushing, grinding,  and screening operat ions,  

the  conventional control  technology (wet scrubbing, bag f i l t e r s ,  

and/or dus t  suppression wi th  w a t e r )  would be adequate t o  reduce 



emissions from these  sources t o  about 35 pounds per hour i n  

400,000 cubic f e e t  per minute of  a i r  (0.01 grainslcu.  f t . ) .  The 

collected dust  could be added t o  t he  processed sha l e  d isposal  

p i l e .  

Conveying operations o f f e r  po t en t i a l  f o r  dust emissions due 

t o  wind, sp i i l age ,  o r  process upsets. Enclosed conveyors and 

dust co l l ec to rs  a t  t r a n s f e r  points  w i l l  l a rgely  minimize t h i s  . 

poten t ia l  problem. Raw sha l e  s to rage  p i l e s  would be su i t ab ly  

enclosed agains t  wind erosion when t h e  sha le  is f i ne ly  divided. 

Some sp i l l age  may s t i l l  be expected, and it would be necessary 

to  provide for  reclaiming such sp i l l age .  It is estimated t ha t  

up t o  20 pounds per hour of added airborne pa r t i cu l a t e s  could 

1 / - 
r e s u l t  from: - these miscellaneous sources. 

With pa r t i cu l a t e  emissions controlled within t he  a t t a i n a b l e  

levels  s e t  fo r th  above, a l l  processes can meet process weight 

r a t e  vs allowable emiss ion regula t ions .  Under Colorado emiss ion 

standards, which a r e  t h e  most s t r i ngen t  of t he  th ree  o i l  sha le  

S ta tes ,  t h i s  allowable r a t e  of emission fo r  a  50,000-barrel-per- 

day plant  would be about 60 pounds per hour maximum from each 

airborne.  pa r t i cu l a t e  source  opening. 

11 Not included i n  t h i s  f igure  a r e  airborne pa r t i cu l a t e s  a f t e r  - 
scrubbing, from the  TOSCO II f l u i d  bed shale  preheat system. 
This is a  source of airborne par t i cu la tes  unique t o  the  TOSCO II 
ind i rec t  -heat process.  



c. Air  Po l lu t ion  Po ten t i a l  f romStackGases  

A s  explained i n  Chapter I, t h e  separa t ion  systems f o r  o i l  

recovery would a l s o  r e m v e  water and p a r t i c u l a t e  matter.  I f  t h e  

off-gases from t h e  r e t o r t s  were t o  be used as  a f u e l ,  s u l f u r  oxides 

would be emitted i n  proportion t o  t h e  s u l f u r  content of  t h e  gases 

used. For example, e i t h e r  of t h e  gases a v a i l a b l e  from int-ernal  

combustion r e t o r t i n g  processes shown i n  Chapter I, Table 1-3, 

may be burned as  a low-Btu f u e l  gas ,  e i t h e r  f o r  process heat  o r  f o r  

generation. Deperiding on the  opera t ing m d e  f o r  t h e  i n t e r n a l  

combustion r e t o r t i n g  process, i. e., high-temperature r e t o r t i n g  

r e s u l t s  i n  g r e a t e r  y i e l d  of t o t a l  gases including g r e a t e r  carbon- 

oxides concentrat ions,  the  equivalent  s u l f u r  dioxide emitted i n  

t h e  s t ack  gas would vary from 4,114 t o  7,760 lb . /hour  (equivalent 

t o  24.7 t o  46.6 tons of  s u l f u r  per  day from a 50,000-barrel-per- 

day plant ) .  Gases no t  burned f o r  power gerieratioz and aoc  otker-  

wise cambusted w i l l  con ta i s  >ydrogen s u l f i d e ,  a substaace naving 

an unpleasant odor s i m i l a r  t o  t h a t  of r o t t e n  eggs. 

(1) Su l fu r  Oxides - Sol id  and l iqu id  f o s s i l  fue l s  genera l ly  

contain appreciable quan t i t i e s  of  s u l f u r ,  usual ly  i n  t h e  form of 

inorganic s u l f i d e s  and/or sul fur-conta in ing organic compounds. 

Combustion of t h e  f u e l  i n  power p l a n t s  forms s u l f u r  oxides i n  t h e  

r a t i o  of 40 t o  80 p a r t s  of s u l f u r  dioxide t o  1 p a r t  of  s u l f u r  

t r ioxide .  

Su l fu r  dioxide is a nonflammable, co lo r less  gas. In  con- 

cent ra t ions  above 0.3 t o  1 ppm i n  a i r ,  most peoyle can de tec t  

it by t a s t e ;  i n  concentrations g r e a t e r  than 3 ppm it has a pungent, 

i r r i t a t i n g  odor t o  most people. 
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S u l f u r  t r iox ide  i n  ambient a i r  is e i t h e r  derived from 

combustion sources d i r e c t l y  o r  from t h e  oxidat ion of atmospheric 

s u l f u r  dioxide. Sulfur  t r i o x i d e  may e x i s t  i n  t h e  a i r  a s  a vapor 

. . i f  the water vapor concentrat ion i n  the  air is low enough; but i f  

s u f f i c i e n t  .water vapor is present ,  t h e  s u l f u r  t r i o x i d e  combines 
. . . :  :.....;I . . . . . . . .  ., . . . . . . . . . .  .... .... ..:.......... : I  .......... . . . . .  , . . . . . .  . . .  .i with  water t o  y i e l d  corrosive s u l f u r i c  acid.  

The estimated concentrat ion of SO2 i n  t h e  r e s u l t a n t  s t ack  
1 / 

gases w i l l  be d i f f i c u l t  t o  control  t o  the  500 ppm'emission standards- 

: . .  :., . . . . . . . . .  . . . : .  ,. . , . . . . . . . . . .  . . . . .  . . . . . .  . . . .  . . . . . . . .  required under Colorado a i r  control  regula t ions  (which a r e  the  most 
. . . . . . . .  

. : . . 
. I 

. . . . . . . . . . . . .  - .. . . . . . . . . .  - 
s t r ingen t  of  those i n  the  th ree  S ta tes ) .  I f  e i t h e r  of the  fue l s  were 

....... .. .. :.A ... ............... .......... .......:.: I. .I ....... 
burned i n  mul t ip le  furnaces, the  r e s u l t i n g  s t a c k  gas could a l s o  meet 

I 

the  417 l b f h r  maximum allowable emission permitted by Colorado 

from a s i n g l e  contamination source. It may be necessary i n  the 
i 

i long run, however, e i t h e r  t o  t r e a t  t h e  o r i g i n a l  f u e l  gases t o  

reduce hydrogen s u l f i d e ,  o r  t o  u t i l i z e  one of  t h e  s u l f u r  dioxide 

removal processes ant ic ipated  t o  be ava i l ab le  f o r  reduction 

i n  the  f l u e  gases. One p o t e n t i a l  scrubbing compound which has 

been proposed f o r  the  l a t t e r  option i s  the  nahco l i t e  associated 

with some of the  deeper o i l  shales .  

I f  the  indirect-heat-process r e t o r t  gases (equivalent t o  

the  TOSCO I1 process) shown i n   able 1-3 were burned d i r e c t l y  a s  

f u e l ,  some 16,300 lb jh r  of SO2 would r e s u l t ,  which i s  an unaccept- 

. . . . .  . I  . . . . . .  .............. . . . . . . . . .  . . . . .  . . . . . . . . . .  . . . . . . . . . . . . .  . . . ........ . . . . . . . . :  1 1/ This 500 ppm emission standard is not an  ambient a i r  q u a l i t y  
. . . . .  - 

standard but a standard f o r  SO2 concentra t ion i n  the  discharge 

i . , 
gases from any opening t o  the  a i r .  



a b l e  r a t e  of emission. 1-/ These gases would, therefore ,  be pre- 

t r ea ted  t o  reduce t h e i r  H2S concentra t ion p r i o r  t o  combustion f o r  

process heat  o r  power generation. Commercial technology (such a s  

mnoethanolamine, diethanolamine, o r  hot  potassium carbonate 

processes) is ava i l ab le  f o r  t h i s  t reatment,  s ince  these  gases do 

not contain a i r  a s  i n  t h e  case  of  i n t e r n a l  combustion r e t o r t  gases. 

The Colony design uses a low-pressure MEA (monoethanolamine) 

process which would reduce the  H S concentrat ion t o  no more than 2 

25 gra ins  per  100 standard cubic f e e t ,  o r  0.05 volume percent  

(equivalent t o  99-percent removal o f  H2S). The s t a c k  gases from 

burning t h i s  f u e l  would conta in  about 0.07 pounds of  SO2 per  

mi l l ion  Btu of heat  input, which would m e e t  both nat ional -  and 

S t a t e  emission standards i n  t h e  s h a l e  region. Waste products 

may be disposed of i n  the  sha le  d i sposa l  p i l e s .  

I n  the  indirect-heat  process, t h e  s t ack  gases from 

burning gaseous f u e l s  would conta in  a t o t a l  of about 100 ppm, 

which would m e e t  both nat ional  and S t a t e  emission standards 

11 (500 ppm SO2) i n  the  sha le  region. - 

I f  f u e l s  o ther  than r e t o r t  gases a r e  required i n  t h e  p lan t ,  

f u e l s  e s s e n t i a l l y  f r e e  of s u l f u r ,  such a s  natura l  gas o r  low-sulfur 

o i l ,  could be used. 

If it is assumed t h a t  t h e  conventional Claus process would be 

used t o  recover s u l f u r  from the  r e f i n e r y  gases, s u l f u r  i n  the  

untreated process t a i l  gas would correspond t o  a d a i l y  emission 

of a s  much a s  4.5 tons of equivalent  su l fu r .  Standards of the  

11 Sulfur  dioxide from l iqu id  f u e l s  could add another 100 ppm. - 



State of Colorado limit such emissions to 5 tons per day. Although 

the calculated value is less than the Colorado standard, it would 

be normal plant practice to add a tail gas unit to recover by- 

product sulfur. These units are now being put into use in the 

industry to reduce the sulfur effluent. The additional unit could 

reasonably be expected to reduce the final sulfur released to about 

0.5 tons per day. Alternatively, the Stretford process, which is 

receiving considerable attention in this country. as a substitute 

to the Claus process for refinery operations, would also be expected 

to effect a comparable overall reduction of sulfur (34). 

(2) Nitrogen Oxides - Of the various oxides of nitrogen, the 
! 
i most important as air pollutants are nitric oxide (NO) and nitrogen 

dioxide (NO2). By convention, the term NOx represents mainly the sum of NO 

and NO2, the only significant nitrogen oxide air pollutants. They 

are chiefly emitted from combustion processes in which the nitrogen 

and oxygen are subjected to temperatures in excess of 1 0 9 3 ~ ~  (2000~~). 

The major oxide in combustion emissions is NO 2 ' 

Nitric oxide (NO) is a colorless, oderless gas. Normally, at 

. . .  - .  .1( 
3 

: 
low NO concentrations of 1-2 mg/m (1 ppm) or less, the direct re- 

. . . . .  . . . . . .  , . . .......... . . . . . . . . . . . .  .............. j . . . . . . . . . .  

. . 

. .  . . . . . . . . . .  . _  ...:.. ..I action with oxygen of the air proceeds slowly. The oxidation of NO 
. . . . . . .  . 4  . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . .  :I 

a ............. . . . . . . . . . .  . . . . . .  . . . . . . . .  . . to NO 'is speeded up enormously, however, -by.photochemical processes 2 

. . involving reactive hydrocarbons such as those produced by the com- 

. , 

bustion of gasoline in automobiles. However, these reactive hydro- 
. . .  . . . .  ............ . . . . . . . . . . .  .... .... ;. . : - . I  . . . . . .  . . . . .  . . . . . . .  . - - .. :: .:I . . . . .  . . 

carbon species are not expected to be associated with oil shale 

development in quantities large enough to initiate photochemical 

activity. 
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Nitrogen dioxide (NO2) causes reduction.of visibility and 

coloration of the horizon sky in degrees dependent on its concen- 

tration, the viewing distance, and theaerosol concentration. 

Nitrogen dioxide is corrosive'and highly oxidizing and is physio- 

logically irritating and toxic. 

Although a great deal of laboratory development is underway, 

presently there are no adequately demonstrated nitrogen-oxide 

absorption processes for flue gas treatment. One process of limited 

success is the 20-percent NOx absorption capability of lime-slurry (jcrubbing. 

Combustion modifications are the only practical mechanisms 

presently available for reducing NOx emissions. Such modifications 

have been developed to a reasonably high degree for gas-fired boilers. 

from oil-fired boilers is more difficult to control, and with coal 

firing, an acceptable combusion modification technique does not yet 

exist to reduce NOx emissions on existing boilers. 

The basic concept utilized to reduce formation of NOx is reduce 

either the temperature of combustion or the oxygen concentrations. 

Oxygen concentrations can be minimized by low excess air firing and 

dilution by flue gas recirculation. However, this control method 

would normally increase CO concentrations. Gas temperature can be 

reduced locally by either air- or fuel-rich (off-stoichiometric) 

combustion. One can only speculate as to other control concepts 

which may eventually be applicable to oil shale retort gases, but 

future developments in technology should be able to further minimize 

NOx emis s ions. 



I 
I For each 50,000-barrel-per-day p lan t ,  NOx emissions a r e  
I 

i presently estimated t o  be i n  the  order of 330 t o  500 l b s l h r  

(4 t o  6 tons per day). Standards f o r  NOx have not been es tabl ished 

i n  any of the  th ree  o i l  shale  s t a t e s .  The national  primary standard 

f o r  ambient a i r  is lob llg/m3 and the  EPA emission standard is 
1 i -. 

0 .21b :N02pe rmi l l i onBtu .  W i t h a t t e n t i o n t o p r o p e r b u r n e r  

design f l ue  gas rec i rcula t ion,  and excess a i r  control ,  i t  is  

f e l t  t h a t  these standards can be met. 

(3) Carbon Monoxide.- Carbon monoxide is present  i n  t he  o i l  

shale  r e t o r t  gases. The quant i ty  of t h i s  gas i n  r e t o r t i ng  gases 

is approximately 5 volume percent of the  gas (Chapter I, Table 1-3). 

These r e t o r t  gases, however, w i l l  be combusted i n  power p lan t s  a s  

described e a r l i e r .  The carbon monoxide i n  the r e t o r t  gases w i l l  

be combusted t o  carbon dioxide. 

There w i l l  be some undetermined leve l s  of carbon monoxide 

released t o  the  a i r  i n  the  v i c i n i t y  of t he  o i l  sha le  operations. 

This carbon monoxide w i l l  a r i s e  from ind i rec t  sources such a s  

. I . . . . . .  . I . . !  . . . . . . . .  
incomplete combustion of fossi .1 f u e l s ' i n  in te rna l  combustion 

. . . . .  ............ . : . .  I . . . . . . . .  
' j 

I 
. . . .  . . . . . . . . . . .  . . . . .  engines, heating fue l s ,  disposal  of waters, and s o  on. It is not  
_ . . :  :..:I . . . . . . . .  . . . . . . . . .  . . . . . . . . .  .! . . . . . .  . ., . . . . . . . .  

. . 11 Emissions cons i s t  mainly of NO, which oxidizes t o  NO2 i n  the  - 
atmosphere. Consequently, the  NO is calculated t o  NO2 and 
added to. the  small amount of NO2 formed simultaneously with 

. . . .  . . . . . . . . . . .  
< .  . i 

NO during the  combustion process. The f igure  shown is fo r  
. . , . . . . . . . . .  . . . . . . .  
. . . :: j . .  , 

o i l - f i r ed  steam generators. 



expected that  s ign i f ican t  quant i t ies  of carbon monoxide w i l l  be put 

i n to  the atmosphere as a d i r e c t  r e s u l t  of the  o i l  shale  operations. 

The e f fec t s  of carbon monoxide on l iv ing  things is considered i n  a 

l a t e r  section of t h i s  Impact on A i r  Quality section. The physio- 

logical  and epidemiological e f fec t s  are  summarized f o r  information 

purposes. 

Insignif icant  levels  of hydrocarbons are  a l so  expected from 

the o i l  shale operations since these hydrocarbons, together with 

carbon monoxide, would be burned i n  power plants.  



3, Cumulative Impact on Air Quality 

a. Quantity of Potential Air Pollutants 

This section is devoted primarily to the cumulative impact on 

air quality as directly related to oil shale operations. It is 

- -- i not possible to assess the cumulativenon~oil-shale-development 
I .,I 

impacts with any degree of exactness since the nature, size, and 

rate of growth of satellite developments are not predictable nor 

are their power and similar requirements known. To illustrate, 
I 

direct power requirements for a 1-million-barrel-per-day shale 
I 

i industry and associated domestic growth would approximate 1,600 
- -  I 

I megawatts of installed capacity (1,000 megawatts average output). 

Much, if not all, of this generating capacity could be fueled with 

I a combination of excess process gases from the shale operations 

and utilization of byproduct coke or fuel. However, any fuel 

shortage plus the fuel to supply generating capacity required for 

satellite growth would have to be made up from other sources -- 
for example, low-sulfur shale oil, natural gas, or low-sulfur 

western coals. Alternatively, additional power might be generated 

outside .of the shale region and imported. 

The potential air pollution problems directly accompanying oil 

shale development are similar to those already encountered elsewhere 

in industry. As a result, the techniques now in general industrial 

use or under development to control the particulates, sulfur oxides, 

and nitrogen oxides present in various flue gases, or the dusts 



produced in mining, crushing, and mineral waste disposal,would 

be applicable to oil shale processing. 

The amount of particulates from mining, crushing, and con- 

veying large tonnages of both raw shale and spent shale which 

is not collected by the standard recovery techniques previously 

described for these operations was estimated to total 80 lb/hr 

for each 50,000 barrels per day of production. 

In addition to these sources of airborne partYculates, 

dust could occur from processed shale disposal and from re- 

torting and refining operations. It is expected that residual 

dust from the processed shale disposal operations would be 

adequately controlled by wetting and compaction. The subsequent 

cementation reactions or interlocking of grains through com- 

paction which result throughout the shale disposal piles, 

including the surface, would virtually eliminate fugitive 

dust release from the disposal operations. 

Product gases from retorting and refining operations 

would be nearly free of particulates by virtue of the recovery 

procedures used in separating them from the oil and other liquids 

with which they are coproduced. While catalytic conversion 

processes will probably be involved in upgrading shale oil on 

site, they are expected to be fixed-bed hydrogenation systems 

with little, if any, of the emission-release problems characteris- 

tic of the moving or fluid-bed systems that historically have 



r e l e a ~ e d ' d a t a l ~ s t s  and other par t i cu la tes  t o  the  a i r .  Gases from 

upgrading operations a l so  a r e  expected t o  be very l o w  i n  su l fur  

by v i r tue  of the thorough treatment t o  recover su l fur  a s  one of 

the plant  byproducts. 

I f  a level  of production of 1 mill ion ba r r e l s  per day i s  

reached i n  1985, the  cumulative t o t a l  of par t i cu la tes  from t h i s  

industry i s  estimated t o  range from 20 t o  100 tons 1! per day 

from the  projected 17 sites i n  the  three-State region, A t  

each s i t e ,  t h i s  would comply with S ta te  and Federal emission 

v i s i b i l i t y  regulations and with S ta te  regulations fo r  process 

weight r a t e  versus allowable emission per opening. For the  region, 

the cumulative t o t a l  of par t i cu la tes  increases as  industry increases. 

As previously described, a major source of gaseous products 

from shale processing i s  the  off-gases from retor t ing.  However, 

these gases would not be released d i rec t ly  t o  the a i r .  Instead, 

they may be t reated for  su l fur  reduction p r io r  t o  use as  fue l  t o  

s a t i s fy  process and u t i l i t y  systemheat  requirements. As  a r e s u l t ,  

such combustible components as  carbon monoxide, hydrogen, and 

hydrocarbons present i n  the gases or igindl ly  produced (which could 
I 

, - 
pose a i r  pollution problems i f  released t o  the atmosphere) would 

I 

be e f f i c i en t ly  burned. 

. . It i s  the su l fur  dioxide i n  the  stack gases from the burning of 

r e t o r t  gases and/or fue l  o i l s  which i s  the major po ten t ia l  cause 

. , i  
I 
! 

1/ The airborne par t icu la tes  from the TOSCO T I  r e t o r t  system - 
fluid-bed preheater a r e  an exception and with current tech- 
nology could be twice the  maximum shown. 



of air quality deterioration from a shale industry. On the basis 

of the data previously developed for the indirect-heat and 

the internal-combustion retorting processes, the cumulative total 

sulfur dioxide released to the atmosphere in the three-State region 

by a million-barrel-per-day industry could vary from as little as 

50 to 70 tons per day if desulfurized indirectly-heated retort gas 

were used exclusively as fuel, to as much as 2,000 tons per day for 

burning some types of internal-combustion retort gases. The lower 

1,imit is within acceptable Federal and State air quality standards. 

It is expected that the higher emission rate could be reduced to 

perhaps 10 percent of this value (i.e., 200 tons per day), by the 

application of SO2 stack gas removal technology now in process of 

development, At this reduced level, applicable air quality standards 

would be met. As with particulates, the total cumulative impact 

for the region increases with increasing industrialization. 

It is estimated that the cumulative loading of NOx to the 

atmosphere in the three-State region could reach 80 to 150 tons 

per day for a 1-million-barrel-per-day industry in 1985. L/ 

Not included is the minor amount of pollutants that would be 
released from approximately 900 vehicles per day that would 
transport about 1,300 workers to each site. Based on Environ- 
mental Protection Agency standards for 1973, carbon monoxide 
(CO) = 39 @/mile, hydrocarbons (HC) = 3.4 gm/mile, and oxides 
of nitrogen (NO,}= 3.1 -/mile, and a round trip distance of 
120 miles, the residual concentrations of these pollutants 
would be as follows: (in tons per day) CO = 4.7, HC = 0.4, 
and NOx = 0.4. 



The impact of the previously discussed cumulative loadings for 

a.1-million-barrel-per-day industry on ambient air quality is 

influenced by the temperature inversions which occur in various 

parts of the three-State region. The following description is 

given of temperature inversions in Colorado (35): - 
I 

' - -  4 
A nighttime inversion, with light-drainage winds, is 
typical throughout the Piceance Basin. Under these 
conditions, the typical nighttime surface flow pattern 
is down the creek drainage to the north, then turning 
westward down the White River Valley. The vertical 
temperature structure is usually neutral to moderately 
unstable during afternoon, with a temperature inversion 
forming shortly after sundown. The trapping layer under 
this inversion is probably less than 1,500-feet thick. 
A short-term temperature record on Cathedral Bluffs 
indicated that the inversion height is usually below 
8,500 feet (mean sea level). 

During mid-winter, the inversion normally breaks at 
least by early afternoon. Under certain synoptic 
conditions, however, temperature inversion conditions 
may persist for'several days at a time. During the 
s m e r  and fall months, the inversions will normally 
break by midmorning. 

It is- clear from the above that source emissions to the atmos- 

phere must be so controlled that'pollutants would not accumulate 

under inversion conditions. Wherever feasible, processing facilities 

should be located on upland surfaces rather than in valleys and 

canyons, and high stacks should be employed where necessary. 
I 

However, plant siting on private lands does not come under the 

- jurisdiction of the Interior Department. 

b. Possible Dispersion of Air Pollutants 
1 

The dispersion of pollutants from a typical (50,000 barrellday) 

I plant site has been assessed (36). - 
i 



The dispersion of sulfur dioxide was given maximum attention 

in the study since its emission and dispersion are the-most critical 

to meeting air quality standards. The stack gases from burning the 

retort off-gases from an indirect - heat process as fuel were 

selected for illustration since this process may well be the first 

to attain conrmercial-scale production. It was assumed that only 

90 percent of the sulfur (as hydrogen sulfide) in the retort gases 

would be removed, although conventional MEA (monoethano1amine)- 

scrubbing technology for H2S may attain over 99 percent redyctron. 

(1) Mathematical Model - Pertinent parameters were examined 
by using a mathematical model in order .to determine ambient. ground- 

. . 

level distributions of sulfur dioxide as a function of distance 

from source, stack height, and assumed level of control. 

The model used is complex but contains many simplifying 

assumptions.. The following empirical description is presented to 

provide a general overview of the factors and accuracy involved in 

estimating the ambient ground-level concentration of pollutants. 

A full mathematical description is available in D. B. Turner's 

"Workbook of Atmospheric Dispersion Estimates" (37). 

Several investigators have successfully used meteorological 

data in mathematical dispersion models to predict downwind concen- 

trations of pollutants. Such modeling has shown-moderate success 

under simple-terrain conditions, that is, flat terrain with steady 

winds, but less accuracy in mountainous terrain. The mathematical 

models used in the calculations for ground line concentrations for 

this study were developed in 1961 by Pasquill and -Gifford. Their 



model, which is consistent with other earlier investigators' results, 

assumes that the plume spread has a Gaussian distribution (Figure 

111-11). The Gaussian distribution has a vertical and horizontal . 

standard deviation o- and WZ. The coefficients H and wz vary with Y Y 

the atmospheric stability, as well as the distance away from a source. 

Various efforts have been made to define the values of CY- and CY, 
Y z 

Probably the most-used coefficients for the standard deviations 

have been developed by Pasquill and Gifford and published in 

Turner's workbook. That workbook has served as a fundamental 

reference for making dispersion calculations for this project. 

Turner has commented on the accuracy of the dispersion esti- 

mates as follows: "Because of a multitude of scientific and tech- 

nkcal'limitations, the diffusion computation method presented in 

this manual may provide best estimates, but not infallible predic- 

tions." Generally speaking, under good conditions, that is, flat 

terrain, uniform: windsand stable conditions, the concentration 

estimates will be good to within a factor of two. As would be 

expected, the magnitude of the potential error increases with com- 

. . . . . . . .  I . . . .  
plex terrain. For a lack of any other method for determining 

: . . . . . . . . .  .; . . . . .  . . . .  . . . . . . . . . .  . . . . . . . . .  . :  .. :.! ............ . . . . . .  
I 

. . . I  . . 
downwind concentrations, mathematical modeling was selected to ::::I . . . . . . . . . .  

. . .  . . . . . .  . . . . . . .  . . I  . . .  . . ,  . . . . . . .  , . . . . . ,  . . . . . . . . . .  . . . .  I 
predict the impact on air quality from the oil shale plants. 

. . One of the most sensitive factors used in the calculation for 

ground line concentrations is the effective stack height, H. Many 
. . . . . . . . . .  ; ............... . :. . . . . .  ::.; . . . . . . . . .  ............. . . ,  researchers believe that the estimate for the effective stack . . . . . . . . .  , .. . . . . . . . .  :- 1 . . . . . . . .  .... 

. . .  

height is the key to success for accurace modeling of atmospheric 

i 



Figure 111-11. 

Diagram Showing tc'he Model for the Air Pollutant Disp~rsion Calculations. 



dispersion. Holland's equation for determining effective stack 

heights as is used in Turner's workbook was used for the oil shale 

di-spersion calculation of this study. Generally speaking, Holland's 

equation will provide low estimates of the effective heights of 

emissions, therefore providing a slight safety factor in pre- 

dicting ground concentrations. 

In dispersion calculations, the most important air layer to 

be considered is that nearest the ground, varying in thickness from 

one to several thousand feet. Turbulence due to the wind and heat- 

ing of the ground are greatest in this layer. Turbulence due to 

solar heating of the layer is determined by the temperature structure 

of this layer. If the temperature decreases with height by more 

than 5.4O C per 1000 feet (lo C per 100 meters), this layer is unstable 

and vertical motion is enhanced. If temperature decreases at a 

lower rate or increases with height, i.e., an inversion condition, 

vertical motions may still be present but will be less prominent. 

As the wind speed increases, pollutants from a continuous 

source are mixed with a larger volume of air per unit of time. 

In addition to this dilution, spreading of the material perpendicular 

to the direction of transport by turbulence further disperses the 

pollutants. Therefore, in a real situation, pollutants are dis- 

persed due to a combination of complex vertical and horizontal 

air motions which are dependent upon the temperature gradients 

and the variation of wind speed and their direction within the 

surface layer. 



Any model t h a t  attempts t o  descr ibe  the  complex phenomena 

described above must, by necess i ty ,  incorporate a number of 

simplifying assumptions. S t a b i l i t y  i s  assumed t o  be the  same 

throughout t h e  d ispers ion layer  with no t r a n s f e r  of pol lu tants .  

through layers  of  d i s s imi la r  s t a b i l i t y ,  i.e., no tu rbu len t  

mixing of a i r  layers.  Since mean wind speed and d i r e c t i o n  a r e  

used, the  v a r i a t i o n  of wind speed.and d i r e c t i o n  with height  

a r e  not taken i n t o  account, This does not cause . large  es t imat ing 

e r r o r s  during neu t ra l  o r  uns tab le . cond i t ions ,  e.g., daytime, 

but can lead t o  over-estimation of downwind concentrat ion 

during s t a b l e  conditions. 

For t h i s  study, the  mathematical equation used t o  determine . 

ground-level concentrations a t  a given point  i s  a funct ion of 

mean wind speed, r a t e  of emission of p o l l u t a n t s ,  e f i e c t i v e  

s tack he igh t ,  and the  standard devia t ions  of plume concentrat ion 

d i s t r i b u t i o n  v e r t i c a l  and perpendicular t o  the  d i rec t ion-of  plume 

t rave l .  The r a t e  of emission i s  assumed t o  be constant .  

Effec t ive  s tack height  i s  the  height  of t h e  s tack i t s e l f  p lus  

the  d is tance  the  plume rises before  it l e v e l s  o f f ,  and t h i s  

depends upon the  e x i t  ve loci ty  of t h e  s t ack  gases,  t h e  i n s i d e  

diameter of t h e  s tack,  the  wind speed, t h e  atmospheric pressure ,  

t h e  s tack gas temperature, and t h e  a i r  temperature. The standard 

deviat ions of plume concentrat ion d i s t r i b u t i o n  a r e  measures 

of the  cross-sect ional -  changes i n  concentrat ion of the  p o l l u t a n t s  

through t h e  plume a s  i t  t r a v e l s  downwind. These-devia t ions  

a r e  assumed t o  be Gaussian, i .e . ,  uniform. 



. . . .  . . . . . . . . .  ! . . . .  ..: . . : -.i . . .  . . . . . . . . .  ! . . Values fo r  the  standard' devia t ion of plume concentrat ion 

. . . . . . . . . .  . . .  
. . 

I 
d i s t r i b u t i o n  vary with the  turbulence of the atmosphere, the 

height above the  su r face ,  the  su r face  roughness, wind speed, and 

the  d is tance  from t h e  source. The condit ion f o r  est imating the  

. . . . . . . . . . . . .  . . . . . . . . . .  j s t a t i s t i c a l  d i s t r i b u t i o n  of the  plume dispers ion parameters 6y 
..<.;...:.....::;..;.;] ... ........ - . - .............. .: ..-. . , . . . . . . . : . .  . . . .  . 1 .  

and 62, i s  considered t o  be t h e  lower severa l  f e e t  of the  atmos- 

phere with surface  t e r r a i n  t o  be r e l a t i v e l y  open country. 

Variat ions due t o  d i s t ance  from the source can be estimated 
. . . . . . .  . . . .  8 . . . . . . . . .  . . .  . . .  . . . . : . . . . .  

. . . . . . . . .  
. . from graphs i n  ~ u r n e r ' s  workbook (37,  p. 7 ) .  . . . .  . . .  - 

Turbulence of t h e  atmosphere and wind speed a s  a measure of 

the  s t a b i l i t y  of the  atmosphere a r e  divided i n t o  s i x  c lasses ,  

A through F, with A being the  l e a s t  s t a b l e  and F t h e  most s t ab le .  

These ca tegor ies  f o r  varying wind speed and cloud cover f o r  the  o i l  

shale  a rea  a r e  given i n  Table 111-14,. When t h e  s t a b i l i t y  c l a s s  i s  

determined, the estimated values f o r  standard devia t ions  can be 

determined from Turner 's  Workbook (37). The calcula ted  s t a b i l i t y  

category d i s t r i b u t i o n  (as percent)  f o r  t h e  o i l  sha le  region i s  shown 

i n  Table 111- 15. 

With the  above assumptions and t h e  estimated values,  the  maxi- 

mum ground-level concentrat ion a s  a funct ion of ac tua l  s tack 

height  and s t a b i l i t y  category i s  shown i n  Table 111-16 .  

Due t o  the number and types of assumptions made, inaccuracies 

a r e  poss ib le  when applying the  model t o  the  o i l  sha le  areas of 

Colorado, Utah, and Wyoming. Values estimated f o r  t h e  v e r t i c a l  

standard devia t ion of plume concentrat ion d i s t r i b u t i o n  may conta in  

e r r o r s  i n  the most s t a b l e  and most uns table  ca tegor ies  when used t o  



Table 111-14.--Stability Categories. 

Cloud Cover 
(tenths) 

SUMMER DAY 
Wind Speed (miles/hour) 

SUMMER NIGHT 
Wind Speed (miles/hour) 

WINTER DAY 
Wind Speed (miles/hour) 

WINTER NIGHT 
Wind Speed (miles/hour) 



Table 111- 15. --calculated S t a b i l i t y  Category Dis t r ibu t ion .  
(Percent) 

* Annual f igures  a r e  weighted f o r  seasonal v a r i a t i o n  
i n  length of day. 

S t a b i l i t y  Category 

Time 

Summer Day 

Summer Night 

Winter Day 

Winter Night 

Annual* 

A B C D E F 

21 19 28 32 . 0 0 

0 0 0 47 26 27 

Q 1 9 90 0 0 

0 0 0 76 13 11 

7.0 6.5 10.8 58.8 8.7 8.2 



Table 111-16 .--Normalized Maximum Ground-Level Concentration Factors* (l/m2) For Various Stability 
Categories And Actual Stack Heights. 

*Concentration , =  Conc . Factor (l/m2) x Emission Rete (gm/sec) 
Wind Speed (mlsec) a gm/m3 

Stability Category 

A Very Unstable 

B Unstable 

C Slightly Unstable 

D Neutral 

E Stable 

F Very Stable 

- 
ACTUAL STACK HEIGHT, FEET 

100 200 300 400 500 600 700 800 

65.5 18.8 9.8 6.1 4.5 3.4 2.8 2.3 

24.2 6.4 3.0 1.8 1.3 0.8 0.7 0.5 

17.3 4.5 2.0 1.1 0.7 0.5 0.4 0.3 

18.7 4.6 1.6 0.8 0.5 0.3 0.2 0.1 

28.7 3.9 1.7 0.7 0.4 0.2 0.2 0.1 

39.9 5.2 1.3 0.4 0.2 0.1 0.1 0.1 - 



I 
I predict concentrations far from the source. However, the error may 

be less than 100 percent for: (1) all stabilities within a distance 

of less than 1,000 feet from the source; (2) neutral to moderately 

unstable conditions within distances of a few miles; and (3) unstable 

conditions within the lower 3,000 feet of the atmosphere that con- 

/ 
tain a strong inversion above 3,000 feet for distances out to 6 miles 

I or more. The uncertainties in the standard deviations perpendicular 
I 

to the direction of travel are generally less than the standard 
4 

1 deviations vertical to the direction of travel. From the foregoing, 
I 

l it should be recognized that the values obtained from this model 

1 are present best estimates of the ground-level concentration of 

I pollutants expected from oil shale development and that these values 

may contain errors. However, the values do provide a reasonable 

estimate against which to judge the probable consequence of develop- 

ment as described in this section. 

(2) Results and Conclusion - Typical results are shown in 

. , I 
Figure 111-12 , for an 800-foot effective stack height and 90-percent 

SO2 control. Under these conditions, the maximum ambient concentra- 

I 3 
I tion of SO2 is 4 pg/m , and occurs at a point approximauely 10 miles 
1 

! northwest of the stack. This maximum concentration is within 
I 

national ambient air quality standards for SO2 (Table 111-12) 

and also within State standards (Table 111-13). 

At the 800-foot stack height, the study indicated that several 

50,000-barrel-per-day plants could be located as close as 15 miles to 

one another along the prevailing southeast-northwest dispersion 



Figure III-l2.--Annual Average Ground-Level Concentration o f  Sulfur Dioxide. 
(micrograms per cubic meter) 

SCALE - 1 inch = 20,000 feet 

ASSUMPTIONS: 

Indirect-heat retort (50,000 barrels per day) 
90-percent control o f  sulfur 
Effective stack height 800 feet Source : Reference ( 36) .  



axis and still meet qational ambient air quality standards. 

More efficient sulfur removal than the 90 percent used for this 

study would permit lower stack heights and somewhat closer plant 

spacings. In the case of less severe conditions than those studied, 

it is concluded that ambient air standards for SO2 could be met 

under prevailing meteorological conditions, providing that the 

economic burden of the control measures was acceptable. 

In summary, it would appear that the following conclusions 

may be drawn: 

a. Particulate emissions can be effectively controlled 

and could meet all applicable standards (einission and 

j ambient air quality for all retorting processes). 

b. Hydrocarbon and carbon monoxide emissions would be 

well below acceptable limits. 

c. Nitrogen oxide emissions could meet present ambient 

air quality standards for NOx using conventional 

stack heights and no specific NO, controls. 

d. Sulfur-dioxide emissions are a critical component. 

Emissions from the indirect - heat retorting 

process can meet both State and Federal standards 
. . 

with 90-percent or greater presulfur removal from 

the fuel gases and suitable stack heights. At 

lesser sulfur removal efficiencies and/or effective 

stack heights lower than those studied, the Colorado 

State standards would quickly become unattainable. 

In the case of the internal - heat retorting 



processes, U.S, secondary ambient air quality standards 

for SO can be met with a combination of tall stacks 
2 

and proper control strategy, However, Colorado's 

stringent 1980 standards, especially those with re- 

spect to maximum allowable rates of emission from 

. .  a single contamination source, could not be met with- 

out considerable improvements in current sulfur- 

dioxide remova1,stack-gas technology. Such tech- 

nology is currently under intensive investigation 

for all industrial combustion processes, 

e. If Wyoming State standards are to be met, none of the 

retort gases could be vented unburned to the atmosphere 

because of their,hydrogen-sulfide content. 

4. Air-Quality Impacts on Humans, Animals and Plants 

The effects of cumulative long-term exposure to air with 

emissions of the type and concentration described will be felt 

primarily by vegetation and long-term.residents. 

The data available consists of both laboratory studies 

and epidemiologic studies. The latter are studies dealing 

with the effects of pollution from the ambient air on groups 

of people living or working in a community or area. There are 

many experimental studies but'they are limited because of use 

of- high concentrations for' short periods of time. This data 

does not lend itself to long-term projection for low pollutant 

levels, The :epidemiologic~studies give some indication of long- 



term ef fec ts  but the methods of analysis are  hindered by the data 

i t s e l f ;  e.g., using mortality data i s  an insensit ive method of 

measuring health e f fec ts  due t o  inappropriate designation of cause 

of death, var iat ion i n  ce r t i f i ca t ion  of cause of death, and usually 

a lack of autopsy data. 

I n  the sections tha t  follow, the present s t a t e  of knowledge 

of the e f fec ts  of various a i r  pollutants on humans, plants,  and 

animals is  reviewed and related to  the potential  unfavorable im- 

I 

pacts on these groups by any a i r  pollutants derived from an o i l  

shale industry. 

I 
a. Effect of A i r  Pollutants on Humans 

(1) Sulfur Oxides - Laboratory studies of SO2 ef fec ts  on 

humans show the major e f fec t  t o  be constriction of a i r  passages 

i n  the lungs. For healthy individuals, the manner of ingestion, 

i.e., through the mouth or through the nose, is significant.  

Ingestion through the nose can resul t  i n  95-to 98-percent absorption 

of SO2 a t  high concentrations thus acting as a protective agent 

for  the r e s t  of the respiratory system (38, p. 85). Most individuals 

respond to  5 ppm and above of SO2. Sensitive individuals can 

detect 1 t o  2 pput so2 and may show severe constriction a t  5 t o  10 ppm 

(BY P* 85). 
L 

Epidemiologic studies considered both SO2 concentration and 

particulates.  I n  London, an increase i n  the dai ly  death r a t e  

- i was detected when the concentration of SO2 reached 715 pg/m 3 I 



3 
(.25 ppm) and 750 ) ~ ~ / m  pa r t i cu la tes .  The e lder ly  and people with 

hea r t  conditions were most af fected.  A t  d a i l y  SO2 concentrat ions 

3 3 of 1,500 pg/m and 2,000 pg/m pa r t i cu l a t e s ,  the  death r a t e  increased 

20 percent over base-line l eve l s  (38, p. 144-145). 

I n  Rotterdam, a 24-hour mean SO2 concentrat ion of 500 pg/m 
3 

(.I9 ppm) fo r  3 t o  4 days increased the  mor ta l i ty  r a t e .  Rotterdam. 

has low par t i cu la te  l eve l s ,  lending spec ia l  s ignif icance t o  t h i s  

observation (38, p. 145). 

A study i n  Genoa, I t a l y ,  of housewives a l l  over 65 years of 

age, nonsmokers with no i n d u s t r i a l  exposure, and who had l ived i n  

the  same area f o r  long periods showed increased frequency of coughing, 

labored breathing, and b ronch i t i s  i n  areas  having "clean" a i r  v s  

"dir ty" a i r .  The range of annual mean SO2 concentrations was 80 pg/m 3 

1@. 028 ppm) i n  the  c lean areas  t o  265 pg/m3(~.  093 ppm) i n  t he  d i r t y  

a reas  (38, p. 145). 

A l l  of these.  s tudies  showed an increase i n  morbidity r a t e  

( r a t e  of d isease  occurrence). 

(2) Nitrogen Oxides - Laboratory s tud ies  of the  e f f e c t s  of 

NO, on humans a r e  confined t o  NO2 e f fec t s .  It has been found t h a t  

3 a t  concentrations above 835 pg/m (.29 ppm), a l l  subjects  t e s t ed  

detected the  odor of NO2 (39, p. 9-15). 

Exposure of pa t i en t s  both with moderate t o  marked pulmonary 

3 
d i sease  and with no resp i ra to ry  disease  t o  940 t o  5,64Opg/m 



(0.32 t o  1.95 ppm) f o r  2 t o  3 hours on severa l  occasions showed no 

e f f e c t s  (39, p. 9-15). - 

Exposure of heal thy males t o  a combination of 10 ,500 to  13,000 

3 3 
pg/m (3.6:to 4.5 ppm) SO2 and 7500-9400 pglm (2.6 t o  3.2 ppm) 

NO2 f o r  10 minutes with 2-week i n t e r v a l s  between exposures with 

inges t ion through the  mouth showed the two gases t o  be addi t ive  

i n  e f f e c t  . SO caused bronchoconstr ict ion immediately a f t e r  
2 

inha la t ion  but returned t o  normal a f t e r  30 minutes,and NO caused 
2 

maximum cons t r i c t ion  30 minutes a f t e r  exposure. Recovery time 

f o r  NO2 was not measured. The v a r i a t i o n  i n  time f o r  e f f e c t s  

t o  occur indicates  t h a t  SO2 and NO2 a c t  by d i f f e r e n t  mechanisms 

Many occupational exposures t o  high NO concentrat ions have 
X 

been reported. These exposures have been c l a s s i f i e d  i n  s i x  

3 
degrees: (1) 940,000 pg/m o r  higher (336 ppm), acute  pulmonary 

-3 edema and death wi th in  48 hours ; (2) 564,000 t o  752,000 p ~ l m  

(194 t o  259 ppm), pulmonary edema and broncho-pneumonia wi th ,dea th  

i n  2 t o  10 days; (3) 282,000 t o  376,000 pg/m3 (97 t o  129 ppm), b r o n c h i o l i t i s  

f ib rosa  ob l i t e rans  with death i n  3 , t o  5 weeks; (4) 94,000 t o  188,000 

3 
pg/m (32.4to 65_ppm), b r o n c h i o l i t i s  with foca l  pneumonitis 

l a s t i n g  6 . to  8 weeks followed by spontaneous recovery; (5) 47,QOO t o  

3 
141,000 pg/m (16.2to  48,6 ppm), varying degrees of bronchi t i s  

and bronchopneumonia, but complete recovery; and (6) chronic 

in te rmi t t en t  exposure t o  18,800-to 75,200 pg/m3 (6.5 t o  25.9 ppm) 

may produce chronic pulmonary f i b r o s i s  and emphysema (2, P. 9-16). 



Workers i n  a su l fu r i c  acid plant were exposed t o  4,900 pg/m 3 

(1.7 ppm) NO2 for  3- to- 5 years. M l t i p l e  c l i n i c a l  symptons, bio- 

chemical changes, and blood a l te ra t ions  were reported. I n  contras t ,  

I t a l i a n  workers i n  a nitr ic-acid plant exposed fo r  an unreported 

number of years t o  average NO2 concentrations of 56,400 t o  65,800 

pg/m3 (19.5 t o  22.7 ppm) showed no signs or -  symptoms of injury 

Epidemiological s tudies  are  few, but two -covet the survivors 

of the  Cleveland Clinic f i r e  of 1929 and residents of four areas 

of Chattanooga. 

- I n  the Cleveland Clinic f i r e ,  the gases involved w e r e  NO, CO, 

and hydrogen cyanide (HCN) w i t K  estimated concentrations of 63.3 

3 
pm/m3 (21,800 ppm) , 46 d m 3  (15,800. ppm) , and 6 g m h  (2,060 ppm) , 

respectively. The survivors consisted of people who were present 

i n  the building a t  the time of the  explosion, entered the  building 

tha t  afternoon, were exposed t o  smoke i n  an adjacent building, and 

ass is ted rescue and f i r s t - a i d  workers. Ninety-eight t o  99 

percent of the people present a t  the f i r e  were ident i f ied through 

record searches and 87 percent were studied. People present a t  the  

f i r e  who did not f a l l  i n  any of the four categories were used a s  

controls. The r a t i o  of cumulative observed survival r a t e s  and 

cumulative expected survival rates,compared f o r  the period 1929- 

1965, showed no s t a t i s t i c a l l y  s ign i f ican t  dFfferences between 

mortali ty ra tes  of exposed and nonearposed groups (2, P- 10-1)- 



The Chattanooga study consis ted  of four areas .  One a rea ,  
I 

close  t o  a TNT p l a n t ,  had h igh NO /low par t i cu la tes :  one had 
2 

high par t icula tes / low NO ; and the  o ther  two areas  were "clean" 
2 

areas  used a s  cont ro ls .  SO2 values were l e s s  than 2.8 pg/m 3 

(.001 ppm) i n  a l l  four areas .  Two poss ib le  h e a l t h  e f f e c t s  were 
- -  = - I  

- I  
s tudied:  impaired v e n t i l a t o r y  function i n  elementary school 

d. 

chi ldren  and increased frequency of acute  r e s p i r a t o r y  i l l n e s s  

i n  family groups. The d a t a  was co l l ec ted  over the  1968-69 school 
I 

year.  The v e n t i l a t o r y  performance of the  ch i ld ren  i n  the  high- 

. . i NO2 a r e a  was s i g n i f i c a n t l y  reduced compared t o  the  cont ro l  

areas,and an 18.8-percent r e l a t i v e  excess of r e s p i r a t o r y  i l l n e s s  
I .  
I was found. This increased incidence was found when the  mean 
i 

I 
i 

3 
24-hour NO2 concentrat ion was 117 t o  205 pg/m (0.04 t o  0.07 ppm). 

In  the  h igh-pa r t i cu la te  a r e a ,  a 10.4-percent r e l a t i v e  excess 

was found. These d i f fe rences  i n  i l l n e s s  r a t e  could not be 

explained by d i f fe rences  i n  family composition, economic l e v e l ,  

demographic c h a r a c t e r i s t i c s ,  prevalence of chronic condit ions,  

o r  smoking h a b i t s  (39, pp. 10-1' t h ru  10-5). 

(3) Carbon Monoxide - Laboratory s t u d t e s  of the  e f f e c t s  

of CO on man ind ica te  t h a t  measurement of the  amount of CO- 

hemoglobin formed i n  the  blood i s  the  most un ive r sa l  f ac to r  

f o r  r e l a t i n g  the  e f f e c t s  of CO on humans. The normal l eve l  

of  CO-hemoglobin i n  the  body i s  0.5 percent.  No human hea l th  
I 

- - 4  
I e f f e c t s  have been seen f o r  CO-hemoglobin l e v e l s  below 1 percent. 



For the  range of 2 - t o  5 percent ,  t h e  following have been observed: 

A t  about 2.5 percent i n  nonsmokers (exposure t o  58,000 pg/m3 

(20 ppm) fo r  90 minutes),  impaired t i m e  d i sc r imina t ion  has been 

3 
seen; a t  about 3 percent  (exposure t o  58,000 ug/m (20 ppm) 

f o r  50 minutes), v i s u a l  acu i ty  and r e l a t i v e  br ightness  threshold 

have been impaired; a t  about 5 percent ,  reduced performance 

of simple tests and impaired v i s u a l  d i sc r imina t ion  have been 

observed. Cardiovascular changes were a l s o  seen a t  l e v e l s  

above 5 percent (40, pp. 8-14 through 8-24, and 8-27 through 

8-34). The concentrat ion of CO needed t o  g ive  these  r e s u l t s  

i s  dependent on brea th ing r a t e  and length of  exposure. 

Exposure of man over a long period t o  low-level CO may lead 

t o  adapta t ion  through increased hemoglobin and red blood c e l l  

counts but  there  is not enough da ta  t o  s u b s t a n t i a t e  t h i s .  

It has been seen i n  animals (40, - P O  8-52). 

Epidemiologic s t u d i e s  show th ree  poss ib le  e f f e c t s  of prolonged 

exposure t o  COY but  none has been d e f i n i t e l y  subs tant ia ted .  

There may be a chronic CO-poisoning syndrome cons i s t ing  of 

headache, d izz iness ,  labored brea th ing,  d i a r r h e a ,  ur inary  

frequency, sweating, t h i r s t ,  weight loss ,  l o s s  of sexual  d r i v e ,  

and insomnia (40, p. 9-4). Exposure t o  weekly average- 

3 
CO values 9000 t o  16,000 pg/m (3.1 t o  5.5 ppm) may incretlse 

mor ta l i ty  i n  hosp i t a l i zed  p a t i e n t s  with myocardial i n f a r c t i o n  

(40, p. 9-18). Two s t u d i e s  show d r i v e r s  involved i n  

t r a f f i c  acc idents  had h igher  CO-hemoglobin l e v e l s  than con t ro l  



. . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . .  , . . . . . . .  . . . . . . .  , p'opulations ind ica t ing  CO lowers t h e  abi . l i ty t o  concentrate and 
. . 

r e a c t  @, p. 9-18). 

Moderate c i g a r e t t e  smoking (approx. % t o  1 pack per day) leads 

. . 
. . t o  a CO-hemoglobin l e v e l  of about 6 percent.  ' The CO concentrat ion 

3 
........... of inhaled c i g a r e t t e  smoke is  46,000 t o  57,OO- pg/m (15.9 t 0 1 9 . 8  . . . . . . . . . . . .  
I-.:: ::.:.>:.:,.I: ............ . . .... 2 ..... 1 . . . .  ............... , ............. , 

' j  ppm). Thus, c i g a r e t t &  'smokers a l ready  have a high l e v e l  of CO 

present  without including o the r  sources (40, p. 9-7). 

, . 
(4) Impacts of O i l  Shale Indust ry  - Figure 111 - 12 shows 

. :  : . : ,  
. . . . . .  . i . . . . . . . .  . . . . . . . . .  . . . . .  . . . . .  . . . . . . . .  . . . .  . . .  : 

the  r e s u l t s  of applying a mathematical model f o r  determination of 

. . .  ....... :.::.I ....... . . . . . . . . .  ............ . . . . . . . . . .  the  annual ground-level SO2 concentra t ions  f o r  a 50,000-barrel- 
....... - . , . . .  . . . . . . . . . . . . . .  .-) . . . . . . . . . .  

per-day o i l  s,hale p lant  with SO2 abatement (90-percent removal) using 

an ac tua l  s tack height of 800 f e e t .  The highest  value predicted 

3 
is  4 pg/m (0.0014 ppm). A s imi la r  p red ic t ion  f o r  CO shows a maximum 

I 

1 
3 of 15 pgfm (0.005 ppm) (E, p. 37). NO, concentrat ion,  assuming con t ro l  

3 t o  reduce s tack gases t o  a t  l e a s t  100 pprn NOx, would be - 2  pg/m 

(.00007 ppm) (35, p. 48). I f  uncontrolled,  which would not be 

acceptable standard engineering p r a c t i c e ,  the  maximum predicted values 

3 3 are 40 pg/m (0.014 ppm) SO2 and 0.7 pg/m (0.00025 ppm) NOx. 

These values a r e  predicted f o r  t h e  i n d i r e c t  - heat r e t o r t .  For 
- 

. , 
. . . . . . . . . .  . . . . . . .  ! 

. . . . . . . . . . . .  . . . . . . . . . . . .  . . .  , I a 200-foot s tack,  the  values would rise t o  470 p g / d  (0.16 ppm) SO2 
. . . . .  . . . .  . . . . . . . . . .  . . .  
. . . . . . . . . .  

. . i 
3 

(uncontrolled) a n d  47 pg/m3 (0.016 P P ~ )  SO (control led),  and 7.2 pg/m 2 .  
3 . . .  (0.0025 ppm) NOx (uncontrolled) and 2.0 'pg/m (0.0007 ppm) NOx (control led).  



Short-term concentrations (24-hour maximum) predicted from the 

model for the controlled plant (indirectly-heated) were 19 ug/m 
3 

(.0066 ppm) SO2 with an 800 foot stack and 444 ug/m3 (.I5 ppm) with 

a 200 foot stack (36, - p. 38) 

In the event that the oil shale recovery gases are simply vented. 

to the atmosphere (uncontrol~ed), a staunch odor would be detected 

in a 20-mile radius around the plant. The H2S gas has an odor 

threshold which varies from 10 ppb to 100 ppb (14 to 140 ug/m3). 

Although'neither Colorado, Utah or Wyoming have emission regulations 

for H2S, the gas does have an extremely objectionable odor and 

could conceivably result in complaints to the local control agencies. 

No values for 24-hour maxima for NOx or CO were predicted,but 

assuming a straight-line relationship using the same proportionalities 

for NOx and CO as those seen for SO2 (4 pg/m3 annual average to 19, and 

3 444 pg/m 24-hour maximum for 800- and 200-foot stacks), the 24-hour 

3 maxima for N0,would be 0.95 ~ g / m  (0.0003 ppm) for an 800-foot stack 

3 and 22.2 pg/m (0.0077 ppm) for a 200-foot stack, and 71 to 1665 pg/m 3 

(0.024 to 0.57 ppm) for CO. 

At the predicted levels of maximum average annual ground-level 

3 concentrations of 4 pg/m3 (0.0014 ppm) SO2, 0.2 pg/m (0.00007 ppm) NOx, 

and 15 pg/m3 (0.005 ppm) GO, the long-term effects on people iri the 

region should be small, even for those groups known to be sensitive 

to low levels of pollutants, e.g., those with respiratory diseases 

and heart disease. Even if these predicted levels were too low by 

a factor of 100, the concentrations would still be exceptionally 

low when compared with levels examined in the previously listed 

epidemiologic studies. 



. , 
. . , .- . . .  

: :.' :. .". i . . :  
with the 24-hour max+num ground-level concentrations bf 19 to 444 . .  

. . . . .  . . . .  . ,  . . . . . .  3 
3 p g h  (0.007 to 0.15 ppm) SO2, 0.95 to 22.2 pg/m (0.0003 to .008 ppm) NOx, and 

2 

71 to 1665 pg/ma (0.025 to 0.57 ppm) CO (depending on an actual stack 

height of 800 or 200. feet), the short-term effects should be negligible 

at the low va1ues:of the range. At the upper values, irritation. ! . . .  . . 
. . . .  . . . . . . . . .  .: ...I . . . . . . . . . . .  . . ..... . . . . . . .  

, of sensitive groups could result but Lhis is highly unlikely at these 
. . . . 

levels. 

Under invereion conditions where the concentrations could be 

. . . . . . .  . . . . . . . . .  . . . . . . .  ! . . . . . . . . .  . . . .  . . . . .  high in very localized areas, there is a possibility of adverse 
. . . . .  : . : .  j .... 

rn 

. i effects. The plant sites are isolated from the major population 

centers,andthaeffect on these population centers should be slight. 
I 
I 

I The only significant group of people that might be affected would 

I be the plant workers. Since members of sensitive groups would not 
I \ 

I 

I be expected due to the manual nature of the work, short-term effects 
1 

under inversion conditions would be minimal. Mechanical failure in 

the plant,releasing large amounts of stack gases to the working 

area,is an extremely remote possibility. Should it occur, the 

workmen in the immediate area would be subject to substantial 

injury to their respiratory systems which could lead to hospitali- 
. . . . . . ... . : . : . . .  _i ............... ? . . . . . . .  - .. 

. . 
i . . . . . . . .  

zation, but previously listed studies show the effects of short-term 
. . . . . . . . .  . . . . . .  . . . . , ,  . . .  . . .  . . . .  . . .  . . . .  : I  
. : . . . . . . .  ! . . . . . . . . . .  1 . . . . . . .  . . . . . . .  . , 

exposures.. to be at .least partially reversible. 

I Another potential impact on humans relates to the carcinogenic 

activity associated with the byproducts of oil shale processing. 
. . .  - . . . . . . . . . .  , . . . .  . . . . . . . .  . .  , . . . .  . . . . . .  . .! . . . . .  ....... . . . . . . . . . . . . .  , The presence of carcinogens in processed shale was'studied by 

. . .  . . . . . . . . . . . .  
. .  - --.: i 

Kettering Laboratory (5) in 1965 using TOSCO spent shale. Extracts 

from the spent shale were analyzed chemically to evaluate the probable 
I 

carcinogenic potency of processed shale. An extract from coal dust 

.j was used for comparison. Chemical analysis indicated the presence of 

i 111-157 



two known classes  of carcinogens, benzo ( 4  ) pyrene and benz (6 ) - 
anthracenes, i n  the  extracts  from spent shale.  A t h i r d  c l a s s ,  

dibenzacridines, was a l so  indicated but i den t i f i ca t i on  was not 

posit ive.  Chrysenes and pyrenes were a l so  found, some of which may 

be carcinogenic. Coal dust yielded approximately 300 pa r t s  per  m i l -  

l i o n  benzo (&)  pyrene and approximately 40 pa r t s  per mi l l ion  

benz ( o( )- anthracene; rubber t i r e  dust and atmospheric dusts  of 

American c i t i e s  contain comparable quant i t i es  of '  these  two carcino- 

gens. By comparison, the t o t a l  concentration of compounds known t o  

be o r  suspec,ted of being carcinogenic i n  t he  spent shale was 0.1 

par t  per  mill ion.  Thusspent shale  shows a much lower concentration 

of carcinogens than common emTironmenta1 dusts but does show weak 

carcinogenic potency. 

Studies a re  underway by Denver Research I n s t i t u t e  t o  fu r the r  

evaluate the  carcinogen content of processed shales and t o  deter-  

mine carcinogens i n  plants  growing on o i l  shale  and the pos s ib i l i t y  

af res idual  carcinogens i n  processed sha le  being volatized t o  t h e  

a i r  a r e  a l so  being studied. 

Present data  indicate tha t  carcinogens from o i l  shale should 

not cause s ign i f ican t  impacts on humans, animals, and plants.  The 

r e su l t s  of the  above s tudies  should f a c i l i t a t e  addit ional conclusions 

. . .  on these questions to  the extent t he  s tudies  apply. 



b. Effect of Air Pollutants on Animals 

Four general responses to air pollutants have been documented 

for animals: (1) development of pulmonary edema in some animals; 

(2) lessened immunochemical response; (3) reduced Vitamin C in 

blood; and (4) synergism of the toxic effects from combinations 

of certain pollutants (42, p. 9). 

(1) Sulfur oxides - Previous studies of the effects of SO2 
on animals are not applicable to long-term evaluation of low-SO2 

concentrations since high (>lo ppm) SO2 concentrations were used 

to accelerate and magnify the effects. These studies can only give 

an indication of possible effects. 

The majority of the studies dealt with small, short-lifetime 

animals to give large amounts of data quickly. Extrapolation of 

these results to large animals and different species is hazardous. 

In studies where mice, guinea pigs, grasshoppers, and cock- 

roaches were exposed to sulfur dioxide, mice were found to be more 

resistent than guinea pigs at concentrations below 150 ppm. 

Between 300 and 1,000 ppm, this was reversed. The insect studies 

were similar. Thus, extrapolations from high to low concentrations 

between species is not necessarily reliable (38, p. 73). 

In a study of guinea pigs using 33to 1,000 ppm SO2, eqosure 

to the higher concentrations produced coughing, labored breathing, 

nasal membrane irritation, tear formation, eye irritation, 

abdominal distension, lethargy, weakness, paralysis of the hind 

quarters, visceral congestion, pulmonary edema, distension of 

the gall bladder and stomach, hemorrhages of lungs and stomach, 



and d i l a t i o n  of  t h e  r i g h t  h e a r t .  Exposure t o  concentra t ions  below 

33 ppm yielded no s i g n i f i c a n t  mor ta l i ty  o r  s igns  of  d i s t r e s s  i n  

hea l thy  animals (38, p., 73-74). 

Exposure of swine t o  5 pprn SO2 f o r  8 hours r e s u l t e d  i n  s l i g h t  

eye i r r i t a t i o n  and excess s a l i v a t i o n  (38, p. 74). 

(2) Nitrogen oxides - Studies  of NO e f f e c t s  on animals a r e  

l imi ted .  Exposure of mice to 3,075,000 pg/m3 (1,060 ppm) NO f o r  

12 minutes was l e t h a l .  Exposure f o r  6-7 minutes narcotized the  

mice bu t ,  i f  returned t o  f r e s h  a i r - a f t e r  4 t o  6 minutes of exposure, 

t h e  mice recovered rap id ly  (39, p. 9-1). 

3 
Guinea pigs exposed t o  19,700 t o  94,OO pg/m (6.8 t o  32.4 ppm) NO 

f o r  4 hours showed no change i n  pulmonary funct ion  (39-p.9-1) 

I n h i b i t i o n  o f  b a c t e r i a l  enzyme a c t i v i t y  occurred during 

3 
exposure t o  26,400 t o  123,000 pg/m (9.1 t o  424 ppm) NO, but  it 

was reversed upon removal o f  the  NO (39, p. 9-2). 

S tudies  of exposure t o  NO2 i s  much b e t t e r  documented (39, p. 9-2 

3 t o  p. 9-14). Exposure of  guinea p igs  t o  9,800 pg/m (3.4 ppm) f o r  

3 
2 hours o r  24,400 pg/m (8.4 ppm) f o r  1 hour caused increased resp i ra -  

to ry  r a t e  and decreased t i d a l  volume, bu t  t h e  animals returned t o  

normal i n  c l ean  a i r .  S q u i r r e l  monkeys showed s i m i l a r  e f f e c t s  when- 

3 
exposed t o  18,000 t o  94,000 pg/m (6.5 t o  32.4 ppm) f o r  2 hours o r  

3 9,400 pglm (3.2 ppm) f o r  2 months. When exposed t o  3,800 t o  16,900 

3 pg/m (1.3 t o  5.8 ppm) cont inual ly ,  tachypnea developed and p e r s i s t e d  

f o r  2 years  a f t e r  removal of  t h e  animals from exposure. Rats exposed 

t o  1,500 pg/m3 (0.52 pprn). f o r  t h e i r  l i f e t i m e  showed a 20-percent 
3 

inc rease  i n  r e s p i r a t i o n  r a t e .  Dogs exposed t o  9 0 0 t o  3,800 pg/m 



(0.3 to 1.3 ppm) NO2 and 245 pg/m3 (0.085 ppm) NO for 18 months 

showed no change in pulmonary function. 

3 
Rabbits exposed to 1,900 pg/m (0.65 ppm) for 1 to 4 hours 

showed alteration of lung collagen and elastin,which was reversed 

within 24 hours after termination of exposure. But when exposed 

3 to 470 pg/m (0.16 ppm) for 4 hours per day for 6 days, the altera- 

tions were not totally reversed within 7 days of termination of 

exposure. 

3 
Rats exposed to 3,800 pg/m (1.3 ppm) for their lifetime 

showed formation of emphysema-like lesions in the lungs. When 

3 NO2 concentration was reduced to 1,500 pg/m (0.52 ppm), the lesions 

did not occur in all test animals, but did occur in some. Mice ex- 

posed to 940 ug/m3 (0.32 ppm) for 3 to 12 months for 6, 18, and 24 

hours per day also exhibited emphysema-like lesions. Dogs exposed 

to 47,000 ug/m3 (16.2 ppm) for 6 months showed early evidence of 

pulmonary emphysema. 

Mice, hamsters, and squirrel monkeys showed reduced resistance 

to bacterial pneumonia and influenza infections after exposure to 

varying NO2 concentrations. 

(3) Carbon Monoxide - Carbon-monoxide (CO) uptake by animals 
reduces the amount of oxygen available to the tissues. The effects 

of this interference with the oxygen-transport system depend on CO 

concentration, length of exposure, and species of animal. The 

general effects are changes in brain and heart functions as 

evidenced by alterations in electroencephalogram and electro- 

cardiogram readings after exposure to 50 ppm CO concentrations 

for varying lengths of time. There were indications of adaptation 



after long (3  months) exposure to 50 ppm CO with increases in 

hemoglobin and red blood cell count (40, pp. 8-47 and 48). 

The lack of adverse effects in certain animals was also found; 

e.g., mice exposed to 50 ppm CO for 3  months to 2 years showed no 

changes in fertility, fetal survival, body growth, food intake, 

weight and water content of various organs, electrocardiogram, 

or blood chemistry (40 p. 8-48). 

The major impact of CO would be on those ani.mals already 

exhibiting deficient oxygen supply such as diseased animals and 

possibly on the developing fetus. 

(4) Impacts of Oil Shale Industry - Using the values of 
3 3 3 

4 pglm (0.. 0014 ppm) SO2, 0.2 pglm (0.00007 ppm) NOx, and 15 pg/m 

(.005 ppm) CO for maximum annual average ground level concentrations, 

long-term effects of the oil shale industry should be small. Domestic 

animals and wildlife can develop chronic respiratory disease and have 

increased susceptibility to natural diseases with long exposure to 

low levels of air pollutants. Severity of lung damage depends on 

total dosage rather than concentration indicating that the cumulative 

effect of pollutant inhalation may cause a decrease in animal populations 

over a long period of time, even if pollutant concentrations are kept 

within ambient air quality standards. 

Cumulative long-term impacts are expected from animal ingestion 

of contaminated vegetation. Reduction of plant growth due to pollu- 

tants could also reduce the total available food supply. The com- 

bination of these two possibilities could lead to limited long-term 

reduction of animal populations. 



The 24-hour maxima l i s t e d  previously f o r  SO2, NOx and CO 

3 3 
w e r e  19 t o  444 pg/m (0.007 t o  0.15 ppm), 0.95 t o  222 pg/m (0-0003 t o  

0.075 ppm), and 71 t o  1665 pg/m3 (0.024 t o  0.57 ppm), r e spec t ive ly ,  

depending on whether the  a c t u a l  s t ack  height  was 800 f e e t  o r  

200 fee t .  

A t  t he  lower end of these  ranges, the  shor t  term impacts would 

be neg l ig ib le  and very loca l i zed  i f  present.  A t  t he  upper end, 

impacts would be g rea te r  and could lead t o  short- term damage t o  

animals, but t h i s  damage may be r e v e r s i b l e  i f  the animals a r e  

only exposed f o r  shor t  t i m e  periods. But these  e f f e c t s  would 

be local ized and should not  a f f e c t  a  s u b s t a n t i a l  por t ion  of  the  

t o t a l  animal population i n  thi-s area .  

Under invers ion condit ions,  exposure of animals t o  high 

po l lu tan t  concentrations may increase  the  mor ta l i ty  r a t e  i n  local ized 

areas .  Natural movement of t h e  animals f o r . f o r a g i n g  should reduce 

t h i s  impact t o  low levels .  

c .  Ef fec t s  of A i r  Pol lu tants  on Plants  

Sulfur  dioxide and ni t rogen oxides have s i g n i f i c a n t  e f f e c t s  on 
. . . . .  . . . . . . . .  I 

. .  ..., . . . . . . . . . .  . . . . . . . . . . . .  ....... .i. .:.! plan t  l i f e  (98) Chap. 5; 39, Chap. 8) .  There a r e  two c l a s s i f i c a t i o n s  - .. 

. . . . . . . .  . . . . . . . .  .: .,:. .::~ . . . . . . . . .  . . . . . .  . : . . . . . . . . .  . . . .  . . . . .  ......... 
of poss ib le  injury--acute and chronic. Acute in ju ry  i s  character ized 

. . :. :: .: :I . . .  ....... . . :  ...;:: 1 
I 

by rapid absorption of tox ic  concentrat ions of SO2 o r  NOx leading 

t o  dramatic changes i n  the  p lan t ,  e.g., dramatic color  changes from 



SO or cell collapse followed by necrosis from NO,, Chronic injury 
2 

is caused by long exposure times at.low concentratians of SO2 and 

NO,. Symptoms may be blanching, leaf-drop, or lesions seen pri- 

marily on foliage. Chronic injury can lead to growth alteration, 

reduced yield, and changes in plant product quality. Chronic 

injury -symptoms from exposure to SO2 or NO, are very similar and 

difficult to distinguish. 

A broad range of factors is involved i n  the degree of sus- 

ceptibility of plants to damage by SO2 and NO,, These include 

temperature, relative humidity, light intensity, soil moisture, 

nutrient supply, and age of plant or tissue exposed. 

Generally, plant resistance to SO2 and N4, is much greater 

below 5O C (40° F). Plants show high resistance in winter probably 

due to lower plant activity with correspondingly high sensitivity 

in late spring and early summer. 

Sensitivity to SO2 and NO, generally increases as relative 

humidity increases. 

Minor variations in soil moisture during exposure to SO2 and 

NO, do not affect susceptibility providing there is sufficient 

moisture for normal plant growth. Plants growing with an insuf- 

ficient water supply show higher degrees of resistance. 

Plants growing in shade tend to have higher sensitivity than 

those growing in direct sunlight, while young plants and newer 

foliage are more resistant than older plants o.r foliage. Middle- 

age leaves have the highest susceptibility to damage. 



(1) Sulfur oxides - Many studies ot the effects of SO2 on 
vegetation have been performed. Although the effects are fairly 

well understood, there are still many unresolved controversies. 

Reduction in growth of pine trees near SO2 sources has been 

reported. A lower yield of rye grass was observed when the plants 

were exposed to unfiltered air containing .O1 pprn to -06 ppm SO2 

over a period of 46 to 81 days. No visible symptoms were seen and 

the presence of other pollutants was not documented (38, p. 62). 
I 

Conversely, at very low SO2 concentrations, the SO2 may be 

utilized by plants deficient in sulfur giving increased growth 

and production (38, p. 62). 

Studies of short-term effects of SO2 are available, Injury 
1 

to Ponderosa pine, western larch, Pacific ninebark, and creambush 

rockspirea was reported after exposure to 0.5 pprn SO2 levels for 

7 hours (38, p, 64). This study concluded that the lowest concen- 

trations of SO2 detrimental to conifers was .25 ppm. Another 

study reported that larch, one of the most sensitive conifers, 

showed slight symptoms from 0.3 pprn SO2 during an 8-hour exposure 

(38, p. 64). It was concluded that no damage should occur if con- 
I 

- 
1 

centrations in the range 0.3 to 0.5 pprn are not present and if the 
I . , 
1 

- -1 length of exposure at 0.3 pprn is short for any single exposure 

Long term-studies in ehe vicinity of smelters show dramatic 

effects of SO2 on plants over a wide range of SO2 concentrations. 

I The area affected was large,.with tree damage noticed up to 52 miles 
I 

from the smelters. Damage to Ponderosa pine, Douglas fir, and 



f o r e s t  shrubs ranged from 60 t o  100 percent  (acute)  i n  a r i v e r  

va l l ey  extending 30 miles from t h e  smelter  t o  1 t o  30 percent 

(chronic) a t  higher e levat ions  extending 52 miles from the  smelter. 

I n s t a l l a t i o n  of SO2 con t ro l  devices lowered the  percentages t o  

20 per.cent and 4percent ,  respectively.  Eighty-one percent of the  pines 

showed no cont production i n  Zone 1 a f t e r  i n ~ t a l l a t i o n ~ b u t  only 

16 percent had no cones ou t s ide  Zone 1. SO2 concentrations 

15 m i l e s  from the  smelter i n  Zone 1 averaged .03 ppm during t h e  

sununer with occasional peak concentrat ions g r ea t e r  than 0.5 ppm 

of 5- t o  10-hours duration (38, p. 64).  

Damage t o  a t  l e a s t  15 t r e e  species ,  including hardwoods and 

conifers ,  i n  the  v i c i n i t y  of pe t ro l eumre f ine r i e s  processing crude 

o i 1 , t h a t  used 3-percent su l fu r  p i t ch  res idue i n  the re f in ing  

furnaces has been observed (38, p. 55). SO., concentrations ex- 

ceeded 0.5 ppm fo r  10 hours per  lont nth with momentary peaks 

g rea te r  than 2 ppm. S l i gh t  t o  severe acute  in ju ry  was reported 

fo r  a l l  species within 1 t o  2 m i l e s  of t he  r e f i ne r i e s .  

These long-term s tud i e s  ind ica te  t h a t  even with r e l a t i ve ly  

low SO2 concentrations, damage can be extreme. 

(2) Nitrogen oxide - NOx leads  t o  a reduction i n  "apparent 

photosynthesis" which i s  measured by t he  reduction i n  the  amount 

of carbon dioxide (C02) absorbed by t he  p lan t  (38, p. 8-1). 

While s tudies  of N 4 ,  e f f e c t s  a r e  not  as  well  documented, leaf-drop 

and chloros is  have been observed (39, p. 98-2) . 
3 

Using n i t r i c  oxide (NO) a t  8,700 t o  29,000 yglm (3 t o  10 ppm) 

on bean and tomato p lan t s  leads  t o  a 60-to 70-percent reduction 



I . . . . . . . . .  .,, . . . . . . . . . . . . .  . . . . . .  .I 
. . . .  i n  apparent photosynthesis.  Apparent photosynthesis returned t o  . . . .  . . .  

normal a s  soon as  t h e  exposure was ended and no v i s i b l e  i n j u r y  was 

observed (39). - 

Comparison of  NO and n i t rogen  dioxide (NO2) on the  r a t e  of 

apparent photosynthesis i n - a l f a l f a  and o a t s  yielded threshold 
. . . . . .  . . . . . . . . . . .  :j ........... .... .- . . .  .:. .................... ............ . . . .  . . . . . . . .  ........... ..I ,.. 

3 3 
... .......... 

- - 1  l e v e l s  of 7,000 pg/m (2.4 pprn) NO and 1,100 pg/m (0.38 ppm) NO2 

. , necessary t o  reduce C02 absorption. Combining the  gases gave an 
j 

add i t ive  e f f e c t ,  i .e. ,  combinations a t  these  concehtrat ions 
. . . .  . . . . . . . .  ., . . . . . . .  . , . . , . . . . . . . . .  . . . . . .  . . . . . . . .  . . . . . . .  . . . . .  a f fec ted  the  p lan t s  more than each individual  gas. NO caused-a 

. . .  . /  
- I . . .  

. . . . . . . .  ........... .'> .'J 
more rapid  reduction than NO2 i n  C02 absorption r a t e . b u t  recovery 

.......... .................... ........... . . _ .  _ . . i  ........ .......... : .--7 . . . . . . .  ....... .< . . . . . . . . .  
was more rapid a f t e r  exposure t o N 0 2  ceased (39, - p. 8-3). 

The p o s s i b i l i t y  of synergism, i . e . ,  a  s i t u a t i o n  i n  which the  

combined ac t ion  of two o r  more agents  ac t ing  together  i s  g rea te r  

! than t h e  sum of t h e i r  sepa ra te  ac t ions ,  i s  a l s o  poss ib le .  For 

example, tobacco showed l e a f  in ju ry  a f t e r  exposure fo r  4 hours t o  

3 3 - a mixture of 188 pg/m (0.065 ppm) NO2 and 260 pg/m (0.09 ppm) SO2, 

3 
whereas exposure f o r  5 hours t o  4,500 pg/m (1.6 ppm) NO2 yielded 

no in ju ry  (2, p. 8-4 and - 39, p. 8-6). 

(3) Carbon monoxide - Plants  show no det r imenta l  e f f e c t s  

3 
from CO below concentrat ion of  290,000 pg/m (100 pprn). Associated 

. . . . . . . . . . .  . . . . i ., . . . . . .  . . . . . . .  , . I  micro-organisms, e .g. ,  n i t rogen-f ix ing bac te r i a ,  a l s o  have shown no . . .  

. . adverse e f f e c t s  below carbon monoxide concentrat ions o f  290,000 pg/m 3 

(100 ppm). 
. . .  

a . . . . . . . . .  ........... .; . . . . . - . - . -  , . . . . . . . . . . . .  .* .......... ..., ... . . . . . . . . .  . I ............. . . . . . . . .  (4) Impacts of an O i l  Shale Industry - Comparison of the  . . . . . . . . .  . . 

, , 3 3 annual average ground concentrat ions of 4 pg/m So2 and 0.2 pg/m N% 

with the  concentrat ions used i n  laboratory s t u d i e s  ind ica tes  t h a t  

expected long-term damage t o  vegeta t ion  i n  the  region should be small 



except possibly f o r  some local ized areas,  egg. ,  immediately adjacent  

t o  the source and about 10 miles northwest of the  source. I n  these 

areas,  some chronic i n j u r y  could occur w i t h  subsequent reduction i n  

p lant  v a r i e t i e s  and populations. Some damage can be expected t o  

a l f a l f a  grown l o c a l l y  f o r  c a t t l e  feed. 

The p o s s i b i l i t y  of synergism between SO2 and NO, could lead 

t o  long-term e f f e c t s  on these  local ized areas. But much more 

research i n t o  t h i s  poss ib le  synerg i s t i c  r e la t ionsh ip  i s  required 

before it can be f u l l y  understood, and is  present ly  being conducted. 

Outside these  local ized areas the  long-term impact should be 

minimal. Small amounts of su l fu r  from SO2 may be b e n e f i c i a l  t o  

balance the  nu t r i en t  supply, The res i s t ance  of vegeta t ion i n  the  

a rea  would probably be high due t o  t h e  combination of low lei1 

moisture content,  low annual average humidity, and shor t  growing 

season. 

But p lan t s  may be more suscept ib le  t o  secondary invaders 

such a s  b a c t e r i a l  o r  v i r a l  d isease ,  fungi ,  o r  i n s e c t s  due t o  

reduced vigor caused by pol lu tants .  Reduced vigor  may lead t o  

an imbalance i n  the  ecosystem and i n a b i l i t y  t o  compete properly, 

leading t o  reduced amounts of some species  over t h e  long-term. 

Synergist ic  e f f e c t s  due t o  the  presence of severa l  po l lu tan t s  

may lead t o  g rea te r  damage than expected from each individual  

pol lu tant .  

3 The short-term impacts of 19 t o  444 pg/m SO2 and 0.95 t o  222 

3 pg/m NO should a l s o  be localized.  The lower l e v e l s  of these  
X 

ranges should not lead t o  any s ign i f i - can t  damage t o  p l a n t s  i n  



t h e  area  over a shor t  period,  even i n  very  loca l i zed  areas.  The 

upper range could deple te  p lan t  populations s i g n i f i c a n t l y  i f  

synerg i s t i c  e f f e c t s  do indeed occur f o r  the species  i n  t h i s  region 

leading t o  high incidence of leaf-drop and necros is  i n  the  region,  

The a rea  h a s  an average of 20 days per year  of inversion.  
. . . . . . . . .  . :.:I . . . .  . . . . . . . .  . . . .  ............ - . .: . . . . .  ............. . . . !  

condit ions.  During these periods po l lu tan t s  a r e  trapped and may 
.. 

bui ld  t o  high concentrat ions,  even approaching the  s t ack  gas com- 

posi t ion .  When t h e  invers ion breaks, due t o  changes i n  weather 

condit ions o r  due t o  the  na tu ra l  heat  ing-cooling cycle  of t h e  

region, these po l lu tan t s  can reach ground l e v e l  due t o  a i r  cu r ren t s  

and s t a y  a t  high concentrat ions f o r  short  periods (hours) before 

, .  d i spe rsa l .  Repeated many times during each of the  years the  p lant  
I 

i s  i n  operat ion,  such short- term impacts could cause s i g n i f i c a n t  

and cumulative adverse e f f e c t s  on f l o r a  i n  h ighly  loca l i zed  areas .  

The areas  a f fec ted  a r e  dependent on ac tua l  p lan t  loca t ion ,  wind 

speed and d i rec t ion ,  and f a c t o r s  involved i n  t h e  invers ionco l l apse  

5. Cumulative Effect  on Regional A i r  Qual i ty  -. 

A s  presented i n  t h i s  ana lys i s ,  development t o  a l -mil l ion- 

barrel-per-day industry w i l l  require  17 processing complexes,.. 
. . ,  . . . . . . .  , . . .  . . . . . . . . . . . . . .  . . . . . . . . .  ............. ................... . . . . . . . . . . . .  *, the  locat ions  of which are. uncertain.  I n  addi t ion ,  populations w i l l  

expand, a s  w i l l  power generat ing capacity.  Some secondary indust ry  

may be st imulated by t h e  general  a c t i v i t y  r e l a t e d  t o  o i l  shale  

development. For t h e  whole region,the cumulative long-term e f f e c t  

. . . . . . . . . . . . . .  ............ . _ i  . . . . . . . . . .  :I w i l l  be influenced by the  loca t ion  of p l a n t s  and people and the  

. . . . . . . .  . . . . . .  . . . .  I . . . . . . . . . .  
r 

poten t i a l  f o r  synergism between individual  p o l l u t a n t s  and emission 

! sources. 



It i s  an t i c ipa ted  t h a t  a l l  appl icable  ambient a i r  q u a l i t y  

standards can be met, both Federal and more s t r i g e n t  S t a t e  standards.  

However, except f o r  t h e  i n d i r e c t  - process,  Colorado's 1980 

standard t h a t  l i m i t s  t h e  amount of s u l f u r  t h a t  can be released from 

a s ing le . source  could probably not be met without improvements i n  

s tack gas control  technology o r  changes i n  t h e  standard. 

Assuming no concentrat ing e f f e c t s  from s c a t t e r e d  point  sources,  

the  cumulative long-term e f f e c t s  upon the  o i l  s h a l e  region w i l l  

l i k e l y  be: 

1. A decline i n  ambient a i r  qua l i ty ;  

2. Increased occurrence of smoke plumes, an increase  

i n  haze and some lowered v i s i b i l i t y ;  . 

3 .  Localized and l imi ted  damage t o  vegeta t ion and animals 

over long periods of time; 

4. Possible in ju r ious ,  but  genera l ly  revers ib le ,  e f f e c t s  

on humans working o r  l i v i n g  i n  t h e  v i c i n i t y  of t h e  

p lan t s  i f  an accident occurs; 

5. Possible short-term e f f e c t s  on persons l i v i n g  i n  t h e  

v i c i n i t y  of the  p l a n t s  during invers ion condit ions.  

I f  synergism between individual  p o l l u t a n t s  occurs and/or p lan t  

s i t i n g  leads t o  higher concentrat ions of p o l l u t a n t s  than expected, 

more severe impacts than those l i s t e d  above may r e s u l t .  



, E. Impacts on Fauna 

1, General 

i The present population density and human activities of the 

oil shale region have been described earlier. However, it is well 

to emphasize that lack of industrial development and limited human 
. . I . . . . .  ............ . . . . . .  . .  . -. . . . . . .  - ................. ..-. j 

. . . . .  . . . . .  ............. .1 
activity in the area are the reasons why the region has retained - . . . . . .  . . . . . . .  

! 

much of its natural character, 

Human activity and development within this region has been 

. . 
. . . . . . . . .  i . . . . . . . . .  . . . . . . .  . . . . .  confined to cattle ranching, minor gas exploration and production, 

. . .  I 
_ i  
. . .  . . . .  . . . .  : . . . . . .  

and recreational uses. The fauna of the area has retained much of 

its natural character, unlike other parts of the states where 

development has been more intense. There are many species of 

animals which do not tolerate human activity occupying this area. 

They include mountain lion, black bear, elk, and various raptors, 

particularly the eagles and falcons. In addition, the area con- 

tains highly productive populations of more tolerant species such 

as deer, coyote, bobcat, rabbits, and many species of birds, small 

mammals, reptiles, and amphibians. 

Oil shale development will modify the essentially natural 
. . .  . . . . . .  . . .  . .  I . . . . . . . . .  ....... :: , ............. . . .  ........... ............ . .? character of the environment and increase competition ,between man 
. . .  . . . . .  .- . . . . . . . . .  . . I  . . . . . . .  . . , .  : :j . . . . .  ., . . . . . .  . . . . . . . . . . .  . . ; 

and. the natural fauna for space and physical resources. This will. 
. . . . . . . . .  , 

inevitably result in a reduction in the population density of the 

majority of the species of animals now occupying the oil shale 

. . . . . . .  ..., . . . . . . . . .  .... - .  . . . . . . . .  , . . . . . . . . .  
. . . . . . .  . . . . . . . . . .  

region. Those species that are presently endangered or have 
. . . . . . .  . . .  

demonstrated in other areas an inability to compete with man for 

space and resource will be greatly reduced, and in some cases, 

possibly extirpated. 
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Regional e f f e c t s  of o i l  sha le  development on fauna would r e f l e c t  

t h e  sum of d iverse  l o c a l  impacts and t h e i r  ecologica l  i n t e r a c t i o n s .  

Such in te rac t ions  a r e  f requent ly  complex, s u b t l e ,  and i n v i s i b l e .  

For example, where spr ings  o r  streams a r e  d r i e d  up a s  a  r e s u l t  of 

mining o r  lowering of the  water t a b l e  i n  t h e  semi-arid Piceance 

Basin of Colorado, an  i r r e v e r s i b l e  s h i f t  of both behavior and d i s -  

t r i b u t i o n  of associa ted  animals w i l l  be s e t  i n t o  motion. Vegetat ion 

and immobile animals dependent on the  water source w i l l  be l o s t .  

More mobile animals, such a s  res ident  l ives tock ,  mule deer ,  wild 

horses, song b i rds ,  rodents,and raccoon, which water and l i v e  i n  

the  v i c i n i t y , w i l l  seek new water sources.  However, s ince  populat ion 

l e v e l s  a r e  determined by the  a v a i l a b i l i t y  of s u i t a b l e  h a b i t a t ,  

displaced animals w i l l  eventual ly succumb t o  na tu ra l  mor ta l i ty  o r  

d isplace  o ther  res ident  animals a t  adjacent  watering areas .  

Reduction i n  numbers of prey animals w i l l  reduce the  abundance of 

predators  such a s  hawks, eagles ,  coyote, and bobcat. The e f f e c t s  of 

t h i s  p a r t i c u l a r  impact include the  l o s s  of an ecologica l  f e a t u r e ,  a s  

wel l  a s  i t s  associa ted  faunal  populat ions,  and the  imposition of 

competitive pressures on populations a t  adjacent  watering areas .  

Recognizing the  complexity of e f f e c t s  r e s u l t i n g  from individual  

impacts, such as  the  one discussed i n  the  preceding paragraph, 

there  i s  no reasonable way t o  q u a n t i t a t i v e l y  assess ,before  the  eventJ 

regional  environmental e f f e c t s  r e s u l t i n g  from a broad spectrum of 

land uses and human a c t i v i t i e s .  Within t h i s  framework, the  fol lowing 

two sec t ions  a r e  d i rec ted  a t  the  var ious  impacts, both a c t u a l  and 

p o t e n t i a l ,  and t h e i r  l i k e l y  ecological  cause-ef fec t  r e l a t i o n s h i p s  

on fauna of the o i l  sha le  region. 



I 2. Localized I n d u s t r i a l  Impacts 
I 

a .  Access 

The opening of roads and t r a i l s  i n t o  the  r e l a t i v e l y  undisturbed 

a reas  of the Piceance, Uinta, and Washakie Basins w i l l  r e s u l t  i n  a 

combination of new pressures on l o c a l  fauna. Opening and develop- 

{. 
ment of t r a c t s  w i l l  be accompanied by new road networks and improved 

highways. I n  many cases ,  hunting pressures  and o the r  human uses 

would be increased over e x i s t i n g  l e v e l s  i n  the  l o c a l e  of developed 

i t r a c t s .  Increased vehicular  a c t i v i t y  and man use of t r a i l s  and the  

general countryside w i l l  br ing about add i t iona l  mor ta l i ty  t o  wild- 

l i f e .  For example, a s i g n i f i c a n t  increase i n  road k i l l s  of deer and 

various small game w i l l  occur. Rabbit hunters  would k i l l  many r a b b i t s ,  

hawks, small carnivores ,  and rodents. There would be increased 

pressure upon coyote and bobcat through predator c a l l i n g  by hunters. 

Increased trapping would take many coyote, bobcat,  foxes, badger, 

raccoon, skunks, r i n g t a i l  c a t ,  and some raptors .  

Animals seen along roads and l a r g e  b i rds  perched on fence posts  

and power l i n e  poles w i l l  be indiscr iminate ly  shot  i n  g r e a t e r  numbers 

a s  use of such roads increases.  Mor ta l i ty  s t u d i e s  of eagles and 

hawks i n  the  West have shown t h a t  b u l l e t  wounds a r e  s t i l l  t h e  most 

frequent cause of death,  i n  s p i t e  of l e g a l  p ro tec t ion  by both 

Federal and S t a t e  laws. Such predatory and scavenging species a r e  

a t t r a c t e d  t o  roadsides t o  feed on road-ki l l  carcasses.  They a r e  a l so  

a t t r a c t e d  toppwerl ines and poles a s  pe-rches due t o  the  good v i s i b i l i t y  

from these elevated points  and the  apparent sa fe ty .  



A significant visual effect of a regional oil shale industry 

which is closely associated with wildlife values would be the loss 

of natural scenic quality caused by the visual and audio impact of 

roads, pipelines, spent shale disposal sites, transmission lines, 

signs, and air traffic. 

b. Faunal Stress 

Activities and noise accompanying construction and operation 

(road, oil pipeline, ~owerline construction, vehicle traffic, and 
. . 

airstrips for low-frequency use by light planes) of an oil shale 

installation will cause stress and disturbance to established 

wildlife behavior and activity patterns in the locality 

of the development. Mule deer are particularly vulnerable to 

stress in the late winter and early spring months. Does are 

carrying their fawns at this time, and many are in a weakened 

condition due to the hardships of winter. Little harassment 

is needed under these conditions to cause ebortion of the fawn 

or mortality to the doe. Harassment can come from many sources, 

such as being frightened by snowmobiles or trail bikes . 
The impact of each particular disturbance in itself might 

be relatively small, but the effect over the life of each lease 

wiii be a chronic disturbance leading to displacement of wildlife 

in the tract vicinity. Displacement of animals creates territorial 

competition with animals on adjacent habitat. When disturbance 

is sufficiently extended and severe, the displaced animals eventu- 

ally succumb to natural mortality or displace animals in an adjacent 

habitat. 



Nearly a l l  mobile species avoid busy areas  during periods of 

noise  and disturbance. 'where t h e i r  h a b i t a t s  a r e  af fec ted  by 

development, species  most disturbed would include mountain l ion ,  

bear,  e lk ,  mule deer,  antelope, foxes, bobcat,  sage grouse, eagles ,  

hawks, and various qpecies of migratory b i rds .  The mountain l ion ,  
7.i 
. I  

I elk,and peregrine and p r a i r e  falcons a r e  p a r t i c u l a r l y  i n t o l e r a n t .  

I The v i c i n i t y  of-mines and other  developed s i t e s  w i l l  l a rgely  be l o s t  

t o  them a s  s u i t a b l e  h a b i t a t .  The golden eagle  i s ' p a r t i c u l a r l y  i n t o l e r a n t  
I 

of human a c t i v i t y .  A Bureau of Sport F i sher ies  and Wildl i fe  golden 

I eagle  survey has shown t h a t  they n e s t  i n  moderate numbers along t h e  

! Front Range i n  eas te rn  Colorado and i n  s i m i l a r  c l i f f  h a b i t a t  near 

open country i n  western Colorado. Several nes t ing s i t e s  have been 

i d e n t i f i e d  i n  the  Piceance Basin. Greater numbers move i n t o  north- 

eas te rn  and northwestern Colorado from the  north i n  winter. The 

survey shows t h a t  the  nes t ing population between Pueblo and For t  

Coll ins has declined about 25 percent i n  the  pas t  5 years ,  primari ly 

because of disturbance from the  expanding metropoli tan growth i n  

t h a t  area. Although urban and i n d u s t r i a l  development w i l l  not be 

I s o  g r e a t  i n  the o i l  sha le  region, proport ional  losses of golden 

? ! 

I eagle ,  as w e l l  as o the r  i n t o l e r a n t  b i r d s  and mammals, can be expected. 
r I 

I 

Some species,  such as  e l k  and mule deer ,  a re  p a r t i c u l a r l y  

vulnerable t o  s t r e s s  induced from rou t ine  low-level a i r c r a f t  f l i g h t s  and 

a e r i a l  harassment. The extent  of such a e r i a l  disturbance would 

1 be dependent upon t h e  number and loca t ion  of a i r  s t r i p s  and the  

volume of a i r  t r a f f i c  which would be involved. There may be severa l  

a i r  s t r i p s  f o r  low-frequency use by l i g h t  planes a t  t h e  mining 



locat ions .  Assuming t h a t  a i r c r a f t  a r e  operated i n  a s a f e  manner, 

without de l i be r a t e  harassment, few problems are  foreseen away from 

the  approach and departure areas. A s  the  area  becomes more densely 

s e t t l e d ,  t h i s  type of disturbance w i l l  be l e s s  of a problem. 

Increased ground vehic le  t r a f f i c  i n  t he  v i c i n i t y  of the  

o i l  sha le  deposits  w i l l  r e s u l t  i n  an increased level  of road 

k i l l s  of deer and other animals. For example, development i n  

the  Piceance Creek Basin w i l l  g rea t ly  a f f ec t  t h e ' t r a f f i c  on t he  

access highways. Highway 13, between Ri f le ,  Colorado, and Meeker, 

had a use  i n  1972 of 873 vehic les  per day. I n  1972, 107 deer were 

k i l l e d  i n  deer-auto co l l i s ions .  This highway b i s ec t s  one of  t h e  

l a rge s t  deer niigration routes i n  the  West. With increased 

t r a f f i c  going t o  and from o i l  sha le  s i t e s ,  t h i s  number can be 

expected t o  increase proportionally. This should a l so  hold, t r u e  

f o r  t r a f f i c  on a l l  new access roads wi thin  t h i s  same migration 

route.  Highway 139, between Loma and Rangely, had a vehic le  

use i n  1972 of approximately 160 vehicles per  day. The 

deer k i l l  by automobiles was negligible. .  .With an.  increase  i n  

t r a f f i c ,  t h i s  a rea  i s  su scep t i b l e - t o  high deer morta l i ty .  Highway 

64, between Rangely and Meeker, wlfiich bounds the  Colorado o i l  sha l e  

deposi ts  on the  north,  i s  another highway of high deer-auto accident  

incidents.  This highway is used a t  t he  r a t e  of 390 vehic les  per  

day. T r a f f i c  may double o r  t r i p l e  over the  l i f e  of bas in  develop- 

ment with deer-auto accidents increasing accordingly. I n  1972, 

52 deer were k i l l ed  by vehicles on t h i s  highway. Vehicle use  r a t e s  

a r e  not  ava i l ab le  f o r  the  Piceance Creek road. However, i n  1972, 

52 deer were k i l l e d  i n  auto-deer co l l i s i ons  on t h i s  road. 



I n  summary, i n  1972, the  number of deer  k i l l e d  on highways 

wi th in  and around the  o i l  sha le  a r e a  of Colorado t o t a l e d  approxi- 

mately 200. This does not include deer  t h a t  were cr ippled  and 

d ied  away from t h e  highways. It is  est imated t h a t  these  same 

high losses  w i l l  occur on roads t h a t  w i l l  be b u i l t  w i th in  t h e  

p ro jec t  a reas  and t h a t  losses  w i l l  increase  at a rate commensurate 

with increased road const ruct ion  and t r a f f i c  loads i n  the  region. 

Additional w i l d l i f e  losses ,  i n  the  form of small mammals such 

a s  r a b b i t s ,  hare, chipmunks, s q u i r r e l s ,  woodchuck, and o the r s ,  

can a l s o  be expected. 

c. Loss of Habi ta t  

O i l  sha le  operat ions would-require physica l  use of undeveloped - 

lands f o r  mining, p ipe l ine  and road const ruct ion ,  spent  s h a l e  

d isposal ,  and buildings.  Areas s t r ipped  of natural cover and 

t h e  spent .  sha le  d isposal  a reas  would be vulnerable  t o  wind and water  

erosion,  u n t i l  s t a b i l i z e d  through revegeta t ion  o r  o the r  means. The 

ac tua l  land area which would be required f o r  a  f u l l - s c a l e  regional  

o i l  sha le  industry cannot be p rec i se ly  predicted.  However, up 

t o  80,000 acres  may be involved a s  t h e  indust ry  expands t o  t h e  mi l l ion-  

barrel-per- day-production level .  - The e f f e c t  of development on the  land 

surface  i s  cumulative a s  discussed in Sect ion  b above. The length 

of t i m e  over which t h e  use of t h i s  h a b i t a t  would be completely 

l o s t  t o  faunal  use is dependent upon t h e  t i m e  the  a rea  remains 

unvegetated and the  success of r e -es tab l i sh ing  w i l d l i f e  food 

and cover. Re-establishment of w i l d l i f e  food and cover on 

d isposal  p i l e s  may t ake  from 20 t o  70 yea r s  a s  discussed i n  

Chapter I, Section D. It has not ye t  been demonstrated t h a t  
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spent  s h a l e  p i l e s  can be revegeta ted  wi th  p lan t  co rnun i t i e s  t h a t  

w i l l  adequately supply t h e  needs of t h e  fauna p resen t ly  found i n  

t h e  region. 

Serviceberry,  b i t t e r b r u s h ,  mountain mahogany, and black 

chokeberry a r e  prefer red  browse spec ies  f o r  mule deer  along wi th  

moderate use of sagebrush, rabbi tbrush ,  and pinon pine. Antelope 

and sage grouse p re fe r  open sage country wi th  good mixtures of 

forbs.  Antelope a l s o  range more s a l i n e  lands wi th  growths of four- 

wing sa l tbush  and win te r fa t .  Elk a r e  mainly grazers  which requ i re  

wooded land nearby f o r  cover. I n  a r e a s  where they have been i n t r o -  

duced i n  Utah and Colorado, chukar pa r t r idge  p r e f e r  open s a l i n e  

a reas  wi th  shadscale and four-wing salxbush. Doves a r e  found i n  

most open a reas  wi th  p l e n t i f u l  g rasses  and forbs.  Jackrabb i t s  a r e  

p l e n t i f u l  i n  most f a i r l y  open country, and p rov ide . the  main food 

supply f o r  wintering golden e a g l e  throughout t h e  region and smaller  

numbers of w i n t e r i n g  bald eagle ,  mostly i n  Utah. Should mined a reas  

and d isposal  p i l e s  not be revegeta ted  with p re fe r red  browse, grass ,  

and forb  species,  d r a s t i c  and permanent l o c a l  reductions i n  w i l d l i f e  

populations w i l l  r e s u l t .  

Canyons proposed f o r  spent  s h a l e  d i sposa l  provide nes t ing  

places f o r  c l i f f  swallow, canyon wren, o the r  small b i r d s ,  and 

possibly eagles;  denning s i t e s  f o r  coyote, .bobcat ,  mountain l i o n ,  

foxes, r i n g t a i l  'skunks, weasels ,  and o the r  smaller mammals; and/or 

c r i t i c a l  winter  h a b i t a t  f o r  deer  and e lk .  A l l  these  animals w i l l  

be l o s t  from the  immediate a r e a s  of t h e  d i sposa l  sites i n  canyons 

f i l l e d  wi th  waste m a t e r i a l r  Topographic changes w i l l  not  permit 
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restoration of typical canyon vegetation. Thus, even with successful 

revegetation of spent shale, the ecosystem dependent upon the canyon 

topography will be irretrievably lost. The loss will be cumulative 

as more canyons are filled over time. 

The effects of such physical land alteration upon the fauna in 

the vicinity is both direct, by movement and mortality, and indirect, 

by competition and loss of biotic productivity. Such losses would 

probably be, in general, proportionate to the area disturbed. For 

example, when the deer population is at or near the carrying 

capacity of the land, as it usually is on winter ranges in western 

, 
1 Colorado, any displaced deer would be forced into competition with. 

other deer on adjacent land. Natural mortality then reduces the 

I herd to the range carrying capacity. Such reduction occurs from 

! increased fawn mortality, especially during harsh winters, and 

increased exposure of weakened animals to predation. Removal of 

existing browse plants on winter range on the lease tracts and 

disposal areas can be expected to result in marked local reduction 

in mule-deer numbers. Combined effects of habitat alteration and 

. . .  . . . ~ > . .  . .  . . . . . . .  
. . . . . . .  ., , human disturbance with full development of an oil shale industry 
. . . . . . .  . . . . . . . . . . .  .............. i>::.:::x..2.! . . . .  . . , . .: . . . . . . . . . . .  

.._,.. . .:! 
in the Piceance Basin may be expected to cause an estimated minimum 

. . . . . . . . .  . . .  . . . . . . . . .  : . . . . . . . . .  . .  I 
..I . . . . .  . . .  :! . . . . . . .  . i , . . 10-percent reduction -in the winter deer population. The estimated 

. . population range inirreeent years is 30,000 to 60,000 head. If 

disturbed areasand disposal piles are not revegetated with suitable 
. . .  . . .  . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . .  i . . . . . . . . . .  : . . . . . . . . . .  I . . . . . . . . . . .  . -  : . :  I . . . I  winter browse species, the population reduction is expected t o  exceed 10 

m 

percent. Where antelope frequent development areas, a similar 

reduction is anticipated. As discussed in Chapter V, VoLume 111, 



s t i p u l a t i o n s  on the  prototype l eases  requ i re  the  l e s see  t o  res to re  

f i s h  and w i l d l i f e  h a b i t a t  which i s  damaged o r  destroyed. 

Where n a t u r a l  surface  water f ea tu res  such a s  spr ings ,  seeps, 

and small streams dry up o r  a r e  changed due t o  lowering of na tu ra l  

ground water t a b l e s ,  t h e  animal and plant  community associa ted  with 

such fea tu res  w i l l  be eliminated. Animals with ranges extending 

beyond spr ing and r i p a r i a n  h a b i t a t ,  but dependent on such fea tures ,  

would be forced t o  move t o  o the r  areas .  This would r e s u l t  i n  

increased competition f o r  resources o ther  than water, and where these 

resources were being f u l l y  u t i l i z e d ,  the  o v e r a l l  populat ion of the  

species would be reduced a s  noted above. 

The sage grouse i s  an  important example of a species  dependent 

on springs and wet meadows i n  l a t e  summer. Chicks require  succulent 

green food such a s  clover and dandelions. I n  l a t e  summer when the  

range d r i e s  up, the  sage grouse hens br ing t h e i r  broods down off  the 

sage-covered uplands t o  feed along the  edges of meadows and springs. 

Loss of surface water  usual ly  r e s u l t s  i n  l o s s  of sage grouse from the  

area,and t h i s  would probably occur throughout t h e  a reas  of Piceance 

and Yellow Creeks o r  o ther  drainages t h a t  s u f f e r  a lowering of the  

water t ab le .  

Vegetation adjacent  t o  d i r t  roads and t r a i l s , s t o c k p i l e s ,  and 

construction s i t e s  w i l l  be regu la r ly  covered wi th  dust .  This const i -  

t u t e s  a minor type of h a b i t a t  l o s s ,  s ince  such vegeta t ion would lose  

i t s  w i l d l i f e  food and cover value only u n t i l  washed off  by subsequent 

r a ins .  Vegetation can a l s o  be damaged by a i r  contaminants a s  discussed 



in Section D.4.c Dependent smdl animals and birds will depart the 

habitat when the condition becomes chronic. 

d. Water Quality 

Fish and other aquatic organisms have, like all organisms, 

ranges of tolerance to the physical and chemical parameters of their 

environment. The most commonly recognized factors that limit the 

distribution of these aquatic organisms are temperature, turbidity, 

pH, water velocity, oxygen supply, and conductivity. 

As an example, trout can survive at temperatures ranging from 

below freezing to 72%. . Growth, however, occurs between 38O F and 58O F, 

and successful reproduction is even more critical, requiring temperatures 

between 45O F and 55O F. Stream temperatures above 55O F during the 

spawning and incubation period will curtail the reproductive capacity 

of the trout population, even though adults may continue to flourish. 

Ellis (e) proposed the following criteria for the quality of 

water required to support a good mixed warm water fish population 

and its food organisms, This quality would be favorable to the 

population, not merely sublethal. 

1. Dissolved oxygen - not less than 5 mg/l. 

2. pH - approximately 6.7 to 8.6, with an extreme range of 6.3 to 9.0. 
- 3 .  Specific conductance - maximum of 1,000 to 2,000 mho X 10 ' 6. 

(western alkaline streams). 

3 4. Free carbon dioxide - not over3cm 11. 

5. Anunonia - not over 1.5 mg/l. 
6. Suspended solids - millionth intensity level for light penetration 

not less than 5 meters. 



Any one of the parameters listed above could be changed in 

local streams and downstream rivers by effluents, accidental spills, 

impoundments, and/or erosion. For instance, sufficient amounts of 

leached substances and saline ground water released to surface 

waters from excavations, overburden piles, or spent shale piles, 

could cause a shift in pH and conductivity into a range that would 

interfere with the vital functions of aquatic organisms. 

The extent and severity of the effects of the above-described 

changes depends upon the particular habitat and species affected 

and the composition and volumes of polluting substances. Unless 

carefully controlled, such discharges could significantly reduce 

the aquatic popwlktions of streams and their riparian fauna. 

These communities are diverse and include trout, suckers, catfish, 

minnows, herons, geese, ducks, rails, cormorant, bitterns, killdeer, 

song birds, beaver, muskrat, mink,and stream-bottom invertebrates. 

Both wind and water erosion will introduce sediment into surface 

waters. In aquatic habitat where resulting turbidity and siltation might 

exceed natural levels, adverse effects would occur in the form of lowered 

biological productivity. This results from reduced aquatic flora due to 

reduced light penetration, mechanical damage to gills of aquatic animals, 

and physical covering of fish spawning and nursery areas. The extent of 

such erosion and its effects cannot be predicted since detailed information 

on potential erosion-causing features such as electric transmission lines, 

roads, and pipelines does not exist at this time. 



Adverse impacts upon aquatic and riparian fauna can also be 

expected in the event that one or more supply impoundments were 

constructed on the White or Green Rivers or their tributaries. 

The extent and types of faunal effects cannot be determined at 

this time, since their prediction would depend upon presently 

unavailable information, including location and size of the 

projects. Potential effects upon fauna of impoundments on these 

streams would include change from riverine to latustrine eco- 

systems; interference with fish reproduction through blockage 

of spawning migrations; and a reducti~n of spawning habitat of 

the endangered Colorado River squawfish. This species has very 

specialized requirements for spawning and successful reproduction. 

It will not reproduce in cold tailwaters or in reservoirs because 

the species is adapted to turbid, swlft, warm rivers. 

e. Oil Losses 

It is estimated that about 150 miles of new pipeline will be 

required to transport 1 million barrels of shale oil daily to major 

existing petroleum pipelines (See Chapter I). This increase in 

pipeline mileage will bring with it the risks of oil spills due to 

pipeline losses caused by corrosion of pipe and equipment damage or 

other accident. Although the average quantity of oil spilled due 

to transportation by these pipelines would be relatively small 

(estimated to average from about 1 to 100 barrels per year),the 

danger of a large-volume spill does exist. 



I n  t h e  event of an acc iden ta l  l o s s ;  t h e  o i l  would fol low 

na tu ra l  drainage fea tures .  Mor ta l i ty  from contac t  wi th  o i l  would 

occur t o  t r e e s ,  shrubs, and o t h e r  vegeta t ion;  waterfowl, shore and 

wading b i rds ;  f i s h ,  and o the r  aqua t i c  organisms. Some spec ies  of 

both land and water mammals would a l s o  be a f fec ted .  Revegetation 

of oil-soaked s o i l s  could be extremely slow. Magnitude of m o r t a l i t y  

and o the r  adverse impacts would depend upon the  l o c a t i o n  and volume 

of the  s p i l l  and the  p a r t i c u l a r  h a b i t a t  types a f f&cted .  I n  the  

event of an o i l  s p i l l  of a few t o  100 b a r r e l s  a t  t h e  time of s p r i n g  

runoff ,  f a s t  running water could ca r ry  s p i l l e d  o i l  long d i s t ances  

down t h e  drainage before it could be contained. A l a r g e  s p i l l  

could des t roy the  e n t i r e  populat ion of nes t ing  ducks and shore 

b i rds  f o r  many miles downstream. The o i l  would k i l l  t h e  l a rvae  

of many i n s e c t s  found i n  the  water  by smothering them. This  would 

a f f e c t  t h e  whole food chain inc luding f i s h ,  b i rds ,  and mammals. 

Recovery requi res  a long mi t iga t ing  e f f o r t  and severa l  years  would 

pass before the  ecosystem would r e t u r n  t o  normal. 

f .  Herbicides,  Pes t i c ides  

Chemical controL of i n s e c t s ,  b i rds ,  mammals, o r  p l a n t s  w i l l  

r e s u l t  i n  the  introduction of the  cont ro l  agents  i n t o  t h e  ecosystem. 

As t h e  g r e a t e s t  q u a n t i t i e s  of p e s t i c i d e s  a r e  expected t o  be appl ied  

by l o c a l  governments and p r i v a t e  homeowners, the  p o t e n t i a l  impacts 

a r e  discussed i n  Section E.3.a. 



g. Air Quality 

The impacts of air contaminents on flora and fauna are discussed 

in Section D.4. 

h. Impacts Upon Threatened Species 

Twenty threatened (including endangered) species or species of 

undetermined status are believed to exist in the oil shale region 

(Table 11-14, Chapter 11). Four of these are fish which exist in 

adjacent sections of the White and Green Rivers and tributaries 

(See Chapter 11, Threatened Species ). Up to 80,000 land acres 

could be directly affected by construction and operation activities 

of a regional oil shale industry. Impacts from this land use and 

associated industrial activities are difficult to quantify, as 

no threatened species are known to physically inhabit or breed 

on any of the six prototype oil shale tracts (Volume 111). 

Further, industrial sites and additional lease sites on private 

and public lands needed to reach the 1-million-barrel-per-day 

production level are probably years away from decision and their 

locations uncertain. By virtue of its relatively undisturbed 

nature, much of the region is now available for permanent, 
- . A  

seasonal, or transient use by these species. Threatened species 

are subject to the same effects and will generally exhibit the 

same reactions as the other species discussed above. Thus, 

development would prohibit or hamper the use of disturbed lands 

as habitat for threatened species. The associated industrial 

activities and noise would have disturbance and probable displace- 

ment effects on any threatened species which may presently reside on 



o r  c lose  t o  l e a s e  t r a c t s .  Habi ta t  des t ruc t ion  and, i n  the  case of 

predatory b i rds ,  pes t i c ide  res idues  a r e  probably the  chief  reasons 

f o r  decl ine  of these species.  F i l l i n g  of canyons wi th  spent shale  

would des t roy hab i t a t  fo r  the  spo t t ed  bat.  

The ex ten t  t o  which o i l  sha le  operat ions would a f f e c t  the  

- .  
Colorado squawfish, bony-tai l  chub, hump-backed sucker, and Colorado 

River cu t th roa t  t rou t  is dependent upon the  q u a l i t y  of t h e  surface  

waters (see the  preceding discuss ion on Water Quali ty) .  The water 

q u a l i t y  decl ine  i n  some streams exposed t o  waste discharge and 

i n d u s t r i a l  accidents  could have se r ious  e f f e c t s .  I n  t h e  case of 

the  squawfish, impoundments could des t roy breeding hab i t a t .  I f  

degradation o r  physical a l t e r a t i o n  w a s  t o  occur i n  waters inhabitated 

by these  species,  a  fu r the r  populat ion decl ine  would be expected. 

The reader is  re fe r red  t o  the  d iscuss ion of add i t iona l  Impacts 

on Threatened Species due t o  i n d i r e c t  e f f e c t  of development i n  the  

following sect ion.  

3. Regional Impacts From Urbanization and Human Pressures 

a .  Urbanization 

Increasing population growth i n  the  region a s  a r e s u l t  of o i l  

shale  development, along wi th  t h e  associa ted  human a c t i v i t i e s ,  w i l l  

have an adverse e f f e c t  on e x i s t i n g  fauna and f l o r a  of the  region. 

The types of impacts and t h e i r  e f f e c t s ,  such a s  access t o  unaltered 

habi ta t ,  disturbance of animals, l o s s  of h a b i t a t ,  and a l t e r a t i o n  of 

water qua l i ty ,  a s  already discussed i n  Section E.2., and a i r  pol lu t ion,  

as  discussed i n  Section D.4., would be expected t o  occur across the  



oil shale region as a whole. Land use in the form of homes, roads, 

parking lots, and service facilities will reduce food and cover 

vegetation and thereby reduce or eliminate associated populations 

of both terrestrial and aquatic animals. Increased access 

d 
will bring more people in closer contact with wildlife resources. 

- - - / y  
Increased urbanization of this area will likely occur along 

natural water courses, thus degrading their na'tural values through 

the introduction of sewage containing high biological oxygen demand, 
I 

! nutrients, and toxic substances. Human activities, such as boating, 

fishing, and other recreation activities, also degrade the water 

I quality by the introduction of gas, oil, and litter into the water. 

These among other things, ultimately reduce available 

oxygen, increase phytoplankton production, and raise water 

I temperature. The environment can become altered to the extent 

that endemic species can no longer sustain themselves. Increased 

ground vehicle traffic across the oil shale region will result in more 

frequent road kills of deer and other animals as previously described. 

Dogs in rural areas are not normally contained and roam the 

countryside chasing deer, elk, antelope, and rabbits at will. Dog 
. -i 

I packs have created serious problems for wildlife in many other semi- 
i 

inhabited areas through direct mortality and through creation of 

severe stresses by harassment. Stress on animals in poor condition in 

winter can cause death. 
i 

I Additional pesticides will be used by municipalities and 

private citizens. Use, particularly by householders, can only be 



controlled through marketing restrictions. Quantities used and 

methods of application are uncontrolled. The region currently 

shows low levels of pesticide residues. Urban and industrial . 

pesticide use can be expected to increase these levels significantly, 

at least in localized areas. 

The effects of this introduction cannot beassumed, due to 

lack of data on quantities and specific types of agents which will 

be used. However, chlorinated hydrocarbons and phenoxy herbicides, 

even if properly registered and applied in accordance with Federal 

regulations and manufacturer's recommendations, could cause an 

extremely detrimental impact on downstream flora and fauna through 

a dangerous cumulative effect, i.e., addition to the existing 

level of pesticides from other sources. Existing pesticide residues 

which have been identified in the region include such chlorinated 

hydrocarbons as DDT, DDE, dieldrin, and endrin. 

Potential effects include disruptions of metabolism and 

reproductive capacity in fishes, birds, and mammals. The following 

information was extracted from research results summarized by 

Menzie (44). 

In laboratory studies, adverse .effects have been observed 

in the reproductiqn of raccoons fed a diet containing 2 ppm 

dry weight of dieldrin. This level is frequently exceeded as 

residues in food organisms in areas which have been treated with 

aldrin or dieldrin. Adult female raccoons fed dieldrin produced 

fewer, smaller litters than did untreated controls. Embryonic 



I 
I survival was poorer. With males, sexual development was delayed, 

the animals were less aggressive, and they grew more slowly and 

gained less weight between fall and spring than did untreated 

controls. 

In Alaska, peregrine falcons have experienced large 

reductions in eggshell thickness since 1946. These birds now lay 

eggs with shells as thin as those associated with the declining 

falcon populations of The United Kingdom, California, and the Eastern 

United States. In 1970, about 60 percent of the known peregrine falcon 

aeries in Alaska failed. The eggshell-thinning phenomenon is 

caused by residues such as DDE and dieldrin. This phenomenon is 

also exhibited by the bald eagle, sparrow hawk, mallard, cormorant, 

herring gull, and ibis, all of which are listed in Table 11-26, 

Chapter II,as occuring in the oil shale region. 

, 
Exposure of salmonids such as rainbow trout and coho salmon 

to endrin and dieldrin has been shown to result in liver glycogenolysis, 

almost complete inhibition of an ammonia detoxifying system in the 
I 

brain, and adverse effects on amino acid metabolism and thyroid 

activity. 

wild fires result in a temporary loss of wildlife' food and 

.cover, although the burnings are in some cases beneficial through 

. . .  a resulting regrowth of plants of a secondary successional stage 

which are the most beneficial to wildlife populations. For example, 

I when climax stands of pinon and juniper are burned off, the first 



plants to appear are herbs, forbs, annual plants such as grasses and 

weeds, and seedlings. This stage provides more food for wildlife 

than the climax pinon-juniper. Another condition is the creation of 

an edge effect between the burned and the unburned area which is 
. . 

beneficial to wildlife by providing cover adjacent to food. The 

slow process of nutrient recycling through decomposition of detritus 

takes years, while nutrient recycling through burning is an almost 

immediate process. 

With the projected increases in human population, the frequency 

of man-caused fires would increase, but the average size of a burn 

may be smaller due to earlier detection. The effect of repeated fires 

is cumulative for the vegetation and related wildlife. 

b. Fish and Wildlife Management 

Projections of hunting and fishing supply and demand without 

regional oil shale development by the year 2,000 in the Colorado, 

Utah, and Wyoming portions of the upper Colorado River region were 

obtained from the Upper Colorado Region Comprehensive Framework 

Study (45). 
By state, the hunting projections are: Colorado - 1.340 million 

hunter days (mhd) supply vs. 1.024 mhd demand, or a 0.316 mhd surplus; 

Utah - 1.107 mhd supply vs. 0.445 mhd demand, or a 0.662 mhd surplus; 

Wyoming - 0.172 mhd supply vs. 0.178 mhd demand, or a 0.006 mhd 

deficit. These projections are totals of all types of hunting, i.e., 

big game, small game, and waterfowl. ' 

With oil shale development, additional hunting demand will be 

generated and hunting opportunities will be reduced through habitat 

loss. However, the 978,000 ' hunter day surplus pro j&ted without oil 

shale development in Colorado and Utah will probably absorb the impact 



of a regional oil shale industry in those two states. In contrast, a 

6,000 hunter day deficit for all types of hunting has been projected 

for Wyoming by the year 2000 without oil shale development. It should 

be noted that projections show a deficit of 25,000 hunter days for 

big game hunting. While projected surpluses in small game and water- 

fowl hunting reduce the overall deficit to 6,000 days, big game hunting 

is in much more limited supply state-wide and nation-wide. Big game 

hunting also provides a greater economic return per hunter to the state. 

Increased hunting pressure and reduced hunting opportunities due to oil 

- shale development cannot be absorbed in this area of Wyoming. Any 

significant additional hunting needs generated in Wyoming as a result 

of oil shale development, coupled with reduced hunting opportunities, 

would aggravate the deficit and would necessitate additional compen- 

sating wildlife management programs, such as intensive habitat 

management (e.g., area protection and planting of preferred food 

and cover vegetation) and/or hunting restrictions (e.g., smaller bag 

limits, shorter seasons, closed areas, or restrictions in license sales). 

Increased use of the oil shale region would create localized 

adverse impacts upon both game populations and quality of the hunting 

experience. Resulting increases in hunting pressure would have the 

potential to significantly reduce game populations, thus requiring 

additional regulatory management steps. For rabbits, showshoe hare, 

and mourning dove, which are presently not harvested near their pop- 

ulation capacities, such additional harvesting would probably not be 

harmful. However, increases in kill of mule deer, elk, moose, ante- 

lope, sage grouse, and sharptail grouse would require careful regula- 

tion in order to avoid undesirable downward population trends. Region- 

wide increased hunting pressure would have the most potential for 



impact upon very low abundance species, such as black bear and cougar. 

By state, fishing projections by the year 2000 without oil shale 

development are: Colorado - 5.807 million angler days (mad) supply 

vs. 3.206 mad demand, or a 2.601 mad surplus ; Utah - 3.502 mad 

supply vs. 1.827 mad demand, or a 1.675 mad surplus; Wyoming - 1.681 

mad supply vs. 0.312 mad demand, or a 1.369 mad surplus. Thus;it 

appears that the angling opportunity available at that time would 

accommodate additional regional angling demand and reduced angling 

opportunity generated by oil shale development. 

However, a predictable decrease in the quality of both angling 

and hunting experience will occur wherever intensified use occurs. 

The quality of hunting and fishing is enhanced when it is pursued 

in remote areas and under uncrowded conditions. As an area becomes 

more civilized or as the man-days use increases, the quality and 

availability of solitude and naturalness decline. This decline 

in the quality of the outdoor experience is usually accompanied by 

such things as a decline in the number of trophy animals, a reduction 

in the size of game fish, or the introduction of conditioned game 

farm birds. Under these circumstances, specific fish or wildlife 

management plans, such as more intensive habitat management and/or 

hunting restrictions, would be required to adjust or alleviate 

such problems, but they could not restore the elusive qualities 

associated with the present semi-remote conditions. 

c. Urbanization Impacts Upon Threatened Species 

The urbanization associated with a regional oil shale industry 

would probably have an adverse, but unquantifiable effect on popula- 

tions of the 20 species listed in Table 11-14, Chapter 11. 

Land use for urbanization would be expected to remove habitat 

of value to these species. The broad range of human activities, 
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work; would be a source of r eg iona l  s.tress and disturbance. For 

species which lack mobil i ty due t o  r e s t r i c t i v e  hab i t a t  requirements, 

such encroachment would probably r e s u l t  i n  l o c a l  ext inct ion.  Mobile 

. . . :  species would avoid distur.bed areas and,in s o  doing, lose  access . . . .  . 1 . :. ........ -. ..-.. .... . . . . . . . . . . .  , .I . . . . . . . .  ............ .. . . . . . . . .  . . . . . . . .  ' - ' 4  . . . . . . . . . .  , t o  both the  af fec ted  hab i t a t  and the prey t h a t  may have resided i n  
I 

. . it. 

Since urban a reas  can be expected t o  be located on or  near 
h . . . .  . . . . . . . .  . . .  . . .  

..:: ' .  '.! . . . .  . . wate rcourses ,  t u r b i d i t y  and s i l t a t i o n  can be expected t o  increase,  . . . . . . . . . . .  . . .  . . . .  

! 
. : : .  .:i . . . . . . . . . . . .  at l e a s t  during construction.  Pol lu tants  from storm sewers and, .... ............ ............. . . . . . . .  . . . .  ............... ............. ; .. ................ ............. 

depending on treatment system, domestic sewage w i l l  degrade the  

aquatic habi ta t .  These f a c t o r s  w i l l  have a depressing e f f e c t  on 

any populations of t h e  f i s h e s  l i s t e d .  

Increased pes t i c ide  and herbicide l e v e l s  could a f f e c t  

populations of aquat ic  organisms and,through various food chains, 

reduce the  reproductive c a p a b i l i t y  and a f f e c t  the  metabolism of the  

. few remaining peregrine and p r a i r i e  falcons and f i s h  species such 

as the Colorado River cu t th roa t  t rou t .  

4. Cumulative Impacts on F i sh  and Wi ld l i f e  

The scope of the  l-million-barrel-per-day indust ry  v isual ized 

by about 1985 includes: 115,000 new inhabi tants  and associated 

urban development; an expanded road, p ipe l ine ,  and power t rans-  

mission system; and water consumption of 121,000 t o  189,000 acre-  



f e e t  per year (depending on various contingencies, consumption could 

be a s  l i t t l e  a s  76,000 o r  a s  high a s  295,000 acre-feet  per year).  

The cumulative regional  e f f e c t s  on f i s h  and w i l d l i f e  w i l l  stem 

from the  following causes : reduction i n  water qua l i ty ,  including 

s i l t a t i o n ,  various e f f luen t s ,  increased s a l i n i t y  and poss ible  

acc iden t ia l  s p i l l s  of o i l  and other  tox ic  substancesi reduction 

i n  water supply (drying of springs,  seeps, and headwater streams 

through a l l uv i a l  water-table drawdown) ; increased 'urbanization and 

associated increases i n  road mileage, t r a f f i c ,  power1ines,solid 

and l iqu id  wastes, hunting, f i sh ing ,  camping, and off -road recrea- 

t i o n a l  vehicle w e ;  increased noise  from construction,  equipment 

operation,  and blas t ing;  vegetat ion removal on up t o  80,000 ac res ;  

and the  f i l l i n g  of 15 to  50 canyons with spent  shale  (depending 

on disposal  methods). These aspects  a r e  examined f o r  cumulative 

impacts on the  following broad c lasses :  threatened species;  big 

game; rap to rs ,  small game and other  small animals; and f i sh .  

a. Threatened Species 

Those species dependent on l imi ted h a b i t a t  o r  remoteness from 

harassment w i l l  su f fe r  most. F i l l i n g  of canyons with spent  shale  

w i l l  destroy hab i t a t  f o r  falcons and the  spotted bat .  I f  colonies 

of burrowing rodents a r e  destroyed, any black-footed f e r r e t s  i n  

the area  w i l l  be displaced and probably destroyed. Reduced water 

qua l i ty  o r  impoundments i n  waters inhabited by the  Colorado squaw- 

f i s h ,  Colorado River cu t th roa t  t r ou t ,  bony-tai l  chub, and hump- 

backed sucker w i l l  r e s u l t  i n  f u r t he r  population decl ines  f o r  these  



species.  Habi ta t  subjec t  t o  noise  and d is turbance  w i l l  be l o s t  t o  

peregrine and p r a i r i e  falcons.  

b. Big Game 

Mule deer  (estimated over recent  years  t o  be approximately 

30 t o  60,000 head i n  t h e  Piceance Basin) w i l l  be reduced a minimum of 

10 percent by disturbance and by displacement and competition a s  

t h e i r  h a b i t a t  is destroyed. The extent  of reduct ion  w i l l  depend on 

whether d is turbed a reas  a r e  revegetated wi th  winter  browse spec ies .  
. . .  . 1 

. . . . .  . . . . . . .  . . .  . . . ,  . . . . . .  , 
. . . . .  Where ante lope  frequent a reas  a f f e c t e d  by development., a s i m i l a r  . . . . . . .  . . . . . . .  . . 

. . . . .  . . . . . . . . . . . .  reduct ion  is expected. Animals such a s  t h e  e l k ,  moose, bear,and . . . . . . . . . . . . . .  ........... ' ! . . . . . . . . . . . .  . . . . . . . . . . .  ............. 
. . . . . . . . . . . .  - " . ' I  

! mountain l i o n ,  which a r e  l e s s  t o l e r a n t  of human a c t i v i t y ,  w i l l  be 
j 

denied a g r e a t e r  amount of h a b i t a t  because of avoidance of noise  

j 
and human a c t i v i t y .  This w i l l  lead t o  the  v i r t u a l  disappearance 

of such wilderness species  from the  region d i r e c t l y  o r  i n d i r e c t l y  

a f fec ted  by o i l  sha le  development. Hunting pressure  w i l l  i nc rease  

and harvest of game species  w i l l  probably have t o  be reduced by 

more r e s t r i c t i v e  hunting regula t ions .  

Raptors, Small Game,and Other Small Animals 

Loss of h a b i t a t ,  reduced water supply, increased hunting pres-  

sure ,  and casual  shooting w i l l  reduce populat ions of such animals 

a s  hawks, eagles ,  bobcat; raccoon, and r i n g t a i l  c a t  and fo rce  

displacement and increased competition f o r  remaining food and 

water. The sage grouse, a scarce  but highly pr ized  game b i r d ,  

w i l l  probably almost disappear from t h e  o i l  s h a l e  regions of 

Colorado. Reductions i n  small prey species  such a s  rodents and 

rabb i t s  w i l l  a l s o  cause reductions i n  populat ions of predators .  



d. Fish  

Drying of streams, degrading of water qua l i ty ,  and impoundments 

and/or water d ivers ion w i l l  cause reductions i n ,  o r  change i n  

d e s i r a b i l i t y  of ,  f i s h  populations. Species espec ia l ly  vulnerable  

t o  changes i n  physical  condit ions o r  water q u a l i t y  ( temperature, '  

pH, t o x i c  substances) include t r o u t  and whi tef ish  a s  w e l l  a s  the  

threatened species mentioned above. Although f i sh ing  may be 

re ta ined by stocking and other  management s t eps ,  t h e r e  w i l l  be a 

long-term dec l ine  i n  high-quali ty f i sh ing,  which depends on natura'l- 

spawned f i s h  growing t o  good s i z e  i n  a r e l a t i v e l y  undisturbed 

environment. 



F. Impact on Agriculture and Grazing 

The o i l  sha le  lands themselves a r e  not a g r i c u l t u r a l  i n  the  

sense t h a t  they a r e  not genera l ly  s u i t e d  t o  cu l t iva t ion .  They 

a r e ,  however, subject  t o  l ives tock use under grazing l ease  o r  

permit from t h e  Department's Bureau of Land Management. As with 

o the r  mineral leas ing,  t h e  use of t h e  surface  for  grazing would 

not be precluded by o i l  s h a l e  l e a s e  issuance. Normally, t h e  

surfack use would continue, except f o r  areas  undergoing a c t i v e  
. . . . .  . . . . . . . . . .  . . .  . . .  . .  .., . . . .  . . .  . ;  
. . . . . .  . 

development, mining, o r  production a s  well  - a s  areas used f o t  'plant  
, 

s i t e s ,  access roads, and o the r  s i m i l a r  uses. (See Sect ion A ,  t h i s  

Chapter.) Also, forage would be l o s t  due t c  changes i n  t h e  water 

t ab le  a s  a  consequence of  mine dewatering. Possibly,  where canyons 

i 
and g u l l i e s  would be used as d isposal  s i t e s ,  the re  could be some 

enhancement i n  t h e i r  appearance and a g r i c u l t u r a l  usefulness as a  

r e s u l t  of t h e  contouring, f e r t i l i z a t i o n ,  revegeta t ion,  and s t a b i l i -  

za t ion which would a1 1 be p a r t  of su r face  r e s t o r a t i o n  operat ions.  

Leasing of publ ic  o i l  s h a l e  lands could have an i n d i r e c t  im-  

pact on p r iva te  land farming a c t i v i t i e s  i n  the  sense  t h a t  

cu l t iva ted  lands adjacent t o  e x i s t i n g  communities may be converted 

t o  business o r  r e s i d e n t i a l  use a s  those communities expand. It is 

very  d i f f i c u l t  a t  present t o  accura te ly  estima'te the  t o t a l  acreage 

which might be af fec ted  i n  t h a t  way,but it may approximate 15,000 

t o  20,000 acres  f o r  a  1-million-barrel-per-day industry.  



An i n i t i a l  loss  of grazing capac i ty  on t h e  leased lands 

cannot be avoided. This w i l l '  r e s u l t  i n  varying degrees of 

economic loss  t o  the  livestockman, depending upon the  extent  t o  

which p r iva te  base ranches o r  o the r  lands can provide add i t iona l  

grazing,  the  type  of  mining done, and t h e  success o f  revegeta t ion 

e f f o r t s .  The long-term e f f e c t  of i n d u s t r i a l i z a t i o n  would be some 

reduction of  f o r e s t  and brush cover. 

The mining method or  combination of  methods used on t h e  t r a c t s  

determines the  t o t a l  number o f  ac res  a f f e c t e d ,  on- and o f f - t r a c t ,  

as explained i n  Section A of t h i s  Chapter. Of t h e  t o t a l  acres  

af fec ted ,  those ac res  occupied by the  p l a n t ,  s torage ,  and 

r e l a t e d  f a c i l i t i e s  and improvements, including roads, would be 

unavailable f o r  grazing during t h e  l i f e  o f  the  lease.  Acreage 

t h a t  would be temporarily unavailable f o r  grazing,  which could 

average 20,000 acres fo r  the  1-million-barrels-per-day indust ry ,  

would include those lands where f i l l i n g  o f  overburden and spent  

sha le  was i n  process as  well  a s  a r e a s  p f  a c t i v e  mining. This 

acreage would be r e h a b i l i t a t e d  and revegeta ted  as  operat ions 

would permit, thus rendering it  a v a i l a b l e  f o r  grazing during t h e  

l i f e  of the  lease.  

For instance,  a t  the end of 30 years  of l ease  opera t ion 

and depending on the mining methods used, the  average annual l o s s  

of animal u n i t  months ( A m )  i n  Colorado would range from an 

estimated 60 t o  260,while t h a t  acreage put  back i n t o  grazing produc- 

t i o n  because of r e s t o r a t i o n  and revegeta t ion could range from 



an estimated 60 t o  270 AUMs per year. For Utah and Wyoming, a t  

the end of 30 years of lease operation and depending on the mining 

methods used, the annual loss  of AUMs could range from 275 t o  317, 

while tha t  acreage put back in to  grazing production because of 

res torat ion and revegetation could range from 275 t o  1,080 AUMs 

per year. 

Some disturbance t o  the grazing animals w i l l  take place 

because of increased ac t iv i ty ,  which could resu l t  i n  lowered 

t o t a l  meat production. A larger  populations density as a r e su l t  

of the project would increase the probabili ty of animal disturbance 

from recreat ionis ts  and possibly from thef t .  

There would be some additional e f f ec t  on grazing i n  the 

areas (on and off lease t r ac t )  adjacent t o  the actual mining and 

re tor t ing  operations. Such ac t iv i ty  may dis turb l ivestock, which 

could r e su l t  i n  lowered meat production. 



G. Impact on Es the t i c ,  Recreational ,  and Cul tura l  Values # 

O i l  s h a l e  development w i l l  degrade the rec rea t ion  and associa ted  

e s t h e t i c  resources and a c t i v i t i e s  of t h e  region. 

Areas t h a t  would be most a f fec ted  scen ica l ly  include: Cathedral 

Bluffs ,  Piceance Creek, sec t ions  of t h e  Green River, Sand Wash 

His to r i ca l  Landmark, Book C l i f f s ,  and Kinney Rim. With the  proposed 

p ro jec t s ,  the  general  landscape would be changed from a q u i t e  n a t u r a l  

asymmetric type to  a symmetric landscape with buildings,  roads, t r a i l s ,  

p ipel ines ,  power l i n e s ,  and c lea red  rights-of-way. 

Archaeological and h i s t o r i c a l  values along the  White River i n  

Utah a r e  known t o  e x i s t  adjacent  t o  the  proposed p ro jec t  o i l  s h a l e  lands. 

Examples include the  Freemont ~ n d i a i  Culture, ghost towns of  Rain- 

bow and Watson, abandoned sec t ions  of the  Uintah Railroad, and t h e  'old 

crossings of Ignacio Stage Stop and Old Uridge. Kimey R i m  i n  Wyoming 

is the  h e a r t  of the  h i s t o r i c  Wind River Shoshone and Commanche country. 

Indicat ions  a r e  t h a t  campsite and animal-kil l  s i t e s  w i l l  be  found i n  

t h i s  p a r t i c u l a r  bas in  dat ing from present  t o  h i s t o r i c  times d a t i n g  

back 10,000 years. A l l  of these  a reas  could be af fec ted  d i r e c t l y  

(on s i t e )  or  d i r e c t l y  (off s i t e ) a s  t h e  proposed p ro jec t s  a r e  developed. 

Any development would r e s u l t  i n  t h e  following impacts: 

(1) Clear a i r  would be degraded by dus t  from mining opera t ions ,  

on s i t e  as  well as  off  site, on roads and other  urban 

f a c i l i t i e s .  

(2) Visual impact from d i sposa l  of spent  sha le  would be  notable  

u n t i l  r e s t o r a t i o n  a c t i v i t i e s  a r e  completed; approximately 

50,000 acres  would be  a f fec ted  by i n d u s t r i a l  development. 



(3) Visual  impact on t h e  asymmetric landscape would 

be  impaired by u t i l i t y  rights-of-way such a s  pipe- 

l i n e s ,  powerl ines,  roads ,  t r a i l s ,  and s t a c k  he ights .  

( 4 )  An o i l  s h a l e  i n d u s t r y  would probably have l i t t l e  

impact on t h e  ' r ec rea t iona l  use  of t h e  t r a c t s  dur ing  the  

f i r s t  few yea r s .  As t h e  development progresses ,  

i t  is es t imated  t h a t  approximately 5 percent  ( f o r  

underground ope ra t ions )  t o  25 t o  50 percent  ( fo r  

. . . . .  , . ,  s u r f a c e  ope ra t ions )  of t h e h u n t i n g  p o t e n t i a l  . . . . . . . .  . . 
. . . . . . . . . . .  . . ,  

. . . . . . :  : . . .  . .  . !  

i n  and around t h e  sites t o  be  developed would b e  

l o s t  dale t o  l o s s  of w i l d l i f e  h a b i t a t  as w e l l  a s  t h e  

movement of w i l d l i f e  spec ie s  t o  o the r  a reas .  
I 

Associated r e c r e a t i o n  a c t i v i t i e s  t h a t  would be 

a f f e c t e d  inc lude  camping, s i g h t s e e i n g ,  and rock 

hounding. 

(5) Deer hun te r s  and o t h e r  types of outdoor e n t h u s i a s t s  

would be f0rce.d t o  use  o t h e r  a reas  ad jacen t  

t o  t h e  development s i t e s  thereby c r e a t i n g  inc reases  

i n  hunter  and o t h e r  r e c r e a t i o n  use  d e n s i t i e s  

on the  o the r  areas. .  By such ac t fon ,  t he  e x i s t i n g  

q u a l i t y  of t h e  o t h e r  areas would be reduced. 

( 6 )  Improved a c c e s s i b i l i t y  c r e a t e a  by t h e  proposed 

p r o j e c t s  would c r e a t e  moderate inc reases  i n  out-  

. . . . . .  .., . ?. . . . . . . . . . .  ; . . . . . . . . .  . , door r e c r e a t i o n  a c t i v i t i e s  throughout t h e  basins,  ........... . . .  . ,  . . . . . . . .  .. .-.. 

8 .  

p u t t i n g  increased  pressure on  e x i s t i n g  f a c i l i t i e s .  



(7) The development of the open pit operation could 

provide an unusual vista which could increase 

tourist traffic beyond that associated with nor- 

mal outdoor recreation activities. 

The impact on outdoor recreation and its associated esthetic and 

cultural values is directly related to the refuse generated from mining . 

and processing as well as the amount of land disturbcid by the mining 

process used. Refuse will accumulate despite eveq attempt at control 

and where it does it will have damaging effect upon the environment, 

for example, junk equipment, combustible materials, excess chemicals, 

and spent oil and lubricants. 

Oil shale development will create better access to the resources 

of the region and open up new areas for outdoor recreation. However, 

better access will create an increase in traffic, litter, and vandalism 

which could reduce the quality of the recreation experience. 

H. Impact on Existing Economic and Social Environment 

1. Overall Regional Impact 

A number of assumptions must be made to study this potential 

economic impact. Although the assumptions could be varied, the cumu- 

lative effect of development on both private and public lands presented 

in this review isbased upon what are considered to be reasonable pro- 

jections and assumptions. This analysis also provides an indication . . 

of the urban planning needed to facilitate adjustment to a new industry. 



. . . . .  ..... , . . . . .  . . . . . .  . . . . . . . .  ~ . ,  . . . . . . . .  , O i l  sha le  development w i l l  generate both permanent and temporary 
. . . . . . . . . .  . . . . . . . .  . . . . .  . I  . . . . . .  

- :  

employment wi th in  t h e  region. Extensive flows of c a p i t a l  i n t o  and out  

of the  region a l s o  w i l l  occur a s  the  equipment and se rv ices  needed t o  

sus ta in  t h e  operat ions a r e  u t i l i z e d .  

a. Sequence of  Development 
. . . . . . .  , . . . . . . . .  ., .. ....... . . . . . . . . . .  ..:, 

.' . . . . . . .  I .......... L .  * ............. . . . . . . . . . . .  
. . !  The projected sequence 4. development has previously been 

presented (Section 1 of t h i s  Chapter and Table 111-2). The analys is  

. . which follows can be d i r e c t l y  r e l a t e d  t o  s i te  locat ions  only for  
. . . . .  

. . . . . . . . . .  . . . .  . . . a  . . . . . . . . . .  . . . . . . . .  . . . .  . . . . . . . . . .  
t h e  development p r io r  t o  1982. The loca t ion  of  t h e  p lants  t h a t  

. . . . . . . .  . . . .  . . . . . . .  
. . .  

may be b u i l t  beyond 1981 cannot now be estimated. 

b. Employment and Pr~pula t ion 

I Development of a i l  s h a l e  w i l l  c r e a t e  both temporary and permanent 

employment, a f ac to r  which must be considered i n  regional  development 

(1) Temporary - A l l  temporary employment w i l l  be associated with 

the  construction of the  p l a n t s  and urban communities. Temporary sup- 

por t  employment would be required t o  provide s e r v i c e s  t o  these con- 

s t r u c t i o n  employees. These jobs would be temporary only i n  the  sense 

. . 
.. - . . . . .  

. . . . . .  . . . . . . . .  . !  
tha t  the  job terminates with the  completion of t h e  construction.  A s  

....:..:. .i ............ :: ..I . . . . . . . .  

. . .  . I  ., 
long as the  industry continues t o  develop, s h i f t i n g  of construction 

. . . . . .  . . . . . . . . .  . . . .  i . . . . . . . .  : . - . . .  1 . . . . . . . . .  . . . . . . .  . . . . . . . .  ., . . . .  . . personnel should take p lace  between the  d i f f e r e n t  p lan t  sites. Thus, 

as shown i n  T a b l e I I I - 1 7 , t o t a l  temporary employment would increase  

from about 3,500 i n  1973 t o  16,400 i n  1977. Table 111-17only considers 
. . .  . . ......... ............ , . . .  . ,  . . . . . . . . . .  . . . . . .  . . . . . . . . . . .  . . .  . . .  I the  employment associated with t h i s  f i r s t  400,000-barrel-per-day capa- 

c i t y .  I f  add i t iona l  development beyond the  prototype program takes 



TABLE 111-1~--Colorado, Utah, and Wyoming--Oil Shale Temporary and Permanent Employment, Temporary a d  Permanent Populat ion 

Temporary employment 

L/ Derived from value of l abor  f o r  urban construct ion.  

Permanent employment I Population Z/ 
Year 

1973 

1974 

1975 

1976 

1977 

H 
H 1978 H 
I 

F1979 

1980 

1981 

2/ Assumes 1 .37 employed people per new household. - 
3/ Based on employment mul t ip l i e r  of 0.63 times temporary plant  plus urban employment. Source: Same a s  footnote  5 ,  but - 

modified t o  r e f l e c t  t h e  experience t h a t  of a l l  construct ion support workers w i l l  not br ing t h e i r  f ami l i e s  i n t o  t h e  
region.  

4 .  Based on employment mul t ip l i e r  of 0.77 times permnent  plant  employment. Source: Consulting Services Corp., f o r  t h e  
Publ ic  Land Law Review Commission, Study of Impact of Publ ic  Funds on Selected Regional Economics, Apr i l  1969, p,  104. 

5 /  Based on a family  s i z e  of 3 .7  persons.  Source: Bureau of Census data  f o r  Colorado, Utah and Wyoming. - 

Tota l  

3 ,531  

3 ,531  

1 0 , 5 9 3  

12 ,928  

16,459 

16,209 

.10,343 

6,812 

Source: Bureau of Mines. The number,of operating employees pe r  uni t  of sha le  o i l  produced w i l l  decrease a s  t h e  s i z e  
of t h e  p lan t s  increases .  

P lan t  

1 ,293  

1 , 2 9 3  

3,879 

6,069 

7,362 

10 ,090  

Support - ' 2 )  - 31 

1 , 3 6 5  

1 ,365  

4,095 

4,997 

6 ,362  

6,265 

3,998 

2,633 

P l a n t  
construc- 
t ion  

1,470 

1,470 

4,410 

5,360 

6,830 

6,600 

4,180 

2,710 

Temporary 

8,615 

8,615 

25,845 

31,542 

40,157 

39,548 

25,236 

16 ,621  

. 

Urban I./ 
construc- 
t i o n  

696 

696 

2,088 

2 , 5 7 1  

3,267 

3,334 

2,165 

1 ,469  

Support -!/ -I/ 

996 

996 

2,988 

4,674 

5,670 

7 , 7 7 1  

Tota l  

2,289 

2,289 

6,867 

10 , 743 

13 ,032  

1 7 , 8 6 1  

Pe? nanent 

6,183 

6,183 

18,549 

29,016 

35,199 

48 ,242  

' 'Pt;al 

8,615 

8 ,615  

25,845 

37,725 

46,340 

58,097 

54,252 

51,820 

48,242 



i p lace ,  temporary employment t o  b r ing  product ive capac i ty  up t o  
i 

one mi l l i on  b a r r e l s  per  day by 1985 would expand t o  29,000 i n  

1981 and 1982. 

(2) Permanent - A l l  permanent long-term employment would be 

. I  
associa ted  wi th  t h e  d a i l y  ope ra t ion  of t h e  p l a n t s  and i n  providing 

. . . . .  . . .  
. . . . . . <  :<::.;:Lj . . .  . . .  . -. . .:<>-.::.~;,-.~<.-.::l 

. . . .  , . . support ing s e r v i c e s .  As shown i n  Table 111-17, permanefit 

employment would inc rease  a s  a d d i t i o n a l  p l an t s  come on stream, 

reaching approximately 17,800 i n  1981. These plaAts w i l l  o f  
. . . . .  . . . . . . .  : . . : I  

. . .  . . . . : j  course ope ra t e  beyond 1981 and employment a t  each p l a n t  wauld 
. 8 

. . 
, . . ,  . . . . . . . . . .  ............ :I .., 

remain s t a b l e  once ope ra t ion  began. Development o f  t h e  indus t ry  
........... . . . . . . . . . . . .  -, . . . . . . . . . . . .  .......... ................. ::...... :.-I . . . . . . . . .  -1 

t o  one mi l l i on  b a r r e l s p e r  day by 1985 would inc rease  permanent 
I 

employment by an  a d d i t i o n a l  24,600 pos i t i ons  t o  42,400. 

The employment per  u n i t  of capac i ty  would not  be  a s  g r e a t  f o r  

t h i s  second s t a g e  of development s i n c e  product ion would presumably 

be from l a r g e r ,  more e f f i c i e n t  p l a n t s .  

(3) Populat ion - A s  shown i n  Table 111-17, t h e  t o t a l  employment 

assoc ia ted  wi th  o i l  s h a l e  development and the  f a m i l i e s  of  t hese  new 

! 
employees should r e s u l t  i n  t h e  popula t ion  of t h e  r eg ion  growing by 

about 48,200 people i n  t h e  1973-81 period.  The 400,000- bar re l -per -  

day capaci ty  opera t ing  - i n  1981 w i l l  cont inue  t o  suppor t  t h i s  48,200 

. . 

a d d i t i o n a l  popula t ion ,  bbt  t h i s  l e v e l  would begin t o  decrease  i f  t he  

product ion r a t e  were t o  dec l ine .  

I f  development t o  one m i l l i o n  b a r r e l s  per day takes, p l a c e  by 1985, 
. , . . . . . . . . .  . . . . . .  ..:.I . . . . . . .  . . . . . . . . . .  . . . . . . .  .......... , t he  sha le -o i l - r e l a t ed  popula t ion  would grow b.y an  a d d i t i o n a l  66,600. t o  

. . . . . . . . .  . . . . . . .  I 

114,800. The growth i n  popula t ion  pe r  b a r r e l  of s h a l e  o i l  capac i ty  is 



smaller  f o r  t h i s  second s tage  of development because of the  presumption 

t ha t  l a rge r ,  more e f f i c i e n t  p lan t s  would be used. 

(4) Current Employment and Population - I n  t h e  seven counties 

which comprise the  o i l  shale  region, t he  1970 population was approxi- 

mately 119,000, of which 44,000 were employed (TableIII-18). The 

creat ion of over 17,800 new permanent jobs by 1981 o r  42,400 by 1985 

cannot be s a t i s f i e d  from the  ex i s t ing  population, and therefore  a migra- 

t i on  i n t o  the region would r e s u l t .  Over a 9-year period t o  1981, the  

t o t a l  population of t he  area  would thus increase  by 40 percent on the  

bas is  of a 400,000-barrel-per-day industry.  On t he  bas i s  of a one- 

million-barrel-per-day industry,  population would increase  96 percent 

by 1985. 

c. Expenditure Flows 

The o i l  shale  industry should s t imulate  expenditures f o r  both 

plant  equipment and urban f a c i l i t i e s .  I n  addi t ion,  s i gn i f i c an t  payment 

of money t o  the  employees (as s a l a r i e s )  and t o  Federal ,  S t a t e ,  and 

loca l  governments (as taxes and other  revenues) would a l s o  be produced. 

These economic changes a r e  discussed immediately below and the  impacts 

of these  changes a r e  discussed i n  Pa r t s  d ,  e,  and f of t h i s  sect ion.  

(1) Plant  and Urban Construction - The cos t  of the  o i l  shale 

p lant  depends upon both t he  technology used and the  s i z e  of the  expected 

output (Tables 111-19 through 25). These data  and the  previously 

described development schedule (Table 111-2) w e r e  used t o  estimate 

annual p lan t  equipment purchases from 1973 t o  1981 (Table 111-26). 

Nearly $1.2 b i l l i o n  would probably be spent over t h i s  time period 



TABLE 111-18.--Population and Labor Force of Counties Within t he  
O i l  Shale Region, 1970. 

( Thousands of people ) 

Source: 1970 Census of Population, General Social  and Economic 
rnarac te r i s t i cs .  U. S. Department of Commerce, Washington, 
D. C . ,  1972. 

Percent 
Unemployed 

4.9 
5.4 
2 .1  

4.6 
7.0 

4.4 
4.6 

4.9 

S t a t e  

County 

Colorado 

Garfield .... 
Mesa. ....... 
Rio Blanco. . 
Utah 

.... Duchesne 

.... Uintah.. 

Wyoming 

Sweetwater.. 
Uinta ....... 

Total  

Population 

14.8 
54.3 
4 -8 

7.3 
12.7 

18.4 
7.1 

119.4 

Total  employment- 
16 years of age 
and over 

5 -9 
20.1 

1.9 

2.4 
4 .O 

7.0 
2.6 

43 -9 



TABLE 111-19. 

Resource cos t  $ / ~ b l  

S ingle  p l a n t  cos ts :  

Cap i t a l  cos t  MM$ 
Operating cos t  MM $/yr 
Operating l abor  ( n o ,  of workers) 

P l a n t  cos t s  

For 250,00,0 B/D Capacity 
c a p i t a l  MM9 
Operating cos t  M $ / ~  
Operating l abor  (no .  of workers) 

I 
h) 
0 
03 

Source: Calculations made by the Process Evaluation Group, U.S. Bureau of Mines, Morgantown, W. Va,, 1972, 

Shale O i l  Capi ta l ,  Operating 
50,000 B/D and 
underground ~nining 

3.49 

254 
30.6 

1,293 

1,270 
153 

6,465 

and Resource Costs 
100,000 B/D and 
underground mining 

2 -84 

426 
52.0 

2,190 

1,065 
130 

5,475 

100,000 B/D and 
Open P i t  Mining 

2.86 

436 
47.8 

2,190 

1,090 
12 0 

5,475 

50,000 BID, 
i n  s i t u  

4.71 

22 8 
54.9 

1,435 

1,140 
275 

7,175 



TABLE 111-20.--0il Shale Plant-- 50,000- and 100,000-barrel-per-day 
capac i t i e s  with underground mining-- 
Capital  Cost Summary. 

11 Barrels per calendar day. - 

EXPENSE 

Mine : 
I n i t i a l  investment....... ........ 
Present worth of deferred expense 

(discounted a t  12 pc t  )....... 

Retorting plant:  
Retorting ........................ ........... Crushing and screening 
Briquett ing ...................... 

Refinery ............................ 
Utilities.......................... 

Facilities.......................... 

Subtotal............ ................ 
I n i t i a l  Catalyst  .................... 

Total  plant  cos t  (insurance 
and t ax  base) .................... 

I n t e r e s t  during construction,  p lan t .  

I n t e r e s t  during development, mine. .. 
Startup expense..................... 

Subtotal  f o r  deprecia t ion ........... 
Working c a p i t a l  .................... 

Total............................ 

Source: Calculations made by t h e  Process Evaluation Group, U. S. Bureau 
I 

of Mines, Morgantown, W. Va. 1972. 

50,000 B / d l  

$13,535,200 

7,985,400 

76,105,400 
8,123,600 

, 1,043,500 

66,122,400 

24,193,200 

18,026,000 

'215,134,700 

4,759,000 

219,893,700 

9,853,700 

308,900 

, 6,619,900 

236,676,200 

100, 000 B/CD&/ 

$24,609,400 

14,518,900 

115,381,100 
12,316,000 

1,582,000 

113,339,700 

41,469,400 

30,898,200 

354,114,700 

9,517,700 

363,632,400 

16,225,200 

561,700 

11,033,100 

391,452,400 

17,382,000 34,764,400 

254,058,200 426,216,800 



TABLE III-21--0il Shale Plant-- 50,000- and 100,000-barrel-per-day 
capac i t i e s  with underground mining-- 
Operating Cost Summary &/ (Annual cos t ,  d o l l a r s ) .  

Natural gas........................ 
Charge f o r  use of water............ 
Annual c a t a l y s t  and chemicals...... 
Direc t  labor,  p lan t  ................ 
Direct  labor supervision,  p lan t  .... 
Direct  labor,  mine................. 
Direc t  labor supervision, mine..... ........... Maintenance labor,  p lan t  
Maintenance labor supervision,  

p lan t  ........................... 
Maintenance labor,  mine............ 
Maintenance labor supervision,  

mine............................ 
Operating supplies,  mine........... 
Operating suppl ies ,  p lant  (20 p c t  ........... of p lant  maintenance) 
Maintenance mater ia ls ,  p lan t  

(100 p c t  of maintenance labor) .  
Payro l l  overhead, mine (35 pct  of 

........................ payrol l )  
Payro l l  overhead, p lant  (25 pct  of 

........................ payrol l )  
Administration and general  

................. overhead, p lan t  
Administration and general 

overhead, mine................ .. 
Insurance, mine.................... ................... Insurance, p lant  

EXPENSE 

Total........................... 130,564,700 1 51,986,900 

50,000 B/cDZ?' 

Byproduct credit................... 3,554,200 I 1 7,108,400 

21 Barre ls  per calendar day. - 

.......... Operating labor (Workers) - ( 1,293 

Source: Calculat ions made by t h e  Process Evaluation Group, U.S. Bureau 
of Mines, Morgantown, W. Va., 1972. 

2190 

11 Excludes property taxes and deprecia t ion.  - 



TABLE 111-22. - - O i l  Shale  Plant-- 100,000'-barrel-per -day 
capaci ty  w i t h  open p i t  mining-- 
Cap i t a l  Cost Sumrnary 

Mine : 
I n i t i a l  investment.................................. 
Present va lue  of defer red  expense ....................... (discounted a t  12 percent)  

Retort  plant:  
............................................ Retort ing 

Crushing and screening .............................. 
Briquett ing ......................................... 

Refining ............................................... 
Utilities.............................................. 

Facilities............................................. 

Subtotal..... .......................................... 
....................................... I n i t i a l  c a t a l y s t  

............... Total  p lan t  c o s t ,  insurance and t a x  base 

I n t e r e s t  during construct ion:  
Plant. . . . . . . . . . . . .  .................................. 

I n t e r e s t  during development: 
M i n e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Star tup  expense.,....................................., 

............ Subtotal  f o r  deprecia t ion  L................ 

......................................... Working c a p i t a l  

................................ Total..........,.... 

Source: Calcula t ions  made by t h e  Process Evaluat ion Group, U.S. Bureau 
of Mines, Morgantown, W. Va., 1972. 



TABLE 111-23. - - O i l  Shale  Plant-- 100,000 -barre l  -per -day capac i ty  
with open p i t  mining-- Operating Cost Summary. L/ 

(Dollars)  

Operating Cost Items 

Natural  gas................................. 
Charge f o r  u s e  of water..................... 
Annual c a t a l y s t  and chemicals............... 
D i r e c t  l abor ,  p l a n t  .................**...... 
Direct  labor  supervision,  p lan t  ............. 
Direct  labor ,  mine.......................... 
D i r e c t  l abor  supervision,  mine.............. .................... Maintenance labor ,  p l a n t  ........ Maintenance l abor  supervis ion ,  p l a n t  
Maintenance,labor, mine..................... 
Maintenance labor  supervis ion ,  mine......... 
Operating suppl ies ,  mine.................... 
Operating supp l i e s ,  p l a n t  (20 p c t  of p l a n t  

maintenance) ............................. 
Maintenance mate r i a l s ,  p l a n t  ................ 
Payro l l  overhead, mine.... .................. 
Payro l l  overhead, p lan t  ..................... 
Administration and genera l  overhead, p lan t . .  
Administration and genera l  overhead, mine... 
Insurance, mine............................. 
Insurance, p l a n t  ............................ 

Annual c o s t  

Tota l  .................................... I 47,805,100 

........................... By-product c r e d i t .  1 7,108,400 

................... Operating l abor  (Workers) 

1/ ~ x c l u d e s  property t axes  and deprecia t ion .  - 

Source: Calculat ions made by t h e  Process Evaluation Group, U.S. 
Bureau of Mines, Morgantown, W. Va,, 1972. 



TABLE III-24.--011 Shale Plant-- 50,000-barrel-per-day capacity 
with in situ retorting --Capital Cost Summary. 

(Dollars) 

.................. Recovery p lan t  and compression 

I n i t i a l  wel ls  ................................... 
Refinery ........................................ 
Pipe l ines  ....................................... 

.............................. Plan t  f a c i l i t i e s  ;. 
Plan t  u t i l i t i e s  ................................. 

Tota l  cons t ruct ion  ........................ 
I n i t i a l  c a t a l y s t  and chemicals .................. 

Tota l  p lan t  cos t  ( insurance and t a x  base)  . 
I n t e r e s t  during const ruct ion  .................... 
Sta r tup  expense ................................. 

Subto ta l  f o r  deprecia t ion  ................. 
Working c a p i t a l  ................................. 

Tota l  ......................... i .  ........... 

Source: Calculations made by the Process Evaluation Group, U.S. 
Bureau of Mines, Morgantown, W. Va., 1972. 



TABLE 111-25. --50,000-BarreMer-Dq Capacity with - In Situ 
Retorting--Operating Cost Sunmry. L/ 

( D o l l a r s )  

............................ Direct labor supervision 

EXPENSE 

.................. ............... Water use charge .;. 
....................... Annual catalyst and chemicals 

Direct labor ........................................ 

Maintenance labor ................................... 
....................... Maintenance labor supervision 

Annual cost 

$ 34,200 

1,874,800 

2,290,100 

Maintenance material ................................ 
.................................. Operating supplies 

.................................... Payroll  overhead 

................. Administration and general overhead 

Insurance - retorting, recovery, and 
refining .......................................... 

Methane ............................................. 
Annual wells ........................................ 

......................................... Total 

........................... Operating labor (workers) 

1/ Excludes property taxes and depreciation. - 

Source: Calculations made by the Process Evaluation Group, 
U.S. Bureau of Mines, Morgantown, W .  Va., 1972. 



I 
TABLE I1126 .--Plant Equipment and Urban Material&/ Purchased. 

(Mil lions of Dollars) 

1/ Urban construction is estimted a t  $45,000 capital  cost per  - 
household fo r  new residential ,  commercial, and community 
f ac i l i t i e s .  O f  t h i s  to ta l ,  $30,000 is allocated t o  materials 
and $15,000 t o  labor. 

Year 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

T o t a l  

Plant 
equipment 

51.2 

51.2 

153.6 

190.7 

241.9 

234 .0 

145.7 

94.5 

1,162.8 

Urban 
materials 

16.7 

16.7 

50.1 

61.7 

78.4 

80.2 

51.9 

35.2 

' 390.9 

Tota l  

67.9 

67.9 

203.7 

252.4 

320.3 

314.2 

197.6 

129.7 

1,553.7 



for the equipment needed to produce a 400,000-barrel-per-day shale 

oil output from both private and public lands. An additional $1.7 

billion would be spent by 1985 if development to 1 million barrels 

per day takes place. 

Urban construction would be required to provide housing and 

service facilities to the new employment stimulated by- this industry. 

Development will occur primarily in the existing urban centers which 

are most convenient to the plant locations. Rock'Springs, Wyoming, 

Vernal, Utah, and Rangely and Grand Junction, Colorado, will probably 

be the major centers of initial growth and development. Urban con- 

struction would probably take place concurrently with plant construc- 

tion, in order for the urban facilities to be available for the 

operating employees when the plant construction would be completed. 

In calculating the amount of urban materials that would be purchased 

(Table 111-26), it has been assumed that no appreciable capital 

investment would be made for the benefit of temporary construction 

employees that cannot be used by the permanent operating employees. 

As shown, over $390 million may be spent for urban construction 

materials over the 1973-80 period. .  noth her- $540 million would be 

spent by 1985 to accommodate a 1-million-barrel-per-day industry. 

Because a limited manufacturing base currently exists within the 

seven counties that comprise the oil shale region, it has been assumed 

that nearly all plant and urban construction materials would be pur- 

chased outside the region during this period. Together, these expendi- 

tures (Table 111-26) would total nearly $1.6 billion over the 8- 

year period beginning in 1973 and an additional $2.2 billion by 1985. 



(2) Employee Incomes - The p r o j e c t e d  amount of s a l a r y  s p e n t  was 

used t o  approximate t h e  income t h a t  would be  s p e n t  w i t h i n  t h e  r eg ion ,  

an assumption t h a t  would b e  t r u e  only i f  t h e  t o t a l  va lue  of t a x  pay- 

ments l eav ing  t h e  r eg ion  e q u a l s  t h e  va lue  of t h e  p r o f i t s  t h a t  remain. 

A s  shown i n  Table  III:27 about  $920 m i l l i o n  would be  p a i d  a s  s a l a r i e s  

t o  cons t ruc t ion  and cons t ruc t ion-suppor t  employees through 1981. Of 

t h e  $1.4 b i l l i o n  t o t a l ,  $1.28 b i l l i o n  o r  9 1  pe rcen t  of t h e  g r o s s  

s a l a r i e s  should remain w i t h i n  t h e  o i l  s h a l e  reg ibn .  

By 1985, an a d d i t i o n a l  $1.8 b i l l i o n  i n  s a l a r i e s  would b e  p a i d  

t o  new employees connected t o  t h e  expansion t o  one m i l l i o n  b a r r e l s  

p e r  day p l u s  t h e  $660 m i l l i o n  earned by t h e  o ld  employees from 1982-85. 

(3) Tax Flows - T o t a l  t a x e s  and p u b l i c  revenues should i n c r e a s e  

t o  about $307 m i l l i o n  p e r  y e a r  by 1981 (Table 111-28). These amounts 

would accrue  a s  fol lows:  71  pe rcen t  t o  t h e  Fede ra l  Government, 11 per- 

cen t  t o  S t a t e , and  18 p e r c e n t  t o  l o c a l  governments. The annual  Fede ra l  

s h a r e  by 1981would b e  $219 m i l l i o n ,  de r ived  mainly from t h e  income 

t a x  payments of s h a l e  o i l  producers  and from p e r s o n a l  income taxee, 

S t a t e  revenues would r each  $33 m i l l i o n  per  y e a r  by 1981, de r ived  main- 

l y  from S t a t e  income t a x  on o i l  s h a l e  p r o f i t s  ($19 m i l l i o n )  and t h a t  

p o r t i o n  of t h e  r o y a l t y  payment r eba t ed  t o  t h e  S t a t e s  ($6.'th3TIm). 

Ind iv idua l  income t a x ,  o ther -  bus ines s  income t ax ,  and s a l e s  t a x  make 

up the  remaining $8 mi l l i on .  U s e  t a x  on c o n s t r u c t i o n  m a t e r i a l  

is zero i n  1981 s i n c e  no c o n s t r u c t i o n  a s s o c i a t e d  w i th  t h e  400,000-bar- 

rel-per-day capac i ty  w i l l  be underway i n  1981. 

Local t a x e s ,  which a r e  e s s e n t i a l l y  p rope r ty  t axes ,  would t o t a l  

$54 m i l l i o n  i n  1981. The o i l  s h a l e  producers  would pay $3 m i l l i o n  



TABLE 111-27 .--Salaries and Distribution: Colorado, Utah, and Wyoming. 
ÿÿ ill ions of dol lars)  

1/ Plant construction salaries assumed t o  be $15,000 per man-year and urban construc- - 
t ion salaries $l2,000. 

2/ A l l  support salaries were estimated a t  $7,500 per man year. - 

3/ Operating salaries assumed t o  range from $9,400 t o  $2,500 per man-.per year - 
depending on the size of the plant. 

4/ Assumes that  one quarter of the construction workers w i l l  not bring thei r  - 
families into the region and that  these workers w i l l  spend only one quarter of 
the i r  sa lar ies  in  the region. 



TABLE 11141) .--Taxes and Public Revenues: Colorado, Utah and Wyoming. 
co ill ions of d o l l a r s )  11 - 

1/ Figures were calculated by the U.S. Bureau of Mines using tax - 
r a t e s  provided i n  the Annual Report of the  Colorado Department 
of Revenue, F i sca l  Year Ending June 30, 1969, and the Federal 
In te rna l  Revenue Code of 1954 including the Tax Reform Act of 
1969. The Mineral Leasing Act of 1920 was used t o  appropriate 
FederalIState shares of the  roya l t i es .  

19 73 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

Total  

21 S ta te  and loca l  t ax  ra tes  applicable i n  Colorado were used t o  - 
estimate regional t ax  revenues. Federal revenues a re  independent 
of S t a t e  locat ion of plant s i t e s .  

Federal 

4.9 

4.9 

14.8 

45.8 

50.7 

107.8 

150.5 

175.2 - 

219.5 

774.1 

S t a t e  2/ - 

3.5 

3.5 . .  

10.7 

16.8 

20.3 

28.5 

30.7 

32.0 

33.1 , 

179.1 

Local - 2/ 

-- 

-- 

-- 

7.1 

7.1 

21.3 

33.6 

40.7 

54.3 

164.1 

Total  

8.4 

8.4 

25.5 

69.7 

78.1 

157.6 

214.8 

247.9 

306.9 

1,117.3 



t a x  on resource va lue  and $40 m i l l i o n  on p l a n t  va lue .  Taxes on o t h e r  

p r i v a t e  proper ty  would add another  $11 mi l l i on .  

I f  t h e  indus t ry  reaches a one-million-barrel-per- day product ion  

r a t e  i n  1985, t a x  revenues i n  t h a t  yea r  should t o t a l s 7 5 9  . m i l l i o n .  

This  t o t a l  would be made up on $541-million Fede ra l ,  $86- m i l l i o n  S t a t e ,  

and $132-million l o c a l  taxes .  

(4)  Dis t r ibu t ion  of Bonuses, Rents,  and h y a l t i e s  Received by t h e  

Federa l  Government - The monies c o l l e c t e d  by t h e  Federa l  Government 

as bonuses, r e n t s ,  and r o y a l t i e s  from o i l  s h a l e s  l e a s e s  a r e  r e d i s t r i b u t e d  

among t h e  County, S t a t e ,  and Federa l  Governments f o r  s p e c i f i c  u ses  

e s t a b l i s h e d  by l a w .  

The Mineral Leasing Act of  1920 provides i n  S e c t i o n  35: 

That 10 per centum of a l l  money rece ived  from s a l e s ,  bonuses, 
r o y a l t i e s ,  and r e n t a l s  under t h e  provis ions  of t h i s  Act except- 
i ng  those from Alaska, s h a l l  be paid i n t o  t h e  Treasury of  the  
United S t a t e s  and c r e d i t e d  t o  miscel laneous r e c e i p t s ;  f o r  t he  
pas t  production 70 pe r  centum, and f o r  f u t u r e  product ion 52-1/2 
per  centurn of t h e  amounts der ived  from such bonuses, r o y a l t i e s ,  
and r e n t a l s  s h a l l  be pa id  i n t o ,  reserved,  and appropr ia ted  a s  
a p a r t  of t h e  reclamation fund c rea t ed  by t h e  Act of Congress, 
known a s  t h e  Reclamation Act, approved June 17, 1902, and f o r  
p a s t  production 20 p e r  centum, and f o r  f u t u r e  product ion 37-1/2 
p e r  centum of t h e  amounts der ived  from such bonuses, r o y a l t i e s ,  
and r e n t a l s  s h a l l  be pa id  by the  Sec re t a ry  of t h e  Treasury a f t e r  
t h e  e x p i r a t i o n  of each f i s c a l  year  t o  t h e  S t a t e  w i t h i n  t h e  
boundaries of which t h e  l ea sed  lands o r  d e p o s i t s  a r e  o r  were 
loca ted ,  such monies t o  be used by such S t a t e  o r  subd iv i s ions  
thereof  f o r  t h e  cons t ruc t ion  and maintenance o f  p u b l i c  roads o r  
f o r  t h e  support  of p u b l i c  schools  o r  o t h e r  p u b l i c  educa t iona l  
i n s t i t u t i o n s ,  a s  t h e  l e g i s l a t u r e  of t h e  S t a t e  may d i r e c t .  

The 52-1/2 percent  paid i n t o  t h e  reclamation fund i s  used f o r  " t h e  

examination and survey f o r  and t h e  cons t ruc t  i on  and maintenance af  



i r r i g a t i o n  works f o r  the  s to rage ,  d ive r s ion ,  and development of  waters  

f o r  t h e  reclamation of  a r i d  and semiar id  lands  i n  t h e  s a i d  S t a t e s  and 

T e r r i t o r i e s ,  and i n  t h e  S t a t e  of  Texas, and f o r  t h e  payment of a l l  

o t h e r  expendi tures  provided f o r  in"  the Reclamation Act of  1902 

(USC T i t l e  43 8 391). 

I The 37,5 percent  tha- t  i s  pa id  t o  t h e  S t a t e s  i s  a l l o c a t e d  by 

Colorado, Utah, and WyomZng, as follows: 

Colorado 

33.3% t o  the  S t a t e  p u b l i c  school  fund 
66.7% t o  t h e  county from which i t  w a s  der ived  t o  be used 

f o r  pub l i c  schools  o r  p u b l i c  roads but  not  more than 
75% t o  e i t h e r  use i n  any one year ,  No s i n g l e  county 
s h a l l  be paid a n  amount i n  excess  of  $200,000 

Utah 

90% of t he  monies rece ived  s h a l l  go i n t o  t h e  uniform school  
fund to  support  the  p u b l i c  schools  of t h e  S t a t e  

10% s h a l l  be a l l o c a t e d  t o  t h e  county i n  which t h e  minera l  
was produced t o  be used f o r  road purposes 

Wyoming 

3% t o  o r i g i n a t i n g  county f o r  roads 
3% t o  S t a t e  Highway Commission f o r  road work i n  o r i g i n a t i n g  

Countxr 
35% t o  S t a t e  f o r  roads 
50% c r e d i t e d  t o  the  foundat ion  program fund f o r  the  pub l i c  

schools  
9% c r e d i t e d  t o  t he  Univers i ty  of Wyoming 

d. Urban Development 

The development of 400,000 b a r r e l s  of s h a l e  o i l  by 1981 

would r e s u l t  i n  a  populat ion i n c r e a s e  of 48,200 people which 

r ep resen t s  a 40-percent i n c r e a s e  over  the present  populat ion.  Some 

of the  smal l  c i t i e s  would grow t o  s e v e r a l  times t h e i r  cu r r en t  s i z e .  
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Larger c i t i e s ,  wi th  over  10,000 popula t ion ,  could almost double i n  

s i z e .  

Urban growth and development w i l l  a l s o  r e q u i r e  e l e c t r i c  power. 

The requirements f o r  t h e  new urban popula t ion  i s  only 6 percent  of  t h e  

power requirements of t he  o i l  s h a l e  f a c i l i t i e s .  It i s  assumed t h a t  

these  needs have been provided f o r  i n  t he  expansion requi red  f o r  t h e s e  

p l a n t s  themselves. 

Two of  t h e  g r e a t e s t  needs o f  t he  new popula t ion  G i l l  be 

housing and schools .  Housing requirements f o r  48,200 people 

would be approximately 13,000 dwel l ing  u n i t s  ."Although t h e r e  may 

be an abnormally h igh  percentage of mobile home occupants during 

the  i n i t i a l  s t a g e s  of  i n d u s t r i a l  development, i t  i s  be l ieved  t h i s  

tendency w i l l  be g r e a t l y  decreased once t h e  employment and popula- 

t i o n  become mor e s t a b l e .  Growth e f f e c t s  (d i so rde r ly  sprawl,  

substandard housing, s a n i t a t i o n  problems, e t c . )  on l o c a l  communi- 

t i e s  w i l l  vary  depending upon t h e  zoning and cons t ruc t ion  s tand-  

a r d s  s e t  and t h e  degree  of enforcement. The p o s s i b i l i t y  e x i s t s  

t h a t  law-qual i ty  substandard condi t ions  w i l l  occuroand i n  some 

communities, r e s i d e n t i a l  growth w i l l  not be uniformly con t ro l l ed  

The number o f  s tuden t s  between t h e  ages o f  f i v e  and e ighteen  

w i l l  i nc rease  by approximately 15,500 i n  t h e  a rea .  Based on a 

classroom s i z e  of 30 s t u d e n t s ,  a n  a d d i t i o n a l  500 classrooms w i l l  

be needed throughout t h e  e n t i r e  reg ion .  

1/ Based on 3.7 persons per  family. - 
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Adequate housing and r e l a t e d  sewer and sewage treatment 

f a c i l i t i e s  w i l l  be a s i g n i f i c a n t  problem associa ted  wi th  a l a rge  

i n f l u x  o f  oi l-shale-related population. Local contamination or' ground 

water i n  t h e  area has recen t ly  resul ted  from makeshift cesspools 
i 

. . 

associa ted  with mobile homes a t  construction s i t e s  and elsewhere. 
- ...... ......... . . . . . . . . . . . .  .... . . : .... , . .q ......... . .,, .. . .  :: ....... . . . . . . . . . . .  ............... Advance planning and controls  can prevent s i m i l a r  problems from 

occurring as o i l  sha le  development progresses. 

As indicated i n  Table 111-29, t h e  major cornuni t ies  i n  t h e  

s h a l e  region a r e  present ly  served by waste water  treatment f a c i l i t i e s  

designed t o  remve  a t  l e a s t  85 percent of  t h e  5-day biological  

oxygen demand and suspended-solids loading, The ac tua l  removal 

e f f i c i e n c i e s  of these p lants  v a r i e s  from 60 t o  over 90 percent,  

depending upon operating condit ions,  

With t h e  exception of the  treatment f a c i l i t i e s  a t  Grand 

Junction,  t h e  treatment capac i t i e s  of  t h e  f a c i l i t i e s  i n  the  

o ther  communities w i l l  have t o  be expanded by 1981 t o  handle t h e  

waste loadings generated by an oi l-shale-related populat ion increase  

, . 
; of 48,200. The impact on water, assuming ' th i s  expansion, has been 
! 

considered i n  Section C. As shown i n  column 8 of  Table 111-29, p lan t  

capacity expansion v a r i e s  from none a t  Grand Junction,  Colorado, 

t o  a sevenfold increase  a t  Grand Valley, Colorado. I t  is estimated 

t h a t  these treatment p lan t  expansions (including p t a n t ,  in te r -  

ceptors,  pumping s t a t i o n s ,  and o u t f a l l s )  w i l l  r equ i re  a cos t  

ou t l ay  of approximately $3.3 mi l l ion  (1972 d o l l a r s ) ,  These cos t s  

do not  include the expenditures which w i l l  be necessary f o r  
I 

I 
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Table 111- 29 --Municipal Wastewater Treatment F a c i l i t i e s .  

1/ Includes West Glenwood Treatment P l an t  w i th  a present  design P E of 2,000. - 
2/  Represents comparison of Column 6 wi th  Column 7 ,  i . e .  f o r  Rangely, Column 6 i s  t h r e e  times a s  l a r g e  a s  Column 7, t he re fo re  treatment - 

p l a n t  capac i ty  w i l l  have t o  be t r i p l e d .  
3 /  Some expansion of t h e  West Glenwood Treatment P l an t  w i l l  probably be necessary i f  t h e  popula t ion  loca t e s  west of Glenwood Springs - 

i n  t h e  Roaring Fork Valley. 

P lant  Design 
Capacity 

Population Equivalent 
(PE) 

3,200 

2,000 

3,500 

12,000 11 

300 

46,000 

5,000 

12,000 

5,100 

Community 
Name 

Capacity 
Expans ion  

Above 
Present 21 

3 

4 

2 

none 3/ 

7 

none 

1.6 

1.5 

1.2 

Discharge 
To 

White River 

White River 

White River 

Colorado River 

Parachute Creek 

Colorado River 

Ashley Creek t o  
Green River 

B i t t e r  Creek (dry) 

Green River 

1981 
Pop. 

10,500 

7,700 

8,000 

8,100 

2,000 

32,700 

8,000 

17,000 

6,000 

Present  
Pop. Sewers 

--- 
Rangeley, ~ ~ l o .  

Meeker, Co lo .  

R i f l e ,  Colo. 

Glenwood Spr ings ,  
Colo. 

Grand Val ley ,  
Colo. 

Grand Junct ion ,  
Colo. 

Vernal,  Utah 

Rock Spr ings ,  
Wyo. 

Green River ,  
Wyo. 

Type of 
Wasta Treatment 

Sepa ra t e  Storm - 
San i t a ry  

Combined and 
Separa te  Storm - 
San i t a ry  

Sepa ra t e  Storm - 
San i t a ry  

Separa te  Storm-.. 
S a n i t a r y  

Separa te  Storm - 
San i t a ry  

Combined and 
Separa te  Storm .- 
San i t a ry  

Sepa ra t e  Storm - 
S a n i t a r y  

Separa te  Storm - 
S a n i t a r y  

Separa te  Storm - 
San i t a ry  

1,500 

1,500 

2,500 

4,100 

< l o 0  

20,200 

4,000 

11,650 

4,200 

Treatment 
%%$?agoons and 

Po l i s h i n g  Pond 

Secondary Treatment, 
Extended Aeration 

Secondary Treatment, 
Oxidat ion  ponds 

Secondary Treatment, 
High-Rate T r i ck l ing  

F i l t e r  With Rec i r cu l a t ion  

Secondary Treatment, 
Extended Aeration 

Secondary Treatment, 
High-Rate Tr ickl ing  

F i l t e r  

Secondary Treatment, 
High-Rate T r i ck l ing ,  

F i l t e r  

Secondary Treatment, 
Standard-Rate T r i ck l ing  

F i l t e r  

Secondary Treatment 
Oxidation Ponds 



I improvement of ex i s t i ng  s e w e r s  and i n s t a l l a t i o n  of new sewer 

. systems. 

It is  estimated t h a t  the  add i t iona l  48,200 people i n  the  

comaunities of the  o i l  sha l e  a r ea  w i l l  cause the  discharge of  

an add i t iona l4 ,800  tons of s a l t  p e r  year i n t o  the  receiving 

waters of t h e o i l  shale.  area. This s a l t  loading w i l l  r e s u l t  i n  

an increase i n  s a l i n i t y  a t  Hoover Dam of Q,3amg/l. I n  addi t ion,  

some 96 tons per day (35,900 tons per .year) of s b l i d  wastes 
: :  I 

. . . . . . . .  . . 
. . .  . . . . . .  ' .  i . . . . . .  . . . .  . . <  . . . .  

w i l l  be generated by these 48,200 new res idents .  The cost  of 
I .  

1 
. I . . . . . . . .  I 

..! 

disposing of t h i s  garbage, t r ash ,  e tc . ,  i n  s an i t a ry  l a n d f i l l s  
......... . . . . . . . . .  ..:....~..~....:.:~ 

.......... . . . . . .  . . . .  

I w i l l  be approxsmatelv $33.1 mi l l ion  ~ e r  vear: 

In  the  calcula t ion of construction s a l a r i e s  and purchases 

of construction mater ia ls ,  $2,700 per person has been allowed 

f o r  the cap i t a l  cost  of new publ ic  construction. This is  a 

l i b e r a l  a l loca t ion  i n  view of t he  estimated cos t s  of some of the 

more important individual  publ ic  c ap i t a l  costs .  Schools a re  

estimated (13)to cost  $350 per  person, hosp i ta l s  $120 per person, - 
water treatment and d i s t r i bu t i on  $150 per person, and sewage 

disposal  $150 per person. 

Local property taxes a r e  estimated t o  t o t a l  about $1,125 

per person per  year of which 80, percent would come from payments 

on the o i l  sha le  f a c i l i t i e s .  Thus, overa l l  l oca l  t ax  revenues 

should be large  enough to amortize the required urban c a p i t a l  

expenditures. e 



There w i l l  be a l a g  between the  t i m e  when expenditures must 

be made f o r  publ ic  const ruct ion and t h e  t i m e  when property tax  

revenues become ava i l ab le  t o  amortize these expenditures (Table 

111-30). The f i n a n c i n g  of publ ic  expenditures by municipal bonds 

is the  usual  way of overcoming t h i s  lag. 

Small communities may not  be ab le  t o  i s s u e  bonds s u f f i c i e n t  

to  f inance  the necessary expenditures because of t h e i r  small  t ax  

base. I n  such cases i t  may be poss ib le  f o r  the  s t a t e  t o  lend i ts  

c r e d i t  t o  underwrite such issues .  

Another avenue t o  t h e  f inancing of new urban development could be 

t h e  "Urban Growth & New Communities Development Act of 1970" of the U.S. 

Department of Housing and Urban Development. Under t h i s  program, 

the  Federal Government guarantees loans made to  developers f o r  the  

construction of p r i v a t e  and publ ic  f a c i l i t i e s  i n  new communities. 

An add i t iona l  problem of municipal f inancing w i l l  a r i s e  when 

the urban development associa ted  with an o i l  sha le  p lant  is not  

i n  the  same county as  the  p lant .  S ince  the  p lant  w i l l  con t r ibu te  

80 percent  of the  new l o c a l  tax  revenues, urban development w i l l  
\ 

J 

be d i f f i c u l t  t o  f inance without access to the  taxes generated by 

the plant .  

This problem is not unique t o  the  o i l  sha le  area. It occurs 

when a l a r g e  employer is near a county l i n e  o r  when the suburbs 

of a l a rge  c i t y  a r e  i n  a d i f f e r e n t  county than the  c i t y  

proper. It can be a l l e v i a t e d  i n  a number of ways, most of which 

require  S t a t e  l e g i s l a t i o n .  Regional taxing a u t h o r i t i e s  can be 



TABLE 111-30. --Public Construct ion Expenditures L/ and Loca 1 Tax 
Receipts : Colorado, Utah, and Wyoming. 

 i ill ions of dol lars  ) 

New public 
construct ion 
expenditures 

1/ On the basis of $10,000 per permanent family. - 



crea ted;  bi-county school  and water  d i s t r i c t s  can be es tabl i shed;  

and the  S t a t e  can r e d i s t r i b u t e  its a l l o c a t i o n  of  funds t o  the  

counties. 

e. S o c i a l a n d  Cornunity Impacts 

The predominantly r u r a l  o i l  s h a l e  region w i l l  be changed 

by t h e  prototype l eas ing  program. The changes w i l l  no t  only 

occur i n  t h e  physica l  environment but  w i l l  a l s o  occur i n  t h e  

community s t r u c t u r e s  and organiza t ions ,  i n  the  economic and 

p o l i t i c a l  systems of t h e  area,and perhaps more importantly,  i n  

the  s o c i a l  s t r u c t u r e s  o r  l i f e s t y l e s  of a l l  the  people involved. 

The i n f l u x  of 48,200 new inhab i t an t s  t o  the  a rea  w i l l  have t h e  

most v i s i b l e  impact on the  s o c i a l  and community s t r u c t u r e s .  For t h e  

most p a r t ,  these  people w i l l  migrate from more urbanized and densely 

populated regions.  They w i l l  expect c e r t a i n  amenit ies  and con- 

veniences, and pa t t e rns  of l i v i n g  which w i l l  not be r e a d i l y  ava i l ab le  

i n  the  o i l  sha le  region. This  may be a r e l a t i v e l y  simple adjustment 

f o r  some o£ t h e  immigrants t o  make. Others w i l l  not want t o  o r  be 

a s  capable of making the  adjustments even f o r  a  r e l a t i v e l y  shor t  

period of time and w i l l  in f luence  t h e  worker turnover r a t e .  

The i n f l u x  of those new r e s i d e n t s ,  however, w i l l  have t h e  g r e a t e s t  

impact on the  o r i g i n a l  inhab i t an t s  of t h e  area. Over the  l eas ing  

period, t h e i r  l i f e  s t y l e s  w i l l  change. The advent of  a  new indus t ry  

and new employers represents  technologica l  progress,  and any progress 

o r  change i n  one s e c t i o n  of t h e  s o c i e t y  w i l l  i n i t i a t e  change i n  t h e  

111-228 



s o c i a l  s e c t o r .  However, a  pe r iod  of adjustment and c u l t u r a l  l a g  

normally fol lows i n  which d i s o r i e n t a t i o n  of people (and sometimes 

p o l i c i e s )  occurs  due t o  t h e  n a t u r a l l y  slower r a t e  of s o c i a l  change. 

The t ransformat ion  from a semirura l  environment t o  an  i n d u s t r i a l -  

i z e d  one w i l l  mean a  f a s t e r ,  more-crowded pace of l i f e  a t  t h e  v e r y  

l e a s t .  It w i l l  i nc rease  crime r a t e s  (Table 111-31), change r ec rea -  

t i o n  p a t t e r n s  t o  more s o p h i s t i c a t e d  urbanized (and more c o s t l y )  s t y l e s ,  

and w i l l  probably influence t h e  unemployment r a t e  a s  many u n q u a l i f i e d  

people migra te  t o  new a r e a s  of development looking f o r  something 

b e t t e r .  The s u b j e c t i v e  na tu re  of t h e  c u l t u r a l  and s o c i a l  changes i n  

l i v i n g  p a t t e r n s  and va lue  judgments on l i f e  involved i n  e v a l u a t i n g  

t h e s e  e f f e c t s  preclude accu ra t e  assessment. 

I n  terms of  s o c i a l  change, admin i s t r a t i ve  i tems may o r  may 

n o t  become major problem i s s u e s  depending upon t h e  l o c a l  govern- 

ments and/or planning commission's handling of them. These problems 

could inc lude  housing and s t r e e t  d i s rup t ions  and p o s s i b l e  

i n i t i a l  overpopulat ing of  school  systems. Within each S t a t e ,  

p  lanniag commissions have been e s t a b l i s h e d  a t  t h e  county l e v e l ,  

and Colorado has a l s o  a  S t a t e  and r eg iona l  planning commission. 

I n  a t  l e a s t  two o f  t h e  S t a t e s ,  Wyoming and Colorado, zoning and 

subd iv i s ion  r egu la t ions  a r e  a l r eady  i n  e f f e c t  which, i f  p rope r ly  

administered,  can ensure o r d e r l y  phys i ca l  growth and development. 

Two major problems which may a r i s e  during t h e  cons t ruc t ion  

per iod  i n i t i a l l y  and may cont inue  f o r  some t ime dur ing  t h e  product ion  

phase a r e  inadequacies  of housing f a c i l i t i e s  and t h e  s u b s t a n t i a l  



'I!ABI;E 111-31.--U.S. Crime Rate i n  1969. 
 u umber per 100,000 population) 

Source: Department of Justice, Federal Bureau of Investigation. 
Uniform crime. Reports f o r  the U.S . , 1969. 

City s ize  

Rural ............... 
Under 10,000 ........ 
10-25,000 ........... 
25-50,000 ........... 

Violent crime 

100 

110 

140 

170 

I 

Property crime 

1,150 

2,200 

2,750 

3,200 



increase  i n  road usage between urban cen te r s  and p lan t  s i t e s .  

Transportat ion routes  and road improvement and maintenance usual ly  

represent  a  major d i f f i c u l t y  t o  l o c a l  governments i n  a  r ap id ly  

i n d u s t r i a l i z i n g  area  , a s  education and hea l th  f a c i l i t i e s  take  p r i o r i t y  

and, i n  the  beginning, publ ic  funds a r e  l imi ted .  
I 

.r _ 1 The inadequacy of housing during tbe  cons t ruct ion  period 

i j espec ia l ly  may r e s u l t  i n  a d d i t i o n a l  detr imental  e f f e c t s .  The f i r s t  

e f f e c t  could be overcrowding of e x i s t i n g  f a c i l i t i e s  poss ib ly  crea t ing  

I 

I h e a l t h  and s a f e t y  hazards. Secondly, d ispropor t ionate ty  high r e n t s  

may a l s o  occur because of t h e  h igh demand f o r  housing. This could 

a l s o  a f f e c t  the  worker turnover r a t e .  It i s  a l s o  expected t h a t  many 

of the  workers, both cons t ruct ion  and production, w i l l  b r ing  mobile 

homes i n t o  t h e  area. 

One add i t iona l  area of concern which cannot be quan t i f i ed  i s  

the  d i f ferences  and poss ib le  antagonisms between the  o r i g i n a l  

townspeople and t h e  immigrants. Though in-many of the  a f fec ted  

communities the  immigrants w i l l  outnumber the  o r i g i n a l  inhabi tants ,  

t he  immigrants would s t i l l  be considered newcomers o r  ou t s ide r s  

l and a s  such may not be r e a d i l y  a s s imi la ted  i n t o  the  communities. 
- -, 

I 
i Many of  the  inhabi tants  of these  small  connuunities chose 
I 1 

i and remained i n  t h i s  a rea  t o  escape t h e  pressures  of  urban l iv ing.  

They may resen t  immigrants because they represent  increased urban- 

i za t ion .  S t r a t i f i c a t i o n  r e f l e c t i n g  t h i s  a t t i t u d e  may be imposed 
-'I 

I by the  inhabi tants .  A w e l l - ~ l a n n e d o r i e n t a t i o n  program may be 

necessary t o  minimize these  antagonisms. 

i 



f. Health and Safety Impacts 

The Bureau of Mines and industry have mined an estimated total 

of over 2 million tons of oil shale in experimental underground mines 

without a fatal accident. Despite this record, it should be recogncked 

that any form of oil shale mining or in situ extraction process does 

have the potential of incurring hazards that may result in fatalities, 

injuries, or impaired health. 

It is difficult to assess the potential for health and safety 

hazards,because no commercial oil shale industry exists and hence 

no actual comparable statistics are available. Underground, surface 

(open pit), in situ recovery, or combinations of these methods 

may be used in an oil shale industry.' Comparable safety statistics 

from surface and underground mining operations for coal, metal, 

and nonmetal for the years 1959 through 1971 are summarized in 

Table 111-32.1/ As shown in that table, the average disabling work 

injuries per million man-hours (frequency rates) for underground 

operations range from a high of 1.19-fatal and 48.52-nonfatal 

injuries for coal to a low of 0.77 fatal injuries for metal and 

40.67 nonfatal for nonmetal. In surface mining operations, the 

average frequency rates range from a high of 0.49-fatal and 24.51- 

nonfatal injuries for coal to a low of 0.27 fatal and 10.94 nonfatal 

... injuries for metal. In preparation plants or mills, the average 

frequency rates range from a high of 0.43-fatal and 36.68-nonfatal 

injuries for coal to a low of 0.12 fatal and 10.42 nonfatal injuries 

for metal. 

1/ Source: Mineral Industry surveys, U.S. Department of the - 
Interior, Bureau of Mines;-Washington, D. C., 1960-1972. 



I n  t h e  absence of s t a t i s t i c a l  in format ion  on o i l  s h a l e  mining 

and processing,  t h e  average  of t h e  frequency d a t a  (Table 111-32) 

has  been used t o  assess t h e  probable frequency r a t e s  a p p l i c a b l e  

t o  o i l  s h a l e  development. These d a t a  a r e  g iven  below: 

Table 111-32,- Average Disabl ing I n j u r i e s ,  1959-1971 
Mining and ~ r o c e s  s in.&/. 

(Per  ' m i l l i o n  .man-hours) 

Sa fe ty  statistics from t h e  petroleum indus t ry  w e r e  used t o  

Furic t i o n  

Underground Mining 

Surf  a c e  Mining 

P lan t  Ope r a t  i o n s  

a s s e s s  t h e  h e a l t h  and s a f e t y  impacts of an i n  s i t u  o i l  s h a l e  

j 
development s i n c e  t h a t  technology is s i m i l a r .  Average i n j u r y  

Frequency Rates  

frequency r a t e s  f o r  t h e  yea r s  1968 through 1971 a r e  summarized 

2 / below: - 

F a t a l  

0.98 

0.35 

0.22 

Table 1II-33.--Average Disabl ing I n j u r i e s ,  1968-1971, 
(Per m i l l i o n  man-hours) 

Nonfa ta l  

44.75 

18'. 00 

23.13 

. . . . . . .  .................. ............... .............. , ............ ................ ......... ............ . . . . . . . .  
. . . . . .  , 

1/ Derived from da ta ,  Table 111-34. - 
21 Source: Annual Summary o f  Disabl ing Work I n j u r i e s  i n  the 

5 - 

Funct ion 

D r i l l i n g  

Product  i on  

Refining 

Petroleum Indus t ry .  API ~ i v i s i o n  o f  S t a t i s t i c s  and Economics., 
Washington, D. C.,  Apr i l .1972.  

Frequency Rates  

F a t a l  

0.27 

0.13 

0.09 

Nonfa ta l  

46.93 

6.75 

4.95 
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1.i d 
. . A  

The frequency r a t e s  from Tables 111-32 and 111-33 w e r e  
' .  . . . ' R  

; j applied t o  a po ten t ia l  1-million-barrel-per-day-oil sha le  R I: 
I..i 

industry tha t  could be developed over t h e  10-year period (1976 
1.' 

I through 1985). A t o t a l  of .97 f a t a l  and 6,353 nonfata l  i n ju r i e s  

i- 
d .- 

I; cou1.d be expected t o  occur as  shown i n  Table 111-35. 
I -- 

Table 111-35. - - ~ o t a l '  Po t en t i a l  Disabling In ju r ies  f o r  
One-Million Barre l  per Day O i l  Shale 
Industry (1976 through 1985). 

Derivation of t h e  above data  was based on da ta  described below i n  

Tables 111-36 and 111-37. 

Func t ion 

Underground Mines 

Surface Plants  fo r  Under- 
ground Mines 

Surface Mines 

Plants  fo r  Surface Mines 

In  S i t u  Dr i l l ing  

Plants for  In  S i t u  Pro- 
cess ing 

Tota l  

I n  i ur  ies 
Fa t a l  

63.93 

14.63 

6.22 

5.00 

5.72 

1.00 

96.50 

Nonfatal 

2,919.06 

1,537.23 

320.40 

525.31 

996.79 

54.06 

6,352.85 



Table 111-36 gives t h e  est imated number of  man-hours worked based 

on t h e  development t o  .a 1-million-barrel-per-day indus t ry  (Table 

111- 37). Man hours worked w e r e  derived on t h e  b a s i s  ,of 2,080 hours 

worked per year per  employee. Administrative personnel a r e  excluded 

because t h e i r  in ju ry  frequency r a t e s  a r e  low,and t h i s  would tend 

t o  b ias  the  estimated number of  i n j u r i e s  downward. 

The number of d i sab l ing  i n j u r i e s  (Table 111-37) was computed 

by applying in ju ry  frequency r a t e s  i n  Tables 111-33 and 111-35 t o  

t h e  man-hours worked; the  l a s t  row i n  Table 111-37 is i d e n t i c a l  t o  

da ta  previously summarized i n  Table 111- 35. 

It can be expected t h a t  t h e  e f f e c t s  of  t h e  newly updated and 

stronger laws r e l a t i n g  to  h e a l t h  and s a f e t y  i n  t h e  mineral indus t ry  

a s  wel l  as  s u b s t a n t i a l l y  increased s t a f f i n g  by t h e  U.S. Bureau o f  

Mines and S ta tes  ' , i n d u s t r i a l  commission inspect ion  teams should 

considerably decrease t h e  number of  d i sab l ing  i n j u r i e s  i n  t h e  

fu ture .  

In  addit ion,  t h e  Bureau of  Mines is conducting extensive 

research in .  a l l  a reas  of mine hea l th  and s a f e t y  a s  p a r t  of a 

comprehensive h e a l t h  and s a f e t y  program. These research  r e s u l t s  

w i l l  be avai lable  t o  help guide t h e  planning and evaluat ion  of a 

developing o i l  s h a l e  industry.  

2. Economic Impacts i n  Colorado 
. . 

As de ta i l ed  i n  Table 11-2, development o f  t h e  two pratotype 

l eases  i n  Colorado is expected t o  r e s u l t  i n  a s h a l e  o i l  productive 

capaci ty  of 50,000 b a r r e l s  per  day on one of t h e  t r a c t s  wi th  
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TABLE 111-37. - -Po ten t i a l  ~ i s a b l i n g  I n j u r i e e  . 
Number of Disabling I n j u r i e s  

Underground Surface  I n  S i t u  
Year I To t a l  

Mine P lan t  Mine P lan t  D r i l l i n g  Plant  

F a t a l  F a t a l  !::il F a t a l  
F a t a l  !z:il F a t a l  F a t a l  K:il F a t a l  

Non- 
F a t a l  F a t a l  

1976 1.17 53.25 .27 27.99 1.44 81.24 

1977 1.17 53.25 .27 27.99 1.44 81.24 

1978 3.49 159.31 .80 83.96 4,29 243.27 

1979 3.49 159.31 .80 83.96 .62 32.04 .SO 52.51 5.41 327.82 

1980 4.65 212.12 1.06 111.72 .62 32.04 .50 52.51 6.83 408.39 

1981 5.81 265.37 1.33 139.71 .62 32.04 .SO 52.51 -52 90.57 .09 4.91 8.87 585.11 

1982 8.13 371.43 1.86 195.68 .62 32.04 .50 52.51 1.04 181.15 . I8  9.83 12.33 842.64 

1983 11.62 530.74 2.66 279.41 .62 32.04 .SO 52.51 1.04 181.15 . I 8  9.83 16.62 1,085.68 

1984 11.62 530.74 2.66 279.41 1.56 80.10 1.25 131.38 1.04 181.15 .18 9.83 18.31 1,212.61 

1985 12678 583.54 2.92 307.40 1.56 80.10 1.25 131.38 2.08 362.77 -37 19-66 20.96 1,484.85 

To ta l  63.93 2,919.06 14.63 11537.23 6 .22 320.40 5.00 525.31 5.72 996.79 1.00 54.06 96.50 6,352.85 



. . . . . . .  . . . . . . . . .  . . . . . .  :: 
. . . . . . .  . . . . . .  . . . . . . . . .  I ! . . 

underground mining by 1g78 and 100,000 b a r r e l s  p e r  day on t h e o t h e r  

with open p i t  mining by 1979. In  addi t ion ,  o i l  sha le  p l a n t s  on 

p r i v a t e  lands i n  Colorado a r e  projec ted  a t  50,000 b a r r e l s  p e r  day 

i n  1976 with l i k e  amounts becoming opera t iona l  i n  1978 and 1981. 

a. Employment and Populat ion 

The development of a  50,000 b a r r e l  pe r  day p lan t  i n  Colorado 

w i l l  r e s u l t  i n  s i g n i f i c a n t  populat ion and revenue increases .  

Construct ion of t h i s  p l a n t  w i l l  n e c e s s i t a t e  a  temporary popu- 

l a t i o n  increase  of 8,600. When t h e  p lan t  begins opera t ion ,  the  

permanent population inc rease  i n  Colorado w i l l  be 6,183 new 

res iden t s  associated with a 50,000 b a r r e l  pe r  day p l a n t .  

The s a l a r i e s  of cons t ruct ion  and permanent Long-term employees 

which w i l l  be generated by opera t ion  of t h i s  p l a n t  w i l l  t o t a l  

$40.7 mi l l ion  f o r  the  f i r s t  3 years  and then w i l l  l e v e l  o f f  

t o  $21,1 mi l l ion  (because of t h e  l o s s  of the  cons t ruct ion  workers). 

The t o t a l  f i g u r e  fo r  s a l a r i e s  spent  wi th in  the  region,  however, 

w i l l  be $35.0 mi l l ion  the f i r s t  3 years  and w i l l  then drop t o  

the  $21.1 million,because of t h e  l e s s e r  number of f ami l i e s  
. . .  

. . . . .  . . . .  
. . . . . . .  . . . . . . .  . . . . . . . . . . .  . . ,  . . i brought i n t o  the  area  by const ruct ion  workers. Local revenues' 
. . . . .  . . .  . . . . . . . . . .  . i . . . . .  . . , ;  . . . . .  . . . . . .  . . . . . . .  i generated by t h i s  s i n g l e  opera t ion  w i l l  b e , $ , 7 , l , m i l l i o n  but  w i l l  

. . . . . . . . . . . . . .  . . . . . .  . . ,  . .  . . . .  

not be r ea l i zed  u n t i l  t he  p l a n t '  is operat ing.  S t a t e  revenues, 

however, w i l l  begin t o  occur a s  soon as  cons t ruct ion  begins 

and w i l l  be.$3,5 mi l l ion  f o r  3 years  and then w i l l  increase  

t o  $4.8 mi l l ion .  (These f i g u r e s  d i f f e r  from the  ones presented 

i n  Tables 111-35 and 111-36 because those  t a b l e s  combine t h e  s a l a r i e s  

and publ ic  revenues from two p lan t  opera t ions . )  



Construct ion of the  100,000-barrel-per-day p l a i t  is  pro- 

jec ted  t o  begin i n  1976. This cons t ruct ion  w i l l  provide employ- 

ment f o r  2,420 f o r  the  3-year cons t ruc t ion  period.  An addi t ional  

1,179 const ruct ion  jobs w i l l  be provided by urban const ruct ion  

during the  same period. Construct ion personnel and t h e i r  f ami l i e s  

w i l l  generate employment f o r  2,267 i n  support ing se rv ices .  The 

o v e r a l l  populat ion inc rease  as soc ia ted  wi th  the  temporary employ- 

ment f o r  cons t ruct ion  and const ruct ion  support  is estimated t o  

Khen t h e  p l a n t  is i n  operat ion permanent employment t h e r e  

i s  expected t o  be 2,190. Permanent support employment a f t e r  pro- 

duction begins is  est imated a t  1,686. This is below the  l e v e l  

of temporary support  employment, and a cons iderable  p ropor t ion  

of these  permanent support  pos i t ions  can be expected t o  be  held 

by those holding temporary support pos i t ions .  

To ta l  new permanent populat ion associa ted  with the  100,000- 

barrel-per-day p l a n t  is estimated a t  10,467. 

During tI1e3-~ear cons t ruct ion  period,  expenditures f o r  

p l a n t  equipment and const ruct ion  mate r i a l s  w i l l  average $117 

mi l l ion  per  year .  

During the  cons t ruct  ion  per iod ,  cons t ruct  ion and support  

s a l a r i e s  w i l l  t o t a l  $67.3 mi i l ion  per  year .  When'operation of 

the  p lan t  begins,  s a l a r y  payments t o  opera t ing  personnel and the  

associa ted  urban support  personnel w i l l  be  $33.3 mi l l ion  per  year .  



b. Expenditure Flows 

The construction between 1973 and 1980 of t h e  p lan t s  projected 

f o r  both Federal and non-Federal lands i n  Colorado (Table 111-2) 

w i l l  provide employment f o r  up t o  12,900 people. The peak i n  
I 

! temporary employment f o r  t h i s  group of p l an t s  w i l l  occur i n  1976 and 
:. . ......I j . . .  ........... . . . . . .  ........ ,,,.~ .:... ............ I... . . . .  :.:..::.I 

. .: 1977. Additional construction i n  Colorado would keep t he  l eve l  of 

construction personnel from f a l l i n g  a s  shown i n  Tables 111-38 and 

111-39. The population associated with the  12,900 temporary 

employment would be 31,500. 

Permanent employment a t  sha le  o i l  p lants  w i l l  s t a r t  a t  1,293 i n  

1976 with t he  s ta r t -up  of t h e  f i r s t  50000 ba r r e l  per  day p lan t . l l  lit 

w i l l  reach 7,360 i n  1981 when t he  f i f t h  plant  comes on stream. Support 

employment w i l l  br ing t o t a l  new employment i n  1981 up t o  13,000 and new 

population up t o  35,200 @.able 111-38). This compares with a 1970 pop- 

l a t i o n  of 73,900 i n  the  t h r ee  affected counties of Colorado. 

Expenitures f o r  plant  equipment and urban const ruct ion material  

w i l l  t o t a l  $1.2 b i l l i o n  between 1973 and 1980, reaching a peak of 

$252 mi l l ion  pe r  year i n  1976 and 1977 (Table 111-39). These 

mater ia ls  and equipment a r e  assumed t o  be brought i n  from outs ide  t h e  

o i l  shale area.  

Sa la r ies  paid t o  a l l  types of employees, const ruct ion,  construction 

support, operating, and urban support w i l l  reach a peak of $171 mi l l ion  

per year i n  1978 and then l eve l  off  a t  $118 mi l l ion  per  year when con- 

s t r uc t i on  i s  completed (Table 111-40). 

1/ A r i cher  sha le  would requ i re  l e s s  mining and processing therefore  - 
l e s s  manpower. One est imate c) suggests 900 personnel would be 
required. This chapter uses t he  maximum employment project ions  
throughout. 



TABLE I11 -38. --Colorado--Oil Shale Temporary and Permanent Employment, Temporary, and Permanent Population. 

1/ Derived from value of labor  f o r  urban construction. - 

Year 

19 73 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

2 /  Assumes 1.37 employed people per new household. - 
31 Based on employment mul t ip l i e r  of 0.63 times temporary plant  plus urban employment. Source: Same a s  footnote 5, - 

but modified t o  r e f l e c t  the  experience t h a t  t of a l l  construction support workers w i l l  not br ing t h e i r  f ami l ies  
i n t o  t h e  region.  

41 Based on employment mul t ip l i e r  of 0.77 times permanent p lan t  employment. Source: Consulting Services Corporation, - 
f o r  t h e  Publ ic  Land Law Review Commission, Study of Impact of Publ ic  Funds on Selected Regional Economics, 
Apri l ,  1969, p. 104. 

Z/ Based on a family s i z e  of 3.7 persons. Source: Bureau of Census data  f o r  Colorado, Utah, and Wyoming. 

Source: Bureau of Mines. 

Temporary employment Population 21 Permanent employment 

P lan t  

- 
- 
- 

1,293 

1,293 

3,879 

6,069 

6,069 

7,362 

Plan t  
construc- 
t ion 

1,k870 

1,470 

4,410 

5,360 

5,360 

3,890 

1,470 

1,470 

- 

Total  

8,615 

8,615 

25,845 

37,725 

37,725 

41,476 

37,631 

37,631 

35,199 

Temporary 

8,615 

8,615 

25,845 

31,542 

31,542 

22,927 

8,615 

8,615 

- 

Urban 11 
construc- 
t ion 

696 

696 

2,088 

2,571 

2,571 

1,875 

696 

696 

- 

Support 221 - 31 

1,365 

1,365 

4,095 

4,997 

4,997 

3,632 

1,365 

1,365 

- 

Permanent 

- 
- 
- 

6,183 

6,183 

18,549 

29,016 

29,016 

35,199 

Support 2J - 41 

- 
- 
- 
996 

996 

2,988 

4,674 

4,674 

5,670 

Total  

3,531 

3,531 

10,593 

12,928 

12,928 

9,397 

3,531 

3,531 

- 

Total  

- 
- 
- 

2,289 

2,289 

6,867 

10,743 

10,743 

13,032 



11 TABLE I11 -39. --Colorado--Plant Equipment and Urban Materials - 
Purchased. 

(Millions of dollars) 

1/ Urban construction i s  estimated a t  $45,000 capi ta l  cost per - 
J household f o r  new resident ial ,  commercial, and community 

f a c i l i t i e s .  Of t h i s  t o t a l ,  $30,000 is allocated t o  materials 
and $15,000 t o  labor. 

I 

Total 

67.9 

67.9 

203.7 

252.4 

252.4 

184.5 

67.9 

67.9 

- 

1,164.6 

Urban 
materials 

16.7 

16.7 

50.1 

61.7 

61.7 

45.0 

16.7 

16.7 

- 

285.3 

Year 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

Total 

Plant 
equipment 

51.2 

51.2 

153.6 ' 

190.7 

190.7 

139.5 

51.2 

51.2 

- 

879.3 



TABLE 111-40.--Colorado--Salaries and Distribution. 
- (Millions of dollars) 

- 
Year Construct i o n  L/ 

( p l a n t  and urban) 
Construct ion 

support  3/ 
Operating - 2/ Urban 3/ 

support  

- 
- 

- 

7.5 . 

7.5 

22.5 

35.1 

35.1 

42.6 

T o t a l  S a l a r i e s  spent 4/ - 
within  region 

1/ Plan t  construct ion s a l a r i e s  assumed t o  be $15,000 per  man year  and urban construc- - 
t i o n  s a l a r i e s  $12,000. 

2 /  - Operating s a l a r i e s  assumed t o  range from $9,400 t o  $12,500 per  man per year 
depending on t h e  s i z e  of t h e  p l a n t .  

3/ A l l  support  s a l a r i e s  were e s t i m t e d  a t  $7,500 per  man year .  - 

k-/ Assumes t h a t  one quar te r  of t h e  construct ion workers w i l l  not  b r ing  t h e i r  
f a m i l i e s  i n t o  t h e  region and t h a t  these  workers w i l l  spend only one q u a r t e r  of 
t h e i r  s a l a r i e s  i n  t h e  region. 



Federal revenues generated by t h e  o i l  s h a l e  indus t ry  w i l l  

bu i ld  up t o  $164 m i l l i o n  pe r  year  by 1981, mainly from t h e  

corporate  income taxes of  t h e  o i l  s h a l e  industry.  Likewise, 

S t a t e  revenues, which w i l l  reach $24 mil l ion i n  1981, w i l l  be 

mainly from t h e  S t a t e  income t a x  of  t h e  s h a l e  o i l  industry.  

Local taxes  o f  $41 mil l ion per  year  by 1981 w i l l  r e s u l t  mainly 

from proper ty  taxes  on o i l  s h a l e  f a c i l i t i e s  (Table 111-41). 

3. Economic Impacts i n  Utah 

Development of two prototype l eases  i n  Utah is projected t o  

r e s u l t  i n  a s h a l e  o i l  productive capaci ty  of 50,000 b a r r e l s  ,per 

1 day by 1980 using underground mining. Construction of t h i s  
? 

capacity and of t h e  required a d d i t i o n a l  urban f a c i l i t i e s  would 
I 
I begin i n  1977. Some o f  t h e  a d d i t i o n a l  urban f a c i l i t i e s  might 

I 

be constructed i n  Colorado i f  Rangely, Colorado, becomes t h e  

res idence f o r  some por t ion of t h e  p lan t ' s  employees. 

a. Employment and Population 

Plant  const ruct ion w i l l  provide employment f o r  1470 construc- 

t i o n  employees during the  3-year const ruct ion period.  An 

a d d i t i o n a l  696 const ruct ion jobs w i l l  be provided by urban con- 

s t r u c t i o n  during t h e  same period.  These const ruct ion personnel 

and t h e i r  famil ies  w i l l  genera te  employment f o r  1,365 i n  supporting 

se rv ices ,  The o v e r a l l  population increase  assoc ia ted  with t h e  

temporary employment f o r  cons t ruc t ion  and const ruct ion support  

i s  est imated t o  be 8,615, 

When t h e  p lan t  i s  i n  opera t ion permanent employment t h e r e  i s  

expected t o  be 1,293. This i s  about 870 l e s s  than t h e  t o t a l  

cons t ruc t ion  employment. Personnel movement can be expected t o  

be g r e a t e r  than t h i s  870, however, s ince  r e l a t i v e l y  few construc- 
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tion workers are expected to take positions as plant operators. 

Permanent support employment after production begins is 

estimated at 996. This is a smaller support employment than during 

construction. A considerable proportion of these permanent support 

positions may be held by the same personnel that held the temporary 

support positions. 

Total new permanent population is estimated at 6,183 (Table 

111-42). This population increase compares with the existing 

population in Uintah County of 12,700 and a population of 20,000 in 

the two Utah counties. 

TABU 111-41. --Colorado--Taxes and Public Revenues Generated by 
O i l  Shale Development. 

(Millions of dollars) 

1/ State and loca l  tax ra tes  applicable i n  Colorado were used t o  - 
estimate regional tax  revenues. Federal revenues are  independent 
of State  location of plant s i t e s .  

Total 

8.4 

8.4 

25.5 

69.7 

69.7 

141.3 

198.5 

198.5 

228 3 

~ o c a l  - 1/ 

- 
- 

- 

7.1 

7.1 

21.3 

33.6 

33.6 

40.7 

Year 

1973 

1974 

1975 

19-76 

1977 

1978 

1979 

1980 

1981 

Federal I State  - 1/ 

4.9 

4.9 

14.8 

45.8 

45.8 

98.3 

141.0 

141.0 

163.7 

3.5 

3.5 

10.7 

16.8 

16.8 

21.7 

23.9 

23.9 

23.9 



TABLE 111-42.--Utah--Oil Sha l e  Temporary and'permanent Employment, Temporary and Permanent Popu l a t i on .  

1/ Derived from v a l u e  of l a b o r  f o r  urban c o n s t r u c t i o n .  
& 

2/  Assumes 1 .37  employed people  p e r  new household.  - 

Year 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

3/ Based on employment m u l t i p l i e r  of 0.63 t imes temporary p l a n t  p l u s  urban employment. Source:  Same a s  - 
f o o t n o t e  4 ,  b u t  modi f ied  t o  r e f l e c t  t he  e x p e r i e n c e , t h a t  1 / 4  of a l l  c o n s t r u c t i o n  suppo r t  workers  w i l l  n o t  
b r i n g  t h e i r  f a m i l i e s  i n t o  t h e  reg ion .  

4/  Based on employment m u l t i p l i e r  o f  0.77 t imes  permanent p l a n t  employment. Source:  Consu l t i ng  S e r v i c e s  - 
Corpo ra t i on ,  f o r  t h e  P u b l i c  Land Law Revi-ew Commission, Study of  Impact of P u b l i c  Funds on S e l e c t e d  
Regional  Economics, A p r i l ,  1969, p. 104.  

Temporary employment Permanent employment 

5 /  Based on a  fami ly  s i z e  of 3.7 pe r sons .  Source:  Bureau of  Census d a t a  f o r  Colorado,  Utah,  and Wyoming. - 

P l a n t  

- 
- 
- 
- 
- 
- 
- 

1,293 

1,293 

Popu l a t i on  A/ 

Source:  Bureau of Mines. 

P l a n t  
cons t r u e -  
t i o n  

- 
- 
- 
- 

1,470  

1 ,470  

1 ,470  

- 
- 

Temporary 

- 
- 
- 
- 

8,615  

8,615 

8,615 

- 
- 

Support  2/ A/ 

- 
- 
- 
- 

1,365 

1,365 

1,36.5 

- 
- 

Support  2/ i/ 

- 
- 
- 
- 
- 
- 

996 

996 

Urban 
cons t ruc-  
t i o n  

- 
- 
- 
- 

696 

696 

696 

- 
- 

Permanent 

- 
- 
- 
- 
- 
- 
- 

6,183  

6 ,183  

T o t a l  

- 
- 
- 
- 

3,531  

3 ,531  

3 ,531  

- 
- 

T o t a l '  

I 

- 
- 
- 
- 
- 
- 
- 

2,289 

2,289 



b. Expenditure  Flows 

During t h e  3-year cons t ruc t ion  per iod ,  expendi tures  f o r  

p l a n t  equipment and cons t ruc t ion  m a t e r i a l s  w i l l  average $6 8 

m i l l i o n  p e r  yea r  (Table 111-43). Such equipment and m a t e r i a l s  a r e  

expected t o  be shipped i n  from o u t s i d e  t h e  region.  

During t h e  cons t ruc t ion  period,  cons t ruc t ion  and s.upport 

s a l a r i e s  w i l l  t o t a l  $ 4 1 m i l l i o n  pe r  year .  When ope ra t ion  of t h e  

p l a n t  begins,  s a l a r y  p a y m e n t s t o  ope ra t ing  personnel  and . t h e  

a s soc i a t ed  urban support  personnel  w i l l  be $21.1 m i l l i o n  p e r  

year  (Table 111-44 ) . 
During t h e  cons t ruc t ion  per iod ,  Federal  t a x  revenues genera ted  

mainly from personal  income t a x  w i l l  be  .$4.9 m i l l i o n  p e r  year .  S t a t e  

taxes w i l l  be  $3-5 n i l l i o n  per ,  y e a r  mainly from t h e  use  t a x  on 

equipment and cons t ruc t ion  m a t e r i a l s  brought i n  from o u t  of S t a t e .  

When t h e  p l a n t  is i n  ope ra t ion  Federa l  revenues w i l l  i n c r e a s e  

t o  $29.6 m i l l i o n  per  year ,  t h e  i n c r e a s e  being due t o  co rpo ra t e  

income taxes  and t o  roya l ty  rece ived  on production. S t a t e  revenues 

w i l l  be  $4.8 m i l l i o n  pe r  yea r  mainly from co rpora t e  income t a x  and 

t h e  p o r t i o n  of roya l ty  payments t r a n s f e r r e d  t o  t h e  S t a t e .  Local  

taxes of $7.1 m i l l i o n  pe r  year  w i l l  b e  c o l l e c t e d  a s  proper ty  taxes  

on t h e  o i l  s h a l e  i n s t a l l a t i o n  and on o t h e r  r e s i d e n t i a l  and 

bus iness  p r o p e r t i e s  (Table 111-45) 



11 
TABLE 111-43.--Utah--Plant Equipment and Urban Materials - 

Purchased. 

(Millions of dollars) 

11 Urban construction is estimated at $45,000 capital cost per - 
household for new residential, cmerical, and community 
facilities. Of this total, $30,000 is allocated to materials 
and $15,000 to labor. 

Year 

1973 

1974 

1975 

19-76 

19 77 

1978 

1979 

1980 

1981 

Total 

Plant 
equipment 

- 

- 

- 

- 

51.2 

51.2 

51.2 

- 

- 

153.6 

Urban 
materials 

- 

- 

- 

- 

16.7 

16.7 

16.7 

- 

- 

50.1 -- 

Total 

- 

- 

- 

- 

67.9 

67.9 

67.9 

- 

- 

203.7 



TABLE III-44.--~tah--~alaries and Distribution. 

(Millions of dollars) 

1/ Plant construction salar ies  assumed t o  be $15,000 per man-year and urban - 
construction sa lar ies  $12,000. 

Year 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

2/ Operating sa lar ies  assumed t o  range from $9,400 t o  $12,500 per man per year - 
depending on the s ize of the plant .  

3/  A l l  support sa lar ies  were estimated a t  $7,500 per man-year. - 

4/ Assumes tha t  one quarter of the construction workers w i l l  not bring t h e i r  - 
families in to  the region and tha t  these workers w i l l  spend only one quarter 
of t h e i r  sa lar ies  i n  the region. 

Construction 1/ 
(plant  and urEan) 

- 

- 

- 

- 

30.5 

30.5 

30.5 

- 

- 

Total 

- 

- 

- 

40.7 

40.7 

40.7 

21.1 

21.1 

Salar ies  spent 
within region 

- 
- 

- 
- 

35.0 

35.0 

35.0 

21.1 

21.1 

Construction 
support z/ 

- 

- 

- 

- 

10.2 

10.2 

10.2 

- 

- 

Operating - 2/ 

- 

- 

- 

- 

- 
- 

- 

13.6 

13.6 

Urban 2/ 
support 

- .  
- 

- 

- 

- 
- 

- 

7.5 

7.5 



TABLE 111-45.--Utah--Taxes and Public Revenues Generated by O i l  
Shale Development. 

1 

 illio ions of dollars) I 

1/ State and local tax rates applicable in Colorado were used - 
to estimate regional tax revenues. Federal revenues are 
independent of State location of plant sites. 

Year 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

~ o c a l  - 1/,' 
1 1 

- i 
- 

- 
I 

- 

- 

- 

- 

7.1 

7.1 

29'6 I 
4.8 

I 

Federal 

- 

- 

- 
- 

4.9 

4.9 

4-.9 

29.6 

Total 

- 

- 

- 

- 

8.4 

8.4 

8.4 

41.5 

41.5 

State - 1/ 

- 

- 

- 

- 

3.5 

3.5 

3.5 

4.8 



4. Economic Impacts i n  Wyoming 

Development of  two prototype leases i n  Wyoming is projected 

t o  r e s u l t  i n  a sha le  o i l  productive capacity of  50,000 ba r re l s  

per day by 1981 using i n  s i t u  r e t o r t i n g .  Construction of t h i s  

capacity and of the  required add i t iona l  urban f a c i l i t i e s  would 

begin i n  1978. 

a .  Employment and Popu l a  t ion 

Plant  construction w i l l  provide employment f o r . 1 , 2 4 0  con- 

s t r u c t  ion employees during the  3-year const ruct ion period. An 

add i t iona l  773 construction jobs w i l l  be provided by urban con- 

s t r u c t i o n  during the  same period. These const ruct ion personnel 

and t h e i r  famil ies w i l l  genera te  employment f o r  1,268 people i n  

supporting services .  The o v e r a l l  population increase  associated 

with t h e  temporary employment during construction is estimated 

When the  p lant  is i n  opera t ion,  permanent employment there  is 

expected t o  be 1,435. Permanent support employment is  estimated 

t o  be 1,105.. This i s a  smaller  support employment than during 

construction.  A considerable proport ion of t h e  personnel i n  

support jobs during construction can be expected t o  remain and 

f i l l  t h e  permanent support jobs. 
. . 

Total  new permanent population is estimated a t  6,860 (Table 

111- 46).  This population increase  compares wi th  an e x i s t i n g  

population i n  Sweetwater County of 18,400 and i n  Uinta County of 



TABLE 111-46.--Wyoming--Oil Shale Temporary and Permanent Employment, Temporary and Permanent Population. 

1/ Derived from value of labor  f o r  urban construct ion.  - 
2/ Assumes 1.37 employed people per new household. - 
3/ Based on employment mul t ip l i e r  of 0.63 times temporary p lan t  p lus  urban employment. Source: Same a s  footnote  4 ,  - 

but  modified t o  r e f l e c t  t h e  experience t h a t  of a l l  construct ion support  workers w i l l  not bring t h e i r  f ami l i e s  
i n t o  t h e  region.  

4/ Based on employment mul t ip l i e r  of 0.77 times permanent p lan t  employment. Source: Consulting Services  Corporation, - 
f o r  t h e  Pub l ic  Land Law Review Commission, Study of Impact of Publ ic  Funds on Selected Regional Economics, 
Apri l ,  1969, p. 104. 

Population 21 

5/ Based on a fami ly  s i z e  of 3.7 persons.  Source: Bureau of Census da ta  f o r  Colorado, Utah, and Wyoming. - 

Total  

- 
- 
- 
- 

3,281 

3,281 

3,281 

- 

Year 

19 73 

19 74 

1975 

1976 

1977 

1978 

19 79 

1980 

1981 

Temporary 

- 
- 
- 
- 
- 

8,006 

8,006 

8,006 

- 

Permanent employment 

- - 

Source: Bureau of Mines. 

Permanent 

- 
- 
- 
- 
- 
- 
- 
- 

6,860 

Tota l  

- 
- 
- 
- 
- 
- 
- 
- 

2,540 

P lan t  

- 
- 
- 
- 
- 
- 
- 
- 

1,435 

Temporary employment 

Support 21 :/ 

- 
- 
- 
- 
- 
- 
- 
- 

1,105 

Support g/ - 31 

- 
- 
- 
- 
- 

1,268 

1,268 

1,268 

- 

Plan t  
construc- 
t ion 

- 
- 
- 
- 
- 

1,240 

1,240 

1,240 

- 

Urban 1/ 
construc- 
t i o n  

- 
- 
- 
- 
- 
773 

773 

773 

- 



b. Expendi ture  Flows 

During t h e  3-year  cons t ruc t ion  pe r iod ,  expe,ndi tures  f o r  

p l a n t  equipment and c o n s t r u c t i o n  materials w i l l  average $62 

m i l l i o n  pe r  yea r  (Table 111-47) These materials and equipment 

are expected t o  be brought i n  from o u t s i d e  the county. 

During t h e  cons t ruc t ion  per iod,  c o n s t r u c t i o n  and suppor t  

s a l a r i e s  w i l l  t o t a l  $ 3 7 m i l l i o n  p e r  year .  When o p e r a t i o n  of t h e  

p l a n t  begins ,  s a l a r y  payments t o  o p e r a t i n g  personnel  and t h e  

a s s o c i a t e d  urban suppor t  personnel  w i l l  be  $26 m i l l i o n  per  yea r  

(Table 111-48 ) 

During t h e  cons t ruc t ion  p e r i o d  Fede ra l  t a x  revenues genera ted  

mainly from pe r sone l  income t a x  w i l l  be about  $4.6 mi l l i on .  S t a t e  

t axes  w i l l  be  $3.3 m i l l i o n  per  y e a r  mainly from t h e  u se  t a x  on 

equipment and cons t ruc t ion  m a t e r i a l s  brought i n  from o u t  of S t a t e .  

When t h e  p l a n t  is i n  ope ra t i on  Fede ra l  revenues w i l l  i n c r e a s e  

t o  $26 m i l l i o n  pe r  yea r ,  t h e  i n c r e a s e  being due t o  co rpo ra t e  income 

taxes  and t o  roya l ty  received on product ion.  S t a t e  revenues w i l l  

b e  $4.4 m i l l i o n  pe r  y e a r  mainly from c o r p o r a t e  income t ax  and t h e  

p o r t i o n  of r o y a l t y  payments t r a n s f e r r e d  t o  t h e  S t a t e .  Local t a x e s  

of  $6.5 m i l l i o n  p e r  y e a r  w i l l  be c o l l e c t e d  as p rope r ty  taxes  on t h e  

o i l  s h a l e  i n s t a l l a t i o n  and on o t h e r  r e s i d e n t k a l  and bus ines s  

. . p r o p e r t i e s  (Table 111-49 1. 



1 / 
TABLE 111-47. --Wyoming--Plant ~ ~ u i p m e n t  and Urban Materials - 

Purchased. 

(Millions of dollars) 

1/ Urban construction is .estimated at $45,000 capital cost per - 
household for new residential, commercial, and community 
facilities. Of this total, $30,000 is allocated to materials 
and $15,000 to labor. 

Year 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

Total 

Plant 
equipment 

- 

- 

- 

- 

- 

43.3 

43.3 

43.3 

- 

129.9 

Urban 
materials 

- 

- 

- 

- 
- 

18.5 

18.5 

18.5 

- 

55.5 

Total 

- 

- 

- 

- 

- 

61.8 

61.8 

61.8 

- 

185.4 



TABLE 111-4C.--Wyoming Salaries and Distribution, 

(Millions of dollars) 

1/ Plant construction salaries assumed t o  be $15,000 per man-year and urban construc- - 
t ion sa lar ies  $l2,000. 

2/ Operating salaries assumed t o  range from $9,400 t o  $12,500 per man per year - 
depending on the size of the plant. 

3/ A l l  support sa lar ies  were estirnatea a t  $7,500 per mawyear. - 

Construction 
support 2/ 

- 

- 

- 

- 

- 

9.5 

9 -5  

9.5 

- 

Operating - 2/ 

- 

- 

- 

- 

- 

- 

- 

- 

17.9 

Year 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

4/ Assumes tha t  one quarter of the construction workers w i l l  not bring the i r  - 
families into the region and that  these workers w i l l  spend only one quarter of 
the i r  sa l a r i e s  in the region. 

Construction 1/ 
(plant  and urban) 

- 

- 

- 

- 

- 

27.9 

27.9 

27.9 

- 

Urban 3/ 
support 

- 

- 

- 

- 

- 

- 

- 

- 

8.3 

Total 

- 

- 
- 

- 

- 

3i.4 

37.4 

37.4 

26.2 

Salaries spent 
within region 

- 

- 

- 

- 
- 

32.2 

32.2 

32 -2 

26 -2 



TABLE 111-49.--Wyoming--Taxes and Public Revenue Generated by O i l  
Shale Development. 

(Millions of do l la r s )  

1/ S ta te  and loca l  tax r a t e s  applicable i n  Colorado were used - 
t o  estimate regional t ax  revenues. Federal revenues a r e  
independent of S ta te  locat ion of plant  s i t e s .  

I 

Year 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 I 

Federal 

- 

- 

- 

- 

- 

4.6 

4.6 

4 -6 

26 -2 

State  - 1/ 

- 

- 

- 

- 

- 

3.3 

3.3 

3.3 

4.4 

~ o c a l  - 1/ 

- 

- 

- 

- 

- 

- 

- 

- 

6.5 

Total 

- 

- 

- 

- 

- 

7.9 

7.9 

7.9 

37.1 
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I V  . APPLICABLE ENVIRONMENTAL STANDARDS 

0 i l . s h a l e  development would be sub jec t  t o  t h e  system of Federal 

and S t a t e  environmental and p o l l u t i o n  cont ro l  laws and regula t ions  

i n  e f f e c t  a t  t h a t  time. I n  add i t ion ,  operators  on Federal o i l  sha le  

l eases  would have t o  comply w i t h  the  provisions of t h e i r  l eases ,  

and a l l  special.  s t i p u l a t i o n s ,  and could proceed only under a  Federal ly 

approved development plan.  These s p e c i a l  mi t iga t ion  measures a r e  

presented i n  Volume 111, Chapter V,  of t h i s  Environmental Statement 

which descr ibes  the  proposed a c t i o n  of o f fe r ing  f o r  l e a s e  s i x  o i l  

sha le  t r a c t s  located on p u b l i c  lands.  

Pursuant t o  Federal  law, t h e  S t a t e s  of Colorado, Utah, and 

Wyoming have enacted w a t e r  and a i r  po l lu t ion  con t ro l  l e g i s l a t i o n  

I and have implemented these  laws by regula t ions  and t h e  e s t a b l i s h -  

i ment of water and a i r  q u a l i t y  s tandards.  In  add i t ion ,  mined-land 

r e h a b i l i t a t i o n  laws have been enacted by Colorado and Wyoming. 

This sec t ion  c i t e s  t h e  current  regula t ions  and standards 

f o r  each of the  th ree  S t a t e s  which would apply, a s  a  minimum t o  

o i l  sha le  development i f  it  were t o  begin now. The laws, i n  

i t h e i r  e n t i r e t y ,  a r e  r e a d i l y  ava i l ab le  from the  appropr ia te  S t a t e  
I 

agencies. 



A, . Colorado 

Water qua l i ty  regulat ions and guidel ines  issued by t h e  Water 

Pol lu t ion Control Commission of t h e  Colorado Department of 

Health, 4210 East  l l t h  Avenue, Denver, Colorado, 80220: 

(a) Water Quality Standards and Stream Class i f i ca t ion ,  

adopted April  13, 1971; 

(b) Standards fo r  t he  Discharge of Wastes, adopted 

November 21, 1972, e f f e c t i v e  January 15, 1973; 

(c) Rules and Regulations f o r  Subsurface Disposal Systems, 

e f f e c t i v e  July 1, 1970; 

(d) Guidelines f o r  the  Design, Operation, and Maintenance of 

M i l l  Tail ings Ponds t o  Prevent Water Pol lu t ion,  adopted 

March 13, 1968; and 

(e) Guidelines f o r  Control of Water Pol lu t ion from Mine 

Drainage, adopted November 10, 1970. 
I 

2. A i r  qua l i ty  regulat ions and standards issued by the  A i r  Pol lu t ion 

Control Commission of t he  Colorado Department of Health, 

4210 East  l l t h  Avenue, Denver, Colorado, 80220: 

(a) Colorado A i r  Quality Regulations and Ambient A i r  Quality 

Standards, adopted December 9, 1971, e f f ec t i ve  February 1, 

197 2- 

3. Mined-land reclamation provisions issued by t he  Colorado S t a t e  

Bureau of Mines, 1845 Sherman S t r e e t ,  Denver, Colorado, 80203: 

(a) Guidelines f o r  Implementation of t he  Surface Lands 

S tab l iza t ion  Provisions of the  Colorado Mining Law, 
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issued t o  implement the  1969 amendment of the  Colorado 

mining laws t o  requ i re  s t a b i l i z a t i o n  of surface  areas  

disturbed by mining and r e l a t e d  a c t i v i t i e s .  

B. Utah 

I 

- j 1. Water q u a l i t y  regula t ions  and standards adopted by the  Utah 

Water Po l lu t ion  Control Board and t h e  S t a t e  Board of Health, 

issued by the  Division of Health of t h e  S t a t e  of Utah Depart- 

ment of Socia l  Services, 44 South Medical Drive, S a l t  Lake City,  

Utah, 84113: 
. . .  ...... , ......... . . . . . . .  :-1: . . . . . .  . .*  ...-.... .: . . . . . . . . . . .  . . . . . . . .  (a)  Code of Waste Disposal Regulations: 

. - . - : ' . I  

Par t  I - Defini t ions  and General Requirements, 

adopted May 18, 1965; 

P a r t  I1 - Standards of Quali ty f o r  Waters of the  

S t a t e ,  adopted May 18, 1965, and revised 

June 2 and June 21, 1967; 

Par t  I11 - Sewers and Wastewater Treatment Works, 

adopted May 18, 1965; 

Par t  I V  - Individual  Wastewater Disposal Systems, 

adopted May 18, 1965, and revised June 2 

and June 21, 1967; and 

Par t  V - Small Underground Wastewater Disposal 

Systems, adopted by Utah Water Po l lu t ion  

Control Board, May 18, 1965, and revised 

June 2 and June 21, 1967. 



2. A i r  qua l i ty  regulati-ons and standards adopted by the  Utah A i r  

Conservation Committee and the  State.Board of Health, issued 

by the  Division of Health of the  S t a t e  of Utah Department of 

Social  Services, 44 South Medical Drive, S a l t  Lake City,  Utah, 

(a)  Code of A i r  Conservation Regulations dated January 24, 

1972: 

Part  I - Definit ions and General Requirements; 

Par t  I1 - Ambient A i r  Standards, e f f ec t i ve  November 11, 

1969; 

Par t  111 - Emission Standards, e f fec t ive  on d i f f e r e n t  

dates  from March 1969 t o  January 1972; and 

Par t  I V  - Emergency Controls, e f fec t ive  January 23, 

3. Mined-land reclamation provisions .adopted by the  Utah Board of 

O i l  and Gas Conservation, 1588 W. North Temple, S a l t  Lake City,  

Utah, 84116: 

(a)  Rules and Regulations Governing the  Development and 

Production . . of Crude O i l  and Gas from Bituminous Sandstone 

and Crude Shale O i l  from O i l  Shale and Surface Land 

Reclamation Regulations Relat ing Thereto, adopted 

August 31, 1972, . 



C. Wyoming 

1. Water q u a l i t y  s tandards i s sued  by t h e  Wyoming Department of 

Publ ic  Heal th and Soc ia l  Se rv i ces ,  S t a t e  O f f i c e  Building,  

Cheyenne, Wyoming, 82001: 

( a )  Water Qual i ty  Standards f o r  I n t e r s t a t e  Waters i n  

Wyoming, approved and adopted October 28, 1968 by t h e  

Wyoming S t a t e  Board of Health.  

2. A i r  q u a l i t y  s tandards  and r e g u l a t i o n s  i ssued  by t h e  A i r  Q u a l i t y  

Sec t ion ,  Div is ion  of Heal th  and Medical Se rv i ces  of t h e  Wyoming 

Department of Heal th and S o c i a l  Se rv i ces ,  S t a t e  Of f i ce  Building,  

Cheyenne, Wyoming, 82001: 

( a )  Wyoming A i r  Qual i fy Standards and Regulat ions,  rev ised  

by t h e  A i r  Resources Council  on January 22, 1972, and 

e f f e c t i v e  on A p r i l  9 ,  1972. 

3. Fede ra l  a i r  q u a l i t y  r egu la t ions  app l i cab le  t o  t h e  S t a t e  of 

Wyoming, i s sued  by t h e  U.S. Environmental P r o t e c t i o n  Agency 

( a )  U.S. Code of Fede ra l  Regulat ions,  T i t l e  40, Chapter 1, 

Subchapter C,  P a r t  52, Subpart  Z Z ,  Sec t ions  52.2624(b), 

52.2625(b), and 52.2626(b), publ ished i n  t h e  Fede ra l  

Reg i s t e r  of September 22, 1972. 

4. Mined-land reclamation p rov i s ions  i s sued  by t h e  Wyoming C m i s -  

s i o n e r  of Publ ic  Lands, 113 S t a t e  Cap i to l  Bldg. Cheyenne, Wyoming, 

82001 

( a )  Rules and Regulat ions promulgated under t h e  Open Cut 

Land Reclamation Act ,  e f f e c t i v e  August 7 ,  1969. 
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V. ADVERSE ENVIRONMENTAL EFFECTS WHICH CANNOT BE AVOIDED 

Throughout t h e  progress  of t h e  o i l  s h a l e  development a s  

descr ibed  i n  t h i s  Environmental Statement ,  many m i t i g a t i n g  measures 

w i l l  be appl ied  t o  l e s s e n  t h e  p o s s i b l e  environmental impac-ts of t he  

ac t ion .  Nevertheless ,  t h e r e  w i l l  be some e f f e c t s  which w i l l  be 
I 

' - .-3 
both adverse and unavoidable a s  a r e s u l t  of o i l  s h a l e  development 

a s  examined i n  t h e  fol lowing s e c t i o n s .  

A. Landscape and E s t h e t i c s  ' 

I 

1 The development of an o i l  s h a l e  i n d u s t r y  w i l l  r e q u i r e  roads, 
1 

I 
mining, p l a n t  s i t e s ,  waste d i s p o s a l  a r e a s ,  u t i l i t y  and p i p e l i n e  

- 

I c o r r i d o r s ,  and a s soc i a t ed  s e r v i c e s  dur ing  t h e  product ive l i f e  of  

a l e a s e  which w i l l  unavoidably a l t e r  t h e  appearance of t h e . p r e s e n t  

landscape. Canyons may be f i l l e d  t o  a depth of 250 f e e t  and each 

may encompass an  a rea  of about 700 a c r e s .  Each canyon would, 

t h e r e f o r e ,  be unavoidably a l t e r e d  i n  appearance. 

B. Land Disturbance and Vegetat ion 

Development w i l l  unavoidably des t roy  e x i s t i n g  v e g e t a t i o n  which 

c o n s i s t s  mainly of grass land  and the  noncommercial pinyon-juniper 

fo re s t - type .  Reestabl ished v e g e t a t i o n  w i l l  be s e t  back i n  t h e  

success iona l  s t a g e s  t o  t h e  climax cover  type endemic t o  t h e  

i 
I region.  Species  mix w i l l  be unavoidably a l t e r e d  and t r e e  growing 
I 

s tock  reduced. For  t he  1-mil l ion-barrel-per-day development l e v e l ,  

about50,OOO a c r e s  t o t a l  w i l l  be d i r e c t l y  involved w i t h  t h e  a c t u a l  

- 1 
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opera t ions ;  an  a d d i t i o n a l  10,000 a c r e s  w i l l  be r equ i r ed  f o r  u t i l i t y  

c o r r i d o r s ;  and 20,000 ac re s  w i l l  be r equ i r ed  f o r  urban expansion; 



- 

Topsoil w i l l  be unavoidably lost .  The impact of development w i l l  

be significant i n  local areas, but small for  the region which en- 

compasses an area of about 17 million acres. These effects  on land 

and vegetation w i l l  be cumulative. 

C. Water Quality and Supply 

O i l  shale development w i l l  stimulate the demand for  water for  

process requirements and for  c m u n i t i e s  which w i l l  develop to  support 

the o i l  shale industry. Estimates of.expected water needs range 
. 

froml21,OOO to  189,000 acre-feet per year to  support both processing 

and urban requirements. This amount may be.higher or. lower as ex- 

plained i n  Chapter 111, Section C-1. I n i t i a l ly ,  large amounts of 

ground water are expected . t o b e  available to  support development. 

Over time,. increasing amounts of surf ace water would. be :consumptively 

used, unavoidably increasing the competition'for such:-waters, 

particularly for i t s  use as i r r igat ion.  Sal ini ty changes caused by 

concentration of the s a l t s  for  a 1-million barrel  per day shale o i l  

industry would cause the sa l in i ty  of the Colorado River a t  Hoover 

Dam to  increase by about 15 mg/l (1.5 percent). I n  addition, some 

s a l t  loading i s  l ikely from sedimentation, leaching, municipal, 

accidents and the.discharge of ground water. These could resul t  

i n  a long-term unavoidable adverse effect  on some surface waters. 

I n  addition, lower aquifer pressure and water levels w i l l  decrease 

the flow of springs presently used for  vegetation, wildlife,  i r r iga-  

t ion and stock watering, and saline water or organic materials may 

move into aquifers that now are fresh, reducing the future quality 



of ground water ava i l ab le  f o r  human and a g r i c u l t u r a l  use. Accidental  

r e l e a s e  of i n d u s t r i a l  o r  municipal wastes  containing t o x i c  ma te r i a l s ,  

. h i g h  temperatures,  o r  low oxygen content  may occur. 

Uncer ta in t ies  remain i n  a s ses s ing  t h e  f u l l  magnitude of t h e  

p o t e n t i a l  impacts i n  the  Upper Colorado River Bas in  wi th  sub- 

sequent economic de t r iments  t o  the  Lower Colorado Basin. Even with 

t i g h t  c o n t r o l s ,  i n d u s t r i a l i z a t i o n  w i l l  r e s u l t  i n  a  cumulative dec l ine  

. . .  . . .  
i n  reg ional  water  q u a l i t y .  

D. A i r  ~ k a l i t ~  

Since the  a i r  i n  t h e  oi ' l  sha l e  regions is e s s e n t i a l l y  f r e e  

of po l lu t an t s  today, i n d u s t r i a l i z a t i o n  w i l l  have an unavoidable 

adverse e f f e c t  on l o c a l  and regional  a i r  qua l i ty .  Emissions added 

t o  e x i s t i n g  condi t ions  would include p a r t i c u l a t e s ,  s u l f u r  d ioxide /  

hydrogen s u l f i d e ,  n i t rogen oxides,  and carbon monoxide. I n  t h e  

s h o r t  term, t h e r e  i s  not expected t o  be s i g n i f i c a n t  harmful e f f e c t s  

t o  e i t h e r  humans, animals,  o r  p l an t s .  However, t h e i r  long-term 

p roduc t iv i ty  i n  loca l i zed  areas  could be reduced because of t he  

a d d i t i v e  e f f e c t  of a i r  p o l l u t a n t s .  Although ambient a i r  q u a l i t y  

s tandards a r e  be l ieved  a t t a i n a b l e ,  t h e  long-term e f f e c t  of i n d u s t r i a l i -  

z a t i o n  w i l l  r e s u l t  i n  a  cumulative dec l ine  i n  t h e  a i r  q u a l i t y  of the 

region. 

. E .  F ish  and Wi ld l i f e  

Canyon d isposa l  w i l l  unavoidably des t roy  h a b i t a t  f o r  spec ie s  such 

a s  t h e  spot ted  b a t ,  mountain l i o n ,  and severa l  r a p t o r s  t h a t  r equ i re  

unmolested h a b i t a t  i n  c l i f f s  and rough t e r r a i n .  I f  co lon ie s  of 

p r a i r i e  dogs a r e  destroyed,  any black-footed f e r r e t s  i n  t h e  a rea  



- 

w i l l  be d isplaced and probably destroyed. Reduced q u a l i t y  

o r  impoundments i n  waters  inhabi ted  by t h e  Colorado squawfish, 

Colorado River c u t t h r q a t  t r o u t ,  honey- ta i l  chub, and humpbacked 

sucker w i l l  r e s u l t  i n  f u r t h e r  population decl ines  f o r ,  these  

threatened species .  Habi ta t  subjec t  t o  noise and disturbance w i l l  

be l b s t  t o  peregrine and p r a i r i e  fa lcons ,  eag les ,  deer,  and e lk .  

The magnitude of these  ' e f fec t s  i s  uncer ta in .  
-, 

Mule deer  w i l l  be reduced by a minimum of 10 'percent  by d i s -  

placement and competition. a s  h a b i t a t  is destroyed. The extent  of 

t h e  reduction w i l l  depend on whether d is turbed a reas  a r e  revegeta ted  

with s u f f i c i e n t  winter  browse species  t o  maintain populat ion l e v e l s .  

Animals such a s  the  e l k ,  moose, bear ,  and mountain l i o n ,  which a r e  

l e s s  t o l e r a n t  of human a c t i v i t y ,  w i l l  be denied the  remote h a b i t a t  

because of noise and human a c t i v i t y .  This w i l l  l ead  t o  the  v i r t u a l  

disappearance of such wilderness species  from those p a r t s  of the 

region d i r e c t l y  and i n d i r e c t l y  a f fec ted  by o i l  sha le  development 

and associa ted  growth. Hunting pressure w i l l  i nc rease ,  and harves t  

of some game species  may need t o  be reduced by more r e s t r i c t i v e  

hunting regula t ions .  

Loss of h a b i t a t  and browse, reduced water  supply, increased 

hunting pressure ,  and casual  shooting w i l l  reduce populations of 

hawks, eagles ,  bobcat,  raccoon, and r i n g t a i l  c a t  by forc ing d isplace-  

ment and increased competition f o r  remaining food and water.  The 

scarce  sage grouse w i l l  probably almost disappear from t h e  o i l  s h a l e  

region of Colorado. Reductions i n  small prey spec ies  such a s  rodents  

and r a b b i t s  w i l l  a l s o  cause reductions i n  populat ions of predators .  



Drying of s t reams,  degrading of water  q u a l i t y ,  and any impound- 

ments c r ea t ed  w i l l  cause r educ t ions  o r  changes i n  f i s h  popula t ions .  

Spec ies  e s p e c i a l l y  vu lne rab le  t o  changes ' i n  phys i ca l  cond i t i ons  o r  

water  q u a l i t y  ( temperature,  pH, t o x i c  substances)  i nc lude  t r o u t  and 

w h i t e f i s h  a s  we l l  a s  t h e  th rea t ened  s p e c i e s  mentioned above. The 

e f f e c t s  f o r  most w i l d l i f e  a r e  e s s e n t i a l l y  cumulative wi th  advancing 

i n d u s t r i a l i z a t i o n .  

F. Grazing  

A t  any one t ime,  some 20,000 a c r e s  would not be a v a i l a b l e  f o r  

any use  a s  grazing. Thus, o i l  s h a l e  development w i l l  unavoidably 

reduce t h e  present  graz ing  capac i ty  of t h e  reg ion  by about 2350 

animal u n i t  months f o r  each year  of ope ra t ion .  U t i l i t y  c o r r i d o r s  

a r e  unavai lab le  f o r  g raz ing  temporar i ly  a f t e r  r evege ta t ion .  

Changes i n  l i f e s t y l e s  o r  o t h e r  f a c t o r s  could l ead  some p re sen t  

l i v e s t o c k  opera tors  t o  reduce ranching a c t i v i t i e s  o r  cease  e n t i r e l y  

which would reduce u t i l i z a t i o n  and product ion  of beef .  

G .  Archeological  

The genera l  a r e a  was formerly inhab i t ed  by nomadic, hunt ing ,  

Ind ian  t r i b e s .  Archeological  resources  a r e  be l i eved  t o  e x i s t  i n  

unknown loca t ions .  Any d i s tu rbance  of t h e  su r f ace  would p o s s i b l y  

d i s t u r b  unknown h i s t o r i c  o r  a r cheo log ica l  s i t e s  o r  a r t i f a c t s .  The 

e f f e c t  i s  unce r t a in ,  but be l i eved  t o  be minor. 



H. Socioeconomic 

Increased urbanizat ion of a region which i s  pr imar i ly  r u r a l  

and remote would be an  unavoidable consequence of o i l  sha le  

development. Any change i n  t h e . n a t u r e  of the  region would be  

e i t h e r  adverse o r  benef i c i a l  depending on individual  preferences 

of the  people inhabi t ing  t h e  area.  It is d i f f i c u l t  t o  make a 

value judgment on these  s o c i a l  changes and hence t o  determine 

whether such changes c o n s t i t u t e  a ne t  adverse e f f e c t  f o r  the  

inhabi tants .  I n  any event ,  c o n f l i c t s  i n  l i f e s t y l e s  w i l l  occur and 

populat ion dens i ty  w i l l  increase .  

Changes i n  the  economic environment would probably be regarded 

by most people 'as  being b e n e f i c i a l  due t o  t h e  a v a i l a b i l i t y  of new 

jobs, increased income and c a p i t a l  flow, increased t a x  base and 

se rv ices ,  and an immkgration of people. These would probably a l s o  

increase  c u l t u r a l  and rec rea t ion  f a c i l i t i e s .  However, the re  w i l l  

be increased pressures on the  a c t i v i t i e s  of the  populat ion 

during t h e  cons t ruct ion  period caused by the  physical  a c t i v i t i e s  

of cons t ruct ion  and by the  shor t - te rm pressure  on u t i l i t i e s ,  

housing, and services .  Large-scale growth can r e s u l t  i n  a region 

having a n  e n t i r e l y  d i f f e r e n t  e thn ic ,  c u l t u r a l ,  and r e l i g i o u s  com- 

pos i t ion  than  it had before with far - reaching s o c i a l  e f f e c t s .  

I. Character of t h e  Region 

The o i l  sha le  basins a r e  cha rac te r i zed  by t h e i r  w i l d l i f e  

resources,  e s s e n t i a l l y  undeveloped n a t u r a l  resource condit ion,  

and l i m i t e d  human a c t i v i t y .  O i l  s h a l e  development and expanding 



urbanizat ion and populat ion w i l l  i n t e n s i f y  e x i s t i n g  l e v e l s  of use 

and competition f o r  space and physical  resources.  Thus, t h e  remote 

and pr imi t ive  character  of p a r t s  of the Piceance, Uinta, Washakie, 

and Green River Basins w i l l  be l o s t .  Such development pressures 

w i l l  impact on the  e x i s t i n g  rec rea t ion  environment beyond the  

boundaries of the development i t s e l f ,  including the  use of nearby 

recreat ional  areas  i n  t h e  Upper Basin. 



VI. RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S ENVIRONMENT 
AND THE MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY 

A. Introduction 

By undertaking oil shale development, the present generation of 

Americans will leave for future generations a region different than 

that which presently exists. As described in Volumes I and I11 of this 

Environmental Statement, the oil shale lands of primary commercial 

interest are in the Piceance Creek Basin in Colorado, the Uinta Basin 

in Utah, and the Washakie and Green River Basins in Wyoming, These 

areas of these States are presently relatively isolated and contain 

little or no industrial activity. Oil shale development will impose 

new influences and new impacts on the regions. 

The amount of oil shale in place and the historical pattern of 

technology to improve upon technical efficiency and to organize for 

economics of scale indicates that industrialization for oil shale 

development will not be short-term once initiated. Individual 5,000 

acre tracts, for example, may support a commercial surface mine develop- 

ment for 50 to 70 years. The influence of mature development is not 

now known, but if oil shale is developed to the 1-million barrel per 

day level as postulated in this volume, it will probably exert a cumu- 
- 

lative influence upon the oil shale regions' environment for more than 

a hundred years. 

The short-term uses of the oil shale regional environment will , 

influence the long-term environmental productivity of the region by 

changing both its physical and socioeconomic character. The relation- 

ship between these short-term uses and long-term productivity of the 

environment will vary according to the environmental resource or value 



concerned: water, air, fish, wildlife, vegetation, primitive character, 

outdoor recreation, esthetics, grazing, soils, archeological, historical, 

and socioeconomic. The productivity of these various resources and 

values will react differently, both in timing and degree, to short-term 

uses. Long-term productive capacity in most cases will be maintained 

but in a declining trend. None of the resources or values, with the 

exception of mineral production itself, associated with socioeconomic 

development, and possible grazing, will experience 'an enhancement. 

Only minor changes in productive capacity will occur at first. 

More significant reductions in productivity will occur after longer 

periods of time. This will be due to the cumulative effects of indus- 

trialization. Thus, it appears likely that over the long term, the 

quality and productivity of most resources will continue, but at re- 

duced levels. Certain elements of a very few resources will experience 

a decline in productivity to the point of virtual disappearance. 

As was indicated above, the long-term productivity of some 

resources and values will be maintained in an increasing trend. 

Mineral resource development will commence a new productive capacity 

not previously experience in the region. Thus, it is likely that 
. . . . . . . . . .  

the regional socioeconomic condition will improve significantly. 

It is not certain, however, how long this will continue. The possi- 

bility exiscs that other industries will develop to continue the 

improvement. Productive capacity will probably be enhanced also 

in two other areas: grazing opportunity and diversification of 

labor and professional skills of the regional population. 



B. Regional Changes 

The o i l  s h a l e  regions cons i s t  of open country, r e l a t i v e l y  

p r imi t ive  and i s o l a t e d  i n  many places ,  and pr imar i ly  devoted t o  

use  a s  h a b i t a t  by w i l d l i f e  and l imi ted  ranching and r e c r e a t i o n a l  

p u r s u i t s  by man. Development of o i l  s h a l e  w i l l  set i n  motion 

a t rend towards development of i n d u s t r i a l i z e d  regions. The 

charac ter  of t h e  i n d u s t r i a l i z a t i o n  w i l l  be s i m i l a r  t o  t h a t  

commonly associa ted  wi th  t h e  mining indust ry .  These indus- 

t r i a l i z a t i o n  changes w i l l  i n t e n s i f y  t h e  u t i l i z a t i o n  of the  region 's  

I a i r ,  water,  land, mixed mineral resources ,  and w i l d l i f e .  The 
- - - I  - 1 

I o r i g i n a l  condition of t h e  land and the  mineral resources w i l l  
i 
I 
I no t  be ren6wable a s  a l l  of t h e  r eg ion ' s  resources  become 

increas ingly  used by an expanding population. i 
i. 
I Increased e f f i c i ency  i n  both mining and processing would 

r e s u l t  i n  increas ingly  e f f e c t i v e  u t i l i z a t i o n  of t h e  o i l  sha le  

resource i t s e l f .  Innovative mining systems w i l l  probably r e s u l t  

i n  higher percentages of ex t rac t ion  than now s e e m  f e a s i b l e ,  thus  

conserving the  resource and decreasing t h e  a rea  required f o r  a  

4 given r a t e  of production. Increased y i e l d s  i n  r e t o r t i n g  and 
> 1 

1 r e f i n i n g  would decrease t h e  mining load commensurately, a l s o  

- I 

tending t o  decrease the  mine and spent  s h a l e  d i sposa l  a reas  

requi red  f o r  given o i l  output r a t e s .  These expected e f f i c i e n c i e s  

would tend t o  avoid o r  minimize some of t h e  adverse long-term 

e f f e c t s  of the  development. 



C. Water Resources 

Water exists in the oil shale regions sufficient to support 

an oil shale industry of at least a million barrels per day over 

an extended period of time. The dynamic nature and growth of 

an expanding industry can introduce additional demands on water. 

Oil shale development will stimulate water needs not only in 

the form of process requirements, but also in a secondary sense 

as communities develop to support the oil shale industry. 

Even with tight controls to avoid or minimize water contamination, 

the long-term effects of industrialization would result in a 

decline in water quality, 

The long-term quality of the water will decline due to 

water consumption, possible return-flow effects, sedimentation, 

and industrial wastes. An increase in salinity with time will 

result for the Colorado River. 

In the Colorado River Basin, generally, the expected future 

salinity is projected to be below threshold levels for uses such 

as recreation, hydroelectric power generation, and aquatic life; 

only marginal impairment. of these uses is anticipated (I-). 

Oil shale,development - is not expected to impair these uses any 

further. 



I n  the  lower Colorado River,. s a l i n 3 t y  has not reached t h e  

threshold l e v e l s  f o r  municipal,  i n d u s t r i a l ,  and a g r i c u l t u r a l  

uses. However, some impairment of these uses  i s  now occurring,  

and f u t u r e  increases  i n  s a l i n i t y  w i l l  i n c r e a s e  t h i s  adverse impact. 

The q u a l i t y  of water being consumed and discharged by 

t h e  d i f f e r e n t  aspects  of o i l  s h a l e  development adds more 

complexity t o  assess ing  t h e  r e l a t i o n s h i p  between short-term use  

and long-term water qua l i ty .  Water of good q u a l i t y  from under- 

ground aquifers  can be recycled back i n t o  the  system without 

de t r imenta l  e f f e c t s .  Water of poor q u a l i t y  can be used f o r  

various purposes but  can i t s e l f  present  a d i sposa l  problem. 

Extremely poor q u a l i t y  ground Qa te r  o r  water from t h e  var ious  

process streams may e i t h e r  have t o  be t r e a t e d  and/or disposed 

of beneath the ground. The discharge and recharge of ground 

waters  could r e s u l t  i n  a n e t  reduction i n  t h e  long-term productivi ty 

of some subsurface aqu i fe r s .  This could lower aqui fer  pressure and 

water l e v e l s ,  thereby decreasing the  flow of spr ings  p resen t ly  

used f o r  i r r i g a t i o n  and s tock  watering. I n  add i t ion ,  s a l i n e  

water may move i n t o  a q u i f e r s  t h a t  now a r e  f r e s h ,  reducing the  

f u t u r e  q u a l i t y  of ground water ava i l ab le  f o r  human and a g r i c u l t u r a l  

use. This l a t t e r  condi t ion  may not  be r e a l i z e d  f o r  some time 

s i n c e  underground percola t ion  of streams and r e s u l t i n g  water 

migration could take  years  f o r  t h e  subsurface pressures  t o  be 

red i s t r ibu ted .  



D. Air Resources 

Since the air in the oil shale regions is essentially free 

of pollutants today, industrialization will adversely affect 

localized areas. Emissions added to existing conditions would 

include particulates, sulfur dioxidelhydrogen sulfide, nitrogen 

oxides, and carbon monoxide. Quantities of these pollutants 

would be expected to increase with time as the industry 

develops. It is expected, however, that in the short term 

there will not be significant harmful effects to either humans, 

animals, or plants. 

Detailed studies do not currently exist on long-term human 

exposure to air at low emission concentrations. The long-term 

producitivity of exposed areas could be reduced because of the 

additive effects upon plants, animals, and humans. Ultimately, the 

oil shale resource will be exhausted insofar as man's plan for its 

production. After that time, and with the cessation of the 

industry, no further direct long-term effects on the environment 

will be experienced.. Retention of a residual population and other 

industry in the region will lead to continued long-term degradation 

of the air quality through human activities, but the extent of the 

effect should be much less than during the shorter-term oil shale 

. industrializing period. . , 



E. Faunal Resources 

The long-term productivity of the regional fish and 

wildlife resource will probably decline for several species. For 

those species requiring a habitat of primitive character, it will 

be lost, particularily in locations where active oil shale 

development takes place. The oil shale regions are presently 

semiremote and relatively unrestricted in use. They experience 

only minimal interference by man. A regional oil shale 

industry would involve a broad group of environmental impacts upon 

fish and wildlife and their habitat. Although occurring principally 

during tract development and oil production, some of these impacts 

would extend beyond the expected longevity of production. The perma- 

nent regional population increase would result in a continuing use of 

regional fish and wildlife resources, even after oil production ceased. 

This would transfer a semiremote area into one which is permanently 

inhabited. The displacement of wildlife in those inhabited regional 

areas will have a long-term effect on the wildlife productivity. 

Increased hunting and fishing would result due to the population 

increases. This could also contribute to fewer fish and wildlife 

in populous growth areas and the region generally. Because of this 

pressure and the fact that the industry would have very few fea- 

tures that would enhance productivity of biotic resources, it is 



expected t h a t  t h e  short-term development of o i l  shale  would 

reduce the  long-term product iv i ty  of t h e  region's  faunal 

resources. Animals which l i v e  i n  t h e  v i c i n i t y  of the  o i l  

shale  development would seek new water sources and hab i ta t .  

Once development ceases and r e s to r a t i on  i s  completed, t he  area 

could support addi t ional  w i l d l i f e  provided adequate water sources 

a r e  avai lable .  The returned population would most l i ke ly  be 

a d i f f e r en t  species mix. I n  general  t h e  ecological  balance 

would be disturbed and permanently a f fec ted  by the  d i f f e r en t  

aspects  of o i l  shale  development. Canyons may be f i l l e d  t o  a 

depth 250 f ee t  and each disposal  canyon could encampass an 

area  of approximately 700 acres. Each canyon w i l l ,  therefore ,  

be permenently a l t e r ed  as  a faunal  hab i ta t .  Restoration w i l l  

- be undertaken t o  r e s t o r e  t h e  canyon t o  a na tu ra l  hab i ta t  which 

could once again support w i ld l i f e .  Reestablishment of na tu r a l  

hab i t a t  would requ i re  an extended time period (decades), but i t  

w i l l  probably be a d i f f e r en t  hab i t a t  than before. 

F. Vegetation Resources 

O i l  sha le  development, by v i r t u e  of the  extensive land 

requirements, w i l l  have both short-term and long-term e f f e c t s  

on t he  vegeta t ive  resources of t he  o i l  shale regions. 

A complete descr ip t ion and inventory of t h e  vegetat ive re- 

sources of t h e  o i l  sha le  regions i s  given i n  Volume I, Chapter 11, 

of t h i s  Environmental Statement. The descr ip t ions  show t h a t  

regions l a rge ly  consis t  of pinyon-juniper, sagebrush, sa l t -dese r t  

shrub, and grasslands t yp i ca l  of t h e  semiarid intermountain 



region. Oil shale development will destroy a certain amount of the 

existing vebetation in the area of the development, However, 

rehabilitation and/or revegetation plans for the land surfaces would 

attempt to restore and provide for the long-term productivity of the 

land, These plans may include re-establishment of browse on the 

land instead of the original vegetative resources to encourage 

further wildlife development, On the other hand, land-use planning 

may indicate that the land may be adaptable for 'some form of 

agricultural development, In this case revegetation with totally 

different classes of vegetation than those originally present may 

be attempted. These considerations indicate that options exist 

for maintenance and enhancement of long-term productivity. The 

exact nature of what one generation plans for future uses will 

depend upon development and execution of efficient and effective 

land-use programs. 

G. Chan~es In Recreation Patterns and Esthetics 

The oil shale region is in open country utilized for outdoor 

recreation because of its remoteness, difficulty of access, 

and natural condition, These qualities will significantly decline 

over the long term except in the high-peak country, Oil shale 

development will result in localized as well as basin and regional 

changes in recreation and esthetic resources. 



The expected development in the three-State Pegion,,together 

with the related new urban service and utility corridors, would 

utilize less than one percent of the recreation lands currently 

in existence. However, the development will exert a considerable 

impact on the existing recreation environment beyond the boun- 

- daries of the development itself. 

Recreation activities would shift from the more extensive 

types, e.g., hunting, etc., toward more intensive, krban-oriented 

recreation facilities, e.g., golf courses, reservoirs, playgrounds, 

swirmning pools, etc. Change in the semiprimitive nature of the 

region due to industrialization would adversely affect its 

present character and reduce its long-term productivity as a 

primitive outdoor recreation region. Opportunities for more 

flexible recreation patterns would be realized and would be 

suitable to a larger resident population, although maybe more 

restricted for the nonresident population. This rate of recreational 

development would be controlled by the individuals who currently 

live in the areas and those who will be brought in to support 

oil shale development. 

H. Changes in Socioeconomic Environment 

The major influence that would take place in the oil shale 

regions will be that directly related to man's activities. The 

interplay between industrial man and the relatively undisturbed 

environment of the oil shale regions will bring about changes in 



the character of the regions. A primary impact w i l l  resul t  from 

the influx of new people to  support and operate the o i l  shale industry. 

For example, the 1970 census showed a t o t a l  population of about 

119,000 people i n  the t r i -S ta te  o i l  shale region of Colorado, Utah, 

and Wyoming. It i s  estimated tha t  the t o t a l  increase i n  population 

1/ 
i n  the t r i -S ta te  region w i l l  be about 115,000 people. - This 

increase i n  population means tha t  the regions w i l l  experience about 

a 6 percent compounded annual growth ra t e  compared to about 1 percent 

compounded annual growth ra t e  for  the nation. This increase i n  

population means that  community l i f e  i n  the region would change. 

The rura l  character of the region would give way t o  increased 

urbanization, and employment i n  industr ial  occupations would take 

place. Any change i n  the rural  nature of the region would be e i ther  

adverse or beneficial depending on individual preferences of the 

people inhabiting the area. It is d i f f i c u l t  t o  make a value judgment 

on these social changes and hence t o  determine whether a net enhance- 

ment i n  the l ives of the area 's  residents would resul t  from o i l  shale 

development. 

These changes i n  the socioeconomic environment would probably 

1 be regarded by most people as having a beneficial  effect  on long- 
1 
I 
! term productivity. This assessment would be made on the avai labi l i ty  

of new jobs, increased income and capi tal  flow, increased tax base 

and services, and an immigration of people which would probably 

1/ This population increase assumes a 1-million barrel  per day - 
industry by the year 1985. 



r e s u l t  a l so  i n  increased c u l t u r a l  and rec rea t iona l  f a c i l i t i e s .  The 

continuance of these e f f e c t s  would depend on a continuous supply of 

crude o i l  and o i l  shale. Should production cease, t he r e  would be 

a need t o  red i rec t  those persons associated with o i l  sha le  develop- 

ment t o  other forms of employment. A slow emigration would probably 

r e su l t .  

Increased eff ic iency i n  both mining and processing would r e s u l t  

i n  increasingly e f f ec t i ve  u t i l i z a t i o n  of the  o i l  sha le  resource 

i t s e l f .  Innovative mining systems would prob.ably r e s u l t  i n  higher 

percentages of ext ract ion than now seem feas ib le ,  thus conserving 

the  resource and decreasing the  a rea  required f o r  a given r a t e  of 

production. Increased y i e ld s  i n  r e t o r t i n g  and re f in ing  would de- 

crease. the  mining load conrmensurately, a l s o  tending t o  decrease the  

mine and spent sha le  d isposal  areas required f o r  given o i l  output 

ra tes .  These expected e f f i c i enc i e s  would tend t o  maintain long 

productivi ty of the  resource and mi t iga te  some of the  adverse long- 

term e f f ec t s  of the development. 

The short-term use of the  socioeconomic environment by the  

development of o i l  shale  may tend t o  reduce long-term product iv i ty  

i n  other respects .  A s  indicated e a r l i e r  i n  t h i s  Environmental 

Statement, there  w i l l  be increased pressure on the  rou t ine  a c t i v i t i e s  

by the  population during the  const ruct ion period. These would be 

caused by the  physical a c t i v i t i e s  of const ruct ion and by the  shor t -  

term pressure on u t i l i t i e s ,  housing, o r  services  t h a t  may be caused 

by poor planning o r  labor s t r i k e s .  Such large-scale  growth can 



result in a region having an entirely different ethnic, cultural, 

I and religious composition than it had before. Far reaching effects 

can also be experienced on the socioeconomic environment due to 

commuting patterns. Thus, the effects of the industrial area could 

be felt for distances up to 40 or 50 miles from the production 

sites. 
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V I I .  IRREVERSIBLE AND IRRETRIEVABLE CaMMIlMENT OF RESOURCES 

The purpose of t h i s  chapter  i s  t o  examine those resources 

which would be consumed and those t h a t  would be a l t e red  i r revers ib ly  

and i r r e t r i evab ly  by t he  proposed prototype o i l  sha le  leasing 

program. Such comnitments would include: the  consumption of 

c e r t a i n  mineral resources; changes i n  the  r e l i e f  of the  t e r r a i n  

and i n  land-use pat terns ;  modificat ion of w i ld l i f e  hab i t a t ;  new 

d i rec t ions  i n  the  pa t t e rns  of c m u n i t y  a c t i v i t i e s ;  and changes 

, i n  ex i s t ing  recreat ion,  e s t h e t i c ,  and culeural  values. 

A. Consumption of Mineral Resources 

The pr incipal  mineral resources consumed by the  proposed 

prototype program would be the  sha le  o i l  and associated products, 

and the  water and other resources required i n  t h e i r  production. 

By t he  year 1985., t o t a l  production may be expected t o  r i s e  

gradually t o  1 mill ion ba r r e l s  per day; a cumulative t o t a l  of 

approximately 365 mil l ion b a r r e l s  of shale  o i l  and sha le  o i l  

products would be produced annually f o r  consumption. To achieve 

such an output, 425 mi l l ion  tons of raw sha le  would have been 

processed, 80 mi l l ion  tons  of use fu l  products removed, and up t o  

340 mil l ion tons of processed spent  shale  produced. 

During:20 years of continuous operation, therefore;. some 

8.5 b i l l i o n  tons of o i l  shale  resource would be i r r eve r s i b ly  and 

i r r e t r i evab ly  "consumed," 

Ultimate recovery of o i l  sha le  mined underground, by room-and- 

p i l l a r  methods, should approximate 50 t o  65 percent of t he  leased 



deposit without causing undue surface subsidence or damage. That 

resource left in place as barriers, e-g., manways, main and second- 

ary entries, haulageways, airways, bleeder entries, shafts, slopes, 

rooan necks, and rooms, is necessary to protect the workmen, deposit, 

and the overlying surface lands. Such material, for all practical 

purposes, is irreversibly and irretrievably committed. . 

Theoretically, mining by surface methods should recover nearly 

100 percent of the available material. In practice, this is not 

the case, since ore must be left as a barrier to protect lease 

boundaries, and benching is necessary to gain entry and exit to 

and frm the deposit. Therefore, it must be assumed that between 

10 to 20 percent of the oil shales would be-lost to recovery and 

utilization. 

In situ processing will probably result in only 50 percent 

recovery of the in-place resource. The remainder will be irretriev- 

ably lost. 

B. Changes in L a d  Use Patterns 

Land required for oil shale development can be classified into 

three categories: that associated with urban development, that 

associated with utility corridors and the expansion of the roadway 

system between urban areas and the -plant sites, and that land 

associated with the development of the plant and mining areas 

themselves. 

The area of land transformed from rural to urban use will be 

directly proportional to the new population of the area which in 

turn will be almost proportional-to shale oil..productive capacity. 



/ 
/ For a new 115,000 population associated with a l-million-barrel-per- 

1 

' 1 day capacity by 1985, some 10,000 t o  20,000 acres of land would 

I be urbanized. For a l l  pract ical  purposes, t h i s  area would essen- 
i 

! 
t i a l l y  const i tute  an i r revers ible  and i r re t r ievable  commitment of 

! 

t h i s  land. 

New roads and u t i l i t y  corridors would require about 10,000 

acres of land. Since normal use of t h i s  land may be expected shortly 

afcer i n i t i a l  construction, the land use may be considered temporary. 

Topographic changes a t  the plant s i t e  w i l l  be caused by under- 
. . 

. . . .  . . . .  
. . . . . . . .  
..... .-: .. . . . . . . . .  . . . . .  . . . . .  .: groynd mine openings, surface mine excavations, processed shale 
. . . . . . . . .  . . . .  . . . . .  

disposal areas, and plant f a c i l i t i e s .  For a 1 million-barrel-per-day shale 

o i l  production operation, the t o t a l  estimated land disturbed is 

about 50,000 acres. Spent shale could, i n  some underground mining 

operations, be replaced in  the mine t9 provide permanent support 

for those excavations. Underground mine openings could be perma- 

nently sealed a t  the end of operations. Mining and surface dis-  

posal of processed shale would cause permanent changes i n  topography. 

Wildlife habi ta t  would be destroyed. These changes and the or iginal  

vegetative cover const i tute  an i r revers ib le  and i r r e t r i evab le  

commitment of existing resource values. 

Mule deer and antelope herds w i l l  be reduced by displacement 

and competition as habi ta t  i s  destroyed. Animals such as the e lk  

and mountain lion, which are l e s s  tolerant  of human ac t iv i ty ,  w i l l  

be denied a greater amount of habi ta t  because of avoidance of noise 

and human act ivi ty .  This wi l l  lead t o  proportionately greater  

reductions i n  numbers of these species. Hunting pressure and 

harvest w i l l  increase. 

VII-3 



Drying of streams, degrading of water quality, and any impound- 

ments created will cause reductions or changes in desirability of 

fish populations. Species especially vulnerable to changes in 

physical conditions or water quality (temperature, pH, toxic sub- 

stances) include trout and whitefish as well as the threatened 

species ment ioned above. 

From 121,000 to 189,000 acre-febt per year of ground water 

and/or surface water would be used to support th'e water requirements 
" 

of 1,000,000 barrellday industry and supportihg population. This 

amount of water is potentially available for oil shale development 

and would be obtained from ground water sources and be diverted from 

the Colorado, White and Green Rivers. However, since water supplies 

are replenishable, this use does not constitute an irretrievable 

commitment of a.resource. However, construction of any impoundments 

associated with this scale of operation would constitute an 

irreversible commitment of the acreage qequired. 

C. changes in Socioeconomic Patterns 

Increased economic growth resulting from oil shale development 

would significantly alter existing social structures and institutions. 

The evolution of an agricultural society to an industrialized one 

would .be largely irreversible and may produce intermediate community 

instability. Strains of rapid population influx could result in a 

dichotomy between the established and new inhabitants of the region. 

Existing pre-industrial life styles with their emphasis on recrea- 

tional activities and subsistence economic patterns eventually would 

be exchanged for an urbanized way of life. This trend, once estab- 

lished, is for all practicable purposes irreversible. 
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